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Abstract. Based on the LandsatTM/ETM+/OLI remote sensing data (30 m resolution) of the Shule River
basin in the past 20 years, the land use data was obtained by interpretation. By using Erdas9.2 and
ArcGI1S10.3 software, the land-use types were divided into 6 primary landscape types and 25 secondary
landscape types, and the spatial database of watershed land use was established. By using GIS spatial
analysis technology, transfer matrix, land use dynamics and many other spatial-temporal statistical analysis
methods, the transformation process and temporal and spatial pattern analysis of land-use types in river
basin in recent 20 years were carried out, with results showing that: In the past 20 years, different degrees
of changes have taken place in land use in the Shule River basin. On the whole, the area of cultivated land,
woodland, grassland and urban and rural industrial and mining residents increased, among which grassland
increased the most, with an annual increase rate of 0.33%. The area of cultivated land increased, with an
annual growth rate of 0.0959%. While water area and unused land decreased, with an annual decline rate
of 0.4490%. The decrease of water area was the smallest, with an annual decline rate of 0.0122%. There
are obvious differences in the speed and type of change in water area and unused land. The hot spot of land
use type transformation in the basin is the middle reaches oasis, mainly Dunhuang, Guazhou and Yumen
counties (cities).
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Introduction

Land use is the most direct form of interaction between human activities and natural
environment, and it is also a frontier and hot issue in the study of global change (Liu et
al., 2003; Naef et al., 2002; Weng, 2002). The spatiotemporal change of land use can
intuitively express the interaction between human activities and natural environment,
reflect the relationship between the Earth’s environmental system on which Human
beings depend for their Survival and the growing production system of mankind
(agriculture, industrialization/urbanization, etc.), it will also cause a variety of natural
phenomena and ecological process changes (Wu et al., 2006; Guan et al., 2011). Under
the background of global change, the change of land use pattern in river basin is gradually
strengthening the imbalance and instability of hydrological cycle, thus affecting the
controllability, reproducibility, total amount, composition and distribution of water
resources. Furthermore, it brings great challenges to the safety of water supply, flood
control, water ecology and so on (Ku, 2016; Ning et al., 2018). Therefore, in order to
explore the interaction between human activities and natural environment in the inland
river basin, we took the Shule River basin as the research area and carried out the analysis
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and study on the transformation process of land-use types and the temporal and spatial
pattern in the past 20 years, which provide policy support and technical guarantee for the
sustainable and healthy development of the river basin.

Overview of the study area

The Shule River basin is located in the hinterland of the arid area of northwest China,
and is located between 93°22” - 98°59° E and 38°1° - 42°47” N. The watershed area is
about 1.25 x 10° km?, which is one of the three inland river basins in Hexi Corridor and
one of the seven water rights pilot basins. The watershed location map is shown in
Figure 1. The altitude of the river basin is between 914 and 5816 m, lower in the north
and higher in the south. It belongs to continental desert climate. As a typical inland river
basin, water supply is mainly composed of glacier melt water and mountain precipitation.
There are 7 soil types, 31 subclasses and 63 soil genera in the watershed soil. By the end
of 2018, the total population of the basin was 524200, and the agricultural population was
221400, with a natural population growth rate of 4.54% for many years. At present, the
per capita share of water resources is 2933.7 m* (Yue et al., 2019).

’m 96°0'0"E 98°0'0"E N

Figure 1. The location of Shule River basin

Research methods

According to the distribution of rivers and their tributaries, the boundary of the Shule
River basin is delineated by using the digital elevation model of the study area in the
SWAT hydrological model. The Landsat TM, ETM remote sensing image with spatial
resolution of 30 m in watershed in summer and autumn is selected since in summer and
autumn in 1995 and 2015, plants grow best with highest vegetation coverage and it is
easy to distinguish from desert, which is conducive to visual interpretation. When
extracting for land by information, the 4 (R), 3 (G), 2 (B) band of TM/ETM+ image is

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 18(2):3243-3250.
http://www.aloki.hu e ISSN 1589 1623 (Print) ¢ ISSN 1785 0037 (Online)
DOI: http://dx.doi.org/10.15666/aeer/1802_32433250
© 2020, ALOKI Kft., Budapest, Hungary



Zeng et al.: Study on the change process and characteristics of land use in the Shule River Basin in the recent 20 years
- 3245 -

combined first to generate a standard false color image and unitedly conversed to Albers
projection. Combined with the information of GPS measuring points in the field,
geometric correction is carried out. The second is to establish the identification of remote
sensing interpretation. First, the interpretation logo is initially established indoors. Then
field observation and recording are carried out through GPS positioning and to correct
and calibrate the interpretation in turn. The land-using information is extracted again.
Adopting the visual interpretation method of human-computer interaction, taking the
relevant drawings as a reference, with application of correlation analysis and
comprehensive image feature, the boundary of various surface features is to be
determined and then to generate the current land-using thematic map by using ArcGIS
plug-in. On this basis, the thematic map of land-using change in two time periods is
generated by applying ArcGIS spatial overlay analysis function. Finally, the type of
surface features is determined while verifying the accuracy of the predicted map through
comparing the high-resolution data view provided by GoogleEarth and combining with
field observation and experience knowledge. By using Erdas9.2 and ArcGIS10.3
software, the land-use types were divided into 6 primary landscape types and 25
secondary landscape types, and a five-stage land use spatial database of river basin was
established.

(1) Single land-use dynamic degree: Quantitative description of the speed of change
and the type difference of change, its form of expression is as follows (Chen et al., 2012;
Guo et al., 2015; Yang, 2018):

(Eq.1)

In the formula, K is the dynamic attitude of land use in the study area; Ua and Uy, are the
number of land-use types before and after the change; T is the length of the study period.
(2) The integrate dynamic degree of land use: It is an index to describe the regional
difference in the rate of change of land-use types, and reflects the comprehensive impact
of human activities on the change of land-use types. Its mathematical model is (Le et al.,
2018; Doelman et al., 2018; Bovet et al., 2018; Jin et al., 2013; Huang et al., 2014):

S = {Z AS, ./ Sl} x % x 100% (Eq.2)
=1

In the formula, S is the comprehensive dynamic attitude of land use, 4 Si;j is the sum of
the area of land-use types before and after conversion, S; is the total area of type i land
use, and t is the time of land use change.

Study on the change process and characteristics of land use in Shule River basin
Structural change of land-use types in watershed

As can be seen from Table 1 and Figure 2, between 1995 and 2015: (1) The area of
cultivated land, woodland, grassland and urban and rural industrial and mining residents
increased, among which grassland increased the most, with an increase of 2069.54 km?.
The proportion of grassland increased from 19.88% in 1995 to 21.54% in 2015, with an
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annual increase rate of 0.33%. The area of cultivated land increased by 596.73 km?, and
the proportion of cultivated land increased from 0.85% to 1.33%, with an annual growth
rate of 0.0959%. (2) The area of water area and unused land decreased, the area of unused
land decreased the most, with a decrease of 2794.74 km?. The proportion of unused land
decreased from 78.03% in 1995 to 75.78% in 2015, with an annual decline rate of
0.4490%. The decrease of water area was the smallest, with an area of 76.06 km?, and the
proportion of grassland decreased from 0.66% in 1995 to 0.60% in 2015, with an annual
decline rate of 0.0122%.

Table 1. Land use change in Shule River basin from 1995 to 2015 (km?)

1995 2015 Areaof |Annual rate
Land use type - :
Area |Proportion (%)| Area |Proportion (%)| change | of change
Cultivated land | 1062.00 0.85 1658.73 1.33 596.73 0.0959
Woodland 583.35 0.47 627.02 0.50 43.67 0.0070
Grassland 24741.53 19.88 26811.07 21.54 2069.54 0.3325
Water 819.54 0.66 743.48 0.60 -76.06 -0.0122
Urban and rural | 142.67 0.11 303.54 0.24 160.87 0.0258
Unused land | 97127.90 78.03 94333.16 75.78 -2794.74 -0.4490
3000.00 1
2069.54
2000.00 1
1000.00 1 596.73
2 1 43.67 16087
km T F S H
0.00 ' ' . .76.06 '
cultivated woodland Grassland Water Urbanand Unusee
land rural land
-1000.00 1 industrial
and mining
land
-2000.00 1
-3000.00 =279%.74

Figure 2. Map of land use change in Shule River basin from 1995 to 2015

Use Equations 1 and 2. Through the dynamic attitude analysis from 1995 to 2015,
the dynamic degree of cultivated land, forest land, urban and rural industrial and mining
land, water area, grassland and unused land were 0.03%, 0.0037%, 0.006%, -0.0046%,
0.0042% and -0.0014%, respectively. It can be seen that there are obvious differences
in the speed and type of change in water area and unused land. The spatial distribution
pattern of land-use types in Shule River from 1995 to 2015 is shown in Figure 3.
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Figure 3. Changes of land-use types in Shule River from 1995 to 2015

From Figure 3, although the land use of the river basin has changed in the past
20 years, the main pattern has not changed. The north is mainly bare rock texture and
Gobi; the middle and lower reaches are mainly dry land, grassland and Gobi; there are a
lot of saline-alkali land and some grassland between Dunhuang city and Guazhou city,
and there are a lot of sandy land in the south and southwest of Dunhuang city. There is
bare land, a large area of grassland and permanent glacier snow fields in the upper reaches
of the river basin.

Study on transformation of land-use types in river basin

In order to describe the conversion process of various land-use types from 1995 to
2015, the transfer matrix of land-use types in each period was calculated by using the
function of ArcGIS spatial analysis (Tables 2 and 3), and the map of land use transfer
matrix in each period was generated (Mishra et al., 2018; Andraschko et al., 2014; Dai et
al., 2012).

Table 2. Transfer matrix of land-use types in Shule River basin from 1995 to 2015 (km?)

2015 1995 Cull'gr\:gted Woodland | Grassland | Water Url?lszaelmd Ulr; ?}Sgd Total
Cultivated land 859.70 40.44 332.52 2.47 20.69 402.70 1658.51
Woodland 9.68 445.80 76.57 0.92 0.81 93.16 626.94
Grassland 55.20 40.63 22188.93 17.55 1.87 449256 | 26796.75
Water 7.10 0.89 35.44 615.41 0.46 84.08 743.38
Urban and rural 72.96 1.83 22.16 0.04 115.43 91.07 303.51
Unused land 57.00 53.55 2075.50 180.54 3.34 91918.46 | 94288.39
Total 1061.63 583.14 24731.12 816.94 142.62 97082.03 | 124422.4
Table 3. Transfer matrix of different land-use types from 1995 to 2015 (%)
2015 1995 Cullgxgted Woodland | Grassland Water Url:r)ﬁpa?nd Unused land
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Cultivated land 51.84 2.44 20.05 0.15 1.25 24.28
Woodland 1.54 71.11 12.21 0.15 0.13 14.86
Grassland 0.21 0.15 82.80 0.07 0.01 16.77

Water 0.95 0.12 4.77 82.79 0.06 11.31

Urban and rural 24.04 0.60 7.30 0.01 38.03 30.01

Unused land 0.06 0.06 2.20 0.19 0.00 97.49

The area of cultivated land showed an increasing trend as a whole. The cultivated land
area was 1062 km? in 1995 and 1658 km? in 2015, which increased 597 km?. Among
them, the conversion amount is 798.81 km?, accounting for 0.64% of the total land area,
mainly converted to grassland and unused land. The amount of transfer is 201.94 km?,
and the main types of transfer are urban and rural areas, industrial and mining areas,
residential land and unused land. The woodland area showed an increasing trend as a
whole. The woodland area increased by 44 km? from 583 km? in 1995 to 627 km? in 2015,
of which the transferred area reached 181.14 km?, accounting for 0.15% of the total land
area, and the main types of transfer were unused land and grassland. The amount of
transfer was 137.34 km?, and the main types of transfer were unused land and grassland.
The grassland area is generally increasing. The grassland area increased by 20693 km?
from 24741 km? in 1995 to 26811 km? in 2015, of which the transferred area reached
4607.82 km?, accounting for 3.70% of the total land area, and the main types of transfer
are unused land and cultivated land; the amount of transfer was 2542.19 km?, and the
main types of transfer were unused land and cultivated land. The water area showed a
slight decreasing trend. The water area decreased 76 km? from 820 km? in 1995 to 743
km? in 2015, in which the transfer area reached 127.97 km?, accounting for 0.10% of the
total land area, the main types of transfer were unused land and grassland. The amount of
transfer was 201.53 km?, and the main types of transfer were unused land and grassland.
The land use of urban and rural, industrial and mining, residents showed an increasing
trend. The land area increased 161 km? from 304 km? in 1995 to 304 km? in 2015, of
which the transfer area reached 188.08 km?, accounting for 0.15% of the total land area,
the main types of transfer were unused land and cultivated land; the amount of transfer
was 27.19 km?, and the main types of transfer were cultivated land and unused land.
Unused land showed a decreasing trend, the unused land area decreased 2794 km? from
97128 km? in 1995 to 94333 km? in 2015, the transferred area reached 2369.93 km?,
accounting for 1.90% of the total land area. The amount of transfer was 5163.57 km?, and
the main types of transfer were grassland and cultivated land.

Conclusion and discussion

In order to solve the problem of ecological degradation of Shule River, the State
Council approved The Comprehensive Plan for Rational Utilization of Water Resources
and Ecological Protection in Dunhuang in June 2011. The plan studies and proposes the
overall planning idea of “protecting water source in the south, establish oasis in the
middle, resist sandstorm in the west, and dredge the Shule River in the north” and the
overall planning layout of “coordination of internal and external adjustment,
simultaneous protection in the west and dredge in the north, stability of water and oasis,
and maintenance of economic and ecological balance”. The land use is the most direct
manifestation pattern of the interaction between human activities and the natural
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environment. On the other hand, it can also reflect the regional ecological environment
problems. In order to further protect the ecological environment of Shule river watershed,
and to prevent ecological degradation, the research on the process and characteristics of
land use change in Shule River watershed are developed.

The Landsat TM, ETM remote sensing image with spatial resolution of 30 m in
watershed in summer and autumn is selected since in summer and autumn in 1995 and
2015. By using GIS spatial analysis technology, transfer matrix, land use dynamics and a
variety of spatio-temporal statistical analysis methods, the transformation process and
temporal and spatial pattern analysis of land-use types in river basins in recent 20 years
were carried out: In the past 20 years, different degrees of changes have taken place in
land use in Shule River basin:

(1) The area of cultivated land, woodland, grassland and urban and rural industrial and
mining residents increased, among which grassland increased the most, with an annual
increase rate of 0.33%. The area of cultivated land increased, with an annual growth rate
of 0.0959%. The area of water area and unused land decreased, with an annual decline
rate of 0.4490%. The decrease of water area was the smallest, with an annual decline rate
of 0.0122%.

(2) Through the dynamic attitude analysis from 1995 to 2015, the dynamic degree of
cultivated land, forest land, urban and rural industrial and mining land, water area,
grassland and unused land were 0.03%, 0.0037%, 0.006%, -0.0046%, 0.0042% and -
0.0014%, respectively. It can be seen that there are obvious differences in the speed and
type of change in water area and unused land.

(3) Although the land use of the river basin has changed in the past 20 years, the main
pattern has not changed. The north is mainly bare rock texture and Gobi; the middle and
lower reaches are mainly dry land, grassland and Gobi; there are a lot of saline-alkali land
and some grassland between Dunhuang city and Guazhou city, and there are a lot of sandy
land in the south and southwest of Dunhuang city. There are is bare land, a large area of
grassland and permanent glacier snow fields in the upper reaches of the river basin.
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