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Exploring land wuse patterns and their driving forces in alpine mountain
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Abstract: The aim of this research was gain deeper insights into the spatio-temporal evolution of land use/cover
change (LUCC) and its driving mechanisms in Qilian Mountain National Park, an alpine ecosystem. Based on multi-

temporal remote sensing data, this study constructed maps showing where land use/cover has remained constant,
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expanded, and contracted, and systematically analyzed the evolution of LUCC and its driving factors during 1990—
2022. The results show that: 1) The LUCC trajectory maps effectively captured the consistency among typical time
nodes (1995, 1997, 2004, 2008, and 2019) and regional ecological projects. 2) The LUCC trajectory maps
revealed differences in LUCC across periods. Specifically, the constancy map indicates that grassland ( >>48.00% )
and bare land (>>25.00% ) are primarily distributed in patches around the Daxue and Zewujie peaks. The expansion
map shows that grassland expansion has been concentrated around the Daxue and Lenglongling peaks, while bare
land expansion has mainly occurred around the Qilian and Daxue peaks, although the magnitude of expansion has
been lower for bare land than for grassland (by 2.75% overall). Forest, glacier/snow, and water expansion have
been relatively minor (<Z3.00% ). The contraction map shows that grassland (>>1.40% ) and bare land (=1.09%)
areas have decreased more than other land types (=>0.01% ), with areas of contraction patchily distributed between
the Qilian and Lenglongling peaks and scattered across the entire Qilian range. 3) The LUCC trajectory maps further
reveal a southeast-northwest gradient in land use intensity, which has been mainly affected by natural factors such as
potential evapotranspiration, elevation, and human footprint (=>0.09) , whereas the effects of economic development and
policy interventions have become increasingly evident over time. The results of this study demonstrate a novel
trajectory-based approach for dynamic LUCC identification that distinguishes stable areas from changing areas and
quantifies their dynamics, thereby improving the precision and depth of land-system dynamics representation. The
findings provide a scientific reference and decision-making support for alpine ecosystem management.

Key words: temporal segmentation; change atlas; integrated land use degree; geo-detector; Qilian Mountain

National Park
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Table 1 Data sources and detailed information

Data type Data name Data source Resolution Format
S Climate K TR RIS AR 28 WK i Pre- B KMk R o Bl 22 500l vh o0 JE 52 1055 - & National 1km B2 il Numerical control
cipitation, temperature, and poten- earth system science data center shared service platform (NC)
tial evapotranspiration (http://www. geodata. cn)
T AT/ A ORI/ B AR A Land use/ v E R 2 B B IR R R 5 2 ThoC Resource and 1 km Fric B SCA% 2 Tagged
Land use/cover  cover change (LUCC) environmental science and data center, Chinese Acade- image file format (‘TIF)
my of Sciences (https://www. resdc. cn)
+ 1 Soil i+ AR AAL R KL i Clay, 5+ 55U 12 Harmonized world soil database 1 km tric G SO #% X Tagged
sand, and silt content (HWSD, https: //poles. tpdc. ac. cn) image file format ('TIF)
¥ Topography B = FRASEAY 3k BE Ak ) Digi-  Hp R B b ¥ 25 (8] 80405 25 °F & Chinese Academy of 30 m Fric B SCPRA% X Tagged
tal elevation model (DEM) Sciences, geospatial data cloud platform (https://www. image file format ('TIF)
slope, and aspect gscloud. cn)
NE At 1 Py A 77 B Gross domestic o B2 B IR IR R R 2% 5 B0 b Resource and 1km P ic R A% 3 Tagged
Human socio- product(GDP) environmental science and data center, Chinese Acade- image file format (‘TIF)
economy my of Sciences (https://www. resdc. cn)
AR FE 5 Human footprint in- 4Rl K 2% L3R4 5 HR 5= B College of Land 1 km %74 il Numerical control
dex Science and Technology, China Agricultural University (NC)
(https://www. x-mol. com)
A\ 1% Population density N %% 50005 % Population density database (https:// 1 km Fric BB SCIE%  Tagged
landscan. ornl. gov/) image file format (TIF)
Aol TAR ALHEfE AR AR B R 2000— 2022 4F H [E 483 4F %8 2000— 2022 China statis-  JGNone  3UA Text
7= 4 Forestry engineering, fertiliz-  tical yearbook (https://www. stats. gov. cn/sj/ndsj/)
er usage, and total grain production
254 T T Inte- JK 37 R A1 32 0 1T AR Soil erosion  2000— 2022 45 A [ 48 4E % 2000— 2022 China statis- J&None A Text

grated factors and disaster-affected area

tical yearbook (https://www. stats. gov. cn/sj/ndsj/)
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Table 2 Trends and abrupt change years of various land use types from 1990 to 2022

A AR Mann-Kendall (M-K) #3465 Trend test S22 K Breakpoint test
Land use type = VA (Y &R M-K 575 g A5 RS Ng L

Statistical Trend («=0.05) M-K breakpoint test Sliding ¢-test (a=0. 05)

Z-value (a=0.05)

4% [ Cropland 0.48 N .3 Not significant 4 1999 .2007,2002 1994 1997 .1999.2011.2015.2019
FEMK Forest 7.79 2 3 Significant 4 7t None 1993.1995,1997.2005.2008 ,2012,2015
A Shrub —3.08 .3 Significant v 2004 1994 11997 ,2002.,2004 ,2006 ,2008 ,2011 2013
W JE Grassland 5.07 2 3% Significant 4 2006 1995.1997.2008.2013.2019
K3, Water 1.50 AN & 3 Not significant 4 1991 1998.,2000,2003,2008 ,2006 ,2010.,2012,2015,2017,2019
7K % Snow 0.29 AN & 3 Not significant 4 1990,1996 1992,1995,2000,2004 ,2012,2014 ,2017 ,2019

R UL Bare land —5.10 i 3% Significant v 2004 1995.1997.2000.,2008 ,2019
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Fig. 2 Spatial distribution of land use in typical years
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Map Service of the Ministry of Natural Resources, with no modification to the base map boundaries.
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Fig.3 Constant maps for different periods
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Map Service of the Ministry of Natural Resources, with no modification to the base map boundaries.
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Fig. 7 Driving forces of land use degree in typical years
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Fig. 9 Ecological detection of land use degree in typical years
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