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Abstract

shrubland, and grassland ecosystems at 2800-4000 m.

Alpine ecosystems are critical for carbon sequestration, water balance, ecological security, biodiversity, and
human well-being. However, climate change and high-intensity human activity continue to degrade vulnerable alpine
ecosystems. Based on this, we reveal 40-year trends in ecosystem change in China’s Qilian Mountains and identify
the primary driving factors of change in alpine ecosystems from the perspective of ecosystem service value (ESV)
change, providing a more comprehensive picture of the interactions between human society and natural ecosystems.
From 1980 to 2018, more than 55% of ecosystem types changed, with forests, grasslands, glaciers, and bare land
being the most vulnerable to disturbance, and forest and grassland ecosystems having significant ESV potential.
Significant changes in land use and land cover (LULC) over the last decade, however, have resulted in a reduction
in ESV stability in alpine ecosystems, where human activities have a greater impact on ESV of sparse woodland,
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Introduction

The United Nations Sustainable Development Goals (SDGs) aim
to comprehensively solve development problems in three dimensions
of society, economy, and environment from 2015 to 2030, and to steer
the world toward sustainable development. Alpine ecosystems are one
of the most difficult obstacles to achieving sustainable development.
However, approximately 920 million people worldwide live in alpine
ecosystems, with 560 million living in China’s mountainous regions
(Deng and Tang, 2013b, Deng and Tang, 2013a). Human material
demand and the ability to transform nature increased dramatically
in the twentieth century due to rapid population growth and leapfrog
technological development. As a result, the achievement of the SDGs is
linked to social, economic, and environmental development [1].

Materials and Method

The study area, with an altitude range of 1589-5583 plays a critical
and irreplaceable role in maintaining ecological security, water
source protection, and species diversity in western China, and, more
importantly, it provides a variety of ecosystem services such as water
regulation, soil erosion control, biodiversity conservation, and carbon
sequestration. Three inland rivers (Shiyang River, Heihe River, and
Shule River) originate here, irrigating over 700,000 ha of farmland in
the Hexi Corridor and providing drinking water to over 0.68 million

people [2].

The LULC data set was provided by the Chinese Academy of
Sciences’ Data Centre for Resource and Environment Science (RESDC),
which used images from Landsat-TM/ETM and Landsat 8, and used
the object-oriented multi-scale segmentation and change detection
classification method at a 30 m 30 m resolution by integrating several
existing data sets. The LULC data are first classified into six classes
(forest lands, grasslands, croplands, wetlands, built-up lands, and other
lands) and 25 sub-classes, which are then re-defined to be consistent
with the ecosystem classification [3,4].

In 1980, the forest (27.94%) and grassland (38.53%) in the Qilian
Mountains accounted for 66.47% of the total area, and the area of
unused land and bare rock land accounted for 16.62% and 10.79%,

respectively; dry land accounted for about 2.73%; water bodies, wetland
and glacier accounted for less than 1% of the total area (water bodies
0.09%, wetland 0.26%, glacier and snow 0.37%); built up area accounted
for 0.13%, the least common type of land use. During the period 1980-
2018, the LULC in the Qilian Mountains changed dramatically (by
55%). The area of woodland, grassland, water bodies, bare rock land,
glacier and snow, in particular, increased significantly at the expense of
dry land, Gobi, and bare land and desert, while wetland decreased. The
LULC demonstrated significant spatial heterogeneity. Woodlands and
grasslands were common in the eastern and central areas, while glacial
snow land, bare rock land, and unutilized land were mostly found in
the west, and other LULC types were uncommon [5.6].

The findings indicated that ESV changes in the Qilian Mountains
are region specific (Fig. 6, Appendix Table A.4). From 1980 to 2018,
the total ESV ranged from 0.02 million $ to 3673 million $ in terms of
spatial distribution. The eastern and western regions performed better
than the central regions overall. The eastern counties’ ESV accounted
for approximately 35.3% of the total, primarily Sunan (L), Tianzhu,
Yongchang, Wuwei, Gulang, Yongdeng, Huzhu, and Menyuan.
Western counties’ ESV accounted for approximately 36.2%, primarily
Linze, Tianjun, Jiuquan, Yumen, Subei, Gaotai, Jiayuguan, and Sunan
(H). The ESV of central counties, which included Shandan, Minle,
Qilian, Zhangye, and Alashan yougqi, accounted for approximately
28.5% [7, 8].

Conclusion

The study reveals the change characteristics of an alpine ecosystem
over a short time scale, which aids in identifying the development trend
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of a typical ecosystem. In this paper, ESV is also assessed and quantified
in order to determine the importance and scarcity of alpine ecosystem
value. Furthermore, this study focuses on identifying and discussing
the driving factors of the change in service value of alpine ecosystems,
reflects the interaction between human society and natural ecosystems
more comprehensively, and proposes mountainous ecosystem
management and development strategies. According to the study,
more than 55% of the Qilian Mountains’ ecosystem types changed
between 1980 and 2018. The most vulnerable ecosystems in the alpine
ecosystem are forests, grasslands, glaciers, snow, and bare lands. The
English Standard Version (ESV). The Qilian Mountains have an ESV
of 11,302 million dollars, and the ESV potential of the forest and
grassland ecosystems is enormous (43.99% and 29.57%, respectively).
As a result, forest and grassland should be prioritised for ecological
protection. In general, the stability of ESV in the Qilian Mountains
is poor, particularly in the last ten years, and the change of LULC
determines ESV stability. We used the coefficient of cross-sensitivity
(CCS) method to conclude that high-intensity human activities are
the primary cause of ESV changes in the Qilian Mountains in the
short term. Human activities (destruction/restoration) have a greater
impact on the ESV of the sparse woodland, shrub land, and grassland
ecosystems, while temperature warming has a greater impact on the
ESV of glaciers, snow, and ice. [9, 10].
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