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Abstract

Ecosystem services (ESs) are the services provided by ecosystems to humans with economic, living and
cultural values, which are closely related to ecological processes. Under the background of global warming
and accelerated urbanization, human activities have aggravated the degradation of ecosystems, which in turn
affects the supply and coordination of ecosystem products and services, and brings challenges to the
sustainable development of human society and ecological environment. As a typical arid oasis in Northwest
China, the northern slope of the Tianshan Mountains has a fragile ecological environment and is highly
sensitive to climate change and human activities. The continuous occupation of ecological space by human
production and living space has exacerbated the impact on the balance and stability of the ecosystem on the
northern slope of the Tianshan Mountains, making it difficult to achieve a sustainable win-win goal between
economy and ecology. Therefore, it is of great theoretical value and practical significance to quantitatively
analyze the spatial and temporal pattern of ESs and their internal correlation and interaction, and to identify
the ecosystem service cluster (ESB) and its influencing factors, so as to realize the management and control
of ecological function zoning with benign interaction among various ESs. In this thesis, the typical ecological
service functions such as water yield (WY), soil conservation (SDR), habitat quality (HQ), carbon storage
(CS), windbreak and sand fixation (SFC) and food supply (FS) in the northern slope of Tianshan Mountains
in 2000,2010 and 2020 were simulated, and their spatial and temporal patterns and changes were analyzed.
Pearson analysis method and geographically weighted regression (GWR) model were used to detect the
spatial relationship of multiple ESs function trade-offs/synergies, and self-organizing map (SOM) and
random forest model were used to identify ESB and its driving factors. Finally, the corresponding zoning
management opinions and suggestions were put forward. The results show that:

(1) From 2000 to 2020, the spatial distribution pattern of ecosystem services on the northern slope of
the Tianshan Mountains was relatively stable. WY, SDR and SFC all showed the spatial distribution
characteristics of 'high in the south and low in the north', while HQ, CS and FS showed the zonal distribution
pattern of 'high and low'. During the study period, except for HQ and SFC services, the other services
fluctuated and increased; the ecosystem service of the northern desert and urban agglomeration generally
tends to decrease; glaciers and unused land have the strongest WY capacity; the SDR, SFC, CS and HQ of
grassland and woodland are prominent; the HQ of cultivated land, construction land and unused land was
poor; the alpine region is the main producing area of water supply, the oasis area is the main food supply
area, and the desert arca has the lowest functions.

(2) There are 12 kinds of synergistic relationships in ESs on the northern slope of Tianshan Mountains,

and WY is the main service function to generate trade-off relationship. In the past 20 years, the synergy



between WY-SDR, WY-SFC and HQ-FS has weakened, the trade-off between WY-CS has continued to
increase, and the remaining service pairs have tended to gain each other. The GWR regression results show
that there are obvious spatial and temporal differences between ecosystem services. There are few strong
trade-offs and strong synergy areas, and most of them are weak trade-offs and weak synergy areas. During
the study period, only WY-SDR and HQ-FS changed from synergy to trade-off relationship in 2010. The
grassland is the land type with the most synergistic relationship; urban construction land and glaciers are the
most trade-off land types; cultivated land generally tends to balance development. The overall performance
of the alpine region is in a synergistic state; there are many synergistic combinations in the oasis area, but the
relationship is weak. Except for SFC-FS, they are gradually balanced and dominated by HQ. The desert area
is also dominated by synergistic combinations, and the trade-off relationship between SFC and other ESs is
prominent.

(3) Based on the DBI, SOM was used to divide the northern slope of the Tianshan Mountains into:
supply life bundle (B1), soil conservation bundle (B2), water conservation bundle (B3), ecological transition
bundle (B4), service barren bundle (B5) and carbon sequestration regulation bundle (B6). B1 is located in
the central oasis area of the northern slope of Tianshan Mountains, with obvious functional advantages of FS,
CS and HQ. B2 is the region with the most abundant ecosystem service functions, with SDR and SFC
functions accounting for the largest proportion; B3 is the smallest service bundle, which is concentrated in
the alpine ice and snow zone, and the WY in the bundle is the strongest. B4 is a composite transition cluster
between glaciers and forests. The multi-year average area of B5 accounted for 33.13 %, which was the largest
service bundle. The multi-year average area of B6 accounts for 29.32 %, and CS and HQ have outstanding
functions. During the 20 years, the area of B5 bundle decreased the most, the area of B1 and B4 bundles
increased, and the area of B2 and B6 bundles was relatively stable.

(4) The contribution of each factor to the formation of ESB in different periods is significantly different.
Natural factors have laid the foundation for its spatial distribution and evolution, but the impact of social and
economic development is increasing year by year. POP has the greatest influence on the distribution of B1;
B2, B3 and B4 are mainly affected by natural factors such as precipitation, temperature and elevation; B5
and B6 are affected by both natural factors and socio-economic factors, but the influence of GDP on B1, B2
and B6 is increasing year by year. Finally, the corresponding management suggestions are put forward for
the six types of service clusters.

Key words: Ecosystem services; Trade-off and coordination; Ecosystem services bundle; Random

forest; Northern slope of Tianshan Mountains
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