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Fig.1 Soil erosion under photovoltaic panels in different grassland types
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Impacts of photovoltaic power plants on grassland ecosystems
in the fragile regions of the Qinghai-Xizang Plateau

Liu Xiaoli', Weng Rui’, Jiang Li*, Chen Yining', Sun Tao'
(1.College of Life Science, Huaibei Normal University, Huaibei 235000, Anhui, China; 2.Huadian(Nimu) New Energy
Corporation Limited, Lhasa 851300, China)

Abstract: The acceleration of global energy transition and low-carbon development has driven the expansion of
photovoltaic (PV) power plants into the ecologically fragile alpine regions of the Qinghai - Xizang Plateau.
Characterized by simple ecosystem structures and weak resilience, this region faces potential threats to its ecosys-
tem services from PV installations, which alter land cover, microclimate, hydrothermal distribution, and soil
properties. However, existing research remains largely limited to short-term, single-site observations, lacking a
systematic understanding of long-term ecological trajectories and cross-scale assessment capabilities. Based on a
comprehensive review of domestic and international literature and field monitoring data, this paper examined the
ecological effects of PV power plants in ecologically fragile plateau regions from a cascading perspective encom-
passing microclimate, soil processes, vegetation responses, and ecosystem services. The findings indicate that
PV construction drives vegetation community reorganization and dominant species turnover through land-use
conversion, landscape fragmentation, and microhabitat differentiation, thereby affecting key ecosystem services
such as water conservation, carbon sequestration, soil retention, and biodiversity maintenance. These effects ex-
hibit pronounced spatiotemporal heterogeneity and dual-phase characteristics-disturbance dominates during the
construction phase, while microhabitat optimization effects (e.g., shading and rainfall harvesting) emerge dur-
ing the operational phase. By integrating empirical evidence from different grassland types across the Qinghai-
Xizang Plateau, this study identifies the core contradictions and key uncertainties in the feedback between PV de-
velopment and alpine ecosystems, highlights current research gaps (lack of long-term monitoring, unclear pa-
rameter — threshold relationships, and insufficient multi-scale assessment tools) , and proposes a collaborative re-
search framework of monitoring-experimentation-modeling. This work deepens the understanding of alpine eco-
system responses to anthropogenic disturbances and provides a scientific basis and practical pathways for estab-
lishing ecological impact assessment systems and achieving synergistic development of energy and ecology.

Key words: alpine fragile regions; photovoltaic power plants; regulatory mechanisms; ecological processes;

ecosystem services



