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Riverbank slope protection projects in the alpine ecologically sensitive zone of the upper Yellow River
have long confronted the compounded constraints of severe climatic conditions, diverse geological
structures, and rigorous ecological conservation mandates. Based on a systematic review of regional
engineering practice records and existing research findings, this paper distills and summarizes five
representative technical bottlenecks: mechanical property degradation and deformation instability
of protective structures driven by freeze—thaw alternation, extremely demanding working conditions
and inadequate quality oversight on steep bank sections, impeded establishment and subsequent
retrogressive succession of slope—protection vegetation communities, functional decoupling between
rigid engineering protection and riparian ecological services, and the pressing need to strengthen
long—term monitoring and early—warning capabilities. Through in—depth analysis of representative
engineering cases, the underlying driving mechanisms of these constraining factors are revealed: the
positive feedback coupling between freeze—-thaw processes and seepage fields significantly amplifies
slope instability probability; the extreme narrowing of effective construction windows imposes rigid
constraints on construction quality; the scarcity of native germplasm resources restricts targeted
vegetation restoration; and extensive rigid revetments disrupt material and energy connectivity
between aquatic and terrestrial ecosystems along riparian zones. Accordingly, integrated response
pathways are proposed from four dimensions—cold-region adaptive design optimization, flexible
ecological protection method promotion, precision native vegetation restoration technology, and multi—
source data fusion intelligent monitoring—aiming to provide decision—making reference for enhancing
quality and efficiency and ensuring sustainable operation of slope protection engineering in the upper
Yellow River.

upper Yellow River; slope protection; freeze-thaw damage; construction quality; ecological
restoration; intelligent monitoring
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