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Abstract

Arid sandy regions are characterized by fragile ecological environments, where wind erosion, dust
storms, and land degradation pose serious threats to regional ecological security and agricultural
production. Shelterbelts, as important ecological engineering measures, play a protective role by
reducing near-surface wind speed, blocking sand transport, improving soil structure, and regulat-
ing farmland microclimates. Taking shelterbelts in arid wind-sand regions as the research object,
this paper systematically discusses their spatial distribution identification, structural characteris-
tics, windbreak and sand-fixation functions, soil protection effects, degradation monitoring, and op-
timization management. The study indicates that the ecological protective functions of shelterbelts
are closely related to belt height, width, canopy density, porosity, vertical structure, root traits, and
belt continuity. The development of remote sensing, unmanned aerial vehicles, and LiDAR technol-
ogies provides important technical support for spatial identification, three-dimensional structural
measurement, and health monitoring of shelterbelts. In the future, more attention should be paid
to mixed configurations of trees, shrubs, and grasses, structural optimization, restoration of de-
graded shelterbelts, and long-term dynamic monitoring, so as to enhance the windbreak and sand-
fixation capacity and ecological stability of shelterbelts in arid wind-sand regions. Furthermore,
this paper argues that shelterbelt evaluation should move beyond a one-dimensional assessment of
windbreak benefits and incorporate water consumption, microclimate regulation, soil stabilization,
and management feedback into an integrated framework, so that synergies and trade-offs among
ecological functions can be identified more clearly.
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Figure 1. Closed-loop conceptual framework of shelterbelt in arid sandy region
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