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our study also deliberately treats soil albedo as independent of soil moisture, even though soil albedo typically 

decreases as soil moisture increases (Idso et al., 1975). In our numerical simulations, the high roughness anomaly 

leads to a larger sensible heat flux, more precipitation, and higher soil moisture. If the effects of soil moisture on 

soil albedo are considered, the high roughness anomaly will lead to lower soil albedo, which further strengthens 

the mechanism proposed here.

A variety of scale-dependent climate responses to the presence of wind farms likely exist, beyond the mechanism 

presented here (Baidya Roy et al., 2004; Fiedler & Bukovsky, 2011; Fitch et al., 2013; Zhou et al., 2012). Our 

study focuses on mesoscale roughness heterogeneity (O(10  km)) without considering changes in large-scale 

forcings. However, a roughness anomaly at larger spatial scales may trigger changes in large-scale forcings and 

thus lead to different precipitation responses. For example, large-scale urbanization (O(1,000 km)) may influence 

the summer monsoon system in China (Chen et al., 2016). Conversion of land cover from forest to croplands 

over the Indian subcontinent and Southeastern China weakens the Asian summer monsoon circulation (Takata 

et al., 2009). In addition, the precipitation response to continental-scale tropical deforestation depends on the 

spatial scale (Lawrence & Vandecar, 2015). Nevertheless, this work identifies a basic new mechanism by which 

wind farms, cities, and forests may trigger storms, by inducing thermally-direct mesoscale circulations solely 

caused by roughness anomalies.

Data Availability Statement

The dataset used for this study is available for public access on the Harvard dataverse (https://doi.org/10.7910/

DVN/R1J7FQ).
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