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Vegetation is an important control on the surface energy balance, but the impacts of land use and land cover change
on changes to surface energy fluxes and radiometric surface temperature (Tsurf) in the temperate zone remain the
subject of active research. We quantified the mechanisms driving changes in Tsurf following landcover changes
using paired ecosystem case studies from the Ameriflux database. A differential analysis of models of varying
complexity was used to quantify the change in Tsurf attributable to structural and functional ecosystem changes.
Results support previous findings that deciduous and coniferous forests in the Duke Forest, NC, are about 1 ◦C
cooler than an adjacent field on an annual basis because an aerodynamic and ecophysiological cooling of ca. 2 ◦C
outweighs an albedo-related warming of ca. 1 ◦C upon transition to forest. A 50-70% reduction in the aerodynamic
resistance to sensible and latent heat exchange in the forested ecosystems dominated the cooling effect. In northern
Arizona, a grassland ecosystem that succeeded a stand-replacing ponderosa pine fire was ca. 1 ◦C warmer than
unburned stands for similar mechanisms to the Duke Forest case study; a 1.5 ◦C aerodynamic warming offset
a slight surface cooling due to greater albedo and soil heat flux. In southern Arizona, ecosystems dominated by
mesquite shrub encroachment were nearly 2 ◦C warmer than a native grassland ecosystem because aerodynamic
and albedo-related warming outweighed a small cooling effect due to changes in soil heat flux. Further to these
findings, an investigation of over 8 million data points in the FLUXNET database revealed that surface temperature
increased less per unit net radiation in forests than in short-statured ecosystems globally. Together, these results
suggest that temperate forests tend to cool the land surface in addition to their high CO2 sequestration potential.


