
with higher physical evaporation and transpiration rates. The
major transitions in this region are cropland to forests, and in the
northern part drying of wetland. TE correlates with vegetation
activity stronger than T, especially during the growing season,
and both moisture availability and equivalent temperature are
usually larger in forested areas40.

Decomposition to individual land transitions. A ridge-
regression approach was used to disentangle mixed temperature
signals and identify individual contributions for each LCC

(Fig. 6). This procedure allows direct quantification of the tem-
perature effects correlated with each land transition from simu-
lations where multiple LCCs are modeled simultaneously, i.e.
without the need to (i) individually run one (usually unrealistic)
area-extended simulation per LCC, or (ii) indirectly infer tem-
perature changes by post-processing and re-assembling the
components of the surface energy budget. In this approach,
the abundance of each specific land transition determines the
robustness of the estimate, and values that are not statistically
robust are filtered out (see Methods). At an average European
level, transitions from forest to any other land cover class show
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Fig. 3 Annual average changes in equivalent temperature (TE) and absolute specific surface humidity (q) from recent (1992–2015) land cover
transitions in Europe. Annual average TE changes (in ºC) due to the mix of land cover transitions (a) and from excluding contributions of cropland
abandonment (c); probability distribution function of TE changes across the entire domain (e); annual average q changes (in g kg−1) due to the mix of land
cover transitions (b) and from excluding contributions of cropland abandonment (d); probability distribution function of q changes across the entire domain
(f). In e and f, the solid line shows the distribution of the values and the dashed vertical line indicates the respective mean value. LC1992 and LC2015 refer
to regional climate simulations with the European land cover in 1992 and 2015, respectively. NoCRP_AB refers to a land cover dataset where cropland in
1992 is not allowed to convert to other land classes.
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