
the contrasting effects of the mixed LCCs (Supplementary Fig. 4),
but spatial variations can be appreciated. The seasonality is
mainly the result of the interlinked combination of the annual
variability in solar radiation, local conditions (e.g., snow cover,
soil moisture), surface albedo and evaporation efficiencies among
the land cover classes18,19. In winter, LCCs caused lower differ-
ences in temperature, except for the central- and north-eastern
part of the domain where changes are more evident, but a clear
spatial pattern does not emerge (Fig. 4a). Larger differences are
found in spring (Fig. 4b) and summer (Fig. 4c), where a cooling
of more than −1.0 °C is observed in some areas of central Europe.
Colder temperatures are generally found in western and southern
Europe as well. At the same time, spring and summer tempera-
tures increased in eastern Europe. The mean annual warming
previously observed in the eastern part of the domain is thus
primarily driven by warmer spring and summer temperatures.
This area is affected by seasonal snow cover in winter and early
spring, and LCCs generally caused reductions in surface albedo
from snow-masking effects in the central-east (from vegetation of
abandoned cropland) and in the north-east (from vegetation of
wetland). This has increased the amount of energy at the surface,
especially during spring when solar radiation is larger. In sum-
mer, the seasonal warming in the central-east is weaker than in
spring, because changes in surface albedo are smaller and eva-
potranspiration efficiencies of land cover classes play a major role.
Higher summer temperatures in the north-eastern part are
mainly due to wetland drying, where the energy dissipated as
sensible heat instead of latent heat increases (wetland typically
have the largest latent heat fluxes57).

A seasonality is also observed in the different extension of the
spatial autocorrelation of the climate response represented by the
spatial correlogram (the autocorrelation index plotted against
distance). The correlation among pairs of spatial observations is
positive up to about 150 km, but there is a strong seasonality in
the decrease of the autocorrelation index at increasing distance
between the data (Supplementary Fig. 5). This decrease occurs at
higher rates in winter than summer. In winter, the autocorrela-
tion vanishes at less than about 50 km, while in summer it
remains positive up to about 200 km. This aligns with the more
consistent pattern of the European climate response in summer
than winter (Fig. 4).

The monthly mean climatological differences in T, TE and q at
the 2‐m level induced by the recent LCCs in Europe are shown in
Fig. 5. In terms of monthly mean values of the individual variables,
T and TE generally exhibit similar seasonal patterns, but TE values
are larger (see Supplementary Fig. 6). During winter and early
spring, humidity is low and differences between the two variables
are small. As humidity increases from late spring to early fall,
differences become larger. The comparison of the monthly mean
differences between LC1992 and LC2015 across the whole domain
shows that T generally decreases up to a maximum in late spring
and summer, but trends in specific humidity and TE are less clear
due to the large spatial variability that tends to balance out
locations with warming or cooling (Fig. 5a). For example, the
average difference in July of TE is +0.002 °C, but with a standard
deviation of about 1 °C. The maximum difference between the
changes in T and TE from the recent LCCs occurs in summer.

The spatial distribution of the changes in equivalent tempera-
ture shows a stronger seasonal response than T (see Fig. 5b, d for
winter and summer, and Supplementary Fig. 7 for spring and
autumn). In particular, higher summer warming (>1 °C) is found
in the eastern part of the domain (Fig. 5d), where increases in
surface humidity are also at a maximum (Fig. 5e). This result can
be explained by increased vegetation greenness and leaf area
index (especially during the growing season), which is associated
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Fig. 2 Annual average temperature changes from recent (1992–2015)
land cover transitions in Europe. Annual average temperature changes
(°C) due to differences in land cover between 1992 and 2015 (a); annual
average temperature changes excluding contributions from agriculture
abandonment (b); probability density function of the annual average
temperature changes across the entire domain (c). In c, 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
or 2015, respectively. NoCRP_AB refers to a land cover dataset
where agricultural land in 1992 is not allowed to convert to other
land classes.
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