
abandonment is masked (changes in latent heat fluxes decline to
−0.03 ± 1.83Wm−2), and the net effects from the other land
transitions are either warming or balancing out. An opposite
response is observed in the eastern part of Europe, where exclusion
of cropland abandonment shows a widespread temperature
reduction (Fig. 2b). The same area was generally associated with
warming in Fig. 2a. Contrary to other locations in Europe, in this
subdomain, natural revegetation of agricultural land left aban-
doned is associated to higher local temperature. At an average
European level, the analysis of the climate change signals through a
probability function based on kernel density estimation shows the
average cooling contributions of abandoned cropland (Fig. 2c). In
the “LC2015–LC1992” case, the probability distribution of mean
temperature changes peaks at around −0.1 °C (about 4.5% of the
grids), whereas when conversion of cropland to other land classes
is excluded (“NoCRP_AB–LC2015”) the distribution is translated
towards mean higher temperatures, and peaks at around +0.1 °C.

Changes in equivalent temperature TE are more pronounced
than those in bulb temperature (Fig. 3). At a continental level, the
average difference in TE from the recent LCCs is −0.10 ± 0.37 °C,
with −0.58/+0.57 °C as the 5th and 95th percentile, respectively.
Both the mean value and spatial pattern are similar to that of T,
but variability is larger. A contrasting response is still found
between the western and eastern part of the domain, but for TE
local mean annual differences can be up to +1 °C in eastern
Europe and −0.8 °C in central Europe (Fig. 3a). Such an increase
in equivalent temperature matches with the trends in surface
humidity (Fig. 3b).

When agriculture abandonment is excluded (Fig. 3c), the
average continental change in equivalent temperature is +0.05 ±
0.30 °C (−0.51 and +0.48 °C as the 5th and 95th percentile,
respectively). In this case, the reduction in surface air humidity
drives the stronger cooling response of TE than T in the eastern
part of the domain. The analysis of the climate change signals
through the probability density function clearly shows that TE has
a larger distribution than T. For example, about 1% of the grids
experience a cooling of −0.7 °C for TE (Fig. 3e), whereas it is
−0.5 °C for T (Fig. 2c). Further, while excluding agriculture
abandonment tends to translate the climate change signal of T

towards a warmer climate, for TE it mainly affects the negative
values of the distribution only, increasing the density of the grid
cells that are slightly warmer or show no changes. This is driven
by the decline in specific humidity from exclusion of agriculture
abandonment (Fig. 3f).

In general, the results show a different climate system response
between the western and eastern parts of Europe. This is linked to
the importance that local conditions and background climate have
in shaping how key components of the surface energy budget
respond to LCCs8,14,16. In eastern Europe, the warming contribu-
tion from reduction in surface albedo after revegetation of
abandoned cropland is stronger than the cooling benefits from
larger latent heat fluxes associated with tree cover (Supplementary
Fig. 2). This area has lower values of soil moisture than other places
in Europe (Supplementary Fig. 3), thereby mitigating the potential
for trees to dissipate evaporative cooling from the increased energy
budget due to the decrease in surface albedo. The so-called soil
moisture-temperature feedback refers to the additional warming
occurring with shortages of evaporative cooling in regions affected
by relatively dry conditions48–50. This is mainly observed in mid-
latitude regions transitioning between wet and dry climates, where
lower soil moisture availability directly impacts turbulent flux
partitioning and surface temperature49,51,52. The eastern part of
Europe is a transitional region between oceanic and continental
climate, where the change from cropland to forests under soil
moisture limitations leads to increases in surface temperature. This
mechanism is confirmed by both modeling and observational
analysis49,53,54. Other factors contribute to the observed spatial
variability. Radiative properties of ecosystems are the major factors
controlling surface temperature when incoming energy is the
major limitation to vegetation growth or seasonal snowfalls are
significant (such as in eastern Europe and boreal areas)8. Similarly,
the tendency of forests to decrease surface temperature compared
to open land is higher in relative proximity to the oceans, and
gradually declines at increasing distances14,19,55,56.

Seasonality. We found a seasonality in the intensity and spatial
distribution of the regional temperature changes (Fig. 4). The
averaged seasonal statistics at a continental level are smoothed by
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Fig. 1 Land cover changes occurred in Europe between 1992 and 2015. Positive values indicate an expansion of the respective land cover, negative values
a contraction. The CCI-LC classification system is converted to the IPCC land classes to facilitate interpretation. See Supplementary Table 3 for the cross-
walking table translating from one land classification system to the other. Supplementary Fig. 1 shows the maps of the major land cover transitions.
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