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Forest changes impact on climate

Perugini et al, 2017 ERL 
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Climate change under extreme land cover changes
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➢ Data

▪ European Space Agency (ESA) Climate Change Initiatiue (CCI) land cover 2015

▪ E-OBS observation

▪ Duveiller et al., 2018 Sci Data

➢ Model simulation

▪ WRF v3.9.1, CLM4 land surfe model

▪ Driven data: ERA-Interim

▪ Horizontal resolution: 0.11° (~12km)

▪ Three simulations: 

➢ LC1992,

➢ LC2015, and 

➢ No Cropland abandonment (NoCROP_AB)

➢ Bayesian regression model

Data and model simulations
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Land cover change in Europe

Huang et al, 2020 Nat Commun
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Cropland Cropland/Natural vegetation

Cropland fraction difference between 2015 
and 1992
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Temperature

Climate change due to land cover change

Equivalent Temperature

Huang et al, 2020 Nat Commun

➢ an annual average temperature change of −0.12 ± 0.20 °C (mean ± standard deviation), 
with −0.42 and +0.22 °C as the 5th and 95th percentile

➢ 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
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Monthly climate change

➢ T and TE generally exhibit similar seasonal patterns, but TE values are larger
➢ 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
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NoCROP_AB – LC2015 

Effect of agriculture abandonment 

Abandonment No Abandonment 

Huang et al, 2020 Nat Commun

➢ When the transitions from cropland to other land classes are excluded, an annual 
average temperature change of +0.10 ± 0.19 °C, with −0.23 and +0.33 °C as the 5th 
and 95th percentile
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Temperature change with cropland transition
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Different climate change response to cropland 
transition in East and West-Central Europe

➢ In subdomain A, conversion of evergreen
or deciduous forest to cropland results in
an average warming of +0.21 ± 0.03 °C
and +0.12 ± 0.03 °C

➢ In subdomain B, these transitions are
associated with an average cooling of
−0.14 ± 0.05 °C and −0.10 ± 0.05 °C

➢ This is mostly due to the local conditions discussed above, such as the interplay 
between surface albedo changes, evapotranspiration efficiencies and soil moisture
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Decomposition of the 

temperature changes to 

individual land cover changes



13

Land Cover 

Transition

Europe Subdomain A Subdomain B

Our study Ref.
Our 

study
Ref. Our study Ref.

ENF <=> OSL 0.19±0.04 0.20±0.08 0.22±0.12 0.18±0.12

ENF <=> GRA 0.23±0.12 0.11±0.06 0.16±0.12 0.24±0.06

ENF <=> WET 0.02±0.04 -0.40±0.04 -0.05±0.06 -0.39±0.04

ENF <=> CRO 0.12±0.04 0.20±0.04 0.21±0.06 0.80±0.06 -0.14±0.10 -0.03±0.10

DBF <=> GRA 0.22±0.08 -0.16±0.14 0.18±0.10 -0.08±0.12 0.27±0.26 -0.29±0.10

DBF <=> WET -0.12±0.08 -0.52±0.10

DBF <=> CRO 0.07±0.04 0.34±0.04 0.12±0.06 0.68±0.04 -0.10±0.10 -0.03±0.04

OSL <=> GRA -0.11±0.12 0.10±0.14

OSL <=> WET -0.25±0.08 -0.18±0.10 -0.24±0.14 -0.17±0.10

OSL <=> CRO -0.14±0.08 -0.27±0.06 -0.13±0.10 -0.12±0.14

GRA <=> CRO -0.04±0.06 0.43±0.04 0.04±0.08 0.67±0.04

Comparison of climate change with land 
cover transition in observation data

Mean ± 2stddev
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Summary

➢ Around 70 Mha of land cover changes occurred in Europe from 1992 to 2015

➢ An average temperature cooling of -0.12±0.20 °C, with seasonal and spatial

variations

➢ At a continental level, the mean cooling is mainly driven by agriculture

abandonment (cropland-to-forest transitions)

➢ A novel Bayesian regression approach decomposed the temperature change to

the individual land transitions, showing opposite responses to cropland

losses and gains between western and eastern Europe

This study combines regional climate model and statistic model to decompose

climate change caused by a single land cover transition in Europe.

Huang, B., X. Hu, G.-A. Fuglstad, X. Zhou, W. Zhao, and F. Cherubini, 2020: Predominant

regional biophysical cooling from recent land cover changes in Europe. Nat Commun, 11, 1066.
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WRF3.9-CLM4 performance 
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