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Increase in vegetation cover

Changes in

 deforestation dynamics

Effects of restoration efforts 

Effects of implementing

 EUDR policy
Increase in landscape 

heterogeneity

What is the local effect on climate?

Effects of deforestation



Changes in vegetation cover

Restoration

Changes in landscape heterogeneity

Deforestation

What is the local effects on climate of vegetation change?

Influence of vegetation on the atmosphere across meteorological scales

Miralles et al. (2025) Ann. N. Y. Acad. Sci.

Changes in energy fluxes, 

surface temperature, 

atmospheric boundary layer…
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Teuling et al. (2017) Nat. Commun.

Increase in forest cover linked to cloud formation 

Duveiller et al. (2021) Nat. Commun.

Changes in cloud fractional cover following potential afforestation

Possible pathways of temperate forest impact on 
convective cloud formation
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Absorbed solar radiation

Turbulence and convection

LCL and ABL height



Landscape heterogeneity also plays a role

Cloud fraction (CF) over forest as a function of local time and 
land cover heterogeneity length scale (LCHLS)

Tian et al. (2021) Geophys. Res. Lett. Xu et al. (2022) Nat. Commun.

Clouds inhibited over forests through mesoscale 
circulationsinducedby land heterogeneity 4



High resolution observations over Africa from MSG

Variables:
Cloud Fraction Cover (CFC)
Latent Heat Flux (LHF)
Sensible Heat Flux (SHF)
Land Surface Temperature (LST)

Geostationary satellites 
observations from Meteosat 
Second Generation (MSG): 

Spatialresolution: 

0.05 decimal degree

Temporal resolution:
15 minute to hourly

Examples of cloud fraction cover data from MSG 5
https://wui.cmsaf.eu/safira/action/viewProduktDetails?eid=22214_22235&fid=38

https://wui.cmsaf.eu/safira/action/viewProduktDetails?eid=22214_22235&fid=38


Trees outside of forests in Africa have been underestimated 

At the continental scale, 29% of all tree cover is 
found outside areas classified as forests in current 
state-of-the-art maps. 

Mapped tree cover across areas of different tree densities

Reiner et al. (2023) Nat. Commun.
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Spatialresolution: 100 meters
Temporal resolution: year 2019



Tree cover and Rao’s Q map across Africa 

Entropy-ōŀǎŜŘ wŀƻΩǎ v ƛƴŘŜȄ όvύΥ
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Estimation and pre-process of tree cover heterogeneity

• i and j: different classes of TC within the window;
• ὴȡ the ratio of pixels falling in the class representing 

value i to the total number of pixels in the window; 
• Ὠȡ the pairwise distance between the classes of 

value i and j.

Increasing Q

homogeneous heterogeneous
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Relationship of tree cover and Rao’s Q

Removal of tree cover-heterogeneity relationship
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Normalize Rao’s Q by bins of tree cover

Relationship of tree cover and normalized Rao’s Q



Window searching strategy

Target pixel 

Adjacent pixels that 
the searchcriteria

Local effects

Space-for-time substitution

ὅὊὅ‍ ‍ Ὕὅ ‍ ὗ ‍ ȟ Ὕὅ ὗ ‭

CFC: Cloud Cover Fraction from MSG hourly data
TC: Normalized Tree Cover from Reiner et al. (2023)
Q: Normalized Rao’s Q calculated from Reiner et al. (2023)
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• Target pixel shares the same background climate 
with adjacent pixels within the moving window.

• Difference of variables in the target and contrasting 
pixels is induced by the biophysical feedbacks of 
vegetation change.

Assumption:



Marginal effects of the biophysical sensitivity of cloud cover to tree cover and heterogeneity

The impact of tree cover on cloud formation

Positive : more tree cover;  more heterogeneity; more cloud coverSpatial distribution



Impacts of climate zone on the sensitivity of cloud cover to tree cover

The impact of tree cover on cloud formation

Climate zone

• Tropical rainforests: enhance cloud during the day and 
suppress it at night.

• Tropical savannah: weaker daytime enhancement effect; 
different nighttime effect in dry and wet seasons. 

• Arid regions: positive effects in both daytime and 
nighttime.

• Wet season: cloud enhancement effect of increased 
vegetation strengthens with elevation.

• Dry season: Daytime cloud response increased with 
elevation; nighttime cloud reduction effect is strong at 
high elevation.

Elevation

Impacts of elevation on the sensitivity of cloud cover to tree cover
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Patterns of seasonal and diurnal change of sensitivity: samples

12
Monthly and diurnal change of regression coefficient at sample points in 2019
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Patterns of seasonal and diurnal change of sensitivity: distribution



Potential mechanisms connecting cloud and tree cover: SHF
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Potential mechanisms connecting cloud and tree cover: LST
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Estimation of daytime cloud cover changes due to alterations in 
tree cover and heterogeneity by 1 std in wet season. 

Averaged values for daytime cloud cover change predictions 
across major Köppen−Geiger climate zones 

• In tropical rainforests and surrounding densely 
vegetated areas, greater heterogeneity is 
associated with reduced cloud cover.

• In savannahs and arid steppe regions, increased 
heterogeneity enhances cloud formation.

Distinctregionalpatterns:

Changing tree cover and heterogeneity : Daytime in wet season
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Estimation of daytime cloud cover changes due to alterations in 
tree cover and heterogeneity by 1 std in dry season. 

Averaged values for daytime cloud cover change predictions 
across major Köppen−Geiger climate zones 

• In tropical rainforests and surrounding densely 
vegetated areas, greater heterogeneity is 
associated with reduced cloud cover.

• In savannahs and arid steppe regions, increased 
heterogeneity enhances cloud formation.

Distinctregionalpatterns:

Changing tree cover and heterogeneity : Daytime in dry season
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Summary

• We have made a new mapping diagnostic of how tree cover affect cloud cover 
(5 years, based on hourly observed data)]

• Use of unprecedented scale of individual trees Ą important for Africa

• The heterogeneity of tree cover has a role to play

• We hope these diagnostics now calibrating
mechanistic models

• Preprint at:
https://www.researchsquare.com/article/rs-5639740/latest

https://www.researchsquare.com/article/rs-5639740/latest


Thank you for your attention

dxie@bgc-jena.mpg.de 
gduveiller@bgc-jena.mpg.de

gregduvei l ler.bsky.social
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