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Séance publique du 29 Janvier 2025
Nouveaux regards sur les relations forêt-eau-climat

La forêt, un acteur majeur des variations microclimatiques dans les paysages: 
cas particulier des ripisylves



Stations météorologiques vs. microclimat en forêt

Les stations météorologiques sont standardisées: 
milieu ouvert, végétation basse, température à 1.5-

2m du sol, etc. 

Forêt de Białowieża, Pologne  (Photo Adam Wajrak)

Elles ne permettent pas de bien représenter les 
conditions climatiques localement vécues par les 

organismes vivant en forêt



Macroclimat, topoclimat et microclimat

Forêt de Białowieża, Pologne  (Photo Adam Wajrak)

D’après Joly et al. (2010)

Macroclimat

Microclimat

Topoclimat

Anderson Ranch Reserve, Idaho (Photo Thayne Tuason) 

Le microclimat dépend de la situation 
géographique et topographique mais 

aussi de l’hydrographie, de la 
végétation, etc.

La ‘standardisation’ des stations 
météo permet de décrire au mieux 

le topoclimat



Le « pouvoir tampon » de la forêt
En forêt, les arbres apportent:
- De l’ombrage
- Une atténuation du vent (réduisant les échanges convectifs)
- Un maintien de la chaleur la nuit (moins de pertes radiatives)

vitesse 
du vent

pertes
radiatives

rayonnement
incident



Le « pouvoir tampon » de la forêt
vitesse 
du vent

pertes
radiatives
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rayonnement
incident

8Introduction : Le « pouvoir tampon » de la forêt

Geiger et al. 2003; De Frenne et al. 2019, 2021

En forêt, les températures sont généralement  
moins extrêmes, car les arbres apportent :

• De l’ombrage
• De l’évapotranspiration
• Une atténuation du vent
• Un maintien de la chaleur la nuit

Donc plusieurs degrés de différence (« offset ») entre la forêt et l’extérieur (jusqu’à 15°C !) 

D’après E. Gril (2024)

En forêt, les arbres apportent:
- De l’ombrage
- Une atténuation du vent (réduisant les échanges convectifs)
- Un maintien de la chaleur la nuit (moins de pertes radiatives)

Il en résulte que les variations de températures, d’humidité de l’air 
et de rayonnement sont généralement plus tamponnés (ou moins 
extrêmes) qu’en milieu ouvert
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Tmax,ouvert > Tmax,forêt d’environ 1.3-3.6°C en Juillet 1875-77
(forêt d’Ermenonville)

Un effet connu et quantifié depuis la fin du XIXème siècle !

D’après Matthieu (1878)
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Un regain d’intérêt avec le dérèglement climatique actuel qui questionne nos pratiques de gestion forestière pour:
- Lutter contre l’érosion de la biodiversité

responses to macroclimate warming may be buffered by micro-
climatic heterogeneity (9–11). It seems likely that microclimates
can modulate the large-scale, multispecies, and long-term re-
sponse of biota to macroclimate warming, but this is currently
unverified. Testing this idea will permit incorporation of fine-
grained thermal variability into bioclimatic modeling of future
species distributions (11, 16), and is particularly relevant to forest
understories, which play a key role in vital ecosystem services of
forests such as tree regeneration, nutrient cycling, and pollina-
tion (17, 18). Additionally, microclimatic buffering might help to
explain the lag of community responses to increased temperature
that has been reported for several taxa and regions (3, 5, 7).
Temperate forests comprise 16% (5.3 million km2) of the

world’s forests (19), and understory plants represent on average
more than 80% of temperate forest plant diversity (17). Tem-
perate forests have recently experienced pronounced climate
warming, but have also been heavily influenced by other envi-
ronmental changes. Changing forest management regimes due
to altered socioeconomic conditions, but also eutrophication, cli-
mate warming, and fire suppression, have resulted in increased
tree growth, standing stocks, and densities in many temperate
forests of the northern hemisphere (20–25). In Western Europe,
for instance, logging and natural losses of tree biomass have been
consistently lower than annual growth increments, resulting in an
almost doubling of standing stocks of trees per hectare between
1950 and 2000 (21). Hence, forests’ powerful influence on ter-

restrial microclimates raises the intriguing possibility that non-
climatic drivers of global change, such as forest canopy closure,
might have lowered ground-level temperatures via increased
shading, thereby counteracting the effects of macroclimate warming
on the forest understory.
Here we compiled plant occurrence data (1,032 species in

total) from 1,409 resurveyed vegetation plots in temperate de-
ciduous forests. The plots were distributed across 29 regions of
temperate Europe and North America (Fig. 1 A and B) with an
average interval of 34.5 y (range: 12–67 y) between the original
and repeated vegetation surveys (Table S1). From these plots, we
tested for plant community responses to recent macroclimate
warming and assessed the potential role of changes in forest
canopy cover in modulating such responses. To quantify possible
thermophilization of communities, we inferred the temperature
preferences of species from distribution data by means of eco-
logical niche modeling (16) (Fig. 1 A–C). This method builds
on previous use of species’ temperature preferences to assess
community-level climate-change impacts (3–6). We then calcu-
lated the floristic temperature for each plot by sampling from the
temperature preference distributions of all species that were
present at the time of the surveys. The probability of sampling
a temperature for a particular species was determined by the
shape of its thermal response curve as estimated by niche mod-
eling. We repeated this resampling procedure 500 times to ac-
count for the variability and uncertainty in species’ temperature
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Fig. 1. Estimation of plant thermal response curves and temporal community-level responses to warming. (A–C) Thermal response curves were estimated
from species’ current distribution ranges (green areas in maps). The two most frequent understory species in the database are shown as an example:
Anemone nemorosa from Europe (A) and Maianthemum canadense from North America (B) (Tables S2 and S3). The red dots indicate the locations of the 29
study regions and numbers refer to site descriptions in Table S1. (D) Hypothetical community response to warming: the community consists of species 1 and 2
at time 1 and species 2 and 3 at time 2, which results in thermophilization between time 1 and 2 because the more cold-adapted species 1 is lost from the
community, and the more warm-adapted species 3 is gained. The green arrows represent the temporal shift of the mean, left tail (fifth percentile) and right
tail (95th percentile) of the distribution of floristic temperatures and reflect the degree to which the mean thermophilization increases, cold-adapted species
decrease, and warm-adapted species increase, respectively.

18562 | www.pnas.org/cgi/doi/10.1073/pnas.1311190110 De Frenne et al.
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DeFrenne et al. (PNAS 2013)

plus ouvert

Communautés végétales du sous-bois 
en Europe et Amérique du Nord

Le « pouvoir tampon » de la forêt … et la biodiversité

plus dense
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resurvey, we applied a previously published
statistical model to estimate temperature buf-
fering as a function of canopy cover (21, 23)
(fig. S2). The predicted maximum tempera-
tures in the forest understories have signif-
icantly increased over the past decades, with
mean (±SEM) rates of 0.40 ± 0.04 and 0.38 ±
0.03°C per decade for micro- and macrocli-
mate warming, respectively (both estimates
of warming rates are based on mixed-effects
models: P < 0.001). However, the rate of micro-
climate change was 45% more variable (1st
and 99th percentiles: –0.32 to 1.36°C per dec-
ade) than the rate of macroclimate change (1st
and 99th percentiles: –0.08 to 1.08°C per decade)
(fig. S4). The rate of macroclimate change was
significantly (P < 0.001) related to the rate of
microclimate change but left 48% of the total
variation in microclimate change unexplained
(slope: 1.05, R2 = 0.52, P < 0.001) (Fig. 1C).
To quantify the thermophilization, we in-

ferred the thermal affinity for each vascular
plant species present in our dataset from its
current distribution ranges. Using these species-
specific temperature affinity values, we calculated
the rate of change in the community-basedmax-
imum temperature affinity values between the
resurvey and baseline survey (14, 23) (fig. S6).
We expected changes in maximum temper-
ature affinity values to be most closely related
to changes in micro- and macroclimate max-
imum temperatures during the growing season
(23). This biotic reconstruction of temperature
changes based on the observed changes in the

composition of species assemblages has been
widely used to assess community-level cli-
mate change impacts in a variety of terrestrial
and marine taxa (12–14, 16). The resulting ther-
mophilization rates across the 2955 perma-
nent plots ranged from –0.84 to 1.05°C per
decade, with a mean (±SEM) of 0.01 ± 0.01°C
[which was not significantly different from
zero (P = 0.09) (23)]. The thermophilization
rate of forest understory vegetation was
positively linked to the rate of microclimate
warming [scaled slope estimate: 0.02, 95th
confidence interval (CI): 0.01 to 0.03, P <
0.001] but not to macroclimate warming
(scaled slope estimate: –0.002, CI: –0.01 to
0.01, P = 0.70) (Fig. 2).

To quantify how forest microclimate af-
fected the observed climatic debt accumu-
lated by a plant community in a given plot,
we subtracted the thermophilization rate
(DTplant) per unit of time (Dt) from the rate
of microclimate change (DTmicro) per unit of
time [i.e., microclimate debt: (DTmicro/Dt) –
(DTplant/Dt)] and from macroclimate change
(DTmacro) per unit of time [i.e., macroclimate
debt: (DTmacro/Dt) – (DTplant/Dt)] in each focal
plot. Despite very similar means (±SEM) for
the microclimatic debt (0.38 ± 0.04°C per
decade) and macroclimatic debt (0.37 ± 0.04°C
per decade), the climatic debts calculated using
macroclimate data underrepresent the varia-
bility in microclimatic debt (fig. S7). We found

Zellweger et al., Science 368, 772–775 (2020) 15 May 2020 2 of 4

Fig. 1. Forest microclimate change after canopy cover changes over time
is considerably more variable than macroclimate change. (A) Distribution
of the 2955 resurveyed forest plots (black dots) in 56 regions (purple
circles, scaled to the number of plots as indicated at the top right) across the
temperate forest biome (green area) in Europe. We representatively sampled
microclimate temperature in 100 forest stands, i.e., in 10 stands in each
of 10 regions (black circles; effective n = 96) to estimate the maximum
(macroclimate) temperature buffering during the growing season as a function
of canopy cover (23) (fig. S2). (B) Schematic overview of the method used to
approximate microclimate change in the forest understory. In this example,
canopy cover at the time of the baseline survey was higher than that during
the resurvey, resulting in a decrease in macroclimate temperature buffering
from 2 to 1°C, which in turn led to a relatively larger increase in microclimate

warming (20 to 23°C) compared with macroclimate warming (22 to 24°C). The
relationship between canopy cover and the buffering of maximum macro-
climate temperature was empirically assessed across the study area (fig. S2)
(21). (C) Rate of macroclimate change plotted against the rate of microclimate
change, with the black bisecting line representing the 1:1 relationship. Micro-
and macroclimate have both significantly warmed (see text for statistical
results). The distributions of values in the rates of micro- and macroclimate
change are indicated by gray shading on each axis. Microclimate change rates
are 45% more variable than macroclimate change rates, and macroclimate
change rates only accounted for about half of the variation in microclimate
change rates, as indicated by the marginal (conditional) R2 value of 0.52 (0.69).
All statistical results are based on mixed-effects models with region as a
random-effect (intercept) term.

Fig. 2. Thermophilization in
forest understory plant
communities is related to
microclimate change, not to
macroclimate change. Ther-
mophilization rates increase
with increasing microclimate
warming of maximum tem-
peratures during the growing
season (Tmax), as shown by
the regression slope and 95%
CIs for microclimate. The
thermophilization rate was not
statistically related to the rate
of macroclimate warming
(see text for statistical results).
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DeFrenne et al. (PNAS 2013)

Le « pouvoir tampon » de la forêt … et la biodiversité
Un regain d’intérêt avec le dérèglement climatique actuel qui questionne nos pratiques de gestion forestière pour:
- Lutter contre l’érosion de la biodiversité
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Diversité de scarabées près de
plantations de palmiers à huile à Bornéo

DeFrenne et al. (PNAS 2013)
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1279 plantations
67 essences
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(source DSF 2024)

Le « pouvoir tampon » de la forêt … et la régénération forestière

En 2022, ~92% de la mortalité attribuée à une origine abiotique ou complexe

Un regain d’intérêt avec le dérèglement climatique actuel qui questionne nos pratiques de gestion forestière pour:
- Lutter contre l’érosion de la biodiversité
- Assurer le renouvellement forestier

38% en 2022 
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En 2022, ~92% de la mortalité attribuée à une origine abiotique ou complexeLa sècheresse estivale, « cause majeure » de mortalité des plantules

Le « pouvoir tampon » de la forêt … et la régénération forestière

Echec des plantations (> 1ha) à l’échelle nationale
(source DSF 2024) 38% en 2022 

Un regain d’intérêt avec le dérèglement climatique actuel qui questionne nos pratiques de gestion forestière pour:
- Lutter contre l’érosion de la biodiversité
- Assurer le renouvellement forestier



36Chapitre 3 : Métriques issues du LiDAR

P l a n t  A r e a  
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van Ewijk et al. 2011; Bouvier et al. 2015; Jucker et al. 2018

Trois métriques décrivant la 

structure forestière, 

calculées dans des buffers 

de 1 à 100 m de rayon autour 

du capteur de température

Le pouvoir tampon dépend de la structure/composition du couvert
Métriques de structure influençant le microclimat

3 métriques calculées dans un rayon de 5 m 
autour des sondes microclimatiques

Gril et al. Remote Sensing of Environment (2023)

Sur 2740 hectares, 53 placettes 

avec un suivi du microclimat 

dans divers stades de gestion 

forestière

Focus sur la période feuillée de 

mai à octobre 2021

Passage du LiDAR en juin 2021

35Chapitre 3 : La forêt de Blois au LiDAR Hauteur de canopée en forêt de Blois

Gril et al. Remote Sensing of Environment (2023)
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D’après E. Gril (2023)

Métrique pour quantifier le pouvoir tampon 34Chapitre 3 : Quantifier l’effet tampon 

Microclimat = capteurs HOBO en forêt

Macroclimat = station météo de référence

On utilise cette fois le log de

la pente de la relation linéaire 

microclimat / macroclimat :

• = 0  couplage

• > 0  amplification

• < 0  tampon

Atténuation si log(pente) < 0
Amplification si log(pente) > 0



Sur 2740 hectares, 53 placettes 

avec un suivi du microclimat 

dans divers stades de gestion 

forestière

Focus sur la période feuillée de 

mai à octobre 2021

Passage du LiDAR en juin 2021

35Chapitre 3 : La forêt de Blois au LiDAR Hauteur de canopée en forêt de Blois Construction d’un modèle de microclimat

Plus le peuplement est haut, avec une importante surface foliaire et complexité verticale, 
plus la température microclimatique du sous-bois est tamponnée

Contrairement au PAI et VCI, la hauteur a un effet non linéaire

Nos trois métriques sont complémentaires pour la prédiction, combinées : R² = 91 % 

38Chapitre 3 : Effet des prédicteurs 

Frey et al. 2016; George et al. 2015; Hardwick et al. 2015; Jucker et al. 2018
Métriques calculées dans 

des buffers de 5 m de rayon

Gril et al. Remote Sensing of Environment (2023)

40Chapitre 3 : Cartes du microclimat !
40

Carte de l’effet
amplificateur 

ou tampon

Carte de la 
température

chaude ou froide

Résolution 
= 10 m

Nombreuses 
applications :
• Distributions 

d’espèces
• Connectivité 

thermique
• Gestion 

forestière (feu, 
régénération)

• Aménagement 
de forêt urbaine 
…

Tmacro = 31.8 °C 

log(pente) Température 
le 14.08.2021 à 15h

Amplification
Atténuation

Le pouvoir tampon dépend de la structure/composition du couvert



Mieux comprendre les interactions entre structure de la canopée et microclimat en sous-bois nécessite une approche intégrée car 
relations complexes avec effet de seuil

Bouwen et al. (unpublished)

La température proche du sol peut être plus chaude qu’en milieu ouvert, si milieu trop ouvert pour 
limiter le rayonnement solaire et l’évaporation du sol, et pas assez ouvert pour bien ventiler

Nécessité d’une approche à base physique pour estimer les conditions de stress hydrique et 
thermique en sous-bois

teneur en eau du sol
front d’évaporation

↑ rayonnement
incident

↑ teneur en eau 
zone racinaire

↑ températures
proches du sol

avant éclaircie après éclaircie

⤳ vent proche
du sol

↓ teneur en eau 
à la surface

Le pouvoir tampon dépend de la structure/composition du couvert
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Le pouvoir tampon dépend de la microtopographie
Dendrochronologia 72 (2022) 125939

3

mean growth had to be at least 10% lower or higher than that in the 
previous year, (2) at least 75% of trees had to show the same change in 
direction for growth. Tree-ring widths (in mm) were then converted into 
basal area increments (BAI, in cm2), which provide a better proxy of 
biomass production. BAI was calculated with the bai.in function of the 
dplR package, taking into account the distance to the pith estimated 
with a template of concentric circles when coring missed the innermost 
tree-ring. 

BAI changes from pith to bark as the tree ages. Comparisons of the 
raw BAI of young and old rings in any given year are, therefore, 
meaningless (Cook and Kairiukstis, 1990). BAI must be standardized to 
remove trends related to ageing, with the regional curve standardization 
(RCS) method (Becker, 1989; Esper et al., 2003; Briffa and Melvin, 

2011). In this method, the BAI of each tree ring, the age of which relative 
to the pith is known, is transformed into a percentage of the mean BAI of 
all the tree rings of the same age. As the raw mean curve for BAI by 
tree-ring age presented several random variations, each chronology was 
detrended with a smooth curve composed of two fitted functions. The 
increasing part of the chronology (i.e. until the age of 77 years for Fagus 
and 51 years for Quercus) was fitted with a polynomial function, 
determined by a progressive multiple stepwise regression, and the 
decreasing part was fitted with an exponential function (Fig. 2). Using 
the equation of the selected function, we were able to convert BAI (cm2) 
into growth indices (GI, in %) for both target species:  

GIn = 100 × BAIn/BAImodel                                                                    

Fig. 1. Study area and tree sampling. A. Geographic range of Fagus sylvatica (in gray) and location of the study area in SW France (black dot). B. Study area with the 
cored trees of Fagus (n = 319, blue dots) and Quercus (n = 79, red crosses). The narrow distribution of these trees along the Ciron river pinpoints the function of the 
gorges of this river as long-term climate refugia for the species. 
Maps adapted by the authors from Geoportail and Euforgen under a Creative Commons Corporation license. 

Fig. 2. BAI time series and fitted curves used to 
standardize tree-ring widths to obtain a growth 
index. For both species, the dotted curve gives 
the number of tree rings per year of age. The 
black curve represents the mean BAI (cm2) as a 
function of cambial age and the gray area is the 
95% confidence interval for the mean. A. For 
Fagus, the red line displays a polynomial func-
tion: BAImodel = 2.404 × 10-1 Age 
+ 2.178 × 10-2 Age2 − 4.526 × 10-4 Age3 

+ 2.462 × 10-6 Age4. The blue line indicates an 
exponential function for a cambial age of more 
than 76 years: BAImodel = e6.498 −0.735 log(Age). B. 
For Quercus, the red line indicates a square 
function: BAImodel = 0.7431 Age – 0.007157 
Age2. The blue line indicates an exponential 
function: BAImodel = e3.370 −0.1069 log(Age). The 
BAI curve fluctuates markedly if the number of 
rings falls below 35. An extrapolation of the 
same exponential equation was therefore used 
for cambial ages exceeding 82 years (orange 
curve).   
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2011). The Ciron valley harbours the largest beech population in the region with around 7000 

individuals (Figure 4) according to an exhaustive inventory performed in 2013 and 2014 by the 

Syndicat Mixte d'Amenagement du Bassin Versant du Ciron (SMABVC). Local naturalists testify 

that the Ciron beech forest has declined sharply during the last decade: About 16 years ago, 

islets of beech were present over more than 30 km along the Ciron, whereas today the species 

only occurs over a ca. 7 km stretch along the river banks (Guinberteau, 2011). 

 
Figure 4. Spatial distribution of beech trees in the Ciron valley according to the inventory performed 
in 2013 and 2014 by the Syndicat Mixte d'Amenagement du Bassin Versant du Ciron (Genet, 2014). 
Red dots indicate the adult trees (circumference > 100 cm; with beechnuts during the fructification 
in 2013), green dotes indicate the subadult trees (circumference between 30 and 99 cm; without 
beechnuts during the fructification in 2013) and yellow dots indicate the juvenile trees 
(circumference < 30 cm).  

The Ciron beech population is restricted to riparian forests on the flanks of the Ciron 

river karst gorges, a site with particularly favourable microclimatic and edaphic conditions 

within the surrounding landscape. Within the study site, beech shares its habitat with other 

mesic tree species such as Pedunculate oak (Quercus robur), hornbeam (Carpinus betulus), 

large-leaved lime (Tilia platyphyllos), and black alder (Alnus glutinosa) (Timbal and Ducousso, 
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cored trees of Fagus (n = 319, blue dots) and Quercus (n = 79, red crosses). The narrow distribution of these trees along the Ciron river pinpoints the function of the 
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black curve represents the mean BAI (cm2) as a 
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95% confidence interval for the mean. A. For 
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tion: BAImodel = 2.404 × 10-1 Age 
+ 2.178 × 10-2 Age2 − 4.526 × 10-4 Age3 

+ 2.462 × 10-6 Age4. The blue line indicates an 
exponential function for a cambial age of more 
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For Quercus, the red line indicates a square 
function: BAImodel = 0.7431 Age – 0.007157 
Age2. The blue line indicates an exponential 
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rings falls below 35. An extrapolation of the 
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for cambial ages exceeding 82 years (orange 
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de périodes d’engorgement et de dessiccation permettant l’individualisation d’un horizon éluvial
et favorisant la consolidation des horizons spodiques en alios. Les sols développés dans ces
conditions sont qualifiés de Podzosols Duriques (podzols humiques à alios et hydromorphie de
profondeur). La végétation caractéristique de la lande mésophile est dominée par la Fougère
aigle (Pteridium aquilinum). Au cœur du massif landais, on retrouve également des secteurs de
lande mésophile liés à la présence très localisée de lagunes associées à un micro-relief caracté-
ristique, avec des amplitudes topographiques plus importantes qu’en lande humide (> 1 m). Ces
situations permettent de définir une variante régionale de la lande mésophile dite “à lagunes”.

La lande humide sensu lato (ou hygrophile)

La majeure partie du massif landais est occupée par de vastes étendues planes, mal drainées.
Dans ces interfluves, le niveau de la nappe fluctue lentement et elle affleure à la surface lors des
périodes de forte pluviosité printanière et automnale. Elle atteint son niveau bas assez souvent
entre 1 et 2 mètres sous la surface. Cette unité pédopaysagère est caractérisée par une végéta-
tion dominée par la Molinie (Molinia caerulea) et par des associations de Podzosols et de sols
hydromorphes organisés en toposéquences.

• Variabilité spatiale des pédopaysages landais

Bien que ces associations sol-végétation soient relativement bien caractérisées, et sous une
apparente uniformité, liée à la dominance dans le paysage des pinèdes monospécifiques
équiennes, les pédopaysages du massif forestier landais présentent une forte variabilité spatiale
à l’échelle parcellaire. Cette variabilité, qui s’observe particulièrement au sein des stations de
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Végétation indicatrice : Molinie bleue Fougère aigle Bruyère cendrée

Profils :

PodzosolsRéductisols et Rédoxisols sableux

Humiques
Meubles
ou Humo-Duriques Duriques

Meubles
de lande sèchepeu humifèreshumifères

FIGURE 4
REPRÉSENTATION SCHÉMATIQUE DE L’ORGANISATION

DES PRINCIPAUX PÉDOPAYSAGES DES LANDES DE GASCOGNE
(d’après Jolivet, 2000, adapté de GEREA, 1985)

Les conditions convectives en été imposent un mélange important des masses d’air au-dessus du couvert

Si le découplage des écoulements sous et au-dessus de la canopée est induit par la continuité de la canopée le long de la pente,
quelle largeur de ripisylve est nécessaire pour maintenir un rafraichissement des berges en été ?

accumulation d’air frais et humide
(plus dense) en bas de pente

éjection d’air chaud et sec
(plus léger)

vent température

température

Le faible vent en sous-bois semble favoriser une accumulation des masses d’air froides en bas de pente 
(comme en montagne la nuit, mais ici sur des distances et différences d’altitudes bcp plus faibles, de quelques mètres ou dizaines de mètres)
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Besion d’une approche de modélisation à base physique (modèlisation LES) pour comprendre l’influence de la microtopographie dans les 
ripisylves et estimer la largeur du couvert boisé minimum pour maintenir un rafraichissement des berges de la ripisylve en été ?
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Macroclimat (1km x 1km)

Modéliser le microclimat, une petite révolution en biogéographie

Haesen et al. Ecology Letters (2023)

Paris quadrifolia

Distribution modélisée de la Parisette à quatre feuilles (Paris quadrifolia) selon la source climatique utilisée

2 |   INCORPORATING MICROCLIMATE INTO SDMs

by microclimatic effects (Jarraud, 2008). Gridded mac-
roclimatic data interpolate such weather station data 
and thus represent the free- air temperature conditions 
in open ecosystems. Although these data are sufficient 
to adequately capture changes in free- air temperatures, 
SDMs based on coarse- scale climate data should be ex-
pected to introduce a bias, which stems from the sim-
plified assumptions these models make about the causal 
relationship between spatially averaged climatic predic-
tors and the fitness of individual organisms (Fourcade 
et al., 2018). This might be especially problematic when 
using these data to model the response curves of species 
that live close to the ground, in topographically hetero-
geneous terrain or under trees and shrubs.

Variation in microclimates results from physical 
processes such as airflow and incoming solar radiation 
interacting with topographic factors such as slope, as-
pect and surface roughness (Geiger, 1950). Additionally, 
vegetation cover is known to affect local microclimate 
temperature (De Frenne et al., 2019; Lenoir et al., 2017). 
Indeed, it is currently well acknowledged that forests 
harbour distinct microclimatic conditions owing to the 
structural complexity of the canopy, resulting in shad-
ing and evapotranspirative cooling (Geiger, 1950). Forest 
canopies are characterized by their buffering capacities 
of extreme temperatures, with cooler sub- canopy max-
imum temperatures and warmer sub- canopy minimum 
temperatures in comparison to weather station data 

(De Frenne et al.,  2019). In European forests, this dif-
ference can add up to 9°C for mean monthly tempera-
tures (Haesen et al., 2021). There is an urgent need for 
greater use of fine- scale microclimatic data in ecology 
as ignoring the mismatch between conventionally used 
macroclimatic data and the microclimatic conditions 
might lead to erroneous predictions, wrong ecological 
interpretations and, ultimately, questionable conserva-
tion decisions (Körner & Hiltbrunner, 2018).

This study aims to evaluate the influence of large- scale, 
gridded microclimate data on the accuracy of SDMs 
and associated environmental niches and projected geo-
graphic ranges of European plant species constrained to 
forest habitats. Challenging conventional SDMs, we sep-
arately tested the effects of using microclimate instead 
of macroclimate data, as well as of the spatial resolution 
of these data. To achieve this, we employed three types 
of SDMs using: (1) a macroclimatic dataset at a spatial 
resolution of 1 × 1 km2; (2) an aggregated microclimatic 
dataset that matched the resolution of the macroclimatic 
dataset but using sub- canopy microclimate tempera-
tures; and (3) a microclimatic dataset with a spatial reso-
lution of 25 × 25 m2, matching the species compositional 
patterns in the forest understorey vegetation and using 
the microclimate temperatures as perceived below the 
canopy (Figure 1; Haesen et al., 2023).

Forests are recognized for their capacity to mod-
erate temperature, and as such, plant species adapted 

F I G U R E  1  Design of this comparative study, where we compared species distribution models with different set- ups of climatic data. As 
forests are known to buffer sub- canopy temperatures, forest specialist plant species respond to warmer minimum temperatures and colder 
maximum temperatures as perceived by the free- air (i.e. macroclimate) temperature data. Therefore, we hypothesize that the actual thermal 
response curves of forest specialist species, as modelled with the high- resolution ForestClim dataset, would be narrower than the thermal 
response curve modelled by macroclimate- based SDMs. Note that ForestClim is only available for forest areas, which are delineated by green 
lines within the simulated grids. Black points indicate species occurrences of a virtual forest plant species (adapted from Lenoir et al., 2017).
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Macroclimat (1km x 1km) Microclimat (25m x 25m)

La prise en compte du microclimat en forêt conduit à des modèles de distribution d’espèce 
généralement plus robustes, et qui prédisent des aires de répartitions moins étendues, 
surtout aux limites nord/froides et sud/chaudes, où les espèces se retrouvent souvent en 
situation de refuge climatique

Paris quadrifolia

Haesen et al. Ecology Letters (2023)

Distribution modélisée de la Parisette à quatre feuilles (Paris quadrifolia) selon la source climatique utilisée
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by microclimatic effects (Jarraud, 2008). Gridded mac-
roclimatic data interpolate such weather station data 
and thus represent the free- air temperature conditions 
in open ecosystems. Although these data are sufficient 
to adequately capture changes in free- air temperatures, 
SDMs based on coarse- scale climate data should be ex-
pected to introduce a bias, which stems from the sim-
plified assumptions these models make about the causal 
relationship between spatially averaged climatic predic-
tors and the fitness of individual organisms (Fourcade 
et al., 2018). This might be especially problematic when 
using these data to model the response curves of species 
that live close to the ground, in topographically hetero-
geneous terrain or under trees and shrubs.

Variation in microclimates results from physical 
processes such as airflow and incoming solar radiation 
interacting with topographic factors such as slope, as-
pect and surface roughness (Geiger, 1950). Additionally, 
vegetation cover is known to affect local microclimate 
temperature (De Frenne et al., 2019; Lenoir et al., 2017). 
Indeed, it is currently well acknowledged that forests 
harbour distinct microclimatic conditions owing to the 
structural complexity of the canopy, resulting in shad-
ing and evapotranspirative cooling (Geiger, 1950). Forest 
canopies are characterized by their buffering capacities 
of extreme temperatures, with cooler sub- canopy max-
imum temperatures and warmer sub- canopy minimum 
temperatures in comparison to weather station data 

(De Frenne et al.,  2019). In European forests, this dif-
ference can add up to 9°C for mean monthly tempera-
tures (Haesen et al., 2021). There is an urgent need for 
greater use of fine- scale microclimatic data in ecology 
as ignoring the mismatch between conventionally used 
macroclimatic data and the microclimatic conditions 
might lead to erroneous predictions, wrong ecological 
interpretations and, ultimately, questionable conserva-
tion decisions (Körner & Hiltbrunner, 2018).

This study aims to evaluate the influence of large- scale, 
gridded microclimate data on the accuracy of SDMs 
and associated environmental niches and projected geo-
graphic ranges of European plant species constrained to 
forest habitats. Challenging conventional SDMs, we sep-
arately tested the effects of using microclimate instead 
of macroclimate data, as well as of the spatial resolution 
of these data. To achieve this, we employed three types 
of SDMs using: (1) a macroclimatic dataset at a spatial 
resolution of 1 × 1 km2; (2) an aggregated microclimatic 
dataset that matched the resolution of the macroclimatic 
dataset but using sub- canopy microclimate tempera-
tures; and (3) a microclimatic dataset with a spatial reso-
lution of 25 × 25 m2, matching the species compositional 
patterns in the forest understorey vegetation and using 
the microclimate temperatures as perceived below the 
canopy (Figure 1; Haesen et al., 2023).

Forests are recognized for their capacity to mod-
erate temperature, and as such, plant species adapted 

F I G U R E  1  Design of this comparative study, where we compared species distribution models with different set- ups of climatic data. As 
forests are known to buffer sub- canopy temperatures, forest specialist plant species respond to warmer minimum temperatures and colder 
maximum temperatures as perceived by the free- air (i.e. macroclimate) temperature data. Therefore, we hypothesize that the actual thermal 
response curves of forest specialist species, as modelled with the high- resolution ForestClim dataset, would be narrower than the thermal 
response curve modelled by macroclimate- based SDMs. Note that ForestClim is only available for forest areas, which are delineated by green 
lines within the simulated grids. Black points indicate species occurrences of a virtual forest plant species (adapted from Lenoir et al., 2017).
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by microclimatic effects (Jarraud, 2008). Gridded mac-
roclimatic data interpolate such weather station data 
and thus represent the free- air temperature conditions 
in open ecosystems. Although these data are sufficient 
to adequately capture changes in free- air temperatures, 
SDMs based on coarse- scale climate data should be ex-
pected to introduce a bias, which stems from the sim-
plified assumptions these models make about the causal 
relationship between spatially averaged climatic predic-
tors and the fitness of individual organisms (Fourcade 
et al., 2018). This might be especially problematic when 
using these data to model the response curves of species 
that live close to the ground, in topographically hetero-
geneous terrain or under trees and shrubs.

Variation in microclimates results from physical 
processes such as airflow and incoming solar radiation 
interacting with topographic factors such as slope, as-
pect and surface roughness (Geiger, 1950). Additionally, 
vegetation cover is known to affect local microclimate 
temperature (De Frenne et al., 2019; Lenoir et al., 2017). 
Indeed, it is currently well acknowledged that forests 
harbour distinct microclimatic conditions owing to the 
structural complexity of the canopy, resulting in shad-
ing and evapotranspirative cooling (Geiger, 1950). Forest 
canopies are characterized by their buffering capacities 
of extreme temperatures, with cooler sub- canopy max-
imum temperatures and warmer sub- canopy minimum 
temperatures in comparison to weather station data 

(De Frenne et al.,  2019). In European forests, this dif-
ference can add up to 9°C for mean monthly tempera-
tures (Haesen et al., 2021). There is an urgent need for 
greater use of fine- scale microclimatic data in ecology 
as ignoring the mismatch between conventionally used 
macroclimatic data and the microclimatic conditions 
might lead to erroneous predictions, wrong ecological 
interpretations and, ultimately, questionable conserva-
tion decisions (Körner & Hiltbrunner, 2018).

This study aims to evaluate the influence of large- scale, 
gridded microclimate data on the accuracy of SDMs 
and associated environmental niches and projected geo-
graphic ranges of European plant species constrained to 
forest habitats. Challenging conventional SDMs, we sep-
arately tested the effects of using microclimate instead 
of macroclimate data, as well as of the spatial resolution 
of these data. To achieve this, we employed three types 
of SDMs using: (1) a macroclimatic dataset at a spatial 
resolution of 1 × 1 km2; (2) an aggregated microclimatic 
dataset that matched the resolution of the macroclimatic 
dataset but using sub- canopy microclimate tempera-
tures; and (3) a microclimatic dataset with a spatial reso-
lution of 25 × 25 m2, matching the species compositional 
patterns in the forest understorey vegetation and using 
the microclimate temperatures as perceived below the 
canopy (Figure 1; Haesen et al., 2023).

Forests are recognized for their capacity to mod-
erate temperature, and as such, plant species adapted 

F I G U R E  1  Design of this comparative study, where we compared species distribution models with different set- ups of climatic data. As 
forests are known to buffer sub- canopy temperatures, forest specialist plant species respond to warmer minimum temperatures and colder 
maximum temperatures as perceived by the free- air (i.e. macroclimate) temperature data. Therefore, we hypothesize that the actual thermal 
response curves of forest specialist species, as modelled with the high- resolution ForestClim dataset, would be narrower than the thermal 
response curve modelled by macroclimate- based SDMs. Note that ForestClim is only available for forest areas, which are delineated by green 
lines within the simulated grids. Black points indicate species occurrences of a virtual forest plant species (adapted from Lenoir et al., 2017).
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Modéliser le microclimat, une petite révolution en biogéographie



Macroclimat (1km x 1km) Microclimat (25m x 25m)

Paris quadrifolia

limite Nord/froide

limite Sud/chaudeHaesen et al. Ecology Letters (2023)

Distribution modélisée de la Parisette à quatre feuilles (Paris quadrifolia) selon la source climatique utilisée

La prise en compte du microclimat en forêt conduit à des modèles de distribution d’espèce 
généralement plus robustes, et qui prédisent des aires de répartitions moins étendues, 
surtout aux limites nord/froides et sud/chaudes, où les espèces se retrouvent souvent en 
situation de refuge climatique

Modéliser le microclimat, une petite révolution en biogéographie



En résumé…
Les extrêmes climatiques en forêt sont souvent atténués par rapport à un milieu ouvert et cette atténuation dépend:
- de la structure et composition du couvert arboré 
- d’éléments du paysage comme la microtopographie ou la proximité d’un cours d’eau

Le microclimat en forêt influence la biodiversité et la régénération des forêts, et les avancées dans la spatialisation du microclimat à l’échelle 
continentale permet de mieux identifier les refuges climatiques et les aires de répartitions des espèces, actuelles et futures

Besoin d’une approche de modélisation à base physique pour mieux comprendre les effets de seuils (ouverture de canopée optimale, largeur 
de ripisylve minimum, etc.)
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