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1. Importance of biogeophysical processes for forest-climate interactions 

 

1.1 Background and significance 

Forests influence climate through biogeochemical and biogeophysical processes. Biogeochemical 
processes include greenhouse gas (GHG) exchange as well as emissions of other chemical compounds 
such as biogenic volatile organic compounds, which can act as aerosol precursors. The biogeophysical 
effect, on the other hand, refer to the alteration of land properties such as albedo, evapotranspiration 
and surface roughness (Davin and de Noblet-Ducoudré, 2010).  

The climate impacts of land use activities such as forestry are routinely monitored in terms of GHG 
emissions under the United Nations Framework Convention on Climate Change (IPCC, 2016; FOEN, 
2021). The associated biogeophysical impacts, however, are not accounted for as part of this 
framework despite the growing awareness that these effects matter regionally and should therefore 
be considered in the decision-making process (Bright et al., 2017; Windisch et al., 2021). In this report, 
we synthetizes the current state of knowledge concerning the biogeophysical effect of forestry 
activities with a special focus on Switzerland. Beside reviewing the existing literature we also present 
new results for Switzerland based on observation-driven estimates as well as process-based modelling. 

 

 

1.2 Observational evidence of the biogeophysical impacts of forests 

In recent years, the increasing availability of high resolution remote sensing data has enabled the 
emergence of new analysis strategies providing observation-based evidence of the influence of land 
cover change on climate conditions. Remotely sensed data, for instance, have been used to examine 
local differences in surface energy balance and Land Surface Temperature (LST) between different 
ecosystem types on a global scale (Mildrexler et al., 2011; Zhao and Jackson, 2014; Li et al., 2015; 
Duveiller et al., 2018). There is reasonably good agreement between these studies that, at the latitude 
of Switzerland, forests provide a cooling effect during daytime and a warming during nighttime in 
summer. In winter, a warming effect occurs. In other words, trees dampen seasonal and diurnal 
temperature variations compared to short vegetation. This also implies that the annual mean 
temperature effect is often small due to these seasonal and diurnal compensating effects, but in the 
context of summer extreme events the cooling effect of forest can be particularly large (Zaitchik et al., 
2006; Renaud and Rebetez, 2009; Lejeune et al., 2018; Schwaab et al., 2020). 

The type of forests also plays an important role. In-situ observations in Switzerland have for instance 
shown that coniferous trees provide less cooling effect than broadleaf trees in summer (Renaud and 
Rebetez 2009; Renaud et al. 2011). This is confirmed by remote-sensing-based estimates which 
indicate that broadleaf trees exhibit higher albedo and higher latent heat fluxes during summer, both 
contributing to colder temperatures over broadleaf forests compared to needleleaf (Bright et al., 2017; 
Duveiller et al., 2018; Schwaab et al., 2020). The situation during winter is less clear.  Renaud et al. 
(2011) found that needleleaf forests are cooler and broadleaf forest warmer compared to open land. 
This is supported by Duveiller et al. (2018) and by Schwaab et al. (2020) who found a warming effect 
of deciduous broadleaf trees compared to evergreen needleleaf trees. On the other hand, the study 
of  Bright et al. (2017) indicates that the transition from broadleaf to needleleaf results in warmer 
temperatures during winter related to the lower albedo of needleleaf forests. 



 

1.3 Process-based modelling of the biogeophysical impacts of forest changes and forest 
management 

A number of modelling studies have explored the biogeophysical effect of deforestation or 
reforestation from global to regional scales (e.g., Claussen et al., 2001; Davin and deNoblet-Ducoudré, 
2010; Davin et al., 2020). One important finding is that this effect strongly varies across latitudes. In 
tropical regions, trees decrease temperature mainly due to their higher evapotranspiration and surface 
roughness, while in temperate regions the subtle balance between radiative (albedo) and non-
radiative (evapotranspiration and surface roughness) processes depends on season and time of day 
thus leading to a more complex picture (Davin and de Noblet-Ducoudré, 2010). In temperate regions 
in particular, uncertainties are large as illustrated by the lack of agreement between individual model 
results (Pitman et al., 2009, Lejeune et al., 2017; Davin et al., 2020). Models usually agree about the 
warming effect of temperate forests in winter, but there is no consensus about the summertime effect. 
In addition models do not capture the nighttime warming effect of trees seen in observations (see 
previous section). This could be linked to the missing representation of biomass heat storage in climate 
models (Meier et al, 2019). Indeed, trees store heat in their trunks and leaves during the day and 
release it at night, thereby increasing nighttime temperature. The inclusion of this process in a climate 
model has been shown to resolve the nighttime mismatch between model and observations (Meier et 
al, 2019). 

Concerning specifically the effect of forest management, only very few modeling studies exist. Naudts 
et al. (2016) argue that past forest management in Europe had a warming effect on the regional 
climate, mainly attributed to the replacement of broadleaf species with needleleaf species during the 
last 250 years. A logical consequence of this result is that reintroducing broadleaf species in Europe 
could reverse this effect and therefore lead to a cooling, but it might be offset by biogeochemical 
processes (Luyssaert et al., 2018). These studies have at least two limitations. The first one is that they 
rely on a single climate model with very limited observational evidence to establish the reliability of 
the results. This is particularly critical given the very strong model-dependency identified in previous 
land cover change experiments (Lejeune et al., 2017, 2018; Davin et al., 2020). A second limitation is 
the focus on daily mean temperature change, when in fact needleleaf-to-broadleaf conversion has a 
fundamentally different effect on daytime and nighttime temperatures (Schwaab et al., 2020). The 
potential biogeophysical benefit of broadleaf trees should therefore be assessed considering both 
seasonal and diurnal variations. In the next sections, we will address these two limitations by 
combining process-based modelling and observation-driven estimates with a focus on Switzerland.  

 

 

 



 

Figure 1: Alpine study area over which both model-based and observation-based results are 
aggregated. 

 

 

2. Potential biogeophysical effect of forest management in Switzerland 

 

Here we combine observation-based and model-based estimates to assess the effect of forest 
management on temperature. We consider in particular the following types of management changes: 
conversion from open land to forest (section 2.1), forest density increase (section 2.2) and conversion 
from needleleaf to broadleaf trees (section 2.3). While we acknowledge that this does not represent 
the full portfolio of possible management changes, this selection is constrained by data availability and 
current model capabilities. 

To provide observation-based estimates of the potential impact of forest management on surface 
temperature we employ a multiple linear regression approach. This approach was developed to extract 
the local sensitivity of Land Surface Temperature (LST) to forest and forest management considering 
possible confounding factors such as other land cover classes, elevation, slope and exposition 
(Schwaab et al., 2020). The statistical model relies on satellite remote sensing observations of LST from 
MODIS (Moderate Resolution Imaging Spectrometer) at 1 km resolution and that were taken at 
approximately 1:30 am and 1:30 pm and averaged over 8-day cycles. Satellite remote sensing data 
characterizing forest management (i.e. forest density and forest composition as proxies for forest 
management) are from the so-called High Resolution Layers (HRL) as part of the Copernicus Land 
Monitoring Service (EEA, 2017).  

In addition, simulations with the Community Land Model (CLM5.1), a state-of-the-art process-based 
land surface model, are also presented. CLM5.1 includes a number of parameterization improvements 
(Meier et al., 2018; Meier et al., 2019; Meier et al., 2022) that have been shown to increase the model 
agreement with observations, in particular with respect to capturing seasonal and diurnal temperature 
variations in forests. 

Results from the observation-based and model-based estimates are aggregated over an area 
encompassing the whole Alpine region (Fig. 1). Because elevation is a very important factor that can 
modulate the biogeophysical effect of forest changes and management (Schwaab et al., 2015), the 
results are also presented for different elevation classes (below 600m, between 600 and 1200m and 
above 1200m). 

 



 

 

2.1 Open land to forest conversion 

 

A conversion from open land (i.e., grassland or cropland) to forest has a pronounced effect on surface 
temperatures, which varies both seasonally and diurnally. Results from CLM5.1 over the Alpine region 
indicate that, during day, forests have a winter warming effect and a summer cooling effect (Table 1). 
This is well in line with observational evidence over Europe (Li et al., 2015; Vanden Broucke et al., 2015; 
Duveiller et al., 2018). The wintertime warming effect is related to a considerably lower albedo over 
forests compared to open land, as open land is covered more easily by snow than forests. Therefore, 
this winter warming is more pronounced at higher altitudes, where snow is more abundant (Table 1). 
The daytime cooling effect of forests in summer on the other hand can be attributed to (1) higher 
turbulent heat fluxes over forests due to their higher surface roughness and (2) a higher evaporative 
fraction over forests compared to open land (Davin and deNoblet-Ducoudré, 2010). Unlike winter, the 
summer effect is not strongly influenced by altitude. 

 

Table 1: Summary of the local land surface temperature effect of forest management options as a 
function of elevation. The results are presented for winter and summer and for daytime (1:30 PM, in 
red) and nighttime (1:30 AM, in blue). Results from the observation-driven model in bold (Schwaab et 
al., 2020) and from the process-based model (CLM5.1) in italic (Meier et al., 2019; Meier et al., 2022). 
The uncertainty range is calculated as the spatial standard deviation for CLM5.1 and as the standard 
error of the regression coefficients for the statistical model. 

 

 

The nighttime temperature signal of a conversion from open land to forest differs substantially from 
the daytime signal. Forests are warmer during the night throughout the year compared to open land. 
This has two possible explanations. Firstly, the sensible heat flux, which is often directed towards the 
land surface during night, is higher over forests because of the higher surface roughness thus 
contributing to the warming effect (Vanden Broucke et al., 2015). Secondly, the relatively large 
biomass of forests acts as an energy storage taking up energy during day and releasing it during night. 
This results in a strong nighttime temperature increase in forests. In CLM5.1, this nighttime warming 



effect of forests  is captured becausebiomass energy storage has been implemented in the model 
(Meier et al., 2019). Overall, forests have thus a dampening effect on diurnal temperature variations, 
which is especially pronounced during summer (Table 1). 

 

2.2 Forest density increase 

 

Analysis of daytime (1:30 pm) MODIS land surface temperature indicates a strong seasonality of 
temperature sensitivity to forest density. In winter, a 20 % increase in tree cover density leads to a 
warming which is between 0.1-0.4°C (Fig. 2). This warming can be related to the low albedo of dense 
forests in comparison to less dense forests, in particular in the presence of snow. Surprisingly, the 
warming effect does not increase with elevation, despite the expectation that persistent snow cover 
at these altitudes would amplify the albedo effect. This absence of elevation-dependency may be 
related to the presence of larches at higher elevation. Larches, as opposed to evergreen coniferous 
trees found at lower elevations, can potentially combine high tree density with low snow-masking 
effect (because of the absence of needles in winter). In addition, satellite LST measurements over 
snow-covered areas are sometimes falsely defined as cloudy observations and removed, which leads 
to less observations under snow-covered conditions in high altitudes.  

In summer, increasing tree cover density by 20% leads to a small cooling effect at high altitudes (0.3-
0.5°C) and a larger cooling effect at lower altitudes (0.8-1°C). This cooling effect may be due to a higher 
evapotranspiration and higher surface roughness. The larger cooling effect at low elevations may be 
due to the more important role of evapotranspiration under higher temperatures leading to larger 
absolute evapotranspiration differences. 

 

 

Figure 2: Daytime (1:30 pm) land surface temperature (MODIS) change due to increasing tree cover 
density (TCD) by 20% (averaged response over different forest types) and converting needleleaf to 
broadleaf trees. The effect is shown for different elevation classes over the Alpine domain shown in 
figure 1. Based on data from Schwaab et al. (2020). 

 

 

 



2.3 Conversion from needleleaf to broadleaf trees 

 

Converting needleleaf trees to broadleaf trees leads to warming in winter and spring at low elevations 
and a winter cooling mainly at higher elevations (Fig. 2). The low-elevation warming peaks in spring 
and can reach up to 1.5°C. The peak in spring occurs earlier at low elevations (March) and later at 
higher elevations (April, May).  

During summer, the needleleaf to broadleaf conversion decreases temperatures by approximately 0.2-
0.6°C. This cooling is consistent for different altitudinal levels. However, the cooling effect peaks in 
June at low elevations and decreases in July, August and September, whereas it remains more constant 
at higher elevations.  

 

Figure 3: Land surface temperature difference between broadleaf trees minus needleleaf trees at 1:30 
am (blue), 1:30 pm (red), and averaged over the day (green) as simulated by CLM5.1 (Meier et al., 2019; 
Meier et al., 2022). The shading depicts the range between the 10 % and 90 % percentile of these 
differences. The dashed lines indicate the corresponding observation-based estimates from the 
statistical model (Schwaab et al., 2020). 

 

 

Model results obtained with CLM5 are in good agreement with these conclusions except for the much 
stronger springtime signal in CLM5 (Fig. 3), which might be related to a compensation effect over 
different altitude levels (Table 1). Because there is a good agreement between CLM5.1 and the 
observation-driven estimates (Fig. 3), the model can be used to get insights on the mechanisms behind 
the observed temperature sensitivity (Fig. 4). The analysis of the surface fluxes in CLM5.1 reveals that 
needleleaf trees have a lower albedo compared to broadleaf trees (except in autumn) resulting in 
higher absorbed shortwave radiation. This effect is counteracted by higher turbulent heat fluxes over 
needleleaf trees especially during spring, but also during summer and autumn. Latent heat flux is 
substantially higher over needleleaf forest during the spring months, hence being one of the drivers of 
the colder temperatures of needleleaf trees during these months. Once the leaves of broadleaf trees 
are fully developed, the latent heat flux is then higher over broadleaf forests, resulting in colder 
temperatures. 

 

 

 

 



 

3. Biogeophysical climate impacts of recent changes in forest cover 
 

3.1 Recent forest cover changes in Switzerland (1995-2010) 

 

Corine Land Cover (CLC) data (EEA, 2014) suggests that there was a slight decrease in forest area in 
Switzerland between 2000 and 2012 (approx. 0.74%). In contrast, the Swiss Area Statistic (SAS; BFS, 
2017) shows an increase in forest area of about 1% between 1992-1997 and 2004-2009 when 
combining closed and open forests. Considering these two categories separately, there is a decrease 
in closed forest of approximately 2% and an increase in open forest of 3%. The seemingly contradictory 
results from the CLC data and the SAS data are most likely related to the different land-cover 
categorizations that were used when producing the two datasets. In addition, the SAS data is not only 
based on land-cover information, but indirectly includes land-use information. For instance, forest 
damages are categorized as forest (i.e. open forest) in the SAS and not in the CLC dataset. Results from 
the Swiss National Forest Inventory (NFI, Brändli, 2010; Brändli et al., 2020) are qualitatively in line 
with the SAS, suggesting an increase in forest area of 2.4%, although over a slightly more recent period.  

According to CLC, the amount of broadleaf forest (i.e. more than 75% broadleaf trees) has decreased 
by 0.28% between 2000 and 2012. During the same period, the area covered by coniferous forest (i.e. 
more than 75% coniferous trees) decreased by 1.45%. Mixed forests, in which both coniferous and 
broadleaf species exceed 25% within the canopy closure, increased by approximatively 1%. Although 
the amount of purely broadleaf forests has decreased according to CLC, the overall amount of 
broadleaf trees may have increased resulting as indicated by the increase in mixed forests. NFI also 
indicates a decrease of needleleaf forests and mixed forests, but shows an increase in broadleaved 
forests in contradiction with CLC.  

The intercomparison of these different datasets therefore does not provide a fully consistent picture 
about historical forest cover changes. First, none of the datasets allows a comprehensive monitoring 
of all changes in forest structure and composition (e.g. the SAS data lacks a differentiation between 
broadleaved and coniferous forests). Second, the different datasets cover different periods which 
complicates the comparison and makes a quantitative analysis of historical forest changes very 
challenging. Finally, NFI is the most comprehensive datasets in terms of monitored variables, including 

Figure 4: Seasonal variations of energy flux difference between broadleaf trees minus needleleaf trees 
(positive directed towards land surface) in CLM5.1 (Meier et al., 2019; Meier et al., 2022). Shown are the 
difference in sensible heat flux (red, SH), latent heat flux (blue, LH), absorbed solar radiation (yellow, 
SRabs), ground heat flux (GHF) and outgoing longwave radiation (green, LWout). Results are aggregated 
over the Alpine domain shown in figure 1. 



different tree species and different structural properties of forests, but it does not provide full spatial 
coverage over Switzerland, thus preventing its use for spatially explicit analysis. However, a qualitative 
analysis of recent observations of forest cover changes in Switzerland suggests that there was a small 
increase in the amount of forest areas paralleled by a slight increase in broadleaf trees. 

 

 

Table 2: Forest cover area changes (%) in Switzerland based on the Swiss Area Statistics (SAS), Corine 
Land Cover (CLC) and the National Forest Inventory (NFI).  

Dataset SAS (92/97-04/09) CLC (2000-2012) NFI (NFI3: 04/06 – NFI4: 09/17) 

Altitude 
level 

<600 600-
1200 

>1200 Total <600 600-
1200 

>1200 Total <600 600-
1200 

>1200 Total 

Forest total -0.05 0.07 1.11 1.13 0.07 -0.26 -0.55 -0.74 0.40 0.91^ 4.02^^ 2.4´ 

Open forest 1.12 1.53 0.46 3.18 x x x x x x x x 

Closed 
forest 

-1.23 -1.47 0.65 -2.20 x x x x X x x x 

Coniferous 
forest/trees 

x x x x -0.22 -0.63 -0.60 -1.45 x X x -1.59 

Broadleave
d 
forest/trees 

x x- x x 0.07 -0.2 -0.15 -0.28 x x x 3.94 

Mixed 
forest 

x x x x 0.22 0.58 0.20 1.0 x x x 3.51*
/8.35
** 

* Mixed (dominated by coniferous); ** Mixed (dominated by broadleaved) 

^ Average of values of two elevation levels (601-1000, 1001-1400) ^^ Average of values of three elevation levels (1001-1400, 1401-1800, 
above 1800) 

´NFI values for different altitudinal levels show the relative change of forest cover within each level and thus do not sum to the total. 

 

3.2 Biogeophysical implications of recent forest cover changes 

 

The considerable uncertainties in the magnitude and even the direction of forest management trends 
in Switzerland over the past decades (see previous section), hinders a quantitative analysis of 
associated biogeophysical impacts. However, some qualitative conclusions can be drawn based on 
knowledge of the potential biogeophysical effect of various forest changes in Switzerland (Table 1). 
First, the recent increase in forest areas (at least between 1992 and 2004) likely induced a local 
warming in winter and a cooling in summer during daytime. Since forest cover has increased mainly at 
high altitudes, the winter warming was more pronounced and the summer cooling less pronounced 
compared to what would have been expected at lower elevations. As a consequence, the annual mean 
effect was presumably close to zero or a slight warming. Second, an increase in broadleaved trees has 
happened mainly at lower elevations (at least over the last two decades, since there is no earlier data), 
most likely inducing a warming effect in winter and a cooling effect in summer. Third, an increase in 
forest carbon stocks (albeit with high regional variability) is also documented over the past two 
decades (Brändli et al., 2020), which may indicate an increase in forest density entailing a summer 
cooling effect particularly at lower altitudes (section 2.2). 

 

 



4. Implications for adaptive forest management 

 

Including the available knowledge about the biogeophysical effect of forests is essential when 
designing future mitigation strategies. For instance, the historical preference given to coniferous 
species came up with a number of biogeophysical trade-offs including lower albedo, lower 
evapotranspiration and higher summer daytime temperature (Fig. 5). Reintroducing native broadleaf 
species could therefore foster summer daytime biogeophysical cooling which could be particularly 
beneficial as an adaptive strategy to reduce the vulnerability of forest ecosystems to future increase 
in droughts and heatwaves. In addition, forest management aiming at restoring a higher forest density 
could complement this strategy by providing additional summer cooling, particularly at elevations 
below 1200 meters. It should be noted that both of these strategies would result in increased nighttime 
temperatures. While this is not a priori a negative aspect, the possible consequences on forest 
ecosystem functioning would be worth investigating in more details. 

Furthermore, this type of management has the potential to combine other climate benefits such as 
increased drought tolerance (Lévesque et al. 2013), reduced fire risk (Astrup et al. 2018), increased 
carbon storage (Naudts et al. 2016; Astrup et al. 2018) and increased productivity and economic value 
(Liang et al., 2016). Adaptive forest management restoring both forest composition and density has 
therefore the potential to foster synergies between mitigation and adaptation benefits. 

 

 

 

Figure 5: Overview of possible adaptive forest management benefits with a focus on reintroduction of 
broadleaf trees. The biogeophysical benefit is investigated in this report. Sources for other benefits 
not assessed in this report: Increased drought tolerance (Lévesque et al. 2013); Reduced fire risk 
(Astrup et al. 2018); Increased carbon storage and biodiversity (Naudts et al. 2016; Astrup et al. 
2018); Increased productivity and economic value (Liang et al., 2016). 
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mitigation benefits of adaptive forest 

management (reintroduction of native 

broadleaf trees):

ü Increased drought tolerance
ü Reduced fire risk

ü Increased carbon storage/biodiversity

ü Increased productivity and economic 

value

ü Biophysical summer daytime cooling 
(albedo and evapotranspiration)

Biophysical characteristics of 
coniferous trees (compared to 

broadleaf trees):

ü Lower albedo (high confidence)

ü Lower evapotranspiration (low 
confidence)

ü Higher summer daytime temperature 

(medium confidence)

ü Lower winter daytime temperature 

(medium confidence)



5. Knowledge gaps and future research needs 

 

5.1 Historical forest changes reconstruction 

 

Historical reconstructions of forest changes are essential in model-based assessment of the climatic 
impact of past land-cover changes. However, none of the existing datasets (SAS, CLC and NFI) allows a 
spatially comprehensive analysis of recent historical land-use and forest cover changes in Switzerland 
(section 3.1). This calls for the development of improved historical forest reconstruction for 
Switzerland combining high resolution, complete temporal and spatial coverage and distinguishing 
between different tree species and possibly even different management practices. Merging the 
different existing datasets may be a way forward to get a more comprehensive picture of past forest 
changes. Resolve the existing inconsistencies between these different datasets will, however, be 
challenging and require an in-depth analysis of the effect of methodological choices.  

Incorporating different tree species in such reconstruction would be very valuable. One striking 
example are larches, which have very different properties in comparison to other coniferous species. 
Assessing their specific biogeophysical role would be essential in the Alpine context. 

 

 

5.2 Limitations in observation-driven estimates 

 

Estimating the biogeophysical impacts of different forest management strategies, based on satellite 
remote sensing data, is subject to a number of limitations. First, from this remote sensing perspective, 
the impact of forest management can only by approximated indirectly through proxies such as tree 
cover density and broadleaf tree fraction. Second, linking spatial differences in observed land surface 
temperature to differences in forest properties is a powerful approach, but since land surface 
temperature is also dependent on a number of other spatially varying variables (e.g. elevation) acting 
as confounding factors, extracting the actual effect of forest characteristics is necessarily subject to 
uncertainties. For instance we assumed a linear relationship between broadleaved tree fraction and 
temperature. However, non-linear effects may exist, e.g. an increase in broadleaf trees in a purely 
coniferous forest may have a different impact than the same increase in a forest already dominated 
by broadleaf trees.  

Moreover, applying such remote sensing-based estimates to anticipate the effect of future forest 
management changes implies making use of a “space for time” analogy. This analogy may not always 
work perfectly if changes in the background climate occur. For instance, climate will reduce the amount 
of snow in some locations thus possibly reducing the albedo effect of some management strategies. 

Finally, such estimates only quantify the local biogeophysical effect of forest changes. Possible 
atmospheric feedbacks or remote effects, which are more likely to arise if forest changes occur over 
relatively large areas, can be accounted for only through process-based climate modelling. 

 

5.3 Process-based modelling 

 

A major shortcoming in current models-based assessment of the role of forest on climate is the lack of 
agreement between individual model results (Lejeune et al., 2017, 2018). There is therefore an urgent 
need to better constrain process-based models using observations (Meier et al., 2018; Meier et al., 
2019; Meier et al., 2022). This will help identify model deficiencies and important missing processes,  
potentially resulting in a new generation of models with more converging and reliable sensitivity to 



land cover changes. Further, land surface models need to be adapted to capture the full range of forest 
management processes, such as changes in forest density through harvesting and thinning which can 
have considerable biogeophysical impacts as seen based on remote sensing observations. 

Finally there is a need for more integrated modelling approaches considering the full range of synergies 
and tradeoffs arising from forest management (biogeophysical and biogeochemical effects, 
biodiversity, productivity, etc). So far modelling studies are often one-sided, focusing on only one or a 
few of these aspects, thus leaving decision-makers and stakeholders with the task of assembling 
information from multiple sources. This also means that some potentially important interactions 
between processes are often ignored. An example is the possible consequences of biogeophysically-
induced canopy temperature changes on carbon fluxes and forest productivity. More comprehensive 
modelling approaches could thus provide new scientific insights while supporting the decision-making 
process.  
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