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Objectives 

The overall aim of WP10 is to integrate aspects of genetics and wood quality into large 
scale modelling tools, and to improve the infrastructure and compatibility of these tools to 
assess goods and services, sustainability, and mitigation and adaptation strategies for 
European forests. Sub objectives are: 
 

 Assess requirements for compatibility and exchange of data between genetics and 
wood quality on the one hand and large scale assessment models on the other hand. 

 Improve infrastructure and performance of three existing European models to 
ensure compatibility between models and the databases compiled by the current 
project 

 Develop an open and user-friendly structure supporting the use of these models by 
the wider European research community to assess goods and services, 
sustainability, and adaptation and mitigation capacity of European forests. 

 
The current deliverable report describes the progress made within WP10 to meeting these 
objectives. The deliverable reports builds on previous deliverable reports, which 
documented the workplan to link models (D10.1), the implementation of improvements in 
larger scale tools ORCHIDEE, EFISCEN and ToSIA (D10.2) and how the models can be used in 
a coordinated and combined way to inform decision making with regards to goods and 
services, sustainability, adaptation and mitigation. 
  



   D10.3 – Report on model compatibility 
 

 

Trees4Future (FP7 284181) Page 4 of 20  

 

Introduction  

European forests are a crucial resource to supply a growing bioeconomy (Scarlat et al., 
2015), provide multiple ecosystem services (Millennium Ecosystem Assessment, 2005) and 
mitigate the effects of climate change (Nabuurs et al. 2007 ; Böttcher et al., 2012). In addition 

to these expectations, climate change is expected to affect the growth and development of 
European forests (Karjalainen et al. 2002, Lindner et al., 2010; Reyer et al., 2014; Reyer, 
2015; Schelhaas et al., 2015), which could affect the extent to which forests can meet all 
expectations of the general public and specific stakeholder groups. Climate change has 
already been linked to increasing forest disturbances, to the extent that it can even thwart the 
successful implementation of policy options (Seidl et al., 2014). The changing climate could 
have severe consequences for forest ecosystem services (Thom and Seidl, 2015) and the 
forest sector as a whole (Hanewinkel et al., 2013). 

 

While our understanding of how climate change is likely to affect forest resources is 
increasing, uncertainties with regards to climate change impacts remain (Lindner et al., 2014; 
Reyer, 2015). These uncertainties are, at least partly, due to the extent to which effects at 
different levels of detail are considered in climate change impact studies. Integrated 
assessments are needed that consider effects of climate from the level of individual trees to 
continental level forest resources and the forest sector. Models are highly suitable for such 
assessments as they can provide a quantitative insight in the response of trees and forest 
resources on future climatic conditions. Integrated model assessments are useful for 
conducting multi-disciplinary quantitative analysis, as the approach can bring together sector-
specific models to form a more comprehensive understanding of system dynamics 
(Mubareka et al., 2014). 

 

Several integrated assessments have been carried out to analyse European forest resource 
development and biomass availability (UNECE-FAO, 2011; Schelhaas, 2013; Mubareka et 
al., 2014), forest carbon balances (Böttcher et al., 2012), and climate change impacts on 
forests (Hanewinkel et al., 2013; Seidl et al., 2014; Schelhaas et al., 2015). All of these 
assessments have been carried out using individual models that have been loosely coupled 
to exchange information between the models. Yet, an integrated assessment to adequately 
consider the effects of climate change on forests, from the genetic to continental scale forest 
resources, is lacking. 

In this deliverable we describe if and how four models (ForGEM, ORCHIDEE, EFISCEN and 
ToSIA) can be used in a coordinated and combined way to inform decision making with 
regards to sustainable forest management, ecosystem service provisioning and climate 
change mitigation. These four models each have their own field of application, are based on 
different concepts of design and partially run on different platforms.  

In this deliverable we will briefly introduce the models used in the model chain, their main 
purpose and scale of application. We then identify the possible interlinkages between the 
models and the direction and method of data-transfer. 
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1. Methods 

1.1 General model descriptions 

To inform decision making on sustainable forest management, ecosystem service 
provisioning and climate change mitigation, the four models ForGEM, ORCHIDEE, EFISCEN 
and ToSIA were linked. Each of these models is briefly described below and summarised in 
Table 1. 

The ForGEM (FORest Genetics, Ecophysiology and Management) simulation model was 
developed to allow the assessment of impacts of environmental change, in particular of 
climatic drivers, and forest management on establishment, growth and competition of 
individual trees, as is done in many process-based individual tree models. A particular 
feature of ForGEM is that the parameter values characterizing the response of eco-
physiological processes to environmental drivers are characterized by a genetic – multi-
locus, multi-allele system. Hence there is a mechanistic coupling of the evolutionary 
processes with the eco-physiological processes within the tree. This allows assessment of 
both the rate of adaptive response of functional traits to changes in these drivers, and the 
genetic adaptive potential (genetic diversity of functional traits) based on the eco-
physiological functioning of whole trees (Kramer,2008). The effect and importance of forest 
management both on the rate of adaptation and on adaptive potential are optional included in 
such assessments as in most forest in the world species composition and demographic 
dynamics are driven by management operations. 

ORCHIDEE is a state of the art land surface model that has been widely applied for both 
climate simulations and land surface simulations. The ORCHIDEE-CAN version (revision 
2566) of the global land surface model ORCHIDEE was recently developed, parameterized 
and validated to simulate the biogeochemical and biophysical effects of forest 
management over Europe (Naudts et al 2015). The model calculates plant photosynthesis, 
plant growth, mortality, stand structure, forest management, soil carbon dynamics, soil 
hydrology, soil thermodynamics and biophysical interactions between the land surface and 
the atmosphere. The climate drivers are either prescribed or simulated by an atmospheric 
circulation model (LMDz) that is dynamically coupled to ORCHIDEE. The model projects the 
evolution of the forest resources, forest structure, its water use, and its impact on the 
climate as a function of changing atmospheric CO2 concentrations, changing climate and 
changing growing conditions such as droughts and heat waves. 
 

The European Forest Information SCENario Model (EFISCEN) is a large-scale forest model 
that assesses the supply of wood and biomass from forests, and projects forest resource 
development on regional to European scale. The model is suitable for projection over a 
period of 50 to 60 years (Schelhaas et al., 2007).  EFISCEN uses national forest inventory 
data as a main source of input to describe the current structure and composition of European 
forest resources. Based on this information, the model can project the development of forest 
resources, following different scenarios. These scenarios are mainly determined by 
management actions, but the model can also take into account changes in forest area, as 
well as changes in growth e.g. due to climate change or genetic improvement. Management 
is specified at two levels in the model. First, a basic management regime defines the period 
during which thinning can take place and a minimum age for final felling. Second, the 
demand for wood is specified and EFISCEN may fell the demanded wood volume if 
available. Wood demand is the main determinant of forest resource use in the model. 
 
ToSIA (Tool for Sustainability Impact Assessment) is a decision support tool for the forest-
based sector. It is a tool, which can be applied to study impacts of changes in forest wood 
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chains (FWCs), i.e. the entire life cycle of certain wood products (from the planting of a tree, 
over the harvesting and production, to the consumption and possible incineration of the 
product). ToSIA assesses sustainability impact by quantifying changes in the material flow 
which are linked to the processes of a production chain. In this way, comparisons can be 
made of changes inside production chains, between different chains and to future scenarios. 
A more detailed description of the ToSIA tool, the methodology and its possible applications 
has been given by Lindner et al. (2010; 2012). 
 

Table 1 overview of models 

Name Purpose Programming 
language 

Availability 

ForGEM Assessment of 
interactions between 
climate change and forest 
management on growth, 
species composition, rates 
of adaptive response and 
adaptive potential of 
forests  

NSM The model code is available for local 
installation, the model is also available 
on national servers (SURF-SARA) 

ORCHIDEE Quantify the climate 
effects of the interactions 
between changing 
atmospheric GHG 
concentrations, climate 
change, land cover 
(change), and, land 
management (including 
forestry). 

Fortran 90 The model code is distributed under 
the CeCILL license 
(https://en.wikipedia.org/wiki/CeCILL) 
and model use if free for academic 
research. A password to download the 
code can be obtained from 
(http://forge.ipsl.jussieu.fr/orchidee). 

EFISCEN Provide insight in 
European forest resource 
development, biomass 
availability and ecosystem 
service provisioning under 
different climate change 
and management 
scenarios 

Java The model code will be released in 
spring 2016 under the GNU GPL v3 
license 
(http://www.gnu.org/licenses/gpl-
3.0.html) 

ToSIA Provide insight in 
sustainability impacts on 
wood value chains 

Java Model available if member of the the 
ToSIA Management and User Group 
(http://tosia.efi.int/tmug.html) 

 

1.2 Conceptual model coupling 

From the respective focus of the different models we designed the model chain as illustrated 
in Figure 1. Although covering forestry topics, each model has its own focus (Table 1). 
ForGEM informs ORCHIDEE on the spatial heterogeneity in species performance (1). As 
plant physiology-based model ORCHIDEE is sensitive to climatic forcing, as such it can 
inform EFISCEN on the differential effect of climate change on the growth and development 
of different tree species (2). Finally, ToSIA needs information on forest resources and 
harvested timber under different management and climate scenarios, as well as other 

http://forge.ipsl.jussieu.fr/orchidee
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variables (e.g. carbon in harvested wood, dead wood amounts etc) (3). Next to these 
couplings each model can use data generated by other models not mentioned in the chain.   

 

 

Figure 1. Conceptual coupling of models 

 

1.3 Model input-output exchange 

To practically couple the four models, parameters have been identified that can be 
exchanged between models (Table 2). The coupling focused on the following aspects: 

1. The spatial differentiation of species specific parameters for photosynthesis as 

ForGEM would calculate locally adapted equilibrium values that are used in 

ORCHIDEE as functional group specific parameter values. 

2. The relative change in NPP per functional group and location between a specific 

scenario and the baseline scenario are used as relative change in species specific 

growth-rate in EFISCEN. This change in growth-rate can be derived from continental 

scale wall-to-wall simulations as are done in ORCHIDEE (2), or from simulations with 

stand-level models (e.g., ForGEM) at many locations (2a). 

3. The projected harvestable timber-volumes by EFISCEN are used in ToSIA as input. 

Each of these couplings brings about challenges and opportunities. Coupling 2 and 3 have 
been tried and tested in previous studies. For these couplings, tools are developed to 
automatize the exchange of parameters/information between models. Coupling 1 is new and 
thus the discussion on this coupling is more conceptual. The couplings are summarised in 
Table 2 and described in detail below. 
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Table 2: summary of model couplings 

Name model Dependent 
on 

Means of 
exchange 

Parameters used from other model 

ORCHIDEE ForGEM manual 
manipulation 
of input file 

 Maximum rate of carboxylation (µmol m-2s-1) and 
Maximum rate of Rubp regeneration (µmol m-2s-1) 

EFISCEN ORCHIDEE Look-up tables 
and R scripts 

Relative Net Primary Production (%) 

ToSIA EFISCEN EFISCEN 
output 
database and 
mapping tool 

forest area (ha), roundwood removals (m3) 

 

 

 

1.3.1 ForGEM – ORCHIDEE 

ORCHIDEE distinguishes beech, deciduous oak, evergreen oak, Scots pine, maritime pine, 
Norway spruce, birch and other forests over Europe. For Scots pine, Norway spruce and 
birch a temperate and boreal variant have been parameterized (Naudts et al 2015). Each 
species is described by 64 PFT-specific parameters that can be roughly grouped by the 
processes they describe: (1) photosynthesis, (2) respiration, (3) phenology and (4) 
hydrology. Within a simulation, the parameters for a single species are typically held constant 
in both space and time. Thus no differences between different populations, or adaptation to 
changing circumstances or translocation of breeding material is taken in to account. 

In principle, all species-specific parameters could make use from genetic information, 
however, to better focus our effort we assigned a priority level indicating the relevance of a 
specific parameter for including genetic information in ORCHIDEE (Table 2). The priority 
level is based on two considerations: 

1. Heritability of the trait. Heritability allows a comparison of the relative importance of 
genes and environment to the variation of traits within and across populations. Therefore, it 
provides an indication of the extent to which genetic factors contribute to the phenotypic 
variation within a population. Heritability for the different PFT dependent trait parameters 
were obtained from literature whenever available. Based on these values the heritability of 
the parameters was categorized as 'low', 'medium' or 'high'. If no literature was found on the 
heritability of a specific trait, its heritability was classified as 'unknown'. 

2. Parameter sensitivity of ORCHIDEE. Different parameters have a different model 
sensitivity. A change of i.e. 10% in the parameter could result in a similar 10% change in the 
model outcome. However, due to the non-linearity of the model some parameters have a 
high model sensitivity: a small change i.e. 10% in the settings of a parameter with high 
sensitivity level results in large changes i.e. 30% in one of the processes under study. 
Consequently, these parameters are important to parametrize on a more detailed 
phylogenetic level. Based on a sensitivity analysis (Kuppel et al. 2012), the PFT-specific 
parameters were assigned to a 'low', 'medium' or 'high' sensitivity class. 

Parameters that were given a high priority to make use of genetic information into 
ORCHIDEE were categorized as 'high' for both criteria, or 'high' for one and 'unknown' for the 
other criterion. The aforementioned procedure resulted in the following parameters for which 
including genetic information would be sensible based on either high or unknown heritability 
and sensitivity: 
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1. Maximum leaf area index (m2 m-2) 

2. Specific leaf area (m2 (g C)-1) 

3. Root profile description (m-1) 

4. Ball-Berry slope (no unit) 

5. Ball-Berry intercept (no unit) 

6. Maximum rate of carboxylation (Vcmax) (µmol m-2 s-1).  

7. Maximum rate of Rubp regeneration (Jmax) (µmol m-2 s-1)  

8. Optimum temperature for photosynthesis (°C) 

9. Maximum temperature for photosynthesis (°C) 

10. Critical number of days with temperature above -5°C for leaf onset (days)  

11. Critical temperature for relationship between number of chilling days (°C )  

12. growing degree days for leaf onset (days)  

13. Critical leaf age for senescence (days) 

From these 13 parameters the Maximum rate of carboxylation (Vcmax) and the Maximum 
rate of Rubp regeneration (Jmax) were chosen as test case, as these parameters are widely 
used in global vegetation modelling and in process-based forest stand models.  Furthermore, 
the definition and use of these two parameters within both models is very similar supporting 
the transfer from ForGEM to ORCHIDEE.  For these parameters, the temporal evolution of 
the parameter value for beech due to natural selection at the forest stand level as simulated 
by ForGEM was incorporated in the continental forest development as projected by 
ORCHIDEE. 

ForGEM provided a table with the decadal evolution in Vcmax and Jmax values between 
2010 and 2130. Subsequently, ORCHIDEE was run over France for beech only. In this 
simulation experiment, the values for Vcmax and Jmax: (a) were fixed to the initial values of 
the parameter time series and (b) followed the decadal time series obtained from ForGEM. 
For (a) the set-up runs for 120 years without a user interference. For set-up (b) the 
parameter values where manually adjusted every 10 years in the simulation. Given that all 
parameter values in ORCHIDEE have been externalized, the current level of user-
interference could be easily replaced by a fully automated script.     
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Figure 2 Mean annual evolution of GPP, maximum LAI and standing wood volume for beech 
over the spatial domain shown in Figure 3 for an ORCHIDEE run with temporally invariant 
values for Vcmax and Jmax (T4Ffix) and with values for Vcmax and Jmax that account for 
the adaptation of photosynthesis in beech to climate change. 
 

Examples on how the inclusion of ForGEM derived changes in Vcmax and Jmax in 
ORCHIDEE affected the results are shown in Figure 2 and Figure 3. In this test-case, just 
two out of the thirteen potential variables were tested which is sufficient to demonstrate that 
ForGEM and ORCHIDEE can be coupled, but it does limit the use of these specific results 
because well-established trait relationships, for example, the relationship between SLA and 
Vcmax, were broken, Over the future 120 years, ForGEM, projected a relatively small 
change in Vcmax, i.e. an increase from 56 to 64 µmol m-2 s-1. This predicted range is for 
example much smaller than the observed differences between species and even the 
differences within species. Overall, the projected subtle effect of adaptation of Vcmax and 
Jmax to climate change results in subtle effects on GPP, LAI and wood production, where 
stand development and inter-annual climate variability remain the first order drivers (Fig 2). 
Nevertheless, when zooming on the regional effects (Fig 3), the simulations show a mixed 
result with regions where an increase in annual net primary production (NPP) is to be 
expected and regions where, despite the adaptation in Vcmax and Jmax, a decrease in NPP 
is to be expected.  
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Figure 3 Spatial distribution of the changes in NPP (gC m-2 y-1) of beech by 2130 from the 
adaptation of Vcmax and Jmax to climate change. Upper left is run without genetic 
adaptation, upper right is run with genetic adaptation. Bottom graph is the difference.  
 
 
This analysis was intended as a proof of concept. A meaningful analysis should account for 
all 13 parameters and their mutual dependencies. Although both models share the majority 
of the 13 prioritized parameters, differences in the underlying calculations prevent a 
straightforward transfer of parameters between the models. Growing degree days, for 
example, is calculated by both models, but by making use of different threshold values. A full 
coupling between ForGEM and ORCHIDEE thus requires that either ForGEM or ORCHIDEE 
or both are recoded to ensure full consistency in parameter definitions.  
Given the substantial regional differences (Fig 3), parameter values should not only be 
allowed to vary over time but should also vary through space because the local effects of 
drought stress could over-rule the regional effects of warming and the global effects of 
increased atmospheric CO2 concentrations.  
The initial results suggest that accounting for short-term genetic adaptation in large-scale 
simulations is likely to provide new insights and a more nuanced projections of the effects of 
climate change in tree growth. Although both components of such an analysis are currently 
available, i.e., ForGEM to quantify the short-term adaptation and ORCHIDEE to quantify the 
large scale effects, consistent integration of both approaches requires a dedicated long-term 
effort.    

1.3.2 ORCHIDEE – EFISCEN 

To incorporate effects of environmental change (e.g. climate change, air pollution, etc) on 
forest growth, a species and region specific scaling factor for growth can be applied in 
EFISCEN This factor scales the increment rates according to EFISCEN’s empirical growth 
functions to changes in growth, as estimated by other models. In our model coupling, the 
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growth changes were derived from ORCHIDEE outputs. The scaling factor is calculated on 
the basis of projections of ORCHIDEE in the following steps.  

1. Maps of the NPP-change for the forest-based plant functional types under a climate 

change scenario relative to the baseline scenario were calculated (1-degree grid) 

2. Each plant functional type was connected to one or several species in the European 

tree species distribution map (Brus et al. 2012, 1 km2 grid).  

3. The relative change in NPP was calculated for each species per km2. 

4. Each species in EFISCEN was connected to one or several species in the European 

tree species distribution map. 

5. The relative change in NPP per species per region in EFISCEN was calculated as the 

area-weighted sum of the relative change in NPP per km2. 

With this method the abstract representation of forests as plant functional types on a  1 
degree grid is connected to a representation of forests by species per NUTS2 region. The 
mapping through the tree species maps ensures that the spatial configuration of the changes 
in NPP are maintained and aligned to the distribution of these species. From step 2 onwards, 
this approach is similar to the approach used by Schelhaas et al. 2015, where the change in 
growth-rate was derived from the stand-level simulation model 4C (Reyer et al. 2014).   

The implementation steps consist of separate sub-scripts. For steps 1, 3 and 5, a set of R 
scripts were developed. Steps 2 and 4 consist of the design of a table linking the species for 
which data are available in one layer, to species for which data are available in another layer.  

As an example for the use of changes in NPP in the calculations with EFISCEN, we focused 
on data from France. Projections of the vegetation response to different climates were made 
using ORCHIDEE, and based on two climate projections (RCP4.5 & ESM - Figure 4). 
Species specific coupling was established from the PFTs in ORCHDEE to the tree species 
distribution maps (Brus et al. 2012, Table 3), and from these maps to the country specific 
species groups in EFISCEN (Table 4). Through this coupling the change in NPP, relative to 
the baseline NPP, from a spin-up projection was calculated per species per country. This 
relative NPP was used as a proxy for the change in growth (cf. Karjalainen et al. 2002, 
Nabuurs et al. 2002, Eggers et al. 2008; Seidl et al. 2014; Schelhaas et al. 2015).  

 
Figure 4 Relative  NPP for temperate broadleaved summergreen trees in the RCP4.5 climate 
scenario as calculated with ORCHIDEE 
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Table 3 Coupling between the Tree species distribution maps and the plant functional types 
used in ORCHIDEE, PFT descriptions are: PFT4: temperate needleleaf evergreen, PFT5: 
temperate broadleaf evergreen, PFT6: Temperate broadleaf summergreen, PFT7: boreal 
needleleaf evergreen, PFT8: boreal broadleaf summergreen, PFT9: boreal needleleaf 
summergreen.  
 

Species PFT4s PFT5 PFT6 PFT7 PFT8 PFT9 

AbiesSpp 1 0 0 1 0 0 

AlnusSpp 0 0 1 0 1 0 

BetulaSpp 0 0 1 0 1 0 

CarpinusSpp 0 0 1 0 1 0 

CastaneaSpp 0 0 1 0 1 0 

EucalyptusSpp 0 1 1 0 0 0 

FagusSpp 0 0 1 0 1 0 

FraxinusSpp 0 0 1 0 1 0 

LarixSpp 0 0 0 0 0 1 

Broadleaves 0 1 1 0 1 0 

Conifers 1 0 0 1 0 1 

PinesMisc 1 0 0 1 0 0 

QuercusMisc 0 1 1 0 1 0 

PiceaSpp 1 0 0 1 0 0 

PinusPinaster 1 0 0 1 0 0 

PinusSylvestris 1 0 0 1 0 0 

PopulusSpp 0 0 1 0 1 0 

PseudotsugaMenziesii 1 0 0 1 0 0 

QuercusRoburPetraea 0 0 1 0 1 0 

RobiniaSpp 0 0 1 0 1 0 
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Table 4 Coupling of tree species in France as parameterised in EFISCEN to species in the 
Tree Species Distribution maps. 

 
 
Over the whole of France, this model approach resulted in an increase of the growing stock 
with 10% in 2050 in the RCP4.5 scenario relative to the ESM scenario (Figure 6). However, 
when looking in more detail to the spatial distribution of this increase, we noted some regions 
with a large increase, whereas other regions showed a decrease in growing stock (Figure 6).  
 

 
Figure 5 Growing stock development for France as modelled with EFISCEN using two 
different climate-forced NPP scenarios (billion m3). 
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Other broadleaved (Alsace) 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 0 1 1 1

Broadleaved (Corse) 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1
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Figure 6 Map of the difference in growing stock across France in 2050 between RCP and 
ESM scenarios as modelled with EFISCEN. Darker green areas show larger stock in RCP 
scenario, red shows larger stock in ESM scenario (10m3/ ha). 
 

1.3.3 EFISCEN – ToSIA 

To assess the sustainability impacts of management and climate scenarios on forest wood 
chains (FWC) we coupled EFISCEN and ToSIA. An analysis carried out with ToSIA typically 
starts by specifying information on forest resources in terms of volume and species 
composition for a specific area, or with the amount of timber available for cutting in a specific 
area. Such information is available from EFISCEN. Both models have been linked previously 
in the FP6 EFORWOOD project by inserting EFISCEN results into the ToSIA database to 
initialise the FWCs with information on forest resources and harvest. However, for complex 
FWCs and multiple scenarios a direct loading of this type of EFISCEN data into ToSIA is 
beneficial. For that purpose the coupling of the two models was formalised. While coupling 
these models, we ensured that FWCs in ToSIA could be initialised by any scenario 
elaborated by EFISCEN. 

We implemented the coupling of these two models by linking ToSIA directly to a database 
containing EFISCEN outputs. To facilitate this we elaborated a database structure for 
EFISCEN outputs and developed an EFISCEN-ToSIA Mapping Tool that can access and 
extract data from the EFISCEN to initialise the forest wood chains in ToSIA.  

EFISCEN results were previously managed by processing individual text files (see 
Schelhaas et al. 2007 for details), or by loading these text files into a database. To facilitate 
data handling of EFISCEN outputs and to be able to exchange outputs with other models 
and users, we designed a new EFISCEN output database and implemented a procedure 
within EFISCEN in which model simulation results could be directly written into the database. 
Databases currently supported are MySQL, PostgreSQL and Microsoft Access. The diagram 
below provides a visual overview of the new EFISCEN database and the relations between 
the tables (Figure 7). A full database description is included in deliverable 10.4. 
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Figure 7 overview of the EFISCEN 4.1 database and the relations between the tables. 
Databases that are supported are MySQL, PostgreSQL and Microsoft Access. A full 
database description is included in deliverable 10.4 
 
 

EFISCEN-ToSIA Mapping tool is used for linking results from the EFISCEN model to the 
input data of the ToSIA model. The tool is a graphical user interface-driven program where 
the user manually makes links between the data. The tool connects to an EFISCEN 
database and through a function that is accessed in a pop up window of the ToSIA data 
client. The function allows for importing and aggregating EFISCEN results to be used as 
process initialization values in FWCs. A screenshot from the user interface that was 
developed is shown in Figure 8. 

The EFISCEN-ToSIA mapping allows users to intialize FWC processes from the EFISCEN 
results. Searches into the results are made by specifying a country, scenario, simulation, 
year and result table. EFISCEN results are stored in a matrix consisting of region, owner, site 
and species. The results can be freely aggregated within the matrices of a single country. 
When a fitting value has been found it can be set as the process initialization value and the 
process unit can also be set. 

The tool was programmed in Java and is integrated into the new ToSIA Database Client that 
is used to manipulate ToSIA databases. The user needs to first establish a connection to a 
database containing EFISCEN results. After that the user can initialize any process in the 
chain that they are editing from any of the results in the database. A manual of the tool is 
included in deliverable 10.4. 
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Figure 8 screenshot of the EFISCEN-ToSIA mapping tool, which is integrated in the ToSIA 
database client. A manual of the tool is included in deliverable 10.4. 
 

Concluding remarks 

In this deliverable we have presented the coupling of four models (ForGEM, ORCHIDEE, 
EFISCEN and ToSIA) to apply each of the models in a coordinated and combined way to 
inform decision making with regards to sustainable forest management, ecosystem service 
provisioning and climate change mitigation. To enable coupling, we consciously decided to 
maintain the integrity of the individual models, and exchanged information between the 
models, rather than redeploying all models into one single model. The coupling of individual 
models has the advantage that they can be used independently, and remain within the 
control of domain experts (Mubareka et al., 2014). An important disadvantage is that, 
individual models were not designed to be linked to each other, thereby requiring solutions to 
allow the models, implemented in different software languages, to communicate effectively. 
Also it was necessary for domain experts to find parameters that could be meaningfully used 
for coupling models. 

 

We implemented the loose coupling by a sequencing operation of the four models, i.e. not all 
models interacted with each other directly. By placing these models in sequence, the 
dynamics of one model could be taken into account when running another model, while at 
the same time avoiding tedious and specialist model adaptation and calibration. The coupling 
of ForGEM and ORCHIDEE was a new coupling, i.e. the models had not been coupled 
before. Even though both models use the Farquhar representation of photosynthesis and a 
similar approach for stomatal conductance (Farquhar et al., 1980; Farquhar and Von 
Caemmerer, 1982; Farquhar G.D. and S.C., 1984; Collatz et al., 1991), the differences in 
implementation caused variations in model sensitivities. For example, ForGEM was much 
more sensitive to changes in the selected parameters than ORCHIDEE. Hence, even a 
minor adaptive response, had a rather strong effect in ForGEM, but hardly any in 
ORCHIDEE. Our overall conclusion is that for a sound transfer of the effects of adaptation 



   D10.3 – Report on model compatibility 
 

 

Trees4Future (FP7 284181) Page 18 of 20  

 

from one process model to the other, the process description within the models should fully 
coincide, with respect to the selected parameters. The current result is that the coupling of 
ForGEM and ORCHIDEE currently does not provide improved insights on how genetic 
processes at the tree population level, affect vegetation development as simulated by 
ORCHIDEE. Thus the consequences on forest resource development and forest wood 
chains currently cannot be assessed by the coupled versions of these models. 

 

The coupling of EFISCEN to ORCHIDEE was also new. We implemented the coupling by 
scaling increment rates according to the EFISCEN empirical growth functions to changes in 
growth, as estimated by ORCHIDEE. This approach itself is, however, not new and has been 
implemented previously by linking EFISCEN to other biogeochemical models (e.g. Schelhaas 
et al. 2003, Eggers et al. 2008; Seidl et al. 2014; Schelhaas et al. 2015). We used the 
relative NPP, rather than absolute NPP as a proxy for the change in growth rate, and applied 
this relative NPP as a factor on the regionally calibrated growth curves in EFISCEN. The 
approach for informing EFISCEN with expected changes in growth rate from bio-
geochemical models, such as ORCHIDEE, is flexible but simple; there are strong 
assumptions e.g., on the correlation of growth rate and calculated change in NPP and on the 
matching of species used in the different models. Acknowledging these assumptions, the use 
of the change in NPP from ORCHIDEE, or any other climate-sensitive process-based model, 
as information on spatial or temporal trends in the growth-rate of different tree species is 
useful when assessing regional differences in climate change effects on the forest sector. 
Furthermore, a similar approach can be used to assess the effect of other processes that are 
modelled to have an impact on the growth of selected species.  

 

The models ToSIA to EFISCEN have been coupled previously in the FP6 EFORWOOD 
project by inserting EFISCEN results into the ToSIA database to initialise the FWCs with 
information on forest resources and harvest. To elaborate the coupling of the two models we 
implemented a tool that connected to the EFISCEN database and extracted relevant 
information to initialise FWCs. The coupling was designed such that ToSIA was able to use 
information stored in the EFISCEN output database. Furthermore, the tool could access 
EFISCEN outputs from previously (published) model applications. This feature gives freedom 
to a user, as there is no need to run EFISCEN and ToSIA in parallel. It is important, however, 
that metadata on EFISCEN results is available, documenting in detail the assumptions on the 
scenarios for which EFISCEN outputs are available. 

Ideally, the coupling of these four models would allow for upscaling sustainability analyses 
for changed conditions or new breeding material from single tree and forest stand to national 
and continental scales. With the tested couplings between the models we find that ForGEM, 
ORCHIDEE, EFISCEN and ToSIA can from a technical perspective be used in a coordinated 
and combined way to inform decision making with regards to sustainable forest 
management, ecosystem service provisioning and climate change mitigation. The 
consideration of detailed genetic aspects in our system of coupled models requires further 
efforts in understanding the sensitivity of the receiving model for the adaptations suggested 
by the providing model. 
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