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Executive Summary 

Milestone 8 of the WILDCARD project presents preliminary simulation results from the dy-

namic forest model ForClim, comparing rewilding and business-as-usual (BAU) management 

scenarios. Four archetypal European forest stands – coniferous, mixed, beech-dominated, 

and broadleaved – were simulated under climate change conditions (RCP8.5) to provide ro-

bust reference systems for the later pan-European analysis. 

The simulation results indicate that rewilding generally leads to higher aboveground biomass 

accumulation (40–100 t ha-1 more than BAU) but lower tree-species diversity, as management 

interventions increase light availability and promote species coexistence. Stand-level trajecto-

ries differ markedly by forest type: coniferous forests exhibit steady biomass gains, mixed 

forests show mid-century declines, beech forests plateau before decreasing, and broadleaved 

forests experience pronounced reductions. These results confirm the feasibility of using For-

Clim to generate stand-level projections of basal area, biomass, and diversity indices for inte-

gration into WP1’s European-scale hotspot analyses. 

This milestone also establishes a roadmap for the upcoming “production runs”, which include 

hotspot initialization using National Forest Inventory data, derivation of realistic management 

scenarios, simulations of proforestation, reforestation and afforestation, and the incorporation 

of belowground carbon components through soil organic carbon modelling. This structured 

workflow ensures alignment between WP1 and WP2/3, enabling comprehensive assessments 

of carbon sequestration and biodiversity outcomes across Europe’s rewilding hotspots. 

Keywords 

Dynamic modelling; Proforestation; Biomass change; Species composition; Biodiversity indi-

cators. 
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Introduction 

In WILDCARD, the simulation modelling work carried out in Tasks 2.3 and 3.3 focuses on the 

resistance and resilience of carbon (C) stocks and biodiversity regarding rewilding schemes 

in existing forests (proforestation; Task 2.2) as well as in secondary forests (reforestation, 

afforestation; Task 3.3) under climate change. The simulations take into account the local 

environmental and geographical specificities of the studied ecosystems, the forest type, and 

the effect of disturbances. 

One component of this analysis has a pan-European scope. Climate data and land-use sce-

narios are provided by WP1 to WP2 and 3, and the forest model ForClim is applied to “re-

wilding hotspots” identified by WP1 (cf. WILDCARD Deliverable 1.1 - “First iteration estimates 

of rewilding area and potential”), with an emphasis on stand-level processes in the absence 

of disturbances (except for extreme drought). The stand-level simulation outputs from ForClim 

are then transferred back to WP1. 

The second component of the analysis consists of high-resolution landscape case studies 

using spatially explicit models such as LandClim and FlamMap, with a stronger focus on dis-

turbance dynamics. 

Milestone 8 of the WILDCARD project relates to the first component described above, i.e., the 

information flow between WP1 and WP2 involving simulations performed with ForClim. 

Methods 

The ForClim model was applied to a set of four forest stands, which were selected to represent 

archetypal European forest types (coniferous forests, mixed forests, beech forests, and broad-

leaved forests) rather than to be located within specific landscape case studies or hotspots of 

rewilding as being derived in WP1. Their purpose was to provide generic, robust reference 

systems for analysing stand-level resistance and resilience under climate change in a way 

that is comparable across Europe. They represent idealised yet ecologically realistic stand 

types that allow the project to explore how different forest compositions respond to climate 

change and management cessation in a controlled modelling environment. Details of the clas-

sification are provided in Zweifel et al. (in preparation for submission to an international scien-

tific journal in early 2026). Summary data describing the four stands are presented in Table 1. 

Table 1: Key characteristics of the four forest stands chosen for data delivery to WP1 in WILDCARD 
Milestone 8. T is annual mean temperature and P is annual precipitation sum. 

Forest stand  ID  
Latitude 
(WGS84) 

Longitude 
(WGS84) 

Elevation 
(m) 

Forest type  
T 

(°C) 
P 

(mm) 

St. Jean 7006-4 47.1319 7.0411 1358 Mixed forest 4.7 1446 

Bois de Chenes 7014-1 46.4378 6.2363 523 Broadleaved forest 9.8 1149 

Bödmerenwald 7023-4 46.9671 8.8403 1556 Coniferous forest 3.9 2391 

Josenwald 7032-4 47.1335 9.2552 775 Beech-dominated f. 8.0 1664 

The simulations were initialized from a hypothetical baseline state that was generated by “spin-

ning up” the model under current climatic conditions until a steady state was reached. The 

model was then driven by an RCP8.5 climate scenario (identical to the one used by Zweifel et 
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al. 2026, i.e., IPSL SSP5-8.5) and a generic, simplified management scenario that serves as 

a baseline for comparison with the “rewilding” scenario, defined as the cessation of all forest 

management. 

In the very simple forest management regime used here, every 30 years 20% of the standing 

volume is removed by creating gaps in the forest stand, with a minimum harvest diameter of 

12 cm DBH. No commercial thinning is included. The first management intervention is sched-

uled for 2050, and simulations begin in 2025. Therefore, until 2050 the rewilding scenario 

(which does not feature and forest management) and the “Business-as-Usual” (BAU) scenario 

(featuring the simple forest management regime described above) produce identical results. 

Finally, note that these simulations do not include any reforestation or afforestation activities, 

as they refer exclusively to four sample forest stands representing existing forests (proforesta-

tion). Expansion of the analyses to include reforestation/afforestation are starting in month 24 

of the project, in line with the work schedule laid out in the proposal. 

Results 

The basal area trajectories of the four stands show distinctly different patterns (Figure 1): a 

steady increase under a changing climate in the coniferous forest (Bödmerenwald); an in-

crease throughout most of the 21st century followed by initial declines toward its end in the 

mixed forest (St. Jean); a marked plateau in basal area followed by a substantial decrease in 

the second half of the century in the beech-dominated forest (Josenwald); and pronounced 

reductions in basal area in the broadleaved forest (Bois de Chênes). 

It is noteworthy that the simulations indicate higher tree-species diversity under the manage-

ment scenario, driven by increased light availability compared to the rewilding scenario. Im-

portantly, the management regime does not include species-specific thinning, which in reality 

often reduces species diversity by favouring a limited number of commercially desirable spe-

cies. 

The patterns observed in basal area are reflected in the aboveground biomass dynamics (Fig-

ure 2). Under the rewilding scenario, these stands accumulate approximately 40–100 t ha-1 

more biomass than under the management scenario, although the magnitude of the difference 

varies strongly among forest types. 

As an initial component of the broader suite of biodiversity metrics that will ultimately be de-

rived from the ForClim outputs — including measures of structural diversity and, if appropriate 

transfer functions can be developed within WILDCARD, the diversity of selected saproxylic 

organisms — we calculated standardized tree-species diversity from the simulation results (cf. 

Zweifel et al. 2026; Figure 3). 
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Figure 1: ForClim simulation results in terms of basal area development by species for the four stands 
(rows) under a rewilding scenario (left column) and a theoretical “Business-As-Usual” (BAU) manage-
ment scenario. 
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Figure 2: ForClim simulation results in terms of aboveground biomass development under a rewilding 
(REWILDING) and a “Business-As-Usual” (BAU) scenario for the four forest stands shown in Fig. 1. 
Left: absolute values; right: differences between the rewilding scenario and the BAU scenario. 
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Figure 3: ForClim simulation results in terms of tree species diversity (using the Shannon diversity index 
based on species-specific basal area values) under a rewilding scenario and a “Business-As-Usual” 
scenario for the four forest stands shown in Figure 1. 

The detailed raw results of these simulations from ForClim (Figure 1-Figure 3) were sent from 

ETHZ to VU for review and were deemed useful by VU for further processing in WP1. ForClim 

simulation results of this nature will be integrated into WP1 by providing stand-level projections 

of basal area, biomass, and tree-species diversity under different management scenarios in 

the “hotspots” of rewilding that are being elaborated by WP1. WP1 will then use this infor-

mation to inform European-scale analyses and refine the climate- and land-use impact as-

sessments. Therefore, we can confirm that Milestone 8 has been achieved. 

Discussion 

We wish to outline the planned procedure for the “production runs” with ForClim, which will 

provide information on C gains for the European “hotspots” of rewilding, as described below. 

1. S l c               l z       f “   s   ”   g   s. For the production runs, VU will provide 

information on European rewilding “hotspots” at 1 km2 resolution for all eight land-use and 

linked climate scenarios considered in their analyses (cf. WILDCARD D1.1). ETHZ will use 

this information to set up simulations based on initialization data from these hotspot regions, 

most likely derived from National Forest Inventories (NFI) rather than at a 1 km2 grid. This 

approach ensures that future forest trajectories are simulated starting from realistic initial con-

ditions, unlike in Figure 1-Figure 3, where a theoretical “spin-up” was used. Availability of the 

required NFI data must be guaranteed by late 2026 to enable production simulations in early 

2027. This is a background task for ETHZ that may be challenging, and VU will provide sup-

port. If NFI data are not available, a spin-up run of ForClim based on approximate regional 

management regimes would be needed, although this is a suboptimal solution. 
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2. Derivation of future management scenarios. Future “archetypical” management scenar-

ios for the hotspot regions will be derived from the analysis by Scherpenhuijzen (2025), which 

provides data on biomass extraction for four basic forest management regimes identified 

across Europe. The derivation will be conducted jointly by VU and ETHZ. A key discussion 

point will be whether management should restrict species to a small set of commercially im-

portant species or allow a broader range of species (cf. Figure 1), reflecting ongoing forest 

adaptation to climate change. To allow for a reliable analysis of forest resilience in the longer 

term (i.e., until 2100) and to provide adequate biodiversity metrics, a broad range of species 

is important to consider, particularly since rewilding is not focusing on commercially important 

species per se. 

3. Simulations for currently non-forested sites. In addition to proforestation sites, ForClim 

simulations will be run for currently non-forested sites within the hotspot regions to represent 

reforestation and afforestation (Task 3.3). These simulations will start without aboveground 

biomass initialization, but otherwise follow the same procedure as for proforestation simula-

tions (Figure 1-Figure 3). Therefore, simulations at these grid points can be made in the ab-

sence of NFI data. WP1 also distinguished locations where agricultural abandonment occurs 

with a trajectory resulting in combined-objective forestry. While not constituting rewilding in 

the strict sense, this may be an interesting trajectory in terms of carbon benefits. In such cases, 

management similar to that of the surrounding NFI “combined objective” plots can be as-

sumed. Lastly, if possible, the reforestation of cropland (formerly tilled) will be distinguished 

from the reforestation of pastures and meadows, as these two types of abandonment feature 

different trajectories of C sequestration and biodiversity  

4. Diameter at breast height (DBH) thresholds for biodiversity indices. The simulations 

in Figure 1-Figure 3 used a DBH cut-off of 12 cm; trees smaller than this threshold were ex-

cluded from visualizations and from the calculation of species diversity (Figure 3). For the 

production runs, lower thresholds (e.g., 8 cm or 4 cm) will be evaluated for calculating a range 

of biodiversity indices, including tree species and structural diversity. The functions linking 

forest structure to aspects of biodiversity are being elaborated within WILDCARD and will be 

used when ready. Lastly, the introduction of new species that are better adapted to the chang-

ing climate will be considered, with implications for the biodiversity metrics. 

5. Consideration of the full time series. It is important to consider the full time series of 

simulations before selecting which results will be mapped as final outputs in WP1. Selecting 

specific time points a priori could produce misleading interpretations. Based on the four simu-

lated stands, an average over two periods (e.g., 2040–2060 and 2070–2100) appears suitable 

for comparison with current conditions, but the final decision will depend on the production 

simulation results. 

6. Above- and belowground C components. In the second part of Samuel Zweifel’s PhD 

thesis, a module for soil organic carbon (SOC) turnover is being developed and will be coupled 

to ForClim. The final outputs delivered to WP1 should therefore include belowground compo-

nents. In synthesis: 

• Belowground tree biomass will be initialized using allometric relationships from the 

literature (e.g., Forrester et al., 2017). 

• SOC initialization will be based on soil profile data collected in WILDCARD Tasks 2.2 

and 3.2. The exact procedure will be defined in 2026 alongside the development and 
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testing of the SOC module. If measured data are unavailable for the hotspot regions, 

a spin-up approach will be adopted for the initialization. 

• Timeline: A careful planning of the availability of the SOC module is needed, given the 

possibility to include it in final scenario estimates for WILDCARD, as this will take ad-

ditional work after completion of the module. 

Conclusion 

Milestone 8 has been successfully achieved, and a clear roadmap for further collaboration 

between WP1 (VU) and WP2/3 (ETHZ) has now been established. This roadmap outlines how 

the stand-level simulation outputs generated by ETHZ will feed into WP1 for European-scale 

analyses, including the integration of carbon trajectories and diversity data. It also defines the 

procedure for the upcoming “production runs” in hotspot regions, detailing how initialization 

data, management scenarios, and the simulations of future reforestation/afforestation and pro-

forestation will be coordinated, as well as how belowground C components (tree biomass and 

SOC) will be incorporated. This structured workflow ensures that both teams are aligned in 

methodology, timing, and data requirements, providing a solid foundation for the subsequent 

analyses of carbon gains and biodiversity responses across European rewilding hotspots. 
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Appendix 

Data to be exchanged Action Responsibility 

A typology for abandonment 
regions based on similarity 
in climatic conditions, domi-
nant tree species and soil 
conditions. This may result 
in different types of stands 
in regional hotspots 

ForClim runs for these types 
and production of indices 

VU + ETH with typology 
based on sensitivity of For-
Clim and possibility for mul-
tiple runs 

Initial stand characterization Develop for each type of the 
hotspot typology a number 
of representative NFI plots 
for initial stand characteris-
tics 

ETH (with some help of VU) 

Management characteristics For each combination of 
current management type (5 
classes CLUmondo) and 
hotspot typology determine 
a characterization of current 
management based on dis-
turbance layer, biomass re-
moval (NFI) and possibly 
other data 

VU + ETH collaborative ef-
fort 

 


