
Appendix 2 Forest models 

 
Table A2.1 Forest growth models applied in case studies and associates risks 

Model Area of 

application 
Structure Processes Risks 

G & Y* 

Maritime 

Pine 

Mediterranean, 

Portugal 
Empirical Growth and 

Yield 
Fire 

Glob3PG Mediterranean, 

Portugal 
Process-based Growth, Climate 

change, 

fertilization, 

Disease (e.g. 

pests) 

SUBER Mediterranean, 

Portugal 

Empirical Growth and 

Yield, Climate 

Change 

 

LandClim temperate, 

Germany 
Process-based Growth under 

Climate Change) 
Fire, wind, bark 

beetle 

PICUS Alpine, Austria Process-based Growth under 

Climate Change 
bark beetles, 

storms 

FinnFor Boreal, Finnland Process-based Growth, climate 

change, 
wind damages 

G & Y* 

Beech 
Temperate, 

Switzerland 
Empirical & 

Climate sensitive 
Growth under 

climate change, 
- 

G & Y* 
Pine sp. 

Mediterranean, 

Spain 
Empirical Growth and 

Yield, 

management 

systems 

-Fire 

PICUS Continental, 

Bulgaria 
Process-based Growth and 

regeneration 

under Climate 

Change 

  

LandClim Atlantic-

mediterranian, 

The nethelands 

Process-based Growth under 

Climate Change) 
Fire, wind 

LandClim Continental-

mountainous, 

Romania 

Process-based Growth under 

Climate Change 
  

Vidar Atlantic-

temperate, 

Denmark 

Empirical Growth and 

Yield 
Wind 



UK Forestry 

models 
Atlantic-

temperate, UK 
Empirical & 

Climate sensitive 
Growth and 

Yield, Diversity, 

Biomass, 

Employment 

Wind 

G & Y*: Growth and Yield forest model 
 
Brief introduction to G & Y models: 
Glob3PG: Glob3PG is a process-based model that takes advantage of 3PG’s flexibility and 

ability to predict changes in growing conditions under several environmental conditions (e.g. 

climate change, fertilization, Tomé at al. 1998) and of GLOBULUS 3.0’s prediction capacity 

under current conditions. The outcome from the proposed model Glob3PG, may: i) simulate 

the effect of intensive silvicultural practices (i.e shorter rotations, initial stand density), ii) 

simulate growth under climate change, iii) provide detailed stand structure information 

(diameter distribution, merchantable volumes to any top diameter) and iv) reflect the impact of 

pests and diseases on yield. 
G & Y model for maritime pine: In the case of the Leiria National Forest, an empirical model 

for predicting the growth of maritime pine and for understory growth (i.e. shrubs) was used. In 

addition, a wildfire risk model (Marques et al. 2012) and a post-fire mortality model (Garcia-

Gonzalo et al. 2011) were used to estimate potential loss of timber in the area. Especially 

important is the inclusion of understory growth in the predictions as it has a big impact in the 

wildfire risk (Ferreira et al. 2015, Garcia-Gonzalo et al. 2012). 
 
SUBER is an empirical individual tree model SUBER (Paulo 2011, Tomé 2004) and was used 

to project the growth and yield of trees and its cork for all spatial scales considered in the case 

study area. The model uses site index as a proxy for environmental conditions and this variable 

is included in several equations such as the mortality function and in the age-independent 

difference equation for modeling cork oak diameter growth (Tomé et al. 2006, Tomé 2004). 

Cork growth has been shown to be reduced by more frequent droughts and higher temperatures 

(Caritat et al. 2000), with direct impacts on cork thickness and the consequent cork production 

and such differences were evaluated in the case study (Palma et al. 2015). 

  

LandClim: For the modelling of forest state evolution in the Black Forest area, a process-based 

forest landscape model LandClim was applied (Schumacher and Bugmann 2006). LandClim 

simulates forest biomass productivity and risks i.e. windthrow, fire, and natural mortality. The 

management actions regarded in developing AFM strategies were silvicultural interventions 

regeneration, thinning, and harvest. A combination of a set of these interventions over a 

planning horizon defined an AFM strategy to reach certain goals e.g. higher resistance, higher 

productivity, reduced risks. LandClim is further developed and calibration for the simulation of 

forest growth and yielding in different bioclimatic zones i.e. in Veluwe, the Netherlands 

(atlantic-mediterannian) and Carpathian mountainous forest areas in Romania (Carpathian 

mountainous). 

  

PICUS: To apply AFM to Alpine forests, a well-developed model PICUS (Lexer and Brooks 

2005) was used to simulate the forest biomass and wood volume productivity subject to the 

risks of bark beetles and storms. AFM strategies were defined as establishing demanded 

regeneration and growth control by harvest. Furthermore, PICUS is calibrated for coppice and 



coppice with standard Oak (Q. petrea, Q. cerris,Q.  frainetto) and Pine (Pinus nigra) forests in 

Panagyurishte, Bulgaria to simulate AFM strategies. 

  

FinnFor: In a Boreal area in southern Finland, a Finnish forest simulation model FinnFor 

(Kellomäki and Väisänen 1997) was used. FinnFor applies a forest management model 

MONSU (Pukkala 2014) and forcasts forest growth and mortality under diverse set of 

silvicultural interventions and integrated wind damage explicitly in the modelling process. 

FinnFor aims at maximizing timber and biomass production form finish commercial boreal 

forests. 

  

G & Y for European beech: this model combines traditional models for the predictions of forest 

productivity over time with a climate factor ADI (area drought index) to develop a climate 

sensitive empirical growth model for beech in Switzerland. The model outcomes can be used 

to evaluate the impact of thinning and harvesting on the forest stands and different site classes 

under changing climate conditions. 

  

G & Y model for Pine species (Pinus sylvestris L., Pinus nigra Arn., and Pinus halepensis)in 

Catalonia, north-east Spain is an individual tree model and simulates the effect of even-aged 

and uneven-aged forest management on stand development (Trasobares et al. 2004a, 2004b, 

González-Olabarria and Pukkala 2011). Moreover, an endogenous fire spread simulator is 

developed to predict the damage on forest stand and productivity interactively (González-

Olabarria and Pukkala 2011). 

Vidar: a dynamic yield table program (Nord-Larsen et al. 2009) enabling the user to customize 

tables to different growth conditions and thinning regimes in Denmark. Simulations can only 

be made for even-aged stands. Therefore, we adjusted the model to uneven-aged and sized 

modelling was needed: to estimate the mean harvest diameter, standing volume and thinning 

volume (Schou et al. 2012). 

UK forestry models: at the core of UK forestry models is UK yield model (Matthews 2008 ). It 

uses the yield classes data provided by an Ecological Site Classification, Pyatt et al. (2001), 

driven by regional climate data to predict stand development (tree height, diameter, volume and 

stocking density) over a rotation. Stand variables from forest yield became inputs to the UK 

wind risk model ForestGALES (Gardiner and Quine 2000) to calculate a wind damage risk 

score. Assortment models— ASORT—were used to determine the volume of saw-logs and 

small roundwood. BSORT (McKay et al. 2003) is a model to partition biomass and was used 

to estimate carbon stocks. A set of indicators e.g. timber production, biomass production, windd 

risk, species diversity are analysed to judge about the provisioning of ecosystems services upon 

applying BAU and adaptation strategies. 
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