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What about the 3D–CMCC–FEM 
(Three Dimensional – Coupled Model Carbon Cycle – Forest Ecosystem Model) 

• Simulate stand growth and development under current and future environmental conditions (pasture modelling under construction) including C, H20 and Energy 

fluxes (and C-stocks) 

• Bio-geochemical, Bio-physical, Process-Based Model 

• Couple the Process-Based models’ robustness of the layer and cohort models 

• Variable temporal scale(daily to annual) 

• Variable spatial scale (1ha to x Km2) 

• Forest Management (thinning, harvest, replanting) and  other “disturbances” 

• C-language but with lots of R-wrappers! 

 

 

 
15 years of model applications across Europe 



3D-CMCC-FEM  Biophysical processes: 

 SURFACE ALBEDOS 

 RADIATIVE TRANSFER 

 SENSIBLE HEAT (under development) AND LATENT HEAT FLUXES  

 SOIL AND SNOW TEMPERATURE 

 CANOPY TRANSPIRATION 

 CANOPY INTERCEPTION 

 SOIL EVAPORATION 

 SNOW 

 SURFACE RUNOFF AND INFILTRATION 

 SOIL WATER CONTENT 

 

 



 CANOPY PHOTOSYNTHESIS 

 AUTOTROPHIC RESPIRATION 

 HETEROTROPHIC RESPIRATION (coming soon) 

 CARBON ALLOCATION 

 NSC-Dynamic 

 WOOD PRODUCTION 

 PHENOLOGY 

 Changes in Forest STRUCTURE 

 LITTERFALL production 

 … 

 

 

3D-CMCC-FEM  Biogeochemical processes: 



3D-CMCC-FEM  Model Flowchart: 



3D-CMCC-FEM  Model C-language core logic-structure 

m->cells[cell].heights[height].dbhs[dbh].ages[age].species[species].value[variable] 

matrix 

cell 

Heights   

Ages  

species-PFTs  

value 

(x, y) 

(layers = z) 

(cohorts) 

Phenotype 

deciduous-(D) evergreen-(E) 

soils 

Forest model classes 

Management 

timber-(T) coppice-(C)  
under work 

m->cells[cell].soils[soil].value[variable] 

NPP 

GPP 

LAI 

W, ΔW 

ET 

etc. 

Soil moisture 

Soil pool 
 [C, N] 

(layers = -z) 
Rh 

NEE 

DBH  



Input/output model data and simulation options 

Input data 

Meteo data  
e.g. Tmax  Tmin 

Radiation 
Precipiation RH 

Species-specific 
parameters 

e.g. Max stomatal 
conductance 

Initial stand 
status 

Age, DBH, H, 
density´, species 

Site specific 
parameters 

 
e.g. Soil depth, 

texture 

Output data 

Dynamic 
e.g. changes in 
forest structure 

 

Stocks 
e.g. Standing 

Biomass, HWP, 
growing stocks 

Others.. 
e.g. Fruits 

production 

Fluxes 
e.g. W,C,SH,LH.. 

Management options Undisturbed option 



What about climate change, forest management and forests? 



Make predictions on impacts from climate change 

Thermic stress 

Anticipated budburst 
(Frost damage risk) 

Temperate Boreal 

Changes in phenology and GPP under different climate forcing scenarios from 1950 to 2100 

(Collalti et al., 2018; JAMES) 
Sorö site (Denmark) 

Fagus sylvatica L. 
Hyytiälä site (Finland) 

Pinus sylvestris L. 
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CLIMATE CHANGE impacts on FLUXES and GROWTH MODULATED BY RESERVE 

GPP GROWING SEASON gC m–2 year–1 

TREE MINIMUM RESERVE  tC BAI  cm2 year–1 

Quercus Frainetto  San Paolo Albanese (PZ) 
Preliminary results 

(Dalmonech et al., in prep.) 



(Dalmonech et al., in prep.) 

LARGE SCALE applications of GPP on Basilicata Region 



LARGE SCALE applications of GPP on Basilicata Region 

(Dalmonech et al., in prep.) 

            GOSIF  2005-2019                    FLUXCOM  2005-2015  

Maps of R2  between modeled and ‘observed’ mean seasonal cycle  



LARGE SCALE applications of ET on Basilicata Region 

(Dalmonech et al., in prep.) 



Forest management and observations 

(Collalti & Prentice, 2019; Tree Phys) 

(Collalti et al., 2020; Nature Comm.) 

At increasing forest age biomass production efficiency decreases 



Make predictions on forest management 

(Bellassen et al. 2010) 

Natural  
evolution 

Managing forests 

What happens if we manage forests? 

Initial state (real case) Thinning Thinning Clearcut and replanting 

Initial state Final state 

GPP 

ET 

Ra 

GPP 

Ra GPP 
ET 

Ra 
NPP NPP 

NPP 

GPP 
ET 

Ra 
NPP Changes in fluxes  

and stocks 



Research question 

Is managing forests (vs. non managing) the best option for  
Net Primary Productivity and Carbon Stocks under climate change? 

Are any other options to manage forest in the future?  



Test sites and simulation compset 

Hyytiälä (Finland): 
•Pinus sylvestris L. 

•DBH:  ̴10 cm 
•Age: 28 yrs 

•Tree Height: 10 m 
•Density: 1800 trees/ha 

Bilý Křiž (Finland): 
•Picea abies L. 
•DBH:  ̴7.1 cm 
•Age: 16 yrs 

•Tree Height: 5.6 m 
•Density: 2408 trees/ha 

Sorø (Denmark): 
•Fagus sylvatica L. 

•DBH:  2̴5 cm 
•Age: 80 yrs 

•Tree Height: 25 m 
•Density: 400 trees/ha 

Si
te

 in
fo

 
C

lim
at

e 
 

sc
e

n
a

ri
o

s 
M

an
ag

em
en

t 
  

sc
e

n
a

ri
o

s 

5 Earth System Models (1950 – 2099) 
4 Scenarios (RCP 2.6, 4.5, 6.0, 8.5) 

Pinus sylvestris L.: 
•Thinning intensity = 20% 
•Thinning interval = 15yrs 

•Rotation age = 140yrs 
•+ No management 

 
(Lasch et al. 2005) 

Picea abies L.: 
•Thinning intensity = 30% 
•Thinning interval = 15yrs 

•Rotation age = 120yrs 
•+ No management 

  
(Fürstenau et al. 2007) 

Fagus sylvatica L.: 
•Thinning intensity = 30% 
•Thinning interval = 15yrs 

•Rotation age = 140yrs 
•+ No management 

 
(Cescatti & Piutti, 1998) 

→ 3 Sites x 5 ESMs x 4 RCPs x 2 Management scenarios  = 120 simulations 



No Managed Managed 

OT = observed thinning, PT = prescribed thinning, PH = prescribed harvesting 

Testing Management Vs. No Management Under Climate Change 
 Net Primary Productivity (NPP) 

Management is the best 
choice for NPP 

(Collalti et al., 2018; JAMES) 



No Managed Managed 

Testing Management Vs. No Management Under Climate Change 

 Carbon Woody Stocks   

OT = observed thinning, PT = prescribed thinning, PH = prescribed harvesting 

Management is the best 
choice for Carbon Woody 
Stock 

(Collalti et al., 2018; JAMES) 



Future climate 

Business as usual or No management 

What about  future forest management and climate change ? 

Research question: can we increase 
through alternative management 
options  NPP and Carbon Stock? 



Test sites and simulation compset 

Hyytiälä (Finland): 
•Pinus sylvestris L. 
•DBH:  ̴10 cm 
•Age: 28 
•Tree Height: 10 m 
•Density: 1800 trees/ha 

Bilý Křiž (Finland): 
•Picea abies L. 
•DBH:  ̴7.1 cm 
•Age: 16 
•Tree Height: 5.6 m 
•Density: 2408 trees/ha 

Sorø (Denmark): 
•Fagus sylvatica L. 
•DBH:  ̴25 cm 
•Age: 80 
•Tree Height: 25 m 
•Density: 400 trees/ha 
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5 Earth System Models (1950 – 2099) 
4 Scenarios (RCP 2.6, 4.5, 6.0, 8.5) 

Pinus sylvestris L.: 
•Thinning intensity = 20% → 10 - 30%   
•Thinning interval = 15yrs → 5 - 25yrs 
•Rotation age = 140yrs → 120 - 160yrs 

•+ No management 
 

(Lasch et al. 2005) 

Picea abies L.: 
•Thinning intensity = 30% → 20 - 40%   
•Thinning interval = 15yrs → 5 - 25yrs 
•Rotation age = 120yrs → 100 - 140yrs 

•+ No management 
 

(Fürstenau et al. 2007) 
 

Fagus sylvatica L.: 
•Thinning intensity = 30% → 20 - 40%   
•Thinning interval = 15yrs → 5 - 25yrs 
•Rotation age = 140yrs → 120 -160yrs 

•+ No management 
 

(Cescatti & Piutti, 1998) 

All age classes All age classes All age classes 

→ 3 Sites x 11 Age classes x 5 ESMs x 4 RCPs x 27 Management scenarios = 16200 simulations 



(Dalmonech et al. 2022, AFM) 

AM+ = Increased management intensity 

AM- = Decreased management intensity 

BAU = Business as Usual 

Testing Management Vs. No Management Under Climate Change 

 Net Primary Productivity (NPP) 

NO MAN = No management 

Business as Usual is the best choice for NPP 
(and no apparent differences across RCPs) 



AM+ = Increased management intensity 

AM- = Decreased management intensity 

BAU = Business as Usual 

Testing Management Vs. No Management Under Climate Change 

 Carbon Woody Stocks   

NO MAN = No management 

Business as Usual is the best choice for Carbon Stocks 
(and no apparent differences across RCPs) 

 

(Dalmonech et al. 2022, AFM) 



The Bonis case: Is forest management really, always and everywhere the best choice?  

Bonis (Italy): 
•Pinus nigra var. Laricio 

•DBH: 1 cm 
•Age: 4yrs 

•Tree Height:  
•Density: ca. 3000 tree/ha 

-1 Regional (8km res.) 
climate model 

(COSMO-CLM: 1968-
2095)  

-2 RCPs (4.5, 8.5) 
Validation 

→ 1 Site x 1 Regional model x 2 RCPs x 7 Management scenarios = 14 simulations 

(Testolin et al. 2023, STOTEN) 



The Bonis case: results 

No significant differences between different management 
options but there are between RCPs 

Spread across different management options and RCPs 

(Testolin et al. 2023, STOTEN) 
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Process-Based Model (PBMs) – Testing long-lasting ecological theories 

Question: Plant respiration is controlled by photosynthesis or biomass? 

(Waring et al. 1998, Tree Physiology) (Reich et al. 2006, Nature) 

H1: “Respiration is controlled by photosynthesis” H2: “Respiration is controlled by (total) biomass” 

Results: none of these two hypotheses are actually correct! 

 

(but how we found out that?) 



29 

Process-Based Model (PBMs) – Testing long-lasting ecological theories 

If respiration would be controlled only by 

biomass at increasing forest age respiration 

would became too high, consuming too 

much carbon, and trees would completely 

die when mature 

H2: Respiration controlled by (total) biomass 

If respiration would be controlled only by 

photosynthesis in winter, when 

photosynthesis is stopped, all live cells 

would die. However, there have been found 

many live cells older than year 

H1: Respiration controlled by photosynthesis 

 

Carbon use efficiency  

Photosynthesis 

Autotrophic respiration 

(Collalti et al., 2020; GCB) 
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Process-Based Model (PBMs) – Testing long-lasting ecological theories 

(Collalti et al., 2020; GCB) 

Conclusion: Respiration is controlled by both photosynthesis and biomass  

at a variable extent, which we do not currently know,  

but somewhere in between the two hypotheses (both excluded) 

? 



• The 3D-CMCC-FEM is basically a research tool which is freely available only for non-commercial use. 

• The 3D-CMCC-FEM code is released under the GNU General Public Licence v3.0 (GPL).  

• To avoid multiple model versions (code fragmentation) we ask users to use our GitHub versioning at https://github.com/Forest-

Modelling-Lab/3D-CMCC-FEM  

• C-language but with lots of R-wrappers! 

 

• 3yrs Fixed Term position available soon in the H2020 OptForEU project 

 

 

 

 

 

Some info 





 
 

Grazie per l’attenzione! 

 

alessio.collalti@cnr.it 

https://www.forest-modelling-lab.com/ 

https://github.com/Forest-Modelling-Lab 
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