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! ƎŜƴŜǊŀƭ ǇƛŎǘǳǊŜ ƻƴ /ƭƛƳŀǘŜ /ƘŀƴƎŜΧ ŀƴŘ ŜȄǘǊŜƳŜǎ



Distribuzione 
precipitazioni
Trenberth2011



ÅIncreasesin mean annual temperature from 1 to 5.5°C with exceptionally increases in heat waves 

and extreme events

ÅDecreasesfrom -5% annual precipitations(-9% in spring) up to -22%, with increasing extreme 

precipitation and drought events

Å30 days earlierof the summer aridity

ÅIncreasesin fire frequency and wildfire extent (megafires) and damages

ÅIncreasesin desertificationprobability

ÅIncreasesin the incidence if diseases(e.g. fungi and bark beetle)

Main source: IPCC  2014, WGII

At Euro-Mediterranean (Italian) level recent studies show (as likely) that:

What about the future climate?



..an example:

Changes in mean number of heat waves from May to September, 2071-2100 compared to 1971-2000

IPCC  2014, WGII



Why terrestrial ecosystem are so important?
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Budget Imbalance: 

The global carbon-budget(2008-2017)

Source (emissions) Sinks

LaQuèrèet al., 2018



Roleof terrestrial ecosystems

C4MIP, Friedlingstein et al. (2006)Global Carbon Project 2018 (La Quèrè et al., 2018)

High inter-annualvariability High uncertainty



Allometric equations and 
biometric estimates

Remote sensing

Modelling

Methodologies for studying Carbon, Water and Nitrogen Cycles and Forest Dynamics

No predictive

No predictive at varying site 
conditions

Predictive but highly uncertain

Eddy covariance No predictive



How (and why) study climate change and the mitigation/adaptation role of forests?

Can models deal with both??



άAs far as the laws of mathematics refer to reality, they are not certain; 
as far as they are certain, they do not refer to realityέΦ (Albert Einstein)

ά!ƭƭ ƳƻŘŜƭǎ ŀǊŜ ǿǊƻƴƎ ōǳǘ ǎƻƳŜ ŀǊŜ ǳǎŜŦǳƭέΦ όDŜƻǊƎŜ .ƻȄύ

¢ƘŜ ƳƻŘŜƭǎΧ

However, they are the only tool we have 

to provide trustworthy information on what will happen



ǿƘŀǘ ƛǎ ŀ άƳƻŘŜƭέΚ 

Basically, a model is a chain of equations

Climate

Initial state

Outputs



Initial state Final state

Climate

Practically



Conceptually



The spatial scale of representation

Canopy/Tree level

Big tree level 

Stand level

Cellular/Leaf level



Χōǳǘ ƳƻǊŜ ǇǊŀŎǘƛŎŀƭƭȅ όǘƘŜ ŎƻŘŜύ



Χōǳǘ ƳƻǊŜ ǇǊŀŎǘƛŎŀƭƭȅ όthe output)



Χ ǘƘŜ ƳƻŘŜƭǎ όǘƘŜƻǊŜǘƛŎ ƎŀƳŜǎύ Χ



Χ ǘƘŜ modelsΧ



Mode applicability over different spatial scale



Model projections under climate changes

Goals:

ÅEvaluate vegetation responses to warming

ÅEvaluate vegetation responses to rising [CO2]

ÅEvaluate vegetation responses to changes in precipitation and regimes

Problems:

ÅUncertainty in climate model projections

ÅUncertainty in LUCand LCCprojections

ÅUncertainty in model assumptions

ÅUncertainty in model parameters



Changesin forest distribution under future climate (with statistical models, BIOMOD) 

S. Noce, Collalti A., Santini M. (Ecology and Evolution, 2017) 

Decreasing Forest diversity

Alpine

Atlantic

Continental

Mediterranean

* Alpine region shows the potential to become a refuge 

Southern Europe

BIOMOD2 package (CES -CascadeEnsemble System)

10statistical models(8 used)
28 driving factors: 19 bioclimatic, 9 topo/geographic
5 bias-corr. GCMsx 2 RCPs(4.5, 8.5)
10forest classes(Abies, Betula, Castanea, Fagus, Larix, 

Picea, Pinus pinaster, P. sylvestris, Quercus robur  
and petraea, MediterraneanQuercus)

2 time scenarios: 2041-2060; 2061-2080

** Atlantic r. could suffer from large losses in forest  diversity
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Abies Betula Castanea

Quercus rob/pet

Larix

Picea Pinus pinaster Pinus sylv

Fagus sylvatica

Med Quercus (Q. SP)

Changes in forest composition

Changesin forest distribution under future climate

Future likelihood suitability maps
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ÅMinor or no impacts on the historical
distribution while new areas become
suitable for P. pinaster and
Mediterraneanoaks

ÅNegative impacts on some portions of
historical distribution and, in some
cases,with suitabilitygainfor others for
Abies, Larix, P. sylvestris and Quercus
robur andpetraea

ÅNegative impacts on the most part of
historical distribution for Betula,
CastaneaandPicea

S. Noce, Collalti A., Santini M. (Ecology and Evolution, 2017) 



Likelihood of climate change impacts (with process-oriented models)

Å Ensemble of 20LPJ simulations(A1B up to 2050)

Å AdoptingIPCC likelihoodterminology

Santini M., Collalti A., Valentini R.  (Regional Environmental Change, 2014)

NPP

runoff

C loss 
by fires



The main BGC cycles and ecophysiological processes represented by models



PLANT
Leaves, Wood, Roots

ORGANIC MATTER
Litter: Leafy, Woody
Soil: Active  
(microbial)

Slow    (humic)
Passive (inert)

Photosynthesis

Respiration

ATMOSPHERE

Disturbance

Leaching Fluvial, aeolian 
transport

Fertiliser 
inputs

N fixation,
N deposition,
N volatilisation

N,P Cycles

C Cycle

Rain

Transpiration

Runoff

Water
Cycle

Soil 
evap

SOIL
Soil water
Mineral N, P

Energy

C flow
N flow

P flow

Water flowSummarizing in a conceptual framework

Energy flow



The general carbon balance and management

GPP ςRa = NPP = BP + ɲNSC

NPP = BP + NSC



Specifically - The carbon cycle



How can models simulate adaptation and mitigation in forests?

Adaptation Mitigation

ÅTree physiology
ÅManagement

ÅManagement
ÅTree physiology

Jackson et al., 2008

Impacts

Climate Change



¢Ƙǳǎ ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘΧ



IƻǿŜǾŜǊ ǘƘŜǊŜΩǎ ŀ ƭƻƴƎ-ƭŀǎǘƛƴƎ ŘƛǎŎǳǎǎƛƻƴ ŀōƻǳǘ ǘƘŜ ŦƻǊŜǎǘ ǊƻƭŜ ŀƴŘ ǘƘŜƛǊ ƳŀƴŀƎŜƳŜƴǘΧΦ



.ǳǘΧΦ



hƪ ǘƘŀǘΩǎ ŀƭƭ ǘƘŜƻǊȅΧΦ{ǘƻǇ ǘƘŜƻǊȅΗ

{ƻƳŜ ƳƻǊŜ ǇǊŀŎǘƛŎŀƭ όƳƻŘŜƭƛƴƎύ ŜȄŀƳǇƭŜǎΧΦ



The ISI-MIP projects

The ISIMIP Project:

Å9 sectorsfrom Agriculture to Water

Within the Forest Sector:

Å9 European forest stands simulated

ÅMore than 12 Forest Process-Based Models (PBMs) involved 

(only one Italian model)

ÅMore than 1200 runs

ÅFrom historical  to 2299 year

ÅManagement vs. No management scenarios

Å4 RCPs



Model results under climate changes 
Variations in the seasonality of GPP and length in growing season (2070-2099)

Thermicstress

Anticipated 
budburst

Temperate Boreal

(Collalti et al.,2018)



LƴŎƭǳŘƛƴƎ ƳŀƴŀƎŜƳŜƴǘΣ ǘƘŜ ǿŀȅ ǿŜ ƳƻŘŜƭ άƳŀƴŀƎŜƳŜƴǘέ

Bellassen et al., 2010

Thinning Thinning Thinning Clearcut and replanting

(Collalti et al.,2018)



Functional responses under climate changes
Management versusNo Management (Effects on Carbon Woody Stocks)

(Collalti et al.,2018) UnManaged Managed



Functional responses under climate changes
Management versusNo Management (Effects on Woody Net Primary Production)

(Collalti et al.,2018) UnManaged Managed



Functional responses under climate changes
Management versusNo Management (Effects on Carbon Use Efficiency)

(Collalti et al.,2018) UnManaged Managed



How and to what extent different forest managementpractices

may modify the processesthat control carbon dynamicsduring

undisturbed stand development? and in response to climate

change?

The current managementpractices,under climate change,are

still the bestoption?



How can we deal with these questions?

https://serc.carleton.edu/details/images/39356.html

Present-day climate Future climate

??

??

??

Business as usual

https://serc.carleton.edu/details/images/39356.html
https://serc.carleton.edu/details/images/39356.html


Functional responses under climate changes
Management andscenarios of adaptive management under climate change

Best   management practice = 10 years interval thinning, 35% standing basal area removed
Worst management practice = 15 years interval thinning, 25% standing basal area removed

Effects of adaptive management on Carbon and Water Use Efficiency 

Beech

Beech

Scotspine

Scotspine

(Collalti et al. in prep)



Functional responses under climate changes
Management andscenarios of adaptive management under climate change

(Collalti et al. in prep)



Model results under climate changes

Χ ƻƴŜ ǇǊƻōƭŜƳΧ Řƻ Ǉƭŀƴǘǎ ŀƭǿŀȅǎ ŀŘŀǇǘΚ



Climate scenarios (COSMO-CLM 8km) Bonis basin (Calabria) (Pelliconeet al., in prep)

Scenarios4.5
όάƳŜŘƛǳƳέύ

Å+6-10% T avg (medium term)

Å+12-18% T avg(long term)

Å-1.6% Precip(medium term)

Å-13% Precip(long term)

Scenarios8.5
όάƘƻǘέύ

Å+8-12% T avg (medium term)

Å+22-34% T avg(long term)

Å-11% Precip.(medium term)

Å-20% Precip(long term)

(Pelliconeet al., in prep)



Climate scenarios + forest simulations3D-CMCC-CNRBonis basin (Calabria)

(preliminary results on CarbonCycle)

Clear cut

Productivity:
Productivity increases for the 
CO2 enrichment but only if 

management is applied 
otherwise is contrasted by the 

age-decline

Mitigating effect:
Increased Carbon stock capacity 
which increase even more when 

management is applied 

Clear cut

(Pelliconeet al., in prep)



Evapotranspiration:
Evapotranspiration participates 
to microclimate coolingbut at 

the same time 
evapotranspiration decreases 

with forest ageing. Management 
helps in maintaining high rates of 

evapotranspiration

Mitigating effect:
High WUE means that plants can 

fix more carbon per unit of 
water transpired. Management 

helps in maintaining high rates of 
WUE

Climate scenarios + forest simulations3D-CMCC-CNRBonis basin (Calabria)

(preliminary results on Water Cycle)

Clear cut

Clear cut

(Pelliconeet al., in prep)



¦ƴŎŜǊǘŀƛƴǘƛŜǎΧ 

ά¦ƴŎŜǊǘŀƛƴǘȅ ƛƴ ƳƻŘŜƭ ǎƛƳǳƭŀǘƛƻƴǎ ƛǎ ǘƘŜ ǉǳŀƴǘƛǘŀǘƛǾŜ ƳŜŀǎǳǊŜ ƻŦ ǎȅǎǘŜƳŀǘƛŎ ŀƴŘ ǊŀƴŘƻƳ 
ǾŀǊƛŀǘƛƻƴ ŦǊƻƳ ǘƘŜ άǘǊǳŜέ ǾŀƭǳŜ ƻŦ ŀ ǎƛƳǳƭŀǘŜŘ Ŝƴǘƛǘȅ όAubinetŜǘ ŀƭΦ нлмнύΦέ



Time (yr)

(Collalti et al., 2019)

Young Mature Early old growth Mid old growth Late old growth

Uncertainties along successional stages



Only few parameters are really uncertain!

(Collalti et al., 2019)



(Collalti et al., 2019)



Strengths and present limitations for modeling

Strengths:

Å Possibility to simulate effects of climate change (CO2 fertilization effects, Temperature  
acclimation, ...)

Å Simulate eco-physiological processes of  heterogeneous forests with complex 
structure

Å Consider forest structure evolution (i.e. vertical and horizontal heterogeneity)

Å Simulate and quantify light and water competition

Å Possibility to be spatially upgraded from localscale to regionalscale reducing the 
amount of the needed initialization data

Present limitations:

Å Inability to simulate naturally changes in species composition (cells do not interact 
themselves)

Å Relatively high request species/PFTs parameters

Å High computationally demanding

Å Inability to simulate different management options

Å High uncertainty



Thanks!
Pleasevisit usat: www.3d-cmcc-fem.com
or contactusat: 3d-cmcc-fem@cmcc.it 


