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The Forest quelllng La?b._

(.wwwfb'rest modellmg lab. com/)

#J:

The Forest Modelling LElI::lrl::lrE|1.'ll'.'||r'_||r is a research laboratory of the Institute for Agncultura[ and F{:+r~€'_5tr'_|..r S';Stems. in the Medlterranean at the
Mational Research Council of ltaly (ISAFOM-CNR) that specifically:

» studies and analyzes the quantitative and qualitative representation of the interactions underlying the productivity,
resistance and resilience to perturbations of forest ecosystems and their responses to ecological and climate forcing;

» develops, parameterizes, validates and uses empirical and/or process-based simulation models both to deepen understanding
of the processes underlying the functioning of the forest ecosystems, which to evaluate their response to the current climate

as even the impacts of future climate change scenarios.

* |n addition, the Forest Modelling Laboratory studies the response of forests to current and alternative/adaptive management
scenarios through modeling approaches according to defined protocols.

Due to its characteristics, the Forest Modelling Laboratory is open to modeling collaborations with other CMR Institutes, others
Research bodies and Universities, both ltalian and foreign.

Despite laboratory members are sparse all around the world the Laboratory has formally its base at the Institute for Agriculture and
Forestry Systems in the Mediterranean (ISAFOM-CNR) location in Perugia (PG), Italy.
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What about the 3D-CMCC-FEM
(Three Dimensional — Coupled Model Carbon Cycle — Forest Ecosystem Model)

Current Stand Conditions Predicted Future Conditions

* Simulate stand growth and development under current and future environmental conditions (pasture modelling under construction) including C, H,0 and Energy

fluxes (and C-stocks)

* Bio-geochemical, Bio-physical, Process-Based Model Finlandia

Estonia
aitico - »

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

Lettonia

Regno Unito I:i.tuania 3

* Variable temporal scale(daily to annual) Manda : TR Giaiorassid

Polonia

b Germania
Beiglo »
i Ucraina

* Variable spatial scale (1ha to x Km?)

" Repubblica
Ceca .
Slovacchia | ntsabvis
Francia 2 L et i Ungheria

* Forest Management (thinning, harvest, replanting) and other “disturbances” A W s NG e o

& .. Serbia [
Portogallo .
Bulgaria

C-language but with lots of R-wrappers!

* Grecia
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3D-CMCC-FEM Biophysical processes:

Biogeophysics — Energy, Moisture, Momentum

® SURFACEALBEDOS \{‘j}/”' : s
© RADIATIVE TRANSFER ~N 38 |1 3 3
Gt
® SENSIBLE HEAT (under development) AND LATENT HEAT FLUXES Tt 32 T é l
Ahsorbed Solar E b= L
Radi~*— Pp—— i_shted
©® SOILAND SNOW TEMPERATURE
®© CANOPY TRANSPIRATION
® CANOPY INTERCEPTION
FPrecipitation
Ewvaparation
@ SO”_ EVAPORAT'ON Interception p
Transpiration
®© SNOW
oughfall
Stermflaw
® SURFACE RUNOFF AND INFILTRATION .
Inﬂltratioivapurati?anurrace Runoff
® SOILWATER CONTENT - iy

Drainage

=
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3D-CMCC-FEM Biogeochemical processes:

S Canbon Dioxide Sun
® CANOPY PHOTOSYNTHESIS
® AUTOTROPHIC RESPIRATION _
Fgl-rbi‘l‘ Pho to synifie sis
® HETEROTROPHIC RESPIRATION (coming soon) B Burning
Fuel
® CARBONALLOCATION o -
® NSC-Dynamic
® WOOD PRODUCTION ",
Sail
® PHENOLOGY S Respimtion Animal and Plant
=)
® Changes in Forest STRUCTURE Carbon @ (breathing)
in Tree Litter
® LITTERFALL production Rk e S

im Water

RBON CYCLE Chemisry

in Dlympic's Forests

=
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3D-CMCC-FEM Model Flowchart:

P

Canopy Stomatal
Interception| . Conductance

Solar
Radiation

Snowfall Light for

lower layer

. [ | LAI Shade

Soil
Fertility

1 1 | . (»|Transpiration y
o [ -
vy 2o |
Soil Water :

for lower |- Soil Water |-
layer  J emperature
: ’ Autotrophic
2 2
Respiration
Soil evaporation
[Snow sublimati orJ Age Y
Branch and Concentration \ Density
Bark
Carbon

| Partitioning [

S SR S et

Y

Livedead Coarse Fine str':,llgtnural v v '
Pools Roots Roots carbon s Stems Foliage
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3D-CMCC-FEM Model C-language core logic-structure

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

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

|
< Rh > NPP
"""""" L PP

matrix soils Soilpool N\ | | e e LAI >
[C, N] value
A waw >
Forest model classes !
| ! E >
\ | —
, Heights ] — etc >
______ V..., ~+——>| DB = i
(X, ) i | Ages o '
________ v > species-PFTs i
(layers = z) : !
__________ Vo |
(cohorts) i

_________________

. R Voo
L. ~ coppice(Q) |
i under work !




Input/output model data and simulation options

Site specific

Initial stand
parameters

status
Age, DBH, H,
density’, species

Meteo data Species-specific
e.g. Tmax Tmin parameters

Radiation e.g. Max stomatal
Precipiation RH conductance

Input data

e.g. Soil depth,
texture

\ 4 \ 4

w r Undisturbed option

Dynamic Stocks

e.g. changes in e.g. Standing Output data Fluxes
forest structure Biomass, HWP, e.g. W,C,SH,LH..
growing stocks

Others..

e.g. Fruits
production

Forest
modelling
Lab.
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What about climate change, forest management and forests?




Make predictions on impacts from climate change

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

Scroe Far Hyytiala Far
TRAMS MANAL TRAMNS MaMAG
G0 I I T T T T T T T I T T T 350 I I T T T T T T T I T T T
RCP=0.0 RCP=00
RCP=26 RCP=26
sool RCP=d 5 ’\ Tem perate | 300 RCP=4.5 Boreal
RCP=6.0 RCP=6.0
RCP=8.5 / /\\ RCP=8.5
280 -
- /; 1

3

T

GFP gC m manth!
GPP gC m™ manth™’
8

100 -

Soro site (Denmark) Hyytiala site (Finland)
Fagus sylvatica L. (Collalti et al., 2018; JAMES) Pinus sylvestris L.
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CLIMATE CHANGE impacts on FLUXES and GROWTH MODULATED BY RESERVE

GPP GROWING SEASON gC m~2year!

Quercus Frainetto San Paolo Albanese (PZ) 0
Preliminary results

CNRM_CLM_RCP4.5 10004
CNRM_CLM_RCP8.5

- — EC_EARTH_SMHI_RCP4.5

500 4

—— EC_EARTH_SMHI_RCP8.5

- — MPI_CLM_RCP4.5

—— MPI_CLM_RCP8.5

2000 2025 2050 2075 2100

TREE MINIMUM RESERVE tC BAI cm?year™

0.100 4 201

0.075 A

0.050 1

0.025 1

0.000 A

2000 2025 2050 2075 2100

year 2000 2025 2050 2075 2100

Forest 12
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LARGE SCALE applications of GPP on Basilicata Region

ANNUAL GPP 2005-2019 RELATIVE BIAS (GPP,GOSIF)
41.2°N
2500+
Oy ong
° [ ] ... L) el © Ao o/o
o {a - B -0
i LA ”
_2000 o 40.8°N - B 751100
RJ‘> ey I s0t075
@
£ . ol 106N - 30 to 50
) o .'" . 15 to 30
D 1500+ ne bee °° . . 151015
= S I ‘ 30 to -15
L ek b . . 5010-30
(_') ”p D .~ o ‘ 40.2°N - - -75 to -50
&S 10007 s B 100t0-75
(% PILOT SPECIE N M -0
40.0°N A
% * Quercus Cerris .k Jin
500 - ¢ Fagus Sylvatica . . - 400
e Quercus llex 15.5°E 16.0°E 16.5' 200
Pinus Halepensis
® Pinus Nigra 200
0- » Castanea Sativa 100
0 500 1000 1500 2000 2500 . L
GOSIF-GPP [gC/m2/y] 50 6 56100

[os]

IAS %

Forest

modelling
0. 2B (Dalmonech et al., in prep.)




LARGE SCALE applications of GPP on Basilicata Region

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

GOSIF 2005-2019 FLUXCOM 2005-2015
3D-CMCC-FEM GPP 2005-2019
. ... BD-CMCC-FEM GPP 2005-2015
41.0°N 1 41.0°N 7
40.8°N - R2(GPP,GOSIF) ,; gon - R2(GPP,FLUXCOM)
0.95-1 0.95-1
40.6°N - 0.9-0.95 20.6°N 4 0.9-0.95
0.85-0.9 0.85-0.9
40.4°N 0.8-0.85 40.4°N - 0.8-0.85
0.7-0.8 0.7'0.8
<0.7 <0.7
40.2°N 40.2°N A .
q 600 h
40.0°N 1 750 |
-I._
T T T A T T T 400
15.5°E 16.0°E 16.5°E 500 15.5°E 16.0°E 16.5°E
250 200
0 |-h"' 0
0.4 0.6 0.8 1.0 0.4 0.6 0.8
R2 R2
Forest
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LARGE SCALE applications of ET on Basilicata Region

3D-CMCC-FEM ET 2005-2019

41.2°N

41.0°N A

40.8°N A
mm/y

800

40.6°N A 600

400

40.4°N 200
0

40.2°N A

40.0°N A

15.5°E 16.0°E 16.5°E

=
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Density
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Forest management and observations

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

iy BTl
= 1=

S'c!

=20 yr
m 2060 yrs
" =60 yrs

2 year 1)

BP (g€ m

2000

1500

1000

500

(Collalti & Prentice, 2019; Tree Phys)

Managedv=0353x.R-=0062
Unmanagedyv=04I1x:R- =074

® &/ e

i i i i i i i

500 1000 1500 2000 2500 3000 3500 4000

GPP (gC m™ vear?!)




Make predictions on forest management

What happens if we manage forests?

5 First thinning when Thinning events when Clearcut when density <
Rdi dominant height > h.. | | Rdi > Rdigarger + R dens ,,,0r age > age g,

|

(Bellassen et al. 2010)

e, -

Self-thinning Anthropogenic thinming Clearcut
Natural Managing forests >
evolution

Changes in fluxes NPP
and stocks

Initial state (real case) Thinning Thinning Clearcut and replanting

% TR Initial state )  Final state




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

Bily K¥iz (Finland):
*Picea abies L.
*DBH:~7.1 cm

Sorg (Denmark):

*Fagus sylvatica L.
*DBH:~25 cm

Hyytiala (Finland):
*Pinus sylvestris L.
*DBH:~10 cm

*Age: 16 yrs
*Tree Height: 5.6 m
*Density: 2408 trees/ha

*Age: 80 yrs
*Tree Height: 25 m
*Density: 400 trees/ha

*Age: 28 yrs
*Tree Height: 10 m
*Density: 1800 trees/ha

Site info

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

Climate
scenarios

- Pinus sylvestris L.: Fagus sylvatica L.: Picea abies L.:

o 3 *Thinning intensity = 20% *Thinning intensity = 30% *Thinning intensity = 30%

:,E, = *Thinning interval = 15yrs *Thinning interval = 15yrs *Thinning interval = 15yrs

5’ § *Rotation age = 140yrs *Rotation age = 140yrs *Rotation age = 120yrs

fEU «» *+ No management *+ No management *+ No management
(Lasch et al. 2005) (Cescatti & Piutti, 1998) (Furstenau et al. 2007)

Forest
N -> 3 Sites x 5 ESMs x 4 RCPs x 2 Management scenarios = 120 simulations Iélhﬂlmp

@
Intereqmparsam Propeo
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10

-
4]

NPP,000y (tC ha ' yr'")
14,1

15

10.

Testing Management Vs. No Management Under Climate Change

Net Primary Productivity (NPP)

-
=]

o

) s Camtry

| inter-Sectoral mpact Model

EMEN -26-Ctd -M-N EMEN -4.5-Ctd -M--N EMEN -6.0-Ctd -M--N EMEN -8.5-Ctrl -M-N
Hyytisla a Hyytisla b Hyytisla c Hyytiala d
OTPT PT PT PT PT F‘T OTPT PT PT PT PT PT | _ OTPT PT_PT_PT_PT_PT 1 _OTPT PT_PT_PT_PT_PT
EMEN -26-Ctd -M--N EMEN -45-Ctd -M--N EMEN -6.0-Ctd -M--N EMEN -85-Ctd -M--N
Bily Kfiz e Bily Kfiz f Bily Kiiz g | BilyKriz h ‘
1 1 Management is the best
e e choie or NPP
CITPTFTF"TPTF"TF_'T_OTPTFTPTPTF'TPT"OTPTPTF‘TF'TPTF’T'+0TF'TF"TPTF"TPTFT
EMEN -26-Ctd -M--N EMEN -45-Ctd -M--N EMEN -6.0-Ctd -M--N EMEN -85-Ctd -M--N
Sore i Sore j Sore k||
(Collalti et al., 2018, JAMES)
OT PT PT PT PH PT PT OT PT PT PT PH PT PT DTF"TF'TPTF‘TFT OT PT PT PTPH PT PT
2010 2050 2090 1 1 2010 2050 2090
2030 2010 \%‘E& 2000 2010 2050 2090 ¥
No Managed ] Managed
Fores.t E/ (r \
modeLling OT = observed thinning, PT = prescribed thinning, PH = prescribed harvesting ™ ISIM'P

INEERCnmpanan Propol



Testing Management Vs. No Management Under Climate Change

Carbon Woody Stocks
EMEN -2.6-Ctl —-M--N EMEN -4.5-Ctrdl -M--M EMEN -6.0-Ctrd -M--N EMEN -8.5-Ctd -M--N
1000 | Hyytiala al Hyytizla b Hyytiala ¢ | Hyytiala d.
750
500
250
04 OrprPT PT PT PT _PT OTPT PT_PT_PT_PT_PT OTPT PT_PT_PT_PT_PT OTPT PT_PT_PT_PT_PT
'E SMEN -26-Ctl -M-N  BMSEN -45-Ctl -M-N EMEN -60-Ctd -M-N  EMSN -85-Ctd -M-N
g "% Bily Kfiz e | BilyKfiz f Bily KFiZ g | BilyKfiz h ‘
j 7 .
% s00 Management is the best
E — choice for Carbon Woody
E 0 OTPT PT PT PT PT PT orTPT PT PT PT PT PT OT PT PT PT PT PT PT 1T OTPT PT PT PT PT PT StOCk
6 l';ﬂlﬂ -26=Ctrl -M--M EMEN -4.5-Ctr -M“H EMEN -6.0-Ctd -M--N EMEN -8.5-Ctd -M--N
10001 sorg i | Sore j Sore k | Sore
750
500 (Collalti et al., 2018; JAMES)
250
ul::l‘TF"TI:'TI:'TF"I-!l-'-"TI:"‘"I' OT PT PT PTPH PT PT o PT PT PT PH PT PT OT PT PT PT PH PT PT
2010 2050 2090 2010 2050 2090 2010 2050 2090 2010 2050 2090
YEAR YEAR YEAR YEAR
No Managed ] Managed

Forest
modelling
Lab.

) s Camtry

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

£ ISIMIP

p _
-
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]
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What about future forest management and climate change ?

Future climate

EMEN -26-Ctrd -M--N
Bily Kfiz e

g &

:

D €* 'p C©!*p"'*C D!

Business as usual or

o

L OoTPT_PT_PT_PT_PT_PT
EMEN -2.6-Ctrl -M-N

Carbon woody stock (IC ha
[+
8

D ¢ D ¢ D ¢ D

MODERATE THINNING

poes b e iR e By Research guestion: can we increase
through alternative management

options NPP and Carbon Stock?

+ + £ +
Forest D D D D i A
modelling ' I S l M I P
}.ab HEAVY THINNING . : Inter-Sectaral tmpact Model

@ ..
Intereomparizon Proje



Test sites and simulation compset

Bily K¥iz (Finland):

*Pjcea abies L.

Hyytiala (Finland): Sorg (Denmark):

*Pinus sylvestris L. *Fagus sylvatica L.

Site info

All age classes All age classes All age classes

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

Climate
scenarios

Picea abies L.:

- Pinus sylvestris L.: Fagus sylvatica L.: o ) . )
5 8 *Thinning intensity = 20% - 10 - 30% *Thinning intensity = 30% - 20 - 40% I:!nn-mg !nten5|tly_-1?;0A> > :0 -2‘5“%
£ *Thinning interval = 15yrs = 5 - 25yrs *Thinning interval = 15yrs - 5 - 25yrs R Inning mterlaz(; yrsﬂ))o -14Oyrs
3 g *Rotation age = 140yrs - 120 - 160yrs *Rotation age = 140yrs - 120 -160yrs otation age = = ) yrs
c 9 *+ No management
f§° *+ No management *+ No management

(Lasch et al. 2005) (Cescatti & Piutti, 1998) (ARG el 2]

Forest

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

@

ISIMIP

Inter-Sectoral Impact Maodel
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Testing Management Vs. No Management Under Climate Change

Net Primary Productivity (NPP)

RCP 2.6 RCP 4.5
AM+: Y = 0.78*X +30.17 (a) 7| | AM#: Y = 0.77%x +45.06 (b)
AM-Y = 1.02+X +52.14 . .

BAU: Y = 1.01*X +60.12

AM-1Y = 1.05*X +47.21

BAU: Y = 1.03*X +63.67

BAU: Y = 1.04*X +60.08

900

(o)}
o
o

900 ‘

T 600

: | | [ |
[b] . )

> 300 _
! i b
e | L

¢ o NE ) ¢ VT 5

%%) 0 L ﬁ%$:g$% P#ﬁﬁﬁ&
::(T RCP 6.0 RCP 8.5

m AM+: Y = 0.77%X +47.11 (C) L' | AM# Y = 0.80%X +52.45 . (d)
5 AM-1 Y = 1,06*X +43.61 : ‘ AM- Y = 1.08%X +45.60 ., mspes .
s

<

o

o

=

300

>
600
E
% 400
a 200-
o 0-

= P .
S
Py
Aol

BAU: Y = 1.08°X +62.53 %«

=

& 600-
£ .
% 400
o 200-
o 0-

Z I
MR
s
L

0O 300 600 900

Forest

’O 300 600 900
NPP NO MAN gC m ?year *

AM+ = Increased management intensity
AM- = Decreased management intensity

BAU = Business as Usual

= No management

¥

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

(Dalmonech et al. 2022, AFM)

modelling

Wik
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Testing Management Vs. No Management Under Climate Change

Carbon Woody Stocks
1 RCP 2.6 1 RCP 4.5
500{~ , s : :
400 o o AM+ = Increased management intensity
élmm élmm AM- = Decreased management intensity
300{¢° 6o .
R BAU = Business as Usual

T 00| " :
c - = No management
é 0
2 | L ] Repss '
> 5001+, . Business as Usual is the best choice for Carbon Stocks
3 e 2 d rent differences across RCPs)
§ 400 Slmm : (and no appa
O 300(¢ L

200 w

100

0
2000 2030 2060 2090 2000 2030 2060 2090 (Dalmenech et al. 2022, AFM)
YEAR

Forest
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Bonis (Italy):
*Pinus nigra var. Laricio
*DBH: 1 cm
*Age: 4yrs

*Tree Heig
*Density: ca. 3000 tree/ha

-1 Regional (8km res.)
climate model
(COSMO-CLM: 1968-
2095)

-2 RCPs (4.5, 8.5)

Type

Detail

Objective

t thBA | thinterval | harvesting | rep density
Notes
year | 0 year T T saplings |

Option 1

No
management

Mo interventions

Model evaluation

NA

NA

NA

NA

NA

This option is used for the evaluation and only
included the documented thinning in 1993 (25%
basal area)

Option 2

Matural
regeneration

Clearcut + natural
regeneration

Post disturbance
(wildfire)

80

NA

NA

YES

5013

Complete harvesting after 80 years from
plantation {2038). After that, natural regeneration
is established (age = 4; dbh =1; h = 1.3).

Option 3

Patch
clearcut

Clearcut + artificial
regeneration
(replanting)

Production /
‘Commercial forest

80

NA

NA

YES

2425

Complete harvesting after 80 years from
plantation {2038). After that, replant the same
number of rees as in 1958 (age = 4, dbh=1h =
1.3; 2425 wees/ha).

Thinnings NA 20 10 NA NA
Production / 2 thinnings {2017/27), 1 heavy thinning in 2038
Option 4 | Shelterwood | Establishmentcut | oo e | 80 80 NA NA 5013 with regeneration (age = 4; doh = 1:h = 1.3),
harvestin 2048
Removal cut 90 100 NA YES NA
Thinnings. NA | 28.5 10 NA NA
) 3 thinnings (2017/27/37), 1 heavy thinning in
Option 5 g;‘f_',mmmd Establishment cut z?"ﬂ“mfr‘;”a: foest| 90 | 80 NA NA 5013 | 2048 with regeneration (age = 4; dbh=1; h =
1.3), harvest in 2058.
Removal cut 100 100 NA YES NA
Option 6 | Light thinning m:a'::':;[‘ig::;'”g g‘;ﬁ;‘{ﬁg}g{;ﬂon NA | 28 15 NA NA 4 thinnings (2017/32147/62)
. Heavy Multiple thinning Biodiversity / )
Option 7 thinning interventions Renaturalization NA | 355 15 NA NA 4 thinnings (2017/32/47/62)

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

Bacino del BONIS
Provincia di Cosenza - Comune di ACRI

n

ey
LEGENDA

] Confine bacina

5| — Rete idrografica

Validation

2
B Simulated
HE 15 15 BMSE = 1.75
: - —_— ITBU - 9

- : . ME = 0.55 )
f ; Simulated o

1500 i EF [ tea o
200 ! i IT-Ban ol Tt
= = 10 o 10 LET [] o
x & E e o™ B -y . ¥
-2 ¥ i —
z £ 1000 é | | EE,J 31 : = S 1

I L T E 1]
: — i = | L
: & s .z dites ¢ D 5] Be g b i

150 l o w i 8 «™ L ol

10 ' 0] A of, & £0 9%
) Simulated = s = oe”
: = i - all &
2000 2050 o 2000 205 2100 : ES Callegar ot al., 2008 2 Th 'Fn. - _»
YEAR YEAR ' B3 Fiotdata 0 3 o~
o ;
1958 ‘86 93 |9 2016 ¥ L] 1] ¥ T T T T
YEAR 0 100 200 300 [+] 5 10 15
Forest Day of the year Ohbserved (IT-Bon)
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The Bonis case: results

800
600
I Spread across different management options and RCPs
o
E 400
(@]
=2
B 300+
Z

I
B et
: ~
01 <2001

1960 1980 2000 2020 2040 2060 2080 2100 O
YEAR o
=

% 1001 — historical

< — NO CC

— RCP 4.5

" — RCP 8.5

1960 1980 2000 2020 2040 2060 2080 2100

YEAR

No significant differences between different management

options but there are between RCPs
(Testolin et al. 2023, STOTEN)

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

Question: Plant respiration is controlled by photosynthesis or biomass?

2000
= 10,000
o 15001 § _.1,000+
£ = =
o 5 © 1004
= T oy
g © € 10-
= = =
500 | "'é' 1 -
| | | | | 0.1-
° 0 Slllﬂ 10'00 15IDD 2'0;00 2500 3000 3500 D,'I:"l I 1I I -| EI]U I -| D,'I]DU
GPP,(gCm>yr") Total plant mass (g)
(Waring et al. 1998, Tree Physiology) (Reich et al. 2006, Nature)
H,: “Respiration is controlled by photosynthesis” H,: “Respiration is controlled by (total) biomass”

-

Results: none of these two hypotheses are actually correct!

28

Forest

moae1ting (DUt how we found out that?)




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

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

| (A 02)

P thesis

. (b) Photosynthesis |_|1 . Respir;

¥, L9 n A -
u*‘\,\.“""\f“‘"" "‘\"\’\"“‘t’\"\-n\f W o n ‘;J - e

""" | g S |f 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

_____________
'f.:u:u.z: Measured

- (c)

Stand age (vears)

Forest

modelling
Lab. (Collalti et al., 2020; GCB)

| 2 RS —




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

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)
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S
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Total biomass carbon (2 C/m?)
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(Collalti et al., 2020; GCB)
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Some info

* 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
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o Search or jump to... Pull requests Issues Codespaces Marketplace Explore

H Forest-Modelling-Lab / 3D-CMCC-FEM | Public R EditPins ~+ | @©Watch 3 ~ | % Fok 4 - | Y7 Star 8~

¢> Code (2) Issues 7 Pullrequests () Actions [ Projects [0 Wiki @) Security [~ Insights 2 Settings

¥ v.5.5-ISIMIP ~ P 21 branches @ 0tags Go to file Add file ~ <> Code ~ About )]
3D-CMCC-FEM code
@ AlessioCollalti Update README.md alffgad 2 weeksago U 3,356 commits
& www.forest-modelling-lab.com/the-3...
I sviluppoR test per create una directory e salvarci tutti i codici R 6 years ago forest  management forestry
M software fixed problems in fagus sylvatica parameterization 2 years ago climatechange  3d-cmcc-fem
o vegetationmodelling
3 .gitignore prove 6 years ago
[ LICENSE Create LICENSE 3yearsago | L Readme
&E GPL-3.0 license
[ README.md Update README.md 2 weeks ago
¥7 8stars
& 3watching
= README.md 74
% 4forks
Releases

Mo releases published

Three Dimensional - Coupled Model Carbon Cycle -
Forest Ecosystem Model

Packages

No packages published
Publish your first package

Contributors s

P @ @
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Grazie per l'attenzione!

alessio.collalti@cnr.it

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

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