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What about the future climate?

At EuroMediterranean (Italian) level recent studies show (as likely) that:

Ancreasesn mean annualemperature from 1 to 5.3C with exceptionally increases in heat waves

and extreme events

MDecreasesrom -5% annuaprecipitations(-9% in spring) up te22%, with increasing extreme

precipitation and drought events

280 day=earlier of the summeraridity

Ancreasesn fire frequency andwildfire extent (megafires) and damages
Ancreasesn desertification probability

Ancreasesn the incidence itliseasege.qg. fungi and bark beetle)

Main sourcelPCC 2014, WGII



..anexample

Changes in mean number of heat waves from May to September, 2B¥00 compared to 1972000

RCP4.5 RCP8.5

Changesinmeannumber [ T [ [ [ T , 77 Significant change
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IPCC 2014, WGII



Why terrestrial ecosystem are so important?

The global carbofudget(20082017)
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Roleof terrestrial ecosystens

Highinter-annualvariability Highuncertainty
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Methodologies for studying Carbon, Water and Nitrogen Cycles and Forest Dyna

Eddy covariance No predictive

Remote sensing No predictive

Allometric equations and
biometric estimates

No predictive at varying site
conditions

Modelling Predictive but highly uncertain

1 1 1




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

M MITIGATION

it acts on the causes, to drastically decrease the anthropogenic
causes of climate warming (greenhouse gas emissions)

\{ ADAPTATION

it deals with the effects, i.e. the impacts that directly and indirectly
affect humans and the environment

Can models deal with both??



OAs far as the laws of mathematics refer to reality, they are not certain;
as far as they are certain, they do not refer to reakity§Albert Einstein)
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However, they are the only tool we have

to provide trustworthy information on what will happen
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Basically, a model is a chain of equations
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Practically

Initial state

Final state




Conceptually

space that we
need occupied by
predictive
ecology models

/ realism, how
accurate do you
want your
solution, how
well do you want
it to reflect your
system?

generality, to how
many systems do
you want your
model to apply?

space occupied
by ‘biology-as-
physics’” models

precision, do
you want an
exact solution
or will a
distribution
suffice?



The spatial scale of representation
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void photosynthesis FvCB- (cell_t *const-c, const- int height, -const int dbh, -const int age, const int species, const meteo_daily t *const meteo_daily,

L

double cond corr;
double leafl;

double par abs;
double - leaf day mresp;
double  psn;

int sun shade;

* (umol/m2/s/Pa) leaf conductance corrected for (02 vs. water vapor-*/
{gNleaf/m2) leaf N -per-unit-leaf area *

S

* (umol/m2 - covered/sec) absorbed par-*/
* (umol/m2/s) day- leaf m.  resp, proj. area -basis */
*.photosynthesis- (gC/m2/day)  */

*.8 - for-sun-1-for shaded- */

"--\."--.."--.."--\."--.."--..

5 = &c->hei [height]. [dbh]. [age] . ies [species];

code which-used-to-be-in-the - central bgc.c code-*/

(53" Wr Vrapper and- replacement - for ot 515 CO
El:'l.u'."_'r' and- Farquhar - two- leaf medel - of - photosynthesis
a /

the
51 his photosynthesis code-is-the
*. (Farguhar, E:‘:em’.ﬂe."e." et-al. 1980; De Pury-and Fargu

if (s->value[LEAF SUN N] > G

J*-SUNLIT cal "D,D. fraction photosynthesis per-unit-area */

/* convert - conductance  from m/s - --= umol/m2/s/Pa, -and correct for (02 vs. water vapor

{see-for-correction also Nobel - 1891; Jones 1992 and-Landsberg and 5ands - book - pg :.-.1 ) *

cond corr = §-BY [LEAF SUN CONDUCTANCE] * lef / ( GCtoGW * Rgas * ( meteo daily-= + TempAbs |
/*-convert-Leaf Nitrogen from tNfcell --= to gN-m-2 one- 41|:'-=|:' leaf-area-*/

leafN = [ 5-=Y .tEAF_SLw_m le6 /g settings-=si } 5=y [LAI SUN PROJ];

/* convert  from -mass-to-molar-units, -and- from-a daily rate to-a- rate per-second (umol/m2/s) */

leaf day mresp = [ 5-=Y [DAILY LEAF SUN MAINT RESP] / ( 86480. * GC MOL * le-b6-) ) / 5-=u [LAI SUN PROJ]:
/* convert -absorbed par-per projected-LAT .mnamwmzm --=-umol/m-2 - one-sided- leaf area/sec */

par abs = [ 5-3Y [APAR_SUN] -+ f-B6408. )/ 5-my [LAI SUN_PROJ]:

/* call Farguhar for-sun- leaves - leaves  photosynthesis */

psn-= Farquhar (€, s, metes daily, metee_annual, cond corr, leafN, par abs, leaf day mresp, sun shade);




997.8,21.
,1997,0,21.
997,0,21.
997.8,21.
,1997,0,21.
997,0,21.
998,8,21.
,1998,0,21.
998,0,21.
998,8,21.
,1998,0,21.
998,0,21.
998,8,21.
,1998,0,21.
998,0,21.
998,8,21.
,1999,0,22,
999,0,21.
999.8,21.

Y

1k

1k

1k

1k

1k

1

1k

1k

1

1k

1k

1

1k

1k

1

1k

1k

1

1k

1k

1

1k

1k

1

1999,8,21.

1999.8,21.
,1999,0,21.

1999,8,21.

1999.8,21.
,1999,0,21.

2000,0,22.

2008,8,22.

2000,0,22.

2000,0,22.

2

2i

21

2

2i

21

2

21

2

2

21

2

2

21

2

801,8,22.
801,0,22.
001,0,22.
DDL 8,22,

i)
]
]
]
]
]
o]
.8
]
.8
.8
]
o]
)
]
o]
.8
]
o]
,B
]
o]
.8
]
,0,1999,0,21.
,B
]
o]
.8
]
o]
.0
]
N ]
.0
]
]
]
]
]
]
]
]
]
]
]
]
.8
)
]

997,0,21.
997.8,21.
997.8,21.
997,0,21.

808,8,22.
000,0,22.
6006,8,22.
808,8,22.
000,0,22.
6006,8,22.
801,8,22.
001,0,22.
801,8,22.
801,8,22.
001,0,22.

dzii

5947, 24,8059, 76, Fagussylvatica
5947,24.8659, 76, Fagussylvatica
5947, 24,8659, 76, Fagussylvatica
5947, 24,8059, 76, Fagussylvatica
5947,24.8659, 76, Fagussylvatica
5947, 24,8059, 76, Fagussylvatica
5947, 24,8059, 76, Fagussylvatica
5947,24.8659, 76, Fagussylvatica
5947, 24,8059, 76, Fagussylvatica
5947, 24,8059, 76, Fagussylvatica
7799,25.1486, 77, Fagussylvatica
7791,25.1473, 77, Fagussylvatica
7792,25.1474, 77, Fagussylvatica
7793,25.1476, 77, Fagussylvatica
7794,25.1477,77, Fagussylvatica
7795,25.1479, 77, Fagussylvatica

7795,25.148,77,Fagussylvatica LTWR 8 &,

7796,25.1482, 77, Fagussylvatica
7797,25.1483, 77, Fagussylvatica
7798,25.1485, 77, Fagussylvatica
25.5618, 78, Fagussylvatica LTWR
9833, 25.5302, 78, Fagussylvatica
9866, 25.5364, 78, Fagussylvatica
9886, 25.5402, 78, Fagussylvatica
9899, 25.5427, 78, Fagussylvatica
9983, 25.5434, 78, Fagussylvatica
9932, 25,5489, 78, Fagussylvatica

LTWR
LTwWR
LTwR
LTWR
LTwWR
LTwR
LTWR
LTwWR
LTwR
LTWR
LTwWR
LTwR
LTWR
LTwWR
LTwR
LTWR

LTWR @ 7, T 1795.
LTWR @ 8,T,1795.
LTWR @ 9,T,1795.
1,T.2029.6692,0.
LTWR @ 1,T,2029.
LTWR 8 2,T,2029.
LTWR @ 3,T,20829.
LTWR @ 4,T,2029.
LTWR 8 5,T,2029.
LTWR @ 6,T,20829.

995, 25.5523, 78, Fagussylvatica LTWR

9954, 25.
9996, 25.
1568, 25.
1166, 25.
1223,25.
1247,25.
1389, 25.
1356, 25.
1389, 25.
1444, 35,
1488, 25.
1534, 25.
3209, 26.
2524, 26,
2586, 26,

7939, 79, Fagussylvatica
7983, 79, Fagussylvatica
8182, 79, Fagussylvatica
8193, 79, Fagussylvatica
8255, 79, Fagussylvatica

8445,79, Fagussylvatica
8531, 79, Fagussylvatica
1749, 80, Fagussylvatica

553,78, Fagussylvatica LTWR
561,78, Fagussylvatica LTWR

LTwR
LTwWR
LTwR
LTwR
LTwWR

LTwR
LTwWR
LTwR

B 7.7
B 8.T.
89T

'
'
'
'
'
0
.

ely
0
.

'

0

1,
]
]
]
]
()
]
]
()
]
1
)
]
]
)
]

1
2,
H
4
5
B
7
8
9
T
1
2
3
4
5,

.

b 27T
8 3.T
B 4,7,
85, T
B 6,T

b 8,7
8 9,T,
15T 1

,T,1782.
,1782.

8063,0.3786,0.
8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.
.8063,0.3706,0.

2067,0.3800,0.

2987,0.3800,0.
2987,0.3800,0.
3717,0.6283,0.
6092,0.3717,0.
6092,8.3717,0.
6092,0.3717.0.
6092,0.3717,0.
6092,8.3717,0.
6092,0.3717.0.

6200,0.0000,1.0000,0.

6200,0.0000,1.06000,0.
6200,0.0000,1.0000,0.
0000, 1.0000, 0. 0000, 1.
6283,0.0000,1.06000,0.
6283,0.0000,1.66000,0.
6283,0.0000,1.0000,0.
6283,0.0000,1.06000,0.
6283,0.0000,1.66000,0.
6283,0.0000,1.0000,0.
,2029.6092,0.3717,0.6283,0.0000,1.0000,0.60800,1.0000,0.0000,1.0000,326.0890,700.1490,1026.2380,16003.3712,912.6342,91.3370,607. 2298, 538. 3904, 68.8393,0. 9090, 0. 6052, 0. 6658, €
2029.6092,0.3717,0.6283,0.0000,1.0006,0.0000,1.0000,0.0000,1.0000,326.3443,697.3957,1023.7460, 1005.8692,912.8373,93.0318, 668. 0460, 537.5944,70.4515,0. 9875, 6. 6645, 0.6661 , €
,2029.6092,0.3717,0.6283,0.0000, 1. 0000, 0.0000,1.0000,0.0000,1.0000,329.68628,694.9960, 1024, 8567, 1004.7504,923.9051, 60. 8453, 593. 9860, 536.8593,57.1267,0.9195,0.5912,0.6429, €
8597,79, Fagussylvatica LTWR 1,T,1674.3787,0.3819,0.6181,0.0000,1.0000,0.0000,1.60000,0.0000,1.0000,282.1870,648.9142,931.1012,743.2775,773.8472, -30.5697,525.0724, 563. 7287, - 38.6562, 1.0411, 0.7064, 0. 6785, 0.
783,79, Fagussylvatica LTWR 8 1,T,1674.3787,0.3819,0.6181,0.0080,1.0000,0.0000,1.0000,0.0000,1.0008,261.5375,600.6626,952.2001,722.1786,768.8759,13.3027,592.7936, 580. 8068, 11. 8968, 8.9816, 0. 8208, 0.8362,0. 8
,1674.3787,0.3819,0.6181,0.0000,1.0000,0.0000, 1.0000,0.0000,1.0000,263.6980, 686.2451,949.9431,724.4356,715.6737,8.7619, 585.7389,579. 0819, 6.6570, 0. 9879, 0. 8085,0.8184,0.7¢
,1674.3787,0.3819,0.6181,0.0000,1.0060,0.0000,1.0000,0.0000,1.0000,264.0252,681.5000,945.5252,728. 8536, 716.7032,12.1504, 587 .0956, 577.1559,9.9397,0.9833, 0. 8855,0.8192,0.7
1674.3787,0.3819,0.6181,0.0000,1.00008,0.0000,1.0000,0.06000,1.0008, 268. 2026, 677.0334,945.32608,729.6527,730.1300, -1.0772,570.6225,575.2911, -4.6686,1.00815,0.7827,0.7815,0.
,1674.3787,0.3819,0.6181,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,272.0738,672.4360,944.5098, 729, 8689, 742.0272, -12. 15683, 556. 4635, 573.3764, -16.9729, 1.0167,0.7623, 0. 7498,
,1674.3787,0.3819,0.6181,0.0000,1.0060,0.0000,1.0000,0.0000,1.0000,272.4122,667.6947,940.1063,734.2718,743.0918, -8.8200,557.7119,571.4560, -13.7441,1.0120,0.7595,0.7505, €
836,79, Fagussylvatica LTWR 8 7,T,1674.3787,0.3819,0.6181,0.0080,1.0000,0.0000,1.0000,0.0000,1.0006,275.6692,663.1139,938.7831, 735.5957,753. 3396, -17.7440, 545. 8371, 569.5590, -23.7218,1.6241,0.7420,0.7246, €
,1674.3787,0.3819,0.6181,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,279.1810, 558.4526,937.6336,736.7451, 764.3892, - 27.6441, 532. 8639, 567.6220, - 34,7561, 1.6375,0.7233,0.6971
1674.3787,0.3819,0.6181,0.0000,1.0000,0.0000,1.0000,0.0600,1.0008,279.5268,653.6907,933.2174,741.1613,765.4771, - 24. 3158, 534. 1582, 565.6999, -31.5417, 1.0328,0. 7267, 0.6978,

Beee,1.0808,08.
Beee,1.6800,0.
60068, 1.0000,0.
Beee,1.0808,08.
6069, 1.0000,0.
60068, 1.0000,0.
Beee,1.0808,08.
6069, 1.0000,0.
60068, 1.0000,0.

6069, 1.6000,0.

6B06,1.0000,0.
Beee,1.0808,08.
0060, 0.0000,1.
6B66,1.0000,0.
Beee,1.68008,08.
6069, 1.6000,0.
6B66,1.0000,0.
Beee,1.68008,08.
6069, 1.6000,0.

eesn, 1.
eees, 1.
2eee, 1.
eesn, 1.
0068, 1.
2eee, 1.
eesn, 1.
0068, 1.
2eee, 1.

Y2 NBE thendditpot) A O f f

BBeae, 259.
Boeae, 259.
0006, 259,
BBeae, 259.
606@,259.
0006, 259,
BBeae, 259.
606@,259.
0006, 259,

e o

4499, 549.4391, 968.
4499, 549.4391, 968.
4499, 649.4291,908.
4499, 549.4391, 968.
4499, 549.4391, 908.
4499, 649.4291,908.
4499, 549.4391, 968.
4499, 549.4391, 908.
4499, 649.4291,908.

8890,873.
889@,873.
8890,873.
8890,873.
889@,873.
8890,873.
8890,873.
889@,873.
8890,873.

9173,706.4835,167.
9173,706.4835, 167 .
9173,706.4835,167.
9173,706.4835,167.
9173,706.4835,167.
9173,706.4835,167.
9173,706.4835,167.
9173,706.4835,167.
9173,706.4835,167.

4337,712.
4337,712.
4337,712.
4337,712.
4337,712.
4337,712.
4337,712.
4337,712.
4337,712.

6619,549.3827,163.
6619,549.3827,163.
6619,549.3827,163.
6619,549.3827,163.
6619, 549.3827,163.
6619,549.3827,163.
6619,549.3827,163.
6619, 549.3827,163.
6619,549.3827,163.

2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.
2793,0.8084,0.

B155,1.
B155,1.
B155,1.
B155,1.
B155,1.
B155,1.
B155,1.
B155,1.
B155,1.

.Y YEAR, LAYER, HETGHT, DEH, AGE, SPECIES , MANAGEMENT ,GPP, GPP_SUN:GPP, GPP_SHADE:GPP,Av SUN:A SUN,Aj SUN:A SUN,Av SHADE:A SHADE,Aj SHADE:A SHADE,Av TOT:A TOT,Aj TOT:A TOT,GR.MR,RA,NPP,BP,reser as diff,ResAlloc,ResDeple,Reslsage, BF
,T,1782.8063,0.3706,0.6294,0.0000, 1.0000,0.0000,1.0000,0.0000,1.0000,259.4499,649.4391,908. 8890, 873.9173,706.4835,167.4337,712.6619, 549. 3827, 163. 2793, 0. 8084, 0.8155, 1. 0087, 0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
6294,0.0000,1.0000,0.
. 6294,0.0000,1.0000,0.
795.2987,0.3800,0.6200,0.0008,1.06000,0.0000,1.0000,0.0000,1.00600, 295.06813,614. 8686, 989. 8899, 885.4088, 815.0579, 70.3509,609.0973,551.7714,57.3259,0.9205,0.6879,0.7473,0. 62

,1795.2987,0.3800,0.6200,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,294. 4865, 621.7500,916. 2365, 679. 0622, 813.1875,65.8746, 607 .9253, 553. 9832, 53. 0421, 0. 9251, 0.6985, 0. 7465, 0.
,1795.2987,0.3800,0.6200,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,294.5526,620.9787,915.5313,879.7673,813.3954,66.3720,607.2547, 553.7367,53.5180,0.9246,0.6902,0. 7466, 0.
,1795.2987,0.3800,0.62600,0.0000,1.0060,0.0000,1.0060,0.0000,1.0000,294.6187,620.2075,914.8262,880.4725,813.6032,66.8603, 607 .4842,553.4902,53.9940,0. 9241, 0.6900, 0. 7467 , 0.

,1795,2987,0.3800,0.6200,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,294.6848,519.4362,914.1210,881.1777,813.8110,67.3667, 6677136, 553. 2436, 54. 4700, 0. 9235, 0. 6897, 0. 7468, 0.
,1.3-'95 2987,0.3800,0.6200,0.06000,1.0000,0.0000,1.0000,0.0600,1.0000,2%4.7509,616.6649,913.4158,881. 8829, 814.0188,67.8641, 607.9431, 552.9971, 54. 9460, 0.9230,0.6894,0. 7468, 0.
,1795.2987,0.3800,0.6200,0.0000,1.0000,0.6000,1.0000,0.0000,1.0000, 294.8169,617.8937,912.7106, 882.5881,814. 2266, 68. 3614, 608.1725,552.7505,55.4220,0.9225,0.6891,0.7469,0. €

BB8T,
BB8T,
Be87,
BB8T,
BOET,
Be87,
BB8T,
BOET,
Be87,

0000, 1.0000,294,8830,617.1224,912. 0054, 883.2932, 814.4345,66. 8585, 608.4019, 552, 5040, 55. 8979, 0. 9220, 0.6888,0.7470, 0.
B006,1.0000,294.9491,616.3511,911. 3062, 883. 9984, 814.6423,69.3562, 608.6327, 552. 2588, 56.3739,0.9215,0.6885,0. 7471, 0.
Bese,1.0808,295.0152,615.5799,916.5951,884. 7836, 814.8501,69.8535, 608. 8650, 552. 8151, 56. 8499, 0.9218,0.6882,0.7472,0.
0000, 330.1199, 692, 2408, 1022.3608,1007. 2484, 924.7141,82.5343,594.7953, 536. 0628, 58,7326, 0. 9181, 9.5985,0.6432, 0. 5322,
6006,1.0808,316.6552, 715.8029, 1632.4581,997.1511, 882 . 3589, 114.7922,638. 3924, 543. 8458, 95. 3465, 0. 8849, 0. 6462, 0. 7235,
Be86,1.6808,319.3633,713.3156,1632. 6789, 996.9363,890. 8775, 106. 6528, 628.0198,542. 2887, 85.7310,0.8936,0. 6300, 0.7849,
0000, 1.0000,320.9758,710.7119, 1631.6677,997.9214, 595.9500, 181.9714,622.6384,541. 5104, 81. 1280, 0. 8976,0.6239, 0. 6949,
6006,1.0000,322.0082, 706.0458, 1030. 6541, 999.5551,899.1976, 1080. 3575,619.9007,540.7206,79. 1801, 0.8996,0. 6202, 0. 6894,
B0068,1.0808,322.2598, 765.2952, 1627 . 5549, 1082 . 8542, 899. 9889, 162. 0654, 620. 7266, 539. 9195, 80. 8665, 0. 8981,0.6195,0. 6897
0000, 1.0000,324.6584,702.7743,1027.4327,1002. 1765, 9075341, 94.6423,611.7717,539. 1642, 72. 6075, 0. 9856, 0.6104, 0. 6741,

., 1693.8497,0.3789,0.6211,0.0000, 1.0006,0.0000,1.0000,0.0000,1.0000,291. 3086, 625. 2008, 916. 5006, 777.3491, 803.4881, -26.1391,500.9152,538. 6388, -37.7236,1.0336,0.6444,0.6234,0.

043,80, Fagussylvatica LTWR 0 1,T,1698.1090,0.3781,0.6219,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,266.6941,683.1246,949.8186,748.2904,725.0222,23 . 2681, 584.9159, 564. 5294, 20, 3865, 0.9689,0.7817,0.5068,0.7
8547,80, Fagussylvatica LTWR 8 2,T,1698.1098,6.3781,08.6219,0.0600,1.0000,0.0060,1.0000,0.0000,1.0000, 267.1364,677.0463,944.1828,753.9262, 726.4145,27.5117,586. 6412, 562. 1542, 24. 4870, 0.9635,0.7781,0. 8676, 0.

265,26.0672,80, Fagussylvatica LTWR 8 3,T,1698.16856,08.3781,0.6219,0.0080,1.0000,0.00080,1.0000,0.0000,1.0000,270.8469,670.8745,941.7215,756.3875,738. 0919, 18. 2956, 573.7655, 559. 6051, 14.8765,0.9758,0.7586,0.7774,0.7

2716, 26.08799, 80, Fagussylvatica
28086, 26.8972, 80, Fagussylvatica
2871,26.1897, 80, Fagussylvatica
2968, 26.1284, 80, Fagussylvatica
3837,26.1417, 80, Fagussylvatica

LTWR
LTwWR
LTwR
LTWR
LTwWR

,1698.1690,0.3781,0.6219,0.0000,1.0000,0.0000,1.0000,0.0000,1.0000,271. 3028, 664.6952,935.9981,762.1109,739.5267,22.5842,575.4993, 557. 26877, 18.2116,0.9704,0.7551,0.7782, 0.

,T,1698.1690,0.3781,0.6219,0.00008,1.06000,0.0008,1.0000,0.06000,1.8008,275.1485,658. 6460, 933. 7865, 764.3225,751.6044,12.7181, 562.0059, 554.9028,7.1639,0.9834,0.7353,0.7477,0.7

64,7
85,T
0 6.T,
8 7.T,
8 8,T,

1698.1690,0.3781,0.6219,0.0000,1.0000,0.0000, 1.0000,0.0000,1.0000,278. 0632, 652.2600,930. 3232, 767. 7858, 760.8026,6. 9832, 552.8153,552. 3919, 0.4234, 0. 9989, 0.7200, 0. 7266, 0.7]
1598.1096,0.3781,0.6219,0.6000,1.0000,0.0000,1.0000,0.06000,1.0000,281.68947,646.0767,927.9714,770. 1376, 772.8608, - 2.7232,539.4324, 549, 9550, -10.5226,1.0035,0.7004,0.6980, €
].693 1098, 0. 3?3]. D 6219,0.08008,1.0000,0.0008,1.0006,0.06000,1.0008, 234 1939 639.6616,923. 3546 T74. 2544 ?SD 0939 -5.8394,533.6713, 54? 453? -14. 3324 1. E)EI?S B.6885,08. 6333 e



320- :;; - " 2 3 < s L)
w240 - = &) mate.,
© =
= =
-B e -
= 7 3) tw=
2 160 - o
— —o— Species 1 =
c —— Species 2
©
o -
£ 801 Z
= -
= :

D 1 1 I 1
0 6 12 18 24

Time (ileratiﬂnsj Increane sver Time —
i ‘__’//
. Biomasi -
Sl Layer

Number of iterations: 0
Number of red dindividuals of the species 1: 1
Number of blue individuals of the species 2: 1

Lew Kalmykow, Wyacheslaw Kalmykoy . Werification and reformulation of the competitive exclusion principle.
Chaos, Soifons & Fracfais 56, 124-131, doi 101016/ .chaos.2013.07.008 (2013).



X {(nfo&elsX




Mode applicablility over different spatial scale
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Model projections under climate changes

Goals:

Avaluate vegetation responseswv@rming
AEvaluate vegetation responsesrising [CQ]

Avaluate vegetation responses to changepracipitation andregimes

CMIPS models, RCP scenarios

Problems > — Historical (42)
—_— — RCP 2.6 (26)
. . . . . 2 RCP 4.5 (32)
AJncertainty inclimate modelprojections “ RCP 6.0 (17)
— RCP 8.5 (30)

AJncertainty inLUCand LC(rojections

AJncertainty in modehssumptions

Global surface warming (°C)

AJncertainty in modeparameters

0] 1900 1950 2000 2050 2100
Year



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

Decreasing Forest diversity

Southern Europe
10 statistical models(8 used 500 | p B B B c
28driving factors. 19bioclimatic 9 topofgeographic «' B N NN B
5 biascorr GCMx 2 RCP#4.5, 8.5) 3000 |
10forestclassegAbies, Betula, Castanea, Fagus, Lgrix;~
Picea, Pinus pinaster, P. sylvestris, Quercus robyr e
and petraeaMediterraneanQuercus) bl
2 time scenarios 20412060; 20612080 &

BIOMOD?2 package (CEXascad€nsemble System)
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Alpine Continental

i ¢

g g g 4 5 8
§i1i39918444

Mediterranean
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hitorkal  RCP4.5_2050 RCPAS_200 RACPES_2050 RCPAS_2070

* Alpine region shows the potential to become a refuge

E8 888888

=
Biomod2
(rel. 3.3.7)
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** Atlantic r. could suffer from large losses in forest diversity

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



Changesn forest distribution under future climate

Changes in forest composition
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Likelihood of climate change impacts (with processented models)

A Ensemblef 20 LPEimulations(A1B upo 2050 i
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Santini M., Collalti A., Valentini R. (Regional Environmental Change, 2014)




The main BGC cycles and ecophysiological processes represented by models

A B C
Surface energy fluxes Hydrology Carbon Cycle
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Summarizing in a conceptual framework =l \\/ater flow
C flow
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The general carbon balance and management
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Specifically The carbon cycle
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How can models simulate adaptation and mitigation in forests?

| =4

Climate Change

3
S mpats
)

| witigation |
4

| Adaptaon
4

Aree physiolog
Avanagement

Avanagement
Aree physiology

B Reflected sunlight
B Evaporation
[ Transmitted heat

- p—
e a—
Forests serve to . * * ’

“protect” climate

and make it more

comfortable for

people _
Jacksoret al., 2008 A
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FOREST MANAGEMENT

Europe’s forest management did not
mitigate climate warming
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15 JANUARY 2019

How much can forests fight climate change?

Trees are supposed to slow global warming, but growing evidence suggests they might not always be climate

saviours.

Gabriel Popkin

LETTER Corrected: Author Correction

https://doi.org/10.1038/541586-018-0577-1

Trade-offs in using European forests to meet climate
objectives

Sebastiaan Luyssaert"?*, Guillaume Marie!, Aude Valade®®, Yi-Ying Chen?®, Sylvestre Njakou Djomo?, James Ryder?7,
Juliane Otto?8, Kim Naudts??, Anne Sofie Lansa?, Josefine Ghattas® & Matthew I. McGrath?

The Paris Agreement promotes forest management as a pathway  Despite being explicitly mentioned in both the Kyoto Protocol'? and

towards halting climate warming through the reduction of carbon  the Paris Agreementl, little is known about the climate effects of forest
dioxide (CO,) emissions!. However, the climate benefits from management, including the effects of human-induced changes in tree
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Silva Fennico 34(2) research article

Managing forests in
uncertain times

Increasing both forest stocks and timber harvest will buy time while we learn more
about how trees absorb carbon, say Valentin Bellassen and Sebastiaan Luyssaert.

ADVANCING
EARTH AND
ﬂu U SPACE SCIENCE

carbo . .

wood Journal of Advances in Modeling Earth Systems 1
a?ld:l . . . .

imet RESEARCH ARTICLE  Thinning Can Reduce Losses in Carbon Use Efficiency and
gram 10.1029/2018MS5001275

Carbon Stocks in Managed Forests Under Warmer Climate

Alessio Collalti'? 2, Carlo Trotta® ', Trevor F. Keenan®*®
Ben Bond-Lamberty’ ', Ruediger Grote®

annua

Key Points:
- How will C-fluxes, CUE, and C-stocks
of the major European forest types

, Andreas Ibrom® (2,
, Sara Vicca®, Christopher P. O. Reyer'?,

may respond to elevated
atmospheric CO,, warming, and
management in the future?

+ Results show that managed forests

left unthinned will reduce their CUE
and their C-stocks capability faster
under climate change because of

Mirco Migliavacca'’, Frank Veroustraete'
Enrico Scoccimarro™
and Giorgio Matteucci’

2, Alessandro Anav'3, Matteo Campioli®,
, Ladislav Sigut'?, Elisa Grieco', Alessandro Cescatti'® (",

'Impacts on Agriculture, Forests and Ecosystem Services Division, Foundation Euro-Mediterranean Center on Climate
Change (CMCCQ), Viterbo, Italy, National Research Council of Italy, Institute for Agriculture and Forestry Systems in the
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The ISIMIP projects

climate projections
RCP scenarios from CMIP
& CORDEX archives

Socio-economic input
SSP scenarios

Impact models global & regional

agriculture water
biomes Forests
coastal infrastructure health
fisheries energy
agro-economics permafrost

ThelSIMIP Project

A9 sectorsfrom Agriculture to Water

Within the Forest Sectar
A9 Europearforest stands simulated

AMore than12 Forest ProcesBased ModelsRBMS involved

(only one lItalian model)
AMore than1200 runs
AFrom historical t®299year

AManagementvs No managemenscenarios
A4 RCPs

Synthesis of impacts at
different levels of global
warming

Quantification of
uncertainties

Model improvement
Cross-sectoral interactions
Cross-scale intercomparison
Focus topics (e.g. extreme
events, adaptation)
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(Collalti et al.,2018

Model results under climate changes
Variations in the seasonality of GPP and length in growing season ((ZZ08®)
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Functional responses under climate changes
Management versudtNo Management (Effects o@arbon Woody Stochs
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Functional responses under climate changes
Management versudNo Management (Effects oWoody Net Primary Production)

15

10.

-
(&)

-
o

NPP,00ay (tC ha ' yr'")
o (8))

15

10.

(Collalti et al.,2018

PR

1 OTPT PT PT PT PT PT

i

OTPT PT PT PT PT PT

——

L OTPT PT PT PT PT PT

EMEN -26-Ctrl -M--N EMEN -45-Ctrl -M--N o EMEN -6.0-Ctrdl -M--N EMEN -85-Ctrd -M--N
Hyytiala a Hyytiala b Hyytiala c Hyytiala d
1 OTPT PT PT PT PT PT 1 OTPT PT PT ‘PT PT PT 1 OTPT PT PT PT PT PT | OTPT PT PT PT PT PT
J EMEN -26-Ctrl -M--N EMEN -45-Ctrl -M--N ‘ VIMIN -6.0-Ctri -M--N 7 EMEN -85-Ctd -M"N_
Bily Kiz e Bily Kiiz f Bily Kiiz g Bily Kiiz h

1 OTPT PT PT PT PT PT |

EMEN -26-Ctrl -M--N
Sore i

OT PT _PT _PT PH PT _PT

EMEN -45-Ctd -M-N

Sorg j

OT PT_PT _PT PH PT PT

EMEN -6.0-Ctrl -M--N

Soro k|

1 OT PT PT PTPH PT PT | |

EMEN -85-Ctrd -M--N

OT PT _PT _PTPH PT PT |

2010

2050 2090
YEAR

2010 2050
YEAR

N UnManaged

2090

2010 2050
YEAR

I Managed

2090

2010 2050 2090
YEAR




Functional responses under climate changes
Management versutNo Management (Effects o@arbon Use Efficiengy
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How and to what extent different forest managementpractices
may modify the processeghat control carbon dynamicsduring
undisturbed stand development?and in responseto climate

change

The current managementpractices,under climate change,are

still the bestoption?




How can we deal with these questions?
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Functional responses under climate changes
Management andscenariosof adaptive management under climate change

Effects ofadaptive managemenbn Carbon and Water Use Efficiency
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(Collalti et al. in

prep
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Functional responses under climate changes
Management andscenariosof adaptive management under climate change

Temperate forest Carbon Use Efficiency

Boreal forest Carbon Use Efficiency

Unmanaged

(Collalti et al. in prep
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2040 2060 2080 2100
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Model results under climate changes
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Climate scenarios (COSMCLM 8km) Bonis basin (Calabr{®gelliconeet al.,

In prep)
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Climate scenarios + forest simulatia3i3-CMCGCNRBonis basincalabria)
(preliminary results oiCarbonCycle)
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Climate scenarios + forest simulatia3i3-CMCGCNRBonis basincalabria)
(preliminary results oiWater Cycle)
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Evapotranspiration
Evapotranspiration participates
to microclimatecoolingbut at

the same time
evapotranspiration decreases
with forest ageing. ManagemerI
helps in maintaining high rates of
evapotranspiration
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Mitigating effect:

High WUE means that plants can
fix more carbon per unit of

water transpired. Management

helps in maintaining high rates of

WUE

(Pelliconest al., in prep)
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Uncertainties along successional stages
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Only few parameters are really uncertain!
(Collalti et al., 201p
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Strengths and present limitations for modeling

Strengths

A Possibility to simulateffects of climate changé€CO?2 fertilization effects, Temperature
acclimation, ...)

A Simulateeco-physiological processesf heterogeneous forests with complex
structure

A Considefforest structureevolution (i.e. vertical and horizontal heterogeneity)

A Simulate and quantify light and wateompetition

A Possibilityto be spatially upgraded frofiocal scale toregionalscale reducing the

amount of the needed initialization data

Presentlimitations:

o Do Do Io Do

Inability to simulatenaturally changesn species composition (cells do not interact
themselves)

Relatively high request species/Ppasameters
High computationallglemanding

Inability to simulatedifferent management options
High uncertainty
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