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> Mixed Forest & biodiversity

Mixed forests
seems to be ..

v

a better habitat for More productive

biodiversity
(Brockerhoff et al., 2017)

More resilient to some

perturbations

(Zhang et al. 2012) (Jactel et al. 2017)
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> What about drought resistance ?

New
Phytologist -

Tansley insight

Having the right neighbors: how tree species
diversity modulates drought impacts on forests

(n = 28 studies)

Charlotte Grossiord (%) |
Swiss Federal Institute for Forest, Snow and Landscape Research WSL, Ziircherstrasse 111, Birmensdo MIKEd !

Positive |

MNeutral Ell
) [ Al functions
Negative [ Productivity

0 20 40 60 80
Percentage of studies (%)

— Evidence that forest tree diversity increases resistance to
drought is unclear
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» Our understanding of mixed forest Functioning

We need finer knowledge on the functioning of mixed forest
(species-soil-climate combination)

+

It is costly & long to get data about forests

— modeling of mixed forests
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> The modeling of

mixed forests

Table 3
Forest growth models considered within this review and their spatial and temporal structure (! basic spatial unit: 2 shortest time step of
Mo Name Author(s) Type Spatial structure' . .
1 3-PG Landsberg and Waring (19971, Frocess based Stand or cohort ECO | O-g I ca I M O d e I I I n g
Forrester and Tang (in press)
2 4C Lasch et al. (2005), pers. comm Process based Cohort L
(2014) . _ _ el fes Volume 313, 10 October 2015, Pages 276-292
3 AMORPHYS (PIPESTEM) Valentine et al. (20001, Hybrid Individual
valentine et al. (1997 - T
4 ANAFORE Deckmyn et al. (2008} Process based cohort ELSE\ l ER
5 BALANCE Grote and Pretzsch (2002), Pracess hased Individual
Rotzer et al. (2010)
[ BIOME-BGC Fietsch et al. (2003) Process based Stand
7 BWIN PRO, TreeGross Albrecht et al. (2011), Hansen Empirical Individual
and Nagel (2014) .
8 CABALA Battaglia et al. (2004) Process based Cohort Review
9 CASTANEA Dufrene et al. (2005) Process based stand
10 COZFAX V.2 Masera et al. (2003} Empirical Cohort - L . . -
. == % | Representation of species mixing in forest growth
12 DEHGS weiskittel et al. (2010) Hybrid Individual P P g g
13 EFIMOD Chertov et al. (1999) Hybrid Individual
14 EMILIION Bosc (2000} Process based Individual
15 FINNFOR kellomiki and Vaisanen Process based cohort * .
(e s models. A review and perspective
16 FORCLIM Bugmann (1996) Process based Cohort -
17 FORCYTE Kimmins and Scoullar (1989), Hybrid Stand
Kimmins et al. (1990b)
18 FORCYTE 11 Kimmins et al. (1990a) Hybrid Stand
19 FORECAST Kimmins et al. (1999) Hybrid Individual . v
20 FOREST 5.1 schwzlm and Pk (2004) Process based individual Hans Pretzsch ? & &, David I. Forrester °, Thomas Rétzer
21 FOREST-BGC Running and Coughlan { 1988), Process based Stand
Running and Gower (1991)
22 FORGEM Kramer et al. (2008} Process based Individual Day
23 FORGRO [-SWIF) van der voet and Mohren Process based stand Hour
[1994). van Wijk et al. (2001)
24 FORMIND Kohler and Huth (1998), Bohn Process based Individual Year
eral. (2014)
25 FORMIX Bossel and Krieger (1994} Process based Cohort Day
26 FORSKA Prentice et al. (1993) Process based Cohort Day
27 FORSPACE Kramer et al. (2003} Process based Cohort Day
28 FORUG verbeeck et al. (2006), Pracess hased Cohort hour
verbeeck et al. (2008}
9 FULCAM wWaterworth et al. (2007) Hybrid Stand Year
30 FVS Wykoff (1990, Crookston and Empirical Individual 5 Year
Dixon (2005)
n G-DAY Comins and McMurtrie (1993}, Process based Stand ‘Wweek
Eliasson et al. (2005)
32 GOTILWA+ Gracia et al. (2002), Kramer Process based Individual Hour
etal. (2002)
33 Hybrid Friend et al. (1997) Process based Individual Day
34 LIGNUM Perttunen et al, (1998) Process based Individual Year
35 MAESTRO/MAFSPA wang and Jarvis { 1990), Process based Individual hour
Baldwin et al. (2001), Duursma
and Medlyn (2012)
36 MCM Bokalo et al., 2013, UA {2014} Empirical Individual Year
37 MOSES Hasenauer (1994) Empirical Individual 5 Year
38 MM Palahi et al. (2008) Empirical Individual Year
39 MN.N. Pukkala et al. (2009) Empirical Individual 5 Year
40 N.N. nonserud and Sterba (1996) Empirical Individual 5 Year
41 pidl et gl (20050 Hybrid ndividua Month
42 R
43 pnth/Day
n
- Review of
45
46
3 54 forest growt
48
49
50
51 REEN e —
52 TRIPLEX, Peng et al. (2002) Hybrid Stand Month
53 WOODPAM Peringer et al. (2013) Frocess based Stand Month
54 YIELD-SAFE Van der werf et al. {2007} Process based Individual Day
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> The modeling of

mixed forests

Table 3
Forest growth models considered within this review and their spatial and temporal structure (! basic spatial unit: 2 shortest time step of

Mo Name Author(s) Type Spatial structure'

1 3-PG Landsberg and Waring (19971, Frocess based Stand or cohort
Forrester and Tang (in press)

2 4c Lasch et al. (2005), pers. comm Process based Cohort
(2014)

3 AMORPHYS (PIPESTEM) Valentine et al. (20000, Hybrid Individual
valentine et al. (1997)

4 ANAFORE Deckmyn et al. (2008) Process based Cohort

5 BALANCE Grote and Pretzsch (2002), Pracess hased Individual
Rotzer et al. (2010)

[ BIOME-BGC Fietsch et al. (2003) Process based Stand

7 BWIN PRO, TreeGross Albrecht et al. (2011), Hansen Empirical Individual
and Nagel (2014)

8 CABALA Battaglia et al. (2004) Process based Cohort

9 CASTANEA Dufrene et al. (2005) Process based Stand

10 COZFAX V.2 Masera et al. (2003} Empirical Cohort

11 COMMIX Bartelink (2000 Process based Individual

12 DFHGS weiskittel et al. (2010) Hybrid Individual

13 EFIMOD Chertov et al. (1999) Hybrid Individual

14 EMILIION Bosc (2000} Process based Individual

15 FINNFOR Kellomdki and Vaisanen Process based Cohort
(1997), Kramer et al. (2002)

16 FORCLIM Bugmann (1996) Process based Cohort

17 FORCYTE Kimmins and Scoullar (1989), Hybrid Stand

18 FORCYTE 11 Hybrid Stand

19 FORECAST Kimmins et al. (1999) Hybrid Individual

20 FOREST v5.1 schwalm and Ek (2004) Pracess hased Individual

21 FOREST-BGC Running and Coughlan { 1988), Process based Stand
Running and Gower (1991)

22 FORGEM Kramer et al. (2008} Process based Individual

23 FORGRO (-SWIF) van der voet and Mohren Process based stand
[1994). van Wijk et al. (2001)

24 FORMIND Kihler and Huth (1998, Bohn Process based Individual
eral. (2014}

25 FORMIX Bossel and Krieger (1994) Process based Cohort

26 FORSKA Prentice et al. (1993) Process based Cohort

27 FORSPACE Kramer et al. (2003} Process based Cohort

28 FORUG verbeeck et al. (2006), Pracess hased Cohort
verbeeck et al. (2008)

9 FULCAM wWaterworth et al. (2007) Hybrid Stand

30 FVs Wykoff (1990, Crookston and Empirical Individual
Dixon (2005)

3 G-DAY Comins and McMurtrie (1993}, Process based Stand
Eliasson et al. (2005)

32 GOTILWA+ Gracia et al. (2002), Kramer Process based Individual
etal. (2002)

33 Hybrid Friend et al. {1997 Process based Individual

34 LIGNUM Perttunen et al. (1998} Process based Individual

35 MAESTRO/MAFSPA wang and Jarvis { 1990), Process based Individual
Baldwin et al. (2001), Duursma
and Medlyn (2012)

36 MCM Bokalo et al, 2013, UA {2014} Empirical Individual

37 MOSES Hasenauer (1994) Empirical Individual

38 MM Palahi et al. (2008) Empirical Individual

39 M. Pukkala et al. (2009) Empirical Individual

40 N.N. nonserud and Sterba (1996) Empirical Individual

41 pidl et al [ /] Hybrid ndividua

42

43

n

- Review of

45

46

3 54 forest growt

48

49

50

51 R - e

52 TRIPLEX, Peng et al. (2002) Hybrid Stand

53 WOODPAM Peringer et al. (2013) Frocess based Stand

54 YIELD-SAFE van der werf et al. (2007) Process based Individual

Ecological Modelling

e 3 Volume 313, 10 October 2015, Pages 276-292
ELSEVIER

Review
Representation of species mixing in forest growth
models. A review and perspective

Hans Pretzsch @ & &, David . Forrester °, Thomas Rétzer ?

Day
Hour

Year

but, too few of them are :

= - process-based

- at individual scale

- Including tree interactions

Month
Month
Day
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> The modeling of mixed Forests

individual
process-based scale

trees model

interactions multi-species

PDG Light: a new process-based model to study mixed forests

— How are inter-specific interactions affected by climate, density
and stand structure ?
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> PDG Light: a new process-based model to study
mixed Forests

CASTANEA . WATER RADIATIVE CARBONE STAND
| |
BALANCE BAL?NCE BALANCE
-2x§;§;§%? xél%i; gﬁ;

) LEVEL
(Dufréne et al., 2005)

INRAZ

PDG LIGHT: A PROCESS-BASED MODEL TO STUDY MECHANISMS OF DROUGHT RESILIENCE IN MIXED FORESTS
11t% May 2023 / Camille Rouet m



 M&M
> PDG Light: a new process-based model to study
mixed Forests

CASTANEA ' WATER! RADIATIVE CARBONE STAND
™ H [ | 1 H 1 H i 1 E
BALANCE BALANCE BALANCE

R N LEVEL

(Dufréne et al., 2005)

: CASTANEA INDIVIDUAL

+ DEMOGRAPHY LEVEL
AT INDIVIDUAL SCALE

(+GENETICS DYNAMICS)

(Oddou-Muratorio and Davi, 2014)
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 M&M
> PDG Light: a new process-based model to study

mixed forests

CASTANEA * WATER, RADIATIVE CARBONE STAND
AUANCE BALANCE BALANCE | pyp|

(Dufréne et al., 2005)

. CASTANEA INDIVIDUAL
. LEVEL

(Oddou-Muratorio and Davi, 2014) + DEMOGRAPHY
AT INDIVIDUAL SCALE

(+GENETICS DYNAMICS)

PDG Light _ INDIVIDUAL
LEVEL
TREE INTERACTIONS
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 M&M
> Modeling tree interactions in PDG Light

PDG Light
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 M&M
> Modeling tree interactions in PDG Light

PDG Light
Competition

for light
Samsara Light
capsis.cirad.fr/capsis/help_en/samsaralight
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l MamM
> Modeling tree interactions in PDG Light

PDG Light
Competition

for light
¢ Samsara Light
capsis.cirad.fr/capsis/help_en/samsaralight

Competition
for water
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l MamM
> Modeling tree interactions in PDG Light

PDG Light
Competition

for light
¢ Samsara Light
capsis.cirad.fr/capsis/help_en/samsaralight

Complementarity
in light use

Competition
for water

Complementarity
In water use
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> PDG Light: a new process-based model to study
mixed Forests

Climate

5 _
Q.
Regular, monospecific stand Diverse, plurispecific stand

\ - i/

% '

- L1 L] ,-" w
: : I
/ - %

' " L’

r !
.

CASTANEA 5 PDG Light
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> PDG Light: a new process-based model to study

mixed forests

¥y

Radiation with SAIL

day | ¢C) Carbon model

() Transpiration & | Water budget

!

Functioning

!

D)

b s

!

day 3 D)

[ e

CASTANEA

IN (stand level)

Ray tracing on stand with Samsara Light
(proceded independently and for the whole year)

» o+ A

R v y
‘Standwatarbudgat
d 4
w2 1B | (B 6] | b
v oy v
Wi Stand water budget
.................... R A
w3 1D 6] | 6] | 6
2 oo v oo

PDG Light

(tree level)
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Ma&M
> The GMAP monitoring network for mixed forests

Sites from the French Alps to the ... composed of triplets

- Beech plots
- Fir plots
- Beech and Fir mixed plots
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> A demonstration of PDG Light simulation (1/2)

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)
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> A demonstration of PDG Light simulation (1/2)

Beech-Fir mix vs pure Beech : 1 year simulation

10-

GPP

1.00-

175~

REW ..

125 -

2.00-

0 100 200 300

INRAZ day of year

PDG LIGHT: A PROCESS-BASED MODEL TO STUDY MECHANISMS OF DROUGHT RESILIENCE IN MIXED FORESTS
11t% May 2023 / Camille Rouet a



> A demonstration of PDG Light simulation (1/2)

Beech-Fir mix vs pure Beech : 1 year simulation

10-

GPP

0 100 200 300
day

1.00-

175~

REW ...

— Mixed forests are
less sensitive to
water stress ?

125 -

3.00 -
0 100 200 300

INRAZ day of year

PDG LIGHT: A PROCESS-BASED MODEL TO STUDY MECHANISMS OF DROUGHT RESILIENCE IN MIXED FORESTS
11t% May 2023 / Camille Rouet m



> A demonstration of PDG Light simulation (2/2)

Beech-Fir mix vs pure Beech : 10 year simulation

3000-
B beech-fir

ech

2000-

Plot vl bas 3 GPP

1000-
O.
2000- | beeclﬁ—fir

1500-

Plotvl haut 1 GPP 40

500-

2500 B beeclﬁ—fir

2000-
1500-

Plot vl bas 4 GPP

1000-
500-

0.
2003 2004 2005 200A 2007 2008 20N9 2010 2011 on1o

ear
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> A demonstration of PDG Light simulation (2/2)

Beech-Fir mix vs pure Beech : 10 year simulation

3000-
B beecnik

2000-

Plot vl bas 3 GPP

1000-

0.
2000-

1500-

Plotvl haut 1 GPP  _, Mixed forest are

500- more productive ?
0- \
2500-
2000-
1500-
Plot vl bas 4 G PP 000
500-
0‘ ' ' ' ' ' " . ' ' '
2003 2004 2005 2006 2007 2008 2009 2010 2011 2012
year
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> Hypothesis testing with PDG Light

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)
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> Hypothesis testing with PDG Light

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)
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> Hypothesis testing with PDG Light

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)

~~ Structure effect

” A
e VI
o A
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> Hypothesis testing with PDG Light

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)

o
Ak

~~ Structure effect > Density effect

A @
M
y

> Mixing effect

A B
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> Hypothesis testing with PDG Light

Productivity ? — Gross Primary Production (GPP)
Sensibility to drought 7 — minimal Relative Extractable Water (REW)

~~ Structure effect > Density effect > Climate effect

% 5 ® o
o A B o

~ -

RCP scenario
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]
> In conclusion

1 ~ Structure 3> Density 1 > Climate

“ A ® o
o A MM

o & B 4o

RCPs scenarios

Thank you for your attention!

camille.rouet@pm.me
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