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Objective
Reply to a demand by Office National des Foréts

2 a model able to predict future growth of silver fir stands
in NE France

mainly : pure and even aged natural stands
in Vosges + Jura / Morvan

model for mixed forests & Alpes in construction at Cemagref

2 at low cost

using yet available data (INRA, ONF, IFN)

based on the Fagacées model for oak and beech
(by Jean-Francois Dhote, Gilles Le Moguédec, Patrick Vallet)

; : - Capsisd
implemented in the open Capsis platform
(http://www.inra.fr/capsis)

short development time (~ 2 months + data preparation)
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Model overview
Distance-independent individual tree model

2 initial data stand data (fertility + location)
age, G, N (or inventory list of diameters)

% management scenario

@ results

tree heights, diameters, volumes
(at each step) J

Based on 5 core equations + volume

2 self-thinning In (N) <=a+ b In (Dg)
stand . : ¥
level @ dominant height Ho = f (age, fertility)

@ basal area increment dG =f (Ho, silv) . dHo

s tree radial increment f(9j a-1, dG, ...)
tree : hi = f (d;

AL s tree height (dj)

s tree volume vi = f (hj, dj)
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Fertility Index (m)

(w) spnyy

Fertilty Index (m)




log(N) = 12.475 -1.722 log(Dg)

i B )

V = normal distribution
U = half-normal distribution
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RDI = N / Nmax

PP_Vosges
PP Jura
TP Vosges
TP Jura
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Dominant height curve

J.D. Bontemps

@ data &

29 permanent plots + height increments for Vosges  « .
7 permanent plots for Jura B

% method
Vosges : Lundqvist-Matern model (Zeide 1993)

—1/m
Hy(t)=K S SRR Y ] :
NS ) | Ty 0
with: C =exp((1+m)-(1-In(1+m))|

ty, =15 years i =30 ol
R =fertilityindex m, K = constants =7

Zeide, B. (1993). Analysis of growth equations. -

Forest Science 39:594-616 3
Jura : existing Duplat (1980) model *
Duplat P. (1980). Tables de production de référence 5

pour le sapin du Jura.

Bulletin Technique de I'ONF, 11;:13-26:
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dominant
height curve

Ho = f (age, fertility)

. Modéle LERFoB
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AHy/At (m/an)
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tree diameter

Tree radial increment o
dg;j = f (gj a-1, dG, ...)

L. Saint-André

% 7000

. data % 6000

15 permanent plots for Vosges N -

7 permanent plots for Jura _
+ remeasured temporary plots e .

@+ method 1000 ]

Deleuze et al 2004 model oL

CircPrec

Ag(t)=p-AG(t)- ct—m.A_|_((m.A_|_Ct)2_4A.Ct)1/2)

with: ¢, = circumference
p=p,| RDI,"+ p,-In[0.002+ARDI ||

Po.P1.P.m, A = constants

Deleuze C., Pain O., Dhote J.-F., Hervé J.-C.(2004). A flexible increment model for individual trees in
pure and even-aged stands. Annals of Forest Science, 61:327:335.
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= circumference :
s Hiostia, BEE a' A gadl- 07

a,,b; = constants




Tree volume

literature models

@ total aboveground volume

2
i,

'~ 400007

I

.

V

a0 c o

with: ¢, = circumference
h, = height

a,b,c =constants

Vallet P., Dhote J.-F., Le Moguedec G., Ravart M.,
Pignard G. (2006). Development of total
aboveground volume equations for seven
important forest tree species in France.

Forest Ecology and Management. 229:98-110
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tree volume

Vi = f (di’ hi)

¢ commercial volume > 7 cm

v,=a+b-d h+ch+dd h+ed,

with: ¢, = circumference
h, = height

a,b,c,d,e = constants

Duplat P. (1980). Tables de production de référence
pour le sapin du Jura.
Bulletin Technique de ['ONF; 11:13-26.
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General work-flow

dHO

dominant
height curve

dG

a0 a1

dHO

C >dgi = dG \

hi

basal area
increment
dG =f (Ho-, silv) . dHo
I

tree radial
iIncrements

dg; =f (gi,a_1, dG, ...)

Ho = f (age, fertility)

inventory

outputs

hj, dj

Vi =f (hi, di)

thinning

death of the
smallest trees

[ tree
h

di
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i
i = f(d;

s

hg=f(dg)

In (N) <=a + b In (Dg)

W self thinning N
heights

Y
=1(d))
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General work-flow

|

Ho =f( age fertility)

dominant
height curve

inventory

stand //

thinning

- age, N, d;,
|n|t|a| Stand fertmty, area \
- basal area
age, N, G, increment
fertility, area
dG =f Ho silv) . dHo outputs
tree d|ameter3 tree rad|a| hl’ d I,
generation increments Vi = f (hi, di)
di ~ N(u, 03 | 99i = Gia-1. 4G,

death of the
smallest trees

self thinning

In (N) <=a+ b In (Dg)

\\E tree helghts
(dj)
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Project Step Edit View Tools Window Help

EENEFERE)
E l/ 2 I/_@—l :named] - 1 ha - All in memory -
Average volume per tree / 1|~ | 302 35a — 40a - 45a — 50a |— W's0a |

Basal area [ Dominant heigl 300} 340 || *350 }—{ 380 | 400 | 426 }—{ *450 - 460 [ mson| -
Basal area / Time

||Basal area / Time (age) or H
||cdom & cg / Time 4 Il
||Ddom & Dg / Time Rdi / Time o’ @ | volume / Time
|| Diameter [ Time
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|| Dynamics analysis

Girth [/ Time

Harvested volume / Time
{|Hdom & Hg / Time
||Hdom [ Time

{|Height / Age

Height / Dbh

(|[Height | Time

{|Height distribution

N [ Age Classes

M/ Diameter classes

N [ Girth classes

M / Height classes
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N/ Temps (ou age) ou / Hd
Number of stems / Cdom
Mumber of stems / Hdom
Rdi / Time

Recruit & Dead /| Time

Ring width / Time

Stand table . /-
Thin table

Vg / Time (age) or Hdom

I
Volume [ Time (age) o*Hdo| 20 22 24 26 28 30 32 34 36 35 40 42 44 46 48 50 52
4] Il | [ #]

Opening Volume [ Time...




Conclusions

2 the model seems to satisfy ONF request...

2 ... but there are strong limitations:

* pure and even aged stands
* not accurate for the juvenile phasis
* understory not considered
* mortality only due to competition and concerning smallest trees
* outputs limited to yield (no stem profile, no wood quality...)
* restricted to the validity domain:
- Vosges and Jura mountains
- elevation 350 to 1000 m
- age 50 to 160 years

- fertility 20 to 35 m at 100 years
-RDI 0.6 to 1
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