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Scientific context

Fire behavior modelling
Post fire ecological effects assessment

Fire regime integration in forest dynamics




Contexte contractuel

An Innovative Approach of
Integrated Wildland Fire
Management Regulating the
Wildfire Problem by the Wise
Use of Fire: Solving the

Fire Paradox

FIRE/™~
o) PARADOX

 Type: 6th Framework ngrémm?forR &D
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* Topic: Integrated forest f’ r%managerﬁent
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« Instrument: integrated project (research }.l?iopment & dissemination)
» Partnership: 36 teams in'16 countries '3&
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» Duration: 48 mois, March 2006; February 2010 ~** /%



A 3D physically-based model for fire propagation
BEOS aos FIRETEC

Representation of coupled critical physical processes of a wildfire

(computation) of some processes (turbulence transport, radiation, ...)
and theoretical modeling of others (thermal degradation, combustion, ...)
It is a coupled atmospheric transport/wildfire behavior model

:2t010m : 300 to 3000 min (x,y), 600 to 1500 m (2)
Predicted . temperatures, flux, masses consumed, oxygen, ...

Time = 18 min

Time = 12 min




Fuel description and modeling

Fuel data requirements:
- Fine fuel particles characteristics (leaves, needles, twigs)
- Fuel density or distribution in space of crown volume fraction

Methods to assess particles volume fraction in crown

- Specific volume fraction measurements using « cube » method* .. !
- Architectural approach

- Terrestrial LIDAR

Cube method Architectural approach _
(FIRESTA)‘_ INRA/CIRAD AMAP Lidar data




Field measurements

/" Destructive sampling
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Fire behavior modeling process

Fuel modeling
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FIRE PARADOX FUEL
MANAGER

A key application Iin the fire modeling
process with the following functionalities:

& Fuel manager: user friendly software for
Input files generation of fuel complexes for
fire behavior models

& [ire effects visualisation on shrubs and
trees

& [uel succession visualisation after fire
occurrence




FireParadox Scene Editor

Scene generation

Scene
generation
options

{

(

E‘ Scene editor @
“Scene generation
) Database inventory: | Browse J
@ Detailed inventory : | | | Browse ‘
(@ For viewing only ) For matching with database
i) From field parameters | Field parameters
) From scratch
Length (m) : Width (mj) :
Once the method chosen ; Generate the scene then go to the scene editor page
The species listwas correctly loaded | 100% ||
Login Password ‘ Connection | | Patterns Editor | | Hext ‘ ‘ 0], 1 ‘ ‘ Cancel ‘ ‘ Help ‘
\—  \ J
' Y
EuroforetFuel Pattern
database editor

management




3D
editor

FireParadox Scene Editor

Scene edition Tool bar

E‘ Scene editor

Zoam: Click+dove to zoom

l/State |/Scene rRendering |/ Selection

rGeneral-

Real
> Time
Panel

Login Password ‘ Connection || Patterns Editor ‘

J"Z|| Total cover () :
;_Maximum height {m) : |15
| Tree strata
{ﬂ | Cover (%) :
J: | Number : 4a
e ;_Dnminant species :
{&J rShrub strata
[ | Cower (%) :
v | Phytovolume :
E,| ;_Dnminant species :
— rHerbaceous strata-
ﬁ T_Cwer {%)
(4
‘ Previous || 0K || Cancel || Help |




FireParadox Scene Editor

Scene edition : viewpoint motion

o ;
Qgit ’M}' WQtee ':-;3

oom | e

¥




Scene edition : selection

FireParadox Scene Editor

[‘state | Scene | Rendering | Selection |

&

|f‘,all||Tr"' :

W

4N\ X -] P

2|
e

¢ [ FireParadoy tree (48)

[ FireParadox tree 54 id=45
[ FireParaday tree 65 id=23
[ FireParadox tree 56 id=40
[ FireParadox tree 57 id=42
[ FireParadox tree 58 id=16
[y FireParadoy tree 58 id=34
[ FireParadoy tree G0 id=41
[ FireParadox tree 61 id=17
[y FireParadox tree 62 id=47
[ FireParadox tree 63 id=15
[ FireParadox tree 64 id=40
[ FireParadox tree 65 id=28
[y FireParadox tree 66 id=37
[ FireParadox tree 67 id=38
D FireParadox tree 62 id=5

[ FireParadox tree 6 id=6

[y FireParadox tree 70 id=19
[ FireParadox tree 71 id=13
[ FireParadox tree 72 id=44
[\ FiteParadny tres 73 id=27

I

Select: Click ou Click+Move to select, Cirl+Click adds to the se.lecti.on or removes from the selection

Login | P

d | Connection

| Previous || OK || Cancel || Heip |

List of
objects
on the
scene




FireParadox Scene Editor

Scene edition : Moving *

@ %

o

Deleting =

Undo/Redo 2 e




FireParadox Scene Editor

Scene edition : adding &

( ritems choice - ~Spatialisation - \
5 Type: ‘FireParadux tree | hd ‘ Method : ‘Planting patterns | ] ‘
. | Method : "Fii'efuel | - ‘ [ ] Inside the selected polygon
F U e I S C h 0 | Ce ~Research criteria- 1| | Number of items 0 -]
.I:r O m Species : I } = I 2 Random positions
H. {(mj: - In squares - Ahsence proba: | Alea (m): .
EuroForestFuel CrownDi i | ml > Planting
D atab ase “ﬁesulting fuels from database — | | © mnrectangles (@) pt' ons
Species Height im) | Crown bhase h..| Crown diamet..
Buxus semper.. 074a i} 0245
Buxus semper... 0.74 0 0.4
Cuercus ilex 1 a 1
Cuercus ilex A6 345 0
Cuercus ilex 0.ra i] 0.5
\ Quercus suber 2 ] 1 )

| Choice/Spatialisation | Technical |




FireParadox Scene Editor

- | PZa
BB oo 1, &
Scene edition : adding
{g:.o. .v‘.,v,”
.. e % Tl —‘ T
i}“h" I 2 ;. "; ﬂ?‘: .,, ‘..9 q’( G:b.,. *.,
Aad ¢ » &a B ‘ glli'ér” o® 2 o *’L - .“
.{.jkiv ".’?,ﬂ gl’" ,’.*. ."?} W. . o
) sl b4 e ®_ o ® e P g g
'*‘%’. QQ-"Q ....'o‘?
Ce” = e o .’
e oy ®
Within a polygon, Within the scene, Within the scene,
random random with a square
pattern
€ € ¢
G ey 0% A PPLCE
e o " 9 ¢ .'- ‘fﬂ ’T,' { ((’f»' ,;’T
\ \ ‘[&IF v ':... s ..‘:‘H o by h‘g ~
o < / l... ..'. N
Drawing a polygon Along a polygon Along a line

Interactive planting




FireParadox Scene Editor

Scene edition : renderers

r

Boxes Lollypops Outlines

Patterns




FireParadox Scene Editor

Scene analysis

State Renderim i'l_f;ataci:lnn |
~General

| State | Rendering| Selection

RS

Total cover (%) : [0.0]
| Maxinum height () : 15 |
~Tree strata

Cover (%) : 0.0

Number :

Dominant species I:I
| ~Sheub strata

Cover (%) !

Phytovolume :

Dominank species : |:|
~Herbaceous skrata

Cover (%) :

| theTrea w
o

1.67, 0,42, 1., | A
[AbsolteMin  (-6.68, -8,77, 0) |
lﬁ:%: ...... L A
i?;"_[c i
| ' SquareCell_{12,.,
| CrownBaseHeight 9.0
| CrovnColor java.awt,Colar, ..
(CrownDiameter  8.35
‘CrownDiamets... 9.7976440948.,,
‘CrowniledHei... 2.1137088485,,,
| CrownRadius ~ 4.175
CrownScorche. .. $.2825351904..,
(CrownType P
DBFuelld PH_Fuelld
| Dbh 10.0
| ExternalRef null
|| Fileld 3
HCMax 8.0374240252. .
|| HCMin E.6705145281...
| Height 14.199939809. ..
Id 3 =
[Itemld a7
!'ICey FireTrees
| Marked O
|| M 4.18, 4.18, 14...
| i “4.18, -4.18, 0)
| Name ?heParadox tre...
Patternilame_ ex-14-33 - 58..,
| PlotRegistered -
|LSPHERTC > ol

l<11.0 ——
[>=11.0 | ——

Pis halepensi =

By species




FireParadox Scene Editor

Fire damage visualisation

Crown scorched height

( Scorched )

\\Kiued

Crown killed height

Bole charred height
. (min/max)




EuroForestFuels Database
Management

Searching data

| Choice/Spatialisation | Technical |
rhtems choice - Spatialisation
i Type : |FireParadux tree | - | Method : |F'Ianting patterns | b ‘
i Method : 'I:-"l"reFuEl I | - | [ ] Inside the selected polygon
f ‘Research criteria || | Humber of items : |EI | [
Species : ‘ |Y | i ® Random positions
Seal‘Ch | n g H. {m): ‘ | s | : ' In squares - Absence proba: | Alea (m):
. Crown D. (m): |- » ||| | 2 Intriangles
fuels in the | =] N
Resulting fuels from database ) InTectangles
EurOforetFuel < Species Height {my | Crown hase h...| Crown diamet...
Buxus semper... 0.7a 1] 0.24
database Buxus semper... 0.7a 1] 0.4
QUBrCUS iley 1 1] 1
QUBrCUS iley GG 3445 1]
GBS ilex 0.ra 1] 0.4
QuercUs sUber 2 1] 1
Switch Add Help




EuroForestFuels Database

Management

http://http://www._wsl _.ch/WebFuel/par?numRequest=30

CAPSIS

=

FireParadox.model.
FireBdCommunicator

HTTP SERVER

EuroForestFuel

DB40O
Database

W.S.L

Shape
Shape
Shape
Shape

:1153336;Plant:1156777 ;Buxus sempervirens;Virtual;0.75;null;0.25;null;null;0;1229055;
:1187063;Plant:1145567 ;Buxus sempervirens;Virtual;0.75;null;0.5;null;null;0;1229055;
:1191895;Plant:1166711;Quercus i1lex;Measure;1.0;null;1.0;null;null;535535;0;
21194851 ;Plant:1166981;Quercus i1lex;Measure;6.0;3.45;2.0;2.0;nulll;535535;0;




EuroForestFuels Database
Management

Tireparadox.model . fireBdCommunicator.class

CAPSIS

http://www.wsl .ch/WebFuel/par?numRequest=30&taxon=Quercus

HTTP SERVER fireparadox.dbfuel .web.adapters.

FuelManagerSelector.class

Int nb = Integer.valueOf(request.getParameter('numRequest'));
String dbTaxon = request.getParameter (' 'taxon™);
public List<String> requestdb() {
List<String> myResult = new ArrayList<String>();
switch (nb) {

\\\‘~————————————”’// - case 30: //retrieve fuel list
EuroForestFuel myResult = queryShapes(dbTaxon);
DB40 o break;
Database }
\\\\5___________,,/// grivate List<String> queryShapes(String taxon) {
}. - -

Shape:1191895;Plant:1166711;Quercus i1lex;Measure;1.0;null;1.0;null;null;535535;0;

Shape:1194851;Plant:1166981;Quercus 1lex;Measure;6.0;3.45;2.0;2.0;nulll;535535;0;




EuroForestFuels Database
Management

http://www.wsl .ch/WebFuel/par?numRequest=31&1D=534903

ShapeSample:534903;Plant:540055;Quercus coccifera;Core
isDeleted:false

Code:-541191;"9"

Origin:-541199;Measure

SamplingDate:538471;11/03/2003
Actors:538479;Team:1229055; INRA-AVI ;Person:1229023;Cohen;
Openess:539687;Closed

Cover PC:537751;60.0
OverShadowingSpecies:538823;Taxon:84543;Pinus halepensis;
Site:539471;Plot:533415; AntheronCiterne;false;
Height:534895;0.25




EuroForestFuels Database

Management
U= datin= data
’cheneeditor g

< (otate | Scene Rendering Selection|

&

General
;@ Total cover (%) :
Maximum height {mj): |1 ]

-Tree strata
Cover (%) :
Number : 48

Dominant species :

~Shrub strata

Cover (%) :

AN\ X[~] @

Phytovolume :

m Dominant species :

“Herbaceous strata-

g Cover (%) : . E Fuel database manager
’— Team edition
Trc | ?
Zoaom: Click+Maove 1o zaom
Site edition

Login ] Password _| Connection || Patterns Editor | | Previous || 0K || Cancel H Help |

Virtual or measured plants

1. Super administrator Virtual or measured layer shrubs
2. Administrator
3. User

Samples

| Close H Help ‘




EuroForestFuels Database
Management

'j Fuel edition (id=1118831 Quercus suber)

Updating data

Team | 1 - Site description

2 - Simple individual | 3 - General comments |

Species : |Quercus suber v
Latitude (degree) : [00 | Longitude (degree): 10 |
Elevation (mj} : 00|

i@ Virtual plant ) Measured plant

Fuel- ~Shrub thicket -
EE i 9_1'393'3 Fuel height {cm) : 600 Crown base height (cm) :  [150
[ ] | Species = Quercus suber
! R | Type = Layer | Shrub min width (cmj : 540 Mazx width {cm) : Ba0
| [ [ ] e :
EE m (et 100 [ Plant status
HE B
oo o
I 8]
| |
= rLegend- ((’}a
o ==l L
' \
o g 60 — ;z::'" . ~ /)
u m [ Bottom| 2 FJ
] ] [ other ' 1 e 5 P \
[l o I Not set | : : - @;‘éj 20 \ Lr
I s : ghs g) o) GEERO p
" 2 — e SRS ’r,l v
. ' Cl [ i o i
= || P arole natamelers Isolated Dominant Subordinate
[te] = | 300
WEE Patticle:  [Twigs 625 INRA ||
4 Under tree
......... 150 Earamsior : O
""""" 100 Alive : [179.3643031 7848408 | _
......... 50 Openess : Tree cover by dominant species (%) : (0.0
25 ’
b Dead : oo |
& ! Dominant species 1: | .......... |v|
Dominant species 2 : | ---------- | - |
Add a particle | | Add a parameter | | Save in the database | | Cancel | | Help |

| Save in database || Cancel || Help |




CAPSIS

EuroForestFuels Database
Management

| i) fireparadox.model . fireBdUpdator.class

HTTP SERVER

N

http://www.wsl .ch/WebFuel/update?
action=update&lD=123233&method=setName&value=INRA&
valueType=java.lang.String

D

EuroForestFuel
DB40O
Database

fireparadox.dbfuel .web.adapters.
FuelManagerUpdator.class

-~

String dbaction request.getParameter(action™);

String dbmethod request.getParameter("'method™);

String dbvalue = request.getParameter(“'value™);

String dbtype = request.getParameter('valueType');

Long dbID = Long.valueOf(request.getParameter(*'ID"));

Object obj = getDbltem(dblD);

Class objType = obj.getClass();

1T (dbaction.compareTo("update'™) == 0) result = updatelnDb();

public List<String> updatelnDb () {

1T (dbtype.compareTo(""java.lang.String') == 0) {
objType.getMethod(dbmethod, String.class).
invoke(obj, dbvalue);




FireParadox Pattern Editor

A crown shape defined by upper and lower diameters
capable to be adapted according the height/width of the “central” maximum diameter

[ FirePatiernEditor. patternEditorDialogTitle

Infaormation Prévisualisation

clé | e

Mom : |5-50-3585-195

|
|
alias : | |
7"

Hauteur du diamétre max, (%) | 50 | kS

~ Upper diameters

Diamétres supétisurs

Hauteur du diamétre (%) I:I % Taille du diamétre (%) | | %o ’ Ajouter ] 10 i — _.é — M aXi m u m d I am eter

Hauteur du diamétre (%) Taille du diamétre (%)
15 as 1

qo% s ~ Lower diameters
. o

Diarn&tres inférieurs

Haukeur du diamétre (%) I:l % Taille du diamétre (%) | | % ’ Ajouter

Hauteur du diamétre (%) Taille du diamétre (%)
45 35

3 shapes of a single pattern
(o (= (2= |  With different max. diameter

values



FireParadox Pattern Editor

Mapping Criteria with Pattern.

CiTable des o Criteria based on :
-Taxons (mandatory)
-Intervals of heights
-Environment
(opened/closed)

[ Taxaons

Relations CritéresiPatrons

+ Taxons Intervalle Milieu Patrons I Ajouker ]

Resineous [.[ Fermé 14 -50-50-5100- ..,
Resineous 14.0, 30,00 Fermé -50-585-195 Madifier

’j Liste des patrons

Liske des patrans Préwvisualisation

Supprimer Patron

14 -50
toco-15 - 50 - s60 Editer Patron

3-40-530-i75

10-50

11-50

13-50
5-50-s50
5-50
8-50-s85-i95
9-50

. Diiameatres supefigueE T T 1177

- Diamétras intérfeurs 1T 1

Client [ Liste des patrons ][ o] 4 J[ Annuler H Aide J =Di-="'é“ess'Pé'ie‘”s
Diamiétres ir

fériens

[ O H Annuler ][ Aide ]




FireParadox Pattern Editor

L— |—[d eur de scéne

Fig - Orbit Pan Zoom  Seleck Perimeter  Ajouter® Supprimer Move  Trace Sketch Model

G | Erat | 5céne | Rendu | sélection

Liste Rendeur
iarid Boite englobante
Terrain JmrT
Rendeur Patron:
[ Couleurs
() 5ans distinction

O Par espice
() Par strate : Seuil {enm) :

(3) Par niveau de dégéts du Feu

Niveatx Couleurs
Houppier |
Roussissement dans ... | I
Defoliation dans hou... | IR
Tranc [ 1
Carbonisation max ... | I
N N ——— - Carborisation min du... | I
|j FirePatternEditor. patternEditorDialogTitle
e Prévisualisation rRendu
e ‘ | roncs visibles
Mo ¢ [14-50.0-595.0 - 592.0 - 590.0 - 575.0 - 560.0 - B0.D - 195.0 | it blbs
e [ | (O Contour
(&) Plein
Hatsur du diamatre mas. (%) | 50 | %
[] Aucune interpolation
Diametres supérieurs
P Lumitre

Hauteur du diamtre (%) : |:| % Taile du diamétre (%) : |:| %

Hauteur du diamétre (%) Taille du dismétre (%) ble des patrons
15 95 Filtres
25 9z -
S0 7S
75 B0 Relations Critéres/Patrons

+ Taxons Intervalle Miliew Patrons Ajouter
0, 50| 3
.

Réinitialiser Editer F

Diamétres inférieurs

Hauteur du diamitrs (%) |:| % Taills c dismtre (%) : |:| %

Hauteur du diamétre (%) Taille du diamétre (%)
15 80

=) 95

The renderer finds the most representative pattern for a given tree

and computes a revolution surface from the defined 2D profile



Export towards Fire model

* One of the main
objectives of the FPFM
IS to automatically
generate Input files for
3D fire behaviour
models from current
vegetation scene.

Export Firetec Monofuel

Firetec Mesh
X axe scene size {m): 1200

Y axe scene size (m): G0.0

X size for Firetec voxel (m): [2.0

¥ size for Firetec woxel (m): |2.D

Z number of voxel: |10

1. Mesh calculation

¥ number of voxels : 60
¥ number of voxels: 30

Z Total {m}): 23.030933967876265

Z size of voxels (m) : 1.5080309339678764
1.5562166377751336
1.6525877 453896491
1.7071445568114222
1.98988607 2040452

2.2308149910767394
2.5199286139202854

~Vegatation insertion

[] Including twings

MVR by default (kgim3): [700

SVR by default (1m) : 5000

Height threshold for tree layer/shrub layer (m) : |2

MC by default (tree layer) : |1

MC by default (shrub layer) : |D T:

Output files
treesrhof.dat : itreesrh of.dat |
tresss.dat : |sizescale dat |
treesmoist.dat : |moisture.dat |
tr pth.dat : |actualfueldepth.dat |
Done
[¥] Control including on Ok 3. File generation ‘ | Cancel | | Help |




Perspectives: forest dynamics
Management and climate change

Stand initial state t1

Fire: propagation, impacts
Ecological consequences on stand.:
mortality, tree growth, regeneration

Stand at **t1

_—7
/

40 5o o 7¢0. B3NGB 100
du houppier roussi (%)

Interventions de restauration : clear cut, thinning

Stand at ***t1 Regrowth |

**7

t1(5y) *xkt1(10y)

27 mars 2008 - 29
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