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|. BACKGROUND

= Wilfires have a substantial impact on forest landscape composition and
constrain the economic viability

r—_—_———-—

¢ Understanding wildfire behavior first at stand-level and landscape-level is
critical to address wildfire impacts in Portuguese forest management
planning




|. BACKGROUND

L Increase in the no. and area
fo forest fires over the last

three decades

* Portugal 2003

425,000 ha

O Over 3.8 x 10% ha (40%
of the country’s territory
was burned by wildfires)

Year 2016 = 155,000 ha
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Five types of Fire regimes ("pyromes") at International level (1997-2010)
e

# > Currentlssue = wvol 110no. 16 =

Defining pyromes and global syndromes of fire regimes

Sally Archibald, 64426447

b1 . d
sally Archibald™” ", Caroline E. R. Lehmann®, Jose L. Gémez-Dans", and Ross A. Bradstock”

Author Affiliations =

Edited by James T. Randerson, University of California, Irvine, CA, and accepted by the Editorial Board March 7, 2013
(received for review July 17, 2012)

Abstract

Fire is a ubiguitous component of the Earth system that is poorly undersiood. To daie. a global-scale
understanding of fire is largely limited to the annual extent of burning as detected by satelites. This is
I problematic because fire is multidimensional, and focus on a single metric belies its complexity and
importance within the Earth system. To address this, we identified five key characteristics of fire regimes
—size. frequency, intensity. season, and extent—and combined new and existing global datasetis to
I represent each. We assessed how these global fire regime characteristics are related to patterns of cimate,
vegetation (biomes). and human activity. Cross-correlations demonstrate that only certain combinations of
fire characteristics are possible, reflecting fundamental constraints in the types of fire regimes that can exist.
I A Bayesian clustering algorithm identified five global syndromes of fire regimes. or pyromes. Four pyromes
represent distinctions between crown, litter, and grass-fueled fires, and the relationship of these to biomes
I and climate are not deterministic. Pyromes were partially discriminated on the basis of available moisture

FIL
| FCs
RIL

1
Pyrome
Certainty > 60% %
-

and rainfall seasonality Human impacts also affected pyromes and are globally apparent as the driver of a

fifth and unique pyrome that represents human-engineered modifications to fire characteristics. Differing - RCS 5

biomes and climates may be represented within the same pyrome, Implying that pathways of change in b
I future fire regimes in response to changes in climate and human activity may be difficult to predict. - Ics

fire-climate-vegetation feedbacks | energetic constraints | fire intensity | fire return period | fire size - ‘o_n'
h N S S S S S S e . - L

¢ (http://www.ncbi.nlm.nih.qov/pmc/articles/PMC3-631631/)

/

» RIL type [rare—intense—large ]: high-intensity, larger fires = Portugal (Green
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CONBUSTIVEIS

FACTORES METEROLOGICOS
¢ I3

-

-

Three factors comprise the
fire behavior triangle :

O the area’s topography

L weather conditions

O the amount of fuel

We can lower fire risk and
wildfire damage by

removing or reducing fuels
in strategic locations...
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Fire
Occurence

Stand
. structure

L |

Provide forest managers, policy makers with tools to support their
decisions, and more effectively aligh management policies, plans, and
practices across fire-prone landscapes

<Advance of the state- of- the- art




Il. Objectives

globulus stands in Portugal

‘-""

Phase I | Portugal mainland




Il. Objectives

characteristics to assess and mitigate fire hazard in
Portuguese Forest

plantation in Portugal

Phase Il: specific case studies
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2.1| Shrub biomass accumulation under forest cover

Research Article - doi: 10.3832/ifor0931-008

®iForest - Biogeosciences and Forestry

A model of shrub biomass accumulation as a
tool to support management of Portuguese
forests

Brigite Botequim ", Ane Zubizarreta-Gerendiain ", Jordi Garcia-
Gonzalo ", Andreia Silva'™, Susete Marques "', Paulo M Fernandes ",
José MC Pereira'”, Margarida Tomé "

Assessment of forest fuel loading is a prerequisite for most fire management
activities. However, the inclusion of shrub biomass in forest planning has been
hindered by the inability to predict its growth and accumulation. The main ob-
jective of this study was to model shrub biomass over time under a tree canopy
with the aim of including shrub management in fire risk mitigation plans. To
this purpose, data was obtained from the 4" and 5" Portuguese National Forest
Inventories. Five biclogically realistic models were built to describe shrub
biomass accumulation in Portuguese forests. The selected model indicates that
maximum biomass is affected by stand basal area and the percentage of re-
sprouting shrub species in the stand. Biomass growth rate was clearly affected
by the regeneration strategies of shrubs in combination with climatic condi-
tions (mean annual temperature). The model can be used in the accumulation
form for initialization purposes or in one of the two alternative difference
forms to project observed shrub biomass. The model proposed in this study fa-
cilitates the inclusion of shrub biomass in forest growth simulations, and will
contribute to more accurate estimates of fire behavior characteristics and
stored carbon. This is essential to improve decision-making in forest manage-
ment plans that integrate fire risk, namely to schedule understory fuel treat-
ments.

Keywords: Shrub Growth, Understory Vegetation, Wildfire Risk, Fire Manage-
ment, Forest Planning, Decision Making

describe fuel and shrub dynamics by time-
dependent models of forest fire hazard
(Gould et al. 2011). However, shrub biomass
accumulation mformation for Mediterranean
areas is very limited. Few studies addressed
the temporal dynamics of shrub structure
and/or biomass in shrublands (Baeza et al.
2006), which are expected to be different un-
der a forest canopy, due to competition for
tesources (i.e., light, water). Hence, little at-
tention has been given to understory vegeta-
tion. likely due to its limited economic im-
portance. Nonetheless, the ecological signifi-
cance of the understory is high, since it plays
an important role on nutrient cycles, carbon
storage and fire hazard.

Currently available carbon models still lack
details on biomass dynamics, which in turn
affect the calculation of these processes. A
recent study by Rosa et al. (2011) to estimate
pyrogenic emissions of greenhouse gases,
aerosols and other trace gases from wildfires
in Porfugal idenfified shrub biomass as the
variable with the greatest impact on the un-
certainty inherent in such estimates. There-
fore, it is essential to improve the assessment
of forest biomass. including its spatial and
temporal variation.

In the Mediterranean region, fire is one of
the most important factors affecting forest
ecosystems, both ecologically and economi-
cally (Pereira & Santos 2003). Higher shrub
loading implies higher flammability, likeli-
hood of crowning fire, and difficulty in fire
control (Schmudt et al. 2002, Femnandes
20092). Fernandes et al. (2004) observed dif-

1995-1998 NFI :102 stands
2005-2006 NFI : 319 stands

4.9
3.9

Erica spp. 26.5
Lavandula spp. 1.9

Pistacia lentiscus -

103

Pterospartum

_ 9.8
tridentatum

:
2
[P -

18.2
7.2
16
0.3

21.4 :

0.9
0.3
2.2

9.1

0.3



2.2| Shrub biomass accumulation under forest cover

/

25

20

Variables descriptions

= W :shrub biomass (Mg ha);
= Resp : resprout percentage (%);

15

Biomass (Mg ha?)

10

G : stand basal area (m? hat);

T: annual mean temperature (2C);

t: shrub age

» numbers of years between
the occurrence of the last fire
or the plantation of stand and
the inventory measurement

Shrub age (years)

Uhigher values of G and percentage of resprouters
the total amount of shrub biomass decreased




2.3| Shrub biomass accumulation under forest cover

LISR0A (

= Bio —
' (32.72 — 0.239 resp — 0.1528 G, ) (1 — o(~(0-00108 resp+0.00243 T)t; )

Difference equation form: Application Variables descriptions

18

]Eimn2

= Bio,, Bio, : shrub biomass at times
t, and t,(Mg hal);

= Resp : resprout percentage (%);

16
14
12

10

= G, G, : stand basal area (m? ha)
at t; and t,(Mg ha);

= slope (%);

Biomass accumularion (Mg ha-1)

A = T: mean annual temperature (2C);
$s

012 3 456 7 8 9 101112 13141516 17 18 1920 21 22 23 24 25 26 27 28 29 30

Shrub age (years)
¢ Realshrub load ¢ Model Biom1  --=-Difference eqn. 5 (10_13y) D
QDifference eqn. 5 (15_18y) Biom1:G=5.5m2 ha-1R=100%

Biom1:G=5.5m2 ha-1 R=39%

Biom1:G=38.5m2 ha-1 R=39%

when age at time t, is known
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3.1| Probability of wildfire risk occurence
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Pure and even-aged eucalypt stands
835 NFI plots

Legenda

A Parcelas ndo ardidas

A Parcelas ardidas
[ Butter das ignigtes
) | Perimetros dos incénd

Stand-scale level information

Research Article - doi: 10.3832/ifor0821-006 “iFores

IDeveloping wildfire risk probability models
|for Eucalyptus globulus stands in Portugal

IBn'gite Botequim ‘", Jordi Garcia-Gonzalo ", Susete Marques ",
IAlexandra Ricardo "), José Guilherme Borges "', Margarida Tomé *,
Maria Manuela Oliveira

This paper presents a model to predict annual wildfire risk in pure and even-
aged eucalypt stands in Portugal. Emphasis was in developing a manage-
ment-oriented model, i.e., a model that might both: (a) help assess wildfire oc-
currence probability as a function of readily available forest inventory data;
Iand (b) help predict the effects of management options (e.g., silvicultural
treatments) on the risk of fire in eucalypt stands. Data from both the
|1995!1998 and the 2005/2006 Portuguese National Forest Inventories as well
as wildfire perimeters’ data were used for modeling purposes. Specifically, this
Iresea.rch considered 1122 inventory plots with approximately 1.2 million trees
and 85 wildfire perimeters. The model to predict the probability of wildfire oc-
currence is a logistic function of measurable and controllable biometric and en-
Ivironmental variables. Results showed that wildfire oceurrence probability in a
stand increases with the ratio basal area/quadratic mean diameter and with
the shrubs biomass load, while it decreases with stand dominant height. They
further showed that the probability of wildfire occurrence is higher in stands
that are over 1 Km distant from roads. These results are instrumental for as-
sessing the impact of forest management options on wildfire risk levels thus
helping forest managers develop plans that may mitigate wildfire impacts.

Keywords: Forest Fires, Forest Management, Eucalyptus globulus Labill, An-
I nual Wildfire Risk Model
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3.2| Probability of wildfire risk occurence

LISR0A (

Wildfire Perimeters Inventory plots

1998 — 2004 34 NFIl 1995/98
2005-200 ArcGIS overlay 5t NFI 200
v

Evaluation proximity of Evaluation of biometric Evaluation of landsat
fire ignition stand’s variables images

(When the year of the inventory was not the same as the year of the wildfire
occurrence)

Simulating stand growth

Logistic regression

* Biometric variables (Growth models, e.g: Globulus)

Dependent variable:

occurrence of fire (1 =
burnt, 0= unburnt plot)

mnene L2 BlOMass load i P,

re = / biometric, shrubs biomass, environmental, socioeconomic

1.2] Modeling biomass accumulation



3.3 | Probability of wildfire risk occurence

¢ Annual Probability of wilfire occurency

(PROC Logistic, SAS 9.1)

PburnEc = O\ '1 D\ VS Vs

1 +e—(—5.4005—o.05Wo.31 Gl/dg o.395Wo.s37W)

RoadDist =0 If RoadDistance < 1km
RoadDist =1 If RoadDistance > 1km
» easily obtainable by forest inventories or forest simulators

(i.e. higher G/dg) more prone to burn

higher density (G/dg) especially in stands with low quadratic mean diameter A

= shrub biomass (Biomass)

= larger distances to the road (RoadDist) increase of the probability of fire
occurrence
increase of stand dominant height (hdom)




3.4| Probability of wildfire risk occurence

Eucalypt stands: Application

20 -

—_
o
L

G (m2ha)

—_
L]
L

------- Basalarea
== PhurnEc (Cleaning shrub 1 per cycle)

PburnEe (Cleaning shrub 2 per cycle)

406780910 12345678910 12345678910
Ciclos de corte (10 anos)

- 05
- 045
- 04
- 035

o o o
[T C R )
on
PburnEc

=]
—
on

Altitude: 217 m
Slope: 11.5¢
Annual precipitation: 650mm

Shrubs biomass: 50% resprouters
1250 trees

Cutting cycles: 10 years

Rotation (n): 3

Cleanning : 1 or 2 per rotation
The annual fire occurence probability in a
pure even-aged eucalypt stand ranged from:

»0% e 0.2% if cleaned once in every
cutting cycle

>0 % a 0.04% if fuel treatments are

prescribed to occur twice every cutting
cycle
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4.1 |Fire damage models
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¢ Management-oriented post-fire
mortality stand-level models

¥ T = g 7
) o N I8 o8

Q“;' sustainability MDPI

Modelling post-fire damage and tree mortality in
3 pure and mixed forest stands in Portugal - A forest
planning-oriented model.

S Brigite Botequim **, Jordi Garcia-Gonzalo *%, Andreia Silva !, Susete Marques *, José G. Borges *,

6 Maria Manuela Olivei

¢ @rement of biometric vari@

ffire ef

characteristlics
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a pinus stand (d).




4.2 | Fire damage models U fi

LISR0A
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0 LB

.......

Fire perimeters >5ha in the period 2006-2008 e Bames aiill

.....

Perimetro dos incéndios B /
@ 2006 S
@ 2007 _ ;
@ 2008 R

01530 60 90 120

w

Inventoried trees = 2520 (1905 dead trees)



4.3 Fire damage models U SUERIOR O

LISBDA
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IIVERS D40
BE LB Universidade de Lisboa

Wildfire Perimeters =
2006/08
3 (n=3436 fire events)
£
| > _ArcGl
2]
o Bumnt plots Reverse Engineer
% “NFI” + (rebuild the forest before the fire)
2 (n=38, 795 trees)

=== =r==.= === Post-fire Forest inventory ==

I—Plots(n=241) I ﬁTrees (n= 2520)—15\—'

g i ipti iti Tree conditions v

g8 Site description Stand conditions (165 pure +76

cC O s

) mixed forest,

5 g e Slope ¢« G e Sd/dg f I e h

B> e Altitude e dg/G e Avgh * 8 ) .

- e Aspect . N e Avgdbh e dhb SpeCIES com pOSItIOl‘I
e Sh s BAL
e Sd

Proportion Cover

STAND

I+Lo§istic Reg resion—I type

o — Other Broadleaves (PBr)

% E _:_,,_,,/-»Pféa'ia whether mortality will oﬁgﬁ\f’fﬁ'a-—-ﬁ\\_? (E:ucilvpt (PEc)
f-fa) STAND T— stand after wildfire o onifers (PC)
o — —
= LEVEL The— [0<Pcover type<1]
N {
g § Proportion of trees that died in stands where Presence Cover type
0T mortality did occur —
so o
=

Broadleaves {Broad)
n=174
Eucalypt (Ec)
n =939

— — Conifers (Con)
o n=1271

TREE LEVEL <~ Probability of a tree to die if fire occurs = Oak trees (Oak)
— > n=136
T— — [Take value “1” when the
tree is from one of the
cover types]




4.4 | Calculate the impact of wildfires

?/Management-oriented post-fire mortality stand-level models

#1. Predict whether mortality will occur in a stand after wildfire

PMort = 1 .

14 e—( 0,3579-0,1361.PEc-1,3872.PBr +0,0525.Slope + 0,0017.Alt + 0,0393.AVGdbh

¢ Management-oriented post-fire mortality tree-level
#3. Probability of a tree to die if fire occurs

PdTree2 = ! NN
L, o (1,58961,1315Con - 0,6714.Ec- 0,9362.0ak - 0,0128.Slope - 0,0679.n - ,W,OOOG 7.N)




4.5 | Calculate the impact of wildfires

Variables descriptions

e 0 < Pcover type <1, proportion of cover type in the stand

PBr : proportion of broadleaves (“0” indicating no presence and “1” indicating that stand
is purely occupied by broadleaves

PEc : proportion of eucalypt

PC : proportion of conifers

The predictor G/dg is non-linearly related to the number of trees per hectare
G: basal area (m? ha); dg : quadratic mean diameter of trees (cm)

N: number of trees per hectare

The predictor Sd/dg expresses the relative variability of tree diameters
= sd:the standard deviation of trees’ diameters at breast height (cm)
=  AVGdbh the mean tree diameter at breast height of the stand (cm)
= Alt: altitude (m); Slope : declive (2)

[tree level ]

Broad, Con, Ec, Oak : dummy variable to identify presence of cover type (Take value “1” whe
the tree is from one of the cover types)




— Stand - level models : Application

4.6 | Calculate the impact of wildfires

» The probability of death to occur is smaller in
Eucalypt stands and higher in conifer stands when
compared to the broadleaves For a stand located:

0 T T T T
0,001 0,1 0,3 0,7 0,9 1,2 15

Structure (sd/dg)
=== broadleaves (PBr=1) —#— Conifers (PC=1)
-++#-- Eucalyptus (PEc=1 X broadleaves + conifers
» Pure stands of broadleaves exhibits a noticeably higher fire
resistance than mixed stands of broadleaves and others

species composition

— 1 N — — — n—;.—.o—if'X'"""'x
g -(% )*(—__m’, ....... -é‘ \
Q 17 08 *,———“' - .o
- ©
-g S 06 . et Basal area (G): 7.55 m=2ha
s £ 1 Stand density (G/dg): 1.22
o —~
v 53 o4
| g
2| 3 o
ol 2
(V) I
o]
=
a

Altitude : 300 m
Slope : 15° a)

! \
~ *e
0,2 Se

\‘~~
"--..__..-_’

2 15 30 45 55 60 70
Avgdbh (cm)
= «@= proadleaves ==fl— Conifers
«+«¢-+ Eucalyptus

Proportion of dead tree in the stand
(PMort)

b)

2 15 30 45 55 60 70
Avgdbh (cm)

Broadleaves + Conifers
- Broadleaves + Eucalyptus
<+ Conifers + Eucalyptus

Step IlI- Stand level




4.7 | Calculate the impact of wildfires

Tree- level model : Application

Eucalypt

Conifers

=3
S

Z 095
s
© 090
£
% 085
2‘ 0.80
12 g or 12
9
A 070
E 0.65
>
2 g 0.02 0.0 g 0.0
(<))
(<))
S
- Oak
|
= 1.0 1.0
Q 2 2
() 5 0° 3
= B £ :
o 8o 3" Most resistant
> 5
2 >
2 =
8 12 )
° n a 0. 1.2
= £

» Trees with higher BAL and less basal area are more prone to die if a wildfire occurs




potential crown fire
fire suppression for



5.1| Fire Behaviour Models

LISR0A (

ale de sousa (Vsousa)

L A mixed Forest with multiple non-industrial
private forest owners in the North

= Q. suber, Q. robur, Q. faginea, Fagus sylvatica,
P.pinaster, P. pinea, E. globulus

= (12308 ha)

¢ Mata Nacional de Leiria (MNL)  =========== _
A maritime pine public forest in the Centre > 5P“"~“‘é§'yv Rl
= Pinus pinaster Ait (10 881 ha) o /ﬁ
¢ _“Globland Area” (Glob) T

(1 A group of pulp mills’ properties where
eucalypt is predominant

= Fucaliptus globulus ( 11882 ha) Biometric variables from
2504 inventories plots




5.2| Compute Fire Behavior
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Moderate

Meteorological
scenarios Surface fire
v

Wind speeds
(10, 20, 40 km/h)

Fire behavior
characteristics

1?.11Illllllllilllllllllh\ '\éj F

Topography

Forest
characteristics

L

Crown Fire

Output
(intermediate results)

OUTPUT

N 4




5.3 | Vegetation data SUPERICR

AGRONOMIA

Fuel Model Description References
PPIN-O5 |Mature P.pinaster plantation Cruz , M. 2005
F-PIN Pinus pinaster litter
M-PIN P. pinaster litter and understorey

Small (< 1 m) Erica, Ulex ou Pteropartum tridentatum
shrubland
M-EUC |E. globulus litter and understorey

Fernandes et al., 2009
V-MADb

Globland M-EUCd [E. Globulus with descontiinuous surface fuel model Fernandes et al., 2009

V-MAb  |Mato baixo (< 1 m) de urze, tojo ou carqueja

M-CAD |Broadleave evergreen

M-EUC |E. globulus litter and understorey
M-PIN  |P. pinaster litter and understorey

V-Hb Herbaceous understory(< 0,5 m) Fernandes et al., 2009
Small (< 1 m) Erica, Ulex ou Pteropartum tridentatum Cruz, M. 2005
V-MAb
shrubland
V-MH  |Young shrubs and grassland
S . : : : : :
v.MMa |1l (>1m) Q. coccifera, Cistus ladanifer and Cytisus triatus /

and others mediterranean shrubs {

Surface fuel models calibrated to Portugal 33




5.4|Vegetation data

U

LISR0A (

~

¢ Crown Bulk Density (CBD,kg/m3)

¢ Stand height (Hdom,m)

¢ Crown Base Height (CBH, m)

C obtained with specific models
from Mediterranean’s species

—_—

Forest Canopy characteristics




5.4] Input fire simulator U INSTITUTO

LISBDA ( SUPERIOR B

AGRONOMIA

IPINERS 040 ;
DELIEB2 Universidade de Lisboa

o ALTIMUOE e S5LOPE  CEHASPECTD

[ vsousA:12.308 ha

I vNL:10.881 ha
[ cLoB:11.882 ha
Case study V.Sousa MNL
(reszmon) 90x90  25x25  25x25
Min/Max ' Min/Max | Min/Max ,
Altitude(m) ~ 37-541 | 4-142 | 0-192 8 - "@% Eh
Slope (°) 0-374 ! 035 ' 0-359 ﬂ L - 5 it
i Sw Nw Sw

!more freg.z




5.5| Output fire simulator;

ﬁo UTPUTS DATA Maps of specific elements of each fire were produced
¢ Wildfire spread parameters: g -

Torching

(] Rate of Spread (m/min or feet per hour) / /
3 Fireline intensity (kw/m) '

(i.e., how hot it burns and how long its flame is)

(Finney, 2001)

¢ Potential occurence of crown Fire:
J Surface
J Passive
J Active




5.6| Combine landscape layers

INPUT : initial landscape data

BIOMETRIC STAND VARIABLES

¢

’

4% Humidity * 40 km/h wind speed




5.7|combine Landscape Layers

: F : :
Meteorologlcal i : ; :
scenarlos : i i Firaling Rate of :
: : Stap 1, | instensity sproad | |
: Fire simulator : (FLI} (ROS) !
Wind apeads i H : I [ :
i) L~ i |
: ; ' :
. s ! | :
: : ) Fire behavior i
/ Topography - : i (chuuntuht:n -
: : ; :
: : ; :
R o=
; : : |
: a1 . : :
! Initial Input : mAIEGWHE 9 i Output {intermed iate results) |
[ Step 2. |
Combine layers
Biometric variables -
Final Results
-

GUIDELINES



5.8. | MODELLING PROCEDURES : Logistic Regression

",

~ |. Binary Logistic Regression

JMP (SAS) version 8.0

Y =

1

_(IBO E ﬂlxxl i "'+:Bpxxp + ‘9)

1+e

|

Two different models depending on the

available variables .

|

/C Predict crown fire occurence
(PfCrown)

Y=1 (Probability of crown fire ocurrence

Models type I: based on simulator inpu

Fuel model, canopy cover

inventory data : aspect, Fuel model, basg
area (G), density (N) , quadratic mea
diameter (Dg), stucture (G/Dg), Hdom (m)

Critical scenario

data : slope, Hdom, Crown base height,

Models type Il: based on easily availabl¢

[gm

I
1

4% Humidity * 40 km/h wind speed



5.9|crown Fire Occurrence

Model type Il

A

(Botequimet al. ...)

Predict potential crown fire occurrence

1
PTCrownll = 1 —(Bo + BixFmodel+ B, < Hdom + 35 x basal area)
+ e
(Ea.3) Using easily measurable stand characteristics
Dummy variable
Po==5385% g _10801 I Fmodel =0 Fmodel type Fmodel
B, =3.881 - 1
5 1 206 Bl =-19.891 If Fmodel =1 ML Bz
Ry == Ppin_Fpin O (Litter)
Og & Fmodel: “0” indicating that is dominated by “litter” and “1”

indicating that is commonly occupied by “shrubs”




5.10| Crown fire occurrence

'YIOdEI type |l Forest owners (Botequim et al. ...)
/ \ e
Modelos Parametros  Variaveis
/ Pfcrown, Predict potential I
crown fire occurrence By Intercept -53.884
PfCrownll B, Fm %1
(Eq. 3) B, hdom 3.881
®q ® B, |6 1.206
Intercept -9.490
’mﬂ‘ PCrownll L g
" B, Fm %
(Eq.4)
Significance level p<0,05 B2 CEH 0.062
ROC curve: B G 4.012
Eq3= 0997 PfCrown“ BO Intercept -8.733
Eg.4=0.993 : Em N
Eq.5= 0.979 (Eq.5) ’
‘ B, hdom 1.631

The models give a reasonable characterization of the crown fire activity
for use in fire management applications



5.11| Modelling Procedures: CART

/ 2. DIFFICULTY OF FIRE SUPRESSION
1. FYRE ACTIVITY (adapted from Alexander & Lanoville, 1989)
O surface, = |LC<500( - )
Upassive, = 500 <ILC< 2000 ( )
Qactive crown fire = 2000 <ILC< 4000 ( )
= >4000 )
=  >4000 active ( )

Critical scenario
4% Humidity * 40 km/h wind speed
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5.12|| Fire Activity (CART) ) P

1. Surface (: ;‘5 %

2. Passive Cii”™ "5

3. Active crifle"s:"
L

e -
F N S
.
’

NN B A
“E Vi

VLT T VAR P

/.
i

nopy Ba

LogWaorth

979.2597

BT = ivw ]
-\

2 ';’
te'e
|\

&y 4
Eagl 51 % VT

|

.

4.
AT 7

S

I Candidates

o
\J
O
A
e
X =
$.D) ;

}

302 0 . v N AN s 25 ol
b Candidates . - ‘ .-\: gu QG ERS TS ) % 7'.:-
S % “Sufface Fuels N

»
.

lllustration of fire behavior according the effect of changes in fuel characteristics with different stand structures




5.13 | Fire behaviour. models' (application)

BBl s el B ] RaERR

<7m
< 0,101 kg/m?3
Litter
SURFACE FIRE

<7m

< 0,101 kg/m3
Shrubs

PASSIVE CROWN FIRE

- \
<6m
> 0,101 kg/m?3
Sbrubs
ACTIVE CROWN FIRE

7

27m
> 33%

27 m
< 33%

ACTIVEC

SURFACE FIRE

S

base height




5.14 | Difficulty of fire suppression

-~

/ DIFICCULTY OF FIRE SUPRESSION ACTIVITIES

/ FIRE DANGER CLASS

Low: FLI < 500 kw/m Possibility of direct attack on the head or
flanks of the fire with hand tools

Moderate: 500 <FLI < 2000 kw/m Water use or burnout operations are
necessary. Ground supression is effective

High: 2000 <FLI< 4000 kw/m Aerial means are necessary for direct
attack on the head fire

Very high: FLI > 4000 kw/m Direct attack is possible only with heavy

aerial means. Ground supression crews are
forced to fight the flanks and rear of the
fire. Spotting is expected.

Extreme: FLI >4000 kw/m active Spotting induces rapid rate of spread.
Direct attacks on the head fire s

ineffective. Ground crews are forced to
(adapted from Alexander & Lanoville, 1989) fight the flanks and rear of the fire.




5.15 | difficulty of fire suppression

LISR0A (

orfE WINE

Low (pink)
Moderate (Green)
Hight (Blue)

Very hight (Brown)

Extreme (Red)

= All Rows
(5 ) [
Count G2  LogWorth

94207 2743134 33849504

Mata Nacional Leiria

MNL_FM_PF(PPIN_F
Ces T a1 ]

A

3145 43175917

Worth
1768.648

— Crown-base height —

"MNL_CBH_CR<11
[z ]

Count G*2  LogWorth
12485 13650202 1228.2706

Fuel models

=MNL_CBH_CR>=11
[ e |

Count

G*2  LogWorth
18660 23552.973 11404738

" \INL_FM_PF(VMab, MPin)
C = |

Cou ogWorth
63062 111969.21 17254.603

""MNL_CBH_CR<7
EE

Count
30007

G*2  LogWorth
40338.054 6367.6439

Count

"MNL_CBH_CR>=i
T

G~
33055 17755.2T

Canopy-cover | | | |

"MNL_CC2 CR<66 ||™MNL_CC2 CR>=66 "TMNL_CBD>=0.096 "TMNL_CBD<0.096 TMNL_CBD<0.101  ||™MNL_CBD>=0101 | |™MNL_CC2 CR<38
] T Caz = ] & ] I 5]

Count G2 Count G*2 Count G*2  LogWorth Count G*2 Count G2 Count G2 Count GA2
10312 7327.3104 || 2173 20812461 7114 96427345 12570956 11546 10319.162 2723 11113876 || 27284 22805970 1845 1403.3606
P/ Candidates | ' Candidates | | I Candidates | I Candidates | P/ Candidates | " Candidates |

=  Stands with litter in the understory, crown base height <11m and canopy cover <66% are more

likely to moderate fire suppression (88,6%). (Botequim et al. ...)
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6.1. Optimizing time-scaling o %EEOF'{NTCEF;E
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Temporal optimisation of fuel treatment design in blue gum
(Eucalyptus globulus) plantations

Ana Martin', Brigite Botequim®
! Susrainabie Forest Management Research Institute Univ

iago M. Oliverra’. Alan Ager®, Francesco Pirotti®
ty of Falladoiid-INI4, Avda de Madrid 44, 3004 Palencia, Spain. * Cantro de
Tapada
Pratection Department, Apartade 535, 2001-86] Senbal,
e MT 50508 US4, Universita degif Smudi di
186, 35020, Padova, Taly

oa, Portugal.  * The Navigator Company, Foi
ice, Rocky Mountain Research. 5775 Highw
Padova, Dipartimento Territorio ¢ Siztemi dgro-forestaii.

Abstract

Aim gf study: This study was conduncted to support fire and forest management planning in eucalypt plantations based on eco-
nomic, ecological and fire prevention criteria, with a focus on srategic prieritisation of fuel treatments over dme. The central objec-
tive was to strategically locate fuel meatments to minimise losses from wildfire while meeting budget constraints and demands for
wood supply for the pulp industry and conserving carbon.

Area of srudy: The smdy ares was located in Semra do Socorro (Torres Vedras, Pormgal, covering ~1449 ha) of predominantly
Euncalyprus globulws Labill forests managed for pulpwood by The Mavigator Company.

Marerial and methods: At each of four temporal stages (2015-2018-2021-2024) we simulated: (1) surface and canopy fuels,
timber volume (m* ha*) and carbon storage (Mg ha'); (2) fire behavieur characteristics, i.e. rate of spread {m min~'), and flame
length (m), with FlamMap fire modelling software; (3) optimal treatment locations as determined by the Landscape Treament
Designer (LTD).

Main re:

The higher pressure of fire behaviour in the earlier stages of the study period miggered most of the spatial fuel

within encalypt jons in a juvenile stage. At later stages fiel also included areas. The results
WeTe consistent with observations and sinmlation results that show high fire hazard in juvenile eucalypt stands. e r e t O t r e a t
Research highli) Forest planning in commercial encalypt i can ially accomplish multiple objec- .

tives such as sugmenting profits and sustaining ecological assets while reducing wildfire rsk at landscape scale. However, limitations
of simulation models including FlamMap and LTD are important to recognise in studies of long term wildfire management strategies.
Keywords: Eucalypt plantations; fire hazard; FlamMap; fuel trestment optimisation; Landscape Treatment Designer; wildfire
risk mansgement.
Citation: Mamin A, Botequim, B., Oliveira, TM., Ager, A, Pirott, F. (2016). Temporal optimization of fiel reatment design in
blue gum (Eucalfyptus globulus) plantations. Forest Systems, Volume 25, Issue 2, e RC09. hitp://'dx doi.org/10.5424/f/20162 5209203
Received: 13 Jan 2016. Accepted: 05 May 2016

When to treat?
Copyright © 2016 INIA. This is an open access article distributed under the terms of the Creative Commons Attribution-MNon ©
Commercial (by-nc) Spain 3.0 Licence, which permits unrestricted use, distribution, and reproduction in any medium, provided the H O W S O u e a I e
original work is properly cited. ]
Funding: The authors received no specific funding for this research.
Sh ize?
dpe an d size:




6.2 | Optimizing time-scaling

Optimize fuel treatments locations to disrupt fire spread when
protecting eucalyptus areas

meeting economic, ecological and fire prevention criteria over time
2015-2018-2021-2024

(d Four time periods :
d 2015 (t=0),
O 2018 (t=1),
Q 2021 (t=2)
O 2024 (t=3).

Set of different stages of eucalyptus plantations in

Serra do Socorro.



6.3 |Serra do Socorro (Torres Vedras)

Property (= 174 ha Ec
from gPS).

e
\\r.
IE\ ‘
)

~‘ A}”‘E:I’\. | | Fuel cover type

‘ "“‘ K I:] Eucalyptus boundary
- Eucalytpus plantations
- Shrublands
:I Herbs
- Non burnable
- Others

NA




6.4| three step methodology

LISR0A (

I. Assess Fuel Dynamic Trends
(Growth and Yield model, Dynamic fuel population)
(Web - Globulus/Globulus 3.0)

Y

Il. Calculate fire behaviour characteristics (ROS & FL metrics)

(FlamMap)

lll. Explore optimal configurations for fuel treatments
(LTD New version)




6.5| three step methodology

VEGETATION
(FUEL TYPE AND
BIOMETRIC DATA)

QUTPUT FUEL
HARACTERISTICS

ANALYSES
CLASSIFICATION
UPDATING
VERIFICATION

FORMAT
CONVERSION

CANOPY
CHARACTERISTICS

(CBH,CBD,CC
PERCENTAGE )

k.

CANOPY
(CHARACTERISTICS

DIGITAL MODEL

TERRAIN (SLOPE,
ASPECT, ALTITUDE)

ESTIMATION GBD AND CBH
(CRUZEVIEGAS 1998;
TOME&SOARES 2001)

FORMAT
CONVERSION

e

CLASSIFY
ANALYSE

LANDSCAPE FILE (LCF)

RUN
EXPORT TO ARCGIS
MAPPING OUTPUTS,

INPUTS FIRE

SIMULATOR -

m
o

CUSTOM FUEL

(FLAMMAP)

QUTPUTS

FORMAT
CONVERSION

¥

WEATHER SCENARIOS

FLAMMAP

FORMAT
CONVERSION

FIRE BEHAVIOUR CROWN FI

-
RE]

SURFACE FIRE

~

———

Y
INPUTS LTD
—

OPTIMISATION
ANALYSE

THRESHOLD DATA

FUEL TREATMENT

OPTIONS

IMBER SUPPL'
CARBON

OBJECTIVE

FIRE

BEHAVIOUR
POTENTIALS

THRESHOLDS

CONSTRAINS




l. Fuel Dynamic Trends o &
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|.I Growth and Yield model (Globulus 3.0., Tomé et al. 2006)

Simulating stand level growth

B72 v fe | =(29,0669+0,288*5H58) *((B71/(29,0669+0,288*5H58) )M (AT1/AT72) ~0,489))

4 | B | © 1] E F G H | | 3 L 2] 7] ] F 2] R 3 T u . . .
12 MWE M. Tamé, T. Dliveira, P, Soares. O modelo Globulus 2.0, Pu;it:::ﬁl:lelsuér:i:EF- RC2{2006, Departamento de Engenharia Florestal, Instituto Superior de Agronomia, Lizb / E n VI ro n l I l e nta | _C | I I I l at I C
3
n . .
: o _ v'Stand characteristics
& |Tabela de produgio constraida - lecal: Buinta do Page
1 Paril;etms 5
e (management)
10 idade de corte [anos] 10 gl
11| difmetro desponta [cm] 5 temper. [*C) 14

e v'Biometric data

Mocce Weasea Weooe |
ke m e  m ha]
bl

0,0 524 121 B4 105 1400 45308 4362 4TI 2ITS6 eG4 SIME 923 46340 2441 2245 G40 15
1335 1432 a2 1304 150 2324 MIHI S44T 3625 TEIET 10,376 105215 2617 B35 4006 4584 3TE22 0 SA3T
258 2364 475 2843 I 4035 BEEH O 05TT 15987 127581 15037 169633 4220 2NE3F 5204 6256 62662 G441
405 ATEE 53,7 SEES 226 BSE  BEER WMO0E3 21270 281760 33380 3ET0T2 G580 L45ETE 633 10082 135062 18T

R R R TR > Biometric variables (input
50,0 6512 15,2 TE3,4 255 TATF 641121 METEZ 25351 HiHH 53225 435273 12317 B1E445 7213 12,501 135756 2777
FlamMap by canopy eq.)
: .

»Dominant Height
0,124 0,060 0,014 0,465
s o oot oo »Wood volume and total
2132 G454 1253 4,538

:
biomass

35 |Sem dados de inveatario]

36 | 1QE [m]] 13,0 densidade 3 plantagio [ha-1]
Lot bdom M G Wscoo Weoasca Woooo d
55 | fanoz)  fm) (k") 8%k [m k! ha e ke ) fem) m7ha
33 1 18 1254 03 nz2 01 03 18 0023
2 43 1217 17 23 03 3,8 4.2 0153
3 16 120 35 a4 2.6 2.0 61 0370
42 4 10,0 158 54 153 45 238 T6 060
5
&
T

120 i T3 S04 T4 E 53 0E56
13,8 154 a0 430 0.2 533 10,0 1087
133

2A66 432 2026 22333
703 2032 2835 31398
10,7 56,4 15,1 635 10,9 1330 52660 4355 4335 2E53T 5623 41513

O Understory growth was only consider in terms of fuel type change



|. Fuel Dynamic Trends

|. Dynamic fuel population
The fuel model type and CC change over time due to planting

operations, harvesting, and vegetation regrowth and thus was
correspondingly altered.

v'Identification fuel model key
(Fernandes et al., 2009)

v'Fuel load characterisation

v Expert knowledge from the mill’s
pulp and paper company

» Fuel model type
» CC percentage




Il. Fire Behaviour Characteristics

B/ _Fire Sei-

> Fire behaviour metrics

v'Fuel and canopy cover
v'Canopy characteristics: CBD, CBH

v DTM
v'7% fuel moisture content
v'"Wind data-32km/h and 3202

v'Fuel custom type

QR
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Y
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2
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FireGlobulus project January 2015




|Inputs LTD Max timber

gPS EU farms volume and fire characteristics (FL >1.5m and
carbon storage 1 ROS>10m/min)
X | Y | Area Objective Fire behavior

function(s) treatment threshold(s)

(]

T e

L

o
N

2V

, ‘g\’
i {
oy

)

FETN
s

A

Activity LTD
constraint(s) —-> program

1) .)Jj CLJ

Total area treated

prioritization of project areas for fuel treatments

Ager et al 2012
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Universidade de Lisboa

Inputs LTD

Input Shapefile: | C: Wsers\bbotequim\Documents\DesktopISA_2013\FIREENGINE_20

Outputs Base Name: | C:\Users\bbotequim\Documents\Desktop\ISA_2013\FIREENGINE_20

Mandatory Field Mappings
StandID: [Stand ~]

X Coordnate: [X =~
Y Coordnate: Y ~l

Objective Function

Field Name
Area_ha 1.00

I

Weight Type

«| | 2|

Add Objective | Delete Objective |

Treatment Thresholds - Treat Stands that meet these conditions

-Options
Objective Drecton:  [0-Mamze ]
Max Project Diameter (meters): | 10000 _Z_,
[V Aggregate !

[~ Check Availabiity
™ Check Exdusions
I Enable Iteration

C Repeat

[ Treatment Efﬁoency

Constraints - Treat until folowng constraints are met

Field Name | Operator Yalue
v >= 1.00
FireType >= 1.00
Add Threshold | Delete Threshod
oad | savens |

Ager et al 2012

Field Name | Min Value | Max Value

Slope deg 1.00 10.00
«| 100 10.00
Add Constrant | Delete Constraint
Run | Close |

ILTD simulations

Effects

Field Name

Add Effect Delete Effect

¥ Output Solution Images
[ Disable Points file Output
[~ Disable Shapefile Output

Save Archive l Load Archive




6.6| Results

| Assessing strategic fuel location 70 ha / non-aggregate

Optimazing young
plantations
VS
mature stands

Ranking of projects
. e
| Payma 2
I o
N Ao

hor asated mea
[ escauyerys

0 05 1 2 Kilometers

T T I

U Ranking of projects in term of maximizing objectives subject to treatment area constrains and
ROS and FL thresholds



6.7 | Results

| Assessing strategic fuel location 70 ha / non-aggregate

Optimazing young
plantations
VS
mature stands

Ranking of projects

[J eucawyprus
I Project 1 do weat
[ Project 1 do not reat
Project 2 do treat
Project 2 do not treat
[ Project 3 do wreat
I Project 3 do not treat
I Project 4 do weat
Project 4 do not treat
Non treated area

Ranking of aggregated treatment plans — treatment to build large patches



iderations

| Some cons
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(JOur research is in line with principles of Fire-Resistant Forests

timber
salvage
estimation

. Level -Of? How ma ny
occur? / mortality? e e

Optimize fuel levels of treatment locations

Instrumental for innovative and effective integration of

.020,000240,000380.000
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¢ PhDs of Brigite Botequim Tools to support the design of fire resistant
landscapes in Portuguese ecosystems”, (SFRH-BD-44830-2008) funded by
the Portuguese Science Foundation

¢ Project INTEGRAL “Future Oriented Integrated Management of European
Forest Lands, both funded by the European Union Seventh Framework
Programme (FP7-PEOPLE-2010-IRSES

¢ SuFoRUn “Models and decision SUpport tools for integrated FOrest
policy development under global change and associated Risk and
Uncertainty” (FP7-PEOPLE-2009-IRSES)

C Project " Design Flexivel de Sistemas de GestGo de Incéndios Florestais -
FIRE-ENGINE” (MIT/FSE/0064/2009), financiado por fundos nacionais
através da FCT/MCTES (PIDDAC) e co-financiado pelo Fundo Europeu de
Desenvolvimento Regional (FEDER)
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