Resilient landscapes to face catastrophic forest fires:

global insights towards a new paradigm

Socioeconomic perspectives and world experiences to
manage and mitigate forest fire risks

Wildfire Management in Catalonia:
A proposal towards a long-term
comprehensive strategy

Fermin J. Alcasena, Marcos Rodrigues &
+ Cristina Vega-Garcia, cvega@eagrof.udl.es
b | U X
b Forest Planning and Landscape Analysis Lab
Universitat de Lleida . - .
University of Lleida

With support from:

"'-l‘ D ESPlLA D AGRICUA TURA, PESCA
W AL TN

ﬂ : -
{ el
4 E ComENG MEITERD %ﬁ{ . L ;
P ’ & K e A e T
[nstizuts Nacienal de Investipacitn == AS0OCIac .,”' | CE
¥ Tecnologla Agraria ¥ Allmentaria ‘nieros de rionces


mailto:cvega@eagrof.udl.es

+

E% HIMA E,t @ s @a.e.. Developing wildfire management strategies in Catalonia >\~

VAl b

The Mediterranean wildfire problem

In southern EU some 48.600 fires burn annually about 447.800 ha; BA is
declining, extreme events are stable in number but expected to increase

Extreme events (< 5% in number) currently pose a real threat to humans,
property and natural values (> 90% of burned area), with major drivers being:

Fuel buildup in cultural landscapes

A high incidence of human ignitions

A widely enforced fire exclusion policy

A growing wildland-urban interface (WUI)

An extreme behavior resistant to suppression efforts

Climate uncertainty linked to dry spells,
heat waves and synoptic situations: i.e.
northern advection of very hot and very
dry air
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A long-term solution?

We need a new long-term wildfire management comprehensive strategy to
better coexist with fire, beyond suppression and ignition prevention

Aroche, Huelva

© 2004 DGB-IN

http://wwwx.inia.es/fototeca/index.jsp

Objective: to provide a wildfire risk management-oriented framework for
Mediterranean multi-functional cultural landscapes while developing a cross-
scale fuels reduction strategy to mitigate the negative impacts from large
wildfire events and better coexist with fire”
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A long-term solution

We present a general framework for a wildfire management comprehensive
strategy proposed for the southern European fire-prone regions:

We identified four major objectives and the corresponding most feasible
management options

Wildfire occurrence, hazard, exposure, and large fire transmission metrics were
used to rank priorities in the different management options

To illustrate the potential applicability of the framework
we present some examples for its implementation in
Catalonia (northeastern Spain) at the municipality level

Alcasena et al. 2019
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Developing wildfire management strategies in Catalonia

TOWARDS A LONG-TERM WILDFIRE MANAGEMENT COMPREHENSIVE STRATEGY

)
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USDA Forest Service, 2014. The National Strategy: The final phase in the development of the
National Cohesive Wildland Fire Management Strategy. 93.
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We combine historical ignition data, outputs from simulation modeling, land

use patterns and valued assets to map these specific fire and fuel management
goals in Catalonia, NE Spain

Catalonia is one of the largest

fire-prone areas in the

" % | Mediterranean basin and
- encompasses a wide variety of

S Management options | Goals

landscapes, fuel types, WUI,
physiographic gradients,

S
£8
£

k|
i

climates, and fire ignition
patterns

Approx. 2 mill ha forests

On average some 650 fires burn about 11.5 thousand ha yr—1

A low number (< 2%) of large fires (> 100 ha) account for 88% of the BA
A few extreme events (> 1.000 ha fire of 1986, 1994, 1998, 2003 and 2012)
concentrate the bulk (> 65%) of the burned area.

Most fire ignitions (> 90%) are caused by humans (1983-2014)
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Spatial extent (a) and historic fire activity (b) for the major fire regime macro-
areas In Catalonia: Regime Regions

A fire occurrence grid (a) was generated with kernel geostatistical methods using
historical ignition locations (human and lightning) from 1998 to 2014. The fire
regime macro-areas were further divided into 10 fire-weather subareas to
consider the changing conditions on local wind scenarios
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Fire historical data:

Used to determine the wildfire season duration (90% BA in fires > 100ha)
for extreme fire-weather scenarios (97" percentile winds and fuel
moisture content), from automatic weather station data

Wildfire history on the main fire regime macro-areas of Catalonia (northeastern Spain; Fig. 2a). We considered a 100 ha large fire threshold to calculate the large fire
frequency and define the wildfire season from the historical fire activity chart (Fig. 2b), The mean annual burn probability in Catalonia is 0,0036,

Fire regime macro-anes Wildfire season Area (ha) Large fire number (per 106 ha and Bumed area (ha yr— ') Mean annual bum probability
yr )
Pyrenoes Jen 7 to March 9, and July 13 to Ocwober BE1,085 1.5 488 0 DO
12
Pre-Pyrences Jun 26 o August 27 837,776 51 5,234 0. 0062
Westem plain July 10 to September 13 418,626 28 1,261 0.0030
MNorthemn coast ILL:LI!H- o August 11 157,226 7B 1,911 00122

Mediterranean coast April 8 to September 10 531,950 5.6 2,604 [N ]
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Ingenieros de Montes
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Fire historical data + fire spread modeling:

We used large fire size distributions for calibration of the fire spread model
(160,000 fires >100 ha, burning BA in 10,000 fire seasons)

We used the FConstMTT command line version of FlamMap to model wildfire
spread and behavior with the MTT algorithm*. Fire modeling outputs for
Catalonia at 150 m resolution: burn probability, fire intensity-flame length
probability, fire size, flow paths, crown fire activity, fire perimeters...

Fire historical data + fire spread modeling + valued assets:

Fire modeling outputs plus valued assets geolocations allowed assessment of
wildfire hazard (conditional flame length), overall exposure (high-intensity
burn probability) and large fire transmission (flow paths and perimeters from
Ignition location to township or structures)

%= Finney, M.A., 2006. An overview of FlamMap fire modeling capabilities. In: Andrews, P.L., Butler, B.W.
(Eds.), Fuels Management-how to Measure Success. Proceedings RMRS-p-41. USDA Forest Service, Rocky
Mountain Research Station, Fort Collins, CO, pp. 213-220.
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Fire weather macroaxeas
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Fire modeling outputs for Catalonia
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Figure 5. Fire potential index (FPI) and incoming major flow-paths from the surrounding municipalities.
FPI was calculated by combining the fire size and ignition probability output grids, and was used to
identify the areas where the ignition of a large fire is more likely [31]. Major flow-paths were obtained
with the minimum travel time algorithm (MTT) [62] considering the five most recurrent fire weather
scenarios (Table 2). The flow-path thickness indicates frequency and color indicates fire scenarios.



with suppert fram: p . . . . . . ‘_
23 l'] lINI:A &= = 9.... Developing wildfire management strategies in Catalonia \U/

Fire historical data + fire spread modeling + valued assets + land cover

Housing structure density Fuel types on the HIZ (Ildar)

Housing units ®  I[ndustrial I:l Land cover polygons

14
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Wildland-Urban Interface in Catalonia

(] Very low and low housing density
B Medium and high housning density
Administrative boundary [l Vegetated

I Municipality [ pisperse rural
L] County - Intermix WUI
:I Province |:| Interface WUI

Downloadable: Alcasena et al (2018) 15
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TOWARDS A LONG-TERM WILDFIRE MANAGEMENT COMPREHENSIVE STRATEGY

Create fire-resilient
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Examples in
Catalonia

wildfires require urgent

fuel reduction treatments

to mitigate high-severity
large firc spread.

fire in Fire-dependent

old growth black pine
stands_ and pastoral
burn normzl ization.

events where exisling
community prolection
plans now facilitate a safe
SPpression .

and request home ignition

zone fucls maintenance in

communities within dense
forestlands.
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Assignment of metric pairs (Le, fire occurrence, hazard, exposure, and transmission results) to the different objectives of the wildfire management strategy (Fig. 1).
These metrics were cross-tabulated to obtain 4 priority classes (Table 2). The final results were presented at the municipality level (n = 948) in a set of spatial priority

4

deida

maps.
Goal Management oplions Prior i zation metrics Priocity map
Create fire resilient landscapes Fuel treatimen s We used fire transmission (T OUT quartiles; Fig. 5a) and wildfive hasard (CFL lewels; Fig. 4a) o Fig. 7

assess the priority classes, The classes were ranlosd from the highest transmission and haeard values

to the lowest Protected areas (Appendix B) were overlad on the map to delineate areas with

potential trestment constraints,

Annual anthropic fire ignition density (ANT quartiles; Flg. 3a) and ransmission to residental houses Fig. 8
(T_RES quartiles; Fig. ba) were used to assess the priocity classes. The classes were ranked from the

highest ignition density and rransmission o the lowese

Lightning ignition density (NAT quartiles; Fig. 5b) and ransmission o residental houses (T_RES Fig. 9
quartiles; Fig. Ga) were used to assess the classes, The classes were ranked from the highest li ghining

fire igniion densides to the lowest and from the Jowest ransmission valoes to the highest,

Fire ransmission rates to residential houses (TR_RES; Fig 6c) and wildfre hazard (CFL levels; Fig. 10
Fig. 4a} was used to set the classes, The classes were ranked from the highest transmiscion rates o

the lowest and from the lowest hazard levels to the highest.

High overall exposure levels (annual HIBP quartiles;Fiz. 4b) and numbser of residential houses on the Fig. 11
wildland-urban interface (Alcasena et al, 2018a) were used to set the classes. The classes were

ranked from the highest exposure values and the highest number of structures o the lowest,

Restore the cultural fire regime Human ignition

pre vinition

Natural Are re-
in trod uchon

Support a sefe and efficient

TESpHSe

Fire suppression

Generate fire-adapted
GO urhes

Community action
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Wildfire
Management
Metrics

Management options:

Human ignition prevention
Natural fire reintroduction

a0 Developing wildfire management strategies in Catalonia

(ignitions yr™" per 10° ha)

I 0.0000 - 0.0500

(ignitions yr™' per 107 ha)
I 0.0000 - 0.0500

0.0500 - 0.1209 0.0500 - 0.1209
0.1209 - 0.2614 0.1209 - 0.2614
B 02614 -5.1175 B 0.2614-5.1175

Pasture and shrub burns
(ignitions yr™* per 10" ha)

0.0000 - 0.0500

(1gnitions yr™ per 107 ha)
0.0000 - 0.0500

0.0500 - 0.1209 L 0.0500-0.1209
P 01209 - 02614 B 0.1200 - 0.2614
B 0.2614-5.1175 Wl 0.2614-5.1175

Municipality level anthropic (a) and lightning (a) fire ignition densities in Catalonia for the period 1983—

2014. The boundaries delineate the County level
administrative division. We considered the anthropic ignition density quartile value intervals to set the

classes. The cultural fire use is mainly associated to agricultural
waste and edge cleaning (c), and pasture or shrub clearing (d).

» L4

N
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Wildfire
Management
Metrics

Management options:

Human ignition prevention
Fuel treatment
Fire suppression

mive  deida

(@ [ Coumty

Outgoing fire

(burned ha yr per 10 ha) ayr per 10° ha)
I 0.00-0.16 I 0.00-0.16
0.16- 137 0.16- 137
1.37-3.91 137-391

B 301 -4621 B 301 -46.21

Self burnin

ibur::ed ha yr™ per 10° ha)

(bumed ha v per 109 ha)

B o00-0.16 25.34--081
0.16-1.37 -0.81 - 0.00
137-391 I 0.00- 049

B 391 -46.21 I 049 -32.98

Fire exchange across Catalonia at the municipality level (n=948) in terms of incoming (T_IN; a), outgoing (T_OUT;

b), self-burning (SB; b) and net exchange

(Net exchange=T_OUT —T IN; d) in terms of burned ha yr—1 per a normalized municipality area of 103 ha. On

average wildfires in Catalonia burn about 11.5

thousand ha yr—1 (n=650 fires yr—1; 1983 to 2014), from which the 37% of the burned area came from fires initiated

on the neighboring municipalities
(XT_IN=XT OUT=~1.5%ZSB).

18
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Wildfire
Management
Metrics

Management options:

Human ignition prevention
Fuel treatment
Fire suppression

()

. T ission to «
(exposed structures yr™')

Transmission to industrial sites
{exposed structures yr')

B o.00-006 I 0.00-0.06

0.06-0.20 0.06 -0.20
i 020-055 I 0.20-0.55
Bl 055-647 Il 0.55-6.47

nsmission rate to communities
(exposed structures ha™)

0.0000 - 0.0343
I 0.0343-0.0796
B 0.0796 - 0.1529
B 01520 - 1.8463

Transmission rate Lo industrial sites
(exposed structures ha™)
0.0000 - 0.0343
[ 0.0343 - 0.07%
I 0.0796 - 0.1529
N 0.1529 - 1.8463

Annual fire transmission and transmission rate per burned area (ha) for structures in communities (a and c¢) and

industrial sites (b and d) at the municipality

level. The analysis was conducted intersecting modeling output large fire perimeters (> 100 ha) with structure

centroid locations

19
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Wildfire Management Priority maps

Spatial prioritization for fuel
reduction programs in
Catalonia, from cross-
tabulated wildfire hazard on
forest fuels (CFL levels) and
burned area transmission
(outgoing). The highest
priorities are located on central
and northeastern portions of
Catalonia

Administrative boundaries

D Province
[ County

I High
[ Moderate

Low

I Very low

Fuels management

iversitat de Lleida
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Wildfire Management Priority maps

Spatial prioritization for
human ignition prevention in
Catalonia. From cross
tabulated anthropic fire
Ignition densities and
transmission to residential
houses. Coastal and
metropolitan areas of
Barcelona showed the highest
priority

Administrative boundaries

E Province
|:[ County

I High
I Moderate

Low

B very low

Ignition prevention

iversitat de Lleida

21
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Spatial prioritization for
natural fire reintroduction
In forest ecosystems from
cross tabulated lightning
fire ignition densities and
transmission to residential
houses. The municipalities
with a highest potential
located on remote
mountainous areas were
lightning fire
reintroduction would not
pose a risk to communities

Ulsiversitat de Lleida

Natural fire rein

troduction

I High
Administrative boundaries I Moderate
I:, Province Low
[ county B very low

22
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Wildfire Management Priority maps

Spatial prioritization for a
safe and efficient response
In Catalonia from cross-
tabulated wildfire hazard
(CFL levels) and
transmission rate to
communities, candidates for
an aggressive full
suppression policy.
Wildland-urban interface
areas surrounded by
managed fuels,
predominantly agricultural
plains and narrow valleys of
the Pyrenees presented the
highest priority

Administrative boundaries

E Province
[ County

I High
I Moderate

Low

I very low

iversitat de Lleida

Safe and efficient response

23
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Wildfire Management Priority maps

o 20 40 80 km
S TN W (N Y NN (N (A |

Spatial prioritization for 1
community action program
Implementation in
Catalonia from cross-
tabulated wildfire exposure
values on the home
Ignition zone (annual
HIBP quartiles) and the
number dwellings on the
WUI. The top priorities are
located on populated
littoral and pre-littoral

Community action

areas of Barcelona and B i
. Administrative boundaries [T Moderate

G Irona [ Province Low
[ County I Very low

24



So once we have these priorities, how to implement management action?
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TOWARDS A LONG-TERM WILDFIRE MANAGEMENT COMPREHENSIVE STRATEGY

Goals

Create fire-resilient
landscapes

Restore the cultural fire
regimes

Support a safe and efficient
fire response

Generate fire-adapted
human communities

Management options

A

Concentrate intensive fuel
treatment programs in
unmanaged forest lands
within large fire source
portions of the landscape
(municipalities).

Prevent undesired
human ignitions, re-
introduce lightning fires
in the management of
forest ecosystems, and
regulate the traditional
fire use in rural areas.

Focus suppression efforts in
protecting defensible
property of managed

interface areas where fires
that escape from initial
attack expose a large
number of structures.

Promote community action
programs in highly
populated communities at
risk located in the wildland-
urban interface with little or
nonexistent fuels
management.

Prioritization

metrics

A

y

Wildfire hazard in forest
fuels (fire intensity) and
fire exchange among
municipalities (burned
area fire transmission).

Fire transmission to
communities (number of
exposed structures) and
fire occurrence (human
and lightning ignition
density).

Wildfire hazard in forest
fuels (fire intensity) and
transmission rate to
residential housing (number
of exposed structures per
burned area).

Overall wildfire exposure
(high intensity burn
probability) and residential
housing in the wildland
urban interface (number of
structures).

Examples in

Catalonia

\ 4

A\ 4

A\ 4

\ 4

Dense regenerate forest
cohorts in burned areas

during 1994 and 1998
wildfires require urgent
fuel reduction treatments
to mitigate high-severity

large fire spread.

Ignition prevention in
urban metropolitan
areas, re-introduce the
fire in fire-dependent old
growth black pine
stands, and pastoral burn
normalization.

Resource pre-positioning in
pre-littoral communities
affected by catastrophic

events where existing
community protection plans
now facilitate a safe
suppression.

Promote social risk
perception campaigns for
the vulnerable population
and request home ignition
zone fuels maintenance in
communities within dense

forestlands.

e

N
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Higher resolution is needed: Community action

Avg. HIBP for the top-25 municipalities in Catalonia
by WUI class: structure level

&

Ulsiversitat de Lleida

TOWARDS A LONG-TERM WILDFIRE MANAGEMENT COMPREHENSIVE STRATEGY

Municipality Province WUI class
Disperse rural Intermix Interface
structures avg. aHIBP structures avg. aHIBP structures avg. aHIBP structures avg. aHIBP
Rubi Barcelona 1 0.0004 410 0,0053 3089 0.0044 3500 0.0046
Llica d'Amunt Barcelona 1 0.0009 272 0.0040 2612 0.0055 2885 0.0051
Terrasa Barcelona 7 0.0047 409 0.0090 2056 0.0113 2472 0.0106
Calonge Girona 8 0.0047 469 0.0047 1944 0.0089 2421 0.0074
Manganet de la Selva Gerona 14 0.0008 415 0.0034 1992 0.0061 2421 0.0051
Begur Gerona 4 0.0054 269 0.0050 1935 0.0050 2208 0.0050
Girona Gerona 12 0.0081 322 0.0084 1833 0.0073 2167 0.0076
Cervellé Barcelona 5 0.0031 170 0.0036 1957 0.0057 2132 0.0052
Palafrugell Gerona 7 0.0068 261 0.0068 1855 0.0093 2123 0.0087
Santa Cristina d'Aro Gerona 23 0.0050 359 0.0087 1682 0.0085 2064 0.0084
Caldes de Montbui Barcelona 12 0.0022 316 0.0047 1507 0.0108 1835 0.0088
Santa Eulalia de Rongana Barcelona 1 0.0047 158 0.0047 1653 0.0067 1812 0.0063
Castell-Platja d'Aro Gerona 5 0.0084 385 0.0067 1316 0.0077 1706 0.0073
I'Amatlla del Valles Barcelona 1 0.0134 210 0.0055 1396 0.0065 1607 0.0062
Pals Gerona 6 0.0079 187 0.0080 1335 0.0099 1528 0.0095
Castellbisbal Barcelona 9 0.0029 172 0.0057 1335 0.0057 1516 0.0056
Esparreguera Barcelona 5 0.0108 132 0.0081 1357 0.0071 1494 0.0075
Llagostera Gerona 18 0.0028 194 0.0041 1280 0.0079 1492 0.0070
Palau-solita i Plegamans Barcelona 0 0.0000 69 0.0051 1294 0.0073 1363 0.0071
Vilanova del Vallés Barcelona 2 0.0065 208 0.0055 1067 0.0082 1277 0.0074
Sentmenat Barcelona 8 0.0034 209 0.0036 984 0.0097 1201 0.0080
Olesa de Montserrat Barcelona 6 0.0065 141 0.0065 1021 0.0072 1168 0.0070
Monteada i Reixac Barcelona 2 0.0049 283 0.0071 878 0.0092 1163 0.0085
Sant Viceng dels Horts Barcelona 1] 0.0000 194 0.0051 957 0.0045 1151 0.0047
la Roca del Vallés Barcelona 7 0.0104 159 0.0037 962 0.0098 1128 0.0083

S
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Higher resolution is needed: Safe and efficient wildfire response

A general workflow for modeling and mapping the probability of success in
initial attack in Catalonia: best if we contain fires early

! GIS & Spatial analysis

' Stage 4
Stage 2 | 3 S o Eeed
e > «  Vistbilltyfrom roads Model performance
Road network = Visibility from cities & towns
BTN25 riable pe Y
[
= e e
LiDAR data [ L2 1 T,~ ARRIVALTIME:
PNOA 1 R s 4 * Distance to fire stations
' [ BEm i = * Cost-distance to tracks/paths
. * Distance to helipads
-[ DSM * Vegetation impedance Pradictive performance
-
Fire stations T
— — e e S—SPREAD POTENTIAL:
Era Interim reanalysis . * Temperature
* Wind speed
* Fuel type
Corine Land Cover 2012
EGIF database R — AVAILABLE RESOURCES:
* Simultaneous fires
§ ¥ Stage 5
tGgE . . .
L = Scenario simulation
P, ~SUCCESS IN
INITIAL ATTACK: | m
Fires < 10ha VS > 50ho ok -
P.=TyNT,NSNR
Stage 3 Spatial modeling with Random Forest = i =
Background data K-fold Cross-

s 3 Cmodds ey || SHEEEEES Rodrigues et al. (2019)
| -~ 'y
27
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Higher resolution is needed: Safe and efficient wildfire response
Controlled/escaped fires at initial attack in Catalonia

e Spatial distribution of predicted
o probability of success (RF) in 1A

A) ‘Business as usual’ scenario:
temperature and wind speed at the 50th
percentile, no simultaneous fires

B) “Worst case’ scenario, temperature and

wn g | wind speed at 90th percentile, and 10
EEETEF et simultaneous fires
o A ‘ 'N& o ..:

Successfully suppressed
vs Escaped fires
(1998-2015)

.Very'low. Low .. Medium High Very high
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TOWARDS A LONG-TERM WILDFIRE MANAGEMENT COMPREHENSIVE STRATEGY

Create fire-resilient

Restore the cultural fire

Support a safe and efficient

Generale fire-ndapted

landscapes regimes fire respanse human communities
- 1 1 1
Placing the f k on . - - .
Concenirile inkensive foel Pr:\'er!l undc*-lmi Fm:ssupg:ﬁsim efforts Fromote q;nlnrlluni_l‘;' l\.:ll\'ﬂ
irealineat progrims i human ignitions, re- in protecting defensible programs in highly
introduce lightning fires property of managed populated communitics at

Resilient Landscapes

Fire historical data + fire spread

- = P (hurman and lightning (number of exposed urban interface {number of
modeling + valued assets + land e e B ==
1 1 1
¥ ¥ ¥ ¥
Dense regenerate forest Ignition prevention in Resource pre-positioning Promote social risk
cohorts in burned areas urbian metropolitan in pre-littoral comemumnitics perceplion campaigns for

cover = Priority maps

Managemens options Goals

unmanagesd forest lands

within large fire source

portions of the landscape
{municipalitics)

in the management of
forest ecosysl emis, and
regulale the iraditional
fire wse in rural arcas.

mberface areas where fires
that escape from initial
altack expose a large
mmber of structunes.

risk located in the
wildland-urban interface
with litike or nonexistent

fisels management.

[ ]

¥

[ ]

Wildfire hazard in forest
finels (fire intensity) and
fire exchange amoig
municipalities (burned

Fire transmission to
cammumitics (mumber
of exposed structures))

and fire ocaumrence

Wildfire hazard in forest
fuschs (fire intensity) ad
transmission rate o
resichentind housing

Overnll wildfire exposre
thigh intensity bum
probability) and residential

heusing in the wildlznd

Examples in
Catalonia

during 1994 and 1998
wildfires require urgent
fuel reduction treatments
to mitigate high-severity

large firc spread.

areas, re-introduce the
fire in Fire-dependent

old growth black pine
stands_ and pastoral
burn normzl ization.

affected by catastrophic
events where exisling
community prolection
plans now facilitate a safe

SUppression.

the vulnerable population
and request home ignition
zone fucls maintenance in
communities within dense
forestlands.
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Assignment of metric pairs (Le, fire occurrence, hazard, exposure, and transmission results) to the different objectives of the wildfire management strategy (Fig. 1)
These metrics were cross-tabulated to obtain 4 priority classes (Table 2). The final results were presented at the municipality level (n = 948) in a set of spatial priority

4

maps.
Goal Management options Priortzation metrics Priocty map
Create fire resilient landscapes Fuel treatments We used fire transmission (T OUT quartiles; Fig. 5a) and wildfire hazard (CFL levels; Fiz. 4a) to Fig. 7
assess the priority classes. The classes were ranked from the highest tremsmission and hazard values
to the lowest Protected areas (Appendix B were overlad on the map to delineate areas with
potential trestment consiranis,
{ore the il niral nre regme  Human ignition Annual anthropic ire ignition density ( quartiles; Flg. 3a) and transmission to resdental houses Fig. 8
preevention (T_RES quartiles; Fig. 6a) were used to assess the priority classes. The classes were ranked from the
highest tgnition density and transmission to the lowest
Matural fre re- Lightning ignition density (NAT quartiles; Fig. 5bland ramsmission o residential houses (T_RES Fig. 9

mroducton quartiles; Fig, Gal were used to assess the classes, The classes were ranked from the highest i ghining

fire igniion densifies to the lowest and from the lowest ransmission values o the highest.,

Fire ransmission rates to residential houses (TR_RES; Fg 6c) and wildfine harard (CFL Jevels; Fig. 10
Fig. 4a) was used to set the classes. The classes were ranked from the highest transmiscion rates o
the lowest and from the lowest hazard levels to the highest.

High overall exposure levels (annual HIBP quartiles;Fig. 4b) ind mumber of resid ential houses on the
wildland-urban interface (Alcasena ot al, 2018a) were used to set the classes. The classes werne
ranked from the highest exposure values and the highest number of structures o the lowest,

Support a safe and efficient
TESpOnse

Fire suppression

Generate fire-adapted
COITIM U s

Cormmunity acton Fig, 11

e



+

’ ’,' N T _._\ with support from: * . . . - = T
g‘; [\' E,ﬁ e smee @00 Developing wildfire management strategies in Catalonia >\

Placing the focus back on
Resilient Landscapes

Current situation:

1. Increasing fuel connectivity and buildup are
the main contributing factors to large fires in -
Spain j,
2. Stand replacing high severity events threaten mf‘
mature forests and increase future fire hazard by '/‘;
promoting dense regeneration from serotinous / F
conifer species, resprouting shrublands, and )
coppice stands \
3. Managing fuels on fire-prone landscapes b = o7
represents the most promising strategy capable = @ e AE AR

of reversing the escalation of megafire events Strategic management points
and restoring fire resilient ecosystems GRAF-GenCat, Serres d’Ancosa
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Planning fuel treatments to reduce large fire spread is a complex problem and
must consider how to efficiently treat landscapes in terms of spatial
configuration and density of treatments: how, how much and where?

el 2 "' > it
e s X gl b ; ol ]
: 47
F ; : f
S by - - s 3 -
i e Y AT v

Expected carbon dioxide emission (T ha ™" per yf)

I <0.01 [ 0.01-0.02 ]0.02-005[  Joos-04[  Jo1-02[ Jo2-04[ Jo4-08 [0 >08 —

https://lifeclimark.eu/en/

Technical report 11-12: Effects of fuel treatments on reducing carbon emissions in fire-prone Mediterranean
landscapes. Action C5 Strategic fuels management aimed at reducing wildfire risk. 31st March 2019.
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How: The use of prescribed fire by landscape managers to treat fuels is
gaining importance in fire-prone southern European countries, in fact,
until the mid-1950s in many southern EU countries fire was used
systematically in rural areas for pasture and edge clearing, and
agricultural waste

How much: Besides fuel reduction, prescribed fire can be used to
restore habitats, maintain forest canopy openings, facilitate natural
regeneration, clear logging debris, control pests and diseases, and
Improve pastures in mountain areas, but application is not always
possible due to the silvicultural state of woodlands

Where: Treatment strategies must consider multiple objectives, which
may change substantially the spatial configuration of fuel treatments,
but transferable studies are scarce
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Rationale:
How does focusing on one fuel management objective result in trade-offs in others,

and how to achieve multiple fire management objectives?

Recent studies have explored these questions using production possibility frontiers
(PPFs) to graphically represent Pareto efficient optimal resource allocations for
competing objectives in fuel treatment programs*

Study case: Optimizing prescribed fire
allocation for managing fire risk in
central Catalonia

*Ager AA, Day MA, Vogler K. Production possibility

frontiers and socioecological tradeoffs for restoration of
fire adapted forests. Journal of Environmental _
Management 2016b; 176: 157-168 ! S
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We conducted a case study that combined fire simulation and trade-off analyses to
evaluate the compatibility of three prescribed fire management objectives that
focused treatments to improve: 1) forest resiliency to fire, 2) effectiveness of fire
suppression, and 3) protection of rural communities.

We used optimization - o o

methods to examine A - "
g A 1.}

both trade-offsamong ]

the objectives and
priorities for sample TR e

- }I i
£ e
planning areas. &7 LD
i i ‘i B Woodiand
#—"-3‘:' !'.-_“‘ Open woodland
i "éﬂ. 7 0 Shrubland
.:"'- i Girassland
c.’:'::-«.-:‘__”_‘:.. ] County boundaries . e
Bages County, central S I 5orncd orcas 1986-2014 e S m
3 - Urban development
- - e k. [ | Study area (Bages) m ] ! _
Catalonia (NE Spain) ST w1 O T R T (5] oo area boumdares |

(Alcasena et al. 2018)

Fig.1.{A) Locationofthe study area(Bages County, central Cataloria, northeastem Spam) and recent wildfire perimeters (intenior.gencat.cat)
and (B) planning area boundares and treatment area by land cover type (agricultura gencat.cat). Gray areas in (B) are areas ineligible for

treatment.
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Graphical abstract:

[ (1) Fire resilient forest ecosystems .' FUEL TREATMENT Examining objective trade-offs @ Treatment allocation mosaic
Disrupt major fire movements OPTIMIZATION (optimal-mix solutions) — S ——
Node influence grid * = | (Landscape Treatment Designer)

(2) Facilitate fire suppresion ; Threshold

(torching trees <10% in prescribed

Disable ember emission R
fire fuel treatments)

s ‘( e {F —_—
Crown fraction burned *
| Treatment Units

'(3) Protect communities from wildfires| ] (n= 54,776 in 4 Planning Areas)

Reduce extent of fires burning into WUI Constraint

. . N )
Fire perrleters Transmission to _| | (treat 15% of forest fuel area)
Structure locations | residential houses

Objective priorities
(* Extreme fire modeling outcomes) (explore all combinarions)

km

0 0.75 15 3

1. Model fire spread, hazard and exposure metrics under historical extreme fire
weather conditions, including node influence grid for surface fire pathways, crown
fraction burned and fire transmission to residential structures.

2. An optimization analysis on individual planning areas to identify production
possibility frontiers for addressing fire exposure and explore alternative prescribed
fire treatment configurations.
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It works...but yet much spatial analysis to do

B crs
Optimal allocation (W=1,1,1) (B) T NG
- Excluded for Rx treatments - TR
B crB+TR
CFBNIG
I NIGHTR

B creNIGHTR

km
0 375 75 15 225 30 0 4 8

km

Planning areas — Communication infrastructure [l Urban develoy EZZ] Castellallar Natura 2000 site

54,773 treatment polygons based on land cover with an average size of 1.67 ha

Fig. 9. . {A) Optimal prescribed fire treatment locations 1n Bages County (central Catalonia, northeastern Spain) considering the same weights for
all three metrics used to assess prescribed fire management objecttves (H= 1, 1, 1; A) Implementing prescribed fire on densely regenerated
voung forest stands (e.g.. Pinus halepensis cohorts with = 10° trees hal on 1998 Bages fire burned areas) could cause negative affects on the
overstory (average crown fraction burned > 0.1 or torching >| 10%), therefore these stands were excluded from the analysis. (B) We overlaid the
treatment mosaic results when each metric was optimized independently (see attainments in Fig. 7) to explore areas where optimal solutions for a
single metric overlap. The close up view corresponds to the Castelltallat mountain range Natura 2000 site of special interest and Suria rural
community. Abbreviations: CFB= crown fraction burned; TR= transmission; NIG= node influence grid; Rx= prescribed fire.
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Thank you......Questions?
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