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Fuel types and fuel
parameters

Elena Aragoneses (e.Aragoneses@uah.es)
University of Alcala
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FBFT_fueI type Administrative
classification boundaries

No fuel
GR1

Fuel types and fuel parameters ==

B GRaGRT

I GRs/GR8/GRS
SH1
SH2

[ sHs

* Fuel types: vegetation with similar fire == S |
behaviour (categories) - > I

Country
— Province

* Fuel parameters: Numerical e Fa TR
parameters required to model fire . S
behaviour (height, load, particle size,

Aragoneses and Chuvieco (2021): https://www.mdpi.com/2571-6255/4/3/59

) Fuel Loadings
etcete I'a ) « Fuel Model Typical Fuel Complex Fuel 1-Hr Fuel 10.Hr  Fuel 100-Hr
2 Timber (grass and understory) 2 1 0.5
3 Tall grass (2.5 feet) 3.01 0 0
4 Chaparral 5.01 4.01 2
6 Dormant brush, hardwood slash 1.5 2.5 2
7 Southemn rough 1.13 1.87 1.5 Kabli et al (2015):
8 Closed timber litter 1.5 I 2.5 e s 1999
9 Hardwood litter 2.92 0.41 0.15
This project has been granted funding from the European Union’s Horizon 4
2020 research and innovation programme under the Grant Agreement no. 16/09/2024 ET Demo event

101003890



European fuel type map

T T Gy T e

hh

‘EUrISK

Main fuel type | Leaftype/ Type | Phenology Fractional cover (%)
1111. Open [15-70%)
11 Brosdloaf 111. Evergreen =756 0sed [70-100%)
- 112. Deciduous 1121, Open [15-70%)
Fuel t d ] 1122. Closed [70-100%)
ue pe codaes 1211. Open [15-70%
y 1. Forest 121. Evergreen 1212 CIF:)SE{[i [’."D-mcg%}
12. Needleleaf -
122 Deciduous 1221. Open [15-70%)
] 1222 Closed [70-100%)
: 1301. Open [15-70%)
13. Mixed 1302 Closed [70-100%)
Fuel depth
21. Low [0-0.5m)
2. Shrubland 22 Medium [0.5-1.5m) . .
23. High (= 1.5m) Hierarchical
31. Low [0-0.3m) T .
3. Grassland [ 32 Medium[0.3.07m) _ £urope’s diversity
%—p’:‘ﬁh (20.7m) Surface and crown fuels
41. Herbaceous 1 km resolution
4. Cropland 42 Woody (shrub-tree)
51 Tree
s et 57 Shubla
, (i 53. Grassland
v O & 6. Urban 61. Continuous fabric: urban fabric (= 80%)
g < s ] 62. Discontinuous fabric: vegetation and urban fabric [15-80%)
0 2004060 800 1%% : 7 Nonfuel

Aragoneses et al. 2023 https://doi.org/10.5194/essd-15-1287-2023

Demo event




First assignment of standard fuel models m,‘ﬁq"_",,;,.k

w et =

* Crosswalk from FirEUrisk
fuel types to FBFM fuel
models (Scott and FBFM fuel models
Burgan, 2005)

» Use of expert
knowledge

* Only surface fuels

0 200460 800 1200 / :
This project has been granted funding from the European e K

2020 research and innovation programme under the Gran.. .. - —...—.... U,_

101003890 Aragoneses et al. 2023 https://doi.org/10




Crown fuel parameters and used data @}ﬁreurisk

* Forest canopy fuel parameters * Forest inventory data
to be estimated — useful for fire * Discrete waveforms: airborne LiDAR
behaviour modelling: —> calibration of models
. : ) * Full-waveforms (continuous pulse of
Canopy mean height g";iT\:-lezD . energy): satellite LiDAR (GEDI
* Canopy cover metrics from mission) = interpolation for wall-to-
* Canopy base height  Gep Lipar wall maps
* Canopy fuel load METHOD 2: * Almost global coverage
e Canopy bulk density Raw GEDI
LiDAR
waveforms

MORE COMPLEX PARAMETERS: )

Vertical distribution of fuel ECOSYSTEM LIDAR

This project has been granted funding from the European Union’s Horizon https//gedlumdedu/ 7

2020 research and innovation programme under the Grant Agreement no. 16/09/2024 ET Demo event
101003890




Method 1 : Calibration of GEDI-based models from GEDI
metrics (@) fireurisk

Forest inventory data and Simulate satellite GEDI- 1
input airborne LiDAR (ALS) like waveforms GEDI-based model using
Spain -> 4 areas Clip by - reference data from ALS and
Germany -> 2 areas forest (RHs, ground, canopy cover,...) forest inventory

Normalized Cumulative Return Energy

Slovenia -> 1 area plots

0.0 0.2 04 0.6 0.8 1.0
L | | | | |
(=]
Canopy Airbome GEDI %
height point cloud waveform _ o
GEDI 80m g RHOD | 2 @
Q footprints ;'3:‘?-"
: o RHTS . . .
iy i / Highest Reflecting Surface Height
: 3
E @ o
E - N E
= =
oo g
w0
o .g g
&
2§ :
G g . O _8
- 2 T
™y Om Footprint 25m 0% Relgtive 100% E
" diameter Intensity 5
@
I
(=]
]
(3]
| Lo

Ground Return

320
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Crown fuel parameters and used data @}ﬁreurisk

* Forest canopy fuel parameters * Forest inventory data
to be estimated — useful for fire * Discrete waveforms: airborne LiDAR
behaviour modelling: —> calibration of models

. * Full-waveforms (continuous pulse of

* Canopy mean height  METHOD 1: o
. PY 5 Derived energy): satellite LiDAR (GEDI

ahopy cover metrics from mission) = interpolation for wall-to-
e Canopy base height GEDI LiDAR wall maps
* Canopy fuel load ';”ET';CE)BIZ= * Almost global coverage

. aw
* Canopy bulk density LiDAR
waveforms

MORE COMPLEX PARAMETERS: )
Vertical distribution of fuel ECOSYSTEM LIDAR

This project has been granted funding from the European Union’s Horizon https//gedlumdedu/ 9

2020 research and innovation programme under the Grant Agreement no. 16/09/2024 ET Demo event
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Method 2 : Analysis of raw GEDI waveform ‘ .
’ (@) fireurisk

Elevation (m})

380 400

300 320 240 380

280

e Canopy fuel load
 LAI/ SLA (speficif Leaf Area)

e Canopy bulk density
* Get canopy Fuel Vertical Profile (FVP)

e CBD as maximum of the FVP/SLA

GEDIL1B
_ —— Smoothed footprint SO
P
J,.r‘
Top of canopy| g
N - CBH E
c o
| Ground hom
% i-‘}
| N €A
) oo
=] o —
l"'.l‘ﬂ
| "
W
S l
T T T T T T T T T T T T
200 250 300 350 400 0.004 0.008 0012 0.016
Energy kg/m*

This project has been granted funding from the European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890

North of Sacramento
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[ ]

e . RMSE% = 33.14

0.00
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Final step: Interpolation model of GEDI data %= . .
P P (¥} fireurisk

Next step: Use spaceborne GEDI
data to derive forest canopy height
and cover

But we need to interpolate
because GEDI data is not spatially
continuous

This project — o p European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890

1 Inverse distance weight (IDW)

interpolation of GEDI data

Forest fuel polygons with
spacebrone GEDI footprints

92 % forest under 51.62N

Random forest & K-nearest
neighbout regression models of
GEDI + multispectral+ RADAR data
+ biopysical variables

Forest fuel polygons without
spaceborne GEDI footprints

(small polygons under 51.62N and all polygons above
51.62N, GEDI coverage)
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40°N

30°N

Final results: wall-to-wall maps on canopy para

eters
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Final results: wall-to-wall maps on canopy para
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50°N

40°N

30°N

Generation of uncertainty maps

Generation of reference data

‘d’/)ﬁ rEUrisk

n . Propagation of
e Calibration of GEDI models :
o : independent errors
N * Extrapolation (IDW or RF)
40°W  30°W  20°W  10°W 0° 10°E 20°E 30°E 40°E  50°E  50°W 40°W  30°W  20°W  10°W 0° 10°E 20°E 30°E 40°E  50°E  50°W 40°W  30°W  20°W 10°W 0° 10°E 20°E 30°E 40°E  50°E
ra? FEA . ;) \);;»yﬁiff o - e
Forest canopy Forest canopy Forest canopy base
height uncertainty i cover uncertainty height uncertainty
RMSE (m) RMSE (%) RMSE (m)
. 6.23 . 15.79 . 1.62
3.94 11.96 1.06
‘ Non forest Non forest \ Non forest
0 200400 800 1.200 il s 0 200400 800 1200 . , 0 200400 800  1.200 P
e km . q —:—:lkm o 4 —:—:kmf' o~/ b




Final set of available layers - .
i (V) fireurisk
* Open Access in public repository

» Aragoneses, Elena; Garcia, Mariano; Chuvieco, Emilio, 2022, "FirEUrisk_Europe fuel map:
European fuel map at 1 km resolution", https://doi.org/10.21950/YABYCN, e-cienciaDatos

Elena Aragoneses; Mariano Garcia; Emilio Chuvieco, 2024,

"FirEUrisk_canopy_fuel parameters: canopy height, canopy cover and canopy base
height", https://doi.org/10.21950/KTALAS, e-cienciaDatos, V1

* Methodology and details in scientific papers

» Aragoneses, E., Garcia, M., Salis, M., Ribeiro, L. M., & Chuvieco, E. (2023). Classification and

mapping of European fuels using a hierarchical, multipurpose fuel classification system. Earth
System Science Data, 15(3), 1287-1315.

* Aragoneses, E., Garcia, M., Ruiz-Benito, P., & Chuvieco, E. (2024). Mapping forest canopy fuel
parameters at European scale using spaceborne LIDAR and satellite data. Remote Sensing of
Environment, 303, 114005.

miseroiect e El€NA Aragoneses: e.aragoneses@uah.es 16
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Wildfire Vulnerability
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#£5% Universidad
GITA de Alcald

Obijective .((_Vﬁ,ﬁ rEUrisk

Wildfires have a significant impact on ECOLOGICAL VULNERABILITY.

... Vulnerability framework refers to a structured approach or model used to UNDERSTAND AND ASSESS THE
POTENTIAL LOSSES AND RESILIENCE OF COMMUNITIES AND SYSTEMS TO THE IMPACT OF NATURAL
HAZARDS such as wildfires

This study focuses on developing a method to ' \
integrate and asses the ecological vulnerability to \ |
wildfires at the European scale by characterising the e 8)
, the and
(recovery) of W
the ecosyst S K
ystems. ‘ﬁ-” 7
’ |
. »

This project has been granted funding from the European Union’s Horizon K—j 19
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PCA Pre-fire
Ecological Values

Post-fire
Ecological Values

CC = RVW .(1— FLI)

EVW = (EVA = (1 — CC)) X

“.
——

Wildfire

ECOLOGICAL VULNERABILITY
TO WILDFIRES

Ecological
potential losses

Speed of the
regeneration time

Environmental
constraints

A
N

Starting
recovery time

Coping
capacity

Resilience

M Universidad
G!‘TA de Alcal4

i (1] gy e
r

Recovery time

n n
RT = 1/2 TPHMi . Z TPHMi x (RGT.ARTm .ARTt + RT.ARTc)
i=1 i=1

v

time
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General concepts & background

Potential variabilities in CC & RT and the subsequent Vulnerability

@ﬁ rEVrisk

EEEEEEEEEESN f
res

Vulnerability (V)

Resilience (RES)

’Recovery Growth Time A
(RGT)

Recovery time
(RT)

ing Capacity (CC) Potential Loss (PL)

&)
t0

This project has been granted funding from the European Union’s Horizon 2 1
2020 research and innovation programme under the Grant Agreement no. 16/09/2024 I ET Demo event
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#£2% Universidad
0% de Alcald

Ecological vulnerability to wildfires @ﬁreurisk

Ecological values

assessment
(EVA)
Several data, several interactions...
Ecological
vulnerability to Coping capacity
wildfires (CC)

(EVW)

Variables brief summary

+50.000 sp modelling = Maxent

10 Time series databases = Climatic, Environmental, changes Recovery time
Fire Regime variables = Severity, magnitude, intensity (RT)
Conditions = Forest Management, topography, geological, conservation management

This project has been granted funding from the European Union’s Horizon 22
2020 research and innovation programme under the Grant Agreement no. 16/09/2024 ET Demo event
101003890 5/12




Ecological vulnerability to wildfires:
components

Species richness

Functional trait

Biological Density of habitat

distinctiveness
{:19))

Coping Capacity
(CC)

Forest productivity Tree potential habitat maps

Key biodiversity areas Fire extreme scenario

Ecological
Values
Assessment

Ecological
Resilience (ER)

Functional traits

Excepcional forests

a7y

Pl f ial ti : Environmental constraints
aces of special conservation Recovery Time

Conservation (RT) Tree potential habitat maps

status (CS)

Human pressures

Loss of forest Years of regrowth

Unique habitat preservation

This project has been granted funding from the European Union’s Horizon 23

2020 research and innovation programme under the Grant Agreement no. 16/09/2024 ET Demo event
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Ecological value map @ﬁreurisk

The Eco|ogica| Value Map (EVA) is a Input:vectorial_ lgyers of mammals (278 sp.), birds (711sp.) reptiles
tool desi dt d t th (156 sp.), amphibians (96 sp.), vascular plants (20.000 sp.)

ool designed to assess and represent the  pases Source: UICN
ecological importance of different areas by Richness Method: Raster Spatialization of occurrence based on IUCN data.
evaluating two primary factors: Biological sum.

. 2. . . Up-to-date: Last updated 27t June 2024
Distinctiveness (BD) and Conservation
Status (CS). Input: raster layer of biomass (g/Cm?)

Density of Source: JRC-Forest

Habitat Method: Transformed to 1 kilometre using a weighted average
approach

Up-to-date: 2010

BIOLOGICAL DISTINCTIVENESS
(BD)

Refers to the uniqueness and structural

Input: raster layer of specific leaf area (mm2 mg-1), leaf dry
matter content (g g-1), leaf nitrogen content and leaf
phosphorus content (mg g-1)

biodiversity of an ecosystem. E"“;St L Source: Moreno-Martinez et al,, (2018)
roauctivity Method: normalising each variable, sum at the pixel level of the
Ecosystems with high BD provide critical carbon, nitrogen and phosphorus cycle production values

ecosystem functions and contribute to Up-to-date: 2018

biodiversity conservation. Input: vectorial layer
Source: Potapov et al, (2008)

Areas Method: to Tkm resolution

This project has been granted funding from the European Union’s Horizon Up-to-date. 2020

2020 research and innovation programme under the Grant Agreement no. 16/09/2024 | ET Demo event
101003890
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Ecological value map

KEY COMPONENT:
CONSERVATION STATUS
(CS)

Assesses the current

condition of ecosystems and

the threats they face.

This project has been granted funding from the European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890

g
M :
Input: vectorial layer of intact forest Iandscapes/) ﬁ rEU rI S k

Source: Potapov et al., (2008)
Method: to 1km resolution
Up-to-date: 2016

Input: vectorial layer of protected areas

Source: UNEP, [UCN, WCMC

Method: protected areas classified under IUCN categories -1V, assigning
1 where a WDPA was located and O where it was not

Up-to-date: 2023

Input: vectorial layer of fragmentation of the territory due to human
infraestructures, road, railways and human assessments

Source: UNEP, Oak Observatory

Method: Density of railways, roads and population density
Up-to-date: 2021

Input: raster layers of vegetation loss

Source: Hansen et al., (2013)

Method: Sum of the pixels that contain forest losses
Up-to-date: 2013

Input: vectorial raster of species from the Red List

Source: IUCN

Method: category of “critically endangered”, “endangered”, and

“vulnerable”, aggregated at pixel level

Up-to-date: 2020 25
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Ecological basis for post-fire resilience
Plant life-history strategies (Archibald et al. 2019, New Phytol.)

@)ﬁ rEUrisk

Avoidance/ Not attractive P Avoider
° attraction A (Plant does not get burned or eaten)
S |
Q I
m v
Highly attractive . .
S F Coping Capacity (CC)
Resistance
What plant parts are Leaves/stems =~ ===y Resistor
o :
£ protected from fire or herbivory?
a No parts
Roots/buds protected -
Tolerance l
No No 0 Species
= Can the plant  --=-- +» Canitsseeds --—-- + Do other individuals’ ----- » filtered out
B survive and regrow survive, germinate seeds disperse into the of the
< lost biomass? and establish? area and establish? communit . . .
¥ F Regeneration Starting Time (RST)
lYes lYes lYes
Tolerator: Tolerator: Tolerator:
individual-level population-level landscape-level i
This project has been granted funding from the European Union’s Horizon 26
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COPING CAPACITY

Fire Line Intensity Map

. . - ’
Processing Chain for EU Resilience Map @ﬁreurisk

Tree species distribution - Species presence maps
Lo RS T

<, T

Resistance traits:

69 tree species

Bark Thichkness —)

Tree height mmmmm) Rescaling 0-1 =mmmmpMean (species)
Basal Crown Height )

Species Resistance (0-1) Coping Capacity Map
g (0-1000)

This project has been granted funding from the European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890
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Processing Chain for EU Resilience Map

Tree species distribution Species préserlfg maps

=
A, =
L e

el

§ Corine Land Cover

— .

> _ EnV|ron'mentaI
o constraints
;—l Regeneration traits (69 trees): ﬁi

@) 5’? routing } Recovery Starting Time _'L,

O Dispersal (RST) BN

L :

o .

Growth traits (69 trees):
Tree height }

Recovery Growth time

Growth rate (RGT)

This project has been granted funding from the European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890

L Recovery

&) fireurisk

Recovery Time (years)

Species RT (years)

Time (RT)
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Product

INTEGRATION METHOD

* First principal component = Synergies between BD
and CS

* Ecological Value Map: Continental level: 1km

* Adapted to different spatial levels: Versatile tool for various
stakeholders

* Up-to-date: Depends of the refresh sources

AVAILABILITY

Arrogante-Funes, F., Mouillot, F., Moreira, B., Aguado, I.
& Chuvieco, E. (2024). Mapping and assessment of
ecological vulnerability to wildifres in Europe. Fire
Ecology. In press.

Correspondence: fatima.arrogante@uah.es

This project has been granted funding from the European Union’s Horizon
2020 research and innovation programme under the Grant Agreement no.
101003890
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Thank you!
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