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| Fire in the Earth System

' APresent on Earth since the appearance of terrestrial plants.
~_ AHumans have been using fire for more than 50,000 years.
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Bowman et al. (2009). DOI: 10.1126/science.1163886




& Fire effects

. Ecological effects e

A Species selection (Pinus
canariensiy

| APlant reproduction (Pinus, |
- Cistus, Eucalyptus, etc.)

| AGrass regeneration

~ AVegetation transition due
| to shifts in natural fire : h
regimes. *d

/
>,
Y
- v
Ll TR -.‘ M F
G v 7ch 4l 7 I I 5
.‘; ¥

LT Y "E!m*‘naml\i A-.s-".‘.;‘h,"-"). eI Aéé

Yellowstone (USA) fires of 1988

Garcia Novo, F. (1977).



B Fire effects

4 Other effects

| AGasses and particular matter release: ALife risk and losses due to fires, both to
| impacts on human health and climate firefighters and general population.

N CMISsIons. AMaterial losses (houses, infrastructures,
SR A Soil erosion and siltation of water ecosystem services).
. reservaoirs.

AChanges in surface albedo.

Fires in Indonesia of 2015.

Haze in Kuala Lumpur



& The fire cycle
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Adapted from the Fire Adapted Communities Cycle Graphic.



' . Wildfire Risk Assessment @ fireurisk

* AFirEUrislkc Conceptual integration of wildfire risk assessment
components.
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Wildfire Risk Assessment (@) fireurisk

AFuel mappingdevelopment of a fuel T
classification for Europe, and
mapping of those fuel models.
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FirEUrisk fuel type | FirEUrisk fuel type
Code Description | Code Description
1111 Open broadleaf evergreen forest 23 High shrubland [> 1.5m)
1112 Closed broadleaf evergreen forest 31 Low grassland [0-0.3 m)
1121  Open broadleaf deciduous forest 32 Medium grassland [(0.3-0.7 m)
1122 Closed broadleaf deciduous forest | 33 High grassland [= (.7 m)
1211 Open needleleaf evergreen forest 41 Herbaceous cropland
1212 Closed needleleaf evergreen forest | 42 ‘Woody cropland
1221  Open needleleaf deciduous forest 51 ‘Wet and peat/semi-peat land — tree
1222 Closed needleleaf deciduous forest | 52 ‘Wet and peat/semi-peat land — shrubland
1301  Open mixed forest 53 ‘Wet and peat/semi-peat land — grassland
1302 Closed mixed forest 6l Urban continuous fabric
21 Low shrubland [0—0.5 m) 62 Urban discontinuous fabric
22 Medium shrubland [0.5-1.5 m) 7 Nonfuel

Aragoneses et al. (2023), DOI: 10.5194/e55d.287-2023
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Wildfire Risk Assessment

AFuel mappingfuel canopy parameters estimated from GEDI data,
modelled from ALS inventories, National Forest Inventories, multispec
and SAR imagery, and biophysical variables.
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Aragoneses et al. (2024), DOI: 10.1016/j.rse.2024.114005
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Aragoneses et al. (2025), DOI: 10.1016/j.rse.2024.114578
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& Wildfire Risk Assessment @ firevrisk

* AFuel moisture Live Fuel Moisture COnteNn-| we e woisus conent
- derived from optical remote Sensing (NIl =B
SWIR bands) and Radiative Transfer
Models (RTM), using Loaip tables. L
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Sentinel3 based LFMC in the European Territory on 8 March 2023.
Chuvieco et al. (2021), DOI: 10.3390/fire6050215

Yebra et al. (2013), DOI: 10.1016/j.rse.2013.05.029




& The fire cycle
ASSESS RISK

PREVENJ REDUCE RISK

ADAPT

RESPOND

(ASSESS IMPAC

Adapted from the Fire Adapted Communities Cycle Graphic.



& Detecting the location and extent of fires
'( ADuring the fireA thermal anomalies, active fires (AF), hotspots (HS)

AAfter the fireA burned area



Wavelengthsnost commonly used

A SWIR: 1.6 um, 2.2 um

A MIR (Middle Infrared): 3.2 4.0 um

A TIR (Thermal Infrared): 10¢5L1.0 um

The sensor captures the temperature of the
pixel, in°K. MIR and TIR information are
used to identify the pixels that have

thermal anomalies.

The energy released by the fire can be
estimated as the Fire Radiative Power [MW]
based on the MIR radiance.

AsampOE

A O
FRP = éampl (—) (LMIR _LMIR) MW/ FRP MR — LMIR
10°. 7 g \C MIR
S3 SLSTRvooster et al. (2012), MTG FClXu et al. (2026), DOLI:
DOI: 10.1016/j.rse.2011.09.033 10.1016/}.srs.2026.100366

B Remote sensing of active fir ,, —w= "TEETRE o
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& Remote sensing of active fires

MODIS: Moderate Resolution VIIRS: Visible Infrared Imaging Radiometer

Imaging Spectroradiometer Suite
ASatellites: Terra and Aqua ASatellites: SuoriNPP, NOAR0, NOAA1.

ASpatial resolution: 1000 m ASpatial resolution: 375 & 750 m
ATime series: end of 2000 to 2026 ATime series: 2012 to present
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Schroeder et al. (2014), DOI: 10.1016/j.rse.2013.12.008

Fig. 9. Daily fire spread mapped by 1 km Terra/MODIS (left), 375 m VIIRS (center), and 1 km Aqua/MODIS (right) data for a wildfire at the Taim Ecological Reserve in southern Brazil
(—32.7°1at, —52.55°lon). The data cover the period beginning on 26 March 2013 (Julian day 85) and ending at the approximate time of the Landsat-7 data acquired at 13:15UTC on
31 March 2013. The white vector outline represents the burned area mapped using the 30 m Landsat-7 data.



Remote sensing of active fires

FCI: Flexible Combined Imager
ASatellitesMeteosatThird Generation (MTG)geostationary

ADetections every 10 min over the full disk, and 2.5 min over Europe,
the High Resolutiofrast Imagery (HRFhode.

Satellite Spectral Wavelength Spatial Primary Use in
Sensor Band Range (pm) Sampling Active Fire
Number Distance at Detection and
SSP (km) FRP Retrieval
Scheme
MTG (FCI) 3 0.56-0.62 (0.5and 1) Cloud masking
9 3.74-3.94 (1 and 2) Active fire
detection & FRP
retrieval
14 10.28-10.72 (1 and 2) Active fire
% detection & Cloud
- .
« masking
i< . Source: ESA
ot Xu et al. (2026), DOI: 10.1016/j.srs.2026.100366



& Remote sensing of active fires
¥ Advantages
| Alt can detect active fires both during the day and at night.

: Alt provides information about the intensity of the fire through the FRP
- values.

_ Challenges

: AFor polar satellites (the ones used for global applications), it can only
| detect the fire if it Is flamingt the momentof overpass of the satellite
(and it can be obscured by clouds).

| AThe thermal anomalies can be due to other sources different from fires
. (gas flares, industries, etc.).




i Remote sensing of burned areas

1 ' ABest wavelengths for detecting fires:
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B Remote sensing of burned areas

~  ABest wavelengths for detecting fires:

Eastern Canada
June 2023

SWIRNIRR Composite
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i Remote sensing of burned areas

Typlcal algorithms:

_ 4 /{' |
8 AAnaIySe changes in surface reflectance between pre andfpest
| conditions

| AUse single band reflectances or spectral indices (or both) to discrimin:
between burned and not burned pixels

| AAlso use active fires to detect clearly burned pixels

" ‘ Some widely used indices
~ ANBR: Normalised Burned Ratio: (§IBWIR) / (NIR + SWIR)and senson (1999)
ANBR2: (SWIRLSWIR?2) / (SWIR1 + SWIR)n senson 2006
AMIRBI: MidinfraRedBispectralndex: 10 * SWIR29.8 * SWIR L + 2 oo e G o

ABAI: Burned Area Index: 1/ ((G_RED)’\Z + (O_O-G\IIR)’\Z)huvieco et al. (2002), DOI: 10.1080/0143116021015:
ABAIS2: Burned Area Index for Sentiﬁegw:<1_\/506*307*38A) LR

R S

+ 1)
B4 "\VBiz tB8aA
Filipponi (2018), DOI: 10.3390/e2)5177



2 Remote sensing of burned areas

. '7 Advantages
AThe burn signal persists through time, and it can detect the whole burr
scalr, several weeks to months after the end of the fire

- Challenges
- & | Aln some regions of the world (tropical) the burn signal is lost very quicl
- APersistent cloud cover can hamper the detection of burned patches

ia | APotential confusion with other land changes (flooding, harvesting) or w
' cloud shadows
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# Example of burn scars in the Central African Repul
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A Central African Republic
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2024-08-08

A Siberia (Russia)
AJune 2024 August 2025
AlLat 63°, Lon 120.4°




& FireCCIl mediumresolution global dataset B fire
: y| CCI
FireCCI51 MRBAG60O (ex FireCCIS311)
g
Coverage Global
Time series 2001-2022 2019-2025...
Pixel 250m 300m
resolution
Grid 0.25 deg. 0.25 deg.
resolution
| t S-3 SYN (SR
- nput MODIS (SR & HS) (SR)
information + VIIRS (HS)

LizundiaLoiola et al. (2020) RSE, https://doi.org/10.1016/j.rse.2019.111493
LizundiaLoiola et al. (2022) RSE, https://doi.org/10.1016/j.rse.2022.113298



MRBAG0 (ex FireCCIS311) algorithm

e L was AMonthly composites based on a separabil

reflectance

| ben  de iIndex using 16 daily images per day of
calculation.

mask

N
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Patch filtering

'
| Burned area map |

LizundialLoiola et al. (2022) DOI: 10.1016/j.rse.2022.113298




, MRBAG0 (ex FireCCIS311) algorithm

et Lo WG ASpatietemporal clusters (STC) based on b
\m 1 1_,_ location and day difference.

s APotential Active Fires (PAFs) based on HS¢
o, NS [ location, separability values and day

p A . ,%_ .
composite \.j,'ﬁ’_éc % separability

R S— ; difference.

' 24) (2.6,2.7)
ANBR2 Separability Texture Day difference +——]

e e AA priori burned patches based on PAFs.
l (2.7)

A priori burned

. A priori
burned
patches

> Threshold surface —

l (2.9)

Seeds

1 (2.10)

*  Contextoal growing 4+——

(2.10)
Patch filtering

y
| Burned area map |

- LizundialLoiola et al. (2022) DOI: 10.1016/j.rse.2022.113298



I MRBAG0 (ex FireCCIS311) algorithm
.. ADefinition of unburned (UB) local zones.
ASelection of burned (B) and UB pixels.

ACalculation of B/UB threshold usmg the
hilddz aSLI N¥¥oAfAGE Y

AThreshold surface for the complete tile.

M Burned sample
M Unburned sample

| THs

I-0.14

-0.02

| Burned area map |

- LizundialLoiola et al. (2022) DOI: 10.1016/j.rse.2022.113298



i MRBAG0 (ex FireCCIS311) algorithm

e we AL SSRAY 1 { 6AGK pb.ov

Loy b |
\‘ 1T AContextual growing from seeds to detect

,.,I the full fire patch.

mu%}% {m AFormatting to pixel and grid products.

2.4 4
Iu( ! Separal bﬂﬂy(z ! Texture d.lffﬂ'muﬁ'zjg—

ANB

(2.6)
Potential active fires

l’ 27

A priori burned

> Threshold surtlu- —_—

l (2.9)
Seeds
l’ (2.10)

# Contextual growing 4+—

LizundialLoiola et al. (2022) DOI: 10.1016/j.rse.2022.113298



iIreCCIl mediumresolution global dataset

[
n
TEDW 140N 120°W0 TDDNW BOTW BDTW 40w ZOTw o I0E 40E ETE 80'E WO0E  1Z0E 40E 1E0E 180

A Spatial resolution: 0.00277778 degrees
(approximately 300 m at the Equator)

A 6 continental tiles.

A 3 layers: Julian day of detection (JD), confidence
level (CL) and land cover (LC).

A GeoTIFF format.
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8 FireCCI mediwresolution global dataset
. Grid Product:

A Spatial resolution: 0.28eg 2

A 1 global file.

A 22 layers: sum of BA, standard error, fraction of burnable area,
fraction of observed area, and BA per land cover.

A NetCDF format.
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cCl

i FireCCl mediuesolution global dataset .ﬁre
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FireCCl mediumresolution global dataset

2019 January Burned Area [km®]
<10 25 -50 100 - 150 [ 200 - 300 [ 200 - 500

10 - 25 50 - 100 [ 150 - 200 [ 300 - 200 I >500




B FireCCl highesolution datasets

~ | AFireCCISFD12016. Based on Sentir2IA and MODIS AF.
AFireCCISFD2Q019. Based on Sentir2lA&B and VIIRS AF.

A 4.8 Mkn? just for Africa. More BA in all months.
A80% more BA than FireCCI51 (MODIS 250 m)
A120% more BA than MCD64A1 (MODIS 500 m)

) 20°E 40°E 0 20°E 40°E

N 9
‘k’

20°N

20°N

FireCCISFD20 N
Total Burned Area 2019 (km?)
1
B -0-025[ 5-10 \
B o25-06 M 10-15
os-1 M 15-20
C]1-25 [H>20 Km

I .
[ ]25-5 0 5001,000 2,000

Chuvieco et al. (2022), DQD.1016/j.scitotenv.2022.157139 Difference inBA proportion between FireCCISFD20 and a)
MCDG64A1 and b) FireCCI51
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Global / SFD annual burned area

Total yearly BA from global products & SFD
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& FireCClI higresolution datasets

Impact for Climate Modelling:

ABA datasets based on SentiZetlata show much more BA than medium
resolution products.

AEmissions data estimated from these products are closer to observations.

All BA products resampled to 500m spatial resolution for the analysis.

Van der Welde et al. (2024), DOI: 10.1029/2023GL1061



