Observing wildfires from space:

Copernicus and EUMETSAT programs

Federico Fierli with key contributions from EUMETSAT
programs and divisions



Monitoring from space

www.eumetsa
t.int

satellites play a key role in fire monitoring

what can we already do and where are we heading?
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Monitoring from space

Why monitoring from space?
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e Use data and algorithms instead
of eyes

low earth orliit
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e Observe and measure from a
distance without modifying the
target

freegifmaker.me

e Access to spatial and temporal e
scales impossible without the " level smoke "
contribution of satellites

e Consistency of measurements
worldwide

e Low earth orbits (circling the
earth)

e Geostationary (fixed position
above earth)




IPCC 2019

Climate change is crucial for the current and future fire regime

Risk will increase including tropical forests

Prolonged fire seasons

However - burnt area decreased in 1979-2018 - possible bias in resolution

Global data - long-term coverage - high resolution - fires happens at small
scales
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To the local scale
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EUMETSAT current and future missions EUMETSAT does

(and will do) on fire detection

The inter-governmental organisation to supply operational weather and climate-
related satellite data, images and products Unique set of existing and
upcoming data 30 Member states
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EUMETSAT
OPErnICUS
' SENTINEL-1: 514 and 18 ’
EUMETSAT programs _ T — ) User Oriented:
® Metop (1-3) B ————————— Make data available at best
o |V eteosat 300-1200m resolution, <2 days revisit in ortn } ® Gather (and satisfy) needs
D) e NINELS: e ® Grant data access
® Meteosat Il Gen ST e ® Help and support Users
® Metop Second Gen - TS ® Training (also on-line)
TN L ) ® Explore applications
e =) ® Communicate - outreach
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A data value chain
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A data value chain that encompass:

Forecast and early warning
Nowcasting and monitoring
Post-fire monitoring

Use a blending of weather forecast,
satellite observation, atmospheric m




From the origin of images
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To satellite services
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Monitoring from space is data chain
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smoke plumes

Sentinel-3 OLCI Level-1 False Color RGB - "07 August 2021"

Detail

reflected sunlight

thermal heat
radiation

atmospheric particles
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Monitoring from space
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Europe’s eyes on Earth
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Observe smoke : In a nutshell

AQOD (Aerosol Optical depth) = How much Solar light attenuated by aerosols?
» A proxy of the aerosol amount in air

Looking at the contrast between aerosol layer & the underlying surface
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S3 A - SLSTR (RGB Balkan fires — 2020.04.10 Massive Thomas fire, California,
Composite) S3 B — OLCI (RGB Composite) 2017.12.10

S3 A - SLSTR (RGB Composite)
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Observe Smoke: Sentinel3
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Active Fire Monitoring from IR channels (FIR)

« Operationally produced from Meteosat data and disseminated every 15 min
for the full-disk and every 5 min over Europe (Rapid Scan Service)

« Based on Bayesian-type tests on 3.9um and 10.8um channels
« Two-level active fire classification (possible/probable) and a fire probability
map (since August 2019)
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Fire Hot-Spot from space — In a nutshell

* A hot spot radiates a strong heating signal.

« Looking at the temperature contrast between the local hot-spot

pixel and the surrounding background + Hot-spot more emissive than

Caseiro et al. (2018) the ambient background
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1) In the IR bands used for observ ation of high-temperature events (HTEs), 2 at 300 K background temperature,
see also Figure 154 in [3] for more details. ) The revisit time of BIRD, TET-1 and BIROS is/was varable due to
the possibility to move the line of sight (LoS) by +/— 307 from the nadir. This “roll-movement” of the LoS is a
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Copernicus Sentinel-3 NRT FRP vs MODIS fire pixel

MODIS Fire Radiative Power Pixel - 05 August 2021
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Total number 1 km hot-spots = 3769
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FRP 1 km: Total = 30700.6 [MW] - Avg. = 8.1+15.0 [MW] - Min = 0.1 [MW] - Max = 389.1 [MW]
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Europe’s eyes on Earth

Sentinel-3 A+B SLSTR - Standard FRP MWIR - Medium CS Split-Window [MW] - Night - 0.25 deg resolution - 10.05.2021

Total number 1 km hot-spots = 3018
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Satellites observing atmospheric composition
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Observe pollutants

Fire plume =) Where both Aerosol and CO are large

CO total column - IASI/Metop-A+B (day)] R0190811 Absorbing aerosol index (using PMDs) 11 August 2019
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Monitoring from space is then a data chain
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Sentinel-3 OLCI Level-1 False Color RGB - "07 August 2021"
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Monitoring from space
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MTG FCI observations

SEVIRIL REE IR S=NITRIESE=YINS0 () ~ HIOOALS (RIEME RN =INALRZ S il SRS o) - 8]

Table 7. Characteristics of the MTG-I/FCI fire application channels [14].

Centrum
Channels Wavelength
(1m)

Band-Width GSD at SSP Minimum Maximum
(um) (km) Signal (K) Signal (K) NEDT (K)
350 0.1-02%1

450 #2 1#2

330 0.1
400 #2

FD-IR 3.8 #1#2 3.8 0.40 20r1#

FD-IR 8.7 #1#2 8.7 20r1#

solution and Fast Iy )
g r with the NEDT figu pplicab
figures represent the fire application channels with extended dynamic ranges, the reference
>d noi quirements applicable for this application. The NEDT figures are applicable to




MTG special and standard mode
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1-km GSD 2-km GSD

Figure 9. Simulated MTG-1/FCI MIR image fragments with 1 km and 2 km GSDs. The original BIRD

image fragment shown in Figure 8 corresponds to the center squares of these two images.

Table 8. MTG-1/FCI ground pixel sizes (west—east x south-north) and area (km?) as a function of

the latitude.
Latitude
0° 10° 20° 30° 40° 50°
1 km mode:
pixelsize 1.00 x 1.00 1.00 = 1.03 1.02 =% 1.12 1.04 % 1.29 1.06 x 1.58 1.09 x 2.12
pixel area 1 1.03 1.13 1.33 1.67 2.31
2 km mode:
pb{elsize 2.00 = 2.00 2.01 x 2.05 2.03 x 2.23 2.07 x 2.57 212 x 3.16 2.18 x 4.23

pixel area 4 413 4.53 5.14 6.69 9.23




MTG Sounder and Sentinel-4

www.eumetsa

‘4D Weather Cube’: Probing the atmosphere to detect tint
severe weather

Lightning
Enabled by
MTG

Convection

Winds

Every 30 min
Atmosphere over Europe

Nitrogen Dioxide 2021-08-08T21:00:00.000000000

4 km resolution

30 minutes for weather cube
1 hr for Sentinel-4




Metop EPS-SG — Sentinel 5

m Lop@rn[qus & EUMETSAT Wwweumettsat
n

©) AlRBUS

D NCE & SPACE

3MI

Multi-viewing,

channel,

MWS polarisation Imager
Microwave Sounder

Sentinel-5

UV-VIS-NIR-SWIR Sounder 1 Overpass per day
METimage 3.5 km resolution for Sentinel-5

Visible-Infrared Imager

IASI-NG

Infrared Atmospheric Sounding Interferometer M etl m a g e 7

— New Generation



Monitoring from space Sentinel-5 (as 5P)
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Greenhouse gases - preparing for CO2M - Sentinel?7
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EUMETSAT for Users

} |
“ EUMETSAT

’ opermcus

Preparatlon projects for EUMETSAT programmes

Science support

User information and communication

Test data and format support

Training

Data access support
Develop competences and foster applications
* Training in many forms (also on-line)
* Explore advanced applications
* Engage experts - Workshop, Consultation
* Communicate - Podcast, MOOCs

29 v, @ EUMETSAT

emics ¥ O EUMETSAT
C ECMWF




How to reach us ...

Twitter: @eumetsat

Training calendar & activities o
http://training.eumetsat.int IR (e Comeme
mailto: copernicus.training@eumetsat.int

Copernicus MOOCs
www.atmospheremooc.org
www.oceansfromspace.orqg

Science stories: https://scienceblog.eumetsat.int/

& EUMETSAT

The EUMETSAT Satellite application facilities @ ==ZECHIE
www.acsaf.orq
www.lsasaf.orqg

el (opernicus & EUMETSAT
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