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European portfolio for Level 2 (L2) NRT Fires oy Pop{emicqﬁ @& EUMETSAT = (éesa
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Expertise support regularly provided to operational air quality & climate services with ECMWF

Primary needs are both air quality / population health / aviation & security + land surface monitoring

LandSAF + EUMETSAT Central Facility (CF) — NRT (<< 3h), 7/7 days, 24h led by EUM operators & System Engineers.
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MSG SEVIRI | OFRaP-CS3
\ NRT FRP Since 2020 by EUMETSAT CF MTG FCl
FIR (Bayesian detection) — EUMETSAT(:F / EPS-SG
Assimilation under analyses by / Metimage

ERP (Pixel & Gridded) — LandSAF M ECMWF/CAMS /
Fire weather index, Fire emissions \ 7

Copernicus Services

Emergency centres

Internal Fire service collaboration



Baseline hiStory EUROPEANUNION : opleznjq‘& G EUMETSAT v @esa

OFRaP-CS3 - Optimized Fire Radiative Power for Copernicus Sentinel-3

* EUMETSAT — exclusive mandate from Copernicus & Europe for the NRT Atmospheric portfolio (including fires)
e Supporting Global Fire Assimilation Service (GFAS) procured by the Copernicus Atmospheric Service (CAMS)

* King’s College London (KCL — Prof. Dr. M. Wooster & W. Xu)
* Reference night-time algorithm (Thermal), since 2012
*  GFAS evolutions for multiple satellites

e EUMETSAT has developed the operational OFRaP-CS3 processor 2 years ago!
e  Started with precursor v1.0 elements delivered in 2019 by ESA /S3 MPC
* Enhanced baseline developed by EUMETSAT leading to processor v2.0
* Collection 1.0 in March 2020 — Collection 2.0 Day-Time since December 2021.

Additional EUMETSAT developments High-latitude Small hot-spots Day-time
improvements Night
- Very hot sports (SWIR module) — 1 km - New baseline: “Alternative
Twilight removal Thermal”

- Thermal - warm water outliers removal
(KCL request)

- SWIR module extended to 500 m 3



Night-Time algorithms mesr (opemicss @ eumersar -~ {oesa

e 1st thermal Fire algorithm:

e Standard — Based on S7 detector grid — low dynamic range — grid co-registered with all channels —
high measurement reliability — distortion at swath edges

* Much higher capability than MODIS Terra for small / weak hot-spots — Time series highly consistent

Constellation Sentinel-3 A+B SLSTR - Night - 17.09.2022 - Since 10.12.2021 Constellation Sentinel-3 A+B SLSTR - Night - 17.09.2022 - Since 10.12.2021
Standard FRP MWIR - No H20 Correction “ (_ Standard FRP MWIR/SWIR(1 km) 50% no SAA Common - No H20 Correction
BBl (coernicus Total FRP [MW] & EUMETSAT OPCICR Total FRP [MW] & EUMETSAT
200000 - — 200000 v —r— .

— 5344+ - Avg = 53142.5 — S - Avg = 227249
MODIS Terra - Avg = 29193.5 " MODIS Terra - Avg = 29193.5
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Night-Time algorithms

" T
chgpﬂg:&?;g"f op?!;ﬂj\‘cyqﬁ G E U METS AT co-funded with @ e S a

MSG SEVIRI FES (FRP-PIXEL) vs. Sentinel-3 A+B SLSTR
NRT FRP MWIR
04.07.2021 - Night

S3-A+Bonly -n =1926 = . 7 5 <a-
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Geo - LEO fire CalVal -

Credit A. Meraner (EUM) = -

BBl (oocricus @ LSASAF 2 EUMETSAT

GEO — LEO collocation methodology designed & implemented by A.

Meraner (EUMETSAT):
*  Satpy / Pytroll - Stringent 1-to-1 pixel threshold.

MSG vs. SLSTR Active Fire scores:
*  ~60% (* 10%) MSG hot-spots common with SLSTR
SLSTR common with MSG

MSG vs. MODIS Active Fire scores:
*  ~32% MSG hot-spots common with MODIS (Terra, Aqua)
MODIS (Terra, Aqua) common with MSG.

OFRaP-CS3 = higher Probability Of Detection than MODIS (MSG
Reference).

MODIS = higher Precision (MSG Reference) => OFRaP-CS3 higher

probability of weak hot-spots.
. Good - Further confidence needed.

Waning: activation scores strongly vary per minimum fire threshold.
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Night-Time confidence class orcemown™ | opermicus @ EU FRP_NR.001.01
i X Standard FRP MWIR

Australia

* Between 10-20% of false alarms due to
m issed C I ou d _edges . Sentinel-3 A+B SLSTR - FRP MWIR [MW] - Night - 0.25 deg resolution - 10.02.2021

B Capemus TormI TUmber-L Ry Hot-apots = 170 & EUMETSAT
FFiF Lgm: Total = 1286.2 [MW] - Avg. = 7.6+5.8 [MW] - Min = 1.2 [MW] - Max = 36.9 [MW]
0 T F - -—-.._&

 Potential root-causes:
e S7-S8 off-set
e Weak cloud-tests. a0°s

* Since May 2021 (Coll 1.2) - Clear-Sky ; , —
split window: 11-12 um: Ackerman et !
al. 2006, Godin 2014), A. Bozzo (EUM N e
1
Cloud Expert) ! _— | |
Sentinel-3 A SLSTR - Standard FRP MWIL - High €S Split-Window [MW] - Night - 0.25 deg resclution - 10.02.2021 erra MODIS - FRF MWIR [MW] - Night - 0.25 deg resclution - 10,02.2021
ﬂ (F'SE? ‘&mmnruial = 286.2 [h'\:t‘.alnr:r:mzefi.;::.];:::;c.'t:.‘!: 121.2 [MW] - Max = 36.9 [nﬁ] i Foes e Ko '. praa) 'G:I;tm::;:::[:;an:n_- 134 WMM ek Eu )
' I R - =
e Recommendations to Users:
* 40% => Medium clear-sky
confidence o
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* 2nd thermal Fire algorithm:
e Alternative - F1 detector grid, after S7 sub-sequent detection - Xu et al., 2021

* F1 =high dynamic range — pixels not co-registered with other channels — low distortion at swath edges — high
number of outliers (due to slow detector response)

* High risk of false alarms minimized thanks to the EUMETSAT F1 shooting mask (developed internally)

 Reduced FRP dependence on viewing scanning angles

Swath edge (left) Swiath centre Swath edge (right) Sentinel-3 A+B SLSTR - Alternative FRP MWIR [MW] - Night - 1.0 deg resolution - 17.09.2022
opernicus Total number 1 km hot-spots = 14016 % EUMETSAT

FRP 1 km: Total = 92296.4 [MW] - Avg. = 6.6+21.9 [MW] - Min = 0.1 [MW] - Max = 1003.0 [MW]
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Night-Time algorithms

«  Without the F1 over-shooting mask:

* x3-x4 increased hot-spot
number (night-globally)

« Considerably higher
~30% in Xu et al., 2021.

than

 Alternative MWIR:

« ~20%:30% increased hot-spot
number (in line with Xu et al,,
2021)

« Confidence classes are missing.

« Revision of F1 mask on-going:

Sentinel-3 A+B SLSTR - Standard FRP MWIR [MW] - Night - 2.0 deg resolution - 13.01.2022
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e Virtual F3 channel — F1 remapping into S7 Field Of view:

MSG SEVIRI FES (FRP-PIXEL) vs. Sentinel-3 A+B SLSTR * Avoiding frequent S7 saturation; Accounting for FOV size differences, Linear weights between
F1 and S7 BT (smooth transition), F1 under/over-shooting excluded (see ATBD)

NRT FRP MWIR
0012022 Day * Provisional:
= S3-A+Bonly-n =1209¢= e € ;*:1*“ * Restricted weak hot-spots at this stage - Improvements in future Collection 2.1
+  MSGonly - n= 542 £ ;?;'-;;_;-5“‘)*
Common - n = 351
e ) * ~30%:40% MSG common with SLSTR:
_./ o e Very similar to MODIS Prob. Detection (A. Meraner GEO-LEO CalVal).
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Day & Night 01.07.2022
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Summer 2022 - Siberia - Wildfires EUROPEAN NN Popemgnggu,sh @ EUMETSAT = @esa
Day & Night
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SWIR algorithm
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* Increasing interest in NRT gas flare monitoring.

DECSO v3b (2010)
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Daily N emission estimates constrained by satellites

DECSO algorithm from KNMI
Bas Mijling , Ronald van der A, KNMI

Heating flames due to flammable gas disposed at the tip industrial Gas Flaring
(GF) released:

between 2003 and 2012 "304 Tg CO, yearly
270 and 210 Gg of BC in 2005 and 2010, respectively.
Contribute to half the near-surface BC concentration in the Arctic.

Sentinel-3 A SLSTR (Rad-0.12) [mW.m-2.sr-1.nm-1] - 56 (2.25 um) - Night - 19.11.2020
- GOern.iCuS. Total number 1 km hot-spots SWIR = 257 @ EUMETSAT

FRP SWIR: Total = 3391.5 [MW] - Avg. = 13.2+21.6 [MW] - Min = 1.3 [MW] - Max = 162.0 [MW]
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South-Atlantic filtering

| memmme Copemcss @ eumersar -~ 0@82

* NRT South-Atlantic Anomaly (SAA) detection — Persistency analyses (spectral / spatial):
e ~10% FRP SWIR caused by SAA — Recommended confidence threshold > 50%.

Sen_y_in_ei-B A+B SLSTR - FRP SWIR(1 km) with SAA [MW] - Night - 1.0 deg resolution - 05.08.2022
(Lopernicus
FRP 1 km: Total = 44986.0 [MW] - Avg. = 7.6%£16.8 [MW] - Min = 0.6 [MW] - Max = 321.6 [MW]

Total number 1 km hot-spots = 5924
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*  Public quality monitoring under preparation => METIS

tampean Urin
repa-mw

Sentinel-1 Product Motice — SLSTR Level 2 Mear flea) Thme (NAT) fire Radiative

(opqnic_g_s & EUMETSAT

. Internal — Public release under preparation (very soon)
. Public access to products: EUMETSAT data tailor

Optimized Fire Radiative Power (OFRaP-C53) -

*  Websites (under major updates in the next weeks): pumized e Radiaie Power (OPRaR.CS3). Product Validation Report (PVR) -
. OFRaP-CS3 processor: https://www.eumetsat.int/S3-NRT-FRP Product

*  NRT Fires Collection 2: https://www.eumetsat.int/release-collection-2- Validation

-nrt-fire-radiative- ATBD ——
s3-nrt-fire-radiative-power = e =

Notice
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*  Sentinel-3 Atmospheric composition (NRT): To be published soon.
https://www.eumetsat.int/atmospheric-composition

*  METIS — Daily maps: https://metis.eumetsat.int/frp/index.html E e St oo TR
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Sentinel-3 B SLSTR - Daily_6Manth - Night - 22.06.2021
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EUMETSAT is leading the NRT Copernicus Sentinel-3 L2 Fire product
night-time since 2020 - day-time since 2021.

* Publicly available from EUMETSAT Data Store https://data.eumetsat.int/search

 Multiple algorithms + confidence classes.

e Documentation Collection 2.0 https://www.eumetsat.int/release-collection-2-s3-nrt-fire-radiative-power

* Internal Validation monitoring

 Coordination with users and new requests for evolved product content (smaller size, new format, etc...):
e.g. NILU, NASA, EFFIS, ECMWF/CAMS

* Active support to preparation of Global Fire Assimilation Service (GFAS).

Strong partnership with King’s College London (KCL) + LandSaf (IPMA) being renewed for MSG, Sentinel-3, MTG;5



