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Fire Disturbance - Outline 
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● Review of fire disturbance products, GCOS requirements and 
validation stages and general QA issues

● Burned area validation
○ Status of the BA protocol (setbacks, gap and time frames)

○ Validation challenges (very high resolution in the context of 

developing a FRM)  
● Active Fire and FRP validation

○ Current product developments

○ Validation challenges and progress (talk about FRM4Fire)

○ CEOS LPV AF & FRP validation protocol (status, timeframe)

Open discussion on some questions:
○ Use of AI

○ FRP validation-stage limitations



Fire Disturbance
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Active fire detection, 
FRP, and burned area 
comprise three separate 
GCOS Essential Climate 
Variables (ECVs).

To come:
Combustion Completeness (CC)



Fire Disturbance - Burned area
Burned Area [km2] - product characteristics

• Retrospective mapping of cumulative burned area extent

• Typically includes date of burn

• Mostly relies on the NIR in spectral indices

• Can incorporate AF information (e.g., seeds)

• No L2 products

• No physically-based measuring function
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Fire Disturbance - Fire Radiative Power 
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Fire Radiative Power [MW]
• Based on Active Fire products
• Measure the amount of energy that is 

being released by an ongoing fire.
• Mostly relies on the MWIR band 

difference between the fire pixel and 
its background (physical based 
function)

• Uncertainty characterization in its 
initial stages (some effects considered 
and being revised –FRM4Fire)

• Challenge to produce L3/L4 products 
spatially and temporally consistent

• No validation standard exist. AF pixel 
spectral 
radiance

[Wm-2sr-1μ-1]

background 
mean spectral 

radiance
[Wm-2sr-1μ-1]

Atmospheric 
Transmittance

[unitless]

Stefan-Boltzman
n constant
[Wm-2K-4]

Ground pixel 
area 
[km2]

Fire Radiative 
Power
[MW]

MWIR (3-5 μm): spectral 
window where fires 
radiant intensity is 
greatest in this even for 
very small fires 
compared to the sensor 
spatial resolution (10-3 

to 10-4) 



Fire Disturbance EO products status
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L2 L3

L4

Identified 52 fire products (BA, AF, FRP), global or 
hemispherical cover, NRT,NTC)
• Documentation (PUM, ATBD, QA)
• Service Architecture
• Format, resolutions and metadata
• Uncertainty
• Validation



Fire Disturbance - Cal/Val gaps of fire products

o Definition of what entails each fire product processing level (L2/L3/L4).
o Definition of a standard method for estimating thematic classification confidence, to allow for full product compatibility 

and comparability. 
o Development of method/models to allow for conversion between classification confidence and uncertainty. 
o Development of a community accepted standard for geo-spatial uncertainties for regrided/reprojected products. 
o Development of product uncertainties considering the assumptions made in retrieval algorithms and uncertainty 

propagation from input products (metrological approach) to assure compliance with Thematic Data Records (TDP). 
o Propagation of per-pixel radiance uncertainty (at L1/L2) to the final product (GUM). 
o For the intersatellite inter-comparisons, further investigations are required over multiple sources of uncertainty.
o Development of robust statistical methods for non-simultaneous products.
o Develop a framework for the generation of FRM fire data by establishing the required protocols to ensure full traceability 

– a CEOS approved good practice guide. 
o Define a community-based roadmap and all the requirements, in order for FRP products to achieve CEOS Level-4 

validation status. 
o Define a community agreed validation strategy for classification-based mapping that ensures representativeness, in 

terms of landscape, in time, space and severity. 

https://ccvs.eu

https://ccvs.eu/


Fire Disturbance - products validation stage status 
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FRP Validation at stage 1: The main challenge to validate fire 
products is the generation of reference data due to the 
ephemerity of the phenomenon to be mapped and the current 
revisiting times of moderate-high spatial resolution observing 
systems. Therefore, reference data samples are scarce and not 
coincident with product estimates.»

In-situ generated reference data
• Coincident measurements currently are not 

routinely available, even opportunistic 
experiments used airborne thermal 
imaging systems. 

• A field experiments scarce and limited to 
controlled environments

To defined

Fiducial Reference Measurement 

(FRM) 

 

Burned area validation now routinely 
achieves Stage-3 and sometimes Stage-4.



Satellite/Product status
• WH proposed decommission of MODIS

– VIIRS only afternoon overpass

• Landsat NEXT (uncertainty)?

• Recent news: Wildfire sat  operational in the spring of 2029 it will begin providing 
data globally, the fire products will be shared publicly in NRT with the L-1B data 
trailing by ∼24 hrs.

• Non-science, commercial systems are being planned to replace some of the 
services provided by the space agencies (NRT) - Earth Fire Alliance (EFA) FireSat 
Constellation that will provide a full suite  of products (AI based). QA plan is 
unknow.

• FIRMS NRT BA and experimental fire perimeters based on AF 



Fire Disturbance – Burned area validation protocol
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▪ Continuing to update the current draft, 
that was based on the 2010  burned 
area validation note
▪ Still some disagreement within the 

community regarding the required 
sample sizes, metrics and use of ‘long 
units’
▪ Needs updating on coarse resolution 

validation and on the use and role of 
“future space” 
▪ Promote final discussion at the next 

GOFC Fire Implementation Team 
meeting (still unknown when and 
where, but not US)
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Validation Challenges

Fire Disturbance - Burned area

• How to validate growing pool of moderate-resolution (20 – 30 m) 
burned area products?
– Appealing to high resolution (∼1–10 m) commercial imagery is constrained by 

spatial and spectral coverage + cost

• Validation alone is not enough – also required is quality assurance
– “Product quality assessment is necessary for global products given the large 

number of factors that can adversely affect their quality... and because over 
large areas product quality issues, such as stripes at input image… boundaries, 
or anomalous temporal and spatial burning patterns... may remain undetected 
by validation activities that necessarily rely on a limited sample of independent 
reference data.”  (Boschetti et al., 2019)



12

Burned Area Validation: Issues to Address

Fire Disturbance - Burned area

Example of 
Stroppiana et al. 
(2022) Sentinel-2 
reference map 
for site in Africa 
superimposed 
with 0.25° GFED 
grid. 

• “Long” validation units
– Lack of consensus re. maximum 

permissible time between first and last 
images used to derive reference maps

• Coarse-resolution BA product validation
– Level-4 coarse-resolution BA products (e.g., 

GFED) typically assessed to less stringent 
standards than purely satellite-based BA 
products

– More appropriate rigorous approach under 
development (Giglio & Mota, in prep.)

Long-unit 
periods ideally 
do not exceed 
vegetation 
regrowth + 
other post-burn 
disturbance 
time frames.

Franquesa et al.,
(2022)
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FRPM Validation
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Dickinson et al., 
2014

Wooster et al., 
2005

FRM4Fire project framework – phase 1 



FRM4Fire – analysis to characterize uncertainties

FRM4fire presentation at LPS25, Friday at 2:30 C.06.02 “Advances in Calibration and Product Validation for Optical Sensors”



Recent airborne validation campaigns
• FIDEX-2 (August 2023 – Ontario, Canada) – Matchup with S3A&B:

– All points collected within the ‘factor of x2’ uncertainty resulting from the PSF and overlapping 
pixels of SLSTR

– Higher airborne-derived than satellite-derived FRP for >200MW fires

– Suggests future campaigns should investigate large fires, possibly by flying higher

• CarbonARA (September 2024 – Aberta, Canada):
– FRP from matchups (S3A&B) currently being 

processed

– Measured FRP over gas flares to 

assess angular effects (vegetation and sensor)

Courtesy of Farrer Owsley-Brown, KCL



FRP Product Intercomparison Framework

Robust statistical analysis based on
 non-concurrent detections (pdf), allows for:
• algorithm detectability underperformance (lower range)
• Sensor saturation impacts
• Spatial and temporal consistency
• False or non-fire detections

rollover 
parameter

shape 
parameter



Fire Disturbance - – AF & FRP validation protocol
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▪ Drafted the outline
▪ Will include protocol section on 

airborne FRP measurements 
developed from FRM4fire
▪ Include section on product 

inter-comparisons (simultaneous and 
non-simultaneous)
▪ 1st Draft end-2025? 



Final note: Long-term strategy – FRM maturity
characteristic description

Traceability documented evidence of their traceability to a community
agreed reference ideally tied to the International System of units, 
SI

Independence measurements are independent from the satellite geophysical 
retrieval process

Uncertainty budget comprehensive uncertainty budget for all instruments
and processed measurements (transformation of
the measurand to match the measurand of the satellite product) 

Documented protocols measurement protocols, procedures and communitywide
quality management practices (measurement, processing, archive, 
documents, etc.) are defined

Accessibility datasets, including metadata and reports documenting processing,
are accessible to other researchers, allowing independent 
verification of processing

Representativeness representativeness of the FRM to that of the satellite observation
as well as the satellite to FRM comparison process are thus 
required to be documented and the uncertainty assessed

Adequacy of Uncertainty uncertainty of the FRM, including the comparison
process, must be commensurate with the requirements of the 
class of satellite sensor they are specified to support

Utility are designed to apply to a class of satellite missions. They are
not mission-specific



Open issues

○ For BA , and some extent AF, the use of ML (as opposed to AI) and 
traceability challenge it represents

○ Definition of what is BA 
○ FRM for BA validation to be defined what it is

○ FRP validation-stage limitations
○ Are the defined stages adaptive to validation that requires airborne 

campaigns?


