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Focus
help refine and articulate the international observation requirements 

&

help make the best possible use of fire products from the existing 
and future satellite observing systems

for 

fire management,  policy decision-making, global change research

Quick overview: GOFC-GOLD Fire Implementation Team 



• International 

• Voluntary

• Satellite fire product providers, users, stakeholders, fire practitioners, 
scientists, and GOFC/GOLD regional networks (fire prone & typically less 
developed regions)

Quick overview: GOFC-GOLD Fire Membership

• Annual meetings currently 
funded by the EU Global 
Wildfire Information System 
(GWIS)  project 



Previous GOFC-GOLD Fire IT / GWIS meeting
June 2022, Stresa, Italy

(the catch up, post-COVID meeting)

Presentations: https://gofcgold.org/meetings/5th-gofc-gold-fire-it-and-global-wildfire-information-system-gwis



Presentations:
https://gofcgold.org/meetings/6th-global-wildfire-information-system-gwis-and-gofc-gold-fire-implementation-team-meeting

Most recent GOFC-GOLD/GWIS meeting
November 2023,  Canadian Space Agency, Quebec
joint with Canadian WildFireSat stakeholder meeting



GOFC/GOLD Fire Implementation Team priorities
(support R&D / advocate / share information / provide platform / do)

• small area & low Fire Radiative Power (FRP) fires
• continuity of global fire product record
• product continuity characterization (among mission/sensor continuity ad hoc.)
• meaningful validation of new and existing fire products, new opportunities provided 

by commercial satellite data, product QA then validation concern
• develop an independent fire product QA and Validation endorsement process
• develop community briefing on current status of fire systems and global/large area 

products & optimal fire monitoring system of systems
• advocacy for future satellite fire mission capabilities
• fire modelling and fire regime change research, deep learning revolution provides new 

opportunities
• fuel load and fire consumption
• fire product policy relevant information service in the post-MODIS era
• strengthen fire-related GOFC/GOLD regional networks 
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Ongoing research on relative importance of 
small area & low Fire Radiative Power (FRP) fires

Accounting for small fires increased total global burned area by 
~35%, from 345 Mha/yr to 464 Mha/yr

“A formal quantification of uncertainties was not possible …”



Guido van der Werf et al.

Small fires being integrated into Global Emissions Inventories
e.g., GFED5



• Recent Landsat & Sentinel-2 20m – 30 m regional burned area 
products providing insights into role of small burned areas 

• more informative than provided by MODIS 500 m burned area 
product – but accuracy assessment challenging



• Current outstanding need to systematically generate validated 
global daily burned area products at medium resolution (Landsat 
& Saentinel-2) 

• to support science & applications 

• Federal funding of 
airborne fire campaigns 
is awesome (but not if 
the global products the 
applications and science 
community needs are 
not available)



W

C6H10O5 + O2 + heat -> C02 + H20 + heat
FRP is the heat energy 
liberated by combustion 
per unit time

Retrieved at active fire 
detections from MIR 

Directly proportional to 
rate of biomass 
consumption

Useful for emissions & 
fire characterization 

Recap: Fire Radiative Power (FRP)



Low FRP fires 
are cool and/or small

• unclear what the emissions 
from low FRP fires are as they 
not being detected by current 
polar and geostationary 
systems

Photo from airplane window 
flying into Kinshasa, DRC 
during the unusually wet little 
dry season, March 2024
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Recent ESA 250m BA product (FireCCI51)
(MODIS 250 m reflectance + MODIS active fire detections) 

Lizundia-Loiola et al., 2020, RSE

(E. Chuvieco)



Recent ESA 300m BA product (C3SBA10 BA)
(OLCI 300m reflectance + MODIS active fire detections)

Lizundia-Loiola et al., 2021, Remote Sensing
(E. Chuvieco)



Very recent 500 m NASA VIIRS Burned Area product
(VIIRS reflectance and active fire detections)

Giglio et al. 2024 In Prep.



Recent ESA AVHRR 0.05° BA product (FireCCILT11) 1982+

Oton et al., 2021, IJAG not validated following CEOS protocol 

+ need for a validated long-term pre-MODIS burned area record



Annual total BA for the conterminous United States, Alaska, Hawaii 
reported by FireCCILT11 (AVHRR), MCD64A1 (MODIS) and as 

compiled by U.S. National Interagency Fire Center (NIFC) 

• significant orbit-drift 
artifacts in the FireCCILT11 
product

• FireCCILT11 drastically 
overestimates U.S burned 
area before 2001

Gilgio & Roy, Science of  RS,  2022
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C6.1 MCD64A1 (MODIS) C2 VNP64A1 (VIIRS)
Grey bars indicate 2012 S-NPP VIIRS, 2020 Aqua MODIS, and 2022 S-NPP VIIRS data gaps

Global monthly NASA MODIS and VIIRS Burned Area 



VIIRS

MODIS 

Annual 
2021



Likely factors impacting MODIS/VIIRS 
Burned Area product consistency … 

• Band placement (different spectral response)
• Sensor swath width ➞ coverage + view zenith angle sampling
• Native (swath pixel) resolution + VIIRS pixel aggregation
• “1-km” (926-m) and “500-m” (463-m) sinusoidal grid resampling 

effects
• No VIIRS morning overpass
• Upstream surface reflectance product differences

• cloud mask, snow mask, QA bits

• Land/sea mask Louis Giglio 
April 2024



MODIS & VIIRS 
FRP 
significantly
different also 

Maui Fire Disaster 
August 2023

De Lemos et al. 2024 



Upcoming gap in morning active fire & FRP observation 
capability due to MODIS decommissioning – huge concern 

for operational users  - need to characterize Sentinel-3 
active fire & FRP (sub-optimal) capability 

  

Gap fill with 
Sentinel-3 ? 



Active Fire Counts                                                 FRP Totals

S3B SLSTR

Terra MODIS 

NPP VIIRS 

Sentinel-3 
detects 
fewer  
active fires 
than 
MODIS, & 
far fewer 
than VIIRS, 
&
different 
FRP 
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Burned Area Product Validation protocol adopted but some 
producer published approaches underwhelming …. as using

• same spatial resolution 
independent reference 
data as the product 

Commercial satellite data 
provide new opportunities for 
validation of medium resolution 
burned area products 

• insufficient number and distribution of independent reference 
data sampled in space and time to acquire CEOS Stage 3 validation

(Luigi Boschetti) 



Sensor: Landsat 9
Spatial Resolution: 30 m
Date: 2022/01/12
Time: 16:18:34 UTC
Solar Elevation: 46°

Location: SAL Airport, San Luis Talpa, 
La Paz, El Salvador

Dimension:
100 x 100



Sensor: Planetscope
Spatial Resolution: 3 m
Date: 2022/01/05
Time: 17:01:25 UTC
Solar Elevation: 51°

Location: SAL Airport, San Luis Talpa, 
La Paz, El Salvador

Dimension:
1000 x 1000



Sensor: BlackSky
Spatial Resolution: 1 m
Date: 2022/01/05
Time: 16:03:37 UTC
Solar Elevation: 44°

Location: SAL Airport, San Luis Talpa, 
La Paz, El Salvador

Dimension:
3000 x 3000



Outstanding need find a solution for unambiguous 
validation of burned area products wrt harvesting

as cropland harvesting can be spectrally & 
temporally similar to burning  



Active Fire and FRP product validation remains challenging
Active Fire 

• well established comparison with QA’d contemporaneous active fire detections 
from ASTER, Landsat, Sentinel-2 

• definition of “contemporaneous” observations TBD (ballooned from ± minutes to 
± ~8 hours)

• small & low FRP fire validation uncertain  

FRP

• challenging due to limited availability of reference data (airborne data and field 
campaigns) and need for “contemporaneous” obs. within ± minutes 

(Roberts & Giglio, CEOS LPV Plenary: 28-29 September 2022)



Need to ensure QA undertaken before Validation 
(quality issues typically remain undetected by validation that 

necessarily relies on a sample of independent reference data)

Google Earth 
Engine 
Landsat-8 
burned area 
prototype looks 
good at this 
scale



30m burned areas in S.W 
Minnesota ?

How to ensure QA is undertaken ?

Google Earth 
Engine 
Landsat-8 
burned area 
prototype looks 
good at this 
scale

Need to ensure QA undertaken before Validation 
(quality issues typically remain undetected by validation that 

necessarily relies on a sample of independent reference data)
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Independent fire product QA and Validation 
endorsement process being discussed

• “Foxes in hen house” 

• Advocate for QA and Validation “clearing house”
– use of fire products for policy analysis implies products may be possibly 

challenged 
– as more, and similar, global products are produced, product inter-use 

requires reliable characterization of each product’s accuracy
– explicit statements of accuracy/uncertainty will foster an informed user 

community and improved/appropriate product use

• Need to develop community repository for
– harmonized, accurate, endorsed, fire product validation data
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• Community briefing on current status of systems and 
global/large area products – CEOS gap analysis underway 
led by Canadian GOFC/GOLD members

• Define the optimal fire monitoring system of systems – 
initially science and applications user observation 
requirements 

• Discussion of how to find an effective way to communicate 
findings (in addition to peer reviewed literature)
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August 2013 
Yosemite Rim Fire 

Rim Fire

Nevada

California

- GOES Imager Instrument 
- AVHRR on NOAA 18-19
- MODIS Terra and Aqua

(Xiaoyang Zhang) 

Users (e.g. international GOFC Fire network members) would 
appreciate a sensor agnostic harmonized satellite fire monitoring 

system of systems – active fires, FRP & burned areas



Fire disaster satellite monitoring system still needed …

one of the deadliest U.S. wildfire incidents on 
record with an estimated U.S. $5.5 billion cost 



Maui Fire Disaster August 2023



https://gcos.wmo.int/en/essential-climate-variables/fire/ecv-requirements

Have focus groups etc. to help define needs beyond the relatively scant 
detail provided in GCOS Fire ECV definitions/requirements

https://gcos.wmo.int/en/essential-climate-variables/fire/ecv-requirements
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Future fire modelling and fire regime change research
(forecasting, understanding, conjecturing) 

Need to coordinate and 
perhaps fund research 
in a more coherent and 
so impactful manner.
 



Early  statistical 
approaches

- satellite fire 
products

- gridded human and 
physical 
explanatory 
variables 

- random forest



Evolving process-based approaches for both long- 
and short-term future fire modelling  



Geosci. Model Dev, 2023New deep learning 
statisrtical opportunities
 
R&D needed on how to 

• develop for understanding of 
drivers and constraints on fire

• support conjectures about future 
fire occurrence and variability

Long-term fire products and 
explanatory variable data sets 
that are consistent and accurate 
needed for training 
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Fuel load 
intercomparison 
exercise needed 

Biogeosciences, 21, 279–300, 2024



53

Different approaches to convert satellite fire products into 
estimates of fuel consumption (and then fire emissions)

 

Fuel Loading 

Fuel Consumption 

Emission Factor 

Emission Produced 

Largest Error (CV= 83) 

Second Largest Error (CV=30) 

Smallest Error (CV=16) 

Area Burned Fuel loading & consumption 
(the proportion of the fuel 
that is combusted) have 
highest uncertainty 

(Andrew Hudak)

Intercomparison exercise becoming needed 
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Dedicated fire portals 
working well but not 
focused on needs of non-
scientific & policy users





Fire policy relevant information service in GWIS via a NASA GEO funded project 

Boschetti & Roy



Fire policy relevant information service in GWIS via a NASA GEO funded project 
need to ensure continuity into the post-MODIS era
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GOFC-GOLD 20th Anniversary of Regional Networks (RN)
Sep 13-16th 2018, Tbilisi, Georgia

Keeping GOFC-GOLD RNs 
healthy can be challenging 



African regional networks #5/6/8 poor shape post-COVID 
(and Africa is the most fire prone continent) 

Strengthen fire-related GOFC/GOLD regional networks 



How to prioritize these ?
• small area & low Fire Radiative Power (FRP) fires
• continuity of global fire product record
• product continuity characterization (among mission/sensor continuity ad hoc.)
• meaningful validation of new and existing fire products, new opportunities 

provided by commercial satellite data, product QA then validation concern
• develop an independent fire product QA and Validation endorsement process
• develop community briefing on current status of fire systems and global/large 

area products & optimal fire monitoring system of systems
• advocacy for future satellite fire mission capabilities
• fire modelling and fire regime change research, deep learning revolution 

provides new opportunities
• fuel load and fire consumption
• fire product policy relevant information service in the post-MODIS era
• strengthen fire-related GOFC/GOLD regional networks 



Discuss at Next GOFC Fire IT / GWIS meeting 

September 17-18 2024, Milan, Italy
 

(immediately before Earsel meeting)

EARSEL abstract deadline 15 April 2024 
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