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Why is a global View of Fire 
Important ?

• Fire is a global 
phenomenon 
(biomass burning)

• Important and poorly 
understood Earth 
System process

• Multiple loops and 
feedbacks 
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Fire disturbance ECV: burned area, active 
fire (suppl.) and fire radiated power (suppl.)

MAKING THE CASE FOR LONG TERM 
MEASUREMENTS 



GTOS and Terrestrial ECVs

Part of GEO Task CL-06-03



ESA$CCI'programme'

Aerosol cci Cloud cci 

Fire cci 

GHG cci 

Glaciers cci 

Land Cover cci 

Ocean Colour cci 

Ozone cci 

Sea-level cci 

Sea Ice cci 

Sea Surface  
Temperature cci  Ice Sheets 

CMUG 

Soil moisture 





The Fire ECV
Essential climate variables provide long term 
monitoring in support of UNFCC.
Application domains of the Fire ECV:
greenhouse gas estimations (primary 
application)
Carbon budget assessments
Dynamic vegetation modeling
Natural Hazards Management
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Terra Launch: Dec. 18, 1999
First Image: Feb. 24, 2000

MODIS launched on EOS Terra



Terra Launch: Dec. 18, 1999
First Image: Feb. 24, 2000

Aqua Launch: May 04, 2002
First Image: June 26, 2002

MODIS launched on EOS Terra & Aqua satellites



2001 animation

1km MODIS 
active fire 
detections 
(red) 

superimposed 
on MODIS 16 
day NDVI 

‘Ten Year’ Achievement: Daily, Global, monitoring of  spatio-
temporal fire dynamics, since 2000, for a sensor that is 
specifically designed to do this 

MODIS 1km active fire 
location 
at time of satellite overpass
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• Global Product 500m 
• Monthly Composite – 
showing date of 
burning 

( Roy and Boschetti) 

Global Burned Area (MODIS) 



‘Ten Year’ Achievement: 
 Global Fire Regime Characterization 

Peak Fire Month
(Terra MODIS; Nov. 2001 - Oct. 2005)

Giglio et al., 2006



‘Ten Year’ Achievement: 
 Global Fire Regime Characterization 

Peak Fire Month Mean Fire Pixel Density 
(Terra MODIS mean ; Nov. 2001 - Oct. 2005)

Giglio et al., 2007



MODIS Burned Area Frequency 

Boschetti, Roy and Justice



MODIS Burned Area Median Date 

Boschetti, Roy and Justice2000 - 2008



The Fire ECV
• Burnt area (T.10)

• Active-fire maps (supplemental to T.10)

• Fire radiative power (FRP) (supplemental 
to T.10)



Three key points

Expanding the data record to the past

Assessing if a product meets the ECV 
requirements (Validation techniques)

Improving the spatial resolution



AVHRR Heritage: 
burned area 

statistics estimated 

from Active Fire

Detections

AVHRR active fires (red)

on NDVI

Okavango Delta,

Botswana, 

September 6th 1989



CANADA CENTRE FOR REMOTE SENSING 
Applications Division Natural Resources Canada 

Burned area mapping  
by combining AVHRR 
hotspots and change 
detection (HANDS)  

Potential burned pixel if: 
NDVIdiff < NDVI diff(mean) + NDVI diff(stdev) 



AVHRR burned areas

Barbosa et al,2007 



AVHRR burned areas

(Chuvieco et al, 2008)



Sensitivity issues

Carmona Moreno et al., 2005



AVHRR burned areas
• Potentially expanding the fire record back to 

1981
• Calibration issues have limited the potential to 

use the data for fire interannual variability
• Intercalibration with other products is possible 

only in overlap periods
• Lack of Landsat data to validate extensively pre 

Landsat 7
• A combination of intercalibration with 

overlapping products and Landsat validation is 
the only option
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Stage 3 and Stage 4 validation:
(status tomorrow)



First order issues: the fire ECV 

• Detecting ‘Active fires’ and ‘burned areas’ 
is an ill-posed problem

• Historically, the community has gone with 
the ‘I know when I see it’ approach

• We need an unambiguous definition of the 
quantity estimated in the ECV, and 
measured in the validation dataset



A fire on the ground…



Burned Area Requirements



Active Fire and FRP



Second order issues: metrics 
used in the ECV requirements

• Some metrics are ill-defined (i.e. ‘stability’)
• Other metrics are not justifiable

– Error characterized in terms of omission and 
commission. A subtle statistical point is that 
‘omission error = commission error” does not 
mean that the estimate is unbiased!

– Why not precision and accuracy?



Third order issues: target 
accuracies

• The target values are arbitrary and don’t seem 
to have any justification in terms of user 
requirements

• Physical limitations are ignored
– Egregious example: Omission and Commission = 

15% compared to 30 m observations is physically 
impossible to achieve on highly fragmented burned 
areas.

• Geographic extent is ignored (15% omission and 
commission globally? Per continent? Per 5 
degree cell?)



Where to go from here?

• What is the linkages between GCOS and 
LPV

• How can we ensure that the science 
community is involved in writing the 
requirements

• ‘Community reviews’ are hardly a good 
model – no incentive for the people we 
want to be involved.



Also some exciting news…
Moderate resolution:
• Successful launch of Landsat 8
• Sentinel 2
Low resolution
• Successful launch of VIIRS
• Sentinel 3
Unprecedented data availability for 
validation
Potential for data fusion



Beyond the ECV
Policy applications for the 
new generation of burned 

area products
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Integrated monitoring systems
• International pressure for free data access 

started with low resolution data, and now 
extending to moderate resolution datsets (i.e. 
10-30m).

• Landsat data: free from 2006
• European Sentinel 2 and Sentinel 3 (~2013): 

commitment  from ESA for free data
• Need to set up the framework for integrated 

system: VIIRS-Sentinel3 plus Landsat 8 – 
Sentinel 3



Global datasets in the context of 
international carbon conventions

• Thematic products are extremely relevant 
for national and international policy
– Remote sensing role for Monitoring, Reporting 

and Verification in the REDD+ program under 
UNFCCC

• Fundamental science questions on our 
changing planet

• Scientific support for cooperation and 
environmental actions

“we must educate our masters”
(Robert Lowe, Chancellor of the Exchequer, 
after the 1867 Reform Act)



Remote sensing and REDD+
The role of remote sensing in national monitoring 

systems is recognised in decision 4 of COP15

• Article 1 (d):
To establish, according to national circumstances and capabilities, robust and transparent 
national forest monitoring systems and, if appropriate, sub-national systems as part of 
national monitoring systems that:

(i) Use a combination of remote sensing and ground-based forest carbon inventory 
approaches for estimating, as appropriate, anthropogenic forest-related greenhouse gas 
emissions by sources and removals by sinks, forest carbon stocks and forest area 
changes;

(ii) Provide estimates that are transparent, consistent, as far as possible accurate, and that 
reduce uncertainties, taking into account national capabilities and capacities;

(iii) Are transparent and their results are available and suitable for review as agreed by the 
Conference of the Parties;



Early examples of fire 
management and carbon market

WALFA project in Northern Australia:
• Change in total annual emissions by managing fire and 

changing the seasonality (early versus late fires) 
• Funded in the internal carbon market
• Science component to evaluate the effects on total 

biomass burned and on emission coefficients
2009 Field Campaign





Sourcebook Fire section




