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Humans and Fire

(Bowman et al. 2009)



Fire in the Earth System
(Bowman et al. 2009)

Carbon emissions from wildfires account for 20‐40 % of the total global carbon emissions (van 
der Werf et al. 2010)
Uncertainties in wildfire emission estimates are large



Net Carbon Balance

(Rocha and Shaver 2011)

Long‐term

(Conard and Solomon 2009)

(Conard and Solomon 2009)

Short‐term



Net Effect on Global Warming?

Short‐term Long‐term

(Randerson et al. 2006)

How does the surface albedo change?

(Veraverbeke et al. 2012)



Role of Deforestation Fires

(van der Werf et al. 2010)

(Bowman et al. 2009)



Wildfire Emission Estimates:
2 Approaches

1) Bottom‐up approach

Emission = Burned area X Fuel load X Combustion completeness X Emission factor 

Remote sensing for estimation of burned area, fuel load and combustion factor 

Traditional approach (since Seiler and Crutzen 1980), heavily used

2) Top‐down approach

Based on the measurement of the Fire Radiative Power from thermal imagery 

More recent method (since Kaufman et al. 1998)



Bottom‐up Approach:
Burned Area

By far the most accurately mapped factor in the equation

(Kasischke et al. 2011)

Several global remote sensing products available

(Giglio et al. 2010)



Bottom‐up Approach:
Burned Area

But still large discrepancies (up to 100 %) between the different products

(Giglio et al. 2010)



Bottom‐up Approach:
Fuel Load

The biomass or Fuel Load term represents all organic matter present at a site

The total Fuel Load at a given site is the sum of its composing parts

Prichard et al. 2011

Derived from mapped vegetation or process modeling using satellite input



Bottom‐up Approach:
Fuel Load

Available for the US: the Fuel Characteristic Classification System (Ottmar et al. 2007)



Bottom‐up Approach:
Combustion Completeness

Combustion completeness (= combustion factor = biomass consumption) is the amount of
biomass consumed by the fire

Modeled based on fuel type and fuel moisture content

Available for the US: Consume, can be linked to the FCCS (Ottmar et al. 2006)

Highly uncertain factor

(French et al. 2011)



Bottom‐up Approach:
Emission factor

Emission factor for C = 0.45‐0.5

Emission factors of most pyrogenic species are
known (Andreae and Merlet 2001)



Wildland Fire Emissions
Information System (WFEIS)

WFEIS (French et al. 2011): North America, 1 km, C and PM
WFEIS is a spatial application of Consume



WFEIS

http://wfeis.mtri.org
(French et al. 2011)



Global Fire Emission
Database (GFED)

GFED (van der Werf et al. 
2010)

global, 0.5 degrees, many
species

www.globalfiredata.org



Top‐down Approach

MIR, fire MIR,bg )(L
a.MIR

Asampl. .FRP   L

measured by thermal imagery

designed for MODIS (Kaufman et al. 1998)

or

more widely applicable (Wooster et al. 2003)

Fire Radiative Energy is temporal integration of Fire
Radiative Power

Fuel consumption is linearly related to FRE

Emission = Fuel consumption X Emission factor

(Wooster et al. 2005)



Top‐down Approach

Global applications by Ellicott et al. (2009) and the Global Monitoring for Environment and Security

with MODIS with geostationary satellites
in real‐time
www.gmes‐atmosphere.eu/service/gac/fire



Uncertainties
Bottom‐up approach:
+ straightforward, simple and conceptually easy
‐ uncertainties in each factor propagate into the actual emissions

Top‐down approach:
+ no ‘uncertain’ data needed on fuel load and combustion completeness
‐ trade‐off between spatial and temporal resolution

temporal integral is necessary to derive FRE
small fires might be missed

(Wooster et al. 2005)



Bottom‐up Approach:
Uncertainties

Uncertainties in wildfire emission estimates are up to 100 %

(van der Werf et al. 2010)

(French et al. 2004)



Combustion factor depends on: Fuel type
Fuel moisture
Fire severity

Modeling 

Remote sensing

MODELING & FIRE SEVERITY COMBUSTION

&

Case Study: Uncertainty in
Combustion Completeness

(Veraverbeke an Hook 2012)



Combustion Completeness
C emission from modeling only C emission from modeling and RS

(Veraverbeke and Hook 2012)

kg C/m2 kg C/m2

Case Study: Uncertainty in

Fire Burned 
area (ha)

CC
estimation 
methodology

Total C 
emission (Tg)

Area normalized C 
emission (kg/m2)

% carbon emitted relative to 
modeling approach

Wallow 218 000 Modeling 3.44 1.57 1
Wallow 218 000 Modeling and RS 1.52 0.70 0.45



Top‐down Approach:
Uncertainties

Emissions from the top‐down approach are a factor of 3 lower than those of the bottom‐up 
approach!!!
Who is right??

MODIS small active fire omissions 70 % (Hawbaker et al. 2008)

Clouds obscuration 11 % (Shroeder et al. 2008)

Point spread function 75 % (Schroeder et al. 2010)

Improper characterization of background 80 % (Schroeder et al. 2010)

MIR‐FRP conversion 15 % (Wooster et al. 2005)

FRP‐FRE conversion 5 % (Ellicott et al. 2009)

FRE‐biomass conversion 2 % (Wooster et al. 2005)

Biomass‐C conversion 10 % (French et al. 2004)
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