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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
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Net Effect on Global Warming?

How does the surface albedo change?

(Veraverbeke et al. 2012)

Table 1. Radiative forcing associated with the Donnelly Flats fire.

Radiative forcing*
0.18 | Forcing agent W (m? burned)™]
: contro Year 1 Years 0 to 80 (mean)
H A focal Long-lived greenhouse gases (CH, and CO5) 83 1.6 + 0.8
S 0.13 | AU i P~ Ozone 6= 4 0.1=0.1
/ ' E \ p . Black carbon deposition on snow 33 0.0 £ 0.0
; Black carbon deposition on sea ice 54 0.1+01
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CH, | | Halpcarbons

N.O
Ozone Stratospheric .

Tropospheric
Stratospheric water vapor
from CH,

Surface albedo

Aerosols (direct)

Aerosols (indirect)

Linear contralls

Solar irradiance

Land useI]:IBlack carbon on snow

|

05 0 05 1 15
Radiative forcing (W m32)

(Bowman et al. 2009)

savanna woodland  deforestation forest agriculture peat

(van der Werf et al. 2010)

r : r : : r T : . r
[ Grassland & savanna fires CV =11%|
I \Woodland fires CV=16%
[ Deforestation & degradation fires CV = 37%
[ Forest fires CV =36%
25 [ JAgricultural fires CV =18%|]|
— I Peat fires CV = 176%)
5
L]
> 20
o
=)
e
2
s 1.5
&
k]
£
L]
210
i

1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
Year



Wildfire Emission Estimates:
2 Approaches

1) Bottom-up approach
Emission = X X X
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
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Bottom-up Approach:
Burned Area

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

MCD45 - GFED3

(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

Stratum Category
CANOPY Trees, snags, ladder fuels
SHRUBS

NONWOODY VEGETATION | |-

WOODY FUELS

LITTER-LICHEN-MOSS

GROUND FUELS

Primary and secondary layers

Primary and secondary layers

All wood, sound wood, rotten
wood, stumps, and woody fuel
accumulations

% Litter, lichen, and moss layers

Duff, basal accumulations, and
squirrel middens

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)

FCCS

Fuel Characteristic Classification System
developed by the Fire and Environmentol Research Applications Teom

USDA - Forest Service
R Pacific Northwest Reseorch Station
FERA  PudficWildland fire Stiences Loboratory
400 N 34th Streat, Suite 201 « Seattle, WA 98103
206.732.7800 + ww.fs.fed.us/prw/fera « prw_fecshelp@s.fed.us




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

Highly uncertain factor



Emission factor for C = 0.45-0.5

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

Bottom-up Approach:
Emission factor

Table 1. Emission Factors for Pyrogenic Species Emitted From Various Types of Biomass Burning®

Savanna and Extratropical Charcoal Charcoal Agricultural
Species Grassland” Tropical Forest® Forest! Biofuel Burning® Making Burning" Residues’
Co, 1613 £ 95 1580 + 90 1569 = 131 1550 £ 95 440 2611 +241 15154177
co 65 4 20 104 £ 20 107 + 37 78+ 31 70 200 + 3% 92+ 84
CH, 23£09 684 2.0 47419 61+22 10.7 62433 27
Total nonmethane 34£10 B.1+3.0 57444 73+£47 2.0 2719 aor
arbons
C:H, 0.29 4 027 0.21-0.59 0.27 + 0.09 0.51-0.90 0.04 0.05-0.13 (0.36)
CyH. 0.79 £ 0.56 1.0-29 112  0.55 1.8 £0.6 0.10 0.46 +0.33 [
C,H, 0.32 £0.16 05-19 0.60 £ 0.15 12406 0.10 0.53 £ 0,48 .97
il 0.022 + 0.014 0.013 0.04-0.06 {0.024)° = (0.06) 003"
CaHg 0.26 £ 0.14 0.55 0.59 + 0.16 0.5-1.9 0.06 0.13-0.56 ll.ﬂ)h
CHg 0.09 £ 0.03 0.15 0.25 £0.11 0.2-03 0.04 0.07-0.30 {0.52
1-bulenc 0.09 + 0,06 013 0.09-0.16 0.1-05 - 0.02-0.20 (0.13)"
i-butene 0.030 = 0.012 0.11 0.05-0.11 01-05 - 0.01 016 (0.08)"
trans-2-butene 0.024 £ 0.014 0.05 0.01-0.05 0.05-03 0.01-0.06 (0.04)"
eis-2-butene 0.021 + 0.011 0.042 0.008-0.13 0.05-0.18 - 0.01-0,03 (0.05)
Butadiene 0.07 £ 0.05 0.06-0.08 011036 = 001 010 {0.09)"
n-butane 0.019 +0.09 0.041 0.069 = 0.038 0.03-0.13 > 0.02-0.10 (0.06)"
i-butane 0.006 = 0,003 0015 0.022 = 0.009 0.01 -0.05 0.006-0.01 (0.015)
1-pentene 0.022 + 0.010 0.056 0.04-0.07 05 - 0.028 0008
n-pentane 0.005 = 0.004 0.014 0.05-0.06 0.07 = 0.10 (0.025)"
2-methyl-butenes 0.008 + 0.004 0.074 0.033 0.16 0015 0.007
2-methyl-butanc 0011 0012 0.008 0.026—0,029 0.08 - 0.07 (0.018)
Tsoprene 0.020 = 0.012 0.016 0.10 0.15- 0.42 - 0.017 0.05
Cyclopentene 0.012 = 0.008 .02 0.019 0.61 - 0.035 0.02)"
4-methyl-1- 0.048 0.048 {0.05)" 0.015 (0.09)" 0.016
pentene
I-hexene 0.037 £ 0.016 0.063 0.07-0.11 0.05)" = (0.13) 0013
n-hexane 0.039 + 0.045 (0.05)" 0.03-0.06 004" 0.063 (0.05)°
Tsohexanes 0.05 (0.08)" 0.08" (0.06)" - 0.15)" (0.08)"
Heptane 0.05 (0.08)" (.08t (0.06)" = {015 (0.08)"
Octenes 0.003-0.008 0.012 0.005 ©.007)" = ©.017)" 0.004
Terpenes 0.015 (©.15) 0.22 (0.15) - 0.0 0.015)"
Benrenc 023+ 0.11 0.39-0.41 0.49 + 0,08 19+ 1.0 . 03-17 0.14
Toluene 0.13 + 0.06 0.21-0.29 0.40 + 0.10 L1037 2 0.08-0.61 0.026
Xylenes 0.045 £ 0,025 0.04-0.08 0.20 .55 & 0.44 - 0.04-0.22 0.01
Ethylbenzene 0.013 + 0,003 0.013-0.035 0.048 0172012 - 0.01-0.07 0.03
Styrene 0.024 (0.03)" 0.13 0.04-0.5 i 0.03-022 003"
PAH 0.0024 (0.0254 (0.025)! (0.025) = (0.025) (0.025)
Mecthanol " (2.0 2014 (.50 016 (3.8)"° 2.0
Ethanel (o011t [D.DIBI‘ 0018 0013 - (D.03)" (0.01 sa"
1-propanol 0.025 (.04 (0.04)" (0.03)" (0.08)" (D.04)
Butanols 0.008 0.009 o1 0.008 - (0.02)" 0.012
Cyclopentanol 0.032 0.031 {0.04 (0.03 - (0.08)" 0.017
Phenol 0.003 0.006 (0.005)" (0.004)" = (o_mg" 0.001
Formaldehyde 0.26-0.44 (4" 2205 0.13 £0.05 (2.6) {148
Acetaldehyde 0.50 + .30 {0.635)" 0.48-0.52 014 £ 0,05 - L.aP 0.65)"
Acrolein, 0.08 ©.18)" 0.13-0.35 001-0.1 . (0.35)" (0.18)"
propenal
Propanal 0.009 (o.08 0.03-0.25 0.02-0.03 185" (0.08)"
Bulanals 0.053 0.071 0.21 0.04-0.05 - (0.200* 0.021
Hexanals 0.002-0.024 0.031 0.02 0.004-0.009 0.04" 0.012
Heptanals 0.003 0.003 (0.004)" 0.003)° (0.008)" 0001
Acetone 0.25 0.62 .62)" 3.52-0.59 0.01 -0.04 0.02 ant 0.63)°
2 butangne 0.26 (043" 0.17-0.74 0.03-0.06 - (o,ssr (0.44)
2,3-butanedione 0.57" 92y 0.35-15 (0.68)" (1.8) 0.9
Pentanones 0.01-0.02 0.028 0.09 (0.04)" - (0.09)" 0.007
Heptanones. 0.006 0.002 (0.005)" (0.004)" - 0.01)" 0.002
Octanones 0.015 0.019 .02 0.016)" - (0.04)" (0.02)"
Benzaldehyde 0.029 0.027 (0.036)" 0.02-0.03 - {0.07)" 0.000
Furan 0.095 (0.48)" 040045 0.65 (0.9 0.5"
2-methyl-furan 0.044 -0.048 0.17 0.47 {0.18)" - (0.46)" 0.012
3-methyl-faran 0.006-0.011 0.029 0.05 (0.023)° (0.06)" 0.003
2-cthylfuran 0.001 0.003 0.006 (0.003) - (0.007 0,001
2 4-dimethiyl-furan T008 .04 {0019 (0.014)" = Tjody 0.002
2,5-dimethyl-furan 0.002 003" 0.05 0.021) (0.05)° (003"
Tetrahydrofuran 0.016 0.016 0.0 0.015)" - (0.04)° 0.006
2,3-dihydrofuran 0.012 0.013 [0k {0.012) - (0.031)" 0.005
Benzofuran 0.014 0.015 0.026 ©.016)" - (0.04)" 0.004
Furfural 023" (037" 0.29-0.63 0.22 0.1 0.72)" 037"
Methyl formate (0.015)" (0.025)" 0.025 0.018)" - 005" (0.025)"



Wildland Fire Emissions
Information System (WFEIS)

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

User Input System Output

Fire Extent
& Timing

Select By:

« AOl/lat,long
* Fire Name
* Place Name

* Time »
Select Fire
Perimeter:

« MTBS (Landsat)
« DBBAP (MODIS)

Modify
Pre-set Inputs
(optional)




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

WEFEIS

WFEIS Home

Mici

Research Institute

Wildland Fire Emissions Information System (WFEIS) v0.1
Emissions Calculator API User Interface

1. Select Burned Area Product

Burned area product: | MODIS DEBAP

3. Select Spatial Extent
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4, Customize WFEIS Parameters (Advanced)

Use default WFEIS parameters (recommended)
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Global Fire Emission
Database (GFED)

Global Fire Data (GFED)
GFED (Van der Werf et aI. Introduction || Tables Graphs I Data . Publications & references [ Contact Scraphuuklj: Fundingll
2010)

Fires are an important source of atmospheric trace gases and aerosols and are the most important disturbance agent on a global scale. In
addition, deforestation and tropical peatland fires and areas that see an increase in the frequency of fires add to the build-up of atmospheric CO_.
=

We have combined satellite information on fire activity and vegetation productivity to estimate gridded monthly burned area and fire emissions, as
well as scalars that can be used to calculate higher temporal resolution emissions. The resulting datasets are downloadable from this website for

gIOba I’ 0.5 degr‘ees’ ma ny use in large-scale atmospheric and biogeochemical studies. The core datasets are monthly burned area, monthly emissions (carbon emissions as
well as a suite of trace gas and aerosol emissions), and fields to distribute the monthly emissions to a daily time step, or a 3-hourly time step
speC|eS using @ mean diurnal cycle. The current version is 3.

While the data was released initially as the Global Fire Emissions Database (GFED) and will still be released as GFED, it now also includes
burmed area and other dafasets besides the emissions fields

www.globalfiredata.org

S < o

0.1 0.5 1 2 5 10 25 50 100

Annual bumed area (as percentage of the area of the grrd celll, averaged over 1997-2009. For November 2000 onwards it is for 90% based on
mapped MODIS burned area using the direc! broad: iloonihn, aggregated from the native 500-meter resolution fo 0.5 degree. The remaining
10% and bumed area for 1997 - October 2000 are baaed on relations between active fires (ATSR, TRMM-VIRS, and MODIS) and mapped bumed
area for perods they overlap.




Top-down Approach

measured by thermal imagery

(CeH100s5)n + Oz + ignition temperature — COz + HoO + heat

l

FRP [MW km-2] = 4.34 x 10-19 (T3mir - T8pg, Mir) ~ designed for MODIS (Kaufman et al. 1998)

or

A1 O €
FRP = %(LM,R,W ~Lyrs,)  More widely applicable (Wooster et al. 2003) (Wooster et al. 2005)

a.c MIR

6

i Biomass Combusted (kg) = 0.366-FRE (MJ)
1 r*=0.97 n = 36, p< 0.0001

Fire Radiative Energy is temporal integration of Fire
Radiative Power

Biomass Combusted (kg)

9]

Fuel consumption is linearly related to FRE

l 17 i

Emission = X

0 2 4 6 8 10 12 14 16 18
Fire Radiative Energy (M1J)



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

Monitoring atmospheric composition & climate Login | Site map | Print

i i i ( m T 4
Estimated FRE (MT): Annual Mean (2001-2007) GG (emes 7 == =

> Fire Radial
R [BeimEsE Y Fire Radiative Power
Pl PDF (211.1 Kbytes)  |Forecastbasetima |/ .[V 5|
e Mon 30 Apr201200UTC  ~
Ebyico) MACC Daily Fire Products Monday 30 April 2012

Average of Observed Fire Radiative Power Areal Density [mW/m2] max value = 0.92 W/m2
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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 betwee.n spatla! and temporal resc?lutlon | GOES MIR MODIS MIR
—> temporal integral is necessary to derive FRE ' (a) (b)
—> small fires might be missed

BIRD MIR

(Wooster et al. 2005)



Uncertainties in wildfire emission estimates are up to 100 %

Table 6. Reported and best-guess uncertainties (1) for various
parameters influencing fire emission estimates.

Parameter Uncertainty

Burned area Reported standard deviation
(Giglio et al.. 2010)
Reported burned area

standard deviation x2

Deforested area

Woody biomass 22051
Herbaceous biomass 44052
Tree mortality 25%

Depth of soil burning 50% of range
Combustion completeness  50% of range

Table 2. Cocfficient of Variation (CV) Values Used in Three
Uncertainty Model Runs

“Best Guess™ Low High
Uncertainty Uncertainty Uncertainty
Area burned® 0.15 same same
Aboveground C 0.10 0.05 0.25
Ground-layer C 0.10 0.05 0.25
Aboveground 3 0.23 0.05 0.25
Ground-layer 3 0.30 0.05 0.25
Emission factor CO,
flaming™® cO same same
CHy
0.02
0.09
0.15
Smoldering 0.03

0.06
0.08

(van der Werf et al. 2010)
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Case Study: Uncertainty in
Combustion Completeness

Combustion factor depends on: Fuel type } Modeling

Fuel moisture
Fire severity — Remote sensing

MODELING & FIRE SEVERITY — COMBUSTION

109°30'00.00"W 109°00'00.00"W
| |

(Veraverbeke an Hook 2012)
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33°30'00.00"N

C emission from modeling only
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Case Study: Uncertainty in
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(Veraverbeke and Hook 2012)



Top-down Approach:
Uncertainties

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)

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