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What and how much do
biomass fires emit?

— Ingredients of smog chemistry, greenhouse gases

» Halogenated hydrocarbons (e.g. CH4Br)

— stratospheric ozone chemistry

 Aerosols & aerosol precursors (NH;, SO,)

— light scattering and absorbing, cloud condensation nuclei
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Open issues related to “What”

major unmeasured spemes but true closure experiments
have not been made

Modeling of key secondary species in plumes (O, acetic
acid,...) is still unsatisfactory: Are we missing important
emission species or reaction paths?

Gas/aerosol partitioning is poorly understood. What is
the role of semivolatile species? How does the primary
mixture affect smoke aerosol evolution?
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“How much?” (and “WWhen and Where")

where A = total land area burned annually [m?/yr], B = the average
organic matter per unit area in the individual biomes [g(dm)/m?], a =
fraction of the average above-ground biomass relative to the total
average biomass B, and where B = the burning efficiency of the
above-ground biomass.”

To get species emissions, we then multiply
with an emission factor.
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For example...

Agric. waste
(1190)

Charcoal prod.
& use (200)

Savannas (3160)

Domestic fuel

Biomass burned worldwide (9200 Teragram d.w. annually)
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Emission of trace gases and aerosols from biomass burning

M. O. Andreae and P. Merlet
Biogeochemistry Department, Max Planck Institute for Chemistry, Mainz, Germany

Abstract. A large body of information on emissions from the various types of biomass burning
has been accumulated over the past decade, to a large extent as a result of International
Geosphere-Biosphere Programme/International Global Atmospheric Chemistry research

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 Buming® Making® Burning® Residues’
CO, 1613 + 95 1580 £ 90 1569 + 131 1550 £ 95 440 2611 £ 241 1515 £ 177
CO 65 +£20 104 £ 20 107 + 37 78 £ 31 70 200 £ 38 92 + 84
CH,4 23+£09 6.8+2.0 47+£19 6.1 £22 10.7 62 +33 2.7
Total nonmethane 34+£1.0 8.1+3.0 57+4.6 7347 2.0 27+£19 (7.0)"

hydrocarbons

C,1, 029+0.27 0.21-0.59 027 +0.09 0.51-0.90 0.04 0.05-0.13 (0.36)
C,H, 0.79 £ 0.56 1.0-29 1.12 £0.55 1.8+06 0.10 0.46 £ 0.33 (1.4
C,Hg 032+0.16 05-19 0.60 £0.15 1.2+06 0.10 0.53 £ 0.48 (0.97)"
C;H, 0.022 + 0.014 0.013 0.04—-0.06 (0.024)0 - (0.06) (0.032)"
CiHg 026+0.14 0.55 0.59+0.16 0.5-19 0.06 0.13-0.56 (1.0"
C3Hg 0.09 £0.03 0.15 0.25 +£0.11 0.2-038 0.04 0.07-0.30 (0.52)
1-butene 0.09 £ 0.06 0.13 0.09-0.16 0.1-0.5 - 0.02-0.20 (0.13)"
i-butene 0.030 £ 0.012 0.11 0.05-0.11 0.1-05 - 0.01-0.16 (0.08)"
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Even sophisticated models basically use this
approach in the source parameterization

Model top CATT-BRAMS 3D Eulerian model grid box
20-30 km‘

convective transport
by deep cumulus
mass mass

inflow plume rise convective transport outflow
by shallow cumulus

A

Ax ~ 10-100 km
Freitas et al., ACPD, 2007







Aerosol emissions make the
high variability visible — it

also applies to the trace
. gases!
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Key emitted species by combustion type:

— CH;CI, CH,CN, HCN, NH,, ...
— Organic aerosol

* Flaming
- CO,

— “Black carbon”, “soot carbon”

Max Planck Institute for Chemiiistry, Mainz, Germay




Measures of flaming/smoldering ratio:

CO,/(CO, + CO + VOC + OC + ...

* Modified combustion efficiency (MCE):
CO,/(CO, + CO)
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¢ Grass
® Savanna
v Forest

Janhaell et al., ACP 2009
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dCO / dCO,

ER(AerosolMass/CO) is ~ constant!
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exp 7A / oak

exp 8A / oak

exp19A / musasa
exp19C / musasa
exp23A / musasa
exp20A / savanna grass
exp24A / Indonesian peat
exp25A / Indonesian peat
exp26A / German peat
fit

fit
®, = 0.995 (1 - exp(-0.375ER ) )

2 3 4 5678101 2 3 4 5678102

Emission Ratio ( dCO/dCQO, ), %

Single scattering albedo of biomass burning aerosol
increases with decreasing combustion efficiency
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Variability within plume is similar
to variability between biomes:
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To predict emissions we would need:

- Or -
* Amount of CO, and CO emitted
- And —

* Fuel nitrogen (and halogen) content

. . o
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Depending on the application, this
information can come from:

weather, tc;pography |
* Modeling only, e.g. in climate models with

biosphere
— Fuel loading and condition, fire climate or weather, ...

« Combination of observation and modeling, data
assimilation, etc.
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What do we need?

—Relationship between fuel conditions, fire
weather, terrain slope, etc. and F/S ratio

—Remotely sensed proxies of F/S ratio

« Smoke SSA?
 Ratio CO/FRE?
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Smoldering in the evening remains
at the surface

05 10 2002 22:23
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Combination of

* Emission model

* |Injection model

* Transport model

« Chemical process model

gives accurate large- and meso-scale
prediction of biomass smoke distributions
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