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Californian wild fires
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m Warmer and dryer than usual — wildfires more likely

m November and December 2018: major burning events
m Focus on Camp and Woolsey fires, raging in the weeks after
November 8th
m Devastated area about 1000 km?
m Direct damage: 88 dead, burned land and structures, forced
evacuation of multiple towns
m Indirect damage due to pollution



Objective and Motivation

Retrieve CO emissions from biomass burning events in California
using TROPOMI observation in the TM5 4DVAR model.
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Images: Fire: Mark McKenna / Zuma Press, LA-Times; S5P: ESA 4




TROPOMI observations

TROPOspheric Monitoring Instrument
onboard of Sentinel-5 Precursor

Daily global coverage

Local overpass time 13:30

High resolution (up to 7x7 km?)

— Still useful for 1° x 1° model pixels: lower error, chance to
have at least some cloud free pixels

Especially sensitive to troposphere/boundary layer

Image: ESA



Satellite observations

IUP TROPOMI CO 10-11-2018
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m Given: TROPOMI CO total column observation

Satellite data courtesy of Oliver Schneising and Michael Buchwitz of IUP
Carbon and Greenhouse Gas Group 6



Satellite observations

IUP TROPOMI CO 10-11-2018
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m Given: TROPOMI CO total column observation
m Wanted: Location and temporal development of emissions

Satellite data courtesy of Oliver Schneising and Michael Buchwitz of IUP
Carbon and Greenhouse Gas Group 6



Intermediate Results
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Current Setup

m Code mostly up to date with Sourish’ version
— Extended to handle TROPOMI data
m Production
m Biomass burning: FINN with IS4FIRES injection profiles
m Anthropogenic: MACCity
m Natural: NMVOCs and CHy4 based on TM5-MP (Huijnen etal.
2010)
m No daily cycle

m Transport: ECMWF erai meteorology (Dee etal. 2011)

m Loss: OH prescribed according to monthly climatological
fields form Spivakovsky etal. 2000, scaled by 0.92 (Huijnen
etal. 2010), without wet/dry deposition

m M1gN3 optimizer

m Zoom over California



Zooming, flask measurements and satellite observations
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m Satellite data only in zoom region

m Only background stations (Hooghiemstra et al 2012)



Initial conditions and spin up

TM5-MP May 2010
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m 5 month (May-Sep) spin up from TM5-MP 6x4 field from
2010 run
m Simple forward run to capture current major events
m 8 year old distribution still more proper than “80 ppb
everywhere” 9



Initial conditions and spin up

After 5 months forward run in TM5-4DVAR
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m 5 month (May-Sep) spin up from TM5-MP 6x4 field from
2010 run
m Simple forward run to capture current major events
m 8 year old distribution still more proper than “80 ppb
everywhere” 9



Inversion period

Final concentrations after 3 months inversion with only flasks
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m 3 month (Oct-Dec) inversion period, event starts 8.11
m Only converges properly without satellite observations.
Concentrations still messed up.
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Nudge
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initial conditions to satellite observations

Final concentrations after 3 weeks inversion with satellite and flasks
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Tried splitting off first 3 weeks to get concentrations closer to

satel

lite as in Krol etal 2013 — converges somewhat, but global

distribution unreasonable (clean China and India etc.)
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Global emissions - a priori

A priori emissions 2018-11-25 - 2018-12-02
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Global emissions - a posteriori

A posteriori emissions 2018-11-25 - 2018-12-02
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m Human influence and reduced to mostly zero all over

m Strange behavior expected in spin up/down period, i.e.
first/last 2-4 weeks, but occurs over whole period

m Satellite may be biased low (or model high), but strange

behavior persist even if using station data only 13



Global emissions

A priori emissions 2015-10-31 - 2015-11-07
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Summary & Outlook

m “Working" version of TM5-4DVAR with TROPOMI
m Added station data and started from full chemistry CO field

— Global emissions messed up

m Update to proper boundary conditions. l.e. GFED instead of
FINN, use VOC, OH and starting CO fields from 2018
TM5MP run,..

m Compare to IASI based inversions

m Consider more complex chemistry, like HCHO
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