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Quasi-Lagrangian Cyclone Model

Cooper (2001) 

after Carlson (1980)

Dry Airstream
Desecending air stream

Cold Conveyor Belt
Moderately ascending air stream

Warm Conveyor Belt
Rapid ascent ahead of the cold front



ECMWF
ERA 15, 1979-1993, 1°x1° Resolution, 31 levels

FLEXTRA 
Lagrangian trajectory model

6-day forward trajectories

starting daily on a 1°x1° grid

365 million trajectories in total

A 15A 15--year climatology of year climatology of WCBsWCBs

Stohl et al. (2001): Stohl et al. (2001): J. J. GeophysGeophys. Res.. Res. 106106, 7263, 7263--72797279
EckhardtEckhardt et al. (2004): et al. (2004): J. Climate J. Climate 1717, 218, 218--237237



Trajectory definition of a WCBTrajectory definition of a WCB

south of a cyclone

moves pole- and eastward

strong ascent



winter

summer

Transport within WCBsTransport within WCBs (Eckhardt et al. 2004)(Eckhardt et al. 2004)
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Dec., Jan., Feb.                                   June, July, Aug.

WCBsWCBs & Pollutant emissions& Pollutant emissions



Novem ber 2001
5 10 15 20 25 30

O
zo

ne
 [p

pb
v]

0

20

40

60

80

100
Horton Station (920 m )

Ozone at Horton stationSeaWifs image on 15 November

Ozone from MOZAIC ascent

North American pollution plume observed during CONTRACENorth American pollution plume observed during CONTRACE
Stohl et al., Stohl et al., JGRJGR, 108, 4370, 2003, 108, 4370, 2003

Huntrieser et al., Huntrieser et al., JGRJGR,, 110110, DO1305, , DO1305, doidoi: 10.1029/2004JD005045: 10.1029/2004JD005045



17 November 2001: Cold front pushes pollution to the Atlantic
Tracer plume and clouds are aligned in WCB
Lifting to free troposphere

GOES-East IR satellite image FLEXPART total column of CO tracer



18 November 2001: Pollution plume in the WCB outflow
in the upper troposphere

METEOSAT + GOES-East FLEXPART total column of CO tracer



19 November 2001: Pollution plume arrives over Europe

METEOSAT + GOES-East                  FLEXPART total column of CO tracer

Falcon flight track



CO and O3

SO2

NO and NOy

Descent over Oslo



Aerosol lidar measurements in Kühlungsborn, Northern Germany

FLEXPART CO tracer



North American CO and NONorth American CO and NOyy along flight trackalong flight track
from 600 backward simulationsfrom 600 backward simulations

EDGAR N. Am. NOx
+ measured NOy (black)
+ measured NO

EDGAR N. Am. CO
+ measured CO (black)
+ aircraft altitude



FLEXPART backward simulation for peak at 11:53 UTCFLEXPART backward simulation for peak at 11:53 UTC
27 second interval27 second interval

Emission sensitivity in 
whole atmospheric column

Emission sensitivity
in footprint



FLEXPART backward simulations for peak at 11:53 UTCFLEXPART backward simulations for peak at 11:53 UTC
Source contribution (ppb per grid cell)

New York Megacity plume



And another five days later...

...yet another plume from North America

New particle formation in plumes:
Large ions with different mass 
units (red = largest ions)



23+24 May
27 May

29 May

21 May

FLEXPART CO tracer



SeaWiFS image on 21 May FLEXPART Siberian forest 
fire tracer on 21 May



MODIS images on 23+24 May FLEXPART Siberian forest 
fire tracer on 23+24 May

Damoah et al., ACP

23 May
24 May

Hudson Bay

L. Superior

St. Lawrence R.

TOMS aerosol index



SeaWiFS image on 27 May FLEXPART Siberian forest 
fire tracer on 27 May
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