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Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
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• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 

– 27-31 Jul. 17        – 06-10 Aug. 17   
– 27 Jul. – 10 Aug. 17 
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 Flight 05                   Flight 06       Flight 07                    Flight 08 
 

Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 

 
 

Pr
es

su
re

 (
Pa

) 

Ro  vereto - 17,18 e 19 Novembre 2017  

 

22. - 24. May 2019 
Albert Einstein Science Campus  

Potsdam, Germany 

Stratospheric and upper tropospheric processes for 
better climate predictions 

www.stratoclim.org/opensciencemeeting	  

StratoClim 
Open Science meeting 

1 4th IASI Conference, 11-15 April 2016, Antibes Juan-les Pins, France 

Marc Cohen 
Associate Director  for LEO Programmes 

The EPS/Metop and EPS-SG/Metop-SG Systems  

Deutsches Zentrum für Luft- und Raumfahrt e.V.                          Institut für Physik der Atmosphäre
                  http://www.dlr.de/ipa 
        15.05.2019 

Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
 
 
 

 
 

       

Analyses of Geophysica measurements of the Asian summer monsoon 
campaign in 2017 and comparison with respective data derived from 
Chemistry-Climate-Model simulations 
Francesco Cairo1, Francesco Graziosi1, Silvia Viciani2, Federico Fierli1,3, Matthias Nützel4, MartinDameris4, Patrick Jöckel4 

1CNR-L'Istituto di Scienze dell'Atmosfera e del Clima, Rome, Italy 2CNR-Istituto Nazionale di Ottica, Firenze, Italy3 EUMETSAT, Darmstadt, Germany 4DLR-Institut für 
Physik der Atmosphäre, Oberpfaffenhofen, Germany 

 

References 
- Stohl, A. et al., Validation of the Lagrangian particle dispersion model FLEXPART against large scale tracer experiment data, Atmos. Environ., 32, 
4245– 4264, 1998. 
- Janssens-Maenhout, G. et al., EDGAR v4.3.2 Global Atlas of the three major Greenhouse Gas Emissions for the period 1970–2012, Earth Syst. Sci. 
Data Discuss., https://doi.org/10.5194/essd-2017-79, 2017.  
- Dee, D. P. et al., The ERA‐Interim reanalysis: configuration and performance of the data assimilation system, Q.J.R. Meteorol. Soc., 137: 553-597, 
doi:10.1002/qj.828, 2011. 
- van Vuuren, D.P. et al., The representative concentration pathways: an overview, Climatic Change,109: 5, https://doi.org/10.1007/s10584-011-0148-
z, 2011. 
- Granier, C. et al., Evolution of anthropogenic and biomass burning emissions of air pollutants at global and regional scales during the 1980–2010 
period, Climatic Change,109: 163. https://doi.org/10.1007/s10584-011-0154-1, 2011. 
- Jöckel, P. et al., Earth System Chemistry integrated Modelling (ESCiMo) with the Modular Earth Submodel System (MESSy) version 2.51, Geosci. 
Model Dev., 9, 1153-1200, https://doi.org/10.5194/gmd-9-1153-2016, 2016.  
- Roeckner, E. et al., Sensitivity of Simulated Climate to Horizontal and Vertical Resolution in the ECHAM5 Atmosphere Model, J. Climate, 19, 3771–
3791, doi:10.1175/JCLI3824.1, 2006. 
- Liebmann B. and C.A. Smith, Description of a Complete (Interpolated) Outgoing Longwave Radiation Dataset, Bulletin of the American 
Meteorological Society, 77, 1275-1277, 1996. 

• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 

– 27-31 Jul. 17        – 06-10 Aug. 17   
– 27 Jul. – 10 Aug. 17 

 Flight 01                   Flight 02       Flight 03                    Flight 04 
 
 
 
 
 
 
 
 
 
 Flight 05                   Flight 06       Flight 07                    Flight 08 
 

Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
 
 
 Flight 01 

 
Flight 07 

 

< 16km 

 
< 16km 

 

> 16km 

 
> 16km 

 
14.1 ppbv 

 

22.4 ppbv 

 
40.6 ppbv 

 

53.4 ppbv 

 

• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 

 
 

Pr
es

su
re

 (
Pa

) 

Ro  vereto - 17,18 e 19 Novembre 2017  

Diagnostics from UTLS in-situ observations
and comparison with model(s)

Federico Fierli, Matthias Nutzel, Francesco Graziosi, Silvia 
Viciani, Francesco Cairo, Chiara Cagnazzo, Martin Dameris, 

Silvia Bucci, Mark Parrington, Michael Volk, Fabrizio 
Ravegnani

 

22. - 24. May 2019 
Albert Einstein Science Campus  

Potsdam, Germany 

Stratospheric and upper tropospheric processes for 
better climate predictions 

www.stratoclim.org/opensciencemeeting	  

StratoClim 
Open Science meeting 



1 4th IASI Conference, 11-15 April 2016, Antibes Juan-les Pins, France 

Marc Cohen 
Associate Director  for LEO Programmes 

The EPS/Metop and EPS-SG/Metop-SG Systems  

 

22. - 24. May 2019 
Albert Einstein Science Campus  

Potsdam, Germany 

Stratospheric and upper tropospheric processes for 
better climate predictions 

www.stratoclim.org/opensciencemeeting	  

StratoClim 
Open Science meeting 

Deutsches Zentrum für Luft- und Raumfahrt e.V.                          Institut für Physik der Atmosphäre
                  http://www.dlr.de/ipa 
        15.05.2019 

Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
 
 
 

 
 

       

Analyses of Geophysica measurements of the Asian summer monsoon 
campaign in 2017 and comparison with respective data derived from 
Chemistry-Climate-Model simulations 
Francesco Cairo1, Francesco Graziosi1, Silvia Viciani2, Federico Fierli1,3, Matthias Nützel4, MartinDameris4, Patrick Jöckel4 

1CNR-L'Istituto di Scienze dell'Atmosfera e del Clima, Rome, Italy 2CNR-Istituto Nazionale di Ottica, Firenze, Italy3 EUMETSAT, Darmstadt, Germany 4DLR-Institut für 
Physik der Atmosphäre, Oberpfaffenhofen, Germany 

 

References 
- Stohl, A. et al., Validation of the Lagrangian particle dispersion model FLEXPART against large scale tracer experiment data, Atmos. Environ., 32, 
4245– 4264, 1998. 
- Janssens-Maenhout, G. et al., EDGAR v4.3.2 Global Atlas of the three major Greenhouse Gas Emissions for the period 1970–2012, Earth Syst. Sci. 
Data Discuss., https://doi.org/10.5194/essd-2017-79, 2017.  
- Dee, D. P. et al., The ERA‐Interim reanalysis: configuration and performance of the data assimilation system, Q.J.R. Meteorol. Soc., 137: 553-597, 
doi:10.1002/qj.828, 2011. 
- van Vuuren, D.P. et al., The representative concentration pathways: an overview, Climatic Change,109: 5, https://doi.org/10.1007/s10584-011-0148-
z, 2011. 
- Granier, C. et al., Evolution of anthropogenic and biomass burning emissions of air pollutants at global and regional scales during the 1980–2010 
period, Climatic Change,109: 163. https://doi.org/10.1007/s10584-011-0154-1, 2011. 
- Jöckel, P. et al., Earth System Chemistry integrated Modelling (ESCiMo) with the Modular Earth Submodel System (MESSy) version 2.51, Geosci. 
Model Dev., 9, 1153-1200, https://doi.org/10.5194/gmd-9-1153-2016, 2016.  
- Roeckner, E. et al., Sensitivity of Simulated Climate to Horizontal and Vertical Resolution in the ECHAM5 Atmosphere Model, J. Climate, 19, 3771–
3791, doi:10.1175/JCLI3824.1, 2006. 
- Liebmann B. and C.A. Smith, Description of a Complete (Interpolated) Outgoing Longwave Radiation Dataset, Bulletin of the American 
Meteorological Society, 77, 1275-1277, 1996. 

• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 

– 27-31 Jul. 17        – 06-10 Aug. 17   
– 27 Jul. – 10 Aug. 17 

 Flight 01                   Flight 02       Flight 03                    Flight 04 
 
 
 
 
 
 
 
 
 
 Flight 05                   Flight 06       Flight 07                    Flight 08 
 

Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
 
 
 Flight 01 

 
Flight 07 

 

< 16km 

 
< 16km 

 

> 16km 

 
> 16km 

 
14.1 ppbv 

 

22.4 ppbv 

 
40.6 ppbv 

 

53.4 ppbv 

 

• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 

 
 

Pr
es

su
re

 (
Pa

) 

Ro  vereto - 17,18 e 19 Novembre 2017  

Asian Anticyclone and the global climate

Two prominent source regions: 
Northern India & Sichuan Basin
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Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
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• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 

– 27-31 Jul. 17        – 06-10 Aug. 17   
– 27 Jul. – 10 Aug. 17 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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• Bottom: time series of FLEXPART 

CO according to different source 
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different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
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 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
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¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 

 
 

Pr
es

su
re

 (
Pa

) 

Two distinct phases during the campaign
increasing convection over land in August

2007-2013 MLS CO mean
Anticyclone from ERA-Interim

Santee et al., 2017 
MLS CO at 370 K



1 4th IASI Conference, 11-15 April 2016, Antibes Juan-les Pins, France 

Marc Cohen 
Associate Director  for LEO Programmes 

The EPS/Metop and EPS-SG/Metop-SG Systems  

 

22. - 24. May 2019 
Albert Einstein Science Campus  

Potsdam, Germany 

Stratospheric and upper tropospheric processes for 
better climate predictions 

www.stratoclim.org/opensciencemeeting	  

StratoClim 
Open Science meeting 

Deutsches Zentrum für Luft- und Raumfahrt e.V.                          Institut für Physik der Atmosphäre
                  http://www.dlr.de/ipa 
        15.05.2019 

Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
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• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
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• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
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 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
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¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 
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• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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different time periods 
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 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 
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Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
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different time periods 
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 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
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used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
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• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 
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– 27 Jul. – 10 Aug. 17 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
 
 
 Flight 01 

 
Flight 07 

 

< 16km 

 
< 16km 

 

> 16km 

 
> 16km 

 
14.1 ppbv 

 

22.4 ppbv 

 
40.6 ppbv 

 

53.4 ppbv 

 

• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 

 
 

Pr
es

su
re

 (
Pa

) 

Ro  vereto - 17,18 e 19 Novembre 2017  

CO from EMAC simulation

MLS  at 100 hPa

EMAC captures the two phases
and the CO evolution



1 4th IASI Conference, 11-15 April 2016, Antibes Juan-les Pins, France 

Marc Cohen 
Associate Director  for LEO Programmes 

The EPS/Metop and EPS-SG/Metop-SG Systems  

 

22. - 24. May 2019 
Albert Einstein Science Campus  

Potsdam, Germany 

Stratospheric and upper tropospheric processes for 
better climate predictions 

www.stratoclim.org/opensciencemeeting	  

StratoClim 
Open Science meeting 

Deutsches Zentrum für Luft- und Raumfahrt e.V.                          Institut für Physik der Atmosphäre
                  http://www.dlr.de/ipa 
        15.05.2019 

Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
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• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
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• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
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black, one-sigma 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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different time periods 
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(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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Overview over the campaign period 
 

Models and setups 
 
Lagrangian particle dispersion model: FLEXPARTv10 (Stohl et al., 1998) 
• Diabatic vertical transport; parameterisation for convection 
• Dynamics: operational analyses from the European Centre for Medium-

RangeWeather Forecasts (ECMWF) 
• Emissions: EDGARv4.3.2 (Janssens-Maenhout et al., 2017) 
• Particle release triggered along the flight tracks for the full campaign period 

for each new flight segment 
• a new flight segment is found if the longitude or latitude changes by more 

than 0.25° or the altitude changes by more than 200 m  
• 100.000 trajectories are released at each segment and followed 20 days 

backward 
 

Chemistry-climate-model: EMAC (ECHAM5 MESSy Atmospheric Chemistry; 
see Roeckner et al., 2006 and Jöckel et al., 2016)  
• Boundary conditions: SST and SIC data from ERA-Interim (Dee et al., 2011) 
• Dynamics: relaxation to ERA-Interim (not for wave-0 temperature) 
• Resolution: T42L90-MA roughly 300 km spatial resolution, up to 0.01hPa, 

500 m in the vertical resolution around the TTL (cf. Jöckel et al. 2016) 
• Time period: started in 2000 and continuously extended  
• Emissions: MACCity (Granier et al., 2011) until 2010, then RCP 8.5 (van 

Vuuren et al., 2011); other emissions as in Jöckel et al. (2016) 
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• Right: interpolated OLR data (Liebmann 
and Smith, 1996)* during the campaign 
period 

• Bottom: EMAC daily mean geopotential 
height at 100 hPa during each flight 

– 27-31 Jul. 17        – 06-10 Aug. 17   
– 27 Jul. – 10 Aug. 17 
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Measurement reconstruction and source region 
attribution with FLEXPART 
 

 
 
 

• Right: scatter plots of measured 
CO (“CO_cold”) and FLEXPART CO 
(“CO_sim”) for flights 01 and 07 

• Middle: source region definition 
• Bottom: time series of FLEXPART 

CO according to different source 
regions (different colours) and 
measured CO (black) for flights 01 
and 07 
 
 

EMAC CO: climatology, anomalies and comparison with 
measurement data  
 

 

 

 

 

 

 

 

 

 

 

• Right: EMAC CO at 100 hPa for 
different time periods 

• Bottom: Anomalies of EMAC CO at 
100 hPa (with respect to the JA 2001 
– 2017 mean) for the early and late 
campaign phase 
 
 

• Left: mean 
measurement (solid 
black, one-sigma 
shaded in blue) and 
EMAC (dashed 
black, solid red) CO 
profiles 

• Left: measurement 
(solid lines, one-
sigma shaded in 
blue) and EMAC 
(dashed lines) CO 
profiles 
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• Sources of FLEXPART CO for flights 01 and 07 above and below 16 km 
with local contributions (red numbers give the global contribution) 
 
 Conclusions and outlook 

• FLEXPART is capable of reproducing large parts of the temporal and overall variability in 
the measurement data and can be used to study the source attribution 

• EMAC produces realistic CO fields in the Asian monsoon anticyclone region and ca be 
used to set measurement data and FLEXPART results into context 

• Both models show a clear difference between the early and late campaign phase 
 
Further analyses:  

¾ use 12 minute EMAC’s on-line sampling along the flight path 
¾ in and out of cloud/convection sampling;  
¾ …. 

 
 
 

*Interpolated OLR data provided by the NOAA/OAR/ESRL PSD, Boulder, Colorado, USA, from their Web site at https://www.esrl.noaa.gov/psd/ 
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Conclusions

Use two phases of campaign to identify convective perturbation
Clear signature on different tracers
CO reconstruction agrees and indicate that IGP sources may
dominate
CO is increased by 30 ppbv in the UT – small signature on
average above the tropopause
Diagnostics adapted to compare with model(s) – first results
encouraging with good performance


