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Outline 

• Forecast performance (desert dust and fire events) 

 

• Model improvements and future upgrades 

 

• Assimilation updates 

 

•  Future directions 

 



Dust Storms over the  
Mediterranean in April 2013 

Dust plumes blew over the Mediterranean Sea in early April 2013.  
Thick plumes hovered off the coasts of Libya and Egypt on  
April 7 and spanned the sea’s eastern shoreline the following  
day, reaching as far north as Turkey. The Moderate Resolution  
Imaging Spectroradiometer (MODIS) on NASA’s Aqua satellite 
captured these natural-color images on April 1 and April 8 . 

@LGC News 



MACC-II/ECMWF forecasts for  
April 8 2013 

• Good skill of the model  

at the synoptic scale: storm  

well-predicted with 3 days of 

lead time 

Day 4 

Day 3 

Day 2 

Day 1 

Day 0 



Siberian Smoke in Seattle  

July 2012 

Smoke plume  

approaching  

Seattle 

Verification with CALIPSO data 



Canadian Smoke in Europe  

July 2013 

Verification of MACC aerosol forecast with ceilometer 

data shows good performance for most plume 

occurrences (plots courtesy of Harald Flentje, DWD) 



Original formulation: too many fine dust particles! 

Current formulation: more realistic dust distribution 

MACC MACC-II 

Dust particles 

0.03-0.55 

microns 

Improvements in dust modelling 

Dust particles 

0.55-0.9 

microns 

Dust particles 

0.9-20 

microns 

Credits: Jean-Jacques Morcrette 



Current NRT aerosol model 

Total 

Dust 

Day1 Day10 

0.1207 0.1263    Total 

Credits: Jean-Jacques Morcrette 



AERONET verification  
showing model improvements 

 

Day 1  
Day 2 
Day 3  
Day 4 

OLD 

Aerosol Optical Depth NORMALIZED MEAN BIAS  

NEW 

Aerosol Optical Depth BIAS 

Model upgrade implementation 

Aerosol Optical Depth RMS 

Credits: Luke Jones and Jean-Jacques Morcrette 



Emission of oceanic DMS  

Jan Apr 

Jul Oct 

Credits: Jean-Jacques Morcrette 



•  GLObal Model of Aerosol Processes 

•  Developed in TOMCAT CTM 

•  Processes: nucleation, condensation, 

coagulation, scavenging and 

deposition, chemistry 

 • Mann et al., 2010, GMD 

• 4 soluble modes, 3 insoluble modes 

• SU, SS, EC, OC, DU 

Towards a more complex aerosol model 

Credits: Matt Woodhouse (now at BoM) and Graham Mann (University of Leeds) 



Current modal configuration 

7 modes, 5 components 

SO4  OC 
BC 

Aitken accum 
coarse 

SO4 OC 

SO4 OC 
BC Cl DU 

SO4 OC  
BC Cl DU 

soluble 
Soluble 

nucl 

soluble soluble 

N1 
N2 N3 N4 

Sulphate, sea salt, black carbon, organic carbon, dust 

BC OC 

Insoluble        

Aitken 
N5 

accum coarse 
insoluble insoluble 

DU DU 

N6 N7 

19 mass 

 7 number 

Transported 

tracers=26 

Tracks number concentration for each mode, and mass 

concentration for each component in each mode 



Current aerosol model vs. GLOMAP-mode 

IFS-MACC-II GLOMAP-mode 
Transported aerosol 

tracers 

Mass of aerosol types in 

size bins. 

Size modes have number 

concentrations and 

component masses 

Size distribution Fixed 

Size constant for each 

of the transported types. 

Variable 

Size determined by 

aerosol microphysics 

Mixture assumed Types externally mixed Types internally mixed in 

each mode. 

Chemistry Only simple SO2-> SO4 Gas- and aqueous-phase 

oxidation 

Gaseous tracers 1 (SO2) 5 (DMS, SO2, H2SO4, 

MONOTER, SEC_ORG) 

Aerosol tracers 11 (11 mass, 0 number) 26 (19 mass, 7 number) 

IFS-GLOMAP is currently ~2x expensive as IFS-MACC-II 

(the latter being 85% more expensive than no-aerosol IFS) 



EMEP IMPROVE U. Miami 

• Close to source, comparisons very good. 

• Lacking DMS, remote SO4 therefore low 

Burden comparisons: 

MASS VERIFICATION FOR IFS-GLOMAP 

Credits: Matt Woodhouse 



Status of the assimilation  
of lidar data 

 Data: all operational data plus MODIS AOD and CALIOP Level 1.5 backscatter 

Lidar backscatter x 1e7 (sr m)-1 

Last year, old model version 

This year, current model version 

• Bug fix for molecular backscatter 

• Model changes 

• Non-spherical particles optical properties 

• Data averaging/filtering 

• More stringent quality control  

     checks 

• Redefinition of errors, including simple 

     representativeness 

• Variational Bias Correction level-by-level 

• Reduced max values of bias  

and standard deviation 

 

• Gaussian distribution 

 

• Different bias structure, possibly  

due to model improvements 

 



Impact of lidar on  
AOD fit to MODIS observations 

Old model version 
MODIS only (current NRT): 

Nice Gaussian departures 

and low bias both in first guess 

and analysis.  

MODIS and CALIOP: 

Non-Gaussian first-guess 

departures in old model version! 

Gaussian departures in new 

model version. 

New model version 



Preliminary verification of lidar experiments 

Lidar only 
MODIS only 
Lidar+ MODIS 

Africa Global 

Needs verification of vertical structure! This is work in progress in collaboration with Luke Jones and 

Jean-Jacques Morcrette + NASA (MPLNET team: Judd Welton and Simone Lolli) and Harald Flentje at 

DWD + MACC-II VAL partners (European ceilometer data) 



Impact of CALIPSO data on vertical profile 

Lidar and MODIS 

MODIS only 

• Indication that CALIPSO 

data have definitely 

an impact on the 

shape of the profile 

 

• Need to verify with  

comparable ground-based 

lidar observations of  

Attenuated backscatter  

to asses whether 

the impact is positive 



MODIS Deep Blue Monitoring/Assimilation 

Promising results – monitoring of Deep Blue  can start soon 

Standard MODIS AOD First-guess 

(OBS-FG) Departures 

Deep Blue  AOD First-guess Departures 

Lidar backscatter  First-guess 

Departures for the layer  800-850hPa 

Deep Blue and CALIOP 

Departures are consistent,  

especially over desert dust  

source areas where model 

overestimates observations 

x 1e7 (sr m)-1 



Updated BIAS correction 

Variational bias correction for MODIS AOD is now a function of surface  

wind speed over ocean and total cloud cover  



Ultra-recent developments 

• Inclusion of volcanic species (ash, volcanic SO2 and volcanic SO4) 
 
• Assimilation of multi-channel MODIS AOD in collaboration with   
Prof Shuhua Chen, University of California, Davis (visiting ECMWF for  
6 months) 

 
• Revamping of the dual control variable assimilation (fine and coarse  
mode) – still not working properly, possibly due to the background error 
covariance matrix developed for older model version  

 
• New B-matrix under testing 

 
• Monitoring of MODIS Deep Blue data to be started soon 



Future Directions 

•  Continue preparation of CALIOP lidar data assimilation 
 
• Start one-year reanalysis with ESA AEROSOL_CCI data 

 
• Look at other aerosol data-sets as they become available (VIIRS) 

 
• Start integrating new aerosol model (GLOMAP) in assimilation 

 
• Investigate next steps to move towards radiance assimilation 

ありがとうございます 
 

Thank you for your attention! 


