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 PerduS Milestones 

 

 ICON-ART in EnVar mode 

First results 

 

 Outlook 
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PerduS - Milestones 

Thanks to 
Thomas 
Hanisch! 
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PerduS - Milestones 

See presentation by Vanessa 
Bachmann @ ICCARUS 2017 
Bachmann et al. (2017) 

New evaporation scheme: ca. 50% drier soil in Saharan region 
-> ~60 % more dust in Saharan region 
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PerduS - Milestones 

See paper by Daniel Rieger 
Rieger et al. (2017) 
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PerduS - Milestones 
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PerduS - Milestones 

w/ dust 
w/o dust 
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ICON-ART in EnVar mode 
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Coupled Weather- and  
Mineral Dust Forecast 

Coupled Weather- and  
Mineral Dust Forecast 

… 

Take home message: First guess forecasts (xb) in assimilation cycle are ICON-ART 
forecasts with mineral dust, including aerosol radiation interactions 

day X + 12 h day X + 24 h day X 

Analysis  (xa) 
with Mineral Dust 

Analysis (xa) 
with Mineral Dust 

Analysis (xa) 
with Mineral Dust 
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EnVar 

+ 

𝐁ℎ𝑦𝑏𝑟𝑖𝑑 =  α 𝐁𝐸𝑛𝐾𝐹 +  β 𝐁3𝐷𝑉𝑎𝑟 

flow dependent  
B-matrix 

based on EDA 

α = 0.7  
β = 0.3 

Climatological 
B-matrix 

“NMC method” 
based on 3DVar 

LETKF 

EnVar 3DVar    EnVar  
ensemble background error 
covariance matrix in a 
variational context: 

𝐱𝑎 =  𝐱𝑏 +  𝐖(𝐲0  − 𝐻(𝐱𝑏)) 

W = 𝐁 𝐇𝑇 𝐇𝐁𝐇𝑇 + 𝐑 −1 

3DVar/EnVar: 
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EnVar with dust 

+ 

𝐁ℎ𝑦𝑏𝑟𝑖𝑑 =  α 𝐁𝐸𝑛𝐾𝐹 +  β 𝐁3𝐷𝑉𝑎𝑟 

flow dependent  
B-matrix 

based on EDA 

α = 0.7  
β = 0.3 

Climatological 
B-matrix 

“NMC method” 
based on 3DVar 

LETKF 

EnVar 3DVar    EnVar  
ensemble background error 
covariance matrix in a 
variational context: 

𝐱𝑎 =  𝐱𝑏 +  𝐖(𝐲0  − 𝐻(𝐱𝑏)) 

W = 𝐁 𝐇𝑇 𝐇𝐁𝐇𝑇 + 𝐑 −1 

3DVar/EnVar: 

ICON-ART ICON-ART 

First guess 
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ICON-ART in EnVar mode 

 Daily 00/12 UTC forecast runs with a 
lead time up to +180h (Nest: 120h) 

 

With / without prognostic dust 

 

How good are the dust forecasts? 

 

How does the forecasted mineral dust 
compare with the used Tegen 
climatology*) for mineral dust? 

 

How good is the NWP forecast with 
prognostic dust-radiation interactions? 

*) Tegen et al. (1997) 
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ICON-ART in EnVar mode 

 Daily 00/12 UTC forecast runs with a 
lead time up to +180h (Nest: 120h) 

 

With / without prognostic dust 

 

How good are the dust forecasts? 

 

How does the forecasted mineral dust 
compare with the used Tegen 
climatology*) for mineral dust? 

 

How good is the NWP forecast with 
prognostic dust-radiation interactions? 

 
*) Tegen et al. (1997) 
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Tegen Aerosol Climatology 

Mineral dust optical depth for 09/01/2018: 

Tegen ICON-ART 
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Tegen Aerosol Climatology 

Mineral dust optical depth for 01/2018: 

0.002 vs 0.03 

0.1 vs 0.2 

x x 
x 

x 

x x 
x 

x 

Tegen ICON-ART 
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Tegen 

Aeronet Observations 

Tegen 

Tegen 

Tegen 

ICON-ART 
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Aeronet Observations 
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ICON-ART 
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ICON-ART in EnVar mode 

 Daily 00/12 UTC forecast runs with a 
lead time up to +180h (Nest: 120h) 

 

With / without prognostic dust 

 

How good are the dust forecasts? 

 

How does the forecasted mineral dust 
compare with the used Tegen 
climatology*) for mineral dust? 

 

How good is the NWP forecast with 
prognostic dust-radiation interactions? 

 
*) Tegen et al. (1997) 
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Verification 

Improvement for  
     DE/EU scores  

 

BUT: 
Strong increase of 
negative Temperature 
Bias in N-Africa 

 

GLOB 

? 
w/ dust 
w/o dust 

Automated verification 
system 

T_2M 

T 

RAD 

DUST 
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Verification 

2m Temperature:                    Mean of all 6/12/18/24 h forecasts in 01/2018 

Cooling of N-Africa 
 
• ~ -0.5°C to -0.8°C on 

monthly average 

• Stronger during night 
than during day 

w/ - w/o dust 
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Verification 

ICON in Sahara-region:  

too sunny, too dry, too cold 

Expectation / Hope: 

Longwave radiative heating of increased 
dust concentration in ICON-ART should 

reduce the negative Temperature Bias in 
N-Africa  

(as shown by case studies  

e.g. Gasch et al., 2017) 

BUT: 

On Average:  

Shortwave radiative effects > longwave 
radiative effects of increased dust  

2018/01, 21 UTC – 3UTC 
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Verification 

WHY? 

• Longwave optical properties 
of dust? 

• Strong stable stratifications? 

• How important is the 
temperature of dust  
(ICON-ART: Tdust = Tair)? 
: 
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 Ongoing improvement of the ICON-ART forecasting system 

 Ongoing verification of ICON-ART in EnVar mode  

Negative Temperature Bias also in other months (with higher dust 
loads)? 

 Assimilation of mineral dust  PhD by Vanessa Bachmann 

 Can the prognostic dust be used for the operational NWP? 

Outlook 

Thank You! 
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