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Introduction Modeling & Evaluation Framework

Modeling Framework

EMAC (ECHAM5/MESSy 2.5.0) climate model

T106L31 (⇡ 110km globally), nudged meteorology (ECWMF), state-of-the-art emissions,
anthropogenic & online calculation of sea salt and dust in feedback with meteo (soil moisture).

Chemical speciation of natural aerosol emission fluxes

e.g., calcium (Ca2+) as a proxy for the chemical reactivity of mineral dust, potassium (K+)
as a proxy for the chemical reactivity of biomass burning aerosols (resolved sea salt composition).

Gas-liquid-solid aerosol partitioning and radiation coupling
MECCA gas phase chemistry, aerosol thermodynamics (ISORROPIA II) considering major

inorganic cations (Na+,Ca2+,K+,Mg2+), anions (SO2�
4 ,HSO�

4 ,NO�
3 ,Cl�), and acids

(H2SO4,HNO3,HCl), including the associated uptake of water vapor (H2O).

Dust chemical aging – interaction with air pollution
Air-pollution loadings determine dust hygroscopicity and water uptake of calcium salts:
– water uptake is low in case of sulfate salts (CaSO4), – high in case of nitrates (Ca(NO3)2),
– but highest in case of calcium chloride salts (Ca(Cl)2)).
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Introduction Modeling & Evaluation Framework

Evaluation Toolkit

EMEP$CASTNET$Others$
Preprocessing 

Module 

Interpola6on$Module$

Full$Time$resolu6on$

Monthly$Averages$

Seasonal$Averages$

Annual$Averages$

Model Output 

Time%axis%and$
Units$check$and$

correc6on$

AERONET$EMEP$CASTNET$Others$

Case selection 
Variables 
Additional Stations selection 
Interpolation scheme 
Time Averaging 
Elevation selection  

Inputs 

Vars$

In
te

rp
ol

at
io

n 
M

od
ul

e 
In

te
rm

ed
ia

te 
N

ET
C

D
F 

fil
es

 

Regional$Analysis,$Time$series$
analysis,$EOF,$SS,$…..$

AERONET$

PloFng$

1.  Time history 
2.  Scatter 
3.  Stations overlay map 
4.  Taylor 
5.  Regional Analysis maps 
6.  Additional plots 

Plot Types 

Evalua0on%inputs%

Predefined%

Future%development%

Latex$postprocessor$
Model%Evalua0on%and%
Analysis%Toolkit%%
(copyrights%©%Abdelkader%M.%%and%Metzger%S.)%

LIDAR$TRMM$CALIPSO$Trajectories$

A
na

ly
si

s 
&

 
Pl

ot
tin

g 
M

od
ul

e 

Temporal and spatial collocation of model and observational data

Abdelkader & Metzger et al., 2016 5



Modeling the Transatlantic Dust Transport (TADT) Long-term Evaluation (2000-2012)

Long-term Evaluation

  

Caribbean West Africa

1

Figure: Long-term evaluation of the AOD (2000-2012) for the Caribbean and West Africa:
(Top panel) scatter plot (left, Caribbean; right, West Africa) and (middle) skill score (SS1);
(Lower panels) time series for the key AERONET stations in both regions (monthly means).
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Modeling the Transatlantic Dust Transport (TADT) Long-term Evaluation (2000-2012)

Climatology of dust burden and precipitation

    

    

  

  

1

Figure: Seasonal averages for the dust burden and precipitation representing the transatlantic
dust outflow for the entire model evaluation period (2000-2012). Dust burden and precipitation
depict a maximum during boreal summer and a minimum during the respective winter.
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Modeling the Transatlantic Dust Transport (TADT) Long-term Evaluation (2000-2012)

Modeling the transatlantic dust transport
The area within the yellow lines show the
DOAO zone: Dust Outflow over the
Atlantic Ocean – deposition dominated
by dry removal processes.

The area within the blue line represents
the Dust-ITCZ relaxation zone DIRZ –
deposition dominated by scavenging
processes.

The regions are defined according to the predominant dust removal mechanism.

Saada

Guadeloup
Dakar

La Parguera
Capo Verde

Ragged Point

Dust transport over the 
Atlantic Ocean zone 

Dust-ITCZ relaxation 
zone

Figure: Location of selected AERONET stations used in the TADT study.
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Modeling the Transatlantic Dust Transport (TADT) Evaluation of specific dust outflow events (July 2009)

Dust removal during long-range transport

    

    

  

    

1

Figure: Monthly averages (July 2009). Dust removal during TADT: (top) total removal
for soluble and insoluble modes; (bottom) wet removal (left) and dry removal (right).

Majority of insoluble dust is removed over the Sahara.

Dry removal dominates the northern part of the dust outflow domain.

Wet removal is most significant in the Dust–ITCZ interaction zone.
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Modeling the Transatlantic Dust Transport (TADT) Evaluation of specific dust outflow events (July 2009)

Comparison with CALIPSO observations

1

Figure: Collocated EMAC and CALIPSO observations of dust extinction and burden.
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Sensitivity study Description of the sensitivity simulations (July 2009)

EMAC simulationsTable 2. Description of the transatlantic dust transport sensitivity simulations for two key-processes: (i) Emission flux (Sec. 4.1) and (ii)

convection scheme (Sec. 4.2). Highlighted cases are shown in the manuscript (for all cases see the Supplement, Fig. S3–S4).

Case Description

Emission

EMAC Reference simulation

B1E1 Redistribution of dust between accumulation and coarse modes

B1E2 As EMAC, accumulation fraction incased by a factor of 2.61

B1E3 As EMAC, the coarse mode increased by a factor of 5.3

B1E4 As EMAC, the accumulation mode increased by a factor of 5.3

B1E5 As EMAC, the accumulation mode increased by a factor of 10.6

B1E6 As EMAC, the accumulation and coarse modes increased by

a factor of 10.6 and 2.61 respectively

B1E7 As EMAC, the accumulation and the coarse modes increased by a factor of 2.61

B1E8 As EMAC, factor=2.61 in the horizontal flux

Convection

EMAC Reference simulation; TIEDTKE convection with NORDENG closure

B1T2 TIEDTKE convection with TIEDTKE closure (Tiedtke, 1989)

B1T3 TIEDTKE convection with HYBRID closure (Tiedtke, 1989)

B1T4 ECMWF operational convection scheme (Bechtold et al., 2004)

with the shallow convection closure of Grant and Brown (1999)

B1T5 ECMWF operational convection scheme (Bechtold et al., 2004)

B1T6 Zhang-Hack-McFarlane convection scheme (Zhang and McFarlane, 1995; Hack, 1994)

23
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Sensitivity study Sensitivity to the dust emission flux (July 2009)

Di↵erent dust emissions

Caribbean

West Africa

Figure 1: Time series dust aerosol modes and AOD for di�erent convection schemes

1

Figure: EMAC and AERONET AOD for the Caribbean sites (left) and western Africa (right).
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Sensitivity study Sensitivity to the convection scheme (July 2009)

Di↵erent convection scheme

Caribbean West Africa

Figure 1: Time series dust aerosol modes and AOD for di�erent convection schemes

1

Figure: EMAC and AERONET AOD for the Caribbean sites (left) and western Africa (right).
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Sensitivity study Sensitivity to the convection scheme (July 2009)

Sensitivity to the convection schemes

  

  

  

  

    

  

  

    

  

  

    

  

  

    

Figure 2: Model and MODIS cloud fraction and precipitation for di�erent convection
schemes

2

Figure: Comparison of meridional means for the dust outflow for July 2009 (monthly mean):
(Top) dust burden, (middle) precipitation, (bottom) aged dust proxy (tracer ratio DUcs/DUci ).
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Sensitivity study Sensitivity to the dust aging (July 2009)

Dust aging e↵ects

  

  

  

1

Figure: EMAC results (monthly mean) for two simulations: ”Aging” and ”No aging”.
(UL) di↵erence in dust burden, (UR) di↵erence in AOD, (LL) dust emission averaged
over the region from 18-22 N, (LR) di↵erence in ”dust only AOD”.
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Sensitivity study Sensitivity to the dust aging (July 2009)

Dust aging e↵ects

    

    

  

  

1

Figure: (Top) burden of lumped inorganic acids (gas-phase), (middle) burden of lumped
aerosols, (bottom) burden of aerosol associated water mass (monthly mean). (Left column)
reference simulation (aging case), (right) di↵erence between reference and ”No Aging” case.
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Sensitivity study Sensitivity to the dust aging (2000-2012)

Dust aging e↵ects (long-term average)

Caribbean West Africa

Figure 1: Time series dust aerosol modes and AOD for di�erent convection schemes

  

    

Dust burden Precipetation

1

Figure 15. Long-term means (2000-2013): (Left) dust burden, (right) precipitation for different regions: (Top) DOAO region (DIRZ), (bot-

tom) 0�to 10�N.

34

Dust burden Precipetation

1

Dust burden Precipetation

1

1

Figure: (Left) Dust burden, (right) precipitation for the two di↵erent dust outflow regions:
(Top) Dust transport over the northern Atlantic Ocean; (bottom) Dust-ITCZ relaxation zone.
The shaded area represents one standard deviation of TRMM precipitation. The results show
the impact of dust aging for the long-term average of the entire evaluation period 2000-2012.
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Sensitivity study Sensitivity to the dust aging (2000-2012)

Dust Cycle & EMAC Model Feedbacks
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Figure: Schematic representation of the dust cycle and air-pollution-dust-aging-radiation
feedbacks in EMAC.
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Conclusions

Conclusions

Long-term evaluation
Transatlantic dust transport can be divided into two sub-regions: (1) The Dust-ITCZ relaxation
zone and (2) the adjacent northern zone of the Dust Outflow over the Atlantic Ocean.

Sensitivity study
AOD is sensitive to the emission flux parameters but even more to choice of convection scheme.

Dust aging
Aged dust particles have a larger particle size and scatter therefore more light, while they are
also more e�ciently removed by dry and wet removal. Thus, we find two dust aging e↵ects.

Direct e↵ect of dust aging (on AOD)

Increase of AOD, mainly due to enhanced water uptake by calcium salts (Ca(NO3)2,Ca(Cl)2).

Indirect e↵ect of dust aging (on AOD)

Decrease of AOD due to higher removal of aged dust particles (larger particle size).
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Conclusions
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