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Mineral soil dust ¢ natural andanthropogenic
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AMineral dustis typically considereda
B natural aerosolin climateassessments

S ABUT:Humanactivities, suchasland
cultivation, contribute to mineraldust
emission

AAnthropogenianineraldustimpactsdaily
life, not only in (semt)arid areas
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Anthropogenic dust sources

ADust source associated wittgricultural land use

A Mineral dust only (no urban pollution)

A Not considered, because not wirgnerated:
Emissions from vehicles (dirt roads, tillage, recreational
use); military operations

A Not considered: Indirect anthropogenic sources, _
e.g. hydrological A Global impact?
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Dust from anthropogenic sources

A Estimates range from < 10 to 50%
(e.g.Tegenand Fung 1995;Sokolikand Toon 1996;Tegenet al., 2004;Mahowaldet al., 2004)

A Ginouxet al.(2012) estimated that anthropogenic sources contribute 25% to total dust emissic
U Areas with > 30% land use (HYDEI@inGoldewijk 2001) were considered as anthropogenic source

U FoOof MODIDeepBluadust optical depth
(DOD) exceeding a threshold of 0.2 0fDOD>02 _ . BasedorGinowet al. (2012)

U Resolution 0.&6x0.1c

U Offline dust emissionssinouxet al. (2001)
parameterization with uniform threshold
wind speeds, combined withoO
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Advanced constraining using numerical experiments

A Update recent advances froinouxet al.(2012) and combine with integrated numerical
modeling system
U Updated landuse data se{HYDE 3.2.XKleinGoldewijket al., 2017)
0 Fully coupled dust emissioparameterizations
Dynamicahreshold friction velocityfor sediment entrainment
Satellitebased representation gfhotosynthetic and nonphotosynthetic vegetation cover
4D dust concentration fielallowing irdepth evaluation,

ANMMBMONARCHPErez et a).2011;Badiaet al, 2017 S\

U Multiscale Online NoiinydrostaticAtmospheRe
CHemistrymodel

o O

U Global setup (&x 1.4 horizontal resolution) § EXP3

U 24 vertical layers e

. S EXP4

u Currently 1 year (2007) ECropIand Pasture, Converted

U FoOused for tagging (no scaling) Shao (2004 —

Barwnleow EXP7 ECropland FEsz(tE)rS Converted
(@ Hmn Kok et al. (2014) = Range’Iand, Rar’1geland




Anthropogenic land use
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AHYDE 3.2.[KleinGoldewijket al., 2017) WA -
A Data on annual basis; spatial resolution ~0.1 degree resolutig

A Land use categories considered here:
U Cropland Arable land and permanent crops

U Pasture grazing land with an aridity index > 0.5, intensively
used/managed

U0 Converted Rangelangrazing land placed on potential forest
area, less intensively used

U Rangelandnatural, unconverted grazing land with an aridity 7o : ,
index < 0_5’ IeSS Or unmanaged 12(])W: :QOW: :60ij :30W: : 0 : :30E: :GOE: :QOE: :120E: :150E
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A Landuse configurations tested:
(LUD Cropland, pasture
(LU2 Cropland, pasture, converted rangeland
(LU3 Cropland, pasture, converted rangeland, rangeland
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Threshold friction velocity for sediment entrainment

A Dynamic threshold based on soil texture %Ofghgiss Srreif'?ﬁfétgfi?mt al.,1993)
(Iversen and Whitel 992Marticorenaand Bergamettj 1995; 7. ‘Q‘é;i;«% o o
Shao and LW2000) %\“i (& S )

A Corrections foroughness element coveiRaupactet al, K ™ Yy N
1993)andsoil moisture(Fecaret al., 1999) :}/ 9w v

A Roughness element cover is basedpbiotosynthetic S ———
and nonphotosynthetic vegetation(Guerschmaet al, E329f595> > f Linowet al, 2012)
2079 s S
U Global coverage at 5km resolution on monthly basis \\ '_::I; ,,

(i Vegetation input consistent between dust module and A
atmospheric/landsurface components in MONARCH \'-}: /}__f
iﬁ j/  r—
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Constraining the dust cycle with observations

A Obtain a besgstimate by minimizing the error between model  # -
results and suit of measurementSgkmuret al., 2006)

U DOD [AERONET, MODIS], dust concentration, dust deposition
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A model optimization factor -

A Evaluating spatial and temporal distribution of dust, relative amc .
of dust load and deposition, etc. tdentify model weaknesseand ~ °
test hypotheses
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Dust optlcal depthc MODIS and MONARCH (boreal sprlng)
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A Spatietemporal coelocation between MODIS and model data
AGood agreement between model and observations

A Slight northward shift of high DOD in N Africa;
underestimation of DOD in the Taklamakan Desert
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Dust optical depth¢c MODIS and MONARCH (boreal spring)
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Frequency of occurrence I\/IODIS and MONARCH
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AComparison with MODIS helpsdwaluate source activityn terms
of both area and intensity

(@ AGood agreement; overestimation over NE Africa in summer



Frequency of occurrence MODIS and MONARCH

A Extent of anthropogenic source area determines seasonal
variation of anthropogenic dust contribution
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Anthropogenic dust emissioq preliminary results
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A Global anthropogenic fraction about ~3%hen using emission scheme fra&inouxet al. (2001)
and HYDE 3.2.1 cropland and pasture (EXP3)

A Consideration of rangeland in anthropogenic fraction leads2®% similar to that using HYDE 2
(cropland and pasture), large uncertainty due to anthropogenic area

A Ongoing: Tests usirdjfferent emission schemefEXP6: Shao, 2004; EXRGket al., 2014) will
provide additionalnsight into variability
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Regional anthropogenic contributions
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Net emission [Tg]
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Anthropogenic dust effects
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Hematite afterClaquinet al. (1999); data from M. Goncalvageitos
Land use from HYDE 3.2.1, case LU3

A Anthropogenic sources often coincide with areas of high hematite content
A Inclusion of mineralogy likely leads to more positive shortwave DRE
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Summaryand outlook

A Anthropogenic dust sources contribute to the global dust load

Main uncertainties are (to reduce and/or understand):

A Landsurface conditions, in particular for coarse global grid
U Refined use of source attribution using new dataset and scenarios
U Expansion of observational constraints

A Dust emission
U Dynamical threshold friction velocity and drag partition
U Use of different dust emission parameterizations

A Meteorological dust drivers
U Moist convective dust storm&idboobg

A Preliminary results suggeahthropogenic sources contribute
between 3 and 23% global dust emissions, depending on the
definition of anthropogenic sources

A Amount andproperties of anthropogenic dustietermine its impact |
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