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Outline of the session

An introduction to dust effects and feedbacks

Dust radiative effect and forcing

The impontance of size, shape and mineralogical composition (EMIT)
Constraining the global dust SSA with constrained PSDs and mineralogy
Dust radiation impacts on weather forecasting
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Dust effects and feedbacks

Anthropogenic forcing

!

climate | Ocean Snow/ice
l fertilization albedo
atmospheric dynamics & Radiation & modification
| physics cloud cloud microphysics ‘
surface wind & Atmospherlc ‘
turbulence composition
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Sources, |_’ dust emission —  transport Pr(;cess[n& > dust deposition
Vegetation, T gnececs

Sail humidity,
cohesion
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Human disturbances: e.g. Aericulture. nasture. water use. recreation activities
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= Dust reconstruction

CMIP6 models:

= CESM2-WACCM === MIROC-ES2L
—— CESM2 =~ NorESM2-MM
=== CNRM-ESM2-1 === UKESM1

= GFDL-ESM4-MM = HadGEMS3

—— GISS-E2-1-G
= CanESM5
== Ensemble mean

== MRI-ESM2-0
= |IPSL-CMBA-LR
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Dust interactions with radiation (direct effects)

a Dust interactions with radiation

SW direct radiative effects

LW direct radiative effects
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R sarceions N w I s
EE,;‘,’R??F!E;‘EEEE‘,.‘C! ( E;E’:;T:wmmﬁ GRASP AR!\;?NES MINES PARIS | PSL& C ‘. s p mOd wrc

&

Ciéncias



g Modeling the direct radiative effect

ATARRI
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DRE uncertainty due to soil mineralogy
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The importance of meteorological composition

| % Mineralogy
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The importance of meteorological composition

RADIATION
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. Models neglect dust mineralogical composition variatic

A Traditionally: Model Each mlneéawgsglﬁe@r& rogerties and interactions with
mineral aerosol Earth System
A Mineral aerosols are from different ‘ :"'l”“te
minerals depending on surface
composition
hematlte Iron oxides:
' _ Absorb short wavelength
(SW), iron for ocean
biogeochemistry, low pH
Aerosol
Kaolinite:
Reflects SW, high pH
Clays, large patrticles:
Reflects SW
montmorillonite
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Shortwave radiative effects

® Data (405 nm)
=Linear Regression of Data (405 nm)
= = = External Mixture Mi¢ Theory (440 nm)
""""" Internal Mixture Mie Theory (440 nm)

: SSA(405 nm) = 0.996+0.003 - (0.48+0.06) HMF
| R2=0.98

Single Scattering Albedo
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Iron Content as Hematite Mass Fraction (HMF) .
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Longwave radiative effects
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Mapping of soisurface mineralogy

ATARRI

Claquin et al., 1999; Journet et al., 2014

A Currently 12 key minerals estimated

A 700 soil descriptions sampling 55 % of
FAO soil units

A Many regions including prolific sources
not sampled

90

A Massive extrapolation based on soil
unit/type

A A number of assumptions to overcome 30
the lack of data: for example on hematite
and goethite size °r
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The Earth surface Mineral dust sourtevesTigationEMIT)

M M Radiative Forcing

Space Imaging Particle
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<9 The Earth surface Mineral dust sourtevesTigation

Retrieved Surface Reflectance and Uncertainty

AOD: 0.27
Pressure Elev: 0.23 km
WV:1.46 g cm~?
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Individual minerals
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Calcite
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Background and Definitions

Direct Radiative Effect (DRE)

Atmospheric dust aerosols scatter and absorb shortwave (SW) and longwave (LW) radiation

The dust DRE is the instantaneous changde 0 )
of the radiative balance due to aerosols: l

©. . dustaefosols = °_ °_ " heatingatmosphere” _~

......

absorptionl Direct effect

R = (F- R)a- (R - F)o
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Background and Definitions

Dust optical properties

Models typically represents dusadiation interaction through 3 optical properties:

DOD gquantifies the attenuation of radiation dué
to scattering and absorption by dust layers.

kg
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,
ry
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Dust Optical Depth (DODY¥:> 0
SingleScattering Albedo (SSA)<7 <1

Asymmetry Parameter (ASY).:<g<1
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Background and Definitions

Dust optical properties

Models typically represents dusadiation interaction through 3 optical properties:

SSA quantifies the fraction of scattered radiation
with respect to the total extinct radiation.

1
o
- -
,
,

Dust Optical Depth (DODj> 0
SingleScattering Albedo (SSA).<7 <1

Asymmetry Parameter (ASY).:<g<1
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Background and Definitions

Dust optical properties

Models typically represents dusadiation interaction through 3 optical properties:

Dust Optical Depth (DODj> 0
SingleScattering Albedo (SSA)x7 <1

Asymmetry Parameter (ASYJt <g<1
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Background and Definitions

Dust physical properties

Optical properties are calculated with scattering codes taking particle physical properties as inpt

Size parameterx =“d/_
Complex refractive index (CHl)= n + Ik

Dust particle shape

particle size distribution (PSD) and spectral bar

Bulk optical properties are functions of the
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Background and Definitions

Dust physical properties

Optical properties are calculated with scattering codes taking particle physical properties as inpt

ItS:

Size parameterx =

Complex refractive index (CRA:=n + Ik

Dust particle shape

CRI is defined by the mineral composition:

imaginary part (IRI) determines the absorption.
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Background and Definitions

Dust physical properties

Optical properties are calculated with scattering codes taking particle physical properties as inpt

ItS:

Typically spherical shape is assumed for dust;
higher asphericity approximates irregular shapes.

Size parameterx =“d/_
Complex refractive index (CHl)= n + Ik

Dust particle shape
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Modeling Challenges

Uncertainty affecting all aspects of dust physical representation is a key challenge
to an accurate modeling of dugtadiation interaction in climate models.

|. PARTICLE SIZE DISTRIBUTI{ [I. COMPLEX REFRACTIVE INDO lll. DUST PARTICLE SHAPE
Uncertain dustcycle processes Soil mineralogy of dust source Global shape distributions
Underestimated coarse dust Mixing of mineral indices Non-spherical scattering data
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Particle Size Distribution

Uncertain dustcycle processes

Emission, transport, dry and wet deposition determine mass size distribution in model simulatiof

—
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i e
Emission Transport Deposition
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Particle Size Distribution

Underestimated coarse dust

Using observational constraints, Adebiyi and Kok (2020) showed that models underestimate coarsge du

5 30 4 3 ;
S {A = B
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2 o ] F © 404 -==Koketal. (2017)
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Complex Refractive Index

Soil mineralogy of dust sources

Iron oxides are key minerals because absorb solar radiation (Di Biagio et al., 2019: DB19).
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Complex Refractive Index

Soil mineralogy of dust sources

Traditional soil maps rely on a limited number of observations (Claquin et al., 1999; Journet et al.,

201

Imagingspectroscopyrom ISS
SurfacereflectanceqVISNIR)
Spectrakignaturesof minerals

Sall
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Spatialaggregatiorto modelresolution

NASA EMIT Mission (Green et al., 2023)
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Complex Refractive Index

Mixing of mineral indices

Estimates of imaginary index of iron oxides from the literature are strongly uncertain (Zhang et al., 01!
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Complex Refractive Index

Mixing of mineral indices

Empirical relationships of dust imaginary index to iron oxides allows new estimates (Di Biagio et al.| 20:

[ R2=10.67 1 | RE=0.47
| R?=0.74 1 L RrR2=0.41 ]
0.012 R2=0.46 R2 =0.55
. 0.008
0.004
0 >
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Dust Particle Shape

Global shape distributions

Natural dust particles are observed to have strongly irregular shapes (Kalashnikova and Sokolik, R0O:-
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Dust Particle Shape

Global shape distributions

Globally representative ellipsoid distributions were fitted to observed shapes (Huang et al., 2020: HG2(
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Dust Particle Shape

Non-spherical scattering databases

Shape models of increasing complexity have been developed for remote sensing and model applia

ratio

SPHEROIDS (e.g., Dubovik et al., 2006)

ELLIPSOIDS (Meng et al., 2010: MG10)

HEXAHEDRONS (Saito et al., 2021: ST2

) (b) Prolate spheroid:
(c) Oblate spheroid: L>W=H

L=WZ=H

(d) Tri-axial ellipsoid:
L>WZ=>H

Ensemble Models
B v=0.780
B ¥=0.765

¥ =0.750

INCREASING SHAPE COMPLEXITY
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Dust Particle Shape

Effect of nonsphericity on dust optical properties (Obiso et al., in rev.)

Ellipsoids (MG10) globally distributed according to observations (HG20) primarily increases extinctior
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Assessment of dust SSA (Obiso et al., In prep.)

We merge as many observational constraints as possible into model calculations
to improve the representation of dustadiation interaction for climate applications.

|. PARTICLE SIZE DISTRIBUTION lI. COMPLEX REFRACTIVE INDEX
Retrieved PSD from AERONET Soil mineralogy from EMIT

Constrained PSD from DustCOMM Host mixture (Scanza et al., 2015)
Modeled PSD from MONARCH IRI of iron oxides from DB19
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Particle Size Distribution

All PSDs mapped onto common bins

: ’ AERONET i
AERONET (Sinyuk et al., 2020) |
Retrieved column particle volume in 22 bins: d =-GBQ pm. 7
Y IS —— =t L I, rl—‘.—h ;
- | Dustcomm (b)
DustCOMM (Adebiyi et al., 2020) os| 15
Constrained column mass load in 9 bins: d = Q@0 um.
p MONARCH
MONARCH (Pérez et al., 2011; Goncalves et al., 2023)
Modeled column mass load in 8 bins: d =P um.
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=9 Complex Refractive Index

EMIT soil mineralogy

All minerals lumped into:

host + hematite + goethite

Host amalgam

Globally uniform CRI:
M= 0V

Scanza et al. (2015)
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Aeronet Selected Retrievals

Climatological monthly means

Strict filtering conditions identify dusty scenes (Obiso et al., 2024; Goncalves et al., 2023):

Months with 80+ measurements: 27 stations (x) in 6 dust
regions.

Filtering conditions
(Dubovik et al., 2002; Schuster et al., 2016
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Seasonal SSA in VIS band

ATARRI

AERONET PSD + EM&Eed uniform (a) and varying (b) IRI
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Seasonal SSA in VIS band

MONARCH PSD + EMidsed uniform (a) and varying (b) IRI

EMITFbased varying IRI increases spread, more consistent with observations, and improves correlatiot
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Seasonal SSA in VIS band

DustCOMM PSD + EMbRsed uniform (a) and varying (b) IRI

Varying IRI doubles correlation (already good with constrained PSD) and giant dust improves comparis

< N.W. AFRICA VvV SAHEL O N.INDIA HEDJF [N A
> N.E. AFRICA O ARABIANP. < C.ASIA HE MAM SON
/| 7
- 0,=0.008 r=0.22 n=44 > i - 0x=0.008 r=0.46 n=44 pid
0.98 |- 0, =0.005 e =0.009 P - 0, =0.006 e=0.008 i
/// /,/
- . | s 2
X ,/ e 7 g
96 | € -
0.96 5 w <, gl v .Oq,!’ 3
| = w = T
309512 y . s ,&%4 =
o od® o w o
0.94 |V @ - O '&'l S
+ @ - O =
n ) / ()] /7 s
=] 4 3 7/ o
0.93 O i A 7
/ 4
4 7/
092+ 7 iy
7 Aeronet Ret-SSA ()| t.,7 Aeronet Ret-SSA (d)
s | s 1 L 1 L 1 L 1 L 1 L | L L 1 " 1 L | 1 1 " 1 L | L | L
0.92 0.93 0.94 0.95 0.96 0.97 0.98 0.92 0.93 0.94 0.95 0.96 0.97 0.98
w W

ARMINES  MINES PARIS

E.gg*,é@ ) (C Sonercomputing GRASP AN fj psL¥ |C (‘DFc med wrc
V/ et Ciéncggs



Remaining uncertainties

PARTICLE SIZE DISTRIBUTION
Most modelsstill missparticlesbeyond20 um, whoseimpactappearso be importantto dust SSA
Model dustcycleprocessesre uncertain hybrid calculationsusingconstrainedP SDmay help.

COMPLEX REFRACTIVE INDEX
Constrainton mineral CRIgrom DBL9 are limited by assumptionssphericalshapeandbulk mineralogy
AERONEdbservationgncludenon-dustspecieqdespitefiltering): smallcontaminationmayaffect SSA

DUST PARTICLE SHAPE
Ellipsoidakcatteringdatafrom MG10 areincompleteaccordingo H&0 (Obisoet al., in rev.).
More complex shapes (e.g., hexahedrons)lack in globally representative distributions based on
observations
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~ Impact of dustradiation interactions on weather forecasting

8-15 April 2002 major dust outbreak over the Mediterranean
2 sensitivity experiments

CTR

RAD
dust is considered as a dynamic tracer

without interaction with atmospheric
radiation

interaction between short- and
long-wave radiation and dust is included

V Cold Start on 5 April 2002
V 50 km horizontal resolution
V 24 layers up to 15 km vertical
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MSLpressurel?2 April at 12 UTC
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Comparison with observations
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