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Outlineof the session

Global and regional models
Spatiotemporal scales
Forecast lead times

Dust conservation equation
Dust emission modeling
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(advection, diffusion, deposition)
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Horizontal Grid
(Latitude-Longituda)

Vertical Grid
(Hevght or Prassurs)

Tebte -

- —
-
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v’ To complement dust-related observations, filling the temporal and spatial
gaps of the measurements.

v/ To help us to understand the dust processes and their interaction with
climate and ecosystems.

v/ To predict the impact of dust on surface level concentrations
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Global and regional modeling

Horirontal Geid
(latitude-longitude)

Vertical Grid
(gt of pressure)

Prysc processes o a4 mooel : £\7 Better fepresentation of
: the surface features

Sub-gnd
Physical Processes

Parameterization
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=V Global model

Weather forecast modeling

Timestep 5-10 minutes =
Grid spacing 1020 km 2= i

|||||||

erfical exchange
between levels

Horizontal exchange
between columns
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Variables at Variables in the

the surface: atmospheric column:
Temperature Wind vectors
Humidity Humidity
Pressure Clouds
Moisture fluxes Temperature
Heat fluxes Height
Radiation fluxes Precipitation

Aerosols
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Regional model

ATARRI
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Dust models at BSC based on MONARCH

Global e e o
Contribution to thdCAPmulti-model ensemble
(global)http://icap.atmos.und.edu i

Barcelona Dust Forecast Center - http://dust.aemet.es/
NMMB/BSC-Dust Res:0.1°x0.1° Dust AOD

Regional

WMO Barcelona Dust Forecast Center

First specialized WMO Center for mineral dust prediction.
http:// dust.aemet.es
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http://icap.atmos.und.edu/

Dust models

Dustmodelsare a nathematicalrepresentation of atmospheric dust cycle.

Impact on radiation
(Optical thickness, backscatter)

e

Condensation nuclei

it

-
Transport by
wind & clouds

8

l Wet deposmon ) l Dry deposition T Convection

Trapped particles .:}‘.

SIS, A

A & surface crust Saltation
Gmng L

Soil texture T Dust emission i '.'

Wind
-

T'I‘urbulcnt diffusion <*+——

-

A Dustemissionfrom dry
unvegetablesurfaces
(dustsource3

A Mid- andlongrange
transport

A Sedimentationwet and
dry deposition
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Convection

Climate change

Long-range
Transport

Mid-
range
Transport

=
Dust storm

Vegetation cover

Dry & wet depos.

Cloud
processes

Turbulence

Dust processes span over five orders of magnitude in space and time. Dust transport is a global
phenomenon. However, dust emission is a threshold phenomenon, sporadic and spatially
heterogeneous, that is locally controlled on small spatial and temporal scales.

Accurate representation of dust sources and sinks is critical for providing

realistic magnitudes and patterns of atmospheric dust fields.
Adapted from Shao (2011)
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Forecasting lead times

Reanalysis » + Long-term dataset
T » Stable and consistent in time
Mineral Pust * Includes assimilation of observation
Air qudlity
Meteordjogy
Climate predictiorjs Climate predictions
Climate projectiorls Climate projections
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DIAGNOSTIC FORECAST PREDICTION PROJECTION
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Forecasting lead times

4N E ENm = =

Mineral @ust !
Air qua!ty !
Meteoro!ogy !
Climate prediction.% ! Climate predictions
Climate projection_g ! Climate projections
66\ 00‘% ’6‘3‘5 ! e O o‘\’{(\ e’&c"of{\z@‘g()eoade% (\\0‘\\

DIAGNOSTIC FORECAST PREDICTION PROJECTION
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A piece of dust modeling history

= Late 80’s:
= First demonstration that SDS dynamic e i e e e
simulations are possible : "
= 90’s: I :
|
= First satellite products capable to detect SDS : :
= First successful daily SDS forecast test ] :
1
= First long-term daily SDS forecasts | :
= 2000’s: : !
]
= Fast growth in dust observations and 1 WE ARE NOW READY :
forecasting models : TO PROVIDE |
= 2010’s: I ADDED-VALUE !
i
= Fast growth in user-oriented applications : DUST INFORMATION ! :
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Y General structure of a dust forecast model

METEO DATA § GIS DATA
T, P, winds, 55T, surface i Surface topography and roughness
fluxes, soil moisture ; | Soil type & particle size distribution
________________________________________________ | | Veg. height cover & leaf-area index
R B B e : Land use
’ [ Albedo

ATMOSPHERIC & LAND-SURFACE L §

MODEL """""""""""""""""""""""""""""""" '
Initialization: Optimal analysis; self-nesting e T ___________________________
Dynamics: Advection & adjustment, IC/BC

Physics: Diffusion, clouds & surface forcing DUST MONITORING
Soil moisture & temperature Satellite remote sensing
Surface soil hydrology NUMERICAL Lo Synoptic network
Energy & mass fluxes INTEGRATION Lidar network
N Wind speed, friction | Dust monitoring station samples |
velocity, moisture, eI, SR :
On-line coupled Roughness length, :

vegetation fraction

DUST MODULE
Size resolved dust emission
Dust injection
Dust 4D concentration

DATA ASSIMILATION

Dust initial conditions
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Dust conservation (continuity) equation

ATARRI

In terms ofmass mixing ratio of a dust bin g, (kg of dust per kg of air)

ﬁ‘;’d 0

— + uVq + —(qud] = FE - (Ddﬁr + Dwet) + v-(qud}-

E}t b il E)JZ \Twﬂff . y - e —
3-D advection verticallsettling Frssion deposition sub-grid diffusion

In terms oimass concentration units C'y (kg m™)

d(pC, d
0Ci) 1 G- (puCa) + H{pWiCa) = B — Doy + Do) + V- (pKVC).

« u(z,y, z,t) is the resolved wind.

« W,(d) is the particle's Stokes-settling velocity, a function of diameter; the term acts only in the

vertical.

» F is the source flux from land-surface emission schemes (saltation burst, sandblasting, etc.),
converted to mixing ratio by dividing by air density.

* Dyry = Vi qqis dry deposition, with V; the surface deposition velocity; Dy, is removal by in-cloud

and below-cloud scavenging.

« K is an eddy-diffusion tensor that represents unresolved turbulent mixing or numerical sub-grid
tracers.
Each size bin or mode has its own continuity equation with its own W, and optical properties;

=\ TN fj I
A\ @ Sam S GRASP A A2 |psLx [C] @)
“““““ \\\—% Gomi Nacional de Supercomputacién ARMINES  MINES PARIS Ciomcias

ULisboa

© pmod 'wre




Bin/sectional or modal representation

Sectional

dM/dd

Modal

Accumulaton
mode

Accumuation
mode

! Diameter d

Diameter d
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Dust emission

Horizontal and vertical fluxes A
A
SALTATION
SANDBLASTING ¢ =
= ® Horizontal flux

Vertical flux

The ratio of vertical to horizontal fludefinesthe /
sandblastingefficiency(a=F/G)
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Parameterization of saltation fluxes

General expression (i.e. White, 1979)

e
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Complete expressiondarticorenaet Bergamett, 1995)including

-the size andoughnessdependenceof the thresholdwind friction velocity
- the relative contribution of the different soilgrainsizes

- the fraction oferodibled dzNJF I OS ¢

G4 g, Gy
° g@aDp%Jr\?di % pu*?/ & aD,
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=V Different options for saltation

Table 1. List of the most commonly used saltation mass flux relations.

Mass flux equation Comments Study
Dy pa 4 .
Opagnotd = Co, | —— —u, Cg = 1.5, 1.8 or 2.8 for uniform, Bagnold (1941)
Daso 2 naturally graded and poorly
sorted sand, respectively.
Pa 3 .!.{i_t Uy,
Oxawamua = Cx — (1 — —j) (l + —) Cg =2.78 (Kawamura 1951) or 2.61 Kawamura (1951)
& ot Us (White 1979). The origin of this relation

is often confused to be White (1979);
see Namikas and Sherman (1997).

ul
Qowen = &ui (D.ZS + ;t ) (1 — —*2“) v, is a particle’s terminal fall speed. Owen (1964)
& uy Ly
DD fa g
Qtettan = CL Do 2 (1 — sy /us) Cr=6.7 Lettau and Lettau (1978)
750
Dy o, u . .
Ouvu = Cunpa _pu; (1 — *;ﬁ‘" ) Ungar and Haff (1987) did not estimate Ungar and Haff (1987)
g " a value of Cyy.
O sorensen = &uf(l — ufit fuf)(ﬂf +yu, fu, + ﬁufit;‘ uf) o, f and y are parameters that characterize  Sorensen (2004)
the dimensions of a typical saltation hop.
£a 3 u%- .
Opk = Cox—usu; | 1 — —,,i‘ Cpg =5 Proposed here and in
& s Durin ef al (2011a)

D55y is a reference diameter of 250 gem.
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=7 Friction velocity

Friction velocity is a velocity scale that packages the surface-layer momentum flux into metres per

second:

where T is the turbulent shear stress (N m™) exerted by the air on the surface and p is air density.

Because T = p u_"{2}* quoting the single number u* is equivalent to giving the stress.

In neutral (well-mixed) conditions the mean wind profile over roughness z, follows the logarithmic law

so if you know the roughness length and have an anemometer at height z you can rearrange

Uy = ﬁ:u{z)/ln(zfzn)a

u(z)

. . ku(z)
Stability correction:  u. = v
() = ¥n(7)
.
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Threshold friction velocity: influence of particle size

ATARRI

200
180 \\ \ o Fleetcher (1976) N
PR \ o Greeley et al. (1985)
160 +—=—x —1Iws2 M
s \ - = = SLO0 3e-4
140 TN — - SL00 1.65e-4
=~ 100 D \\ — —-SL00 5e-4
@ : \\ 5
E 100 T—N—< X -
' vt A\
> 80 —
60 o N R
. ~
40 : :\\ jo-\ < -~
b - T~
2 s O"M 0.5
0 ‘ | D
1 10 100 1000 Ul.* {_DP] = AH ppg P + }’ (5-3}
Dp (um) Py Pa Dy

with Ay = / f (Rey,) &~ 0.0123.
Re, is the Reynolds number at the erosion threshold, that is, Re; = (U}. Dp)/v,,
where v is the kinematic viscosity of the air. The term ¥/ p. accounts for the
a=p

interparticle forces, y being adjusted to wind-tunnel measurements (from 1.65
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Threshold friction velocity: influence of soil moisture

!
forw<w: UL/U;=1 (5.4a)
68"

forw>w: UX/US= [1 + 1210w — w')® } (5.4b)
with U;N the threshold wind friction in wet conditions, U:d, the threshold wind
friction in dry conditions, w the gravimetric soil moisture content and w’ the
minimal soil moisture for which the erosion threshold increases, which depends

on soil texture and more specifically on soil clay content:
w = lfJ'.lf}[J'Iafi[‘ﬁ:nijlay]‘r2 + 0.17 (%Clay) (5.5)

(Fecan et al. 1999)
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|
o 25 e // ¢+ measured for
© . .
g .: / : sand (1)
z . 7. // | y .7 - -~ computed for
o Lo ’ /y a8 sand (1)
2 2 e AR R4 = measured for
S /’ /. / / . sandy loam (2)
I P A 4 computed for
= s ’y . / S sandy loam (2)
S 15 ’ﬁ, v/ / measured for
e -N °. sandy loam (4)a

/ [
1 : ‘ .‘ l ! : : : ‘ —— : : : : : :
0 4

8 12 16 20 (Fécaret al., 1999)

Gravimetric soil moisture (%)

__ A parameterisationthat perfomswell in the field
(Ishisukaet al. 2005)
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Threshold friction velocity: influence of roughness

fi(Zo,20) = 1= (In (Zo/205) / In (a(X/25)" ) (5.7

where zps is the aerodynamic roughness length of the erodible surface, and @ and
b are empirical coefficient describing the evolution of the IBL as a function of the

distance (X) estimated, respectively, to be a = 0.35, b=0.8 and X = 10 (with Z, 7,

and Zgs In cm).

Marticorenaet al. 1997
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hreshold friction velocity: influence of roughnes

Roughnesslependentthreshold wind friction velocities

250

ch ,’ ® Loose sandy soils
£ , A Loose sand on crust
o 200
> J ®  Disturbed sand
= . .
IS I ® Loose silty soils
2 150 I ¢ @  Disturbed silty soils
c .
o / Loose gravelly soils
;(EJ Disturbed gravel
'Y & .
.E 100 . ¢ ¢ Disturbed clayey
_CEJ m  Disturbed salty soils
[s) High organic clay
5 50 2.% |
o - oAd WA e — —Model
= . L) i @ ¢ ¢
= e —
e _E —
O T
0.000001 0.00001 0.0001 0.001 0.01 0.1 1

Roughness length (cm)

(Marticorenaet al | 1997)

_ Good agreement forelatively low roughnessdensity
and solid obstacle
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Saltation as a sizegregating process

Soilmass size distribution Saltation flux size distribution
5
1x10"3uum e 8x1Q —— —
E E -_—22 cm/s
—25 cm/s
0.8~ 5 —30 cm/s|
@ —35 cm/s
06/ g —40 cm/s
2 Dy
= 04 S
(@4
0.2- 2
0 ‘ : : 3
10° 10" 10" (130-4 10° B 10
Dp (um)
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Sandblasting and vertical fluxes

C Conceptualunderstanding of sandblasting

Binding energy
of the dust particles
c Empirical parameterization

- MarticorenaandBergamett{1995) :a = f(%clay)

Kinetic energy provided
by the saltating particles

C Physicalparameterizations

- Lu andShao(2001)

a = f(p) ; p: plastic flow pressuresoil hardness
- Alfaro et al. (1996;1998)

a = f(ey) ; Cohesiorenergyof theparticles

- Shaocet al. (2004)

a = f(p; soil pdf) ; undisturbedandfully disturbedodf
- Kok (2011a, 2011b)

a = f(soil texture) ; fragmentatiotheory
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Simulated vertical mass fluxes

- Soil 5

D Observed

’
- = = Shao et al. (1993)7
[ = = Marticorena & Bergametti (1995)

| —— Lu & Shao (1999)

[ Soil 4

L
r Soil 3
Soil 2
_ Theordersof magnitude of t
are reasonablywell reproduced

L 5
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ERATOSTHENES 1 1 | @ g"":e'c""'ﬁ"""'! D G RAS p ™ 7z ‘ PS I_ ¥*
‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘‘ Cort aciona do Supercamputacon ARMINES  MINES PARIS .

= pmod wre

(Shag 2001, datafr:)m Gillette, 1979)
nedust mass fluxes




Emitted dust PSD

fine
— = =—aggregates

aerosol (modeled)
O  aerosol (measured)

Alfaro et al.c Dust Production Model "

Three lognormal modes
Bonding energy of aggregates
Kinetic energy o$altators

u* =53 cm/s

relative dM/dlog(d)

PSD depend on wind (based on wind tunnel) 2.
l d(I:In) a
Shao model
Weighted average between disturbed and undisturbed PSD =
Weighting factor ~ 2 empiricabeffsand wind s
PSD depends on wind (based on wind tunnel s
Revised version in 2011 based on measurements o
Kokmodel (brittle fragmentation theory- BFT) 0 B o P
Following the physics of brittle materials > e 5
Emitted PSD up to ~ I@n independent of both the s 134 sEmte o oy
undisturbed soil PSD and the wind speed EIE b4 ;,.5’? v Ry
Dispersed soil PSD and the side crack propagation i VT % 4
length () assumed constant 8 T f
g 001 "'gf? :
s 03 2 ‘
E €37 (a) 1
E"“‘°ﬁ‘:§ @gi”“i‘“’ GRASP o }/7‘/{ PSL% |C @;: pmod wrc o Dust aerc:sol diameter, D, (u1l:) 20
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Regional dust emission modeling

PROCESS

EROSION
THRESHOLD

|

SANDBLASTIN
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PROCESS

EROSION

Regional dust emission modeling

THRESHOLD

|

SANDBLASTIN

PARAMETERIZATIONS

[ 2Af

Y2 Aai

——

Threshold wind
friction velocity

INPUT DATA
dZNBE 66X 6 QU

Roughness length

AN

Soil grain size
distribution (D)
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Regional dust emission modeling

PROCESS PARAMETERIZATIONS INPUT DATA
{2Af Y2AadedzDNB. 06X 6 QU

— ~ Precip, T alb.
EROSION Threshold wind
THRESHOLD — friction velocity

|

Roughness length

SANDBLASTIN (%0 %

Soil grain size
distribution (D)

- Texture (%clay,
AN Barcelona 24 - y FCigncias® 0 0, i
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Regional dust emission modeling

PROCESS PARAMETERIZATIONS INPUT DATA
{2Af Y2AadedzDNB. 06X 6 QU

— ~ Precip, T alb.
EROSION Threshold wind
THRESHOLD — friction velocity

| Wi ficionvlosy 111110

Roughness length

SANDBLASTIN (%0 %

Soil grain size
distribution (D)

- Texture (%clay,
AN Barcelona 24 - y FCigncias® 0 0, i
ERATO@\\ @ Supercomputing Q GRASP /;\\ ;j ‘ PSL& C @ En pmod Wrc /(Sand, /OSIII
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PROCESS

Regional dust emission modeling

EROSION
THRESHOLD [

|

SANDBLASTIN

PARAMETERIZATIONS INPUT DATA
{2Af Y2AadedzDNB. 06X 6 QU
= - Precip.Tab.
Threshold wind
friction velocity

Fr—

Horizontal fux]:  Snowcover

Roughness length
\ @ %)
% covered surface

Soil grain size
distribution (D)

Texture (%clay,

cccccccccccccccc

s = GRASP
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de Supercomputacidn

A
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Regional dust emission modeling

PROCESS PARAMETERIZATIONS INPUT DATA
{2Af Y2AadedzDNB. 06X 6 QU

— ~ Precip, T alb.
EROSION Threshold wind
THRESHOLD — friction velocity

@ — Horizontal flux _
¥ Roughness length

SN — | Vertical mass flux (%o, Zo9)
Sizedistribution

a

% covered surface

Soil grain size

%clay [ distribution (D)
= Texture (%clay,
°/F\\\“ @?‘Em"" ~GRASP [~ A |psix [C] @== pmod wre Ysand,%sil)
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Regional dust emission modeling

INPUT DATA  pomse e

meteorologicaland/or climate models

C—

¢ [EPECRITIOIT
Providedby global orregional —  dmmm Surface wind (U10m)

Roughness length
3 | . C— (Zy, Z9)
Specifigparametersnot availablein % covered surface

distributed data sets soil maps land (E)
usemaps atmosphericmodel inputs .. Soil grain size
(——jistribution (D)

Texture (%clay,
%sand,%sil}

|U')I'I'I_—|;UITI'UO;U'UITIO>TI;UC(D|
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Regional dust emission modeling

ERA
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A geomorphologicapproach

- Manualfile production

- ¢ £ T .
S ANTES D K
ol { Y aidtls (s
22 ¥ Iy
(% 1 (LA
0%%

(Callot et al, 2000)

IGNtopographicmap

Aerodynamicroughnessmap

Surfaceroughnessand soil mapping

oD Ve |
3. L

-4

1
gx'
M ‘H:h'ﬂ\

W

Y|
A
i}

j A
[ 3= [= P =

__Atime consumingapproachovvﬁosereliability depen

ULisboa
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d's

=~ a6 quantity and quality of availableinitial mapsinformation

| e
SE-1-1E+0
1E-1-5E-1
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Regional dust emission modeling

Roughnessnappingby radarmeasurements

¥ . “q Ingsitimeasurements

o =

ure Radar‘*"

kY

0
O SRLCVV, Greeley et al. (1997
O SRL CHH, Greeley et al. (1997
577 A ERSI/SAR, this work
— Logarithmic fitt
-10
o : 3
-15 .
~ . A (Marticorena al., 2006)
o
» 2
o o
-25
30 g
-35 ; ; ;
1.E-05 1.E04 1.E03 1.E02 1.E01

Roughness height, £(cm)

Highresolution (—flOm)mappingfor local applications
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Regional dust emission modeling

Roughnessnappingwith POLDER BRDF
Protrusioncoefficient (*)from POLDER Empiricalelationship

035

a3r

025

POLDER ine

*(Roujearet al.,1992]

ZD (cm)

(Marticorenaet al., 2004; 2006)

Thresholawind ]
velocities
(at 10m) fat
=) @8~ ¢ _  Medium resolutlon mappmgfor reglonalappllcatlons



Figure 7. f,; - (left) strongly resembles the FoO from MODIS (right, in %).
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Providedby global orregional _
meteorologicaland/or climate models

INPUT DATA

Regional dust emission modeling

-

C—

—

G Preci.Tab.

- Roughnessnapsderived from remote
sensing

- Soilcharacteristicderived from
geomorphologicainterpretations
and/or in-situ sampling —

Roughness length

(%o 209

% covered surface
(E)
Soll grain size
distribution (D,)

Texture (%clay,
%sand,%sil}

|(AITI_—|;UI'I'I'UO;U'UITIO>'I'I;UC(I)|
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Solil texture

Four top solil texture classes according STAB&D 1km database are converted to 4 parent soll

size categories followingegenet al. [2002]
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Erodible fraction
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Effects of erodible fraction on results

MONARCH domains
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Topagraphic preferential source (Cinoux et al, 2001) Frequency of Ocurrence (natural+anthropogenic)

Figure 6. Topographic preferential source (Ginoux et et al. 2001) (left). Frequency of Occurrence (FoO) of DOD > 0.2 based on
MODIS Deep Blue colletion 6 (Ginoux et al., 2012) (right).
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Effects of erodible fraction on results

AERONET stations map with DOD time series
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Figure 11. On the left: Map showing the location of AERONET stations and their names used in the evaluation. On the right: the
Mean Bias and Root Mean Square Error (RMSE) for the two simulations, using the topo source or the MODIS source.
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Effects of erodible fraction on results
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Masdar_Institute AERONET - Middle East (lon =54.62 lat = 24.44 alt = 154)

Masdar_Institute AERONET - Middle East (lon =54.62 lat = 24.44 alt = 154)
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Mezaira AERONET - Middle East (lon =53.78 lat = 23.14 alt = 76)
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Effects of erodible fraction on results
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KAUST_Campus AERONET - Middie East (lon =39.1 lat = 22.3 alt = 64)
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E+‘EJP.E+ ac+
ot dzx dy

1D example

Advection

With:
« Constant velocity u > 0
= [nitial dust distribution: a bump in the center

« Boundary: periodic (dust leaving the right comes back on the left)

Upwind Scheme (Forward Time, Backward Space)

Discretize the domain:
« Time step: At
« Space step: Az

« Grid point: C" is dust at space z; and time ¢,,

The upwind method is:

e =cr -t or-ap)
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Advection

Upwind scheme (with numerical diffusion)

1D Advection of Dust (Extended Domain, Full Motion)
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Advection

1D Advection of Dust (TVD Scheme with Minmod Limiter)

1.0 —— Initial (Rectangular)
\ —— After 0.5 seconds (TVD Minmod)
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Diffusion

2 2
BC_D(BC o°C 320)

ox?  Oy?

¥ 1D Diffusion Equation (Continuous Form)

2
% =D
Where:
« C(z,t) is the dust concentration,
« D is the diffusion coefficient,
« I is the spatial coordinate,
« tis time.
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Diffusion

) Discrete Approximation:

1. Time derivative (Forward Euler):

6c _crt-cr
at At

2. Second spatial derivative (Central Difference):

@ — i — 207 + G,
oz ~ Az?

Final Discretized Formula (Explicit Scheme):

DAt
+1
ci =C?+H 1 —2CT + CLy)
o —
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Diffusion

Flat Concentration (No Gradient, No Diffusion)

Concentration

Linear Gradient (Constant Slope, No Curvature)

Curved Bump (Positive & Negative Curvature — Diffusion Happens)
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| SNBQa | @GAradzZt aKz2gAy3d |
concentration profile affects diffusion:
1.Flat Line

1.b2 &af 2LISI yndmdezedd| § dzN
Everything is in balance.
2.Linear Gradiert
1./ 2yadal yad aft 2 LS zstilndzi vy
diffusion. The rate of change is the same
everywhere.
3.Curved Bump
1.1 SNBQa ¢KSNB AdG 3ISha
1. In the middle (the bump), dust ighTh A
spreads outward
2. On the sides (the dips), dustiesv I R dz&
flows in.
2. This movement is caused by teecond
derivative (curvature).
So5AFTFdzaA2Yy 200dzNAR ¢ K Sayid (i
that's why the second derivative drives the process!



Concentration

Diffusion

Concentration Profile

Concentration Profile (Bump)

Curvature

-1.0p

Second Derivative of Concentration

Second Derivative
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| SNBEQa GKS @A & dadnéentraticr? g A
profile (the bump) and itsecond derivative
Arhebumpis highest in the middle and tapers off
to the sides.
Arhesecond derivative
A lIsnegativel 0 GKS G2L) 2F G F
means concentration is curving
R2 6 Y ¢ duR flolls outward
A IspositiveA y (1 KS RALJ
OdzNIA y 3 didtFowsNdwardh
This second derivative determines where and
how fast dust williffuset A 6 Qa G KS YI (
way to measure thépush" or "pull" caused by
local shape.
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Diffusion

1D Diffusion of Smooth Profile (More Evident Spreading)

1.0 ~—— Step 0
—— Step 10
— Step 20
—— Step 30
0.8+F —— Step 40
—— Step 50
c
o 0.6rf
©
1=
[}
=
o 04rf
@)
0.2
0.0
0.0 0.2 0.4 0.6 0.8 1.0
X
— =
A Barceiona N % [ Fitnies”
053‘ @gm:ﬂ“mwm% GRASP |/ ic P{ﬂ IPsLx |C| @ pmod 'wre

Ne de Gl
\_/ Ciéncias
ULisboa



Diffusion and advection

1D Advection-Diffusion (High Advection Speed)
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Dust settling (sedimentation)

What Controls How Fast Dust Settles?
1. Gravity
Drag The main force pulling dust downward.
T 2. Air Resistance
As dust falls, ipushes through air
¢KS AN) LlzaK&ag o0l Ol M OKAaA
Dust - > Gravity The result is germinal (settling) velocityt the constant
particle A= speed a particle falls at when gravity and drag are balanced.
l, 3. Particle Size
l Large particlegall quickly (seconds to minutes).
Small particlesan staysuspended for days or even weeks
Settling especially in the upper atmosphere.
4. Air Turbulence
Wind gusts and turbulence c&eep particles suspended
longer.
In calm air, dust settles faster.
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Dust settling (sedimentation)

(> Settling Velocity: The Key Quantity

For a small spherical particle in still air, the Stokes’ Law gives its settling velocity:

v = E . Tz(pp - Pu)g
] !} ;L
Where:
o wv,: settling velocity Note that the effect of
Turbulence is solved separately in the vertical

diffusion term

« r: particle radius

* pp: particle density

* pg: air density

* g: gravity

« u: dynamic viscosity of air
- Takeaway:

» Settling speed increases with bigger, heavier particles.

+ Smaller particles settle much more slowly.
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Dry deposition

Dry depositionis how dust (and other aerosols

or gasesyettles onto the groundn the )
I. 0 é S Y' O S 2 '.F NJ 7\ Y' CD L u Qé Once you know v4, you get the deposition flux:

"\ Deposition Flux

. F = v - C
Gravity
Where:

Turbu Ience o F': flux of deposited dust (mass per area per time)
Surface interactior(sticking, bouncing, etc.) » C: near-surface concentration of dust
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Dry deposition
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