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B °Land-surface processes of dust emission

4 * Dust sources detection using satellite instruments

* Natural versus Anthropogenic sources



Introduction

» Definitions:
— Aerosol designates a suspension of
particles, either solid or liquid, in a gaseous
environment. Example: aerosol from spray
canister
— Atmospheric aerosol: particles staying in
suspension in the atmosphere for at least
several hours, excluding cloud droplets and
iIce crystals.
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Intro cont’'d: Particle size

Aerosol modes: particles are grouped

T Chemical Conversion within 3 diameter subranges (modes):
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Introduction cont'd: Aerosol effects

&

 Air quality:
— Respiratory distress, eyes — =
irritation

— Reduction of visibility =

— Acid rain ' '

 Climate:

— Direct: scattering and
absorption of solar and infrared
radiation

— Indirect: modify clouds
properties
« 1st: brighter clouds

« 2"d: decrease precipitation
efficiency
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Mineral Dust Aerosols: Physical Processes: Particle motion

Three modes of particle motions:

I. Creep : rolling motion of largest particles (> 500um)

2. Saltation: hopping motion of sand (50-500um)

3. Suspension: wafting motion of silt and clay (0.1-50um)

CREEP

SALTATION

SUSPENSION




Mineral Dust Aerosols: Physical Processes: Dust uplift

Observations show that:

1. Saltating sand grains excavate ovoid-shaped micro-craters in loose fine
particle surfaces (Rice et al., 1995 and 1996). A proportion of the
material displaced is ejected into the flow.

2. Field and laboratory studies show that dust concentration is enhanced by
orders of magnitude in presence of saltation. Without saltation impacts a
surface of dust particles is remarkably stable (Bagnold, 1941).

These observations imply that dust uplifting is essentially
determined by the saltation of larger particles.




Mineral Dust Aerosols: Physical Processes: Sand blasting

The primary mechanism for uplifting dust from the surface is
through saltation bombardment by sand particles because the
interparticle cohesive forces between dust particles are too
strong to allow direct suspension. .

, , Lift by wind shear
Suspension of dust Lift by saltation

\ﬁ Saltation of sand

~ 1\ Aerodynamic-moment

@ Interparticle force Gravity




Mineral Dust Aerosols: Physical Processes: Friction velocity

The friction velocity, u., 1s the fundamental quantity
determining dust emission, and is defined by 1 = ou 2

Within a constant-stress layer, the mean Wind
speed U(Z) 1s related to u. by U(Z) = —ln( ) k=04

0
u.: Friction velocity
z,: roughness length
k: Von Karman constant




Saltation flux

The streamwise sand flux flux Q is given by Bagnold (1941):




Function ®(u. /u.,)

Suppression of saltation when friction velocity below its threshold value

O, /u.,)=0 u. <u,

=1 wu./u, —x

. U, U, 2
Forms: O=(1-—")([1A+—) White, Soil transport by winds on Mars, J. Gephys. Res.,
U, U 84(B9), 4643-4651,1979
2

P = (1 . U, ) Shao et al., Effect of saltation bombardment on the entrainment
of dust by wind, J. Geophys. Res., 98(D7), 12,719-12,726,
1993
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Threshold friction velocity u.,

o —— Simulated
* Fletcher (1976a,b)
8= o Iversen & White (1982)
° < Cleaver and Yates (1973)
In Air
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Uy, (m/S)
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10" 10° 10" 10° 10°
d (pm)
p,8d
u,(d)= |a,(F2=2 4+ L)

P P4,

With a,=0.0123, y=300 kg m?, p,=2.65 10° kg m~, pa=1.227 kg m™

@| Shao and Lu, A simple expression for wind erosion threshold friction velocity, J. Geophys. Res., 105, 22437-22443, 2000
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U., dependency on soil moisture

— =] for w< w
. o . Usrd
Wind erosion threshold increase v _ 112 19100 — 0R1™ for w s o
. . . i . eEnt [ + 1.21(w — ') ] orw>wu
with increasing soil moisture, due

] ) with w' = 0.0014("/o<:lay)2 + 0.17(%clay)
to interparticle forces

~ Ratio of wet to dry threshold wind velocity Maximum adsorbed water
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€25 at’ O Sand D =510 um (3) 8t
= ke -+ Loamy sand (4) oy
3 ;"-’u X / -0O- Sandy loam (2) 9; 6+
¢ - A / / / --O-- Sandy loam (4)a
220 " e -<- Sandy loam (4)b 44 -
> AR ---- Sandy loam (5)
£ - %= Loam (2) 21 o
5 —l— Clay loam (4)
2 = / —8— Clay (2) 0<> t t + +

Soil clay content (%)
<& Sand (3) éoam (2) — Equation 14
- O Sandy loam (2) M Clay loam (4)
: : .9 : 12 18 1B O Sandy loam (4)a ® Clay (2)
Gravimetric soil moisture (%) & Sandy loam (4)b ¢ Clay (4)
@ Fean et al., Parameterization of the increase of the aeolian erosion threshold wind friction £ N
Velocity due to soil moisture for arid and semi-arid areas, Ann. Geophysicae, 17, 149-157, 1999. W




U.. dependency on roughness length

For an immobile surface the 0 ] /
roughness length depends only s 150 | ‘

on the surface morphology, but £ ol /

for a saltating surface 1t 0 et
depends on u. JTET e T ~

For mobile surface, the effectlve
roughness length is: (AM* )T 2

utl]

with » = min[—
U,
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U.. dependency on other parameters

* Crusting:
U proportional to crust thickness

 Soil disturbance:

U*t decrease significantly for disturbed soils

e Salt content:

U™t double with 1% increase of salt content

 others




Vertical Dust Flux

Assuming dust uplift is mainly driven by saltation:
=> Vertical mass flux F proportional to saltation flux Q

Horizontal flux of Sand

Vertical Flux of clay and silt Soil size distribution

Dimensional factor \
Source fraction
/ o

F=C S'a(dyd,) Q(dy) s(d,d,)

) O Efficiency factor function
of saltating size d and dust

Alfaro et al., Modeling the size distribution of a soil produced by sandblasting, J. Geophys. Res, 102, 11239-11249, 1997

particle size d; [m™']
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Sandblasting Mass Efficiency

F=C S oc(dd,dp) Q(d,) s(dyd.)
Based on field data,
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Dust source fraction S from remote
sensing data

F=C S ) Q) 54ty ) B

AVHRR
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Change of dust size distribution along dust plume
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Change of dust optical properties along dust plume
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Dust detection from space

* Knowing spectral variation of @ and T,
specially between nUV and visible, allows
separation of dust from other aerosol
components.

* Knowing Ol allows screening off aged dust
from freshly emitted aerosol.




Satellite products w global coverage
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Satellite resolution and swath
_ |
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Dust Sources detection using MODIS

MODIS Aqua Level 2
AOD on March 20, 2012
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Frequency Of Occurence

Active sources are locations with ™t _. and FOO >

FOO,,, over many years.
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Number of days per year, in average,
MODIS DB Dust Optical Depth > 0.2




Natural Sources

bare and dry surfaces with fine soll texture (clay,
silt or alluvium) = dry river, lake or sea bed

Dust from dry Dust from Bodele depression,
i valeo-lake, Chad
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Anthropogenic dust sources

» Disturbed soil due to agriculture, overgrazing
* Dry sea or lake bed by excessive irrigation
« Construction, mining, etc.

Dry lake from irrigation in

Agriculture Mining, Ohio valley Uzbekistan
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Attribution of a natural/anthropogenic/hydrologic origin
to dust sources

Dust sources are attributed a natural, anthropogenic or
hydrologic origin based on the fraction of
1. Land use:

eagriculture + pasture
*Dataset: 10x10km Klein Goldewijk, GBC, 2001

Anthropogenic if land use > 30%
Natural if land use <30%

2. Ephemeral water bodies:

*¢phemeral lakes and wadis
edataset: 1x1km MODLAND

Hydrologic if water body > 10%
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Natural & Anthropogenic annual emissions
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Natural & Anthropogenic annual emissions
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FoO for natural, anthropogenic, and hydrologic sources in kmz format:
http://www.gfdl.noaa.gov/atmospheric-physics-and-chemistry-data
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FoO for natural, anthropogenic, and hydrologic sources in kmz format:
http://www.gfdl.noaa.gov/atmospheric-physics-and-chemistry-data
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FoO for natural, anthropogenic, and hydrologic sources in kmz format:

http://www.gfdl.noaa.gov/atmospheric-physics-and-chemistry-data
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