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Mineral dust as an aerosol source

Colurmn Contribu
Emission  Lowerlimit Upper limit onto
Sources Toyr, Ty Tgyr' P9 Optical
depth
Natural
Primary
Soil dust 1500 100 2000 322 0.023
Sea-salt 1300 300 10000 7 0.003
Volcanic dust 33 25 300 0.7 0.001
Biological debris 50 3 150 1.1 0.002
Secondary
Sulphates 150 85 1100 28 0.014
QOrganics 55 15 200 2.1 0.011
Nitrates 30 15 700 0.5 0.001

Total Natural 543 14450 46.4 0.055

Anthropogenic

Primary

Industrial dust 100 10 170 2.1 0.004

Black carbon 20 3 150 0.6 0.008

Secondary

Sulphates 140 70 375 3.8 0.019

Biomass burning

(wlo BC) 90 60 150 3.4 0.017

Nitrates 40 23 65 0.8 0.002

Organic matter 10 5 90 0.4 0.002

Total

Anthropogenic 400 171 1000 11 0.05
714 15450 57.5 0.105

Anthropogenic 24 8 19 48

fraction (%)




Duststorm impacts



Saltation

* Pre-requisites:
* Sand
* Wind

* Constraints:

 Dust reservoir/supply
e Crust/moisture
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Source areas
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* Topographic lows exposed to the wind * Largest sources are most remote

e 200 - 250 mm rainfall to adjacent highlands (more

* Nearby sand source
leads to vegetation growth and soil formation)

 Alluvial deposits, intermittent/ephemeral flooding
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Observing desert dust aerosol
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Short-range transport

Rapid transport of dust over thousands of km
|

High level dust cloud
| Descending air (&)
Upto . -
l: km ] Strong Lol R‘ai f
upward air nfall e
motion Dry fallout from low level dust cloud forms o
loess deposit which thins and becomes 6
finer in downwind direction e
’_‘,\_/ —— — P =N e ——
Dust sources Dry deposition in  Wet deposition of
areas distant dust in precipitation
from source

* Dunes are not significant dust sources due to absence of
saltating sand — they represent locations where winds are
locally reduced, hence deposition dominates




Loess

* Deposits of resuspended
dust

e Absence of sand to initiate
saltation

* Animal and agricultural
activity loosens dust
allowing easy resuspension
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Cape Verde

Long-range transport
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Barbados Mineral Dust Annual Average and Benchmark

. Canbbean Events

Long-range impacts  _=
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v 1. First appearance of Dlack band coral discase
2 Staghoeen and dikhoon corals die in Flodda

® 3. Staghom and cikhorn conls die in Jamaica

4. Staghorn and eikhern die throughout the Caribbean
(major El Nino) Sea urchin Diademe antiVarum, 3 key
reef herbivore, dies throughout the Candbbean

b6 Black band disease racnpant in Florida. Corals Dicach
throughout the Cardbean and sel grasses die in
Florda (major El Nino)

B 5 Corals Blgach in Forida Pocapero | USGS






The Australian source

e Dust deposits already
deflated

 Stony surface
e Limited erosion

DESERT PAWEMENT FORMATION
time 1 time 2 time 3
wind weind
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rocks are initially rocks start to become pavement forms
dispersed in ground  concentrated as fine as a lag deposit

sediment 15 blown away
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Dust sources & transportation in Australia

PERTHY L N1 2 Aeolian Dust Salt ?

B = 5 dust storms
per year
— 400mm isohyet

120 "
I

() Internally draining mainly arid
environments in New South Wales,
South Australia and Victoria

(iif) Upland areas of the
eastern highlands

(i) Riverine floodplain of the
Murray-Darling Basin
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22 Sep 09 - Dust originates in this area

22 Sep 09 18:00 - Dust plume movement
23 Sep 09 06:00 - Dust plume movement
23 Sep 09 12:00 - Dust plume movement
23 Sep 09 22:00 - Dust plume movement
24 Sep 09 22:00 - Dust plume movement
25 Sep 09 12:00 - Dust plume movement
Town or City with having reports of dust

Dust plume at a point in time
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2009 Australian Dust Storm  “ e ssees




Crust disturbance




Land and climate change

Low risk of dust storm

High Vegetation Cover
2) Soil surface
covered 3) High wind
reduction
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Bioaerosol
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Vegetation sources of aerosol

e Secondary aerosol from biogenic VOCs producing fine particles (?)

Oxidation products
e.g. oxidation by hv, OH, NO,, i)/
Product that remain Semi-Volatile Products
in the gas phase

GAS Gas-Phase Reaction

[
»

Gas-Particle Nucleation
Partitioning
e

inorganic

. Atmospheric organic
Approximately 80% of our air pollution stems e Evolution water
from hydrocarbons released by vegetation, so let's
not go overboard in setting and enforcing tough
emission standards from man-made sources.

(Ronald Reagan)




Wildfires

BC FOREST FIRE CAUSES
10-YEAR AVERAGE 1989-99

Open °
Burning
- 28%
(backyard, sfash,
agricultural)

Lightning

Misc 6%
(discarded cigarettes, arson,
railway, equipment use)

Courtesy Ministry of Forests
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Plant cells

Burning biomass
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Formation of soot from wood burning

FIGURE 13,1  Schemat of s008 mecrostruciure
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Natural dust sources of NZ origin
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