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Desert definition?

A desert is a landscape or region that receives an extremely low
amount of precipitation, less than enough to support growth of
most plants. Most deserts have an average annual precipitation
of less than 400 mm/year. A common definition distinguishes
between true deserts, which receive less than 250 mm of
average annual precipitation, and semideserts or steppes, which
receive between 250 mm and 400 to 500 millimetres.
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http://en.wikipedia.org/wiki/Landscape
http://en.wikipedia.org/wiki/Region
http://en.wikipedia.org/wiki/Precipitation_(meteorology)
http://en.wikipedia.org/wiki/Semidesert
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Landcover and landuse

(North America)

=, r_l Nacart
The ten largest deserts’
.+ Rank Desert Area (km?)
4 Antarctic Desert
B (Antarctica) LEEE A
2 Arctic Desert (Arctic) 13,726,937
3 Sahara Desert (Africa) 9,100,000+
4 Arabian Desert (Middle 2,330,000
East)
5 Gobi Desert (Asia) 1,300,000
6 Kalahari Desert (Africa) 900,000
- Pataqoman Desert (South 670.000
America)
3 Great \(lctor|a Desert 647,000
(Australia)
9 Svrian Desert (Middle 520,000
East)
10 Great Basin Desert 492,000


http://en.wikipedia.org/wiki/Antarctica
http://en.wikipedia.org/wiki/Antarctica
http://en.wikipedia.org/wiki/Arctic
http://en.wikipedia.org/wiki/Arctic
http://en.wikipedia.org/wiki/Sahara
http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Arabian_Desert
http://en.wikipedia.org/wiki/Middle_East
http://en.wikipedia.org/wiki/Middle_East
http://en.wikipedia.org/wiki/Gobi_Desert
http://en.wikipedia.org/wiki/Asia
http://en.wikipedia.org/wiki/Kalahari_Desert
http://en.wikipedia.org/wiki/Africa
http://en.wikipedia.org/wiki/Patagonian_Desert
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/South_America
http://en.wikipedia.org/wiki/Great_Victoria_Desert
http://en.wikipedia.org/wiki/Australia_(continent)
http://en.wikipedia.org/wiki/Syrian_Desert
http://en.wikipedia.org/wiki/Middle_East
http://en.wikipedia.org/wiki/Middle_East
http://en.wikipedia.org/wiki/Great_Basin_Desert
http://en.wikipedia.org/wiki/North_America

Main routes of dust transport [Shao et al., 2011]
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Global Emissions
(Miller et al. 2004)

Region %
Sahara/Sahel 50.7
Central Asia 16.0
Australia 14.5
North America 5.2
East Asia 4.9
Arabia 4.2
Others 4.5
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Baichang,_lifn_Prevince, Chin_AprL by ZeLe Bichang, e Proviscs. Cring_Af07_2001, by ZeiLuvin

La vida en Riad se interrumpio6 por la tormenta

La arona anwmalua la Atnidad Ao Riad

ROB SCHUMACHER / AP
Arena sobre Phoenix. Esta tormenta de arena se abatio sobre la capital de Arizona la noche del martes; aunque llegd
a medir cien kilometros de ancho y a estar impulsada por vientos de 96 kilometros por hora, no causé ningtin herido




Dust cycle and associated processes

The following components have to take into account in the dust cycle:

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

Dust emission is a
complex physical

process involving Dust removal
entrainment of soil

particles by the
surface winds.




lllustration of the dust cycle in the Earth system and

most important dust processes [Shao et al., 2011]
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Dust from Sahara desert: major transport patterns
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Retrospective analysis of Saharan dust

Seasonal Average 1959-2006: surface dust concentration

Surf. dust conc. [ug/m"3] DJF 1959-2006  Surf. dust conc. [ug/m"3] MAM 1959-2006
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2006 Annual simulation

AOD 550nm january 2006 average dust conc january 2006 ug m-3
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Global dust simulations with NMMB/BSC-Dust

0.3333 deg
meridionally
(37 km)

64 vertical
levels
resolution,
equivalent to
operational
GFS resolution

30N 1

EQ

30S 4

60S -

i

150W 120W 90W 6OW 30W 0 30F 60E 90F 120E 150E
0.005 0.03 0.1 0.2 0.35 0.5 0.75 1 30

11-25 May 2006: Samum Campaign period
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Figure 1.5: Principal pathways of the two major global dust transport systems. The
African dust exerts a strong seasonal component with summer trade winds carrying the
dust towards North America and the Caribbean and winter dust flow shifted to South
America and the Amazon rainforest. Throughout the year, dust storms from northern
Africa cross into the Mediterranean and Europe. Asian dust from the Gobi is transported
to the Pacific mainly during dust events in spring. Extracted from Kellogg and Griffin

12006].

Supercomputing
Center
Centro Nacional de Supercomputacion



Mineral Dust Impacts
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Mineral Dust Impacts
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Respiratory Health: Africa

- Acute respiratory infections among children are one of the major
causes of mortality in developing countries, especially in Africa (Black
et al., 2003; Romieuet al., 2002; Smith et al., 1999).

- No studies on the impact of mineral dust concentrations on human
health have been carried out in West Africa due to the lack of air

Barceilon H
s=geality data
Center -
Centro Nacional de Supercomputacion



Respiratory Health: Asia

March 13
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Respiratory health and transportation

&

Kuwait Times - 22 June, 2008
Sand storms in the northern Gulf have disrupted oil exports for
several days from OPEC members Iraq and Kuwait.

The storms had prevented seven of eight ships from docking there
since Saturday.
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www.arabianbusiness.com — 20 June 2008

More than 500 traffic accidents were reported in Kuwait in the space
of just 48 hours on Thursday and Friday, while in Bahrain a further 20
accidents were reported, according to local media.

Hospitals in all three Gulf states reported large numbers of patients
being admitted with respiratory problems. In Bahrain, more than 150
people required hospital treatment, Bahrain's Gulf Daily News
reported.

The adverse weather conditions also caused some problems at
airports around the region, with both Bahrain and Kuwait reporting
minor disruption.




Sand and Dust Storm at 18.04.2012 over Middle Anatolia




CLOSE-UP VIEW: FREQUENCY

®

Severe dust storm near Cairo, 2 May 1997
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EXAMPLE: FATAL AVIATION ACCIDENT CAUSED BY SDS

http://edition.cnn.com/2002/WORLD/africa/05/07/tunis.crash/index.htmi

TUNIS, Tunisia (CNN) 7 May, 2002, 17:44 GMT -- An EgyptAir jet crashed on a
hillside outside Tunisia's capital Tuesday as the pilot attempted to make an
emergency landing, killing at least 18 people, a government official said...

... The control tower lost contact with the plane a few seconds before the incident,
just after the pilot sent out a distress call. As soon as contact was lost,
emergency vehicles rushed to the area...

...Weather was foggy and rainy at the time, with sandstorms blowing in from the
Sahara Desert. ...
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EGYPTAIR ACCIDENT AGAIN: PREDICTION OF THE SDS

Predicted dust load (ug m2)

Predicted cross-section dust concentration (ug m-3)

Features of the case:
- Major Mediterranean dust storm
- Fast moving system

- More than 5 mg m=3in the
elevated dust cloyd core!
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Dust and meningitis epidemics

The spatial distribution of
epidemics

- Epidemics start during the dry season

- Certain environmental factors, such as low absolute
humidity, land cover types and dusty atmospheric
conditions, may play an important role (Lapeyssonnie,
1963; Cheesbrough et al., 1995; Greenwood, 1999;
Molesworth et al., 2003; Thomson et al., 2006).

lswoth, AM Thamsom, MLC. Conec, S
Cresswell MC Mose, AP. Shews, P, Hat, CA
&f & df”  Cuevas, LE (0. Wher s the Menigts Belt?
Thanzactonsofthe Ropal Sy of Tropical Madicin
o Hygina 96,20.20

Districts crossing the Alert and Epidemic thresholds in African countries under enhanced surveillance
during the epidemic season 2006

Attack rate

(x 100,000 pop)
[5-10] Alert
I (10-+] Epidemic

N
.
A%
[_,\ Data Source; WHO MDSC
Map Production:

The boundaries and names shown and the designations used on this map do notimply the expression of any opinion Public Health Mapping and GIS
World Health  whatsosver on the part of the World Health Organization concerning the legal status of any country, teritory, city or Communicable Diseases (CDS)
Organization area or of its authorities, or concerning the delimitation of its frontiers or World Health Organization S

Dotted lines on maps represent approximate border lines for which there may not yet be full agreement. ©WHO 2005. All rights reserved : 1'.( SN |

Su utii . H i
e " African countries under enhanced surveillance 2006
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http://earthobservatory.nasa.gov/NaturalHazards/Archive/Jan2005/CAfrica.TMOA2005006_lrg.jpg

How can we contribute to improving the knowledge on environmental risk
indicators of meningitis epidemics?

Health-related GEMS-MACC project proposal work package:
Sand and Dust forecasting to prevent meningitis epidemics

Obijectives:

= Gain scientific knowledge about the relationship between atmospheric mineral dust,
general atmospheric conditions and meningitis in the Sahel region

= Improve environmental prediction models for meningitis prevention

Activities:

1- Refined short-term dust forecasts and dust surveillance in the Sahel region
2- Retrospective analysis of dust with model and available satellites and its
relationship with meningitis in the Sahel

3- Explore links between dust, meningitis and large scale climate indexes
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Refined short-term dust forecasts and dust surveillance in the

Sahel region

Operations

DUST STORM: 9 MARCH 2007 OVER NORTH AFRICA

Operational 72-h dust forecasts for Europe and North Africa (aerosol optical depth, total dust loading,
surface concentration, dry and wet deposition) http://www.bsc.es/projects/earthscience/DREAM/
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Probability of BTV introduction by wind ?

PATHWAY DIAGRAM P.e =P X Py, X P3X Py X Pg

Culicoides in country ¢ &
48N

Py

v 1000

500

Culicoides becomes
infected with BTV

100

Culicoides is introduced
into Europe by wind

[ Culicoides survives ]

P,

A 4

susceptible animal

A 4

Culicoides transmits BTV
to susceptible animal

Centro Nacional de SUpercomputacion Source: IAH, www.allposters.es, www.bsc.es
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http://www.maratonrioja.com/Fotos/Cabra.jpg
http://images.google.es/imgres?imgurl=http://www.safarifans.de/images/Tierbilder/antilope 2.JPG&imgrefurl=http://www.safarifans.de/photogalerie.htm&h=1052&w=1424&sz=554&hl=es&start=5&tbnid=pG9tIWmeOW6avM:&tbnh=111&tbnw=150&prev=/images?q=ANT%C3%8DLOPE&svnum=10&hl=es&rls=GFRC,GFRC:2006-51,GFRC:es&sa=G
http://www.winona.edu/english/NewUniversity/Photos/KW-Bison.JPG

Regional dust climatology APPLICATIONS: LIVESTOCK

New focus: Blue Tongue virus transported by dusty winds?
In collaboration with UCM (Univ. Complutense de Madrid)

ITransmisién delalengua azul por el viento

El mosquite
Culicoides
transmite consu
picaduraelvirus
delaenfermedad

)
S

Infeccién sin sintemas:
=Vacas =Dromedarics
= Cabras = Rumiantes salvajes

EDISTRIBUCIGN DEL VIRUS
Los brotes dela enfermedad en Europa se han
propagado desde Turquiay el norte de Africa
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HELOSULTIMOS BROTES EN ESPANA

Losbrotes en nuestro pais vienen precedidos por brotes de la enfermedad en el norte de Africa o entradas de polvo por vientos del Sur
MNubes de palve Brotes enel norte dedfrica [l Brotes en Espafia
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Fertilization by Dust Promotes Oceanic Biomass

» Phytoplankton produce most of the oceanic biomass through photosynthesis
» Iron from atmospheric dust is a key nutrient for phytoplankton and photosynthesis
» However, sun, wind and other factors influence the production of chlorophyl

Sun Dust

Chlorophy

Phytoplankton
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http://www.sciencemag.org/cgi/content/full/298/5594/817

Nutrients in Saharan dust (nitrogen, iron and phosphorus), help to fertilize the

huge plankton blooms that occur in the tropical eastern Atlantic

Canary Islands

Bloom of Trichodesmium - Canary Islands,
August 2004

Trichodesmium | T e e R e

= Inisifitsamiing = * Dust over W Africa, July 2004
£ 0.8
2 5 = Ramos et al., 2008: Saharan Dust and Bloom
2 100 4 - of Diazotrophic Cyanobacteria in the NW
% | \ N il African Upwelling, Geophysical Research
z Dust N [ Abstr., Vol. 10, EGU2008-A-11763, 2008

2 JULY252004 * AUGUST S2004 -

o Chlorophyll-a vs. dry dust deposition
@ swercomputns (MOdel); No upwelling during the event
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AEROSOLS - PRESENT CLIMATE CHANGE

Interactions among Radiation, Absorbing Aerosols, and Cloud Formation

X Clouds
Incoming Solar Radiation 4) Cloudiness
decreases
1) Aerosols absorb
and scatter solar
radiation
2) Incoming solar
radiation is
diminished
Particulate Matter
3) Heat from the land
Voldanoes ﬁ‘ Sforan Surface Albedo ‘ surface is reduced
+ Burning
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Radiative effects
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Radiative effects
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AEROSOLS - PRESENT CLIMATE CHANGE

La desertificacion en el mundo
mLOS SISTEMAS SECOS

DESERTIFICACION
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de especies comunidad correspondea los sistemas sacos. | BT SR m '
0 10 20 30 40
Fuente: ONLL EL PAIS
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CAN SDS BE MONITORED?

Observations — supporting routine SDS monitoring

Ground-based measurements (Aerosol Optical Depth, PM10)

Remote sensing (satellites)

The A-Train

Aqua

CALIPSO CloudSat
1:31:15 1:31

PARASOL //—' :

© AERONET-LT .
mOther 4/"?" e B P

e ST s 4 —

Total count = 90

Global Aerosol Optical Depth (AOD) Network

International: AERONET, MPLnet,

Aerlinet, ...

Dust storm off the African coast;

Barcelong NASA M O D | S
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Center
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CAN SDS BE PREDICTED?

NORTHERN AFRICA-MIDDLE EAST-EUROPE (NA-ME-E) REGIONAL CENTER

WMO Sand and Dust Storm Warning Advisory and AsSessment System (SOS-WAS)

Mineral dust models —to
provide SDS forecasts

Models mainly developed by
research organizations and
meteorological services

Dust forecasts

* Compared dust forecasts
* BSC-DREAMSBb

7 MACC-ECMWF

* INCA-LMDzt

* METEO-FRANCE

* Chimere

* SKIRON

* TAU/DREAM-8b

* NAAPS

SEEVCCC

? U.K. Met Office
7 TSMS/BSC-DREAMSb
* NASA-GEOS-5

> NMMB/BSC-Dust

Oct 28, 2012

You ar= her=: Home > For=cast & Products » Dust forecasts

Dustforecasts

oy admin — a5t modiad Oct 15, 201204:43 PM

This page allows access to dust forecasts issued Dy different numerical models. Dust models may have very
differant charactenstics (gicbal or regional, horizontal and vertical resolutions, dust emission and deposition
parameterizations, presance or absence of dust assimilation, feedback to the met=orclogical model, ...).
Information on the characteristics and configurations of the models can be found on their respective

websites,

WMO SDS-WAS Regional Center. Compared dust forecasts

b 700 | INCA-LMD:T
<a
L g z
it m temporaniy unavadadie
BSC-DREAMSD MACC-ECMWF
[ — " == T
p-m| “5
e e e
CHIMERE SKIRON

TAU/DRE&M-BD

A
i DREAMS-SEEVCCC

—_— \ E

z . Tl

= o
A+

U. K. Met Office UM TSMS/ESC-DREAMSD

T ~
e
-_—
4
NMME/BSC-Dust A

e Print thie
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WARNING SYSTEMS

MMA CALIMA
CSIC — Caracterizacion de Aerosoles originados por

Intrusiones de Masas de aire Africanas
AEMET

CIEMAT ( http:// www.calima .ws )

/

Models

1113 THON Nentyarostarig
{44PS Dust Optical Depth for 0B:0X et 2008 16.05.86 at 12 UT
mtoured at 0.1, 02, 0.4, 0.8 sic. T -
80 10— w0 0w « . i \ ‘I
I g # = B
s | ool L3
s | 4 4 :
ﬁng =
. "é" . \g/
JREEEG RV /&
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&, ] e
. . Opg " Tong
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BSC-DREAM8b, BSC, Espafia NAAPS, US Navy, USA SKIRON, Univ Atenas, Atenas
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Our Research Themes

Dust Storm Forecasting and a Pan-American Sand and

Dust Storm System Center

March 5, 2012
Professor William Sprigg

Chapman University; University of Arizona

t‘—._;t Models and Observations
3 -,

About This Lecture

W Advances in forecasting arid-region dust events have evolved in the past decade, thanks to radical
improvements in atmospheric modeling and remote sensing. In addition, the implications of airborne dust
for weather, climate and human health are better appreciated. The role of climate is significant and sets
limits for environmental health risk. NASA-sponsored studies within the Applied Science Program have led
to quasi-operational dust storm forecasts and simulations for the U.S. Southwest. A somewhat shaky
bridge now links airborne dust research to health services. These and other capabilities are culminating in
a Pan-American Center for the World Meteorological Organization's (WMO's) Sand and Dust Storm
System. The Pan-Am Center will join centers for Asia and Africa/the Middle-East/the Mediterranean to
provide global coverage to the WMO program. The three centers are nodes for contributing data,
knowledge and tools to advance science and to speed up and expand applications in this area.

download presentation slides »

About Professor William Sprigg

Professor William Sprigg holds degrees in atmospheric sciences from Yale University (M.Phil. and Ph.D.),
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Thank you for your attention jjjj

Kuwait 20080616
Courtesy of Drs. Al-Maskari and Albadi, Oman Met. Service




