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Aerosols from Natural Sources 

Sea salt Volcanic ash 

Dust Biomass burning 
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Desert Dust Emissions 

Long Range Transport Local Sand/dust storms (haboobs) 
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Dust Mineralogy 
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Dust Size Distributions 
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Mineral Dust Sources 
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Mineral Dust Sources 
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Mineral Dust Aging 
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Dust Emission Mechanisms 
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Synoptic scale dust transport 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 13 

Synoptic scale dust transport 
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Dust Devils 
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Low Level Jets (LLJ) 

Schepanski et al., JGR, 2009  

Downward mixing of momentum from the 
nocturnal LLJ during the morning buildup of 
the PBL. 

03-09 UTC 

12-00 UTC 

Frequency of dust source activation 
from the two SEVIRI infrared channels 

Knippertz, P., and M. C. Todd, Rev. Geophys., 2012 
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 The interpretation of individual 
satellite dust products may be 
complicated by a number of factors. 

 The difficulties of interpreting coarse-
resolution satellite data and of 
differentiating between transported 
and emitted dust are some of them. 

 In certain cases, the restriction to 
clear sky conditions and the 
contribution of aerosol species other 
than dust to the satellite retrieval can 
be problematic.  

 Observations from space remain one 
of the most powerful tools to locate 
and study dust sources, particular in 
combination with numerical models 

Satellite uncertainties 
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Why we care about atmospheric aerosols ? 

1. Aerosol related atmospheric hazards (dust storms, volcanic 

ash, aerosol invigorated floods and cyclones, human health 

implications, visibility issues, aviation safety, etc.) 

2. Important scientific questions regarding the role of aerosols 

as weather and climate regulators. 
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Dust cycle  
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Environmental effects of dust  

ENERGY FERTILIZATION 

AVIATION HEALTH 
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Aerosol – Atmosphere interactions 

Clouds 

Non linear 
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Climate impacts 

IPCC, 2007 

Direct Effects : 

Scattering and absorption of solar and 

terrestrial radiation. 

Indirect Effects :  

“Polluted” clouds contain more cloud 

droplets that are smaller in size. 
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Aerosols and Clouds (indirect effect) 

(Rosenfeld at al., Science,  2008) 
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(Braham, 1968)  

Cloud Microphysics 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 25 

Dust impact on surface solar irradiance 
NCEP FNL wind speed at 1000 hPa, 1200 UTC 31 

January 2015 
HYSPLIT backtrajectories, 1200 UTC 1 

February 2015 

MODIS & CALIPSO overpass, 1 February 2015 Kosmopoulos et al., 2017, AMT 
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libRadtran Radiative transfer model 

Concentrated Solar Power (CSP) exploit 

the Direct Normal Irradiance (DNI) 

Photovoltaic (PV) exploit the 

Global Horizontal Irradiance (GHI) 

Dust impact on surface solar irradiance 
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Aerosol Monitoring - Observational Platforms 
Our Lab is the sky 

• In situ 

• Columnar 

• Profiling 

Ground- based Air-borne 

• In situ 

• Columnar 

• Profiling 

Satellite-borne 

• Columnar 

• Profiling 

• Different coverage in time and space  

• Differences in representativeness of the measurements 
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Photometers Lidars 

Ceilometers Satellite 

Aerosol Monitoring - Remote Sensing Platforms 
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Network Abbreviations Main instrument Region Website 

AERONET Aerosol Robotic network 
Sun – sky – lunar 

photometer 
Global 

https://aeronet.gsfc.nasa.go

v/ 

BSRN 
Baseline surface radiation 

network 

Radiometer, 

Pyrheliometer, 

Pyranometer, 

Pyrgeometer 

Global http://bsrn.awi.de/ 

CARSNET 
China Aerosol Remote 

Sensing Network 
Sun photometers China / Asia -- 

EuroSkyR

ad 
European Skynet 

Radiometers network 
Sky-sun photometer Europe / USA http://www.euroskyrad.net/ 

GAW PFR 
Global Atmosphere 

Watch – Precision filter 

radiometer network  

Precision filter 

radiometer 
Global 

http://www.pmodwrc.ch/wor

cc/ 

SKYNET 
(Sky radiometers 

network) 
Sky radiometer Asia / Europe 

http://atmos2.cr.chiba-

u.jp/skynet/ 

SURFRAD Surface radiation network MRS radiometer USA 
https://www.esrl.noaa.gov/g

md/grad/surfrad/ 

Photometers 
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Network Abbreviation Region Website 

AD-NET Asian-Dust and Aerosol Ldar Network Japan / Asia http://www-lidar.nies.go.jp/AD-Net/ 

LALINET Latin American Lidar Network South America http://www.lalinet.org/ 

CIS-LiNet CIS Lidar Network Europe / Asia -- 

EARLINET European Aerosol Research Network Europe https://earlinet.org 

MPLNET Micro-Pulse Lidar Network Global https://mplnet.gsfc.nasa.gov/ 

NDACC 
Network for the Detection of 

Atmospheric Composition Change 
Global http://www.ndsc.ncep.noaa.gov/ 

CREST 
Cooperative Remote Sensing Science 

and Technology 
USA 

http://noaacrest.umbc.edu/crest-

lidar-network/ 

E-PROFILE Part of EUMETNET „s EUCOS Europe 
http://eumetnet.eu/activities/observ

ations-programme/current-

activities/e-profile/ 

NMHS 

Ceilometers 
National meteorolgical and hydrological  

services ceilometers 
Global -- 

SKYNET 

(maxdoas) 
(Sky radiometers network) Japan http://atmos2.cr.chiba-u.jp/skynet/ 

Lidars & ceilometers 



EARTH SYSTEM SCIENCE 

MSc in Space Science Technologies and Applications 31 

Generation of dust storms from 

convectively driven  density currents 

Non resolved dust  sources  

Dust Mineralogy  

Dust particles from different sources have 

different chemical and optical properties (e.g. 

lidar ratio) and follow different size-

distributions.  

Desertification and seasonal 

dust emissions from drained 

lakes (e.g. Aral lake)  
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Dust experimental campaigns  
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Scientific problems being addressed 
Satellite images of dust plumes blowing 
from the coastal arid areas (top) and from 
the dry lake Etosha Pan (down) 

 Namibian dust has not been yet widely examined 

neither by in-situ experiments nor by remote sensing 

or modeling studies. 

 

 The collocation of airborne dust originating from 

sources with different mineralogy provides an ideal 

opportunity to apply remote sensing methodologies 

for the characterization of these particles and 

examine their optical and microphysical properties. 

 

 Improve the description of modeled dust in the area 

by assimilating satellite dust retrievals (MSG-

SEVIRI, CALIPSO and CATS) in a regional 

atmospheric model (NMM-DREAM). 
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ASKOS campaign at 

Cape Verde 2020 
Lidar 

Cloud radar 

Airborne 

remote 

sensing & in 

situ 

Atmospheric 

Modeling 

Cape Verde Barbados 
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Cloud Condensates 
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NOA Climate Change Observatory in Antikithira 


