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Climate effects 

1) direct 

2) indirect 
cloud- 
albedo 
lifetime ? 
precipitation ?

coarse

fine

(ultra)fine

water related

coarse?



Direct effects (Scattering, absorption)

Reduction of shortwave radiation at the earth‘s 
surface

Redistribution of energy in the lower troposphere

Indirect response

Modification of the vertical stability -> Clouds 

Reduction / modification of photolysis rates

Modification of the 3D distribution of greenhouse 
gases (O3 ....)



Direct effects 
(scattering, 
absorption)

Prominent examples

Smog drifts down India's populous Ganges 
valley and out into the Bay of Bengal. This 
is the source of 'atmospheric brown clouds' 
over the Indian Ocean, and the climatic 
effect of its constituent aerosol particles is 
investigated by Ramanathan and 
colleagues
NASA/GODDARD SPACE FLIGHT CENTER/J. 
SCHMALTZ

Climate change: Aerosols heat up
Peter Pilewskie

Solid particles suspended in the 
atmosphere have long played second 
fiddle to greenhouse gases as agents 
of climate change. A study of 
atmospheric heating over the Indian 
Ocean could provoke a rethink.

Nature Vol. 448, 2007



Direct effects 
(scattering, 
absorption)

Prominent examples

Reduction of sea surface temperature 
in the north atlantic leading to lower 
hurricane activity

http://www.nasa.gov/mission_pages/hurricanes/archiv 
es/2007/hurricane_dust.html



CAN WE QUANTIFY DIRECT 
AEROSOL EFFECTS?



Lampedusa Island
CLOSURE EXPERIMENTS



Lampedusa Island
CLOSURE EXPERIMENTS
Well defined albedo
Close to sources



Parameter list for closure studies

Spectral Actinic Flux
Act. Rad. 300 nm JO1D
Act. Rad. 380 nm JNO2
Global Irradiance
Spectral Albedo
Infrared irradiance

Temperature (air) 
Humidity
Pressure
Surface Temperature

Aerosol number
Aerosol / size distribution
Scatt. coeff. / visibility
Absorption coefficient          

Ozone

From Charlson, 1987



Parameter list for closure studies

Spectral Actinic Flux
Act. Rad. 300 nm JO1D
Act. Rad. 380 nm JNO2
Global Irradiance
Spectral Albedo
Infrared irradiance

Temperature (air) 
Humidity
Pressure
Surface Temperature

Aerosol number
Aerosol / size distribution
Scatt. coeff. / visibility
Absorption coefficient          

Ozone

Preferred platform

D-MIFU, microlight aircraft



Aerosols,  fast CPC, Aethalo. 
Size distribution 5 nm – 20 um

Ozone, Radiation 
 

up, 
Scattering Coefficient, 
Particles, Meteorology

Radiation Sensors 
 

dn 
180 

 
field of view

+ spectral and global 
irradiance



Radiation Sensors for 
GAMARF installed on 
gimballed platforms

+- 0.2 degrees

Upwelling, IR, 
irradiance, spectral 
actinic flux



VERTICAL 
PROFILES 
OVER THE 
SEA UP TO 
4000 m

LAMPEDUSA 
ISLAND (~50 m)

10 km * 3 km
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Dust layer up to 7 km out of reach for the ULM

380 nm    300 nm Large particles (FSSP)

normalized actinic radiation and 1 dimensional model calculation (STAR)

LAMPEDUSA 1999

SHORTWAVE RADIATION



The GAMARF Project
Wolfgang Junkermann1, Daniela Meloni2, Tatjana 
Di‘Iorio2, Alcide DiSarra2

1 KIT Karlsruhe, 2ENEA, ROME

THE PILOTTHE PILOT

LONGWAVE RADIATION



AIRCRAFT PROFILES
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Continental situation 
Po-Valley, Northern 
Italy
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‚Typical‘ -belly shaped- 
actinic radiation profiles in 
the anthropogeneously 
polluted region, 

enhancement above and 
within upper range of PBL, 
absorption close to the 
ground

Small particles < 300 nm 
~ 8000-30000 / cm3

SHORTWAVE RADIATION



Southern France, Provence, hazy, ESCOMPTE 2001    
AOT 300 nm 0.48, 500 nm 0.42

0 10 20 30
0

1000

2000

3000

4000

PARTICLES > 0.4 um [/cm3]

A
LT

IT
U

D
E

 a
.m

.s
.l

AVIG_PERT

PERTUIS

PERT_REAL

REALTOR

REAL_AVIG

AVIGNON

0 0.2 0.4 0.6 0.8 1 1.2
0

1000

2000

3000

4000

300 nm / REF

A
LT

IT
U

D
E

 a
.m

.s
.l

AVIG_PERT

PERTUIS

PERT_REAL

REALTOR

REAL_AVIG

AVIGNON

0 0.2 0.4 0.6 0.8 1 1.2
0

1000

2000

3000

4000

380 nm / REF

A
LT

IT
U

D
E

 a
.m

.s
.l

AVIG_PERT

PERTUIS

PERT_REAL

REALTOR

REAL_AVIG

AVIGNON

Several layers of particles up to ~ 4000 m, uppermost layer aged air 
mass from Spain, reduction of UVB to ~ 50 % of clean  - aerosol 
free ( mistral) situation. 

Radiation profile controlled by aerosol vertical distribution

Enhanced scattering at TBL

SHORTWAVE RADIATION



Biomass burning aerosols

Volcanic ash 



Biomass burning aerosols 

PROBLEMS

PLUMES CLOSE TO 
GROUND

PYROCUMULUS CLOUDS

Scattering -> absorption during aging / composition depended



Mixture of direct and indirect effects

CLOUDS



Reducing the 
uncertainties 

cloud albedo 
cloud lifetime 
precipitation

IPCC 2007

NOT COVERED



Cloud albedo affects the shortwave radiation (-> radiative forcing),

smaller droplets increase lifetime ? (-> radiative forcing)

smaller droplets reduce rain rate? 

Cloud condensation nuclei (CCN) 

Updraft velocity

CCN chemistry?



Cloud albedo affects the shortwave radiation (-> radiative forcing),

smaller droplets increase lifetime ? (-> radiative forcing)

smaller droplets reduce rain rate? 

Cloud condensation nuclei (CCN) 

Updraft velocity

CCN chemistry?

MEASURABLE ??
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High albedo above cloud in clean 
conditions, reduced albedo (< 0.25) 
above aged cloud

+ 60% JNO2

+ 25% JNO2
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High number of 
small particles up to 
5000 / cm3 (symbols / 
100), no large ones 
(lines) on top of a 
stratiform cloud 
layer in clean 
maritime conditions

Reduced albedo to 
0.4 at 380 nm0 10 20 30 40 50
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> 300 nm

> 10 nm

Aerosol lining on top of a stratiform cloud layer

QUESTIONS: AEROSOL PRODUCTION MECHANISM



After a few hours : 

Cumuli embedded in aged aerosol layers

decreasing influence of clouds on radiation

Radiation profile dominated by aerosols, cloud albedo effect reduced



After a few hours : 

Cumuli embedded in aged aerosol layers

decreasing influence of clouds on radiation

Radiation profile dominated by aerosols, cloud albedo effect reduced

CLOUD ALBEDO AND  LIFETIME EFFECTS MEASURABLE ?



ALBEDO EFFECTS

LIFETIME

EFFECTS

DIFFICULT TO QUANTIFY DUE TO 
UNHOMOGENITIES OF CLOUDS 
AND MISSING REFERENCE 
AREA‘S (CLOUD FIELDS)

PRECIPITATION

EFFECTS

NOT CONFIRMED UP TO NOW 
WITH CURRENT DATA BASE

POSSIBLY ACCESSIBLE FOR 
EXPERIMENTS IN SELECTED AREAS 
WITH CONCURRENT LONG TERM 
DATA RECORDS LINKING CCN TO 
RAIN RATES



Reducing the 
uncertainties in model 

input parameters 

measurement 
of cloud microphysics 

relevant aerosols 
+…..

Z. Levin, Aerosol Pollution Impact on Precipitation: 
A Scientific Review, 2007

IPCC 2007



Climate relevance 

grazing and irrigation experiment 
Inner Mongolia 2009



Measurements require both, well 
defined environmental conditions 

and long term data sets 

two examples ‚natural laboratories‘

Uniform land use

Uniform land use

900 km

Uniform land use

Western Australian wheat belt Steppe, Inner Mongolia (> 1000 km)



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use

900 km

Uniform land use

TWO EFFECTS: CLOUDS (meteo) + RAIN (aerosol)



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

900 km

Uniform land use

900 km

Uniform land use

AEROSOL > 10 nm

# / cm3

SOURCES?



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Potential CCN (> 60 nm) 

Uniform land use



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Uniform land use



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Uniform land use



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Uniform land use



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Uniform land use

Wang and Feingold, 2009a



Western Australia 
regional scale production of ultrafine aerosol following drastic land 

cover change and > rising ground water table

Uniform land use
Uniform land use

900 km

Uniform land use

Wang and Feingold, 2009a

F = 2.3



BOTH



900 km

Inner Mongolia, summer 2009 



900 km

high visibility, particles > 300 nm (5-15/cm3)



900 km

Turbulence flights (50-150 m) + vertical 
sounding
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900 km

ultrafine particle production?
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900 km

ultrafine particle production?

WIND 310 o, 8 m/sec, 55 km distance
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900 km

ultrafine particle production 
yes from SO2

XILINHOT WIND 310 o, 8 m/sec, 55 km distance
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900 km

30 min40 min
35 min

PP
Coal fired PP KA

SIZE DISTRIBUTIONS IN POWER 

PLANT PLUME,  

GROWTH RATE >10 nm/h



900 km

Precipitation effect: long term data sets, 
frequency of rainy days in summer

~ 2000 km



PM

PM

RAIN



erosion from one event 
in 2007 

/ desertification



SUMMARY (1/3) 

Desert dust 

RF + over land, - over the ocean 
altitude, albedo and chemistry dependent 

closure experiments 
Samum, Lampedusa …



SUMMARY (2/3) 

Biomass burning aerosol 

high local and spatial variability, optical 
properties dependent on biomass type / 
humidity 

Climate impact very uncertain



900 km

SUMMARY(3/3) 

nucleation mode derived CCN 

relevant for regional scale precipitation 

point or distributed sources 

Main climate effects in semiarid 
climates / remote agricultural areas



900 km

SUMMARY(3/3) 

nucleation mode derived CCN 

relevant for regional scale precipitation 

point or distributed sources 

Main climate effects in semiarid 
climates / remote agricultural areas

MODELS OR MEASUREMENTS  ??



900 km

NOVEMBER 5. 2009
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900 km

AND 

WATER SHORTAGE 

DESERT DUST

Thank you for your attention
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