From desert dust to
nucleation, aerosols and
their climate impact

Wolfgang Junkermann
Karlsruhe Institute of Technology
IMK-IFU, Garmisch-Partenkirchen, Germany

T


http://upload.wikimedia.org/wikipedia/en/a/ab/Mojave_DustDevil.jpg

Outline

Aerosol sources

Direct and indirect effects
Experimental results

Summary

T


http://upload.wikimedia.org/wikipedia/en/a/ab/Mojave_DustDevil.jpg

Aerosol sources
coarse

Sea salt

Resuspension of
aerosols, desert dust

fine
Emission (BB + anthr.)
Cloud processing

ultrafine



http://upload.wikimedia.org/wikipedia/en/a/ab/Mojave_DustDevil.jpg

Radiative forcing of climate between 1750 and 2005
Radiative Forcing Terms

|

|

|

Long-lived |
greenhouse gases | I
|

|

|

|

I\_ i
Halocarbons
Ozone Strétospheric Tropospheric
(-0.05)

Stratospheric
water vapour

activities

Lahd use Black carbon
on snow

J" Direct effect

Total

AefOSO'lCIoud aloedo
effect

Linear contrails

—m
Total net |
human activities
-2 -1 0 1 2

Radiative Forcing (watts per square metre)

processes




Direct effects (Scattering, absorption)

4
/

/
/' 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 (O;....)



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
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' CAN WE QUANTIFY DIRECT -
AEROSOL EFFECTS?
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 CLOSURE EXPERIMENTS
Well defined albedo * ampedusa Island
Close to sources '




Parameter list for closure studies

Spectral Actinic Flux

Table 1. Aerosol measurements for direct forcing of climate.
Act. Rad. 300 nm JO1D

Act. Rad. 380 nm JNO?2 Extensive Properties
Global Irradiance Gsp{l){m'l)i Scattering component of extinction, scattering coefficient
Sp ectral Albedo Gl.,sp{'?L_)([]‘l'.l): Hemispheric baclkscatter coefficient
Infrared irradiance GapM)(m): Absorption coefficient *
m: Mass concentration
mj: Species mass concentration (chemical composition as f(r))
Tem P erature (al r) Bigo(mlopty: Lidar backscatter coefficient
Humidity , _
Pressure Intensive Properties n
a: d log aspld log A Wavelength dependence (Angstrom exponent)
Su rfaC e Tem p erature f(RH): USP(RH)Kcsp(luw RH) Humidity dependence
B: Obsp/OTsp Backscatter ratio
Aeroso | num b er : Gsp;"(ﬁsp+dap) Single scatter albedo *
Aerosol / size distribution Ui 00g/om(m2gT) Mass scattering efficiency
Scatt. coeff. / visibility R £ e
. . + \OsptOap)/P180
AbSOfptl on CoefflClent A Ratios of chemical components
O zone * Most uncertain property

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 Preferred platform
Aerosol / size distribution

Scatt. coeff. / visibility
Absorption coefficient D-MIFU, microlight aircraft

Ozone



Radiation Sensors 4 dn v
180 ° field of view

s Y]

+ spectral and global
|irradiance

Ozone, Radiation T up,
Scattering Coefficient,

Aerosols, fast CPC, Aethalo.
Sie distribution . nm — 20 um




Radiation Sensors for
GAMAREF installed on
| gimballed platforms

+- 0.2 degrees

~ | Upwelling, IR,
£ irradiance, spectral
actinic flux




LAMPEDUSA
ISLAND (~50 m)

10 km * 3 km

VERTICAL

PROFILES

OVER THE
SEA UP TO
4000 m




LAMPEDUSA 1999
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GAMARF Project
inkermann?, Daniela Meloniz, Tatjana
Sarraz



LAMPEDUSA (35.5°N, 12.6°E)
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Institute

Continental situation
Po-Valley, Northern
Italy

Small particles < 300 nm
~ 8000-30000 / cm?

SHORTWAVE RADIATION

Altitude a.m.s.l.
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2000 oVerzano 2000 - oVerzano
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1000 j e 1000

0 ), % S O SO
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PARTICLES > 0.3 um [/cm3] 380 nm / REF

,Typical‘ -belly shaped-
actinic radiation profiles in
the anthropogeneously
polluted region,

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



Southern France, Provence, hazy, ESCOMPTE 2001

AOT 300 nm 0.48, 500 nm 0.42

4000 4000
l"sv}.,
— 3000 o — 3000
0 BAVIG_PERT N
£ £
('U- PERTUIS CU
W 2000 - ePRT_REALl Wl 5500
.} REALTOR D
= =
= ©REAL_AVIG =
1 |
< 1000 | < 1000
0 0
0 10 20 30

PARTICLES > 0.4 um [/cm3]

IT

SHORTWAVE RADIATION

BHAVIG_PERT
PERTUIS
©PERT_REAL

T

REALTOR
oREAL_AVIG

T

AVIGNON

T

|

=1

o
" f

0 02040608 1 12

300 nm / REF

4000

w
o
o
o

ALTITUDE a.m.s.|

[EEY
o
o
o

0

2000 r

8AVIG_PERT
PERTUIS

- APERT REAL
REALTOR

oREAL_AVIG

N TR
"‘\"':!’;A;l

AVIGNON

Al
S
£9:

T

0 02040608 1 1.2

380 nm / REF
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Radiation profile controlled by aerosol vertical distribution
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Biomass burning aerosols

Volcanic ash




Biomass burning aerosols
PROBLEMS

i



Mixture of direct and indirect effects
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Reducing the
uncertainties

cloud albedo
cloud lifetime
precipitation

Radiative forcing of climate between 1750 and 2005
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Cloud albedo affects the shortwave radiation (-> radiative forcing),
smaller droplets increase lifetime ? (-> radiative forcing)

smaller droplets reduce rain rate?

. Albedo effect - Lifetime effect _
Clean
Less cloud
Less clowd-active
aarcsol
t =10 min t =20 min t = 30 min t = 40 min t = 50 min t =60 min

fla=-

Cloud condensation nuclei (CCN)

Polluted

More clowd-active

garcsol

Updraft velocity
CCN chemistry?



Cloud albedo affects the shortwave radiation (-> radiative forcing),
smaller droplets increase lifetime ? (-> radiative forcing)
smaller droplets reduce rain rate?

MEASURABLE ?7?

. Albedo effect - Lifetime effect _
Clean
Less cloud
Less clowd-active
aarcsol
t =10 min t =20 min t = 30 min t = 40 min t = 50 min t =60 min

fla=-

Cloud condensation nuclei (CCN)

Polluted

More clowd-active

garcsol

Updraft velocity
CCN chemistry?



RADIATION MEASUREMENT,
ACTINIC FLUX (ALL PHOTONS
IN AN AIR VOLUME)
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Aerosol lining on top of a stratiform cloud layer
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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

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

LIFETIME NOT CONFIRMED UP TO NOW
EFFECTS WITH CURRENT DATA BASE

PRECIPITATION POSSIBLY ACCESSIBLE FOR
EXPERIMENTS IN SELECTED AREAS

EFFECTS WITH CONCURRENT LONG TERM
DATA RECORDS LINKING CCN TO
RAIN RATES




Radiative forcing of climate between 1750 and 2005
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Particle Number Size Distribution
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SKIT Measurements require both, well
defined environmental conditions
and long term data sets

two examples ,natural laboratories’

Uniform land use

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

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

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table

AEROSOL > 10 nm
#/cm3
SOURCES?

1 '
! -
UDE[m] . | _ it
+5 -:'fl: i : = i Tl el i TR 2 ..! % 4 V. b

o - il BB RN WG EL S
A P gt B 1 - o i - e -lI M ]

= ¥ £ - ¥ . .

4 . i 7 - i ." I - .

5 ALTIT

Uniform land use




dMNidiogDy [em)

cover change and > rising ground water table

Western Australia
regional scale production of ultrafine aerosol following drastic land

Potential CCN (> 60 nm)
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Western Australia

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table
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Western Australia

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table

; - _—
L Nan o Y @

.

Parameter West (agriculture) East (natural vegetation) .
ground cloud base ground cloud base
|
i Temperature [°C ] 16 10 20 6
Pressure [hPa] 975 000 975 800

Dewpoint [°C ] 11 9 6 3.5

Water [g/m3]

Potential CCN ~350

Cloud droplets [/cm3] 247 198 _:"
Average diameter [um] 8.3 9.5

niform | n% Liquid water content
i T [g/m3] 0.10

Note the difference of water vapor converted into LWC




Western Australia

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table

a —
T puwn S &

50
s . S
2 Parameter West (agriculture) East (natural vegetation) '
a 30 ground cloud base ground cloud base
%_ 20 ’
2 10 ' Temperature [°C ] 16 10 20 6
3, .
£ s 10 15 2 o Pressure [hPa] 975 000 975 800
Droplet size (diameter) [um] ‘
Dewpoint [°C ]
— e | | 11 9 6 3.5
3 Water [g/m3
. Potential CCN ~350 ~250 ¢
| Cloud droplets [/[cm3] 247 198 _::
Average diameter [um] 8.3 9.5

Uniform land use

Liquid water content
[g/m3] 0.10

Note the difference of water vapor converted into LWC



Western Australia

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table

R~LWP*N* —
a AT £ MURDOCH m @
— ]‘n I: RH l!’
R =rain rate (cloud base) b

l'

LWP = liquid water path (macro) . S '
N, = drop conc (microphysical) Parameter West (agriculture) East (natural vegetation) '
d ground cloud base ground cloud base
a~1.50
f~0.67 Temperature [°C ] 16 10 20 6
Pressure [hPa
Wang and Feingold, 2009a (hPa] 975 900 975 800
Dewpoint [°C
P e 11 9 6 3.5

Water [g/m3]

Potential CCN ~350

R

Cloud droplets [/[cm3] 247

Average diameter [um] 8.3

Liquid water content
[g/m3] 0.10

Note the difference of water vapor converted into LWC

Uniform land use




Western Australia

regional scale production of ultrafine aerosol following drastic land
cover change and > rising ground water table

R ~LWP*N;* |
; SAT. . pumen Sew S
R =rain rate (cloud base) u he 5

LWP = liquid water path (macro) ) e '
N, = drop conc (microphysical) Parameter West (agriculture) East (natural vegetation) '
d ground cloud base ground cloud base

a~1.50

16 10 20 6
B~0.67

Temperature [°C ]

Wang and Feingold, 2009a

Water [g/m3]

Potential CCN ~350

Cloud droplets [/cm3] 247 198 _:"
Average diameter [um] 8.3 9.5

Liquid water content
[g/m3] 0.10

Note the difference of water vapor converted into LWC

Uniform land use



Flood or Drought: How Do Aerosols Affect

Precipitation?
Daniel Rosenfeld, et al. OTH
Science 321, 1309 (2008):
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=3 Direction of airflow
* e and snow crystals
<1 Graupel or small hail
& Raindrop
® Larger cloud droplet
* Small cloud droplet
* Smaller cloud droplet

Growing Dissipating




Inner Mongolia, summer 2009
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ultrafine particle production?
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Precipitation effect: long term data sets,
frequency of rainy days in summer

Fig. 6. The trend of the rain frequency [days (10 yr)~'] in summer for (top) 1955-79 and
(bottom) 1980-2005. Stations significant at the 90% level are indicated by filled symbols. In
contrast to the situation before 1979, the rain frequency has rapidly decreased since 1980,

The Impact of Aerosols on the Summer Rainfall Frequency in China

YonG-SanG CHotl anp CHanG-Hor Ho

JOURNAL OF APPLIED METEOROLOGY AND CLIMATOLOGY
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Figure 10. The spatial distribution for cloud droplet num-
ber concentration (CDNC, cm”) and cloud effective radius for

water clouds (CERW, um) averaged for 2003 - 2006.
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Flood or Drought: How Do Aerosols Affect
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SUMMARY (2/3)

Biomass burning aerosol

nigh local and spatial variability, optical

oroperties dependent on biomass type /
numidity

Climate impact very uncertain
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» hucleation mode derived CCN
relevant for regional scale precipitation
point or distributed sources

_Main climate effects in semiarid
climates / remote agricultural areas
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Thank you for your attention
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