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aerosol: 
liquid or solid particles (other than cloud droplets) suspended in the 
atmospheric column which cause increased turbidity of the 
atmosphere and affect meteorology, visibility and human health

atmospheric aerosols
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aerosol sources

many different sources for atmospheric aerosol

five main aerosol classes: 
water

 
soluble, soot, mineral dust, sea

 
salt, biogenic

external and internal mixing of aerosol species

vertically seperated aerosol layers (e.g. dust and soot)
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aerosol deposition
mainly two deposition mechanisms for atmospheric aerosols

- dry deposition: 
gravitational settling, turbulent down-mixing, breakdown of turbulent 
momentum fluxes at night

- wet deposition: 
„wash out“ by precipitation, aerosol particles acting as cloud 
condensation nuclei and in-cloud transport throughout the atmosphere

03.03.2004

dry deposition
wet deposition
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atmospheric aerosol

size

absorption

dust

sulfate
salt

soot
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In „hot-spot“ areas 
tropospheric aerosols have 
distinct seasonal cycles, 
which also control aerosol 
type predominance.

Especially over Africa the 
seasonal cycles of mineral 
dust activity and dry season 
biomass burning are very 
evident in the MODIS 
observations and fine mode 
aerosol differentiation.

global aerosol

NASA, 2009
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Aerosol Optical Depth is a 
quantity which describes the 
reduction of radiative 
intensity (extinction) by 
scattering and absorption 
within an aerosol plume

I1 = e-AOD/cos I0
and is defined as

AOD = ∫e

 

dz

for one pass (either top to 
bottom or bottom to top) 
through the aerosol

Aerosol Optical Depth

aerosol
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mineral dust

mineral dust

09.03.2006, 14:00UTC 
T10.8 (inv)

09.03.2006, 14:00UTC 
R0.8

radiative properties

aerosols reflect solar (shortwave) and 
some of them also reduce outgoing 
thermal (longwave) radiation

aerosol remote sensing mostly 
retrieves aerosol optical depth (AOD) 
from reflected shortwave radiation

Tropospheric aerosols can be 
observed from space with 
different remote sensing 
instruments and techniques.
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aerosols and air quality

pollution levels, frequencies and their conditions

03.03.2004
Pollution 

Level
Concentration 

[mg m-3]
Frequency Weather 

Conditions
Composition

low 5-40 28% during and 
after rain

black carbon, 
minerals

medium 35-65 45% summer smog, 
high inversion

sulphates, 
black carbon, 

sea spray, 
nitrates, 
minerals

high 65-150 24% winter smog, 
low inversion

black carbon, 
salts of sulphates and nitrates, 

heavy metals, 
minerals

very high 100-3000 3% dust storms pollen, 
minerals, 
sea spray
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Rayleigh-scattering

absorption
ozone..........

air molecules........

clouds..................................

aerosols..........................................

water vapour .......................................

gases (O2 , CO2 )............

solar irradiation

scattering

absorption

scattering,
absorption

absorption

charakteristical change 
of the solar spectrum

= ‚footprint‘ of aerosol 
within spectrum as 
identification attribute

problem:
extraction of the
aerosol signal from
a large variety of 
influencing parameters

atmosphere + surface

cloud screening as 
precondition

surface, albedo, 3D-scattering

satellite remote sensing of aerosols
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SYNAER: synergistic aerosol retrieval from ENVISAT
SCIAMACHYAATSR

Nadir radiometer data
550, 670, 870, 1670,
3700 nm, 11, 12 ?m

Cloud and ozone correction

Simulation of 40 spectra
based

 

on radiometer

 

results

Corrected “measured” spectrum

AOD / aerosol

 

composition

Aerosol component database
External

 

mixing
Into

 

40 aerosol

 

mixtures

Least square fit / ambiguity test

Nadir spectreomter data
415, 427, 460, 485, 500, 516, 
535, 554, 615, and 675 nm

Cloud screening

40 retrieval

 

results:
AOD at 550 nm

Surface reflectances at 550, 670, 
870 nm

Surface

 

type

 

selection

Dark field method

spatial integration

colocation

nadir radiometer data
radiometric
correction

cloud and ozone correction

simulation of 40 spectra 
based on radiometer results

corrected „measured“ spectrum

AOD / aerosol composition

aerosol component database

external mixing into 40 mixtures

pre-tabulated radiative transfer 
calculations

LS fit / ambiguity test

nadir spectrometer 
data

cloud screening

40 retrieval results: 
AOD at 0.55µm 

surface reflectance 
(at 0.55, 0.67, 0.87µm) 
surface type selection

dark field method

spatial integration
colocation
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SYNAER basic aerosol components
Component Species Refract. Index

at 550 nm
Mode radius
[μm]

Stand. Dev. of 
size distribution

Particle density
[g/cm3]

Extinction 
coefficient for  
1 particle per
cm3 at 550 nm 
[km-1]

Single 
scattering 
albedo

source

WASO,
rH = 70%

Sulfate/nitrate 1.53 – 0.0055 i 0.028 2.24 1.33 7.9 e-6 0.981 Hess, et al. 
1998

INSO Mineral dust, 
high hematite 
content

1.53–0.008i 0.471 2.51 2.0 8.5 e-3 0.73 Hess, et al. 
1998

INSL Mineral dust , 
low hematite 
content

1.53 – 0.0019 i 0.471 2.51 2.0 8.5 e-3 0.891 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

SSAM,
rH = 70%

Sea salt, 
accumulation
mode

1.36 – 0 i 0.378 2.03 1.2 3.14 e-3 1.0 Hess, et al. 
1998

SSCM,
rH = 70%

Sea salt, coarse
mode

1.36 – 0 i 3.17 2.03 1.2 1.8 e-1 1.0 Hess, et al. 
1998

BISO Biomass 
burning soot

1.63-0.036i 0.0118 2.0 1.0 1.5 e-7 0.698 Dubovik 2002 
Hess et al, 1998

DISO Diesel soot 1.49 – 0.67i 0.0118 2.0 1.0 7.8 e-7 0.125 Schnaiter, et al. 
2003, Hess `98

MITR Transported 
minerals, high 
hematite 
content

1.53 – 0.0055 i 0.5 2.2 2.6 5.86 e-3 0.837 Hess, et al. 
1998

MILO Transported 
minerals, low 
hematite 
content

1.53 – 0.0019 i 0.5 2.2 2.6 5.86 e-3 0.93 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

Component Species Refract. Index
at 550 nm

Mode radius
[μm]

Stand. Dev. of 
size distribution

Particle density
[g/cm3]

Extinction 
coefficient for  
1 particle per
cm3 at 550 nm 
[km-1]

Single 
scattering 
albedo

source

WASO,
rH = 70%

Sulfate/nitrate 1.53 – 0.0055 i 0.028 2.24 1.33 7.9 e-6 0.981 Hess, et al. 
1998

INSO Mineral dust, 
high hematite 
content

1.53–0.008i 0.471 2.51 2.0 8.5 e-3 0.73 Hess, et al. 
1998

INSL Mineral dust , 
low hematite 
content

1.53 – 0.0019 i 0.471 2.51 2.0 8.5 e-3 0.891 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

SSAM,
rH = 70%

Sea salt, 
accumulation
mode

1.36 – 0 i 0.378 2.03 1.2 3.14 e-3 1.0 Hess, et al. 
1998

SSCM,
rH = 70%

Sea salt, coarse
mode

1.36 – 0 i 3.17 2.03 1.2 1.8 e-1 1.0 Hess, et al. 
1998

BISO Biomass 
burning soot

1.63-0.036i 0.0118 2.0 1.0 1.5 e-7 0.698 Dubovik 2002 
Hess et al, 1998

DISO Diesel soot 1.49 – 0.67i 0.0118 2.0 1.0 7.8 e-7 0.125 Schnaiter, et al. 
2003, Hess `98

MITR Transported 
minerals, high 
hematite 
content

1.53 – 0.0055 i 0.5 2.2 2.6 5.86 e-3 0.837 Hess, et al. 
1998

MILO Transported 
minerals, low 
hematite 
content

1.53 – 0.0019 i 0.5 2.2 2.6 5.86 e-3 0.93 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

ComponentComponent SpeciesSpecies Refract. Index
at 550 nm
Refract. Index
at 550 nm

Mode radius
[μm]
Mode radius
[μm]

Stand. Dev. of 
size distribution
Stand. Dev. of 
size distribution

Particle density
[g/cm3]
Particle density
[g/cm3]

Extinction 
coefficient for  
1 particle per
cm3 at 550 nm 
[km-1]

Extinction 
coefficient for  
1 particle per
cm3 at 550 nm 
[km-1]

Single 
scattering 
albedo

Single 
scattering 
albedo

sourcesource

WASO,
rH = 70%
WASO,
rH = 70%

Sulfate/nitrateSulfate/nitrate 1.53 – 0.0055 i1.53 – 0.0055 i 0.0280.028 2.242.24 1.331.33 7.9 e-67.9 e-6 0.9810.981 Hess, et al. 
1998
Hess, et al. 
1998

INSOINSO Mineral dust, 
high hematite 
content

Mineral dust, 
high hematite 
content

1.53–0.008i1.53–0.008i 0.4710.471 2.512.51 2.02.0 8.5 e-38.5 e-3 0.730.73 Hess, et al. 
1998
Hess, et al. 
1998

INSLINSL Mineral dust , 
low hematite 
content

Mineral dust , 
low hematite 
content

1.53 – 0.0019 i1.53 – 0.0019 i 0.4710.471 2.512.51 2.02.0 8.5 e-38.5 e-3 0.8910.891 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

SSAM,
rH = 70%
SSAM,
rH = 70%

Sea salt, 
accumulation
mode

Sea salt, 
accumulation
mode

1.36 – 0 i1.36 – 0 i 0.3780.378 2.032.03 1.21.2 3.14 e-33.14 e-3 1.01.0 Hess, et al. 
1998
Hess, et al. 
1998

SSCM,
rH = 70%
SSCM,
rH = 70%

Sea salt, coarse
mode
Sea salt, coarse
mode

1.36 – 0 i1.36 – 0 i 3.173.17 2.032.03 1.21.2 1.8 e-11.8 e-1 1.01.0 Hess, et al. 
1998
Hess, et al. 
1998

BISOBISO Biomass 
burning soot
Biomass 
burning soot

1.63-0.036i1.63-0.036i 0.01180.0118 2.02.0 1.01.0 1.5 e-71.5 e-7 0.6980.698 Dubovik 2002 
Hess et al, 1998
Dubovik 2002 
Hess et al, 1998

DISODISO Diesel sootDiesel soot 1.49 – 0.67i1.49 – 0.67i 0.01180.0118 2.02.0 1.01.0 7.8 e-77.8 e-7 0.1250.125 Schnaiter, et al. 
2003, Hess `98
Schnaiter, et al. 
2003, Hess `98

MITRMITR Transported 
minerals, high 
hematite 
content

Transported 
minerals, high 
hematite 
content

1.53 – 0.0055 i1.53 – 0.0055 i 0.50.5 2.22.2 2.62.6 5.86 e-35.86 e-3 0.8370.837 Hess, et al. 
1998
Hess, et al. 
1998

MILOMILO Transported 
minerals, low 
hematite 
content

Transported 
minerals, low 
hematite 
content

1.53 – 0.0019 i1.53 – 0.0019 i 0.50.5 2.22.2 2.62.6 5.86 e-35.86 e-3 0.930.93 Dubovik 2002, 
Sinyuk et al.
2003, Hess `98

Dubovik 2002, 
Sinyuk et al.
2003, Hess `98
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SYNAER pre-defined aerosol mixtures
Component contributions to AOT550 [%]

No. Name Rel. 
hum.
[%]

Vert.
Prof.
[km]

WASO INSO INSL SSAM SSCM BISO DISO MITR MILO

1 21 Pure watersoluble 50/80 2 100

2 22

Continental
50 2

95 5 5

3 23 90 10 10

4 24 85 15 15

5 25

Maritime
50/80 2

30 70

6 26 30 65 5

7 27 15 85

8 28 15 75 10

9 29 Polluted watersoluble 50/80 2 90 10

10 30 80 20

11 31 Polluted Continental 50 2 80 10 10 10

12 32 70 10 10 20

13 33 Polluted Maritime 50/80 2 40 45 5 10

14 34 30 40 10 20

15 35

Desert Outbreak 50
2 - 4 25 75 75

16 36 3 - 5 25 75 75

17 37 4 - 6 25 75 75

18 38

Biomass Burning 50/80 3
85 15

19 39 70 30

20 40 55 45

Component contributions to AOT550 [%]Component contributions to AOT550 [%]

No.No. NameName Rel. 
hum.
[%]

Rel. 
hum.
[%]

Vert.
Prof.
[km]

Vert.
Prof.
[km]

WASOWASO INSOINSOINSO INSLINSLINSL SSAMSSAM SSCMSSCM BISOBISOBISO DISODISODISO MITRMITR MILOMILO

11 2121 Pure watersolublePure watersoluble 50/8050/80 22 100100

222 222222

ContinentalContinental
505050 222

959595 555 555

333 232323 909090 101010 101010

444 242424 858585 151515 151515

55 2525

MaritimeMaritime
50/8050/80 22

3030 7070

66 2626 3030 6565 55

77 2727 1515 8585

88 2828 1515 7575 1010

999 292929 Polluted watersolublePolluted watersolublePolluted watersoluble 50/8050/8050/80 222 909090 101010

101010 303030 808080 202020

1111 3131 Polluted ContinentalPolluted Continental 5050 22 8080 101010 101010 101010

1212 3232 7070 101010 101010 202020

131313 333333 Polluted MaritimePolluted MaritimePolluted Maritime 50/8050/8050/80 222 404040 454545 555 101010

141414 343434 303030 404040 101010 202020

1515 3535

Desert OutbreakDesert Outbreak 5050
2 - 42 - 4 2525 7575 7575

1616 3636 3 - 53 - 5 2525 7575 7575

1717 3737 4 - 64 - 6 2525 7575 7575

181818 383838

Biomass BurningBiomass BurningBiomass Burning 50/8050/8050/80 333
858585 151515

191919 393939 707070 303030

202020 404040 555555 454545

WASO = watersoluble, INSO = insoluble,

 

INSL = insoluble / low hematite,

 

SSAM = sea salt accummul. mode,

 

SSCM = sea salt coarse mode,

 

BISO = biomass burning soot,
DISO = diesel soot,

 

MITR = mineral transported, MILO = mineral transported / low hematite
Mixture number N and mixture number N + 20: alternative humidity

 

or mineral composition, respectively
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SYNAER/ENVISAT Episodes 
Dust Outbreak, 21 May 2007 

soot

mineral maritime

sulfate

MODIS RGB
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SYNAER / ENVISAT v2 – seasonal AOD550 (MAM 2009)

total mineral dust
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outlook: SYNAER/METOP: GOME2 + AVHRR


 

largely improved spatial coverage due to swath widths of GOME-2 and AVHRR


 

no limb-scanning mode of GOME-2

SYNAER/ENV SYNAER/METOP
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summary
- aerosol: solid or liquid phase particles suspended in the air

- aerosols are emitted by a large variety of sources

- many different types of atmospheric aerosols

- aerosols have many effects on the atmosphere and its circulation

- SYNAER: 
DLR aerosol retrieval for ENVISAT 
capable of type separation 
40 aerosol mixtures, 4 classes of aerosols 
transfer to Metop improves spatial coverage

- dedicated talks on particulate matter and mineral dust!
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