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The challenge

Which information can we extract

on aerosol parameters

by combining sensors,

which were not designed for aerosol retrieval?
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SYNAER method
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Holzer-Popp et al., JGR, 2002 
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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/ENV v1 daily result: SCIAMACHY + AATSR
 Aerosol plume over France, 15 April 2007

MODIS RGB
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soot

mineral maritime

sulfate

MODIS RGB

SYNAER/ENV v1 daily result : SCIAMACHY + AATSR
 Aerosol plume over France, 15 April 2007
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SYNAER/ENV Episodes
 Dust Outbreak, May 2007

soot

mineral maritime

sulfate

MODIS RGB
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Validation against ground-based stations

How representative is a station

for a pixel 60 x 30 km2 ?

Example: Lannion

near coast and mountains, traffic
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Variogram analysis – pixel size induced error

~50 km

~0.05
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SYNAER/ENV validation v2.2

7-10/2005, Europe (Africa), 50 coincidences

Pairs:    50

Bias:   -0.01

Sigma: 0.08

Correl: 0.80
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SYNAER/ENV validation v2.2

7-10/2005, Europe (Africa), 50 coincidences

Bias: -0.04 Sigma: 0.12 Correl: 0.78 Bias: -0.01 Sigma: 0.06 Correl: 0.78
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Analyzed information content of spectrometer

with AOD

with surface

type

Holzer-Popp et al., ACP, 2008 

more than 2

degrees of freedom

for aerosol, type
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Total

SYNAER / ENVISAT v2 – seasonal AOD550 (7 – 10 / 2003)

WatersolubleSoot Dust
Holzer-Popp et al., ACP, 2008 
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SYNAER v2 – soot monthly datasets

August 2003 Fire counts

Portugal wildfires 

Africa wildfires moving South

missed South-American wildfires
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SYNAER quality control

- about 1/3 of pixels fail in the retrieval

- neglected assumptions about homogeneity

- sub pixel broken clouds

- cross-sensor calibration issues

- exclusion criteria to automatically reject failed pixels

- fit error > 0.02

- intrinsic AOD550 error > 0.14

- land surface albedo > 0.25

- cloud fraction in SCIAMACHY pixel > 0.35
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SYNAER/METOP: GOME2 + AVHRR

Improved spatial coverage

SYNAER/ENV SYNAER/METOP
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No simple universal AOD-PM correlation

due to aerosol composition and vertical profile

Particulate matter



PM / Aerosol Retrieval by Synergy between SCIAMACHY /AATSR and GOME2 / AVHRR – CEOS-ACC 15-17 June 2009

Converting SYNAER AOD and composition into PM

auxiliary information: vertical particle profile shape

from chemistry transport model 

by NILU: inter-comaprison SYNAER EMEP stations (3day map)

AOD-PM conversion requires

- information on size distribution

- information on vertical profile

SYNAER-PM product uses

- retrieved aerosol composition

- auxiliary CTM profile shape

1

H

AOD

E

2

1

2=kCorrection coefficient: 
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AOD-PM conversion factors for different aerosol types

Particle mass concentrations PM10 [μg/m3]

No. Name Total WASO INSO SSAM SSCM SOOT MITR

1 Pure Watersoluble 148 148

2 Continental I 206 140 66

3 Continental II 265 132 133

4 Continental III 325 126 199

5 Maritime I 296 44 252

6 Maritime II 323 44 234 45

7 Maritime III 328 22 306

8 Maritime IV 381 22 270 91

9 Polluted Watersoluble I 137 132 5

10 Polluted Watersoluble II 128 118 10

11 Polluted Continental I 256 118 133 5

12 Polluted Continental II 247 104 133 10

13 Polluted Maritime I 272 60 162 45 5

14 Polluted Maritime II 289 44 144 91 10

15 Desert Outbreak I 109 109 318

16 Desert Outbreak II 72 72 636

17 Desert Outbreak III 38 38 954

18 Biom. Burn. / High Poll. I 133 126 7

19 Biom. Burn. / High Poll. II 118 103 15

20 Biom. Burn. / High Poll. III 103 80 23

Exponential vertical profile assumed



PM / Aerosol Retrieval by Synergy between SCIAMACHY /AATSR and GOME2 / AVHRR – CEOS-ACC 15-17 June 2009

SYNAER/ENV 7-10/2003: PM10 and PM2.5

PM10 PM2.5

  0            50           100

PM [μg/m3]

Forest fires in Portugal

August 2003
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The response

Synergetic retrieval contains information

on AOD

plus aerosol composition

and together with model profile shapes on PM
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SYNAER processing and evolution

- reprocessing Europe/Africa 2003-2009 in ESA-GSE PROMOTE-2

- global reprocessing planned in EU-FP7 Core project MACC

- further evolution planned in EU-FP7 DS project PASODOBLE

- evaluation of PM results for annual compliance monitoring

- operational transfer to METOP

future perspective: 25 year dataset: ERS-2 – ENVISAT – METOP

http://www.gse-promote.org -> air quality -> European Sat-based PM

http://wdc.dlr.de -> aerosols -> ENVISAT

-> Further validation see talk by Aasmund Fahre-Vik on Wednesday
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SYNAER/ENV NRT wildfires in Portugal

Aerosol optical depth at 550 nmAOD550 of 4 major components

soot

mineral maritime

sulfate
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SYNAER/ENV Episodes
 Dust Outbreak, May 2007

MODIS RGB
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Using DOF analysis: subtract „unknown“ component

AOD550 < 0.1

~ 0. at highest AOD

~ 0.02 clean oceans

~ 0.05 South Atlantic

~ 0.05 over land

Total unknown
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SYNAER/ENV – limitations and strengths

- limitations

- spatial / temporal coverage and resolution

- re-visit time: 12 days

- SCIAMACHY pixel: 60x30 km2

- dependence on pre-defined fixed aerosol mixtures

- no retrieval over very bright surfaces

- strengths

- estimation of aerosol composition

- systematic conversion to PMx values

- treatment of partially cloudy SCIAMACHY pixels

using accurate 1km2 AATSR cloud detection
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SYNAER: profile shape correction for PM

EURAD-MADE: SYNAER:

mass concentration profile: AOD homogeneous layer:

E

H

AOD

1

H

AOD

E

2 1

2=k

Correction coefficient: 
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SYNAER achievements in PROMOTE

- evaluation by user NILU in 3 annual cycles

- upgrade of methodology from v1.0 to v2.2

  based on feedback from user NILU

- upgrade of validation and quality control

- provision of pixel-wise error information

- demonstration for METOP

- consistent reprocessing of dataset for Europe/Africa/Atlantic


