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Global morphology of stratospheric aerosols from 2003 -
2011 retrieved from SCIAMACHY limb-scatter observations
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e Stratospheric aerosol profile retrievals from SCIAMACHY limb-
scatter observations

» Stratospheric aerosol extinction climatology 2003 — 2011

* Indications for a (solar-driven ?) 27-day cycle in stratospheric
aerosol extinction
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SCIAMACHY on Envisat (2002 —2012) ,, ihstyoniz sie?

SCIAMACHY = SCanning Imaging Absorption spectroMeter for
Atmospheric CHartographY (PIl: Prof. J. Burrows, IUP Bremen)

Main features: Limb-scatter observations:
* UV/Vis/NIR grating spectrometer: Tangent height range: 0 —92 km
220-2380 nm (Eclipse: 73 — 150 km)

e Spectral resolution: 0.2 - 1.5 nm Vertical step size: 3.3 km
e Observation geometries: Vertical field of view: 2.8 km
Duration of a limb obs.: ca. 60 s
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ESA‘s Envisat satellite N MOGITZ AGNOT

e Launch: 28. Februar 2002
e Polar, sun-synchronous orbit

e Descending node: 10:00 local solar time

e Altitude: 800 km
e Launch vehicle: Ariane 5
e Envisat hosts 10 scientific instruments

e The atmospheric chemistry pay-load
consists of:
- GOMOS (Global Ozone Monitoring by
Occultation of Stars)

- MIPAS (Michelson Interferometer for
Passive Atmospheric Sounding)

- SCIAMACHY (SCanning Imaging
Absorption spectroMeter for
Atmospheric CHartographY)
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Aerosol profile retrievals from ST MORITZ AT
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e Retrieval is based on:

I.  Normalized limb-radiance profiles (w.r.t. 35 km tangent height)
ll.  Pairing of normalized limb-radiance profiles at 470 nm and 750 nm

e |Inversion performed with iterative Optimal Estimation approach driving
the radiative transfer model SCIATRAN

 Data product: Aerosol extinction coefficient profile
(Note: Angstrom exponent is fixed)

e Current data product version:

1.1: Mie phase function with log-normal PSD and r=0.11 um,
o =1.32 (Deshler, 2008)
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Com pa rison to SAGE I ERNST MORITZ ARNDT

UNIVERSITAT GREIFSWALD

SCIAV 1.1 vs. SAGE V6.2 and V7.0
SCIA vs. SAGE, all latitudes
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Globally averaged agreement within 15% between
SAGE V7.0 and SCIAV 1.1 from 16 to 35 km
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AerOSO| extinction COEfﬁCient at ERNST MORITZ ARNDT i1
,.}‘/rz::
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Aerosol extinction coefficient at different altitudes
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Stratospheric aerosol optical depth =
(@ =380 K-140 km 525 nm) UNIVERSITAT GREIFSWALD ..

Stratospheric Aerosol optical depth
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Indications for a 27-day sighature in stratospheric
aerosol extinction
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Aerosol / Mgll index anomaly

Mg“ |ndeX and aerOSOI ERNST MORITZ ARNDT
o o o UNIVERSITAT GREIFSWALD
extinction anomalies
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SCIAMACHY aerosol extinction (version 1.1) data set zonally averaged and
meridionally averaged between 20S° and 20°N and the 30 — 35 km altitude range
Solar proxy: Mgll index from SCIAMACHY spectral solar irradiance measurements
Anomalies determined by removing 35-day running mean and division by time
averaged value of extinction
Mgll index (red) and relative aerosol extinction (black) anomalies FFT spectrum of aerosol extinction anomaly
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Aerosol ext./Mgll anomaly

Epoch-averaged Mgll and CANST MORITZ ARNDT
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extinction anomalies

2003 2003 - 2011
Relative epoch-averaged aerosol (blue) and Mgll anomalies (red) Relative epoch-averaged aerosol (blue) and Mgll anomalies (red)
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e Aerosol extinction and solar activity positively correlated
e Time lag between solar forcing and aerosol response a few days at most
e Relative variations in aerosol extinction with 27-day cycle: =+ 1 %
e Origin of additional peaks unclear
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Is the 27-day signature real? I S @D

e |s 27-day signature in aerosol extinction spuriously introduced by
established 27-day signatures in

|.  Stratospheric temperature (~ 0.1 K), density or
Il.  Stratospheric O;(~ 1 %) Latitude _5

Answer: No, most likely not

0
Other possibilities for a retrleval : fR
Solar 27-day cycles in =§rc§f5

albedo? % -

But: little or nothing known about

40
Epoch-averaged temperature P
anomalies (K) as a function 30
of time lag and altitude

Time lag [days]
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Possible mechanisms — model studies

What processes can cause the observed extinction signature:

Atmospheric Process

Ambient conditions (T, q)

Degree Of Explaining Signature

Very likely

Reason

Too weak (amplitude <0.1%)

Evaporation H,SO,

Not - too slow

Too slow

Condensation H,SO,

Yes

From view of isolated microphysics

Unclear

Affecting results when prescribed

If condensation is the likely res

Process Pathway

MOI’@ ianS On Not unlikely
p

Advection (QBO similarity) or Rossby
mode

OSter 4,

Degree Of Explaining S8

OCS Photolysis (Jocs) very likely
other Js of S-compounds Very unlikely
OCS+0('D) Reaction Unlikely Too weak

Jocs Underestimation

+5%SSI —1%inH,S0, Vapour
+50 % SSI = 1 % in Extinction

always time lag too large

"Bias“ in OCS cross section or SSI
UV-B/C

SSI Underestimation

With parametrised sedimentation:

+ 10 % SSI = 3-4 % Signature in H,SO, Vapour
+ 100 % SSI — 0.7 % Signature in Extinction

No sedimentation:

+ 10% SSI — 1-2 % Signature in Extinction
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Whole atmosphere (dynamical) response” ? ‘e venie ool

27-day signatures in outgoing longwave

radiation (Takahashi et al., 2010; HuV?nE\_g et al., + Rossby (1,4) normal mode (~ 28
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Figure 12. Wavelet spectrum of OLR at 157.5° W (averaged over atmosphere temperature, even
5-20° N) from NCEP/NCAR-interpolated OLR data. . .
without 27-day solar forcing
27-day signature in Noctilucent clouds (Gruzdev et al., 2009)
© & 27-day = < 27-day == -
€ 008 ' - ' o
(@] : o
& 006 : 3 . .
oy : o —> Increasing evidence that
— ' —+ . .
Z (1 004 : =] atmospheric 27-day signatures are
© ! —_ .
o\ 002 : B not only due to photochemistry
H . . .
S 000 : S} and diabatic heating changes
> . : -
F 002t o . Ly ]
-40 20 0 20 40

Day relative to solar max



vvisse
lockt
Seit 1456

ERNST MORITZ ARNDT
S u m m a ry UNIVERSITAT GREIFSWALD

e Stratospheric aerosol extinction profiles are retrieved from SCIAMACHY
limb-scatter observations (08/2002 — 04/2012)

e Data set available (registration required) at:

http://www.iup.uni-bremen.de/scia-arc/

e Globally averaged agreement with co-located SAGE Il (version 7.0) solar
occultation measurements within 15% between 16 and 35 km altitude

. Aerosol extinction and optical depth fields show strong variability
associated with volcanic eruptions, seasons and phase of the QBO

e  First indications for a (solar-driven?) 27-day signature in stratospheric
aerosol extinction

26.4.2016 SSiRC Workshop Potsdam von Savigny et al.
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Soufriere Hills, Tavurvur (2006) and Kasatochi (2008)

Soufriere Hills and Tavurvur, 10°S Soufriere Hills and Tavurvur, 10°N Soufriere Hills and Tavurvur, 30°N
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Sarychev Peak (2009) and Nabro (2011) eruptions
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Aerosol extinction time series at 30°, 40° & 50° N

Aerosol extinction coefficient at 30°N
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Stratospheric aerosol optical depth (380 K —40 km) time series

Aerosol OD - weighted average for [60°S, 60°N]
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Stratospheric aerosol optical depth time s
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Mie phase function, 450 nm
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Limb-Radianz-Spektren (OSIRIS/Odin Messungen)

Radiance (R/A)
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