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SCIAMACHY orbit sequence
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— 17* century (, Maunder minimum®):
» little ice age*
» famous Dutch winter paintings

— Other cyclic variation overlaying
the 11y solar cycle (Schwabe) have
periods of 87 years (Gleissberg)
and 210 years (De Vries-Suess)
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Solar variability, ozone, and climate
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— 11-year solar cycle signature in sea surface temperature (SST) and ozone
— Note: recent increase in SST (+0 8°C) is not explamed by the rather quiet

sun (+0.1°K) but is related to increas
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30-60% to solar

cycle variability

of TSI (=0.1%)
— Can we confirm

this by satellite
observations?
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model

10 estimation
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optical salar irradiance satellite instruments . .
T T T T 1 — UV irradiance

T R T I e S monitoring from
B v 120020 | space since 1978
SOLSTICE (UARS) 115400 nm |y i — only few missions
SUSIM (UARS) T1s400nm [ cover visible/NIR
GOME (ERSZ) 240-790 nm —- wavelengths
SCIAMACHY (ENVISAT) 2202400 nm | = + GOME
SOLSTICE (SORCE) 115320 nm * SCIAMACHY
SIM (SORCE}) 200-3000 nm > SIM

OM (AURA) 250400 nimi — disadvantage of

»-atmospheric
sounders* (GOME,

lm

GOMEZ (METOR) 240-800 nm

]
- r SOLSPEC (ISS) 180-3200 nm | —
all missions with | SCIAMACHY
A>200 nm SHUVZ 180-400 nm | SBUV): ’
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GOME and SCIAMACHY solar spectrum

GOME/ERS-2
10000 ™ RARARRRAL RARARRRRL ARAARARS I RRARRARRL T ]

22-JUL—-1995 12:04UTC

£
c
E 1000
= E Ha d 05-MAR-2004
E [ [ : ' H
— P R : : SCTAMACHY solar iradiance
] ¥ . L.
o [ B ™ : : F
c P omm il T . PR
£ [ L : P
B T | S e . P
° P LR S P
£ 100E | Ha ; !"'i,ni_ E P
5 L Peall TN e
o [ - i e BT S P
S }I"l"l"l }% eI N
Wﬂl:!?"lwf}l‘_ﬂm
[ ] | =
| o] Liv iy [T P [ [ Skupin et al., 2005

300 400 500 600 700 800
Wavelength [nm]

e IWeber et al., 1998,
Weber 1999

v Direct full disc solar measurements with diffuser once a day (GOME & SCIAMACHY)

v Fraunhofer absorption lines (metals, H) are signatures of the solar atmosphere
(photosphere and chromosphere)
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Solar Irradiance Monitor

¢ Harder et al., 2005
e [aunched 2003
e Orbit: inclination: 40°, altitude 620 km

» Measurements: solar irradiance (twice a day)
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4/ empirical model (MPI-SS)
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— faculae contribute to UV variations £
(brighter) E

— Short-term variations show the 27-
day solar rotation period (active

regions moving in and out from Noble Lectures - Univesity of Toronto,
@J I.Inhiﬁmwﬁ ‘1 ﬁ;m 26-30t March 2007,
L

J. P. Burrows - Lecture No. 3.

Irradiance variations in the visible
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s f -,
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i :f: " ——sun spots 3

May July

— sun spots (darker) contribute
to variations in the visible

— variations in visible are
smaller by a factor of 10
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— Very small variaton on the
order of 0.1% in the near IR
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ZULTATION MEASUREMENTS
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Occultation Retrieval Precisions

uT LS MS us
5-12km | 12-24km | 24-36 km | 36 -45 km
0, 1 1 1 1
NO, 5-10 10-5 5-10 10 -50
BrO Thd 20 10 -
ocCIO - 20 10 -
clo - Thd - -
H,O 1 1 1-2 5
CH, 1 1 1-5 5-20
co, 1 1 1-3 3-10
co 1 1-10 10-20 —
N,O 1 1-10 10-20 —
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SOLAR OCCULTATION
Comparison with SAGE II (O, and NO,)
4o i
Hx._' = o = colocated distance: 40 —500
5o - ale Ex ; -
; % 2 = Date : 17t —22nd sept. 2002
CEY =y & 50 = 25 colocated measurements
- = quite good agreement b/n
% % 4 A 0 uh BE e mean profiles
I e JSCIA-GALE ST = Fitting window
. . s - O;: 525-590 nm
. 1 - NO, : 420-460 nm
5o by A et . _
; '& = Mean deviations and
CED e - . statistical variation are in the
4 order of 10%.
h hofcoecemndzs A
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LUNAR OCCULTATION
Comparison with SAGE III (O;, NO,)
: 1 - = = Date: 12t March, 2003

= Colocated distance: 500 -1000 km
= 9 colocated measurements

= Spectral window: 420-580 nm
IR g vkt st s = O, quite good inb/n 27 —45km

= SCIA NO2 results is slightly
A oy = higher than SAGE III results due
) : i 3} to difference in SZA.

i el L e * SZA for SCTAMACHY: 114-115°
= o » SZA for SAGE III: 96 - 100°
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NO, from lunar occultation

_.l__ LRI P R L— - .\_E_ e [T R ___ - . Spetral window: 610-680 nm
e—— | "E | = Altitude range : 22- 55 km
Ty | . { = March 12, 2003 quite high

; | [ B | concentration was retrieved

ol T compared to April 14, 2003

| o | = Results not validated

o T e L ‘I__-,p- LT = Fit at 39 km is shown
vl [ . . . * NO,, O, and NO; are fitted

= Good fits are obtain
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Limb Measurements

« vertical res.: 3 km

» horizontal
resolution in
azimuth:

240 km (120 km
min.)

horizontal
resolution in flight
direction:

approx. 400 km
Observation
optimised to match
limb with nadir
measurements
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SCIAmetals
Investigation of mesospheric / thermospheric
metal species using SCIAMACHY data

Project team: M. Scharringhausen, J. P. Burrows, J. Notholt,
C. v. Savigny, M. Sinnhuber
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Investigation of mesospheric / thermospheric
metal species using SCIAMACHY data

~What do we consider?
- Na,Fe, Mg, Li, Si,... and ionized counterparts

- Where do mesospheric metals come from:
- Cosmic dust/Meteors (ablation at 80 — 100km)

- Why is it interesting?
- Amount of influx is very uncertain
(40 - 400 tons/day)

Metal abundance + composition of comic dust
= estimate of total influx

- Impact on stratospheric and mesopheric
chemistry?
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A large number of emission signals can be
identified in the SCIAMACHY spectra
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P Impact on mesospheric/stratospheric chemistry

1) Formation of meteoric smoke (polymerization)
metal compounds + silicon oxides ——» meteoric smoke (MS)
2) Catalytic water production (heterogeneous)
H,+O0+MS — H,0+MS
3) Catalytic chlorine production
(M) + HCI —> (M)CI+ H —> (M)Cl + hv — (M) + ClI

4) Meteoric smoke particles act as condensation nuclei for
stratospheric clouds?

" = Noble Lectures - University of Toronto,
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P Retrieval principle for Mg+/Mg

Mg 1

s

4%

Radianos

Resonance fluorescence:

- Excitation by sunlight
- Emission WL = excitation WL ) Wearsalangth

-
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P Retrieval principle for Mg+/Mg

Excited state 1
Excited state 2

a

Resonance fluorescence:

Groun® sta

»
>

Radiance

- Excitation by sunlight
- Emission WL = excitation WL
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P Radiative transfer equation to solve

1) =F) DD [1,(N(S)7, (5)ds

LOS \
Measured radiance Emissivity \ Absorption

Solar irradiance Line-of-sight Number density

~ Retrieval method: Optimal estimation using a radiative transfer model
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Validation of nighttime OH mesopause temperatures

*Comparison of SCIAMACHY
OH* (3-1) rotational temperatures
with collocated with collocated
GRIPS-I 1-hour averages of
ground-based OH* (3-1) rotational
temperature measurements at
HohenpeiRenberg (47° N/ 11° E)
for the period October 15, 2003
through February 26, 2004.

» Note: Zenith and limb
observations are weighted
differently in terms of altitude and
the temperatures are expected to
differ slightly

*GRIPS data courtesy D.
Offermann, M. Bittner, K. Hoppner

ol ol et ]

— S N
= GRIPSH 1 hear sesage
F HCRATSHY

=
LI
L]

EFESEEI IR SN BRI S BN S

Dy 2 paae | 200
* Difference GRIPS | (MOHP) -
SCIAMACHY: 2.6 K (11.1 K)

« Difference GRIPS Il (Wuppertal) -
SCIAMACHY: 2.3 K (9.7 K).

Noble Lectures - University of Toronto,

26-30t March 2007,
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Solar Proton Events scradacer

* SPE caused by coronal mass ejection (CME)

* Deposit >60° latitude

* Influence of SPE by complicated ion chemistry

17



Solar Proton Events: Oct-Nov 2003

2. CMEs arrived at Earth in 1-2 days producing huge
geomagnetic storms and important effects on
atmospheric composition in the polar regions.

3. Earth was bombarded by very
energetic protons (and electrons),
driven to both polar regions (g.
lat.>60°) where they penetrate
down to the lower stratosphere.

* Two solar active regions
during 28-29 Oct and 3rd
Nov 2003 produced solar
flares, coronal mass ejections
(CMEs) and solar energetic
particles of unprecedented
intensity.
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J. P. Burrows - Lecture No. 3.

200z ‘0z 149y

2003/11/04 20:06

Solar rotcm flirx
GOES-11 solar proton

10 flux
& 10
&
& 107
=
- >1 MeV, ~87
g 10¢ km
B
2 10
=
s
i
g
10"
= >100 MeV, ~30
107 [— Ly km
25 26 3T X R OO0 R 01 02 o3 08 Q5 08 07 08 0B 10 11 13

Doiabar e of Toronto,
@_] Universitét Bremean ﬂ %} 26-301 March 2007,
2 J. P. Burrows - Lecture No. 3.

18



Effects of solar proton events
® Protons affect the mesosphere (~50-90 km) and
the stratosphere (12-50 km)
® Energy deposition mainly in both polar caps
(>60° geomagnetic latitude)

® Most of the energy deposited by protons creates
ion pairs: free electrons and positive ions, hence
affecting the atmospheric chemical composition.

Noble Lectures - University of Toronto,
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MESOZONE: OZONE DEPLETION

DURING SPE
(G. Rohen, C. v. Savigny)
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Simultanous measurements of O, (1Ag )and ozone
(G. Rohen, C. v. Savigny, J. P. Burrows)
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0O,(14) from O, Photolysis
Difference between before and shortly after the Storm
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P Depletion of Mg+ and Mg during the 2003 SPE?
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Noctilucent clouds

Courtesy of P. Parviainen

Noble Lectures - University of Toronto,
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. Noctilucent clouds (NLCs) or polar mesospheric clouds (PMCs) occur at
about 83 km altitude near the polar summer mesopause

. NLCs are potentially early indicators of global change, as their formation and
existence depends very sensitively on temperature and ambient H,O

abundances

. SCIAMACHY is currently the only instrument allowing global and continuous
observations and retrievals of NLC particle sizes

NLC signatures in SCIAMACHY limb-radiance profiles
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I. In single scattering approximation the
NLC backscatter is given by:

Luc(2.0)0q(.0)xs(2)

q(A,8): Differential scattering cross section
S(A\):  Solar irradiance spectrum

e |
11
1.
"
i
1.
|
i
E .-'\-lrr_,'_'-___l
Fraew wu M
P e g ———
T T
= m w1 W =
s

von Savigny et al. [2007]

Il. The sun-normalized NLC-backscatter
spectrum:

i(,0)= Luc(,6) Oq(Le)or™

s(v)

The spectral exponent a is related to the
NLC particle size by Mie-calculations

SCIAMACHY solar irradiance measurements

'SCI_NL_1PNPDK20020823_085459_000060882008_00451_02509_0839.N1 [type D]
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von Savigny and Burrows, JASR, 2007

Shown are only measurements with:

* Relative brightnesses exceeding 5
* Relative radius errors < 100 %
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Previous NLC size retrievals:
Reference Technique Radii / width Size distribution
Carbary et al. [1996] limb-scatter =70nm,0=1.2 Log-normal
Debrestian et al. [1997] solar occultation <70nm,0=14 Log-normal
Gumbel and Witt [1998] rocket photometry 50 nm d-function
Rusch et al. [1991] limb-scatter Log-normal
von Cossart et al. [1999] ground-based Lidar 50nm,oc=1.4 Log-normal
Carbary et al. [2004] limb-scatter 50 nm /220 nm Bi-modal
von Savigny et al. [2005] limb-scatter 30-50n,0=1.4 Log-normal
Karlsson and Rapp [2006] limb-scatter 50-90 nm (eff. Radius)
Rusch et al. [2006] limb-scatter 15-20 nm, 0=15 nm Normal
Englert et al. [2006] nadir-backscatter 80-220nm Normal
Baumgarten et al. [2006] ground-based Lidar 40-70 nm, 0=15 nm Normal
Model simulations:
Berger and von Zahn [2002] r,=40-50 nm Normal
Rapp and Thomas [2006] ro =40 nm Normal
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Latituzia [] von Savigny and Burrows, JASR [2007]

. In January 2005 a solar coronal mass ejection (CME) lead to precipitation of high
energy solar protons into the polar atmosphere

. SCIAMACHY observed an unprecedented “depletion” of NLCs during the SPE

lonisation rate profiles
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NLC occurrence rates
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lonisation rates kindly provided by M.-B.
Kallenrode (University of Osnabriick)
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iy o ey, i

80°S-90° S 70°S-80°S

e
Temperature increase of 10 — 14 K within 5 Longitudinal and temporal variation of
days for both latitude bands the temperature at 70S / 80S latitude and

86 km altitude.

von Savigny et al., GRL, 2007
Aura/MLS temperature measurements I

provided by M. Schwartz (JPL)

- Temperature increase occurred first near the geomagnetic pole,
indicating causal relationship with energetic particles

Noble Lectures - University of Toronto,

@J Universitat Bremen “ %ﬂb 26-30% March 2007,
J. P. Burrows - Lecture No. 3.

. lon-Chemistry mechanism:
Chemistry following ionization by high-energy particles converts H,O to HO,

m. Removal of H,O required to maintain solid phase
. Joule heating following ionization

+  Adiabating cooling due to increased upward motion due to O, destruction

There are several indications that the NLC depletion was caused by the
precipitating energetic particles, but the effect is not fully understood !

m. Detailed model simulations required to understand this effect

Potential implication:

Since SPEs occur more frequently during solar maximum, this mechanism
may contribute to the observed solar cycle variation in NLCs

Noble Lectures - University of Toronto,

@J Universitét Bremean ‘ -&f&[fe 26-30" March 2007,
4 J. P. Burrows - Lecture No. 3.
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. A decrease in NLC occurrence rate as rapid as in January 2005 has never been
observed before, neither with SCIAMACHY, nor with any other instrument
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Polar stratospheric clouds
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August 2003 September 2003 October 2003
Highest southern latitude covered: 72° S Highest southern latitude covered: 79° S Highest southern latitude covered: 81° S
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PSC occurrence rate for the month of September and 2002 — 2005
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Reichl et al. [2007]

. A PSC climatology is available for all southern and northern hemisphere PSC
seasons between July 2002 and March 2007 (Reichl et al., 2007)

. Distinction of PSC types under investigation

Noble Lectures - University of Toronto,
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SCIAMACHY BrO: Stratospheric

T ) Koy g L B2 T Fapp N005 FIF

;.,i ﬁﬁkﬁh_ﬂ._h,ﬁ_._e-’*- | SCIAMACHY BrO observations

g3 T suggest present contribution of
rCpe— ) ! ~3pptv bromine from very short-

ga g . | -

i e | lived source gases.
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_ DQ_\E?’;? W) ' | Additional bromine
& B L * | from very short-lived
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Modelling transport of short-lived
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Noble Lectures - University of Toronto,
26-30t March 2007,

Observations of
~3pptv of extra
stratospheric
bromine are
broadly consistent
with estimated
contribution from
very short-lived
source gases.

J. P. Burrows - Lecture No. 3.

Critical factor: Wet removal in the

YW1 Assumed lifetime against
wet removal in days.
18 0 ] ] 1:-:.-/ -
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_E i pere!
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Total brormine VMR [ppd
from WMO (2007), n Sinn
@I Universitit Breman L ife

However, the
modelled VSLS
Product Gas
Injection into the
stratosphere
depends critically
on the processes
of wet removal in
the tropopause
region —a key
uncertainty in
current models.
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First Science: The SH O, Hole Anomaly
2002

GOE 08 Tatad ol 57 5EP 5001 ERS-2 GOME Total Ozone 2002/09/27
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. I Noble Lectures - University of Toronto,
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NO,, Orbit 3008, 27 SEP 2002
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Overview of Retrieved Data from GOMEQUTNNG ot
Anomaly

-

GOME NO,, 01.09.02 GOME OCIO, 01.09.02 GOME Og, 01.09.02

GOME NO,, 25.09.02 GOME OCIO, 25.09.02

GOME OCIO, 27.09.02 GOME 03, 27.09.02
I V-

i

GOMENO,, 131002~ GOME OCIO, 13.10.02 GOME O3, 13.1002

»

ECMWF PV at 475 K 01.09.02 ECMWF T at 475K 01.09.02

ECMWF T at 475K 13.10.02
\. y 4 (J
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Chlorine Activation

Southern Hemisphere

GOME OCIO at 90° SZA
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OCIO Slant Column at 90° SZA [10'* molec/cm?]
o

o

» small variability from year to year

« instability and early and rapid end of
activation in 2002
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Northern Hemisphere

GOME OCIO at 90" SZA
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OCIO Slant Column at 90° SZA [10'* molec / cm?]

o

* large variability from year to year

* lower activation even in coldest
years

Noble Lectures - University of Toronto,

26-30™" March 2007,
J. P. Burrows - Lecture No. 3.
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NO2 Maximum Above South Pole in 2002

GOME NO,, 27.09.02

ECMWF T at 675 K 27.09.02

o

High NO2 forms

2500

250 * in non-vortex air
240.0

e « close to high
temperatures

220.0

215.0

- at the vortex edge

205.0
2000

« at several places
Possible Explanations:
* photolysis of reservoirs

« thermal decomposition of N205 or other
reservoirs CIONO2, HNO3 etc.??

« descent of NOx rich air

* blocking effect at vortex edge

Noble Lectures - University of Toronto,
26-30t March 2007,
J. P. Burrows - Lecture No. 3.

Bry estimated from MIPAS CFC-11

R SCIAMACHY B [ppl] 18-27 September 2002 2

iry estimated from
'FC-11 according to
Vamsley et al (1998),
ontains only long-
ved source gases!

[preliminary analysis]
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Siugrrnery aricl Conclisions

* All Solar and Limb Modes of SCIAMACHY
are funtioning well

* The sceintific retrievals of data products
are working well — some exciting results

* Much work to be done!!

J. P. Burrows - Lecture No. 3.
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