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Solar variability and the atmosphere (climate)
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Past and future UV/Vis irradiance montoring

SBUV (Nimbus, N9, N11) 180-400 nm (N16, N17)

» UV irradiance
monitoring from space
since 1978

SME 120-320 nm
SOLSTICE (UARS) 115-400 nm
SUSIM (UARS) 115-400 nm
GOME (ERS2) 240-790 nm
SCIAMACHY (ENVISAT) 220-2400 nm
SOLSTICE (SORCE) 115-320 nm
SIM (SORCE) 200-3000 nm
OMI (AURA) 250-400 nm b Disadvantage of
»atmospheric
sounders®:

=>lack of rigorous
inflight calbration

GOMEZ (METOP) 240-800 nm

SOLSPEC (ISS) 180-3200 nm

all missions with
A>200 nm SBUV2 180-400 nm

1980 1985 1990 1995 2000 2005 2010




Solar Irradiance [mW / m* nm]

GOME and SCIAMACHY solar spectrum
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Weber et al., 1998, Weber 1999

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

P in addition uncalibrated full disc observations in ,occultation® mode (w/o diffuser)
every 1.5 hrs (SCIAMACHY only)




Origin of solar variability
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» Solar UV/vis radiation
originates

. yd -1® = upper photosphere
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D variations in received solar UV irradiance
are caused by the emergence and decay
of active regions as they transit the solar
disk.

P Active regions contain enhanced:
= UV brightness (faculae and plages)

DIG BEAR GONG / NSO
10:20:03uT

GONG magnetogram

2002/01/20

= localized enhanced magnetic fields




Diameter;
260,000 mi
1,290,000 km

origin of irradiance variability

S diameter:
260,000 mi
1,290,000 km
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W/(m?- nm) W/(m? - nm)

Difference in %

Irradiance comparison with ground data

Kurucz solar irradiance

SCIAMACHY solar irradiance |

1 | | mr——

Difference between SCTAMACHY
and Kurucz solar irradiance

500.

1000. 1500. 2000.

Wavelength in nm
Skupin et al., 2005

| P Kurucz FTS spectrum

from Kitt Peak
Observatory, Arizona

| P SCIA spectra

calibration including
etalon correction with
inflight white light
source (WLS) spectra
referenced to ground
WLS data

| P good agreement to

within 3%
(approximately within
the uncertainties of
primary calibration
standards)
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SIM solar irradiance
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SCIAMACHY solar irradiance
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1500. 2000.

: ' Difference between SCAMACHY
and SIM solar irradiance

| Difference bélween SCIAMACHY
. and SOLSPEC soiar ir;‘adﬁancc _

500. 1000 1500.

Wavelength in nm

Skupin et al., 2005

|Comparison with other satellites

» SIM (2003-) is the only other
mission providing daily
UV/vis/NIR irradiance
measurements

» SCIA spectral resolution in
visible (T0.5 nm) is higher than
SIM's (T4-20 nm)

» SOLSPEC a shuttle
experiment flown several times

for brief periods (planned for
ISS after 2007)

» General good agreement to
within +5%

» SIM results are preliminary!
» Further improvements in SCIA

lv1 calibration to be expected
(reprocessed data V6)




Solar irradiance during SPE 2003: UV

Change of Scolar Irradiance during SPE 2003

Sunspot darkening 200 20-Oct-2003

Solar Proton Event related
ozone loss from SCIAMACHY . .
(see Poster Rohen et al.)

chromospheric activity
Ca Il K and H line center



Solar irradiance during SPE 2003: UV

Change of Solar Irradiance during SPE 2003 in % e 1S5 SCIAMACHY solar irradiance @ 250nm
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Solar irradiance during SPE 2003: VIS

Change of Solar Irradiance during SPE 2003 in % = 0 SCIAMACHY solar irradiance @ 480nm
= .
I =
1750} — — — s —02 |
5
S 04 |
1500 0.29 ' ¢
_a:> 0.28 | SCIAMACHY Mg Il index
n.a. g 027
1250} - -1.7 = 026 |
E M -1.5 =N
- -1.2 25 |
s —Eow| e :
1000} =— = = -0.5 x TSI (ACRIM)
E"z: 1367, | 2
* (=
E : E:gs g 1365. |
750} m 1.25 1363. }
= %.35 = 3 t
L_n.a. E\ 25 Proton flux (GOES)
500} - <= 2 2.t
= g 13
250} — - - : = E= Oif h
15-0ct-2003 01-Nov-2003  15-Nov-2003 01-Dec-2003 15-0ct-2003 A [5-Nov-2003

DaLs Date

11




Change of Solar Irradiance during SPE 2003 in %

Solar irradiance during SPE 2003: NIR

SCIAMACHY solar irradiance @ 1590nm
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Variability in the visible range

L » Time series around
500 nm (maximum
0.998 of solar irradiance)
p Effective solar disk
0.996 | REfactlye area (solar disk area
" lar @ arm =079 | s unehoares
Relative change ) .
0994 | | of solar irradiance nm irradiance
(seasonal variation
subtracted)

Apr03 Jun03 Aug03 Oct03 Dec03 Feb04 Skupin et al., 2005

1.001
1Ey
0.999
0.998

0.997

0996 | | —— Seasonal variation

0.995 Relative change

Seasonal correction applied before 0994 of solar irradiance

correlating with efective sun disc area Apr03  Jun03  Aug03  Oct03  Dec03  Feb04
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» UV solar activity proxy from core-to-wing ratio of
Mg Il line

-> insensitive to optical degradation

= linearly correlates well with UV and EUV
wavelength variations down to 30 nm

1996 1998 2000 2002 2004
Year

(Viereck et al. 2001)

=> suitable for modelling UV solar cycle
variability in chemical-transport and climate
models '




GOME correction factor (SSBUY-8 comparison)

15

GOME channel 1 degradation & etalon correction

GOME/ERS—2 22—-DEC—-1998 11:23UTC
— 17—

N
»

Comparison with SSBUV 1996:
GOME degradation of 20% @280 nm
by end of 1998
=>»not important for Mgll index
during early period

- - - N -]
» ) (] -] [
| | | | |

-
(Y}
[

GOME irradiance change on 1—DEC—1998

260 ml.ngfhza[:m] 300 0.15 L
Weber 1999 i H
P Changing etalon patterns after o.10- _'
detector cooler switchings lead i “ -
to jumps in the Mgll index g s
> GOME: etalon correction . -
by polynomial fitting to 3 \
early reference data — AN
(Weber 1999) V ]

= SCIAMACHY: WLS source ot
correction (Skupin et al., ool T
2004), but etalon pattern is 276 278 280 282 284 286

stable .
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GOME correction for SCIA overlap

1996. 1998. 2000. 2002.: 2004

I
|
|
Date |
|
|
|

» after 2000 a degradation
correction to the GOME Mgl|
index has to be applied before
joining SCIAMACHY and GOME
for a composite Mgll index

» after 2002 GOME data are only
used for missing SCIA days

GOME |, ratio

GOME-SUSIM Mgl Index [%]

A DO N BN

GOME/SCIAMACHY Mg Il index

0.285 |
0.28 |

0275 |

0275 0.28
NOAA Mg Il index

§27 0.285

annual cycle
diffuser elevation and
azimuth angle

275-285 nm
reference: 19950703

gyroscope
failure

1996

1998 2002 2004

2000
N e GOME correction factor o
0.2 0.4 0.6 0.8
GOME |, ratio
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Mg Il index

SCIA/GOME Mg Il

0.19

0.17

Composite Mg Il index

NOAA composite
(scaled, shift=+0.03)
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0.13 SCIAMACHY/GOME 4, o/ ¥ hr
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Mg 1l data from multiple instruments for 2 ¥~ solar cycles

: SBUV series SUSIM SCIAMACHY 1

0.155 -
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S 0.140[ 5
& B ]
O B |
© 01351 lu“‘
0.130 - 23 g
1980 1985 1990 1995 2000 2005

solar activity from GOME & SCIAMACHY

» Solar cycle 23 compared to 22:

= slower increase towards maximum and double peak structure




Conclusion and Outlook
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Conclusion:

» SCIAMACHY and GOME provide a
. 10 year record of UV and vis solar
irradiance data
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» Solar activity proxy studies

Mool b Speciral Irradiance Variability i successfully continued with
. . SCIAMACHY
derived from observotions

TT77 totl rradionce ] » Continuity of ,European® solar

< R record for the next decade will be
I N TAN R provided by GOME2
10! 102 103 104 10°

WAMELENGTH (nm) Lean, 1994

Outlook (as part of national CAWSES activities):

P stronger focus on IR/visible wavelength ranges

= large uncertainty in solar variability, but contributes 70% to total
irradiance

P irradiance comparisons with empirical solar models

P study of short-term solar variability impact on ozone from the stratosphere
to the mesosphere from SCIAMACHY limb data
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