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PopulaterrancrEMISSIeNS 1o the atimesphere

Atmospheric Chemistry and the Earth System
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Mesospheric Issues:

 |Is the Mesospheric composition a potential early
warning signal for Climate Change???

* Noctiluscent or Polar Mesospheric clouds???

» Quantify global NO, source for the
stratosphere??

* Impact of meteorites (also of stratospheric sig
)??

* Do we understand the O, and O;??
Photolysis rates, O,(14), O, (3%), NO etc.

* Impact of SPE - changing magnetic fields etc.
(also stratospheric sig)
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Figure 1.9, Schematic diagram
of the chemistry of the strato-
sphere and its relation to ozone.
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Tropospheric Chemistry
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SOME (PRE-) HISTORY

1920s Doebson et al develop a Spectrophotometer
and technigue for atmospheric O3 column

1957 Internationall Geophysicall Year — Dolbson
network -Singer and Wentworth propose
BUV technigue

1960s Soviet make first attempts to measure O3 from
Space
1974 — 1979 BUV. launched aboard NASA Nimbus 4

1975 —1990 Development off DOAS (Differential Optical
Absorption Spectroscopy)

1979 — 1991 SBUV and TOMS launched enf NASA Nimbus 7
1991- 1994 TOMS on Ruissian Meteor:

1996 - TOMS on ADEGS and EPTTOMS

1979-20061 SAM-II, SAGE, I, [I'and llI'occultation

-~ :'__1- Noble Lectures - University of Toronto,
@JUHM Bremean “ ife 26-301" March 2007,
“

J. P. Burrows - Lecture No. 2.




The unabridged History of

SCIAMACHY - GOME - GeoSCIA-GeoTROPE

03-1985

05-1985

1988
1989

MAP (Measurement of Atmospheric Pollution) proposal idea to
ESA for EURECA not selected

Stratospheric Ozone hole observed by Farman et al (Nature).

1985 — 1988 Submission of the SCIAMACHY proposal, supported by

Germany to ESA for the Polar Platform, now ENVISAT.
Proposal of SCIA-mini for ERS-2

Descope of SCIA-mini to GOME (Global Ozone Monitoring
Experiment)

1989 — 2002 Selection, Design and Development of SCIAMACHY as

German/Dutch/Belgian contribution to ENVISAT

20.04.1995 Launch of ERS-2 with GOME
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The unabridged History of

SCIAMACHY - GOME - GeoSCIA-GeoTROPE

1997-1998 Development of GeoSCIA COncept
12.1998 Proposal of GeoSCIA to ESA — recommended for further study
1997-2000 Selection of GOME-2 for the EUMETSAT operational series
Metop.
2000 GeoSCIA++ - Geostationary Idea for ESA Earth Explorer
2000-2001 Development of GeoFIS
01.2002 Proposal of GeoTROPE(GeoSCIA+GeoF1S) Geostationary
TROPospheric Explorerto ESA for EEOM-2
recommended for further study -
28.02.2002  Launch of ENVISAT with SCIAMACHY on board.
12.2003 Proposal GeoSCIA-Lite — small sat for national EO
programme Germany — not selected
15.08.2005 Proposal GeoTROPE-R for the ESA Earth Explorer
- not selected for Phase A
17.10.2006  Launch of Metop-A with GOME-2 and IASI on board.
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» Typical spatial resolution in nadir:
GOME-1 - 40320 km? 1995-?
SCIAMACHY - 30x 60 km2 2002
GOME-2 - 40x80 km2 2005/6

e Vertical resolution in limb/occultation:
1.5-3 km

e Global coverage for limb and nadir
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GOME SCIAMACHY Targets and Spectral Coverage
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NARIR REIEVAIPHRCIPIES

* DOAS - Differential Optical Absorption
Spectroscopy

e FURM - FUIl Retreival Method
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DOAS

Polynomial

S >
2 . ‘@ Ratio Earthshine
g Earthshine | @ to Solar Spectrum
= Radiance =
2 % Absorption
o)
= 3
Wavelength —3»- T Wavelength —3»
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DOAS made simple!

Polynomial

'

Ratio Earthshine
to Solar Spectrum

Solar Irradian

Earthshine
Radiance
Absorption

Log. Intensity
Log. Intensity

Wavelength —- Wavelength —p»

Derive the Slant Column Amount of species i:
min [Z ,{(In(lo/)),} - Z ,{Z; (80; , (¢; I, )+P ,}]
SCi=Z,(c 1))
Assume |, constant over small spectral window and thereby

derive Vertical Column Amount
VC = SC/AMF

AMEF is the Air Mass factor

-~ :'__=- Noble Lectures - University of Toronto,
@JUHW&I‘H‘LH Bremean 3 Life 26-301" March 2007,

J. P. Burrows - Lecture No. 2.




DOAS made simple (2)!

~. | Solar Irradiance
= NSNS P =
2 Y d L . = Ratio Earthshine
,g Vv Earthshine 9 to Solar Spectrum
= Radiance =
2 S Absorption
S )
—
Wavelength —» A wavelength —p
VC = SC/AMF

The AMF must be derived using a Radiative Transfer Model - RTM.
The RTM describes the path of light through the Atmosphere.

In its simplest form i.e. Ignoring scattering, the AMF is determined by the
geometry
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FURM
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IRVErsion usinel Optimal Estimatien

Spectra y - Parameter X
— >

Covariance S

T TClimatology (a-priori)
RTM

* Optimal Estimation (Rodgers 1976)
» Simultaneous fit of all parameters

. :'__;-‘_ Noble Lectures - University of Toronto,
@JUnlm Bremen 3 (ife 26-30"" March 2007,

J. P. Burrows - Lecture No. 2.

Optimal Estimation

Measurement
%=S (KTS;ly + S;lxa)
RTM * f * * Climatology
AR
§=(K's'K +s7)

X: vector of atmospheric parameters, retrieval covariance S
y: measurement vector, measurement covariancesS,

X, : climatological state vektor, a - priori covariance marix S,
K weighting function, from RTM
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Coordinate systems

Plane-parallel atmosphere

Spherical atmosphere
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Spherical RTM :
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GOMETRAN/SCIATRAN RTM
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Outgoing radiation at SZA = 89 deg

Pseudo-spherical model Spherical model
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Ozone Profile Retrieval with GOME

The FURM Technique Utilises
1) the penetration as a function of wavelength
in the UV,

I i) Some additional information in the T-
dependence of the Huggins bands

However the retrieval is strongly dependent on the

Radiometric calibration!!!
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Qzone Frofile Retrieval Trom GOME

w SOME; Global Oaone Monitoring Experiment

retrieval algorithm: FURM {FLI Retrieval Method )

e moderate linear dependencies belween Ofone x
and Radiance y :

- y(x) = y(xo) + 5(x — xo))

-

&:r K-A = dmm — Mbam ----
F = & X 3% A E .
= 1 o S mr - i !
¥y Radiance o -— L
x : Ogzone Profile § | ————" '
: e
Kj=38 : —
weighting function R
] L L L L i
-1 ~EW® -l =LA 0 o3

permrtind Sovom Felghiirglasctienn | -

. :'__1" Noble Lectures - University of Toronto,
@Unh&rﬂt&t Bremen “ ife 26-30"" March 2007,
L

J. P. Burrows - Lecture No. 2.

“True”™ and Fetrieved Frofile ;

The Averaging Kernel Matrix
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Fesylts
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GOME O3 Profile: 2nd April 1997
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O;, NO, and O; at 475K and 550K Levels: 2nd
April 1997
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VMR [ppmv] @ 475 K

DO,(chem) [ppmv]
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Ozone VMR [ppmv] at 475 K

]
GOME-FURM Ozone vs. Ozonesondes
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IepEsSpPhErCHacE GasHniernaen

* Origin of Information

— Total Column - Stratospheric Column from other
sources (limb sounders on LEO, data assimilation)

— Reference Sector Method (depends on coverage)

— Cloud Slicing (spatial and temporal)

— wavelength dependence of mean scattering height
(example BUV)

— SZA dependence of mean scattering height
(McKenzie et al.)

— Combined IR (thermal emission) and UV-Vis (solar

backscatter) retrieval
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RelerencerSectortviethod

« tropospheric “clean” reference ground pixels
(no sources, clean air region etc.)

« Stratospheric contribution assumed to be
negligible or homogeneous over relevant
ground pixel area

* NO,, HCHO,CHO.CHO, SO,, BrO ...
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Cloud Slicing

 Spatial and/or temporal cloud slicing
techniques applicable

* Assumption: tropospheric concentration
reasonable constant within relevant temporal
and/or over spatial scales

« Heritage: O; TOMS Cloud Slicing
* Applicable: O;, NO,, HCHO, SO, etc.

« High precision tropospheric trace gas data
requires co-located cloud top pressure data (for
example from O, A-band and/or Ring effect
analysis)

e Cloud slicing with deep convective cloud
systems in the tropics will allow profiling
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Mean scattering height

» Wavelength dependence of mean
scattering height

* solar zenith angle dependence of
mean scattering height (McKenzie et al.,
Fish et al.)

« Atmospheric Composition w.r.t. strong
absorbers and scatters known

*High precision tropospheric trace gas data
requires co-located measurement of mean
scattering height (for example via O, A-
band)

*O;, NO,, BrO, Aerosol
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Tropospheric NO2 above Bremen

Tropospheric NO, above Bremean, 1997
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» Consistent tropospheric columns from two independent approaches!
© A. Richter IUP/IFE Bremen
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SCIAMACHY NadiiF Spectium; €O; €O, and CH),
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WEM-DOAS algorithm

Measurements Forward Model
SCIAMACHY Data Reference Spectra
Nadir radiance Sun-nomalized radiance
Solar iradiance, PMD and derivatives
Geolocation as a function of

Angles (SZA, LOS) SZA, surface elevation, H20O

Inversion Procedure

d i e !
Is =7V i T 4 E J:_::- w (- W+ I';|I..|]| = |JAFEP -+ miswre B, i,
' Iy

a
F-Am" = mewrilon

& o= ATy &, = (aFar! o= ”Eu%ﬂ

Estimate of trace gas column + error
Cloud mask fromn PMD
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Currently implemented look-up-table:

Constant:

» US Standard atmosphere (USS), no clouds, maritime
aerosol, nadir viewing (no scan)

Variable:

o SZA:0°-90° in steps of 5°

* Surface elevation (pressure): 0, 1, 2, 3 km

* Albedo,

* H,O column: 0.5, 1.0, 1.5, 2.0, 4.0 x USS H,O column
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The limb-scattering geometry

« Limb radiance corresponds to the solar radiation that is Rayleigh and Mie-
scattered along the LOS and transmitted in to the FOV of the observer

Modelled limb-radiance profiles

LOS o Lo e s
/¢ —

Tangent height Tangent point

@
&
T

Tangent height [km]
]
T

10° 10° 10" 10° 107 10"
Limb radiance [a.u.]
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O Welglhtng ElRction e Limis

 Light path is wavelenght dependence => multi spectral
advantage
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> Useful height range: 5—50 km » Useful he_ight range: 15—30 km
> Above 12 km all information » Information determined by the
comes from the measurement Jreasuremell
> No smoothing » some smoothing

22



SUimmananediConcliusiens

1 Requirements for measurements from Space

2 Passive Remote Sensing using back scattered solar
radiation

3 Radiative Transfer Issues

4 Retriveal techniques for Limb and Nadir
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