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ABSTRACT \ 

SCIAMACHY (Scanmng Imagmg Absorption Spectrometer for Atmosphenc CHartographY) 1s a contnbution to the 
ENVISAT-1 satellite, which is to be launched m late 2000. The SCIAMACHY Instrument is designed to measure 
sunlight transmitted, reflected and scattered by the Earth’s atmosphere or surface The instrument measures slmul- 
taneously from the UV to the NIR spectral spectral mgon (240 - 2380 nm) Observations are made m alternate 
nadu and limb viewing geometnes and also for solar sunnse and lunar moonnse occultation Inversion of the SCIA- 
MACHY measurements will provide the following the amount and dlstnbutlons of some important trace gases 03, 
BrO, OClO, ClO, SOz, H2C0, NOz, CO, CO2, CH4, HzO, NzO, p, T, aerosol, and tiatlon flux profiles, cloud cover 
and cloud top height Combmahon of the near simultaneous limb and nadir observations enables the troposphenc 
column amounts of 03, NOa, CO, CH4, H20, N20, SO2, and H2CO to be detected SCIAMACHY wrll provide new 
insight mto the global behavlour of the troposphere and the stratosphere Q 2001 COSPAR Published by Elsevler 
Science Ltd All rights reserved 

INTRODUCTION 

SCIAMACHY (scanmng Imagmg Absorption Spectrometer for Atmosphenc chartographx) is a space-based spec- 
trometer designed to measure both the extraterrestnal umdmnce and sunlight which 1s transrmtted, reflected or scat- 
tered by the Earth’s atmosphere or surface It will provide mformahon about the amounts and dlstnbuhon of numerous 
atmosphenc constituents by mverslon of the ratlo of the upwelling radiance to the extratenestnal untdmnce The m- 
strument was proposed m 1988 by the SCIAMACHY Science Team (Burrows et al, 1988) SCIAMACHY 1s funded 
by Germany, The Netherlands, and Belgium as a national contnbutlon to ESA’s ENVISAT-1 satellite which will be 
launched m late 2000 A smaller version of SCIAMACHY, the Global Ozone Momtonng Expenment (GOME), is 
currently operatmg successfully on the ERS-2 satellite (see e g Burrows et al, 1999) 
SCIAMACHY will measure both the solar uradmnce and the Earth&me radiance contmuously between 240 nm and 
1750 nm and at two spectral windows m the NIR (1940 nm to 2040 nm and 2265 nm to 2380 nm) with a tigh 
radiometnc accuracy and spectral stability The charactenstlcs of the SCIAMACHY instrument are summansed m 
Table 1 A picture of the SCIAMACHY Optical Bench Module 1s shown m Figure 1 
The pnmary scientific ObJectlve of the SCIAMACHY mission is to improve our global knowledge and understanding 
of the Earth’s atmosphere from the mesosphere to the troposphere This will enable the ongm of any changes m 
atmosphenc composition, resultmg either from anthropogemc acuvlty or natural phenomena, to be established As 
ENVISAT will fly dunng the penod when it has been predicted that the stratosphenc halogen loadmg will decrease, a 
special emphasis will be placed on the mvestigation of stratosphenc ozone (with foci on the behavlour of the ‘ozone 
hole’ and on nud-lahtude ozone) One unique apphcahon for SCIAMACHY is the global study of troposphenc 
pollution ansmg from both mdustnal activity and biomass burnmg Slmllarly the observation and interpretation of 
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Table 1 Charactenstlcs of the SCIAMACHY Instrument 
UV-Vls-NIR Imaging double spectrometer, cooled and temperature stabihsed 

Spectral range 24.0 - 2380 nm 
Spectral resolution 02-15nm 
Strayhght suppression < 104 
Relative tiometnc accuracy < 1% 
Absolute radiometrrc accuracy < 2-4% 
Spectral stability 0015-0005nm 
Dynamic range 107 - 108 

special events hke volcamc eruptions, solar proton events, and related regional and global phenomena wrll be of great 

importance 
This study describes the SCIAMACHY data products and aspects of the algonthms used to derrve these products A 
more deta&d descnptlon of the instrument and the mlsslon can be found m Burrows et al (1995) and Bovensmann 

et al (1999) 

MEASUREMENT STRATEGY 

SCIAMACHY will perform measurements m nadir, limb, and solar/lunar occultation geometry 

In nadir mode the atmosphenc volume directly under the instrument (1 e the spacecraft) 1s observed The spatial 
resolution of nadn- observations depends on the solar geometry, 1 e the intensity of the mcommg hght, and its spectral 
range For all major atmo8pherK constituents, a typical spatial resolution of x 60 km x 30 km (across/along track) 
will be achieved 

In hmb mode the instrument observes the edge of the atmosphere At different tangent altitudes scans of up to 960 km 
m honzontal across track dmxtlon will be performed havmg a vemcal resolution of approximately 3 km 

As can bee seen from Figure 2, alternating limb and nadir measurements ~111 cover the majonty of the sunlit part of 

the orbit This strategy 1s intended to provide an optimal amount of mformahon from the lower atmosphere This 
approach 1s &scussed m more detal below 
Durmg each sunnse solar occultation measurements will be performed The same geometry as m hmb mode ~11 be 

used, but with the sun m the mstrument’s field of view The verhcal resolution will be smular to the limb case As 
the ENVISAT-1 orbit will be sun-synchronous, solar occultation measurements will cover a labtudmal range at the 

tangent points between 90”N and 65”N over the year When the moon 1s visible for SCIAMACHY (which will be the 

case for about one week per month) lunar occult&on measurements will also be performed every second orbIt These 

measurements will cover latitudes between 30”s and 90”s On the echpse side several calibration measurements will 

be performed, mcludmg dark current measurements and measurements with the on-board lamps The measurement 
pattern described above will result m a global coverage at the equator after 6 days 

RETRIEVAL METHODS 

Ths se&on provides a short overview of the retneval methods which have been proposed for apphcatlon to SCIA- 

MACHY data to denve atmospherrc mformatlon from the measured spectra DeWs about the operational algonthms 

are lrud down m the Algonthm Theoretical Baseline Document (Spurr, 1998) 

DOAS 

The concept underlymg the Dlfferentlal Qptlcal Absorption @e.ctroscopy (DOAS) 1s the separation of the measured 

signal into slowly varying components, which result from Raylelgh and Mle scattermg and broadband absorphon, and 
a rapidly varymg component, compnsmg the differential absorphon structures The broadband spectral features are 

approximated by a low-order polynomial, which 1s subtracted from the data Differential reference cross sections are 

then fitted to the resultant spectrum for selected wavelength regions This results m the so-called slant column (1 e 

the density mtegrated along the mean light path) which may be converted mto a vetical total column density by the 
use of an ar mass factor (AMF) denved from a radiative transfer calculahon DOAS 1s only appropnate for regions 
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Fig 1 SCIAMACHY Optical Bench Module 

having relatively weak absorptions where the AMF 1s to a good approxlmatlon constant The mam application of 
DOAS 1s the denvation of total columns DOAS was ongmally developed for long path troposphenc observations 

(see e g Brewer et al, 1973, Pemer and Platt, 1979) but It has proven to be apphcable also for both ground based 

zemth sky and space-based nadir measurements (Burrows et al, 1999) DOAS 1s a genenc term, ongmally applied 

to UV spectral regon However the general approach or Its ophmlsed vanants are equally successful assuming the 
above hrmtafions m visible or infrared spectral windows 

FURM 

The mll Retneval Method (FURM) uses a radiative transfer model to calculate the radmnce for a specific atmosphenc 

state and vlewmg geometry Subsequently m the mveraon, this radmnce 1s matched m an iterative procedure to the 

measured radmnce by modification of selected atmosphenc parameters The retneval of height resolved mformation 
from nadir soundmg UV sensors was first proposed by Smger and Wentworth (1957) It was successfully exploited by 
the SBUV instruments (Bhartla et al , 1996) This method 1s based on the wavelength dependence of the penetration 
depth of light within the atmosphere Dunng the development of the SCIAMACHY proposal the potential use of the 
temperature dependence of the Huggms bands to provide more mformatlon about 0s m the lower atmosphere was 

suggested (see e g Chance et al , 1991, 1997, for a &scusslon of this approach) In practice the vertical resolution of a 
trace gas profile from such retnevals 1s determmed by the effective penetration depth of hght m the atmosphere, the a- 

pnon or inferred knowledge of atmosphenc temperature and pressure profiles, and the slgnal to noise of the instrument 

(see e g Rozanov et al ,1992, Munro er al, 1992) The FURM and slmllar algonthms have been applied successfully 

to GOME data using GOMETRAN (Rozanov et al, 1997) as the favoured ra&atlve transfer model (Elchmann et al, 
1997, Munro et al , 1998) These algonthms attempt to use the full information content wlthm the data This is hmlted 

by radiative transfer through the atmosphere and mstrumental noise As a result of Its mherent flexlblhty the FURM 

approach may also be used for stratospheric/upper troposphenc profiles from limb and occultation measurements 

(limited by the presence of clouds) and for the retneval of other atmosphenc parameters such as information about 

aerosols and clouds FURM calculations are m general rather time consummg, and they reqmre a-pnon information 
from chmatologlcal data bases Therefore FURM ~111 only be used for scientific case &u&es For a more detiuled 
descnptlon of the FURM approach and an apphcatlon to GOME data see Hoogen et al ( 1999) 

Limb and Occultation Profile Retneval 

Two approaches for retneval of vertical profiles from limb or occultation geometry are currently under conslderatlon 

The first and probably most accurate method 1s the ‘global fittmg’ approach m which modelled radiances are iterated 
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Fig 2 Typical sequence of SCIAMACHY measure- 

ments performed dunng one orblt 
Fig 3 Denvation of troposphenc columns 

to match the measured values simultaneously for all atmosphenc layers The second method 1s the ‘onion peehng’ 

approach m which each limb measurement 1s fitted mdlvldually startmg from the top of the atmosphere Subsequently, 

the columns of the lower layers are computed consldermg the results for the upper layers ‘Onion peeling’ 1s probably 

computatronally faster than ‘global fitting’ but less favoured because contnbutlons to the measured spectrum from 

altitudes below the tangent height are not considered However, as algonthm development for limb and occulation 
profile retneval 1s still m an early phase, both the ‘omen peeling’ and ‘global fittmg’ options are kept open 

Troposphenc Columns 

The denvatlon of troposphenc columns from SCIAMACHY will be performed by subtractmg the stratosphenc col- 

umn denved from limb measurements from the nadir total column (see Figure 3) This approach is similar to the resld- 

ual techmque used to determine troposphenc ozone columns from the combmatlon of TOMS total nadir columns with 

SAGE II occultation profiles or SBUV nadir profiles (Flshman et al, 1990, 1996) Using the altematmg hmb/na&r 
scheme described above almost the same atmosphenc volume 1s observed by the same instrument w&m 8 mm first 

m limb and then m nadn- vlewmg geometry This strategy mmlmlses two important sources of systematic error for 
troposphenc measurements As a result it will be possible to denve troposphenc columns down to the scattenng layer 

(Earth’s surface or the cloud top) not only for 03 but also for NO2, CO, CH4, H20, N20, SO2, H2C0, and BrO 

OPERATIONAL DATA PRODUCTS 

All operational data products will be regularly processed, quality controlled and archived The SCIAMACHY oper- 

atlonal products are structured m &fferent levels From the raw Level 0 data (counts as function of pixel poslhon) 

calibrated radmnce and madlance spectra are calculated, these Level 1 data serve as input for the retneval models 

which extract the geophysical information, e g columns/profiles of atmosphenc trace gases These are Level 2 data 

An overvlew on SCIAMACHY operational Level 2 trace gas products and their potentml precision 1s given m Table 
2 These preclslon estimates are based on several sensitivity studies performed by a number of people over the last 

years This 1s explamed more deeply by Bovensmann et al (1999) The values given are supported by previously 
unpubhshed eshmates of preclslons based on recent stuQes undertaken at the Umverslty of Bremen (M Buchwltz, 

pnvate commumcatlons) which assume that the total mformatlon content m the spectra is used Therefore these es- 

timates represent an upper hmlt of the data product precision Atmosphenc pressure and temperature profiles and 

mformatlon about aerosols and clouds will also be retneved on an operational basis For the aerosol data product It IS 

forseen to generate an absorbing aerosol index (AAI) and an aerosol optical thickness (AOT) value using expenences 

from GOME aerosol retneval (see e g GUZZI et al , 1997, 1998, Koppers et al , 1997, Popp et aZ, 1997) 
There will he two types of operational data products Near Real-Time (NRT) and Off-Line (OL) products NRT 
data products will be avalable within a few hours after the measurements OL data products ~111 be produced using 
Improved ancillary data that become avrulable after spectrum acquisition, e g analysed temperature and pressure 
fields The NRT data processor ~111 be mtalled at EM’s ground statlons (Kuma, Frascatt) and as a reference system 

at DLR-DFD The OL processor will be hosted by DLR-DFD All trace gas products lrsted m Table 2 will be avdable 
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Table 2 SCIAMACHY Operahonal Trace Gas Products and Precision Estimates 

Molecule Czuzns 
Stratosphenc Molecule Total Stratosphenc 

Profiles Columns Profiles 

03 1% 10 % N20 5% 10 %** 

NO2 2% 10 % co 5-10 % 10 %** 

H2O 1% 10 % BIO 5% 50 %** 

co2 1% 10 % so2* 10% - 

CH4 l-3 % 10 % oc10* 20% - 

H2CO* 20% - 
* observed under special conditions (troposphenc pollution, ozone hole) 

** recommended by scientists, under negotlatlon with agencies 

1953 

as OL data In addition, NRT total columns will be computed for all hsted gases except for CO2 There wdl be no 

NRT hmb retnevals 

In ad&bon, scientific products from occultation and hmb measurements (e g 02, 02(lA9), NO, and ClO) and denva- 
tion of higher level products (such as troposphenc columns) are planned from process studies on a non-operatlonal 

basis 

SUMMARY 

SCIAMACHY is a space-based spectrometer measunng almost contmuously from the UV to NIR spectral regon 
m n&r, hmb, and occultation geometry It wdl provide highly-resolved radmnce and madlance spectra and meso- 

sphenc/stratosphenc profiles/columns of 03, NO2, H20, CO2, CH4 N20, BrO, CO, 02, 02(lA,), and NO SO2, 

H2C0, CIO, OClO profiles/columns may be denved under specml conditions Moreover, mformation about clouds, 
aerosols, atmosphenc temperature and pressure wdl be obtamed 

The combmafion of near-amultaneous nadir and limb measurements ~111 provide troposphenc columns of 03, NO2, 

CO, CI&, H20, N20, SO2, H2C0, and BrO down to the Earth’s surface or the cloud top 
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