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Introduction

This report summarizes research done under NASA Grant NAGW-1292 through May 30, 1991.

The research performed during this reporting period includes laboratory studies in support of

far infrared spectroscopy of the stratosphere using the TuFIR method of ultra-high resolution

spectroscopy and, more recently, spectroscopic and retrieval calculations performed in support of

satellite-based atmospheric measurement programs: the Global Ozone Monitoring Experiment

(GOME) and the SCanning Imaging Absorption spectroMeter for Atmospheric CHartographY

(SCIAMACHY).

TuFIR Studies

We have employed the TuFIR technique for producing tunable far infrared radiation of high

spectral purity to make measurements of molecular line parameters for a number of molecules

having importance in atmospheric chemistry and measurable or potentially measurable in the

atmosphere using far infrared techniques. We have also developed and refined software for the

complete nonlinear least-squares fitting of TuFIR spectra to obtain line positions and widths, as

well as fitting software for the Hamiltonian analysis of line position data. TuFIR-based research

performed to date includes measurements of molecular parameters, including line positions and

pressure-broadening coefficients for the molecules OH, HO2, HCI, HI, O2, 03, and H:O. The
individual molecules are discussed in detail below.



OH Our measurements of the pressure-broadening by N2 and 02 of the hyperfine-resolved

OH lines at 118.46 cm -1 have now been published [Chance et al., 1991a]. We have made
measurements of the broadening, and its temperature dependence, of the lines at 83.869 cm -1,

which are currently being analyzed.

HO2 The positions of 13 rotational lines of HO2 have been measured between 2.5 and 5.9 THz

(80 to 200 cm-1), including transitions from levels with K_ as high as 5, providing the extension

in K_ necessary for proper refitting of the rotational Hamiltonian in order to develop the H02

database for atmospheric measurements. A parameterized Hamiltonian fitting program [Sears

1984a,b] has been obtained and adapted to the HO2 analysis. Final fitting of the Hamiltonian

is currently underway.

HC1 Our pressure-broadening study of the 2.5 THz line of H3sc1 has now been published [Park

et al., 1991].

HI We have made measurements of the quadrupole-resolved rotational spectrum of HI up to the

Rll lines. HI is of general spectroscopic interest, particularly since it provides a good example

of the rotational dependence of the nuclear quadrupole coupling.

02 We have published a critical study on the use of 02 magnetic dipole-allowed rotation lines

for the calibration of far infrared atmospheric measurements [Chance et aJ., 1991b].

03 The N2 and 02 broadening coefficients, and their temperature dependences over the 200-300

K range, of the 03 line at 114.47 cm -1 have been measured and are currently being analyzed.

H20 The N2 and 02 broadening coefficients, and their temperature dependences over the 200-

300 K range, of the H20 line at 88.65 cm -1 have been measured and are currently being analyzed.

In addition to laboratory measurements, we have performed extensive spectroscopic and ra-

diative transfer calculations in support of the National Institute for Standards and Technology

program of Dr. Kenneth M. Evenson to develop new in-situ and, possibly, remote sensing tech-

niques for measurements of trace species, including radicals, in the stratosphere and troposphere.

Among the alms of this research are the quantitative measurement of OH in the upper tropo-

sphere, considered to be critical to the understanding of the ability of the atmosphere to scrub

out pollutants.

UV/Visible/IR Studies for Satellite Instruments

More recently, under a supplement to this grant, we have performed a number of studies to

investigate the measurement capabilities of spaceborne diode array-based instruments (GOME

and SCIAMACHY) in the ultraviolet and visible and, in the case of SCIAMACHY, in portions
of the near infrared. Partly as a result of this research, the GOME and SCIAMACHY projects

have now been selected to fly on upcoming missions for atmospheric remote sensing from space.

GOME has been selected to fly on the European Space Agency (ESA) European Remote Sensing

2 satellite in 1994. GOME is currently under active development in preparation for this mission.

Dr. Chance is the head of the Data and Algorithm subcommittee of ESA's GOME Scientific

Advisory Group. SCIAMACHY has been selected for the ESA polar platform (POEM) and
as an instrument for both the German ATMOS satellite and the French GLOBSAT satellite,

two atmospheric measurement programs that are currently under study. Portions of the studies

for SCIAMACHY and GOME are given in more detail in Appendices A and B, "Retrieval and



MolecularSensitivity Studiesfor the GlobalOzoneMonitoring Experimentand the SCanning
ImagingAbsorptionspectroMeterfor AtmosphericCHartographY"and "ScanningImagingAb-
sorptionSpectrometerfor AtmosphericChartographY",whicharereprintsof paperspresented
at the 1991SPIE meetingson atmosphericremotesensing. More recently,we have begun
detailedretrieval studiesusingthe USAF LOWTRAN7 atmospheric radiance code, including

multiple scattering and the temperature dependence of the ozone Huggins bands, imbedded in

a nonlinear least-squares code framework. Preliminary results of measurements obtained in the

nadir geometry (applicable to both GOME and SCIAMACHY) show that, under reasonably

favorable atmospheric conditions, detailed retrievals of the altitude profile of atmospheric ozone

can be obtained. This includes precise measurements of the amount and altitude distribution

of tropospheric ozone. Figure 1 shows the result of a retrieval in the GOME geometry at 35°N

using all of the available GOME spectral bandwidth, and the GOME resolution. Figure 2 is

for a retrieval study at the same geometry but using only the Huggins bands of ozone (300-350

nm) at the GOME spectral resolution. We note that, in both figures, much of the error from

one level to the next is correlated, and that the calculated error in total column is substantially

less than that which would be calculated by summing the indicated error bars directly. GOME

(and later SCIAMACHY) promise to provide very high precision determinations of global ozone,

along with measurements of a number of other constituents.
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Retrieval and Molecular Sensitivity Studies for the Global Ozone Monitoring

Experiment and the SCanning Imaging Absorption spectrometer for Atmospheric
CHartographY



Retrieval and Molecule Sensitivity Studies for the Global Ozone Monitoring Experiment and the
SCanning Imaging Absorption spectroMeter for Atmospheric CHartographY
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ABSTRACT

The Global Ozone Monitoring Experiment (GOME) and the SCanning Imaging Absorption spectroM-

eter for Atmospheric CHartographY (SCIAMACHY) are diode array-based spectrometers that will make

atmospheric constituent and aerosol measurements from European satellite platforms beginning in the mid

1990's. GOME measures the atmosphere in the UV and visible in nadir scanning, while SCIAMACHY
performs a combination of nadir, limb, and occultation measurements in the UV, visible and infrared. We

present a summary of the sensitivity studies that have been performed for SCIAMACHY measurements.

As the GOME measurement capability is a subset of the SCIAMACHY measurement capability, the nadir,

UV and visible portion of the studies shown here apply to GOME as well.

1. INTRODUCTION

SCIAMACHY sensitivity studies include its three measurement geometries: nadir observing, viewing

the earth's limb in scattered light, and solar and lunar occultations. In nadir observation alone, profile
information is determinable in some cases by differential penetration of backscattered light at different

wavelengths (as in TOMS/SBUV), and by the variable temperature structure of some molecular absorp-
tions. Height resolution from nadir measurements is limited to 8-10 km from differential penetration and

3 km in favorable cases using temperature structure. Height resolution in limb viewing is 3 km, limited

by the weighting functions for limb scattering and by the spacecraft stability. Height resolution is also

3 km for occultations, limited primarily by the telemetry data rate; 1 km resolution would otherwise be

possible. The quantities retrieved from SCIAMACHY measurements include:

Nadir observations: Total column amounts of 03, 04, Os, CO, H20, CH4, COs, NOs, N:O, HCHO,

SOs, CIO, OCIO, and BrO; stratospheric profiles of 03, CO, H20, CH4, COs, N20; the column of NO

above the ozone layer; tropospheric profiles or columns of 03, CO, H20, CH4, COs, N_O. Stratospheric

profile information, discrimination between stratospheric and tropospheric columns, and, in some cases,

tropospheric profile information is derived from the temperature dependences of the absorption features.



Limb viewing observations: Stratospheric profilesof 03 (20-50 kin), O2(IA) (50 km-90 km), 02

(20-50+ km), CO (20-35 km), H20 (20-53 km), CH4 (20-40 km), CO2 (20-50+ km), NO (40-140 km),

NO2 (20-40 km), N20 (20-35 km), BrO (20-25 km under normal conditions; 20-30 km under ozone hole

conditions).

Solar/lunar oceultations: Stratospheric profiles of 03 (15-50 kin), 02 (15-50+ km), CO (15-35 km),

H20 (15-53 km), CH4 (15-40+ km), CO2 (15-50+ km), NO2 (15-40 km), N20 (15-35 km), BrO (15-35 km

under normal concentrations). Occultations are more infrequent than limb scattering observations, and
are limited to latitudes of 50-80 °, but provide the most sensitive and precise profile retrievals.

Tropospheric amounts from limb-nadlr subtraction: Tropospheric columns of 03, CO, H20, CH4,

CO2, NO2, N_O.

Clouds and aerosols: SCIAMACHY will obtain aerosol data in occultation, limb-scattering and nadir

measurements. Stratospheric aerosol measurements include background aerosol, Junge layer, and polar

stratospheric clouds (PSCs); tropospheric aerosols, including clouds, sand winds, and soot from forest fires.

2. MOLECULE SENSITIVITY STUDIES

The sensitivitiesfor retrievalsof molecular speciesconcentrationsas functions of altitudehave been

extensivelystudied,under a wide varietyofgeographic conditions,in order to accuratelygauge the capa-

bilitiesofthe SCIAMACHY instrument. Calculationsare performed forallofthe SCIAMACHY modes of

measurement, includingnadir viewing, viewing of the earth'slimb in scatteredlight,and solarand lunar

occultations.Note that simultaneous nadir and limb measurements are the normal mode of operation for

the majority of dayside portion of each orbit.The calculationsincluderealisticexpectationsof detector

quantum efficiencyand noise performance, and the instrument etendue and opticalthroughput that are

derivedfrom the Phase A instrument study.

Retrievalstudiesfor atmospheric molecules are performed using atmospheric concentration profilesfrom

the MPI Mainz globalI-D and 2-D models (C. Briihl,R. Hennig and P. Crutzen, privatecommunication),

calculatedwith clean and polluted air,daytime, conditions. Additional information on nighttime NO3

comes from Norton and Noxon, 1986.I Constant mixing ratiosare assumed for CO2 (340 ppm) and 02

(20.95%). The simulations assume exposure times of 2 seconds in nadir spectra, 1.5 second in limb

spectra and lunar occultations(appropriate to 3 km verticalresolution),and short exposure times in

solaroccultation,with the constraintthat exposures are limitedto I0s photons/pixel in the most highly

illuminatedportion of each detector array.Interferencesfrom other absorbing speciesare included in the

studiesforeach individualmolecule. Current studiesare limitedto a maximum pressure altitudeof60 km

because of the limitationof the model calculationsto the stratosphere. In practice,profilesfor at least

02, 03, and CO2 willextend to higher altitudes.

Spectra forthe simulationsare taken from the best availablesources,includingdigitallyacquired electronic

spectra obtained in the laboratory at MPI Mainz. Spectra in the infraredportion are simulated using the

1986 HITRAN lineparameter listing.2

Calculationsof geometries are performed with multilayer,curved-shellmodels, including refraction,to

provide lineofsightcolumn densitiesas functionsoftemperature, pressure,and altitude.Calculationsin

the UV and visiblepartsof the spectrum are made using the AFGL LOWTRAN7 code, includingmultiple

scatteringinthe nadir and limb geometries.Calculationsinthe infraredare performed with LOWTRAN7

and with the Smithsonian Astrophysical Observatory line-by-lineradiance code.3 Most calculationsare

made with the earth'saverage albedo of 0.3. The effectof surfacespectralreflectanceon nadir measure-

ments was investigatedin more detail,as discussedfurtherbelow. Lunar occultationsare considered for

the measurement of NO3, as discussedin the sectionfor that molecule.



The 2-D model results used in the calculations are for January 1, with global coverage extending from 85°S

to 85°N, which samples a very representative set of the earth's atmospheric conditions. Most calculations

are done at 35°N, which corresponds to a solar zenith angle of 63.4 ° for the EPOP 10:00 crossing time.

The effect of other solar zenith angles on measurements in the nadir and limb geometries, including
measurements in polar regions, was investigated in some detail, as discussed below.

The solar illumination used in these studies is the LOWTRAN7 solar source function. Aerosol and molec-

ular scattering are also from LOWTRAN7. 20 km is taken as a practical lower limit for limb scattering
measurements due to confusion by multiple scattering at lower tangent heights. 15 km is taken as the

lower limit for occultation measurements because of atmospheric refraction and extinction by aerosols. It is

hoped that, in practice, both of these limits can be extended downward. The anticipated EPOP spacecraft
jitter of 0.01 ° corresponds to 0.57 km at the limb, or 8% in airmass. We combine this with the effect of

multiple scattering on limb retrievals: Mount et al., measured NO2 in limb scattering with "negligible"

effects due to multiple scattering down to 28 km, with the Solar Mesosphere Explorer satellite, using wave-
lengths from 430 to 450 nm. 4 SCIAMACHY obtains significant information on NO_ and O3 out to 500 nm

implying, for Rayleigh scattering varying as 1/A 4, negligible confusion due to multiple scattering down to
25 km. Thus, we estimate limb measurement errors in precision for profile determinations, discussed fur-

ther below for individual molecules, of 10% above 25 km and 20% from 20-25 km, unless further limited by
the signal to noise ratios of the measurements for such molecules. Determination of stratospheric columns
from limb measurements in this wavelength range, particularly for species with concentrations which peak

in the stratosphere, will be somewhat more precise, since the multiple scattering predominantly causes
smearing of profile information over a scale height about the tangent altitude. Species measurements in

the stratosphere using limb scattering at significantly shorter wavelengths will provide only limited profile

information due to the larger effects of multiple scattering. Limb measurements at longer wavelengths,
particularly in the infrared, are less affected by multiple scattering. Nadir and solar occultation measure-

ment capabilities are calculated using a lower limit of 1% for measurement precision due to the difficulty

of making more precise measurements and calibrations. We hope, of course, to be able to achieve higher

precision in practice so that this technique will be capable of determining long-term trends in global O3.

Sensitivity and interference studies for some species to be measured in the infrared are checked by examining
a high resolution (0.007 cm -1) solar spectrum from Kitt Peak National Observatory (KPNO), obtained

courtesy of D. W. Johnson and G. Stokes. The spectrum was taken as part of the BIC campaign, under
clean tropospheric conditions, at 1.1 airmass. Confirmation of 04 is from a 1.0 airmass high resolution

visible solar spectrum from KPNO (courtesy of R. Kurucz).

Figure 1 shows the solar spectrum as measured by SCIAMACHY, including the etendue, optical through-

put, detector quantum efficiency (normalized to photons pixel -l s -1 for the various detector channels),
and the beam dilution (18% of the instrument field of view is filled by the sun when SCIAMACHY views

the central part of the solar disk).

A molecule by molecule discussion of the retrieval studies follows. The results are summarized in Figure
2, which shows altitude ranges for profile retrievals, and Table 1. The altitude limits shown here are for

retrieval to a 3 km vertical resolution with < 10% uncertainty in the concentrations, excluding uncertainties
in cross-sections, for the stratosphere, plus the altitudes over which any tropospheric information can be

obtained. These limits are derived from the January 1, 35°N studies, implying a solar zenith angle of
63.4 ° , as mentioned previously. For most molecules they are valid for solar zenith angles of up to at least

80 °. Molecules which may possibly be measured by SCIAMACHY but are not included in the the studies

due to the lack of suitable available laboratory spectra include O(3P), HO_, and HONO.

2.1 Molecules in the normal atmosphere

03 concentrations are retrievedfrom SCIAMACHY measurements using the ultraviolet(Hartley and
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Huggins) bands and the visible (Chappuis) bands. Precise determinations of column O3 are obtainable
from Chappuis band measurements. Measurements of the UV bands, using knowledge of penetration

depth as a function of wavelength to obtain stratospheric profile information, has become a standard

technique for satellite ozone measurements. This differential penetration is measured using a number of

discrete wavelength channels that are much broader than the SCIAMACHY resolution elements. Thus,
SCIAMACtIY includes this type of measurement as a subset of its O3 measurements.

SCIAMACHY can also measure ozone profiles in the limb scattering geometry, up to at least 50 km

in most geographic locations. Although the signal to noise ratio in these measurements is quite high, the
precision of concentration profiles from limb measurements will be limited to ca. 10% above 25 km and

20% from 20-25 km due to the mixing of light from various sources in the multiple scattering process.

Stratospheric column 03 from limb measurements can be determined to 10% since limb measurements

extend down to at least 1/2 scale height below the 03 peak.

A strength of the SCIAMACHY instrument is that it can provide extensive maps of tropospheric

ozone. Some determinations of tropospheric 03 in tropical regions have been made in recent studies by
subtracting stratospheric O3, measured by the SAGE instrument, from TOMS total ozone measurements. 5

SCIAMACHY includes the UV bands used in past and present satellite instruments for measuring 03,
but affords continuous coverage of the region above 240 nm, and at significantly higher resolution. This

allows us tremendous leverage in retrieval of tropospheric ozone profiles due to the temperature dependent

structure of the Huggins bands. *,7 The Huggins bands have discrete vibrational structure between 300
and 370 nm, with features having widths significantly less than 1 nm. This is the sharpest vibrational

structure of any electronic band of 03 that has been studied. This structure has strong temperature

dependence due to the onset of thermal population of excited vibrational levels in the electronic ground

state. It is this temperature dependent structure that provides a spectral signature for tropospheric ozone;

its differential character derives from the onset of weaker band absorption between the stronger absorption

peaks, which are due to absorption from 03 (000). One may think of the differential of the O3 spectrum
with temperature as part of a basis set used to match the observed spectrum. Note that tropospheric

ozone is significantly warmer than stratospheric ozone at any altitude in the stratosphere where there

is significant O3. Thus, the tropospheric 03 column is simply obtainable from an instrument with the

resolution and sensitivity of SCIAMACHY. Determination of the complete altitude profile, including the
troposphere, requires the development of a more sophisticated algorithm, which will include differential
penetration and the Chappuis band column measurements. Figure 3 shows the sensitivity of the nadir

spectrum as measured by SCIAMACHY, at the SCIAMACHY resolution, for 1% changes in total ozone

column at various levels in the atmosphere. The sensitivity is shown as signal to noise ratio per pixel

that can be achieved in 2 seconds of averaging time by SCIAMACttY in measuring these 1% differences at

different altitudes. Figure 3 was performed using the full multiple scattering formalism of LOWTRAN7, to

show the larger characteristics of the radiance changes due to ozone distribution. This does not, however,
fully model the temperature dependence of the bands. Our sensitivity studies indicate that SCIAMACHY

can achieve a precision corresponding to at least 1% of the total column ozone for retrieval of 03 to 3 km

vertical resolution throughout the stratosphere and troposphere.

We have calculated the ability of SCIAMACHY to measure polar ozone depletion. Calculations are

performed using a solar zenith angle of 80 °, appropriate to 80 ° N-S at the equinox. Moderate ozone
hole conditions are simulated by removing 20% of the total column ozone from atmospheric above the

tropopause, symmetric about the ozone peak. The nadir measurements will be able to measure polar

ozone depletion to the full geographic coverage of the orbit. SCIAMACHY should also be able measure

polar ozone depletion in the limb geometry to even higher latitudes, down to quite low solar zenith angles.

The geographic limits to high latitude for this type of measurement are difficult to estimate precisely at

present due to the difficulty in estimating the light levels under these conditions.
As an additional check on the ability of SCIAMACHY to retrieve stratospheric ozone profiles, and to

distinguish between stratospheric and tropospheric ozone, we have calculated the ability of SCIAMACHY
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to measure stratospheric 03 in solar occultation, chiefly using the Chappuis bands, so that the tropospheric

residual may be obtained by subtraction. The signal to noise ratio per pixel for measurements of the

Chappuis bands at their peak for these measurements, which correspond to a vertical resolution limited

only by the slit size (1 kin), is tremendous, and there are a large number of pixels covering the Chappuis

bands. The implied measurement precisions are extremely high, and will be limited in practice by other

factors, such as spacecraft pointing and intensity calibration. SCIAMACHY will be able to measure 03

to better than 1% precision for each 3 km height interval from 20-40 km, assuming solar tracking to

sufficient precision, and to better than 5% for the total stratospheric column. This is sufficient precision to

quantitatively test the determination of tropospheric 03 from the temperature dependence of the Huggins

bands under conditions of relatively high tropospheric 03, and to provide for some independent mapping

of tropospheric 03 at modest precision and geographic coverage. Stratospheric measurements in solar

occultation extend at lower precision to at least the stratopause.
In summary, SCIAMACHY can determine the ozone column density quite accurately from the nadir

measurements (to better than 1% precision); it can determine profiles to better than SBUV precision
from the nadir measurements; it can cleanly distinguish between tropospheric O3 and stratospheric 03

from the nadir measurements and give moderate (1% of total column ozone) profile information in the

troposphere; it can provide further stratospheric profile information at moderate precision from the limb
scattered light; it can provide stratospheric profile information (and possibly upper tropospheric profile

information) with very limited geographic coverage from solar occultation measurements, with sufficient
precision to test the algorithm for determination of tropospheric 03 from nadir measurements; it can

make precise measurements of polar ozone depletion to at least 80 ° latitude, and probably further. The

SCIAMACI-IY measurements of ozone are not subject to long-term degredation of the type suffered by
SBUV/TOMS, as discussed in the instrumentation section of this report.

O2(1A). Quantitative laboratory spectra of O2(1A) are not available for a sensitivity limit study, but the

positions are well known. Absorption by tropospheric ground state oxygen to the 1A) state is quite promi-

nent in the infrared spectrum. This absorption masks the emission by 02(1A) in the nadir observations.
O2(1A) is used by the Solar Mesosphere Explorer satellite in limb scattering observations to determine

the O3 profile from 50-90 km; s SCIAMACttY will be able to measure it in limb scattering for the same

purpose.

04. Quantitative laboratory O4 spectra are not available for a sensitivity study. As it is quite prominent

in the solar spectrum observed from the ground. As it is a van der Waals molecule, and thus has a

concentration strongly dependent upon temperature and pressure, it is a useful diagnostic for cloud top

and boundary layer height.

02 concentrations provide a cross-check of the pointing calibration in occultation and limb measurements.

In the nadir view, penetration depth determinations from O2 provide information about cloud and bound-

ary layers heights. O2 absorbs very strongly in the atmosphere, chiefly near 690 and 760 nm. O_ column

measurements will have a precision of 1%, our projected limit for strong absorbers. O2 measurements in

the limb and occultation geometries will also have the limiting sensitivity up to at least the stratopause.

CO. The 2 _-- 0 vibrational overtone band of CO lies between 2.3 and 2.4 #m. SCIAMACHY can be used in

nadir view to measure the CO column abundance with a sensitivity limit of 2 x 1016 cm -2, corresponding

to 1% of background tropospheric CO, when the earth's reflectance at these wavelengths is as low as
0.1. The simulations have taken proper account of solar CO, which has lines of comparable size to the

absorption from background terrestrial CO at about m = 9 and higher, but which is divided out by our solar

calibrations and which, in any case, has very characteristic spectrum differences due to the much higher

temperatures of solar CO. Since the tropospheric CO measurements are fundamental to the success of

SCIAMACHY, the results of the simulation are checked by examining the KPNO infrared solar spectrum.

The CO lines are quite prominent in the spectrum, as predicted, with most lines being sufficiently separated



frominterferingH20 andCH4to becleanlymeasurableat theSCIAMACHYresolution. Additionally,

we have calculated the ability of SCIAMACHY to measure CO in the limb geometry, by comparing the

limb-scattered radiation strength with the MPI model CO concentration values and the CO line strengths.
Stratospheric CO absorption can be measured with a precision ranging from 1.5% at 20 km to 15% at

30 km (by 35 km the precision has dropped to 50%). In practice, due to effects of multiple scattering,
the determination of total stratospheric CO will be precise to 10-15%. Since only ca. 5% of the column

CO is expected to be in the stratosphere, the limb measurements will provide for a correction to the

column tropospheric CO to better than 1%. Limited CO profile information for the troposphere will be

available from the differential temperature dependence of the various CO lines in nadir observing. CO is

also measurable at very high signal to noise ratios in solar occultation spectra. 13CO has line strengths
down by a factor of 0.011 from 12CO, due to the 13C isotopic abundance. It will be readily measurable in

the lower stratosphere in solar occultation. There is a marginal possibility that the column of 13CO will
be measurable from signal averaging of nadir spectra.

H20 absorbs strongly between 700 and 1000 nm, and in the vibrational overtone bands near 2400 nm. The

strong temperature dependence of these latter bands allows retrieval of the altitude profile of tropospheric

H20 in the nadir view. H_O is retrievable in all SCIAMACHY measurement geometries to the limits
of the SCIAMACHY technique - 1% in nadir, 10-20% in stratospheric profile from limb measurements,

1% in stratospheric profile from solar occultation, and 10% per 3 km interval in tropospheric profile from
deconvolution of the temperature-dependent nadir spectrum.

CH4 has strong vibration overtone absorption from 2200 to 2400 nm. As with H20, the temperature
dependence allows retrieval of the tropospheric altitude profile from the nadir view. The limits for CH4

profile measurements in limb-scattered light extend to 40 km in the stratosphere, due to the high concen-

tration of Ct/4 and the strength of the absorption. The column amount of 13CH4 will almost certainly be
measurable with SCIAMACHY to good precision, since 1.1% of t2CH4 is readily measurable, tlowever,

line positions and strengths for 13CIi4 are not currently catalogued, so it is not possible to further quantify
its measurement.

CO2 has its strongest overtone absorption between 1900 and 2200 rim. As with H20 and CH4, the

temperature dependence can be used to retrieve the tropospheric profile in the nadir view. The COs

absorption is so strong that the retrieval of CO2 in all geometries is limited only by the SCIAMACHY
baseline precision considerations. We note here that the SCIAMACHY COs measurements are fully as

capable of providing atmospheric pressure and temperature information as the standard 15 pm infrared

technique, since the band used (the strongest overtone absorption of CO_) originates from the ground

state and thus supplies the same information about the distribution in energy levels of atmospheric CO_.

It may be possible to use this COs information to partly correct for the effects of spacecraft jitter on limb

measurements, but such corrections have not been included in the present calculations.

NO. The NO profile above the ozone layer (from 40-140 km) can be determined from SCIAMACHY limb

and occultation measurements using the (1,4), (1,6), and (0,3) gamma bands which fluoresce from 255-280
nm, as determined in model sensitivity studies by Frederick and Abrams. 9 In nadir view, gamma band

emission gives a column amount for NO above where 03 absorbs strongly.

NO_ concentrations are retrieved from the uv-visible absorption between 300 and 600 nm. In limb viewing

NO2 is readily observed in the stratosphere as already shown by SME, and by balloon measurements using
this technique, t° Stratospheric NO2 is measurable to 10% precision from 25-40 km and 20% precision from

20-25 km in limb viewing, limited by the considerations discussed earlier. Stratospheric column determi-

nations from limb viewing are good to 10%. In occultation, the profile will be measurable to 1% precision

from 40 to below 20 km. In nadir viewing the total column is observed to the limiting 1% precision. From

these two measurements tropospheric NO_ amounts may be determined under some conditions. SME



measured NO2 column amounts above 28 km in the range 1-3x 10 is molecule cm-2. 4'11 This corresponds

closely to the total NO2 column abundances measured by SAGE. 1_ A background tropospheric mixing
ratio of 30 pptv yields a tropospheric column amount which is approximately an order of magnitude lower.

In background clean air conditions deconvoluting the stratospheric and tropospheric amounts from SCIA-
MACHY data is marginal. In polluted air this task becomes much simpler. For 3x 1015 cm -_ stratospheric
NO2, the column uncertainty is 3x 10 x4 ¢m -2, which corresponds to a tropospheric limiting concentration

of 16 pptv for S/N = 1. Tropospheric NO2 in even moderately polluted regions is substantially larger

than this. In such regions, the limit for tropospheric column becomes the 1% precision of the total column

NO2. The tropospheric column can be determined to at least 10% precision for concentrations above 160

pptv. The NO_ absorption features are known to be temperature dependent, which in nadir view may
assist further in the differentiation of tropospheric and stratospheric amounts.

NOs. The nighttime concentration of NO3 has been measured successfully by absorption of lunar and

stellar light. 13 The strongest NO3 absorption, between 660 and 665 nm, is 2-3% deep in the occultation

geometry for tangent heights of 28-38 km. Using lunar occultation we will be able to measure the profile
of NO3, when the lunar cycle permits, with potential long-term latitude coverage of 50-80 ° N and S. x4

The scan system can observe in both hemispheres, but the spacecraft accommodation will probably imply

that the moon will only be observable in one hemisphere. Studies will be made in Phase B of the possible
use ofplanetsand stars(e.g.,Venus) fornighttime occultationmeasurements. This isa significantportion

of the region where enhanced NO3 isexpected in polar night conditions. The lunar occultationsignal

measured by SCIAMACHY isdown from the solaroccultationsignalby a factorof 1.2 x 10-6 due to the

geometric factorsand the lunar albedo. For NO3 at 30 km, using 1.5second integrationtime,the numbers

of photons per pixelat 660-665 nm is4.2 x 106 for a signalto noiseratioper pixelof 2.0 x 103. For 2%

absorption at band center,the NO3 ismeasured with 2.4% precision.

N20. The 00°2 *---00°0 vibrationalovertone band of N._O liesbetween 2.25 and 2.30 pm. Lines ofN:O are

quiteprominent inthe Kitt Peak solarspectra,with many individuallineswellseparated from interferences

at the SCIAMACHY level.The N20 column ismeasurable to the limitingnadir precision(1%) inallbut

the lowest surfacereflectanceand highestsolarzenith angle conditions.In limb measurement, N20 can

be measured to a precisionlimitedonly by spacecraftjitter(_<10%) up to 30 kin, and to about 40% up

to 35 km. The totalstratosphericN20 willbe preciseto 10%; troposphericcolumns should be obtainable

by subtractionto 5% or better.The temperature dependence of the multiple N20 linesmay provide some

information on the verticaldistributionof troposphericN20.

2.2 Polluted troposphere molecules

HCHO absorbs between 250 and 360 nm, with itsstrongestabsorption between 300 and 350. The short

wavelength absorption isstrongly obscured by 03 absorption,leavinga contributionbetween about 300

and 350 am. This window ishighly dependent on the 03 concentration and the viewing geometry and

the temperature and concentration of tropospheric03 (increasedabsorption by warm troposphericozone

willfurther obscure the HCHO). HCHO ismeasurable in the nadir view, chieflyat low latitudes.The

sensitivityfor HCHO measurements with thisconcentrationis5. Thus, moderately enhanced HCHO can

be observed with modest precisionand major pollutioncan be readilymeasured. Note that thissignalto

noise ratioisdetermined using only the portions of the HCHO spectrum closeto 350 am, which remain

reasonably unobscured by 03. The sensitivityincreasesby as much as a factorof 2 under conditionsof

low column 03.

SOs absorbs between 290 and 315 nm. It isobservable in the nadir view, and under conditionsof low

troposphericozone, in the polluted troposphere. For a troposphericconcentration of 20 ppbv (moderate

pollutionin the boundary layer)SCIAMACHY achievesa signalto noise ratioof 60 (i.e.,betterthan 2%

precision),but thisishighly variable,depending on the 03 concentration. SO2 in normal background



concentrations is not observable.

2.3 Ozone hole molecules

CIO absorbs from 220 to 310 nm. It is strongly masked by ozone absorption. Our sensitivity limit for
the nadir view varies from about 10 L3 to 1015 cm -2, depending on the ozone concentration. We do not

expect to be able to detect C10 under normal conditions. Unusually high C10 concentration coupled with
low 03 concentration (which will improve the detection limit substantially), as found in the Antarctic

ozone "hole" is will make the CIO column observable. An absorption spectrum of C10 calculated using a
representative 03 hole concentration of 1.5x 1015 cm -2, compared with a synthesis of the nadir spectrum
at an 80* solar zenith angle, under moderate ozone hole conditions, gives a precision for CIO column
measurements of 10%.

OC10 absorbs strongly between 280 and 440 nm. It is formed in the atmosphere from the reaction of BrO

with C10 and destroyed by photolysis. OC10 has been observed using its structured absorption between

320 and 420 nm at night over Antarctica in spring (column densities of lxl014 molecule cm-2.16,17 Using
our synthesized nadir spectrum for moderate ozone hole condition and the OCIO absorption for lxl014
cm -_, corresponding to a twilight concentration, we obtain a 2% measurement precision for OCIO. For a

typical daytime concentration (2 x 1013 cm -2) we can measure to 10% precision. It may be possible to

obtain OCIO profile information at ozone hole concentrations using lunar occultation; insufficient profile
modeling is available to accurately estimate the profile limits.

BrO has been measured in the Antarctic spring using its UV absorption, lz By comparing the absorption
of BrO for a nadir concentration of 2.5 x 1013 for our ozone hole geometry, we determine that we can

measure this column density of BrO with a precision of 10%. Under normal conditions, the BrO column

density is 1.5 x 1013, implying measurements to 15%. BrO profile ranges are estimated using MPI 2-D
models calculations. With solar occultation, BrO in normal concentrations can be measured to 25% from

15-35 km. In limb measurements, BrO profiles can be determined to 50% precision from 20-25 km in
normal concentrations and ca. 30% in ozone hole concentrations.

2.4 Surface reflectance and solar zenith angle studies

Absolute radiometric calibration of the SCIAMACHY instrument, combined with direct solar observations,

will provide new global information about surface spectral reflectance in the range 300-2400 am. Although
the spatial resolution of SCIAMACHY is limited, this data will be very useful scientifically. Further studies
of the retrieval of the reflectance measurements by SCIAMACHY will be made in Phase B.

Surface reflectance and solar zenith angle considerations for molecule measurements in nadir viewing are

coupled together since the increased path due to larger solar zenith angle can offset decreased light due

to lower reflectance for those molecules measured at wavelengths that penetrate fully to the ground. The

increased path can also exacerbate measurements of tropospheric molecules made at shorter wavelengths
due to increased loss of tropospheric information because of increased Rayleigh scattering in the strato-

sphere. Our standard conditions for sensitivity studies (35* N: 630 solar zenith angle; albedo =0.3) are
fairly stringent in the sense that, for the suite of molecular measurements by SCIAMACHY, the deterio-
ration in global coverage due to lower reflectance and other solar zenith angles is not severe. The losses
that do occur are mainly in tropospheric measurements.

Surface reflectances and solar zenith angles other than our standard conditions have their greatest impacts
on the following measurements: Tropospheric 03. At 320 am, 13% of the light measured by SCIAMACHY

at our standard 35* N (63* solar zenith angle) is reflected from the ground. For albedo = 0.1, this decreases
to 3.6%, and the precision for tropospheric 03 is a factor of 2 lower. Losses in tropospheric 03 information

are partly compensated for by increased solar zenith angle, since the light at the red end of the Huggins
bands has significant penetration to quite high solar zenith angle. Tropospheric NO2 is measured at



modestprecisionin our standardconditions,in a wavelengthrangewhereRayleighscatteringis not
a majorproblem.Sensitivityto troposphericNO_variesroughlyasthesquarerootof thereflectance.
Measurementsofthetroposphericcolumnsof ttCHO and SO_ will suffer with decreased reflectance. HCHO
sensitivity will increase almost linearly with the increased path due to higher zenith angle, up to quite

high angle, because of the long wavelength extent of the spectrum. SO2 sensitivity changes with zenith
angle will be small. CIO, OC10, and BrO column measurements were calculated at a high solar zenith

angle (80°), appropriate to measurements by SCIAMACHY in ozone hole conditions. C10 is measured at

such short wavelengths that changes in surface reflectance are not a serious consideration in measurement

sensitivity; variability in 03 has a much more serious impact. CIO will generally be seen at high solar zenith
angles, so that sensitivity vs. zenith angle is not an important issue. OCIO is also generally seen at these

high zenith angles. Its measurement is more sensitive to surface reflectance since the spectrum extends

well beyond 400 nm. Fortunately, the climatology of OCIO is such that measurements will generally occur

in regions of high surface reflectance; exceptions occur when the ozone hole conditions extend over ice-free

ocean waters. Even in these conditions, the strength of the absorption in the 300-350 nm range ensures
useful measurement sensitivity. The spectrum of BrO has its major absorption in the 300-350 nm range,

long enough that O3 absorption is not a serious problem and short enough that lower surface reflectance

also will not seriously hamper its measurement. BrO measurement under normal conditions (i.e., away

from O3-depleted polar regions) will be decrease as the path length decreases due to lower solar zenith
angle.

3. AEROSOL STUDIES

The presence ofaerosolsin climaticmodels leadstoa more important energy depositioninthe stratosphere

and to a cooling of the troposphere. More recently,the Antarctic ozone hole phenomenon has been

explained by the conversionofHCf toCIO by heterogeneous reactionson the surfacesofpolar stratospheric
clouds.

The SCIAMACHY instrument willobtain aerosoldata in occultation,limb-scatteringand nadir mea-

surements. The high resolutionpermits distinctionbetween gases and aerosolsand will allow altitude

distributionsand granulometry of the middle-atmospheric aerosolsto be obtained. Proper treatment of

aerosolsin the inversionprocess alsoresultsin more accurate data on the verticaldistributionof gases.

Simulation and verificationof the varioustypes ofspectralsignaturesfrom differentaerosolsare an integral

part of the SCIAMACHY data system development plan.

3.1 Stratospheric Aerosols

Stratosphericaerosolshave been extensivelystudied from balloon and space experiments over the last30

years: The measurements show sphericalparticlesin the stratospherecomposed of a mixture of sulfuric

acid and water. These are divided between layersof largeparticlesize,the Junge layer (typicalsize0.15

/zm),and a background layerof aerosolsof significantlysmallersize(ca.0.05 _tm). However, in the polar

stratosphericclouds associatedwith the Antarctic ozone hole,particlesizeslargerthan 1 /_m have been

conjectured.Other types ofsuspended particlesexistinthe upper atmosphere, from meteoric decay; little

isknown about them except that theirmetalliccoresgive them an important imaginary refractiveindex

and that the resulting increase of Mie scattering efficiencies makes them more observable, as published in

visual space observations and balloon data reports. SCIAMACHY, through measurements of these latter

particles, may help solve the present controversy concerning the geophysical impacts of small meteorites
and comets.



3.2 Tropospheric Aerosols

The high spectral resolution of the SCIAMACHY instrument combined with its spatial resolution can lead

to study of image contrast, and to a characterization of the nature of tropospheric haze in terms of natural

phenomena. For example, sand winds have never been monitored on a global scale. Since they occur by
definition mostly in dry regions, the absence of clouds will make SCIAMACHY a perfect sensor for them.

SCIAMACHY will also measure the high quantities of soot from forest fires to which, for decades, the blue

moon phenomenon has been attributed. Identification of these "clouds" and their continuous observation

will lead to an assessment of the effects of these largely local phenomena on the global atmospheric system.
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Table 1

Quantities Retrieved from SCIAMACHY Nadir/Limb Observations

Species Retrievable Quantity* Wavelength (nm) Notes/Applications

O3 Profile (S, T) 255-350,480-680

02 Profile (S, T) 690, 760 Cloud tops/
boundary layer

O2(1A) Profile (S) 1260-1275 Mesospheric 03

O4 Column (T) 475,530,560,630 Cloud tops/

boundary layer

H20 Profile (S, T) 700-1000, 2250-2390

CO Profile (S), Column (T) 2300-2390 Limited tropospheric
profile information

CO2 Profile (S, T) 1980-2020 P, T retrievals

CH4 Profile (S, T) 2250-2390

HCHO Column (T)t 310-360 Biomass burning,

tropical vegetation

SO2 Column (T)t 290-310 Industrial pollution,
volcanos

NO Profile (S) 255-280 Above 40 km
in emission

NO2 Profile (S), Column (T)t 300-600 Lightning,
combustion

NO3 Profile (S) 660-665 Lunar occultation

N20 Profile (S), Column (T) 2250-2300 Limited tropospheric
profile information

CIO Column (S):_ 300-310 Polar regions in

spring

OC10 Column (S) _ 320-420 Polar regions in

spring

BrO Profile (S) 310-345

" S = stratosphere; T = troposphere. Mesosphere not included in this table.

tObservable in regions with relatively high concentrations.

:_Observable in perturbed "03 hole" regions.
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ABSTRACT

The SCanning Imaging Absorption SpectroMeter for Atmospheric CHartographY is an instrument which

measures backscattered, reflected and transmitted light from the earth's atmosphere and surface. SCIA-

MACHY has eight spectral channels which observe simultaneously the spectral region between 240 and

1700 nm and selected windows between 1940 and 2400 nm. Each spectral channel contains a grating and
linear diode array detector. SCIAMACHY observes the atmosphere in nadir, limb and solar and lunar

occultation viewing geometries.

I. INTRODUCTION

Over the past 20 years the recognition that the atmosphere may be adversely affected by human activity
has become a source of public concern. In particular, attention has been focussed on:

• The potential atmospheric warming which results from increasing concentrations of greenhouse gases
(e.g., CO2, CH4, N20 and 03).

• The catalytic destruction of stratospheric O3 caused by the tropospheric release of chlorofluorocarbon

compounds, emphasised by the recent appearance of the antarctic ozone hole.

• Increased tropospheric photochemical oxidant formation, which is transported to rural areas and

causes damage to agriculture.

• Smog and pollution episodes in industrialised countries.

• Increased acid deposition, which results in damage to soils, forests and lakes.

• Deforestation of the tropical rain forests and biomass burning in the tropics and subtropical regions.

In order to understand and assess the importance of changes in atmospheric composition arising from

anthropogenic activity and natural phenomena, a detailed knowledge of the global spatial distribution and

temporal variability of atmospheric constituents is required.

Remote sensing of the atmosphere from satellite platforms, when and where possible, is the most suitable

method for deriving knowledge about the global atmospheric composition. The SCanning Imaging Absorp-

tion SpectroMeter for Atmospheric CHartographY, SCIAMACHY, whose primary goal is the measurement
of the abundance of atmospheric constituents 1 was first proposed in 1988 in response to the Announcement

of Opportunity for the first European Space Agency (ESA) polar platform mission (POEM-I). In 1989
SCIAMACHY was selected as part of the model payloads to fly on board two future satellites:



1. TheESAPolarPlatformPOEM-l,plannedfor launchin 1997.

2. TheAtmosphericandOceanSatellite(ATMOS),plannedfor launchin 1995.

ThePhaseA andB1studiesof SCIAMACHY,whichbeganin thesummerof 1989,havebeenfundedby
theFederalRepublicof GermanyandbytheNetherlands.PhaseB1wascompletedinspring1991.

2. SCIAMACHY SCIENTIFIC OBJECTIVES

SCIAMACHY is a passive remote sensing instrument operating between 240 and 2400 nm. It determines

the atmospheric amounts of atmospheric constituents primarily from their "fingerprint" absorptions. The

primary aim of SCIAMACHY is to measure total column, stratospheric, and tropospheric amounts of a
variety of important atmospheric gases. In addition, SCIAMACHY will provide new information about

the global distributions of atmospheric aerosol, clouds and cloud top heights.

The molecular species selected for measurement by SCIAMACHY are listed in Tables la and lb. Aerosols,

clouds, polar stratospheric clouds (PSCs) and Polar Mesospheric Clouds (PMCs) will also be measured by
SCIAMACHY.

Table la

SCIAMACHY TARGET MOLECULES

Molecule Wavelength Comments

(nm)

Primary Targets:

Oa (Hartley Band) 240-300
Os (Huggins Bands) 300-350

Oa (Chappuis Bands) 400-700
NO 240-300

NO2 300-700

NOn 600-700

H20 500-2400

O_ 500-762

04 380-1400

O2(1A) 1000-1400
BrO 300-390

CO 2300-2400

CO2 1980-2020

CIt4 2250-2400

N20 2250-2350
HF 2300-2400

Above 40 km

Lunar occultation only

Penetration depth

and cloud top height

Strat/mes emission

Occultation only



Table lb

SCIAMACHY TARGET MOLECULES

Molecule Wavelength Comments

(nm)
Secondary Targets:

(not observable under conditions of a clean background or unperturbed atmosphere)

OCIO 300-440 Ozone hole

CIO 260-320 Ozone hole

HCHO 300-350 Pollution episodes
SOu 300-320 Volcanoes

NO3 600-700 Twilight measurements

3. OPTICAL DESIGN

The SCIAMACHY instrument is being constructed by an industrial consortium comprised of Dornier

GmBH (Project Manager, Friedrichshafen) and OHB-Systems GMBH (Bremen) in Germany and TNO-

TPD (Delft) and SRON (Utrecht) in the Netherlands. TNO-TPD have been responsible for the optical

design engineering. The instrument consists of three main parts: a scanning mirror system, a telescope

and a spectrograph. The following functional specifications define the optical design:

• Field of view (FOV) 0.023* x 2.3 °.

• Spectral range: the spectrograph has eight optical channels covering the wavelength region from 240
nm to 2400 nm. The channels are described in Table 2.

Table 2

SCIAMACHY CHANNELS

Channel Wavelength Detector Pixel Spectral

No. Range Resolution Resolution

(nm) (nm) (nm)
1 240-295 0.11 0.22
2 290-405 0.11 0.22

3 400-605 0.2 0.4

4 590-810 0.22 0.44

5 790-1055 0.26 0.52
6 1000-1700 0.69 1.4

7 1940-2040 0.1 0.2

8 2265-2280 0.11 0.22

The main difficulty concerning the optical design of SCIAMACHY arises from the requirement to observe

simultaneously a wide spectral range at moderately high resolution. This requires the separation of the

light into different channels and the use of grating and echelle dispersive elements. The optical layout of
SCIAMACHY is shown in Figures 1, 2 and 3.



FIGURE 1 The SCIAMACHY SPECTROGRAPH (i)
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Transmitted, backscattered or reflected light from the atmosphere may enter the telescope via

• the nadir scanning mirror,

• the diffuser plate,

• a combination of the limb and nadir mirrors.

The off-axis parabolic telescope images the FOV onto the spectrograph entrance slit, whose front surface
reflects some of the light onto a horizon sensor. Thereafter the light is collimated and sent to a predispersing

prism. This prism has several functions:

1. It separates the light into UV (240-400 nm), visible and near infrared (VIS-NIR) (400-1700 nm), and

short wave infrared (SWIR) (1.7-2.4 pm) components;

2. it produces additional plane polarized and unpolarized light beams: The reflections from the front

face and the second face (i.e. internal) of the prism. These beams are sent to two sets of detectors.

In this manner the polarization of the incoming light is measured.

After predispersion, the radiation is focussed onto a plane, where the UV and SWIR light beams are
separated by two prisms from the visible and NIR light. This optical configuration minimises any scattered

light entering either the UV or SWIR channels.

The UV, VIS-NIR and SWIR light is then sent via mirrors dichroics and prisms to channels 1 to 8. Each

channel is comprised of a grating, lens and detector.

The detectors used in the SCIAMACHY spectral channels are linear diode arrays. In the spectral region
240 to 1000 nm Si diode arrays are used, each detector pixel having the dimension 25×2500 #m 2. In

the 1000 to 2400 nm region diode array detectors made of graded InGaAs will be specially produced for
SCIAMACHY. To reduce dark current these detectors will have the dimension 25×500 pm -_, but the same

image of the earth atmosphere as that on the Si pixels will be mapped by use of an appropriate cylindrical
lens.

The spectrometer can observe atmospheric absorptions either in NADIR, LIMB or SOLAR/LUNAR OC-

CULTATION by using two scanning mirrors.

4. OBSERVATIONAL MODES

There are two data collection modes and one calibration mode in SCIAMACHY:

1. Alternate NADIR and LIMB scanning of the atmosphere;

2. SOLAR/LUNAR (FULL MOON) OCCULTATION;

3. CALIBRATION MODE.

In sun synchronous orbits, occultation measurements are limited to latitude regions between 60 ° and 80 °
in both hemispheres. Consequently, the majority of measurements will be made using the limb/nadir

scanning mode.

The spatial resolution of SCIAMACHY is as follows:

• Limb and solar/lunar occultation vertical resolution <3 km;



* Nadirscanninghorizontalresolutionis typically32x75km2.

Forthepolarorbitsof POEM-1andATMOS,it takesapproximately3 daysforSCIAMACHYto obtain
globalcoverage.

5. WAVELENGTH CALIBRATION

Thewavelengthresponse of the SCIAMACHY spectrograph will be calibrated before and during flight by

using

1. standard lamp system (hollow cathode Pt/Ne or possibly low pressure Hg);

2. the solar Fraunhofer structure.

6. RADIOMETRIC CALIBRATION

SCIAMACHY will be calibrated radiometrically before flight and during flight. Prior to flight an "end to

end" calibration will be made using several standard lamps. During flight several strategies will be used

to monitor the radiometric performance of the instrument:

1. Direct observation of the sun and moon;

2. the use of a diffuser plate.

The performance of the individual detectors will be monitored by the use of a white light source in front

of the scanning mirror and LEDs located in each channel. In addition the fixed pattern and dark current

will be determined by observations of dark space.

7. RETRIEVAL OF CONSTITUENT AMOUNTS

SCIAMACHY DOAS Retrievals

SCIAMACIIY retrievestotalor stratosphericcolumn amounts primarilyby the differentialopticalabsorp-

tion spectroscopy (DOAS) technique which requiresonly a relativeradiometriccalibration.

SCIAMACHY BUV Retrievals

For the retrievalof 03 totalcolumn amounts and stratosphericprofilesusing algorithms based on those

developed for the SBUV and TOMS instruments,an absolute radiometric calibrationofthe instrument is

necessary.

Estimates of the precisionforSCIAMACHY retrievalshave been determined, and are given in Table 3.



Table 3

Precisions of SCIAMACHY Trace Gas Measurements

Molecule Nadir Column Strat Profile Precision _ Trop Column

Precision Occultation Limb Scattering Precision

03 1% 1% 10% 10%

02 i% i% 10% 1%

02(IAg) 1% i% 10%
04 1% 1% 20% 2%

H20 1% 1% 10% 1%

CO _<5% _<7.5% 15% _<5%

CO_ 1% i% 10% i%
CH4 1% 1% 10% 1%

HCHO _,¢ 20% - 20%

SO_ _ 2% - 2%

NO2 i% 1% 10% 10%

NO3 - 2%

N20 1% i% 10% 5%
NO _ 20% 1% 10%

CIO _ 10% -

OClO _ 2%

BrO 10% 25% 50%

aThese are precisionsfor recoveringstratosphericconcentrationprofiles,includingalleffectsdue to space-

craftpointingand jitter,weighting functionsforabsorptionand, forthe limb scatteringgeometry, weighting

functions forthe scatteringsource.

_Polluted troposphericconditions.

CBiogenic emissions and Biomass burning.

dEstimated knowledge of column above 40 kin.

eOzone hole conditions.
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