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Satellite Remote Sensing Approaches

Sun/Moon/Stars




Occultation
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Pluses
*High vertical resolution (~1.0km)
*High S/N (bright source over background)

=Self-calibrating with Exoatmospheric measurement for each event
*Long limb path and high S/N provides measurements of tenuous gases
*Well behaved inversion/retrievals

*Smaller instruments required

Minuses
*Low sampling frequency (two profiles per orbit for solar and lunar occultation)
*Integrative over several hundreds of kilometers




SAGE II Tropospheric Measurement Frequency (1985-1990)
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The History of Earth-Orbiting
Occultation Experiments
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L atitude ver sustime coverage for 57° orbi
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SAGE II and SAM II Yearly Global Coverage
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SAGE Il Measurement Coverage

SAGE Ill Solar Occultation Coverage
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SAGE |l Measurement
Technique
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SAGE Data Stream (Sunrise Event)
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Slant Path Optical Depth at 20 Km
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Slant Path Optical Depth at 600 nm
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Slant Path Optical Depth at 1020 nm
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Slant Path Optical Depth at 385 nm
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Optical Depth
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SAM II Polar Stratospheric Optical Depth
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Stratospheric Optical Depth
Beforel and After 6/15/91 Plnatubo Eruptlon
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H,O & T/P Channels
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Solar and Lunar M easurement Wavelengths
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SAGE Il Science Team
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Typical ATMOS Spectra

The upper figure shows the decreasing absorption with altitude, while the bottom figures illustrate

speciral features used for trace gas profile refrievals. For clarity, vertical scales differ among
the displayed spectra.
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ATMOS

Principal Investigators: Barney Farmer, Michael Gunson

Key Contributors. Mian Abbas, Mark Abrams, Mark Allen,
Reinhard Beer, Linda Brown, Albert Chang, Annmarie Eldering,
Murray Geller, Bo-Cal Gao, Aaron Goldman, Bill Irion, Brian Kahn,
Jack Kaye, Zhming Kuang, Bill Mankin, Gloria Manney, Hope
Michelsen, Liz Moyer, Michael Newchurch, Robert Norton, Jae
Park, Odell Raper, Curtis Rindand, Jm Russell, Ross Salawitch,
Bhaswar Sen, John Shaw, Gabrielle Stiller, Geoffrey Toon, Robert
Toth, Yuk Yung, and Rodolphe Zander



Q Polar Ozone and Aerosol M easurement (POAM) Program

POAM I11 isa 9-channel visible/near infrared photometer for making
measur ements of stratospheric constituents usi ng solar occultation

techniques.

_IPOAM Il was launched on
26 Sep., 1993 on the French
SPOT 3 spacecrait into a
polar sun synchronous
orbit (98.7° inclination,
10:30 equatorial crossing)
and operated until the
satellite failed in Nov. 1996.

_|The POAM llimeasurement
complement includes:
Ozone (10-60 km)

Aerosol Extinction (10-30)
Nitrogen Diexide (20-40 km)

. I"HAHIHI

TIIEI I‘H.IIHIHIHP*

BMooAM I was launched on SPOT 4 (orbit
identical to that of POAM 1) on 23 Meirch
19938, Trnie instrurent is currently ogeraiiorzl,

BT POAM I measurermernis:
Ozorne (5-80 «rn)
Aerosol Exiinctiorn (5-80 ki)
Nitrogen Dioxide (20-45 «rri)
Waiter Vaoor (5-45 i)
Atrnosoneric Density (30-80 <))




Polar Ozone and Aerosol M easurement (POAM) Program

SAGE Il
HALOE

POAM I
SAGE I

POAM |1 and Il measurement
coverage isidentical, and are both
annually periodic.

The POAM measurements
provide continuous cover age of
the polar regions.

Lafitude

POAM iscomplementary to
SAGE Il1, which measuresto
higher latitudesin the north, but
lower latitudesin the south.

The POAM measurement
coverageisnearly identical to that
of ILASI and I




Polar Ozone and Aerosol M easurement (POAM) Program

ek PO

POAM Science Team:

R Bevilacqua (PI,NRL) K. Hoppel (NRL)
J. Lumpe (CPI) M. Fromm (CPI)
C. Randall (CU) G. Nedoluha (NRL)
D. Allen (NRL) E. Shettle (NRL)
J. Hornstein (NRL) A. Prados (NRL)
Benson (NRL) J. Alfred (CPI)
Salawitch (JPL) M. Santee (JPL)

. Manney (JPL) D. Rusch (CU)
Strawa (NARC) K. Drdla (NARC)
Brogniez (Lille) H. Steele (CSUN)
Connor (NIWA) K. Kreher (NIWA)
Massie (NCAR) L. Pan (NCAR)

C.
R.
G
A.
C.
B.
S.

Data Archival information:

POAM II: Archived on Langley DAAC
POAM llI: Publicly available (http://wvms.nrl.navy.mil/POAM/
and http://www.cpi.com/products/poam)
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The SCIAMACHY Instrument on ENVISAT

} »  Spectrometer (214-2384 nm)

=l +  Proposed in July 1988 as an AO for Envisat by
German led international team

* German, Dutch and Belgian contribution to the
ESA Envisat

& 9 ° Science Team:

— PI: J. P. Burrows, |FE/IUP Bremen,
Germany

— Co-Pls:  A. Goede, SRON, The Netherlands
C. Muédller, BIRA/IASB, Belgium

— International Science Team from Europe and
several American groups.

<& ~ + Envisat Launch: 1 March 2002
%'« DataPolicy and Availability:
— Still in commissioning activities - all data
products starting from July 2002 will be made
available for ENVISAT Validation and Data

User PIs and the wider community viathe
ESA EO C1 procedure.




MIPAS

SCIAMACHY on Envisat
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Typical Orbit

 Sun-synchronous orbit
descending node having equator
crossing at 10:00 AM)

 Altitude ~ 800 km ground speed
7 kms?

ERCUE © Alternating Nadir and Limb
measurements on dayside

» Solar occultation close to the
terminator during sunrise every
orbit in the NH.

» Lunar occultation made for
about one week/month in the
SH, provided that the tangent
point ison night side.

e Calibration measurements
during eclipse and in dedicated
orbits

» Global coveragein 6 days
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SCIAMACHY : Altitude Ranges for the Targeted
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SCIAMACHY First Results: O, from Solar
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Earth Orbiting Occultation Experime

NtS

INSTRUMENT A (#,nm) DETECTION SCHEME A (nm) ORBIT
(LAT. COV.)
SAM 1 (1000) Radiometer filter/diode 200 26°
SAM II 1 (1000) Radiometer filter/diode 50 SS (noon)
SAGE 4 (1020, 600, 450, 380) Spectrometer grating/diodes 20 56°
SAGE Il 7 (1020, 940, 600, 525, 448, 453, 380) Spectrometer grating/diodes 20 56°
ATMOS 700-1200 cm-L FTI 0.125 cm'! 560
HALOE 8 (2.5-10.5mm) Gas filter cells and broadband radio = 80cm-1 57°
POAM Il 9 (353.4-1018) Radiometer 2-12 SS (10:30)
ILAS-ADEOS 753-874 Vis. spect. SS/57°- 71°N + 64°-
1024 MOS photodiode 0.15nm 89°S
Pyroectron det. 0.13nm
SAGE IIIf 12 (290-1020, 1500) Spectrometer gration/linear array (3) + 1 diode 1-15 SS (9:30)
GOMOS* 3 (250-675, 756-773, 926, 952) Spectrometer SS
SCIMACHY' 214-2384 Spectrometer-Si, Im Ga As 0.21-1.56 SS (10:00 a.m.)

*stellar occultation

tlunar and solar occultation




EX

ner iment Constituent M easur ements

EXPERIMENT CONSTITUENT MEASUREMENTS

SAM A

SAMII A

SAGE A, O, NO,

SAGE Il A, 04, NO,, H,0

HALOE HCI, HF, H,0, CH,, O, A, T, NO, NO,

ATMOS 05, N,O, CH,, H,0, CO, NO, NO, HNO,, CIONO,, N,05, HNO,, HCN, HDO, H,'70, H,*¥0, H,0,, HCOOH, C,H,, OCS, CFCl,,
CFCl,, CF,, Cl,, CFC-113, CHF,, Cl, CCL,, 5F, CF,, HOCI, COF,, HCl, HF, CH,D

POAM 0,3, A, NO,, H,0, Atm. Density

ILAS-ADEOS 0,, HNO,, NO,, N,O, CH,, H,0, A (780mm), CFC-11, CCFC-12, COF,, N,Og, CIONO,, A (7.12, 8.27, 10.6, 11.76mm)

SAGE Ilit A, 05, NO,, T, P, H,0, OCIO, NO,'

GOMOS* 05 NO, OCIO, BO, A, H,0, T

SCIMACHY' Ag, Clouds, O, O,, (0,),, H,CO, SO,, BrO, OCLO, CIO, NO, NO,, NO,, H,0, CO, CO,, CH,, N,0




The SAGE Experience: Lessons
L earned

You can't plan for >17 year lifetime, but you try hard to
capitalizeon it.
Maintaining continuity over lifetime of mission is critical
to long-term success, especially reprocessing

— Made major contribution to assessment

Focus on validation/intercomparison over lifetime of
mission has important benefits to mission

Team recompetition approach allowed for bringing in new
views while providing for long-term stability



The SAGE Experience: Lessons
L earned, cont.

Nature sometimes provides unanticipated challenges and
opportunities
— e.d., Pinatubo eruption

Creative data usage by scientists provides new scientific
opportunities - consider some examples

— PMC observations

— TOMS/SAGE residual for tropospheric ozone

— QBO effect studies

— Upper stratospheric temperatures

— Upper tropospheric water vapor transport mechanisms
— Subvisible cirrus clouds



Summary

Solar occultation sensor s have been making routine
measur ements since late 1978 (25 year s) with exceedingly robust
Instrument and measur ement lifetimes.

Providesthe high precision and high vertical resolution required
for study of long-term changes.

Stratospheric aerosol and ozone measur ements have become
primary global sourcefor climatologies and trends:

« “Gold-Standard” for 0, profiling.
« Life-timeand stability provides possibilitiesfor O; and A trends.

Contributed significantly to:

» Polar and near-global chemistry and dynamics.

« Confirming evidence of effectiveness of international protocolsregulating
chlorine.

* Volcanicimpactsand usein GCMs.



