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Abstract

The recent Interagency Achleving Salelile Callbration for Climate Change
(ASIC-3)' repart highlighted the Importance of benchmark measurements
with highly accuraie callbration for cimate and weather applications.
Similarly, the Mational Research Councll (NRC) report entiied “Earth Sclence
and Applications from Space: Mational Imperatives for the Next Decaoe and
Beyond™ addressed the need for new Denchmark measurements, fled to
Intematiznal standards and tested for systematic emors an-arbi. The NRC
Decadal Survey expliclly addressed the crifical need for benchmark
measurements In addressing socletal objectives. The Executive Summary of
the Decadal Sunvey delineated the CLimate Absolute Radlance and
Refraciivity Earth Observatory (CLARRED) mission, which Includes a
consieliation of thwee small sateliies fliying benchmark  Infrared
Intesterometers. CLARRED |5 designed to provide robust documentstion of
future climate sultable for guaniitylng human influence and test and Impraving
cimate modess. The interferometers Include novel technalogy to tie the
Instrument callbration fo the International System of Units (517 and tes? for
systematic emor on-orbik, and cover the far Infrared (to at least 200 o) with
a epectral rescltion better than 1.0 om-. This consteliation providss
measurements at sk local fimes per day, providing wery accurate sampiing of
tne diumnal and semidiumal cycies. Recent work shows that this consiellation
I5 capabie of accurate Infercalioration (o 0.1 &) of @ weather sounder in sun-
synchrenous orblt on time periods of months wsing methods envisioned for
tne Global Space-based Inter-Calloration System [GSICS). In Mis way. the
callbration of the fufure cperational sounder netwark can be Improved, while
CLARRED can fake advaniage of the dense spatial sampling of the sounder
REtwork for 3 wide variety of process studies. The mases! welght ang power
envelope of 3 CLARRED Interferometer with s callbration hardware also
allaws Its Inciusion on 3 future sounder satelife 35 an option for Improved
SOUNdET ACCUTACY.

S| Traceability

*Demonstrating that the on-crbit calibration of a sounder
iz traceable to the Intemational System of Units (S1)
according to the principles in the literature®* and the
ASIC-3' report achieves the goal of testing for
systematic emmor on-orbit and tying the calibration to
intemational standards.

Orbits and Intercalibration

=Here we present a case study® where 3
CLARREQ sateliites® in 80° polar orbits offset
by 60® are used to fransfer the calibration to t
a sounder in sun-synchronous orbit. I by
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=The resulis are believed to be very credible .l
as they are based an entire year of MODIS :\: _'f, 3 I
Earth cbservations and represent the actual ' "
spatial variability of the aimosphere and a
realistic sampling approach.
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Technological Innovation
(Detectors)

*CLARREO provides a platfiorm for the
development of gingle-element far-infrared
detectors.

*Currently, thermal detectors lack speed,
while photon detectors lack speciral range.

Detecter Property | Awsilsble Ideal

Cmon 10 2o/ 1000 om”
Cm-off 25 w400 o
Nonlinsarsy 1%

' i
Fme [E0 B
300- 700 Wi
sty (LY JxllFem-He™ WY

[Modularion spoed =10kH

" opda nduinciz wi@=1-1 mn
Three material systems are capable of
observing below 600 o (= 16 am)F:
InGass/inSh superlattice detectors,

*Gafs/AlGaAS quantum well infrared photo-
detectors (QWIPs), and

*HgCdTe photodiodes.
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Technological Innovation
(Spectral Calibration)

*Fourier Transform Spectrometers (FT3s) have
the useful property that the same few
parameters (including detector size, shape, and
centration) determine the instrument lineshape
(ILS) for all lines in the spectrum?.

*This property may be exploited for on-orbit
speciral calibration through the use of new
technology: high power, miniaturized mid-
infrared lasers.

*Based on new
developments in
semiconductor growth
and processing, quantum
cascade lasers (QCLs)
can provide over 100 mwW
of namow linewidth power
in the near infrared.

Far-infrared photodiodes
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Pamel A= mesa-type photodiodes; Panel B: planar-
type photodiodes. Planar devices have the greater
potential for climate and weather applications.

v =By coupling a QCL
1 into a cavity with a
diffuse reflecting
surface, a uniform
source of mono-
chromatic light is
— - created: ideal for
Ta resuit of covping 8 30 A, B om L spectral lineshape
o & Lamberties Sty B slaght e wils i

Bssstiaps datasnined by tha asteal popeeties | Characterization®.
of e measurisg FTE.
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*Far-infrared phetediodes offer the potential
for substanfially improved linearity over
current state-of-the-art photocenductive
detectors™.

*Planar devices reduce dark currents relative
fo mesa devices, improving sensitivity and
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simplifying preamplifier design®.
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