National Aeronautics and Space Administration
Goddard Space Flight Center

Calibration approaches for
climate measurements

Joel McCorkel




Talk overview

Discussion of complementary
laboratory and on-orbit
calibration methods for
climate measurements

CLARREO Mission

High accuracy calibration requirements

* Sl traceability in the laboratory
NIST’s SIRCUS (detector-based calibration with laser sources)
Calibration of G-LiHT, ORCA, SOLARIS (CLARREO), HyPlant, VIIRS

* Model-based sensor inter-calibration
Value of imaging spectrometer for site characterization
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Abstract

The Interazency Working CGaoap Memo on the social cost of carban is nsed to compuie the

value of infomeagon (VOID of clemate abserving systems. A pemeric decision context is pasited

im which society switches from a tosimess as nsual (BAL emissions path to 2 meduced

emrssions path upon dcheving sullicinl confidendce tha a wigper vaable exeesds 2 stpulared

eritical walue. Usang assessments of nalucsl varisbdlity and uncestainty of measuring
imstruments, il 15 possible o compule e Hne gl whech te requized conGdence would be
reachid under the cument and wder a new observing system, if indeed the cotical valae is
reachsd. Econones damages (worldnade) from carbon emissions am compuied wiih an
imiesrated assessment moded. The more accurae leefving System acqumres e requared
conftidence earlier and switches sooner 1o the reduced emissions path, tereby Fvoidmeg moe
damapes which would ciferwise be incurrsd by BALU emmssions. The difference in expectsd
net present valse of averted damages emder the two observing systens is the VO of the ew
cheervime system melative o the existing systems, As illostration, the VO for the propassd
spaee-bomme CLARREO system relalrve 10 cuenl space-DOrne Sy5Ems 15 compiad
Depencting om detils of te decisain ooniext, he WOI ranges from 2w 30 milhon US dollars
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Solar/Lunar for Absolute Reflectance
Imaging Spectrometer (SOLARIS)

NASA

Spectral range: 320 -2300 nm

Spectral sampling: €4 nm

Spectral resolution: 8 nm

Swath width at nadir from 600 km orbit: >100 km
GIFOV < 0.5 X 0.5 km

Spatial resolution per sample:
— 70% of energy from within a 0.5 km x 0.5 km area
— 295% withina 1.0 km x 1.0 km area

SNR >33 for A <900 nm
SNR > 25 for A > 900 nm
Polarization sensitivity for 100% polarized input:

— <0.50% (TBD) below 1000 nm and
— <0.75% (TBD) at other wavelengths

Radiometric calibration accuracy: 0.3% of albedo
(integration of reflectance across all wavelengths)
and within individual bands

5June 2014 HyspIRI Symposium




Pre-Launch Laboratory|  Characterize sensor to Sl-traceable,
Measurements (PLM) . . . .
e absolute radiometric quantities during
'—LL-[_@ prelaunch calibration
L . A

l

Sensor
Model (SM)

Component and system level data
used to develop hi fidelity sensor

model 0
_(

Calibration
Circuit

Measurement

Predicted On-Orbit
Sensor Output

On-Orbit Sensor
Measurements

Ensure prelaunch calibration
simulates on-orbit sources

Transfer to orbit through
accurate prediction of sensor
behavior while viewing
known sources
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Narrow band sphere output calibrations are
achieving 0.09% (k=2)

NIST facility Goddard Space Flight Center

a d

POWR Integrating SlfCLL
s — _ sphere laser

Sensor to be

Cry.c:rge.mc ele1.:tr|ca| calibrated
substitution radiometer
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POWR L B —— SIRCUS
laser : Japee jases

Transfer ' Transfer —
radiometer radiometer
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NASA

Why SIRCUS calibration?

CLARREO Earth view budget

| Earth 0.1%
0.3% on single View k=2
measurement
0.08% 0.05% 0.1% 0.05%
_| Radiometric Sensor Electronics |{ Background -
. Boresight
Random Characteristics Offset Offset
Quanti_zation Detector D%%ﬁté:)rs Sensor Jitter
Noise Linearity Analaog Thermal
ROIC Read Integration T?]ceneI Inclusion of
Noise Time ermal SIRCUS
Electronics Responsivity Optical Stray Light w reduces stray
Noise and Rel. Gain Efficiency and Flare and SIIC?]ttered
Ight
Dark Current Point Spread Scattered P uncertainties by
Noise Function nght >1 order of
Near-Field Line Spread Sensor thermal is after magnitude
Background Function dark subtraction
Noise Wavelength Thermal background
Signal Calibration important at A>1.8 ym
Photon Non-random
Noise Polarization
Sensitivity Random
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y Nadir doors
Integrating open Solar Port

Goddard’s Lidar, Hyperspectral,
and Thermal airborne platform
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G-LiHT |

(Airborne payload W|th ‘? ‘
SIRCUS-calibrated
imaging spectrometer)

CLARREO/SOLARIS Surface reflectance
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Traceability from
* Prelaunch

* Onboard
* Sun

* Moon

* Vicarious

Transfer radiometer + Model
supported by array of

measurements
Continuous T — .
o 06 ¥ | 4 i
spectral fo
reflectance 2 5!
measurements g6 1000 800 2000
‘Wavelangth (nm)
Airborne
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Moves away from empirical
sensor-to-sensor comparisons
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Sl-traceable — error budget
and uncertainty
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Suomi NPP VIIRS
degradation based on
model, solar diffuser, solar
diffuser monitor, lunar
calibration, and model

Xiong et al
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Summary

* Detector-based calibration with tunable laser source for high accuracy
required by CLARREO
— Full-field, full-aperture spectral and radiometric sensor characterization
— Sl-traceable (primary optical Watt) with 0.09% k=2 uncertainty

— Calibration methodology applied to other sensors (ORCA, G-LiHT, NPP &
JPSS VIIRS, etc.)

* Imaging spectrometer would advance inter-calibration beyond sensor-
to-sensor comparisons to a model-based inter-calibration by providing
spectral reflectance factor

* CLARREO and HysplIRI are complementary

— HypslIRI provides measurements for science questions detailed in other
sessions of this symposium

— CLARREO provides benchmark measurement to better understand climate
forcings, responses, and feedbacks

— CLARREO would increase value of HysplIRI by improving its calibration
knowledge
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