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Climate Benchmark Measurements for
Intercalibration
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Created with data provided by the MODIS/VIIRS
Characterization Support Team. The MCST/VCST is
currently reprocessing N21 VIIRS data.

Differences in radiometric calibration uncertainties from
multiple sensors such as MODIS and VIIRS (see figure

on left) have been found to propagate into the long-
term climate data records constructed with

measurements from different sensors and must be

carefully accounted for (e.g. Meyer et al., 2020; Sayer
etal., 2017).

Climate Benchmark Measurements have
characteristics (Goody et al., 1998) that can make them
ideal candidates to serve as intercalibration references
(among plenty of other applications!), particularly their
requirements to be global (or nearly so) and regularly
calibrated to global absolute standards.

SITSats (SI-Traceable Satellite Sensors), such as CLARREO Pathfinder (CPF) have the
needed measurement characteristics to take climate benchmark and intercalibration

reference measurements.

Tustaarment Climate Science (HySICS)
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HyperSpectral Imager for

CPF Science Objectives

Take spectral reflectance
measurements with unprecedented

uncertainty

Illustrate high accuracy
calibration transfer to other RS
satellite sensors by inter-
calibrating with CERES & VIIRS.

Spectrally-resolved & broadband Intercalibration methodology
reflectance: 0.3% (10) uncertainty: £0.3% (10)
Level 1A: Highest accuracy, best for Level 4: One each for CPF-
intercalibration, lunar observations. VIIRS & CPF-CERES intercal.
Level 1B: Approx. consistent spectral Merged data products that
& spatial sampling, best for most include all required info for
science studies using nadir spectra. intercal analysis.

Key Refi M Ch istics contributing

to low intercal methodology uncertainty
+ Low polarization sensitivity (<1%, 350-1400 nm)
+ Consistent spectral sampling (3 nm across spectral range)
* Moderate spatial sampling (~0.5 km)
« Two-axis pointing capability
+  Low radiometric calibration uncertainty
Intercalibration: A multidimensional data matching challenge
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+ CLARREO Pathfinder will take concurrent
measurements with CERES & VIIRS on NOAA-20
and at least one GEO (although initially L4 data

State-of-the-art intercalibration | Products will only be generated for CPF-CERES &
(Uncertainty=0.3% at k=1)

CPF-VIIRS intercalibration).

+ CPF will also take measurements of pseudo-invariant
calibration targets (the Moon, key land sites, DCCs) to
improve hyperspectral characterization of these PICTs.

+ GSICS has identified N20 VIIRS as its on-orbit
reference for reflected solar bands.

. tying N20 VIRS ion to CPF
calibration in turn can support sensors that use N20
VIIRS as a reference
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CPF-VIIRS Intercalibration

Spatial Integration VIRS cross track scan Spatial Convolution

CPF pixels are ~0.5 km at nadir

VIIRS pixels are 375 m and 750 m for the Imager &
Moderate Resolution bands, respectively

CPF-VIIRS intercalibration samples are defined by an
arbitrary “virtual instrument” defined to have a 15 km

& NLASP

CPF-CERES Intercalibration
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CPF spectra are spatially convolved using CERES Point Spread
Function.

CERES has a footprint size at nadir of about 20 km2so about
40x40 CPF pixels are spatially convolved over the CERES Point
Spread Function to create CPF intercalibration samples

FOV at nadir Crp + This reduces the spatial matching noise between CPF & CERES
+ Intercalibration sample centroids are defined such Virtual Instrument %Ih and enables CPF to more closely emulate CERES measurements.
that the samples overlap 50% in “along-track” and ;gmligv 1 This image illustrates * We have done studies (lunar) that show that the pre-launch
“cross-track” directions to obtain sufficient samples 30X30 CPF plpxlégs one snapshot in time. CERES PSFs are stable at less then 0.1% level.
with low polarization sensitivity. CPF'’s two-axis pointing system enables CPF-target
sensor angular matching throughout intercal events.
Angular Correction
See Dr. Wan Wu’s Poster (A23S-2620) in this session for more on the Angular Correction algorithm
+ Goal to reduce angular difference uncertainty to ) b) |+ Figure shows the pre-correction and *+ The same algorithm is implemented for
within 0.1% (at least within 0.65 um band) o o . o Before cortecton Aftercorrection.  POSt-correction relative error for the both CPF-CERES and CPF-VIRS
« Principal Components-Based Radiative Transfer £ efore correction | Bias=0.17% Bias = -0.02% VIIRS M5 moderate intercalibration because it is applied to
Model (PCRTM)-based correction leverages oo g |stdev=193% | sidev=055% | =+ The differences were computed from spatially convolved CPF spectra prior to
spectral correlations in CPF spectra to estimate the & ‘é’ B | PCRTM-simulated CPF/HySICS-like any spectral convolution/integration.
adjustment that needs to be made to each spatially ~ 2 g, V}'\'RS MIS ‘ spectra for Jan 2017 CPF-VIIRS + We have estimated (using simulated
convolved CPF spectrum such that it emulates what & At N ,| channel | simulated intercalibration events. spectra) that for both the CERES SW band
CPF would have measured if it had the same sun- > er correction 2 + The only differences between the two and the VIIRS M-bands, that this
view geometry (SZA, VZA, and RAA) as the target of o2 o o5 o8 T L e sets of spectra were the sun-view adjustment can be done within an
instrument. CPF reflectance Relaive percentage error geometries at which they were simulated. ~ uncertainty of 0.1%.
Spectral Convolution Spectral Band Extension/Gap-Filling
See Dr. Qiguang Yang’s Poster (A23S-2621) in this session for more on the algorithm
+ Unresolved spectral mismatches between reference Mmoo oo « Not accounting for the spectral range difference between the CERES SW band and the CPF spectral
and target sensors results in scene-dependent £ ol | i ﬁ 1 range would result in large differences when directly comparing CPF and CERES radiances (see below).
intercalibration comparisons. %mi J‘ ‘ L‘ ] 500 50 .
+ Hyperspectral measurements (3 nm sampling) from 2 oml } I — } 1* | CPF-CERES (UV+CPF)-CERES (UV+CPF+IR)-CERES
the reference sensor (CPF) substantially mitigates 2 oool b J) 400 N=27546 5001 N=27546 2000 N=27546
the spectral differences. TS T T e Bias = -5.998% w0 Bias=-0.526% Bias = -0.011%
« The CPF 3 nm spectral sampling across its entire ] ] Foor Stdev=3.12% H Stdev =0.47 % 1o Stdev=020%
spectral range enables the simulation of moderate [ 1 § ;s_' Emm
resolution spectral bands (like MODIS/VIIRS). 'é h —~ ]
+ As-built CPF spectral range does not include B T 500
sufficient measurement coverage of M11 band. HySICS-like reﬂectance:;?chmxm (grey) and Spectral o
. i i is withi 9
o oD s e el 0By ot 9 Wi 0:1% - Response Functions of VIIRS M1-M11 and I1 bands e D et :
Without any spectral gap-filling Only spectral gap-filling in UV Spectral Gap-Filling in both
between CPF & CERES (200-350nm) UV & IR

CPF-VIIRS N20 Intercalibration Sampling
Data Filters Applied

CPF-CERES N20 Intercalibration Sampling

iy (ENED TS o soo0n | 202LCPEVIIRS (N20) Monthly Intercal Samples  io s shows current Data Filters Applied so000, 2021 CPF-CERES (N20) Monthly Intercal Samples i o chone ooy
« Solar Zenith Angles <60° 9 “Fitered samples. | esiimate of CPF-VIIRS Only include samples with " Filtered Samples | estimate of CPF-CERES
- (A . E40000 mmm Al Samples intercalibration samples that « Solar Zenith Angles <60° g s0000 = All Samples intercalibration samples
+ Viewing Zenith Angles <60° 3 pass filters listed on left. -~ ) o 8laom that pass filters listed on
+ Relative Azimuth Angles at 30000 I + Viewing Zenith Angles <60 2 eft.
a o

least +/- 5° of forward or 3 Green line shows minimum REEND Agmmuth Al ed £ 30000

backward scattering regions ¥ 20000 sample counts needed least +/- 5° of forward or o Green line shows

- CPF & VIIRS pixel percent & assuming spatio-temporal backward scattering regions  §2°°% minimum sample counts
coverage > 95% of sample £ 10000 uncertainty of 6% (see + CPF pixel percent coverage >= £ 10000 needed assuming spatio-

Johdorsample = B B . N N N N N -5 Little’s Poster 95% of CERES FOV temporal uncertainty of 4%

+ Homogeneity Factor (a/p) <0.2 iG> G> 0405060 ob 0o o 11 1> (A23S-2622) next door). . Ho,;;’ eneity Factor (o/y) <0.2 %Gl 62 05 o4 o5 o6 07 08 0o 1o 11 1 (supported by preliminary

« Degree of Polarization <0.1 Month 9 ity u ) Month studies).

CPF-VIIRS Intercalibration Summar i i
y Intercal Methodology Uncertainty Estimates CPF-CERES Intercalibration Summary

- Spatial-Temporal Matching uncertainty is largest Combined Uncertainty certa efinitio Combined Uncertainty + Spatial-Temporal Matching uncertainty is largest
in‘()iividual unpoertainty congibution —AZoordir?g to (current best estimates) e 2 (current best estimates) individual uncertainty contribution — According to
sample filter analysis (panel above), we have sufficient 61N Ust Spatial & Temporal Matching 4NN sample filter analysis (panel above), we have
samples monthly to reduce the spatial & temporal n/a UpsF Point Spread Function Centroid Knowledge (0.062+0.152/NYs sufficient samples monthly to reduce the spatial &
matching uncertainty to <0.1% 0.1 Uspec Spectral Matching (0.012+ 0.22/N)s temporal matching uncertainty to <0.1%

+ CPF-VIIRS intercalibration algorithms & data analysis (0.022+ 0.552/Nps uwg  Angular Adjustment (0.012+0.652/N)ps « Similar process could be used to intercalibrate
:g’r"t';fgbe'f Lo other v"',‘i;‘r']“;is'ﬁﬁ:‘rr::)gz:f’:;sn“p"ng . (0.062+ 0152/ Up Polarization Sensitivity Differences n/a with Libera (CERES follow-on).

+ rortarget . " . i ibrati iabili « CPF can also be a resource to further validate
smlgr virtual |v}strument can be created for simple 0.1 Umisc Miscellaneous (target calibration monthly variability) 0.1 other consistency studies comparing CERES &
spatial convolution/averaging. - - —— = ~ - A

Key Systematic Uncertainty Random Variability Estimated Combined Uncertainty Libera measurements
References + Goody.R. otal Tesing cimaio models:An approach Bulltinof o Amercan Melsorological Soialy 9.1 (1999). 2541.2549 Other CLARREO Pathfinder-related postet
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1371 + Jeff Mast: A235-2625 Towards optimal estimation retrieval of cirrus cloud optical and microphysical properties using hyperspectral shortwave instruments and a

. Maysr K., et al. "Derivation of shortwave radiometric adjustments for SNPP and NOAA-20 VIIRS for the NASA MODIS-VIIRS continuity cloud products.” Remote Sensing 12.24]

LZUZO; mse

*Cross-calibration of S-NPP VIIRS moderate-resolution reflective solar bands against MODIS Aqua over dark water scenes." Atmospheric Moasurement
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fast radiative transfer algorithm
+ Tracey Morland: IN23B-0594 A Cloud-Native Data Processing Approach for the CLARREO Pathfinder Mission
« Aron Bartle (Friday PM): T53F-0204 Earth Science Data Processing With Nextflow




