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Advancing CEOS
Analysis Ready Data

Radiometric calibration,
validation, and
performance metrics
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900 WorldView-2 image of Vantor's calibration site at Colorado Air and Space Port (CASP)
& Y / in Watkins, CO, USA. Vantor’s five calibration tarps are visible east of the airport
and air traffic control tower.
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How Do We Fit into the CEOS ARD Framework?

From Sl-traceable calibration to application-ready data

At-Sensor Radiance

Measured radiance
at the top of atmosphere

TRACEABILITY

{:} Sl-traceable calibration chain

Aligned with national &
international standards

TSIS Solar Irradiance

Sl-traceable solar irradiance
measurement (TSIS)

TRANSPARENCY

Atmosphere

Atmospheric characterization
& modeling (AERONET, MODTRAN)

o83 Clear algorithms &
product understanding

E, Accessible metadata &
documentation

Environmental Inputs

Weather & ancillary data
(temperature, pressure,
ozone, water vapor, etc.)

QUANTIFICATION

Validation vs RadCalNet
(independent Sl-traceable reference)

Surface Reflectance

NIST-traceable surface
reflectance measurements
for validation

Metrics that tell the

@ Quantified uncertainty
@ complete story

ARD requires more than callbratlon—

it requires traceable, transparent, and quantified performance.
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A Documented Calibration Chain for \Vantor’s Primary Calibration at CASP

NIST Primary
Optical Power Campaign
Standards Planning
(Calibrated Annually

at Vendor)

NIST-Derived

Algoflan Spectral
Reflectance pectraion ASD

Calibration Method Reference Panel Spectroradiometer
(UofA Black Lab)

In Situ

Surface Measurements

Reflectance of
Calibration Tarps

Radiative CEOS

Recommended

o Ste il & NASA GSFC AOD, SSA, Transfer Model TSIS Solar
n-Site Cimel Sun AERONET derived Asymmetry (MODTRAN 6) Irradiance

Photometer atmospherics Parameter

WREEHICROEareT) Predicted Sensor Validated by Si-
Measurements Traceable

Cimel #5571 (Temp) Calibration RaCalNet
Calibrated annually 4
at NASA GSFC

GPS

Measurements of Stability
Site Altitude Monitored Over

PICS
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VANTOR’S ACOMP SURFACE REFLECTANCE PRODUCT CONTINUES THE CHAIN

From inputs to insights: rigorous processing and uncertainty characterization deliver trusted surface reflectance.

FROM INPUTS TO SURFACE REFLECTANCE +. EXAMPLE OF BAND-DEPENDENT

SURFACE REFLECTANCE UNCERTAINTY -

bl Precomputed FOR ACOMP
Solar Zanitt Anls Leokep Taties (FU1S) RADIOMETRIC CALIBRATION AND ATMOSPHERICS DOMINATE
UNCERTAINTY (% REFLECTANCE)
’ BLUE GREEN RED NIR
T _WHATDRIVES [ (e, [ ) o | (Y

@ RADIOMETRIC CALIBRATION 3.0% 3.0% 3.0% 3.0%
RADIOMETRIC CALIBRATION e

: A - Relative Azimuth Angle ATMOSPHERIC MODEL / PROFILE

Sets the measurement

foundation across
all bands AEROSOL RETRIEVAL (AOD)

> l Interpolated Radiative
i 5
| Transfer Quantities

¢» Aerosol Optical Depth
‘ .\ N A & ATMOSPHERIC
I l l b ’ MODEL / PROFILE

@ Water Vapor a AN Atmosphere is the
Path Transmittance  Surface-Atmosphere 3 biggest source of
Radiance Coupling Terms : 4 g band-dependent

i - ~p uncertain
A Surface Elevation I l I ty

— e All other factors combined
<= contribute less uncertainty
Surface Reflectance e e thesn e
BEGEE] i

KEY TAKEAWAY: Radiometric Calibration and Atmospherics are the top drivers of uncertainty
in ACOMP surface reflectance—across all bands.
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WHAT IS THE BEST WAY TO SHOW

RADIOMETRIC PERFORMANCE?

Traditional metrics can hide the truth. Residuals vs. reflectance reveal it.

DATA @ TRADITIONAL METRICS
N @ 408 coincident pairs @ Mean % difference: 3.8%

d Underestimation at high reflect
@ Railroad Valley (RadCalNet) @ Gain: 0.964 ¥ Uncersstmatonatihigh reflestics

© 8/31/2014 - 3/24/2026 @ R:0.67

WHAT WE ACTUALLY SEE

& Overestimation at low reflectance

@ Zero-crossing ~0.32
& Behavior persists after filtering

00 “TANC
( 1. ALL DATA 2. FILTERED DATA 3. RESIDUALS vs. REFLECTANCE
Residuals vs Reflectance, Colored by Solar Elevation
Scan Direction Scan Direction (ONA<10°, DN 15-85%, Cook's D<2)
@ s @ ’
= WV02 Green Band ® Reverse 2 ® Reverse 70
8 035- 8 035- 15 4
9 @ Forward o ® Forward 65
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g o2 (3 g o02- § 5 50 §
c [ [} ®
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@ +# Big picture @ ...even r - )
Z 005 @ <L 2 005- sk =51 - bi . 40,0
s looks good... o filtering. @ Systematic bias
?‘?, " \ % 6 ” across reflectance. 35
£ 0 0.1 0.2 03 0.4 = 0 0.1 0.2 0.3 0.4 > : = - ’ AN 30
Sensor TOA Reflectance Sensor TOA Reflectance 0.26 0.28 0.30 0.32 0.34 0.36

RadCalNet Reflectance

KEY TAKEAWAY: Residuals vs. reflectance are essential to uncover systematic bias.

Don’t just look at the average—look at the behavior.
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Are Current Metrics Sufficient?

Mean bias depends on how the data are sampled

1. RESIDUAL VS REFLECTANCE (COLORED BY SOLAR ELEVATION)

WHAT WE DO TODAY with Reflectance Distribution Overlay

£l ® Low solar
m |
Single metrics -3 65 elevation
e o 1
(gain, mean bias, mean % diff) & 204 & e % i 60 (~25-35°)
— ! 3
g s E 55 § ~+4% bias
@ Assume uniform behavior o 107 a3 40 &
(] e i}
Collapse variability into one number o R 40 5 .
5 0- 3 _‘O’_ High solar
o 35 7™ elevation
WHAT THE DATA ACTUALLY SHOW & % (~55-70°)
-10
Bias depends on conditions 25 ~0% bias

+4% atlow solardiavation 022 024 026 028 030 032 034 036 038 \ 5

~0% at high solar elevation Reflectance (RadCalNet)

NG

Sampling drives the reported bias
Reflectance distribution centered near 30 . ci e D:s2
residual zero-crossing | < ° . . . §:. i'?, 0.020 _
Mean bias depends on reflectance distribution S 20 e ’ Sl A o el . 0.018 £
3 2! | 0.016 & ©
Not a detector issue 8 0014 3 | No strong
No strong dependence on DN t 0.012 E dependence
(within nominal linear range) g 0.010 § on DN
=7 = 0.008 /
Implication | ) ' ! , 0.006
We need diagnostics that capture structure— 1000 1200 1400 1600 1800 2000 2200 2400
not just a single average. L Normalized DN (by TDI)
{.}1 SINGLE METRICS MASK REAL RADIOMETRIC BEHAVIOR
(O:‘ Vantor © 2025 Vantor Holdings. All rights reserved. Any unauthorized use is

strictly prohibited. Vantor is a trademark of Vantor Holdings Inc.



WV02 Green: Stable Over a Decade

Stability assessed independently of RadCalNet

WV02 Stability Over [Libya-4] — Green Band
Yy ¥ v STABILITY (INDEPENDENT OF RadCalNet)

0.42
[ (@ No drift (2014-2026) ]

L 4 I CV ~ 2.7%
8 0.38 . T ll Variability relative to the signal
§ - - {~ - - -- - - . i o s o o o T 1 A =
3 I 1 I r I { : iI No temporal drift
& 0.34 : I& Over more than a decade

'- I (2014-2026)
0.32 =
0.30 ‘__’ Forward / Reverse agreement

2014 2016 2018 2020 2022 2024 2026 <0.3%

First Line Time
Each point: mean reflectance + 1o

BUT... @ HOW DO WE DEFINE PERFORMANCE?
Bias depends on conditions Is stability enough?

L]
: » |s a single bias number good enough?
View _\Of_ Solar Relative * Is agreement to S| enough?
angle 77~ angle reflectance * Do we need more numbers?
L]

Or do we need something more application-driven?

Two truths: The sensor is stable. | The sensor shows systematic bias that depends on conditions.
Stability is necessary—but not sufficient.




“How good is good enough?”

RE90 links calibration uncertainty to real-world product error

: How RE90 is computed 0 Why RES0?
\ What is RE90? . . T v Application-driven (what users care about)
\ { } RE90 = 90th percentile of application error Perturb B 1-::5?,:: ¢ inv;::: | v Data-driven and transparent
| B0 of arvoreare lsiow s vilin \ , Calibration Q Atmospheric l.ll Application ‘ v Robust (uses 90th percentile)
v Correction Products v Comparable across sensors (like CEQ0)
L J Il v 3 EnableipiasE( bﬁordeﬁrling/ fail decisions

Does calibration meet application requirements?

Example: WorldView Legion Performance

RE90 vs Tolerance (Empirical error bars)
LGO1 RVUS

Benchmark: Landsat 9 (Community Baseline)

RE90 vs Tolerance (Empirical error bars)
L9 RVUS
0.25,

'Empirical 95% bootstrap CI

'Empirical 95% bootstrap Cl
0.25{

0.20

Index | RES0 | Error Tol Status Index | RES0 | Error Tol Status

g NDVI | 0.014 | 0.001 0.05 PASS g NDVI | 0.029 | 0.008 0.05 PASS
§ GNDVI | 0.078 | 0.005 | 0.05 | FAIL § 0.15| GNDVI | 0.061 | 0.021 | 0.05 [BORDER
8 RENDVI| N/A /A 0.05 NiA 8 RENDVI| 0.029 | 0.004 0.05 PASS
E Evi | 0.014 | 0.001 | 010 | Ppass E EVi | 0.034 | 0.007 | 0.10 | Ppass
c c
= Gcl | 0211 | 0.014 | 020 |BORDER = 0.10] 6ol | 0147 | 0.047 | 020 | Pass
= ARVI | 0.028 | 0.005 0.05 PASS = ARVI | 0.057 | 0.013 0.05 |BORDER

0.05{

0.00

NDVI GNDVI RENDVI EVI

NDVI GNDVI RENDVI EVI

Spectral Index Spectral Index

RE90 answers: “Does calibration meet application needs?”

From calibration perturbation to real-world impact—measured against user requirements.

Ochoa, Tina. Absolute Radiometric Calibration Sensitivity Analysis of
Vantor’s Surface Reflectance Product, JACIE 2026, Reston, VA
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What Does ARD Compliance Require for Radiometric Quality?

A complete framework—from traceable calibration to application-driven performance

Radiometric Quality for ARD Requires: e Key Questions for the Community

\ How should we standardize
| - Ib radiometric performance
metrics?
TRACEABILITY UNCERTAINTY VALIDATION MONITORING DOCUMENTATION

Sl-linked, Quantified at Independent, Ongoing Transparent, Is RE9O (or similar
unbroken chain each step and Sl-traceable stability and complete, and application-driven metrics)
to physical propagated to references and performance accessible the right direction?
standards products Cross-sensor tracking ATBDs and

comparisons uncertainty
frameworks Include standardized

And critically— meaningful performance metrics. ki |p.real b
in addition to accuracy

Metrics must reflect real-world product performance that users care about.

metrics.

Apply CEOS ARD Establish a central
Surface Reflectance , location on the a 2
Self-Assessment ; CEOS ARD webpage Complete ATBDs, uncertainty
Evaluate conformance and for the documentation frameworks, validation results,
identify improvement areas. that are required. and performance metrics.

AIA ARD radiometric quality = Traceable + Quantified + Validated + Monitored + Application-relevant

Delivering trust, transparency, and impact for the users who rely on our data.

@ 2025 Vantor Holdings. All rights reserved. . .
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({O) Vantor

Advancing
Radiometric

Performance
for ARD

Thank you!

Multi-temporal comparison:
original imagery (top) vs
ACOMP surface reflectance (bottom)
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