International Standa‘rdization for Satellite Altimetry Calibration: Lessons from the past & roadmap to the future
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Abstract
Gltellite altimetry today provides exceptional means for absolute and undisputable monitoring of changes in sea level and inland waters (rivers and lakes), over regional to global scales, WQ
accuracies of [mm/yr] and with respect to the center of mass of the Earth. Altimetry also measures wind speed on sea surface, sea state, determines ocean circulation, bathymetry, but also monitors
melting rates of ice sheets in Arctic, Antarctica, and the Himalayas and observes the amounts of the sea ice and freeboard; All these with an accuracy less than 1 cm from an altitude of 800-1300 km
above the Earth’s surface. To continue doing that, altimetry system’s responses have to be continuously monitored and controlled for their quality, biases, errors, drifts, etc. Relations among
different missions have to be established on a common and reliable earth-center reference system, maintained for a long period of time (at least 20 years). At this stage, it is high time to (1) Build
upon commonly adopted procedures, protocols and uncertainty for Cal/Val, (2) Provide control and checks for monitoring altimeter degradation as fast as possible, (3) Connect one altimetry
mission with another, seamlessly and smoothly, (4) Adopt a stable framework for international and interdisciplinary cooperation, (5) Allow data integration between different scientific fields and
disciplines, (7) Ensure Cal/Val procedures, results are well documented and traceable to Sl units, (8) Provide transparent protocols and best practices for establishing new Cal/Val site and finally,
dissipate responsibility to end user to decide the extent of fit for his requirements.
This presentation generates a summary roadmap to be used by all satellite altimetry Cal/Val community to (1) support accuracy in scientific and monitoring data we produce and evaluate, (2)
provide accurate information presented to the public for understanding effects of sea level rise to their lives, and finally (3) to help make the right decisions, and put into action the right policies for
Qmate change. Ways to express uncertainty are given to meet the standard of Fiducial Reference Measurements but also provide Sl-traceable calibration results. /

1. What is Fiducial Reference Measurements for Altimetry 2. Why FRM for altimetry now?

Fiducial Reference Measurements
-Establish procedures for Cal/Val uncertainty budget,
-Results well-characterized and reliable in the long-term,
-Comparable through world’s measurement system;
-Impervious to instrument, setting, location, conditions, ...
-Standards, procedures, practices for FRM4ALT.

Measurement Uncertainty
-Critically review current Cal/Val methodology;
-ldentify each component to uncertainty ;
-Documented & unbroken chain of calibrations;
-Connect uncertainty to Sl-traceble measurements.

Cal/Val results
traceable to SI and

v Build up objective and reliable record for Earth observation;
v Traceable in the long term;

v Comparable world-wide;

v' Connected to undisputed reference and measurement systems.
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3. Constituents influencing Cal/Val uncertainties

Transponder
Internal Delay
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4. FRMA4ALT Activities

v' Absolute positioning results validation: (a) collocated GNSS receivers, (b) diverse processing strategies, and (c) atmospheric delays monitoring.
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Time series of the CDNO & CDN2 GNSS stations in ITRF2008. Both stations are continuously operating at the CDN1
transponder Cal/Val site, Crete, Greece.

v Example of Uncertainty Budget Estimation

v [International Standards Organization “Guide to the Expression of Uncertainty in Measurement]

Contributing Error Constituent
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Transponder Cal/Val Uncertainty Analysis Sea-Surface Cal/Val Uncertainty Analysis o Define error constituents, document all procedures and practical steps to be followed for all FRM Cal/Val

sites for describing and reporting uncertainty budgets for Cal/Val,
o Put into operation procedures & techniques for evaluating differences in instrumentation measurements and for
arriving at the “true” value of the parameter under investigation;
o Describe regular maintenance standards, following agreed protocols and characterization procedures
(i.e., 6 months tide gauges have to be sent to Lab for characterization, etc.);
Regulate the way of global distribution of Cal/Val sites on the globe;
Establish a procedure for consolidated approach to data formatting, archiving and distribution, and
Be prepared for future satellite altimetry Cal/Val, New sites are to be ready to accommodate new measuring
techniques (Ka-band, Ku-band, two-dimensional, wide-swath altimetry, etc.).

Cal/Val Box Plots for Jason-1, Jason-2, Jason-3 & Sentinel-3A
L L

L] p— ] IO — S R | R—— | IS I S — T

JASON-1 | | JASON-2| JASON-3 SENTINEL-3A

Lo

6+ | P I
| 1

i |

I
! 1 10,63 cm
| 1

o

+0.33 cmy

Bias [cm]

-1.23 cm

O

o

P18 SSH P109SSH P18 TRP P18 SSH P109SSH P18 TRP P14 SSH P335SSH P18 TRP

(s

Acknowledgments: : " ‘ | | : , . | . ‘ \\ \\

Part of*this'work has been produced with the financial assistance of the European Union. The views expressed &' k e S a

CENTRE NATIONAL
D'ETUDES SPATIALES

herein can in no way be takensto reflect the official opinion of the European Union and/or European Space Agency. ' o

25 YEARS OF PROGRESS IN RADAR ALTIMETRY SYMPOSIUM
24-29 September 2018 | Ponda Delgada Séao Miguel Island
Azores Archipelago, Portugal ‘

European Union
Programme

(opernicus @ EUMETSAT

European Space Agency




