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Abstract
/This work presents a set of recommendations that an entity interested in establishing a satellite altimetry Cal/Val site shall follow (1) To critically review the current methodology applied for
calibration and validation using ground-based measurements; (2) To define requirements and establish standards and provide recommendations and best practices for altimetry calibration such that
all measurements and results made are well-characterized and linked to other areas of science and technology through a world’s measurement system established and maintained under the
International System of Units and Metrology Standards; (3) To document procedures so that results are reliable in the long term, comparable world-wide to support an objective and unquestionable
monitoring of the Sea Level and Climate Change; and (4) To establish procedures and protocols for characterizing the uncertainty budget of all FRM instruments and derived results over the entire
duration of a satellite mission. The criteria to be used for the evaluation of candidate Cal/Val sites are presented. Working examples from the Permanent Facility for Altimeter Calibration in west
wrete, Greece are also given for absolute bias determination of satellite altimeters. /

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

Cal/Val results
traceable to SI and
Metrology standards.

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.

-Critically review current Cal/Val methodology;
-Identify each component to uncertainty ;
-Documented & unbroken chain of calibrations;

(light speed, time, etc.) -Connect uncertainty to SI-traceble measurements.
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3. Constituents influencing Cal/Val uncertainties
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TOP VIEW (without antennas)

4. FRMgALT Activities

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

(b) Time series of GVDS8 station for the ellipsoidal height at the Gavdos Cal/Val site
as derived by the relative (up) and precise point positioning (down) techniques.

(c) Zenith wet troposphere delays for the CDNo and CDN2 GNSS
stations on 12-July-2017. Sentinel-3A overpassed at 20:00:12 UTC.
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v' Example of Uncertainty Budget Estimation (GUM BIPM)

Instrument verification
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O Concluding Remarks D) e —— > 1 > >
> This Cal/Val facility follows procedures, protocols & delivers results which attain FRM status; = N 577 50
» Implements Transponder & Sea-Surface Ground infrastructure using Diverse Instrumentation, Settings & -

PI'OCGSSIHg, on ASCQHdlIlg & Descendlng orbits (DII'eCthHal EI’I’OI’S); 73 mm
» Reliability and confidence on satellite calibration results has been built up; (95%)

\_> Patterns and structures in transponder results understood; ) Acknowledgments:
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