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Overview

• Introduction
• General Data Analysis
• Constellation Analysis
• Conclusions / Things to Do
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Introduction: Altimetry over the Years

Reference Missions
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Introduction: Mission Overview

Instruments

Mission Key Facts
• Operational ocean altimetry to provide continuity 

of ocean topography measurements beyond 
Jason-3;

• Global sea surface height to an accuracy of
< 4 cm every 10 days, for determining ocean 
circulation, climate change and sea level rise;

• NASA, EUMETSAT, ESA  and NOAA partnership 
with CNES providing technical support;

• Operational mission as part of a two-satellite
European Copernicus/Sentinel program.

• Ku/C-Band Radar Altimeter (Next gen 
Poseidon: Thales);

• DORIS (Precise Orbit Determination 
System);

• GNSS Receiver (POD System);
• Advanced Microwave Radiometer –

Climate Quality (AMR-C);
• GNSS-Radio Occultation (GNSS-RO);
• Laser Retro-Reflector Array (LRA).

Mission Overview

4

• Launch Vehicle: NASA / SpaceX;
• Spacecraft Bus (Airbus: CryoSat Heritage);
• Mission life of 5½ years (goal of 7½ years);
• 1336 km Orbit, 66º Inclination.
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Introduction: High Level Mission Elements

5

RO product processing, 
US Payload Monitoring & 
Ops support, 
Product Dissemination & 
Archiving

NASA/JPL

NOAA 

CNES

EUMETSAT

European X/S-band Ground
Station Service, SSC, KirunaUS X/S-band Ground Station 

Service, NOAA, Fairbanks

Launch 
Service
SpaceX

US Users
PO.DAAC (Altimetry 

products)

Mission Operations & System Responsibility
Product Provision & Dissemination & Archive 
to European & WMO Users under  
Copernicus funding (EC)

Development and 
Operations Support, 
L2P/L3 and POD 
Services

US Elements:
- NASA, NASA/JPL
- NOAA 
European Elements:
- EUMETSAT, CNES, EC
- ESA

ESA/ESTEC            NASA/JPL
Satellite, EU Payloads, CPOD    US Payloads

ESA/ESOC
(LEOP, SatSim)

ALT NRT
RO NRT
to NWP ESA/ESRIN

Copernicus 
GNSS-based NRT POD 
Services
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EUMETSAT: System coordinator, development of ground 
segment, operations, Jason-CS A/B satellite co-funding.

ESA: development of Jason-CS A, procurement of Jason-CS B, 
LEOP, Satellite IOV, L1B/L2 Ground Processor Prototypes.

NASA: Development of US payload, launcher, US ground 
segment, support to operations.

NOAA: ground station, network, products dissemination.

EU/ Copernicus: funding of operations for both satellites and co-
funding of Jason-CS B.

CNES: expert support, performance, L2P/L3 and POD services.

Joint responsibility of the Partners on mission performances, Cal/Val, science support.

Introduction: Partnership Set-up
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Commissioning Phase (E1)

PDAP v3.1

Introduction: Overall Commissioning & Cal/Val Timeline

Reprocessing

NRT/STC LR
Dissemination

All Users

LEOP Calibration/Validation

LAUNCH IOCR
SatIOV
Checkpoint

NRT/STC LR
Verification
Workshop

NRT/STC Verification

NTC Verification

SatIOV

PDAP v3 PDAP fully operational

Dissemination 
of reprocessed
products

Routine Operations Phase (E2)

SysIOVR

Tandem-Phase 
JA3/S6A

JSGJSG

NRT/STC HR 
Dissemination 
All Users 

LEOP
Hand-over

S6VT Meeting

Mission Key Point

Potential 
PDAP/PDP 
Updates

General 
Dissemination 

MPWG Review Point

NTC
Verificatio

n 
Workshop

NRT/STC HR
Dissemination

to S6VT

NTC
Dissemination
All Users 

NRT/STC LR
Dissemination

to S6VT

NTC
Dissemination

to S6VT 

NRT/STC HR
Verification
Workshop

ROWG Review Point

GNSS-RO Preliminary 
Assessment GNSS-RO NRT 

Assessment with NWP 
contribution

GNSS-RO NRT  
Dissemination All 
Users (best case)

GNSS-RO NTC 
Assessment

Review Point #1

Review Point #2

Review Point #3,4
GNSS-RO NTC  
Dissemination All Users

Altimetry

GNSS-RO

Now
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Introduction: Sea Level Rise Time Series from 12 Satellites

Vorführender
Präsentationsnotizen
The time series are constructed by averaging sea level between 66ºS and 66ºN for each mission individually over periods of around 10 days. This period differs per mission, depending on the length of the repeat cycle. For example, for TOPEX and Jason it is 10 days (the repeat cycle); for ERS, Envisat and SARAL it is 8.75 days (a quarter of the repeat cycle); for Sentinel-3 it is 9 days; for CryoSat-2 it is approx. 10 days.

The time series are then aligned by estimating a single bias for each mission, making the differences between the time series the smallest. Meanwhile a common seasonal cycle and trend are fit, with the trend pegged to 0 on 1-1-2000. The seasonal cycle is removed. The time series of each mission are smoothed with a 4-month running mean. The effect of global isostatic adjustment (GIA) is taken into account, that is, this value constitutes the change in sea level measured relative to the sea bottom, or said differently, it measures volume change.
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Introduction: GNSS-RO Instrument

• GNSS-RO instrument provided by JPL (TriG)
• observing GPS and GLONASS in occultation (surface to 80km)
• observing GPS on zenith (POD) antenna
• two operational streams provided (JPL plans to provide NTC best effort too):

• JPL: Near-Real-Time (3h)
• L1B/L2 BUFR on GTS, L1B/L2 netCDF on archive

• EUMETSAT: Non-Time-Critical (<60d, typically 2-3 weeks)
• RINEX through sftp (NRT best effort service to CNES)
• L1B netCDF on archive (EUM)
• L2 netCDF on archive (ROM SAF)
• NavBits netCDF, LEO POD and Quaternions, RINEX on archive, available to all users
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Data Analysis: Setup

• Operational Processing setup
S4PE processing framework, Yaros reference processor and Bernese POD, integrated into Docker image, 
delivered to operational processing facility

• L0R Analysis
Level 0 data (launch - Aug ‘22) is reconstructed to L0R using JPL L0Decoder, L0R is analysed

• POD
DEV processing with NAPEOS/Bernese

• L1B Analysis
Offline processing using operational RO-NTC, comparing to ECMWF 12h fcts
Matches over 300km/3h
Monitoring of operational L1B products
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General Data Analysis: L0R Data (1/3)

• total of ~ 600.000 occultations at level 0
• average number of occs/day: 942*

• GPS occs/day: 580* (31 sats, Perc. Occs/GNSS:  61.6% / 57.1%)
• GLO occs/day: 361* (24 sats, Perc. Occs/GNSS:  38.2% / 42.9%)

• total setting / rising: 53.0% / 47.0% *

• GPS setting / rising: 52.3% / 47.7%
• GLO setting / rising: 54.1% / 45.9%

• average number of gaps/day: 0.14*

• Percentage of data lost due to gaps:  1.6%*

*Note: improves over time, as early instrument commissioning, Cal/Val tasks are all included
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General Data Analysis : L0R Data (2/3)

Daily number of S6A occultations since start of mission, derived from level 0 reconstructed. The impact of the on-board s/w update early 
June ‘21 leads to an increase of observed occultation. 
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General Data Analysis : L0R Data (3/3)

Daily ratio of setting vs. rising occultation of S6A since start of mission, derived from level 0 reconstructed. The impact of the on-board s/w 
update early May ‘22 leads to an improved ratio of GLONASS. 
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General Data Analysis: POD

3D RMS of different POD solutions, generally using GNSS-POD RINEX, against DLR 
reference solution for data up to Feb 2021. EUMN / EUMB are using GNSS-RO RINEX 
data, running NAPEOS / Bernese.   
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General Data Analysis: L1B NTC Analysis (1)

Upper left: S6A robust bias, standard deviation against 
ECMWF forecasts for different latitude bands, includes 
RMS requirement; upper right: … for setting/rising; lower 
left/right: examples of recent operational GRAS-B NRT 
data (low altitude differences will be resolved in next S6 
update) 
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300km/3h matches of S6A NTC data vs GRAS-[BC], COSMIC-2, FY3D, GRACE-[CD] over 1 week in August 2022. Left: 
Robust bias; Middle: standard deviation; Right: outlier statistics against the matched data set. RO-NTC vs COSMIC-2 FW 
matches only the ECMWF operational forecast data of both data sets, to estimate the sampling bias. 

General Data Analysis: L1B NTC Analysis (2)
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General Data Analysis: Monitoring at EUMETSAT

RO-NTC monitoring 
examples from EUMETSATs 
internal monitoring page. Top 
right:Setting and rising 
robust bias, standard 
deviation against ECMWF 
forecasts; Bottom right:
different latitude bands; Top 
left: time series of robust 
bias, standard deviation 
against ECMWF forecast, 
around 50km, for setting, 
rising, different latitude 
bands; Bottom left:
Timeliness of the RO-NTC 
L1B product.
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Constellation Analysis (1)

• Initial product requirements were based on fully deployed GPS and GLONASS 
constellation. 

• GLONASS has shown strong performance degradation over mission period:



www.eumetsat.int

EUM/RSP/VWG/22/1325228, v1, 13 September 2022 19

Constellation Analysis (2)

• Simulations show that product requirements of 770 profiles/day could be 
not be met for about 25% of the time if another GLONASS satellite is lost:
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Conclusion / Things to Do
• Conclusion:

• S6A NRT BUFR data available on GTS since 24 August 2021 (pending improvements)
• S6A NTC data available to users via archive since November 2021 (L1B, NavBits, LEO Orbit/Clock, LEO 

Quaternions, daily RINEX at EUMETSAT, ≥ L2 at ROM SAF)
• GNSS-RO instrument update in June ‘21 yielded higher daily occultation count, some issues remain:

• GLONASS constellation incomplete (constellation issue)
• instrument re-boots observed, reducing occultation counts (though nominal for TriG)

• Things to Do/Come:
• November ‘22: upgrade to v3.7 of the RO-NTC processor (e.g. lower altitude bias improvements)
• Reprocessing planned for Q1 2023 (of all EUMETSAT processed RO missions)
• Preparations to observe Galileo on-going (expected mid-2023)
• Further improvements on handling L2 tracking issues (including rarely L1)
• Further improvements to Precise Orbit Determination 
• Sentinel-6B preparations on-going

• Webpages for further Info:
• EUMETSAT website on Sentinel-6 RO-NTC data
• ROM SAF website

https://www.eumetsat.int/access-our-data
https://www.romsaf.org/product_archive.php
https://www.eumetsat.int/sentinel-6-radio-occultation-instrument
https://www.romsaf.org/product_archive.php
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