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EUMETSAT and CRISTAL

The EUropean Organisation for the 
Exploitation of METeorological 
SATellites is an intergovernmental 
organisation created through an 
international convention agreed by a 
current total of 30 European Member 
States.

The European Union has entrusted 
EUMETSAT the task to contribute to the 
CRISTAL development activities through 
the deployment of processing chains 
and facilities for extracting global ocean 
topography user level data. 
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CRISTAL Mission Objectives addressed by EUMETSAT

EUMETSAT is responsible to 
provide operational 

topography products over 
Open Ocean, coastal, into the 
leads and over some large 

lakes. 

SECONDARY OBJECTIVES

• To contribute to the observation of global ocean 
topography as a continuum up to the polar seas.

• To support applications related to coastal and inland 
waters. 

• To support applications related to snow cover and 
permafrost. 

PRIMARY OBJECTIVES

• To measure and monitor variability of Arctic and 
Southern Ocean sea-ice thickness and its snow 
depth.

• To measure and monitor the surface elevation and 
changes therein of glaciers, ice caps and the 
Antarctic and Greenland ice sheets. 
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EUMETSAT and the Copernicus Sentinel Expansion Mission 

• Understanding global and 
regional sea level trends

• forecasting storm surges, assessing 
coastal flood risks, and providing 
critical information to support 
emergency management

• Monitoring sea level rise, understanding 
ocean circulation, detecting changes in 
sea state and providing data for coastal 
and offshore management.

How will EUMETSAT CRISTAL 
products contribute to 
Copernicus Services

• Coupling ocean and atmosphere by 
integrating altimetry data with 
atmospheric models
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CRISTAL global Ocean Performance Requirements

Req ID CONTENT

MRD-420 The mission shall be capable of retrieving sea level anomaly at an along-track posting rate better 
than 10 km.

MRD-440 The mission shall be capable of retrieving absolute Dynamic topography (ADT) at an along-track 
posting rate better than 10 km.

MRD-460 The vertical precision in sea level anomaly retrieval from Ku band shall be 0.02 m at 1Hz.

MRD-480 The combined uncertainty of the fully corrected sea surface height, expressed as residual sum of 
squares (RSS), shall be less than 0.035 m at 1 Hz.

MRD-485 The contribution of the noncalibrated CRISTAL altimeter drift to the globally averaged sea level drift 
error shall be less than 1 mm/year.

MRD-495 The system shall maintain continuity and consistency in sea level estimates between ice covered and 
open ocean.

MRD-500 The uncertainty of 1-second along-track averages of 10-m wind speed over ocean surfaces shall be 
better than 1.5 m/s for winds in the range 3 to 20 m/s.

MRD-510 The uncertainty of 1-second averaged measurements of significant wave height in the range 0.5 to 8 m 
shall be less than 0.15 m plus 5% of the significant wave height.
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CRISTAL global Ocean Performance Requirements

Req ID CONTENT

MRD-420 The mission shall be capable of retrieving sea level anomaly at an along-track posting rate better 
than 10 km.

MRD-440 The mission shall be capable of retrieving absolute Dynamic topography (ADT) at an along-track 
posting rate better than 10 km.

MRD-460 The vertical precision in sea level anomaly retrieval from Ku band shall be 0.02 m at 1Hz.

MRD-480 The combined uncertainty of the fully corrected sea surface height, expressed as residual sum of 
squares (RSS), shall be less than 0.035 m at 1 Hz.

MRD-485 The contribution of the noncalibrated CRISTAL altimeter drift to the globally averaged sea level drift 
error shall be less than 1 mm/year.

MRD-495 The system shall maintain continuity and consistency in sea level estimates between ice covered and 
open ocean.

MRD-500 The uncertainty of 1-second along-track averages of 10-m wind speed over ocean surfaces shall be 
better than 1.5 m/s for winds in the range 3 to 20 m/s.

MRD-510 The uncertainty of 1-second averaged measurements of significant wave height in the range 0.5 to 8 m 
shall be less than 0.15 m plus 5% of the significant wave height.
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Defining day-1 Specifications - HARMONIZATION

• The COPernicus Altimetry Service at 
EUMETSAT (COPAS) is a Framework 
contract involving key players from the 
ocean altimetry community in the EU 

• Results from all studies are available at: 
https://www.eumetsat.int/copernicus-
altimetry-services-copas

CRISTAL

ESA/ESTEC 
Level-1 
Ground 

Processor 
Prototype

EUMETSAT 
Remote Sensing 

and Products 
Division team 

expertise 

(Based on S6/S3 
Specifications)

COPAS 
consortium 

CRISTAL 
study

CRISTAL day-1 
specifications 

for Global 
Ocean

CRISTAL DAY-1 DESIGN will inherit from:

- S6 data format and open ocean 
specifications +

- S3 polar ocean specifications under 
development.
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IRIS Acquisition Modes for EUMETSAT Products

OCEAN

• Ku band SAR – Closed Burst

• Ka band SAR – Closed Burst

• With Range Migration Correction (RMC) → as in S6

SSH INTO THE LEADS and over LARGE LAKES

• Ku band SAR-in Open Burst

• Ka band SAR Open Burst

• No RMC

COAST

• Mostly like open ocean, but for some polar regions a 
combination of the previous two and SAR-in Closed Burst.

- Ocean
- Land Ice
- Sea Ice
- Inland Water
- Calibration
- Glaciers

All IRIS modes will be operated over 
EUMETSAT regions of interest

EUMETSAT GS FOR DAY-1

SHALL BE ABLE TO PROCESS ALL 
DIFFERENT IRIS SCIENCE MODES UP 

TO LEVEL-2 ‘A LA OCEAN’
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CRISTAL Product Suit

Product Latency Format User Products

ALT Low Resolution

(LR)

NRT
BUFR L2_LR 

NetCDF L2_LR

STC NetCDF L1B_LR, L2_LR

NTC NetCDF L1B_LR, L2_LR

ALT High Resolution

(SAR CB – HR) 

(SARin OB - HRIO)

(SARin CB - HRIC)

NRT
BUFR L2_HR 

NetCDF L2_HR

STC NetCDF L1A_HR, L1A_HRIC, L1A_HRIO, L1B_HR, L2_HR 

NTC NetCDF L1A_HR, L1A_HRIC, L1A_HRIO, L1B_HR, L2_HR 

MW Radiometer

NRT NetCDF L2_MW

STC NetCDF L2_MW

NTC NetCDF L2_MW
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CRISTAL day – 1 Design for Global Ocean

LEVEL 1

Delay-Doppler Processing

Range Walk with CZT

Collocated Ku and Ka ~ 80Hz

Configurable zero padding

Complex E2E Range Calibration

Magic Window

LEVEL 2

GDR-G standards

80Hz, 20Hz and 1Hz posting rates. With 
collocated Ku-Ka.

LR (MLE4 and NR)

HR ( SAMOSA+ and NR)

Waveform classification as per CS2 + Neural 
network

MW radiometer + GPD+ (TBC)

Dual band iono + GPD+ “iono” (TBC)
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Science Challenges and day-2 Evolutions

Fully Focus 
and the advances it brings to the 

global ocean processing.

HR NR + 
To optimize HR NR for polar regions 

in the same spirit as SAMOSA+.

Sensitivity of Ka-band 
to sea surface 

roughness changes 
(when compared with the 

conventional Ku-band) related to 
wind speed and significant wave 

height.

Larger SST effect at 
Ka-band 

than at Ku-band, and how these 
quantify to the overall sea level 

analysis. 

Reduced sensitivity to 
ionospheric path 
delay in Ka-band 

compared to Ku-band when Ka-band 
more impacted by atmospheric 

perturbations (rain and clouds) than 
Ku-band. 

Differences in SSB 
dependence

 between Ku and Ka. 

SWELL Effects
Study of how different resolutions 
translate in the impact of swell or 

and vertical wave motion.

Regional polar tide 
models.

Rain flagging
Adaptation of existing models to 

Ku/Ka 

Advanced coastal 
processing 

including SARin capabilities 
(exploiting the AoA).
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2023 2027

Today

2023 2024 2025 2026 2027

CRISTAL SCIENCE DEVELOPMENT PLAN

CRISTAL SPECIFICATIONS

CRISTAL L1 TDS PREPARATION AND REFINEMENT OF SPECIFICATIONS

CRISTAL L2 TDS PREPARATION AND REFINEMENT OF SPECIFICATIONS 

CRISTAL KA - KU SCIENTIFIC STUDIES

CRISTAL Studies Roadmap
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Today

2024 2025 2026 2027 2028

Specification and Preliminary Design

Detailed Design

EUMETSAT CRISTAL Ground Segment Development Plan

Implementation & Integration

Verification

Operational Validation

Ground Segment Readiness
For CRISTAL

The EUMETSAT CRISTAL Ground Segment highlights;

• Ensures minimal latency and maximum completeness

• Products are generated in three timeliness; NRT, STC and NTC

• State-of-the-art orchestration framework enables scalable, resilient, and efficient data workflows

• L0, L1 and L2 algorithms adapted specifically to CRISTAL requirements for optimal performance

• Integrates and operates NASA Radiometer on ground data processing software (AMR-CR)

• Seamless integration with existing EUMETSAT modular infrastructure

• Timely dissemination of products to end users via various data access mechanisms

m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2162610?property=PGCE5437D590C04754BEE9A57B4DF061F0


copernicus.eumetsat.int

151

v1   

All links to COPAS studies of reference

• Magic Window https://www.eumetsat.int/media/52220
• LR NR https://www.eumetsat.int/media/52327
• HR NR https://www.eumetsat.int/media/52328
• CZT specifications https://www.eumetsat.int/media/52211
• Sentinel-6 specifications https://user.eumetsat.int/resources/user-guides/sentinel-6-altimetry-level-1-data-

guide#ID-Related-resources
• CRISTAL state-of-art https://www.eumetsat.int/media/52314

m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-2162610?property=PGCE5437D590C04754BEE9A57B4DF061F0
https://www.eumetsat.int/media/52220
https://www.eumetsat.int/media/52327
https://www.eumetsat.int/media/52328
https://www.eumetsat.int/media/52211
https://user.eumetsat.int/resources/user-guides/sentinel-6-altimetry-level-1-data-guide#ID-Related-resources
https://user.eumetsat.int/resources/user-guides/sentinel-6-altimetry-level-1-data-guide#ID-Related-resources
https://www.eumetsat.int/media/52314


copernicus.eumetsat.int

161

v1   

Thank you ! 
For further questions please contact 
cristal_rsp@eumetsat.int
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