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CRISTAL – Copernicus’ operational altimetry for the Cryosphere

• Continuous coverage up to 88° latitude

• Builds on the heritage of CryoSat-2, 

improving it further 

Year-round monitoring of Sea Ice 

Thickness (from which volume is 

then computed) has been recently 

demonstrated with CryoSat-2

Landy et al, Nature, 2022

Primary objectives: sea ice, icebergs, land ice, glaciers

Additional objectives: oceans and inland waters



Improving - over Sea Ice and Icebergs

Picture@Alfred-Wegener-Institut / Michael Gutsche (CC-BY 4.0)

High along-track resolution to 

resolve leads and smaller icebergs

→ SARin open burst (~10 m res.)

Resolve leads in the across-track 

dimension (more measurements! and

allows estimation of iceberg volume) 

→ Interferometric mode (in Ku)

Snow layer over sea ice is a large 

contributor to uncertainty in 

thickness and volume estimates

→ Add Ka-band to 

estimate snow depth



Improving - over land ice

Need to follow complex topography 

(ice margins) and seasonal variations

→ SARin closed burst with 

long range window (256 m)

→ Flexible tracking (closed 

loop or open loop)

Need to retrieve slopes

→ Interferometric mode (in Ku)

Credits: NASA Operation IceBridge



Bonus: oceans and hydrology

Credits: Ricky Esquivel Credits: Kopi Hitam Mantap

Contribute to oceanography, 

all the way to the poles

→ Global ocean acquisitions 

SAR Closed Burst 
    (SARin OB or CB in polar oceans)

→ Add a Microwave Radiometer 

(AMR-CR by NASA/JPL), also

good for coastal altimetry

Contribute to global hydrology

→ Global hydrological mask 

SAR Closed Burst 

…and finally we maximise pulse bandwidth (500 MHz) in both Ka and Ku, 

which improves range resolution (helps for all modes and surfaces!)
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CRISTAL modes: a recap
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CRISTAL Mission – Key products & performance

Applications / 

Geophysical Products

Requirement/Goal

Measurement Uncertainty 
Compliance status from Instrument Simulations at CDR

Sea ice freeboard 
< 3 cm (goal < 2 cm) 
over segments ≤ 25 km in winter

[MRD-280]

1.0 to 1.3 cm → < 2 cm uncertainty goal C

Sea ice thickness
< 25 cm (goal < 15 cm)
over segments ≤ 25 km in winter

[MRD-330]

6.4 to 9.8 cm → < 15 cm uncertainty goal C

Snow depth on sea ice
< 5 cm goal
over segments ≤ 25 km in winter

[MRD-380]

4.22 to 4.89 cm → < 5 cm uncertainty goal C

Land ice/glacier elevation

< 2 m for slopes 0.2° to 1.5°

< 0.5 m for slopes < 0.2°
values for 20 Hz

[MRD-150], [MRD-370]

0.169 to 0.865 m for slopes 0.2° to 5 ° → < 2 m uncertainty req.

0.067 to 0.322 m for slopes < 0.2°       → < 0.5 m uncertainty req.
C

Iceberg detection Horizontal resolution ≤ 25 m
[MRD-530]

Detection of icebergs with horizontal resolution down to 10m         

→ ≤ 25 m req.
C

Ocean L2 products 

Sea Surface Height (SSH) 

Significant Wave Height (SWH)

SSH uncertainty < 3.5 cm for 2m SWH at 

1-Hz  NTC
[MRD-480]

SWH uncertainty < 15 cm + 5% SWH 
at 1-Hz  NTC
[MRD-510]

1.04 to 1.14 cm for SSH uncertainty → < 3.5 cm uncertainty req. 

10.07 to 11.65 cm for SWH uncertainty → < 15 cm+5%SWH  

uncertainty req. 

C

…plus inland waters (rivers and lakes) – see keynote on lake ice thickness by A. Mangilli et al. this afternoon

Talk by A. Garcia-Mondejar Tue am

Talk by M. Guibbaud Tue am

Talk by J. Powell Wed am

Talk by D. Llaveria Thu am
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CRISTAL Status

Satellite

• CRISTAL-A (PFM) on track for launch from Q4 2027

• Flight production of all instrument hardware 

completed, except CEU’s & SSPA’s

• Satellite integration fairly advanced, platform 

functional testing and system tests ongoing

• Satellite coming to ESTEC in Nov ’26 for 

environmental testing

• Final delivery of altimeter expected in Jan ‘27

Ku/Ka SAR 

altimeter (Ku 

interferometric)

Multi-frequency radiometer with 

high-res capabilities

CRISTAL-A (backgnd) 

and -B (foreground) 

during integration

Credits @Airbus  

Launcher

• CRISTAL confirmed as substitution for Sentinel-1D on Vega C

• Launcher preparation activities in full swing with Avio

• Current launch window 1st Oct 2027 – 30th September 2028

Credits @Airbus @NASA @ESA 
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CRISTAL ESA thematic data products

L1a

L1b

L2

L1b
L1b

L2
L2
L2

Sea ice Iceberg Land ice
Inland 

water

Low 

Resolution

Delay/

Doppler

Fully-Focused 

SAR

Level-1a products: time-ordered unpacked Level-0 packets, 

geolocated and converted to SI units.

Level-1b products: fully calibrated, geo-located containing 

averaged/multi-looked waveforms (power, coherence and phase 

difference)

Level-1 

processing

Level-2 

processing

Level-2 products: measurement data are converted into 

geophysical quantities, and combined with auxiliary input data to 

yield geophysical parameters

Copernicus 
services

Partners

End users

NRT, NTC NRT, NTC STCNTC

NRT: 6h (3h goal)

STC for inland: 48h 

NTC: 40d (30d goal)

Global Ocean products under 

EUMETSAT responsibility (see later)

Year-round
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CLEV2ER

CRISTAL ESA Level-2 preparatory activities

CRISTAL LEVel-2 procEssor 

prototype and R&D
Cooperation with 
NASA/EUM

Building on S-3 & CryoSat-2 

Science Studies & Campaigns

+
+
+

IN-PROVA

IN-flight Level-2 PROduct 

Validation plan
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L0L0

L1A

CRISTAL EUMETSAT Global Ocean Data Products

L0

L1B

L2

Global Ocean

Low 

Resolution

High 

Resolution

Level-1A products (HR/HRIO/HRIC): time-ordered unpacked 

Level-0 packets, geolocated and converted to SI units

Level-1B products (HR/LR): fully calibrated, geo-located 

containing averaged/multi-looked waveforms (power/phase/coherence)

Level-1 

Processing

Level-2 

processing

NRT: 3h

STC: 48h 

NTC: 60d 

Low 

Resolution

High 

Resolution

Level-0 products time-ordered unpacked Level-0 packets

netCDF/SAFE plus 

BUFR format for L2 NRT

Open OCEAN
• SAR Closed Burst 

Polar Oceans
• SAR-in Open Burst 
• SAR-in Closed Burst 

Coastal Zones and Large Lakes
• Mostly in SAR Closed-Burst, but also in  SARIN mode 
Closed Burst/Open Burst

Copernicus services
Partners
End users

EUMETSAT is responsible to generate altimetry products over global ocean including coastal  zone, large lakes and polar ocean 
as mission secondary objective

m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG7957932C1D8B422FA7838BCB926F04D5
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGCE5437D590C04754BEE9A57B4DF061F0
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG65D186EDD28144499B14845D49B5D4CB
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG287DD6AA5F5449A297586565E64CBBF3
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGF96F14DEC652464883AF30934E62410D
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Defining Day-1 Specifications - HARMONIZATION and COMPLEMENTARY

EUMETSAT/ RSP   
Expertise 

(S3 /S6 )

CRISTAL day - 1 
specifications 

for Global 
Ocean

COPAS  
consortium for 

CRISTAL 
studies

CRISTAL 
Level - 1 

SIRS/GPP

CRISTAL DAY - 1 DESIGN DRIVERS: 

- S6  open ocean specifications ( G01) +
- S3  polar ocean specifications (now in 
operations with G62) +
- CNES ALTIKA/SARAL ADF Heritage (Ka Band)
- Ocean products in G standards from Day- 1
- Product Format aligned as much as possible to S6
- Continuity between open ocean and polar ocean

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

Once product specifications are finalized, they will be 

published on the EUMETSAT User Portal webpage

CNES 
ALTIKA ADF 

Heritage

Granted by a CNES Letter 
for EUMETSAT authorizing 
the reuse in CRISTAL of 
ALTIKA ADF

Talk by B. Lucas, Thu am

m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG7957932C1D8B422FA7838BCB926F04D5
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGCE5437D590C04754BEE9A57B4DF061F0
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG65D186EDD28144499B14845D49B5D4CB
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG287DD6AA5F5449A297586565E64CBBF3
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGF96F14DEC652464883AF30934E62410D
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://nikal.eventsair.com/9th-sentinel-3-validation-team-meeting/
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
https://www.eumetsat.int/copernicus-altimetry-services-copas
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CRISTAL EUMETSAT ACTIVITIES STATUS

❑ Final Product Generation and Format Specifications over global ocean delivered by COPAS 
consortium 

❑ Generation of Test Datasets on going to support pre-launch verification and validation 
activities

❑ Refinement of specifications for Day-1 in Q1/Q2 2027

❑ Day-2 R&D studies in 2027

❑ A consolidated Cal Val Plan version expected by Q3/Q4 2026  

❑ Procurement of CRISTAL Operational PGF: contract KOM planned Q3 2026

❑ EUMETSAT targets to make the CRISTAL Ground Segment ready in Q4 2027

❑ EUMETSAT is moving CRISTAL toward a multi-mission approach (for processing and 
Cal/Val) that we are developing for all the altimetry missions under EUMETSAT responsibility

EUMETSAT CRISTAL 
user portal

m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG7957932C1D8B422FA7838BCB926F04D5
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGCE5437D590C04754BEE9A57B4DF061F0
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG65D186EDD28144499B14845D49B5D4CB
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PG287DD6AA5F5449A297586565E64CBBF3
m-files://show/7235DDED-B8A6-4E3A-A71E-E576E92F5EE1/0-168837?property=PGF96F14DEC652464883AF30934E62410D
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CRISTALair: a new airborne science facility

Highlights

• Interferometry in Ku- and Ka-band

• 1 GHz bandwidth (sampling of full bandwidth)

• Large range window 

• Altitude range: 800 m – 4000 m (AGL) 

Consortium  (ESA Technical Officer: Valeria Gracheva)

The Dual Frequency Airborne Radar Altimeter Demonstrator for CRISTAL

Objectives

• Provide data for L2 processing validation/analysis/fine-tuning

• Demonstration/validation of algorithms in Ka-band 
• Provision of validation data for Cal/Val analysis during the 

CRISTAL commissioning and operational phases

: Prime, L1 processor, corner reflectors 

: CRISTALair radar altimeter 

: Functional flight campaign, laser 

scanner, camera 

Laser Scanner

Stabilized 

platform

Ka-band 

antennas
Ku-band 

antennas

Camera

IMU

CRISTALair 

case 

CRISTALair had its first tests in 2025 and has 

been used in the CEMSIE campaign in Apr 2026 – 

full commissioning is nearing completion.
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CRISTALair over icebergs

Fully Focussed Data:

Work by Thomas Götz, ESA/TUMunich

See the CRISTALair posters!
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CRISTAL Mission Advisory Group (MAG) for Phase D/E1

Mission Scientist / MAG Executive Officer: Paolo Cipollini 

Campaigns Scientist: Tânia Casal

Project Manager: Kristof Gantois

Payload Manager: Franck Borde

Mission Manager: Jérôme Bouffard

ESA CRISTAL Support:  Matteo Alparone, Filomena 

Catapano, Olivier Colin, Alessandro Di Bella, Ivan Di Lodovico, 

Alejandro Egido, Marco Fornari, Thomas Götz, Valeria 

Gracheva, Michael Kern (former Mission Scientist), Iryna 

Khlystova, Günther March, Maria Pilar Milagro-Perez, Riccardo 

Miniscalco, Montserrat Pinol-Sole, Marco Restano, Michele 

Scagliola, Amy Swiggs, Anna Maria Trofaier, Martin Wearing, 

Carlo Zelli

Former MAG Members: Amandine Guillot, Malcolm McMillan, 

Andrew Shepherd, Henriette Skourup, Parag Vaze 

(NASA/JPL),  Bert Wouters, Hao Zuo, Erik Andersson (EC), 

Jean-Christophe Gros (EC), Fabienne Jacq (EC)

Luisa von Albedyll AWI Bremerhaven, DE

Ole Andersen  DTU Space, DK

Sara Fleury     LEGOS, Toulouse, FR

Daniela Flocco Univ. Federico II, Naples, IT

Angelika Humbert     AWI Bremerhaven, DE

Robbie Mallett  UIT Tromso, NO 

Eero Rinne     UNIS Svalbard, NO

Kirk Scanlan  DTU Space, DK

Rosie Willatt  UCL London, UK 

John Yackel     University of Calgary, CA

Michael Zemp University of Zurich, CH

Maria Berdahl EU Commission

Shannon Brown  NASA/JPL, Pasadena, US

Alessandra Cacciari EU Commission

Salvatore Dinardo  EUMETSAT, Darmstadt, DE

Sinead Farrell  Univ. Maryland,, US 

Severine Fournier  NASA/JPL, Pasadena, US

Sahra Kacimi  NASA/JPL, Pasadena, US

Cristina Martin-Puig     EUMETSAT, Darmstadt, DE

Antonio Reppucci  MOI for CMEMS, Toulouse, FR

Steffen Tietsche  ECMWF Bonn, DE

Rachel Tilling  NASA GSFC, US
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CRISTAL Science and Applications Workshop

cristal2027.esa.int

11-14 May 2027

Oxfordshire, UK
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CRISTAL, a state-of-the-art dual-band altimeter

For cryospheric science, but also oceanography and hydrology!

Operational mission for Copernicus → sustained (~20 y) high-quality observations 

in support of services

….also enabling lots of new research!

CRISTAL video

credits: Airbus

CRISTAL-A launch window 

opens in Q4 2027 
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