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• The unique nature of our Earth 
Observation Evidence Base

• Exploring the Earth – the challenge 
of individual measurements vs the 
bigger global picture

• We are ‘in for the long-term’ –
Copernicus measurements

• New measurements and new 
techniques - Earth Explorer Science 
Missions

• Amazingly - we can’t cover 
everything today…

Overview

(EE10 Harmony Team)
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15 in operation
40 under development

13 under preparation 
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Sentinel-1
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#icebergs close to #EkstroemIceShelf. The 57 km long #D28
broke off of #AmeryIceShelf in September 2019 and hit the 
#BaudouinIceShelf in June 2021, creating icebergs #D30B, #D29B
and #D29C. 

Ice Charts

Antarctic_Ice_Sheet_cci+ project will continue the generation of GLL 
from recent Sentinel-1A/B acquisitions on selected key glaciers and 
thus extending the temporal extension of GLL datasets.

https://twitter.com/hashtag/icebergs?src=hashtag_click
https://twitter.com/hashtag/EkstroemIceShelf?src=hashtag_click
https://twitter.com/hashtag/D28?src=hashtag_click
https://twitter.com/hashtag/AmeryIceShelf?src=hashtag_click
https://twitter.com/hashtag/BaudouinIceShelf?src=hashtag_click
https://twitter.com/hashtag/D30B?src=hashtag_click
https://twitter.com/hashtag/D29B?src=hashtag_click
https://twitter.com/hashtag/D29C?src=hashtag_click


9

ROSE-L Mission Background and Justification
• Copernicus Expansion mission

• Responds directly and traceably to Copernicus user needs
• Provides new information not yet available through current Sentinel missions (Gaps)
• Provides enhanced information in combination with current Sentinel missions (Enhanced continuity)

• Same orbit and acquisition geometry as Sentinel-1 (IWS) providing an operational dual-frequency system of 
satellites and enhanced information products

• Two ROSE-L satellites : PFM & FM2 + options currently under Phase B2+ study 

Time

Enhanced Continuity with S1-NG filling of information gaps
Enhanced Continuity with ROSE-L

ROSE-L NG

Sentinel-1

Sentinel-1 NG

ROSE-L

2028Today

Phase B2

Phase A
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ROSE-L Mission Requirement

Europe: 3-day revisit

12-day Coverage Mask

• High-resolution e.g. < 50m2 for enhanced continuity
• Swath width > 260 km for co-location with Sentinel-1 Interferometric Wide mode
• Revisit: 6 days Global, 3 days Europe and 1 day Arctic
• 6-day Repeat Pass Interferometry (with 2 satellites) to monitor surface deformation and motion
• Polarisation diversity to maximise information content and robustness of information extraction 

(dual and full polarimetry)
• Low Noise Equivalent Sigma Zero (< -28 dB) 
• Stringent data latency requirements: 10min over Europe, 200min Global
• AIS-onboard to support Maritime Monitoring
• Wave-mode to operate over oceans and open seas 

• Enhanced high-resolution sea ice 
information

• Snow Water Equivalent through 
InSAR

• Improved Maritime Monitoring 
(Iceberg, Oil Spills and Vessel 
Detection and Mapping)

Cryosphere

Maritime 
Monitoring

Sea Ice Mapping Iceberg Detection
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ROSE-L
L-Band (1.27 GHz)

Revisit
• 6 days Global
• 3 days Europe
• 1 day (Pan)Arctic

Resolution < 50 m2

Swath (DP) 260 km

Dual-Pol (DP) and 
Quad-Pol (QP)

Launch: 2028

Sentinel 1 
NG

C-Band (5.4 GHz)

Revisit
• 3 days Global
• 0.5 day Arctic

Resolution < 25 m2

Swath > 400 km

Dual-Pol and Quad-
Pol

Launch: > 2032

ROSE-L and Sentinel-1 NG - Synergy

C- and L-Band combined acquisitions enhance the sensitivity 
to the geophysical parameters of interest (e.g. different 
penetration in vegetation, snow and ice)
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Sentinel-2
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Melt ponds visible on satellite (blue shading) across much of the landfast
sea ice along Siberia above the Lena River Delta (Sentinel-2 6th June)
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S2 and S2-NG

Sentinel-2 Next Generation
- future European wide(er)-swath,

moderately to high-resolution, multi-
spectral imaging mission

- high radiometric accuracy
- high revisit frequency (maximising the

number of cloud free acquisitions)
- focus on land and coastal areas

• Continuity with the current S2 generation

• Towards long-term availability of consistent 
high spatial resolution products

• Enhancement of land (e.g. land-use  / land-
cover, LAI) and water products (e.g. water 
color, pigments)
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S3A: 2016-

S3B: 2018-

S3C: 2023 (TBC)

S3D: 2024+(2028?)
Copernicus Sentinel-3 First Generation
20 years of consistent Operational 
measurements  
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Sentinel-3 SRAL: Sea Ice freeboard and Ice sheet elevation 
change
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S3A+S3B+S6 sampling today

S3A+S3B+J3(S6) after 10 days

S3A+B after 27 days

S3A+B after 5-days

100 km

https://odl.bzh/VFpQoP-a

Primary User Need: Better sampling and coverage 
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S3NG-T Mission Aim and Objectives
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For S3NG-T we have three basic hybrid Constellation scenarios to be down-selected in July 2022:
Scenario-1: Replacement of Sentinel-3C and Sentinel-3D using a constellation of 2-n nadir-pointing altimeters.

Constellation (10-12) of mini-satellites with Ka-band altimeter and integrated radiometer (AlTiKA heritage)
Excellent Agile and scalable mini satellite constellation option with hybrid cross calibration with S6NG

Scenario-2: Implementation of 2..n swath altimeter including a nadir altimeter
Phase-0/ESA SAOO design with different combinations of payload complement (The Nadir Altimeter is considered 

essential for accurate phase unwrapping and long-wavelength stability + continuity of Hs) (No heritage: SWOT to 
demonstrate)

Includes hybrid cross calibration with S6NG
Scenario-3: Hybrid approach. 

Combinations of different approaches could be used to meet S3NG-T requirements. A staggered development could 
be adopted. 

Allows all of the lessons learned from NASA/CNES SWOT in orbit results to be pulled through into an optimised 
European swath altimeter design - this could then be launched at an appropriate time. 

Such an approach offers at flexible risk-reduction solution to meet Copernicus User Needs. 
Includes elements of Variant A mini satellite constellation and hybrid cross calibration with S6NG

Where are we today? What does it look like in terms of satellite Constellations?

S3NG-T Constellation Concepts ESA Phase A/B1 System Study.
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(fig. K
. R

aney)

Constellation of 2-3
swath altimeter satellites 

Constellation of 2-12 small 
nadir pointing satellites 

ß New Technologies with great potential 
ß18km ka-band (SAOO) for ocean 
surfaces (higher native posting)
ßKu-band Nadir altimeter required at 
centre of swath for Hs and long 
wavelength roll error.
ßEnhanced hydrology and ocean height 
gradient measurement
ßWhen Hs >5m performance in (SSH) 
and Hs is challenged
ß First demonstration in space US SWOT 
Mission

ß Resolution ~0.3km along 
track x 2..n[10-12] tracks.

Ka-band FF-SAR meets all 
Sentinel-3 continuity 
performance requirements for 
all variables  over ocean, 
hydrology, sea ice and 
land ice.

Provides significant enhanced 
performance using Ka-band 
(Heritage: AltiKa,CS2/S3/S6 
SAR)

Constellation of 10-12 nadir 
fully performing altimeters 
provides unprecedented 
sampling in both space and 
time – Agile and can be 
reconfigured in flight 
responding to user needs

Scalable, and well 
understood with long in-
flight heritage 

Inter-constellation calibration 
achieved using heritage 

S3NG-T Basic Concepts ESA Phase A/B1 System Study

NASA/CNES SWOT R&D 
mission will be the first 
demonstration in 2023+

ESA EE10 Harmony &EE12 
SeaStar mission concepts) 
also relevant 

3x18 km cells 
shown for 

comparison 
to nadir 

constellation

(fig. P. D
ekker)

120 km



21

Variant A: 12 small satellite heritage nadir altimeters (1/2 day increment)  
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Wave Directional Spectrum from Nadir Altimetry

Variant A *with no extra technical development* will 
bring unprecedented coverage of the ocean directional 
swell spectrum directly supporting CMEMS coupled 
ocean-atmosphere models and marine applications

Sentinel-6 Nadir Altimeter 2D Wave 
Spectrum compared to Harvest Buoy

Rania Altiparmaki <O.Altiparmaki@tudelft.nl>

mailto:O.Altiparmaki@tudelft.nl
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Variant B: 2  swath altimeters (1/2 day increment)  
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The analysis is “brute force” 
and reports seasonal 
averages for a latitude 
band. This obscures the 
dominant regional impacts 
(in particular storm tracks in 
both hemispheres in winter) 
where the impact will be 
greatest that can be 
identified in the Pe(Hs) 
maps.

The Hs climatology is from 
WaveWatch III (Produced by 
F. Ardhuin, LOPS) and does 
not consider the impact of 
future changes in Hs due to 
climate change.

All Hs 
considered

Exceedance 
probability of Hs=5m  

considered

WaveWatch 3 
Climatology (F. 
Ardhuin, LOPS)

Potential coverage impact of Hs>5m taking InSAR swath altimeter SSH performance
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S3NG-T Calibration and Homogenisation
• Calibration à How to calibrate a constellation?
• Homogeneity à how to ensure a consistent measurement across 

the constellation?
• Variant A, B and C (Hybrid) ALL use Sentinel-6 as the CEOS 

Reference altimeter -- Well respected heritage approach followed 
using Jason1/Jason2/JAson3/Sentinel-6 +Sentinel-3/Cs2 etc

• In addition, in constellation, we make full use of all orbit crossovers 
within an hour to continuously monitor the constellation inter-
calibration with itself.

• Since satellites are in the same orbit, we can also exploit improved 
orbit dynamics information as all spacecraft are of the same design 
à better orbit determination.

• We fully exploit the Galileo Constellation that provides excellent 
performance in Real Time and NRT3H à Recent work 
demonstrates that Galileo provides performance that is 
unprecedented for satellite Altimetry
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20 deg effective swath
10 sat constellation

Reference mission calibration

Intercalibration

Variant A: Cross calibration (homogenisation) with Sentinel-6 Situation after 2 hours 20 mins
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Variant B: Cross calibration (homogenisation) with Sentinel-6 Situation after 2 hours 20 mins

Reference mission calibration

Intercalibration
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Variant B (swath) and Variant C (with Swath) require 
vicarious calibration

• The Interferometric measurement is extremely sensitive to Roll knowledge errors, new unproven 
approaches are needed.

• Extremely high performance roll attitude knowledge is required (~1 cm over 50 km = 0.04 
arcsec). To attain such performance,  extremely demanding technical solutions are 
required (not available today)

• If not corrected this will induce slope errors in the retrieved Sea Surface Height 
measurements. 

• Alternative use of vicarious calibration based on ocean surface crossover points which 
have not yet been demonstrated in flight for a swath altimeter 

• Thus, continuity of Sentinel-3 can only be guaranteed for measurements derived from a 
dedicated Ku-band nadir altimeter that is also part of the swath concept, augmented by Sentinel-
6 and CRISTAL altimeters. 
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CRISTAL directly addresses the EU Arctic Policy and Primary User Requirements expressed in 
Polar Expert Group reports
Responds to needs for continual altimetric monitoring of Arctic Region North of 81.5°N

Builds on the heritage of CryoSat-2 

First high-resolution operational Radar Altimeter mission for the cryosphere

CRISTAL Mission

The Arctic’s fragile environment is a direct 
and key indicator of climate change

Mass loss from Antarctic and Greenland ice 
sheets and glaciers is responsible for about 
half of the current sea level change. 

CRISTAL will provide (Primary mission objectives):

q high resolution sea ice thickness and snow depth measurements in polar regions  
q high resolution land ice elevation measurements of glaciers, ice caps and of the Antarctic and 

Greenland ice sheets
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CRISTAL Mission

Based on CryoSat-2 heritage but with significant improvements

Instrument suite improvements:
• Ku-band Interferometric Synthetic Aperture Radar Altimeter with Ka-Band channel 

for snow depth retrieval
• Addition of Passive Microwave Radiometer for

• wet troposphere correction (secondary mission objective)
• potential contribution to ice and snow classification (primary mission objective)

Performance & operation improvements:
• 36% improvement of Sea ice freeboard measurement resolution, by increasing 

bandwidth to 500MHz (CryoSat 320MHz)
• Improved interferometric measurements with 50% improvement on elevation error 
• Higher precision monitoring of icebergs, ice lead discrimination etc. with very 

high along-track resolution (up to 0.5m with fully-focused SAR processing)
• Tracking of glaciers with added Open Loop operational mode 




