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Copernicus SAR Context

Sentinel-1 A + B
C-Band Radar

Sentinel-2 A + B
High Res Optical

Sentinel-3 A + B
MR Optical + Altimeter

Sentinel-5P
Atm. Chemistry (LEO)

Sentinel-6 A
Altimeter

Sentinel-1 C + D 
C-Band Radar

Sentinel-2 C + D
High Res Optical

Sentinel-3 C + D
MR Optical + Altimeter

Sentinel-5 A
Atm. Chemistry (LEO)

Sentinel-4 A
Atm. Chemistry (GEO)

Sentinel-1 NG 
C-Band Radar

ROSE-L
L-Band Radar for Arctic and 
Crysphere Monitoring, Land and 
Emergency Mapping, Ground 
Motion, Soil Moisture

CO2M
Carbon Dioxide Monitoring

CRISTAL
Polar Ice & Snow Topography Altim.

CHIME
Hyperspectral Imaging

LSTM
Land Surface Temperature

CIMR
Imaging Microwave Radiometer
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Altimeter

CURRENT GENERATION 
SENTINELS

Sentinel-4 B
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Copernicus Timeline – Current and Future SAR Missions

Enhanced Continuity ensured by S1-NG

Gap Filling and Enhanced Continuity with ROSE-L

2014 2015 2016 2017 2018 2022 2023 2028 2032

Sentinel-1 Mission 
Routine Operations

Sentinel-1 B

Sentinel-1 A

Sentinel-1 C

Sentinel-1 D

ROSE-L

Sentinel-1 NG

Phase C

End Phase B1

Copernicus Expansion missions
• Provides new information not yet 

available (Gaps)
• Provides enhanced information in 

combination with current Sentinel 
missions (Enhanced continuity)
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ROSE-L Objectives and Services

CLMS

C3S

CMEMS

EMS

Security

Meteorology and 
Hydrology Services

National and Local 
Authorities

Presenter Notes
Presentation Notes
The ROSE-L objectives are here arranged by thematic area. The primary objectives are highlighted in bold. For such products, the ROSE-L introduces either unique information (mainly related to the deeper penetration of L-band with respect to C-Band due to the longer wavelength) or a strong added value from the synergy with Sentinel-1. 
Each area thematic is linked to the entities responsible for the associated ROSE-L based services. These include most notable the Copernicus services with their entrusted entities (such as the EMSA and Frontex for the Copernicus maritime surveillance services) but also two other important categories of data users and service providers such as the weather agencies/institutes and the national and local authorities.

Geohazard monitoring
L-band will substantially enhance the estimation of the ground motion in large scale (tectonics, volcanic) and small scale (landslide and urban) scenarios mainly thanks to its capability of provides stable long-term coherent information also in vegetated areas. These information are provided by the European Ground Motion Services (EU-GMS) that is part of the Copernicus Land Monitoring Service’s product portfolio. Its implementation has been entrusted to the European Environment Agency (EEA) and it is built on top of national motion monitoring services from several Copernicus Participating States (e.g. Germany, Italy, Norway, Spain, Denmark, France). In addition, L-band would: 
allow to map areas characterised by abrupt change in elevation (e.g. due to earthquakes) without ambiguities
would improve wavelength the delineation of floods in vegetated areas
ROSE-L will therefore benefit national and local authorities through Copernicus Emergency Management Service (EMS) providing additional geospatial information to assess the impact of natural and man-made disasters all over the world. By decreasing the delay between revisits and enhanced mapping of flood events ROSE-L will support the Rapid Mapping service component. 

Land Use, Agriculture and Forestry
Land cover, agriculture and forestry has been indicated as a priority area by the Commission in the Space Strategy for Europe. The major contribution of L-band with respect to C-Band is the higher sensitivity to biomass and forest structure. Both at European and Global level there is a strong requirement for new information products on forests not yet available through the existing Copernicus programme. The EU is at the frontline of work on combating deforestation and forest degradation, on supporting sustainable forest management and on quantifying forest spatial extent, carbon stocks dynamics (for GHG) at global level. A joint DG Clima and JRC “Roadmap for future Copernicus service Component for REDD+” note (2016) suggests the introduction of a new service component aimed at producing, in an automated way yearly forest maps at high resolution, with main land cover classes with forest/nonforest
discrimination capability and potentially including a few forest types. Biomass information represent also a fundamental input for climate modeling and hence for the Copernicus Climate Change Services. 

Soil Moisture
Earth observation of surface soil moisture (SSM) content is of tremendous scientific interest and practical value for the forecasting of meteorological and hydrological (extreme) events, flooding, irrigation and drought assessment or crop yield prediction. Measuring SSM with the both high accuracy and
resolution (spatial and temporal) is imperative to fulfil the needs of many applications. Copernicus services for Land, for Emergencies, for Climate Change and weather services (assimilation into Numerical Weather Prediction Models) have all ambitious requirements. For remote sensing instruments the effect of the vegetation above the soil is a main issue, especially for accuracy.
From this perspective L-Band SAR can effectively fill the gap between costly point-like in situ measurements and the large-scale radiometer provided information. Based on systematic coverage, frequent revisit and the longer L-band wavelength that penetrates through the vegetation canopy and goes deeper into the soil, the L-Band SAR mission will provide the ability to monitor soil moisture conditions below the vegetation canopy over most vegetated land cover types throughout the growing season.

Cryosphere and Arctic
Arctic as been indicated as a priority of the EU. Addressing information gaps and enhanced continuity requirements for the Arctic requires integration with existing Copernicus products and services of direct relevance to the Arctic and, more generally to Polar zones, such as those for:
• CMEMS (Copernicus Marine Environment Services) providing the physical state, variability and dynamics of the ocean and marine ecosystem. Main areas of CMEMS product application of key
importance for polar zones include marine safety, marine resources and coastal and marine environment.
• Existing Member States’ operational users agencies/organisations such as Ice Services from European Nordic countries for safe navigation and transport in sea-ice infested zones and Moeteorology/Hydrology agencies in charge of hydropower facilities for energy production
• C3S (Copernicus Climate Change Services) with focus has been put on ECVs specific to polar zones (C3S sea-ice, C3S glaciers and ice sheets), snow cover, permafrost, river runoff, lakes ..
It was found that L-band is better suited than C-band for the detection and characterization of sea ice, for the mapping of the land ice (ice sheets and glacier) velocities and delineation of grounding lines. 
Land cryosphere also include snow, and hence high resolution Snow Water Equivalent information expected in the CLMS portfolio, that has been recognized by PEG as a gap for current spaceborne sensors, and appointed as an urgent need.

Marine Monitoring
L-band is expected to augment and complement existing Marine services either through the provision of additional European radar imaging capacity and/or enhanced information for extreme events (e.g. hurricanes) due to the longer L-band wavelength. This supplementary information will be of interest for: 1) ocean surface winds, of particular value for maritime activities, coastal/harbour management and for Numerical Weather Prediction models; 2) swell spectral properties that are already a regular and operational Copernicus product provided via the Copernicus Marine Environment.

Maritime Monitoring
Following the analysis and recommendations as presented by the “Copernicus Next Generation Security User Requirements Document”, the L-Band SAR mission will respond to the following needs:
Continuity with respect to existing Maritime Surveillance Services for oil spill detection;
Enhanced Continuity for iceberg detection by expected better detection performances for icebergs blocked in sea ice
Gap Filling for vessel detection, as current Maritime Surveillance services, rely on contributing missions.
The monitoring of maritime activities using SAR sensors is used operationally by a wide range of EU and national governmental bodies (see for example EMSA's CleanSeaNet service for oil spill monitoring and EMSA's Copernicus Maritime Security service for Frontex, EFCA, MRCC's, Navies, FMC’s, etc.) as well as private users (e.g. Oil & Gas companies, commercial fishing companies) in order to address various maritime applications. For each of them, the unique capacity of SAR systems to produce high resolution, large swath, day and night, through the clouds observation, allows to ensure responsive monitoring of large maritime areas, on which the location of an event of interest may change very quickly.

Background images:
Geohazards: Sentinel-1 PSI data in the area of Bremerhaven superimposed with the border of Marsh and Geest Soils
Land use and forestry: UAVSAR L-Band image from the AfriSAR campaign
Soil Moisture: Close-up of soil moisture retrieved map using L-band F-SAR data at the TERENO Eifel observatory (DLR)
Cryosphere: Double differencing interferogram of the grounding zone of Ryder Glacier, N-Greenland, derived from Sentinel-1 SAR images
Marine: Wind speed derived from Sentinel-1 data over the Typhoon Megi, processed as part of the ESA/SEOM 4 Science/Ocean Study project
Maritime: Iceberg A-68A in the South Atlantic Ocean (Sentinel-1A)
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Geohazards Monitoring – Ground Motion
ALOS-2 
(L-band)

Sentinel-1 
(C-band)

Post-disaster annual mean LoS deformation rate of Sunkoshi landslide measured by (a) ALOS-2 data during period I (2014-2017) and 
(b) Sentinel-1 data during period I (2017-2019, with 10 months overlap with period I). 
From Ao et al., 2020, Characterizing the evolution life cycle of the Sunkoshi landslide in Nepal with multi-source SAR data, Nature, 
Scientific Reports

• Improved coverage and availability of 
motion information in vegetated and 
snow covered areas, compared to C-band, 
mainly due the capability of sensing the 
ground

• Enhanced robustness to phase 
unwrapping in fast deformation scenarios 
due to longer wavelengths

REQUIREMENTS
• 6 days repeat pass with two satellites
• 50 m2 Resolution for localized displacement
• ASC and DESC acquisitions for EW motion
• Low latency for rapid mapping after event

ESA BorealScat experiment. Median temporal coherence over temporal baselines of multiples of one day. 
From Monteith and Ulander, TGRS, 2021
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Biomass and LULC Mapping

AGB map of African savannahs and woodlands at 25 m resolution derived 
from the 2010 ALOS PALSAR mosaic. From Bouvet et al, 2018, Remote 
Sensing of Environment.

(left) Tropical forest conversion to mix of secondary growth and other land uses. (right) Mixed agriculture area (Germany)
https://ceos.org/document_management/SEO/DataCube/Laymans_SAR_Interpretation_Guide_2.0.pdf

ALOS-2 Sentinel-1 ALOS-2 Sentinel-1

Total carbon density map in woody vegetation of 
Sweden based on 2010 ALOS PALSAR. From Santoro 
et al, 2022, RSE

• New timely information on above ground 
biomass (AGB) and biomes 
structure/type. L-band is suitable to forests 
with AGB up to 100-150 Mg/ha, where it can 
sense the whole structure 

• Enhanced continuity on deforestation 
monitoring, including tropical forests. L-band 
is sensitive to changes/losses (e.g. by logging)

• Improved Land Use / Land Cover 
mapping in combination with Sentinel-1, 
exploiting the complementary sensitivity. 

REQUIREMENTS
• Revisit (6 days Global, 3 days Europe)
• High resolution
• Companion friendliness to support option for forest 

height retrieval

https://ceos.org/document_management/SEO/DataCube/Laymans_SAR_Interpretation_Guide_2.0.pdf
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Soil Moisture

• High-resolution Soil Moisture 
tracking in a broad range of crops 
and vegetated land, complementing 
Sentinel-1 SSM products that are 
mainly suitable for bare soils and low 
vegetation areas.

• Information of Soil Moisture up to ~5 
cm depth that shall be combined with 
upper 1 cm layer SSM from Sentinel-1

REQUIREMENTS
• Revisit (6 days Global, 3 days Europe)
• High resolution
• Low noise level (NESZ, ambiguities)
• Integration (downscaling) with 

Scatterometers and L-band Radiometers for 
temporal revisit and accuracy

Results from ESA SARSense air- and space- borne campaign. Acquisitions over Selhausen (DE).
(left) Change in backscatter observed in C- and L-band for irrigated and non-irrigated area (F11), but also range dependent. 
(Right) Scatter plots between soil moisture and backscattering signal from co- and cross-polarized channels of C- and L-band satellite data. From 
Mengen et al., 2021, Remote Sensing

Mean 𝜎𝜎0 C-band
irrigated: -15.3 dB
non irrigated: -18.3 
dB

Mean 𝜎𝜎0 L-band 
irrigated: -21.1 dB
non irrigated: -24.1 dB
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Sea Ice Monitoring

• Daily high-resolution information on 
hazardous sea-ice and icebergs for 
navigation and weather/climate services

• Enhanced mapping of sea-ice type and 
concentration, adding to C-band the L-band 
sensitivity to large ice structures (e.g.
fractures and ridges)

• Improved mapping of sea-ice drift by 
flying in a close formation with Sentinel-1  

REQUIREMENTS
• Revisit (1 day Arctic, 3 days Europe, 6 days Global)
• Low noise level (NESZ, ambiguities)
• High-resolution and wide swath
• Simultaneous acquisitions with Sentinel-1 for sea 

ice mapping

ALOS-2 HH

S1 HH

ALOS-2 HV

S1 HV

Sentinel-1 Extra Wide Swath and ALOS-2 PALSAR-2 Wide Beam images acquired at 
HH- and HV polarization over Fram Strait, on Dec. 9, 2019. The PALSAR-2 images 
were aligned to the Sentinel images. By courtesy of Johannes Lohse, UiT. From 
Dierking et al., 2022, IGARSS

R2 SCWA_20190424_122332_HH

C-HH
RS2

L-HV
ALOS-2

Bylot Island Baffin Bay, Canadian Ice Service
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Land Ice and Seasonal Snow

• Enhanced ice velocity retrieval (ice sheets and 
glaciers) thanks to a deeper and more stable signal

• New seasonal snow modeling capability through 
retrieval of Snow Water Equivalent (SWE), 
enabled by to penetration till the ground in dry snow

REQUIREMENTS
• 6 days repeat pass for ice velocity and SWE
• Low noise level (NESZ and ambiguities)
• High-resolution and wide swath
• Close acquisition to Sentinel-1 for wet snow detection

Maps of ice velocity on glaciers of Larsen-A embayment. Left: derived from TerraSAR-X repeat-pass SAR data 
by offset tracking. Right: Gaps in TerraSAR-X velocity map filled by means of PALSAR (L-band) velocity data. 
Note the areas indicated by the red arrows where L-band SAR has contributed and filled gaps with ice velocity 
information.

InSAR Frame 910 17/12/2019 –
31/12/2019
Coherence

InSAR Frame 910 17/12/2019 –
31/12/2019
InSAR phase

Ongoing assessment of SWE in Engadin 
(CH), Eastern Alps. By ENVEO
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Maritime and Marine Monitoring
• Added value in vessel detection for maritime 

surveillance due to reduced sensitivity of sea 
backscatter at lower wind

• Improved detection of icebergs thanks to a better 
sensitivity of L-band to large ice structures

• Added value in extreme events (e.g. tropical 
cyclones) as high winds do not saturate the signal

REQUIREMENTS
• Wave mode
• Revisit (1 day Arctic, 3 days Europe, 6 days Global)
• Low latency for European waters (< 10 minutes)
• Low noise level (NESZ and ambiguities)
• High-resolution, wide swath
• ATI capabilities (MAPS)

ALOS-2, 28.08.2019

“Oil Spill”
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ROSE-L Mission in Brief

GENERAL
 Constellation of 2 satellites (PFM & 

FM2) + options under study
 Consortium led by Thales Alenia

Space Italy (TAS-I), involving 29 
companies from 15 countries

 Service continuity with Sentinel-1 FG 
and NG

COVERAGE
 Coverage of Global Land (excl. 

Antarctica) and Arctic
 Revisit with 2 satellites : 

• 6 days Global Land   
• 3 days Europe 
• 1 day Arctic

 Repeat cycle of 6 days over 
Global Land (2 satellites)

PROGRAMMATICS
 Currently at the beginning of Phase C
 Science Plan activities start in 2023
 Launch of PFM expected in 2028
 FM2 delivery expected in 2030

IMAGING
 L-Band – 85 MHz ITU allocated 

band (1.215-1.300 GHz)
 Dual-Pol and Quad-Pol modes 
 Wave mode capability
 Resolution < 50 m2 (RIWS mode)
 NESZ < -28 dB
 DTAR < -23 dB
 Swath width > 250 km

SYSTEM
 Synergic acquisitions with Sentinel-1: 

co-located swaths and support to 
convoy configuration

 Low latency
• 10 min Europe coastal waters
• 200 min Global 

 Companion friendliness for Single-Pass 
Interferometry
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ROSE-L SAR Imaging and Systematic Acquisitions

ScanSAR ROSE-L continuous operations
capability per sliding orbit time window:
• 35 min in dual- pol SAR mode or
• 20 min in quad-pol SAR mode, and
• for the remaining time in Wave Mode

ROSE-L Sizing Requirements:

ROSE-L sizing mask

a) “Always on" over Europe, Arctic, 
coastal Antarctica and global 
Tectonic areas in dual or quad-pol 
SAR mode

b) Full coverage of remaining 
landmass (not included in a)) within 
12-day revisit time , i.e. 6-day revisit 
time for entire constellation in dual or 
quad-pol SAR mode

c) Wave mode over Open Ocean

As current baseline the instrument provides 2 ScanSAR Wide 
Swath modes and a Wave Mode over open ocean

Presenter Notes
Presentation Notes
Note that the continuous operations and coverage requirements (on the right-side of the slide) have been formulated for spacecraft sizing and do not represent the operational use of the mission, only a capability
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ROSE-L Mission Design Highlights

Collocation with Sentinel-1
• Same orbit configuration of Sentinel-1.
• Phasing of the orbital plane adjusted to follow the same ground track of Sentinel-1
• RIWS mode guarantees full swath overlap with S1 IWS
• Mission design supports options for: 1) different orbit phasing for optimized revisit

2) convoy with Sentinel-1 (up to a minimum 1min baseline)

ROSE-L will augment Sentinel-1 by means of a synergic acquisition plan and mission design

Moving towards a System of Systems concept and enhanced information products

Extensive Global coverage and consistent long-term archive
• Coverage of Global land (except for South pole). ~ 38 min/orbit duty cycle
• Consistent acquisitions through years for long-term coherent data stacks

Free, full and open data policy
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ROSE-L SAR Instrument – Main Characteristics

• Deployable planar active array antenna of 11m x 3.6m with 5 
panels

• Antenna consists of 5 (az) x 12 (el) sub-arrays = (analog) 60 phase 
centers

• Each phase center is fed by an individual dual-pol TRM  of ~150W 
peak 

⇒ Radiated peak power ~9kW 
• Each sub-array consists of 2 x 12 radiating elements

• Digital beamforming (DBF): 12 channels in Elevation
‒ 3 adjacent elevation channels combined (V&H) and then digitized 
⇒ resulting 4 digital channels (V&H) used to form

“Scan-on-Receive” beams in real-time on board 
‒ 5 digital channels in azimuth “MAPS”, all down-linked and then 

combined on-ground
⇒ Total of 20 (V) + 20 (H) digital channels

sub-array with 2x12 radiating elements 

3.6 m

11 m
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Ionosphere

Effects of Ionosphere on L1 Products
• Errors in Pixel Localization Accuracy (PLA) due to absolute range 

and azimuth shifts
• Distorsion of Impulse Response Function (IRF) and degradation 

of resolution
• Polarimetric channel mixing due to Faraday rotations
• Disturbances on InSAR phases

Split Band Transmission Capability
• The transmission of an auxiliary bandwidth of up to 8 MHz at 

one end of the spectrum is implemented to enhance the Split-
Spectrum accuracy

• Impact on data rate and NESZ
• Need to handle the additional data at L0 and L1 product level 

S1 Interferogram before (left) and after (centre) ionosphere 
correction and ionosphere phases (right) derived by split-
spectrum technique. Chile Earthquake September 2015
From (Gomba, 2018)
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Science Activities and Collaborations

Ongoing activities contributing to maturing the SRL of ROSE-L products
 Campaigns aimed at investigating the potential of L-band (e.g. TomoSense, LuxScat, LC-ICE, SnowLab-NG)
 Projects funded by ESA under different sources/initiatives (e.g. CCI, DUE, STSE)
 Newly funded activities as part of the ROSE-L science plan, starting from this year (2023)
 Joint Research Activities carried out with other space agencies (in addition JAXA, NASA and CONAE 

participate as observers in ROSE-L MAGs)

ESA-JAXA SATELLITE BASED ENVIRONMENTAL MONITORING SCIENCE and APPLICATION 
 Around 28 sites and 16 topics
 ALOS-2 and S1 providing excellent coverage of all agreed areas
 ESA trying to support activities that make use of collaboration data sets to secure scientific output
 Ad-hoc acquisitions in context of extreme weather (hurricanes) and disaster (oil spill close to Mauritius)
 Dedicated campaigns including RS-2, TSX and CSK data, as well as ground based measurements
 Joint conference sessions (see LPS 2022, Fringe 2023) to present and collect results of the cooperation
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ROSE-L Science Plan

• Plan covers mission development phases and Phase E1 (2028/2029 → end of commissioning 
phase)

• Expected KO of first projects: Q2/Q3 2023

AfriSAR-2 Airborne Campaign 
Acquisitions: May-June 2023
• Relate the temporal changes in P- and L-band 

polarimetric and interferometric radar signatures with 
respect to AfriSAR-1 to changes in the forest structure. 

• Document the sensitivity of BIOMASS and ROSE-L 
signals to forest conditions

• Provide feedback on validation and retrieval methods

Ionosphere Mitigation Algorithms 

• Consolidate the algorithms for the correction or/and 
annotation of ionospheric disturbances as a pre-
processing step on both single images and on stacks of 
images

• To support the relevant mission design trade-offs by 
quantifying benefits of Quad-pol, burst overlap, short 
baseline with Sentinel-1, etc..
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Moving to ARD
In order to broaden user community on the use of dense time-series
• Provide data products that do not require expert knowledge
• Move from radar geometry (slant & ground range) to map coordinates

GRD product likely to be replaced in the CopEx / Next Gen mission processors by ARD data, including for instance the RTC 
product (Radiometric Terrain Correction).

RTC: Product family specification of Normalized Radar Backscatter (NRB) is formulated by the CEOS-ARD initiative 
(https://ceos.org/ard/) 
• Backscatter normalized using local scattering area, not incident angle 
• Facilitates multi-sensor data integration

From David Small (UZH). Sentinel-1 IW Backscatter Composites 2020: Feb 6-17, Mar 31-Apr 11, Apr 30-May 11; -15dB (black) to 0dB (white)
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Conclusions
ESA with industry and together with EC preparing “expansion” of Copernicus SAR missions 

• ROSE-L Mission at L-band as a Copernicus Expansion mission to address information gaps and provide new information not yet 
available through current Sentinel missions 

ROSE-L bring new and enhanced capabilities
• High resolution (50m2 for ROSE-L RIWS)
• Low NESZ e.g. -28 dB for ROSE-L 
• Wide swath and frequent revisit capability

Sentinel-1, ROSE-L and Sentinel-1 NG shall be addressed as a system (not in isolation)
• ROSE-L same orbit, swath and acquisition geometry as Sentinel-1 (IWS) providing an operational dual-frequency system
• Synergies between C- and L-band expected to lead to enhanced and new information beyond what can be achieved for each 

mission taken in isolation
• Synergies with other missions such as Earth Explorer Biomass @P-band also need to be further investigated

Work still required to prepare for uptake of ROSE-L by user community (e.g. ionospheric correction, interferometric error budgets, C-
and L-band synergies)
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