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CRISTAL MISSION OBJECTIVES

Snow deptn

CRISTAL directly addresses the EU Arctic Policy and Primary User Requirements
expressed in Polar Expert Group reports

Responds to need for continual altimetric monitoring of Arctic Region North of 81.5°N

high-resolution operational Radar Altimeter mission for the cryos

ning nigh latitudes arter Cryosat-2'!




CRISTAL MISSION IMPROVEMENTS

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 (AMR-CR provided by NASA/JPL) 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
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CRISTAL'’s many ’firsts’ and ‘boons’
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i o ] ] ESA: cryosphere (sea ice, icebergs, land ice), inland waters
Data production responsibilities mirror Sentinel-3 2> _
EUMETSAT: ocean and coastal, large lakes, ssh into the leads
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ESA OPERATIONAL PRODUCTS esa

Main Characteristic

Toward processing a la CRYO-TEMPO/ S3 TDP, including CEOS-compliant & traceable parameters
ESA Level-1
Sea Ice Iceberg Land ice
NRT
L1a
: Sea Ice
¥ Thickness
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L2 DEVELOPMENTS & SCIENCE SUPPORT Eesa

_r, block#3 CryoSat activities, CRISTAL Science studies ...)

PDR CDR IOCR
2022 2023 2024 2025 2026 2027 LAUNCH
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CRISTAL ! |
Science Plan 1
L2 GPP |

Sea Ice and Iceberg L2 GPP + R&D

Thematic L2 prodycts: one L2 GPP for
each thematic areal (i.e. sea ice, land ice
and inland water)

PHASE 1 ITT process /

(CLEV2ER)

B Land ice L GPP + R&D
Inland wa&;r L2 GPP + R&D  NEEEN LS CIEN RS o [=la[e-NA))

L2 GPP to be developed following , ; £
open source software S |
development practices ‘
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Planned additional / complementary studies Eesa

* OLTC study: definition of the Land Ice and glaciers OLTC, Inland Water Virtual stations and validation,
generation of the on-board OLTC table (additional study about to be commissioned by ESA)

- Open and Coastal Ocean multi-band altimetry studies - including impact of Water Vapour on Ka and multi-
band investigation of Sea State bias (to be coordinated by EUMETSAT)

glaciers, inland water, permafrost, open ocean, coastal zone) that exploit the information of the
radiometer in combination with the dual-band altimeter

-> Also, as in situ data are essential for algorithm development, calibration, validation, we need

to plan and conduct campaigns in synergy (using CRISTALair, NASA’s HAMMR, CReSIS snow
radar, etc.... and also with the CIMR airborne demonstrator CIMRair)
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Example: planning the CEMSIE campaign

CEMSIE - The joint Copernicus Expansion Missions CIMR,
CRISTAL and ROSE-L Sea Ice Experiment, proposed by John
Yackel (U Calgary) and Rasmus Tonboe (DTU)

*  Proposed for Cambridge Bay (2025 to take advantage of CRISTALair)

« To reduce uncertainties and to improve retrieval accuracy in the
CIMR, CRISTAL and ROSE-L primary products: sea ice
concentration, snow depth and sea ice thickness.

*  Expands on what was started during the MOSAIC and focuses on
natural first-year ice

Lots of proposed in-situ instrumentation:
1) Ku and Ka-band scatterometer (see pic on the right) + altimeter/stare mode from
J. Stroeve relating to CRISTAL, CryoSat, AltiKa, Sentinel-3
2) 6-36 GHz microwave radiometers relating to CIMR, AMSR-3 and several past

microwave radiometer datasets (HutRad)
3) L-band scatterometer relating to ROSE-L, NISAR, ALOS/PALSAR, SAOCOM
4) C- and X-band scatterometers relating to RCM, Sentinel-1, TerraSAR-X
5) Infrared camera covering the thermal infrared relating to Sentinel-3 and several
past missions, Snow radar on drone (R. Ricker)

» Good discussions are underway with NASA/JPL to coordinate a joint
campaign by the two agencies.
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CRISTAL Main project phases and milestones esa

PFM

System CDR Altimeter PFM DRB Syétem IQSR PFM QAR FM2 FM2 FAR

System PDR IOCR g (TBC)

Q1/2022 : Q2 2|°24 Q 2|°25 g 2|°26 Q22027  L+6m o voos Q4 2029
| |
s % 3 . 3 3 ) X )
2020 [ 2021 [ 2022 [ 2023 g 2022 [ 2025 [ 2026 [ 2027 [ 2028 [ 2029
| Phase B2 (18 Months) -
Phase C (26 Months) W
- Phase D (37 Months) {
= |_PhaseE1_{
FM2 Phase D1 |
[__FM2 PhaseD2 |
KO SRR PDR CDR PFM QAR FM2 FAR
Satellite ,j ,j M May’'24 Jun’27 Oct’29
Altimeter Apr’24 May’25 Jan’26

CRISTAL-A on track for launch in late 2027
Followed (towards EOL) by CRISTAL-B
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@& EUMETSAT

CRISTAL MARINE DATA
CENTRE

Cristina Martin Puig

Remote Sensing Scientist
CRISTAL EUMETSAT Mission Scientist

With the support of: Salvatore Dinardo, Carolina Nogueira
Loddo and Julia Figa

OST7S57 2023, San Juan, Puerto Rico.




H Marine data centre |IRIS acquisition modes of interest

Open Ocean (0CO)

Sea Ice and icebergs
(s)

Land Ice and Glaciers
(LIG)

Ku band acquisition
mode

SAR Closed Burst'’

SARin Open Burst

SARin Closed Burst

Ka band acquisition
mode

SAR Closed Burst

SAR Open Burst

SAR Closed Burst

EUM/RSP/D0OC/23/1384811, v1, 7 November 2023

| - Ocean
. -Landlce

- Sea lce

- Inland Water
" - Calibration
3 - Glaciers

-

www.eumetsat.int

IRIS main
sclence
acquisition
modes

COAST

« Mostly 0CO, but some in SlI
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EUMETSAT CRISTAL products heritage

www.eumetsat.int

Adopt from Sentinel-6 the products format as much as possible.

Adopt from Sentinel-6, when possible, algorithms at Level-1and
Level-2 for open ocean.

Adopt from Sentinel-6 standards.

Extend Sentinel-6 baseline to include dedicated coastal and
polar ocean algorithms for the CRISTAL mission.

Extend Sentinel-6 baseline to include SARIn will be investigated.

CRISTAL

* < 3-hours latency

s Level 2:

 Standard (1-Hz and 20-Hz)
e Reduced (1-Hz)
e BUFR (1-Hz and 20-Hz)

« MWR L2:16-Hz AMR-C and HRMR

measurements

* < 48-hours latency
* Level 1A: TBC

* Level 1B: TBC

* Level 2:

« Standard & Reduced

« MWR L2:16-Hz AMR-C and HRMR

measurements

- TBC

 Level 1A: Individual echoes
e Level 1B:

e Level 2:

« Standard & Reduced

« MWR L2 :16-Hz AMR-C and HRMR

measurements




EUMETSAT CRISTAL development plans status

www.eumetsat.int

Currently working on SPECIFICATIONS

« Specification activities at EUMETSAT have initiated this 2023, and
will extend until 2024 for day-1design with the tentative goal of
starting the marine data center development beginning of 2025.

« Due to the optimisation/re-use w.r.t. S6 and the early start of the
prototyping activities for the innovative part of the mission, our

Ground Segment development is not on the critical path and will be
ready for launch.




Scientific studies to support GS development activities

www.eumetsat.int

- To set a state of the art for the CRISTAL marine data centre. Highlighting the challenges of
the CRISTAL mission.

- To define the CRISTAL marine data centre Level-1and Level-2 product generation
- specifications.

- To define the CRISTAL marine data centre Level-1and Level-2 product formats.

~

- This second study, will be aiming at the generation of Test Data to verify and validate the
correct implementation in the Ground Segment of the algorithms defined by the first study.
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Start
Thu 01/06/23

H Timeline for the S6 Adaption to CRISTAL activities

PM2
PM1 Mon 01/04/24 PM3 -
Mon 18/12/23 Thu 04/07/24 Thu 28/11/24
Nov ‘23 | lJan 24 IMar'24 IMay 24 |Jul 24 lSep 24 lNov 'ZAI
* * *

2 L1 Product Format Spedifications
0/10/23 - Mon 30/09/24
Task 2.3 L1 Product Generation Spedifications
Mon 01/01/24 - Fri 29/11/24

Task 3.2 L2 Product Format Spedfications
Mon 01/01/24 - Mon 30/09/24
Task 3.1 L2 Task 3.4 L2 Product Generation Specifications
W.eg f;1/1 1/23 Fri 01 :)3/24 - Fri 29/11/24

EUM/RSP/D0OC/23/1384811, v1, 7 November 2023

*

T2D2 L1 PGS DRAFTT2D2 L1 PGS DRAFT#2

T1D1 State of aft review Fri 29/03/24 Fri 14/06/24
Thu 16/11f23 T3D1 L2 AFS DRAFT
T2D1 L1 PFS DRAFT Fri 29/03/24 13D2 L2 PGS DRAFT#2
Thu 30/11/23 Fri 14/06/24

T3D2 L2 PGS DRAFT#1
Fri 29/03/24

*—

T2D1 L1 PFS FINAL
Mon 30/09/24

T3D1 L2 PFS FINAL
Mon 30/09/24

T2D2 L1 AGS FINAL
Thu 17)10/24

T3D2 L2 PGS FINAL
Fri 18/10/24

® Finish

Fri 29/11/24

www.eumetsat.int
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Main points the study will address

www.eumetsat .int

State of art - ready for implementation - of Ku and Ka altimetry
algorithms for global ocean, including open ocean, coastal and
ssh into the leads.

Algorithms exploiting interferometric capabilities will also be
taken into consideration.

The state of art on how to avoid measurement discontinuity
between SSH over open ocean and SSH over leads.

Advantages and disadvantages of Ka vs C band.

Based on the previous, the outcome of this study will be used for
the specifications of the L1 and L2 Operational Processor in the
Marine Data Centre.




H CRISTAL Marine Poster

Come and

visit us |

EUM/RSP/D0C/23/1384811, v1, 7 November 2023

CRISTAL Marine Data Centre Algorithms Specification Study
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www.eumetsat.int

Thank youl

Cristina.martin@eumetsat.int
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