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CryoSat

Mission’s primary objectives

e determine regional trends in Arctic perennial sea-ice thickness and mass

e determine the contribution that the Antarctic and Greenland ice sheets are making to mean global rise in sea level.
Mission’s secondary objectives

* the variation in the thickness of the Earth's ice caps and glaciers.
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CryoSat

Mission’s primary objectives
e determine regional trends in Arctic perennial sea-ice thickness and mass

e determine the contribution that the Antarctic and Greenland ice sheets are making to mean global rise in sea level.
Mission’s secondary objectives

* the variation in the thickness of the Earth's ice caps and glaciers.

A final aspect that forms part of the validation is to determine the performance over
regions of complex ice cap and glacier geometries. The orbit and payload have been
designed to observe the large, polar ice sheets. Nonetheless, SARInNM data will be
collected over all of the Earth’s ice bodies (Section 2.5) in order that, at least
experimentally, the performance of the SIRAL instrument over these ice bodies may be
evaluated. As noted at the end of Section 3.2, when surface slopes exceed 0.8", the
echo loses its leading edge and the geometry becomes similar to that of a sideways-
looking SAR interferometer. Specific experiments are planned in regions of glaciated
Svalbard to compare “swath-mode” retrievals of elevation from SIRAL echoes with that of
airborne laser surveys. Should these prove successful, it is planned to develop, post-
launch, verified algorithms for use in the operational environment.
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Increased spatial coverage
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Table 1

Bias and dispersion of swath mode elevation and derived gridded products, POCA, with respect to Operation IceBridge Arrborne Laser Scanner and
comparative measurements density between POCA and swath mode.

Region Swath POCA Swath/POCA Gamn in spatial Swath Swath POCA
elevation elevation number of resolution DEM (m) dh/dt dh/dt
(m) (m) measures (ma ) (ma™ "
(10%)
Petermann -1.3+12 —1.1 +08 449/14 5 folds NA NA NA
Jakobshavn —-124+£20 -0.6+14 999/1.0 10 folds —14+18 004£1.15 017+1.54

Amundsen Sea Sector -20+20 -1 +13 199.3/3.3 8 folds —17+20 0.04+092 040+095
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Table 1 Coherence
Bias and dispersion of swath mode elevation and derived gridded products, POCA, with respect to Operation IceBridge Arrborne Laser Scanner and 12+
comparative measurements density between POCA and swath mode. _
S —_—
Region Swath POCA Swath/POCA Gain in spatial Swath Swath POCA :; 10t
elevation elevation number of resolution DEM (m) dh/dt dh/dt £ e
(m) (m) measures (ma ) (ma ") £ ol —_
(10%) 2 -
. ) -
Petermann —-1.3+12 —1.1 =08 449/1 4 5 folds NA NA NA 6F -
Jakobshavn -1.2+20 —-0.6+14 999/1.0 10 folds —14+18 004115 0174154 __
Amundsen Sea Sector -20+£20 —1.1+13 199.3/3.3 8 folds -17+£20 0.04+092 040+095 o e o= 5% 55 55
Coherence

Michael et al., 2022
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Randolph Glacier Inventory 6.0

Observational baseline for IPCC ARé
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Observational baseline for IPCC ARé
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The roll issue

The satellite is inclined by 0.11°
— data points shifted by 1500m
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—> phases shifted
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« Benefit: allows to potentially map “flat” surfaces e.g. ice-shelves, sea-ice, icebergs, inland
water, ocean
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B e o gronmn Limitations & opportunities - Mispointing

« Benefit: allows to potentially map “flat” surfaces e.g. ice-shelves, sea-ice, icebergs, inland
water, ocean

« But, simple optic no longer applicable to convert phase into angle of arrival

The roll issue

The satellite is inclined by 0.11°
— data points shifted by 1500m
toward the left.
—> phases shifted

ESA/AOES Medialab 200 300 400 500 600

Sample number
Recchia et al., 2017
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CryoSat versus ice Bridge Swath-base roll calibration
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“The primary high level objectives of the mission are:

1. Monitor critical climate signals: ice sheet, ice cap melting and sea level [...] High
spatial resolution surface elevation [...] and regular repeat observations for
regions where major changes in surface elevation occur [...] such as, [...], mountain
glaciers, [...].”

NADIR SID

% Interferometric radar altimeters can monitor land ice change globally, at high spatial and temporal resolution

CRISTAL:
% Dedicated onboard tracker critical for improving monitoring over complex topography

& Potential applications of swath to sea-ice, ice shelves, icebergs, ... with a slight mis-pointing of the instrument ..
requires development of accurate angle-of-arrival retrieval from the measured phase

& Fine-tuning of CRISTAL for optimal performances e.g. attitude control (roll), delay-doppler, large across track angle
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