1. Introduction

ESA’s ice mission — CryoSat-2 — was launched 2010 and a Dedicated
Ocean Processor was implemented in 20214.

Various products available: Near real time Ocean Product (NOP: 3 hours),
Intermediate Ocean Product (IOP; 3 days) and Geophysical Ocean Product
(GOP) delivered within 3 hours, within 3-days and about 30 days
respectively. Either Low Resolution Mode (LRM; conventional pulse
limited altimeter), Synthetic Aperture Radar (SAR; enhanced along-track
resolution — Delay Doppler Altimetry) or SAR Interferometric mode
(SARIn; primarily employed at ice sheet edges where SAR is enhanced by
the use of a second antenna). Altimeters are able to provide values of sea
surface height anomaly (SSHA); significant wave height (SWH); and wind
speed =2 m/s (WSP). Assessment and validation: The UK National
Oceanography Centre (NOC) has been tasked with the scientific quality
control and validation through the CryOcean-QCV Project.

2. Routine QC Reporting
Daily quality reports are available for NOP and IOP as well as more in-
depth, monthly validation reports for all CryoSat-2 Ocean Products (COP).
Includes comparisons with in situ, model and other satellite data. For
example, comparison of wind speed from CryoSat is compared with that
from Sentinel 6 in Figure 1 for March 2025.
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Figure 1: Probability density function for wind speed (x-axis in m/s) for CryoSat-2
GOP (black line), Sentinel 6 from RADS(red line) and CryoSat-2 from RADS (blue
crosses) for March 2025

Baseline D (from 30 September 2024)
An improved processor has been implemented, and improvements
can already be seen in the quality of the data. A number of biases had
been identified in Baseline C2%° including a seasonal bias between
data from ascending versus descending passes. Although only 6
months of Baseline C results are visible in Figure 5 below, the longer-
term difference can be seen to be decreasing. Ongoing validation will |
continue to monitor this and other biases.
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3. Regional trends
For a study period from 2011-20232 inclusive, we have calculated trends in SSHA, SWH and WSP as shown in Figure 2 below. These trends are
based on data from a single processing version (Baseline C) of a single satellite for the full 13 years. The same methodology has been used to
look at overall global trends and for SSHA this is given in the next section.
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Figure 2: Trends for CryoSat-2 LRM GOP for a) sea surface height anomaly (SSHA; mm/year); b) significant wave height (SWH; m/year); and c) wind speed (WSP;
(cm/s)/year over the period 2011-2023 on a 2.5°x2.5° grid.

4. GMSL

The QC reports routinely provide a comparison of global mean sea level
(GMSL) from the latest CryoSat-2 GOP data and compare with results from
the altimetry reference missions (referred to as Beckley®*; current
reference mission is Sentinel-6). For the period 2011-2023 (inclusive)
trends in GMSL from GOP and Beckley have been calculated: 4.2+0.3
cm/decade and 4.1#0.1 cm/decade respectively?. The uncertainties were
calculated to account for serial correlation using a Bayesian approach.
Figure 3 shows the relative values of GMSL

5. Significant Wave Height
Routine QC reports provide monthly information on the
performance of retrieval of SWH compared to in situ
measurements from buoys. The method uses all buoys more

than 20 km from the coast are compared to altimeter
measurements within 20 km®. In Figure 4, the results of all

months have been combined to provide the distribution as a
2d-histogram.
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Figure 3: Changes in relative global mean sea level (GMSL) from CryoSat-2 (C2, solid

red line) and reference missions (Beckley, solid blue line) . Trends based on [2] are
the dotted lines. Note these are anomalies so no values are given on the y-axis,
inste m.
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Figure 4: 2d-histogram of in situ buoy measurement of significant wave
height (SWH; x-axis) against CryoSat-2 (C2, y=axis). Colour scale is intensity
of data

Shipping Lanes
If a ship happens to be within the footprint CryoSat-2 then it may well result in spurious measurements that would need to
be removed during QC processing. However, here we take successive (along-track separation of ~300 m at 20 Hz)

| measurement of SSHA and average these over time (13 years) and space (1/16° x 1/16)°. In Figure 6, this is compared to =

channels of the English Channel Traffic Separation Scheme are clearly visible as are other busy shipping routes.
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Figure 5: Timeseries of descending minus ascending values of monthly mean sea surface height anomaly
(SSHA) from Baseline C and, from 30 August 2024 (dashed magenta line), Baseline D (red plus). Moving
window average with a span of 6 months is shown as the solid black line.

Conclusions

* The unique combination of CryoSat-2’s long lifetime along with the long repeat orbit (~1

year) provides a unique view of the world’s oceans

* Ongoing improvements and validation are providing even higher quality ocean products
¢ CryoSat-2 is measuring sea level (alongside SWH and WSP) using a single instrument and

processing chain over a long time period
*  Whilst in orbit CryoSat-2 has measured a change of over ~6 cm in GMSL

¢ CryoSat’s SAR altimeter has revolutionised altimetry in coastal and ice-covered regions and
set SAR as a new standard for later altimetry missions (Sentinel-3, Sentinel-6, CRISTAL)

! Radar Altimeter Database System . htto://rads tudelft.nl/rads/rads.shtml .
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Figure 6: (left) Mean of absolute difference in subsequent measurements of sea surface height anomaly from CryoSat-2 over 2011-2023
compared with (right) vessel presence from Global Fishing Watch for 2012-2024 inclusive.
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