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The CryoSat Plus for Oceans (CP40) project, under the ESA STSE program, aims to develop and evaluate new ocean products from CryoSat-2 data and so maximize the scientific return of CryoSat-2 over oceans. The main focus of
CP40 has been on the additional measurement capabilities that are offered by the SAR mode of the SIRAL altimeter, with further work in developing improved geophysical corrections, such as a regional tidal model in the Arctic Ocean.

The Arctic Ocean is a challenging region, because of its complex and not well-documented bathymetry, together combined with the intermittent presence of sea ice and the fact that the in situ tidal observations are scarce at such
high latitudes. In 2016-2017, the CP40 initiative successfully implemented the Arctide2017 regional tidal model in the Arctic Ocean. Some possibilities of improvements were identified, that are addressed in the current initiative. First,
the improvement of the Arctic bathymetry ingested by the hydrodynamic model, by using the near 7 years of Cryosat-2 high quality and high resolution “geodetic” SAR altimetry all the way up to 88°N. Second, the use of improved
Cryosat-2 derived harmonic tidal constituents for assimilation into the regional tide model.

The first evaluation of existing bathymetry in the Arctic (R-TOPO 2, IBCAO etc.) is described in this poster. Then, improved gravity being the fundament for improved bathymetry, we present first gravity results from DTU17 in the Arctic
Ocean and evaluate this against existing marine data sources.
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First step of the project was to assess the various bathymetry datasets available in the Arctic

Ocean, in order to select the best basis for the improved bathymetry. TUGO hydrodynamic model and Kalman ensemble data assimilation

method, as previously used for the implementation of global models such as
Bathymetry datasets: FES2004 (Lyard & Lefévre, 2006), FES2012 (Carrére et al, 2012) and FES2014, ‘

o« LEGOS composite bathymetry (used for FES2014 and Arctide2017) and for the development of regional models (Cancet et al, 2012).
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Region Data obtained from

World Ocean bathymetry GEBCO_2014 (Weatherall et al., 2015)

Arctic Ocean bathymetry IBCAOvV3 (Jakobsson et al., 2012)

Greenland ice sheet/glacier surface height Morlighem et al. (2014) (M-2014)

and thickness and bedrock topography Figure 5: Resolution of the regional unstructured mesh

Fjord and shelf bathymetry close to the Bamber et al. (2013) (B-2013) . .
Greenland coast Ensemble simulations

Bathymetry on Northeast Greenland Amdtet al. (2015) (NEG_DBM) Data assimilation method based on the ensemble Kalman Filter: requires
continental shelf timat f th : tri f th f th .
Bathymetry in several narrow Greenland fjords  artificial, see Merging strategy and Data an estima e. O .e covariance ma I"IX O . € €errors o € prior
and on parts of the Greenland continental shelf  corrections in Sect. 2.2.3 for details hydrodynamic solution - ensemble of simulations.

Ice thickness for Nioghalvfjerdsfjorden Glacier ~DTU (Seroussi et al., 2011) Local perturbations of the bottom friction in 8 coastal zones Median Median

and Zachariz Isstrém Operation Icebridee (Allen et al., 2010, updated 2015) o , £ ice edge ice edge
Aﬁ—ied Wegener Ifstimte (AWI) P -~ Local coefficient: 13 different values :

Total extent = 14.5 million sq km Total extent = 5.3 million sq km

Mayer et al. (2000) > Two sea ice extent configurations (median Summer and median Winter)

Figure 6: Monthly Arctic sea ice extent (NSIDC maps)
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—Large reduction of the misfits to the tide gauge observations South of Greenland from (RADS) and SAR mode (2010-2014, retracked with :

RTopo-1.0.5 to Rtopo-2 primary peak retracker).

Tidal hydrodynamic modelling with each bathymetry dataset as model input (fig. 1)
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Finally, the tidal components are corrected by 8% Figure 7: Assimilation dataset Performance for sea ice freeboad
to account for the loading tide. (altimetry and tide gauges) computation (on-going)
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Figure 1: M2 vector differences between tide gauges and hydrodynamic simulations based on various bathymetry datasets Cancet, M., Andersen, O., Lyard, F., et al, Arctide2017, A High-Resolution Regional Tidal Model in the Arctic Ocean (submitted to ASR, 2017)

Example of bathymetry analysis in the Mezen Bay (White Sea) First gravity results

Shallow region, Mezen river estuary DTU2017 Gravity LEGOS 2017

Large differences b”etween ”the three bathymgtry da-tasets, some unrealistic | ‘ Figure 2: Zoom on Google- P - Similar patterns .
patterns (fake cape, “runway” maybe due to the integration of TP/Jason data)
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Figure 8: DTU2017 Gravity field derived partly from CryoSat-2 (left) and LEGOS2017 bathymetry
(right) for 20 to 70 km spatial wavelengths
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Comparison of gravity datasets with 5 400
Take home messages airborne marine observations in the Arctic
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=>»There are strong links between the bathymetry datasets
and defaults can be transmitted from one dataset to the
others.
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=>»First results with DTU2017 Gravity show very strong
improvement when compared to previous/other datasets. —2>The reduction of the error is quite strong with

= The LEGOS bathymetry will soon be improved thanks to| DTU2017, especially for a region like the Arctic.

< . = the gravity field inversion, with the DTU2017 Gravity. S This result is very promising for the accuracy of
Figure 3: Zoom on the various bathymetry datasets and their dataset sources in the Mezen Bay (White Sea) dataset derived in particular from CryoSat-2. the new derived bathymetry.
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