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Motivation

German coast and inland water are well observed and investigated 

from in-situ and models

• Water height change 

• Long scales for sea level rise and VLM

• Short scales for water extrems

• DDA opens new possibilities of coastal and estuary applications
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Region of Interest & Data

Figure 1: Region of study
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BSHcmod: regional ocean circulation model of

German Federal Maritime and Hydrographic Agency

GCOAST (Geestacht COAstal SysTem) Helmholtz-

Zentrum Geesthacht (HZG)

▪ GCOAST-NEMO gridded

▪ GCOAST_SCHISM unstructured

Regional Ocean Model simulations

(open & coastal seas & estuaries)
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In-situ station with GPS: bfg,  BSH, wsv

Sub-region of Interest & Data

Figure 2: Sub-regions of study
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Data from October 2010 to December 2018 (7 years of data)
S = SARVatore, CS2, S3A (Dinardo et al., 2018, and in review,  Poster 

Dinardo SAMOSA++ this meeting)

M = Marine Copernicus S3A 

T  = Ubonn in TUDaBo CS2, S3A (Buchhaupt et al.., 2018 and in review)

B  = Ubonn CS2, S3A

Corrections as in SAMOSA+/GPOD except ocean tide TPX08 & GPD+ (GNSS-derived Path Delay Plus) 
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CryoSat-2 vs. Ocean Model BSHcmod STD
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Figure 4: Standard deviation of CryoSat-2 sea surface anomaly in the sub-region GEC

from SAMOSA+, RDSAR STAR and TALES. Time interval is 2011-04-08 to 2018-12-31

The BSH ocean model height corrected for ocean tide from the model TPXO8 is reference

for the comparison (in green its standard deviation).
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Sentinel-3 vs. BSHcmod & HZG STD
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Figure 5: Standard deviation of Sentinel-3 sea surface heights in the sub-region GEC for SAR

SAMOSA2-MARINE, SAMOSA+, SAMOSA++ and RDSAR NARINE, STAR and TALES. Time

interval is 2016-06-15 to 2018-12-31. Ocean models BSHcmod and HZG-NEMO height

corrected for ocean tide from the model TPXO8 is reference for the comparison (in green its

standard deviation).
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Figure 6: Standard deviation in the other four regions of sea surface height for the SAR coastal

(SAMOSA+) processing and conventional altimetry coastal processing (STAR and TALES). Time

interval is from 2011-04-08 to 2015-12-13.
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Agreement decreases with increasing distance →

compare altimetry and tide gauge at nearest location (< 10 km)

Figure 7: Cryosat-2 coastal and open sea (0 to 30 km) : Correlation (left) and standard

deviation (right) of CryoSat-2 and the Helgoland sea level anomalies over the full time

interval 2010-2018 (top). 
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Accuracy & Methodology of comparison
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Accuracy = agreement with in-situ data and models

What is compared: 

SLAs fully corrected (ocean tide and DAC)

SLA corrected for ocean tide and not for DAC 

Three Methodologies of comparison:

Meth 1. Overpass:    Nearest point (1 Hz or 20 Hz) → altimeter accuracy

Meth 2. VirtualPass: Average over part of the track (more robust for river and 

estuary)

Meth 3. C2grid: :    build ts from C2 in a grid and use time-series from nearest 

block

Open ocean (Helgoland) 

Coastal/Estuary station (Otterndorf)
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Overpass Methodology
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Figure 8: Cryosat-2 sla all corrections applied

std (SAM+ - tg) =4 cm

std (SAM+ - tg) =7 cm
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Overpass Methodology
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Figure 8b: Cryosat-2 difference with in-situ
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Accuracy and Methodology of comparison 2
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Figure 9: Sentinel--3 sla no ocean tide no DAC applied Methodology 2 

std (SAM++ - tg) =41 cm
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VLM from PSMS and SLCCI database
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VLM from PSMS and SLCCI database
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VLM from PSMS and SLCCI database

Figure 10: 

(top) sea level trend from tide gauge (triangle) 

and altimetry (circle); 

(middle) VLM from GPS (triangle) and from altimetry 

minus tide gauge; 

(bottom) trend of  differences al-tg-gps
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Data

Figure 11: time series SLCCI and from gridded CryoSat-2

TG 3.2+/-2.7

C2 3.4+/2.9

TG 3.8+/-1.7

C2 2.3+/2.7

Agreement between SLCCI and C2 at few tide gauges is promising, but signals is

small and long time-series needed. 
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Long term change

Figure 12: time series SLCCI (blue) and from gridded CryoSat-2 in the 10 

km band (red-SAM+ and black (STAR).
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➢ Significant advances in coastal-– estuaries observations

➢ SAMOSA+ and STAR give the best performances 

➢ STDD with in-situ : Coastal 4 cm – 20 cm 

➢ Estuaries STDD 10 time larger due to tide models inaccuracies (40 cm). Tide modelling 

limiting factor is data analysis

➢ Long term good agreement between SAR mode evaluated in the 10 km band and multi-

mission SLCCI database

➢ For trend computation the CryoSat-2 7 year interval is short. First results are promising

Ocean Surface Topography Science Team Meeting, October 2019
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What we observe now with satellite altimetry – coastal

oS3A (15.06.2016-31.12.2017) at Lichthouse KIEL (no GPS → no absolute calibration)

o Marine RDSAR

o MARINE SAR 

o GPOD SAR SAMOSA+ (coastal retracker, Dinardo et al, 2017)

Fenoglio et al., in review
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What we observe now with satellite altimetry – coastal

oS3A (15.06.2016-31.12.2017) at HELGOLAND (GPS → absolute calibration)

o Marine RDSAR

o MARINE SAR 

o GPOD SAR SAMOSA+ (coastal retracker, Dinardo et al, 2017)

Fenoglio et al., in review
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