
Towards improved forecasting of Arctic water 

levels through the use of SAR altimetry

Background
Arctic sea ice decline is a major consequence of global warming that is expected
to increase extreme water levels related to tides and surges. Regional studies
indicate this can cause increased erosion and put fragile Arctic ecosystems at
risk. Since Arctic tides and surges have a global impact, the consequences will
also be noticed in Dutch coastal waters.
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In the ongoing FAST4Nl project, we aim to quantify 
the impact of Arctic sea ice decline on Dutch coastal 
water levels. Therefore, we will develop an Arctic 
total water level model (TWL) as an extension of the 
Global Tide and Surge Model (GTSM). To overcome 
the limited availability of tide gauges in the Arctic 
(Fig. 1), our model will be calibrated using SAR 
altimeter-derived water levels provided by the 
CryoSat-2 and Sentinel-3 satellites.

Fig. 1: Active tide gauges in 
the Arctic region

1. Deriving Arctic water levels from SAR altimetry
The high along-track resolution (300 m) of SAR altimeters enables to derive water levels from leads in the sea ice (Fig.
2). This allows for accurate calibration of the Arctic TWL in ice-covered areas. To distinguish radar echoes from leads, we
have developed a multi-criteria classification scheme based on typical waveforms characteristics (Fig. 2).

Fig. 2: Typical SAR waveforms related to different surface classes, indicating
the parameters used in classification: 1) the backscatter coefficient as
measure for signal magnitude, 2) number of peaks, 3) ratio between leading
and trailing edge and 4) pulse peakiness (PP).

2. Extending GTSM to a Total Water Level model
GTSM is developed by Deltares and simulates tidal and surge water
levels on a global flexible mesh (Delft3D). Currently, this model does
not include sea ice, nor forcings related to variations in water density.

As a first step in the development of a TWL model, GTSM was
extended by a depth-averaged baroclinic pressure (BP) term. This
translates to flow induced by lateral differences in density (Fig. 4A),
where density depends on the temperature and salinity of the water.
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Fig. 3: A: Monthly mean class representation over
entire Arctic region where SAR mode is active
(variable extent). B: spatial distribution of different
classes for winter and summer, 2017.

Open ocean Sea iceA) B)

Results
• Increase in ambiguous

classifications during
summer related to more
irregular sea ice (Fig. 3A).

• Accurate classification of
most small- and large
scale variation (Fig. 3A/B).

Next, water levels were
retrieved from radar echoes
of leads with an adapted
version of the SAMOSA21

model and validated with
adjacent open ocean water
levels provided by ESA. .
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Fig. 4: A: Schematic of the relation between density and baroclinic pressure (BP)
induced flow, where a negative density/BP gradient results in positive flow (left to
right). B: Example of zonal baroclinic pressure gradient for April, 2017.

Outlook
While Fig. 5 suggests that the inclusion of BP induced flow improves
modelled water levels by GTSM, more detailed analysis is required.

What is more, the model will be complemented by additional
elements – e.g. friction forces exerted by sea ice, global steric
contribution, refined bathymetry of Arctic seas – before we can
begin the altimeter-based calibration of our TWL model.

Fig. 5: Preliminary comparison between Arctic water levels as derived from SAR altimetry (A),
modelled by the operational version of GTSM (B) and modelled by our extended version of
GTSM (C). Based on data from CryoSat-2 (A) and monthly mean (B, C) from April, 2017.
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Objective: Display our method to derive water levels in the Arctic region and 
show the current stage of development of the TWL model.
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