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EXECUTIVE SUMMARY   This contribution is about coastal altimetry. We summarize the technical challenges 
that satellite altimetry faces in the coastal zone, and the research that is being carried out on this topic by a very lively 
community. We introduce the new coastal altimetry data that are becoming available, and discuss how we can 
calibrate/validate those data. Then we show several of the possible applications of coastal altimetry and conclude 
by looking at the future of the discipline, and at how we can build capacity in coastal altimetry.

The Role of Altimetry in Coastal Observing Systems

 The main challenges in coastal altimetry are:
• Reprocessing of the high-rate altimetric wave-
forms (known as retracking) is needed to recover 
the sea surface height (SSH) signal in the ‘last 10 
km’ next to the coast. Specific coastal retrackers are 
subject of ongoing research and account for the ef-
fects on waveforms due to land and bright targets. 
• The wet tropospheric correction is a main 
source of error in the coastal zone where the open-
ocean microwave radiometer-derived correction be-
comes inadequate due to land contamination. Sev-
eral alternative methods are being developed, with 
encouraging results.
• Some applications require removal of tides and 
atmospheric signals, and large errors in tidal 
models and in the models used to obtain HF and in-
verse barometer corrections remain a problem. 
These models are improving, but require detailed 
coastal bathymetry with horizontal resolutions of at 
least 1 km (preferably 200 m)
• The ionospheric delay correction and the sea 
state bias correction are also a concern, although 
not the greatest error source.

Many efforts are being put into overcoming these challenges and 
extending the altimeter-derived measurements of sea level, wind 
speed and significant wave height as close as possible to the 
coast. The major Space Agencies are sustaining coastal altimetry 
research through dedicated projects like PISTACH (funded by 
CNES), COASTALT (ESA) and some OST-ST projects 
(NASA/CNES). A new and lively coastal altimetry community, in-
herently interdisciplinary, has already had three well-attended in-
ternational workshops, and is producing a book on the subject 

Coastal altimetry data are starting to become available. Improved 
along-track data from the XTRACK reprocessing scheme are 
made available by CTOH. Recently, the PISTACH project has re-
processed the whole Jason-2 archive near the coasts to give 
access to high-resolution (20 Hz i.e. ~350 m) along-track altimetric 
measurements (available from ftpsedr.cls.fr/pub/oceano/pistach/), 
with an ensured continuity from the open ocean up to the shoreline. 
These data allow a finer description of short scale (5-20 km) 
coastal phenomena, with the most significant gain with respect to 
classical 1-Hz Level-2 altimetry products expected on the repre-
sentation of local gradients and hence currents. COASTALT is also 
reprocessing data from the Envisat RA-2 altimeter over a selection 
of pilot passes around Europe.

Coastal altimetry must be calibrated and validate with independent observing 
systems at several temporal and spatial scales. There is consensus that the so 
far unexploited capabilities arising from the merging of existing in situ (glider, 
tide gauges, drifters) data sources with remote sensing data (SST, altimetry) 
must be investigated in a calibration-validation environment to improve the un-
derstanding of the physical contents of each measurement
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APPLICATIONS
current and foreseen applications of coastal altimetry data, exploiting their synergy with other data and models

TAKE HOME MESSAGE:  Altimetry is a legitimate component of operational coastal observing 
and modelling systems, and can play a significant role in those systems now that the obstacles in re-
trieving the coastal SSH, wave and wind data are being overcome. But continued support is needed 
for coastal altimetry, with efforts towards promoting the long existing datasets (a real asset) and ex-
ploiting the several forthcoming missions, so that the multi-decadal record is not only continued, but 
also improved in quality and quantity, and the transition to operational systems is completed

CAPACITY BUILDING
Coastal altimetry links directly to the work of the local scientists 
and administrators in many of the world’s developing regions 
and therefore contributes to capacity building for altimetry as a 
whole.  Examples are India, where NIO and INCOIS are now 
planning to reprocess all the along track profiles for the Indian 
region with regional corrections, Thailand, where coastal altim-
etry, tide gauge and GPS will be used to study sea level change 
and land subsidence, and Southern Africa where five application 
areas for coastal altimetry have been identified, shown here.
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THE FUTURE
We need to:
continue the cutting edge research on re-
tracking and corrections

invest in advanced calibration/validation 
systems to validate the new data in the 
context of dramatic space/time variability 
in the coastal zone

keep promoting widespread adoption of 
coastal altimetry and capacity building

maximise the impact of the existing data, 
(a 17-year long dataset) in applications 
like those described above

exploit future missions, both nadir-
viewing (CryoSat, Sentinel-3 both sporting 
a novel delay-Doppler altimeter) and 
wide-swath (SWOT), which should im-
prove both quantity and quality of coastal 
altimetry data

Example of cal/val of coastal altimetry data.  Comparison of along track absolute 
dynamic topography from JASON-1 and JASON-2 altimeters and dynamic height 
from glider data for the Alboran Sea (Ruiz et al., 2009b) and Balearic Sea (Ruiz et 
al., 2009a). For the Balearic Sea, both the onward (left) and return (right) legs of 
the glider are shown. Absolute dynamic topography is computed by adding to the 
along track SSH anomalies a Mean Dynamic Topography (Rio et al., 2007). Dy-
namic height is obtained from the glider pressure, temperature, and salinity pro-
files with a reference level of 180 m.

Weekly composites of Maximum Cross Correlation (MCC) 
currents (black) derived from infrared and ocean color im-
agery, and average satellite altimeter geostrophic currents 
(white) from all available altimeter satellites. The back-
ground is the SST composite. Coastal altimetry is extend-
ing this synergy to the coastal strip, and MCC currents can 
be used to improve the precision of altimeter retracking. 

Another example of improvement of hindcasts by altim-
eter assimilation: (Left) Model SST hindcast without 
altimeter assimilation; (Middle) SST hindcast with altim-
eter assimilation; (Right) GOES satellite SST field for 
the same day. The assimilation of the altimeter data 
reduces the offshore extent of the SST filament separa-
tion at 43°-44°N (1) and improves the location of an an-
ticyclonic eddy south of the filament (2), in better agree-
ment with the satellite data. Coastal altimetry will im-
prove the resolution of the coastal processes.

An example of model performance for the storm surge of December 7, 2003 in the Inner 
Danish Waters. The dots indicate the predictions of the statistical model, which combines 
SSH and tide gauge observations (marked by circles) through a multivariate regression 
analysis. Observations from tide gauges not used in the model are marked by squares, 
and can be used for model validation. This type of modelling will greatly benefit from 
quality-controlled coastal altimetry, because it will allow resolving near coastal processes.

Mean, standard deviation and their ratio over 10 years, of the near-surface (0-50m) 
current speed off eastern Australia, as estimated by an ocean model of 0.1º × 0.1º 
spatial resolution. Re-processed altimetry data is being used to drive improvements 
in the model. To assess whether it might be economically feasible to exploit the cur-
rent as a energy resource will require detailed analysis of model, in situ data and 
reprocessed altimetry data. Knowledge of the statistics of the coastal wave field 
from long-term coastal altimetry can also be a valuable asset in this scenario.


