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Abstract. Observing sea level and its variations is of gim@brtance for many scientific, societal and ecoioissues. This
data paper presents a new coastal high resoluganL8vel Anomaly (SLA) product, ALTICAP (ALTimetrinnovative
Coastal Approach Product), derived from along treatellite altimetry. To enable as many coastaliegions as possible,
collocated altimetric significant wave height anthévdata are also provided, as well as qualitysflagd the geophysical
corrections applied to the SLA. Covering all oceagions between 0 and 500 km from land, and betv8éérs and 66° N,
this dataset contains five years (February 2018ilp 2021) of 20Hz altimetry measurements fromJhgon-3 mission. The
altimetric standards and geophysical correctiorsius compute the SLA have been selected followimgund robin study
based on 22 of the most recent algorithms availdltle processing solution adopted was a comprdoeiseeen the capability
of each algorithm to provide the best sea levalitgmi over the entire strip between 0 and 200 komfithe coast and a
guarantee of product continuity in the future.

The comparison of ALTICAP and tide gauge SLA tiréiess shows the ability of the ALTICAP product apture the coastal
sea level variability, with average correlation aadt mean square deviation values of 0.74 and gesectively. On global
average, altimetry SLA time series remain 80 % detepup to 9 km from the coast after editing. ALARis a global high
resolution altimetry sea level product optimizeddoastal applications and ensuring quality coritynup to the open ocean,
directly available online. The complete protocdldeed during the round robin study (Birol et &023), as well as all the
results (https://www.aviso.altimetry.fr/en/datafuats/sea-surface-height-products/global/altim@tnevative-coastal-
approach-product-alticap.html) and the data (LEG®DSI., 2023; doi: 10.24400/527896/a01-2023.026)feely available

online.
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1 Introduction

Satellite altimetry has been routinely measuring lexel variations at nearly global scale for mtiran 30 years. These
observations, freely available and with uncertamf only a few centimetres, have greatly improwedknowledge of the
open ocean and are now a key climate indicatotaifay warming and an essential component of mamyainal marine
systems (International Altimetry Team, 2021). Thenber of observations has largely increased oweg &long with the
number of altimetry missions. In 2025, data frogheisatellites on different orbits and with diffetsampling characteristics
are processed in near real time (Le Traon et@25p In parallel, data quality has considerablpriaved, not only thanks to
new processing algorithms, but also with innovaéiteneter technologies (SAR (Synthetic Aperturel&a mode and swath
altimetry: see for example Moreau et al., 2021 weFal., 2024). As a result, the temporal andiapagsolution of altimetry
data has significantly increased. Smaller sea Isigelals are now observed with these measurenamdsarger signals are
captured more precisely, with finer space and tina@ularity. In theory, this should enhance thétgitio monitor the dynamic
processes in the coastal ocean, which are generalijler in size and/or faster than those offst{®@binson and Brink,
2005).

Nevertheless, satellite altimetry encounters dfficissues that make it difficult to derive accergeéophysical estimates near
the shore (see Vignudelli et al., 2011 for a cornepteview). Firstly, in the nearest coastal banivwakilometres wide, land
and calm water modify radar echoes, leading to ¢exnwaveforms that may be difficult to interpretd@menginger et al.,
2011; Xu et al., 2018). In coastal environmentsygoting most of the geophysical corrections thategoplied to the altimeter
measurements (e.g., wet troposphere, ionosphaestate bias, inverse barometer, high frequency wifect, and ocean
tides) with the required precision is also challegde.g., Andersen and Scharroo, 2011). In prectiey can pollute altimetry
sea level estimates up to a few tens of km frontdast (Birol et al., 2025). Finally, operationtdiraetry products have been
optimized for open ocean and/or long-term sea lsuadies and are not always suitable for coastplicgtions (e.g., a
conservative approach that eliminates a lot ofstemre data, and spatial filtering that removesaite but also smooths the
signal).

Still, altimetry remains an invaluable tool in teeggions, where variations in sea level, curradtsea state have the greatest
socioeconomic impact. This is reinforced by therpmverage of in situ coastal data on a globakséair these reasons, radar
waveform processing techniques more suitable far sleore conditions have been developed in thextgears (Passaro et
al., 2014; Peng et al., 2018; Thibaut et al., 20Rhproved geophysical altimetry corrections andileary parameters for
coastal regions are also now available (Fernartdis 2015; Carrere et al., 2016; Passaro e2@18; Schaeffer et al., 2023).
Some of them are progressively introduced into aji@mal processing baselines. As a consequenceutiity and quantity
of altimetry data in the coastal zone have conallgrincreased (Vignudelli et al. 2019; Birol et, £021) and some coastal
sea level datasets have been released. Some afiabiepopular coastal sea level altimetry products(d) X-TRACK
developed by CTOH/LEGOS and distributed by AVIS@O(: 10.24400/527896/a01-2022.020; Birol et al.120 and (2)
ALES (Adaptive Leading Edge Sub-waveform, Passaa.€014) produced by DGFI-TUM and distributed @penADB
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(Schwatke et al., 2023; https://openadb.dgfi.tum.@ath are maintained by universities and provédieng track cross-
calibrated Sea Level Anomalies (SLAs) for mostta# aivailable satellite altimetry missions. The fermX-TRACK, is a
regional Level-3 product covering almost all theastal ocean. It is based on an editing and postegsing strategy defined
to optimize the completeness and the accuracyeoéltimetry SLA in coastal ocean areas. It provigle8, significant wave
height (SWH) and geophysical corrections time seaitel Hz, i.e., with a spatial spacing of ~6-7&tween points along the
track. The latter, the ALES global Levé®product, includes a specific waveform retrackeglieg to high frequency (20 Hz,
i.e., ~0.3 km along the track) altimetry data téphget rid of land contamination in near shore measents. Nonetheless,
there is still a lack for a global multi-missiondanigh frequency product for the coastal oceanwioaild combine both tailored
retracking and adapted geophysical corrections, aadess important, would be optimized for a tiéms to operational
production.

In this paper, we present a new coastal high résal(20 Hz) SLA product, called ALTICAP (ALTimetriynovative Coastal
Approach Product). This along track dataset basetth® Jason-3 mission covers the global coasta@mdeom 0 to 500 km
from any land surface within the Topex-Jason o6 S to 66° N). It has been computed from reedgrithms selected
after a dedicated round robin exercise to guarghtebest possible continuity of quality throughthe coastal zone, between
0 and 200 km from land. Compared to operationahalry products, it is designed to better catchtémporal and spatial
coastal scales and, by providing co-located infdionan time and space on variations in sea lewales, and wind, is fitted
to monitor and study highly dynamical processehag coastal currents, eddies, upwellings, andactiens between the
ocean and the coast area (including rivers in éstuaegions). The guarantee of product continiitshe future was also a

critical parameter in the selection, with the objexto further extend the product and include tddal altimetry missions.

This data paper is structured as follows: Sectestdbes the method and input data for the studgt. 8 presents the data
processing, the results of the product validatiod the comparison to the X-TRACK coastal referepoeduct; Sect. 4
provides detailed information on the resulting dataand its distribution. The article closes witlsanclusion and some

perspectives in Sect. 5.

2 Method and input data
2.1 Method

Satellite altimetry observes sea level variatiopsieasuring the round-trip time taken by radar gmifsom the instrument to
the surface at nadir. Knowing the speed of thetsepthe speed of light), we can compute themlisthetween the satellite’s
center of mass and the reflected surface, calle@itimeter range. Over the ocean, going from dinge to the SLA requires
knowledge of auxiliary information (e.qg., satellitititude; atmospheric and geophysical correctitmee-average of the height
of the ocean surface). Finally, the SLA is compuwgedording to Eq. (1):

SLA = Altitude of satellite — Altimeter range
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— Ionospheric correction — Dry tropospheric correction - Wet tropospheric correction - Sea state bias correction

— Solid earth tide correction — Geocentric ocean tide correction — Geocentric pole tide correction
— Dynamic atmospheric correction — Internal tide correction — Mean sea surface height 1)
Each of the terms of Eq. (1) will be called "SLAwponent" hereinafter. The accuracy of the resulBhé depends on the
quality of each of these terms, which are derivedhfeither numerical or empirical models, and fraltmmetry or auxiliary
observations. For most of these correction teriifiigrent solutions exist. In some cases, algoritispecifically designed for
the coastal environment are available, such a&®iB+ (GNSS derived Path Delay, Fernandes et d5)20et troposphere
correction and the ALES retracker (Passaro e2@lL4).
Here, we take advantage of the results of a coropastudy (Birol et al., 2025) to build the new giblboastal ALTICAP
product. In Birol et al. (2025), we carried oubamd robin study to better understand the sourtesaertainties linked to the
processing algorithms in the sea level computatiben approaching the coast. We intercompared theeStimates obtained
with a set of 21 processing solutions for differ8h#A components (see Sect. 2.2), in order to shaly the uncertainties in
each solution are reflected in the calculatiorhef $LA data as we get closer to the coast. Intsent work, we add a recent
algorithm (FES2022b ocean tide solution, Lyardlet2®21) for a total of 22 processing solutions] ase different metrics
to objectively compare the relative performancehef different algorithms in terms of coastal SLAmmutation. For each
SLA component analyzed, we then choose the algoritiat provides the most accurate SLA in the witolastal domain
between 0 and 200 km offshore, and that also essar&inuity with the open-ocean standard SLA potsllA third selection
criterion is the availability (or possibility of ailability without too much effort in the futuref the algorithms for several
missions, as one important objective is to extéedAL TICAP dataset in the past with the Jason-1Jashn-2 missions, and
up to the present day with the Sentinel-6-MF missibo verify that the results were consistent amsegeral altimetry
missions, the round robin study included the Jésand Jason-3 missions, considering three years 1iL1 cycles) of data
for each of them: 27/09/2013 to 22/09/2016 for de&oand 17/02/2016 to 22/02/2019 for Jason-3.

2.2 Altimetry algorithms

The operational sea level products (i.e., the L-@&@kophysical Data Record or GDR products) haea loer starting dataset
in this work. We collated all the data into the CBNErench Space Agency) internal altimetry dataltasecontains all the
operational Jason-2 and Jason-3 GDR products (CIRES}a, 2024b). We added external solutions anpgiroriented
datasets that were made available for this study.

Some of the SLA components of Eq. (1) were notuidet! in the round robin because only one solutias available for
them (Altitude of the satellite, Dry Tropospherior&ction, Dynamic Atmospheric Correction, and tng tide Correction).
The Solid earth tide height and the Geocentric fideheight were also discarded because theyomsidered very accurate
and non-critical for coastal sea level calculatiphsdersen and Scharroo, 2011). For the other coemts, the main criterion
to select the algorithms was the availability af torresponding dataset at global scale and fowtimde study time period
(i.e., 27/09/2013 to 22/02/2019). A few exceptibase been made for specific reasons:

4



130

135

140

145

150

155

160

e The ALES altimeter range and the associated Se@ 8ias (SSB) correction, both obtained from theESL
retracking algorithm, come from the ESA CCI CoaSth Level product (Cazenave et al., 2022). Althahgy are
not global, they cover a large part of the coasteln (see Fig. 1 of the aforementioned articlefaBse the ALES
retracking algorithm was specifically developeddoastal altimetry, the study would not have beenpete without
its inclusion. As a consequence, all the altimeiege and SSB solutions selected in this study baee evaluated
only where ALES data are available.

e Although they only cover a limited geographical domby definition, regional tidal corrections maaiilable by
CNES/Noveltis for the Mediterranean Sea, North Bsintic (NEA) and Eastern Australia regions haeen
included in the round robin exercise to explore andlyze their potential for coastal altimetry, gared to global
solutions. Regional analyses were thus specifig@iyormed for the ocean tide corrections.

* Regarding the SSB correction, some of the new #lgos were available only for Jason-3 (MLE4 2D 20Nt E4
3D 20Hz, and Adaptive 3D 20Hz). Given that the SSBlentified as one of the critical issues in ¢ahaltimetry,
it was decided to include the performance analyisisese algorithms in this study. Hence, the eat#n of the SSB
algorithms was performed only for the Jason-3 roissiver the considered period.

Finally, the SLA components and algorithms usethis round robin are listed in Table 1. Note thieo global ocean tide
solutions are available, in addition to those idel in this study, such as DTU16 (Cheng and Ander2@11), GOT4.10c
(Ray, 2013), and TPX09 (Egbert and Erofeeva, 20D@)avoid any overrepresentation of ocean tideeotion solutions in
the round-robin exercise, compared to other SLAmmments, a specific pre-analysis was done on tigalels and led to the
selection of five solutions. The results of thig4pound-robin analysis are available in a dedicaggidrt on the AVISO+
website (Cancet and Fouchet, 2022).

A reference SLA solution was computed using thereefce algorithms available in the operational Gib&lucts (underlined
in Table 1). We then produced new SLA datasetshHanging one SLA component at a time, considerireggdifferent
algorithms available. For example, we consideremldifferent ionospheric corrections (GIM and dugefuency correction),
hence resulting in two different SLA solutions tbe ionospheric correction. The only exception ¥eaghe range and SSB
that are strongly interlinked as they both comeodtite retracking algorithm. In that case, we picetl SLA estimates pairing
the range and SSB solutions together (i.e., nongiMLE4 range with ALES SSB for example). We figadbtained 22 SLA
datasets that have all been evaluated using the setrics through the round-robin exercise.

Table 1: SLA components included in the round robinexercise (column 1), with the list of algorithmsested for each one (column
2). The reference algorithms currently used in opetional sea level products for each component arenderlined. The fields marked
with an asterisk (*) were provided at 1Hz only anchave been linearly interpolated to 20 Hz for the prposes of this study; the fields
marked with (**) have been specifically interpolatel at 20 Hz from the native grids for this study; tte others were at 20Hz. GDR is
the official Geophysical Data Record product distibuted by the space agencies (version D for Jasora@d version F for Jason-3).

SLA Components List of algorithms tested

Altimeter Range 3 solutions:
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¢ MLE4 —in GDR product
« Adaptive (Tourain et al., 2021) — in GDR product
* ALES (Passaro et al., 2014) — version ESA CCI Co&a level product

lonospheric 2 solutions:
correction » Dual-frequency, filtered* — in GDR product
e GIM* (lima et al. 1999 - in GDR produc
Wet tropospheric | 3 solutions:
correction « Radiometer* — in GDR product
* 3D ECMWF model* — in GDR product
* GPD+* (Fernandes et al., 2015) — from AVISO+ in 202
Ocean tide | 5 solutions:
correction » EOT20 (Hart-Davis et al., 2021)

» FES2014b (Lyard et al., 2021) — in GDR

e FES2014b, unstructured mesh version (Lyard eR@21), provided by Novelti

» FES2022b (Carrere et al, 2022)

« CNES/Noveltis regional models for NEA, Mediterrane@ea, and Australi
(Cancet et al., 2022), provided by Noveltis

5

a

Sea State Bias (SSB
correction

Mean Sea Surface
Height (MSSH)

2.3 Tide gauge data

Hourly tide gauge data are used for validation aothparison. The data have been retrieved from thSUC
(uhslc.soest.hawaii.edu/data, last access: 15 @cgil21) and SHOM (data.shom.fr, last access: 160@c2021) databases.
Among all available tide gauge stations at globales we selected a subset of 14 stations (Figusealtered across the world
coastal ocean and in both hemispheres. The sealauiteria were as follows: 1) the temporal coverafthe tide gauge time
series must cover the Jason-3 period without saamif gaps or abrupt changes (instrumental daftpration issue, etc....);
2) the distance between the tide gauge stationttandltimetry track must be smaller than 50 km whensidering only
altimetry points located less than 20 km off thastoNote that for some stations, some additioglaction was done on the

altimetry side to avoid comparing sea level obsona in regions with different ocean dynamics oegi (e.g., data located

6 solutions:

e MLE4 2D 1Hz* - in GDR product

e MLE4 2D 20Hz (Tran et al., 2021), provided by CNES

e MLE4 3D 20Hz (Tran et al., 2021), provided by CNES

« Adaptive 2D 20Hz (Thibaut et al., 2021), providgd@NES
* Adaptive 3D 20Hz, provided by CNES

* ALES 20Hz (Passaro et al., 207~ version ESA CCI Coastal Sea level prot
3 solutions:

e CNES CLS15* (Pujol et al, 2018) — in GDR product

e SIO** (Sandwell et al, 2017)

* CNES_CLS22** (Schaeffer et al., 2023) — provided3YES

in a lagoon for Galveston, in narrow fjords for ifaf, or on the opposite side of a peninsula fordak

To compare the altimetry and tide gauge sea leeasurements, the tidal signal has been removedtfrertide gauge sea

level time series using a harmonic analysis apfroBlee effect of atmospheric pressure and winchertitle gauge sea level

6
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has been subtracted using the same correctionrabdaaltimetry observations (Dynamic Atmospheriari@ction from
MOG2D solution, LEGOS/CNRS/CLS, 1992; Carrere agdrd, 2003).

Figure 1: Locations of the 14 tide gauge stationsgd stars) used for the validation of the ALTICAP dataset.Background map from
Natural Earth.

2.4 External altimetry product

For validation purposes, ALTICAP SLA time seriee aompared with those of an equivalent coastalese# product. From
the two most popular products mentioned above, ave lthosen X-TRACK (CTOH, 2023; Birol et al., 20%¥)ce it is the
closest in terms of content. It is also the mostalyi used in coastal studies, with over 170 pubiboa. X-TRACK is a Level-
3 product, which means that along track SLA argepted onto reference ground-tracks. It is compbied EGOS/CTOH
starting from the Level-2 Plus (L2P) CNES produbtere than 30 years of data are available andiatetdited by AVISO+.
X-TRACK is a 1-Hz product (i.e., with a 6 to 7 krogting rate) and has then a coarser spatial résoltitan ALTICAP (20
Hz, i.e., 350 m posting rate) in the along-tradleclion. Given that the ALTICAP dataset only ina@sdlata from the Jason-
3 mission from February 2016 to July 2021 (at threetof writing), all the following comparisons deibed in Sect. 3.3 are

only performed over this period.

3 Data processing and validation

This section presents the algorithm selectionléthto the computation of the ALTICAP product, thfferent data processing

steps, and the validation of the dataset.
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3.1 Algorithm selection

The algorithm selection was based on the aforemeed round robin study dedicated to the impactoé@ssing algorithms
in the coastal sea level computation. The compgietéocol followed during this work (Birol et al.p23), as well as all the
results, are available online: https://www.avistimatry.fr/en/data/products/sea-surface-height-potefglobal/altimetry-
innovative-coastal-approach-product-alticap.htnd.we have addressed several scientific objectivésnathis round robin
and evaluated 21 algorithms at global scale ardree regions, both for Jason-2 and Jason-3, thertomber of computed
diagnostics reached several hundreds. Only a suynofidhe information that led to the selection loé algorithms used in
the ALTICAP calculation and the result of this stien are provided in this section; the main anedythat enabled us to
select the algorithms are presented in Appendikl@éte that in the results presented here,  &@orithm was considered
(the FES2022b ocean tide correction), as previomggtioned.

The basic principle of the round robin study wasdmpare all the selected SLA components and algosi of Table 1 using
the same metrics, so their impact on the coastaleseel computation can be assessed in the sameTlaystudy has been
organized by SLA component. At global scale, thtedgnt algorithm solutions have been intercompéreveen 0 and 200
km from the coast. It has been done in terms od dahilability (spatial pattern of data availalilidata availability as a
function of the distance to the coast) and gerstagistics (mean, standard deviation, distributbmalues). Then, the impact
on the SLA calculation has been analyzed for edgtrithm of a component, using similar metrics. Hzene diagnostics
have been computed at regional level, for the Medihean Sea, the North-East Atlantic Ocean, astbreaAustralia.
Additional analyses have also been performed atabacale, with a comparison to independent taleyg observations.

As the Level-2 altimetry products are providedhet point-measurement locations, which differ frone @ycle to the other,
all the along-track sea level components and SUAesawere binned along mean ground tracks of teenJmissions with a
resolution of 20 Hz (i.e., 0.3 km), in order to @éise computation of the along-track statistics.eliting was applied to the
SLA components and all values available in the sitavere used. SLA values outside the window [-33nm] were
systematically discarded everywhere. In the Meditezan Sea, associated with generally lower SLAatrans, a narrower
window of [-1 m; 1 m] was applied. For each SLAmdime series, values outside a 4 sigma windove lzdso been removed
from the computations, sigma being the standardatem of the SLA time series. Finally, altimetrpipts were binned
considering their distance to the coast. To ensirest global or regional statistics, we consideréided number of altimetry
points in each bin, with the bin size varying fraiout 300 m at the coast to 1.2 km at 200 km froendoast. For the
comparison between altimetry and in situ SLAs, rlearest satellite track to each tide gauge statias selected. Only
altimetry data located at a distance from the ceastller than 20 km, and less than 50 km from #wzrest reference tide
gauge, were used.

The final choice of algorithms used to computeAh& ICAP SLA dataset is summarized in Table 2. Th&ASomponents

selected in the context of the round robin, follegviall the criteria described in Sect. 2.1, arecaigd in bold. The other



225 parameters correspond to the environmental andhysaal altimetry corrections that were not incldde the round robin

but need to be applied to the SLA.

Table 2: Altimetry algorithms used in the ALTICAP product processing. The algorithms in bold were setted through the round
robin process.

SLA component or auxiliary Algorithm
parameter
Orbit GDR-F
Range Adaptive (Tourain et al., 2021)
Sea State Bias Adaptive 3D (Tran et al., 2021)
lonospheric Correction GIM model (ljima et al., 199) rescaled on the orbit altitude using
Dettmering’s method (Dettmering et al., 2022)
Wet tropospheric Correction GPD+ (Fernandes et al2015)
Dry tropospheric Correction Model based on ECMWHRi§san grids

(S1 and S2 atmospheric tides)

Dynamical atmospheric correction MOG2D High frecgien forced with analysed ECMWF
pressure and wind fields (S1 and S2 excluded),ipkerse
barometer computed from rectangular grids (CamérckLyard,

2003)
Ocean tide FES 2022b (unstructured grid; Carrére et al., 2022)
Load tide FES 2022b (structured grid; Carrere et al., 2022)
Solid Earth tide Elastic response to tidal poténtia
(Cartwright and Tayler, 1971; Cartwright and Edden, 1973)
Pole tide Wahr (1985) solution until Jul 2020, tfzesai et al.

(2015) solution with the definition of earth’s
mean pole from Ries and Desai (2017) thereafter

Internal tide HRET v8.1 tidal frequencies: M2, K82, O1 (Zaron, 2019)
MSSH CNES-CLS22 (Schaeffer et al., 2023)
MDT CNES-CLS22 (Jousset et al., 2025)

230 3.2 Data processing

The ALTICAP processing system starts from the 20&kon-3 altimeter along-track measurements, iryeélame, provided
in the GDR products. In order to generate the Skfadthe altimetry observations follow a processihgin with several
steps: acquisition and pre-processing, qualityrobntalibration, and SLA computation.
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A database is built from the GDR products witht# 20 Hz along-track data that are needed to ctarthe SLA: time,
range, orbit, information of validity, environmehtand geophysical corrections, auxiliary parametéhe components that
are available only at 1 Hz in the GDRs are eitlpecdically computed or interpolated at the 20 Hmjfiency along the track
from the native grids (MSSH, SSB), or interpolatesim 1 Hz to 20 Hz through a linear method (e gnoispheric and wet
tropospheric corrections). The SLA is then compuateelach 20Hz measurement point along the altingetemd track using
Eqg. (1) and the standards described in Table Zdalitional correction (called inter_mission_biaa$ lheen applied to remove
systematic differences between altimetry missigmsding SLA time series consistent with those weled by CMEMS:
(https://doi.org/10.48670/moi-00148). Finally, theno-mission Orbit Error Reduction (OER) algoritfire Traon and Ogor,
1998) is used to reduce orbit errors through aalobnimization of the SLA differences observea@tssover points.

The processing continues with quality control of #itimetry data and geophysical corrections ireotd compute the
validation flag that allows to select valid oceaatad Several criteria are used: thresholds valaesrs the SLA and the
collocated significant wave height (SWH) estimg#@ss(SLA) < 2 m and SWH < 15 m), detection of peidntaminated by
the presence of sea ice using a combination 0DBKSAF sea ice concentration (EUMETSAT, 2022) aed@DR ice flag,
identification of rain cells and specular refleato(sigma0 backscattering blooms). The along tcatierence of SLA data is
then verified using a variable n sigma criteriorhene sigma is the standard deviation of the SLA #dvalue of n is
modulated regionally using an estimate of the oceaiability derived from merged Level-4 DUACS prads. This allows
for the natural variability of each ocean regiotéotaken into account in the detection and remofvautliers. An additional
data quality criterion aims to flag small scale Sautliers. This criterion is based on low pas®fiéd SWH values over a 11
km running window, and flags all the SLA values whthe filtered SWH amplitude is larger than 2 m.

The distributed ALTICAP dataset contains the SLAadat all points located over the ocean and a atdid flag that
corresponds to the combination of all the editirigeda described above. Users can thus eitheyapplflag to edit the dataset
following the described strategy, or create thein@diting methodology and associated flag basatienomplete ALTICAP
dataset.

3.3 Validation

In this section, we present the main results cariegrthe validation of the ALTICAP sea level datadavo SLA versions
are used: without and with the validation flag @bl respectively called “raw’ and “edited” hereftiea.

First, we evaluated the impact of the validaticaagfbn the SLA standard deviation (STD) and on tha @vailability. In
practice the latter is measured by the percenthdata with a value in the SLA time series. Theisgdostics are represented
as a function of the distance to the coast (Figy@nd in the form of a map over the whole domaieced by the ALTICAP
dataset (Figure 3). Without the flag, STD valueséase sharply within 10 km from the coast, reaghk@veral meters, due to
an increasing number of outliers in the SLA as weraach land. The time series remain 80 % compilet® an average of
4.3 km from the coast at global scale. When apglyfire validation flag, the STD values of the ALTIE/SLAs are strongly
reduced in the last 10 km off the coast, from sgvereters to about 10 cm (sEgure SFigure-5n the next section for a

10



similar plot with a different vertical range). Thenount of edited data in the SLA time series desgg&elow 80 % up to 8.7

km from the coast in global average. The areas evA&TICAP data are the most edited (Figure 3.b)taeepolar regions,

which are affected by the seasonal presence afsda.g., Southern Ocean, Hudson Bay, Canadiast,d0khotsk Sea, coast
270 of Alaska), and the tropical band (particularly B@uth-East Asian Seas) that is strongly affectedain cells.
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Figure 2: Standard deviation (a) in meters, and perentage (b) of SLA data as a function of the distae to the coast, for the raw
275 (blue) and edited (orange) ALTICAP SLAs. Inter80% refers to the distance to the coast at which 80 % déta availability is obtained.
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Figure 3: (a) Difference of ALTICAP SLA STD (in meters) before and after the validation flag is applid (edited-raw). (b) Percentage
of SLA data lost when the validation flag is applid.

For further analysis, we use the tide gauge dateried in Sect. 2.3 as a reference. Here, orilpetity data within a distance
280 of 20 km from the coastline and 50 km from the gdeige stations are used. For each in situ state@opmpute the ALTICAP
data availability. We also calculate the STD oftbAt TICAP and tide gauge SLAs, the standard desradf the difference
between ALTICAP and tide gauge data (RMSD) anddteelation between the two types of SLA data. Témults are
presented for each tide gauge in Figure 4. Mapwisigothe comparison at each tide gauge statioprmnéded in Appendix
B, illustrating the diversity of situations coveretth the tide gauge dataset. In global averageralw ALTICAP SLA data
285 nearest to the tide gauges are ~94 % complete @arel & STD value of 0.48 m. When comparing to tideggs, the mean
12



RMSD is 0.47 and the mean correlation > 0.5. Irufégd., the comparison to the tide gauge obsenatitearly shows the
improvement brought by the use of the validatiag fon the ALTICAP SLA dataset. The percentage oA 8hta available
near the tide gauges falls to ~86 % on global @eer@he loss of data depends of the tide gaugehbrd is always more than
70 % of edited ALTICAP data available at the comsédl altimetry points, close to the in situ stagidn return, here again,
290 the STD of the ALTICAP SLA estimates is strongldueed when applying the validation flag, at aletghuge stations. The
RMSD and the correlation to each tide gauge algwore significantly.
These results demonstrate the efficiency of thelatidn flag to edit outliers in the ALTICAP SLA tisset and provide high-
quality sea level observations. As previously merd, this validation flag can also be revisitedubgrs who may want to

select data differently and/or apply a local edjtias the raw data are available in the ALTICARget
295
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Figure 4: Mean statistics from the comparison betwen the raw (blue) and edited (green) SLAs of the ALICAP product and the
selected tide gauges (for brevity, only the first fetters of the names are shown). The statistics Y been computed for each
altimetry point located at less than 20 km from thecoast and less than 50 km from the tide gauge si@n, and then averaged for
300 each tide gauge. They are presented for each tidaupe (left) and then averaged on a global scalegfit).
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3.4 Comparison to a reference altimetry product

In this section, we compare the edited ALTICAP 20$1LAs with the X-TRACK 1 Hz reference product dised in Sect.
2.4. Both products show similar behaviors in teahSTD and data availability as we approach thescagure 5Figure-j
in the last 10 km from land, the STD increasesifigmtly and the percentage of data decreasesllyapihe ALTICAP
product shows a STD about 2 cm higher than theteoX-TRACK product, which is expected due to tighler frequency of
the ALTICAP product (20 Hz vs 1 Hz for X-TRACK),\gn that 1 Hz data are constructed by averaginm@@surement
points at 20Hz. This is confirmed when lookingthe 20-point averaged ALTICAP product (called “ALTAE edited 1 Hz"
in Figure 5Figure-j which provides a similar level of variability #se X-TRACK 1 Hz product. Between the coast and 10
km offshore, the ALTICAP product provides more dadiata (about 10 %), compared to the X-TRACK produc

The maps of SLA STD (Figure 6) show that both patsliare in very good agreement, with very similigthbvariability
patterns generally corresponding to regions ofgtrwestern-boundary ocean currents (e.g., Gula8tr&uroshio, Agulhas
Current, East Australian Current, Brazil Current.This figure also highlights the difference in termf spatial coverage
between the two products: X-TRACK is processeddgians, covering almost all the global coasts angely spanning into

the open ocean in some cases, while ALTICAP isthtrilefined so as it covers the whole global cogasto 500 km offshore.
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325 ALTICAP 20 Hz dataset (b).

As in the previous section, we also compare thealtimetry products with the SLA observations frdne 14 tide gauge
stations, using the same statistics (Figure 7). rEselts are generally in the same range for batdyzts. For this small
selection of altimetry points, located less thankg0from the coast and less than 50 km from the gjiduge stations, X-
TRACK provides slightly more complete time seribart ALTICAP (~89 % against 86 %, on average ovkestakions).
330 However, these complete X-TRACK time series majobated a little less close to the coast than ALAPR®Nes, as seen on
global average iirigure 5Figure-5The comparison to tide gauge data is slightlyeodor the X-TRACK product (lower
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340

RMSDs, higher correlations), which is expectedtas & 1 Hz product, by construction less noisyitttee ALTICAP 20 Hz
product. However, the difference in statisticalifssis very small compared to the difference sotation and would probably
be largely offset by low-pass spatial filtering redothe track (see Birol and Delebecque (2014) foillastration of the
advantage of this type of approach, &mngure S5Figure-For the impact of a simple 20-point averaging loa ALTICAP 20
Hz product). The standard deviation of the in StiAs at each tide gauge station is also shownu(iplp in Figure 7) and is
in the same order of magnitude as those of theaftimetry products. In the case of the tide gaugéo of Visakhaptnam
(“Visak” in Figure 7), we observe a larger standdediation of SLA for the in situ data than for theo altimetry datasets
(~25 cm). This is due to some drift in the tide gaudata over the period mid-2019 to mid-2021. Werezte that even with
the less noisy X-TRACK 1 Hz product, the correlativith some tide gauge stations can be lower, atr@ué (Mar del Plata
and Lombrum), which is probably due to the confagian and the local dynamics, as tide gauges aimdedérs can observe
very different SLA dynamics within a few kilometersarticularly once dominant signals such as tided wind and
atmospheric pressure forcing are removed. For hetials on the local configurations, maps of theelations between along

track altimetry (ALTICAP and X-TRACK) and tide gaegare provided in Appendix B for each station.
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Altimetry vs Tide Gauges Statistics
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Figure 7: Mean statistics from the comparison betwen the edited ALTICAP (green) and X-TRACK (blue) SLAs and the selected
tide gauges (for brevity, only the first 5 lettersof the names are shown). The statistics have beemngputed for each altimetry point
located at less than 20 km from the coast and le#fgan 50 km from the tide gauge station and then avaged for each tide gauge.
They are represented by tide gauge (left) and theaveraged on a global scale (right). The standard d@tion of the tide gauge SLA
is also shown in purple.

When zooming in over a particular region, like Begy of Biscay (Figure 8 to Figure 11), one cantbeelocal added value
brought by the ALTICAP product in terms of altimepoint density (20 Hz) and coastal data availghitompared to the X-
TRACK coastal product. We show here the exampla@flason-3 track 213, which reaches the Fren@n#d|coast in the

area of the Pertuis Charentais, a shallow regianacherized by flat bathymetry and several islgedsircled in red in Figure
8.a). In this region, there is no data availabléhin X-TRACK product north of 46.2° N (Figure 8.@hile there are data in
ALTICAP for more than 60 % of the cycles betweer288 N and 46.3° N, between the island of Ré aadrtiench continental
coast (Figure 8.a for one particular date, andfeigub for an overview of the period 2019-2020)Figure 9, one can also
note the very good agreement between the along 8a& of the two products, from one cycle to thhest Similar results

are obtained with the along track significant wéegghts (SWH) derived from altimetry that are asovided in the two
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360 products (Figure 10.a and Figure 10.b). Note tbatalidation flag is provided in ALTICAP for thisaviable, hence the very
coastal SWH data should be handled carefully byuses, especially in the very shallow region & Bertuis Charentais
taken here as an example. Similarly, the altimeiad speed at the ocean surface is also availatieei ALTICAP product
(Figure 10.c), unlike the X-TRACK product. Figuré $hows the time series of the three ALTICAP vdeal{SLA, SWH
and wind speed) at one point along this tracka(@tiide 46.0°N) for the whole period availablehe product (2016 to 2021).

365 Having the three variables (SLA, SWH and wind speedlocated in space and time within the same ypecbdnables easy
and direct analyses, for example to identify stewants, like in mid-February 2019, in early Novemp@19 and in early
December 2020 (large SWH and wind speed in Fighrant Figure 11).

ALTICAP 20Hz - Track 213 - 13/01/2020
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370 Figure 8: SLA (in meters) from the edited ALTICAP 20 Hz product (a) and the X-TRACK 1 Hz product (b) dong the Jason-3
track 213, for cycle 142 (13/01/2020) in the Bay 8fiscay (French Atlantic coast). The area of the Priis Charentais where the
ALTICAP product brings additional data compared to the X-TRACK product is encircled in red.
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SLA (m) along Jason-3 track 213 - ALTICAP 20 Hz
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375 Figure 9: Time-latitude diagrams of the SLA from the X-TRACK 1 Hz product (top) and the edited ALTICAP 20 Hz product
(bottom), along the Jason-3 track 213 in the Bay discay, for the time period 2019-2020. Note thedneased data availability
north of latitude 46° N in the ALTICAP product.
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SWH (m) along Jason-3 track 213 - ALTICAP 20 Hz
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Figure 10: Time-latitude diagrams of the Significah Wave Heights (SWH) from the X-TRACK 1 Hz product (top) and the
380 ALTICAP 20 Hz product (middle), and wind speed fromthe ALTICAP 20 Hz product (bottom), along the Jaso-3 track 213 in
the Bay of Biscay, for the time period 2019-2020.
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ALTICAP SLA (m) time series at Jason-3 track 213 lat=46.0°N
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Figure 11: Time series of (a) SLAs and (b) Signifant Wave Heights (SWH) and Wind speeds from the ALTCAP 20 Hz product
at one point (latitude=46.0°N) of the Jason-3 tracR13 in the Bay of Biscay, for the whole time periavailable (2016-2021). The
385 SWHs larger than 10 m have been edited for the plot

4 Product content and distribution

The ALTICAP product is distributed at Level-2P ()2&timetry processing level. The L2P productsalomg track datasets
that contain time, point measurement location (g and latitude) and SLA, but also informatiom data validity
390 (validation flag as described in Sect. 3.2) as aglhll geophysical parameters and correctionshthat been used to compute
the SLA. In ALTICAP, it was decided to provide atilihal geophysical information such as the colledavind speed and
SWH derived from Jason-3 in order to address acititéde a large number of coastal application (Sigure 10 and Figure
11 for example). Information about the theoretigadund track positions (exact repetitive positidingt the ground track
would have if the satellite was perfectly maintair its orbit) and the distance to the nearesirdiial repetitive ground
395 track point is also provided to easily build thmei series over the whole period from the originahg-track data. Finally,
ALTICAP contains all the variables described in [Ea®, within the global coastal strip between 0 886 km offshore.
The ALTICAP product (DOI: 10.24400/527896/a01-2@2R) is available through the ODATIS and AVISO+véegs
(https://www.odatis-ocean.fr/en/data-and-servicea/dacess/direct-access-to-the-data-catalogue#latata3370f6c-5341-
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42bd-9ba8-0748081c54p3t is distributed in netcdf format. Two differefile organizations are proposed, to addressgelar

range of applications:

« Per day files containing all the measurements efday over the globe;

*  Per track files containing the full time seriegath point location along one altimeter track.

Typically, the per day files can be used for coriguars with other daily datasets, or for data adation in a numerical model

(same format as CMEMS), while the per track files more suited for local time series analyses dmugarack statistics.

Both datasets contain exactly the same physicainmtion.

Table 3: Variables provided in the ALTICAP netcdf files.

Name of variable

Content

time Time of measurements

latitude Latitude value of measurements
longitude Longitude value of measurements
cycle Cycle of the measurement

track Track of the measurement

latitude_theoretical

longitude_theoretical

Theoretical exact repetitiosipion of the ground track if the satellite was
perfectly maintained on its orbit.

distance_from_theoretical

Distance between thepesition and the theoretical position of measurgme

distance_from_coast

Distance between the real measat position and the nearest coast from the
GSHHG product (Wessel and Smith, 1996; doi:10.192%800104)

sea_level_anomaly

Sea level anomaly with dac, odilm load_tide, internal_tide correction applig

validation_flag

Validation flag (0 = valid measurent; 1 = invalid measurement)

swh Significant Wave Height on main altimeter freqay band
wind_speed Wind speed on main altimeter frequeiacylb

dac Dynamic atmospheric correction

ib_If Low Frequency component of the inverse bar@me

ocean_tide Ocean tide height

load_tide Loading tide model

internal_tide Internal Tide model: coherent modeM@, K1, O1, and S2 waves
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mdt Mean dynamic topography

inter_mission_bias Bias applied to obtain constistieme series with the DUACS operational produgts
(used to compute the sea_level_anomaly field)

Jupyter Notebooks are provided to users alongsithe ALTICAP product on the AVISO+ website
(https://www.aviso.altimetry.fr/en/data/products/seaface-height-products/global/altimetry-innovatisoastal-approach-

product-alticap.htm)| with examples of codes to read and plot botlesypf files. One of the notebooks also gives exampl
of comparisons with in situ observations, includithg computation of cross track geostrophic cusredgrived from
ALTICAP.

5 Conclusions and perspectives

The ALTICAP dataset is a new coastal altimetry picidhat aims to address some of the current getheicoastal altimetry
datasets that are available today: high resolytimsting rate (20 Hz), global coverage of the coakiaain up to 500 km
offshore, state of the art and dedicated algorithuser friendly product in two different formatsppiding auxiliary variables
and corrections, as well as a validation flag. Gtestruction of the product is based on the objectietrics of a round robin
exercise focusing on the coastal ocean (defineel &®the region between 0 and 200 km from the amdtconsidering six
out of 13 SLA components, for a total of 22 alduris tested. This opportunity was taken to devepgeific tools that will
be used in the future to analyze and test new ithgas as and when they become available. For exgraphong the SLA
components that were not evaluated during thisringnd robin exercise, the Dynamic Atmosphericr€ction (DAC) is the
most likely to contain large uncertainties in cahstgions, due to the high spatial and temponaabdity of surge conditions
in such areas (Carrere et al., 2016). No altereatblution to the operational correction availablthe GDR products (Carrére
etal., 2003, LEGOS/CNRS/CLS, 1992) could be carsid at the time of this round robin exercise dmume complementary
activities are planned in the near future, inclgdine new DAC based on ERAS reanalysis from ECMWES and CNRS-
LEGOS, 2025).

The ALTICAP product can be used for a large rarfgepastal applications that include the analysigheflocal variability of
the coastal sea level and derived geostrophic misirén connection with the variability observedtifier offshore, and in
synergy with in situ observations (e.g., tide gaygerrentmeters, drifting buoys, high frequendara...) and other satellite
measurements (e.g., sea surface temperature, ocksnocean surface rugosity...). It can also baldsethe validation of
numerical simulations and for data assimilatioro imtodels. As collocated SWH and wind speed infoionais provided
alongside the ALTICAP SLAs, as well as auxiliarygaeters (tide and DAC corrections in particulanalyses of specific
events such as storms can be performed. It is impoto note that the performance analysis predentéhis data paper is
limited to the tide gauge stations that have bedected for the validation, even if they provideuae diversity of situations.
The results can differ (in a better or lesser wipending on the region, the coastline and topbgrapnfigurations, and the
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local ocean dynamics. In addition, the ALTICAP protis provided at full resolution (20 Hz) and sseill probably need
to smooth the along track data to remove the higdpufency noise and access the geophysical sigigending on the region
of interest, the most appropriate smoothing lemggly differ, hence we let the users choose their filtening and processing
strategies. Jupyter notebooks are provided wittdétia set and will help use the most appropriase-pmcessing depending
on the study case.

In the near future, we aim to extend the ALTICABdrct to include the past Jason-2 mission anduhermt Sentinel-6-MF
mission, in order to build long time series of dadSLA, SWH and wind speed. One of the objectvkthis work is also to
provide space agencies and operational developénsawalyses and feedback on the state of thelgotithms that are
developed in the coastal altimetry domain, to pregend accompany the development of the next geoeraf operational
products, including the new generation of altimgtée., swath altimetry, with the currently flyi®/VOT mission, and the

future Sentinel-3-NG-topo Copernicus mission.

Data availability

The ALTICAP dataset (DOI: 10.24400/527896/a01-2028, LEGOS, CLS, and Noveltis (2023)) is publicyadable
through the ODATIS and AVISO+ servicesttps://www.odatis-ocean.fr/en/data-and-serviceéa/dacess/direct-access-to-
the-data-catalogue#/metadata/a3370f6c-5341-42b8-0048081c54b3
The following datasets used for this work are piplavailable (see the reference list for more itieta access):

« all tide gauge observations from the CMEMS (E.Up&mwaicus Marine Service Information (CMEMS), 2015),

UHSLC (Caldwell et al., 2015) and SHOM (data.shopsérvices;
* GDR altimetry products (CNES, 2024a, 2024b);
e X-TRACK altimetry product (CTOH, 2023);

*  GPD+ wet tropospheric correction (Fernandes e2all4);

« EOT20 tidal model (Hart-Davis, 2021b);

e FES2014b tidal model (LEGOS et al, 2015);

* FES2022b tidal model (LEGOS et al., 2024);

* CNES_CLS22 MSSH (CLS, 2022).
Some datasets are not publicly availalsleas they either were specifically processed fosthdy or will be published in the
next altimetry GDR data reprocessing or on the AW\8ebsite (https://www.aviso.altimetry.fr/en/hontenh last access: 15
September 2025). These datasets are:

e ALES range and SSB correction;

e SSB corrections — MLE4 2D and 3D at29, Adaptive 2D and 3D at 24z;

¢ MSS model - SIO;

«__tidal models — FES2014b and FES2022b on their @atistructured grids.
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. Please note that the ALES range and SSB correat®mspecific products from the ESA CCI Sea Levejqut, and- — - ‘[a mis en forme

should not be confused with the SSH/ALES Level-3aslets produced by DGFI-TUM and distributed via @eB
(https://openadb.dgdfi.tum.de).

Appendix A

In this section, we detail the selection of thenadtric algorithms used to build the ALTICAP dataseor each SLA

component, the process, described in Sect. 2.5jsterin an intercomparison of the different altirieealgorithms available,

based on their respective overall performance éncibastal domain, considering two different saeeliltimetry missions

(Jason-2 and Jason-3). For this work, the coaetakih is defined as the coastal strip betweenhbeetine and the first 200
km offshore. The choice of 200 km is motivated hy heed to achieve the best possible product guwadibss a wide range
of spatial scales characterizing coastal processmsthe sake of brevity, we only show a selectidérthe round robin

diagnostics, for the Jason-3 mission. Howevethalplots and results of this study are freely labée on line on the AVISO+

website (https://www.aviso.altimetry.fr/en/datafuets/sea-surface-height-products/global/altimétnovative-coastal-

approach-product-alticap/roundrobin-reports.html).

A.1 Altimeter Range and Sea State Bias (SSB)

The altimeter range is defined as the distancedmivhe satellite and the instantaneous sea sulifacdly below the satellite.
It is therefore the main measurement of the sea &stimate. In order to obtain a precise ranganwst determine the distance
between the altimeter and the closest point ofiltheinated surface. This is done via a ground pesing step called
retracking, where an analytical model is fittedte radar echo, in order to derive the altimetagea
The amplitude and propagation direction of oceavesaelative to the satellite’s trajectory impdu& altimetric measurement,
generating biases in the range estimation. The @&®Bction aims to minimize this effect. This catien is computed using
outputs from the retracking, such as the signifieeawve height (SWH) and the surface wind speedef®that both the range
and the SSB are derived from the same analyticdiethey are codependent in the SLA calculation
The SSB solutions that exist today can be class#geither 2D or 3D, depending on the numbermitiparameters used in
the computation. While the 2D solution is basedhenSWH and surface wind speed (Melville et alQ80the 3D solution
also includes the mean wave period derived frona@ewnodel (Tran et al., 2010).
Three retracking solutions were compared withis tohiund-robin exercise: MLE4 (Thibaut et al., 2QI8)ES (Passaro et
al., 2014) and Adaptive (Poisson et al., 2018). ahalyses were done for the range specifically,fanthe following SSB
solutions. Only Jason-3 data were used here as sbthese SSB solutions were not available for d&sat the time of the
round robin exercise:

e MLEA4 retracking: SSB 2D at 1 Hz (GDR standard) iptdated at 20 Hz, SSB 2D directly computed at 20 $5B

3D at 20 Hz
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e ALES retracking: SSB 2D at 20 Hz

» Adaptive retracking: SSB 2D at 20 Hz, SSB 3D at20
As we can see in Fig. A.1, the three range solsttested perform differently in the coastal regiand the results are also
mission-dependent. In particular, for the MLE4 rangn important data loss between the coast anan26ffshore can be
noted in the Jason-3 data (Fig. A.1.a and Fig.b), Which is not visible in the Jason-2 data (rfaiven here, but all Jason-2
results are available online on the AVISO+ websifé)e drop in the MLE4 range availability transtatato an artificial
decrease in the coastal variability of the SLA catep with this retracking solution (Fig. A.1.d). @re other hand, ALES
and the Adaptive retracker solutions show simikidvdata counts, with still more than 80 cyclesvalfid data on average
(out of the 111 cycles tested) in the last kilomegfore the shore (Fig. A.1.b). Between 2.5 an#rh@o the coast, the ALES
solution performs better than the Adaptive solutieith lower variability in the SLA. Between theast and 2.5 km, both
solutions perform similarly (Fig. A.1.d). Howevén,the more open-ocean region (between 20 km afdk@&0offshore), the
SLA based on the ALES solution shows about 0.5 @remariability than the Adaptive solution (Fig.14c).
Regarding the SSB, Passaro et al. (2018) showedhé@omputation of the SSB correction directl2@tHz improves the
accuracy of the SLA estimate. Moreover, accordin@ran et al. (2021), using a 3D version of the $8Bection instead of
the standard 2D version results in an SLA variaedection for the high-frequency signals. Here,ridmuilts are mitigated by
the availability of some of the SSB correction®ur working database, in particular for the SSB ptile 3D that shows a
large decrease in availability from about 100 kiistedre to the coast, due to the resolution of tagenmodel in this region
(Fig. A.2.a and Fig. A.2.b). Still, one can cleanlyte the better performance with the MLE4 SSB 8Bpared to the MLE4
SSB 2D, and with the Adaptive SSB 3D compared ¢éofttiaptive SSB 2D, as the 3D approach systematipedivides lower
variability in the SLA, whatever the distance te ttoast (Fig. A.2.c and Fig. A.2.d). As for thegenthe ALES SSB shows
very good performance in the most coastal regietween 0 and 10 km offshore. However, it resultsare variability than
most other solutions in the more open-ocean SLinases.
These results, as well as the availability of thdaptive retracking algorithm (range and SSB 3D)Jason-2 and Jason-3,
have driven our choice for implementation in theTACAP product, over the ALES solution. Concernihg SSB, the data
availability issue of the Adaptive SSB 3D in outalzase was corrected and it could thus be chosekLfBICAP.
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Figure A.1: (a, b) Global mean number of valid rang data along all Jason-3 tracks for the period 17232016 to 22/02/2019 (111
cycles). (c, d) Global mean of standard deviationalues (in cm) of the SLA along all Jason-3 trackf the same period, when using
the different range solutions. Results are presentieas a function of the distance to the coast (in Knbetween 200 and 20 km (a, c)
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Figure A.2: (a, b) Global mean number of valid SSBiata along all Jason-3 tracks for the period 17/02016 to 22/02/2019 (111
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the different SSB solutions. Results are presentexs a function of the distance to the coast (in knijetween 200 and 20 km (a, c) and
between 20 and 0 km (b, d) from the coast.
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A.2 lonospheric Correction

As the radar wave travels through the ionosphenetaracts with the free electrons that are preswre. This translates into
a delay in the radar signal propagation that mastken into account in order to accurately deteentine distance between
the altimeter and the sea surface; it is calledspheric correction.

During the round robin selection process, two sohs were evaluated. The first one correspondsediltered version of the
satellite altimetry dual-frequency linear combinat{Chelton et al., 2001). The second method udesrl data provided by
GNSS based ionosphere estimates (Komjathy and B&&%), the GIM (Global lonospheric Map) solutidiis solution is
mostly implemented for single frequency altimetassthe dual frequency filtered method becomes s@sipte to apply.
When comparing the ionospheric correction countddégon-2 (not shown here, but available onlintherAVISO+ website)
and Jason-3, a drop is noticeable in the Jasdte8efil dual frequency correction when approachiegcbast, with the loss of
about 18 % of the cycles (20 cycles out of 11lthmlast 10 km (Fig. A.3.a and Fig. A.3.b). Thigliee to a processing issue
that is under investigation by the data producérs Toss of data results in an artificial decreiasthe variability of the SLA
estimates, compared to the GIM solution (Fig. Aghd Fig. A.3.d). Indeed, for Jason-2, the comparisetween GIM and
the filtered dual frequency corrections shows @oge performance in the coastal region, withghglly lower dispersion for
the dual-frequency correction. To avoid losing dhte to the ionosphere correction availabilityia toastal region, we thus
chose to use the GIM correction in the ALTICAP data
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Figure A.3: (a, b) Global mean number of valid ionspheric correction data along all Jason-3 tracks fothe period 17/02/2016 to
22/02/2019 (111 cycles). (c, d) Global mean of stiand deviation values (in cm) of the SLA along allason-3 tracks for the same
period, when using the different ionospheric corretion solutions. Results are presented as a functiaf the distance to the coast (in
km) between 200 and 20 km (a, c) and between 20 a@dm (b, d) from the coast.
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A.3 Wet Tropospheric Correction

As for the ionospheric correction, the radar signaderiences a path delay in the lower atmosphtgsetime due to the liquid
water and vapor. Here again, we need a specifiection called the Wet Tropospheric Corrections lgenerally computed
either from direct onboard radiometer measurementsom external meteorological models. The firstuson is more
accurate but in the coastal zone, the signal cortog the surrounding land contaminates the radiemmeasurements,
resulting in significant errors (Lazaro et al., BD2A solution proposed to tackle this, and alsirprove the wet-troposphere
estimates over the coastal area is the so calldB+@BNSS derived Path Delay) solution (Fernandeal.et2015) that
combines information from several sources to bafdbjective-analysis estimate of the wet-troposphemponent.

In order to determine the appropriate correctiobdaised in the ALTICAP product, we compared tiselte obtained with
three different solutions: the radiometer-derivedection, the correction computed from the ECMWédel and the GPD+
correction.

Over the open ocean, the behavior of the thredisphiis very similar and stable both in terms alfdrdata count (Fig. A.4.a)
and standard deviation of the SLA (Fig. A.4.c)the very coastal domain (less than 2.5 km fromcthesst), the valid data
count drops for the three solutions (slightly earfor the GPD+ solution than the two others)eimts of SLA variability, the
three corrections also provide very close resultthe coastal domain (Fig. A.4.d). When plotting thfferences with the
radiometer reference solution (Fig. A.4.e), the GRBIution performs slightly better than directicadetric measurements
and the ECMWF model estimates in the first 10 kifishaire (about 0.5 cm less variability). Based ogs¢hanalyses, the
GPD+ solution was chosen to be implemented in thEIBAP product.
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Figure A.4: (a, b) Global mean number of valid wetropospheric correction data along all Jason-3 traks for the period 17/02/2016
to 22/02/2019 (111 cycles). (c, d) Global mean tdrsdard deviation values (in cm) of the SLA along lhJason-3 tracks for the same
period, when using the different wet tropospheric orrection solutions. (e) Difference (in cm) betweethe global mean of standard

deviation values of the SLA along all Jason-3 trackfor the same period, when using the different wetopospheric solutions and

when using the reference solution (radiometer). Retis are presented as a function of the distance the coast (in km) between 200
and 20 km (a, c) and between 20 and 0 km (b, d, fedm the coast

A.4 Ocean Tide Correction

The tidal signal is under sampled by the orbitalqekof the satellite altimeters (10 days or malepending of the mission),
leading to frequency aliasing in the altimeter Is@al estimates. The problem is tackled by usigtphal ocean tide model to
remove the ocean tide elevation from the altimséer level. Over the open ocean, recent ocean tdelsexhibit an error
level contained below 2 cm RMS (Stammer et al. 422@hron and Elipot, 2020), which can be consideegart of the lower
tier in the global error budget. However, in shallmoastal waters, the global tidal models are pessise, with errors that can
reach 15 cm RMS (Ray, 2008). It is explained bydbmplex hydrodynamic characteristics of the cdaienain coupled
with imperfect knowledge of the bathymetry, whichkas difficult accurate modelling of coastal octdes.
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Three tide models were investigated for impleméoiain ALTICAP: the EOT20 model (Hart-Davis et a2021b), the
FES2014b model (Lyard et al., 2021) and the FES202adel (Carrere et al., 2022). The FES2014b medsltested under
its released version, interpolated on a 1/16° megydid, and also with its native unstructured @resolution ranging from ~4
km to 15 km in the coastal region), in order todstigate the impact of the loss of resolution dutéhé change of grid in the
coastal domain. It results in four solutions fdst8LA component.

Over the open ocean, the impact of all algorithengery similar both in terms of valid data counig(FA.5.a) and standard
deviation of the SLA (Fig. A.5.c). In the very ctalsdomain, less than 2.5 km from the coast, thiel elata count drops for
all the solutions (Fig. A.5.b). The drop occurglstly earlier for the FES2014b unstructured solutiban for the others,
probably because the latter are all on regularsgwith some extrapolation to cover the whole océarterms of SLA
variability, EOT20 is systematically a few millinees above all the other solutions except in thetwmestal 7 km (Fig. A.5.c,
Fig. A.5.d and Fig. A.5.e). This may be due toftiw that the EOT20 tidal spectrum contains lesspmments than the others,
thus removing less tidal signal from the altime3tyA data. Indeed, 17 tidal components are availeblEOT20 but only 15
of them could be used for this study for reasorisa@mpatibility with the dynamic atmospheric catien (Hart-Davis et al.,
2021a), while 34 tidal components were used forFH8b and FES2022b. The largest differences ing@f$LA standard
deviation occur between the structured and unstredtversions of FES2014b, in the last 5 km (Figh.é). This is clearly
the impact of the smoothing that happens whenpotating from the unstructured grid to the reggiad at 1/16° (i.e., about
7.5 km). The FES2022b new model on the regular (id0° resolution, i.e., about 4 km) clearly pdrs lower SLA
variability than FES2014b on regular grid, betw8eamd 15 km offshore. In order to fully benefitrfrdhe resolution of the
FES2022b, the FES2022b unstructured solution wed tasbuild the ALTICAP dataset.
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Figure A.5: (a, b) Global mean number of valid ocea tide correction data along all Jason-3 tracks fotthe period 17/02/2016 to
22/02/2019 (111 cycles). (c, d) Global mean of stiand deviation values (in cm) of the SLA along alDason-3 tracks for the same
period, when using the different ocean tide correan solutions. (e) Difference (in cm) between thdapal mean of standard deviation

615 values of the SLA along all Jason-3 tracks for theame period, when using the different tide solutiomand when using the reference
solution (FES2014b struct). Results are presented a function of the distance to the coast (in km)dtween 200 and 20 km (a, c) and
between 20 and 0 km (b, d, e) from the coast.

A.5 Mean Sea Surface Height (MSSH)

In order to obtain the variable component of the serface height, the average or steady state cmnpcahe MSSH must
620 also be computed and removed from the altimetelesehestimate. In current altimetry processihg, MSSH is obtained by

time averaging and interpolating the instantanesmzssurface height data observed by the diffelémeders over a finite

period, over a regular grid that covers the woddan. Given inhomogeneities in the spatial sampingjtimetry, regional

errors, and changes in measurement technology8&H estimates evolve every few years, improvinghenlast iteration.

Over the open ocean, the errors associated wihehn are in the order of 1-2 cm2 RMS (Pujol et20018) and increase over
625 the coastal domain.
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The MSSH products considered in the round robintere€NES_CLS15 dataset (Pujol et al., 2018), tledataset (Sandwell
et al., 2017) and the CNES_CLS22 dataset compweda29 year period (1993-2021) (Schaeffer e28R23), which was
the latest version produced by CNES at the tim¢hefstudy. Compared to the previous iteration (CNESS15), the
CNES_CLS22 MSSH better accounts for the interaniamal seasonal ocean variations, and significantigroves the
coverage of the Polar oceans. In the coastal @rg@ws an improvement of 6 % of variance redurciiothe first 5 km from
the coast with respect to the previous version 8fthr et al., 2023).

The round-robin diagnostics (Fig. A.6) show that tihree MSSH solutions are nearly identical overdbean, with an almost
indistinguishable dispersion, as we compare omisterical Jason track, where the MSSH are gerneadllivell constrained.
Differences arise over the coastal band, in the2@km (Fig. A.6.e). There, the SIO MSSH showsgéarvariability than the
reference solution (CNES_CLS15). On the other héme CNES_CLS22 solution provides slightly lowerAStariability
than CNES_CLS15. The CNES_CLS22 MSSH solution vaasen to be implemented in the ALTICAP dataset.
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Figure A.6: (a, b) Global mean number of valid MSSHdata along all Jason-3 tracks for the period 17/02016 to 22/02/2019 (111
cycles). (c, d) Global mean of standard deviationalues (in cm) of the SLA along all Jason-3 trackf the same period, when using
the different MSSH solutions. (e) Difference (in cthbetween the global mean of standard deviation vaés of the SLA along all
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Jason-3 tracks for the same period, when using théifferent MSSH solutions and when using the referece solution (CNES-CLS15).
Results are presented as a function of the distante the coast (in km) between 200 and 20 km (a, ahd between 20 and 0 km (b, d,
e) from the coast

Appendix B

645 In this section, we provide maps of the comparisetween the tide gauge in situ observations andtTeéCAP edited 20
Hz dataset and the X-TRACK 1 Hz dataset. FiguresBdws the correlation between tide gauge andetitynSLAs for each
tide gauge station. The altimetry points are selbsb as they are located less than 20 km frorodgast and less than 50 km
from the tide gauge station.

The selected tide gauges present a large diverkitgnfigurations, with relatively straight coas#s (e.g., Esperance, Seéte,

650 La Réunion and Ponta Delgada) or very indentedtiboes (e.g., Newport and Tofino). In some cadestide gauge is located
in a harbor (e.g., Galveston, Newport, Mar del®Idtaisaka, Dakar) or in an estuary (e.g., Visakhagm) and may thus see
rather different dynamics than the altimetry trackthe open ocean. Sometimes, there is an islaad istand chain between
the tide gauge and the altimetry track (e.g., Gatwe Newport, Hanimaadhoo, Tofino, Lombrum), amel @cean dynamics
may be very different on each side of the islanlwvelver, no generic conclusions can be drawn fdn ggee of configuration,

655 as the results are very contrasted and stronglgriepn the main drivers of the local ocean dynanfios example, although
the Galveston tide gauge is located in a harbaa, narrow channel, and behind an island, the @aiiogls with altimetry are
very high (> 0.8) because the main process ingg®n (Gulf of Mexico) is the steric effect. Lowaarrelations at some other
places can be explain by very local dynamics, dhedides and wind and atmospheric pressure eféeeteemoved from the
SLAs in the observations.
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665 Figure B.1: (a to n) Maps of the correlation betwee each of the 14 tide gauge stations (red star oach map) and the along track
altimetry SLAs (dots in color) from the ALTICAP 20 Hz dataset (upper plots) and the X-TRACK 1 Hz datast (lower plots). Only

altimetry points located at a distance lower than @ km from the coast and 50 km from the tide gaugetation are considered. The
dot and dash-dot lines show the 200 m and 1000 noksaths respectively.
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