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When thequality of the products changethe QuID isipdatedanda row is added to this tabl&.he
third column specifies which sections or ssdctions have been updated. The fourth column should
mention the version of the product to which the change applies.

Issue | Date 8 Description of Change Author Validated By
2.0 |2018/01/18 | all upgrade for CMEMS4V G. Taburet
2.1 2018/02/08 | all upgrade for CMEMS W4 G. Taburet
1.1.3 | Upgrade for REP product extension Mercator
2.2 2018/05/24 | 1.1.2 | Introduction of Jasoi2 Long Repeat Orbit| G. Taburet
Ocean
V.4 Phase
11.4.5 | Upgrade of IOP/GOP C2 in NRT
2.3 2018/08/28 | V.3.5 | Upgrade of MO orbit standards change| Ml Pujol Mercator
V.3.6 | for Jasor3 Ocean
291.4. | Add information on ER$168-dayphase Mercator
2.4 2018/10/15 | © and SentineBA processing G. Taburet Ocean
1}14 Upgrade folREP product extesion
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I  EXECUTIVE SUMMARY

I.1 Products covered by this document

This documentdescribesthe quality of the operational (NRT) and reprocessed (REFZWACS
products listed hereafter:

[.1.1 Operational products

[.1.1.1 Alongtrack products

product SEALEVEL_ARC_PHY_L3 NRT_OBSHE®S/ATS0038
Area Arctic
satellites Jason3; SentinelBA, OSTM/JaseR Long Repeat OrbRhaseSARAIDP/AltiKa; Cryos&?
. . Alongtrack
Spatial resolution 14 km

Temporal resolution

10 days to more than 30 days (variable with satéllpeoducts are stored in-flay files.

product SEALEVEL_BS PHY_L3 NRT_OBSERVATIONS 008 039
Area Black Sea
satellites Jason3; Sentinel3A, OSTM/JaselLong Repeat OrbRhaseSARAIDP/AltiKa; Cryos&?
Alongtrack

Spatial resolution

7 km (full 1Hzresolution)

Temporal resolution

10 days to more than 30 days (variable with satéllipeoducts are stored in-tlay files.

product SEALEVEL EUR_PHY_ASSIM_L3 NRT_OBSERVATIONS 008 043
Area Europe
satellites Jason3; Sentinel3BA, OSTM/Jasel LongRepeat OrbiPhaseSARAIDP/AltiKa; Cryosa?
Alongtrack

Spatial resolution

7 km (full 1Hz resolution)

Temporal resolution

10 days to 29 days (variable with sateljteroducts are stored in-tlay files.

product SEALEVEL_GLO_PHY_L3_NRT_OBSERVATIONS_008_044
Area Global ocean
satellites Jasor3; Sentinel3A, OSTM/Jasek Long Repeat OrbRhaseSARAIDP/AltiKa; Cryos&2

Spatial resolution

Alongtrack
14km

Temporal resolution

10 days to more than 30 daggariable with satellite); products are stored irday files.

product SEALEVEL_MED_PHY_ ASSIM L3 NRT OBSERVATIONS 008 048
Area Mediterranean Sea
satellites Jason3; SentinelBA, OSTM/JaseR Long Repeat OrbRhaseSARAIDP/AltiKa; Cryosa?

Spatialresolution

Alongtrack
7 km (full 1Hz resolution)

Temporal resolution

10 days to more than 30 days (variable with satéllipeoducts are stored in-tlay files.
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product SEALEVEL_BS_PHY_L4 NRT_OBSERVATIONS_008_041
Area Black Sea
satellites Merging of the different altimeter measurements available

Spatial resolution

1/8°x1/8° Cartesian grid

Temporal resolution

1 day

product SEALEVEL_GLO_PHY_L4 NRT_OBSERVATIONS_008_046
Area Global ocean
satellites Merging of the differenaltimeter measurements available

Spatial resolution

1/4°x1/4° Cartesian grid

Temporal resolution

1 day

product SEALEVEL_MED_PHY_L4 NRT_OBSERVATIONS_008 050
Area Mediterranean Sea
satellites Merging of the different altimeter measurements available

Spatial resolution

1/8°x1/8° Cartesian grid

Temporal resolution

1 day

[.1.2 Reanalysis products

The reanalysis productieatured inthis document cover the period from 1998 present The
dataset is regularlypdated with a nearly émonth delay Thedifferent production events of the
reanalysis products are listed iv &l

.L1.2.1 CMEMS product and C3S product

Two types of sea level altimetric gridded produgenerated by the DUACS production sysiam
currently available:

1 Global and regionalMediterraneanSeaand Black sea) gridded products disseminated via
the CMEMS project.

1 Global and regionaMediterranean Seand Black sea) gridded produdtistributed viathe
Copernicus Climate Chandge3$ project.

Thissectionaims at presening the particularities ofthesesealevel griddeddatasetsproduced for

two distinct approacks. The CMEMS approach focuses on the mesoscale mapping capacity of the
altimeter data together with the stability of the overall dataset whereas the C3S products focus on
the stability of the global and regional MStyen if this impliegotential reduction of the spatial
sampling of the ocean.

The first difference between both datasets is related to the number of altimeter used in the satellite
constellation.All availabé altimeters are included in the CMEMS products whereas a steady number
(two) of altimeters are included in the C3S produd®sevious studies (Pascual et al., 2006 and
Dibarboure et al., 2011) underscored the necessity of a minimum of ssauellite congellation for

the retrieval of mesoscale signals. Within the production process, thetEmg stability and large
scale changes are built upon the records from the reference missions (IR2BEXon, Jaseh,
Jasor2 and Jasoi3) used in both CMEMS and £products The additional mission®.g.up to 4
additionalmissionsn 2017 are homogenized with respect to the reference missions and contribute
to improve the sampling of mesoscale processes, provide thelaighde coverage and increase the
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product accuracy However,the total number of satellites strongly varies during the altimetry era
andsome biases may appear with the introduction of a new satedliyieg ona drifting orbit, which
may affect thestability of theglobal and regional MSEvenif the spatial sampling is reduced with
less satellites, the risk of introducing such anomaly is thus reduced in the C3S pradddise
stability is improvedin the CMEMS products, the stabilityeissured by the reference missions and
the mesoscale ears are reduced due to the improved ocean surface sampling thanks to the use of
all satellites available in the constellation.

The level 2 limeter standards usedo compute the sea level anomali@s the CMEMS and C3S
products are identicalA secondlifferencebetween these productss related to the reference used

to computethe Sea Level Anorniak either a Mean Sea Surfac@MSS) for all missions in the C3S
products or a mean profile of sea surface heights used along the theoretical track of the satellites
with a repetitive orbit in the CMEMS products. These mean profiles increase the local accuracy of the
sea level estimatg but the combined use of both MSS and mean profiles for successive missions in
the CMEMS merged products can be at the origin of some biases affectirgpahlevel stability
BEvenif this has a minor impact at global scathe stability of the regionaMSL can be affecteand
particularlyin theMediterraneanSeaand Black Sea (not show here).tBe systematic use of the
MSSfor all missiongontributes to ensure the MSL stability the C3S produstand the accuracy of

the CMEMS products is increaseithithe use of the mean profiles for repetitive missions

In conclusion, with the best spatial samplitiag all-satellite CMEMS griddedergedproductsshould
be preferred foroceanicmesoscale applicatiamanddataassimilation whilethe C3S twesatellite
gridded mergedproducts should be used for climatapplicatiors including mean sea level change,
variability and oceanic circulation.

In the future, additional differences may be introduckdtween these two multmissionsea level
productsrelated to pecific processingf somemissiors. For example LRM (LowResolution Mode)
and SAR (Synthetic Aperture Radam)desofthe JasoACS/Sentineb missioncould contribute to
differentiate the CMEMS and C3S products

[.1.2.2 Alongtrack products

product SEALEVEL_BSYPH3_REP_OBSERVATIONS_008_040
Area Black Sea
TopexPoseidon; TopeRoseidon (interleaved orbit); JasdnJasorl (interleaved orbit); Jaseh (geodetic
satellites orbit); OSTM/Jasoﬁ;_OSTM/J_aseB (interleaved; OSTM/Jasog (Long Repeat Orbit Phaséaso_FB; Sentirjel
3A; ERS; ER, Envisat; Envisat (extended phase); Geosat Follow On; Cryosat; SARAEARKBP/ALtIKa;
HY-2A, HY2A @eodetic orbi}
. . Alongtrack
={EiEl el 7 km for filtered and unfiltered
Temporal resolution 10 dayso 35 days (variable with satelljigoroducts are stored in-flay files.
product SEALEVEL_GLO_PHY_L3 REP_OBSERVATIONS 008 045
Area Global ocean
TopexPoseidon; TopeRoseidon (interleaved orbit); Jasdn Jasorl (interleaved orbit)Jasorl (geodetic
satellites orbit); OSTM/Jase; OSTM/Jasc8 (interleaved; Jasor3; Sentinel3A; ERS; ER, Envisat; Envisat
(extended phase); Geosat Follow On; Cryosat; SARAL/AARMDP/ALtIKa; HZA, HY2A geodetic orbi}
Spatial resolution ) Alongtrack )
14km for filtered, 7km for unfiltered
Temporal resolution 10 days to 35 days (variable with sate)jteroducts are stored in-tlay files.
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product SEALEVEL_MED_PHY_L3 REP_OBSERVATIONS_008_049
Area Mediterranean Sea
TopexPoseidon;TopexPoseidon (interleaved orbit); JasdnJasorl (interleaved orbit); Jaseh (geodetic
satellites orbit); OSTM/Jasoe; OSTM/JaseA (interleaved; OSTM/JasoR2 (Long Repeat Orbit Phasé)sor3; Sentinel
3A; ERS; ER2, Envisat; Envisat (extended phase); &ad-ollow On; Cryosat; SARAL/AltiKa, SARAALtIKa;
HY-2A, HY2A @eodetic orbi)
. . Alongtrack
SR 14 km for filtered, 7km for unfiltered
Temporal resolution 10 days to 35 days (variable with sate)ljteroducts are stored in-flay files.
[.1.2.3 Gridded products
product SEALEVEL_BS_PHY_L4_REP_OBSERVATIONS_008_042
Area Black Sea
satellites Merging of the different altimeter measurements available
Spatial resolution 1/8°x1/8° Cartesian grid
Temporalresolution 1 day
product SEALEVEL_GLO_PHY_L4 REP_OBSERVATIONS_008_047
Area Global ocean
satellites Merging of the different altimeter measurements available
Spatial resolution 1/4°x1/4° Cartesian grid
Temporal resolution 1 day
product SEALEVEL _MED_PHY L4 REP_OBSERVATIONS_ 008 051
Area Mediterranean Sea
satellites Merging of the different altimeter measurements available
Spatial resolution 1/8°x1/8° Cartesian grid
Temporal resolution 1 day

.1.3 Time invariant Products

SEALEVEL_GLO_NOISE_L4_NRT_OBSERVATIONS_008_032

product And
SEALEVEL _GLO_NOISE_L4 REP_OBSERVATIONS 008 033
Area Global

TopexPoseidon; TopeRoseidon (interleaved orbit); JasdnJasorl (interleaved orbit); Jaseh (geodetic
orbit); OSTM/Jasoe; OFM/Jasor2 (interleaved; OSTM/Jasof (Long Repeat Orbit Phaséjsor3; Sentinel

sielics 3A; ERS; ER, Envisat; Envisat (extended phase); Geosat Follow On; Cryosat; SARAL/AltikBFFARKa;
HY:2A, HY2A (geodetic orbi)
Spatial resolution Grid 2°x2°
Temporal resolution Static

The number of altimeter data processed by the system varies with time, according to satellite
availability. Tablelsummarizeshe periods during which the datasetfor each missiommre available.
Figure4 and
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1 | Insufficient for offline mesoscale applications

2 | Minimum for offline applications
3 | Robust for offline mesoscale applications (barely for real time)

Robust sampling for real time applications
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Figure5 present it ina schematidorm.
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NRT REP
Begin date End date Begin date End date
1
i2g 2018/06/18 yim 2017/05/16 2017/09/13
i2n 2016/10/17 2017/04/03
see al see al nearly émonth delay
alg 2016/07/04 compared to NRT
1
s3a 2017/03/28 y/m 2016/06/14 nearly émonth delay
compared toNRT
1
i3 2017/03/28 y/m 2016/05/26 nearly émonth delay
compared toNRT
nearly émonth delay
h2g 2016/03/30 compared toNRT
h2 2014/04/12 2016/03/15
1
al 2017/03/28 yim 2013/03/14 2016/07/04
ilg 2012/05/07 2013/06/21
1
- 2017/03/28 y/m 2011/01/28 nearly émonth delay
compared to NRT
enn 2010/10/26 2012/04/08
jin 2009/02/10 2012/03/03
j2 2008/10/19 2016/05/26
tpn 2002/09/16 2005/10/08
en 2002/07/10 2010/10/19
j1 2002/04/24 2008/10/19
g2 2000/01/07 2008/09/07
e2 1995/05/15 2002/07/10
el’ 1993/01/01 1995/05/15
tp 1993/01/01 2002/04/24
2017/04/13 y/m’ nearly 6month delay
merged 1993/01/01 compared to NRT

Tablel: Temporal period processed by DUAGStemfor the different products/datasets.
Missions have been ordered starting from the most recentegration in REP producfThose

'those dates are updated regularly (3 to 4 times per year for REP; daily for NRT)

periods are necessarily shorter than L2P availdbipresented inTable9.

’ERS-1: Geodetic Phase (which correspond to the long repeat orbit of 168-day period, from April 10, 1994 to March 03, 1995)
is included. No ERS-1 data between December 23,1993 and April 10, 1994 (ERS-1 phase D - 2nd ice phase)
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[.2 Summary of the results

The quality of the REP/DT DUACS prodhess been assessed by comparison witdependent
measurements (in situ and satellite) and in coordioatiwith other projects Copernicus C28d

CNES SALP)he NRT products are assessed by routine validatiwhby comparisonwith REP/DT
products.The results arsummarizecelow.

SLA andADT:

The sealevel longterm/climatic trend signakan be monitored with DT/REP products. The errors
have been estimated to be lower than OBm/year at global scale, antbwer than 3 mm/year at
regional scaleNRT products should not been used for such {mg signal analysis due to frequent
constellation/platforns events that can induce jungdiscontinuitieddrifts in the timeseries

Sea leveErrors for mesoscalgary between 1.4 cm? in low variability areas to more than 30 cm? in
high variability areasThisestimation is based on asatelite constellation in DT condition&rrors
observed on griddd L4 products are expected to be reduced whemdditional altimeters are
available. NRT products quality is reduced due to the unavailability of altimeter measut®in the
future. 4 altimeters are required in NRT conditions to reach tadtitheter DT capabilitiesOn global
average, dective resolutionwith gridded productss nearly 180km and 26days.

Alongtrack SLA/ADT fieddalso include residual noise measurements (uncorrelated) errors that are
spatiallyand temporally variable (correlation with wave heights) and differ from an altimeter to the
other. Characteristic mean noise values over the global ocean vayeen 24 cm RMSfor raw
measurement and 0-1.3cm for filtered productsThe presence of this noise measurement limits
the observability of the wavelengths shorter than 488 (global mean value).

Geostrophiccurrents:

Geostrophic arrents derived from dtimeter gridded products are usually underestimated when
compared to the insitu observations. Errors on geostrophic curiehave been estimated to range
between10 and 16 cm/s depending on the ocean surface variability. As for SLA field, NRT products
guality isreduced and more sensitive to the constellation changes.

System version changes:

The CMEMS A0 version of the NRDUACSproducts includes measurements from 5 different
altimeters: Jaso3, OSTM/Jascel Long Repeat OrhitSARADP/AltiKa, Cryosd and Setinel-3A.
The quality of thdDUACProducts strongly depends on the quality of the L2 products w@sagbut of
the processing.

During the last monthsDSTM/Jaso2 Long Repeat Orbit was in safe hold maael no data were
acquired in the system (from 14/09/2017 to January 2018). As soon as the altimeter will be
recovered, those additional measurements will contribute to improve the quality of the product and
the sea surface sampling over all the regionss Hdirectly benefit to the gridded maps products
quality.

As done in NRT processing, the different constellation changes are/will be implemented in DT
processing as soon as GDR/NTC products are available.
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I.3 Estimated Accuracy Numbers

The EAN are represertize of the signature of different error signals on the products, including both
uncorrelated (i.e. noises) and correlated (spatial and temporal scales) error signals.

Noise measurement:

Thenoise measurement error (i.e. uncorrelated error) was specificdtimated at regional scale. It
is presented in §/.1.1.2.1 A Synthesis is givenTiable2.

Mediterranean and Europe (excluding Med
Global Ocean Black Sea and Black Sea)
Sentinel3A 2.4(0.9) To be defined To be defined

Jason3 29(1.1) 2.4(0.95) 2.9(1.63)

Jason2 29(1.1) 2.4(0.95) 2.9(1.63)

Cryosat2 2.5(1.0) 2.1(0.84) 2.6(1.45)

SARAL/AltiKa 2.1(0.8) 1.75(0.71) 2.2(1.21)
HY-2A 3.1(1.2) 2.5(0.71) -
Topex/Poseidon 2.9(1.2) 1.9(0.78) -
Jasonl 29(1.1) 2.4(0.94) -
Envisat 2.5(1.0) 2.0(0.81) -
ERSL 3.5(1.3) 2.9(1.15) -
ERS 3.8(1.4) 3.1(1.24) -
Geosat Follow On 3.2(1.3) 2.7(1.06) -

Table2: Mean 1Hz noise measurement observed for the different altimeters on alemngck (L3)
DUACS products. Noise for raw (bold) and filtergolw-pass filtering; cutoff 65km) SLA
(parenthesis) are indicated. Unit: cm rms.

MSL trend & climatic scales:

The errors at climatic scales were estimated within the E5&Cbroject (see §/.1.1.2.2 synthesis
given inTable3).

Altimetry errors
< 0.5 mm/yr

Spatial scales Temporal scales

Longterm evolution (> 10 years)

GlobalMSL Inter-annual signals (< 5 years) <2 mm over 1 year
Annual signals <1mm
i Long term evolution (> 10 years) < 3 mml/yr
Regional MSL -
Annual signals < 10mm

Table3: Estimated errors at climatic scales observed on SDAIACSeanalysis products (L3 & L4)
(from Ablain et al, 201 5)

Mesoscale:

For merged maps (L4 products), EA&teestimated using the results of comparisons between maps
and independent alongyack data. They repreent a degraded version of the reprocessed product
quality. Indeed, they were estimated considering-al@meter constellation available for the merged
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gridded product computation. Results are summarizedTable 4. A full description is given in
Taburetet al(in preparation)see also 8/.1.2.3.

Selection ctieria TP [20032004]
Reference area* 1.4 €0.3%)
o >
Low variability (<200 cm?) & offshorg 5.0 (3.0%)

(distance coast200 km) areas

High variability (>200 cm?) & offshorg
(distance coast200 km) areas

37.7 ¢3.1%)

Coastal areas (dtancecoast < 20km) 8.2 (10.1%)
*The reference area is defined by [330, 360°ERZ,-8°N] and corresponds to eery lowvariability area in
the South Atlantic subtropical gyre where the observed errors are small

Table4:Variance of thedifferences between gridded (L4) DT2018 twat-merged products and
independent TP interleaved alonttack measurements for different geographic selections
(unit =cm3). In parenthesis: variance reduction (in %) compared with the results obtained with the
DT2014 products. Statistics are presented for wavelengths ranging betweeb0ibkm and after
latitude selection (|JLAT]| < 60°)

Geostrophic current:

EAN on geostrophic current are deduced from comparison between altimeter L4 products and drifter
measuremens (see Pujol et al 2016 for methodology). Synthesis is presentédble 5(see also

8IV.3.

Selection criteria Zonal Meridional

Global excluding equatorial banc 10.4 (10.8) 10.5 (11)

(£5°N)

High variability areas (>200 cm?) 14.8 (15.1) 16 (16.3)

Low variability areas (<200 cm?) 10.1 (10.6) 10.2 (10.8)

Table5: RMS of the differences between DUACS D®fdostrophic current (L4) products and
independent drifter measurements (unit = cm/shn parenthesissame kind of statistics but with
DUACS D2014 Statistics are presented after latitude selectioB{4LAT| < 60°)

Observable wavelengths:

The alongrack (L3) and gridded (L4) products are respectively delivered withHa {not
subsampled) and 1/4° for global and 1/8° for regional products. Negkgh, this spatial sampling is

not representative of the effective spatial resolution of the products. Alwagk product are
affected by measurement noises that limit the observation of the small scales as discussed in
8lV.1.1.2.1 Gridded products resolution capability is directly linked to the altimeter constellation
state and mapping methodology as discussedlWh&2.2 Theeffective resolution capability of the
products is summarized Table6andTable7and is fully discussed in Ballarotta et al.

L3 products

L4 global products

SpatialWavelengths observable (km)

> ~65

> ~180

Temporal Wavelengths observable (days)

~26

Table6: Effective mean spatiadnd temporalresolution of theDUACBT-2018global products (L3

& L4) over global ocean
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L3 products L4 global products
Spatial Wavelengths observable (km) > 40 >~130

Table7: Effective mean spatiahnd temporalresolution of the DUACS BA018Mediterranean
products (L3 & L4) ovevlediterranean Sea.
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I PRODUCTION SYSTEM DESCRIPTION

1.1 Production center name
SECLSTOULOUSER

[I.2 Operational system name
DUACS

1.3 ABC of the altimeter measurement

¢CKS FfGAYSGSNI YSIFadz2NBa GKS W EOGAYSGSNI wky3aSQ 4K
satellite to the surface of the EafgeeFigurel)® ¢ KA & | ff2¢6a O2YLMziAy3a K
(SSHwhich is the height of the sea surface above the reference elligsoidt KS W{ | 4§ Sf f AGS
refers to the distance of the center of mass of the satellite above a reference point. Thenede

point will usually be either on the reference ellipsoid or the center of the Earth.

SSH:=Satellite Altitude- Altimeter Range Corrections
¢CKS W/ 2NNBOUlA2yaQ RdzS (G2 SYy@ANRBYYSyllt O2yRAGAZY
W{SIF {d2NFI OS | SABMaAld NRTK&dablelR@rDNA a4 SR Ay

TheMean Sea Surface (M§% the temporal mean of th&SHyver a period N. It is a mean surface
above theellipsoidof referenceandit includes theGeoid

MSR=<SSkh

Note that the MSS used in DUACS prodyseeTablel0for NRT productsand Tablel2 for DT
products)s not distributed by CMEMS but is dahble via the Aviso+ website (with
registration)http://www.aviso.altimetry.fr/en/data/products/auxiliaryproducts/mss.htmi

The Sea Level Anomaly (gLA& the anomaly of the signatound the mean component. It is deduced
from the SSH and M$S

SLA=SSH, MS&

The Mean Dynamic Topography (MPTs the temporal mean of th&SHabove theGeoidover a
period N.

MDTy=MS& ¢ Geoid

Note that the MDT used in DUACS produteeTablel0for NRT productsand Tablel2for DT
products)is not distributed by CMEMS but is dahle via the Aviso+ website (with registration)
http://www.aviso.altimetry.fr/en/data/products/auxiliaryproducts/mdt.html

TheAbsolute Dynamic Topography (ADsMhe instantaneous height above the Geoid. The geoid is a
gravity equipotential surfacéhat would correspond with the ocean surface if ocean was at rest (i.e.
with no currents under only the gravity field). Then, when the ocean is also influenced by wind,
differential heating and precipitation and other sources of energy, the ocean surfagesiirom the
geoid. Thus, the departure from the geoid provides information on the ocean dynamics.
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The ADT is the sum of the {lafvd MDT;:
ADESLA+MDTy=SSH MS{ + MDTy

The reference period N considered can be changed as described in Puj@Gtal (

Altimetric range

Ellipsoid
of reference

SSH: Sea Surface Height

SLA: Sea Level Anomaly

MSS: Mean Sea Surface

ADT: Absolute Dynamic
Topography

1 MDT: Mean Dynamic Topography

= =4 -4 =4

Figurel: Different notions of sea surface height used in altime{@reditsCLS)

I1.4 Production center description for the version covered by this document

11.4.1 Introduction

DUACSystem is made of two components: Near Real Time (NRT) and DélayedDT also named
REP).

Ly bwe¢x (GKS a2aidsSyQa LINRYINE 2 oSvihidvedty usable G 2
high-quality altimeter data from all missions available.

In DT, it is to maintain a consistent and ufgndly altimeter database using the statd-the-art
recommendations from the altimetry community.

The following figuregives an overview of the system, where processing sequences can be divided
into 7 main steps:

Acquisition

Preprocessing homogenization

Input data quality control

Multi-mission crosgalibration

Alongtrack products generation

Merged products generation

oA~ wNE
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7. Hnal quality control

The processing is similar for NRT and DT compoBehdw, we set outa description of the different
steps of the processing. The reader can also see Pujol et al (2016) for complementary details.

A - Acquire Data /Level2PAItimetry Data\
A.1- Passive data deliveryor FTP retrieval
A.2 - Detect, Date, ignore, duplicate and corrupted data flow é ,
A3 - Delete OGDD measures when acquiringthe same IGDR measures —
A.4 - Cut data in cycles/passes cnes

A5 - Store the data acquired ina database

] Gesa &
B - Pre process data

B.1- Applyconsistentcorrection, ancillary data, models, references % _L' &
B.2- Merge shortand large scales gl |i=Fa

EUMETSAT

C- Perform input checks and Quality Control
C.1- ApplyL2P data flag qualityselection \ /
(~ -

C.2 - Compute mono and multi-mission crossovers
C.3 - Validate crossovers

Generate Products v Along track products
D- Inter calibrate & unify [ SLA ] [ ADT ] [ ASSIM ]
D.1- Compute mono-satellite orbiterror (OE) re duction
D.2 - Compute multi-satellite OE reduction using a re ference N~ /
mission '3 . Y
D.3- Compute multi-satellite OE re fuction without reference iz it
mission Formal
D.4- Compute Long Wave length Error (LWE) reduction with OT I SLA I | ADT ] | Error I
v \ J
E- Generate along track product ' Gridded derivated )
E.1- Genemtealong track SLA product corrected by LWE and OE
E.2- Genemte along-track ADT and ASSIM products Velocity Velocity
¥ from SLA from ADT
- oy
F- Generate merged product e ~
F.1-Generate gridded SLA product Quality control reports and
F.2-Generate gridded deriva ted products (ADT and geostrophy) expert analysis

N2 ~

A J

G- Perform output check and Quality Control
G.1- Compute internal data QualityControl

G.2- Compute product Quality Control 1
G.3-Followupdata and products on longterm (C)QMQ_KDIQHS

i

Figure2: DUACSsystem processing

© EU Copernicus Marine Servig@ublic Pagel7/ 66



QUID foBea Level TAWUAC®roducts Ref: CMEMSLQUID008-032051

SEALEVEL_* AHASSIM]_L[3/4]_[NRT/REP]_OBSERVATIONS_008, Date 15 October 2018
Issue 1 2.4

[1.4.2 Altimeter Input data description

The altimeter measurements used in input of tB&JACSystem consist in Lev@b products from
different missions, that are available under three forms, with different delay of availability:

Fastdelivery or Near Real Time products (OGDR or NRT). These products do not always
benefit from precise orbit determination, nor from some external meblated corrections
(Dynamic Atmospheric Correction (DAC), Global lonospheric Maps (GIM)).

The Intermediateor Slow Time Critical products (IGDR or STC) that are the latesjuadity
altimeter data produced in neaeakttime

Delayed Time or Nemime Critical product (GDR or NTC).
Details of the different L2p altimeter products sources and delay of avéyadnié given iifable8.
OGDR/NRT and IGDR/STC are both used in operational system while GDR/STC are involved in delayed

time processing.

Altimeter mission | Type of product | Source Availability delay

NRT ~3h
Sentinel3A STC ESA/EUMETSAT ~48h

NTC ~1 month

OGDR EUMETSAT/NOAA ~3 to 5h
Jason3 IGDR CNES ~24h

GDR CNES ~3 months

OGDR EUMETSAT/NOAA ~3to 5h
Jasor2 IGDR CNES ~24h

GDR CNES Reprocessing only

NOP ~7h
Cryosat? IOP ESA/CNES ~48h

GOP ESA ~3 month

OGDR ISRO/EUMETSAT ~3to 5h
Saral/AltiKa IGDR CNES ~48h

GDR CNES ~2 months
HY:2A GDR NSOAS Best effort
Topex/Poseidon GDR CNES Reprocessing only
Jasonl GDR CNES Reprocessing only
Envisat GDR ESA Reprocessing only
ERSL GDR ESA Reprocessing only
ERS GDR ESA Reprocessing only
Geosat Follow On | GDR NOAA Reprocessing only

Table8: Source and delay of availability of the different altimeter data used in inputdACS
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Altimetric qule LT Number Ir.1ter-track =ty oAtz Radiometer| input dataavailability
. duration| e range of track in| distance at | synchron|frequency;
mission o - on board Start-End dates
(days) | (°N) | the cycle |equator (km) ous | Altimeter
Sentinet3A 27 815 770 ~100 Yes Yes Yes 2016/06/15.(cycle5)
Ongoing
Jason3 10 | 66 | 254 ~315 No Yes Yes 2016/02/17 (cycle 1)
Ongoing
N 2008/07/12 (cyclel)
Jason2 10 +66 254 315 2016/10/02 (cycle 303)
Jason2 _ 2016/10/13 (cycle 305)
Interleaved | 0 | 66 | 254 315 No Yes Yes | 2017/05/17 (cycle27)
Jason2
i 2017/07/11 (cycle500)
rorngRepeat | 986 | 66 | 24 2017/09/03 (cyclé505)
Cryosat2 29 (sub +88 840 ~98 No No No 2011/01/28 (cycle B)
cycle) Ongoing
. _ 2013/03/14 (cycle 1)
Saral/AltiKa 35 +81.5| 1002 80 2016/07/04 (cyclés5)
Yes No Yes
SARAL 35 +815| 1002 i 2016/07/04 (cycle 100)
DP/AltiKa - Ongoing
. N 2014/04/12 (cycle67)
HaiYang2A 14 +81 386 210 Voo Voo Vs 2016/03 15 (cycle 17)
HaiYang2A | 9 (sub 2016/03/30 (cycle118)
. +81 248 - )
geodetic cycle) Ongoing
. _ 1992/09/25 (cycle 1)
Topex/Poseidor| 10 +66 254 315 . § . 2002/08/21 (cycle 365)
Topex/Poseidor| 10 +66 254 315 ° €s es 2002/08/23(cycle 366)
Interleaved - 2005/10/07 (cycle 481)
_ 2002/01/15 (cycle 1)
Jasonl 10 166 254 315 2009/01/26 (cycle 259)
Jasonl _ 2009/02/10 (cycle 262)
Interleaved | 0 | *66 | 254 315 No Yes Yes 2012/03/03 (cycle 374)
Jasonl i 2012/05/07 (cycle 500)
Geodetic | 091 | 66 | 280 2013/06/21 (cycle 537)
. _ Yes (S 2002/05/14 (cycleb)
Envisat 35 8151 1002 80 Yes band lost Yes 2010/10/19 (cycle @)
EnvisatNew 30 +815 862 i after cycle 2010/10/26 (cycle B)
Orbit - 65) 2012/04/08 (cycle 113)
1992/10/23 (cycle 15)
1993/12/20 (cycle 27)
ERSL 35 +81.5| 1002 ~80 &
Yes Yes Yes 1995/03/24 (cycle 41)
1996/06/02 (cycle 53)
. i i 1994/04/10(cycle 30)
ERSL geodetic| 168 | +81.5 1995/03/21 (cycle 40)
N 1995/05/15 (cycle 1)
ERS 35 | +81.5| 1002 80 Yes Yes Yes 200308/ 11 (cycles)
Geosat Follow 17 +79 488 165 No No Yes 2000/01/07 (cycle 37)

On

2008/09/07 (cycle 222)

Table9: Altimetric missioncharacteristicsaand L2p products availability period.
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[1.4.3 Acquisition processing

The acquisition process is twofold:
straightforward retrieval and reformatting of altimeter data
synchronizatiorprocess.

The measurements ([O/I]|GDR equivalent) fromdifferent altimeters are retrievedDUACSystem
takes in input L2P altimeterpducts.

The acquisition software detects, downloads and processes incoming data as soon as they are
available on remote sites (external database, FTP siteép &a split into passes if necessary. This
processing step delivers "raw" dataamelythat have been divided into cycles and passes, and
ordered chronologically.

In NRT processing, the acquisition step uses two different data flows: the OGDR/NRT thawa(wi

few hours), and the IGDR/STC flow (within a few days). For each OGDR/NRT input, the system checks
that no equivalent IGDR/STC entry is available in the data base before acquisition; for each IGDR/STC
input, the system checks and delete the equival@@GDR/NRT entry in the data base. These
operations aim to avoid duplicates BIJACSystem. This processing is summarizeBigure3.

Pravious Current

production praduction
Y \
T-3d T-2d T-1d T
| | | | -
[t avaiabie st e and { IGDR or L2P STC| OGDR or L2P NRT | Relaive
New data sets available { IGDR or & QGDR or
L2P STC L2P NRT
Redundant internal data el
that must be removed { E}E%DSR{#-
Pata avaleble B e begnning {| IGDR or L2P STC | OGDR or L2P NRT

Figure3: Overview of the neareal-time system data flow management

The number of altimeter processed varies with time as summarizEdyure4 and
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1 | Insufficient for offline mesoscale applications
2 | Minimum for offline applications
3 | Robust for offline mesoscale applications (barely for real time)
Robust sampling for real time applications
¢ o> 9 ) o > f P & o)
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Figure5.
1 | Insufficient for offline mesoscale applications
2 | Minimum for offline applications
3 | Robust for offline mesoscale applications (barely for real time)
4 | Robust sampling for real time applications
Jason3 Sentinel3A Sentinel3A
Cryosat Jason3 Jason3
Altika Cryosat Cryosat
fason2 ..o | Jason3 AltKAgohioiap Altika
Jason2  cryosat Crvosat | Cryosat #90% jasons Jason2
Cryosat . Y :
Altika 5o Altika Cryosat
Altika fka :
HY2A |, Jason2 Altika
3 | 4 | 3 3 a4 |s| a5 |- P
- [ ]
Jun May Jan Sept Nov Apr Jun Jan
13 14 16 16 16 17 17 18

Figure4: Evolution of the number of altimeters mcessed in NRT condition§he reference mission
is underlined.
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1 | Insufficient for offline mesoscale applications

2 | Minimum for offline applications

3 | Robust for offline mesoscale applications (barely for real time)

Robust sampling for real time applications
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Figure5: Evolution of the number of altimeters processed in REP conditidrtse reference mission
is underlined.

I1.4.4 Input data quality control

The L2 Input Data Quality Control is a critical process applied to guarantele et Sises only the

most accurate altimeter datBUACSystem is supplied with L2p altimeter products that include a
quality flag for each measurement. The valid data sedectis directly based on this quality
flag.Thanks to the high quality of current missions, this process rejects a small percentage of
altimeter measurements, but these erroneous data could be the cause of a significant quality loss.

The L2p quality controtelies on standard raw data editing with quality flags or parameter
thresholds, but also on complex data editing algorithms based on the detection of erroneous
artifacts, mono and muHmission crossover validation, and macroscopic statistics to editavgé |
aeaisSyQa
the handbook of each altimeter mission [e.g. Aviso/S20QFra, 20Trb, 2017c] as well as Cal/Val
reports[e.g. Aviso/SALP (20)1.

RIFGF

[1.4.5 Homogenization and cross-calibration

Homogenization and cros=slibration are done at different steps of the processing.

Ft2oa

6K

R2 y2i

YSSi

iKS

NB |j dzA NJ

The first homogenization step consists of acquiring altimeter and ancillary data from the different
altimeters that are a priori as homogeneous as possiilheDUACSrocessing is based on the
altimeter standards given by L2p product$hey include the most recent standards recommended

for altimeter global products by the different agencies and expert groups such as OSTST, ESA Quality
Working groupsEachmission is processed separately as its needs depend on the input data. When

© EU Copernicus Marine Servig@ublic

Page22/ 66



QUID foBea Level TAWUAC®roducts
SEALEVEL_*_HHASSIM]_L[3/4]_[NRT/REP]_OBSERVATIONS_008| Dat®

Issue 1 2.4

Ref: CMEMS-QUID008-032-051
: 15 October 2018

available, a specific standard recommended for regional processing can be apdeABST he list
of corrections and models currently applied in NRT processing is provideabla10. The list of
corrections and models currently applied in REP/DT processing is provifiadleil2.Details about
L2P products can be found in the Aviso handbook [e.g. Aviso/SALP 2017d, 2017e].

J3 AT Cryosat2 SARAIDP/AltiKa| Sentinet
orbit 3A
Product GDRE CPP (Boy et al, 2017 to 2018/0912; T version, Patch
standard ref NOP/IOP baseline after 2
ahOSly a[9né NBGNI O A
MLEA4 fit from 2nd order Brown analytical mode|
MLE4 simultaneously retrieves the 4 parametel
that can be inverted from the altimeter
waveforms:
-AEpoch (tracke altimetarn g ¢
E‘”ge ) ) MLE4
Retraking MLE4 [Amarouche et al, 2004 " ,i Omg]lp ;’ tSSifgn:a(SWHS ' gma [Amarouche et
-ASquare of mispointioai al, 2004]
aLOS h/ hDé& NBGNI O1AyYy3
Geometrical analysis of the altimeter waveform
which retrieves the follwing parameters:
- Epoch (tracker range offset) + altimeter
range
- Amplitudet Sigma0
Orbit Clzl\ltlgzesfol\:leogyflg CNES MOE NOP: DORIS Navigator GDRE -
IOP : DORIS Prelimi OBDRE
95, GDRE after.| CPTE relminary 3
lonospheric | dua+freauency altimeter rangg GIM model [ljima et al., 1999] ¥
measurements 2
S
Dry Model computed from ECMWF Gaussian grids (new S1 and S2 atmospheric tides are ap ;‘:,.
troposphere Z
i >
Wet IMR/AMR radiometer Model computed frpm ECMWF Gaussia ALT_IKA_RAD =
troposphere grids radiometer =
DAC MOG2D High Resolution forced with ECMWF pressure and wing fields (S1 and S2 were e &
+ inverse barometer computed from rectangutaids.(Carrere and Lyard, 2003) —l
Ocean tide FES2014 (S1 and S2 are includi€&grrere et al, 2015]
Pole tide [Wahr, 1985]

Solid earth tide

Elastic response to tidal potential [Cartwright and Tayler, 1971], [Cartwright and Edden, 1|

Loading tide

GOT4v8 (S1 parameter is included)

Sea state bias

NonparametricSSB(sing2
cycles 1 to 36 with GDBR.

standards) {ran, 2012

NonparametricSSB (using J1 GIGR

standardsup to 2018/09/2; Empirical

solution from CryosaP Ocean BaselinB
data in LRM

Mode after

Hybrid SSB
(Scharroo et al,
2013)

Mean Profile/
Mean Sea
Surface

Computed with 20 years of
TP/J1/32 measurements;
referenced to the 1992012
period with DT208& standards
(Taburet et al., in prep)

CNES_CLS_2015 referenced to the 18R periodSchaeffer

et al, 2016)

Mean Dynamic
Topography

Global and Europarea: MDT_CNES_CLS13 (Mulet et al, 2013)corrected to be consistent withytbar 2(

reference period used for the SLA.

Mediterranean Sea: SMDT_MED_2014 (Rio et al, 1014

Table10: Standards of the different corrections applieah altimeter measurements in NRT
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ERSL ‘ ER& T/P EN J1 J2 GFO C2 AL H2 J3 S3A
Reaper [Rudenko etal GFSC STD15 GDRD GDRE GDRE GSFC | GDRE GDRE GDRD GDRE GDRE
Orbit 2012] until ¢365, before Cycle
STD12 95; GDR-
afterwards after.
MLE3 TopexTracker| MLE3 (OGH) MLE4 MLE4 MLE3 BeforeJan 20181LE4 on LRN MLE4 MLE4 MLE4 SAMOSA
Topex [Amarouche et | [Amarouche et mode area [Amarouche et § [Amarouche| [Amarouche| [Amarouche | 2.3 [ESRIN
Poseidon: al, 2004] al, 2004] 2004]; Tracker on SAR mo| et al, 2004] | et al, 2004] | et al, 2004] | 2015 up to
MLE3 areas Boy et al, 2017] December
retracking FormJan 2016 to No2017: 2017;
MLE4 on LRM mode are SAMOSA2.
After Nov 2017: MLE4 ¢ after
LRM mode areeSAMOSA2.
[Cotton et al, 201pon SAR
and SAR mode areas
Reaper NIC09 | Dualrequency| Dualrequency | DuaHrequency | Dualrequency GIM [ljima et al., 1999] Filtered duaffrequency
[NIC09 | [Scharroo | altimeter range| altimeter range | altimeter range | altimeter range altimeter range
model, | and Smith,| measurements; measurement measurement | measurement measurements [Guibbau
Scharroo| 2010] (Topex) [Guibbaud et | [Guibbaud et al.,| [Guibbaud et al et al., 2015]
lonospheric and 0 OXo ¢ | [Guibbaud et al.,2015] 2015] 2015]
Smith, |[ljimaetal.,| al., 2015] Dorig ¢ ¢ XXOXc n Recomputed
2010] 1999] (Poseidon) | [ljima et al. 1999] after SSB -Gand
00xo0 Corrected for update
8YY OAl a
Model based on ERINTERIM Model based on | Model based on| Model based on Model Model based on ECMWF Gaussian grids
Dry ECMWF Gaussia ECMWF ECMWF Gaussig based on
grids rectangular gridg grids ECMWF
troposphere
rectangular
grids
GNSS derived Path Delay [Fernandeg Obligis et al., 200§ JMR issued fron] Neural Network| From GFO From ECMWF model Neural From From J3 From S3A
al., 2015] GDRE correction (3 | radiometer Network ECMWF AMR AMR
entries), Fréry et correction model radiometer | radiometer
Wet . .
troposphere al. In preparation 5 _entrles),
Picard et
al., In
preparation

Table11: Standards of the different corrections applied on altimeter measurements in DT processing (contimelégags.
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ERSL ER&

T/P

EN

J1 \

J2 |

GFO | C2 \

AL | H2 |

J3 | S3A

MOG2D High frequencies forced with

analysed ERA

INTERIM pressure and wind field +

inverse barometer

MOG2D High frequencies forced with analy8CMWF pressure and wind field [Carrere g
Lyard, 2003; operational version used, current version is 3.2.0] + inverse barometer L
frequencies

MOG2D High frequencies forced
with analysed ECMWF pressure
and wind field [Carrere and

Lyard, 2003; operatiodaersion
used, current version is 3.2.0] +

MOG2D High frequencies
forced with analysed
ECMWEF pressure and win
field [ Carrere and Lyard,
2003; operational version

DAC Low frequencies
inverse barometer Low used, current version is
frequencies 3.2.0] +
inverse barometer Low
frequencies
Ocean tide FES2014 [Carrére et al., 2015]
Pole fide [DESAI, 2015]

Solid earth tide

Elastic response to tidal potential [Cartwright and Tayler, 1971], [Cartwright and Edden, 1973]

BM3 Non Non Non parametric | SSB issued fronj Non Parametric Non Non parametric SS Non parametric Non Non Parametric SSB [Tral
(Gaspar, | parametric| parametric SSH SSB, [Tran, GDRE SSB [Tran 2012] parametric from J1 with SSB [Tran et al., | parametric 2012]
Ogor, [Mertzet | [N. Tran and al 2015] SSB [Tran ¢  unbiased sig0 2014] SSB from J]
1994) al., 2005] | 2010] (using c al.,
using ¢ 70 1lto 2010]
Sea state bias to 80 with | 111 with GDR
DELFT C
orbit and | standards and
equivalent GDR
of GDR D orbit)
B
standards)

Mean
Profile/Mean
Sea Surface

Mean Profile for repetitive mission (séle4.6.1and Tablel3) / MSS CNES_CLS_2015 referenced to the-2@93 period (Schaeffer et al, 2016; Pujol et al, 2016)

Mean Dynamic
Topography

Global area: MDT_CNES_CLS13 (Mulet et al, 2013) corrected to be consistent witlyghe r2Berence period used for the SLA.
Mediterranean Sea: SMDT_MED_2014 (Rio et al, 2014b)

Table12: Standards of the different corrections applied on altimeter measurements indbdcessing
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Input L2p products includes a first crasaibration processing that consists of ensuring mean sea
level continuity between the three altimeter reference missions. §tep, crucial for climate signals,

is done as accurately as possible in REP/DT conditions, taking into account both the global and
regional biases, as presented in Pujol et al (2016). In NRT conditions, the accuracy of this cross
calibration step is reduckdue to the temporal variability of the orbits solutions. Only the global bias
between the reference mission is usually corrected.

Nevertheless, they are not always coherent at large regional scales due to various sources of
geographically correlated errs (instrumental, processing, orbit residuals errors). Consequently, the
DUACSNulti-mission crosgalibration algorithm aims to reduce these errors in order to generate a
global, consistent and accurate dataset for all altimeter constellations.stéygrocessingonsists

of applying theOrbit Error Reduction (OER) algorithiithis process consists of reducing orbit errors
through a global minimization of the crossover differences observed for the reference mission, and
between the reference and other nd®ns also identified as complementary and opportunity
missions, as presented by Le Traon and Ogor (1998lti-satellite crossover determination is
performed on a daily basis. All altimeter fields (measurement, corrections and other fields such as
bathymetry, MSS.). are interpolated at crossover locations and dates. Crossovers are then appended
to the existing crossover database as more altimeter data become available. This crossover dataset is
the input of the OER method. Using the precision of thereefee mission orbit (Topex/Jasseariey,

an accurate orbit error can be estimated. This processing step is applied on GDR/NTC as well as on
IGDR/STC measurements. It does not concern OGDRSpHRTficallyjo the OGDR measurements
processing, th®UACSystem includes SLA filtering. The reduced quality of the orbit solution indeed
limits the use of the longvavelength signal with these OGDR products. D¢ACSprocessing
extracts from these data sets the short scales (< 499D which are useful to bettedescribe the

ocean variability in real time, and merge this information with a fair description of large scale signals
provided by the multsatellite observation in near real timEinally,a "hybrid" SLA is computed. This
OGDR processing is summarize#igure6.

The last step consists of applying the long wavelength error (LWE) reduction algorithm based on
Optimal Interpolation (see fanstance LeTraon et al, 2003; Pujol et al, 2016). This process reduces
geographicallcorrelated errors between neighboring tracks from different sensors. This optimal
interpolation based empirical correction also contributes to reduction of the residual high freguen
signal that is not fully corrected by the different corrections that are applied (mainly the Dynamic
Atmospheric Correction and Ocean tides).
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IGDR or L2P STC Processing OGDR or L2P NRT Processing
SL-TAC NRT Products Fast delivery (OGDR or L2P NRT)
|| NRT S.mall NRT Large RT Sr_nall RT La.rge Orbit Error
scale signal | | scale signal scale signal | | scale signal
E A \i 3 S
( Low-pass filtering ) ( High-pass filtering )

NRT Large RT Small
scale signal scale signal

>< Merging )
4>< Unification & Merging )47 Enhanced Fast delivery Data
(RT Delay - NRT accuracy)

+ RT Small NRT Large
SL-TAC NRT Products scale signal | | scale signal

Gpe;rnicus

Figure6: Merging pertinent information from IGDR and OGDR processing

RT Small NRT Small | | NRT Large
scale signal | | scale signal | | scale signal

11.4.6 Along-track (L3) products generation
[1.4.6.1 SLA computation

The Sea Level Anomalies (SLA) are used in oceanographic studies. They are computed from the
difference of the instantaneous SSH minus a temporal reference. This temporal reference can be a
Mean Profile (MP) in thease of repeat track or a gridded Mean Sea Surface (MSS) when the repeat
track cannot be used. The errors affecting the SLAs, MPs and MSS have different magnitudes and
wavelengths. The computation of the SLAs and thssociatecerrors are déailed in Dibaboure et

al. (2011) and Pujol et al(2016). Both MP and MSS are referenced to the same reference period as
specified inTable13. The methodology to change theference period is presented in Pujol et al
(2016.
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Altimeter mission, MP description
Topex/Poseidon, Jaseh MP computed with Topex/Poseidodgnuary1993,April 2002; cycles 11 to 33],
OSTM/Jasoi2, JasorB Jasonl [April 2002,0ctober2008;cycles 0 to 249] and Jaso2 [October2008,

December 2015cycles 0 to 273 measurements. Referenced to the [199
2012] period Taburetet al,in prep).

ERSI/ER22, EnvisatSARAL/AltiKa | MP computed with ERS [May 1995, January2000; cycles 1 to49], Envisat
[October 2002, October2010; cycleslO to 94] and SARAL/Altika [Mars 201
Mars 2015; cycles 1 to 22heasurements. Referenced to the [1993, 201
period (Taburet et ak; in prep)

MP computed with Topex/Poseidomterleaved [September 2002, October
Topex/Pseidoninterleaved, Jasoft | 2005; cycles 38 to 481] and Jaso#i interleaved[February 2009March 2012
interleaved OSTM/JasoR interleaved | cycles 262 to 374 measurements. Referenced to the [1993, 2012] per
(Taburet et ak in prep)

MP computed with Geosat Follow Qiahuary2000, September2008; cycles 37

Geosat FollowDn to 222 measurements. Referenced to the [1993, 2012] pefibaburet et al, in
prep).
Sentinel3A Even if m MPis available for tlis mission the measurements arénterpolated

into a theoretical track and gridded MSS is used as described in Se¢tidrb

ERSL geodetic phase

Envisat new orbit

Jasonl geodetic, Jase@ LongRepeat

Orbit Phase No MP available for theses missions. A gridded MSS is used as descr
Sectionll.4.5
Cryosat2
SARAIDP/AltiKa
HaiYaneg2A

Table13: Mean Profiles IP9 and Mean Sea Surface$ASS used for the SLA computation along
the different altimeters tracks.

11.4.6.2 Along track (L3) noise filtering

The filtering processing consists in removing from alstagk measurements the noise signal and
short wavelength affected by this noise. This processing consist®wHgass filtering with a cuoff
wavelength of 65km over the global ocean. Thisaffitvavelength comes from the study by Dufau
et al. (2016) and is discussed in Pujol ef2016). It representshie minimum wavelength associated
with the dynamical structures that altimetry would statistically be able to observe with a dignal
noise rato greater than 1. The cuiff is reduced for regional products to preserve as much as
possible the short wavelength signal. The differentafitwavelength used are summarizedrable
1l4andTablel5.

The filtered alongrack products can be subsampled before delivery to retain every second point
along the tracks, leading to a ady 14 km distance between successive points. Because some
applications need the full resolution data, the néitered and nonsub-sampled products are also
distributed in REP/DT mode and over some regions in NRT moddifférent subsamplingare
summaizedrespectivelyinTablel4 and Tablel5.
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Region Product considered Filtering cutoff Distance between two points
wavelength (km) (km)
Global vfec (Filtered and subsampled) ~65 ~14(subsampled one point out of
two compared to vxxc)
vxxc Not-filtered and notsubsamptd) - ~7
Mediterranean Se vfec (Filtered andubsampled) ~40 ~14(subsampled one point out of
two compared to vXxxc)
vxxc (Noffiltered and notsubsampled) - ~7
Black Sea vfec (Filtered) ~40 ~7 (not subsampled compared to
VXXC)
vxxc (Noffiltered and notsubsampled) - ~7

Tablel14: Filtering and subsampling parameters used for L3 REP products

Region Product considered Filtering cutoff Distance between two points
wavelength (km) (km)
Global vfec Filtered and subsampled ~65 ~14(subsampled one poirgut of
two)
Mediterranean Sea Filtered and not ~40 ~7 (not subsampled)
subsampled
assim
Not filtered and - ~7 (not subsampled)
not subsampled
Black Sea vfec(Filtered) ~40 ~7 (not subsampled)
Europe Filtered and not ~35 ~7 (not subsampled)
subsampled
assim
Not filtered and - ~7 (not subsampled)
not subsampled
Arctic vfec (Filtered and subsampled) ~35 ~14(subsampled one point out of

two)

Tablel5: Filtering and subsampling parameters used for L3 NRT products
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[1.4.7 SLA Gridded (L4) products generation

The L4 product generation processing methodology consists in an optimal interpolation processing as
fully synthesized in Pujol et.42016).

In the REP/DT processing, the products can be computed optimally with a cemtmmgalitation
time window of t8wnzeeks around the date of the map to be computed.

In the NRT processing, contrary to REP/DT case, the products cannot be computed with a centered
computation time window: indeed, as the future data are not available yet, traputation time
window is not centeredOnly data over the period fDweeks, D] are used, where D is the date of the
production consideredFor each day of NRT production, three merged maps are producedcruthily
delivered to the usergFigure?):

¢ A Oday delayi.e. map centered on day D¥hich represents a preliminary map production

¢ A 3day delay(i.e. map centered on day-Bdays) which represents an intermediat@map
production. When available, this map replaces thga§ delay map

¢ A 6day delay(i.e. map centered on day-Bdays) which represents a final NRT map
production. When available, this map replaces théay delay map

Map Situation at day-O Production
date date
d.(, d.3 d0
@ @ ? OV VU 0 @ /~.~.‘1 { time
P
Three maps are produced daily: At dg+s, maps d-68 Situation at day+6
== Final NRT map production replace maps dg
intermediate map productios d-6 d'3 d0+6
® Preliminary map production 0 O S 4 b v ~ A ,/Y
Map Map Production
date date date

Figure7: Three merged maps are produced daily: final mapg) intermediate map (e3) and
preliminary map (d0)

Both for the REP and NRT, the maps are centered omigid.

Note however that thespatial and temporal scales of the variability that is resolvethinDUACS
merged products data set are imposed by the temporal correlation function used in the Ol mapping
procedure as described in Pujol et §2016)
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11.4.7.1 Number of satellites to compute the maps

Both in REP/DT and NRT processing, the maps are compittedll the satellites availablelhis

allows an improved signal sampling when more than 2 altimeters (corresponding to the minimal
constellation) are available. The mesoscale signal is indeed more accurately reconstructed during
these periods (Pascual @ral, 2006), when omission errors are reduced by the altimeter sampling.
The allsatmerged series is however not homogeneous in time due to the evolutions of the altimeter
constellation (sed-igure4 and

1 | Insufficient for offline mesoscale applications
2  Minimum for offline applications
3 | Robust for offline mesoscale applications (barely for real time)
Robust sampling for real time applications
2 » > P
F & o & G O T &
NN S 2 S A P ) Iﬁ S .ﬁ],,,e [l [l
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El
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EN
TPN R —————-—--1
124 ; t
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ne — i
AL —_—
H2 H _
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13 | nreeeme
S3A CerEee—————
ALG ErrremrEre—
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126 =
K o° 2 2° 2 2 °
Figureb).

11.4.7.2 Formal mapping error

The formal mapping error does not represent the precision of the @iddled products but it
represents an excellent indicator of the consistency of the grid. In practice, this formal error variance
corresponds to a local minimum in the least squares senses. It depends on the constellation sampling
capability (i.e. spatiaistribution and the density of the data used in the suboptimal estimation) and

its consistency with the spatial/temporal scales and sea surface variability considered, and also on
the noise budget for the different measurements used, as described inalom €t al (1998) or Puijol

et al. (2016).

The formal mapping error is usually low under the tracks of the different altimeters used in the
mapping. It is higher within the intdrack diamonds. Higher formal mapping error is also observed
over high varialiity areas.

11.4.8 L4 Derived product generation

The L4 derived products consigtthe Absolute Dynamic Topography (ADT) (maps and -dtank)
and maps of geostrophic currents (absolute and anomalies).

The ADT products are obtained by adding a Mean Dynanpicgfaphy (MDT) to the SLA field. The
MDT used in the DT2014 reprocessing is describ&tliet et al.(2013).
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The geostrophic current products disseminated to users are computed usifqgpamtOstencil width
methodology (Arbic et gl 2012) for latitudesoutside the +5°N band. In the equatorial band, the
Lagerloef methodology (Lagerloefeal mpdppv Ay G NRBRdAzOAYy3 (GKS i LI+ yS

The reader can refer to Pujol et £016) for additional details.

[1.4.9 L3 and L4 Quality control

The production bhomogeneous products with ligh-quality data and within a short delay is the key
feature of the DUACSrocessing system. But some events (failure on payload or on instruments,
delay, maintenance on servers), can impact the quality of measurements atatheflows. A strict
quality control on each processing step is indispensable to appreciate the overall quality of the
systemand to provide the best user services.

The Quality Control is the final process usedtACDefore product delivery. In additioto daily
automated controls and warnings to the operators, each production delivers a large QC Report
composed of detailed logs, figures and statistics of each processing step. An overview of the
diagnostics used is given inlI§Altimetry expertsanalyzethese reports twice a week (only for
internal validation, those reports are not disseminated).
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I VALIDATION FRAMEWORK

The validation aims to control the quality tife external products and the performances of the key
processing steps. Different points are assessed by the validation task:

1 the data availability and spatial/temporal coverage
1 the multi-mission homogenization processing
9 the ocean signal consistency

Thefollowing table liss the different metrics that are used. They mainly consisdnranalysis of the

SLA field at different stepof the processing; check consistency of the SLA along the tracks of
different altimeters and between gridded and aloetrgck products; and comparison of the different
variable fields (SLA, ADT, geostrophic current) with exterraflirmeasurements.

Assessment of the DUACS products are also completed by specific studies, done in coordination with
other projects (e.gC3SCNESALP) that aim to characterize the errors observed on specific fields,
wavelengths and timescales.
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Name

Description

Ocean
parameter

Supporting reference
dataset

Quantity

SLA_L2-NC--AVAIL

Number of altimeter measurement

available/rejected

Sea Level Anomaly

None

Missing/valid/invalid data are identified over the data flow
processed

Temporal evolution on the number of measurements on a daily
basis and/or along each track of the altimeter considered.

SLA_L2-NC-ALT--MEAN

SLA_L2-NC-ALT-STD

SLA_L2-NC-ALT-AVAIL

SLA differences at mono- and multi-
missions crossover positions

Sea Level Anomaly

None

Mean difference between two SLA measurements corresponding
to altimeter tracks cross-over positions.

The statistic is averaged over 7 days

The performance of the product before and after Orbit Error
correction are compared

Standard deviation of the difference between two SLA
measurements corresponding to altimeter tracks cross-over
positions.

The statistic is averaged over 7 days

The performance of the product before and after Orbit Error
correction are compared

Number of SLA measurements corresponding to altimeter tracks
Cross-over positions.

The statistic is averaged over 7 days

The performance of the product before and after Orbit Error
correction are compared

SLA_LWENC-VAR

Variance of the Long Wavelength
Error correction applied on SLA

products

LWE correction

None

Variance of the LWE correction averaged over the last 49 days

SLA_LWE--NC-DIFFVAR

Difference of variance of the SLA
with and without LWE correction

applied

Sea Level Anomaly

None

Difference of the variance of the SLA with and without LWE
correction applied. Statistics averaged over the last 49 days.

SLA_SW-NC-VAR

Variance of the short wave SLA

signal

Sea Level Anomaly;
measurement noise

None

Variance of the short-wave signal (<65km) filtered from along-track
products Temporal daily statistics evolution. Regional mean
statistics computed over the last 49 days.

SLA-D-NC-MEAN-
<REGIONS>

SLA-D-NC-STD-
<REGIONS>

SLA-D-NC-AVAIL-
<REGIONS>

SLA signal monitoring

Sea Level Anomaly

None

Mean of the along-track SLA (L3) over different regions averaged
on a daily basis

Standard deviation of the along-track SLA (L3) over different
regions averaged on a daily basis

Number of along-track SLA (L3) over different regions averaged on
a daily basis

SLA-NC-PSD-<REGIONS>

SLA signal spectral content

Sea Level Anomaly

None

Spectral decomposition of the Sla signal over different regions

© EU Copernicus Marine Servig@ublic

Page34/ 66




QUID foBea Level TAWUAC®roducts

SEALEVEL_* AHASSIM]_L[3/4]_[NRT/REP]_OBSERVATIONS_008, Date

Ref: CMEMS-QUIB008032-051
: 15 October 2018

Issue 124
o Ocean Supporting reference ]
Name Description PP 9 Quantity
parameter dataset
Mean difference between two SLA map products:
. Map of days DO and Day D-7

SLA-D-NC-ALT- Difference between two SLA map . . .
MEANDIEF-<REGIONS> products Sea Level Anomaly None El\illlgrs]gtfe?ay D0 merging all the altimeters available and only one

Map of day DO computed over global ocean and regional area
SLA-D-NC-MEAN- Mean of the map SLA (L4) over different regions averaged on a
<REGIONS> daily basis
SLA-D-NC-STD- . . Standard deviation of the map SLA (L4) over different regions
“REGIONS> SLA signal monitoring Sea Level Anomaly None averaged on a daily basis
SLA-D-NC-AVAIL- Number of grid node defined by the map SLA (L4) over different
<REGIONS> regions averaged on a daily basis
SLA-D-NC-MERR- Formal Mapping Error (ERR) Formal Mapping Mean of the ERR associated to the map SLA (L4) over different

N None : ) .

<REGIONS> monitoring Error regions averaged on a daily basis

Mean of the EKE deduced from the map SLA (L4) over different
ZA;EEG?OSNUSEF;:ACOMF:& EKE monitoring Eddy Kinetic Energy | None regic_)ns averaged on a daily basis

Regional mean over the last 3 months
SLA-D-NC-DFS_MEAN Contribution of the different DES None Mean contribution of the different altimeters available to the

altimeters to the map product

merged SLA map product

DHA_2000m-SURF-

DHA comparison with in situ
Temperature/Salinity profiles

Dynamic Height

ARGO Temperature/Salinity

Monitoring of the differences between Altimetry and T/S DHA

CLASS4-PROF-MEAN estimation Anomalies profiles estimation, at global and regional scales.

SLA comparison with in situ Tide Tide Gauges measurements Map of the variability of the differences between altimetry and TG
SLA-D-CLASS2-TG-RMSD Gauges measurements SLA (PSMSL & GLOSS CLIVAR) measurements
SLA-D-CLASS4-ALT-- SLA comparison with independent SLA Altimeter measurements non-used | Map of the variability of the differences between altimetry and

RMSD

altimeter along-track measurements

in map products construction

independent along-track measurements

UV-SURF-D-CLASS4--
BUOY-RMSD

U&V geostrophic current comparison
with in situ drifters measurements

geostrophic current

Drifters measurements (AOML)

Map of the variability of the differences between altimetry and
drifters measurements

Tablel6: List of the metrics used fdDUAC$roducts operational validation
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IV VALIDATION RESULTS

IV.1 Variable SLA

IV.1.1 Level-3 along-track

IV.1.1.1 The main sources of errors

The alongtrack SLA product is affected by differamtors:

Instrumental errorsthey are characteristics of the precision of the instruments and accuracy
of the altimeter pointing. They are also representative of the quality of the cking
processing.

Different corrections are included in the data processing in order to minimize as much as
possible these errors. Thepnsisin:

A Mispointing correction: it allows to take into account possible mispointing of the
altimeter measurement with respect to theadir direction

A Doppler effect correction that takes into account the motion of the satellite

A The tracking bias that allows to take into account the imprecision of the different
algorithms

A The correction of the ltra Sable Oscillator (USObhat correct he drift of the
instrument

A The internal calibration that takes into account the transit time of the data in the
antenna.

In spite of these different corrections, part of the instrumental errors remains in the along
track product. They arenainly characteized by uncorrelated measurement noises, discussed
in8V.1.1.2.1

Environmental and sea state erroithe path of the electromagnetic signtilat goesthrough

the atmosphere influences the measurement. In the same way, the sea state bias (presence
and shape of the waves and roughness at the surface) also intredaurtesrror on the
measurement.

Different corrections are used in the data processingoider to correct the measurement
from atmosphericand sea surface effects:

A The dry and wet troposphere corrections that correct the path delay effects linked to
the presence of dry gases and water vapor in the atmosphere.

A The ionospheric correction thallows to take into account the effect of the ions
present in the atmosphere.

A The sea state bias correction that corretiie effects of the sea surface state on the
reflection of the altimeter signal on the surface.

In spite of these different correctionpart of the environmental errors can still be observed in
the alongtrack SLA signal. They can be spatially and temporally correlated.
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Geophysical errorsThey mainly consist in subtracting from the measurement some physical signal
signal that cannot be accurately sampled with the altimeter (due for instance to the inconsistency
inconsistency between the temporal sampling of the altimeter and the temporal scales characteristic

characteristicof the signal considered) or that are not of interest for the study of the dynamical
dynamical signal. In that way, different geophysical correctgare applied of the altimeter
measurement (geoid, ocean tide, inverse barometer and high frequency wind and pressfteets,

|ERSL‘ER52| T/P‘ EN y J1 y J2 ‘GFO‘ c2 | AL | H2 |J3|SSA‘

effects, etc.). SeeTablel0and Tablell: Standards of the different corrections applied on altimeter
measurements in DT processing (continussxt page.

Tablel2: Standards of the different corrections applied on altimeter measurements in DT
processing
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Ref: CMEMS-QUIB008-032-051

: 15 October 2018

Issue 124
MOG2D High frequencies forcey MOG2D High frequencies forced with analy$&CMWF MOG2D High MOG2D
with analysed ERA pressure and wind field [Carrere and frequencies forced High
INTERIM pressure and wind fie| Lyard, 2003; operational version used, current versiol with analysed ECMWI frequencies
+ inverse barometer 3.2.0] + inverse barometer Low pressure forced with
Low frequencies frequencies and wind field [Carrerg analysed
and ECMWF
Lyard, 2003; pressure
operationd version and wind
used, current version iy field [
3.2.0] + Carrere
DAC inverse barometer LoW and Lyard,
frequencies 2003;
operational
version
used,
current
version is
3.2.0] +
inverse
barometer
Low
frequencies
Ocean tide FES2014 [Carrére et al., 2015]
Pole tide [DESAI, 2015]
Solid earth Elastic response to tidal potential [Cartwright and Tayler, 1971], [Cartwright and Edden, 1973]
tide
BM3 Non Non Non SSB Non Non Non Non Non Non
(Gaspar| parametric| parametric| parametric| issued| Parametrici parametric| parametric| parametric| parametric| Parametric
Ogor, | [Mertzet SSB SSB, | from | SSB[Tran| SSB [Tran SSB SSB [Tran SSB from| SSB [Tran
1994) | al, 2005] | [N. Tran [Tran, GDR 2012] et al, from J1 etal, J1 2012]
using c 70| and al. 2015] E 2010] with 2014]
Sea state to 80 with 2910] unb_iased
. DELFT | (usingc1 sig0
bias .
orbit and to
equivalent| 111 with
of GDR GDRC
B standards
standards)| and GDR
D orbit)
Mean

Profile/Mean
Sea Surface

Mean Profile for repetitive mission (séle4.6.1andTablel3) / MSS CNES_CLS_2015 referenced to the-2@93 period (Schaeffer
et al, 2016; Pujol et al, 2016)

Mean
Dynamic
Topography

Global area: MDT_CNES_CLS13 (Mulet et al, 2013) corrected to be consistent witlyehe r2erence period used for the SLA|
Mediterranean Sea: SMDT_MED_2014 (Rio et al, 2014b)

for the details of these corrections.

The quality of the different corrections, that depends on numerical models, can lead to
uncertainty in the different geophysical corrections applied. Theyconsidered as errors on
the SLA product, for the main part correlated in space and time.

IV.1.1.2 REP produ® errors description

IV.1.1.2.1 Uncorrelated errors or noise measurements and mesoscale observability:

The noise measurements are mainly induced by instrumer(&timeter) measurement errorsThey
are quantified by an analysis of the wavenumber spectra of the $liguré 8). Indeed, the

b
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