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Task objective (from DoW)

To consolidate and evaluate the accuracywadilable SST products.

Scope of this document

In this document we provide an overview of available SST products derived from EO data relevant for
the AQUAUSERS project and evaluate their accuracy based on existing literature. There are many
validation exercises of Earth Observation (Ef@)ived SST products described the literature.
Whenever possible, we tried to focus on validation studies performed in waters which are relevant
for AQUAUSERS, i.e., the Atlantic Ocean off the Iberian PeninsulBalltie Sea, the North Sea and

the North Atlantic Ocean, particularly off the coast of Norway and Scotland.

Abstract

For aguaculturesea surface temperature (SST) is a key input not only for site selection in order to
identify suitable locations for fan sites because of favourablemperature (cf. D2.3) but also for

the management of an existing farm. For instanfmod intake, growth and survival rates are
significantly related to water temperaturén salmon farms Water temperature is therefore a
parameter that is regularlyneasured by almost all of thesers in the AQUAISERS project, often on

a daily basigcf. D21). SSTestimates are also readilyerived with high accuracy from satellitata

In this documentve provide an overview of available SST products derived fremihn Bbservation

data which roughly meet the user requirements specified in D2.1 and evaluate their accuracy based
on existing literature.
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1 Introduction

The AQUAJSERS project aims at providing the aquacultmdustry with relevant andtimely
information from Earth ®@servation(EO)combined with irsitu measurements. The key purpose of
AQUAUSERS is to develop, together with users, a software system that brings together satellite
information on optical water gality and temperature with irsitu observations also on optical water
quality, temperature and ecological parameters. Additionally, the application will collect relevant
weather prediction data and medcean data (wind, waves ejdrom external datasources as well as
other model data. The application will include a decision support system which will link the observed
environmental conditions to a set of (usdefined) possible management options as well as an
evaluation of earlier management decisgon

The purpose of Work Packa@#&/P)3 is to definedevelopand refinemethodsto generatethe core
information on which theAQUAUSERS application will be based:

- Water quality products will be derived fronEOdata with algorithms specifically developed
for the regions that host the aquaculture sit€gask 3.1,)

- The accuracy of availableea surface émperaure (SST)products meeting the user
requirements(see D2.1are evaluged (Task 3.2 this document)

- Methods for Harmful Algal Bloom (HAB) detectiotil be developed based on optical
satellite information and supporting eviden¢€ask3.3)

- Appropriate supporting irdrmation with excellent spati@mporal coverage will be obtained
from models, including those that drive MyOcean and weather fore¢asek 3.4)

- Sitespecific indicators for aquaculture suitabilityill be developed with multivariate
statistical analysiéTask 3.5)

- Thedecision support methodologwill be developedTask 3.6)

For aquaculturesea surface temperaturéSST)s a key input not only for site selection igentify
suitable locations for farm sites because of favouratdmperature (cf. D2.3) but also for the
management of an existing farm. For example, it has been shown that food intake, growth and
survival ofsalmon are significantly related to water temperatufidandeland et al. 2008)n this
document we provide an overview of available SST products derived from EOmthith roughly

meet the user requirements specified in D2ahd evaluate their accuracy based on existing
literature.

Recently efforts towards new integrated highesolution (< 10 km) SST products have been initiated.
The Global Ocean Data Assimilation Experiment (GODAE) is an international collaboration for ocean
forecasting activities which, in 2002, initiated a GODAE HighRiesoSST Pilot Project GHREET

to address an emerging need for accurate high hatgaon SSTproducts(Donlon et al. 2007)in 2009,

the PilotProject was replaced by th®roup for High Resolutiore§Surface Temperature (GHRSST)

that aims to provide the best qualitySTdata for applications in short, medium and decadal/climate
time scales in the most cost effective and efficient manner through international collaboration and
scientific innovatior{Donlon et al. 2009)

MyOceanis a series of projés initiated in 208 and supportedy the European Commission within
the Copernicus Program. The main objective of the MyOqgaaiect is to define andset up a
concerted and integrated paBuropean capacity for ocean monitoring and forecastirfgough the

! hitps://www.ghrsst.org/

2 http://www.myocean.eu/
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MyOcean web porta users can access a catalogue of more than 100 regulpdsted marine
products. These are readily available for download and provide coverage of seven marine regions:
the Arctic, Baltic, Mediterranean, Black Sea, Atlantic European Néest Shelvesitlantic Iberia
Biscaylrisharea and the global ocean.

These two initiatives provide interestingew integratedocean temperature product@nd most
importantly with measuresof quality. Unfortunately, the spatial resolution is not high enough for
applications in AQURAISERS. Nonetheless, there is future potential for SST products at 1 km spatial
resolution that will become available from the upcoming satellite missions with globalseuisors.

Chapter2 begins with adescription ofsome of the chlenges when comparing satellite with-&itu
SST observation€hapter3 presents Eased SST produotgth some background information and
accuracy measureand chapter 4 outlines some online tools which are available for sateliftesitu
SST compasons Finally, the conclusion gives a brief summary and critique of the findingbe
appendix some information about data access is provided.
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2 Background

Sea surface temperature (S$§ n difficult paramter to define exactly becaudhe vertical thermal
structure of the upper oceais rathercomplexand variablgFigurel). This is becaus&ind produces
turbulence and solar insdi@n causingair-sea fluxes of heat, moisture and momenty®onlon et

al. 2002) To evaluate the accuracy of a SST product retrieved from satellite data, a direct comparison
with in-situ measurements would be the best approach. However, since the upper \astaris so
dynamic, differentmethods for measuring SST may record different values. This has important
consequences for the accuracy and the precise calibration of satellite SST déxmetsn et al.
2002) Then there is also spatial and temporal aspect, with-situ and satellite SSTs being averaged
over different sample areas and measured at different times Before comparing ifferent
measurements it igsherefore important to understand the information content and relationships
between measurements of SST made by different satellite iargitu instruments (Donlon et al.
2002)

2.1 What does asatelite sensor measure?

SST measurements from satellite remote sensing can be determined from thermal infrared and
passive microwave radiometry. Both methods have thmdsets and drawbackswhile thermal

infrared data can provide &ST product withhigher sptial resolution and accuracynicrowave
informationis less sensitive to clouds and other atmospheric effelctderms of attenuation length

athermal infrared(TIRyadiometer operating inthe 1 > Y & LJS O (isNbriespands ®%06 | Yy R
depth of roughly 120 um (known as the "skin SST"). Passive microwave instrunopeisting in

the 611 GHz frequency range 2y (G KS 20 KSNJ KI yRZ-aY8yadey LIEKS G 4
which is at a depth of ~1 mifDonlon et al. 2007A summary o&ll SST definitions for the upper 10

m of the ocean can be found https://www.ghrsst.org/scienceand-applications/sstdefinitions/).
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Figurel: Schematic diagram showindealised nightime and daytime vertical temper&ure deviations from
sea surface foundation temperatuire the upper oceaffrom Minnett & KaiseiWeiss 2012)

2.2 In-situ SST measurements

As mentioned earlier, the vertical thermal layer of the upper ocean is highly variable. Consequently,

the method used for insitu sampling determineg KA OK £ | & S NI A0pt#imally, datasfrony S I & dzNX
in-situ radiometers are useth validate satellitg TIR)measured SSbecause bottmeasure skin SST

(Minnett 1991) However, dedicated campaigns that collect-&itu infrared radiometry data are


https://www.ghrsst.org/science-and-applications/sst-definitions/
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limited in space and time anfdirthermore costly(Donlon et al. 2002)Often insitu data from buoys
and shipsare usedinstead because they are widely available and globally distrib{fealsh et al.
2010) yetthese measurementdo not provide skin temperaturebut depth SSTepresenting the top
1-m layer of the water(Kennedy et al. 2011(cf. Figurel), which makessalidation more difficult
However, i has been shown that skin SST can be validated against depthbS&Vationswhen
corrected forsome cool bias, butonly when wind speeds are greater than 6 rit g€Donlon et al.
2002) With stronger winds the upper ocearlayers are welmixed and the stratification is less
pronounced as shown iRigurel.

Mostly, in-situ samples areonsidered ag (i NHzS { { ¢ ¢ T idgizisenSor aKalsspécifidS 2 F
biases(e.g., related to drifts in calibrationyhich need to be quantified to construct biasgljusted

SST datasets that include estimates of uncertafiignt et al. 2010)Previous studies have reported

that drifting buoy SSBbservationscanhaveerrorsof 0.20.23K6 YSYy SRe&é S | f @ HAamH
al. 2008)

2.3 Match-ups

Match-ups are ollocated s#ellite andin-situ SST measuremen{g space and time)deally, in-situ
measurements are takeat night-time precisely at the time of the satellite overpass and within the
instrument swath.All measurements deviating from this condition will introduce some additional
error into the validation datase{Corlett et al. 2006) These errors agaidepend on how stable a
region is. Invery dynamiowvaters the spatial variability could be much higher than in more stable
regions On the other handSSTdetermined from satellitesepresent temperatureaveragedover a
pixel area (e.g., 1 knfor AATSR) which might significantly differ fronsitu measurements.

In reality, to get a large enough matcip dataset, there are temporal and spatiallogation criteria
to compute the matckups which may be different for each provid@&empordly the constraintan
range from 30 min to 6 houtand spatially from 1 km to 25 km distanisetweenin-situ and satellite
measurement

2.4 Validationmeasures

Validdion is usually performed by comparing the satellite datainesitu data. The difference is
quoted as an errgrbut effectively it is the difference between two measurements: the mean
difference and variance of the differencé€orlett 2012) Bias is used to report accuraeynd
StandardDeviation(SD)or Root Mean Square(RMS)to describe pecisionrelative to an agreed
reference source. shallydrifting buoysare taken as the reference sours@nce they provide the
only really global sourcéCorlett 2012) Moreover,the design of drifting buoys was standardized in
the early1990s andconsequently, measurements frothesebuoysshould be consistent at all times
and places thereafte(Kennedy et al. 2011)'he number ofin-situ data points available for SST
validation is also importanthis information shoulde added. It has been shown that validation can
be biased towards areas with sparisesitu data coveragé€Nardelli et al. 2013Moreover, the error

in SSTs derived from the same satellite but for different ocean basins and weather conditions may
also vary. Therefore, validation statistics need to be calculated for differeas for satellitederived
SSTQin et al. 2014)

10
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3 SST productand validation results

Thete aremany differentSSTproducts availablewhich arederived from satellites and other sources.
In this document we only consider products which are relevant fAQUA-USERSThe most
important criterionfor this isthe spatial resolutionAs can be seen in tHaitial UserRequirements
document (D2.1) userstaking part in the AQUAJSERS projeatish to get information on daily
temperature with spatial resolutions from 300 to 1000 m aamd accuracy of 0.8C(D2.], Table I
p.12). Theaefore, we used roughly 1 km as the thihedd for selecting/deselecting SST producthe
vastmajority of available SST products amaly available at coarsespatial resolutiors than 1 km.
Further, we restricted the document taevel 2 and level 3 satellite products Level 2 data provide
SSTs at the observed pixels and Level 3 datgsojected regridded productsvithout gapHilling.

3.1 (Advanced AlongTrack Scanning RadiometgiA) ATSR)

TheAATSRvas launched in 2002 dooard the ESA Envisat satell#ed is an advanced version of the
ATR system operated successfully on #R@uncked 1991) and ER3 (launcled 1995) The
instrumentprovidedglobalskinSSTwith 1 km spatial resolution at nadiA conical scan was included

in the AATSR instrumenb give a dualiew of the Earth's surfacélhis dualview constellation
offered improved atmospheric correction by applying two different atmospheric path lengths and
was used tadeterminethe skin SST(Cardaci 2013)AATSR providegkceptionally high radiometric
accuracybut unfortunately themission endedn April 2012

To process AATSR dataptdifferent SSTetrievalsare implemented, one based on dualew of two

bands(D2)at 11 and 12um (mainly day-time) and a second retrieval usindualview with three

bands(D3) at 11, 12 and 3.7 unfnly atnight-time). SST fields are provided as either-larl swath

product, or as a gridded spatially averaged product at sevarafserresolutions(Reynolds et al.
2010)

3.1.1 AATSR Gridded Sea Surface Temperature (ENVISAT.ATS.NR__ 2P)

The AATSR Level 2 Gridded Sea Surface Temperature (GSST) product is a flllkspatiesolution
product. The dataset is switchable, meaning that the contents of the pixel fields depend on surface
type and are a mixture & geophysical product, surface brigless temperature/radiance and top of
atmospherebrightness temperature/radiarecin the case of an unclassified pig€hrdaci 2013)rhe

data is available for the period from 20 May 2002 to 08 April 2012.

11
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Figure2: Full swath width (500 kmAATSR NR 2P SST prodyamplefrom 18 April2011 covering the inner
waters around Denmark-he combined dual view product is shown to the left; nadir view only is shown to the
right.

3.1.2 AATSR L2P product (URRRATS_NR__2P)

The AATSR L2P product (URRATS NR__2P) has been replaced by the ARC L2P product. The
entire L2P archive has been reprocessed in September 2013 with the ARC_L2P SST processor; the
changes are outlined in full in tH&P Reprocessing User Note

3.1.3 ARC L2P Gridded Sea Surface Temperature Pr¢B0NYISAT.URKA2P)

The ARC L2P Product is generated by the ARC_L2P Processor developed under the ATSR Reprocessing
for Climate (ARC) proje€Embury et al. 2012)The ARC L2P product contains full resolution -dual
viewskin SSvValues; these SST were generatean the Level 1B produetsing the ARC SST retrieval

and cloud screening which differ from the methods used to produce the SST within the AATSR Level 2
Gridded Surface Temperature (ATS_NR__ 2P) products. In addition to SST, the ARC L2P products
contain the ATSR Saharan Dust Index (ASDI) and theskieprobability estimated by the ARC cloud
detection algorithmas well as ECMWRterim wind speed at time of olesvation (Cocevar et al.

2013) The ARC L2P procig are provided in NetCBFformat following both the GHRSST Data
Specifications (GDS) and Climate and Forecast (CF) convef@iorsvar et al. 2013he main
difference to the previous L2P products is that these will now be calculated directly from L1B data.
The ARC dataset includes both skin SSiielisas an estimate of the SST at 20 cm depth which is
standardized with respect to the diurnal cycleis therefore more directly comparable tbuoy in-

situ measurementgMerchant et al. 2012)More details on the product are giveim the ARC_L2P
Product Description document which can be downloaded from:
https://earth.esa.int/documents/10174/56700/L2P_Product_Descriptiancessed July 2014)

® https://earth.esa.int/documents/10174/481651/AATSR_L2P_Reprocessing_User Ndte vl

12
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Figure3: Full swath width (500 kmARC L2RATSESST product example from April 18th 2011 covering the
inner waters around Denmark.

3.1.4 ARC L2P Gridded Sea Surface Temperature PrdH&RS.UPA2P

The same processingas used for tts productas forthe ENVISAT.UP&Pproduct but with ATSR
and ATSR data.The product consistof ATSR data for 01 August 19€¢17 Decemberl997 and
ATSR2 data for 01 Jun&995;22 June2003 ThisL2P product contains full resolution duaéw SST
values.

3.1.5 AATSR SSalidation

Corlett et al. (2006) comparethe gridded 1 kmATS_NR_2Product with observations from
radiometers and buoys. The radiometers were operated on several cruises between Southampton
and Bilbao, the Western Indian Ocean, in thaiilbean and around Australia. For the validation
against buoysa 12month period from August 19, 2002 was us@@dTSR SST and buoy observations
had to becollocated within a 10¢ell and coincident within 3 fCorlett et al. 2006 The results are
summarized inrablel.

Bias (K) | SD (K) No. of

AR (Accuracy)| (Precision)| matches SelulllSis

ATS AR 2B day 1 ) Q | 0.02 0.39 5,500 Slﬂzt;z' comparison o drifting

ATS_NR_2B2 day(lkm) |0.11 0.33 18 Regional comparisons to
radiometricobservations

ATS_AR_2B3night(m ) Q| 0.04 0.28 5,500 Slﬂzt;z' comparison o drifting

ATS_IR_2FD3 night (1km) | 0.06 0.20 12 Regional comparisons to
radiometricobservations

Tablel: Validationstatisticsshowing bias, standard deviation (SD) and number of maps{from Corlet et
al. 2006) Numbers are presented for the SST based oddlydime two band (D2) and the nigkime three

13
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band (D3) algorithmsShipborne instruments used in the validation exercise: SISTeR: Scanning Infrared Sea
Surface Temperature Radiometbt;AERI: Marine Atmospheric Emitted Radiance Interferometer; ISAR:
Infrared Sea Surface Autonomous Radiometer.

Wimmer et al. (2012yalidatedl kmAATSR SST data products (consolidated data products derived
from the second AATSR procesgi with ship borne radiometric measurements (infrared SST
autonomous radiometer, ISAR) in the Bay of Biscayd English Channel between 20&3d 2009.

The analysis confirms good agreement between thsitm and the satellite derived SST estimates,
basedon the dual view AATSR algorithms, with a bias of less than 0.1 K which is the accuracy limit of
the ISARTable?2). The standard deviatiofSD)of the comparisons depends on the coincidence
criteria: for a matckhup window of 1 km and 2 h it is around 0.3 K for thght-time three band (D3)
algoithm and 0.4 K for the twdband (D2)algorithm (Wimmer et al. 2012)Figure4 shows the
matchup locations for the AATSR dwééw SST for coincidences within £2 h time window and 1 km
search radius in space.

Product (I?Bi\?:itera?cy) (SP[:e(giz:,ion) No. of matches | Match-up ciiteria
ATS_NR_2B2 day(1 km) 0.00 0.80 57 +2000s and +20km
ATS_NR_2B2 day(1 km) -0.04 0.43 58 +2h and +1km
ATS_NR_2B2 day(1 km) -0.03 0.64 68 +2h and +20km
ATS_NR_2B3 night(1 km) -0.02 0.42 68 +2000s and +20km
ATS_NR_2P3 night { km) -0.01 0.33 62 +2h and +1km
ATS_NR_2P3 night { km) -0.03 0.42 87 +2h and +20km

Table2: Statistics for matchupsbetween AATSR duakew SST and radiometric ISAR observafiams 7
December 2005 to Ap2009in the Bay of Biscay and the English Charstelwingthe bias, thestandard
deviation(SD)the number of matclupsand the temporal and spatial ¢eiria used to coincide matetps. D2
and D3 refer to the two and three band algorithms, respecti(fetyn Wimmer et al. 2012)

Given that the AATSR SST retrieval is a skin temperature, the smaller biasdeniged from the
comparison of buoysvith radiometers is curious and probably indicates a warm bias in the SSTs,
which is apparent in thelaytime radiometer comparisons. The smallaighttime bias in the
radiometer comparison, along with the smaller standard deviation compared todtnetime

NEGNASOIE &S AYRAOIGSA G(KS o0SySTAG 2F AMmOdtdzRA Y 3

2010)
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Match-up Locations
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Figure4: Location of the matckups(coincidence within £2 h time window and 1 km search radius in sfmace)
AATSR dual view SST retrievals against ISAR observations from December 2005 to April 2009. The colours
distinguish2-waveband data (day: red) ariwavebanddata (night: bluefrom Wimmer et al. 2012)

Table 3 shows validation statisticlkor AATSR SST derived from AATSR L1B progitictthe ARC

processing schem@Cocevar et al. 20137gain, nightime SST had a smaller bias andtisih day-
time data.

Bias (K) | SD (K)

AR (Accuracy)| (Precision)

Comments

SST day (Lkm) | <0.04 <0.20 | Based on ARC comparisons to SISTeRERI, ISAR

SST night (1 km), < 0.02 <0.15 | and drifting buoys

Table3: Validation of SST L2 measurements derived from AATSR L18edatafor abbreviation¥(from
Cocevar et al. 2013)

A more comprehensivevalidation study of the ATSR ARC datgsetsion 0.9was conducted by
Lean & Saunder@013) In their study, they compared satellite derived S&th drifting buoy
observations(outliers removed)or 1991¢2009. For collocations, the time difference between the
two observations had to be less than three hourbe resultsfor different instrument periodsare
summarised iMmable4. Clearly the standard deviation decreasadth more recent instruments. The
period of the ATSR instrument has a very low mean bias, but the SD is rather high compared to the
more recent instruments. S§at 1 m depthyetrieved from AATSR niglime datausing two bands
(D2) produce the lowest biagshen compared to drifting buoys, but the dwakw threeband (D3)
retrieval gives the lowest SD (0.143 K)general, the AATSR period showed the greatest stability,
which issurelyrelated to animprovement ininstrumentdesign andoerformance but addtionally,
there was alsa large increase in the nuber of matchups with time thathelped to reduce the
errors(Lean & Sanders 2013)

15



D3.2 SST algorithm report ( AQUA
0/l
31/07/2014 —
ATSRL ATSR AATSR
(Aug. D91 to 1996) (mid-1995to0 mid-2002) | (mid-2002to Dec. 2009)
Bias (K) |SD(K) |Bias(K) |SD(K) |Bias(K) |SD (K)
SEIEEIEE W (Accuracy)| (Precision)| (Accuracy) | (Precision) | (Accuracy) | (Precision)
D3 night - - 0.043 0.266 0.059 0.143
D2 night -0.085 0.478 0.040 0.296 0.053 0.159
D2 day -0.008 0.470 0.066 0.321 0.071 0.157

Table4: Mean global biases and standard deviation (SD) for mashbetween (A)ATSST at 1 m deptnd
drifting buoysbetween August 1991 and December 20B8r the collocation 1° grid boxes were ug22i refers
to duakview using 10.8 and 12 urd3refers to dualview using 10.8, 12 andBum(from Lean & Saunders

2013)

Lean & Saunders (2018Is0 investigated theffect of different depths on the validation resultgble
5). For this aidy, the statistics of theAATSReriod from July2002to 2009were calculatedFor the
nighttime SST retrievals, there is no dependency on the depth for the day-time retrieval,
however,a differencestill occurs between 0.2 and 1.5 midtto be expected that some stratifiban

still remains due to the diurnal warming, even though the larger thermaoclines were renfbead &

Saunders 2013)

ARC SST depth=0.2 1

ARC SST depth=1m

ARC SST depth = 1.5

SR [Ees a?:itf:gcy) (SP[ie((l:gion) a?:itfrlgcy) (SP[:e(fi;ion) (I?Aliiélrgcy) ?P[:e(glion)
AATS®3 night |  0.059 0.143 0.059 0.143 0.059 0.143
AATS2 night 0.053 0.159 0.053 0.159 0.053 0.159
AATS®?2 day 0.079 0.158 0.071 0.157 0.054 0.163

Table5: Mean global biases and standard deviati&D) for matclups between (ARCAASR and drifting

buoys betweer2002and December 200&djusted for different depthd-or the collocation 1° grid boxes were

used. D2 refers to duaiew using 10.8 and 12 um; D3 refers to dvialv using 10.8, 12 andBum(from Lean
& Saunders 2013)

Overall, the validation of the ARC (1 m depth) product revealed lowest mean bias for the two band
nighttime SST retrieval, followed by three band nighttime product. The latter produced the
lowest standard deviation when compared to drifting budlysan & Saunders 2013)

3.2 Advanced Very High Resolution Radiomet&HRR

The AVHRR is a spdwmerne scanning sensor on the National Oceanic and Atmospheric

Administration (NOAA) family of Polar Orbiting Environmental Satellit@EHpas well as orthe

European Meteorological OperationaMetOp-A: launch Oct 2006 MetOpB: launch Sept. 2012)

* http://www.noaa.gov/satellites.html
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satellites®. The NOAA and Met@b platforms are sun synchronous generally viewing the same earth
location twice a day (latitude dependerdle to the relatively large AVHRR swath of approximately
2400 km.The AVHRR dnmoard MetOpA is an identical sensor to thoflging on the family oPOES

The mostrecentsensorversion, the AVHRR/3 (first carried on the N@&Adatform), acquires data

in six bandsas compared to AVHRR/2 which has only five baB83 from AVHRR is calculated by a
three band algorithm by night using 11, 12 and 3.7 um and a two band algorithm with 11 and 12 pm
by day.The highest ground resolution that can be obtained frthra current AVHRR instruments is

1.1 km at nadirRanging back to late 198AVHRR represents the longest continual global ocean

physical measurement from space hitp://podaac.jpl.nasa.gov/AVHRRahfinder). Different
products derived from AVHRR are listed able6.
Data source| Product Resolution | Temporal coverage |Region Measurement
NEODAAS |AVHRR17_L 1.1 km / 3h| Sept. 2008July 2010 | NE Atlantic Bulk SST
July 2008Aug. 2009 ,
NEODAAS |AVHRR18_L 1.1 km / 3h| 211 2008AUg NE Atlantic| Bulk SST
Jan. 2014present
NEODAAS |AVHRR19 L 1.1 km/ 3h|Sept. 2008present |NE Atlantic| Bulk SST
EUMETSAT AVHRR_METOP_A 1 km / daily| Nov. 200¢Zpresent | Global Skin SST

Table6: Specifications of different AVHRR SST products.

3.2.1 Level2P North Atlantic Regional Bulke@ Surface Temperature from the AVHBR
the NOAALl7 - 19 satellites produced by NEODAAS (LAGEODAAS2R
AVHRR17(to 19) L)

NEODASDundee acquires approximately5 AVHRR direct broadcast High Resolution Picture
Transmission (HRPT) passes per day over NW Europe and the Arctic. Eactcgals nsinutes
duration. These are immediately transferred to NEODRAB outh where they are processdyy
PanoramaMiller et al. 1997)nto bulk sea surface temperature (SST) products and converted to L2P
specificationsThe products g provided in 1.1 x 1.1 km resolutidor the NortheastAtlantic Figure

5). NEODAAS can provide consistent products from the near 30 years long AVHRR archive. The
processing involves calibration, SST calculation gemcorrection within pe-defined regions of
interest. hdividual images and compositean be accessed via the web site.

5

http://www.esa.int/Our_Activities/Obseving_the_Earth/The_Living_Planet_Programme/Meteorological_missi
ons/MetOp

®The SST product from AVHRR on MeBgatellite is in a testing phase. It will be available before the end of
this year but it will replace MetOpA data. (personal communicatio€éile Hernandez Météo-France
DP/CMS/PRODUCTION
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270.3 27392 277.54 281.16 284.79 288.41 292.03 29565

Figureb: Subset of IEODAAE2RAVHRR19 $SPproductfrom 21 June 201%louds/no dataare shownn
darkgrey

3.2.2 Level2P Global Skin Sea Surface Temperature from /\éHRRon the MetOpA
satellite produced by EUMETSAHURL2RAVHRR_METOP_A)

A global 1 knGHRSSIevel 2Rlataset based on multhannelSSTetrievals generated in redime

from the MetOp-A AVHRR instrument (Figure6). The production of the MetO#\ L2P SST data is

done by the European Organization for the Exploitation of Meteorological Satellites (EUMETSAT),
Ocean and Sea Ice Satellite Application Facility (OSI SAF) atMatee/Centre de Meteorologie

Spatiale (CMS) in France. In the processhmn, global AVHRR level 1b data are acquired at CMS
through the EUMETSAT/EUMETCAST system. A cloud mask is applied and SST is retrieved from the
AVHRR infrared (IR) channels by using a multispectral technique. The eGP L2P data consist

of globalcoverage at 1 km resolution separated into three minute observation granules, and are
compliant with theGHRSSDataSpecification (GD®)ttp://data.nodc.noaa.gov/geoportal.

sea_surface_temperature [kelvin]

28386 2862 288.55 29089 29323 29557 297.92 30026

Figure6: Example of a EURRAVHRR_METOP_A product from 23 May 2013 in the Mediterranean
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3.2.3 AVHRR SS/Blidation

Kilpatrick et al.(2001) validated the 198581998 series oPathfinder AVHRR global measurements
(version 4.2) against observations framoored and drifting buoysThe analysis revealed a bias of
0.02 K anda standard deviationof 0.53 K.This very low biagan be misleadingince msitive
residualsin somelatitudes are offset by negative residual in others, resulting in a reso bias
when combined. In addition, the in situ buoys usedha study were not calibrated to such a high
accuracy(Kilpatrick et al. 2001 Kilpatrick et al. (200XEport that the median value of the residgal

is probably closer to 0.140.5.

More recently, omparisons over the period between OctobeR010 andJuly 2011lbetween
observations frondrifting buoys, MetOp-A IASEnd MetOp-A AVHRR®ere conducted byy Q/ | NNR f f
al. (2012) The time between a buoy observation and an AVHRR observation was limit@chtanel

only nighttime data (version 5)were used in thestatistical analysisThe results are presented in

Figure7 and Table7.
Product S (9) | &b (K.). No. of matches Region
(Accuracy) (Precision)
EURL2RAVHRR_METOP_A (1k  0.36 0.33 715 Global
EURL2RAVHRR_METOP_A (1k  0.30 0.26 77 North-East Atlantic

Table7: Statistics for matctups betweemight-time AVHRBST and Infreed Atmospheric Sounding

Interferometer (IASI) measuremerfkmoth instruments onboard MetGA) for 1st October 2010 to 31st July

2011, showing the bias, the standard deviat{@D)and the number of matche&nly matchups for 100%
clearsky cases are shown ¥ NBY hQ/ F NNRff Sd Ff o

Night: 1ASI-buoy (purple), AVHRR-IASI (light blue), AVHRR—buoy (green)

{HIIIHH

Mean difference (K)
'V’FF.HTHTH FTTT

1
~

N A M/W/\ n i’w

#

g W ‘\ Vi

\.,_J

o

Mw W»u\’ ¥ w/ WMN g

|

- HIIIHH|IIH

100

200

300

~N [

Standard deviation (K)

A‘,,

o

ﬁlb ’\L ML MJ&‘ ”W'Al v

l

3",,1}.’\1 SJ\ K‘ ¥l

L th }}J\A‘ I M TN

?
f\"fv# ;,W 1

WO i

. fw} s

& IL'rJ"‘T‘TIl\|IIIIIIIIII1|HHIII

100

19

200

300

HAMHDU

S



D3.2 SST algorithm report ( AQUA
o /1
31/07/2014 —

Figure7: Timeseries of rght-time daily mean differences amstlandard deviations between IAloy (purple),
AVHRRASI (blue), and AVHRRoy (greenBSTs versus days for the perdstiOctober 2010 to 31st July 2011
(fromh Q/ I NNRff. SG I fd HAMHO

Another validation study investigated full resolutié&?tHRRMETOPA) SST from 1 July 2007 to 31
July 2013 against drifting buoys. The satellite measurement had vathan 3 hours fom the insitu
measurement(Marsouin et al. 2013h)Asshown inTable8, nighttime errors are smaller thaday-
time errors alsowith decreasingjuality levelof the satellite datafrom excellent §) to suspect (3)
the SST mean error and teéandard deviation increaseSD increased from 0.37 K to 08By night
and from 0.51 K to 0.6& by day(Marsouin et al. 2013b)The authors attributethese variations
mainly to the inclusion ofnore aerosol or cloud contaminated plgén the statistics

Product (I?Bi\?:itera?cy) (SP[:e(giz:,ion) No. of matches Quality level
AVHRR_METOP_A ni¢ -0.05 0.45 424,461 3-4-5
AVHRR_METOPdAy 0.09 058 535,957 3-4-5
AVHRR_METOP_A ni¢ -0.01 0.37 153,827 5
AVHRR_METOP_A d4| 0.13 0.51 218,279 5
AVHRR_METOPn#ght -0.04 0.45 132,877 4
AVHRR_METOP_A da 0.08 0.57 201,054 4
AVHRR_METOP_A nig¢ -0.11 0.52 137,757 3
AVHRR_METOP_A d4| 0.05 0.69 116,624 3

Table8: Global satistics for matchups betweerdrifting buoy andMETOP_AVHRRSST1km)from 1 July 2007
to 31 July 2013%howing mean biastandarddeviation,number of matckhupsand quality levelsA quality level
is associated to each pixel with the following values: 3: suspect, 4: acceptable, 5 : excellent. The quality level
value is derived from the cloud mask indicator and the satellite zenith &egle.5 is excellent qualiffrom
Marsouin et al. 2011).

Marsouin et al. (2019 also investigatedf there weretemporal trends in bias and SD for the period
1 July 2007 to 31 July 2013 for SST dadth quality levels 3-5. It can be seen from the data in
Figure8 that the errorsare rather $able during the 8year period; egeptfor a decrease ithe night-
time mean error from @ to -0.1 K.Interestingly, he number of matchups for both night andlay-
time decrease from 2011 avards.The authors of the study emphasize thhatg is not related to the
validation scheme, but to a decrease of t@mber of drifting buoyandtheir observations.
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Figure8: Temporal variation of METOR AVHRR SST errstatistics showinghe monthly statistics 0AVHRR

SSwith quality levels 31-5, fornight-time (black) andday-time (red)observationdor the blobal oceanThe

plot on the top shows the mean error (bigse middle plot the error standard deviatiamdthe bottom plot
illustratesthe number omatch-upsas a functiorof time (from Marsouin et al. 2018.

Marsouin et al. (2013 showed thatthe global validation resultare better by night than by day, and
stable with time.Users are recommended to only use data with quality levelsb3Those dathave
a mean error 0f0.05K and the error standd deviation is 0.45 K by night, aBd9K and 0.5& by
day(Marsouin et al. 2013b)

However, there argegional differences in the accuracy the AVHRR SST product. For the North
East Atlantic anonthly mean erroiof -0.12 was calculatedvhich is almost twice as high as the bias
for the NorthWest Atlantic {0.07) as shown inFigure9. The authors of the study emphasize that
with the MetOpB processing schemthat will include an algorithm correction, these errors should
be significantly reduce@Marsouin et al. 2013aMetop-B datais currently in a ésting phase and
should beavaibble before the end of 2014t Will replace MetopA data(personal communicadin
Cécile HernandeMjétéo-France DP/CMS/PRODUCT,I@Ny 2014).
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