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1 Introduction

This report presentghe resultsfrom the validation of the High Latitude seasurface
temperaturg SST) productfor the NOAA 16 satellitefrom the Oceanand Sealce
Satellite Application Facility (O&SI SAF).

Validation of the SST productsfrom the O&SI SAF is done routinely at the
Norwegian Meteorological Institute (met.ng and MetecFrance/CMS. In situ
observations from driftinguoys mooredbuoysand ships are collocated with the SST
productsand the satellite data,and collectedin matchupdatabase¢MDBSs). Using

these MDBs the SST product itself can be validated and SST algorithms can be tested.
At met.nothe high latitude SST productis monitoredand at Meteo-France/CM$he

low/mid latitude and regional products are monitored.

This reportfirst givessomedetailsaboutthe datain the MDBSs in chapter2. Thenthe
generalvalidation of the High Latitude SST productfor NOAA 16 is presentedn
chapter3. Data from matchingobservationdrom the met.noand CMS MDBs are
compared in chapter 4. In chapter 5 different SST algorithms are tested on the MDBs.

2 Matchup database format

The MDB built at met.nocollectsall in situ SST observationsiorth of 50N in the
northernAtlantic and collocatesthesewith the 1.5km resolutionSST and AVHRR
datawithin the acquisitionareaof the met.noreceivingstationin Oslo. At CMS the
similar is done,but with datanorth of 30N and2.0kmresolution.TheseMDBs partly
cover the same areas, so both MDBs can be used for testing algorithms.

The MDBs of met.noand CMS havethe sameformat. They containdatafrom thein
situ observationsthe O&SI SAF SST productsand selectedAVHRR data.Detailed
informationis givenin Eastwood(2001).Eachobservationn the MDB contains73
datafields. The collocatingof thein situ observatiorandthe satellitedatais doneby
finding the closestpixel to the in situ point. Then datafrom a 15x15 pixels box
aroundthis pixel is extracted Both the centralpixel valuesand averagefrom all the
cloud free pixels within the pixel box are extractedto the MDB. In this reportthe
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average values are used if nothing else is stated.

Thereare somesmall differencesin the criterionsfor selectingobservationdor the
MDBs at met.noand CMS. One is the maximum time differencebetweenin situ
observatiorandsatellitepassageAt met.nothis valueis 120 minutesandat CMSit is
30 minutes.At CMS only pixel boxeswith cloud coverlessthan60% areselectedAt
met.nono suchcriterion is used,only the centralpixel needsto be cloud free. The
reason for choosing these less restrict criterion at met.no is that few in situ
observationsare availablenorth of 50N. Filtering of the datais donedirectly on the
MDB instead.

3 Product validation

The met.noMDB containsdatafrom the period January2002- July 2002for NOAA
16. The selectionof the algorithmfor NOAA 16 is describedn Eastwood(2002a).
Due to indicationsthat the high latitude algorithm (HLSST) had an increasingbias
with satellitezenithangle (Brissonet al., 2001),this algorithmwas replacedby the
algorithm developedat CMS for global conditionsin December2001. The CMS
algorithm is given below:

SST = 0.95576 T4+(0.92937 S+0.07955 T _) - (T,— T.)+0.9760

guess

@)
where: S=(1/cog0))— 1, 06 = satellite zenith angle

The validation of the SST productis done by studying the error in the estimated
temperaturethat is the differencebetweenthe estimatedand observedemperature.
Here the observed temperature is dendte@dnd the estimate is denoted SST.

For the validation in this report only the drifting buoys have beenused. They are
expectedo give the mostrepresentablebservationgor the northernAtlantic. Ships
have shown more erroneousobservationswvhich gives too high standarddeviation
andthe mooredbuoysin northernAtlantic alsoshowa higherstandardieviationthan
the drifting buoys.Observationswith largererror (SST-Tw)than +/- 3 C havealso
beenremovedsincethey are obviouslywrong. Theseerrorsare considerechot to be
causedoy the SST algorithm, but ratherother processingerrorssuchasie. the cloud
mask failing to detect all clouds. The validation results are givéabie 1

Number of obs std.dev. [C] bias[C] mean Tw [C]
All obs 845 0.585 -0.578 8.41
Day time 315 0.632 -0.554 7.87
Night time 437 0.517 -0.586 8.73

Table 1: Validation results for the High Latitude SST product from NOAA 16 on the met.no MDB
in the period 2002.01 - 2002.07. Number of outliers that have been removed: 11. The CMSglobal
NOAA 16 SST algorithm has been used.

Pace20r11




The resultsshow an overall standarddeviationin the error of 0.59C,with day time

casedhavinga highervaluethannight time. The biasis aboutthe samefor all cases,
around-0.6C.The standarddeviationis slightly higherthanthe expected/early value

of 0.5C (Eastwood2002b).Sincethe MDB only containsdatafor 7 months,it is too

early to say if this goal will be reached.The reasonfor the large bias is that the

algorithm used has not been corrected. As describedin Eastwoood(2002b) a

correctionterm should be addedto the algorithm to correct for the fact that the

algorithmis basedon simulatedradiancesandneeddso betunedfor actualconditions.
This will be discusseturtherlater in the report.

To seehow the algorithm performedon moreideal situations the MDB wasfiltered
andonly situationswith cloud cover< 10% within the pixel box wasuse.This gave
anoverallstandardieviationin the errorof 0.48Canda biasof -0.36C,with only 317
matchups.This showsa significant better results,which is probably causedby less
noise from cloud contamination.

For comparisorall the observationsiorth of 50N havebeenextractedrom the CMS

MDB and similar statistics have been calculated. The same algorithm has been used to
calculatethe SST in the two MDBSs, so both MDBs can be usedto validate the
performance of this algorithm at high latitudes. The results are givieabie 2

Number of obs std.dev. [C] bias[C] mean Tw [C]
All obs 965 0.463 -0.429 10.77,
Day time 410 0.356 -0.378 10.65
Night time 498 0.508 -0.453 11.06

Table 2: Validation results for the CMS global NOAA 16 SST algorithm using the CMSMDB from
the period 2001.05 - 2002.04. Number of outliers that have been removed: 6.

The resultsfrom the CMS MDB show smallerstandarddeviationand lessnegative
biasin the errorcomparedo the resultsfrom the met.noMDB in Tablel1. Theless
negativebias can probably partly be explainedby the fact thatthe CMS MDB only
haveobservationsvith cloud coverlessthan60%. Therecanbe severalreasongor
the lower standarddeviation. In chapter4 coincident matchup observationsare
comparedo seeif thereare any systematicatlifferencesbetweendatafrom met.no
and CMS.

Differencesin the validation results betweenthe met.noand CMS MDB must be
expectedsincenot the sameobservationgireusedandthe numberof observationsire
limited. As shown in Eastwood (1998) the standard deviation of such validation varies
much with the selection of validation points when few data are used.

To study the error closer the error has been plotted as a function of different
parametersPlots of the error versus Tw, satellite zenith angle, cloud cover and
quality level (see Eastwood,2002b) are given in lllustration 1. The plot with Tw
showsthat the biasis more negativefor highertemperaturesThe plot with satellite
zenithangleindicateshatthebiasis independenotn satellitezenithangle.The plot of
the error versuslatitude indicatesthat the error is least negativefor high latitude
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Illustration 1: Plots of error in SST as function of
Tw, secant of satellite zenith angle, latitude, cloud
cover and percentage of quality level = excellent.
The observations are from the met.no MDB.
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(~70N) and increases (negatively) towards latitudes around 50N.

In Illustration 1 the plot with cloud cover and quality level have beenincludedto
showthata correctiontermfor the algorithmshouldnot simply be choserfrom Table
1. A correctiontermshouldbe chosensothatthe algorithmperformsbestundergood
conditions,thatis with no cloud contaminationThereforthe MDB shouldbe filtered
for observationghat canbe cloud contaminatedin the plot of the error versuscloud
coverinsidethe pixel box it is clearthatthe erroris leastnegativefor cloud cover=
0% andincreasesvith cloudcover.At cloudcover= 0% thebiasis 0.39C.In the plot
with percentageof quality level = excellentwithin the pixel box the biasis least
negativefor 100%excellentpixels, with abiasof 0.36C.Thesetwo biasescorrespond
well. To find theexactvalueto usefor a correctionterma similar plot wasmadewith
the quality level, but only with observationswith cloud cover < 10%. This plot
showedan error of -0.362 for observationswith 100% excellentpixels and cloud
cover< 10%,which shouldbe usedascorrectiontermfor the CMS algorithmat high
latitudes.

4 Comparing met.no and CMS data

To comparethe AVHRR dataat CMS andmet.nothe two MDBs havebeenmatched
sothat all observationdrom the samebuoy/shipat the sametime canbe compared.
The satellite times are slightly different since the data are receivedat different
receivingstations from 2-6minutes.The CMS MDB from 2001.05- 2002.04andthe
met.no MDB from 2002.01-2002.07 was used to find coincident
observations/collocatiomoints from 2002.01- 2002.04 and the resultsfor some
parameters are shownTiable 3

CMS-met.no value Number of obs | std.dev. [C] bias[C] mean CMS
value [C]
Average T4 422 0.164 0.049 5.76
Average T5 422 0.175 0.042 4.94
Average (T4-T5) 422 0.042 0.008 0.81
SST climatology 557 0.545 0.667 6.68
Cloud cover 557 17.271 3.020 12.63
solar zenith angle 557 0.230 -0.337 95.00
sec(satellite zenith angle) 422 0.003 -0.002 1.13
SST (from CMS alg) 422 0.165 0.102 6.99

Table 3: Comparison of CMSand met.no MDB parameters for observations from the same
buoy/ship at the same time in the period 2002.01-2002.04. The values are the difference between
the CMSvalue and the met.no value. T4 and T5 are the brightness temperatures of AVHRR
channel 4 and 5, which are averaged over a 15x15 pixel box. The SST in the table has been
calculated using the CMSglobal algorithm and average T4,T5 values and satellite zenith angle

from the two MDBs.
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Table3 showssomedifferencedbetweenthe CMS andmet.nodata.The differencein
channeld and5 brightnessemperaturess not large,but will affectthe calculationof
SST.Sowill alsothedifferencein SSTclimatology. The differencein satellitezenith
angleis not largeon averagebut the differenceis largerfor higherzenithangles,as
shown inlllustration 2

The effect of thesedifferenceson the SST canbe seenin the lastrow of Table3. A

differenceof 0.10C is observedvhenthe SSTis calculatedwith datafrom CMS and
met.noat the sameposition. About half of this differenceis causedy the difference
in T4 and T5, and the other half by the difference in SST climatology.

To checkwhetherthe differencein T4 and T5 wascauseby cloud contaminatiorthe
matchingobservationgvasfiltered andall observationsvith cloud cover> 10% was
removed bothin the CMS andmet.noMDB. The resultsareshownin Table4. The
biasof thedifferencesbetweenCMS andmet.nobrightnessemperaturesvasreduced
to about0.025C andthe differencebetweenchannel and5 to 0.008C.Theresulting
differencein SSTwhenusingthe CMS algorithmwasreducedto 0.027Cand0.07C
whenincluding thedifferencein SSTclimatology.The two MDBs arenot completely
comparablesincethey usedifferent pixel size and pixel boxes,andthe AVHRR data
are processed differently at CMS and met.no.But the differencesmustbe keptin
mind when comparing results.
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CMS-met.no value Number of obs | std.dev. [C] bias[C] mean CMS
value [C]
Average T4 221 0.114 0.026 5.99
Average T5 221 0.115 0.024 5.23
Average (T4-T5) 221 0.022 0.002 0.75
SST (from CMS alg) 221 0.114 0.071 7.17

Table 4: As Table 3, but only observations with cloud cover < 10%.

Table3 alsoshowsa differencein the cloud coverbetweenthe CMS andmet.nodata.
Different cloud maskschemesare usedat CMS and met.no,and theseresultsshows
thatthe cloud maskusedat met.noseemdo underestimat¢he cloud covercompared
to the cloud mask used at CMS.

5 Testing different SST algorithms

The MDBs can be usedto testdifferent SST algorithmsand comparethe resultsto

find the bestalgorithmfor NOAA 16. For high latitudesthe OSI SAF hasconcluded
thatthe bestalgorithmformalismis the non-linearalgorithm. The coefficientsfor the
non-linearalgorithmcanincludedifferentparametersandfour differentvariantshave
been defined for high latitudes. These are describedin Eastwood(2002a). The
coefficientshavebeencalculatedusingregressioranalysison simulatedradiancesA

setof "noiseresistant'coefficientshasalsobeencalculated seeEastwood 2002a for

details). The four algorithm formalisms are giveridh

NL_1: SST=A,-T,+(B,- S+B, - T__)- (T4—T5)+C,

guess

NL_2: SST=A,-T,+(B,+B,- S+B,-T__)- (T4—T5)+C,

guess

NL_3: SST=A,-T,+(B,+B,- S+B,-T_..) - (T4-T5+C,+C,-S

guess

2

NL_4: SST=(A,+A-S)-T,+(B,+B,- S+B,-T
+C,+C,-S

o) - (TA—T5)

The noiseresistantalgorithmshave the sameformalisms,but the coefficientshave
beencalculatedusing simulatedradianceswith noise.The noiseresistantalgorithms
arelabeledasthe otheralgorithms,just with an additional’'n’ (e.g.NL_1n). The NL
algorithm from CMS was also tested, and it is labeled NL_Iml.
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Number of obs std.dev. [C] bias[C] mean Tw [C]
NL_1 276 0.518 -0.492 7.60
NL_2 276 0.491 -0.398 7.60
NL_3 276 0.516 -0.448 7.60
NL_4 276 0.507 -0.452 7.60
NL_1n 276 0.517 -0.495 7.60
NL_2n 276 0.498 -0.452 7.60
NL_3n 276 0.510 -0.509 7.60
NL_4n 276 0.499 -0.520 7.60
NL_Iml 276 0.512 -0.405 7.60

Table 5: Validation results for the different non linear algorithm formalisms on the met.no MDB
for the period 2002.01 - 2002.07. The averaged brightness temperatures are used. Only drifting
buoys are used and observations with cloud cover < 60%. Number of outliers that have been
removed: 4.

Number of obs std.dev. [C] bias[C] mean Tw [C]
NL_1 965 0.464 -0.584 10.77,
NL_2 965 0.472 -0.308 10.77,
NL_3 965 0.481 -0.268 10.77,
NL_4 965 0.484 -0.280 10.77,
NL_1n 965 0.464 -0.582 10.77,
NL_2n 965 0.463 -0.457 10.77,
NL_3n 965 0.467 -0.416 10.77,
NL_4n 965 0.482 -0.444 10.77,
NL_Iml 965 0.462 -0.417 10.77,

Table 6: As Table 5, but with the CMSMDB for the period 2001.05 - 2002.04, and latitude > 50N.
Number of outliers that have been removed: 6.

The algorithmshave beentestedon both the CMS MDB and met.no MDB. The
resultsaregivenin Table5 and Table6. It is clearthat the differencesbetweenthe
standarddeviationof the errorsaresmall, only a variationof 0.02Cbetweenthe best
and worst. The bias varies slightly more, and the NL_1 algorithm gives the worst
results.For the otherNL formalismsthe two MDBs do not showthe sametrend, but
the NL_2 or NL_3 seems to be the besbice.

The validationresultsshowonly small differencesn standarddeviationbetweenthe
algorithmswith noise resistantcoefficientsand the others. For the bias the noise
resistantlgorithms have larger negative bias than the others.

An important aspect of the algorithms bias is whether it varies with the satellite zenith
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lat; 30-50N lat: > 50N
normal noise normal noise
NL_1 0.219 0.181 0.035 0.012
NL_2 -0.324 -0.072 -0.134 -0.068
NL_3 -0.503 -0.266 -0.187, -0.123
NL_4 -0.543 -0.406 -0.196 -0.156
NL_Iml 0.008 -0.135

Table 7: Sop values (that isainy = ax + b) for the linear fit to the error as function of satellite
zenith angle for the different NL algorithms, with "normal” and noiser  esistant coefficients. The
data used is the CMS MDB for NOAA16 from the period 2001.05 to 2002.04. The observations
have been split in two latitude groups; 30-50N and >50N.

angle.This can be studiedby plotting the error versusthe zenith angleandfind a
linear fit to the points. The slopeof thefitted line will thentell how the error varies
with the zenithangle.This hasbeendonefor all the NL algorithmsandtheresultsare
shownin Table7. In thistablethe observationfavebeensplitin two groups,30-50N
and >50N. This is to show how the high latitude algorithms perform outsidetheir
intendeduse. The observationdrom 30-50N are warmerand more humid than the
high latitude algorithmswere developedfor. Whentestedon datafrom 30-50N the
high latitudealgorithmshavea biasthat varieswith the satellitezenithangle.On data
> 50N this dependencyn zenithangleis muchsmaller.lIt is alsoclearthatthe error
in the noiseresistantalgorithmshave smallerdependencyn zenith angle than the
"normal” algorithms.The bestchoiceseemdo bethe NL_2 algorithmformalismwith
noiseresistantcoefficients.The CMS NL algorithmperformswell both on datafrom
30-50N and > 50N.

6 Conclusions

Thevalidationof the High Latitude OSI SAF SST productfrom the period2002.01-
2002.07showsthatthe producterrorhasan overall standarddeviationof 0.59Canda
biasof -0.68C.The standarddeviationis reducedto below 0.5C whenonly situation
with cloud cover< 10% is usedin the verification. Similar validationusinga MDB
from CMS givesbetterresultsandindicatesthatthe HL OSI SAF SST producterror
will fulfill the requirementof a yearly standarddeviation less than 0.5C. The
validationresultsalsoshowthat a correctionterm of -0.362Cshouldbe addedto the
NOAA 16 NL algorithm from CMS when used at high latitudes (>50N).

Some differences are found when coincident data from met.no and CMS are
comparedThe brightnesgemperaturegn channeld and5 seemto be slightly higher
atmet.no,by 0.025C.The meanclimatologicalSSTusedfor the SSTcalculationsare
higherat CMS, by 0.67C.The cloud coverin the MDB from CMS indicateshigher
cloud coverin the CMS cloud mask. The satellite zenith angleis slightly lower at
CMS at high zenith angles.All thesedifferenceswould give a 0.10C higher SST
value with CMS data compared with met.no data.

Whendifferent non linear SST algorithm formalismsare validatedthe differencesin
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the standarddeviation of the error are small. There is a more evident variation
betweenthe algorithmsin the error's bias and the NL_2 algorithm with "noise

resistant”coefficientsis the best candidatefor NOAA16, togetherwith the CMS
global NL algorithm.
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