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Level-2 SST: VIIRS/AVHRR/MODIS

- NOAA ACSPO Team : ACSPO (NOAA GAC, Metop FRAC, S-NPP VIIRS, Terra/Aqua MODIS)

- H. Roquet, P. LeBorgne : O&SI SAF Metop-A FRAC

- D. May, B. McKenzie : NAVO SEATEMP, NAVO VIIRS

- S.Jackson : IDPS (NPP)

- C. Merchant, O. Embury : L2P ARC (preparation for the Sentinel-3 SLSTR)

- Y. Kurihara, M. Kachi : L2P Himawari 8 AHI, JAXA

Level-3 SST: AVHRR/(A)ATSR:

- K. Casey, R. Evans, J. Vazquez, E. Armstrong: PathFinder v5.0

- D. Surcel-Colan, B. Brasnett : Canadian Met. Centre, 0.2 °foundation

- H. Beggs . ABoM GAMSSA

- M. Chin, J. Vazquez, E. Armstrong : JPL MUR

- E. Fiedler, M. Martin, J. Jones : OSTIA foundation, GMPE, OSTIA Reanalysis

- R. Grumbine, B. Katz . RTG (Low-Res & Hi-Res)

- V. Banzon, R. Reynolds . OISSTs (AVHRR & AVHRR+AMSRE)

- D. May, B. McKenzie : NAVO K10

- J.-F. Piollé, E. Autret : ODYSSEA

- E. Maturi, A. Harris : Geo-Polar Blended

- Y.Chao - JPL G1SST Definitions of levels:

- J. Hoyer - DMI OISST L2: swath projection (satellite)

_ _ L3: gridded with gaps (satellite)
GHRSST support: Peter Minnett, Craig Donlon, Alexey Kaplan

Major SST data prowders PI‘OJeCtS and mternatlonal groups

CMC
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Current SST Datasets in SQUAM SQUAM

ﬁ_evel 2/ Level 3 \ ﬁva 4 \

Polar CMC 0.2 (Canada), CMC RAN

- AVHRRS (ACSPO, NAVO, O&SI SAF...) :
TIA I+R KM
_ VIIRS, MODISs, ATSRs (ACSPO, ARC...) OSTIA, Operational + Retro (UKMO)
GAMSSA (Australia BoM)

- Sentlnel'B SLSTR (Eumetsat, 2016) and more
Geostationary JPL MUR, JPL G1SST

i GOES (NOAA, NAVO, O&SI SAF) Reynolds (AVHRR; +AMSR-E)
- SEVIRI (NOAA, O&SI SAF) RTG (Low, High Resolution), GSI
- MTSAT (NOAA, JAXA) ODYSSEA (France)
| tnamso ) || ouse @ressn
\ - ! / NAVO K10
NOAA Geo-Polar Blended
/|n situ (iQuam) \ DMISST (Danish Met. Inst.)
NCODA (NRL)

QC, Monitoring, Data Access

di rsod/sst/i / MGDSST (JAXA, Japan)
- www.star.nesdis.noaa.gov/sod/sst/iqguam RSS (MW, MW-+MODIS)
Platforms

- Drifters, Moorings, Ships, ARGO Floats,..
Sources
\_ - GTS, ICOADS, GODAE/FNMOC, ..~/

SST community is data rich!

Now, how different product perform & compare?
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SST Quality Monitor (SQUAM) SQUAM

@ Keywords
Google “SQUAM SST” or “NOAA SQUAM”

Monitoring; Validation (vs. in situ); Consistency Checks (vs. L4s)
Automated, ~Near-Real Time (2-3 days), Global, Online
Adaptable to other products, e.g., Ocean Color, Salinity, LST etc.

@ SST products in SQUAM
3 SQUAM modules: Swath (L2) + Gridded (L3) + Analysis (L4)

Initially created as a NOAA system, but now additionally monitors many
community products

@ Analyzed are deviations from reference SSTs, ATg = Tg— Trer
Gaussian? Centered at ~0? Narrow? No outliers?

Two types of Trer

1.

IQuam in situ (“Validation”): Data may be sparse, non-uniform in space & in
accuracy/precision (even after QC), and subject to geographical biases

Global L4 analyses (“Consistency Checks”): L4 products have complete global
coverage & more uniform accuracy/precision. The much larger (by 3-4 orders of
magnitude) “match-up data sets” allow a quick global snapshot of L2/3 products

10-Nov-2015
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SQUAM web-interface

(For more info, see Demo in L6 conf rooms 1+2)
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Eile Edit View History Bookmarks Tools Help
J'ja NOAA NESDIS 55T Quality .. % \+

B s seee

@ | Q squam google sst

quam/index.htrml

(- @ www.star.nesdis.noaa.gov/sod

SQUAM SST Quality Monitor 1 4

SQUAM v10.0 iy

About +

Home

Last updated: Aug-24-2015

Highlights since Feb 2010

SQUAM objective

- Serve as a community tool for
near real-time monitoring of
major global 35T products

What SQUAM does?

- Monitors global L2 & L3 S5Ts
w.r.t. L4 fields & in situ data

- Intercompares and validates
various global L4 S5T products

Methodology

- Global OC and statistical checks
for =elf- and cross-consistency
using maps, histograms, time
=zeries, and dependencies of 55T
differences

Page navigation

- For specific data, follow the top-
left menu or click inside the table

- For related info (ver., ref, ...},
=zee "About+" at the top-right
Contact us

- Tell us how we can do better:
Prasanjit Dash Sasha Ignatov

High Resolution
NPOESS VIIRS
NESDIS ACSPO
NGS/Raytheon IDPS
NAVO

AVHRR FRAC

NESDIS MetOp-B

NESDIS MetOp-A ACSPO
EUMETSAT 0&S1 SAF
TerrafAgqua MODIS

NASA MOD28MYD28 (coming)
NESDIS ACSPO
(A)ATSR/Sentinel-3 SLSTR
ARC L2P (A)ATSR

ESA Sentinel-3 (future)

AVHRR GAC
NESDIS ACSPO

NAVO SEATEMP
NESDIS MUT (heritage)

- "L2/3 vs L4" complements heritage "L2/3 vs insitu” validation ++ihe?

AVHRR GAC
ACSPO L3U (currenthy v2.4)
NODC/RSMAS PathFinder v5.0

- Contributes to GHRSST STVAL  ++Link

SST data
providers

Canadian
Meteorological
Centre

METEOROLDEY

Reynolds (AVHRR) : DOL_AV
Reynolds (+ AMSRE-E): DOL_AA
RTG high resolution: RTG_HR
RTG low resolution: RTG_LR
NAVDO K10

NESDIS POESGOES

NASA JPL 1km G1S5T: G1SST

0STIA, UK MetOffice

OSTIA Reanalysis, UK MetOffice
CMC 0.2°, Environment Canada
GAMSSA 28km, Australian BOM
ODYSSEA, MERSEA France
MUR, JPLINASA

DMI OISST, DMI

GHRSST Median Ensemble
- Contributes to GHRSST IC-TAG
++Link

Satellite missions
& SST Groups

GHRSST

Motice: SQUAM L4 module is not up-to-date and updating is underway [28-May-2014].

Heartbleed Motice + Privacy Policy * Disclaimers + Information Quality = Accessibility = Search * Customer Survey

Monthly insitu val high-res L2 SST/Jun-04-2013] More...
2012 Eumetsat presentation (VIIRS) [Aug-30-2012] FFT

VIIRS & MODIS {ACSPO) included in High Res SQUAM; HR.
‘55Ts compared against L4 & in situ  [Mar-15-2012] Maore...

Insitu wal of high res. S5Ts included [Oct-12-2011] More...

OSTIA reanalysis SST included [May-08-2011] More...
GAMSSA SST included in L4-SQUAM [Mar-09-2011] More...

SQUAM overview presented at GHRSST DV-WG, ST-VAL,
HL-TAG combined workshop [Mar-02-2011] PET

Insitu walidation of L4 S5Ts implemented [Dec-2010]

‘SQUAM & other NESDIS monitoring systems presented at
USSST meeting [Now-08-2010] PPT

Peer-review paper published in JAOT-Oceans
[Nev-2010] FDF

JPL G1SST and CMC 0.2° S5T included in L4-SQUAM
[Now-03-2010] More...

PathFinder v5.0 included in L3-SQUAM
[S=p-03-2010] More...

MAVO KID, GMPE, & POES-GOES Slended 55Ts included in
L4-SQUAM  [Aug-23-2010] More...

L4-SQUAM presented st GHRSST-XI mesting
[Jun-30-2010] FET

MetOp-A FRAC SST (NESDIS ACSFO and O&SI SAF) included
in L2-SQUAM  [May-18-2010] More...

NAVO SEATEMP products included in L2-5QUAM
[Apr-07-2010] More...

SQUAM presented at 2010 MyOcean & STVAL
[Feb-23-2010] FFT




SQUAM

L 2-SQUAM
(HR SST)

www.star.nesdis.noaa.gov/sod/sst/squam/HR/

« L2 SQUAM comprises high resolution (HR; 1km or better)
and low resolution (GAC; 4km) modules

 Here, focus is on HR products
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ACSPO S-NPP VIIRS SST in HR-SQUAM SQUAM

Maps Histograms Time-series Dependencies Hovmodller

, NPP VIIRS (ACSPO, day) - CMC L4 NPP VIIRS &

oy i (ACSPO)

= - - A ’Qg:;ﬁ':‘,‘

3

i
!
Wiy " -

PR pag TR

e
g 2 3 - S_‘:} = s
AR T et L{’/ o e/ NPP VIIRS (ACSPO) — CMC L4

L

Left Outlier: Median - 4*RSD: N=152352 {0.12%)

Right Outlier: Median + 4*RSD: N=2010213 {1.59%)
20151028_NSSVIRS

o : Vet =5 |} _—_ SST-CMC(opr), 20151029
= - D— 20 1 L L M 1 " " " 1

/ﬁ= 12674189
Min=-4.43
-135 - -5 o 45 7] 133

Max=8.49

Day, ACSPO V2.40 VIIRS (NESDIS)

-2.0 -15 -1.0 .5 D.0 0.5 1.0 20

RSD=0.40

Skew=1.29
Kurt=5.18

Maps used to check coverage & global product Gauss_Fit(Median ASD)
performance (cold — cloud/aerosol leakages, warm —

=y
2
8 10 Median=0.27
o
o
€
=1
=

diurnal warming)
4 2 0 2 4

SST-CMC (C)

10-Nov-2015 NOAA SQUAM, 9-11 Nov 2015, ABoM 7



ACSPO Aqua MODIS SST in HR-SQUAM SQUAM

Maps Histograms Time-series Dependencies Hovmodller

AQUA MODIS (ACSPO, day) — CMC L4

L == - p— .
e ;m;ﬁﬁrﬁ%ﬂ? AQUA MODIS
AR IR (ACSPO)
¥ | = -'.r.l &.ij\i T 'LH ?!" L.'.."%{:E"Ei;z;.é e
] ;:_ %t. : ; \)”—}? ! K ;{? = ~-., {’Jrr $ i
e o &,/ paliel, S WA | AQUA MODIS (ACSPO) — CMC L4
1° 25 e B AL\ SSTOMClp, 20151029
g‘_._._.-—--—""""““r‘_ | ﬁ‘—t_r o /ﬁ* Lt_aft?;u:_r: M;dla_n—vﬂS[: N:me?s? (;;1(19;} |
Righ lier: Median + 4*ASD: N=6488: 1.37%)
135 90 a5 [ 5 % e :gzjn:_uwmom
Day, ACSPO VV2.40 AQUA MODIS (AGSPO)
2.0 -1.5 -1.0 0.5 0.0 0.5 1.0 1 20

2
[ 7]
5 Median=0.31
o 10 s
@
o]
£
=1
=

RSD=0.45
Skew=1.10
| Kurt=3.99
In ACSPO MODIS SST product, there are a factor of 2.7 ° Gauss_FitiMedian,ASD)
fewer valid SST pixels compared to VIIRS, and its
performance is slightly degraded 0
-4 -2 0 2 4

SST-CMC (°C)
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Time series of S-NPP VIIRS & Aqua MODIS SSTs saquawm
" Maps Histograms = Time-series Dependencies Hovmodller
NIGHT (daily) DAY (daily)
= 15 :}%P;;g;gl&;?&eaﬂ:&gﬂ?r Remlneﬂ} NW’.WRS & AQUA MODIS Dally 15 Day High Resolution (Qutller Hewhed) NPP VIIRS & AQUA MODIS, Dally
8 & i Comparable performances
= V\/\N“\/‘/“’\» 5 |p for ACSPO VIIRS & MODIS
%? B L L T e PR PO PO €Y LR £ LR e e PR PR EI S ETEO S SRR e PLRt) - § 1 s et ¥ T 2
E E MODIS: less # of obs and
3 PSR EIY NSV i E T - ilagt ztly degraded SST
+ ,| Total # valid SST (10"7) s ,| Total # valid SST (10"7)
2015.0 20155 2016.0 2015.0 20155 e AQUA and NPP fly close
1.0 NMPQP?; g;%% F“‘iﬂ:& CI:JSaPIg"(OmIIer mmlnea: NPP VIIRS & AQUA MODIS, Dally 1.0 5:; :Cg‘mmAugE: 'q%aé\go(omller necalned) NPP VIIRS & AQGUA MODIS, Dally orbits. NPP provides
] R larger coverage; Aqua
é E T o B e e e R et e B e e S R = prOVideS IOnger hiStOI’y.
e 8 Currently, ACSPO MODIS
8 s is experimental, but if of
§ 5 interest to users, we will
- T 11 s ettt R SRS = bR | - T T I3 Consider making |t
MEAN Wl’t Drifters MEAN Wl’t Drifters operational in GDS2
1.0 -1.0 format
2015.0 20155 2016.0 2015.0 20155 2016.0
1.0 bight High Rosohitlor, Dally (Outlir Himlned! NPP VIIRS & AQUA MODIS, Dally 1.0 Day High Resolution, Dally (Outller netalned) NPP VIIRS & AQUA MODIS, Dally o .
e NI S Similar comparisons are
R e & i available for major global
f DU - S B products in HR-SQUAM
7 2 (online demo later)
§ 0-4_Wwww - g- i I
3 0z b 0.2 .
o SD wrt Drifters SD wrt. Drifters
: 0.0 ;
2015.0 20155 2016.0 2015.0 20155 2016.0
Year Year
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All SST products in HR-SQUAM SQUAM

Maps Histograms Time-series Dependencies Hovmdller

Mean, SST - Drifters

Day ngh Resolutmn Monthly (Outlier Fletamed)
NPP{ACSPQO) M MetOp-A(O&S| SAF) 1
NPP({IDPS) MatOp-A(ACSPO) AQUA(ACSPO)
05— Monthly validation of 8 different hi-res SST
- T products in HR-SQUAM (against QC’ed
0.0 - drifters from NOAA iQuam)
05 - Mean (day)
Std Dev (day)
-1.0
2008 2009 2010 2011 2012 2013 2014 2015 2016
Year
2.0 Day H|gh Resnlutton Monthly {Outlier Reteuned)
NPP(ACSPO) M MetOp-A(CES| SAF) :
NPP{IDPS) M:tf)p*.[hl SPO) AQUAACSPO)
E 1.5 B
a
. . =
Other stat parameters and interactive B 1.0 B
plots are also available (see demo) 3
-
2 05 B
UO T T T T ¥ T T T
2008 2009 2010 2011 2012 2013 2014 2015 2016

Year
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SQUAM

L2-SQUAM
(GEO) new

www.star.nesdis.noaa.qov/sod/sst/squam/GEQO/

 Himawari-7 (MTSAT-2) and Himawari-8 AHI (ACSPO and JAXA)

 Work in progress (preliminary results)

10-Nov-2015 NOAA SQUAM, 9-11 Nov 2015, ABoM 11
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GEO-SQUAM SQUAM

Maps Histograms Time-series Dependencies Hovmoller

Skin SST {(SSES bias applied), Himawari—7 Imager (0SPC),v02.0,2015072  Regression SST, Himawor i—8 AHI (ACSPO),VZ2.41b02,201507281530 Skin 55T, Himawari—8 AHI [Jaxa)v1.0—v02.0—fv01.0,201507281530
Clear: 15.28B & ] i Clear: 14.92% 5 Jua Level ge 3 Sot Zen Angle le 67

TR

Lo

-+ 0 4 8 1z 16 20 24 28 32 3 (D) -4 9 4 8 1z 16 20 24 28 32 38 () -4 0 4 8 1z 16 20 4 28 3 36 (0
Himawari-7/MTSAT2 (NOAA OSPO) Himawari 8 (NOAA ACSPO) Himawari 8 (JAXA)
Clear sky coverage = 15.3% Clear sky coverage = 22.2% Clear sky coverage = 14.9%
(Probabilistic cloud (ACSPO Clear-Sky Mask, (Bayesian cloud mask;
determination - Bayesian) Petrenko et al., JTech, 2010) see Yukio’s talk for more info)

SST maps are useful to check for coverage and large image quality issues.
For product performance, SQUAM checks the residuals wrt. L4s
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GEO-SQUAM SQUAM

Histograms Time-series Dependencies Hovmdller

Himawari-8 (ACSPO) - CMC ' Himawar

i-8 (ACSP -8 (JAXA*™) - CMC ,

—— — e —
-20 -15 -l0 -05 0o 05 1.0 1.5 20 (G -20 -5 -1 -05 00 05 10 15 20 (G -20  -15 -0 -05 00 05 10 1.5 20 ()
SST Differences (satellite - L4), 201507281532 SST Differences (satellite - L4), 201507281530 SST Differences (satellite - L4), 201507281530
20 A N=705743 Left Outlier: Median - 4*RSD: N=3033 (0.56%) 20 ,N=40791 08 Left Outller: Median - 4*RSD: N=4628 (0.11%) 20 'N =4170351 Left Outller: Median - 4*RSD: N=4852 (0.12%)
Min=-15.23 :;?:;;T:::OM;::E:I:’H?D: N=1274 (0.18%) Min=-4.19 Right Ouilier::gas:ioanm:::lsn: N=1848 (0.05%) Min=-27.55 Right Outlier: Median :HT*HSD: N=50340 (1.21%)
Max=5.90 ; - Hute) Max=4.56 201507281530/ : Max=18.60 201507281530_JAXA HOR.
—_ 5 = Himarai-07 Imager OSPO v02.0 Clear:15.28% I~ —_ 1 - Himarai-08 AHI ACSPO V2.41b02 Clear:22 23% I~ —_ =1 Himarai-08 AHI JAXA v1.0-v02.0-001.0 QL=3 VZA<B7 Cloar:14.62% [~
B 2 Mean=0.06 &£
o 2 dv=0.45 2
g 2 @
8 10 - Median=0.23 L, 8 10 Median=0.08 L 8 10 - Median=-0.70 L
= RSD=0.41 = RSD=0.44 . RSD=0.49
8 2 8
E Skew=-0.56 g Skew=-0.27 g Skew=1.16
= 5 Kurt=8.64 - 5 Kurt=1.03 L =2 5 Kurt=8.63 L
Gauss_Fit(Median,RSD) Gauss_Fit{Median,RSD} Gauss_Fit(Median,ASD}
0 4] 4]
-4 2 0 2 4 -4 2 0 2 4 -4 2 0 2 4
Skin SST (SSES bias applied) - CMC (°C) Regression SST - CMC (‘C) Skin SST - CMC ('C)
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GEO-SQUAM SQUAM

Maps Histograms = Time-series Hovmoller

4
z
2
%
Z
<

o‘":

n . . .
Q Validation of GEO SSTs wrt Drifters +
[ Tropical moorings (from iQuam)
@©
=
+*
e
o
|_

g u
c [ -
@ : -
O 5 -
= N . . :

i B Persistent cold bias observed in JAXA AHI SST

g - against in situ data (same as against CMC).

g 10 : . .

§ oo 1B Standard deviation of JAXA SST is comparable to
q>_, g that of ACSPO AHI SST but somewhat noisier.
O é 06
0D e |

g o _ =

g ol SDwrt Drifter

00:00 00:00 00:00 00:00
01Augis 01Sep15 010ct15 01Nov15
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SQUAM

L 4-SQUAM

www.star.nesdis.noaa.gov/sod/sst/squam/L4/

 Inter-compare ~15 L4 SSTs (Maps, Histograms, time series ...)
« Validate consistently against QCed in situ data
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Level-4(L4) SQUAM SQUAM

%% oﬁ' Maps Histograms Time-series Hovmoller
TMENT OF <
CMC 0.2° GDS2.0 - GAMSSA_28km, 20151031
13 = = 2 =] X 13
- B e L B : :
Difference between two foundation SSTs,

Canadian Met Centre 0.2 - ABoM GAMSSA

CMC 0.2° GDS2.0 - GAMSSA_28km, 20151031

135 -0
N=533318 Left Outlier: Median - 4*RSD: N=5740 (1.08%)
_ o Modian 4 4*RSD: N—
_2_.0 A5 e Min=-10.48 Right Outlier: Median + 4*RSD: N=6180 (1.16%)
e
On average, the differences are 8 g
[ ian=
close to zero but may be a 10 - ’F"";g'fg 3‘;-”1 -
prominent in the dynamic, icy 8 '
; Skew=-0.11
nd/or cl region E
and/or cloudy regions 3 5 | Kurt=2258 B
Gauss_Fit(Median,ASD)
0 : :
-4 -2 0 2 4

~HC ~GAMSSA (C
10-Nov-2015 NOAA SQUAM, 9-11 Nov 2015, ABoffC - AMSSA(C) 16
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Level-4(L4) SQUAM SQUAM

Maps Histograms = Time-series Hovmoller

§
4
z
Q
=
z

<

=
S
>,

5 CcMC GAMSSA MUR

4 B Validation of L4 Foundation

3 % N T SSTs wrt. iQuam drifters
2 : —
| # of matches/day B

Foundation SST stats wrt. Drifters

# of matchup (x 10000)

2009 2010 2011 2012 2013 2014 2015 2016

0.4 cMC GAMSSA MUR

0.2 . -
Mean Differences

0.0 e Ay

Mean ('C)

e i W

A .
AW

-0.2 7

04 Foundation: SST stats wrt. Drifters

2009 2010 2011 2012 2013 14 2015 2016

1.0 cMC GAMSSA _MUR

0.8

e = : Globally, GAMSSA and OSTIA closely track each other
. A in terms of Mean Differences and Standard Deviation

04— ,\_‘p /;j: f\f“"“:ﬁ“v_ A \ S ~" T (note that drifters are assimilated in both)

Std Dev ('C)

0.2 L = —
Foundation: SST stats wrt. Drifters

0.0

2009 2010 2011 2012 2013 2014 2015 2016
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SUMMARY SQUAM

O SQUAM currently monitors major global polar L2/3 SST products from VIIRS,
MODIS, and AVHRR, and >14 L4 SST products

0 ACSPO VIIRS products have been generated since Jan 2012 and monitored in
SQUAM. Data are available in GDS2.0 format from NCEI and PO.DAAC

O Aqgua overpass time is close to that of S-NPP. MODIS SST is slightly inferior to
that of VIIRS, but time series goes back to 2002. Users interested in ACSPO
MODIS SST, please contact Alex.lgnatov@noaa.gov

0 Recently, a GEO SQUAM module was developed. Himawari-7 (aka MTSAT-2;
NOAA heritage product), Himawari-8 (new NOAA ACSPO product), and
Himawari-8 (JAXA product) are included. The results are preliminary but show
SQUAM potential in sustained monitoring of these products

O Potential future data additions in SQUAM
0] ABoM Himawari-8 AHI

o) IASI| (onboard Metop-A and B) Th an k YO u I

(o] Sentinel-3 SLSTR
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