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SST Quality Monitor (SQUAM)

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

Dash, et al: SST Quality Monitor
(SQUAM). JTech, 2010.
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SST Monitoring in SQUAM

@ Key words

- Community resource, Automated, Near-Real Time, Global,
Online, In situ validation, Consistency Checks

- Google “SQUAM SST”

@ SST products in SQUAM
- Swath (L2), gridded (L3), analysis (L4) — 3 SQUAM modules

- Commenced as a NOAA system but now monitoes many
community Products — GRSST resource

@ Analyzed are deltas (deviations from reference SSTs)
- Centered at ~0? Small? Gaussian? no outliers?

- Two reference SSTs

1. Validation: Against in situ SST (suboptimal quality, sparse and
geographically biased, may not be available in real-time)

2. Consistency Checks: Against L4 fields (more uniform quality,
global coverage, large statistics, available in real-time)
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Polar L2 SST Products in SQUAM
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* Current analyses in SQUAM are performed on a daily basis
« Several colleagues asked to add monthly analyses 4



Daily Metop-A FRAC OSISAF

Maps Histograms Time-series Dependencies Hovmoller

Day: Metop-A FRAC OSISAF minus CMC L4, Apr-2014
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« Cold spots in the tropics may be residual cloud/aerosol leakages
« Or they maybe due to use of regression SST algorithms




Daily Metop-A FRAC ACSPO

Maps Histograms Time-series Dependencies Hovmoller

Day: Metop-A FRAC ACSPO minus CMC L4, Apr-2014
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« OSISAF SST equations now implemented in ACSPO (Petrenko et al, 2014)

* Nevertheless, ACSPO cold anomalies are fewer and of lesser magnitude




Monthly Metop-A FRAC OSISAF

Maps Histograms Time-series Dependencies Hovmoller

Day: Metop-A FRAC OSISAF minus CMC L4, Apr-2014
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* Note that ACSPO uses OSISAF SST algorithms now

« Cold spots may be cloud/aerosol leakages or SST algorithm biases




Monthly Metop-A FRAC ACSPO

Maps Histograms Time-series Dependencies Hovmoller

Day: Metop-A FRAC ACSPO minus CMC L4, Apr-2014
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 ACSPO uses OSISAF SST algorithms now
« Cold spots are likely residual cloud/aerosol leakages



Std Dev, SST - Reynolds

NIGHT STD DEV wrt. Reynolds L4

At night, OSISAF and ACSPO SSTs are more consistent
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* Neither ACSPO nor OSISAF L2s are assimilated in Reynolds L4

« Comparisons w/Reynolds should capture relative OSISAF/ACSPO performance

8 January 2014
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NIGHT STD DEV wrt. OSTIA L4
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ACSPO and OSISAF STDs are
more consistent wrt OSTIA
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OSTIA SST improved
012 & 16 Jan 2013

« Wrt. OSTIA SST, the pedestal is smaller— OSTIA “internal noise” smaller

« Both OSISAF and ACSPO STDs are reduced, but OSISAF to a greater extent.
Recall that OSISAF L2 is assimilated in OSTIA L4 and ACSPO is not

8 January 2014

SST Provisional Review
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NIGHT STD DEV wrt. iQuam Drifters (Monthly)

Comparison with in situ drifters is the “golden standard”
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« ACSPO STDs are slightly smaller than OSISAF
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Recently, OSISAF STDs became smaller and closer to ACSPO

8 January 2014

SST Provisional Review
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DAY STD DEV wrt. iQuam Drifters (Monthly)

Std Dev, SST - Drifters
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- Daytime STDs are larger than nighttime, for both OSISAF and ACSPO

« ACSPO STDs remain slightly smaller than OSISAF, for the full period

8 January 2014

SST Provisional Review
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SQUAM Progress Summary

4 Progress since GHRSST14
- Improved stability, functionality, efficiency, fixed bugs
- High-Res monitoring sustained (VIIRS, MODIS, AVHRR FRAC)
- Progress made with monthly monitoring
- ARC and NAVO processed (P. Dash’ presentation)
- ACSPO RAN processed
- Processing MO/YD28 underway

4 “Big Picture”
- Improving SQUAM system

- Filling in the remaining products

2 June 2014 iQuam?2 13



Move to new knowledge & understanding

1 Ongoing work towards GHRSST16
- Consolidate ARC, NAVO and ACSPO-RAN into main SQUAM
- Complete MO/YD28 and consolidate into SQUAM
- Uniformly implement monthly monitoring

- Catch up with L4-SQUAM - stability has been suboptimal.
Functionality is being restored & remaining products added

4 “Big Picture”
- Complete inventory of L4 and polar IR L2 products in SQUAM
- Move to new knowledge and understanding

- Start working on setting up geo-SQUAM

2 June 2014 iQuam?2 14



In situ SST QC & Monitoring in iQuam

www.star.nesdis.noaa.qgov/sod/sst/iquam/

Xu, Ignatov: In situ SST Quality
Monitor (iQuam). JTech, 2014.
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Objectives of iQuam

In situ Quality Monitor (iQuam) performs the following functions

1 QC: Accurate/flexible QC of in situ SSTs, consistent with wider
Meteorological and Oceanographic communities

L Monitoring: Report statistical summaries of in situ minus
reference L4 SST online, stratified by ships, drifters, tropical &
coastal moored, ARGO floats; and individual platforms

(] Data Serving: Serve QCed in situ SST data online for SST
community.

iQuam Data Usage: L2, L3, L4 SST products are matched up
with in iQuam SSTs, and displayed in SQUAM

» iQuam version 1 was implemented in 2009

* iQuam version 2 to be implemented in 2014

2 June 2014 SQUAM and iQuam 16



Quality Control — Consistent with UK MO

Category Check Type of error handled Physical basis
Preprocessing | Duplicate Duplicates arise from Identical space/time/ID
Removal multiple transmission or
data set merging
Plausibility Plausibility | Unreasonable field values | Range of single fields &
checks Relationships among them
Internal Tracking Points falling out of track | Travel speed exceeds limit
consistency Spike check | Discontinuities in SST SST gradient exceeds limit
time series
External Reference Measurements deviating Bayesian approach (*)
consistency Check far away from reference (Ref. SST: Daily Ol SST v2)
Mutual Cross- Mutual verification with Bayesian approach (*)
consistency platform nearby measurements based on spacel/time
Check (“buddies check”) correlation of SST field

(Correlation model: 2-scale
SOAR, Martin et al., 2002)

(*) Lorenc and Hammon, 1988; Ingleby and Haddleston, 2007
2 June 2014 SQUAM and iQuam 17



Monthly Statistical Summaries

2 June 2014

QC Statistics

Outliers detected by each QC check

Platform N_Obs N_QC DR TC sC RC XC
Ship 78,661 66,072 164 7,409 150 11626 12,087
Drifter 1,048,270 939558 84,745 3197 870 15257 23878
Tropical Mooring 33,566 32,994 212 140 17 314 351
Coastal Mooring 187,319 174938 6 1,354 426 6,313 12,180

Moments of AT¢=T,, ;

TR

SST Statistics in situ ~ eynolds
Platform BIAS 8D  SKEW KURT MED RSD  N_Mtchp
Ship 014 084 -032 177 047 073  BO6ST
Drifter 002 028 -029 443 002 023 937,136
TropicalMooring ~ 0.07 029 079 338 004 022 32,847
Coastal Mooring 0 05 -124 732 004 035 148818

Quam
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SQUAM and iQuam
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List of platforms & individual statistics

Monitoring Individual Platforms

m Drifter | Tropical Mooring |  Coastal Mooring

2 June 2014

D NOBS N_QC Rate  XC RC DR  TC sC MEAN STDV
2AGH7 33 32 3 1 1 0 0 0 -0.25 0.96
2AKI2 45 45 0 0 0 0 0 0 0.44 0.38
2AKI4 39 39 0 0 0 0 0 0 0.49 0.39
2ALD3 28 22 21.4 3 5 0 0 0 0.41 1.31
2AMW7 23 16 30.4 7 8 0 1 0 1.95 0.83
2BIE6 27 24 1.4 3 2 0 0 0 -0.85 0.75
2BXL5 23 21 8.7 2 2 0 0 0 2.25 0.51
2CBAG Platform 'DDVK2"
2CHKE SST anomaly for the month | Performance in history
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Data for Download
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f@* 7 Quality Monitor for in situ Sea Surface Temperatures
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Home About Data Monitor Contact FAQ

NAME HDF
IQUAM.NCEP.1991.01.HDF = Download
IQUAM.NCEP.1991.02.HDF = Download
IQUAM.NCEP.1991.03.HDF = Download

IQUAM.NCEP.1991.04 HDF  Download QC’ed data in HDF format
IQUAMNCEP.1991.05HDF | Download .
IQUAM.NCEP.1991.06 HDF  Download available for download (1 981 -pr)

IQUAM.NCEP.1991.07.HDF = Download
IQUAM.NCEP.1991.08.HDF = Download
IQUAM.NCEP.1991.09.HDF = Download
IQUAM.NCEP.1991.10.HDF = Download

IQUAMNCEP.1991.11HDF  Download Last monthly file updatEd in NRT
IQUAM.NCEP.1991.12HDF ~ Download every 6hrs. Initial QC performed on

IQUAM.NCEP.1992.01.HDF Download
IQUAM.NCEP.1992.02HDF  Download the ﬂy Final QC requires ~7 days.
IQUAM.NCEP.1992.03HDF = Download
IQUAM.NCEP.1992.04HDF  Download
IQUAM.NCEP.1992.05.HDF = Download
IQUAM.NCEP.1992.06 HDF  Download
IQUAM.NCEP.1992.07HDF = Download
IQUAM.NCEP.1992.08 HDF ~ Download

INLIAKM NCEPR 1002 N0 HNE Nnaumlnad
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iQuam2 Enhancements

J Add ARGO floats

O Extend time series back to 1980. Use ICOADS data with
their heritage QFs, add iQuam QFs, compare two QFs

O Add CMS buoy blacklist as an additional QF

U Add trackob ships (work with BoM Helen Beggs)
O Add GHRSST Buoys

O Add Min/Max to monitoring — focus on outliers

U Perform sensitivity analyses to reference SST

2 June 2014 iQuam?2 21



New interface of iQuam v2

HOAA HESDIS STAR

74

s@\ ] in situ SST quality monitor v2.0
% 1QuUAMm quality v2
\vv“f

NOAA / NESDIS / STAR

Monitor Data About

Glohal map of measurements

45 90 135 1§D —135 =50 —45

Time Series

L< |11 v 2013 v [ >

Oifferent platform types are shown in
different colors, with obs detected
Ay QC shown in gray. Eack symbo!
stands forone obsenation.

Tmpical moonngs include
TACYTRITON, PIRATA, RAMA etc.
Coastal moonngs are all other
MOORAGS.

Amo floats datz ae fom USGODAE
GOAC Rp site. The shallowest good
measumment in 38dbardepth rnge
is extracted fom eack profile.

A

o Ship : o Drifter ,g, Mooring  + urg con+ Outlier 51@.2@13.11

45 90 135 180 —-135 —80 —45
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Number of Unique IDs

| Ship . Drifter [l Tropical Moecring B coastal Mooring [ | Argo

No of Platforms

0
09/198109/198309/198509/1987 09/198909/1991 09/1993 09/199509/1997 09/199909/2001 09/2003 09/2005 09/2007 09/2009 09/201108/2013

ARGO: Rapid deployment after 2000

2 June 2014 iQuam?2 23



Number of Observations

Quam

@ I ship M orifter [l Tropical Mooring [l Coastal Mooring [ Argo
1650000}
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0 2 n ) 4 a) ) " n ) ]
09/198109/1 95309/ 9550911 9570911 9690911 9910911 9930911 99509/ 99709/ 999092001 09/200309/200509/200709/200909/2011 0872013

ARGO: 10day profiling period results in only 3 obs per month

2 June 2014 iQuam?2



Mean Bias “In situ minus Reynolds”

Quam

@ ' Ship O Drifter ATropical Mooring D Coastal Mooring Argo
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Bias wrt. Reynolds: ARGO comparable with Drifters & Tropical Moorings
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Std Dev “In situ minus Reynolds”

Quam

@ ship () Drifter ATropicaI Mooring [ | Coastal Mooring Argo

SSTSD K

0
0911981 091983 0911985 09/ 957 0911959 0941991 0941993 0941995 0941997 09/1999 09,2001 09,2003 09,2005 09,2007 09,2009 0972011 0972013

« STD wrt. Reynolds is ~0.45K for ARGO floats and ~0.3K for Drifters
and Tropical Moorings

* Drifters & TMs have been assimilated into Reynolds analyses




ARGO Floats Data Source

 Real-Time ARGO from GTS to be incorporated into iQuam in the future
* Currently ARGO data are from USGODAE with processing lags

100

80

60

Cumulative Histogram /%

20

o

10 20 30 40
Lags /day

* 50% of QCed data come in 4days, 75% in 7days, 85% in 4weeks

« Comparison with iQuam QC is underway, to improve latency
2 June 2014 iQuam2 27



ARGO Floats — Heritage QC

« USGODAE reports ARGO with 3 levels of inherited QC

1) Real time system performs a set of STANDARD automatic
checks on all float measurements. Real-time data with
assigned QFs are available to users within 24-48hrs timeframe

2) Delayed-mode system

3) Regional scientific analyses of all float data with other available
data. The procedures for regional analyses are still TBD

« QC’ed are Time, Lat/Lon, and Data (Temp/Pres/PSAL)

In iQuam, ARGO data are subject to additional independent QC

Results of both inherited and iQuam QC are retained in iQuam data files

2 June 2014 iQuam?2 28



ARGO Floats — Heritage QC

## Test Description

1 Deepest Pressure Test Check if pressure exceeds the deepest possible
pressure of that float

2 Platform Identification WMO allocated number

3 Impossible Date Test

4 Impossible Location Test | -90 to 90 ; -180 to 180

5 Position on Land Test

6 Impossible Speed Test Drifting speed <3m/s
a gross filter on observed values for pressure,
temperature and salinity :

7 Global Range Test *Pressure cannot be less than -5 dbar
*Temperature in range -2.5 to 40.0°C
*Salinity in range 2 to 41.0 PSU
specific ranges for observations from the

8 Regional Range Test Mediterranean and Red Seas further restrict what are
considered sensible values

9 Pressure Increasing Test requires Fhat th_e profil_e has pressures that are
monotonically increasing
Difference between sequential measurements, where

10 | Spike Test one measurement is quite different than adjacent
ones, is a spike in both size and gradient

2 June 2014 iQuam2
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ARGO Floats — Heritage QC

## Test Description
1 Top and Bottom Spike obselete
Test
12 | Gradient Test Check if dlfferer.lce between vertically adjacent
measurements is too steep
13 Digit Rollover Test Check digit rollover and correct it
14 | Stuck Value Test Chef:k all _me?sure_ments of temperature or salinity in a
profile being identical
15 Density Inversion comp?res potential density between measurements in
a profile
16 | Grey List The decision to insert a float parameter in the grey list
comes from the PI or the delayed-mode operator.
.. detect a sudden and significant sensor drift: average
Gross salinity or . .
17 ) temperature of last 100dBar vs. previous profile,
temperature sensor drift .
difference < 1deg
) detect a float that reproduces the same profile (with
18 Frozen profile . .
very small deviations) over and over again.
19 | Visual QC Subjective visual inspection of float values by an
operator
2 June 2014 iQuam2
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iQuam2 Summary and Ongoing Work

d iQuam2 enhancements include
- Extended time-series back to 1981 using ICOADS
- Added ARGO floats, with both heritage QC and iQuam QC
- Incorporated CMS buoy black list as an additional iQuam QF
- Adding trackob ships and GHRSST buoys underway

1 Ongoing work
- Evaluate relative merit of heritage and iQuam ARGO QFs
- Evaluate relative merit of ICOADS and iQuam QFs
- Evaluate trackob ships and GHRSST buoys

- Consider implementing CMC in addition to Reynolds, evaluate
additional merit (CMC only goes back to 1991)

- Implement iQuam2, present at CLIMAR4, document in Int. J.
2 June 20Q@lim. iQuam2 31
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" Tuesday, 3 June

- STVAL, 8-10am, “Monitoring and Validation of Hi-Res L2
SSTs in SQUAM — Prasanijit Dash

- AUSTG, 10:30-12:30, “What product to use: NAVO vs.
ACSPO case study” — Prasanijit Dash

- HLTAG, 13:30-15:30, “VIIRS Algorithm Performance at
High Latitudes” — Sasha Ignatov

4 Thursday, 5 June
- 14:20, “Update on VIIRS” — Sasha Ignatov
- 16-18, “SQUAM and iQuam interactive display”
- 16-18, “VIIRS Breakout”

Thank You!
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