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ABSTRACT
A web-based SST Quality Monitor (SQUAM) was designed to quality control (QC) operational AVHRR products and to monitor them for stability and cross-platform consistency in near real-time (NRT). Currently SQUAM monitors NESDIS SST products from NOAA-16, -17, -18, and MetOp-A. The methodology is based on statistical analyses of anomalies in satellite SST (TS) with respect to several global reference SST fields (TR). Empirical histograms of SST anomalies (TS-TR) are analyzed for proximity to a Gaussian shape. Fraction of outliers and the first four moments of a Gaussian distribution are trended as a function of time. A double-differencing (DD) technique is employed to monitor SST products for cross-platform consistency. The results are automatically posted in NRT at http://www.star.nesdis.noaa.gov/sod/sst/squam. 
1. Methodology

NESDIS operational AVHRR SSTs (TS) are customarily validated against in situ SSTs (TR) from collocated buoys.  Global distribution of buoys is sparse and geographically biased, and the quality of their SSTs is non-uniform and sub-optimal.  Attaining reliable validation statistics requires months of data.

SQUAM complements the “golden standard” validation against in situ SSTs by employing several global analysis SST fields as reference, including weekly Reynolds OI.v2 and six daily SST products: two Reynolds’s (AVHRR and AVHRR+AMSR-E based), two RTG (low and high resolution), OSTIA, and ODYSSEA.  The global fields cover the world’s oceans much more fully and uniformly than in situ data. As a result, the number of “match-ups” is much larger, and their quality is more uniform than (and yet anchored to) the in situ SSTs.  This allows monitoring of satellite SST on much shorter time scales approaching NRT.  Using multiple reference fields facilitates separating artifacts in satellite data from those in the reference fields.

2. handling outliers

Examples of SST anomaly histograms from SQUAM are shown in Fig. 1.  Median and robust standard deviation (RSD) are used to identify and remove outliers falling outside the “median ( 4(RSD” range. 
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	Figure 1. Example night-time MetOp-A SST anomaly histograms with respect to daily Reynolds AVHHR-based SST: (left) outliers retained; (right) outliers removed.


Typically, NESDIS heritage satellite SST product has ~0.5% low, and ~1% high outliers.  Removing outliers brings SST anomalies closer to a Gaussian shape.

3. product stability

Gaussian parameters are further trended to check satellite SSTs for stability.  Fig. 2 shows sample time series (outlier removed) of the median global night-time SST anomalies from four satellites.  SSTs from NOAA-17 and -18 are consistent whereas MetOp-A SST is biased ~+0.10K high and NOAA-16 SST is unstable.

	[image: image3.png]T

05

o0

05

10

S

g T s o
jritrfesfiopdt

200 205 208 207 208 2000

el

2010




	[image: image4.png]T

05

o0

05

10

e

g2 T O e
jritrifesfiopdotry N

200 205 208 207 208 2000

el

2010





	Figure 2. Time series of median night-time SST anomalies with respect to two reference SSTs: (left) daily Reynolds (AVHRR based); (right) OSTIA.


Fig. 3 shows time series of RSDs corresponding to medians in Fig. 2.  All products are stable, except NOAA-16.  The RSDs are better than 0.5 K for both reference SSTs, but are somewhat larger for Reynolds than for OSTIA (recall that neither Reynolds nor OSTIA use NESDIS SST as input).  An abrupt change in RSDs with respect to Reynolds occurred in January 2006 when the Reynolds product switched from Pathfinder to NAVO SST input.
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	Figure 3. Time series of robust standard deviations (RSD) corresponding to Fig. 2.


4. cross-platform consistency USING Double-differences (DD)
Double differences (DD) of SST anomalies are employed to more accurately quantify cross-platform consistency (Fig. 4).  NOAA-18 and -17 agree to within several hundredths of a Kelvin, whereas MetOp-A is biased high by ~+0.1 K.
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	Figure 4. Night-time double-differences (with respect to NOAA-17 product).


5. Using DD technique to cross-compare reference sst's

The DD technique can be “inverted” to monitor cross-consistency of different reference SSTs (Fig. 5).  The “NOAA-17 - RTG_LR” was selected as a reference and subtracted from the other NOAA-17 anomalies.
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	Figure 5. Double-differences (with respect to RTG-LR). 


Globally, daily Reynolds is warmer than RTG SST, by several hundredths of a Kelvin.  In its first year, OSTIA was biased cold by ~-0.3K.  The bias has reduced in late 2006 to ~-0.1K, but then spiked again to ~-0.2 K in early 2007.  The ODYSSEA has been largely consistent with RTG SST, except it spiked by ~+0.1 K in early 2008.  OSTIA, ODYSSEA and RTG have been consistent since mid-2008, while the daily Reynolds remains biased warm by several hundredths of a Kelvin.
6. CONCLUSION

Heritage AVHRR SSTs from NOAA-16, -17, -18, and MetOp-A from 2004 to present are stable and cross-platform consistent. The remaining differences are largely attributed to different temporal sampling from different platforms, and to the diurnal variability in the satellite SST, which is not captured in the global reference fields.  The exception is NOAA-16, whose sensor calibration likely experiences problems in the terminator zone.  The double-differencing technique is instrumental in checking for consistency between different satellite and SST analysis products. The ultimate objective is achieving their convergence into a high-resolution and higher quality global SST product.

Future work will include continuous near-real time processing and web monitoring of NESDIS operational SST products, including the heritage product and the newly developed Advanced Clear Sky Processor over Oceans (ACSPO) products. Special emphasis will be on identifying and resolving the observed inconsistencies and anomalies (such as NOAA-16). SQUAM will also be adapted to test SST products derived from other existing (MSG SEVIRI, NOAA-19) and future (NPOESS/VIIRS and GOES-R/ABI) sensors.  Accounting for diurnal variation in reference SSTs will be explored.  The SQUAM will be instrumental for quality control of climate data records and for establishing reliable links between the past, present, and next generation SST products. 
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