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Abstract 6 

In situ sea surface temperatures (SST) are used for calibration and validation of 7 

satellite retrievals. In situ SSTs come from different countries, agencies, and platforms. 8 

As a result, their quality is often suboptimal, non-uniform, and measurement-type 9 

specific. This paper describes a system developed at National Oceanic and Atmospheric 10 

Administration (NOAA), in situ SST Quality Monitor (iQuam; 11 

www.star.nesdis.noaa.gov/sod/sst/iquam/). The system performs three major functions 12 

with the Global Telecommunication System (GTS) data: 1) it quality controls (QC) in 13 

situ SSTs, using Bayesian reference check and buddy check similar to those adopted in 14 

the UK Met Office, in addition to providing basic screenings such as duplicate removal, 15 

plausibility, platform track, and SST spike checks; 2) it monitors quality controlled SSTs 16 

online, in near real-time; and 3) it serves reformatted GTS SST data to NOAA and 17 

external users with quality flags appended. Currently, iQuam’s web page displays global 18 

monthly maps of measurement locations stratified by four in situ platform types (drifters, 19 

ships, tropical and coastal moorings), as well as their corresponding “in situ minus 20 

reference” SST statistics. Time series of all corresponding SST and QC statistics are also 21 

http://www.star.nesdis.noaa.gov/sod/sst/iquam/
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trended. The web page user can also monitor individual in situ platforms. Current status 22 

of iQuam and ongoing improvements are discussed. 23 

Keywords – quality control, sea surface temperature, in situ observation, buoys, and 24 

ships 25 

1 Introduction 26 

In situ observations of sea surface temperature (SST) are critical for calibration and 27 

validation (Cal/Val) of satellite retrievals. These applications require a highly accurate 28 

standard. However, the quality of in situ data is often suboptimal. This data varies in 29 

space and time, and across different countries, agencies, platforms, sensors, and 30 

manufacturers (e.g., Bitterman and Hansen, 1993; Hansen and Poulain, 1996; Brasnett, 31 

1997, 2008; Emery et al., 2001a,b; Kent and Berry, 2003; Rayner et al., 2003, 2006; 32 

Kent and Challenor, 2006; Kent and Kaplan, 2006; Kent and Taylor, 2006; Gronell and 33 

Wijffels, 2008; Kent et al., 2010; Ingleby, 2010; Kent and Ingleby, 2010; Reverdin et al., 34 

2010; Kennedy et al., 2011b; Castro et al., 2012). At the same time, even if a small 35 

fraction of outliers is included in Cal/Val, it may render its results unusable (e.g., Xu and 36 

Ignatov, 2010, and references therein). On the other hand, rejecting some unexplained but 37 

correct data could miss important climate signals, and leave voids in some geographic 38 

areas (Lorenc and Hammon, 1988).   39 

At NOAA and other satellite SST producing centers, including the U.S. Naval 40 

Oceanographic Office (NAVOCEANO), the European Organization for the Exploitation 41 

of Meteorological Satellites (EUMETSAT) Ocean and Sea Ice Satellite Application 42 

Facility (OSI SAF), and the National Aeronautics and Space Administration 43 
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(NASA)/University of Miami SST Team, in situ data provided by the National Centers 44 

for Environmental Prediction (NCEP) Global Telecommunication System (GTS) are 45 

employed for near-real time (NRT) Cal/Val applications. GTS data available from NCEP 46 

in NRT from January 1991 to present are not quality controlled (QC), and an efficient QC 47 

is needed before they can be used in satellite Cal/Val (e.g., Xu and Ignatov, 2010, and 48 

references therein). This need has long been recognized, and QC of in situ data is always 49 

performed in satellite Cal/Val efforts. However, the practices adopted in the remote 50 

sensing community remain largely ad hoc and overly simplistic. For instance, outlier data 51 

points are often identified by merely applying a constant threshold to the deviation of the 52 

in situ SST from a reference (climatological or analysis) SST field (e.g. Kilpatrick et al., 53 

2001; Francois et al., 2001; Brisson et al., 2002). Some authors specify the global 54 

thresholds from the data itself as ±3 standard deviation (SD) of “in situ minus reference” 55 

SST centered at zero rather than at the corresponding global mean (e.g. O’Carroll et al., 56 

2006; Merchant et al., 2008). In any case, these QC methods remain far inferior to the 57 

more sophisticated, systematic, and well-developed procedures employed in the 58 

meteorological and oceanographic communities (e.g. Slutz et al., 1985; Lorenc and 59 

Hammon, 1988; Woodruff et al., 1998; Rayner et al., 2003, 2006; Worley et al., 2005; 60 

Kent and Taylor, 2006; Ingleby and Huddleston, 2007; Thomas et al., 2008).  61 

At the same time, satellite Cal/Val is very demanding on the quality of in situ data 62 

and requires a flexible and scalable QC depending on the specific Cal/Val task. Presently, 63 

NOAA is responsible for the maintenance and development of the current operational 64 

polar (from NOAA and Meteorological Operations Platform (METOP) Advanced Very 65 

High Resolution Radiometer (AVHRRs)) and geostationary (from Geostationary 66 
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Operational Environmental Satellite (GOES), Meteosat, and Multifunctional Transport 67 

Satellite (MTSAT)) products, as well as the new generation Joint Polar Satellite System 68 

(JPSS) and Geostationary Operational Environmental Satellite R-Series (GOES-R) SST 69 

products. A NRT in situ SST Quality Monitor (iQuam; 70 

www.star.nesdis.noaa.gov/sod/sst/iquam/) was developed to support these developments 71 

and applications in a consolidated and cohesive way, and as a NOAA contribution 72 

towards a community effort which was coordinated by the international Group for High-73 

Resolution SST (GHRSST; Donlon et al., 2007)..  74 

Three major functionalities of the iQuam are: 75 

• Implementation of advanced, flexible, and community consensus QC for in situ 76 

SSTs, maximally consistent with the procedures that are adopted in wider 77 

meteorological and oceanographic communities; 78 

• Web-based NRT Quality Monitoring (QM) of quality controlled in situ SSTs 79 

relative to reference SST (currently, daily Optimal Interpolation v2 product, 80 

Reynolds et al., (2007) is used as a reference) stratified by platform types 81 

(drifters, tropical and coastal moored buoys, and ships) and/or by platform IDs; 82 

• Serve Quality controlled in situ SST data with Quality Flags (QF) appended (but 83 

not applied) to NOAA and wider external SST users, in support of various 84 

satellite Cal/Val tasks and applications. 85 

The QC algorithm in iQuam includes, in addition to basic screenings (such as the 86 

duplicate removal, plausibility check, platform tracking, and SST spike checks), more 87 

sophisticated reference and cross-platform checks. The two latter checks follow the 88 

Bayesian approaches proposed by Lorenc and Hammon (1988) and Ingleby and 89 

http://www.star.nesdis.noaa.gov/sod/sst/iquam/
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Huddleston (2007), and adopted for QC of in situ data in the UK Met Office. In iQuam, 90 

these approaches are applied with only minor modifications. 91 

The quality monitoring (QM) component of iQuam picks up Quality controlled in situ 92 

data, calculates their monthly statistical summaries which are stratified by platform types 93 

and individual IDs, and displays this on the web at 94 

www.star.nesdis.noaa.gov/sod/sst/iquam/. Shown are global maps and histograms along 95 

with their summary Gaussian statistics (both conventional and robust) and fractions of in 96 

situ data that failed various QC checks. Long-term time series of monthly statistics that 97 

include number of platforms and observations, all Gaussian parameters, and QC rates are 98 

trended. A sortable table of all individual platforms is also provided with one-click-of-a-99 

button access to pre-calculated graphs showing the platform track, SST time series, and 100 

performance history. 101 

Finally, Quality controlled in situ SST data are served online in Hierarchy Data 102 

Format (HDF). Historical data are organized into monthly files and are finalized on the 103 

5th of the following month. The current month file is updated every 12 hours, with a 2 104 

hour latency following GTS data availability. For each observation, all individual QFs are 105 

provided. A summary QF is also set which uses the recommended iQuam logic. Users 106 

always have freedom to define their own summary QF using a different logic with 107 

individual QFs. 108 

QC algorithms and configurations are described in section 2. Web-based QM and 109 

statistics are introduced in section 3. Section 4 describes the iQuam data and defines the 110 

QFs. Section 5 concludes the paper and discusses ongoing work toward iQuam version 2.  111 

http://www.star.nesdis.noaa.gov/sod/sst/iquam/
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2 Quality Control Algorithm 112 

2.1 Principles 113 

The basic principle of the QC is to check the in situ data for self-consistency and for 114 

cross-consistency with other data. Commonly used QC checks were summarized by 115 

Woodruff (2008), and are based on the condition and the method. Those checks can be 116 

categorized into five major groups based on the physical principles they rely on.  117 

• Prescreening – resolves data specific problems (e.g., duplicate removal, and data 118 

cleaning and/or re-organizing).  119 

• Plausibility – assures that each individual field and relationships between different 120 

fields are realistic (e.g., field range check, geolocation check, ID versus platform 121 

type check).  122 

• Internal consistency – checks different measurements from the same platform for 123 

internal consistency (e.g., platform track check and SST spike check).  124 

• Mutual consistency – checks for consistency between nearby measurements from 125 

different platforms. This check, termed ‘cross-platform check’ in this paper, is also 126 

often referred to as the ‘buddy check’ (e.g. Lorenc and Hammon, 1988).  127 

• External consistency – checks individual measurements for consistency with the 128 

reference (first-guess) SST field. Termed the ‘reference check’ in this paper, it is 129 

also sometimes referred to as ‘background check’ (e.g. Lorenc and Hammon, 130 

1988).  131 
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The QC algorithm implemented in iQuam includes duplicate removal, and 132 

geolocation, platform track, SST spike, reference, and cross-platform checks. A summary 133 

of iQuam QC is presented in Table 1. 134 

2.2 Binary Checks 135 

a) Duplicate removal 136 

Duplicates arise from multiple receptions of the same report via different paths, or 137 

from merging different datasets. The algorithm checks the differences between any two 138 

neighboring records belonging to the same platform. Only latitude, longitude, and time 139 

are checked. Tolerances are set as the corresponding digitization precision of each field, 140 

e.g., 0.01° for latitude and longitude.   141 

For a group of “duplicates,” the one with the best quality will be kept. If quality 142 

information is not available and all the duplicates have SSTs within 0.1°C tolerance, then 143 

the first in the sequence is kept and the rest are dropped; otherwise, all are dropped.  144 

In practice, duplicate removal is usually preceded by the reference check described in 145 

section 2.3 below, which is based on comparison of each individual record with a 146 

reference field and is set for all duplicates. Quality information from the reference check 147 

is then used in the duplicate removal to select the record with the best quality.  148 

b) Geolocation check 149 

Geolocation check evaluates whether the location of a platform is plausible. For 150 

instance, SST measurements should not be reported over land, and buoys are supposed to 151 
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be located in the regions indicated by their corresponding area codes, which are 152 

embedded in their World Metrology Organization (WMO) ID numbers. This check may 153 

also remove those reports found too close to coastlines depending upon the resolution and 154 

the accuracy of the water mask employed. Currently in iQuam, the University of 155 

Maryland’s (UMD) 1 km land cover classification is used (Hansen et al., 2000). Note that 156 

near-coastal in situ SSTs are highly variable in space and time due to shallow waters and 157 

high dynamics, and should be avoided in satellite Cal/Val in any case.  158 

c) Platform track check 159 

This check verifies that consecutive locations of a platform (identified by its ID) are 160 

consistent with the respective time stamps assuming that the platform cannot move faster 161 

than a predefined maximum moving speed. Significant errors in time and 162 

latitude/longitude will cause deviations from this expected pattern. At first, a least-163 

required speed is calculated assuming that the platform had traveled between the 164 

locations of any two reports through a direct linked path. Next, reports with the maximum 165 

times of speed violations are identified and excluded. The operation is iterated until no 166 

violation is detected. 167 

The maximum speed is chosen as 60 km h-1 for ships and 15 km h-1 for drifters. These 168 

values have been estimated from the global histograms of the least required speed 169 

traveling between a pair of locations. It should be noted that digitization error of time, 170 

latitude, or longitude may raise false alarms when the time difference is very small.  171 

Therefore, the condition of track check is written as 172 
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( )
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tt

dd >
+∆
−∆
δ
δ  .    (1) 173 

Here, d∆  and t∆  denote distance and time differences, respectively; and δd and δt 174 

correspond to their errors caused by digitization; maxv  is the maximum travel speed. For 175 

moored buoys, the procedure can be simplified. If a report is located far away from the 176 

majority of reports of the same mooring, then it is regarded erroneous.  The maximum 177 

allowed distance is chosen as 100km to tolerate reasonable drifting and latitude/longitude 178 

error. Note that platforms with invalid IDs (c.f. ID check in subsection 2.2e) are not 179 

subject to track check.  180 

Figure 1 shows several examples of abnormal reports identified by track check. In 181 

Figure 1(a), one observation apparently falls off the ship track due to an error caused by a 182 

swapped sign in the latitude field. In this case, it would be difficult to detect such an error 183 

merely by comparing to reference SST, which could be close for the similar latitude 184 

zones in the North and in the South. Another example for a drifting buoy is shown in 185 

Figure 1(b). Such an error may be even more difficult to detect by comparing to reference 186 

SST, which may not change significantly within 2° latitude or longitude. Figure 1(c) 187 

shows an example of a mooring buoy, which has two observations located far off the 188 

main body of the cluster.  189 

d) SST spike check 190 

For a continuously reporting platform, an erroneous report may appear as an SST 191 

spike (or step) along its track or in the time series due to sensor malfunction or occasional 192 

maintenance operation. Spike check employs the same logic as the track check except the 193 
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maximum SST gradient in space and time is checked, instead of travel speed which uses 194 

the same algorithm. The maximum SST gradient is chosen as dg =0.5K km-1 in space and 195 

tg =1.0K h-1 in time. To accommodate normal fluctuation between successive records 196 

due to e.g. instrument noise, an exempt threshold Tδ  is set so that SST differences < Tδ  197 

are exempt from spike check. The condition for spike check is written as 198 

),,max( ttddTT gg ∆∆>∆ δ .     (2) 199 

Here, T∆ , d∆ ,and t∆  are SST, and space and time differences, respectively; and td gg ,  200 

are the corresponding maximum SST gradients. Note that the exempt threshold, Tδ , is set 201 

specifically for each type of platform based on its noise level. Currently in iQuam, Tδ  = 202 

2.0K for ships, 1.0K for tropical moored and drifting buoys, and 1.6K for coastal moored 203 

buoys. 204 

e) ID check 205 

A valid platform ID is critical because several QC checks are applied on an individual 206 

platform basis, e.g. track check and spike check. Hence, an ID check is performed to 207 

determine whether the ID field of a measurement is valid. 208 

The most common ‘invalid’ IDs are group IDs (several platforms which share the 209 

same ID, e.g. call sign “SHIP” representing all anonymous ships) and “single-reporter” 210 

IDs (IDs with less than 3 reports per month). 211 

Other ‘invalid’ IDs are those containing illegal characters, i.e. not numbers or letters.  212 

It is also checked to see if an ID is consistent with its platform type according to the 213 

WMO’s call sign allocation rule. 214 
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2.3 Bayesian Checks 215 

a) Reference (“background”) check 216 

Reference (aka “background”) check (RC) is the major check of many QC methods, 217 

which identifies most outliers with extreme measurement values. The Bayesian-based 218 

approach by Lorenc and Hammon (1988) was adopted in the iQuam QC algorithm. 219 

Compared to conventional outlier detection methods, it employs the Bayesian probability 220 

theory to take into better account factors such as the accuracy of the reference field itself, 221 

matching error between the in situ and reference, and the instrumental noise of in situ 222 

data. A brief description is given below. For details and theoretical derivation, the reader 223 

is referred to Lorenc and Hammon (1988). 224 

According to Baye’s theorem, the posterior probability of gross error is calculated as 225 

(Lorenc and Hammon, 1988) 226 

)](1)[|()(
)()|(

EPEOPEkP
EkPOEP

−+
=  .   (3) 227 

Here, events E  and E  denote gross error and normal situations, respectively. The O 228 

denotes the event of getting an observation, oT , and k  is the density of probability 229 

distribution of an observation value when a gross error occurs. Assuming a uniform 230 

distribution within a range of 10K, it is set to 1.0=k  (Lorenc and Hammon, 1988). 231 

)(EP  is the a priori probability of gross error event, which is empirically chosen 232 

according to the percentage of outliers in each platform type. 233 
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)|( EOP  is the probability distribution of an observation without a gross error. 234 

Assuming that both observation, oT , and reference, rT , obey normal distributions 235 

around the true SST value, it is written as 236 

),()|( 22
roro TTNEOP σσ +−=  ,    (4) 237 

where oσ  and rσ  are the a priori noise (SDs) of the observation and reference, 238 

respectively. 239 

In our implementation, the prior for oσ  and )(EP  is set differently for different types 240 

of platforms. These numbers are chosen empirically based on statistical analyses by Xu 241 

and Ignatov (2010). Specifically, the a priori noise is chosen as 1.0K for ships, 0.3K for 242 

tropical moored and drifting buoys, and 0.6K for coastal moored buoys. The a priori 243 

)(EP  is selected as 0.06 for ships, 0.05 for drifters, 0.02 for tropical moorings, and 0.04 244 

for coastal moorings. 245 

Reynolds optimal interpolation (OI) global 0.25° daily analysis SST (“AVHRR 246 

only”) was selected as reference (Reynolds et al., 2007). Recall that Reynolds SST is a 247 

blended product of AVHRR satellite retrievals and Quality controlled ICOADS in situ 248 

SSTs (or NCEP GTS in situ SSTs, for NRT applications), and it is available from 249 

September 1981 onward. Gridded 0.25° resolution data are bi-linearly interpolated in 250 

space, to each in situ observation. No interpolation in time is attempted as it would 251 

require a reference field with resolved diurnal cycle, which is currently unavailable in 252 

iQuam.  Note that the previous day Reynolds SST is used in current day QC, in an 253 
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attempt to improve iQuam latency, and minimize the cross-dependence of reference and 254 

in situ data.  255 

The SD of reference SST, rσ , should also include the matching errors rising from 256 

space and time difference between the reference field and the actual measurement point.  257 

Therefore, an empirical reference SD is calculated based on local statistics as follows 258 

2
base

2
local

2 4/ −− += rrr σσσ .      (5) 259 

Here, the local SD, 2
local−rσ , is calculated from reference SST within a 1°×1°×3 day 260 

running window, and the base SD, 2
base−rσ , is set to 0.2K for Reynolds daily product. Eq. 261 

(5) was verified by comparing the estimated 22
ro σσ +  to the statistics of “in situ – 262 

reference” SST given in (Xu and Ignatov, 2010). Note that the diurnal warming present in 263 

in situ measurements is not accounted for in Reynolds SST. In the future, using a 264 

diurnally resolving reference SST, or an empirical bias and/or SD correction adaptive to 265 

local hour, may be considered. Alternatively, the iQuam QC reference check may only be 266 

applied at night, and the derived QF may be extended to daytime data.  267 

The Bayesian reference check is more flexible than a conventional approach that is 268 

based on setting fixed thresholds. The relationship of probability )|( OEP  versus the SST 269 

anomaly is not a simple and global one as it varies in space and time and differs for 270 

different sensors (Kent and Berry, 2005; Kennedy et al., 2011a).  271 

b) Cross-platform (“buddy”) check 272 
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Cross-platform (“buddy”) check (XC) is a critical complement to the reference check, 273 

which may compensate for some RC deficiencies, resulting from possible inaccuracies in 274 

the reference field, for example. The Bayesian XC is performed on the top of the RC, 275 

which adjusts the posteriori probability of gross error after further incorporating 276 

information from nearby measurements (aka ‘buddies’) (Lorenc and Hammon, 1988; 277 

Ingleby and Huddleston, 2007). 278 

The simplest case of cross checking two nearby observations, 1O  and 2O , and 279 

adjusting their probabilities of gross error, i.e. )|(),|( 2111 OEPOEP , is derived as (Lorenc 280 

and Hammon, 1988) 281 

)(
)()()|()|(

21

2111
211 OOP

OPOPOEPOOEP
∩

=∩  .   (6) 282 

When simultaneously checking multiple nearby observations, computation may 283 

become prohibitively expensive (Ingleby and Lorenc, 1993). The iterative approximation, 284 

initially suggested by Lorenc and Hammon (1988), proved efficient and accurate for QC 285 

purposes (Ingleby and Lorenc, 1993). This approximation sequentially adjusts the 286 

probability of gross error as checks with nearby observations are performed, one by one.  287 

Assuming N  nearby observations (‘buddies’), 1...,3,2, += NiOi , the approximation is 288 

expressed as 289 

∏ ∩
≈∩

i i

i

i
i OOP

OPOPOEPOOEP
)(
)()()|()|(

1

1
1111  .    (7) 290 
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The iterative approximation in Eq. (7) could make the probability overly adjusted, 291 

when too many related buddies are included. For example, a significant number of nearby 292 

observations from the same problematic platform may amplify the adjustment and 293 

wrongly reject good data. Therefore, a ‘damping’ factor of 0.5 was applied in a 294 

reformulated buddy check by Ingleby and Lorenc (1993).  295 

In iQuam, an adaptive damping factor is used instead, i.e. 296 

N
N

i i

i

i
i OOP

OPOPOEPOOEP
0

)(
)()()|()|(

1

1
1111 








∩

≈∩ ∏ ,   (8) 297 

where N  is the number of buddies being checked, and 0N  is an average number of 298 

‘buddies’ to which N  is normalized. 0N  is empirically set to 6, meaning that up to 6 299 

independent nearby measurements are usually expected. Note that it also results in 300 

amplification of adjustments in cases of 5 or less buddies. However, our analyses suggest 301 

that the effect of this amplification is negligible.  302 

Following Ingleby and Huddleston (2007) and Martin et al (2002), the correlation 303 

coefficient between nearby observations is modeled by two, second order auto-regressive 304 

(SOAR) functions. The correlation lengths of two different scales, i.e. mesoscale and 305 

synoptic scales, are chosen as mes =100 km and syn =400 km, respectively; and ct =5 306 

days is selected for the correlation length in time dimension.  307 

For NRT applications, the algorithm has to be implemented efficiently in order to 308 

reduce data latency, and optimize computing resources. In iQuam implementation, the 309 

upper limit is set to 300 km in space and 4 days in time to exclude those buddies from the 310 



Xu and Ignatov, In situ SST Quality Monitor (iQuam)  

V4.1 (5/18/2013)  Page 16 of 40 

XC that are too far away. In addition, a space partitioning technique (Moore, 1991) is 311 

employed to accelerate the buddy search process. As a result, processing time is 312 

significantly reduced. 313 

Note that both RC and XC produce continuous quality indicators, which serve as the 314 

probabilities of gross error, and are saved on iQuam output. In iQuam, the default 315 

threshold of 5.0>P  was selected to set up the default overall iQuam QF. Other 316 

thresholds can be applied to these probabilities by user if different data quality is desired.   317 

2.4 Efficacy of iQuam QC 318 

To quickly evaluate the efficacy of iQuam QC, one year of NCEP-GTS data in 2009 319 

was used in the following analyses. Percentages of detected bad reports and the mean 320 

bias and SD of both ‘bad’ and ‘good’ data are calculated for different checks 321 

independently. Three binary checks and the two Bayesian checks are analyzed. Note that 322 

the XC is applied on the top of the RC, and it adjusts the results of the RC. In an attempt 323 

to minimize the effect of using the same Reynolds SST, statistics in this subsection were 324 

all calculated with respect to Operational Sea Surface Temperature and Sea Ice Analysis 325 

(OSTIA) SST (Donlon et al., 2011).   326 

Table 2 summarizes the percentage of in situ data, identified by each individual QC 327 

check, and the corresponding statistics of (in situ SST minus OSTIA SST) for these 328 

excluded points in brackets. In the next line, shown in bold, are the corresponding 329 

statistics of the remaining data points. Every single check shows significantly degraded 330 

statistics in the excluded sample, and incremental improvement in the remaining data. 331 
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(The only exception is duplicate removal, where smaller SD is expected, due to many 332 

identical points.)  333 

Track check detects ~0.5% ship and <0.04% buoy reports with erroneous 334 

latitude/longitude/time information. Spike check detects from ~0.1-0.3% reports with 335 

significant SST discontinuities. Although the number of these two types of bad reports is 336 

quite low, the data are large in error and must be excluded, even if they only minimally 337 

affect the overall statistics of the remaining sample. Moreover, time series in iQuam web 338 

interface show that these two checks contributed more in pre-2007 years, and the 339 

percentage of bad report changes greatly from year to year probably due to changes in the 340 

procedures of handling the source GTS data. Thus, it is absolutely necessary to have 341 

these checks.   342 

The RC is the major check which removes most bad reports (from 1-7%) and 343 

improves the statistics most significantly. Table 2 further suggests that the XC 344 

additionally removes up to 0.75% more outliers (4% for coastal moorings) on the top of 345 

the RC. The statistics continue to improve following the application of the XC, clearly 346 

indicating its valuable contribution to the QC. The much higher XC rate in the case of 347 

coastal moorings is likely due to the overestimated SST correlations in coastal areas. 348 

These areas are usually shallow and dynamic, and the actual space-time correlation is 349 

much weaker here than predicted by the global set of parameters adopted in Eq. (6). 350 

Consistent with this explanation, the degradation of the statistics is smallest here, 351 

although still significant (also likely due to high variability in the SST field that is not 352 

captured in the OSTIA SST analysis). 353 
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Comparing the error rates in all individual rows with the ‘All Combined’ row, 354 

contributions from all checks are improvements and are all significant, suggesting that 355 

they all are unique and indispensable part of iQuam QC. 356 

Note that the XC not only adds to the number of outliers, but it may also save good 357 

measurements which were wrongly removed by the RC (e.g., due to a biased reference 358 

SST).  Contribution from the XC is further analyzed in Table 3. The first column is the 359 

percentage of reports with 1 or more buddies available for XC. The second column is for 360 

6 or more buddies. Note that it is easier to find buddies for ships and coastal moorings, 361 

than for drifters and tropical moorings, because the latter are distributed more sparsely. 362 

The last two columns are percentages of reports (relative to all reports), which were 363 

originally identified as ‘good’ by the RC and then subsequently reclassified as ‘bad’ by 364 

the XC, and vice versa. Apparently, a substantial number of good RC results is 365 

additionally screened out by the XC (from 0.5-4%), as well as bad RC results reversed by 366 

the XC check (0.2-0.5%). Comparing the statistics of these two portions of data whose 367 

QC are flipped by XC, the smaller SD in the second group indicates that it has a better 368 

quality. The larger bias in the second group could potentially be an indicator that these 369 

data actually carry abnormal climate signals not captured in the reference field, and 370 

therefore, are causing rejection of the corresponding in situ SSTs. Thus, one concludes 371 

that the XC is an effective and essential part of iQuam QC. 372 

Figure 2 shows the histograms and statistics of ‘in situ minus OSTIA’ SST as a 373 

function of P . The histograms look very different for four types of platforms due to 374 

different platform-specific a priori settings in the RC. The biases and SDs tend to 375 

increase with P , except for some instabilities on the left hand side which are likely due 376 
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to insufficient numbers of samples there. In iQuam, the default recommended setting for 377 

P is 0.5. Figure 2 should be consulted by those iQuam data users who want to utilize the 378 

continuous probability of gross error, P , rather than the iQuam default setting of 0.5. 379 

3 Quality Monitoring (QM) and Web Interface 380 

3.1 Near-real time (NRT) Quality Monitoring (QM) 381 

The QC algorithm was implemented at Center for Satellite Applications and Research 382 

(STAR) with NRT GTS data and routine Quality Monitoring (QM) commenced in 383 

September 2009. All available GTS data from January 1991 onward have been 384 

reprocessed and back filled. This section describes the QM with a particular emphasis on 385 

its web interface www.star.nesdis.noaa.gov/sod/sst/iquam/.  386 

The flow chart of the iQuam system is shown in Figure 3. Raw GTS in situ data are 387 

automatically accessed twice daily, then reformatted and appended to the rotated buffer, 388 

which is subsequently used as input into QC processing. In addition to GTS, QC also 389 

uses two ancillary datasets, the land/sea mask and reference SST. Results of QC 390 

processing are output into another rotated buffer file with QFs appended and refreshed on 391 

iQuam web page. On the 5th or so of the following month, the current monthly file ceases 392 

to be updated. At this point in time, a monthly report is generated and graphics on the 393 

web are updated. The primary goal of the QM is to provide iQuam users a quick snapshot 394 

of the Quality controlled in situ data in NRT. Summary statistics are also useful for 395 

iQuam developers to monitor the performance of the QC, and to adjust configurations as 396 

needed.   397 

http://www.star.nesdis.noaa.gov/sod/sst/iquam/
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Analyses and plots are available in iQuam QM from January 1991 to present and are 398 

organized into four sections: 399 

1. Monthly maps, stratified by four platform types; 400 

2. Corresponding monthly QC statistics, and histograms and corresponding 401 

statistics of Quality controlled ΔSST = ‘in situ - reference’; 402 

3. Time series of these statistics; and 403 

4. Summary tables and visualization plots for individual platforms.  404 

Note that due to the current NOAA web server security settings, following a user’s 405 

query, iQuam data are downloaded to a user’s computer, and are processed and displayed 406 

there. The current iQuam web interface is partially implemented based on the YUI™ v2.0 407 

library which relies on Flash Player™ for plotting. Thus, users should have Flash 408 

Player™ installed on their web browser to be able to view some of the iQuam QM 409 

results. 410 

3.2 Web Interface and Maps 411 

The iQuam web interface is shown in Figure 4. The buttons on the left correspond to 412 

the four iQuam sections. The top menu facilitates a user’s navigation through the iQuam 413 

page, and provides access to the data button (described in section 4).  414 

The default home page is set to display the latest monthly global map (for instance, 415 

from 6 May to 5 June, the April map will be displayed). The user can select the year and 416 

month, using the drop-down menus, or arrow functions. Four types of in situ 417 

measurements are rendered in different colors, whereas outliers detected by QC are 418 
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shown in grey. Comparisons of later (e.g., in 2013) with earlier (e.g., 1991) maps suggest 419 

that the number of ship data has declined, whereas measurements from buoys (both 420 

drifters and moorings) has significantly increased. Large areas of the ocean are now 421 

covered with in situ data, and geographical biases and voids are significantly reduced, but 422 

are still observed in the data. 423 

3.3 Statistics and Histograms  424 

The second section of iQuam reports statistics of the QC, Quality controlled ΔSSTs, 425 

and corresponding histograms of ΔSSTs (Figure 5). The QC statistics are summarized in 426 

a table, which shows the total Number of Observations (N_Obs), Number of 427 

Observations which passed QC (N_QC), and the Number of Outliers detected by 428 

individual QC tests: duplicate removal (DR), geolocation (GC), track (TC), spike (SC), 429 

reference (RC) and cross-platform (XC) checks, respectively. (Note that the XC column 430 

shows cumulative numbers of detections by both RC and XC.) Another table summarizes 431 

statistics of Quality controlled ΔSSTs, including the mean bias, SD, skewness, kurtosis, 432 

median, robust SD (RSD), and number of matchup (N_Mtchup; note that this may be 433 

different from the N_QC, as not all in situ data have a matching reference SST). Finally, 434 

histograms of ΔSSTs are also plotted. 435 

3.4 Time series 436 

The ‘Times-series’ section plots time series, from January 1991 to present, of number 437 

of platforms (N_ID) and observations (N_Obs) (Figure 6, a-b). Number of ships has 438 

gradually declined, whereas number of buoys increased. Mean biases and SDs of ΔSSTs 439 
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are also plotted (Figure 6, c-d). Drifters and tropical moorings, customarily used in 440 

satellite Cal/Val, show comparable SDs – historically, ~0.4K and closer to ~0.3K in 441 

recent years (cf. Xu and Ignatov, 2010, and references therein). Time series of number of 442 

outliers detected by different QC checks are also shown.   443 

3.5 Platform-Specific Statistics 444 

The last iQuam section reports statistics for individual platforms (Figure 7). First, a 445 

sortable list of all platforms is displayed, with QC and ΔSST statistics similar to those 446 

described in 3.3, but now calculated for each individual platform. Clicking on the 447 

platform ID brings up a platform monitor window, which shows either a monthly 448 

trajectory, a time series of ΔSST, or a complete history of outlier rate for this platform.   449 

4 iQuam Data: Formats, Quality Flags, and Users 450 

4.1 Quality controlled in situ data 451 

Quality controlled data generated by iQuam are served online in self-documented 452 

HDF format (c.f. www.star.nesdis.noaa.gov/sod/sst/iquam/data.html). Although GTS data 453 

are processed in NRT with ~12 hour latency, data from the 4 previous days are 454 

continuously reprocessed as new ‘buddies in time’ become available for the XC. Hence, 455 

the iQuam QFs are continuously updated and not finalized until 5 days later. Preliminary 456 

analyses suggest that the updates to QFs are minimal, and the value of such reprocessing 457 

may be reexamined in future iQuam versions.   458 

http://www.star.nesdis.noaa.gov/sod/sst/iquam/data.html
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In situ data with QFs appended are aggregated into monthly files. Latest month file is 459 

continuously updated and available with a 12 hour lag.  The naming convention for the 460 

iQuam Quality controlled monthly data files is as follows 461 

‘IQUAM.NCEP.YYYY.MM.HDF,’ where NCEP denotes the data source, YYYY 462 

denotes the four digit year, and MM is the two digit month. The general information 463 

regarding each HDF file is found in the global attributes section. Definitions of the 464 

common global attributes are listed in Table 4. 465 

The iQuam data files preserve all information from the original GTS reports, 466 

including SST as well as other in situ measurements. However, only SST is Quality 467 

controlled and corresponding QFs are only set for SST. Table 5 summarizes data layers 468 

contained in iQuam HDF files. The first several layers are time and location information. 469 

The ‘ID’ layer is the particular buoy ID or ship call sign which is reported in the GTS 470 

system. The ‘Type’ layer is used to distinguish different in situ platforms: 0- Unknown; 471 

1- Ship; 2- Drifting Buoy; 3- Open-sea Moored Buoy; and 4- Coastal Moored Buoy. The 472 

last layer ‘Quality_Flag’ is a 16-bit field packed with both individual QC results, 473 

Bayesian quantitative QC results, and the overall QC result. Definitions and 474 

recommended usage are described in the next subsection. 475 

4.2 Quality_Flag Layer 476 

All layers in HDF file listed in Table 5 are passed along from the GTS data unaltered, 477 

except the Quality_Flag layer, which is produced by iQuam and appended to the data. 478 

From the lowest bit 0 to the highest bit 15, explanations are given in Table 6. 479 
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The lowest two bits are reserved for the “Overall Quality” Flag, which is derived 480 

from individual flags and indicators as explained in Table 7. This summary flag is 481 

intended for general users, who need “good in situ data,” but are not interested in digging 482 

into the individual QFs. It is recommended that 483 

• For high-accuracy applications, use data with the lowest two bits cleared (QF 484 

AND 0x0003 == 0), i.e. ‘Normal’ only; 485 

• For general application, use data with the lowest bit cleared (QF AND 0x0001 486 

== 0), i.e. ‘Normal’ and ‘Noisy’. 487 

All individual checks are also reported and available for more advanced applications. 488 

Bits from 2-6 report results of individual binary checks described in section 2.2. Bit 7 489 

reports the ‘Number of Buddies Checked’ (cf. subsection 2.3b), which is not used in 490 

setting the “overall quality flag” but may be useful for a more advanced user. The second 491 

byte is a continuous Probability of Gross Error ( P ) ranging from 0 (byte value 0x00) to 1 492 

(byte value 0xFF), which is produced cumulatively by the reference and cross-platform 493 

checks. (For its interpretation and characteristics, see Figure 2). Users can customize the 494 

threshold of P for their own application requirements. 495 

4.3 iQuam Data Users 496 

The iQuam data have been used at NOAA and several external organizations for 497 

several satellite Cal/Val applications. In particular, the iQuam system was identified as 498 

the in situ data source for the current heritage polar and geostationary SST products, as 499 

well as advanced JPSS and GOES-R programs. The iQuam also serves as NOAA 500 
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contribution to the international Group for High Resolution SST (GHRSST; Donlon et 501 

al., 2007). 502 

The major use of the iQuam data is the routine generation of match-up data sets with 503 

various satellite L2 and L3 satellite SST products from AVHRR, Moderate Resolution 504 

Imaging Spectroradiometer (MODIS), and Visible Infrared Imager Radiometer Suite 505 

(VIIRS) produced by various data centers, including NOAA, NAVOCEANO, NASA, 506 

and OSI SAF. Work is also underway to generate consistent matchups with geostationary 507 

SSTs. These match-up data are used to calculate coefficients of the regression equations, 508 

and perform algorithm development and comparisons (e.g., Petrenko et al., 2011, 2013). 509 

Also, match-up data are routinely input into the NOAA SST Quality Monitor (SQUAM; 510 

www.star.nesdis.noaa.gov/sod/sst/squam/; Dash et al., 2010), which, among other 511 

functions, performs routine validation of all products, and reports their statistical 512 

summaries online in NRT. More recently, L4 SST module was added to SQUAM, and all 513 

L4 products are also consistently validated against iQuam data (Dash et al., 2012).   514 

Importantly, all products are validated against uniformly Quality controlled in situ 515 

data, using QC checks consistent with the larger meteorological and oceanographic 516 

communities. Using a uniform and community consensus validation standard rules out 517 

product performance differences caused by deficiencies or differences in in situ data, and 518 

allows a fair and consistent cross-evaluation of various products.   519 

5 Conclusion and Future Work 520 

The NRT in situ SST Quality Monitor (iQuam; 521 

www.star.nesdis.noaa.gov/sod/sst/iquam/) has been developed with the primary goal to 522 

http://www.star.nesdis.noaa.gov/sod/sst/squam/
http://www.star.nesdis.noaa.gov/sod/sst/iquam/
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support satellite Cal/Val at NOAA, including heritage polar and geostationary, as well as 523 

the newer JPSS and GOES-R, SST products. Three major iQuam functions are: 1) 524 

performing advanced and uniform QC of GTS data that are consistent with best practices 525 

adopted in wider meteorological and oceanographic communities; 2) monitoring Quality 526 

controlled SSTs online; and 3) serving data to NOAA and external users. 527 

QC checks implemented in iQuam include several binary (duplicate removal, 528 

geolocation, tracking, and spike) and Bayesian (reference against Reynolds L4 analysis, 529 

and cross-platform) checks, the latter two being the major checks. Processing time ranges 530 

from ~0.5 hour per year of data for early years, and up to ~6 hours per year of data after 531 

2005, on an average NOAA PC. All checks are necessary and unique and improve SST 532 

performance statistics measured against an independent L4 SST field – OSTIA. 533 

The online Quality Monitoring system provides four types of diagnostics: 1) monthly 534 

global maps of in situ platforms; 2) corresponding monthly statistics of number of 535 

platforms and measurements, QC results, and SST deviations from Reynolds SST, 536 

stratified by four platform types monitored in iQuam – ships, drifters, and tropical and 537 

coastal moorings; 3) time series of all those statistics; and 4) statistics stratified by 538 

individual platforms.  539 

Quality controlled data are served online via iQuam website in HDF format, and 540 

include all the layers originally included in GTS as well as an additional layer of 541 

Quality_Flag. The 16-bit Quality_Flag includes a 2-bit overall QF, which is 542 

recommended for an average user, as well as all individual QFs, so that the user has a 543 

flexibility to derive a different overall QF. The iQuam data are routinely used as input to 544 

another NOAA online NRT system, the SST Quality Monitor (SQUAM; 545 
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www.star.nesdis.noaa.gov/sod/sst/squam/; Dash et al., 2010, 2012), where they are used 546 

for a consistent and uniform validation of various L2, L3, and L4 SST products. The 547 

iQuam system serves as the official source of in situ data for all NOAA heritage, as well 548 

as newer JPSS and GOES-R SST products. 549 

Ongoing work towards iQuam version 2 includes adding Argo profilers; extending 550 

iQuam time series back to the start of satellite era (i.e., early 1980’s; currently, they only 551 

cover the period from 1991 to present) using ICOADS data; using diurnally resolving 552 

reference SST, or stratifying QC by day and night to account for SST diurnal warming; 553 

adding QFs from the two external “black lists” that were developed by the UK Met 554 

Office and OSI SAF; and testing improved L4 analysis for the improved reference SST 555 

(e.g., Saha, et al., 2012). Future work will also include more accurate estimation of an 556 

error budget in each type of in situ SST through three- (or multi-) way joint error 557 

estimation (e.g. O’Carroll, et al., 2008; Xu and Ignatov, 2010). 558 
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 686 
Table 1. Summary of iQuam QC checks. 687 

Category Check Type of error handled Physical basis 

Preprocessing Duplicate 
Removal 

Duplicates arise from 
multiple transmission or 
data set merging 

Identical space/time/ID 

    
Plausibility Plausibility 

Checks 
Unreasonable field value Range of single fields & 

Relationships among them 

Internal 
consistency 

Tracking Points falling out of track Travel speed exceeds limit 

Spike Check  Discontinuities in SST time 
series along track 

SST gradient exceeds limit 

External 
consistency 

Reference 
Check 

Measurements deviating 
far away from reference 

Bayesian approach (Ref. 
SST: daily OI SST v2) 

Mutual 
consistency 

Cross-platform 
Check 

Mutual verification with 
nearby measurements 
(“buddies check”) 

Bayesian approach based 
on space/time correlation of 
SST field  
(Correlation model: 2-scale 
SOAR, Martin et al., 2002) 

 688 
 689 
 690 

 691 

 692 

 693 

694 
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 695 

Table 2. Summary of iQuam QC statistics in 2009 NCEP-GTS in situ data. Note that statistics 696 

(Mean±SD) of each check are of the corresponding detected outliers, while the (Mean±SD) in next 697 

row (in bold) are of the remaining data after outliers were removed by each check. 698 

%(Mean±SD) Ships Drifters Tropical mooring Coastal moorings 

Before QC 100%(-0.01±2.19) 100%( 0.03±1.01) 100%( 0.06±0.76) 100%(-0.02±0.88) 

Duplicate 
Removal 

0.10%( 0.19±0.84)  0.44%(-0.04±1.09)  0.33%( 0.05±0.33)  0.003%(-0.535±3.67)  

(-0.01±2.19) ( 0.03±1.01) ( 0.06±0.76) (-0.02±0.88) 

Track Check 0.51% (-0.81±6.54)  0.04%( 0.40±2.06)  0.004%( 0.86±1.46)  0.001%( 1.04±7.52)  

(-0.00±2.15) ( 0.03±1.01) ( 0.06±0.76) (-0.02±0.88) 

Spike Check 0.14%(-0.89±14.74)  0.19%(-1.16±8.87)  0.30%(-0.11±12.26)  0.32%(-0.92±6.87)  

(-0.01±2.12) ( 0.03±0.94) ( 0.06±0.37) (-0.02±0.78) 

Reference 
Check 

5.75%(-1.67±8.08)  1.74%(-0.57±7.20)  1.00%( 0.22±6.98)  3.13%(-0.42±2.94)  

( 0.10±0.97) ( 0.04±0.35) ( 0.06±0.30) (-0.01±0.71) 

Cross-
platform 
Check 
(difference) 

0.74%(-1.53±7.67)  0.39%(-0.51±6.55)  0.14%( 0.11±6.57)  3.87%(-0.21±2.26)  

( 0.10±0.94) ( 0.04±0.33) ( 0.06±0.30) (-0.01±0.66) 

All 
Combined 

6.96%(-1.41±7.43)  2.63%(-0.41±5.90)  1.50%( 0.09±5.74)  7.17%(-0.21±2.26)  

After QC 93.0% ( 0.10±0.93) 97.4% ( 0.04±0.33) 98.5% ( 0.06±0.30) 93.8% (-0.01±0.66) 

 699 
 700 
 701 
 702 
 703 
 704 
Table 3. Contribution of cross-platform check (‘RC’-Reference Check, ‘XC’-Cross-platform check). 705 

Note that statistics (Mean±SD) are of the changed portion. 706 

%(Mean±SD) 1+ Buddies 6+ Buddies ‘good’ by RC 
→ ‘bad’ by XC 

‘bad’ by RC → 
‘good’ by XC 

Ships 96% 93% 0.98%(-0.157±2.831) 0.24%( 0.681±2.757) 

Drifters 91% 87% 0.53%(-0.129±1.600) 0.14%( 0.165±1.091) 

Tropical 
moorings 87 % 76% 0.21%(-0.220±1.477) 0.07%( 0.650±0.659) 

Coastal 
moorings 99 % 98% 4.34%(-0.050±1.437) 0.46%(-0.102±1.082) 

 707 
 708 
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 709 
Table 4. Global attributes of iQuam HDF files. 710 

Name Description 

FILE_NAME File name 

FIRST_CREATED Time when the file was first created 

LAST_UPDATED Time when the file was last updated 

RAW_DATA_SOURCE Data source 

IQUAM_VERSION Version of IQUAM 

HDF_VERSION Version of HDF 

START_TIME Time of the first in situ data record included in this file 

END_TIME Time of the last in situ data record included in this file 

SOURCE Data distributor 

CONTACT Contact points 

 711 
 712 
 713 

Table 5 Data layers in iQuam HDF files. 714 
Name Dimension Data Type Unit Range Fill Value 

Year n 16b INT - - - 

Month n 8b UINT - 1~12 - 

Day n 8b UINT - 1~31 - 

Hour n 8b UNIT - 0~23 - 

Minute n 8b UNIT - 0~59 - 

Latitude n 32b Float Degree -90~90 - 

Longitude n 32b Float Degree 0~360 - 

ID n*8 8b UNIT - - - 

Type n 8b UNIT - 1~4 0 

Sea_Surface_Temperature n 32b Float Degree C - NaN 

Sea_Surface_Pressure n 32b Float Pascal - NaN 

Wind_Direction n 32b Float Degree 0~360 NaN 

Wind_Speed n 32b Float m/s - NaN 

Air_Temperature n 32b Float Degree C - NaN 

Dew_Point n 32b Float Degree C - NaN 

Cloud_Coverage n 32b Float % - NaN 

Quality_Flag n 16b UINT - - 0xFFFF 
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 715 
Table 6 Definition of 16 bit Quality_Flag Layer. 716 

Bit Name Description 

0-1 Overall Quality 0-Normal, 2-Noisy, 1-Erroneous, 3-QC 
Unavailable 

2-3 Duplicate Check 0-No duplicate, 1-Duplicate kept, 2-Duplicate 
removed 

4 Track Check and Geolocation Check 0-Pass, 1-Fail 

5 SST Spike Check 0-Pass, 1-Fail 

6 ID Check 0-Valid, 1-Invalid 

7 Number of Buddies 0-Checked with at least 6 ‘Buddies’, 1-
Otherwise 

8-15 Scaled Probability of Gross Error BYTE (Probability_of_Gross_Error * 255), i.e. 
Quality Indicator (QI) 

 717 
 718 

Table 7. Definition of 2-bit Overall Quality flag 719 
Bit Overall Quality Definition 

‘00’ Normal (DC, TC, SC, GC all pass) and (PGE < 0.1) and (ID=valid) 

‘10’ Noisy ((DC, TC, SC, GC all pass) and (0.1<= PGE < 0.5)) or (ID=invalid) 

‘01’ Erroneous (PGE >= 0.5) or (any of DC, TC, SC, GC fail) 

‘11’ QC Unavailable QC not performed  

 720 
 721 
 722 
 723 
 724 
 725 
 726 
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 727 
(a) latitude sign swapped 728 

 729 
(b) latitude and longitude shifted by 1-2° 730 

 731 
(c) located off from the moored position 732 

Figure 1. Erroneous records of (a) ship, (b) drifter, and (c) mooring buoy detected by tracking check. 733 
 734 
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 735 
 736 
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 737 
Figure 2. Dependencies of SST anomaly statistics (histogram, bias, and SD) vs. probability of gross 738 
error for different platforms. 739 
 740 
 741 
 742 

 743 
Figure 3. iQuam – in situ SST QC and monitoring system. 744 

 745 
 746 

QC 
(every12hr) 
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 747 
Figure 4. iQuam web interface and global map of in situ measurements (April 2013). 748 

 749 
 750 
 751 
 752 
 753 

754 



Xu and Ignatov, In situ SST Quality Monitor (iQuam)  

V4.1 (5/18/2013)  Page 38 of 40 

 755 
 756 

 757 
(a) 758 

 759 
(b) 760 

 761 

 762 
(c) 763 

Figure 5. Monthly statistics stratified by platform types (showing here is April 2013): (a) Number of 764 
in situ data (N_Obs: total number of observations input into QC; N_QC: total number of 765 
observations which passed QC; DR/TC/SC/RC/XC: number of measurements detected by each QC 766 
checks); (b) statistics of ΔSST = in situ – reference (bias, SD, skewness, kurtosis, median, robust SD, 767 
and Number of matchups of quality controlled in situ with reference SST); (c) histogram of Quality 768 
controlled ΔSSTs. 769 
 770 
 771 

 772 
 773 
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 774 
Figure 6. Time-series of monthly statistics stratified by platform types: (a) number of platforms; (b) 775 
number of observations; (c) mean biases of SST anomalies after QC; (d) SD of SST anomalies after 776 
QC; (e) error rates (percentage of detected erroneous measurements) of each QC checks for drifters 777 
and (f) error rates of each checks for tropical moorings. 778 
 779 
 780 

(a) (b) 

(d) (c) 

(f) (e) 



Xu and Ignatov, In situ SST Quality Monitor (iQuam)  

V4.1 (5/18/2013)  Page 40 of 40 

 781 
Figure 7. Individual platform statistics (showing here is Ship ‘WDC6698’ in April 2013): (a) list of 782 
platforms and their statistics of QC results and SST anomalies; (b) monthly track map of individual 783 
platform; (b) monthly time-series of individual platform SST anomalies; (c) error rate history of 784 
individual platform. 785 
 786 

(a) (b) 

(c) (d) 
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