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 The Naval Research Laboratory (NRL) Sea Surface Temperature (SST) software suite categorizes each produced SST retrieval into one of three categories based on the estimated 
reliability of the data. Reliability categories, from most to least reliable, are respectively labeled “clear” (1), “probably clear” (2) and “questionable” (3). Quantitative reliability estimates 
in the form of bias and standard deviation are then derived from comparisons to buoys for each category, and assigned to each retrieval. This report documents how the NRL SST software 
suite categorizes the SST retrievals. Two methods currently coexist to categorize the SST data. The first method is the 20-year-old legacy categorization, which mostly depends on the “field 
test”, a comparison between SST retrievals and the corresponding analyzed SST field. The field test-based categorization is complemented by a series of ad hoc test to recover incorrectly 
categorized retrievals as the field test performs poorly in dynamic regions. This method has become less effective with the improved detection and discrimination of SST contamination 
that has been implemented within the NRL SST suite. The second method is the new standard categorization method, which relies on the tests that detect contamination of the SST 
retrievals within the NRL SST suite, and how well the retrievals pass the contamination tests, to assign reliability categories. For daytime, the “ref2d” reflectance table test is shown to be 
most valuable to categorize SST retrievals. For nighttime, the 4 µm brightness temperature inter-comparison test appears most effective for that categorization. Additional details on the 
standard categorization method and on other contamination tests which are used to estimate the reliability of the retrievals are included within this report. Currently the NRL SST suite 
uses the legacy categorization method to assign reliability categories for GOES-16, GOES-17, and Himawari-8 satellite-derived SST retrievals. The standard categorization is used for 
S-NPP, JPSS1, Metop-B, and Metop-C. EWS-G1 derived SST retrievals are produced with updated legacy software which is distributed along the NRL SST suite and also uses the legacy, 
albeit simplified, categorization method. Detailed description of the standard categorization tests, as well as information on the “ref2d” reflectance table, are included within this report.
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SST RELIABILITY CATEGORIES AND REFLECTANCE TABLE 
DOCUMENTATION 

1 INTRODUCTION 

The Naval Research Laboratory (NRL) Sea Surface Temperature (SST) software is designed to 
produce high quality satellite-derived SST retrievals from brightness temperature data at standard 
wavelengths by applying nonlinear and multichannel SST equations (Walton, 1998; Cayula, 2014). 
Brightness temperature and reflectance (visible) data are also used to detect contamination that reduces the 
accuracy of the SST retrievals (May, 1998; Cayula, 2016; May, 2021). Table 1 summarizes the various 
sensors, brightness temperature channel wavelengths, and platforms that are handled by the NRL SST 
software suite. The Naval Oceanographic Office (NAVOCEANO) currently uses the NRL SST software 
suite v2.8 to produce near real-time SST retrievals from 4 polar-orbiting satellites and 4 geostationary 
satellites, including EWS-G1 which is processed with updated legacy software. The SST retrievals are 
provided to the Fleet Numerical Meteorology and Oceanography Center (FNMOC) for assimilation into 
Navy ocean models, provided to the Physical Oceanography Distributed Active Archive Center 
(PO.DAAC) for archival and use by the international Group for High Resolution Sea Surface Temperature 
(GHRSST), and used for thermal analysis or other applications such as front detection.  

Table 1: Current sensors, brightness temperatures channels, and satellite platforms being processed by 
v2.8 NRL SST software suite. The blue rows indicate polar orbiting satellites while the green rows 

indicate geo-synchronous satellites. The orange row indicates the older generation EWS-G1 satellite, 
which is processed with updated legacy SST software. 

Sensor Brightness temperature 
channels (µm) 

Satellite platform 

Visible Infrared Imaging 
Radiometer Suite (VIIRS) 

3.7, 10.8, and 12.0 Suomi-National Polar-orbiting 
Partnership (S-NPP) and Joint Polar 

Satellite System (JPSS-1) 
Advanced Very High-Resolution 

Radiometer (AVHRR/3) 
3.7, 10.8, and 12.0 Metop-B and Metop-C 

(Metop-A until end of mission on 15 
November 2021) 

Advanced Baseline Imager (ABI) 3.9, 10.3, and 12.3 Geostationary Operational 
Environmental Satellite (GOES) 16 

and GOES 17 
Advanced Himawari Imager (AHI) 3.9, 10.4, and 12.0 Himawari-8 

Imager 3.9 and 10.8 Electro-optical infrared Weather 
System – Geostationary satellite 
(EWS-G1), formerly GOES-13 

Real-time reliability was implemented following increased interest in the inclusion of quantitative 
reliability information to be distributed along with the SST retrievals (Donlon, 2007). Having such 
information is crucial when, for example, merging SST retrievals from various sources, for optimal 
interpolation or for data assimilation. Due to being run in an operational environment, the implementation 
of the reliability scheme has been kept simple, relying on classifying SST retrievals into just three 
categories: “clear” (1), “probably clear” (2) and “questionable” (3). Another reason for limiting the number 
of reliability categories to three is that the NRL SST software is designed to only generate high quality data 
and discard SST retrievals that cannot be readily used, particularly for data assimilation. Quantitative 

_____________
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reliability estimates in the form of bias and standard deviation for each reliability category are updated daily 
by comparing buoys to the SST retrievals for the previous 30 days of match-up data for each satellite. The 
bias, standard deviation, and also the legacy root means square information is then appended to each 
currently produced SST retrieval based on the retrieval’s assigned reliability category. The quantitative 
reliability information for the EWS-G1 SST retrievals is manually updated as EWS-G1 SST processing 
relies on legacy software. 

Currently two procedures coexist to determine the reliability categories: the original, or legacy, 
categorization and the updated, or standard, categorization. The legacy categorization, which is described 
in detail in Cayula, 2004, depends principally on the field test: a comparison of the satellite-derived SST 
retrieval with an analyzed SST field. Originally the analyzed field was a 100-km gridded SST field (K100). 
This was later replaced by a 10-km gridded SST field (K10) which is produced by merging the past few 
weeks of neighboring satellite-derived SST retrievals for each K10 cell. SST data are weighed, in a non-
linear manner to preserve features, based on relative age, distance and estimated reliability. The field test 
works well in regions with little variability; however, it performs poorly in dynamic regions, often 
misclassifying category 1 retrievals as category 2 or 3 due to the K10 representing a static composite SST 
field from past observations. A series of ad hoc tests that utilize satellite and solar angles as well as both 
nonlinear and multichannel SST equations are used to recover incorrectly categorized retrievals, but they 
only very partially alleviate the problem. The issue is more problematic with the NRL SST suite as one of 
its features is a better retention of oceanic features compared to the previous generation of SST software 
that it replaces (Cayula, 2017).  

Due to the problems with the field test in dynamically active areas, the standard categorization 
procedure was created as a replacement of the legacy categorization procedure. The standard categorization 
minimally uses the field test and instead mainly relies on the feature retaining tests that detect contamination 
of the SST retrievals within the NRL SST suite. How well the retrievals pass multiple contamination tests 
then determines the quality of the retrievals.  

With the development of the standard categorization procedure, the legacy categorization procedure 
has been superseded and is no longer recommended for use. However, the standard categorization 
procedure has only been thoroughly validated with the polar-orbiting satellites. Additional evaluation and 
validation are necessary for implementation with the geostationary satellites. Therefore, while not ideal, the 
legacy categorization that is within the original reliability procedure from the previous generation of SST 
software is still used for GOES-16, GOES -17 (ABI sensor) and Himawari-8 (AHI sensor). The reliability 
procedure for NPP, JPSS1 (VIIRS sensor) and METOP-A/B/C (AVHRR/3 sensor) has been updated to the 
standard categorization. EWS-G1 (imager sensor) processing relies on legacy GOES SST software with 
updates because of the new data formats, although the cloud detection was not updated. The reliability 
estimation procedure is correspondingly based on the legacy reliability categorization but with only the 
field test applied. Because EWS-G1 is missing the 12.3µm channel, the added ad-hoc tests are not 
implementable. 

The first part of this study presents an overview of the standard reliability categorization detailing 
which tests and parameters are selected to classify SST retrievals into reliability categories. The second part 
of this study provides documentation of the “ref2d” reflectance table, a key component of the daytime cloud 
detection and of the standard reliability categorization. Details on the construction of the reflectance data 
training set, as well as the creation of a given sensor/satellite “ref2d” reflectance table are included. 
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2 STANDARD CATEGORIZATION 

The standard categorization in the reliability estimation procedure replaces the legacy categorization. 
Instead of relying mostly on the field test, the standard categorization leverages the calculations from the 
contamination and operational tests within the SST processing to determine the reliability categories of the 
SST retrievals.  

Section 2.1 describes the initial analysis of the intermediate calculations for selected SST tests based 
on the processing of S-NPP VIIRS data. Section 2.2 describes the operational standard categorization 
procedure as it is applied for METOP-B/C (AVHRR/3) SST processing and S-NPP/JPSS-1 (VIIRS) SST 
processing. 

2.1 Analysis and selection of SST for reliability estimation  

This section analyzes the intermediate results impact from select SST tests on the estimated reliability 
of the SST retrievals. The selected SST tests include:  

• “ref2d” reflectance 
• 4µm inter-comparison 
• brightness temperatures difference 
• proximity to cloud 
• satellite zenith angle 

Of most interest is the standard deviation of the SST retrievals as a function of test results because the 
standard deviation is an indication of reliability. The analysis presented in this study is based on S-NPP 
VIIRS data and relies on two different evaluation methods: orbital overlap and buoy matchups. 

The first evaluation method uses the orbital overlap described in (Cayula et al., 2015). It provides a 
dense comparison field but results are relative because the SST field is compared to itself. There is also a 
dependence with latitude as the amount of overlap varies with latitude, with minimum overlap near the 
equator and large overlap closer to the poles. The analysis for the orbital overlap method is mostly based 
on S-NPP VIIRS SST data from the entire day of 15 September 2018, including all longitudes and latitudes 
between 80°N and 80°S. 

The second evaluation method is a comparison with in situ buoys. It offers a sparse set of match-up 
data but error measurements are absolute with respect to the buoy measurements, which provides both bias 
and standard deviation. However, buoy measurements are not always exact and in this study buoy 
measurements that differ from the analyzed SST field by more than 3°C are discarded. Buoys not being 
uniformly distributed across the ocean domain can also introduce bias in the evaluation of the data. The 
analysis for the buoy matchup method is based on a NAVOCEANO provided data set consisting of matched 
buoy temperature data to S-NPP VIIRS SST retrievals that span the period from 4 June to 8 July 2020. The 
data set contains an average of about 3000 observations per day. 

2.1.1 “ref2d” Reflectance Table Test 

The reflectance table test is a daytime only test that compares the satellite observed reflectance values 
at 0.9µm with corresponding reflectance table (ref2d) values. The ref2d, discussed further in Section 5, is 
defined as the maximum reflectance that retains 90 percent of atmospheric clear-sky retrievals (derived 
from a given reference set) for a defined range of solar reflection and satellite zenith angles. SST retrievals 
with reflectance values greater than the corresponding ref2d values are identified as clouds.  
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To analyze the use of the reflectance table test for reliability categories, we examine the normalized 
reflectance difference (nrefdif) between the satellite measured reflectance at 0.9µm (refl) and the 
corresponding ref2d value, defined as 

 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟−𝑟𝑟𝑟𝑟𝑟𝑟2𝑑𝑑
𝑟𝑟𝑟𝑟𝑟𝑟2𝑑𝑑

 ( 1 ) 

The orbital overlap evaluation method is used to determine the reliability of various ranges of nrefdif, 
Table 2. The SST retrievals that are associated with nrefdif between 0.4 and 0.8 have the lowest standard 
deviation, meaning they are the most reliable. SST retrievals that are associated with nrefdif > 0.8 have a 
higher standard deviation, indicating less reliability. This result is expected because regions with high 
reflectance values often indicate clouds. More unexpectedly, however, is the SST retrievals that are 
associated with nrefdif < 0.4 are also associated with a higher standard deviation.  

 

Table 2: Results of the orbital overlap analysis for defined ranges of normalized reflectance difference 
(nrefdif) values. 

nrefdif Range count Standard deviation (°K) 

> 1.0 114981 0.39 

0.8 to 1.0 150606 0.4 

0.6 to 0.8 373878 0.35 

0.4 to 0.6 539627 0.35 

< 0.4 108043 0.43 

 

2.1.2 4µm Inter-comparison Test 

The 4µm inter-comparison test is a nighttime only test that compares the observed 3.x µm brightness 
temperature (which is approximately at 4 µm) with a 4 µm estimate determined as a function of the 10.x 
µm and 12.x µm brightness temperatures. SST retrievals with large differences between the observed and 
estimated 4 µm brightness temperature indicate probable contamination. In particular for the VIIRS SST 
retrievals, when the maximum difference is greater than 0.5°K, the SST retrieval is flagged as contaminated. 

To analyze the use of the 4 µm inter-comparison test for reliability categories, we examined n4µmdif, 
the magnitude of the difference between the measured (4𝑜𝑜𝑜𝑜𝑜𝑜) and estimated (4𝑟𝑟𝑜𝑜𝑒𝑒) 4 µm brightness 
temperatures, normalized by the maximum accepted difference (𝑚𝑚𝑚𝑚𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛 = 0.5°K), defined as 

 𝑛𝑛4𝜇𝜇𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛 = |4𝑜𝑜𝑜𝑜𝑜𝑜−4𝑒𝑒𝑜𝑜𝑒𝑒|
𝑚𝑚𝑚𝑚𝑚𝑚𝑑𝑑𝑚𝑚𝑟𝑟𝑟𝑟

 ( 2 ) 

The orbital overlap evaluation method is used to determine the reliability of various ranges of n4µmdif, 
Table 3. There is a relatively steady increase of the standard deviation of the SST retrievals as the 4µm 
inter-comparison difference increases. The standard deviation is lowest (meaning the reliability is highest) 
for n4µmdif under 0.5, which corresponds to 80 percent of the data and a maximum difference of 0.25°K. 
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Table 3: Results of the orbital overlap analysis for specific ranges of normalized 4µm brightness 
temperature difference (n4µmdif) values. 

n4µmdif Range Count Standard deviation (°K) 

> 0.9 29855 0.33 

0.7 to 0.9 82658 0.32 

0.5 to 0.7 130875 0.3 

0.3 to 0.5 227702 0.26 

< 0.3 809597 0.25 

 

We also use the buoy comparison evaluation method to determine the reliability of various ranges of 
n4µmdif, Figure 1. The buoy comparison evaluation method results agree with those presented for the 
orbital overall evaluation method, Table 3. As the n4µmdif increases, the standard deviation of the SST 
retrievals also increases. Additionally, as the n4µmdif increases, the relative frequency decreases. The 
relative frequency represents the percentage of SST retrievals for a given range of n4µmdif relative to the 
total number of SST retrievals included.  

 

 
Figure 1: Results of the buoy analysis for n4µmdif values. X-axis is the normalized difference between 4µm BT value and 

equation. The y-axis is the SST-buoy standard deviation (°K) in the blue line and the relative frequency in the red line. 

 

2.1.3 Brightness Temperature Difference Test 

The brightness temperature difference test is currently applied during both the daytime and the 
nighttime. This test compares the difference between the 10.x µm and 12.x µm brightness temperatures 
with an upper threshold, which is a function of the SST retrieval. SST retrievals that have a brightness 
temperature difference larger than the defined threshold are flagged as contaminated.  
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To analyze the use of the brightness temperature difference test for reliability categories, we examined 
nbtdif, the difference between the observed 10.x µm (10. 𝑚𝑚𝐵𝐵𝐵𝐵) and 12.x µm (12. 𝑚𝑚𝐵𝐵𝐵𝐵) brightness 
temperatures, normalized by the maximum threshold (𝑚𝑚𝑚𝑚𝑚𝑚𝑚𝑚ℎ𝑙𝑙𝑛𝑛), defined as 

 𝑛𝑛𝑛𝑛𝑚𝑚𝑛𝑛𝑛𝑛𝑛𝑛 = 10.𝑚𝑚𝐵𝐵𝐵𝐵−12.𝑚𝑚𝐵𝐵𝐵𝐵
𝑚𝑚𝑚𝑚𝑚𝑚𝑒𝑒ℎ𝑟𝑟𝑑𝑑

 ( 3 ) 

The brightness temperature difference test results are presented separately for daytime and nighttime. 

2.1.3.1 DAYTIME 

We determined the daytime reliability of various ranges of nbtdif using both the orbital overlap 
evaluation method (Table 4) and the buoy comparison evaluation method (Table 5). Both methods show 
that the SST retrievals associated with nbtdif between 0.2 and 0.8 have the lowest standard deviation, 
meaning they are the most reliable. The SST retrievals with n4btdif greater than 0.8 or lower than 0.2 have 
greater variability, meaning lower reliability. The amount of SST retrievals with nbtdif less than 0.2 
represent about 20 percent of the SST retrievals with the orbital overlap method, and only about 3 percent 
of the SST retrievals with the buoy comparison method. For nbtdif greater than 0.8, the proportion of the 
data for the two methods are reversed. The amount of SST retrievals with nbtdif greater than 0.8 represent 
only about .2 percent of the SST retrievals with the orbital overlap method, and about 9 percent of the SST 
retrievals with the buoy comparison method.  

With the buoy comparison evaluation method, Table 5, the SST retrieval bias for the various ranges 
of nbtdif are also shown with the mean difference. When nbtdif < 0.3, the SST retrievals have a negative 
mean difference, indicating a cold bias in the SST retrievals. A negative mean difference is typically 
associated with contaminated data, generally from clouds or aerosol. When nbtdif > 0.8, the SST retrievals 
have a more extreme positive mean difference, indicating a significant warm bias in the SST retrievals. 
This is possibly due to the effect of diurnal warming.  

As an additional note here, the VIIRS SST processing also includes a lower brightness temperature 
threshold test. While the lower threshold was not investigated here; in light of Table 4, this test may need 
to be reexamined. 

 
Table 4: Daytime results of the orbital overlap analysis for specific ranges of normalized brightness 

temperature difference (nbtdif) values. 

nbtdif Range Count Standard deviation (°K) 

0.8 to 1.0 1997 0.59 

0.6 to 0.8 81068 0.27 

0.45 to 0.6 118105 0.3 

0.3 to 0.45 341114 0.36 

0.2 to 0.3 403162 0.37 

0.0 to 0.2 294640 0.41 

< 0.0 47049 0.42 
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Table 5: Daytime results of the buoy match-up analysis for specific ranges of normalized brightness 
temperature difference (nbtdif) values. 

n4btdif Range Relative frequency Mean difference (°K) Standard deviation (°K) 

0.8 to 1.0 0.09 0.21 0.55 
0.6 to 0.8 0.26 0.06 0.47 
0.45 to 0.6 0.32 0.03 0.41 
0.3 to 0.45 0.24 0.02 0.42 
0.2 to 0.3 0.05 -0.06 0.49 
0.0 to 0.2 0.03 -0.24 0.77 

< 0.0 0.003 -0.86 0.65 

 

2.1.3.2 NIGHTTIME 

While the brightness temperature difference test is now applied to the VIIRS SST processing during 
both daytime and nighttime, the VIIRS SST data used in this analysis only had this test applied during the 
daytime. Therefore, to investigated the usefulness of this test for reliability categories during nighttime, we 
determined the nighttime reliability of various ranges of nbtdif using only the buoy comparison evaluation 
method (Table 6). Similar to the buoy matchup daytime results, the nighttime SST retrievals associated 
with nbtdif within the 0.2 to 0.8 range are the most reliable. Additionally, the nighttime SST retrievals 
within the 0.8 to 1.0 nbtdif range also have a relatively low variability and minimal bias, indicating high 
reliability. The SST retrievals with nbtdif greater than 1.0 represent about 1 percent of the data, and exhibit 
higher variability (meaning less reliability) but still a low bias.  

 
Table 6: Nighttime results of the buoy match-up analysis for specific ranges of normalized brightness 

temperature difference (nbtdif) values.  
nbtdif Range Relative frequency Mean difference (°K) Standard deviation (°K) 

> 1.0 0.01 0.01 0.55 
1.0 to 0.8 0.08 -0.01 0.41 
0.8 to 0.6 0.28 -0.01 0.37 

0.6 to 0.45 0.34 -0.04 0.35 
0.45 to 0.3 0.22 -0.06 0.33 
0.3 to 0.2 0.04 -0.02 0.42 
0.2 to 0.0 0.02 -0.08 0.51 

< 0.0 0.003 -0.39 0.52 

 

2.1.4 Proximity to Cloud Test 

The proximity to cloud test is applied during both the daytime and the nighttime. This test is used in 
the SST processing to remove cloud-contaminated pixels at the edge of clear regions. A given pixel is 
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determined to be cloud-contaminated if at least one point in the 3x3 pixel window surrounding the given 
pixel is classified as “not clear”.  

To analyze the use of the proximity to cloud test for reliability categories, we examined the daytime 
SST retrievals as a function of the pixel cloud classification using the orbital overlap evaluation (Table 7). 
The reliability of samples that are adjacent to clouds (or more correctly contaminated regions) vs. the 
reliability of samples within atmospheric clear-sky conditions is measured. The SST retrievals with only 
clear neighbors (defined by the 3x3 pixel window) have a lower standard deviation than samples with 
neighboring flagged pixels. While not show, the number of flagged pixels surrounding a sample, from 1 to 
8, does not appear to affect the reliability of the statistics. 

The proximity to cloud test was also analyzed for reliability categories of the nighttime SST retrievals. 
However, the results for nighttime processing were inconclusive. This is possibly a consequence of the 
heavier approach to removing data based on proximity to cloud for nighttime processing than for daytime 
processing. 

 
Table 7: Daytime results of the orbital overlap analysis for effect of proximity to cloud 

Pixel cloud classification Count Standard deviation (°K) 

At least one “not clear” neighbor 298182 0.52 

All clear neighbors 567816 0.44 

 

2.1.5 Satellite Zenith Angle 

The satellite zenith angle is also found to affect the reliability of the observations due to multiple 
reasons, including the path length and footprint size. If the satellite zenith angle is above a defined 
maximum threshold (szamax), then the SST retrieval is discarded. The value of szamax depends on the sensor 
and the satellite. It is set to 68° for all the GOES satellites and Himawari; 75° for S-NPP and JPSS1 and, 
53°for METOP B/C.  

The buoy comparison evaluation method is used to determine the reliability of various ranges of the 
satellite zenith angle (Figure 2). As the satellite zenith angle increases, the standard deviation also increases, 
meaning the reliability decreases. Similar results were achieved with the orbital overlap evaluation method; 
however, those results are complicated because at low latitudes around the equator the amount of orbital 
overlap is reduced. 
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Figure 2: Standard SST-buoy standard deviation (°K) as a function of the satellite zenith angle. Nighttime results are shown in 

the blue line and daytime results are shown in the red line. 

 

2.2 Operational Implementation 

Based on the analysis of the SST tests in Section 2.1, the reliability module in the NRL SST software 
suite was updated to implement the new standard categorization method for VIIRS and AVHRR SST 
retrievals. The updated software was provided to NAVOCEANO, the transition partner receiving and 
operating the NRL SST software suite. NAVOCEANO then operationally tested the updated reliability 
procedure. Appropriate parameters and thresholds for VIIRS and AVHRR were determined and included 
in the operational SST processing. The operational daytime and nighttime standard categorization 
procedure is defined in Figure 3.  
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Figure 3: Procedure used for the standard categorization during daytime (left) and nighttime (right).  

The field test which is used in certain cases to differentiate between categories 2 and 3 is the absolute 
difference between the SST field and the analyzed field, currently the K10.  

For the daytime, the reflectance test (𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑜𝑜𝑟𝑟𝑚𝑚) is defined as 

 𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑛𝑜𝑜𝑟𝑟𝑚𝑚 = 𝑟𝑟𝑟𝑟𝑟𝑟𝑟𝑟
𝑟𝑟𝑟𝑟𝑟𝑟2𝑑𝑑

 ( 4 ) 

where refl is the reflectance at 0.9µm and ref2d is the reflectance table value determined for each sensor.  

The cloud fraction test (𝑐𝑐𝑙𝑙𝑐𝑐𝑐𝑐𝑛𝑛𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓) is defined as 

 𝑐𝑐𝑙𝑙𝑐𝑐𝑐𝑐𝑛𝑛𝑟𝑟𝑟𝑟𝑚𝑚𝑓𝑓 = 𝑝𝑝𝑚𝑚𝑚𝑚𝑟𝑟𝑟𝑟𝑜𝑜𝑐𝑐𝑙𝑙𝑜𝑜𝑙𝑙𝑙𝑙𝑙𝑙
𝑝𝑝𝑚𝑚𝑚𝑚𝑟𝑟𝑟𝑟𝑜𝑜𝑒𝑒𝑜𝑜𝑒𝑒𝑡𝑡𝑙𝑙

 ( 5 ) 

where pixelscloudy is the number of cloudy pixels in a 3x3 pixel window centered on the given pixel and 
pixelstotal is the total number of pixels in a 3x3 pixel window centered on the given pixel. 

For the nighttime, the 4µm inter-comparison test (4𝜇𝜇𝑚𝑚𝑑𝑑𝑚𝑚𝑟𝑟𝑟𝑟) is defined as 

 4𝜇𝜇𝑚𝑚𝑑𝑑𝑚𝑚𝑟𝑟𝑟𝑟 = |4𝑜𝑜𝑜𝑜𝑜𝑜 − 4𝑟𝑟𝑜𝑜𝑒𝑒| ( 6 ) 

where 4𝑜𝑜𝑜𝑜𝑜𝑜 is the satellite measured 3.x µm brightness temperature and 4𝑟𝑟𝑜𝑜𝑒𝑒 is the estimated 4µm brightness 
temperature using the 10.x µm and 12 µm brightness temperatures. diffmax is set to 0.5°K.  

The brightness temperature difference test (𝐵𝐵𝐵𝐵𝑑𝑑𝑚𝑚𝑟𝑟𝑟𝑟) is defined as  

 𝐵𝐵𝐵𝐵𝑑𝑑𝑚𝑚𝑟𝑟𝑟𝑟 = 10. 𝑚𝑚𝐵𝐵𝐵𝐵 − 12. 𝑚𝑚𝐵𝐵𝐵𝐵 ( 7 ) 

where 10.𝑚𝑚𝐵𝐵𝐵𝐵 is the observed 10.x µm brightness temperature and 12. 𝑚𝑚𝐵𝐵𝐵𝐵 is the observed 12.x µm 
brightness temperature. 
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3 REFLECTANCE TABLE 

As discussed in the previous sections, the reflectance table is used during the daytime for both SST 
retrieval processing as well as the determining the retrieval classification. Because it is applied during the 
daytime, it depends to a large extent on using the data from the visible channels. In particular, the SST 
retrievals rely on the reflectance at 0.9µm. Essentially, the reflectance table test compares the reflectance 
(refl) at each latitude / longitude location with a corresponding value in the reflectance table (ref2d), where 
ref2d is a function of the satellite zenith angle and the solar reflection angle. The SST retrieval passes the 
reflectance table test when the reflectance is less than or equal to the corresponding ref2d value, defined as 

 𝑛𝑛𝑛𝑛𝑛𝑛𝑙𝑙 ≤ 𝑛𝑛𝑛𝑛𝑛𝑛2𝑛𝑛 ( 8 ) 

There is approximately a 10 percent probability that locations that fail the reflectance table test are in 
fact clear. This is most likely to be true for locations with reflectance values only slightly above the 
corresponding ref2d value. Therefore, when the SST retrieval and the background field are sufficiently 
consistent ((𝑆𝑆𝑆𝑆𝐵𝐵 − 𝐾𝐾10) ≥ −0.25°𝐾𝐾), a relaxed reflectance table test is applied, defined as 

 𝑛𝑛𝑛𝑛𝑛𝑛𝑙𝑙 ≤ 𝑛𝑛𝑛𝑛𝑛𝑛2𝑛𝑛 ∗ 1.5 ( 9 ) 

In effect, we increase the tolerance to retain retrievals as long as those retrievals are also consistent 
with estimates based on the consensus of prior local measurements. This application of the relaxed 
reflectance table test reduces the risk that a false positive test incorrectly classifies locations as cloud-
contaminated while simultaneously minimizing the effects when contaminated SST retrievals pass through 
as a consequence of the increased risk of a false negative. While the K10 background field is used here, this 
test could be modified to use alternate background estimates of SST. 

3.1 Construction of a Training Data Set  

Building the ref2d relies on an initial set of reasonably clean (low contamination) SST retrievals and 
associated data in order to determine the range of reflectance values corresponding to clear sky conditions. 
While the normal cloud detection process attempts to retain fine-scale variations that are associated with 
features such as ocean fronts, those features which are mostly independent of the reflectance are not needed 
to build the reflectance table, meaning a coarse set of reliable SST data is sufficient. For this purpose, a 
comparison test with the analyzed SST field is used with a small tolerance to only retain SST retrievals that 
are consistent with validated satellite-derived observations. The choice is to limit the produced SST values 
to a minimum of 0.5°K below the K10 analyzed field and a maximum of 1.0°K above.  For this purpose, 
the following line can be added in the cloud parameter file: 

fieldtest -0.5 1.0 -0.5 1.0 

Note the tighter tolerance on the low side is consistent with the expectation that cloud contamination 
will tend to produce a cold bias in retrievals. 

In addition to enabling the field test, the ref2d test must also be turned off. As a reminder, the purpose 
of the SST retrievals that are produced here is to construct the ref2d itself. The reftbl entry in the cloud 
parameter file can be commented out to disable the reflectance test. 

The ref2d depends on the satellite zenith angles, the solar reflection angles, and the reflectance. The 
best way to extract this information is to run the SST program in mode 3, which produces extended L2P 
files and is the only mode that will readily output the solar reflection angle. 

Construction of the reflectance needs a reasonable, but not overwhelming, number of observations. 
The observations should span the full ranges of satellite zenith and solar reflection angles covered by the 
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corresponding satellite. It is recommended that about 4 days of data be processed, where the days are spread 
evenly across the months (and thus angles) of available input data. 

 

3.2 Two-step Creation of ref2d  

The creation of the ref2d is done in two steps. The first step processes the extended L2P files, which 
were produced by running the SST program in mode 3. The data that form the training data set are selected 
and extracted from the extended L2P files with the “lfreflectangle.m” octave script. At NAVOCEANO, the 
script should be installed in ${OPS}/prod/scripts directory. 

The second step uses the extracted data produced from processing the extended L2P files to create the 
ref2d as a function of the satellite zenith angle and solar reflection angle with the “vistt2dsimple.m” octave 
script. At NAVOCEANO, the script should be installed in ${OPS}/prod/scripts directory. 

The script to produce the ref2d attempts to determine the maximum clear-sky reflectance as a function 
of the satellite zenith angle and solar reflection angle. Although the field test produces an SST field which 
is mostly free from contamination, the test itself is not really a contamination test, as such some 
contamination leakage can be expected. To balance contamination, which results in incorrect higher 
reflectance maxima and removal of the clear data which depresses the maxima, the top 10 percent of 
reflectance samples in the training data set are discarded. Thus, the ref2d records the reflectance 
corresponding to the 90th percentile for the retrievals. These maximum reflectance values are binned as a 
function of the satellite zenith angle and solar reflection angle. 

In the ref2d files, the solar reflection angle spans a range of 0° to 110° with 2° increments. Thus 
providing 55 values centered at the mid-point of each 2° interval. Similarly, the satellite zenith angles span 
a range of 0° to 70° range with a 2° increment. Thus providing 35 values centered at the mid-point of each 
2° interval. 

For reference, the ref2d and sample count for NPP VIIRS are shown in Figure 4 and Figure 5, 
respectively. 
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Figure 4: Reflectance table (ref2d) as a function of satellite zenith angle (y-axis) and sun glint angle (x-axis) for NPP VIIRS. 

 
 

 
Figure 5: Sample count associated with ref2d in Figure 4. 
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3.3 One-step Creation of ref2d 

For simplification, the “buildref2d.sh” script combines and sets up the execution of the two separate 
octave scripts described in the previous section. The “buildref2d.sh” script accepts 4 input arguments. 
However, running the script without arguments displays the help section, as shown below  

>> buildref2d.sh 

 

Script to build a ref2d table. 

 

Usage: 

       buildref2d.sh file_list [ ref2d_file [ stride [ mdir ]]] 

 

Parameters: 

 file_list: List of extended L2p files to analyze (mandatory) 

 ref2d_file: name of ref2d file (default: refl2d6.txt) 

 stride: sampling stride for input data (default: 2) 

 mdir: directory containing m-scripts (default: /prod/scripts) 

 

The first argument, file_list, is the name of the file that contains the list of all the extended L2P files 
to be processed. If the L2P files are in directory “/a/b/c”, “file_list” could be obtained by typing “ls 
/a/b/c/*.nc > “file_list”.  

The second argument, ref2d_file, is the name of the output ref2d file. If the argument is missing, the 
default is “refl2d6.txt” in the current directory.  

The third argument, stride, allows a specific number of pixels to be skipped in both x and y directions. 
The default “stride” value is 2. The stride argument may be useful to decimate the data when the amount 
of data is too voluminous. However, it can only be redefined if the second argument, ref2d_file, is present.  

The last argument, mdir, defines the location where the octave scripts are installed. At NAVOCEANO, 
the argument is not necessary if the scripts are installed in their standard location: ${OPS}/prod/scripts. 
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4 CONCLUSIONS 

The legacy and standard reliability categories associated with the SST retrievals produced from the 
NRL SST software suite v2.8 have been documented in this study. The legacy categorization determines 
the reliability categories for the GOES-16, GOES-17 and Himawari-8 SST retrievals. This procedure 
depends heavily on the field test, a comparison of the SST retrievals with the K10 analyzed field, and as 
such may not work well in dynamic regions. The EWS-G1 SST processing is based on legacy GOES SST 
software and accordingly also depends on the legacy categorization within the reliability module. However, 
the reliability categorization for EWS-G1 has been reduced to only the field test because the missing 
12.3µm channel prevents the implementation of complementary tests. 

The reliability module for S-NPP, JPSS-1 and METOP-B/C SST processing has been updated to 
implement the new, standard categorization methodology. Compared to the legacy method, the standard 
categorization depends much less on the field test and instead utilizes tests that detect contamination to 
determine the reliability categories. The “ref2d” reflectance table test was found to be the most valuable to 
categorizing the SST retrievals during the daytime, while the 4 µm brightness temperature inter-comparison 
test was found to be the most valuable during the nighttime.  

This study also includes documentation for building the reflectance table.  

The NRL SST reliability categorization provides a method to include quantitative reliability estimates 
with every operationally generated SST retrieval. From the implementation of the standard categorization 
method, thresholds for the decision rules have not needed updating. Thus, making the methodology robust 
and low-maintenance, which are major requirements in an operational environment. Future work should 
include the development of better statistics for regions with dynamic features. The assignment of reliability 
estimates to currently discarded retrievals would also make the attached reliability estimates more 
meaningful and allow end-users to better select data according to their needs. 

Currently, the standard categorization procedure has only been validated for the polar-orbiting 
satellites. Future work should include the expansion of the standard categorization procedure to the 
geostationary satellites to take advantage of the retention of fine-scale variations. Additional evaluation and 
validation efforts are necessary for this implementation. 
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