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1 - Product Summary

This algorithm returns the skin sea surface temperature in units of °C. The short-wave infrared
(SWIR) SST product makes use of the 3.9 and 4 pm spectral bands. MODIS was the first
spacecraft radiometer to have multiple infrared bands in the SWIR atmospheric transmission
window (bands 20, 22 and 23). This window is more transparent and less variable than that of
the LWIR region (bands 31 and 32), making the SWIR region very suitable for the derivation of
SST. In addition, by being on the short-wavelength side of the peak of Planck’s function at ocean
temperatures, this spectral interval offers a greater sensitivity to changes in the SST than in the
LWIR, even though the signal itself is smaller. While some heritage instruments had a single
channel 1n this spectral region and were used in conjunction with the LWIR to retrieve SST
(Llewellyn-Jones et al. 1984) and more recently the VIIRS sensors (Minnett et. al. 2014),
MODIS was the first and only sensor to date for which SST could be derived solely from the
SWIR window (Kilpatrick et. al. 2015). This product is referred to as “SST4” where the “4”
indicates the proximity of the bands used to SWIR wavelengths of 4 um.
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Figure 1: MODIS AQUA R2019 SST4 - 4km daily field for September 23rd 2016.

Algorithm point of contact: Peter Minnett of the Rosenstiel School of Marine and Atmospheric
Science (RSMAS) at the University of Miami.

The MODIS SST4 algorithm and quality assessment are the responsibility of the MODIS
Science Team Lead for SST (currently P. Minnett of the Rosenstiel School of Marine and
Atmospheric Science (RSMAS) at the University of Miami).

NASA's standard processing and distribution of the SST4 product is performed using software
developed by the Ocean Biology Processing Group (OB.DAAC/OBPG). The OB.DAAC
generates Level-2 SST4 product using the Multi-Sensor Level-1 to Level-2 software (12gen),
which is the same software used to generate MODIS and VIIRS ocean color products. The TOA
brightness temperatures used by the SST4 algorithm are derived from the measured calibrated
radiances using Planck’s Equation convolved with the spectral response function of each band.
To facilitate processing directly from the L1a files, and eliminate the need to archive the L1b at
the OB.DAAC, L2gen uses a radiance to brightness temperature relationship table that is
precomputed for the spectral response of each channel. These precomputed tables have been
verified to produce identical brightness temperatures to those found in the standard L1b files and
are stored locally and loaded during L2 processing at runtime.

Details of the SST4 processing implementation within L2gen are provided in this document. The
description is valid for both the NASA standard product distributed by the OB.DAAC and the
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Physical Oceanography DAAC, where the SST4 files are repackaged according to the Group for
high resolution SST (GHRSST) L2p format.

SST4 Product definition

The sea surface temperature derived from measurements of the MODIS infrared radiometers is
commonly referred to as the skin temperature of the ocean. This is because the radiance
measured by infrared radiometers originates in the surface skin layer of the ocean and not the
body of water below as measured by in situ thermometers (Donlon et al., 2007). The thermal
skin layer of the ocean is less than 1 mm thick (Hanafin, 2002; Hanafin and Minnett, 2002;
Wong and Minnett, 2018) and as a rule is cooler than the underlying water due to vertical heat
flux, with the direction of flux typically from the ocean to the atmosphere. Three distinct
processes impact near surface ocean temperature gradients: absorption of solar isolation, heat
exchange with the atmosphere, and sub-surface turbulence. Generally, at night or when wind
speeds are greater than ~6 m/s the relationship between the skin temperature and the subsurface
is often quite stable in the mean. It is under these conditions that validation and uncertainty
estimates relative to sub- surface in situ buoys are typically reported. The relationship can,
however, be very variable under conditions of high insolation, low wind speeds, and reduced
sub-surface turbulence (Minnett, 2003; Ward, 2006). A more complete discussion of subsurface
SST gradients and SST depth definitions and applications can be found here. The challenge of
validating satellite skin SST measures for a climate data record, and the use of ship board
radiometers for validation can be found in Minnett (2010), Minnett and Corlett (2012) and
Corlett et al., (2014).

2 - Algorithm Description

The MODIS bands located near 4pm (20, 22, and 23) exhibit high sensitivity (defined as 1/L
dL/dT where L is the radiance emitted by the ocean surface and T is temperature) and are placed
where the influence of the atmosphere on the top of the atmosphere (TOA) radiances is smaller
and somewhat less variable than in other spectral regions where the atmosphere is relatively
transmissive. Figure 2 presents spectra of the earth radiance at satellite height from 3 pm to 14
um wavelengths for three standard atmospheres. Bands in the LWIR between 10um and 12um
(31 and 32) are located near the maximum emission for the range of SST and placed such that
there is a significant difference in the band integrated atmospheric effect, due primarily to water
vapor, for the two bands. In contrast the SWIR bands, have minimal water vapor influence, but
suffer from reflected solar radiance during daylight. The LWIR bands used in the SST products
are influenced by large water vapor radiative effects, especially in tropical air masses (Figure 2).
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Figure 2. Atmospheric transmission spectra in the infrared for Polar, Mid-latitudes and
Tropical atmospheres: Top panel. Relative spectral response for the MODIS IR bands: bottom
panel. The smooth lines are Planck’s function between 0-30°C (Minnett and Barton, 2010).

The current algorithm for computing SST4 is shown below, and is also described in Kilpatrick
et. al. (2015). The foundations of the prototype algorithm can be found in the original theoretical
basis document, ATBD25 of Brown and Minnett (1999) which can be found here.

Inputs:

o T3q,m: brightness temperature at 3.959 pm, in °C

o T4 oum: brightness temperature at 4.050 pm, in °C

e 0:sensor zenith angle

e 0 *: sensor zenith angle made negative for pixels in the first half of the scan line
e mirror: mirror side number (0 or 1)

o coefficients aj: algorithm coefficient sets for month of year and latitude zone ij

The coefficients aij are derived and continuously verified based on match-ups between the
satellite retrievals of brightness temperature and field measurements of sea surface temperature.
The coefficients are provided to L2gen through external files, which are in a columned ascii
format of “sensor, month-start-day, month-end-day, latitude-start, latitude-end, aiio, aii, aiz, ais,
ais, ais” the last several fields of each record contain internal diagnostic data and can be ignored.
A link to the MODIS/Aqua SST4 coefficient file is here and the MODIS/Terra SST4 file is here.

Output:
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e SSTin°C
Generic Algorithm:

S§§T4 = aijy + aijy * T3 gum + aij, (T3.9Hm — T4_0um) + aij;(secl — 1)) + aij,(mirror)
+ aijs (0 *) + aijs(6°)

MODIS has a unique design and includes a double-sided “paddle-wheel” scan mirror and
multiple detectors for each spectral band: ten detectors for each of the 1-km resolution bands,
digitized to 12 bits. The terms in red are related to (i) correcting for any potential imbalance
between the mirror sides, (i) reducing any response versus scan angle (RVS) issues that may be
present due to imperfectly characterized changes or degradation in the mirror surfaces, and (iii)
improving retrievals at the increasingly longer path-length. Beginning with R2014, NASA SST4
products use month of year coefficients derived for distinct atmospheric regions based on
latitude bands. R2014 and R2016 used 6 latitude bands in each hemisphere in 20° intervals from
0° to 40°, and then a single large interval from 40° poleward. The current products have
coefficients for an additional 7th band north of 60°N to better represent Arctic atmospheres
(Kilpatrick et al., 2019b; Jia, 2019; Jia & Minnett, 2020).

To reduce the risk of discontinuities in SST4 at geographic boundaries caused by switching
between sets of coefficients, the SST4 of a pixel at latitude, lat, within 2.5 degrees of latitude
from a boundary, at latitude, /at, are weighted as a function of latitudinal distance from the
transition according to the following formulation.

S§8T4,, = aijy + aij; xBT5 9ym + aij; (BT3_9ﬂm — BT4_0#m) + aijs;(sec(60 — 1))
+ aij,(mirror) + aijs (0 *) + aijs(0%)
SS8T4p; = aiky + aik1T; oym + aiky (T3.9um — Taoum) + atks(sec(6 — 1)) + aik,(mirror)
+ ais(8 *) + ajks(8?)
SST4 = S§T4,, + (SST4y; — SS4Ty,) * (lat — lat, + 2.5)/5.0
The SWIR measurements near 4um are affected by bright reflective sources, such as sun glint,
and by atmospheric scattering. Due to such contamination, the short-wave SST product is not
considered valid for daytime use.

Quality flagging:

All OB.DAAC files contain a numeric Quality Level for each pixel, assigned by evaluating the
test results stored in SST flags, with quality level 0 being the highest quality and quality 4 being
the worst. Clear data assigned the highest quality is limited to satellite zenith angles <55
degrees, where the atmospheric path length is shorter and where error characteristics are better
characterized, generally stable, and predictable. Clear pixel at zenith angles > 55 degrees are
assigned to good qualityl and are useable, but may have higher uncertainty in the retrieval error.
Quality levels > 1 should not be used for scientific studies as they may have significant cloud
contamination or a variety of other problems.


file://///resources/atbd/sst/flag/

Table 1. Quality level definitions
Quality level Meaning
0 Best satellite zenith angle < 55 degrees
1 Good/acceptable but in glint or high viewing angle
2 Suspect
3 Bad Cloud/ice/dust or atmospheric correction failed
4 Not processed or land

Note: For PO.DAAC L2p GHRSST formatted files the quality/proximity confidence value order
is reversed, with 5 “best” and 4 “good” being useable retrievals. Any L2p quality values 3 or less
are unacceptable for the NASA IR SST products as described here and should not be used for
science purposes. A flow chart of the tests and flags involved with the quality level assignment
can be found here.

Cloud Identification

The cloud mask for NASA MODIS SST4 fields uses a collection of tests to indicate whether a
pixel corresponds to clear-sky conditions. For versions R2014 and earlier of MODIS SST4
products, the cloud mask used recursive binary decision trees (BDtrees) (Kilpatrick et al., 2015;
Kilpatrick et al., 2001) based on the machine learning classification algorithm of Breiman et. al.
(1984). The MODIS R2019 uses a new cloud classification method (Kilpatrick et. al. 2019)
based on the classification theory of Alternating Decision Trees (ADtree) (Freund and Mason
1999, Pfahringer et. al. 2000).

There are two types of misclassification errors related to cloud detection in SST products: cloudy
pixels misclassified as clear, and clear pixels misclassified as cloud. These two types of error
have differing impacts on the SST products. Misclassification of a cloud-contaminated pixel as
clear obviously introduces errors in SST retrievals itself; unidentified cloud within a pixel often
results in a negative bias in SST (Ackerman et al., 1998). In contrast, an overly conservative
cloud mask can introduce significant sampling errors, as many truly cloud-free pixels are
excluded from spatially-binned SST fields, leading to incomplete SST coverage. More
importantly, the excessive censoring of lower (yet cloud-free) SST values leads to a failure in
capturing the true geophysical variability of SST (Liu and Minnett, 2016; Liu at al., 2017;
Kilpatrick, 2019). False masking of valid yet anomalously cold sea surface pixels is a pervasive
problem for cloud detection algorithms (Merchant et al., 2005).

An advantage of the ADtree classifiers is that they represent an ensemble collection of both weak
and strong classifiers with multiple binary decision nodes each ending with a prediction node
containing a vote. Each vote is scaled to the predictive power of the test and the collective vote
from all true nodes are summed. The magnitude of the ADtree vote then provides an indication
of the confidence of the classification. The advantage of using an ADtree classifier to detect
clouds, compared to the BDtrees, is that the combined vote from a collection of weak prediction
nodes when voting together can modify or override the vote of a single strong prediction node.
When the training of an ADtree classifier is also combined with a boosting algorithms, where at
each iteration during training the instances that were previously misclassified are pooled
together, a more accurate ensemble classification model is possible.
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For MODIS SST4 a single Alternating Decision Tree algorithm was trained to classify MODIS
retrievals as clear or cloudy, using a subset of data from the buoy Matchup Database (MUDB).
Each classification model was validated on independent subsets of the MUDB. Any L2 pixel
determined to be cloudy or cloud contaminated is assigned to the lowest quality level 3 and is
excluded from the L3 product. The ADtree classifiers used in the R2019 MODIS processing are
composed of nested tests. The vote for each individual test found to be True within the tree is
summed to form the overall cumulative vote. The sign of the vote indicates the predicted class:
negative is cloudy and positive is clear and the magnitude of the vote indicates the confidence of
the prediction for the class. Analysis of the training and validation data used in the development
of this new cloud masking methodology are presented in Table 2. For R2019 the use of ADtrees
reduces the overall misclassification rate, particularly for false positive clouds, increases the
number of valid retrievals at L2, and increased the number of populated L3 grid cells compared
to R2014.

Table 2. R2019 MODIS AQUA and TERRA SST4: night time Cloud Classifier 10-fold
cross validation statistics for ADtree. The table provides both the overall percent of correctly
and incorrectly classified instances in the MUDB, regardless of class, and the conditional rates
for TP = true positive, FP = false positive, and PRC = Precision/Recall based on the confusion

matrix for cloud and clear instances.
AQUA TERRA
% correctly classified 89.90 88.61
% misclassified 10.70 11.30
TP cloud 0.89 0.88
TP clear 0.89 0.89
FP cloud 0.10 0.11
FP clear 0.11 0.12
PRC cloud 0.96 0.96
PRC clear 0.96 0.96

3 - Implementation

e View source file: sst.c

e View Quality Flags

Get Single Sensor Error Statistics for:

e Aqua- SSES (v6.5)
o Terra - SSES (v6.5)

Get Nonlinear SST Coefficients for:

e Aqua - coefficients (v6.5)
e Terra - coefficients (v6.5)

4 - Assessment
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Level-2 matchup data base

SST4 products are validated using a collocated MUDB of in situ observations that are collected
within 30 minutes of an overpass and 10km of a buoy position. The SST MUDB sets are
included in the SEABASS archive. The in situ data sources include both sub-surface in situ
observations from drifting and fixed buoys downloaded from the NOAA in situ SST quality
monitor (iIQuam; Xu & Ignatov 2014), and direct measurements of ocean skin temperatures from
ship board Marine-Atmospheric Emitted Radiance Interferometers (M-AERI; Minnett el al.,
2001) and Infrared Sea Surface Temperature Autonomous Radiometers (ISAR; Donlon et al.,
2018). The M-AERI and ISAR validation provides SI traceability to standards at NIST (National
Institute of Standards and Technology; Rice et al. 2004) and NPL (National Physical Laboratory,
UK; Theocharous et al., 2019). However, the quantity and geographical coverage of radiometer
skin measurements are significantly less than the large number of buoy observations, but which
measure a subsurface temperature and have a poorer accuracy.

The multi-dimensional single sensor error statistics (SSES) look-up tables of bias and uncertainty
relative to buoys have been updated based on the R2019 validation results. The bias and
uncertainty SSES in the GHRSST L2p files are a function of quarter of year, latitude band,
satellite zenith angle, brightness temperature difference intervals, temperature intervals, and
quality level. Tables 3 and 4 summarize the global statistics of the highest quality retrievals as a
function of latitude band for both the current R2014 and R2019 retrievals. Figure 3 shows time
series of the medians and robust standard deviations for Aqua MODIS SST4 comparisons with
buoy temperatures. Please note that the MUDB is still being reprocessed at the OBPG (March
2020), we will update R2019 tables and figures when the full database has become available.
These figures and tables should be considered preliminary figures at this time.

Table 3. SST4 MODIS-Terra global validation statistical comparisons to sub-surface
temperatures from drifting and fixed ocean buoys. Sensor Skin SST minus subsurface buoy
SST for each latitude band for best quality SST4 retrievals. Mean, median, Standard deviation,

Robust standard deviation (IQR/1.836), and count

R2014.mean R2019.mean R2014.median R2@19.median R2@14.STD R2019.5TD R2014.RSD R2019.RSD R2014.N R2019.N

>60N NA NA NA NA NA NA NA NA NA NA
40N to 68N -0.09%4 -@.037 -0.095 -0.037 ©.365 @.387 0.281 0.311 4732 4732
>40N -@.139 -@.185 -0.149 -0.182 @0.343 @.342 0.274 0.273 160830 160830
20N+ to 48N -0.128 -0.182 -0.120 -0.172 ©.300 @.300 0.224 0.224 349840 349840
Eq+ to 28N -@.137 -0.232 -0.185 -0.193 ©8.285 @.290 8.216 0.223 104394 104394
205+ to Eq -0.155 -0.238 -0.115 -9.193 @.259 0.264 0.198 0.202 111466 111466
405+ to 20S -0.164 -0.193 -0.150 -0.178 ©8.242 @8.243 0.191 0.191 165000 165000
<=4@5 -@.211 -0.178 -0.200 -0.167 @.261 0.262 0.206 9.203 56938 56938

Table 4. SST4 MODIS-Aqua global validation statistical comparisons to sub-surface
temperatures from drifting and fixed ocean buoys. Sensor Skin SST minus subsurface buoy
SST for each latitude band for best quality SST4 retrievals. Mean, median, Standard deviation,

Robust standard deviation (IQR/1.836), and count.

R2014.mean R2019.mean RZ2014.median R2019.median R2014.5TD R2019.5TD R2@14.RSD R2@19.RSD R2014.N R2019.N

<=405 -0.398 -0.369 -0.295 -0.270 9.532 9.531 @.299 9.301 263021 263021
4@5+ to 205 -@.366 -0.340 -@.305 -0.278 @.433 0.434 @.281 0.284 851755 851755
2@5+ to Eq -@.345 -0.367 -0.249 -0.263 @.467 0.469 @.314 0.318 628452 628452
Egq+ to 2@N -@.337 -0.370 -0.250 -0.281 9.481 0.483 @.350 0.354 412134 412134
20N+ to 48N -@.296 -9.293 -0.249 -0.243 @.491 0.496 @.321 0.329 1999222 1099222
40N+ to 60N -0.328 -0.332 -0.255 -0.266 2.624 0.623 @.393 0.396 516205 516205

>60N -0.428 -0.313 -0.350 -0.247 @.547 0.524 @.386 @.372 115838 115838
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Figure 3. MODIS-4 R2019 SST4 residual time series by latitude band. Aqua MODIS skin
SST4 minus subsurface buoy SST for each latitude band, using best quality SST4 retrievals. Dots
indicate median values and whiskers RSD. The red line is at -0.17K, the size of the mean skin
effect.
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Browse/Obtain Level-2 data - order

Browse/Obtain Level-3 data - order or download

Download data directly - any data level via https links

Search data archive - filename, pattern, or date search

Manage existing orders - confirm, cancel, monitor

Manage/Create a data subscription - confirm, cancel, monitor, or create new data delivery
requests and regions



file://///cgi/browse.pl%253f
file://///l3
https://oceandata.sci.gsfc.nasa.gov/
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	Short-Wave Sea Surface Temperature (SST4)
	Table of Contents
	1 - Product Summary
	SST4 Product definition

	2 - Algorithm Description
	Inputs:
	Output:
	Generic Algorithm:
	Quality flagging:
	Cloud Identification

	3 - Implementation
	4 - Assessment
	Level-2 matchup data base

	5 - References
	6 - Data Access


