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ABSTRACT 

This is the Algorithm Theoretical Basis Document (ATBD) for Sea Surface Temperature (SST) 
retrieval from Infrared (IR) radiance measured by the Joint Polar Satellite System (JPSS) Suomi 
National Polar-orbiting Partnership (S-NPP) Visible Infrared Imager Radiometer Suite (VIIRS), 
updated in May 2013, after approximately one and half year of the VIIRS performance on the 
orbit. SST is one of the VIIRS key global products and an input variable for other VIIRS 
products such as net heat flux.  The SST Unit produces the VIIRS SST Environmental Data 
Record (EDR), for a skin SST (i.e. the temperature at the sea surface). 

The initial SST algorithms for VIIRS have been developed by the NPOESS algorithm team prior 
to the S-NPP launch, based on the previous experience with AVHRR and MODIS instruments 
and using theoretical considerations. Several months after the launch, in May 2012, the 
coefficients for these algorithms have been recalculated at NOAA/NESDIS/STAR using 
matchups of VIIRS observations with in situ (drifters’) SST. Although this update has improved 
the SST EDR performance to some extent, it remained suboptimal compared with another VIIRS 
SST product generated at NOAA with the Advanced Clear-Sky Processor for Oceans (ACSPO). 
Therefore, a comprehensive analysis of existing SST retrieval algorithms has been undertaken in 
order to find the optimal SST algorithm for VIIRS EDR. This study has shown that the 
performance of algorithms developed at the EUMETSAT Ocean and Sea Ice Satellite 
Application Facility is superior out of all other tested SST algorithms. These algorithms are the 
modifications of Non-Linear Split Window formulation using VIIRS Bands M15 (λ=10.8 µm) 
and M16 (λ=12.05 μm) for day and of Multichannel formulation, which also includes 
measurements from band M12 (λ=3.7 µm), for night. In order to improve accounting for 
atmospheric attenuation, these algorithms introduce dependencies of all regression coefficients 
on on satellite view zenith angle. 
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1.0 INTRODUCTION 

1.1 PURPOSE 

This document describes the theoretical basis of the SST algorithm, for retrieval of the VIIRS 
SST Environmental Data Record (EDR).  Algorithm validation, algorithm sensitivity, 
constraints, limitations, and assumptions are also discussed. 

1.2 SCOPE 

The SST algorithms described in this document will be used routinely to retrieve skin SSTs from 
VIIRS measurements.  P3I efforts may result in further enhancements to the current operational 
algorithms. 

The next section provides a brief overview.  Descriptions of the algorithm are presented in 
Section 3, along with discussions of algorithm sensitivity to various physical parameters.  
Calibration and validation are also discussed in Section 3.  Constraints, assumptions, and 
limitations are identified in Section 4. 

1.3 VIIRS DOCUMENTS 

Reference to VIIRS documents is indicated by a number in italicized brackets, e.g., [V-1]. 

1.4 REVISIONS 

This is a major revision of the document and was made in response to a major change in the 
formulations of the default pre-launch SST algorithms for both daytime and nighttime 
measurements, based on  analyses of VIIRS EDR SST performance during one and half a year of 
VIIRS functioning onboard the Suomi National Polar-orbiting Partnership satellite. The updated 
formulations of SST algorithms have been selected based on objective evaluation of existing 
SST retrieval algorithms, using an extended dataset of matchups of VIIRS observations and in 
situ SSTs. As a result, the algorithms developed at the EUMETSAT Ocean and Sea Ice Satellite 
Application Facility (OSI-SAF) and used for processing MetOp-A AVHRR data for a long time 
(OSI-SAF Low Earth Orbiter SST Product User Manual, 2009) have been selected. The daytime 
and nighttime algorithms represent modifications of the Non-Linear SST (NLSST) algorithm 
(Walton et al., 1998), and the Multichannel SST (MCSST) algorithm (McClain et al., 1983), 
respectively, with some additional terms emphasizing dependencies of regression coefficients on 
satellite view zenith angle. The daytime algorithm is also the fallback algorithm for night-time 
measurements.  
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2.0 EXPERIMENT OVERVIEW 

2.1 OBJECTIVES OF SEA SURFACE TEMPERATURE RETRIEVALS 

Most of the radiant energy arriving at the earth’s surface is absorbed by the upper oceans. Some 
is released locally to the atmosphere, and some is stored for hours to days to seasons. The 
transport by the surface currents of heat that is subsequently released elsewhere is a major aspect 
of the climate system, and the poleward advection of heat in the ocean and atmosphere helps 
define the global climate system, and the response of the atmosphere to the heat released by the 
ocean determines some important characteristics of the weather. The sea-surface temperature 
(SST) is an indicator of the distribution of heat in the upper ocean, its patterns reveal the 
underlying surface currents, and it is a major determining factor in the exchange of heat, 
momentum and gases with the atmosphere. The ability of satellite-borne radiometers to provide 
measurements of SST in a self-consistent and accurate fashion on a global scale has resulted in 
satellite remote sensing having become one of the most important sources of SST data for a wide 
variety of applications. 

The SST is a very variable quantity with a range of values from about -1.9oC (the freezing point 
of sea water) to greater than 30oC, with spatial gradients in excess of 1 K km-1 possible at surface 
frontal outcrops. The magnitude of temporal variations of SST around the seasons is often only 
several degrees, but similar changes can be experienced in the course of a day (e.g. Minnett, 
2003; Gentemann et al., 2003; Stuart-Menteth et al., 2003; Gentemann and Minnett, 2008; 
Gentemann et al., 2008b). A well-known SST perturbation that influences the global-scale 
weather patterns is the El Niño, in which the SST over the eastern equatorial Pacific may be 4-
5 K higher than in the normal situation.  SST is also a good indicator of global warming (Good et 
al., 2007), and for this application, decadal-length time series have to be constructed (Kilpatrick 
et al., 2001).  The characteristics of the SST fields determine the requirements placed on the 
design, construction and calibration of the satellite radiometers. 

The accuracy of infrared SST determination from satellite depends on how well the effects of the 
intervening, cloud-free atmosphere are corrected. Water vapor is the main contributor to the 
atmospheric effect in the infrared, and it is very variable in both space and time. This variability 
requires that for a correction to be effective it has to be applied on a pixel-by-pixel basis.  Other 
gases are relatively well mixed and less problematic in their correction.   The accuracy has 
improved significantly since the development of radiometers with two or more atmospheric 
window channels within MWIR and LWIR transmission windows (e.g., McClain et al., 1983; 
Kilpatrick et al., 2001).  The fundamental basis of multi-channel SST algorithms is the 
differential water vapor absorption in the various atmospheric window regions of the spectrum 
(McMillin, 1975).   

The majority of existing SST algorithms retrieves SST from observed brightness temperatures 
(BT, TB) via regression, using modifications of two approaches developed earlier for AVHRR. 
The “Multichannel” SST (MCSST) approach [McClain et al., 1985] is customarily used with 
three bands centered at 3.7, 11 and 12 μm, and at night only, thus avoiding contamination of 3.7 
μm band with reflected solar radiance. The “Nonlinear” SST (NLSST) approach [Walton et al., 
1998] exploits two split-window bands centered at 11 and 12 μm and a priori SST TS

0 which is 
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used as a proxy for atmospheric humidity. Although the NLSST is mostly used during daytime, 
it can be also used at night, in conjunction with using the more transparent 3.7 μm band.  The 
derivation of regression algorithms combines satellite and in situ measurements.   

A common problem of regression SST algorithms is that SST accuracy and precision are 
sensitive to the atmospheric attenuation and such its proxies as view zenith angle and water 
vapor content in the atmosphere. As a result, SST accuracy and precision significantly vary in 
space. As alternatives to regression, several SST algorithms based on a radiative transfer model 
(RTM) have been recently developed (Merchant et al, 2008; Le Borgne et al., 2011; Petrenko et 
al., 2011). These algorithms have been shown capable of providing more uniform SST accuracy 
and precision than it is possible with pure regression. However, since the JPSS Interface Data 
Processing Segment (IDPS) currently does not support on-line RTM simulations, the RTM-based 
algorithms cannot be implemented for EDR SST. Therefore, the effort has been made to select 
for IDPS the regression SST algorithm with the most appropriate combination of retrieval 
characteristics.  

The radiant energy leaving the ocean surface is emitted by a very thin (<1mm) layer, often 
referred to as the skin layer, and its temperature is called the skin temperature. At the air-sea 
interface, the ocean is warmer than the overlying atmospheric layer, and thus heat flows from the 
ocean to the atmosphere. Close to the interface, the heat flow is by molecular conduction, and 
this requires a vertical temperature gradient. As a consequence, the skin temperature is cooler 
than that of the water below by a variable amount, up to ~0.5K. The relationship between skin 
and bulk SSTs has been investigated by a number of scientists (e. g., Schluessel et al., 1990; 
Donlon et al., 2002; Wick et al., 2002). If surface wind speed, w, is available, then the following 
relationship between skin and bulk SST was proposed by Donlon et al (2002): 

 SSTbulk=SSTskin – [0.14 + 0.30exp(-w/3.7)] 

During daytime, the relationship between skin and bulk SSTs is more complex, due to the effect 
of the diurnal thermocline. Its modeling requires knowledge of fluxes at the surface, including 
their history. In this ATBD, the coefficients for regression SST algorithm are calculated from 
matchups of BTs and in situ bulk SSTs. On the other hand, the observed BTs, from which the 
SST products are derived, are sensitive to skin SST. As a result, retrieved SST reflects variations 
in skin SST, but its average value is anchored to bulk SST. Recently, Castro et al. (2010) have 
found that the accuracy of regression, produced from matchups of bulk SST and AVHRR BTs, is 
not worse (and often is better) than the accuracy of regression, produced from matchups of skin 
SST and AVHRR BTs. Establishing of a global and reliable relationship between skin and bulk 
SST is still a subject of the future studies.. 

The VIIRS SST EDR developed prior to S-NPP VIIRS launch, included both skin and bulk SST, 
with skin SST being biased with respect to bulk SST by a constant offset of -0.17 K. The new 
version of VIIRS SST EDR, updated in May 2013, includes only skin SST, and bulk SST layer is 
replaced with first guess (a priori) SST, produced from L4 analysis SST field (e.g., NCEP GFS). 
Users interested in bulk SST can easily produce it from skin SST by adding to skin SST 0.17 K.  
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2.2 INSTRUMENT CHARACTERISTICS 

The VIIRS MWIR and LWIR bands must be positioned to optimize their use for SST 
determination.  Bands in the LWIR atmospheric transmission window are also located near the 
maximum intensity in Planck’s function at temperatures characteristic of the sea surface.  
Influences of ozone and other variable atmospheric absorbers are best avoided.  There are two 
suitable regions for LWIR band selection: 8-9 μm and 10-13 μm.  Three VIIRS LWIR bands are 
located in these two regions.  Figures 1 and 2 show the radiance at the height of the satellite and 
the atmospheric transmission for the Thermal IR (TIR) spectrum simulated using the 
MODTRAN atmospheric radiative transfer code and five standard atmospheres. Bands in the 
MWIR are located where the atmosphere is transparent and less variable.  Figure 2 shows that 
the 3.4-4.2 μm region is a suitable atmospheric window.  Two VIIRS MWIR bands are located in 
this window.  The requirement to produce SSTs consistent with those from heritage sensors is 
also one of the factors for VIIRS band selection.  Table 1 shows the bands used to retrieve SST 
from measurements of existing infrared satellite radiometers.  In earlier versions of this ATBD, 
we investigated the effects of band location in the MWIR and LWIR windows.  Those 
documents summarize the flowdown of the SRD requirements for the VIIRS SST to the present 
VIIRS IR band selection. 

To meet the VIIRS SST measurement requirements, the sensor must have very low radiometric 
noise in the IR bands.  Knowledge of the characteristics of the infrared bands is very important.  
The detailed specification of the current version of the sensor design is listed in Table 2. 
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Figure 1. IR radiance at satellite height for five standard atmospheres simulated by 
MODTRAN. The SST at the base of the atmospheres is given in the key in the figure. 

Figure 2. As Figure 1, but showing atmospheric transmittance. 
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Table 1. Channel Characteristics of Satellite-borne IR Radiometers 

VIIRS 
baseline 

MODIS AVHRR (A)ATSR 

λµm NEΔT  K λµm NEΔT  K λµm NEΔT  K λµm NEΔT K 

3.7 0.065 3.75 0.05 3.75 0.12 3.7 0.019 

4.0 0.078 3.96 0.07     

  4.02 0.07     

10.8 0.038 11.03 0.05 10.5 0.12 10.8 0.028 

12.0 0.070 12.02 0.05 11.5 0.12 12.0 0.025 

To meet the VIIRS SST measurement requirements, the sensor must ensure very low radiometric 
noise for IR bands, especially the 10-12 μm window.  Well-placed windows in the 3.6-4.2 μm 
are also important.  The detailed specification of the current version of the sensor design is listed 
in Table 2. 

Table 2. Sensor Performance for Sea Surface Temperature 

 Native Sensor Nadir 
Wave-
length

µm 

Band 
Widthµ

m 

GSD Ttyp 
K 

NEΔT 
K 

Onboard 
Aggregation 

Factor 

On ground 
Aggregation 

Factor 

Effective 
Algorithm 

GSD 
m 

Effective 
Algorithm 

NEΔT 
K 

Nadir 
m 

EOS 
m 

Trk Scn Trk Scn Trk Scn Trk Scn Trk Scn 
3.7 0.180 742 262 1094 617 300 0.065 1 3 1 1 742 786 0.038 
4.0 0.155 742 262 1094 617 300 0.078 1 3 1 1 742 786 0.045 
10.8 1.000 742 262 1094 617 300 0.038 1 3 1 1 742 786 0.022 
12.0 0.950 742 262 1094 617 300 0.070 1 3 1 1 742 786 0.040 

 

2.3 SST RETRIEVAL STRATEGY 

 The following operations are applied to produce the SST:  

• A land/ocean mask is used to identify the ocean pixels to process.   
• A cloud cover mask and a snow/ice mask are used to eliminate cloud-contaminated or 

snow/ice-covered pixels.  The SST algorithms are not run under confident-cloudy sky 
conditions; all other cloud conditions the SST is derived, but the results are flagged for 
quality assurance.   
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• Satellite zenith angle is read in from the moderate resolution geolocation product.  
• A day / night flag based on the solar zenith is to determine whether day or night retrieval 

is appropriate. 
• Calibrated brightness temperatures are read in from the sensor data record (SDR). 

Coefficients are loaded for skin SST retrievals.   
• Skin SST is calculated using regression equations from the split window algorithm during 

the day, and from the triple-window algorithm at night; the nighttime fallback algorithm 
is the split window formulation. 
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3.0 ALGORITHM DESCRIPTION 

3.1 PROCESSING OUTLINE 

 

 
 

Figure 3 depicts the processing concept for SST retrieval. 

 

 
 

Figure 3. SST High Level Flowchart: Statistical Method. 
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3.2 ALGORITHM INPUT 

3.2.1 VIIRS Data  

Required inputs necessary for the SST retrieval from the VIIRS data stream are cloud mask, 
snow/ice mask, and TOA brightness temperatures (3.7, 10.76, and 12.05 μm). 

3.2.2 Non-VIIRS Data 

Non-VIIRS ancillary data includes land/ocean mask. 

3.3 THEORETICAL DESCRIPTION OF SST RETRIEVAL 

3.3.1 Physics of the Problem 

In clear sky conditions, the outgoing IR spectral radiance at the top of atmosphere can be 
represented by: 

),,,(),(),,,()),(1)(,(
),,,(),(),(),(),(),(

0000

00

ϕµµλµλτϕµµλµλεµλτ
ϕµµλµλλµλεµλτµλ

rd

sas

LL
LLTBL
+−+

++=
 (1) 

where τ is the transmissivity, ε the surface spectral emissivity, B the Planck function, La the 
upwelling, thermal path radiance, Ls the path radiance resulting from scattering of solar 
radiation.  Ld is the solar radiance at the surface and Lr the solar diffuse radiation and atmospheric 
thermal radiation reflected by the surface.  µ =cos(θ), µo=cos(ψ), where θ is the satellite zenith 
angle, ψ the solar zenith angle.  ϕo is the azimuth angle between the sun and the satellite. 

λ is the center wavelength of a narrow spectral interval, defined by the relative spectral response 
function for each band and detector. Equation 1 is applicable in the 3-14 μm range.  The 
complete simulation of atmospheric radiative transfer is necessary to determine the values of all 
terms on the right side.  This equation has been used in many atmospheric radiation models 
including LOWTRAN (Kneizys et al., 1988), MODTRAN (Berk et al., 1989), RADGEN 
(Závody et al., 1995) and MOSART (Cornette et al., 1994).  The inversion of Equation 1 is not 
straightforward if the atmospheric conditions are unknown. 

To facilitate the accurate derivation of SST, we should use window bands with no or little 
atmospheric effect on the propagation of the infrared radiation.  As shown in Figures 1 and 2 the 
wavelength intervals between 3.5–4.2 μm, 8–9 μm, and 10–13 μm are atmospheric transmission 
windows.  For a perfect window, the total atmospheric transmittance τ(λ µ) would be 1.0.  
However, as indicated in Figure 2, the transmittances at these windows are <1.0 and are 
functions of the atmospheric state.  The main absorber for these windows is atmospheric water 
vapor.  

The effect of water vapor in the transmissivity of the different spectral windows is illustrated in 
Figure 4 (Sobrino et al., 2003). The water vapor effects are much more pronounced in the 
thermal infrared window, with the mid-infrared transmission window being much less sensitive 
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to variations in the water vapor. Figure 4 is based on MODTRAN simulations using atmospheric 
states derived from radiosondes in the TIGR (TOVS Initial Guess Retrieval data base) (Chesters 
et al., 1983). 

 

Figure 4. The relationships between atmospheric transmissivity and atmospheric water 
vapor content (after Sobrino et al., 2003).  The data points were derived by radiative 

transfer modeling using a large data base of atmospheric profiles and the relative spectral 
response functions of the MODIS on Terra. The MODIS bands, and the corresponding 

VIIRS bands, are shown in the key at the right. 
The saturation water vapor concentration is governed by the Clausius-Clapeyron equation which 
indicates that the saturation vapor pressure of a gas varies approximately exponentially with 
absolute temperature. Given the close thermodynamic coupling between the ocean and 
atmosphere, it is expected that a clear relationship exists between the atmospheric water vapor 
content and the SST. This has been demonstrated with satellite microwave radiometric 
measurements (e.g. Stephens, 1990) which reveal a non-linear increase in integrated water vapor 
content (precipitable water) with SST (Figure 5). 

The consequence of the relationships between SST and atmospheric water vapor, and between 
water vapor and spectrally dependent atmospheric transmissivity, lead to a non-linear 
dependence of the brightness temperatures, measured at orbital height in the different spectral 
bands of infrared radiometers, on the SST. This is illustrated in Figure 6 which shows simulated 
brightness temperature deficits (the difference in the brightness temperature and the SST) in 
selected MODIS bands that correspond to VIIRS bands, as functions of SST. The use of MODIS 
relative spectral response functions in these simulations in place of those from VIIRS will 
introduce small discrepancies, but serve to illustrate the nature of the interaction between the 
cloud-free atmosphere and the infrared radiation. 
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Figure 5. The relationship between annually averaged vertically integrated atmospheric 
water vapor content (precipitable water) and the SST (top), and the histogram, of the 
global SST values (bottom).  The data were derived from measurements of the Scanning 
Multichannel Microwave Radiometer (SMMR) on the Nimbus-7 satellite. (From Stephens, 
1990) 
The representation of the cloud-free atmospheric variability for the radiative transfer code was 
provided by a set of atmospheric profiles, 2790 in number, from a data assimilation model used 
in weather prediction. These were derived from the output of the ECMWF (European Centre for 
Medium-range Weather Forecasting) data assimilation model at 10o latitude-longitude resolution 
over the oceans for 12 realizations through 1996. This has the advantage of near-uniform 
coverage over the oceans and good sampling in time. 

The atmospheric radiative transfer  model used to derive the results shown in Figure 6 is the line-
by-line spectral code developed for the algorithm derivation for the ATSR (Závody et al., 1995), 
adapted to accommodate the latest version of the water-vapor continuum spectrum (Clough et 
al., 1989, subsequently revised by Han et al., 1997 and discussed in Merchant et al., 1999), with 
improved spectral parameters for atmospheric components from the AFGL data base This 
radiative transfer model is also the basis of the atmospheric correction algorithm applied to the 
measurements of the Along Track Scanning Radiometer (ATSR) series on the European 
satellites ERS-1, ERS-2 and Envisat. Again, the SST retrievals have been validated using 
independent measurements (Mutlow et al., 1994; Smith et al., 1994; Noyes et al., 2006). For the 
MODIS simulations, the model spectral ranges were 3.5 to 4.2µm and 6.2 to 14.7µm, with a 
spectral resolution of 0.04 cm-1. 
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The output of the radiative transfer model comprises three sets of spectra for each atmospheric 
profile. These are of the upwelling atmospheric emission at the top of the atmosphere 
(Latm↑(θ,λ)), downwelling atmospheric emission at the bottom of the atmosphere (Latm↓(θ,λ)), 
and of the atmospheric transmission (τ(θ,λ)), where θ is the propagation angle relative to vertical.  
The spectrum of the total infrared radiance at the top of the atmosphere (L↑(θ,λ)) is derived by: 

L↑(θ,λ) = Latm↑(θ,λ) +((1-ε(θ,λ)) * Latm↓(θ,λ) + ε(θ,λ)*B(skinSST, λ))* τ(θ,λ) (2) 

where ε(θ,λ) is the emissivity of the sea-surface at wavelength λ and emission angle θ, and B is 
Planck’s function at the temperature of the skin of the ocean, determined for each profile as an 
imposed air-sea temperature difference. The propagation of the infrared radiation through the 
atmosphere can be considered as a collimated beam at a given zenith angle because at infrared 
wavelengths the atmosphere can be considered to be non-scattering.  The emission angle equals 
the satellite zenith angle. 

The surface emissivity enters in two places: in the emission of the sea surface and in the 
reflection of Latm↓(θ,λ) as, through Kirchhoff’s Law, the reflectivity is (1- ε(θ,λ)). The values 
used in these simulations were taken from the modeled results of Watts et al., 1996) which 
includes a specific wind-speed dependence. Subsequent research has shown that the wind speed 
dependence of ε(θ,λ) has been over-emphasized in a number of well-used models results (e.g. 
Masuda et al., 1988,  and Wu and Smith, 1997) as well as Watts et al., 1996) when compared to 
hyperspectral measurements at sea (Hanafin and Minnett, 2005; Nalli et al., 2008a) and more 
rigorous modeling (Nalli et al., 2008b). Thus, the consequences of the use of a single emissivity, 
neglecting wind speed effects, for each emission angle are of little consequence in these 
simulations. 

Simulations were done for a range of satellite zenith angles (θ) and air-sea temperature 
differences (i.e. a skin SST was specified at the base of each atmosphere through a range of air-
sea temperature differences: -3, -2, -1, 0 1 K). The behavior of the temperature deficits in Terra 
MODIS Bands 20, 23, 31 and 32 are shown in Figure 6.  Figure 6a is for a satellite zenith angle 
of 0o (i.e. at nadir, at the sub-satellite track at the center of the swath) and Figure 6b at a satellite 
zenith angle of 55o, towards the edges of the swath. The points in each scatter diagram occur in 
groups of five representing the five different air-sea temperature differences at the base of each 
representation of the atmosphere. The magnitudes of the temperature deficits increase with 
satellite zenith angle, resulting from the effects of the increased atmospheric path length and 
decreasing surface emissivity. For bands 31 and 32 in the thermal infrared there are two distinct 
regimes with different sensitivities of the temperature deficits to the SST. This is caused 
primarily by the increasing atmospheric water vapor burden, which is highly correlated with the 
SST (Stephens, 1990), and which contributes a larger proportion of the spectral radiance 
measured in space in tropical conditions (Figure 5) than in higher latitudes. 
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Figure 6.  Simulated brightness temperature deficit for the MODIS bands corresponding to 
the VIIRS bands to be used for SST derivation.  These simulations are expected to 
approximate very well the characteristics of the VIIRS measurements. The values here are 
for nadir measurement, at the center of the swath, at a zenith angle of 0o. 

 

Figure 7.  As Figure 6, but for a satellite zenith angle of 55o. 
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3.3.2 Mathematical Description of the SST Algorithms 

3.3.2.1. The pre-launch SST algorithm  

The initial daytime SST algorithm, implemented in the IDPS system during preparations to the 
S-NPP VIIRS mission and used for processing observations from VIIRS after its launch, is a 
modification of the Pathfinder algorithm developed by the University of Miami and used to 
process AVHRR data at NOAA/NESDIS/NODC (Kilpatrick et al., 2001). The daytime equation  
is as follows: 

TS=b0+b1TB11+b2ΔT11-12 TS
0+b3 ΔT11-12 Sθ      (4a) 

Here, TS is retrieved SST; TB11 and TB12 are BTs at 11 μm and 12 μm, respectively; TS
0 is first 

guess SST (in degrees Kelvin), obtained from the analysis (L4) SST field. ΔT11-12=TB11-TB12; 
Sθ=sec(θ)-1; and ai (i=0,…,5) and bi (i=0,…,3) are regression coefficients. The equation (4a) is 
used with two separate sets of coefficients for conditions of “low” and “high” atmospheric 
humidity. The humidity conditions are identified by the value of ΔT11-12:  

TS=TS
L, if ΔT11-12< ΔT11-12

 L;         (4b) 

TS=TS 
H, if ΔT11-12> ΔT11-12

 H;         (4c) 

TS 
L=a0 

L+a1
LTB11+ a2 

LΔT11-12 (TS
0+X)+a3 

LΔT11-12 Sθ     (4d) 

TS 
H=a0 

H+a1
HTB11+a2 

HΔT11-12 (TS
0+X)+a3 

HΔT11-12 Sθ,     (4e) 

For intermediate ΔT11-12 values, ΔT11-12
 L ≤ ΔT11-12≤ ΔT11-12

H, TS is found by interpolation: 

TS= TS 
L+(TS 

H-TS 
L)(ΔT11-12-ΔT11-12

 L)/( ΔT11-12
 H- ΔT11-12

L),      (4f) 

Here, ΔT11-12
 L= 0.5K, ΔT11-12

H=0.9K. Regression coefficients for low humidity conditions, ai 
L, 

i=0,…,3, are derived from the part of matchups, for which ΔT11-12 < (ΔT11-12
H+ ΔT11-12

L)/2; and 
the coefficients for high humidity conditions, ai

H, i=0,…,3, are derived from matchups, for which 
ΔT11-12> (ΔT11-12

 H+ ΔT11-12
L)/2.  

The nighttime equation takes the following form:  

TS=b0+b1TB11+b2ΔT11-12 TS
0+b3 ΔT11-12 Sθ      (5) 

Here, ΔT3.7-12= TB3.7-TB12 is BT at 3.7 μm.  

The monitoring of VIIRS SST retrievals performed on a daily basis during more than a year-long 
time period since 21 January 2012, in the NOAA SST Quality Monitor (SQUAM, Dash et al., 
2010,  available at www.star.nesdis.noaa.gov/sod/sst/squam/, see also Section 3.6.2) and in the 
Monitoring of IR Clear-sky radiances over Oceans for SST (MICROS; Liang and Ignatov, 2011, 
2013, available at www.star.nesdis.noaa.gov/sod/sst/micros/), has shown that the performance of 
the initial VIIRS EDR SST algorithm is suboptimal, particularly compared with the SST 
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produced by another processing system, operated by NOAA, the Advanced Clear-Sky Processor 
for Oceans (ACSPO). 

3.3.2.2. The ACSPO Algorithms. 

Although the ACSPO SST algorithms are not suggested for implementation within IDPS, the 
ACSPO SST product has been used as a benchmark for evaluation of the IDPS EDR SST 
performance, as discussed in Section 3.6.2. Therefore, here we provide a brief description of the 
ACSPO algorithms. ACSPO is a processing system developed at NOAA/STAR. Since May 
2008, ACSPO has been used for operational processing the Advanced Very High Resolution 
Radiometer (AVHRR) data at the NOAA Office of Satellite and Product Operations (OSPO). 
The newer ACSPO versions are being continuously developed and used at STAR for 
experimental processing of data from all AVHRR, Moderate Resolution Imaging 
Spectroradiometer (MODIS) and VIIRS sensors [Ignatov et al., 2012; Liang and Ignatov, 2013]. 
As of this writing, ACSPO employs heritage regression SST equations as they were implemented 
in the Main Unit Task system [Ignatov et al., 2004], but the coefficients of regression equations 
were recalculated to accommodate the new ACSPO clear-sky mask (Petrenko et al., 2010), and 
to extend retrievals to full sensors’ swaths. At night (i.e., when solar zenith angle, SZA > 90°), 
the ACSPO uses an MCSST equation in the following form: 

TS=a0+a1TB11+a2TB3.7+a3TB12+a4 ΔT3.7-12 Sθ+a5Sθ      (6) 

The daytime ACSPO equation is of NLSST type: 

TS=b0+b1TB11+b2ΔT11-12 (TS
0-273.15)+b3 ΔT11-12 Sθ      (7) 

As of this writing, the ACSPO equations are derived from matchups without “bulk/skin” 
correction. Therefore, ACSPO SST represents “bulk” SST. 

 

3.3.2.3. The SST algorithm selected for IDPS SST EDR. 

Due to suboptimal performance of the prelaunch versions of VIIRS EDR SST algorithms, the 
evaluation of the operational SST algorithms used at different processing centers, as well as 
some newly proposed approaches was undertaken in order to select more efficient SST 
algorithms for VIIRS (Petrenko et al., 2013). The analysis was based on dataset of matchups 
(MDS) of VIIRS brightness temperatures and quality in situ SST collected with the in situ 
Quality Monitor (iQuam; Xu and Ignatov, [2010], available at 
www.star.nesdis.noaa.gov/sod/sst/iquam/) from 15 April 2012 to 14 April 2013. As a result of 
these analyses, the algorithms developed at the EUMETSAT Ocean & Sea Ice Satellite 
Application Facility (OSI-SAF) have shown to be superior. The main difference between the 
OSI-SAF algorithms (Brisson et al., 2002; OSI-SAF Low Earth Orbiter SST Product User 
Manual, 2009) and the pre-launch IDPS algorithms is that the OSI-SAF algorithms emphasize 
the dependencies of regression coefficients on satellite view zenith angle rather than stratify the 
coefficients in terms of proxies of the atmospheric humidity. The formulations of the OSI-SAF 
equations specifically for VIIRS have been suggested by Lavanant et al. (2012). 
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The daytime equation is the analogue of (4a), in which the coefficients at all regressors are the 
functions of Sθ and Ts

0 is substituted in degrees Celsius rather than Kelvin: 

TS = b0+ (b1 + b2 S θ) T11 + [b3 + b4 (Ts
0 – 273.15) + b5 S θ] ΔT11-12 + b6Sθ,   (8) 

The algorithm (8) does not use any further stratification of regression coefficients. The 
dependencies of coefficients on Sθ are also introduced in the nighttime OSI-SAF equation: 

TS = a0 +(a1 + a2 S θ) T3.7 + (a3 + a4S θ) ΔT11-12 + a5S θ      (9) 

The important difference between the nighttime equations (5) and (9) is that (9) includes T3.7 as a 
separate regressor. This increases the sensitivity of Ts to true SST, due to higher transparency of 
the band at 3.7 μm and higher than in the band 11 μm sensitivity of T3.7 to SST. 

The coefficients for equations (8) and (9) were calculated from the MDS collected from 15 April 
2012 to 14 April 2013. Since the drifters measure “bulk” SST, the initial regression equations 
were also adjusted to “bulk” SST. In order to produce “skin” SST, a constant bias of 0.17 K was 
subtracted from the offsets b0 in (8) and a0 in (9). The coefficients for “skin” SST are presented 
in Tables 3 and 4. Table 3 also presents the nighttime coefficients for equation (8), which is used 
as a fallback equation.  

Table 3. Daytime and nighttime coefficients for the equation (8) 

 b0 b1 b2 b3 b4 b5 b6 

Day 3.885431 0.991024 0.0199173 0.450966 0.0666661 0.669463 -4.66451 

Night 6.01363   .983461 0.0237138 0.408630 0.0698974 0.575228 -5.53460 

 

Table 4. Coefficients for the nighttime equation (9) 

a0 a1 a2 a3 a4 a5 

-1.22636   1.00787 0.0314639 0.934653 0.255025 -7.79800 

 

 

3.3.3 Algorithm Output 

“Skin” SST is retrieved for all pixels that are not flagged as confident cloudy by the VIIRS cloud 
mask for all satellite viewing angles.  “Bulk” SST is not produced anymore. The data layer, 
previously used with “bulk” SST is now filled with first guess SST. Quality flags are provided 
for each pixel to convey the confidence in the cloud screening.   
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3.4 ALGORITHM SENSITIVITY STUDIES 

3.4.1. Comparison of the initial and newly selected SST algorithms 

The process of evaluation and selection of the SST algorithm for VIIRS has been described by 
Petrenko et al. (2013). Here we compare the initial algorithms (4,5) and the selected SST 
algorithms (8,9) using the dataset of matchups (MDS) collected at STAR from 15 April 2012 to 
14 April 2013 and results of SST retrievals from VIIRS observations on 29 April 2013. The 
MDS includes matchups of VIIRS BTs in bands M12 (3.7 μm), M15 (10.8 μm) and M16 (12 
μm) with in situ SSTs from the in situ Quality Monitor (iQuam; Xu and Ignatov, [2010], 
available at www.star.nesdis.noaa.gov/sod/sst/iquam/). Satellite L1b data were processed with 
the ACSPO, which includes ACSPO Clear-Sky Mask [Petrenko et al., 2010] adapted to VIIRS. 
Along with satellite BTs and in situ SST, the MDS includes VZAs, a priori SST Ts

0 and total 
precipitable water vapor content in the atmosphere (TPW, W). ACSPO obtains Ts

0 and W from 
gridded DSST and National Center for Environmental Prediction (NCEP) Global Forecast 
System (GFS, available at www.nco.ncep.noaa.gov/pmb/products/gfs/) products, respectively.  
Ts

0 and W are interpolated from native grids to sensors’ pixels, reported in the output L2 files, 
and saved in the MDS. The time intervals between in situ and satellite measurements are ≤2 
hours and the distances between buoy’s location and the nearest clear-sky pixel are ≤10 km. The 
total numbers of VIIRS matchups for the 12 month period are 76,971 for daytime and 79,122 for 
nighttime. Accuracy and precision of satellite SST is characterized with bias, B, and standard 
deviation (SD, σ) of TS with respect to in situ SST, TS

i, averaged over the MDS. It has been 
shown recently, however, that these statistics may not be fully representative of the quality of 
SST estimate, because small B and σ can be in general provided at the expense of suppressing 
natural SST variability, which would result in underestimation of the SST diurnal variability and 
spatial gradients [Merchant et al., 2009a; Petrenko et al., 2011]. To quantitatively characterize 
the capability of satellite SST to reproduce true SST variations, Merchant et al. [2009b] have 
introduced another metrics – the sensitivity μ of retrieved SST to true SST. The μ is estimated by 
differentiating the algorithm’s equation in terms of SST, with derivatives of TB being calculated 
with RTM. The closer μ to 1, the more accurately variations in retrieved SST reproduce true 
magnitudes of SST variations. The set of three retrieval characteristics, B, σ and μ, thus more 
fully characterize the quality of satellite SST estimates.  

Regression coefficients for all tested algorithms were derived from the MDS, and SST was 
estimated for all matchups with the corresponding regression equations. Table 1 shows standard 
deviations of regression SST minus in situ SST, averaged over the MDS, for the initial and 
newly selected algorithms, IDPS and OSI-SAF respectively. It should be noted that the matchups 
used for evaluation of retrieval statistics were selected using the ACSPO Clear-Sky mask. 
Therefore, the statistics, averaged from matchups selected with more liberal IDPS QC, can differ 
from those shown in Table 5. The fact that night- and daytime SDs for the OSI-SAF algorithm 
are remarkably smaller than for the IDPS algorithm, indicates that the OSI-SAF equations (8,9) 
better approximate the inverse SST-BT relationship than the IDPS equations (4,5).  

In addition to average statistics, 2D look-up tables (LUT) were created, in which B and σ were 
represented as functions of VZA and TPW by averaging TS-TS

i within 10° VZA × 10 kg/m2 TPW 
boxes. The corresponding LUT for μ was also calculated from one day of VIIRS observations, 
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29 April 2013, using BT derivatives in terms of SST, calculated within the ACSPO with CRTM. 
Fig. 8 shows B, σ and μ as functions of VZA at six values of TPW for initial IDPS nighttime 
algorithm (5) and for OSI-SAF algorithm (9). While the dependencies of σ and μ for both 
algorithms are similar, the bias for the IDPS algorithm is significantly more variable than the 
bias in the OSI-SAF SST, and this is the obvious advantage of the OSI-SAF algorithm. Fig, 9 
compares the same dependencies for daytime IDPS and OSI-SAF algorithms. As for nighttime 
algorithms, the daytime IDPS bias is remarkably more variable than for OSI-SAF SST; the SD of 
IDPS SST is larger than for IDPS SST, especially at large value of TPW. The sensitivity of IDPS 
SST at small VZAs is more variable than for OSI-SAF SST and, at small TPWs, it significantly 
exceeds 1. 

Table 5. Average standard deviations of retrieved SST with respect to in situ SST over the 
MDS, for initial (IDPS) and newly selected (OSI-SAF) algorithms. 

Algorithm Night Day 

IDPS 0.384 K 0.471 K 

OSI-SAF 0.352 K 0.420 K 

 

Fig. 10 and 11 show composite maps of retrieved SST minus Reynolds SST for IDPS and OSI-
SAF algorithms respectively, produced with the ACSPO Clear-Sky Mask (ACSM). Using the 
same cloud mask for two algorithms helps separate the specific effects of the SST algorithms 
from the effects of QC and cloud mask. Fig. 10 clearly reveals the cold stripes, corresponding to 
biases in IDPS SST at large VZAs and TPW. These biases are not visible in Fig. 11, showing the 
nighttime deviations of OSI-SAF SST from Reynolds SST. The difference between nighttime 
IDPS and OSI-SAF SSTs is more clearly seen in Fig. 12. The OSI-SAF SST removes biases 
existing in IDPS SST and therefore it appears to be warmer at large VZAs and TPWs in low 
latitudes and at small VZAs and small TPW in high latitudes in the Southern Hemisphere 
(consistently with Fig. 8a). The difference between daytime deviations of IDPS SST and OSI-
SAF SST from Reynolds SST is not this noticeable in Fig.13 and 14. However, this difference is 
clearly seen in Fig. 15, which shows daytime difference between OSI-SAF SST and IDPS SST. 
This difference shows itself mainly in the regions with large TPWs (tropics) and very low TPWs 
(as at the coast of Namibia). A certain angular structure of this difference is also noticeable in 
Fig. 15.  
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Figure 8. The nighttime retrieval characteristics - (a,b) bias, (c,d) – SD and (e,f) sensitivity 
to true SST for the initial (IDPS) and newly selected (OSI-SAF) algorithms as functions of 
view zenith angle, at six values of total precipitable water vapor content in the atmosphere.  
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Figure 9.  The daytime retrieval characteristics - (a,b) bias, (c,d) – SD and (e,f) sensitivity to 
true SST for the initial (IDPS) and newly selected (OSI-SAF) algorithms as functions of 

view zenith angle, at six values of total precipitable water vapor content in the atmosphere. 
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Figure 10.  Nighttime composite map of IDPS SST – Reynolds SST produced with the 
ACSM for 29 April 2013. 

 

 

Figure 11. Nighttime composite map of OSI-SAF SST – Reynolds SST produced with the 
ACSM for 29 April 2013. 
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Figure 12. Nighttime composite map of OSI-SAF SST – IDPS SST produced with the 
ACSM for 29 April 2013. 

 

 

Figure 13. Daytime composite map of IDPS SST – Reynolds SST produced with the ACSM 
for 29 April 2013. 
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Figure 14. Daytime composite map of OSI-SAF SST – Reynolds SST produced with the 
ACSM for 29 April 2013. 

 

 

Figure 15. Daytime composite map of OSI-SAF SST – IDPS SST produced with the ACSM 
for 29 April 2013. 

 

https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm


JPSS VIIRS SST ATBD                                                                                               Effective Date: August 21, 2013  
Revision A 

 

24 
Check the JPSS MIS Server at https://jpssmis.gsfc.nasa.gov/frontmenu_dsp.cfm to verify that this is the correct version prior to use. 

3.5 PRACTICAL CONSIDERATIONS 

3.5.1 Numerical Computation Consideration 

In order to retrieve SST within an operational processing environment, statistical algorithms that 
meet quality requirements have been developed that are much quicker than physical modeling 
methods.  Pre-generated LUTs are used to speed processing yet retain flexibility. This approach 
has been successfully demonstrated with the MODIS SST retrievals. The revision of the values 
of LUTs to account for new knowledge of the instrument behavior, including time-dependent 
degradation of the instrument performance, and new, possibly time dependent, coefficients for 
the atmospheric correction algorithms, is much easier to achieve than revisions to the computer 
code. However, some improvements in our understanding of the instrument characteristics and 
the algorithms’ performance, and how to compensate for unanticipated artifacts may still require 
modifications to the code. The example of the improvement is modification of the algorithm’s 
equations, suggested in this version of ATBD. 

3.5.2 Programming and Procedural Considerations 

The simplicity of all the algorithms described in this document translates into very small 
amounts of code using basic mathematical routines.  Computationally intensive processes are 
performed offline, with results delivered as re-generated LUTs. 

3.5.3 Configuration of Retrievals 

The flexibility built into the architecture also allows easy implementation of possible future 
developments. 

3.5.4 Quality Assessment and Diagnostics 

A number of parameters and indicators are reported in the SST product as retrieval diagnostic 
flags.  Statistical information is reviewed for quality assessment.  Table 6 lists the available 
quality flags.  The final list of delivered flags will be determined in the operational environment. 

Table 6.  VIIRS SST EDR Quality Flags 
 

Byte VIIRS SST Flag Result Bits 

0 

Skin SST quality  11 = High Quality 
10 = Degraded 
01 = Excluded 
00 = Not retrieved  

2 
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Byte VIIRS SST Flag Result Bits 

Spare Bit   1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

Algorithm 1 = Triple Window 
0 = Non-linear Split 
Window 

1 

Day / Night 1 = Day  
0 = Night 

1 

1 

Bad LWIR SDR 1 = Bad SDR 
0 = Good SDR 

1 

Bad SWIR SDR 1 = Bad SDR 
0 = Good SDR 

1 

Cloud Confidence 11 = Confident Cloudy 
10 = Probably Cloudy 
01 = Probably Clear  
00 = Confident Clear 

2 

Adjacent Pixel Cloud Confident Value  11 = Confident Cloudy 
10 = Probably Cloudy 
01 = Probably Clear 
00 = Confident Clear  

2 

Thin Cirrus 1 = Thin Cirrus 
0 = No Thin Cirrus 

1 

Sea Ice 1 = Sea Ice 
0 = No Sea Ice 

1 
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Byte VIIRS SST Flag Result Bits 

2 

Sun Glint 1 = Sun glint 
0 = No sun glint 

1 

Exclusion, AOT > 1 1 = Yes  
0 = No 

1 

Degraded, AOT > 0.6 1 = Yes  
0 = No 

1 

Exclusion, Not Ocean 1 = Not ocean 
0 = Ocean 

1 

Degraded, HCS limit 1 = Past HCS limit 
0 = Within HCS limit 

1 

Degraded, Sensor Zenith Angle > 40 1 = Yes 
0 = No 

1 

Skin SST Outside Range  1 = Out of range 
0 = In range 

1 

Spare Bit  1 

3 

Skin SST Degraded, T > 305 K 1 = Degraded 
0 = Not degraded 

1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

Spare Bit  1 

 

 

3.5.5 Exception Handling 

Pixels identified by the cloud mask as confident cloudy are not processed. 
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3.6 ALGORITHM VALIDATION 

3.6.1 Pre-Launch Validation 

The pre-launch atmospheric correction algorithm was derived by radiative transfer modeling to 
simulate the VIIRS TIR channel measurements.  Selected radiosondes from the operational 
network stations or field campaigns were used in the VIIRS simulations for the development of 
the atmospheric correction algorithm.  Measurements from the operational surface drifting and 
fixed buoy programs were used to characterize the surface temperature fields and to validate the 
atmospheric correction algorithms.  The assimilated NCEP and ECMWF meteorological fields 
provided a valuable description of the marine atmosphere and surface temperature.  These fields 
were used in conjunction with the radiative transfer modeling to simulate the VIIRS 
measurements in order to validate the radiosonde data and to provide direct input to the radiative 
transfer modeling process. 

Measurements from AVHRR and ATSR were used in the pre-launch phase to study the error 
characteristics of the SST retrieval. 

3.6.2. Post-launch validation of IDPS EDR SST and comparison with ACSPO SST in 
SQUAM 

The performances of IDPS EDR SST and ACSPO SST have been monitored in SQUAM on a 
daily basis since stabilization of the VIIRS thermal regime following opening its cryoradiator 
doors on 18 January 2012. The IDPS and ACSPO systems produce SST using different SST and 
Quality Control (QC) algorithms, and, therefore the SQUAM results represent the combined 
effect of SST algorithms and QC. Fig. 16 and 17 show nighttime composite maps of deviations 
of retrieved SST from L4 Reynolds (2007) Daily High-Resolution Blended SST. The 
comparison of the two maps shows that the nighttime IDPS EDR SST image contains larger 
amount of cold SST anomalies. Most of these anomalies are due to the fact that the IDPS QC 
algorithm is more liberal than the ACSPO Clear-Sky Mask (ACSM Petrenko et al., 2010) and 
allows more cloud leakages. However, some of those cold anomalies are oriented along swath 
edges and most likely are caused by the dependency of IDPS EDR SST biases on view zenith 
angles (cf. Fig. 10 an 12). Fig. 18 and 19 show daytime composite maps of ACSPO SST – 
Reynolds SST and IDPS EDR SSR – Reynolds, respectively, for the same date. The comparison 
of Fig. 18 and 19 also shows that the daytime performance of IDPS EDR SST is suboptimal, 
although it is difficult in this case to separate the deficiencies of SST algorithm from the QC 
effects. Fig. 20 and 21 show nighttime statistics of ACSPO SST and IDPS EDR SST, 
respectively. Although the IDPS EDR SST contains 20% more observations than ACSPO SST, 
this increase is reached at the expense of significant increase of the standard deviation of 
retrieved SST – Reynolds SST (from 0.43 K to 0.59 K). A similar relationship also takes place 
for daytime statistics of ACSPO SST and IDPS EDR SST with respect to Reynolds SST, shown 
in Fig. 22 and 23, respectively: the 20% increase in the number of observations for IDPS EDR is 
accompanied with growth of SD of retrieved SST – Reynolds SST from 0.56 K to 0.84 K. As 
was mentioned above, the difference in performances of ACSPO and IDPS SST products has 
prompted the search of the optimal SST algorithm for VIIRS. 
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Figure 16. Nighttime composite map of ACSPO SST – Reynolds SST for 29 April 2013. 
 

 

Figure 17. Nighttime composite map of IDPS EDR SST – Reynolds SST for 29 April 2013. 
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Figure 18. Daytime composite map of ACSPO SST – Reynolds SST for 29 April 2013. 
 

 

Figure 19. Daytime composite map of IDPS EDR SST – Reynolds SST for 29 April 2013. 
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Figure 20. Nighttime statistics of ACSPO SST – Reynolds SST for 29 April 2013. 
 

 

Figure 21. Nighttime statistics of IDPS EDR SST – Reynolds SST for 29 April 2013. 
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Figure 22. Daytime statistics of ACSPO SST – Reynolds SST for 29 April 2013. 
 

 

Figure 23. Daytime statistics of ACSPO SST – Reynolds SST for 29 April 2013. 
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3.7 ALGORITHM DEVELOPMENT SCHEDULE 

At the time of writing, the base-line algorithms have been tested and delivered. 
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4.0 ASSUMPTIONS AND LIMITATIONS 

4.1 SENSOR PERFORMANCE 

The VIIRS SST retrieval is feasible only under clear sky conditions; this is a limitation common 
to all infrared remote sensing of the surface temperatures from satellites. Another limitation on 
the accuracy of the SST retrievals results from the effects of increasing atmospheric path length 
at large scan angles. The VIIRS SST retrievals will be most accurate near the center of the swath.   

4.2 Derivation of Bulk SST from Skin SST 

The structure of VIIRS EDR developed prior to VIIRS launch included separate layers for “skin” 
and “bulk” SST, which differed from each other by a constant offset of 0.17 K. In the current 
version of VIIRS EDR, only “skin” SST is represented. Users can easily produce “bulk” SST 
from “skin” SST by adding 0.17 K or by using more sophisticated “skin/bulk” algorithms, which 
can be developed in the future. The vacant layer is now used to output first guess SST, which 
significantly simplifies the process of validation of the VIIRS SST product. 

 

4.3 Physical SST Retrieval 

A common limitation of all regression SST algorithms, including those suggested in this ATBD, 
is significant non-uniformity of accuracy and precision of retrieved SST over the range of 
possible observational conditions. As alternatives to regression, several SST algorithms based on 
radiative transfer model (RTM) have been recently developed [Merchant et al, 2009a; Le Borgne 
et al., 2011; Petrenko et al., 2011] and shown to provide more uniform SST accuracy and 
precision. However, implementation of RTM-based algorithms is more complex than for 
regression, mainly because they require on-line radiative transfer computations. In particular, the 
Incremental Regression algorithm [Petrenko et al., 2011] is currently being tested in ACSPO, 
which incorporates the Community Radiative Transfer Model [Liang et al., 2009; Liang and 
Ignatov, 2011, 2013]. On the other hand, only regression algorithms can be implemented within 
the IDPS system because the IDPS currently does not support on-line RTM simulations.  
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