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• Infrared (IR) satellite remote sensing can provide frequent, long-term, global coverage of the sea

surface skin temperature (skin SST).

• IR radiometers mounted on ships or other platforms have been recognized as providing appropriate,

accurate skin SSTs for the satellite data validation.

• There are several ship-borne IR radiometer systems that have been proven to be successful in

collecting skin SSTs, such as the SISTeR, the M-AERI, and the ISAR.

• The amount of available skin SST data is still limited in number and coverage, especially at high

latitudes.

• Here we introduce a simple system with two IR radiation pyrometers carried on Saildrone uncrewed

surface vehicles (USVs) deployed in the Arctic in 2019.
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Introduction: Background
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Introduction: Saildrone USV 

• Wind-power for propulsion with a suite of solar-powered meteorological and oceanographic instruments.

• Deliver data in real time via satellite transmissions to ground stations.

Courtesy Saildrone. Used with express permission.
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Introduction: 2019 Arctic Cruise (15th May to 11th October)

Photo courtesy Saildrone. 

Used with express permission.
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Methodology: Saildrone Skin SST Derivation
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Methodology: Viewing Geometry Determination
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Methodology: Emissivity Calculation
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Methodology: Numerical Simulations — RSR Functions
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Methodology: Numerical Simulations — Viewing Angles
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Results and Analysis: Uncertainty Budget Analysis of Skin SST
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Results and Analysis: Uncertainty Budget Analysis of Skin SST
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• Wintronics Inc., the US agent for Heitronics, has calibrated the one CT15 (but not the sensor on

SD-1036 or SD-1037) in 2022. The result at their blackbody target temperature of 1 °C was +0.09 K,

and -0.07 K at 30 °C.

• Assuming a monotonic temperature dependence of the error, the measurement errors at

temperatures experienced in the 2019 Saildrone deployments are ~0.06 K in average.

• Compared to SST at -1.7 m, the deepest SST taken by SBE 56

logger, during nighttime, as a function of 10 m wind speed,

showing that the asymptotic value of the curve fitted to the

Saildrone data only differs from Donlon et al., (2002) by 0.01 K.
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Results and Analysis: Systematic Error Analysis of Skin SST

It would be very unlikely if there were a significant

systematic error in the Saildrone-derived skin SST.
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Future Work: Validation of Satellite-Derived Skin SST

Also for the SLSTR on the 

Sentinel-3 in the future!

The matchups for SD-1036/SD-1037 and MODIS on Aqua derived skin SST during the 2019 

Arctic Cruise, with the temporal and spatial windows as 30 min and 1 km respectively.
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Summary

• To obtain sufficiently accurate emissivity for skin SST derivations, the viewing geometry of sensors

must be well established given the effects of the vehicle’s pitching and rolling.

• The instrumental uncertainty of CT15 is much smaller than 0.5 K given in the manufacturer's

specifications.

• The skin SSTs derived from the infrared pyrometers mounted on the hull of Saildrones have an

estimated uncertainty of 0.12 K, with very small systematic errors.

• The Saildrone-derived skin SST is sufficiently accurate to be used in many scientific studies, such as

the validation of Satellite-retrieved SST (MODIS, VIIRS, SLSTR, etc.).

• This presentation is mainly based on the work under second round review by IEEE TGRS.
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Thank You!


