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OverviewOverview

Ship board measurements:
– M-AERI
– Explorer of the Seas
– CEOS Radiometer Workshop
– Radiometric measurements of air-sea 

temperature differences
– SST radiometers for VOS fleet (NOPP)
– Satellite SST validation



Fourier Transform Interferometers



Michelson interferometer



The MThe M--AERIAERI



MarineMarine--Atmospheric Emitted Radiance Atmospheric Emitted Radiance 
Interferometer (MInterferometer (M--AERI)AERI)



MM--AERI at seaAERI at sea



M-AERI spectra

Air Temperature Skin SST
Both temperatures measured by one instrument, one calibration.

From Minnett, P. J., R. O. Knuteson, F. A. Best, B. J. Osborne, J. A. Hanafin and O. B. Brown (2001). "The Marine-Atmospheric Emitted Radiance 
Interferometer  (M-AERI), a high-accuracy, sea-going infrared spectroradiometer." Journal of Atmospheric and Oceanic Technology. 18(6): 994-1013.





TimeTime--series of Mseries of M--AERI measurements on AERI measurements on 
Explorer of the SeasExplorer of the Seas

The Explorer of the Seas is a Royal Caribbean Cruise Liner, operating 
a bi-weekly schedule out of Miami. It is outfitted as an oceanographic 
and atmospheric research vessel, very suitable for satellite validation. 
For more details see http://www.rsmas.miami.edu/rccl/





Seasonal effects in 
radiometric air sea 

temperature differences



Profiles – W. Caribbean



Profiles – NW Pacific



MiamiMiami--2001Radiometer 2001Radiometer 
Intercalibration Workshop.Intercalibration Workshop.

To calibrate and compare infrared radiometers 
used in the validation of the different surface 
temperature products derived from earth 
observation satellites.  These aims included an 
assessment of the relative performance of each 
instrument as well as ensuring that surface 
measurements used in satellite product validation 
are traceable to SI standard units. 
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InstrumentsInstruments
Infrared radiometers that participated in  the campaign

 

I. BartonYesYesCSIRO, AustraliaTasco (off-the-shelf)

S. HookYesYesNASA JPLNulling radiometers

C. DonlonYesYesJRC, EEC.ISAR-5

A. JessupYesNoAPL, U. Washington.CIRIMS

I. Barton YesYesCSIRO, Australia.DAR011 

T. NightingaleYesYesRAL,UK.SISTeR

P. MinnettYesNoRSMAS, U. Miami.M-AERI

J. RiceNoYesNIST, USAEOS TXR (Transfer radiometer)

P.I.SeaLab.InstitutionInstrument

Black bodies used for laboratory calibration.

S. HookNASA-JPLJPL Black Body Calibrator

A. JessupAPL, U. WashingtonHart Scientific Portable Black Body Target

C. DonlonJRC, EECCASOTS black body

C. JohnstonNIST, USANIST Standard Black Body Target

P. MinnettRSMAS, U. MiamiNIST-Certified & Designed  Black Body Target

P.I.InstitutionInstrument



RadiometersRadiometers

Scanning Infrared Sea Surface Temperature 
Radiometer 

SISTeR

“Lunchbox”Tasco

Jet Propulsion Laboratory  Near-Nulling 
Radiometer

JPL
CSIRO Division of Atmospheric Research 011DAR011

Infrared SST Autonomous Radiometer -5ISAR-5

Calibrated InfraRed In situ Measurement System CIRIMS

Marine-Atmospheric Emitted Radiance 
Interferometer 

M-AERI

Full nameRadiometer



Radiometer CharacteristicsRadiometer Characteristics

Scan mirrorTwo small cavities.Pyroelectric10.8 SISTeR

None

Modelled

Scan mirror

Scan mirror

Dedicated 
radiometer

Scan mirror

Sky 
correction

External 

One cavity, actively 
controlled

Two small cavities

Two small cavities

Hart Scientific mini-
water bath black 
body

Two large cavities –
SSEC design

Black-bodies

Hand-held????Tasco

Uses ‘nulling’ of 
signal to internal black 
body

Thermopile7.8 -13.6JPL

Sky view in opposite 
quadrant

Pyroelectric10.5-11.5DAR011

Heitronics
KT-11.85D *#

9.6-11.5 ISAR

Mismatch of pass-
bands of two 
radiometers during the 
workshop

Heitronics
KT-11.85* 

9.6 - 11.5CIRIMS

SST derived at 7.7µmHgCdTe – In Sb
Cooled to 78K

3-18M-AERI

NotesDetectorsPass-band
µm

Radiometer

*The Heitronics uses a chopped pyroelectric detector.
#The ISAR Heitronics is modified to allow the measurement of temperatures down to –100 oC.



Objectives of laboratory Objectives of laboratory 
measurementsmeasurements

To characterize all black-body calibration 
targets by NIST EOS TXR, leading to an 
estimate of emissivity of black body 
cavities as a function of temperature, 
wavelength (5 and 10µm) and aperture.



The NIST EOS TXRThe NIST EOS TXR
EOS Standard
Cryogenic detectors (liquid N2) 
λ= 5 & 10µm

See:Rice, J. P. and B. C. Johnson, 
1998. The NIST EOS Thermal-
Infrared Transfer Radiometer, 
Metrologia, 35, 505-509



BlackBlack--body calibratorsbody calibrators



Black Black –– body calibration errorsbody calibration errors



Radiometer calibration errorsRadiometer calibration errors



And so to sea…….And so to sea…….



On the R/V On the R/V F.G. WaltonF.G. Walton--SmithSmith



The SST radiometersThe SST radiometers



Cruise trackCruise track



Time series of measurementsTime series of measurements



Results of atResults of at--sea comparisonssea comparisons



MiamiMiami--2001Radiometer 2001Radiometer 
Intercalibration Workshop.Intercalibration Workshop.

• Following the radiometer calibration, intercomparison, 
and testing under field conditions, the international 
community has increased confidence in the results to be 
provided for validation of satellite-derived SSTs from 
the participating instruments. 

• Radiometers work to ~0.1K uncertainty levels in the 
field

• Black body calibrators have been characterized with 
reference to NIST standard



R/V Mirai



Ship-board 
sensors
The M-AERI was 
installed on a  
foremast platform 
giving it a clear view 
of the sea-surface 
and atmosphere 
ahead of the 
influence of the ship.

Figure courtesy  of
Dr. R.M. Reynolds, BNL



Ship 
track

The cruise 
began and 
ended in 
Japan. The 
data shown 
here were 
taken on 
passage from 
Japan, and 
close to the 
Equator; 6 
June to 7 
July, 1999.



Nauru99 
air-sea 

temperature 
differences

Air-sea temperature 
differences are generally <2K.
There are some diurnal 
fluctuations, especially in clear 
sky conditions.

Radiometric measurements 
show marked differences to 
those from conventional 
sensors.



Bulk vs.
radiometric 

air-sea 
temperature 
differences

Perfect 
correspondence 
is indicated by 
the dashed line. 
Diurnal effects 
are apparent.



0.113-0.721Radio-
metric

0.566-0.772Bulk

St.dev.
K

Mean
K

Bulk vs. 
radiometric 

air-sea 
temperature 
differences –

statistics



Explorer of 
the Seas –

radiometric 
air-sea 

temperature 
differences



What about 
buoy data?

For eleven days the 
Mirai loitered close to 
the TAO mooring at 
0oN, 165oE.

Similar diurnal features 
found, with change of 
sign of air-sea 
temperature difference.



What about 
archived data?

10 years of COADS data where 
air and sea temperatures 
reported and pass qa. Includes 
ships and buoys.

Data within 25o of Equator, 
taken within 30 minutes of 00Z 
(noon at 180o) show strong 
diurnal signal that is mapped 
into a longitudinal feature.

At synoptic hours, there are 
longitudinal changes in sign of 
air-sea temperature difference.



Example of 
wind speed 
dependence 

of 
diurnal & 

skin effects –
off Baja 

California



SST Radiometers for the VOSSST Radiometers for the VOS

POSITIV : 
Prototype Operational System – ISAR –

Temperature Instrumentation for the 
VOS fleet.

A NOPP Partnership for Skin Sea Surface 
Temperature.
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ISARISAR
ISAR - Infrared 
Scanning Autonomous 
Radiometer 

Developed by Craig 
Donlon, Ian Robinson & 
Michael Reynolds –
validation of Skin SST 
from AATSR on 
Envisat.

Installed on Pride of 
Bilbao



FalstaffFalstaff



Other NOPPOther NOPP––SST shipsSST ships

• Explorer of the Seas
• USCG Icebreakers Polar Sea, Polar Star
• NOAA S Ronald H. Brown
• Pride of Bilbao
• ……



GHRSSTGHRSST--PPPP

• GODAE – High Resolution Sea-Surface 
Temperature –Pilot Project

• Validated satellite-derived SST, <10km, 
<6hr delay, 6hr time step

• Starting 2003 for three years
• Requires uncertainty estimates for each data 

point



AVHRRAVHRR--MAERI SST validation MAERI SST validation 
experienceexperience

Cruise Name N Mean 
K

St. Dev. 
K

CSP 1996 23 0.16 0.20

24N 1998 16 0.03 0.18

GASEX 1998 168 -0.01 0.25

FPO 1998 47 0.27 0.40

NOW 1998 (Arctic) 176 0.24 0.44

Total, all data 430 0.13 0.37

Total, excluding NOW 
data

254 0.06 0.29254    0.06    0.29          

M-AERI validation of Pathfinder SSTs

Using skin temperatures
reduces the uncertainties
by about a factor of two.

See Kearns et al,  2000,
Bull. Am. Met. Soc., 81, 
1525-1536



MODIS SST Buoy and M-AERI retrieval Statistics
Version 4.5 (new delivery)

median = satellite - reference [MAERI or BUOY]
BUOY                                           M-AERI

• SST - new coefficients 
Median StdDev Number 

of Points
– Terra all     -0.07 0.48 11027
– Terra night  0.01 0.42 4387
– Terra day   -0.14 0.51 6643
– Aqua all  -0.05 0.48 3821
– Aqua night -0.10 0.43 1628
– Aqua day -0.01 0.51 2203

• SST4 new coeffs, new formulation
– Terra night -0.05 0.41 4096
– Aqua night  -0.10 0.39 1319

• SST - new coefficients 
Median StdDev Number 

of Points
–Terra all 0.10 0.40 439
–Terra night  0.04 0.35 235
–Terra day 0.16 0.42 204
–Aqua all  0.06 0.40 105
–Aqua night  0.02 0.37 59
–Aqua day 0.11 0.45 46

• SST4 new coeffs, new formulation
–Terra night  0.02 0.34 278
–Aqua night  -0.01 0.31 52



TERRA MODIS SST Validation
Both SST and SST4 products show no trends with time (Jan 01-Sept 02),

temperature, satellite zenith angle (not shown) or latitude vs drifting buoys.  
Dotted lines are ± 0.2K and enclose 50% of the retrievals

Mid-wave, 4 µm SST
SST4 residual vs time by lat band

Thermal, 10-11 µm SST
SST residual vs time by lat band



pminnett@rsmas.miami.edu
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