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Wehaveexamined accur aciesof ninenighttimeNational Oceanicand Atmospheric
Administration/National Environmental Satellite, Data and I nfor mation Service
(NOAA/NESDIS) equations for SST estimation using the Advanced Very High
Resolution Radiometer (AVHRR)/NOAA-11 dataset produced by Sakaida and
Kawamura (1992). Among the nine equations, therevised triple-window CPSST
algorithm givesthesmallest rmserror, which is0.38°C. Thedual-window M CSST
algorithm givesthelargest rmserror 0.56°C. Rmserrors of the other algorithms
are smaller than 0.5°C.

1. Introduction

Currently, seasurfacetemperatures(SSTs) are oftenretrieved from satel lite observations by
means of regression equation. Two types of regression eguation have been examined for
AVHRR/NOAA SSTs retrieval. The Multi-Channel SST (MCSST) agorithm is a linear
regression egquation (e.g., McClain et al ., 1985) and the Cross Product SST (CPSST) algorithm
isanon-linear regression equation (Walton, 1988). In these algorithms, two or three brightness
temperaturesobserved by different wavelength bandsintheinfrared region are employed for the
atmospheric correction.

The Advanced Very High Resolution Radiometer (AVHRR)/NOAA-11 has5 channelsand
these channel sareinthefollowing wavelengthranges: 0.58-0.68 um, 0.725-1.10 um, 3.55-3.93
pum, 10.30-11.30 um and 11.50-12.50 um, hereafter, referred to as channels 1-5 respectively.
Sincethreedifferent brightnesstemperaturesare providedinthe caseof AVHRR/NOAA-11, the
variety of combination of brightness temperatures exists. “Split-window” technique uses
brightness temperatures of channels 4 and 5 and “dual-window” technique uses brightness
temperatures of channels 3 and 4. The technique using brightness temperatures of channels 3, 4
and 5iscalled “triple-window” technique. For each of the three combinations, the MCSST and
CPSST algorithms can be applied for SSTsretrieval. NOAA/NESDIS (1991) published eleven
equations as shown in Table 1 and Table 4 (NOAA/NESDIS stands for National Oceanic and
Atmospheric Administration/National Environmental Satellite, Dataand Information Service).
Inthis paper, we report on accuracies of nine NOAA/NESDIS SST estimation techniques using
the nighttime dataset produced by Sakaida and Kawamura (1992, hereafter referred to as SK).

2. Data
The HRPT data of AVHRR/NOAA-11 consisting the dataset by SK were received by the
Earth Observing Satellite Center (EOSC) of Tohoku University during November 1988 through
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Table 2. Thedistribution of the data.

Buoy 1988 1989
No. NOV DEC JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC Total

21001 1 1 2
21002 2 2 1 2 2 2
21004 1 1

22001

20

[SCR T RN
w
—_ = =N

Total 1 3 2 1 3 3 4 15 3 9 5 2 51

December 1989. As sea-truth SSTswere used the water temperatures measured at 1 m depth by
Ocean Data Buoys operated by Japan Meteolorogical Agency. Production processes of the
dataset were described in SK in detail.

Channel 3 dataisavailableto usefor SST estimation only in nighttime since channel 3 data
are influenced by sunlight in daytime. Therefore, we use only nighttime dataset for comparing
different types of technique. The total number of dataset is 51. For each buoy, the distribution
of dataset for each month is shown in Table 2. The accuracy of split-window technigue, which
is available in daytime, has been examined by SK.

3. Results and Discussions

3.1 MCSST published September, 1989 and CPSST March, 1990

Figure 1 shows the difference between SST estimated by six equations and in-situ SST.
Table 3 shows rms errors and biases of each SST estimation. According to Fig. 1, most of the
differences between the satellite-derived SST and in-situ SST are distributing within a £1°C
range. All techniques examined here give rms errors smaller than 0.6°C. According to Table 3,
the triple-window MCSST algorithm gives the smallest rms error, which is 0.43°C. The dual-
window CPSST algorithm givesthe next smallest rmserror, 0.44°C. Ontheother hand, the dual -
window MCSST algorithm givesthelargest rmserror, 0.56°C. The biases of CPSST agorithms

Table3. Thermserrorsand biases of the satellite SSTs derived from equationsas shownin Table 1. Unit
are °C.

MCSST CPSST

Method . .
rms bias rms bias
(a) 0.48 -0.16 0.48 -0.22
(b) 0.56 -0.04 0.44 -0.14

(c) 0.43 -0.07 0.48 -0.27
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Fig. 1. Thedifferencebetween satellite SSTsand buoy SSTsversusbuoy SSTs. (a) split-window, (b) dual -
window and (c) triple-window technique.
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Table 5. Results of SST estimation by equations shown in Table 4. Unit are °C.

CPSST

Method .
rms bias

(d) 0.46 -0.14
(e) 0.41 -0.07

(f) 0.38 -0.12

is larger than those of MCSST algorithms for each of the three combinations of brightness
temperatures.

The present study showsthat rms errors of all techniques are smaller than 0.5°C except for
the dual-window MCSST algorithm, whose rms error is 0.56°C. The previous studies (e.g.,
McClain et al., 1985; Walton, 1988) have shown rms errors about 0.6°C for each of six
techniques. The reason for the smaller rms errors may be due to the limited area and period of
the present study. The reason why the biases of CPSST islower than these of MCSST isnot clear
at present, and needs further investigations.

3.2 CPSST published April, 1990

NOAA/NESDIS often revises SST estimation equations. Newer algorithmswere published
in April 18th, 1990. All revised equations are shown in Table 4. Asshown in Table 4, NOAA/
NESDIS mainly uses the CPSST algorithms rather than the MCSST algorithms. Results about
daytime algorithms are not discussed here.

Table5 showsrmserrorsand biases of each SST estimation. All resultsin Table 5 are better
than the former. Especialy, rmserror of the triple-window CPSST agorithmisimproved from
0.48 to 0.38°C. The new triple-window CPSST agorithm is better than the triple-window
MCSST algorithm for our dataset. However, the new triple-window CPSST agorithm has
negative bias as before. When the bias is corrected, we might get more accurate SSTs by the
triple-window CPSST algorithm. It is suggested to investigate further the CPSST algorithmsto
evaluate a more accurate SST estimation in future.
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