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ABSTRACT

The new NOAA operational global sea surface temperature (SST) analysis is described. The analyses use 7
days of in situ (ship and buoy) and satellite SST. These analyses are produced weekly and daily using optimum
interpolation (OI) on a 1° grid. The OI technique requires the specification of data and analysis error statistics.
These statistics are derived and show that the SST rms data errors from ships are almost twice as large as the
data errors from buoys or satellites. In addition, the average e-folding spatial error scales have been found to
be 850 km in the zonal direction and 615 km in the meridional direction.

The analysis also includes a preliminary step that corrects any satellite biases relative to the in situ data using
Poisson’s equation. The importance of this correction is demonstrated using recent data following the 1991
eruptions of Mt. Pinatubo. The Ol analysis has been computed using the in situ and bias-corrected satellite data

for the period 1985 to present.

1. Introduction

Global sea surface temperature (SST) fields are use-
ful for monitoring climate change, as an oceanic
boundary condition for atmospheric models, and as a
diagnostic tool for comparison with the SSTs produced
by ocean models. Because the SSTs can be estimated
from satellites, the SST field may be the best-known
ocean parameter on global scales.

The blended (SST) analysis of Reynolds (1988 ) and
Reynolds and Marsico ( 1993) has been widely distrib-
uted to researchers through the Tropical Oceans and
Global Atmosphere (TOGA ) program. The technique
uses both in situ and satellite-derived SST data to pro-
duce a monthly analysis. The major advantage of this
method is an objective, time-dependent correction of
any satellite biases relative to the in situ data. To pro-
vide the bias correction, the technique degrades the
spatial resolution of the analysis to roughly 6° lat/long.

To better preserve the high resolution of the satellite
data, we have developed a new analysis technique for
use operationally at the U.S. National Meteorological
Center (NMC). The method uses the blended tech-
nique to provide a preliminary large-scale spatial cor-
rection of the satellite retrievals. The in situ and the
corrected satellite data are then analyzed both weekly
and daily using optimum interpolation (OI) on a 1°
lat/long spatial grid. This method retains the bias cor-
rection while improving the spatial and temporal res-
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olution of the blend. In the sections that follow, we
first discuss the OI and the required error statistics. We
then discuss the satellite bias correction technique.

2. SST data sources

The in situ SST data are obtained from the NMC
file of surface marine observations. These data consist
of all ship and buoy observations available to NMC
on the Global Telecommunication System (GTS)
within 10 h of observation time. The distribution of
observations depends on shipping traffic and is most
dense in the midlatitude Northern Hemisphere. There
are large regions in the Southern Hemisphere with in-
adequate in situ sampling. This is shown in the ship
and buoy distributions for the week of 4-10 August
1991 in Figs. 1 and 2. The ship data are very sparse in
the midlatitude South Pacific east of the 180° meridian
and in the tropical Pacific east of [60°E. The buoy
data has been designed to fill in some areas with little
ship data. This process of supplementing the ship data
with the buoys has been most successful in the tropical
Pacific. However, it should be noted that there are
areas, such as the tropical Atlantic, that have almost
no buoy SST observations.

The satellite observations are obtained from the Ad-
vanced Very High Resolution Radiometer (AVHRR)
on the U.S. National Oceanic and Atmospheric Ad-
ministration (NOAA) polar orbiting satellites. These
data are produced operationally by NOAA’s Environ-
mental Satellite, Data and Information Service ( NES-
DIS). The satellite SST retrieval algorithms are “tuned”
by regression against quality controlled drifting buoy
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F1G. 1. Distribution of ship observations received over the GTS for the week 4-10 August 1991.
Gridded sea ice observations are indicated by a “+.”

data using the muitichannel SST technique of McClain ification with the buoy data shows increasing errors.
et al. (1985) and Walton (1988). The tuning is done The multichannel SST retrievals first became opera-
when a new satellite becomes operational or when ver-  tional in November 1981. The algorithms are com-
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FiG. 2. Distribution of buoy observations. Otherwise as in Fig. 1.
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FiG. 3. Distribution of AVHRR daytime retrievals on a 1°C grid for the week 4-10 August 1991.
One to nine observations are indicated by a dot; ten or more by an “X.”

puted globally and are not a function of position or daytime and nighttime observations has been averaged
time. Although the AVHRR cannot retrieve SSTs in  onto a 1° spatial grid. The sparsity of daytime obser-
cloud-covered regions, the spatial coverage of satellite  vations in the tropics is unusual and was due to the
data is much more uniform than the coverage for the effect of stratospheric aerosols from the eruptions of
in situ data. This is shown for the week of 4-10 August  Mt. Pinatubo. The effect of the aerosols on the SST
1991 in Figs. 3 and 4. There, the number of weekly retrievals is discussed in more detail in section 5.
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FIG. 4. Distribution of AVHRR nighttime retrievals. Otherwise as in Fig. 3.
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In situ and satellite observations are sparse near the
ice edge. To supplement these data, sea ice information
is used. These data became available at NMC in real
time in 1988 and have a 2° spatial resolution and a
weekly temporal resolution. The fields combine snow
coverage from NESDIS and sea ice coverage from the
Navy/NOAA Joint Ice Center. If a grid box was ice
covered (concentration of 50% or greater), an SST
value was generated with a value of —2°C. The freezing
point temperature of scawater with a salinity of 33 to
34 psu is —1.8°C. This range of salinity is typical near
the ice edge in the open ocean. Thus, —2°C is slightly
too negative. After the SST field has been computed,
any SST gridded value less than —1.8°C is set to
—1.8°C. The use of simulated SSTs of —2°C over ice-
covered regions allows the analysis to reach its fixed
minimum more robustly. The simulated ice observa-
tions of SST are shown in Figs. 1 and 2.

3. OI SST analysis

The OI SST analysis is now produced both daily and
weekly on a 1° grid [e.g., see Gandin (1963) and Thié-
baux and Pedder (1987 ) for discussion of the OI]. The
weekly analysis is discussed here. The daily analysis,
which is run operationally, is discussed in section 6.

Before the SST data are used in the OI they must
pass the quality control procedures. These procedures
include the use of programs that track ships and buoys
by their identification codes and eliminate observations
with unlikely position changes. All in situ observations
that pass the tracking tests and all satellite retrievals
are tested for accuracy of the SST. All observations are
discarded if the SST value is less than —2°C or greater
than 35°C or if the SST anomaly lies outside *3.5
times the climatological standard deviation. These tests
were designed to eliminate some of the worst data.
Other procedures could be used that would be more
comprehensive, however.

To reduce the number of observations used in the
Ol, averages over 1° squares are computed. These “‘su-
per observations” are computed independently for each
ship and buoy identification code and for day and night
satellite retrievals. Because ships typically report only
every 6 h, they usually travel through each 1° box in
that time. Thus, computing 1° superobservations for
each ship has little influence on the number of ship
reports. The superobservations process substantially
reduces the number of buoy and satellite SST reports,
however. It should be noted that the day and night
satellite observations are processed separately because
different retrieval algorithms are used during the day
and the night.

The analyses are determined relative to a first guess
or predicted analysis. Following the notation of Lorenc
(1981) we define two equations. The first equation gives
the analysis increment at a grid point, k, in terms of a
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weighted sum of N data increments. The analysis in-
crement is defined as the difference between the analysis
and the first guess; the data increment is defined as the
difference between the data and the first guess. The
expression for the analysis increment, r,, can be written
as

N
Y = Z Wikds

i=1

(1)

where g; are the data increments and wy, are the least-
squares weights that are given below. The subscript k
ranges over the grid points where the solution is re-
quired. The subscripts i and j (used below) range over
the data points. When (1) has been evaluated at all
grid points, the analysis is completed by adding the
analysis increments to the first guess at each grid point.
The analysis is computed in terms of increments rather
than the entire field so that the first guess is preserved
in regions with little or no data. In that case the weights,
Wik, approach zero.

Our first-guess field is the analysis for the preceding
week. (For the initial OI analysis, the blended analysis

-was used as a first guess.) Other investigators (e.g.,

Clancy et al. 1990) have used climatology as a first
guess. There are advantages for each choice. If clima-
tology is used, the first guess is independent of the
analysis. Thus, the data increments are also indepen-
dent of the analysis. Because these increments are used
to define the error statistics that are required by the
OI, the statistics are also independent of the analysis.
In addition, the increments are, in this case, identical
to SST anomalies and can be directly related to other
studies. However, because time scales of SST anomalies
have been found to be of the order of months (e.g., see
Reynolds 1978}, the analysis from the previous week
is a better forecast of SST than climatology. When there
is no data, the OI returns the value of the first guess.
Thus, if climatology is the first guess, the Ol SST
anomaly would be zero. If the previous analysis is the
first guess, the OI SST (in our case the SST anomaly,
see discussion in section 7) simply persists. Because of
this advantage, we believe that the analysis from the
previous week is a better first guess than climatology.

The weights in ( 1) are determined by a least-squares
minimization. This procedure results in a set of linear
equations

N
2 Mywy = <7"j7l'k> (2)

i=1
forj=1,2, - - -, Nand where Mj; is defined by
Mij = <1I','1I'j> + €i€j<ﬂjﬁj>. (3)

Here, { m;m;) is the ensemble average of the first-guess
correlation error and {8;8;) is the ensemble average
of the data correlation error. The term, ¢;, is the stan-



















































