A NEW HIGH-RESOLUTION
BLENDED REAL-TIME
GLOBAL SEA SURFACE
TEMPERATURE ANALYSIS
BY JEAN THIEBAUX, ERIC ROGERS, W A N Q I U W A N G , A N D BERT K A T Z

A new SST analysis, using a variable analysis scale parameter to ingest (only) the most recent
observations, has been implemented in NOAA's operational forecast suite
with daily products available on the Web.
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V I D E N C E O F T H E I M P A C T O F SST

SPECIFICATION O N PRECIPITATION
FORECASTS FOR T H E M I D - A T L A N T I C
STATES. During the first half of December 2000
there were several examples of overprediction of East
Coast cyclones by the Meso Eta Model (Eta; Black
1994). The most striking example was the 3-4 December 2000 storm off of North Carolina, in which the
Eta initialized at 0000 UTC 2 December predicted a
major snowstorm for Raleigh-Durham, North Carolina. During 3 December a cyclone did develop off the
North Carolina coast, but farther to the east than predicted by the Eta. This resulted in snow accumulations
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of as much as 14 in. in eastern North Carolina, but
none in the Raleigh-Durham area. The Aviation
Model runs of the Global Atmospheric Model (AVN;
Kanamitsu et al. 1991; Caplan et al. 1997) for these
cases generally produced less intense development of
cyclones than the Eta. Given the sensitivity of developing cyclones to SST, it was suspected that the difference between the SST analyses used by the models
was a factor in causing the differences in the predictions. The AVN was using the Reynolds and Smith
(1994, hereafter RS) 1° x 1° (latitude-longitude)
analysis, while the Eta used the National Environmental Satellite, Data, and Information Service (NESDIS)
multichannel, satellite-data-only, 50-km (MCSST)
analysis [McClain et al. (1985); also see information
available online at the NESDIS Web site: http://orbitnet.nesdis.noaa.gov/orad/sub/crbfrm_sst and
www.osdpd.noaa.gov/PSB/EPS/SST/Climo.html].
The Eta again exhibited overprediction of cyclogenesis vis-a-vis the AVN from 18 to 19 December.
Eta-minus-AVN SST differences along the northern
wall of the Gulf Stream, off the east coast of the
United States, were found to be as high as 8°C, probably due to persistent cloudiness in December and
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the inability of the NESDIS satellite-only product to
update SSTs under cloudy conditions. Hence a decision was made to replace the MCSST product in the
Eta with the RS analysis used in the AVN model,
on 20 D e c e m b e r 2000, on a t e m p o r a r y basis.
Subsequently, the 30-31 December East Coast storm
produced heavy snowfall across the northeastern
United States, with total storm accumulations in excess of 12 in. extending f r o m central New Jersey
northward into eastern New York and New England.
Guidance from both National Centers for Environmental Prediction (NCEP) operational short-range
models, the Eta and the AVN, both using the RS
analysis to provide the ocean surface temperatures,
predicted a significant snowfall event 2 - 3 days in advance; however, both models exhibited a westward
bias in their predicted snowfall patterns. For example, Eta forecasts initialized at 1200 UTC 29 December 2000 predicted 5 - 1 0 in. of snow over the
B a l t i m o r e - W a s h i n g t o n m e t r o p o l i t a n area (see
Fig. 1), where no precipitation was observed. The discrepancy between the area of predicted heavy snowfall and the actual precipitation pattern was again suspected to have been caused by the SST field used by
the models, except that this time it was the RS analysis (Rogers et al. 2001).
Coincident with the 20 December 2000 change to
the RS analysis in the operational Eta, a parallel Eta
(EtaX) test was initiated, using a version of a new,
blended, high-resolution, real-time, global, SST
analysis (RTG_SST; Thiebaux et al. 2001) for the region of comparison. The differences between the Eta
and EtaX SST fields, produced for the 1200 UTC
29 December 2000 forecast, can be seen in Figs. 2a

and 2b. The EtaX SST field shows significantly more
details than those in the Eta, especially in the water
temperatures off the continental shelf, from North
Carolina to Massachusetts, and south of Newfoundland. In some places the analyses differ by more than
10°C (see Fig. 2c) with the higher-resolution analysis giving significantly cooler, coastal shelf waters off
North Carolina.
To determine the significance of error in Atlantic SST specification, comparative Eta and EtaX forecasts were made from the 1200 UTC 29 December
2000 initial conditions. All other input to the EtaX
run, except the SST analysis, was identical to that of
the Eta run. The 24-h sea level pressure forecasts and
0-36-h forecasts of precipitation for the operational
Eta and the parallel Eta using the RTG_SST analysis
are shown in Fig. 3, respectively. The operational Eta
predicted a 998-hPa low located along the southern
coast of the Delmarva peninsula, while the parallel
Eta predicted the cyclone farther to the east, closer
to the observed position. The EtaX predicted the
heaviest precipitation to be located over New Jersey,
with 0.1-0.25 in. in the Baltimore-Washington metropolitan area, compared with the Eta prediction of
0.50 in.
Although the parallel Eta forecast was not perfect,
the use of the RTG_SST analysis in this test clearly led
to an improved forecast. It produced an improved
forecast of storm track and precipitation. The error
of the predicted storm track was substantially reduced
by the EtaX, while the predicted precipitation over the
Baltimore-Washington area was reduced by 80%90% of the operational run. These results indicated
that primary errors in the mean sea level pressure and
precipitation forecasts were either directly coupled to
or indirectly dependent on the SST distribution close
to and along the Atlantic coast. As a consequence of
this study, the decision was made to implement the
new analysis as quickly as possible, to provide the sea
surface temperature fields for the Eta. The RTG_SST
became operational 30 January 2001.
IMPORTANT FEATURES OF THE

RTG_SST.

Key features of the RTG_SST are the following.

FIG. I. Eta Model 36-h forecast of 12-h accumulated precipitation, from 1200 UTC 29 Dec 2000.
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The ( l a t i t u d e - l o n g i t u d e ) r e s o l u t i o n of the
RTG_SST is 0.5° x 0.5° globally.
The first-guess values, which are differenced with
values from observation reports to form the analysis increments, are bilinearly interpolated from the
prior analysis without smoothing but with a small
adjustment in the direction of the climatological
annual cycle, on the order of 0.03°C.
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FIG. 2. (a) Eta 0000 UTC forecast skin temperature (°C),
derived from the RS analysis, 29 Dec 2000. (b) EtaX
0000 UTC forecast skin temperature (°C), derived from
the RTG_SST analysis, 29 Dec 2000. (c) EtaX minus Eta
skin temperature difference (°C) at 0000 UTC 29 Dec
2000.

• The correlation length scale parameter y, for the
correlation function,
R(d) =
exp(-d2/f\
with d denoting distance,
is calculated from a climatological temperature
gradient |AT|, using the following formula developed by W. Wang (2000, unpublished manuscript):
• The analysis runs once per day and ingests observation reports received in the prior 24 h, for both
in situ and satellite data.
• Sea surface temperature reports from each moored
buoy are averaged within 24-h intervals; for each
drifting buoy and ship, the SST reports within each
0.5° x 0.5° grid box are averaged, with the location
assigned to the average value computed as the average of the locations of the reports from that platform, within the grid box.
• Satellite-retrieved SST values are averaged within
each 0.5° x 0.5° grid box.
• Surface temperatures for ice-covered water are calculated using salinity climatology in Millero's
(1978) formula, where the satellite-observed ice
cover exceeds 50% of the grid box.
AMERICAN METEOROLOGICAL SOCIETY

y = min[450, max(225/|AT|, 100)],
with ^and d in kilometers.
Accordingly, the scale parameter varies from
100 km in areas where the climatological temperature gradient is highest, such as the Gulf Stream
and Kuroshio regions, to 450 km in areas where
the gradient is lowest, such as the Sargasso Sea.
• The analysis algorithm is an iterative minimization
of an objective function, applied to the entire field
of ingested, quality-controlled increments, solved
with a conjugate gradient technique. Details of the
algorithm, which was developed by Purser (see
Purser et al. 2003) and W. Wang (2000, unpublished manuscript), are presented in the appendix.
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FIG. 3. (a) The 24-h operational Eta sea level pressure (mb) forecast valid at 1200 UTC 12 Dec 2000. (b) The
36-h forecast precipitation (in.) from the operational Eta valid at 0000 UTC 12 Dec 2000. (c) Comparable to (a)
but with EtaX forecast using the RTG_SST analysis, (d) Comparable to (b) but with EtaX forecast using the
RTG_SST analysis.
These features were designed to give the highest
possible definition of an SST analysis on a 0.5° x 0.5°
(latitude-longitude) grid.
The full suite of the daily operational RTG_SST
analysis is outlined in Fig. 4. This flow diagram shows
the components of the analysis in relation to one another, from input of the first guess and its climatological adjustment, to ingestion and management of
the raw data, to output of the operational analysis
product.
DATA INPUT, DATA QUALITY
AND

CONTROL,

SATELLITE BIAS CORRECTION.

The

satellite-retrieved SSTs ingested by the analysis algorithm, are the National Oceanic and Atmospheric Administration-16
(NOAA-16) SEATEMP retrievals
from the Naval Oceanographic Office Major Shared
Resource Center (NAVOCEANO; D. May 2001, personal communication) delivered by NESDIS during
the 24-h period prior to the analysis run. These arrive with less than an 8-h time delay for signal receipt
648
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and data processing. In the satellite data ingest, retrievals over land are identified and removed, and
retrievals from daytime satellite views and nighttime
views are separated, since these are treated separately
in the subsequent bias removal step. From this point
the data take two routes. One route updates the 7-day
satellite observation files and creates the 1° x 1° (latitude—longitude) superobservations (superobs) for use
in determination of the satellite bias corrections. The
other route takes the current day's data to the biascorrection algorithm itself.
The ship and buoy reports that are ingested by the
analysis algorithm include all the in situ SST reports
from the Global Telecommunications System (GTS)
that have been received in the prior 24 h with not
more than 36 h of elapsed time since the observation.
These reports update a 7-day in situ observation file
used in quality control (QC) of the current data, and
subsequently will also contribute to determination of
the satellite bias correction. The first QC of the in situ
data checks each datum and removes those whose
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values or locations are inconsistent
with reports from the same platform
within the previous 6 days. This
screens for recording errors of both
temperature and location, and errors from data transmission. Again
the data take two routes from this
point. The quality-controlled 7-day
data are used in the determination of
the satellite bias correction, and the
quality-controlled current data go
directly into the high-resolution
analysis algorithm.
SST observations are not available
for ice-covered water. SST values for
those grid boxes for which the reported satellite-observed ice cover
exceeds 50% are calculated from sat.
, . ,
Fig. 4. Flow diagram of the RTG_SST analysis suite.
ellite-derived sea ice concentration
and the Levitus salinity climatology
for the region of the Gulf Stream, of analyses produced
(Levitus 1982), using Millero's (1978) formula:
with different fixed correlation-scale assignments, and
with an inhomogeneous correlation scale calculated
t(S) = -0.0575 S + 0.0017 S3/2 - 0.0002 S2,
from the climatological temperature gradient |AT|,
with S in psu.
using the formula in Eq. (2).
The sea ice concentration data are derived from
Figures 5a and 5b plot the climatological SST field
observations of the Special Sensor Microwave Imager for the N W Atlantic and the i n h o m o g e n e o u s
(SSM/I), and these data are converted to a percent- correlation-scale p a r a m e t e r calculated f r o m it.
age of ice cover for each 0.5° x 0.5° grid box Figures 5c-f, respectively, present analysis products
(Grumbine 1996). The ice-derived SSTs go directly for the Gulf Stream region that were produced with
into the 0.5° x 0.5° analysis algorithm, and they are inhomogeneous
y = 100, y = 300, and y= 606 km.
input to 1° x 1° superobs with the in situ data, for Figures 5c and 5d show nearly identical Gulf Stream
determination of the satellite bias correction.
detail; however, away from the strong temperature
The algorithm that calculates and applies correc- gradients, where the SST contours of Fig. 5d are noisy,
tions for any large-scale satellite biases uses the tech- the larger correlation scales used to produce the analynique of RS. This ingests 1° x 1° superobs from the sis in Fig. 5c give a more realistic-looking tempera7-day data files of both satellite SST retrievals and the ture field. Figures 5e and 5f show the Gulf Stream with
combination of ship and buoy SST values and SSTs increasingly and unrealistically smooth temperature
from ice-covered water. The calculated corrections contours. These results established inhomogeneous y
are applied to the current daytime and nighttime re- as the correlation-scale parameter of choice.
trievals, which are then averaged separately into dayThe impact of the correlation-scale parameter on
time and nighttime 0.5° x 0.5° superobs.
products of the real-time high-resolution analysis was
Finally, prior to execution of the high-resolution further studied by withholding reports from selected
SST analysis algorithm an additional quality-control buoys, and calculating bias and root-mean-square
check is applied to the observation-minus-first-guess difference (rmsd) statistics with analysis-minus-buoyincrement values. This is a 5° temperature difference observed SST differences, for all four correlation repcheck for satellite superobs, SSTs for ice-covered wa- resentations of Fig. 5, for a 3-month period: Marchter, and 24-h measurement- and location-averaged May 2000. Table 1 gives rmsd statistics calculated with
data for ships and buoys. Increments in excess of 5°C the independent data reports from 12 moored buoys
in the Northern Hemisphere, including one in the
are excluded from the analysis.
South China Sea and two near the United Kingdom.
For these direct comparisons with buoy reports, the
C O M P A R I S O N S O F A N A L Y S E S . During de
velopment of the RTG_SST, comparisons were made greatest discrepancies are between the analyses using
AMERICAN METEOROLOGICAL SOCIETY
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the fixed correlation scales of 300 and 600 km, and
those using 100 km and an inhomogeneous correlation scale (INHOM), in the N W Atlantic, where
I N H O M is of the order of 100 km as well. Corresponding average biases, for these analyses, were in
the range 0.1°-0.2°.
Comparisons were also made of the RTG_SST, the
MCSST, and the operational 7-day RS analysis, for a
selected set of Northern Hemisphere buoys moored
in deep water (generally > 3000 m). In this case the
buoy data were included in the analyses because they
could not be excluded from the operational runs of

the RS analysis. The average biases for the three analyses were all -0.1°; however, the rmsd results differ significantly, as shown in Table 2. On average the rmsds
of the RTG_SST were half or less than those of the
other two analyses for the 2-month period of the comparison, providing additional support for the decision
to implement the RTG_SST.
ENSEMBLE
RTG_SST

VERIFICATION
ANALYSIS.

OF

Verification

THE
of

the

RTG_SST using independent data is a routine element of the daily analysis production suite.
Verification statistics are
generated with five "parallel runs" of the operational
analysis. The data qualitycontrol, satellite bias correction, and SST analysis algorithms of the parallels are
identical to those of the operational run. Also, each
parallel ingests identical in
situ and satellite SST reports, except for the specific
subset of buoy reports withheld and used for indep e n d e n t c o m p a r i s o n of
product SST values for the
locations of the withheld
observations.
The buoys whose reports are withheld and used
for verification in each of
the five parallel analyses are
d e t e r m i n e d by the final
digit of the five-digit platform identifier: those ending in 0 and 5, 1 and 6, 2
and 7, 3 and 8, and 4 and 9.
This method of selecting independent data for verification of analysis products
provides q u a s i - r a n d o m
geographic distributions of
approximately 220 in situ
platforms for each parallel,
with the withheld buoys totaling a b o u t 20% of all
moored and drifting buoys
FIG. 5. (a) Climatological temperature gradients in the N W Atlantic, (b)
in the full database. Every
Correlation-scale parameter /calculated from gradients in first frame, (c) The
buoy that passes data qualN W Atlantic SST analysis for 31 Mar 2000, using the inhomogeneous scale
ity control is used for indeparameter y. [(d), (e), (f), respectively] Analysis using fixed, y- III, 300, and
606 km.
pendent data verification in
650
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TABLE 1. Root-mean-square analysis minus buoy SST differences (°C), for the correlation representations of Fig. 5, using independent data, Mar-May 2000.
Buoy id

°Lat, °lon

100 km

300 km

606 km

INHOM

y (km)

22001

(28.1, 126.3)

1.2

1.4

1.8

1.3

175.59

41004

(32.5, 280.9)

0.7

0.9

1.1

0.8

173.18

44007

(43.5, 289.9)

1.0

I.I

M

1.0

107.50

44008

(40.5, 290.6)

1.7

2.0

2.6

1.7

100.00

44138

(44.3, 306.4)

0.9

1.4

1.7

0.9

100.00

46001

(56.3, 211.8)

0.4

0.4

0.4

0.4

402.45

46053

(34.2, 240.2)

0.7

0.7

0.8

0.7

200.41

46060

(60.6, 213.2)

0.6

0.6

0.9

0.6

223.93

46204

(51.4, 231.2)

0.3

0.3

0.3

0.3

249.26

51003

(19.2, 199.3)

0.2

0.2

0.2

0.2

442.25

62103

(49.9, 357.1)

0.5

0.4

0.5

0.5

205.60

62109

(57.0, 0.0)

0.4

0.4

0.4

0.4

283.95

0.7

0.8

1.0

0.7

Avg

exactly one parallel and is
i n c l u d e d in each of the
other four.
Statistics calculated for
each parallel analysis include the number of analysis-independent qualitycontrolled buoy observations used for verification,
in addition to the bias, standard deviation of the bias,
and rmsd between analysis
and buoy values. The latter
are calculated by differencing collocated values of the
global SST analysis product
field and SST values calculated from the independent
buoy reports. Analysis bias,
standard deviation of the
bias, and rmsd "ensemble
statistics" are calculated by
averaging these statistics
over the five parallel analyses. Ensemble statistics are
computed daily for each of
33 subregions and their values are published online
(see the <CRTG_SST verifi-

South China Sea

Western Atlantic

NE Pacific

Christmas Island

U.K. vicinity

TABLE 2. Root-mean-square analysis minus buoy differences, Nov-Dec
2000.
Buoy id

°Lat , °lon

MCSST

RS

RTG_SST

41001

(34.7, 287.8)

1.0

1.4

0.1

42002

(25.9, 266.4)

0.4

0.4

0.3

42003

(25.9, 274.1)

0.7

0.8

0.2

44141

(42.1, 303.8)

3.3

3.0

1.6

46001

(56.3, 2II.8)

0.5

0.3

0.2

46004

(50.9, 223.9)

0.5

0.2

0.2

46005

(46.0, 229.0)

0.5

0.6

0.2

46035

(56.9, 182.2)

0.4

0.5

0.1

46059

(38.0, 230.0)

0.4

0.3

0.2

51001

(23.4, 197.7)

0.3

0.1

0.2

51004

(17.4, 207.5)

0.5

0.3

0.2

Hawaiian vicinity

51028

(0.0, 206.1)

0.4

0.5

0.3

Christmas Island

62029

(48.7, 347.6)

0.6

0.2

0.1

62108

(53.5, 340.5)

0.5

0.3

0.1

62132

(56.4, 2.0)

0.4

0.3

0.3

63103

(61.2, I.I)

0.5

0.4

0.1

64045

(59.1, 348.6)

I.I

0.9

0.3

0.7

0.6

0.3

Avg
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U.S. east coast

U.S. west coast

U.K. vicinity

MAY 2003 BAI15* I 6 5 1
Unauthenticated | Downloaded 01/09/23 08:41 AM UTC

withholding only those buoys
whose final digit was a 4 or a
9. On 9 April, France deployed
buoy 44624 in the North Atlantic, and it began transmitting relatively cool temperatures: 6°-10°C cooler than
reports from the most recent,
closest, satellite-retrieved SST
values. With a final digit of 4,
t h e r e p o r t s f r o m this b u o y
were withheld from the verification run, which ingested the
s u r r o u n d i n g data, b u t t h e y
w e r e u s e d to v a l i d a t e t h e
analysis product. Without the
FIG. 6. Global buoy distribution, 24 Aug 2001: open circles indicate locai n p u t of o b s e r v a t i o n s f r o m
tions of moored buoys and solid circles the locations of drifting buoys.
buoy 44624 the analysis in that
area was too warm compared
c a t i o n " page of t h e N O A A W e b site h t t p : / / to the temperatures reported by the buoy in that lopolar.ncep.noaa.gov/sst/Verifcounts.htmi). A daily cation, and the bias and rmsd statistics, differencing
buoy distribution map (see Fig. 6, for example) is pro- the analysis with the buoy temperatures, reflected this
vided online, as are daily, analysis data inventories that with their abnormally large values.
e n u m e r a t e the n u m b e r s of day and night satellite
Reports from buoy 44624 were taken off the GTS
superobs, the numbers of SST values from buoys and network from 1 to 11 May, because the buoy was susships, and the numbers of 0.5° x 0.5° grid sea ice values pected of giving erroneous values. Subsequently the
ingested by the operational analysis within each region. reports were restored to the GTS network when it
Time series of the bias and rmsd statistics are up- became clear that the buoy was reporting true temdated daily for the following regions: extratropical peratures from its locations within a cold eddy. 1
Northern Hemisphere, Tropics, extratropical Southern H e m i s p h e r e ,
N o r t h Atlantic, and N W Atlantic.
Plots of the time series of the ensemble statistics for these regions
are p r o v i d e d o n l i n e at http://
polar.ncep.noaa.gov/sst/
Verifcounts.html. Figures 7a-c illustrate time series of analysis rmsd calculations for the five parallel verification runs and their ensemble
averages, for the first three of these
regions. Similar variability is characteristic of the bias time series and is
more pronounced for smaller subregions that have fewer independent
data buoys.
The potential influence of a single
buoy on verification statistics calculated with just one parallel run is illustrated by the buoy whose track for
the period from 1 April to 6 June, is
shown in Fig. 8. The one verification
parallel in use during that period was
652
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FIG. 7. (a) Time series of analysis rmsd calculations for five parallel
verifications and their ensemble average, for 30°-90°N and 0°-360°.
(b) Analogous time series for 30°S-30°N. (c) Analogous time series
for 30°-90°S.
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The impact on verification statistics of using reports
from a buoy within a cold (or warm) eddy for verification of an analysis from which it has been withheld was
made evident by running a second parallel that instead
withheld reports from buoys with final digits of 1 and
9. A comparison on 6 June 2000 produced a N W Atlantic rmsd of2.303°C for the parallel that withheld buoy
44624, compared with an rmsd of 0.898°C for the second parallel.
The impossibility of foreseeing situations similar
to the one described above, with their attendant risks
of erroneous assessments of analysis performance, led
us to devise the more complex and elegant ensemble
verification scheme.

W E B SITE AVAILABILITY O F T H E R T G _ S S T
A N D V E R I F I C A T I O N P R O D U C T S . G r i b files

for the global SST product are available through the
NOAA Web site (http://polar.wwb.noaa.gov/sst),
which also publishes graphical displays of the latest
SST and anomaly fields for selected regions: global,
North American, North Atlantic, and northeast Pacific. Figures 9a and 9b provide examples of SST and
anomaly fields for the North American region.
The near-real-time verification statistics, described in the previous section, are accessed from this
site by clicking on the highlighted phrase "RTG_SST
Verification page." These include the analysis bias,
standard deviation of the bias, and root-mean-square
difference statistics, computed with analysis minus
independent buoy reports using the
e n s e m b l e v e r i f i c a t i o n scheme.
Computations are made for each of
the three latitude bands: 90°-30°S,
30°S-30°N, and 30°-90°N, in addition to 30 additional, rectangular
(latitude-longitude) subregions selected as regions of special interest.
The latter permit comparison to be
made of analysis performance for
high gradient regions such as the
Gulf Stream and Kuroshio, and for
lower gradient areas such as the Sargasso Sea. Time series for the most
recent 30 days of ensemble bias and
rmsd statistics are updated and plotted daily for five key regions.
C O N C L U S I O N S . The RTG_SST

is p r o d u c e d on a 0.5° ( l a t i t u d e longitude) grid by an optimum interpolation analysis of the most recent 24-h receipts of buoy and ship

1

D u r i n g the week of 2 3 - 2 7 April, the
N A V O C E A N O 10-km satellite-only
analysis product showed this cold intrusion into the Gulf Stream. Further, D. May
(2001, personal communication) reported
that the NAVOCEANO weekly MCSST
data distribution in the Grand Banks region showed cold SST retrievals in the region of buoy 44624 (44°N, 44°W) and that
the 24-h Geostationary Operational Environmental Satellite (GOES) SST composite image for the n o r t h Atlantic for
27 April agreed with both the 10-km
analysis and the MCSST data.

AMERICAN METEOROLOGICAL SOCIETY
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data, satellite-retrieved SST
data, and SSTs derived from
satellite-observed sea ice coverage. Near-real-time verifications are produced and published daily in digital and
graphical displays. RTG_SST
analysis products realistically
show that tight gradients in the
Gulf Stream region of the Atlantic and the Kuroshio region
of the Pacific are in close agreement with SST reports from
moored buoys in both oceans
and properly depict the wintertime colder shelf water that
is a critical feature in producing accurate model predictions
for coastal winter storms.
The RTG_SST has been
r u n n i n g o p e r a t i o n a l l y and
providing ocean surface temperatures for the NCEP Meso-Eta
Model, since 30 January 2001. The
daily analysis p r o d u c t is r o u t e d
through the GTS, in standard World
Meteorological Organization (WMO)
gridded binary (GRIB) format, with
W M O h e a d e r O T G A 8 8 KWBJ.
Graphical products, digital data and
verification statistics are available
worldwide online (http://polar.wwb.
noaa.gov/sst/Welcome.html) and
GRIB files for the global SST product are available online or by accessing the following FTP sites directly:
ftp://ftp.ncep.noaa.gov/pub/data I /
rtg_sst (most recent 2 days), ftp://
polar.wwb.noaa.gov/pub/sst (most
recent 7 days), and ftp://polar.wwb.
noaa.gov/pub/history/sst (fields back
to 11 February 2001).

FIG. 8. (TOP PANEL) Track of buoy 44624,

9 Apr-1 5 May 2001: filled circles denote GTS reports of buoy locations
and temperatures. Open circles give
buoy locations during t h e interval
when SST reports were withheld from
the GTS.
FIG. 9. (LOWER PANELS) (a) North American

region SST analysis for 17 May 2001 and
(b) anomaly field corresponding to (a).
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APPENDIX: THE ANALYSIS

FIG. AL. Global SST first-guess errors, as std dev, in °C.

A L G O R I T H M . T h e high-resolution

SST analysis is an iterative minimization of the following objective function, applied to the
entire field of ingested, quality-controlled increments:

The minimization procedure solves
0 = AJ = B 1 (xa - xb) - HTR [y - H(xa)]

a

b T

_1

a

2J = (x - x ) B (x - x )
+ [y - H(xa)] R_1[y - H(xa)],

or

with xa = anaysis; x b = first guess, here the prior analysis; y = observations; H = bilinear interpolation to grid
points; B = first-guess error covariance; and R =
observation error covariance. Here lowercase letters
indicate vector arrays, uppercase letters signify matrices, and their "products" signify conventional matrix algebra products of vectors and matrices.
In the RTG_SST, the first-guess error correlations
in B are computed with the Gaussian-shape function
discussed in the section titled "Important Features of
the RTG_SST." The observation error covariance
matrix R is assumed to be diagonal, equivalent to the
assumption that the spatial correlations between observation errors are 0. The first-guess and observation error assignments are made using global tables
of standard deviation values. Figure Al shows the
global first-guess error field. Assignments of standard
deviations for observation errors are specific to data
type and are generally proportional to the values in
Fig. Al; standard deviations for the 24-h averages of
buoy reports and satellite superobs are approximately
1.6 times the values assigned first-guess errors, and
those for 24-h averaged ship reports are 1.8 times
those for the buoys. For example, the latter range
from about 1.0°C in northern latitudes, to 0.6°C in
the Tropics, to 0.85°C in southern latitudes.
Minimization of J with respect to the analysis coefficients gives the analysis as
xa = xb + BH T R

(A3)

b

1

[y - H(xa)].
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(xa - xb) - B H ^ - 1

[y

_ H(xa)].

(A4)

By defining f = R 1 [y - H(x a )], from which Rf =
[y - H(xa)], the forgoing becomes
(xa - xb) = BHTf.

(A5)

Since H is linear, H(xa) = H(xb) + H(xa - xb), then
Rf = y - H(xb) - H(xa - xb)
= y - H(xb) - HBH T f,

(A6)

and, from the latter,
(R + HBH T )f = y - H(xb).

(A7)

This expression is solved for f with the iterative,
conjugate gradient method of Gill et al. (1981). And
finally, the analysis is obtained from the relation
( x a - x b ) = BH T fas
xa = xb + BH f.

(A8)
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The Father James B. Macelwane Annual Award
AMS UNDERGRADUATE AWARD
T h e Father James B. Macelwane Annual Award was established by the American Meteorological Society
to honor the late Rev. James B. Macelwane, S.J., a world-renowned authority of seismology, who was a
geophysicist and Dean of the Institute of Technology, Saint Louis University, until his death in 1956. The recipient
of the Father James B. Macelwane award will receive a stipend of $300.
The purpose of this award is to stimulate interest in meteorology among college students through the
encouragement of original student papers concerned with some phase of the atmospheric sciences. The student
must be enrolled as an undergraduate at the time the paper is written, and no more than two students from any
one institution may enter papers in any one contest.
Submission of Papers:
To consider papers for the Macelwane Award, the AMS Committee of Judges must receive the following:
I) an original plus four copies of the paper; 2) a letter of application from the author, including contact
information, stating the title of the paper and the name of the university at which the paper was written; 3) a
letter from the department head or other faculty member of the major department, confirming that the author
was an undergraduate student at the time the paper was written, and indicating the elements of the paper that
represent original contributions by the student.
The above information must be received at the American Meteorological Society, Attn: Donna Fernandez,
45 Beacon Street, Boston, MA 02108-3693 by 13 June 2003. The evaluation of the papers occurs during the
summer. Announcement of the award recipient is made in October of 2002.
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