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Oeeanog~kie Monthly Summ~ is published by the National Weather Service (NWS), 
the National Environmental Satellite,- Data, and Information Service (NESDIS), 
and the National Ocean Service (NOS). Oeeanogkapkie Monthly Summ~ contains 
sea surface temperature (SST) analyses on both regional and ocean basin scales 
for the Atlantic, Pacific, and Indian Oceans. The ocean basin analyses are 
based on a "blend" of .in .6.Uu and satellite data, in which .in .6.UU data are 
used to define "benchmark" temperature .values in regions of frequent observations 
and satellite data are used to define the "shape" of the field between these 
points. I 

An ocean basin SST anomaly is derived from the "blended" SST analysisl and the 
improved global ssr.2 The regional SST analyses are based upon a combination 
of .in .6Uu and satellite data measurements. The regional SST anomalies ·are calculated 
from the Robinson-Bauer Climatology.3 Oceanographic Monthly Su11111ary also contains 
Alaskan sea ice information and ocean feature information for contiguous U.S. 
ocean regions. 

Oeeanogkapkie Monthly Summ~ welcomes articles containing information of 
interest to Oeeanog~kie Monthly Summ~ readers, such as, news on operational 
oceanography, unusual ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted material will appear in 
the OceaNotes section of Oeeanog~kie Monthly Summakg. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oeeanog~kie Monthly S~ regularly, 
please refer to the back cover for subscription information. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * Note: 
* 
* 
* 

Beginning with this issue, the familiar cover photo of the ocean wave is * 
being replaced. The new image may be a satellite photo or depict systems* 
or activities related to the collection and analysis of oceanographic * 
data. * 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

lReynolds, R.W. and W.H. Ge11111ill, 1984. A sea surface temperature analysis ·which 
blends .in .6Uu and satellite observations. P~eeeding.6 o6 the N-inth Climate 
Viagno.6tie.6 Wo~k.llhop, Corvallis, OR, Oct. 22-26, 1984, pp. 408-416. 
2The climatology is derived from .in .6.UU data (1950-1979), satellite data (1982-
1985) and an ice climatology. 
3Robinson, M.K., 1976. Atlas of North Pacific Ocean Monthly Mean Temperatures 
and Mean Salinities of the Surface Layer; NavOeeano Re6. Pub. 2. 
Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 1979. Atlas of North Atlantic• 
Indian Ocean Monthly Mean Temperatures and Mean Salinities of the Surface Layer; 
NavOeeano Re6. Pub. 18. 
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SATELLITE IMAGE OF THE MONTH* 
Kim Buttleman 
Interactive Processing Branch E/SP22 
NESDIS, NOAA 
Washington, DC 20233 
( 301) 763-8142 

The Bahama Banks 

This image (NOAA-10, AVHRR ch 4) from 
January 15, 1987 (08:56 GMT) shows the 
Bahamas and adjacent areas of the Caribbean 
and North Atlantic. Included in the land 
areas are Florida (FL, with the lettering 
immediately north of Lake Okeechobee), 
as well as Cuba (CU) and Andros Island 
(A) in the Bahamas. Visible in the ocean 
areas are the Gulf Stream (GS) where it 
rounds the coast of Florida, having exited 
the Gulf of Mexico through the Florida 
Straits (FS). Very prominent are the 
Great Bahama Bank (GBB) and Litle Bahama 
Bank (LBB), which are generally less than 
15 meters deep. With other banks, these 
outline much deeper Exuma Sound (ES) and 
the Tongue of the Ocean (TO), a 2000 meter 
deep canyon. 

For some time prior to the acquisition 
of this image this area had been under 
the influence of abnormally cold weather, 
which coo 1 ed the surface waters. The 
water in the much deeper areas could be 
warmed by mixing from beneath by the 
relatively warm deep water, while the 
water over the banks could not. Thus 
the banks show up lighter (cooler) and 
the deeper areas are darker (warmer). 

Also visible throughout Cuba are numerous 
hot spots, which show up as small b·lack 
(hot) dots. Prior to harvesting, sugar 
cane fields are burned to reduce the excess 
vegetation and rid them of ·pests. 
Presumably the many hot spots there' are 
such purposely set agricultural fires. 
However, south of Lake Okeechobee in Florida 
there is a much larger hot spot. This 
was a controlled brush fire which burned 
approximately 2500 acres. 

*In the December 1986 issue, the wave-;like 
pattern evident in the water areas of 
the satellite photograph is an artifact 
of the printing process. 
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Monthly mean sea surface temperature is the mean 
of~ Aitu and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the ~ Aitu data; contours are 
not shown in areas without data. 
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MQ,nthly mean sea surface temperature is the mean 
of in ~itu and satellite data within two-degree 
quadrangle~. Contour line interval is 1.0°C. 
The stippling indicates where the analysis ' 
was fixed by the ·in ~itu data; contours are 
not shown in areas without.data. 

5 



I 00 E 12VE 

SON 

40N 

20N 

0 

20$ 

405 

60S 

I 00 E 120E 

Western Pacific Ocean 
SST--MONTHLY ANOMALY 
SHIP, BUOY, AND SATELLITE 
DATA 
JANUARY 1987 

I 40E IGOE 180 IS OW 

SON 

40N 

20N 

0 

20S 

405 

60S 

140E 160E 180 I SOW 

Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour 
line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological d~ta. 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology.; 
contours are not sh~n in areas without monthly 
or climatological data. 
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Monthly mean sea surface temperature is the mean 
of~ ~itu and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the ~~data; contours are 
not sh.own in areas without data. 
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Monthly mean sea surface temperature is the mean 
of~~~ and satellite data within two-degree 
quadrangles. Contour line interval is 1.o•c. 
The stippling indicates where the analysis was 
fixed by the~~~ data; contours are not 
shown in areas without data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is O.s•c. The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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Monthly anomaly is'the difference between thE 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is o.s•c. 'The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in.areas without monthly 
or climatological oata. 
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:Ca•'t.•Cc • Coru:eo'ltrnton of thlc::k111t (C,), 2nd 
thlcklln (r.b), •nd )rd thlck.,t (tel 

. lu 
S1 ,Sb,Sc • Sttga of dtYtl~t of thlckut (S,), 

2ft<~ thlc::ken (Sb), .,..d ]rd thickest 
(Sc} Ice, _.. 

•C.• Coru::entrttiOII of lea within IAith) of 
strips tlld petc.h.at. 

.STAtt:(S) Of' HVfl~t:NT (TitiCkNESS) 

1 • Mew Ice (0-10 r;m) 
l • Young lee (10-30 g,) 

• '·• First y.ar 130•200 e .. ) 
7 • First y .. r thin (]0-70 e~~~) 

I, • Flnt year ••Huno {70-120 t~~~) 
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_1· • Old Jce (survived It Je .. t one •-r'• •It) 

.EXN\PLES 

r;-:;;---, Theoretical thickMU ~ this 
l....:::..::_j suson.'s 1rowth (em).. 

-

Fast Ice. Sea Ice which forms 
and remains fast along the 
coast. 

-- Ice boundary visually or 
satellite observed. 

- - - - lee boundary estimated~-

/ 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
National Meteorological Center, W/NMC21 
( 301) 763-5972 

,JANUARY 1987 

Moderate temperatures and occasionally strong southerly 
winds thr?ugh the Bering Sea during January held 
the sea 1ce edge north of St. Matthew Island and 
just south of Nunivak Island. At the end of January 
the ice edge was some 60 to 100 nauti ca 1 mi 1 es north 
of its mean position .. In Bristol Bay sea ice remained 
rather thin and was confined to the northern and 
extreme eastern sections. North of the edge, sea 
ice thickened and became more concentrated. Thinner 
ice was confined to the area immediately south of 
St. Lawrence Island, an area commonly covered by 
thin ice or open water due to northerly winds. In 
the Chukchi Sea, sea ice motion was observed along 
the Alaskan coastline apparently "feeding" ice toward 
the Bering Strait. Shorefast ice along the coasts 
of the Beaufort and Chukchi Seas continued to thicken 
and expand under cold winter temperatures. 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

JANUARY 1987 

Sea surface temperatures in the North 
Panel continue to average above normal. 
The January climatological mean value 
over the analysis area is 9.3°C, but 

369.6 9.6 
.9.5 

-.5 

10.9 u.o IMQI5. 10.9 
-1.3 

the actua 1 computed va 1 ue was 
10.2°C ... nearly 1°C above normal. No 
area on the chart was cooler than 
climatology. Warm anomalies ranged 
from 0.2°C in the northwest corner of 
the North Panel to 1.4°C near 46°N 113°W. 
Generally speaking, nearshore waters 
were < l°C above normal. When comparing 
January's statistics with December's, 
the entire analysis area cooled. 
Nearshore SST's cooled < 1 oc while 
offshore waters averaged 1. 5°C cooler 
than the previous month. Buoy statistics 
also show that ocean temperatures were 

15 

warmer than normal and that there was 
overall cooling when compared to December. 

SST's a 1 so averaged above norma 1 in 
the South Panel. The climatological 
mean va 1 ue is 15.1 oc but the actua 1 
observed temperature was 15.6°C. Oddly 
enough, as contrasted to the North Panel, 
nearshore waters averaged 1. oo to 1. 3°C 
above climatology while offshore waters 
were not as a noma 1 ous. There were two 
areas where SST's were below normal, 
and these were centered· near 36. S0 N 
133°W and 31.5°N 122°W. Sea surface 
temperatures coo 1 ed between 0. so and 
1.7°C. The maximum cooling was observed 
in the northwest corner and southeast 
coastal sections of the South Panel. 
Like the North Panel buoy statistics, 
the South Panel SST's averaged abo~e 
normal even though significant cooli~g 
occurred since December. The only 
exception was buoy 46012 which produced 
only a half month's data for computation~ 

There were nine analyses generated for 
both Panels during the month. 

.. r-~1~2W~------------------------~ 

12.1-·Monthly mean 
LOCATION 13.5-Maximum daily mean 

NAME 10.2- Minimum daily mean 
-1.5-Change from previous month 

e Denotes~station position. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly anomaly is the difference between·the 
monthly mean sea surface temperature and the 
climatological monthly mean value -- shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8239 

JANUARY 1987 

The ·end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT (expendable 
bathythermograph) data. Anticyclonic 
eddies are labeled a-z in the Gulf 
of Mexico and 1-99 in the NW Atlantic. 
Cyclonic eddies are labeled A-Z. Arrows 
on eddies indicate direction of 
circulation. Warm-core or anticyclonic 
eddies rotate clockwise; cold-core 
or cyclonic eddies rotate 
counterclockwise. The line to the 
eddy center shows the net translation 
since last month or since last observed. 
Eddies or sections of the Gulf stream 
System which were not observed during 
the month are not shown on the analysiS 
chart. The long arrows at the bottom 
of the chart indicate the data of data 
used. 

Data used in this analysis include: 
NOAA satellite infrared imagery, 

NESDIS 
Bathythermograph data, 
National Meteorological Center 
of National Weather Service 

Oceanographic Analysis, 
A daily detailed analysis issued by 
National Weather Service/NESDIS 

L-------->..-"'""'-'-"..£....:....-"-"'""'"""'"'-'-""--'---' 1St' 
100W 95W 90W 85W sow 

GULF OF MEXICO 

The position of the Loop Current it 
the Gu 1 f of Me xi co moved northward b~ 
about 55· km compared to thE 
end-of-December position. Anticycloni1 
eddy t translated 155 km SW. Eddie~ 
s and a traveled 65 km SW and 65 kr 
NW, respectively. 
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EAST COAST 

)ne anticyclonic eddy seemingly dissipated 
md one formed during January. Eddy 
l7 was not observed due to extensive 
:loudiness and low thermal contrast. 
rt is assumed to have dissipated near 
l8° 30N 72° 30W. Eddy 91 formed from 
1 Gulf Stream meander near 41°N 62°W 
1round January 21. Eddy 85 moved 25 
:m S. Eddy 90 translated 35 km NW when 
t was 1 ast observed on January 7. 

19 

Eddy 88, last detected on January 16, 
traveled 55 km WSW. Eddy 89. moved 175 
km NW. 

Cyclonic eddy X apparently was absorbed 
by the Gulf Stream on January 15 near 
38°N 60°W. Eddy W translated 55 km 
SW when it was 1 ast discerned on January 
16. Eddy H last detected on January 
7, moved 90 km E. 
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Gulf of Mexico 
SST--MONTHLY MEAN (°C) 
January 1987 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly mean sea surface temperature is the 
·mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Gulf of Mexico 
SST--MONTHLY ANOMALY (C 0
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value-- shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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Oeeanog~kie Monthly ~ is published by the National Weather Service (NWS), 
the National Environmental Satellite,· Data, arid Information Service (NESDIS), 
and the National Ocean Service (NOS). Oeeanog~kie Monthly SummaAy contains 
sea surface temperature (SST) analyses on both regional and ocean basin scales 
for the Atlantic, Pacific, and Indian Oceans. The ocean basin analyses are 
based on a "blend" of .in .t..Uu and satellite data, in which .in .6Uu data are 
used to define "benchmark" temperature values in regions of frequent observations 
and satellite data are used to define the "shape" of the field between these 
points. I 

An ocean basin SST anomaly is derived from the "blended" SST analysis1 and the 
improved global SST.2 The regional SST analyses are based upon a combination 
of .in .6Uu and satellite data measurements. The regional SST anomalies·are calculated 
from the Robinson-Bauer Climatology.3 Oceanographic Monthly Summary als:o contains 
Alas.kan sea ice information and ocean feature information for contiguous U.S. 
ocean regions. 

Oeeanog~kie Monthly SummaAy welcomes articles containing information of 
interest to Oeeanog~kie Monthly SummaAy readers, such as, news on operational 
oceanography, unusual ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted material will appear in 
the OceaNotes section of Oeeanogkapkie Monthly s~. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oeeanog~kie Monthly SummaAg regularly, 
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' SATELLITE IMAGE OF THE MONTH 
Kim Buttleman 
Interactive Processing 
Branch E/SP22 
NESDIS, NOAA 
Washington, DC 20233 
(301) 763-8142 

FEBRUARY 1987 

The Maldive Archipelago 

The images (NOAA-10, AVHRR enchanced 
channel 1) show the central Indian Ocean 
SSW of India. The upper image (March 
1, 10:08 GMT, 2 km resolution) shows 
a large scale view of the area, from 
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NOAA Library, E/AI216 
7600 Sand Point Way N.E. 
Sin C-15700 
seattle, WA 98115 

approximately the equator to 10 degrees 
N. At upper right are the southern 
tip of India and western Sri Lanka 
(formerly Ceylon, also formerly Serendib, 
whence the word serendipity), with the 

(Text continued on page 13). 
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Monthly mean sea surface temperature is the mean 
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quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the ~~~data; contours are 
not shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in Aitu and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the in Aitu data; contours are 
not sh~wn in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in~~ and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
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monthly mean sea surface temperature and the 
climatologi.cal monthly mean value. Contour line 
interval is O.s•c. The stippling indicates where 
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contours are not shown in areas without monthly 
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monthly mean sea surface temperature and the 
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NOWCASTING CROSS.STREAM AVERAGED SURFACE SPEED IN THE FLORID~ 
CURRENT BETWEEN FLORIDA AND THE BAHAMAS 

George A. Maul, Mark Bu1hnell, and Warren s. Krug 
NOAA, Atlantic Oceanographic and Meteorological LaboratQry 

Miami, Florida 33149 

Stephen R. Balg 
NOAA, National Weather Service 

Coral Gabl81, Florida 33146 

Nowcastlng, which Is a statement of existing conditions from real-lime data 
analysis, provides Information that can be used to make decisions as they are 
needed. Fluctuations In the cross-stream averaged surface speed of the Florida· 

. Current are amenable to nowcasllng because changes In surface speed causa: 
measurable changes In sea level between Florida and the Bo.hamas; sea level can. 
be measured In real-lime from telemeterlng tide gauges. Figure 1 shows the loca
tion o-f two Coastal-Marine Automated Network {C-MAN) stations that relay sea. 
level, sea surface and air temperature, atmospheric pressure, and wind veloclly. 
data via GOES to a NOAA computer where real-time nowcastlng of surface speed 
.Is calculated. 

81 80 79 713 
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Sea level difference between the Lake Worth and Settlement Point C-MAN 
stations can only be determined In an empirical sense with these data. Similarly, 
weather effects on !Ide gauge measurements are determined empirically. The 
technique used to correlate the effects Is multivariate linear regression. Data from 
direct observations of the Florida Current cross-stream averaged surface speed~ 
and local weather data are least squares fitted to a linear equation. Between 1982" 
,and 1984 such a data set with 131 independent obseNations was acquired be
tween Florida-and the Bahamas, and the least squares best fit equation Is: 

Vs(cm/sec) • -1.00LWSL{cm) • 0.53BP(mb) + 3.58WT(°C) 
• 0.13Nwlnd(mls) + 0.11Ewlnd(m/s) + 1589.3 

where Vs Is the estimated cross-stream averaged surface speed, LWSL is Lake 
Wonh Sea Level, BP Is atmospheric Barometric Pressure, WT Is Water 
Temperature, Nwlnd Is the Nonh Wind speed component, Ewlnd Is the East Wind 
speed component, and 1589.3 is the least squares regression constant. 

Regression coeHiclents for- the weather terms In this multivariate equation· 
are statistically significant using the F-test with a-0.05. However, a simpler esti
mation aquatlon with slightly degraded accuracy can be computed from: 

Vs(cm/sec) • -1.80LWSL(cm) + 1786.2 

Standard error with this univariate equation Is ::1: 12 em/sec. Only Florida sea revel 
Is used because the 1962·1964 data were acquired before the Settlement Point 
Sea L.eveJ (SPSL) C·MAN station was established, but SPSL wJII be Incorporated In 
future least squares analyses. 

Figure 2 shows the correlation between observed cross-stream averaged sur
face speed between Florida and the Bahamas, and the speed estimated from the 
multivariate least squares equallon which Includes weather terms . .Th9 range of 
speeds Is greater than 150 em/sec and the standard error of estimation Is ± 10 
em/sec. Diurnal and semidlurnal Udes are removed from the C-MAN reports by 
averaging the previous 25 hours; thus nowcasts of surface speed are approxi
mately 112 day late. Fourier transform techniques to nowcast without this time lag 
are being tested. 

.· 
:--· .. . ~-- .. :. . 

.-·· 
' . •, ... , .. . ·. 

Figure 1: Location of the NOAA C-MAN stations that transmit sea level and 
weather from Lake Worth and Settlement Point. Map Is based on the standard 
facsimile product showing the croSs-stream averaged surface speed from C-MAN 
data, and the locallon of the west wall of the Gull Stream from GOES Infrared 
observations. The complete facsimile chart covering the eastern Gulf of Mexico to 
Cape Hatteras Is available from the NOAA Miami SFSS via telephone 
{305-661-0738) using a Xerox Model 410 compatible telecopier, and an abbrevi
ated voice version Is on NOAA weather radio from Key West to Cape Hatteras at 
162.40 MHZ, 162.47 MHz, or 162.55 MHZ. 

. -·· 
•'• 

The reason that sea level can be used to nowcast surface speed Is that for 
"currents, the primary balance of forces is between the Coriolis force and the horl· 
-zontal pressure gradient. This balance Is expressed In the geostrophlc equation: 

f vs • g dh/dx 

75 '"" 125 !50 

OBSERVED SPEED (CM/SEC) 

175 

where f is the Corlolls parameter, vs Is the surface speed, g is the gravitational 
acceleration, dh Is the sea level difference between tide gauges, and dx Is the 
distance between them. Sea level at a tide station Is affected by tides, weather, 
and sterlc changes, as well as surface currents, and the NOAA C-MAN lnstalla-" 
!Ions provide measurements of the other variables for Inclusion In the nowcast. 

Figure 2: Correlation between the observed cross-stream averaged surface speed 
between Florida and the Bahamas from shipboard measurements, and the esti· 
mated speed from sea level and weather using the multivariate least squares 
equation. The linear correlation coefficient Is 0.62. 
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OceaNotes(continued) 

Figure 3 shows the dally cross-stream averaged surface speed between 
Lake Worth and Settlement Point for 1986. Note the' rapid changes In northward 
speed that occur on dme scaln less than fortnightly. This Information Is being 
broadcast .on NOM weather radio, and Is entered on facsimile charts such u 
shown In Figure 1. The Information Is available ·to marine Interests such as ship
ping, fishing, yachting, and to the Coast Guard, for their dally operations. 

Acknowledgments: Programming to relay data sets between the GOES sys
tem and the NOAA computer was the work of S. Michael Minton and w. Douglas 
Wilson (AOML). Ray Canada (NWS) and William E. Woodward (NOS) established 
the LWSL and SPSL C-MAN stations and have supported their operation. John A. 
Sczymanskl, Lake Worth City Engineer, and Douglas M. Martin (NOS) have been 
most helpful In the development of this product. 
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Figure 3: Time history of dally .florida Current· cross-stream averaged surface 
speed for 1986 from the Lake Worth C·MAN station data. All variables used In the 
multivariate estimation equation are 40-hour low-pass filtered prior to computation 
·,o(Vs. Small gaps In the record are caused by short·term transmission problems. 

SATELLITE IMAGE OF THE MON~H 
(Continued from page 31 

Gulf of Mannar between them. The 
Laccadi ve Sea is to the SW of India. 
Farther SW is the Maldive Archipelago, 
partially obscured by clouds. The lower 
image and cover (Feb. 28, 10:18 GMT, 
1 km resolution) show a smaller scale 
view of the Maldive Islands, from 
approximately 1 degree N to 7 degrees 
N. Kolumodulu and Haddummati Atolls 
(labeled) are the most prominent in 
the large scale image, although portio11s 
of others may be discerned among the 
clouds. 

The Maldives are part of the 
Chagos-Laccadive Ridge system. It is 
oriented in a N-S direction and stretchfis 
from the Chagos Islands at 5 to 7 degrees 
S to the Laccadive Islands at 10 to 
12 degrees N. The ridge is aseismic, 
and is presumed to have been produced 
,as· the Indian crustal plate moved north 
'over a large ·volcanic hotspot located 
:on or near the Mid-Indian Ocean Ridge 
,spreading center. Continuous extrusion 
of large quantitites of crustal material 
,produced a ri dqe, instead of the more 
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common chain of individual islands qr 
seamounts, as found in the Hawaii (!n 
Island/Emperor Seamount chain and the 
island chains in the SW Pacific. 

The atolls were formed as the sea floor 
crust subsided under the weight of t~e 
ridge. Initially a fringing coral reef 
is formed around the emergent island 
volcano. Upon extinCtion,. the volcano 
begins to subside. The coral grows 
upward, and the fringing reef becomes 
an encirling barrier, enclosing a shallow 
lagoom with small islands connected 
by emergent or shallow reef. If continued 
subsidence is slow enough, cora 1 growth 
can maintain the atoll. If subsidence 
rates exceed growth rates the atoll . 
sinks and becomes a seamount. 

Addendum: The January' 1987 
of the Month was a Channel 
window image, produced by John 
NOAA/NESDIS. 

OMS Image 
3/4 split 
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. BERING SEA I NORTH SLOPElCE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
National Meteorological Center, W/NMC21 
(301) 763-5972 

The general weather and sea ice pattern of the winter 
continued through February with mostly moderate 
temperatures and less than average sea ice extent 
in the southern Chukchi and Bering Seas. In. the 
middle Bering Sea, sea ice approached the Pribilof 
Islands under the influence of cold Siberian air 
during the third and into the fourth week of the 
month. However, the ice advance halted some 60 
nautical miles short of St. Paul due to a reversal 
of the wind direction. Sea ice decayed in Bristol 
Bay late in the month and the ice edge slowly 
retreated through the eastern and central Bering 
Sea due to warm winds from the Pacific Ocean. 
Meanwhile ice in the western Bering Sea continued 
to spread southward under the inf.luence of cold 
temperatures and generally light northerly winds 
from the Siberian interior. Elsewhere, moderate 
temperatures in the southern Chukchi Sea of -0.3 
F (5.8 F above normal for Kotzebue) have prevented 
a 11 the ice in Kotzebue Sound from becoming shorefast; 
but, a long the i~orth Slope, temperatures of -40°F 
have contributed to near normal ice qrowth. 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 470-9122 

FEBRUARY 1987 

Sea surface temperatures along the West 
Coast continue to average above normal. 
In the North Panel, the computed mean 
temperature for the month was 9. 4°C, 
or exactly 1° above the climatological 
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mean value. No area on the chart wa~ 
. cooler than climatology. The location 
of the least warm anomaly (+0.4°C) was 
near 51 N 134 W and the greatest (+1.7°C) 
was at 45 N· 132 W. When comparing this 
month to last, sea surface temperatures 
cooled throughout the 'North Panel. The 
least amount of cooling was near 41N 
128W, and the greatest cooling was observed 
at 45N 128W. The offshore areas tended 
to cool more than those alongshore. 
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In the South Panel, the computed mean 
SST for February was 15.0°C, or 0.5°C 
above climatology. Nearshore waters 
were above normal from 1.2°C to 1.4°C; 
offshore waters west of 131W were below 
normal. The location of the coolest 
anomaly ( -1.1 °C} was at 34N 135W. When 
comparing February's SST's to January's, 
the entire South Panel cooled. Nearshore 
surface water cooled less than in the 
offshore areas. The least cooling occurred 
just west of the San Francisco Bay area; 
the maximum cooling was centered .near 
36N 134W. 

Daily buoy statistics revealed an 
interesting trend toward the end of the 
month. Beginning around February 22, 
buoy temperatures dropped markedly as 
a strong cold northerly flow. developed 
on the surface. At buoy 46014, the SST's 
cooled almost 3.5°C over a 5 day period! 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
clim~tological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8239 

FEBRUARY 1987 

The end of this month·s positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Me xi co. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT (expendable 
bathythermograph) data. Anticyclonic 
eddies are labeled a-z in the Gulf 
of Mexico and 1-99 in the NW Atlantic. 
Cyclonic eddies are labeled A-Z. 
Arrows on eddies indicate direction 
of circulation. Warm-core or 
anticyclonic eddies rotate clockwise; 
cold-core or cyclonic eddies rotate 
counterclockwise. The 1 ine to the 
eddy center shows the net translation 
since last month or since last 
observed. The edge of continental 
shelf at 200 m is shown as a dashed 
1 ine. Eddies or sections of the 
Gulf Stream System which were not 
observed during the month are not 

Data used in this analysis include: 
NOAA satelli1~ infrared imagery, 

NESDIS 
Bathythermograph data, 
National Meteorological Center 
of National Weather Service 

Oceanographic Analysis, 
A daily detailed analysis issued by 
National Weather Service/NESDIS 

100W 95W 

shown on 
indicated 
The long 
the chart 
used. 

90W 85W BOW 

the analysis chart or are 
by "dot-dashed" 1 i nes. 

arrows at the bottom of 
indicate the dates of data 

GULF OF MEXICO 

The position of the Loop Current 
in the Gulf of Me xi co moved northward 
by about 55 km compared to the 
end-of-January position. There is 
a long filament of warm water attached 
to the northeast section of the Loop· 
Current from 27°N 87°W to 26°N 84°W. 
Anticyclonic eddy t apparently 
translated 85 km WSW. Its location 
is not clear. Eddy s traveled 140 
km NE. Eddy o moved 35 km NE and 
appears to be dissipating. 
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Key lor Submarine Canyons: 

- Corsair Canyon 
• Lydonla Canyon 

• AHantls Canyon 
• Block Canyon 
• Hudson Canyon 
• Wilmington Canyon 
• Baltimore Canyon 
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NORTHWEST ATLANTIC OCEAN 

Anticyclonic eddy 85 was absorbed 
by the Gulf Stream near 37°N 74°W 
about February 4. Eddy 90 moved 
285 km WSW while eddy 88 moved 185 
km WSW. Eddy 91 translated 165 km 
WSW. Eddy 89 seemingly moved 195 
km NW, but its position is not certain 
due to extensive cloudiness during 
February near 40-45°N 55-60°W. 

Cyclonic eddy 
newly obser~:j 

, Y j was apparently 
ne::· 35°30N 65°30W 
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around February 4. Eddy U, 1 ast 
observed in December, was de 1 eted 
from the chart after it was not 
observed for more than one month 
due to clouds. Eddy Y could actually 
be eddy U. However, it is named 
eddy Y since more than one month 
elapsed between observations of its 
position. Eddy W apparently traveled 
55 km NW. Eddy H was not observed 
and therefore was deleted from the 
analysis. chart. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Gulf of Mexico 
SST--MONTHLY ANOMALY (°C) 
FEBRUARY 1987 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is l.O'C. 
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OCEANOGRAPHIC 
Monthly Summary 

Ocea.nogM.ph.i.c Monthty SummMy is pub 1 i shed by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS) . Oceo.nogM.ph.i.c Monthty Summ<V!.y contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a 11 blend 11 of .in .oi..:tu and satellite 
data, in which ln ~ilu data are used to define 
"benchmark 11 temperature values in regions of 
frequent observations and satellite data are used 
to define the "shape" of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
"blended" SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of ln ~ilu and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends ln ~ilu 
and satellite observations. PJtoceecUng.o o6 .the 
Ninth Cllmo..te Vlo.gno~.tl~ Wo~kohop, Corvallis, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
( 1950-1979), satellite data 
ice climatology. 

from ln ~ilu data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Ocea.nog~o.ph.i.c Monthty Summ<V!.y also contains Alaskan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

Oceo.nogM.ph.i.c Monthty SummMy welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 

material will appear in the OceaNotes section of 
Ocea.nogM.ph.i.c Monthty Summ<V!.y. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Ocea.nogM.ph.i.c 
Monthty Summ<V!.y regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Mean Temperatures and Mean Salinities 
of the Surface Layer; No.vOcea.n Re6. Pub. Z. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; Na.vOceo.no Re6. Pub. 78. 
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Rockville, MD 20852 
Telephone (301) 443-6076 

Assistant Editor: Jenifer Clark 
NOAA,NWS 
Washington, DC 
Telephone (301) 

20233 
763-8030 

Typing: Damita M. Johnson and 
Cheryl Ho 11 and 
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SATELLITE IMAGE OF THE MONTH 
Kim Buttleman 
Interactive Processing 
Branch E/SP22 
NESDIS, NOAA 
Washington, DC 20233 
(301) 763-8142 

Islands in the Sun 

The above images {NOAA-9 AVHRR: upper 
channel 1, visible; lower channel 4, 
infrared, enhancement table S) from March 24, 
1987 {16:13 GMT) show the southeastern North 
Atlantic Ocean and the western coast of West 
Africa. Labeled geographical features are 
the Cape Verde Islands {CV) , and the coasts 
of Mauritania (M) and Senegal (S). Visible 
in the land areas in the upper image is the 
Trarza Desert {TD), with substantial amounts 
of dust and sand from the Sahara arranged in 

long light - colored deposits, having been 
carried by aeolian transport from the Sahara 
through gaps in the Adrar Mountains (AM). 
Also visible are the location of the Senegal 
River (SR),, delineated by differences in 
vegetation, and the Gambia River {GR). Dakar 
{D), the capital of Senegal, is located at 
the tip of the peninsula. A number of 
physical phenomena are apparent in the two 
images, and a comparison between the two can 
reveal much information. 

In the lower image substantial coastal 
upwelling is evident as the lighter {colder) 
areas adjacent to the coast. This is 
predominantly wind driven, as the wind off 
the Sahara pushes the warm surface waters 
away from the coast and it is replaced by 
colder water from below. This· area supports 
a small indigenous littoral fishery, where 
the natives often capitalize on the 
phenomenon of porpoises "herding" schools of 
small fish into the shallows for easier 
feeding. The natives closely watch for this 
and net as many of the concentrated prey as 
possible during the brief feeding frenzies. 

(text continued on page 13) 
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Monthly mean sea surface temperature is the mean 
of in~~ and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the in~~ data; contours are 
not shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in 4itu and satellite data. within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fiXed by the in 4itu data; contours are 
not shown in areas without data. 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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monthly mean sea surface temperature and the 
climatological monthly mean value. Contour 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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Monthly mean sea surface temperature is the mean 
of~~~ and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the ~~~data; contours are 
not shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in ~ita and satellite data within two-degree 
quadrangles. Contour line interval is 1.o•c. 
The stippling indicates where the analysis was 
fixed by the in ~ita data; contours are not 
shown in areas without data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is o.s•c. The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is O.s•c. The stippling indicates where 
the monthly mean is· colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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OceaNotes 

Dissemination and Utilization of 
Oceanographic Thermal Analyses on 

the Delmarva Peninsula 
(1984-1987) 

James F. Salevan III 
Marine Fisheries Specialist 

University of Delaware 
Sea Grant Marine Advisory Service 

College of Marine Studies 
700 Pillotown Rd 
Lewes, DE 19958 

In May, 1984 the University of 
Delaware Sea Grant Marine Advisory 
Se~vice began a Sea Surface 
Temperature and Oceanographic 
Analysis subscription service 
utilizing charts produced by 
Jenifer Clark, NWS. This service 
was begun to let the commercial and 
recreational fishing communities 
know that these charts were 
available. A legend containing °C 
to °F conversions, a canyon key, 
and a key to oceanographic 
abbreviations was produced and 
mailed to each.subscriber. 

During the first season, 
approximately 30 individuals 
utilized the service. Of these, 20 
were offshore recreational 
fishermen and ten were commercial 
longliners. All fishermen realize 
that the offshore pelagic species 
follow thermal gradients while 
migrating north and south along the 
Atlantic coast. The charts allowed 
these individuals to have a good 
indication of what temperatUres 
were occurring in what region. The 
first charts covered waters from 
Nova Scotia south to Cape Hatteras 
and out to 65 W. The fishermen 
found these charts to be valuable 
fishing tools but felt that the 

1 2 

area covered was much too large. 
Consequently, a portion of the 
Oceanographic Analysis was enlarged 
to provide information mainly from 
35° N to 40°N and 70°W to 75°W (See 
Figure ) . This change in chart 
format was very well received by 
the fishermen. 

• 

" 
I 

Figure 1. Enlarged portion of Oceanographic Analysis covering 
the Delmarva Peninsula. 

In 1985 and 1986 the number of 
chart subscribers grew to 45 and 
60, respectively. Through 
discussions with the new 
subscribers, it was determined that 
the reason they subscribed was 

. that: 1) they had been told by 
associates that the charts were 
available and 2) they had seen 
samples of the new enlarged format. 



OceaNotes(continued) 

When asked to describe the benefits 
of using the charts the results 
were summarized as follows: 

"The charts allow me to find fish 
more quickly; that is, I don't have 
to run all over the ocean looking. 
Consequently, this saves me a lot 
of money in fuel and time. I also 
believe that using these charts has 
helped me increase my landings of 
many species especially swordfish, 
marlin, and tuna. •• 

One warm eddy that was fished 
particularly hard in July and 
August, 1986, produced several 
record breaking catches, since 
these three fish averaged between 
850 and 1100 pounds each. The 
states of Delaware, New Jersey, and 
New York all had their blue marlin 
records broken. These types of 
catches rapidly-make chart users 
out of many fishermen. 

The 1987 fishing season will see 

elimination of the dhart 
subscription service by the 
University of Delaware Sea Grant 
Marine Advisory Service (MAS) for 
several reasons: 

1. There are now two private firms 
(one is in Florida and the other is 
in New Jersey) that are providing 
thermal information for a fee. The 
firms are providing very detailed 
information to the fishermen. 

2. The MAS has been approached by 
a local newspaper that would like 
to carry the~~ceanographic Analysis 
as a feature each week. 

Consequently, the MAS staff 
believes that it has fulfilled its 
goals of: 1) familiarizing the 
fishing community with the 
available thermal information and 
2) demonstrating to a private local 
newspaper that this information is 
worthy of their dissemination 
network. 

(article continued from page 3) 
Islands in the Sun 

In the upper image large amounts of 
atmospherically suspended Saharan dust are 
visible seaward from the Adrar Desert. It 
has the appearance of a diaphanous cloud, but 
since the dust is approximately the same 
temperature as the air, it is not apparent in 
the infrared image. Of perhaps more interest 
is the delineation of the wakes of the Cape 
Verde Islands in sunlight reflected from the 
ocean surface. The Canary Current {CC) 
sweeps southwest past the islands, leaving an 
area of calmer water in the downstream 
"shadows" of the islands. This area is more 
reflective than the rougher water on the 
upstream side and that flowing past the 
islands. By serendipitous coincidence of 
geometry of sun and spacecraft relative to 
the ocean surface, the island wakes are 
defined with great clarity, with little 
corresponding definition apparent in the 
infrared image. -Downstream of Ilha de Santo 
Antao, the northernmost island, the first 
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three cycles of a Van Karman vortex street 
can be seen (See OMS July, 1986). In the 
wake of the Brava, the southwesternmost 
island, a distinct v-shaped Kelvin wake can 
be seen, pointing upstream. It is dark in 
the visible image, indicating rougher water 
than the surrounding island wake, and it is 
lighter (colder) in the IR image, with a 
temperature difference of 2°C to 3°C. There 
is no known island at the apex of the vee. 
Its cause is unknown. 

Under the right conditions sunglint can 
define thermal fronts as well as infrared 
imagery. Salinity fronts, which may have 
little or no thermal gradient, can often be 
easily seen, and sunken cold core eddies, 
with no surficial thermal signature, may 
still exhibit differences in surface 
roughness, thereby enabling continued 
tracking. 
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BERING SEA/ NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
National Meteorological Center, W/NMC21 
(301) 763-5972 

Nearly steady sea ice ablation characterized 
the month of March in the eastern Bering Sea. 
Air temperatures remained well above normal 
during the month (+10 °F at Nome}, 
contributing to the early disintegration of 
sea ice. A substantial area of weakness 
developed off the Alaskan coast as warm air 
from the Pacific Ocean circled around a 
series of low pressure systems traversing the 
southern Bering Sea. The resulting warm, 
offshore winds caused ice in Bristol Bay to 
nearly disappear by the end of the month and 
an area of reduced ice concentration and 
thickness to develop from near Nunivak Island 
to Norton Sound. Similar, though less 
pronounced, areas of weakness were also 
observed along the Chukchi Sea coast as well 
as in eastern Norton Sound. Although sea ice 
concentration and the ice edge were reduced 
from normal, these parameters were still well 
within the climatological limits for the 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
( 415) 876-9122 
FTS 470-9122 
MARCH 1987 

The above normal trend of sea 
surface temperatures along the West 
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PLEASE NOTE THAT BUOYS '6002 ANO '6030 ARE STILL 
OUT OF SERVICE. ALSO NOTE THAT BUOY '6022 IS BACK 
INTO SERVICE AS OF MARCH 22, 1987, 
' 
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Coast continues. The North Panel 
analysis area was a whole degree 
above climatology for the second 
month in a row at 9.3°C. No single 
location in the North Panel was 
cooler than climatology. The 
greatest anomaly of 1.7°C was 
centered near 45°N 132°W; the least 
was in the extreme northwest corner 
of the chart. When comparing this 
month to last, approximately one
third of the values on the chart 
remained the same or warmed 
slightly; this area is north of a 
line from near Newport, Oregon, on 
the coast, to around 49°N 135° W. 
The rest of the analysis area south 
of this line cooled between 0.1°C 
and 0.6°C since the end of 
February. 15 

During March, the South Panel came 
within 0.2°C of climatology. The 
climatological normal is 14.4°~, 
but computed SST's averaged 14.6 C 
over the analysis area. Warm 
anomalies of 0.5°C to 1.0°C were 
observed nearshore and north of 
Baja California. West of 131°W, 
however, surface waters were below 
normal. In fact, at 34°N 135°W, 
a cool anomaly of 1.2°C appeared. 
March SST's in the South Pan~l 
cooled between 0.1°C and 0.8°C, 
when compared to the previous 
month. The three-hourly buoy 
observations used to compute the 
graphical depictions on this page 
showed remarkably similar trends 
when compared to the statistics 
generated from individual analyses 
as discussed above. 
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12.1-·Monthly mean 
LOCATION 13.5-Maximum daily mean 

NAME 10.2- Minimum daily mean 
-1.54----Change from previous month 

e Denotes~station position. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8030 

March 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arro.ws on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by ''dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

100W 95W 90W 85W sow 
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GULF OF MEXICO 

The position of the Loop Current in 
the Gulf of Mexico moved northward 
again by 55 km during March as it 
did during February. The long 
filament of warm water attached to 
the northeast section of the Loop 
still persists; however, it seems 
to have moved northward while 
receding from the west. The 
present location of this warm 
filament is 28 N 86 W to 26 N 84 W. 
Anticyclonic eddy t apparently 
translated 250 km SE although its 
location is very unclear. Eddy s 
seemingly traveled 195 km NW. 
Although eddy o appeared to be 
dissipating last month, it had 
apparently moved 110 k~ NE. 
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81 - Block Canyon 
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NORTHWEST ATLANTIC OCEAN 

One anticyclonic eddy was absorbed 
during March. Eddy 88 was absorbed 
by a Gulf Stream meander near 40 N 
68 W about March 27. Two 
anticyclonic eddies formed during 
March. Eddy 92 formed from a Gulf 
Stream meander near 42 N 59 W about 
March 18. Eddy 93 formed from a 
huge Gulf Stream meander near 40 N 
68 W around March 30. It is 
centered near 38 30N 67 30W. The 
major and minor axes are 440 km and 
195 km in length, respectively. 
Eddy 90 moved 100 km SW and eddy 91 
moved 210 km NW. Eddy 89 seemingly 
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One cyclonic eddy was newly 
detected during March. Eddy Z, 
located by Harvard University/Navy 
XBT's, is apparently centered near 
35 30N 60 30W. Eddy W moved 75 km 
SE while Eddy y traveled 85 km SE. 
Eddy H was deleted from last 
month's chart because it was not 
observed since January 7. Eddy H 
was detected again on April 1. It 
translated 90 km NW since January 
7. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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OCEANOGRAPHIC 
Monthly Summary 

OeeanogJtapiUe Monthly SummaJty is published by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). OeeanogiLapiUe Monthly SwnmaJty contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend 11 of -in ..&.i...t.u and satellite 
data, in which -Ln ~Uu data are used to define 
"benchmark 11 temperature values in regions of 
frequent observations and satellite data are used 
to define the "shape" of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
"blended" SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of -Ln ~.i.tu and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends -Ln ~.i.tu 
and satellite observations. PILoeeed-Lng~ o6 the 
N-inth CUmate V.Cagno~t-L~ WoiLMhop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from .in ~.i.tu data 
(1982-1985) and an 

measurements. The regi ana 1 SST a noma 1 ies are 
calculated from the Robinson-Bauer Climatology.3,4 
OeeanogJtapiUe Monthly SummaJty also contains Alaskan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

OeeanogJtapiUe Monthly SummaJty we 1 comes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
material will appear in the OceaNotes section of 
OeeanogiLapiUe Monthly SummaJty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving OeeanogJtapiUe 
Monthly SummaJty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly flean Temperatures and Mean Salinities 
of the Surface Layer; NavOeean Ren. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; NavOeeano Ren. Pub. 18. 

Editor: Patrick McHugh 
NOAA, NOS 
Office of Ocean Services, N/OS1 
Rockville, MD 20852 
Telephone (301) 443-6076 

Assistant Editor: 
NOAA,NWS 
Washington, DC 
Telephone (301) 

Jenifer Clark 

20233 
763-8030 

Typing: Damita M. Johnson and 
Cheryl Holland 
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OceaNotes 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
*Note: Subject matter other than satellite images and their interpretation may * 
* 
* 
* 
* 
* 
* 
* 
* 

* be used to allow more flexibility in the selections of text and illustra
tions for feature articles. This issue presents the output of the Harvard * 
Open Ocean Model as applied to 7-day forecasts of Gulf Stream features. * 

We hope readers will see this change as beneficial. Satellite images, 
however, will be featured often. Indeed, satellite IR images were used 
as input to the Harvard Model described in this Issue. 

* 
* 
* 
* 
* 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
GEOSAT Data Now Available from the NODC 

Global ocean significant wave heights and 
other ocean data derived from altimetry 
measurements taken by the U.S. Navy Geodetic 
Satellite {GEOSAT) are now available from 
the National Oceanographic Data Center 
(NODC). The NODC has been designated as the 
archival and dissemination facility for 
Geophysical Data Records from the GEOSAT 
Exact Repeat Mission (ERM). During the ERM, 
which began on November 8, 1986, GEOSAT is· 
collecting data along an orbital ground 
track with a 17-day repeat cycle. GEOSAT 
Sensor Data Records (SDRs) are converted to 
Geophysical Data Records (GDRs) by a group 
within the National Ocean Service (NOS) of 
the National oceanic and Atmospheric 
Adminsitration (NOAA). This group transmits 
the GEOSAT GDRs to the NODC on 9-track, 6250 
bpi magnetic tapes. Each tape contains 34 
days of GEOSAT data, or two 17-day repeat 
cycles. 

The NODC receives GEOSAT data approximately 
30 to 60 days after observation. A new tape 
is received at the NODC about every five 
weeks. copies of the GEOSAT GDR data tapes 
are provided to customers on either an 
annual Subscription or individual order 
basis. Non-u.s. citizens must request these 

GEOSAT 
their 
states. 

data through the science officer of 
country's embassy in the United 

Documentation provided with the data tapes 
includes a brief inventory giving the date 
and beginning and ending time and geographic 
position (latitude and lonitude) of each 
data file (day) on the tape, a plot of the 
GEOSAT ERM ground track for the data and a 

of the GEOSAT 

To receive a copy of the GEOSAT Data Order 
Form or for further information'about the 
availability of GEOSAT GORs, please:contact: 

National Oceanographic Data Center 
User services Branch 
NOAA/NESOIS E/OC21 
washington, DC 20235 

Telephone: 202-673-5549 or 
FTS 673-5549 

Electronic Mail: OMNET/MAIL 
mailbox "NOOC.WOCA" 

RECENT RESULTS FROM THE HARVARD GULF STREAM 
FORECASTING PROGRAM 

Scott Glenn 
Allan Robinson 

Michael Spall 

Center for Earth and Planetary Physics 
Harvard University 

Cambridge, Mass. 

The Harvard University Ocean Modeling and 
Forecasting Group has set up the Harvard Open 
Ocean Model, (Robinson and Walstad (1987)), 
in the Gulf Stream meander and ring formation 
region. Applications include: basic 
research on the dynamics and energetics of 
Gulf Stream meandering, ring interactions, 
and ring formations; and the development of a 
real time operational forecasting methodology 
to predict events on time scales of days to 
weeks. "Operational " forecasts that are 
still under development are currently 

3 

performed at Harvard on a weeklY basis for a 
region starting just east of Cape Hatteras to 
about SSW. ' 

The current forecasting procedure consists of 
the following multistep process. First, the 
location of the Gulf Stream and rings is 
determined from i) satellite IR; ii) Harvard 
designed, U.S. Navy AXBT (air-deployable 
expendable bathythermograph) surveys; and 
iii) the Harvard model forecasts from the 
previous week. Next, given the new location 
of the Gulf Stream axis and rings, the 3-
dimensional velocity fields used to 
initialize the model are generated with 
feature models (Robinson, Spall, and Pinardi, 
1987). The feature models are expressions 
with adjustable parameters that describe the 
typical Gulf Stream and ri~g velocity 
distributions. Example parameters for the 
Gulf Stream feature model include stream 

(text continued on page 12) 
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quadrangles. Contour line interval is 1.0°C. 
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was fixed by the in A~ data; contours are 
not shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in Aitu and satellite data. within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the in Aitu data; contours are 
not shown in areas without data. 
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where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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OceaNotes (continued) 

width, maximum velocity, and vertical current 
shear. Example parameters for the ring 
feature model include ring radius, depth, and 
maximum swirl velocity. Finally, the model 
is initialized with the full three 
dimensional fields and forecast ahead in 
time, usually one week, although longer 
forecasts have been done during times of poor 
satellite data. 

To illustrate the forecast initialization and 
verification procedure, two recent research 
operational forecasts are presented. Figure 
1 is taken from the March 25 April 1 
forecast, and Figure 2 is taken from the 
April 1 - April 8 forecast. This period was 
chosen because it covers a major evolutionary 
event , the birth of a giant warm core ring, 
and because clear skies prevailed so that 
good satellite imagery was available in the 
formation region. The sea surface 
temperature fronts actually observed in the 
satellite imagery were digitized for April 1 
and April 8 from the NOAA/NWS Oceanographic 
Analysis charts and are replotted in the 
Harvard Gulf Stream forecast domain in 
Figures 3 and 4. The small circles in the 
eastern portion of Figure 3 are locations of 
AXBT drops. 

In Figures 1 and 2, the top chart shows the 
feature model initialization, and the bottom 
chart shows the 7 day forecast. Contours of 
the streamfunction (pressure) at 100 meters 
depth were chosen to illustrate the flow in 
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Figure 1: 100 m strea.mfunction re:~:ea.rch operational forecast, 

March 25- April 1. 

52 

12 

the model domain. The flow was actually 
calculated at six levels distributed 
throughout the water column but.level 1 was 
chosen to compare with the SST data. In 
these maps, the flow is parallel to the 
streamfunction contours with the solid 
contours on the right. The circular features 
north and south of the Stream are the warm 
and cold core rings, respectively. Small 
scale features observed in the satellite 
images of sea surface temperature, such as 
shingles, are .not included in the feature 
model initialization but may be generated by 
the model. 

The March 25 initialization in Figure 1 was 
generated using the March 25 Oceanographic 
Analysis chart and the Harvard model forecast 
from the previous week. Due to cloud cover, 
many of the meanders and rings were 
identified based on forecast information 
alone. The most interesting feature to watch 
in this forecast is the evolution of the 
large meander system between 66W and 70W. 
!:'.t.e str·eamfunction c-ontours\ at 100 meters 
indicate that a warm core ring may be in the 
process of breaking off. The forecast shows 
that a closed circulation has developed 
within the feature by April 1, but that the 
feature is still attached to the Gulf Stream. 
The Oceanographic Analysis chart depicting 
sea surface temperature for April 1, Figure 
3, confirms that a body of Sargasso Sea water 
was surrounded by a warmer Gulf Stream water, 
and that the ring was still in the process of 
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Figure 2: 100 m streamfunction research operational forecast, 

Aoril 1 - 8. 
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Figure 3: Thermal fronts from Oceanographic Analysis, April!. 
Small circles indicate AXBT locations. 

Figure 4: Thermal fronts from Oceanographic AnalyaUs, April 8. 
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Figure 5: Vertical sections of temperature and velocity along line A-B from the model 
torecast on April 8. Tick marks are at 100 km intervals. · 

breaking off. This event is very unusual 
both because of the size of the ring and the 
location. Generally, rings are about half 
this size and form farther downstream. 

The forecast domain initialization shown in 
Figure 2 for April 1 was based on the 
previous week's forecast modified slightly by 
the new satellite imagery and AXBT data. The 
AXBT survey was designed to map the clouded 
region east of 56W and locate the cold ring 
near 35N 57W. The large, newly forming, warm 
ring was initialized as still attached to the 
Gulf Stream, and the old warm ring was 
located at the position in the satellite 
imagery. 

In the April 1-8 forecast the war-m ring 
formation is completed. The newly formed 
large warm ring was reduced in size through a 
strong ring-stream interaction at 38.5N 66W 
and shingling near 40N 69W. This resulted in 
a ring more typical in size and shape for the 
region. The new ring shape and position, 
shingling, and stream interaction are all 
confirmed by the satellite imagery, Figure 4. 
Figure 5 is a vertical section through the 
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model forecast on April 8 along line A-B. 
The tick marks along the top ar~ spaced at 
100 km intervals and the model levels are 
indicated along the depth axis. Clearly 
visible are the velocity and temperature 
signatures of the new warm ring, the Gulf 
Stream, and a cold ring. This demonstrates 
the realistic, three dimensional fields 
generated by the Harvard model and the Gulf 
Stream forecasting methodology. 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
Hational Meteorological Center, W/NMC21 
(301) 763-5972 

APRIL ~987 

Sea ice conditions in the Bering Sea were 
variable during the month of April. Rising 
temperatures and ablation throUghout the 
region characterized the first half of the 
month. A change in the weather pattern 
caused cold air from the Arctic to push 
south into the Bering Sea area during the 
middle of the month. Temperatures plummeted 
and new ice growth was observed across the 
Bering Sea. In addition, northerly winds 
caused the remaining ice to drift toward the 
south and the ice edge expanded into 
formerly ice free areas. Late in the month 
warmer air returned to the Bering Sea 
re-establishing the seasonal ice ablation 
pattern and the ice edge began to recess 
once again. To the north a significant area 
of weakness persisted from the Beaufort Sea 
north of Point Barrow into the Chukchi sea. 
Temperatures there were near normal but the 
weather pattern included periods of strong 
winds. Otherwise ice conditions were near 
normal. 



WEST COAST OCEAN FEATURES 

Ernest Oaghi r 
NDAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 
APRIL 1987 

·with spring here and a higher 
sun angle, sea surface temp
eratures generally are on the 
rise. However, in the south 
panel the fixed buoys close 
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Q6027. ll.lt 
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11.3 . 
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to the coast cooled when 
compared to the previous 
month. Only buoy 46025 
showed warming. The cooling 
was in response to some minor 
upwelling events caused by 
strong northwesterly winds. 

In the South Panel area, the 
climatological mean 
temperature for April is 
14.8C which coincided with 
the actual value computed 
from the 8 analyses 
generated. This is the first 
month in many where the 
climatological and computed 
temperatures were the same. 
SSTs west of l30W and east of 
ll9W were slightly below 
normal; in between. however, 
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waters were above normal. 
When compared to March, as 
mentioned above, all areas 
warmed except those adjacent 
to the coast. 

In the North Panel, ocean 
temperatures are above 
normal, especially 
nearshore. The climato-
logical mean value for the 
area is 9.0C and the computed 
value was 9.6C. No area had 
SSTs below normal, and only 
one location (SON 135W) had 
normal SSTs. There was a 
warm anomaly of up to l.Sc 
near cape Blanco (43N 126W). 
When comparing April's 
temperatures to the previous 
month, all areas warmed 
except for one; this was, 
oddly enough, in the center 
of the chart at 45N 130W. 
Again, around cape Blanco, 
the SSTs warmed by 1.3C over 
the month. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8030 

APRIL 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Hexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Hexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by ''dot-dashed'' lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Heteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 
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GULF OF HEXICO 

The position of the Loop Current 
in the Gulf of Mexico moved 
northward 25 km during April. 
The long filament of warm water 
attached to the northeast section 
of the Loop pinched off 
anticyclonic eddy u near 29N 87W 
about April 21. Eddy u appears 
to be weak. Another warm 
filament is attached to the Loop 
from 26N 88W to 24N 89W. Eddy t 
apparently translated 150 km NW 
since its end of February 
location. (Its location was 
erroneously thought to be 
centered at 23N 90W east at the 
end of March) . Eddy s and eddy o 
were not observed due to seasonal 
heating and clouds. 
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NORTHWEST ATLANTIC OCEAN 

Two anticyclonic eddies were 
absorbed during April. Eddy 89 
apparently dissipated about April 
8 near 43N 61W. Eddy 93 
translated 90 km and then 
interacted with a Gulf Stream 
meander near 40N 68W around 
May 4. It appears that the 
meander is absorbing eddy 93. 
This absorption was confirmed via 
radio patch to a fishing vessel 
searching for the eddy on May 5. 
Three anticyclonic eddies formed 
during April. Eddy 94 formed 
when eddy 91 seemingly split into 
two eddies on April 13 near 40N 
66W. Eddies 95 and 96 apparently 
formed from Gulf Stream aneurisms 
around April 8 and April 15, 
respectively. Eddy 90 traveled 
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90 km SW 
55 km SW. 
WSW. 

while eddy 91 traveled 
Eddy 92 moved 140 km 

Three cyclonic eddies were newly 
observed during April although 
their origins are not known. 
Eddy A was observed near 35N 65W 
around April 13. Eddy B was 
detected about April 13 near 36N 
64W. Eddy C was discerned near 
30N 78W about April 7. Eddy W 
translated 155 km SW. Eddy Y 
moved 55 km S. Eddy Z seemingly 
traveled 240 km WNW. Eddy H 
translated 165 km SW. The 
Subtropical Convergence Front 
(STC} was observed on May 5 from 
31N 76W to 28N 65W. 
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monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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OCEANOGRAPHIC 
Monthly Summary 

OceanogM.ph<.c Mon-thty SummaJty is published by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). OceanogM.ph<.c Mon-tht.y SummaJty contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a 11 b 1 end 11 of .<.n .6ilu and sate 11 i te 
data, in which .i.n .6il.u. data ·are used to define 
"benchmark" temperature values in regions of 
frequent observations and satellite data are used 
to define the 11 shape 11 of the fie 1 d between these 
points.! 

An ocean basin SST anomaly is derived from the 
11 blended 11 SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of .in .6.Uu. and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends in .6ilu 
and satellite observations. Pltoc.eecU.ng.6 o6 .the 
N.i.n-th CUma.te V.i.ttgno•.Uc-; WOJt/u,hop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from in ~itu data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oc.ea.nogna.ph<.c. Monthly Summevr.y a 1 so contains A 1 as kan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

Oc.ea.nogltaph.<.c. Monthly SummMy welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
materia 1 wi 11 appear in the OceaNotes section of 
Oc.ea.nog~phlc. Monthly Summ~y. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oc.ea.nogna.phic. 
Monthty SummaAy regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Hean Temperatures and Mean Salinities 
of the Surface Layer; NavOeean Re6. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; NavOeeano Re6. Pub. 18. 
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OceaNotes 
Kim Buttleman 
Interactive Processing Branch 
E/SP22 
NESDIS, NOAA 
Washington, DC 20233 

(301) 763-8142 

May 1987 

The Humboldt Current 

The cover and the above images 
(both NOAA-9 AVHRR channel 4, 
infrared, enhancement table S) 
show the Chilean coast of South 
America and the eastern South 
Pacific Ocean. The cover image 
(May 7, 1987 at 19:57 GMT) 
extends from approximately 17S 
to approximately 26S. The most 
prominent feature is the 
Peninsula Mejillones. The city 
of Antofagasta is located on the 
bay on its southern side. The 
above image (May 4, 1987 at 
20:26 GMT) extends from 
approximately 18S to 34S. 
Labeled cities or towns, from 
north to south, are Arica (Ar); 
Antofagasta (A), with the 
Peninsula obscured by clouds; 
Coquimbo (C); and Valparaiso 
(V) . The Cordillera Occidental 
of the Andes runs along the 
right side of the images 
(lighter areas, including snow 
cover and clouds). The darker 
(warmer) area between the 
mountains and the coast is the 
Atacama Desert (AD). 

The Humboldt Current runs 
northward along the coast, and 
is the southern hemisphere 
equivalent of the California 
Current. Winds off the 
continent cause upwelling 
immediately adjacent to the 
coast. This is apparent as the 
lighter toned areas from 

(text continued on page 23) 
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Month 1 y mean sea surface temperature is. the mean 
of~~~ and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the ~~~data; contours are 
not shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of iA 4itu and satellite data within two-degree 
quadrangles. Contour line interval is l.o•c. 
The stippling .indicates where the analysis 
was fixed by the iA 4itu data; contours are 
not shown in areas without data. 
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contours are not shown in areas without monthly 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
National Meteorological Center, W/NMC21 
( 301) 763-5972 

MAY 1987 

Slow but steady ablation ch~racterized ice 
conditions during the month of May across the 
Bering, Chukchi, and southern Beaufort Seas. In 
the Bering Sea somewhat warmer than normal 
temperatures supported sea ice ablation, 
eliminating much of the ice that grew during 
April. Substantial inner pack ice ablation 
belied the southerly position of the ice edge. 
Considerable fast ice persisted in southern 
Norton Sound and between Sledge Island and Nome. 
This fast ice delayed shipping to Nome until well 
into June. In the Chukchi Sea persistent 
offshore winds opened a navigable flaw lead fro~ 
Point Hope to Point Barrow. Ice concentrations 
seaward of Kotzebue sound decreased, especially 
in the vicinity of the Bering Strait, but fast 
ice persisted within the Sound itself. In the 
southern Beaufort sea, ice ablation and 
substantial motion were observed seaward of the 
fast ice and the major rivers were observed to 
begin flooding onto the ice late in the month. 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

MAY 1987 

Sea surface temperatures in both 
the North and South Panels were 
warmer than climatology. The 
North Panel climatological mean is 
10.4C, but the actual mean was 
lO.SC in May. The South Panel 
climatological mean is 15.2C, but 
the actual mean was 15.9C. 

In general, the nearshore waters 
in the North Panel were above 
normal, while offshore waters were 
below normal. The warm anomaly 
along the coast was greatest 
(>l.OC) from the Columbia River to 
Cape Mendocino. The waters west 
of 132W averaged from 0.1 to 0.4C 
below normal. When comparing 
SST 1 s to the previous month, all 
areas warmed by at least O.GC. 
The most warming, of l.Sc or 
greater, occurred from Vancouver 
Island and the Straits of Juan de 
Fuca southward to a point near 42N 
l31W. Buoy statistics in the 
North Panel revealed similar 
warming when compared to April, 
except for the two buoys south of 
Cape Blanco where cooler 
temperatures were maintained by 
upwelling episodes. In fact, on 
May 19th and 20th, one SST 
observation at buoy 46027 dropped 
to 6.6C! 

In the South Panel, the northwest 
edge' of the analysis area averaged 
below normal, but all other 
locations were warmer. In 
particular, the Los Angeles Bight 
and Northern Baja peninsula had a 
warm anomaly of over 2.oc. In 
between the two aforementioned 
locations, SST 1 s were from 0.1 to 
l.lC above climatology. When 
comparing May to April, the entire 
area warmed from 0.4 to l.SC. The 
least warming was in the southwest 
corner of the chart, and the 
maximum was near 36N 132W. During 
May, a huge plume of warm water 
was advected toward the north from 
a large surface low pressure 
Fl•·stem. The result was a 
significant rise in temperatures 
lasting over 10 days. Buoy 
statistics showed a rise in SST 1 s 
from the previous month, too. The 
smallest rise occurred at buoy 
46013 because of ongoing upwelling 
activity for a good portion of the 
month. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8030 

MAY 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Servil::e 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 
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GULF OF MEXICO 

The position of the Loop Current in the 
Gulf of Mexico advanced northward 195 km 
during May. Anticyclonic eddy u appears to 
still be very weak. Its position is 
difficult to discern due to near 
isothermal conditions. Eddy u apparently 
translated 55 krn NE during May. Eddy t 
was not observed owing to seasonal heating 
and clouds. 

NORTHWEST ATLANTIC OCEAN 

The formation and absorption of both 
anticyclonic and cyclonic eddies was 
unusually dynamic during May. Three 
anticyclonic eddies dissipated or were 
absorbed by the Gulf Stream. Eddy 91 was 
absorbed by a Gulf Stream meander near 40N 
67W about May 11. Eddy 95 weakened and 
seemingly dissipated on May 13 near 41N 
64W. Eddy 92 also weakened and apparently 
dissipated around May 29 near 42N 62W. 
Two anticyclonic eddies formed. Eddy 97 
was generated in a very unique way. Two 
aneurisms from adjacent meanders at 39N 
65W and 40N 63W interacted and birthed an 
eddy on June 1 near 40N 64W. Eddy 98 
formed from a meander near 42N 58W about 
May 11. 



Key for Submarine Canyons: 

C - Corsair Canyon 
L - lydonia Canyon 

- Hydrographer Canyon.·:: ;·. 
- Atlantis Canyon ... · 

- Block Canyon 
- Hudson Canyon 
- Wilmington Canyon 
• Bahimore Canyon 
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Eddy 90 traveled 55 km WSW and appears to 
be weak. Eddy 90 also appears to have 
very little thermal structure. In fact, 
the adjacent Continental Slope Water at 
the surface seems to be warmer than warm 
eddy 90. Eddy 94 moved 110 km SW while 
eddy 96 translated 55 km NE. 

One cyclonic eddy, eddy Z, was absorbed by 
a Gulf Stream meander on May 27 near 37N 
63W. Four cyclonic eddies were newly 
detected this month. Of these cyclonic 
eddies, eddy G was observed for.ming from a 
Gulf Stream meander near 38N 63W on June 
1. Cyclonic eddy G formed at the same 
time that anticyclonic eddy 97 formed. 
The presence of eddy D was suspected last 
month and confirmed this month at 32N 76W; 
its origin is unknown. Eddies E and F 
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were newly observed during May. Eddy E 
was first discerned at 34N 69W on May 11. 
Its origin is also not known. Eddy F, 
like eddy G, was observed to form when a 
Gulf Stream meander pinched off near 37N 
68W around May 11. Since then it has 
translated 75 km w~ 

Eddy c moved 110 Km WSW and eddy W 
traveled 220 km sw. Eddy A translated 90 
km SW while eddy Y translated 100 km SE. 
Eddy B moved 25 km SSE. Eddy H traveled 
35 km WNW. 

The Subtropical Convergence Front (STC) 
was observed on May 21. It extended from 
about 31N 74W down to 26N 73W and back up 
to 29N 65W. 



'\. 
~ 

'1._.....,.~"'-..v.-.r-..J 

\ 

!OOW 

Gulf of Mexico 
SST--MONTHLY MEAN (•c) 
MAY 1987 

95W 

... 
r-
~ 

E A S T C 0 A S T S S T 
M 0 N T H L Y M E A N 

I I 35N 

{ 
I { _ _) \ 

( 
~ I 

' \ 
L- -\.,__ 

I 

4 

30N 

25N 

20N 

. 0 28.0 

' l- 127. 27.8 27.7 27.9 .o 28.1 28.1 
-., I . . . . . . . 

J 2.727.727.627.727.929.0 28.129.1 
L<.,__:....._:_..--'"'--_,___~ 

27.7 27,8 29.3 29.1 
15N 

sow B5W BOW 

Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.o•c. 

18 



/L --./ -r:; ~ tJ-
I'Lr I" ......._ 

.1' ;1 . 
\ I 

>...._ _.J .J. 14.0 

SOW 7SW 

Northwest Atlantic Ocean 
SST--MONTHLY MEAN (°C) 
MAY 1987 

?OW ssw 

0 20.8 20.7 20.8 2!l.6 20.5 20.4 

. 2 23.'li3 

.8 24.7 24.7 24.9 25.0 

BOW 

.o 20.0 

• 21. 

ssw 

Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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OceaNotes 
(continued from page 3) 

Valparaiso to north of Coquirnbo 
in the above im.age. In the 
cover image, the three 
tooth-shaped areas and the two 
filaments of cold water appear 
to be the result of larger 
ephemeral upwelling events. The 
cold filaments of upwelled water 
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may extend up to two hundred 
kilometers offshore, and may be 
due to effects of topography 
on the winds. It also appears 
that the upwelled water is 
undergoing southward shear as it 
moves off the coast. 
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OCEANOGRAPHIC 
Monthly Summary 

Oceanognaph.i.c MorU:htq Summallq is pub 1 i shed by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESOJS), and the National Ocean Service 
(NOS). Oceanognaph.i.c MorU:htq Summallif contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend 11 of .in .t>Uu. and satellite 
data, in which .i.n .&Uu data are used to define 
11 benchmark 11 temperature values in regions of 
frequent observations and sate 11 ite data are used 
to define the "shape" of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
11 b 1 ended 11 SST ana 1 ysi s 1 and the i mpr·oved gl oba 1 
SST.2 The regional SST analyses are based upon 
a combination of .<.n .&Uu and sa tel 1 ite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends in hUu 
and satellite o_bservations. PJtoceecUngh o6 .the 
N~rU:h Ct.i.m<Ue V.<agnMtiM WOJL!uhop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from in .&itu data 
(1982-1985) and an 

measurements. The regiona 1 SST a noma 1 ies are 
calculated from the Rob"inSon-Bauer Climatology.3,4 
Oceanognaph.i.c Mon-thly SwnmoJuj also contains Alaskan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

OceanogJta.ph.i.c Mon.th.ty Swnma.Jty welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
material will appear in the OceaNotes section of 
Ocea.nogJta.ph.i.c Monthly Summa.Jty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving OceanogJta.phic 
Mon.thty Swnma.Jty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Hean Temperatures and Mean Salinities 
of the Surfa~e Layer; Na.vOcea.n Re6. Pub. 2. 

4 ' Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; NavOcea.no Re6. Pub. 18. 
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OceaNotes 

THE AMERY ICE SHELF 

l1arcia Weaks 
Interactive Processing Branch 

NOAA/NESDIS E/SP22 
Washington, DC 20233 

(301) 763-8142 

The NOAA-10 infrared satellite image 
of the Amery Ice Shelf, West Ice Shelf 
and Antarctic ice edge was taken June 
2, 1987 at 0117 GMT. Amery Ice Shelf 
{A) is centered at approximately 72E 
68S, and the West Ice Shelf {W) is 
centered at approximately 85E 66S. 
Except for two areas of thinner ice 
off the West Ice Shelf (Til, 90 to 100 
percent of the area is covered by a 
combination of first year ice 120-200 
em thick and ice that has survived the 
melt of previous summers (old ice). 

3 

Part of the ice edge {dashed line) is 
obscured by cloud lines streaming off 
the pack ice. The ice configuration 
shown in this image is fairly stable 
and normal for the Southern Hemisphere 
winter season. Maximum ice extent 
normally occurs in September.. Also 
typical for the area is the 
accumulation of fast ice along the 
coast. ·Fast ice (F) forms either by 
freezing of pack ice or by freezing 
from sea water and, by definition. 
remains along the coast. In this 

(Text continued on page 13) 
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OceaNotes 
(continued from page 3) 

image, it obscures much of the coast 
of Antarctica east of the Amery Shelf. 
The darker area adjacent to a piece of 
fast ice (Fl) indicates an area of 
thinner ice (new ice). This area, 
along with several others indicated by 
arrows, is caused by katabatic winds 
blowing offshore. Persistent 
katabatic.winds are responsible for an 
unusual "summer" melt pattern, where 
ice is melted alongshore as well as 

along the ice edge. During the 
Southern Hemisphere summer months, two 
scientific stations manned by 
Australia. Davis at 78E 685 and Mawson 
at 63E 68S, are resupplied. Also to 
begin in early 1988 is a scientific 
expedition in Prydz Bay {P) to study 
paleoclimate, water circulation. water 
mass formation tectonic evolution and 
ice volume. Scientists from Texas A&M 
University are in charge of the study. 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * ·-~· * 
• 
• 
• 

MCSSTs --- Surface Layer Diurnal Heating 

• Users of sea surface temperature products derived solely or 
• predominantly from satellite-based multi-channel sea surface 
• temperatures (MCSSTs) should be aware of a sometimes pronounced 
• daytime elevation of the MCSST values relative to SSTs which are 
• obtained from buoys, XBTs, or ship intakes at depths of a meter or 
• more. Satellite or other infrared-based radiation detectors sense 
otc only the temperature of the ocean."skin" which, under normal mixing 
• conditions generally differs from that at·depth by a couple of tenths 
• of a degree. With near-calm winds and quiet seas, however, the upper 
• few tens of centimeters of the sea are directly heated by the sun, 
• particularly in the subtropics and tropics, to temperatures as much as 
• 2C-to-4C or more than those at a depth of only one meter. Although 
• the MCSSTs are "tuned" shortly after launch by means of a global set 
• of match-ups with drifting buoy SSTs, this results in only an overall 
• average normalization to buoy depth, and it will not adjust for such 
• anomalous diurnal heating effects. 

• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

* * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
National Meteorological Center, W/NMC21 
(301) 763-5972 

JUNE 1987 

.·; 

Milder than norr.!al weather conditions led 
to accelerated sea ice ablation in the 
Alaskan region during June. Ice remaining 
in the Bering Sea rapidly disappeared as 
temperatures and daylight hours increased. 
By the third week nearly all the ice' had 
gone from U.S. waters except in the 
immediate vicinity of St. Lawrence Island. 
To the north, in Chukchi Sea, sea ice also 
ablated rapidly, the southern portion of 
the Sea opening up for shipping about one 
week earlier than normal. The flaw lead 
observed in May in the vicinity of Icy Cape 
and Wainwright opened wider and only 
remnants of shorefast ice prevented access 
to the coast. Along the Beaufort Sea 
coast, warm temperatures melted the snow on 
the surface of the fast ice causing it to 
darken in appearance on satellite images. 
Continuous easterly winds kept the ice pack 
in motion and large openings appeared in 
the eastern Beaufort Sea. In all, 'the 
breakup pattern appeared to be about one 
week ahead of schedule. 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

JUNE 1987 

Sea surface temperatures along 
the U.S. West Coast were near 
normal during June. In fact, 
the North Panel averaged 
12.5C, exactly the 
climatological mean value for 
the area. The South Panel 
averaged only 0.2C warmer than 
the normal mean of 16.2C. 

In the North Panel, the area 
south of 48N and east 130W was 

• 

14.1 
46002. 14.4 

+1.0 14.0 

above normal. The warmest 
anomaly of 0.7C was centered 
near Cape Blanco. The 
remainder of the analysis area 
~as O.lC to 0.4C below normal. 
Warming was the predominant 
feature with temperatures 
rising from 1.3C to 2.0C in 
all locations. Buoys closest 
to the coast had variations of 
warming and cooling. Both 
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offshore 
showed 
warming. 

buoys, however, 
more significant 

Ocean water temperatures in 
the South Panel appeared to be 
above normal in the 
southeastern half of the chart 
and below normal in the 
northwestern half. The 
greatest anomaly observed was 
in Los Angeles Bight and along 
the northern Baja Peninsula 
where temperatures were 1.3C 
to 1. 6C above normal. The 
greatest cool anomalies were 
in the northwest corner of the 
chart near 36N 127W. The 
entire South Panel warmed 
since May, ranging from O.lC 
along the coast south of Pt. 
Conception to 1. 6C in the 
southwest corner of the 
analysis area. Most of the 
coastal buoys showed some 
cooling in June, most likely 
in response to upwelling 
episodes during the month. 

12.1-Monthly mean 
LOCATION 13.5-Haximum daily mean 

NAME 10.2- Minimum daily mean 
-l.S.....,__Change from previous 110nth 

e Denotes.station position. 
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West Coast 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is ~older than 
climatology. Contour line interval is l.O"C. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
!301) 763-8030 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
!expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or se.ctions of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National W~ather Service 

30N 

IOOW 95W 90W ssw 

lS 

GULF OF MEXICO 

Due to near isothermal conditions 
and cloudiness, the Loop Current was 
mostly unobserved during June. The 
only exception was a section of the 
Loop Current about 260 km long 
located near 27N SSW to 2SN S6W 
observed on June lS. Anticyclonic 
eddy u was not discerned during 
June. 
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NORTHWEST ATLANTIC OCEAN 

One anticyclonic eddy formed and 
one was absorbed during June. Eddy 
99 apparently formed from a meander 
near 39N 68W and from eddy 94 
around May 27. It appears to have 
translated rapidly westward by 275 
km. Eddy 97 was absorbed by a Gulf 
Stream meander near 40N 63W around 
June 15. 

Eddy 90 translated 
94 moved 75 km 
traveled 55 km NW 
traveled 195 km NE. 

110 km 
WSW. 

while 

sw. 
Eddy 

eddy 

Eddy 
98 
96 

One cyclonic eddy dissipated and 
another cyclonic eddy was absorbed 
during June. Eddy E, previously 
located near 33N 69W, seemingly 

19 

dissipated according to 
Harvard/Navy XBT data. Eddy H was 
absorbed by a Gulf Stream meander 
near 38N 58W on June 22, but it 
reformed near 39N 58W from the same 
meander on July 1. 

Eddy C, last observed on June 11, 
moved 45 km SE. Eddy D, last 
observed on June 18, translated 140 
km SW. Eddy w traveled 35 km WSW, 
and eddy F moved 90 km SSW. Eddies 
A and Y translated 65 km WSW and 55 
km SW, respectively. Eddy B 
traveled 120 km SE and eddy G moved 
210 km SE. 

The Subtropical Convergence Front 
was not observed. 
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line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly meari sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is l.04C. 

23 

35N 

30N 

25N 



- .. - -
16 SEP 1987 

. w.Jil~ISD SEATTLE 

OCEANOGRAPn1'-' . 
Monthly Summary 

Volume VII Number 7 

The Afar Triangle(page 3) 

~tl'T OF C'o 

July 1987. 

Contents 

3 OceaNotes 

4 Pacific SST - monthly mean 

6 Pacific SST - anomaly 

8 Atlantic/Indian SST - monthly mean 

10 Atlantic/Indian SST - anomaly 

14 Bering Sea/North Slope ICE, with text 

15 West Coast OCEAN FEATURES, with text 

16 West Coast SST - monthly mean 

17 West Coast SST - anomaly 

18 East Coast OCEAN FEATURES, with text 

20 East Coast SST - monthly mean 

22 East Coast SST - anomaly 

24 Subscription Information 

q.'<..,. ~1-

t ~'s( "': U.S. DEPARTMENT OF COMMERCE • National Oceanic and Alm?spheric Administration 

" · ,., National Weather Service 
\ c / National Environmental Satellite, Data, and Information Service 

" "' ""'~r.so•~ National Ocean Service 



OCEANOGRAPHIC 
Monthly Summary 

Oc.ea.nogJta.pJU.c. Mon-th.ty SummMif is published by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). Oceanognaphic Monthly Summ<Aq contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend" of .tn .o.d:u .and satellite 
data, in which .<.n ,oi.;tu data are used to define 
"benchmark" temperature values in regions of 
frequent observations and satellite data are used 
to define the "shape 11 of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
11 blended 11 SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of .tn .o.U:u and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends .tn .oi.tu 
and satellite observations. Pltoc.e.ecUng.o o6 .the. 
N~nth CL<mate Oiagno•tico WonO.hop, Corvallis, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

Editor: Patrick McHugh 
NOAA, NOS 

from .<.n .oi..tu data 
(1982-1985) and an 

Office of Ocean Services, N/OS1 
Rockville, MD 20852 
Telephone (301) 443-6076 

measurements. The region a 1 SST a noma 1 ies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oc.ea.nogtr.a.pJU.c. Mon.thty SummaJty also contains Alaskan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

Oc.eanogJta.pfU.c. Mon..th.e.y Swnma.Juj welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
material will appear in the OceaNotes section of 
Oc.ea.nog!ta.pfU.c. Monthly Summa~ty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oc.e.a.nogJtaph.<.c. 
Monthly Summa~ty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly ~lean Temperatures and Mean Salinities 
of the Surface Layer; NavOc.ea.n Re.fi. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; Na.vOc.ea.no Re.fi. Pub. 1&. 

Assistant Editor: 
NOAA,NWS 
Washington, DC 
Telephone (301) 

Jenifer Clark 

20233 
763-8030 

Typing: Damita M. Johnson 

CORREX:TION: 'Ihe front cover of last rronth' s issue displays the wrong issue 
number and should be co=ected manually as illustrated below 
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OceaNotes 
PLATE TECTONICS AND A NASCENT OCEAN 

Kim Buttleman 
Interactive ProcessinR Branch 

NESDIS, NOAA E/SP22 
Washington, DC 20233 

(301) 763-8142 

The above image (NOAA-9 AVHRR, ch 1,·visible) from 
July 17, 1987 (12:15 GMT) shows the southern end 
of the Red Sea (RS) and the western end of the 
Gulf of Aden (GA), connected by the straits of Bab 
al Mandab (the Gate of Tears). The Red Sea has 
been so named from antiquity because of the often 
extensive blooms of the cyanobacteria 
~richodesmium erythmaeum, which turn the normally 
1ntense blue waters a dull red during senescence. 
It is bordered by the Eritrean coast of Ethiopia 
(E) on the west and by the Asir coast of Saudi 
Arabia (SA) and Yemen (Y) on the east. The Gulf 
is bordered by Somalia (S) on the south, South 
Yemen and Oman (SY/0) on the north, and Djibouti 
(D) on the west. Other labeled geo~raphical 
features are the Dahlak Archipelago (DA) known 
for its ancient pearl and nacre fishery· 'the port 
of Mukha, or Mocha (M), in Yemen, the m~in source 
of coffee for Europe from the late Middle Ages 
until the 18th century; and the southern edge of 
the Rub' al Khali (RK), or the Empty Quarter of 
the Arabian Peninsula. At lower left is the 
northern end of the Great Rift Valley of Africa 
(RV). 

3 

NOAA Library, E/Al216 
7600 Sand Point Way N.E. 
Bin C-15700 
SeaUie, WA 98115 

The geological history of the area is very 
interesting, and contributes to the similarly 
interesting oceanography of the Red Sea. It is 
considered to be a relatively new sea, whose 
development closely resembles that of the young 
Atlantic Ocean. It was formed in two stages, with 
its initial opening and growth coming between 50M 
and 20M years ago, when the Arabian olate be~an 
rifting from the African plate. A decrease In 
rifting ensued, during which the basin, like the 
Mediterranean, was cut off from the ocean and 
dried up at least several times, as evidenced by 
evaporite layers several hundred meters thick. A 
second sta~e of renewed rifting began between 3M 
and 4M years ago, during which time spreading has 
proceeded at approximately 1.~ em/yr. In this 
second stage the Afar Triangle was formed. It 
lies at the southern end of the Red Sea, and in 
this image is demarcated by the southern 
Ethiopian, Djibouti,_ and northern Somali coasts 
(line E-S), and by the V formeo by the Ethiopian 
and the Somali Escarpments (lines E-RV and RV-S, 
respectively). (The locations of both escarpments 
are highliF:hted by cloud cover.) "The Afar 
Triangle lies at the triple junction where the 
Great Rift Valley of· Africa meets the rifts of the 
Red Sea and the Gulf of Aden. It consists of 
exposed oceanic crust which has been lift7d by 
upwelling mantle material, and has elevation~ from 
155m below sea level to 2000m above. Elevations 
along the bordering escarpments reach 4200m. The 
area has also had intermittent connection with the 
Red Sea and Gulf of Aden, with evaporite deposits 
up to 1000m thick. The entire region exhibits 

(Text continued on page 12) 
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Monthly mean sea surface temperature is the mean 
of ~n ~~u and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C, 
The stippling indicates where the analysis was 
fixed by the ~n ~~data; contours are not 
shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in Aitu and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis 
was fixed by the in Aitu data; contours are 
not shown in areas without data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is 0.5°C. The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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line interval is 0.5°C. The stippling indicates 
where the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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Monthly mean sea surface temperature is the mean 
of ~n ~ita and satellite data within two-degree 
quadrangles. Contour line interval is 1.0°C. 
The stippling indicates where the analysis was 
fixed by the ~n ~~u data; contours are not 
shown in areas without data. 
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Monthly mean sea surface temperature is the mean 
of in~~ and satellite data within two-degree 
quadrangles. Contour lfne interval is 1.o•c. 
The stippling indicates where the analysis was 
fixed by the in ~~ data; contours are not 
shown in areas without data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is 0.5°C, The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value. Contour line 
interval is 0.5°C. The stippling indicates where 
the monthly mean is colder than climatology; 
contours are not shown in areas without monthly 
or climatological data. 
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OceaNotes (continued from page 3) 
substantial tectonic and volcanic activity, and 
the Triangle is marked with numerous lava lakes, 
fumaroles, and active and inactive volcanoes, 
including many which formed while the area was 
still submerged. 

The Red Sea has no riverine inputs and has little 
rainfall, and evaporative losses exceed 80 inches 
per year. This results in very high salinities at 
the northern end and a substantial inflow from the 
Gulf of Aden to replace the losses. The more 
saline water sinks and accumulates below 200m, and 

LARGE GULF STREAM MEANDER AFFECTS FISHING OPERATIONS 
NEAR HYDROGRAPHER CANYON IN EARLY 1987 

By Kenneth W. Barton, LTJG, NOAA 

Marine Climatology Investigation 
Northeast Fisheries Center 

National Marine Fisheries Service, NOAA 
Narragansett, RI 

Since 1974, scientists of the Northeast Fisheries 
Center (NEFC) of the National Marine Fisheries 
Service/NOAA and the University of Rhode Island's 
Oceanographic Remote Sensing Laboratory have been 
using satellite infrared data and analyses to 
monitor and track warm-core rings and their 
development from Gulf Stream meanders off the 
northeast coast of the United States. Interest in 
the NEFC has been focused on the impact of the 
rings on fisheries and fish distribution and 
abundance, particularly as the rings approach and 
interact with the waters of the continental shelf 
and upper slope. 

Early in 1987, a large Gulf Stream meander 
developed in the ocean off the mid-Atlantic Bight 
and, some two months later. brought anomalous 
conditions to the waters near the shelf break in 
the vicinity of Hydrographer Canyon, south of Cape 
Cod. On February 2, satellite infrared data from 
the NOAA polar-orbiting satellites indicated that 
a meander had formed in the Gulf Stream with the 
resorbtion of the remnants of a warm-core ring 
near 73W. As the meander formed, it developed 
excursions in the course of the Gulf Stream that 
extended both northward and southward of the 
general path of the Stream. Subsequently, the 
meander slowly propagated downstream (eastward) 
until late February, when it carne in contact with 
another warm-core ring near 70W. 

In early March, satellite imagery showed the 
meander interacting strongly with a large cold 
eddy to its south. This process seemed to halt 
the eastward propagation of the meander while 
enhancing its northward expansion. Clouds 
obscured the sea surface during the middle of 
March and it wasn't until March 26 that the north 
wall of the Gulf Stream could be seen. At that 

• FGGE OPERATIONAL YEAR (FOY) GLOBAL OCEAN 
CLIMATE DATA BASE 

The National Oceanographic Data Center (NODCl has 
announced the availability of the Global Ocean 
Climate Data Base, a collection of oceanographic 
data submitted to NODC by 17 different countries. 
Although the formal FGGE operational year was from 
1 December 1978 to 30 November 1979, the data set 
covers the extended FOY period from 1 September 
1978 to 29 February 1980. 

*FGGE = First GARP Global Experiment, also known os the 
Global Weather Experiment. GARP = Global Atmospheric 
Research Program. 

12 

is nearly isothermal and isohaline at 22 de~. C 
and 41 ppt. A density driven outflow of this 
water soills over the sill at Bah al Mandab and 
can be traced far into the Indian Ocean. 
Additionally, in the deepest portions of the 
trough, below approximately 2000m, there are pools 
of hot brine of up to 60 deg. C and over 260 ppt 
salinity. These have very high metals content, 
and appear to originate from leaching of evaporite 
and sedimentary deposits by recirculating 
tectonically heated water. This process may be 
the mechanism by which ore bodies are formed. 

time, the Gulf Stream was located as close as 
about 15km IS nautical miles) from the continental 
shelf break southeast of Cape Cod. A composited 
image (see photo) from March 28 and 29 shows that 
the Gulf Stream meander had moved northward and 
was oriented in a northwest/southeast direction 
and was still attached to the main body of the 
Gulf Stream. 

Lobster and red crab fishermen working in the area 
of Hydrographer Canyon. southeast of Cape Cod, 
experienced apparent Gulf Stream conditions during 
this time. Eastward currents of 3-4 knots preven
ted the fishermen from setting their gear. 
Surface temperature gradients of more than 13C 
were in evidence along the shelf/slope front with 
temperatures of B-9C to the north and 20-21C to 
the south of the front. 

Subsequent satellite imagery showed the meander in 
the process of pinching off from the Gulf Stream 
and forming a warm-core ring centered at 38.7N 
67.0W. In the process, the meander resorbed a 
small weak eddy to the northeast IB6H) and caused 
strong, warm water entrainment around two other 
warm core rings 186! and B7A). Ring 87A 
eventually split into two rings in mid April. due 
partly to this strong interaction. Meanders of 
this size are not uncommon in the area between 65W 
and 70W, and large temperature fronts often exist 
along the continental shelf. What is different 
about this situation is that the Gulf Stream 
meandered much farther to the north than normal in 
an area where no warm-core ring already existed 
and it strongly impacted fishing operations along 
a large section of the continental shelf break. 

Image analysis was performed at the University of 
Rhode Island's Oceanographic Remote Sensing Labo
ratory with software developed by 0. Brown. R. 
Evans. J. Brown, and A. Li at the University of 
Miami. 

EDITOR'S NOTE: The Harvard Open Ocean Model. 
featured in the April 1987 issue of The 
Oceanographic Monthly Summary, describes the birth 
and development of the same warm core ring. We 
are fortunate to have published both mutually 
supporting accounts . 

The data base includes four types of data: (1) 
oceanographic hydrocast !bottle) data, (2) 
conductivity/salinity-temperature-depth (C/STDl 
data, (3) expendable bathythermograph (XBTl data. 
and (4) Eulerian current (current meter) data. 
The data are recorded on magnetic tape in two 
different formats: (1) the Intergovernmental 
Oceanographic Commission General Exchange Format 3 
(GF3l and (2) NODC archive formats (different 
format for each of the four types of data). In 
GF3 the data base comprises eight magnetic tapes; 
in the NODC formats the data base comprises four 
tapes. 

Magnetic tape copies of the FOY Global Ocean 
Climate Data Base are available from the NODC in 



either GF3 format or in NODC archive formats. 
Magnetic tape characteristics are: (1) GF3 format 
-- 9 track, 1600 bpi, ANSI/ASCII, non-labeled, 
variable record length, maximum block size = 4,160 
(oceanographic station and i/STD datal, 2,6000 
(XBT data), and any multiple of 60 (current meter 
data). 

Costs of the data tapes are as follows: 

--GF3 Format SSOO 
Complete set (Eight 1600 bpi tapes) 

--NODC Archive Formats $460 
Complete set (Four 6250 bpi tapes) 

Complete ordering information is available from: 

National Oceanographic Data Center 
User Services Branch 
NOAA/NESDIS E/OC21 
Washington, DC 20235 

Telephone: 
Electronic 

202-673-5549 or FTS 673-5549 
Mail: OMNET/MAIL mailbox 

"NODC.WDCA" 
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Foreign customers may prefer to order these 
sets from: 

Data Type 

World Data Center A, oceanography 
NOAA/NESOIS E/OC22 
Washington, DC 20235 
USA 

FOY Global Ocean Climate Data Tapes 

Number ol Tapes 

Data Quantity GF3 Format NODC Format 
(1600 bpi) (6250 bpi). 

• Oceanographic Station 10,413 stations 2 \ 

(hydrocast) (128cf1Jises) 

CTO/STD 4,030 stations \ \ 

(62cflJises) 

XBT 28,733 stations 3 \ 
(571 CflJises) 

Current Meter 294months 2 \ 
{27meters) 

--- - ~-~--~~. 

TOTAL 8 ' 
•o.ara laP9f ill NOOC ardti.e lo~mars llfO also avada~lo ~y spQtJ~/ 
r~sl i111600 ~pi ~nsil)'. P!case conta'r NODC lor dct~Js. 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
~ational Meteorological Center, W/NMC21 
{301) 763-5972 

JULY 1987 

A ridge of high pressure through Alaska on 
the surface and in the upper atmosphere 
supported a rapid decay of the ice in the 
Chukchi and Beaufort Seas. The pattern 
established in June of breakup being 
accelerated by about one week continued 
into July, and by month's end breakup 
appeared to be about ten days advanced. In 
the northern Chukchi Sea a classic pattern 
of breakup was established with ice massifs 
separated by open water areas. This 
pattern is evidently caused by the bottom 
topography which steers warmer waters from 
the Bering Sea into several canyons. Very 
favorable sea ice conditions for shipping 
to North Slope locations had been 
established by the fourth week of July. 
Except for the area immediately surrounding 
Point Barrow a navigable open water passage 
to Prudhoe Bay was observed on satellite 
imagery by the end of July. 
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WEST COAST OCEAN FEATURES 
Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 4 70-9122 

JULY 1987 
Sea surface temperatures in the 
North Panel during July averaged 
0.2C below the climatological mean 
value of 14.8C for the area. 
Generally speaking, telnperatures 
were cooler than normal from 
Vancouver Island and Washington 
state toward the southwest edge of 
the analysis area. The coolest 
anomaly of l.Oc was observed near 
43N 127W. When comparing July's 
SST's to the previous month, the 
entire chart experienced warming 
from 1.6C to 3.0c. The area of 
maximum warming was in the NW 
corner of the North Panel. 
Nearshore upwelling activity was 
ongoing for practically the entire 
month between 40 and 45N. The buoy 
statistics herein also substantiate 
the warming that was observed since 
June. 

In the South Panel, SST's fared 
differently. The computed monthly 
mean temperatures averaged 0.4C 
warmer than the normal value of 

BUOY IS BACK IN S.£RVICE: 
0 %005. 

NO STATISTICS GENERATED 
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·sUOY Ll6026 ONLY OPERATED FOR TilE FIRST .. 

12 DAYS OF TilE MNTH. \. 
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17.4C. Again, there was a ''mixed 
bag" of some areas above and some 
below normal. To simplify the 
overall picture, waters east of 
130W were warmer than normal and 
those west of 130W, cooler. The 
greatest warm anomaly of l.SC was 
analyzed at 29N 125W. Nearshore 
waters were from 0.2~ to 0.8C 
warmer than climatology. The 
maximum cool anomaly of l.SC was in 
the eXtreme NW corner of the chart. 
Looking at how the temperatures 
changed since June, the same trend 
was observed in the South Panel 
with overall warming in every 
location. The greatest warming of 
from 1.5 to 2.1C occurred between 

12.1-Monthly me•n 
LOCATION 13.5.,_ Maximum d~ily mean 

NAME 10.2+- Minimum db.ily me~n 
-1.5 ,...__Chang'> from orev1ous month 

tt Denotes station position. 

124 and 132W. The least warming of 
O.SC or less was in 2 locations: 
the Los Angeles Bight and in the 
southwest corner of the chart. 
Buoy statistics revealed similar 
information as in the North 
Panel ... warming at all fixed buoy 
locations. Upwelling was an 
ongoing process along the 
California coast from San Francisco 
Bay northward during the month of 
July. 
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West Coast 
SST--MONTHLY ANOMALY (°C) 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is ~older than 
climatology. Contour line interval is 1.0°C. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
()01) 763-8030 

JULY 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Hexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Hexico and l-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 
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Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 
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GULF OF MEXICO 

Due to isothermal conditions and 
cloudiness. the Loop Current in the 
Gulf of Mexico was not observed. 
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Key lor Submarine Canyons: 

C • Corsair Canyon 
L • Lydonia Canyon 

• Atlantis Canyon 
• Block Canyon 
• Hudson Canyon 
• Wilmington Canyon 
• Baltimore Canyon 
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NORTHWEST ATLANTIC OCEAN 

Two anticvclonic eddies apparently 
formed durina July. Eddy 1 possiby 
formed from a Gulf Stream aneurism 
near 41N 61W about July 1. The 
origin of eddy 2 (centered near 41N 
64W) is not clearly known due to 
clouds. Eddy 2 may have formed 
from a Gulf Stream meander near 41 
63W around July 8. One 
anticyclonic eddy was absorbed by 
the Gulf Stream. Eddy 90 
translated 110 km SW and appears to 
be absorbed by the Gulf Stream near 
37N 74W. 

Eddy 99 translated 75 km NE 
eddy 94 translated 45 km NW. 
98 moved 75 km SW. Eddy 
traveled 65 km NW. 

while 
Eddy 

96 
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One cyclonic eddy was absorbed 
twice during July. Eddy H was 
absorbed by the Gulf Stream on July 
8 near 38N 58W. On July 13 eddy H 
formed again. On Auqust 3 eddy H 
was again resorbed by the Gulf 
Stream. 

Eddy W translated 85 km NW. Eddy F 
moved 240 km SW. Eddies A and B 
traveled 65 km SE and 130 km W. 
respectively. Eddy G moved 35 km 
S. Eddies c. D. and Y were not 
observed and were therefore 
eliminated from the chart. 
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Monthly mean sea surface temperature is the 
mean of twice-weekly analyses using ship, 
buoy, and satellite observations. Contour 
li.ne interval is 1.0°C. 
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Gulf of Mexico 
SST--MONTHLY ANOMALY (°C) 
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Monthly anomaly is the difference between the 
monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
shows where the monthly mean is colder than 
climatology. Contour line interval is 1.0°C. 
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monthly mean sea surface temperature and the 
climatological monthly mean value--shading 
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climatology. Contour line interval is 1.0°C. 
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OCEANOGRAPHIC 
Monthly Summary 

OceaMgJLaph.i.c Mon-thty SummaJty is pub 1 i shed by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESO!S), and the National Ocean Service 
(NOS). OceanogJLaph.i.c Mon-thty SummaJty contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a 11 blend 11 of -in .6Uu. and satellite 
data, in which .<.n .6Uu data are used to define 
11 benchmark 11 temperature values in regions of 
frequent observations and satellite data are used 
to define the 11 shape" of the fie 1 d between these 
points.! 

An ocean basin SST anomaly is derived from the 
"blended 11 SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of ..Ln .6-Uu. and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends .in .6.i.tu 
and satellite observations. PJtac.eecUng.6 o6 -the 
N~n-th CUma.te V.U>.gno.;.Uc.~ WMiu.hop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
( 1950-1979), satellite data 

'ice climatology. 

from .in .6.it.u data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oc.ea.nogJta.ph.i.c. Mon:th.ey Summa.Jty a 1 so contains A 1 askan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

Oc.ea.nogJta.phi.c. Mon:th.ty Summa.Jty welcomes art i c 1 es 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
rna teri a 1 wi 11 appear in the OceaNotes section of 
Oc.ea.nogJtaph.i.c. Monthly Swmma.Jty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oc.ea.nogJtaph.ic. 
Mon:thl.y SummaJLy regularly, p 1 ease refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Nean Temperatures and Mean Salinities 
of the Surface layer; NavOc.ea.n Ren. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
layer; Na.vOc.eano Ren. Pub. 18. 
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OceaNotes 

CHUKCHI SEA MELTBACK PATTERN 

Sharolyn R. Young 
NOAA/NESDIS/SSD 

Navy-NOAA Joint Ice Center 
Washington, DC 20233 

(301) 763-5972 

This NOAA-9 AVHRR visible image 
of the Chukchi Sea was taken 
July 7, 1987 at 12:45 GMT. The 
Chukchi Sea (CS) lies 
immediately north of the Bering 
Strait (BS). It is bounded on 
the west by Wrangel Island 
(WI), on the north by the edge 
of the Continental Shelf, and 
on the east by Point Barrow 
(PB) . 

3 

This image represents the 
typical meltback pattern of the 
Chukchi Sea. It is the result 
of a temperature and salinity 
front formed as the result of 
ice melt by warm surface water 
from the south. The front is 
controlled by steering of the 
currents by bottom bathymetry. 
In the summer this is one of 
the strongest fronts to be 
found in any ocean. The 
sharply defined boundaries 
mark the warm southern and cold 
northern waters. The Chukchi 
Sea is a shallow sea with a 
mean depth of 40-50 meters. 
The flows indicated by the 
melted out bays are closely 
correlated with troughs in the 
bathymetry. 

(text continued on page 13) 
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OceaNotes 
(Continued from page 31 

The area between the heavy 
dashed line and the 
consolidated pack ice is known 
as the Marginal Ice Zone (MIZ). 
It is the boundary between ice 
covered and open ocean where 
ice and relatively warm water 
interact. The MIZ is marked by 
a band of loose ice floes. 
Winds blowing off the ice and 
currents emerging from under it 
tend to loosen the floes and 
form a broad zone. Winds off 
the sea and currents flowing 
toward the ice compact the 
margin. The margin is indented 
by bays of various sizes, some 
of them similar from year to 
year and caused by 
characteristic water 
circulation. The ice is melted 
partly by insolation but mainly 
by a current of warm salty 
water that flows northward 
through the Bering Strait. 

13 

The ice reaches its maximum 
retreat at 72°-75°N in mid
September. The Barrow Canyon 
parallels the coast of Alaska 
and heads far back on the 
shelf. Herald Canyon, just 
east of Herald Island (71°20N 
176°W), has a shallow trough. 
These areas have flow paths 
that are moving northward, 
helping to form the meltback 
pattern. The Alaskan coastal 
current, a northeasterly 
current, flows along the coast 
from Cape Lisburne (CL) to 
Point Barrow and then eastward 
into the Beaufort Sea. This 
warm stream probably is the 
principal cause of the melting 
of the shore lead along the 
northwestern Alaskan Coast. 



BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary H. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
~ational Meteorological Center, W/NHC21 
(301) 763-5972 

AUGUST 1987 

Auaust: was a mont:h of chancre across t:.he Beauforc 
Sea. Sea ice decay cont:inued durina the first: 
half of t:he month much as it had durina July. 
High pressure to the nort:h maint:ained a flow of 
warm east:erly winds across the :;;ou1:hern Beaufort: 
Sea. A large area of ice-free ocean developed in 
the eastern Beaufort: Sea in response to these 
winds and the shipping lane was easily traversed 
'CO Prudhoe Bay and other points alona the North 
Slope. Toward the middle of the month the 
atmospheric pattern chanqed. A weak low pressure 
cent:er to the north and a ~igh pressure area t:o 
the southwest produced northwesterly wtnds and 
colder temperatures over the Beaufort Sea. Inner 
pack ice concen~rations became more s~able and 
decay oroceeded more slowly along the ice margin. 
By the end of the month, sea ice had become more 
of a concern for shipping although the lane 
remained navigable. Increasing s~orminess 
forebodes difficull: Sep~ember for lat:e season 
ooerat:ors on the Beauforl: Sea. 
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WEST COAST.OCEAN FEATURES 
Ernest Daghir 
NOAA/NWS 
Satellite Field Service 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

AUGUST 1987 

Sea surface temperatures in the 
North Panel were cooler than 
normal during the month. The 
normal climatological mean 
temperature for the area is 
16.4°C, but the actual observed 
value was lS. S°C. The only 
location near normal was in the 
northern portion of the chart 
west of Vancouver Island. The 
greatest cool anomaly of 1.8°C 
was along the Washington coast 
west of Gray's Harbor. When 
compared with last month, all 
offshore locations warmed; 
however, nearshore waters 
cooled. This can be seen on 
the adjacent chart. The 
cooling was the result of 
persistent upwelling activity 
that brought very cold water to 
the surface. In fact, on 
August 21 and 22 buoys 46040 
and 46043 reported temperatures 
of 8.6°C during an intense 
upwelling episode. The area 
west of 130°W warmed between 
1. 0°C ·and 1. S°C since the end 
of July. 

The climatological mean 
temperature of the south Panel 
is 18. 6°C, and that figure is 
precisely the observed actual 
value for this month. 
Interestingly, when a line is 
drawn from Monterey Bay to the 
southwest corner of the chart, 
all t·emperatures to the right 
of the line are above normal 
and those to the left are below 
normal. The greatest cool 
anomaly observed was 2.3°C in 
the northwest corner of the 
analysis area; the warmest 
anomaly of 1.8°C occurred just 
west of buoys 46011 and 46028. 
Compared to the previous month, 
the entire chart warmed between 
0.4°C and 1.7°C, except for one 
small area near buoy 46014; 
again, this was the result of 
upwelling activity. Nearshore 
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waters of central and southern 
California, particularly from 
the Los Angeles Bight to Baja 
peninsula, showed the greatest 
increase in temperatures. 
Upwelling in the South Panel 
was pretty much confined to the 
north coast and, even here, was 
not as intense as observed in 
the North Panel. 
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EAST COAST OCEAN FEATURES 

Jenifer Clark 
NOAA, NWS 
Washington, DC 20233 
(301) 763-8030 

August 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

18 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

100W 95W 90W ssw BOW 

GULF OF MEXICO 

Due to near isothermal sea surface 
conditions, the Loop Current in the 
Gulf of Mexico was not observed 
during August. 



Key for Submarine Canyons: 

• Corsair Canyon 
• Lydonia Canyon 
- Hydrographer Canyon.:.··.:~ ;, < 
• Atlantis Canyon · :, · ····: . 

· Block Canyon 
· Hudson Canyon 
- Wilmington Canyon 
- Baltimore Canyon 
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NORTHWEST ATLANTIC OCEAN 

The Gulf Stream appeared to be 
unusually stable. No anticyclonic 
or cyclonic eddies formed or were 
absorbed by the Gulf Stream during 
August according to satellite 
thermal infrared imagery. 

Anticyclonic eddy 99 translated 75 
km SW and eddy 94 translated 100 km 
WSW. Eddy 2 moved 85 km SW, while 
eddy 1 moved 55 km WNW. Eddy 98 
traveled 110 km SW. Eddy 96 
translated 100 km WSW. 

Cyclonic eddies W, A, and B were 
not observed during August and were 
deleted from the analysis. Eddy F 
traveled 150 km NW. Eddy G 
translated 75 km N. 
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anom.::c !1::1 is the 
mean va i ue--shad i n1~ 
inte•rval is l.OC. 
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OCEANOGRAPHIC 
Monthly Summary 

Oc.ea.no9Jt.a.Ph..i.c. Monthly SummaJty is published by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the Nation a 1 Ocean_ Service 
(NOS). Oceo.nogM.ph.ic Mo.U:h.ty SummM.y contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a 11 blend" of .in. .6.i.tu. and satellite 
data, in which .i.n JJ.i.tu. data are used to define 
"benchmark" temperature values in regions of 
frequent observations and satellite data are used 
to define the 11 Shape 11 of the field between these 
points .I 

An ocean basin SST anomaly is derived from the 
11 blended 11 SST analysisl and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of .in .t:.U:u and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends .<.n .t:.U:u 
and satellite observations. Ph.oc.eed.i.ng.t:. o6 the 
N.i.U:h CUm<Ue V.i.agna..UO-' WoJJ.fu.hop, Corvallis, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from .in .t:.U:u data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology,3,4 
OceanogJta.p/Uc. Monthly SummMy also contains Alaskan 
sea ice i nforma ti on and ocean feature information 
for contiguous U.S. ocean regions. 

Oc.eanogJta.ph.i.c. Monthly SwnmaJty welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address bel ow). Accepted 
material will appear in the OceaNotes section of 
Oc.eanogJta.ph.i.c. Monthly SummaJty. Contributions can 
be published as quickly as the n.ext monthly issue. 

If you are interested in receiving Oc.eanogh.aph.i.c. 
Monthly SummaJty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly ~1ean Temperatures and Mean Salinities 
of the Surface Layer; NavOc.ean Ren. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; NavOc.eano Ren. Pub. 18. 
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NOS 
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6001 Executive Boulevard, Rm. 103 
Rockville, MD 20852 
Telephone (301) 443-6076 
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NOAA, NOS 
Office of Ocean Services, N/OS2 
5200 Auth Rd., Rm. 201 
Camp Springs, MD 20746 
Telephone (301) 763-8030 
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OceaNotes 
THE FURTHER ADVENTURES OF BIG BERGS 

Kim Buttleman 
Interactive Processing Branch 

NESDIS, NOAA 
E/SP22 

Washington, DC 20233 
{301) 763-8142 

The two images above and the one 
the cover {all NOAA-9, A.VHRR 
Channel 4) show the recent 
positions of the two icebergs 
discussed in the Satellite Image of 
the Month article in the November 
1986 Oceanographic Monthly Summary. 
Some time in early 1986 a large 
tongue of ice, approximately 80 X 

110 km {indicated on maps dating 
from 1947) separated from the 
Larsen Ice Shelf. Over the austral 
winter the tongue had broken into 
two large pieces as well as 
numerous smaller pieces. By 
November 1986 the two large pieces 
had moved about 600 km from their 
or1g1n and were then both located 
off the tip of the Antarctic 
Peninsula. 

Since then, the two bergs have 
moved about 1500 km northwest from 
their November position and are. now 

3 

in the vicinity of South Georgia 
Island. The left image above {July 
30, 1987; 08:43 GMT) shows the 
island {SGI) and berg B, the 
smaller of the two, at about 80x40 
km. It is approximately 250 km 
south southeast of the island and 
is at the edge of the flow ice. 
The right image above {August 28, 
1987; 09:53 GMT) shows the island 
and berg A, the larger at about 
80x55 km. At that time it was 
located approximately 300 km 
southwest of the island. The cover 
image {September 9, 1987; 09:14 
GMT) shows both bergs flanking 
South Georgia Island. Berg A has 
moved about 100 km closer to the 
island and has rotated about 80 
degrees clockwise. The pack ice, 
which has been blown to the 
northwest, shows a distinct wind 
wake downstream from the berg. 
Berg B is about 100 km northeast of 
the island. It has moved about 300 
km to the northwest and has also 
rotated about 90 degrees clockwise. 
The shapes and sizes of both bergs 
are essentially unchanged from that 
of November 1986. 

(OceaNotes Continued on page 12) 
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SEPTEf18ER 1987 EORSTERI·~ PACIFIC OCERt~ SST --t10N i HL'r' At~OMAL \' (C)--f1onthly anomaly is the 
difference beb .. n:oen the monthl1:::1 mean SST and the climatological monthly mean value. 
Contour 1 ine inter-val is 0. 5 C. The stippling indicates where the monthly mean is colder
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OceaNotes (continued) 

AIR-SEA INTERACTION OVER GULF STREAM 

Stephen F, Hogan 

Figure 1 

NWS, NOAA 
Room 302, World Weather Bldg. 

Camp Springs, MD 20746 
(301) 763-8088 

The marine environment is very complex involv
ing many interactions. Many of these interactions 
occur on the mesoscale. The sparse density of conv
entional observations makes it difficult to observe 
many of these features. However, the advent of re
mote sensing platforms such as satellites makes 
this task more manageable. 

The air-sea boundary is common ground for both 
meteorologists and oceanographers. By working toget. 
her, these scientists are learning more about the 
coupling of the oceanic and atmospheric circulation 
systems and the exchange of energy between the two. 

The following satellite picture clearly indicates 
the nature of the mesoscale. A narrow band of con
vective clouds extends over the ocean (figure 1). 
These clouds form a near perfect fit with the posi
tion of the north wall of the Gulf Stream. The 
north wall is highlighted on the Oceanographic Analy-

12 

sis (figure 2) by a bold line. This pattern clearly 
displays the ooupling phenomenon. 

The atmospheric circulation during this time was 
weak, being dominated by high pressure( figure 3). 
Within this pattern, the energy flux of the Gulf 
Stream plays a dominant role. The resultant temper
ature gradient across the Gulf Stream caused desta
bilization of the lower layers of the atmosphere. 
This pattern persisted over several days. The local 
instability ultimately led" to a line of convergence 
in the low level wind field. 

It is such mesoscale features that tend to enhance 
and localize regions of instability. By monitoring 
these features, local changes in atmospheric pat
terns can be anticipated based on sound physical 
reasoning. 

l 
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Figure 3 
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BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
"ational Meteorological Center, W/NMC21 
(301) 763-5972 

SEPTEMBER 1987 

North Slope operators experienced moderate ice 
conditions during September thanks to an Arctic 
low pressure center located in the northern 
Chukchi Sea rather than in the Beaufort Sea. That 
atmospheric anomaly caused some northwesterly 
winds and below normal temperatures at Barrow and 
other locations along the Alaskan coast. The 
northwesterlies caused some sea ice to move into 
the open waters of the southern Beaufort Sea. 
However, the winds and low temperatures were not 
persistent enough to cause major· changes in the 
shipping route which remained mainly open water 
(less than one tenth sea ice) with a few areas of 
slightly higher ice concentration. Had storms 
been more persistent in the Beaufort Sea, the 
shipping route would likely have been closed at 
Point Barrow where the polar pack was located just 
30 to 40 nmi to the north by month's end. 
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WEST COAST OCEAN FEATURES 
Ernest Daghir 
NOAA/NWS 
Satellite,Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
1415) 876-9122 
FTS 470-9122 

SEPTEMBER 1987 

The overall sea surface temperature pattern 
in the North and South Panels during 
September was very similar to that of August. 
For instance, in the North Panel, 
temperatures remained below normal both near 
and offshore; in the South Panel. nearshore 
waters were above normal and offshore waters 
below. In fact, the unusual thing about the 
South Panel is that even though there were 
positive and negative anomalies up to 1.5C, 
the observed mean temperature for the 
analysis equaled that of climatology or 
19.1C. The center of the cooler than normal 
water was at 37. 5N 129W; the warmer than 
normal area extended from near Pt. Piedras 
Blancas to Pt. Baja. comparing this month's 
South Panel temperatures to last month's, the 
entire chart warmed except for one small area 
along the central California coast. The 
warmest anomaly of 1. 5C was in the extreme 
northwest corner of the chart. 
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As mentioned previously, the North Panel's 
observed monthly mean temperature was cooler 
than climatology. The normal monthly mean 
for the area is 16.5C, but the computed value 
was 0.6 lower. The coolest anomalies were 
both centered at 43N but one was at 126W and 
the other at 134W. The only area that cooled 
when compared to August was north and west of 
Vancouver Island. The remainder of the North 
Panel warmed by as much as l.lC with the area 
of maximum warming located in the southwest 
corner of the chart. The greatest observed 
decrease in temperature over the month was a 
value of 0.7C south of Cape St. James, 
Canada. 
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EAST COAST OCEAN FEATURES 

JE'nifer Clark 
NOAA/NOS 
Washington, DC 20233 
(301) 763-8030 

SEPTEMBER 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-cor.e or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weat:her Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

100W 95W 90W 85W BOW 

GULF OF MEXICO 

Due to continued near isothermal 
conditions in the central Gulf of 
Mexico, the Loop Current was not 
observed. 
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Key for Submarin:e Canyons: 

- Corsair Canyon 
• Lydonla Canyon , .. . . . ,_. .. .. 
- Hydrographer Canyon · :· ·,,. ·: . ·. · .: ·. · · 
- Atlantis Canyon · :·: ·.:· · ·.' ·· ·:· .: . ,.:. · ·. 

• BlockCanyon 
• Hudson Canyon 
• Wilmington Canyon 
• Battimore Canyon 
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sow 75W 

NORTHWEST ATLANTIC OCEAN 

70W 

One anticyclonic eddy was absorbed 
during September. Eddy 99 
translated 140 km SW and then was 
absorbed by the Gulf Stream near 
38N 72W around October 2. Eddy 96 
was not observed and may have 
dissipated. It was, therefore, 
deleted from the analysis chart.· 

Eddy 94 moved 140 km SW while eddy 
2 translated 240 km SW. Eddies 1 
and 98 traveled 55 km SW and 55 km 
NW, respectively. 
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One cyclonic eddy formed from a 
Gulf Stream meander. Eddy I formed 
near 38N 59W around September 23. 
Eddy F translated 85 km ENE. Eddy 
A was not observed during August 
and was deleted from the analysis 
chart last month. However, eddy A 
was again detected near 35N 70W. 
It had again detected near 35N 70W. 
It had moved 275 km WNW since it 
was last observed at the end of 
July. Since eddy G was not 
observed during September, it was 
dropped from the chart. 
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OCEANOGRAPHIC 
Monthly Summary 

OceanogM.piUc Mon.thty SummaAq is published by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). OceanogM.piUc Mon.thty SummaAy contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend" of i.n .o.i.tu and satellite 
data, in which .<.n .oUu data are used to define 
11 benchmark 11 temperature values in regions of 
frequent observations and satellite data are used 
to define the 11 shape" of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
"blended" SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of -i.n .oUu and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends in .6.U.u 
and satellite observations. PJtoce.e.d.ing-6 o6 :the. 
Nin.:t.h Cti.ma.t.e. V.i..a.gno.6tic..6 WoJtluhop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived from in .6.i:t.u data 
(1950-1979), satellite data (1982-1985) and an 
ice climatology. 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oce.anogJtaph.ic. Mon.:t.hty SummaJLy also contains Alaskan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

Oc.ea.nogJta.ph.ic. Mon.:t.hty Summa:Jty we 1 comes arti c 1 es 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
material will appear in the OceaNotes section of 
Oc.eanogJtaphic. Monthly Summa:Jty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oc.eanog~taphlc. 
Monthly Summa:Jty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Nean Temperatures and Mean Salinities 
of the Surface layer; NavOc.e.an Ren. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
layer; Na.vOc.e.ano Ren. Pub. 18. 

Editor: Patrick McHugh 
NOAA, NOS 
Office of Ocean Services, N/OS1 
6001 Executive Boulevard, Rm. 103 
Rockville, MD 20852 
Telephone (301) 443-6076 

Assistant Editor: Jenifer Clark 
NOAA, NOS 
Office of Ocean Services, N/OS2 
5200 Auth Road, Room 201 
Camp Springs, MD 20746 
Telephone (301} 763-8030 

Typing: Damita M. Johnson 
NOAA, NWS 
Marine Products Branch 
5200 Auth Road, Room 206 
Camp Springs, MD 20746 
Telephone (301) 763-8133 
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OceaNotes 
W. B. Campbell 
Ocean Products Center 
NOAA NESDIS E/SP2 
Satellite Services Division 
Washington, D.C. 20233 
(301) 763-8133 

The Pillars of Hercules 

Featured on this month's cover are two dif
ferent images from polar-orbiting satellites taken 
over the Straits of Gibraltar, Alboran Sea and 
the Western Mediterranean. The image on the 
left is an atmospheric moisture-corrected sea 
surface temperature NOAA-9 pass from 
September 25, 1985. The panel on the right is a 
thermal infrared image from the DMSP satellite 
from September 1, 1987. The higher contrast of 
the DMSP is due the fewer grey shades available 
with 8-bit digital data as compared with the 
NOAA imagery of 11-bits and higher number of 
possible grey shades to delimit subtile features. 
The basic geographical features of the coastlines 
of Spain and Algeria and the inrush of the cooler 
(darker shade) Atlantic Ocean water through the 
Straits of Gibraltar (with its characteristic 
coriolis curvature) are readily apparent in both 
satellite's images. 

Known as the Pillars of Hercules to the 
ancient Phoenicians, the perils of passing through 

LONG-TERM VARIABILITY IN SEA SURFACE 
TEMPERATURE AT ONE LOCATION ALONG THE 

CENTRAL CALIFORNIA COAST 

L. C. BREAKER 
NWS,NOAA 

CAMP SPRINGS, MD 20746 
(301) 763-8133 

Sea-surface temperatures (SSTs) have 
been. acquired since March 1, 1971 at 
Gran1te Canyon, a shore location 11 km 
north of Pt. Sur and about 25 km south 
o·f Monterey along the central California 
coast (figure 1). This location has a 
good exposure to the deep ocean with the 
continental shelf extending only 6 km 
offshor-e. The observations are taken 
d_ail:y with a calibrated immersion 
thermometer at approximately 0800 local 
time by the Marine Culture Laboratory of 
the California Fish and Game cOmmission. 

(text continued on page 13) 

the Straits of Gibraltar in open galleys are well 
documented in the chronicles of Phyra ( 400-500 
BC) and the Athenian sailors of 500-600 BC. 
The constant surface current rushing in through 
the narrow Straits (approximately 10 km wide) is 
caused by the physical characteristics of the 
Mediterranean Basin. It is an enclosed sea 4000 
km long which is dominated by warm climate. 
The common clear skies and warm water 
produces much surface evaporation and thus 
produces an increased salinity and lowered sea 
level within the Mediterranean. The waters of 
the Atlantic Ocean, being higher in sea level, 
flow into the Western Mediterranean but must 
pass over a relatively shallow sill at the Straits 
of Gibraltar. 

The stream of cooler Atlantic Ocean water 
rushing through the shallow, narrow Straits into 
the saltier Mediterranean is at sufficient velocity 
to retain its integrity and temperature identity 
well over 50 km past the Straits. The coriolis 
rotation of this separately identifiable water 
mass is clearly visible in both images. The 
entrainment , of some of the warmer 
Mediterranean water and some of the North 
African upwelled (very light color) coastal water 
is more evident in the NOAA im~ge but the ex
tent of the Atlantic inrush current in more 
apparent in the DMSP image. 

40° 
100km ,___.... 

Fig. 1. Location of sea surface 
temperature acquisition site along the 
central California coast. 
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(continued from page 3) 

Figure 2 shows the time-series of daily 
SST at Granite Canyon from March 1, 1971 
to March 1, 1986. Long-term variability 
on interannual time scales is clearly 
evident. Specifically, each El Nino 
episode occurring over the period of 
record is indicated by a vertical arrow 
(the 1972-73, 1976-77, 1979-80, and the 
1982-83 episodes). By equatorial 
standards, the 1972-73 episode was 
classified as strong, whereas the 1976-
77 El Nino was classified as an episode 
of moderate intensity. The 1982-83 El 
Nino episode was the most intense 
episode within the past 25 years. Even 
the relatively weak El Nino episode of 
1979-80 can be easily identified in the 
raw data. Closer inspection of these 
data indicate that El Nino influence at 
mid-latitudes along the central 
California coast is most pronounced 
during fall and winter and that this is 
most likely associated with intensified 
poleward flow in the Davidson coastal 
current. 

Abrupt decreases in temperature can also 
be seen in 1973, 1977, 1980 and 1981 and 
correspond to spring transitions to 
coastal upwelling. The spring 
transition is a major event along the 
c?asts of California and Oregon that 
s1gnals the seasonal qhange from non
upwelling to upwelling conditions. This 
transition is not always distinct but 
·~n those years that it can be uni'quely 
7dentified, it is apparently most 
1ntense following El Nino episodes. 

" 1972-7J 

' 
1.976-77 

' 
1979-60 

' 

1982-83 

' 

Fig. 2. Daily sea surface temperatures 
at Granite Canyon from 1 March 1971 to 
March 1986. 
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Of particular interest is the 1982-83 El 
Nino because of its intensity and 
duration. Figure 3 shows a comparison 
of SSTs at Granite Canyon starting on 
January 1, 1982 and ending on January 1, 
1984. The solid curve (smoothed 
slightly) represents a 12-year annual 
mean which has been repeated to span the 
two-year period. The dashed curve 
represents the raw data during the same 
period. 

Periods of major warming associated 
with this episode occur, during January, 
February, and March and during 
September, October and November of 1983. 
During September and October, 
temperatures were almost 5 C above 
average. Above average temperatures 
persisted for approximately 20 months 
starting in April of 1982. By 
comparison, the significantly higher 
temperatures associated with the 1972-73 
and 1976-77 El Nines lasted for 
approximately 12 months. Although not 
shown, temperatures were also above 
normal during most of 1984. 

Sea-surface temperature appears to be a 
sens·itive indicator of El Nino influence 
along the central California coast. 
During the past 16 years, foUr El Nino 
episodes of varying intensity were 
revealed in the time-series of SST at 
Granite Canyon. Due to their frequency 
of occurrence, inte·nsity and duration, 
thes·e episodes must be considered to be 
a major source of interannual 
variability along the central 
California coast. 

" ,. 

•o 

--12·YEAR SMOOTHED MEAN 
··········- 1/1/92 TO 1/1/94 

9 
J F M A M J J 'A S 0 N 0 J F M A M J J A S 0 N 0 

1982 1983 

Fig. 3. SSTs at Granite Canyon from 1 
January 1982 to 1 January 1984. The 
solid curve is the smoothed mean annual 
cycle at Granite Canyon calculated from 
12 years of data ( 1 March 1971 to 1 
March 1983). The dashed curve is the 
raw data at Point Sur. 



BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary M. Wohl, NOAA 
Navy-NOAA Joint Ice Center 
~ational Meteorological Center, W/NMC21 
( 301) 763-5972 

OCTOBER 1987 

Generally mild conditions persisted through nearly 
all of October along Alaska's North Slope region. 
Strong storms· in the Bering Sea area and high 
pressure to the east maintained a flow of warm air 
over the interior of Alaska and into the southern 
Beaufort and Chukchi Seas. The multiyear ice 
comprising the permanent polar ice pack was 
maintained offshore at the same time that the 
development of new ice in protected bays and 
inlets was inhibited. By the last week of the 
month only a narrow strip of new and young ice 
coul~ be found along the Beaufort Sea coastline. 
As the month ended the atmospheric conditions 
responSible for the mild pattern weakened allowing 
more se·asonably cold air to enter the Chukchi and 
Beaufo'rt Seas. Ice growth is anticipated to be 
rapid during November as temperatures fall and 
daylight hours are drastically reduced. 
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WEST COAST OCEAN FEATURES 
Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

rcrosm 1987 

During October, sea surface temperatures in both 
the North and South Panels averaged above normal. 
The observed mean temperature of the North Panel 
was 15.6 C, or 0.6 warmer than climatology; in the 
South Panel, 19.2 C was the observed mean, 
compared to the climatological mean for the area 
of 18.8 C. Therefore, the entire West Coast 
averaged about a half degree warmer than normal. 

In the North Panel, locations to the north of the 
43rd parallel were warmer than climatology and had 
positive anomalies over 1.5 C, particulai:-ly 
around Vancouver Island and to the west of 
Washington State. South of 43N, temperatures were 
from 0.2 to 0.4C below normal. Comparing this 
month's SSts to thgse of last month, there was a 
general decline in temperature between 0.2 and 
0.9C. A small elongated area along the 132nd 
meridian showed a slight increase in values. 

46005 .N/A 

16.7 
46002. 16.8 

16.5 
-.6 

12. 
46027 

15 

South Panel SSts continued to show the trend that 
offshore waters are below normal and nearshore 
waters are above. The area north of 32N and west 
of 126W was cooler than climatology; all other 
locations were warmer. A negative anomaly of l.lC 
was the highest observed and this was centered at 
37N 128 W. Along the coast, positive anomalies 
ranged between 0.6C on the northern California 
coast to 2.0C along the Baja peninsula. Comparing 
October SSTs to those of September, there was both 
warming and cooling observed. The greatest 
warming (+0.7C) was near 35N 122W, and the maximum 
cooling (-.4C) occurred at 34N 130W. 

The above information is based on the nine 
analyses produced in each panel during the month. 
The graphical information depicted here is 
generated solely from the 3 hourly SST 
observations stored in the NMC data base from each 
fixed buoy in the analysis area. 
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EAST COAST OCEAN FEATURES 

Dorothy Kropp 
NOAA, NWS 

Washington, DC 20233 
(202) 899-3296 

OCTOBER 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or sfnce.last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

100W 95W 90W ssw BOW 

GULF OF MEXICO 

Near isothermal condit-ions continued into the 
early part of the month, but indications of 
the Loop Current and a possible. anticyclonic 
eddy began to appear late in October. Eddy v 
apparently spun off the Loop Current, while 
an area of warm water appeared over the 
northeastern part of the Gulf. 
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Key fOf' Submarine Canyons: 

• Corsair Canyon 
• Lydonla Canyon 

• Atlantis Canyon 
• Block Canyon 
• Hudson Canyon 
• Wilmington Canyon 
• Banimore Canyon 

sow 75W 70W 65W 60W 

NORTHWEST ATLANTIC OCEAN 

The Gulf Stream was quite active between 68W 
and 70W during October, as a sharp meander 
absorbed one eddy and spun off a new one. 
Anticyclonic eddy 94 moved 95 km west before 
being absorbed into the Gulf Stream by the 
last week in the montp. 

Anticyclonic eddy 98 moved west northwest 175 
km. Eddy 1 drifted ~5 km south southwest and 
eddy 2 trarislated 95 km toward the southwest. 

The Gulf Stream meander forced cyclonic eddy 
A to move northeastward 240 km. Meanwhile, 
eddy J formed near the sharply curved Gulf 
stream by the last week in October. Eddy F 
remained about stationary. Eddy I was not 
observed during the month. · 

Late in the month, the Gulf Stream began to 
develop a new meander near 65W. 
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OCEANOGRAPHIC 
Monthly Summary 

0c<2.a.nogJtapiUc Mon.th.ty SwnmaJLq is pub 1 i shed by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). Ocea.nog~phic Monthly SwmmaJLy contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend" of -in ~.i.tu and satellite 
data, in which .i.n -6itu. data are used to define 
"benchmark" temperature values in regions of 
frequent observations and satellite data are used 
to define the "shape" of the field between these 
points.l 

An ocean basin SST anomaly is derived from the 
11 blended" SST analysis! and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of -in .&Uu and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends -in .&.U.u 
and satellite observations. PJtoc.eed.<.ng.o o6 .the 
N-inth Ctimate V-i.agno.&tic..o WoJtk4hop, Corvallis, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from -in .&i.tu data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oc.ea.nogJta.piUc. Mon.th.ty Swnma.Jty also contains Alaskan 
sea ice information and ocean feature information 
fOr contiguous U.S. ocean regions. 

Ocea.nogJta.phi.c. Moi'Lth.ty SwnmMy welcomes articles 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below).. Accepted 
material will appear in the OceaNotes section of 
Ocea.nog~ph.<.c. Monthly Swnma.Jty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving Oc.ea.nog~taphic. 
Mon-thly Swnma.Jty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Ocean Monthly Hean Temperatures and Mean Salinities 
of the Surface Layer; Na.vOcea.n Re6. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinities of the Surface 
Layer; Na.vOc.ea.no Ren. Pub. 18. 
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'IHE NEW RCSS SFA I~ 

Marcia Weaks 
Interactive Processin;J Branch 
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As shown in the N:l.AA.-10 visible satellite image fran 
Oct.c:ber 27, 1987 (cover), a large tab.ll.ar iceberg has 
broken off the Ross Ice Shelf into the Ross Sea. '!his 
makes the t.hiJ::d major ice calvirq event off Antarctic 
glaciers durin; 1986-1987 arx1 the first significant 
calvin;! in the eastern section of the Ross Shelf. As of 
the first of I)::!cenlber, the berg was located: at 77. 6 s 
165 W, with <llinensict'lS of approximtely 25 inlles in width 
arx1 99 ~es in len;Jth, an::l a thickness of 900 feet. Of 
that thickness, about 125 feet is above the water line. 

i DECEMBER i9B7 

ROSS 
ICE 
SHELF 

I 

{---+--1------1-------~ 
r ROSS 

SEll 

i6SH i7@H 

ihe WAA,/IIavy Joint Ice Center (JIC) , SUitland, Mal:ylan:i, 
~ be;n tracJd..rg the calvin; process since it's prOOable 
ln::eptian in January, 1987. 'Ihen, a large fissure (crack) 
was detected along the Ross Shelf on satellite data. A 
coonterclock~ rotation an:i a slight westward drift has 
been detected in subsequent ilnages, as shewn :in the 
analysis (alxwe right) of a NaAA.-10 visible satellite 
ilnage fttm December 1, 1987. JIC predicts the bel:g will 
drift slo:..rly toward the west in the Ross Sea gyre arx1 
eventually fird its way into the Anterctic Cixt:o.mpolar 
OJrrent. IX1e to its long arx1 narrc:r..T size (twice the 
l""Jth of Rhode Island) , the bel:g nay beg:in to break up 
into snaller bergs (bergy bits) an:i growlers, or becane 
groonled oo sul:morine rid;Jes :in the Ross Sea durin;! the bel:g will becane trawed in seaSGt1al ice growth durin;! 
rema1nin;J austral suntner seasoo. In these :l.nst:an=es the next year's austral winter. 

--------
SYNOPTIC SURFACE MARINE DATA MONITORING 

~'"ig.l 

Vera M. Gerald 
NOAA/NWS 

Ocean Products Center 
Camp Spring, MD 

H.H. SURFACE OBS. ftECEIYEO RT ICMC MRSMINGTON BT 02.25 UCT 87111/20 
D~l~ COUMI • 5!04 

The oceans cover approximately seventy percent of 
the earth surface and have a significant influence 
on. global weather and climate. Howev.er,· the 
oceanic domain is less densely sampled for- surface 
meteorological parameters as compared to la~d, For 
example, figures 1 and 2 show northern hemisphere· 
synoptic surface data distribution at OOZ over 
land and sea, respectively. It is clear that the 

Fig.2 
N.H. SUilFACE 085. RECEI\'ED AT liMC WASHINGTON BT 02.31 UCT 87/tl/20 
DRTA COUNI • 9MI 

(text continued on page 12) 
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NOVEMBER 19871~ESTEPN PtlCIFIC OCEAI~ :;;sr--t·1ot;THLY ~1EAN (C)--1·1onthlo; mean SST is the mean 
of in situ (shirJ, buotd) .:md ·.:_.;atellite data 1J.1it.hin b..JO-degn::-e q1..Jadrangles. Contour 
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4 



I SOW 140W 120W I DOW BGW 

SON 

40N 

20N 

0 

20S 

40S 

60S 

I SOW 140W 120W I 0 0 W sow 
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di ffer.;once between the. monthl1d mean SST and the climatological monthly mean value. 
Contour· 1 ine interval is 0. 5 C. The stippling indicates toJhen.? the monthly mean is colder
th.:m climatology; contours are not. sho~.om in areas t..Ji thout monthly or climatological data. 



I SOW 1~0W 120W I DOW sow sow 

SON 60N 

~ON 40N 

20N 20N 

0 0 

205 20S 

405 405 

60S 60S 

I SOW 1~0W !20)'! I DOW sow GOW 

NOVEMBER _19_87 EASTERN PACIFIC OCEAN SST--t·IONTHLY ANDt1RLY (C)--flonthly anomaly is the 
difference between the monthly me-an SST and the climatological monthly mean value. 
Contour 1 ine interval is D. 5 C. The st.ippl ing indicates where the monthl'::l mean is colder
th:m cl imato l01:1Y; c:ontours are not sho~.>m in areas 1.1.1i thout monthly or climatological dat.a. 
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NOVEMBER 1987RTLCINT!C OCEAN 55T--t1Dt-HHL'l' t1EAN (C)---t·1onthl~ mean SST is the mean of in 
situ (ship, buoy) .;~nd s-atellite d.:!ta ~.Jithin b~Jo-degree quadrangles. Contour line interval 
is 1.0 C. The stipplintJ indicates ~J.Ihen~· the an.3lysis l,J.3S -fixed b1::1 the in situ data; 
contour·s are not !C:h•JloJn in an:-.3s 1...ri thcu.rt data. 
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(ship, buoy) .:md satellite dat.a r.ui thin b.Jo-degree quadrangles. 
1. 0 C. The slippl ing indi1::ates where the anal•dsis was fixed by 
an? not. shown in .~reas r.o.~ i thor.Jt. data. 
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NOVEMBER 1987 ATLFlNTIC OCEAI~ 55T--~IOIHHL',·' ANOI·IALY (Cl-·-t·lonthl'oi an,mal~ is th~ differ-ence 
between the monthl':l lllt?an SST and the climatological monthly mean v.alwe~ Contour 1 ine 
inter-val is 0.5 C. The stippling indicate::: where t.he mont.hly mean is colder than 
cl imatc•l ogy; contours are not :::.:h•Jr,m in are.:~s vJi t.hout monthly or cl imab:tlogica 1 data. 
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Table 1 MONTHLY TABULATIONS OF SURFACE f1ARINE REPORTS RECEIVED AT Nf1C FOR 1986 

: JAN FEB : ·MAR APR l f1AY I JUN JUL I AUG : SEP OCT l t~OV l DEC 

TOTAL 
FOR 

l YEAR' 86 l ('l.i TOT 

UNISHP 
UNKSHP 
FBUOYS 
DBUOYS 

f·\ARS 
ows 

LAND 

'll!C1i,Ju""U"1"4ITl <;9c3r7"9mu-•r"uc~"o'6""8'l'9'"•"3'5"6~: TI?'-"'""'"•"Jn:'rcco,,Jo!1S<J:rrtl!1i.>•77io;1!18r:rrr Ci'S:n3: iiJ5664: 1 ti7!:i?STT077bTi9B75ZI-f"L:n~ a, ...,!::::, ~~ 
' 4310' 43221 45521 41841 47291 45331 46321 41411 4349: 4181: 41221 34331 :il4681 :·.3 '· i 11343[ toaas: 113441 11~44' 11329: 1"'='7121 141641 1366C11 13372: 135641 126451 117791 1482401 ::.7 ·z 
: 48125: 39994: 50905: s?27sl 551':;t8l 48Jso: 454601 52~5o: 4941?! 554~5! 58B2§l 57~46! 6IB7B~! z~.c, :~ 
1 88621 78221 88951 8868' 92?11 88321 93041 9~441 886oJ, 91'.16, 920wo 9 .... 13, 10783..::., .... 9 '· 
I 6321 5961 6341 .!:.3'5: 882: 14961 15261 13831 13.!:.21 14691 14.!:.51 15831 13.!:.53: (1.6 ): 
1 4 6 3 5 1 33651 2266: 15oi:d 1574: 15191 14.!:.51 215?: 21a9: 24541 :;oo11 ~·217: 28352: 1.3 ;.: 

marine data base is sparse and that maximum use 
should be made of these data in studies of 
atmospheric and oceanographic processes. 

The National Meteorological Center (NMC) receives 
real-time synoptic marine data from various 
platforms. All data that are available by the time 
of the scheduled model run are used with first
guess fields to produce initial analyses for use 
within the suite of operational numerical 
prediction models of NMC. 

In view of the necessity for a real-time synoptic 
marine data base, it is important to ensure that 
all data arrive in time to be used within NMC' s 
analyses and quality controlled in real time to 
maximize their impact on forecasts. Therefore, 
systems collecting surface marine reports are 
actively monitored to ensure maximum availability 
of data. 

Synoptic marine data are stored on a 10-day 
rotating file consisting of all observations 
reported by voluntary ships, naval and research 
vessels, drifting and fixed buoys, ocean weather 
stations and marine reporting stations. These 
reports are transmitted to NMC by coastal radio 
stations, the Global Telecommunication System 
(GTS) and the GOES data collection network. Table 
1 summarizes the monthly tabulation of surface 
marine data received at NMC for the year 1986. The 
platform types are ships with unique call signs 
(UNISHP) , ships without call signs (UNKSHP) , fixed 
buoys {FBUOYS), drifting buoys (DBUOYS), marine 
reporting stations (MARS), ocean weather stations 
(OWS), and all reports with position errors 
~LAND). 

During 1986, NMC received 2, 209, 566 synoptic 
marine observations. The last column of Table 1 
shows the percentage of this total for each 
platform type. Ships remain the dominant data 
source (56.2%). Fixed buoys represent less than 7 
percent of the total. The second largest 
contribution to the surface marine data base comes 
from drifting buoys (22.0%1. Position errors 
(1.3%} refer to all synoptic surface marine 
observatiOns on land. 

A monthly parameter list for S.eptember 1987 (Table 
2} contains the frequency of air temperature, sea 
surface temperature, Wind speed and direction, dew 
point depression, present and past weather, sea 
level and station pressure, pressure quality 
marks, cloud coverage, swell .direction, swell 
height, swell period, wave direction and height, 
and the number of position errors for each 
platform type. 

12 

The timely dissemination of surface marine data is 
vital to improving and updating NMC's analyses and 
forecasts. Time-delay refers to the interval 
between the time an observation is taken and the 
time it is received at NMC. For example, table 3 
shows time-delay distributions for ships with 
unique call signs, fixed buoys, drifting buoys and 
marine reporting stations for September, 1987. 

Surface marine reports transmitted directly 
through the GOES network to NMC _are delivered ~n a 
timely fashion. As can be seen J.n Table 3, tJ.me
delay tabulations for FBUOYS and MARS shoW that 93 
to 96 percent of the data arrive within one hour 
or less. However, most ship reports are 
transmitted during the radio officer's watch by 
radio message to a coastal receiving station. 
Because of economic constraints, shippers ha~e 
been forced to reduce the number of radJ.o 
officers. Unfortunaetly the result has been a 
continued reduction in the timely transmission of 
ship reports (Richardson, Gerald, 1987). 
Presently, less than 50 percent of ship data are 
received within one hour. 

Table 2 

~~~T-51 DA~~==:===~!=-_o 1 0~--=~:c=--o:c==~~===:~:~= 
NC-CAT520~TA-:--;;:;;;-;---;;;-;--;-~=-=~t=:--o:=~~~~=~§!::C 



Table 3 
TIME: DELAY DISTRIBUTION FfJR SURFACE MARINE OBSERVATIOI'JS RECEIVED BETWEEN 1987 09 01 ooz TO 1987 09 :o.o :?:32 

TIME-DELAY DISTRIBUTION FOR UNISHP 

HOURS (( OR •) 2 3 4 0 

TOTAL BY BIN 46031 31861 8701 4736 2933 
CUMULATIVE TOTAL 40031 77892 86593 91329 94262 
CUMULATIVE PCT 43,39 73.43 81,Q3 86.10 88,86 

TIM'i::.-L!EUW QISTRIEIUTIDN FQR MARS(Cl 

HOURS (( OR ,, 2 3 4 0 

TDTA.L.. 8Y BIN 8582 l::i6 45 49 16 
CUMULATIVE. TOTAL 8582 8738 8783 8832 8848 
CUMUL·ATIVE PCT 90,57 98.32 98.83 99.38 99.56 

TIME-DELAY IHSTRIBUTION FOR FBUOYS 

HOURS i<- OR ::) 2 3 4 " 
TOTAL BY BIN 11998 251 61 63 5 
CUMULATIVE TOTAL 11998 12249 1"Z31CI 12373 12378 
.CUMULATJ'.I=: PCT 93,.;29 9::i.24 9::'i .. 72 9b • .21 9b.24 

TIME-OELA'f DISTRIBUTION FOR DBUOYS 

HOURS " OR ., 2 3 4 , 
TOTAL BY BIN bi:>44 10469 4418 1601 744 
CUMULATIVE TOTAL b644 17113 21531 23132 23876 
CUMULATIVE PCT 26,73 68.86 86.64 93.08 96.07 

The amount of drifting buoy data arriving within 
one hour are low, less than 27 percent, due to the 
data processing system i.e., DBUOYS reports are 
collected by polar orbiting satellites and 
transmit ted via Service Argos to the Argos data 
processing center in Toulouse, France; then the 
data must be decoded from engineering to metric 
units, compiled into the standard World 
Meteorological Organization (WHO) format, and 
finally entered onto the GTS network. 

Quarterly ship track summaries of all VOS 
observations are tabulated· and disC:ributed to the 
Marine Observing Program of the Observing System 
Branch. Each reporting VOS receives a mercator map 
depicting it's track north of the equator during 
the past three months and the total number of 
~eport• received at NMC. 
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6 7 8 9 10 UP-10·-DATA CUT-OFf 

16!i2 3492 4796 1432 302 l40 
9:i914 99406 104202 105634 105936 106076 
90.42 93.71 98.23 99.58 99.87 w::.oo 

6 7 B 9 10 UP-TO·-DATA C:Ul- DFJ 

39 0 0 0 0 0 
8887 8887 8887 8887 BS87 8E87 

100,00 100,00 100.00 100.00 100. CIO 100, CIO 

6 7 B 9 10 UP-J'O··!:!ATA CUl-;OFF 

"1 0 2 0 0 430 
12429 12429 12431 12431 12431 128bl 
9b,b4 9b,b4 9b,b6 9b.bb 9b.b6 100.00 

6 7 B 9 10 UP-10-DATA C:Ul-OFI 

527 242 100 99 B 0 
24403 24645 24745 24844 24S52 24S52 
98.19 99,17 99.::i7 99,97 100, c:o 100,(10 

As a result of the monitoring effort described 
herein, it is clear that while the amount of 
surface marine data available at NMC has incre~sEd 
tremendously, the receipt of ship and drifting 
buoy data remain low and needs improvement. In an 
attempt to increase the number of surface ship 
observations received at NMC, monthly and 
quarterly surface marine tabulations are delivered 
to the Marine Observing Program of the Observing 
System"Branch an~ the National Ocean Service for 
distribution to voluntary ship operators. Future 
plans to improve the availability of drifting buoy 
data at NMC involves the establishment of a direct 
data link to the Service Argos data center in 
Landover, MD. This will make drifting buoy data 
available 2 hours earlier. 
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Navy-NOAA Joint rce Center 
National Meteorological Center, W/NMC21 
(301) 763-5972 
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Rapid and widespread new ice growth characterized 
November, 1987, in the Alaska region. Cold air 
spread over Alaska and its surr~unding seas as 
storms shifted southward· and high pressure built 
in from Siberia~ The Beaufort sea became 
completely ice covered early in the month and sea 
ice spread southward in the Chukchi Sea at a rapid 
pace reaching the Bering Strait by the third week 
of the month. At the same time ice began to form 
in the more protected areas of the northern Bering 
Sea, especially eastern Norton Sound, as 
temperatures dipped below normal values. During 
the last week of the month extremely cold air (-10 
to -20 degrees F) swept over the Bering Sea from 
Siberia. Sea ice was observed forming on the open 
ocean nearly 100 run south of St. Lawrence Island 
in the Bering Sea on November 29 and 30, an ice 
edge advance of about 180 run in 7 days. Continued 
ice growth in the Bering Sea was forecast for the 
month of December under the influence of cold 
Siberian High Pressure systems. 
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Ernest Daghir 
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Satellite Field Serv.ice Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 

NOVEMBER 1987 

sea surface temperatures in the North 
and South Panels·rernain above normal~ 
the North Panel averaged 1.2°C warmer 
than climatology. and the south Panel 
averaged .6°C above climatology. The 
climatological mean; temgerature for each 
area is 12.9°C and ~7.7 C, respectively. 
This above normal trend has been 
observed for the past couple of months. 

The greatest observed positive anomalies 
in the North Panel were in the northern 
half of the chart. In fact, in and 
around Vancouver Island, temperatures 
were greater than 2.0°C above 
normal. No location in the North Panel 
was cooler than ·climatology. The 
southern half of the chart had anomalies 
on the order of . 3° to . 9° above 
climatology. When comparing this 
month's SST's to last month's, the 
entire North Panel cooled from between 
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1.0° to 1.9°C, with the majority of 
cooling in the central portion of the 
analysis. Buoy statistics showed 
similar trends when compared to 
October's values, except for buoy 
#46027. 
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South Panel SST's had the greatest 
positive anomalies along the coast with 
values of 1.1 °c near San Francisco Bay 
to 2.0°C along the Baja peninsula. 
Offshore waters were generally less than 
0.5° warmer than normal with an area 
near 36.5N 132.5W, being .7°C cooler 
than climatology. This was the only 
location in the South Panel below 
normal. When comparing November's SST's 
to October's, the entire South Panel 
cqoled with values ranging from .5°c in 
a number of locations to 1. 4°C in the 
northwest corner of the chart. Buoy 
.statistics also showed that temperatures 
cooled during' the month along the entire 
California coastlineo There were 8 
analyses prepared for each Panel during 
November. 

12.1-Honthly me•n 
LOCATION 13.5- Maximum d~ily roean 

NAME 10.2+-Hinimum d&ily mean 
-1. 5 ,.____Change from previous ntOnth 

e Denotes station pos1tton. 
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EAST COAST OCEAN FEATURES 

J<>nifer Clark 
NOAA/NOS 
Washington, DC 20233 
(301) 763-8030 

NOVEMBER 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteorological Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

GULF OF MEXICO 

The Loop Current in. the Gulf of Mexico was 
discernible during November due to the return 
of sea surface temperature gradients. 
Anticyclonic eddy v drifted 65 Km NNE since 
October. The area of warm water over the 
northeast part of the Gulf persisted and is 
eddy like in appearance. 

18 
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NORTHWEST ATLANTIC OCEAN 

Two anticyclonic eddies formed from 
Gulf Stream meanders and one 
anticyclonic eddy was absorbed 
during November. Eddy 3 formed 
from a meander near 41N 57W around 
November 23. Eddy 4 pinched off 
from a Gulf Stream meander near 40N 
65W about November 25. Eddy 2 was 
absorbed by a meander near 38°30N 
69°30W around November 23. Eddy I 
translated 110 Km NW while eddy 98 
traveled 165 Km SE. 

Two cyclonic eddies were newly 
observed during November. Eddy K 
was detected in late October by 
XBTs from Harvard/Navy. Eddy K is 

19 

aPgarently centered near 37°30N 
60 30W. Eddy L was newly observed 
on November 9 from infrared 
satellite imagery near 33°N 75°W. 
The origins of eddies K and L are 
not known. One cyclonic eddy was 
seemingly absorbed in late 
November. Eddy A was advected 
rapidly eastward near 38N 67W in 
October and was probably absorbed 
by the Gulf Stream near 38N 66W 
during November. 

Eddy F moved 7 S Km ENE. Eddy J 
translated 90 Km NE. Eddy I 
drifted 35 Km NW since it was 
previously observed in September. 
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OCEANOGRAPHIC 
Monthly Summary 

Vc.eanogtta.piUc Mon-thly Swnma.Juf is pub 1 i shed by the 
National Weather Service (NWS), the National 
Environmental Satellite, Data, and Information 
Service (NESDIS), and the National Ocean Service 
(NOS). Oceanog4ap~c Monthly Summ~y contains 
sea surface temperature (SST) analyses on both 
regional and ocean basin scales for the Atlantic, 
Pacific, and Indian Oceans. The ocean basin analyses 
are based on a "blend" of .in -6.i...tu and satellite 
data, in which ...C:.n ,Jilu data are used to define 
"benchmark" temperature values in regions of 
frequent observations and satellite data are used 
to define the "shape" of the field between these 
points.! 

An ocean basin SST anomaly is derived from the 
"blended" SST analysis1 and the improved global 
SST.2 The regional SST analyses are based upon 
a combination of .<..n .o.Uu and satellite data 

!Reynolds, R.W. and W.H. Gemmill, 1984. A sea 
surface temperature analysis which blends .<..n .oilu 
and satellite observations. PJtoc.eed.tng.6 o6 .the 
N.<..n.t.h CL<ma..te V.W.gno.o..tiu WoJtluhop, Corva 11 is, 
OR, Oct. 22-26, 1984, pp. 408-416. 

2The climatology is derived 
(1950-1979), satellite data 
ice climatology. 

from ~11 .oilu data 
(1982-1985) and an 

measurements. The regional SST anomalies are 
calculated from the Robinson-Bauer Climatology.3,4 
Oc.eanogJtapiUc. Mon.t.hty SummaJLy a 1 so contains A 1 askan 
sea ice information and ocean feature information 
for contiguous U.S. ocean regions. 

OceanogttapiUc. Mon.t.h..e.y Summa.tty we 1 comes art; c 1 es 
containing information of interest to its readers, 
such as news on operational oceanography, unusual 
ocean feature phenomena, etc. Contributions should 
be sent to the editor (address below). Accepted 
material will appear in the OceaNotes section of 
OceanogttapiUc. Mon.t.hly Summatty. Contributions can 
be published as quickly as the next monthly issue. 

If you are interested in receiving OceanogttapiUc 
Mon.thty Summatty regularly, please refer to the 
back cover for subscription information. 

3Robinson, M.K., 1976. Atlas of North Pacific 
Oc:ean Monthly Nean Temperatures and Mean Salinities 
of the Surface layer; NavOcean Ren. Pub. 2. 

4Robinson, M.K., R.A. Bauer, and E.H. Schroeder, 
1979. Atlas of North Atlantic-Indian Ocean Monthly 
Mean Temperatures and Mean Salinit'ies of the Surface 
Layer; NavOc.eano Ren. Pub. IS. 
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OceaNotes 

FIVE-YEAR CLIMATOLOGICAL SURVEY OF THB GULP STREAM 
SYSTEM AND ITS ASSOCIATED RINGS 

stephen J. Auer1 

National Environmental Satellite, Data, 
and Information Service, suitland, MD 

[This OceaNote highlights the methodology and results 
of the study published in a recent journal article by 
Auer who recently served as OMS editor -- J. Geophys. 
Res. 92 (11,709-11,726) 1987. We have selected the 
following illustrations and tables from the journal 
article to supplement our summary, retaining the same 
figure and table numbers: figures 1, 3, 4, 5, 7, 8, 9, 
10, 11, 12, 13, and table 4}. 

The 5-year weekly data set used in this study c:ontain3 
an Eulerian representation of the weekly GSLSE 
positions and a Lagrangian description of the center 
positions and average diameters of the warm-core rings 
(WCRs) and the cold-core rings (CCRs). The data set 
was manually compiled from 1300 Oceanographic Analysis 
Charts produced by the National Weather Service and the 
National Environmental Satellite, Data, and Information 
Service. The charts contain positions of ocean thermal 
fronts which are manually analyzed from polar-orbiting 
satellite infrared imagery along with available 
expendable bathythermograph reports, data buoys, and 
ship SST observations. 

The GSLSE latitudinal position to the nearest 0.1° was 
determined at each 0.5° longitudinal transect from 
91.0°W to 44.0°W. The weekly WCR and CCR observations 
were compiled with a ring name, a center position, and 
an average diameter. Ring formation and absorption 
events were also noted. When possible, the ring names 
are the same names as found in the Oceanographic 
Monthly Summary (published by NOAA since 1981) or its 
predecessor, the Gulf Stream (published by National 
Weather Service through 1980). In some instances the 
ring names or movements reported in the above-mentioned 
publications 

were corrected during the extensive review of all the 
charts. These ring corrections are an acceptable 
result of the advantage of more accurately determining 
the ring events after the complete history Of observed 
ring movements is known, a luxury not available to the 
real time schedule of the monthly publications. 

Figure 1 shows all the observed weekly GSLSE positions 
during the 260-week (5-year) data period; it 
illustrates the northward (and slightly westward) 
intrusive nature of the Loop Current, the expanding 
range of the GSLSE down-stream from Cape Hatteras, and 
the increased meandering downstream from Cape Hatteras. 

Figure 3 presents the 5-year climatological GSLSE 
curves. None of these curves is representative of any 
particular week's synoptic GSLSE position 

The extreme GSLSE curves connect the most northern 
and southern) observed positions between the transects. 
The extreme curves reveal the expansive intrusion range 
of the Loop Current to the North and west. The range 
narrows in the Florida Straits, then slightly widens 
along the Carolinas (75°-80°W) where small-amplitude 
wave-like meanders often propagate downstream with a 
prominent weekly time scale. Past Cape Hatteras, 
large-amplitude meanders are observed to grow, 
translate, and occa~ionally pinch off or reform. 

1. Formerly with Ocean Products Center, National 
Meteorological Center, Camp Springs, MD. 

2. The term Gulf Stream Landward Surface Edge (GSLSE) 
is utilized in this paper to denote the current's edge 
nearest to the North American continental landmass. 
This same edge in the northwest Atlantic Ocean is 
synonymously referred to as the "north wall" or "cold 
wall" of the Gulf Stream due to the large temperature 
gradient inherent across it. 

(continued on page 12) 
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Fig. 8. Probability distribution of Gulf Stream Landward Surface Edge observations for '5 years at four selected 
longitudinal transects (figure Sa, 86.5"W; Figure 8b, 84.SOW; Figure Be, 71.0QW; and Figure-:l!d, 56.0°W). A standard 
normal curve is provided as a reference. The Gulf Stream Landward Surface Edges have a cwasi-normal distributions 
according to goodness of fit tests, except at 86.SOW (Figure Ba). The long negative tail at 86.~ implies that the Loop 
Current's northward penetration rate is rapid following an eddy shedding event. ' ' 

-~ 

Figure 4 gives the five yearly mean GSLSE curves. 
I:nterannual variability is evident in the Loop 
current's northward penetration, especially .at 86.S0 W, 
where years 2, ·(, and S have a more northern position 
than years 1 and 3. This ca~sed by the Loop Current 
warm-core ring shedding variability. The interannual 
variability is also evident in the stream east of Cape 
Hatteras. 

Figure S gives the five yearly and 19 seasonal mean 
GSLSE latitude values for the longitudinal band 74°-
440W. confidence limits are drawn for the means of 
years 1 and S. A northward trend is seen in years 1 
through 5. 

An annual cycle is found (Figure 7) for the GSLSE in 
the longitudinal band 70°-44°W, where the March mean is 
significantly south of the September mean (6Skm shift). 
Similar tests of an annual cycle in six smaller 
longitudinal bands over the region east of Cape 
Hatteras found no significant annual shift for bands 
74°-7oow and 64.S0-60°W but found .significant annual 
shifts for bands 69.5°-65°W (45 km). S9.S 0 -SS0 W (55 

kml, S4.S0-so0w (55 kml, .and 49.S0 -44°W (175 kml. The 
magnitude of the annual shift in the Grand Banks area 
is slightly inflated by the nonorthogonal transects; it 
may also have some error associated with cloud 
persistence which may bias wintertime observations to 
more southern crossings. 

Figures 8a-8d show the 5-year GSLSE ·frequency 
distributions observed at selected longitudinal 
transects. The frequency distribution for 86. 5°W 
(Figure Sal, a good longitude for monitoring the 
northward penetration of the Loop Current into the Gulf 
of Mexico, has a deltalike distribution with a long 
negative tail. This distribution implies that the Loop 
current growth following an eddy shedding event from a 
minimum position (within the negative tail of the 
distribution) toward its mean position is relatively 
rapid compared tQ- _-the subsequent growth prior to the 
eventual sheddin!1".of a Loop Current warm-core rino-. 
Figures 8b-8d are typical of the remaining GSLSE 
transects in having quasi-normal distributions which 
pass goodness of fit tests (95% confidence level). 

(continued on page 24) 

13 



I' .. 

(\\\\\>~~ ~~ 
' ..... .... 

..... .. . .. ... .. .. .. . 
····· .... :::: ..... . 

:::::::::::::: .. ······. ····· 

ICE £06£ 

10 

ssN 

14 

BERING SEA I NORTH SLOPE ICE ANALYSIS 
Gary H. Wohl, NOAA 
Navy-NOAA Joint fee Center 
National Meteorological Center, W/NHC21 
(301) 763-5972 

DECEMBER 191rl 

D~cember began with a continuation of the cold air! 
inflow/ice growth pattern that characterized late 1 

November in the Alaskan region. Air temperatures! 
remained low over the area and sea ice spread 
across the middle Bering Sea. By the second week! 
of December weather patterns had shifted enough to 
allow storms to penetrate into thl;! western Bering 
Sea rather than track across the North Pacific 
Ocean. Warmer than normal temperatures, 
especially in the eastern Bering Sea, caused a 
halt in sea ice growth and, by late in the month, 
the ice edge had recessed somewhat in this early 
"January Thaw" typical of the region. 
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WEST COAST OCEAN FEATURES 

Ernest Daghir 
NOAA/NWS 
Satellite Field Service Station 
660 Price Avenue 
Redwood City, CA 94063 
(415) 876-9122 
FTS 470-9122 
DECEMBER 1987 

Sea surface temperatures in the North 
and South Panels continue to average 
above normal when compared to NOAA's SST 
climatology. The averaged observed 
value in the northern analysis area was 
11.8°C, or 0.9°C warmer than normal: in 
the south, the actual SST was 16.7°C 
and, climatologically, it should have 
been 16.3°C. This anomalously warm 
trend has continued for some time now. 

In the North Panel, the greatest 
positive anomalies were observed near 
shore with decreasing values toward the 
offshore. In fact, only one location 
near 43°N 134°W, averaged a mere .1°C 
below climatology. The highest value of 
+1. 9°C was analyzed west of Washington 
near 47°N 126°W. All other locations on 
the chart had above normal temperatures 
somewhere between the two forementioned 
values. When comparing the trend in 
SST's to last month, there was overall 
cooling throughout the North Panel. 
Oddly enough, the greatest cooling 
occurred offshore and the least cooling 
occurred toward the nearshore. The area 
of maximum cooling (-2.9°,C) was analyzed 
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near 46°N 133°W. The smallest decrease 
in temperatures (-1.2°C) was centered 
near Cape Blanco, oregon (43°N 126°W). 

When comparing South Panel SST's to 
climatology, results were similar to 
those in the North Panel. Nearshore 
waters had the greatest positive 
anomalies with decreasing values farther 
offshore. The greatest observed 
positive anomalies (+1.4°C) were found 
from Monterey Bay to the northern limit 
of the chart. Observed temperatures 
west of 131°W were actually below normal 
with the greatest value of -1.0°C near 
37°N 133°W. At the location 31°N 123°W, 
the observed mean temperature was the 
same as climatology . 

From November through December, the 
entire South Panel cooled. Observed 
values ranged from a decrease of 1. o0c 
near San Francisco ·Bay to -2.4°C in 
the northwest. corner of the chart. A 
2. 3°C decrease was observed in the Los 
Angeles Bight. 

Buoy statistics in both panels agreed 
quite well with the statistics generated 
from the eight analyses produced during 
the month. 

12.1-Monthly me•n 
LOCATION 13. 5..- Maximum d~ily mean 

NAME 10.2..-Minimum dliily mean 
-1. 5 ..,___Chang ~ from orevi ous month 

tt Oenotes station position. 
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EAST COAST OCEAN FEATURES 

JE'nifer Clark 
NOAA/NOS 
Washington, DC 20233 
C30l) 763-8030 

DECEMBER 1987 

The end of this month's positions 
of the Gulf Stream System and its 
associated eddies are shown for the 
NW Atlantic and the Gulf of Mexico. 
The Gulf Stream and Loop Current 
boundaries are located by infrared 
satellite imagery or XBT 
(expendable bathythermograph) data. 
Anticyclonic eddies are labeled a-z 
in the Gulf of Mexico and 1-99 in 
the Northwest Atlantic. Cyclonic 
eddies are labeled A-Z. Arrows on 
eddies indicate direction of 
circulation. Warm-core or 
anticyclonic eddies rotate 
clockwise; cold-core or cyclonic 
eddies rotate counterclockwise. 
The line to the eddy center shows 
the net translation since last 
month or since last observed. The 
edge of continental shelf at 200 m 
is shown as a dashed line. Eddies 
or sections of the Gulf Stream 
System which were not observed 
during the month are not shown on 
the analysis chart or are indicated 
by "dot-dashed" lines. The long 
arrows at the bottom of the chart 
indicate the dates of data used. 

Data used in this analysis include: 
Infrared imagery from NOAA 

satellite - NESDIS 
Bathythermograph data from National 

Meteoroloqical Center of National 
Weather Service 

Oceanographic Analysis -- A daily 
detailed analysis issued by 
National Weather Service 

GULF OF MEXICO 

The Loop Current intruded about 65 
km to the northwest in the Gulf of 
Mexico during December. 
Anticyclonic eddy v drifted 25 km 
NE The warm filament previously 
lo~ated near 29°N. 86°W has 
retracted about 110 km. Its 
northern extent is located near 
28°N 85°w. 
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One anticyclonic eddy formed from a 
Gulf Str~am meander during December 
and one was apparently absorbed by 
another anticyclonic eddy. Eddy 5 
formed about December 23 near 39°N 
68°W. On December 17, the Harvard 
University Open Ocean Model had 
predicted its formation to occur 
around December 22. Polar orbiting 
satellite imagery partially 
confirmed the existence of eddy 5 
on December 2 3.. Clouds 
contaminated the imagery and only 
parts of the eddy were detected, 
Eddy 1 was seemingly absorbed by 
eddy 4 near 41 °N 65°W around 
December 11. 

Eddy 4 translated 35 km SE during 
December. Eddies 98 and 3 were not 
observed during December due to 
extensive and prolonged cloudiness. 
Since it is likely that these 
eddies still exist, they were not 
deleted from the analysis. 
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\2.\'l.'l-+------t--7 
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65W 60W ssw 

One cyclonic eddy was absorbed by a 
Gulf Stream meander in December. 
On December 9, eddy J was absorbed 
by a meander near 36°N 67°W. Eddy 
I was previously located at 38°N 
58°W. Harvard/Navy XBTs could not 
confirm its existence on December 
9, so it has been deleted from the 
analysis. Eddy L was not observed 
since Nov.ember 9 so it, too, was 
dropped from the analysis. 

Eddy F traveled 25 Km NNE when it 
was last observed on December 11. 
The status· of eddy K is uncertain 
due to extensive cloud cover during 
the entire month. An eddy was 
partially observed through clouds 
near 37°N 61°W on January 4, 1988. 
Sea Surface temperatures 
substantiated the temperature 
gradient across the eddy. Assuming 
this is eddy K, it has moved 75 km 
SSW. However, it could be a new 
cold eddy formed from a Gulf Stream 
meander. 
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Fig. 9. Normalized Gulf Stream Landward Surface Edge autocorrelation at three selected longitudinal transects 
(Figure 9a) the estimated l'-folding times for all longitudinal transects between 79.5° and 57.scw (Figure 9b). Three 
t'-folding regimes are found for the Gulf Stream along the Carolinas, just offshore of Cape Hatteras, and farther offshore of 
Cape Hatteras. 
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Fig.. 10. Smootht:d 5-yt:ar timt: series (Figures lOa, lOb, and JOe) and power spectra (Figure IOd) of the Gulf Stream 
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spt:ctru are rt:d with dominant pt:riods of about I yt:ur. Tht: total spectra energy.increuses downstream. 
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Autocorrelations from the S-year time series of the 
GSLSE position for the 45 longitudinal transects 
between 79.5° and 57.5°W show three separate, distinct 
e-folding time regimes occurring downstream from 80°W. 
Representative autocorrelation plots from the three 
regimes are illustrated in Figure 9a. The e-folding 
times are estimated from the plotted autocorrelation 
curves. Figure 9b, a plot of the estimated a-folding 
times, manifests the three regimes which are separated 
by distinct boundaries near 74°W and 70°W with smooth 
transitions. 

Smoothed time series (Figures lOa-lOc} and power 
spectra plots (Figure lOd) are given for longitudinal 
transects 78°W, 72°W, and 61°W. The time series plots 
show the mean GSLSE latitude as the zero reference 
line. The time series at 78°W is relatively 
uneventful. The time series at 72°W and 61°W have 
large variability associated with meander growth and 
translation and ring absorption episodes. The time 
series at 61° W also contains sudden meander detachment 
(GS WCR formation) episodes. In addition, these two 
time series and most time series east of 74°W show a 
long-period trend toward a more northern position. The 
power spectra have good agreement with other published 
values. 
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fig. 11. Observed wann-core and cold-core ring tracks for 5 years. The dashed line is the 5-year mean Gulf Stream 
Landward Surfuce Edge. 
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Fig. 13. Obser\'ed center positions of last observation or prior 10 absorption for 115 Gulf Stream warm-core rings. 
Open triangl~:s demark obsened absorptions and crosses demark last sightings. The solid triangles indicate a ring 
~bsorption by another warm-core ring. The solid and dashed lines are the 5-year mean and extreme Gulf Stream 
Landward Surface E:dge positions. A warm-core ring absorption frequency minimum exists between 71° and 67"W. 
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Fig. 12. Formation or !irs\ observation locations of 115 Gulf Stream wann-core rings. Triangles demark observed 
fonnations while crosses demark lirst sighting.~. The solid line is the mean. and the dashed line is the e~trcme Gulf Stream 
Landward Surfa~-e Edge. The spatial distribution appears uniform from 65 · to 45 W. 

TABLE 4. Th~: 5-Year Gross Statistics for 115 Gulf Stream 
W;um-Core RingstGS WCRI. IJ Loop Current Warm-Cor~: 

RinJ.!.~ tLC WCR!. and 175 Cold-Core Rings tCCRl 

Number Mean S.D. Minimum Mttximum 

Sra/ar Sp••••d. km:.t 
GS WCR 905 '-' 4.9 0 37 
LCWCR lOR 6.2 4.5 0 " CCR SJ<J 7.2 '-" 0 " 

U ~-,.f,.rity Cmnpt~!!l'trt. km,'<l 
GSWCR 905 -D 6.1 -37 26 
LC WCR lOR -D S.1 -26 14 

CCR 539 -0.6 6.3 -21 23 

V Vdodtr Cmupmzem, km.'J 
GSWCR 90S -0.5 S.2 -27 24 
LCWCR IOH -0.7 4.6 -17 II 

CCR 539 -0.7 5.9 -14 " 
Su~/iwt·/)iwnett•r, km 

GSWCR 1015 129 42.7 46, 370 

LCWCR 107 22~ 69.1 10~ '" CCR 707 !05 ~:1.0 " ~30 

\Ohsm·,•,//uiri<t/1 Sur{iH"<' f)j,mn•t••r R<11/o 
GS W('R 11.111 0.115 0 . .10 0.~0 1.110 

Su~/;,,.,. Diuw<'l<'r Ot••·•r.r Rill<' 

GSWCR 101 -0.026 p~r week 
LC WCR " -0.024 p~r week 



Figure 11 is a spaghetti plot of all the WCR {warm-core 
ring) and CCR {cold-core ring) tracks observed during 
the 5-year study period. A total of 136 different WCRs 
and 175 CCRs are observed during the period. The WCRs 
can be separated into 21 LC WCRs (Loop current WCRs) 
and 115 GS WCRs (Gulf Stream WCRs). The LC WCRs 
generally translate west-southwestward into the western 
basin of the Gulf of Mexico. The GS WCRs tend to 
translate west or southwestward between the mean GSLSE 
and the continental shelf. The CCRs translate west to 
southwest in the Sargasso Sea south of the Stream. An 
open swath of space separates the GS WCRs from the 
CCRs. The 5-year mean GSLSE position is located along 
the northern edge of this open swath being located 
closer to the GS VCR tracks. The GS WCRs translate 
closer to the mean GSLSE as a result of the confining 
effect of the continental shelf. Only four of 67 GS 
WCRs are observed to have formed south of the mean 
GSLSE, while none of the CCRs are observed to have 
formed north of the mean GSLSE. 

Table 4 gives the gross statistics for the 115 GS WCRs 
observed between 75°W and 44"w over the 5-year study 
period. The (scalar) speed and the u and v velocity 
components are determined from the weekly (or longer) 
observed ring center position movements. The age, 
(observed/initial) diameter ratio (weekly observed 
diameter relative to the initial ring diameter at 
formation), and surface diameter decay rate are 
determined from the life histories of 71 GS WCRs whose 
formations were observed. 

Figures 12 and 13 show the GS WCR formation or first 
observation and absorption or last observation 
locations of 115 GS WCRs {some of the events occurred 
outside the 5-year period). The spatial distribution 
of the GS WCR formation or first observation locations 
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is fairly uniform from 65°W to 45°W with fewer between 
70°w and 65°W and none west of 70°W. The spatial 
frequency of the GS WCR aDsorption or last observation 
locations appears uniform over the entire slope water 
region except for a minimum between 71°W and 67°W. 

In the Gulf of Mexico, 13 warm-core features can. be 
identified by a known or probable Loop Current shedd1ng 
event during the 5-year period. The nearly complete 
lack of summertime satellite observations in the Gulf 
of Mexico hinders the tracking of LC WCRs into the 
western basin of the Gulf of Mexico {and ultimately to 
their dissipation). 

cold-core rings (CCRs) are mare difficult to delineate 
in satellite imagery by surface thermal signal than the 
warm-core rings since the CCR surface gradient boundary 
tends to be weaker and the denser cold water core tends 
to sink with time, wiping out the SST anomaly. CCRs 
are best discerned during springtime when the. SST 
gradients are greater (345 of 707 CCR observat1ons 
detected in spring) and when interacting with the Gulf 
stream which produces a hooklike entrainment pattern of 
warmer water around the CCR. The CCR identification 
problems prevent the making of good estimates of bath 
the number of CcR.s and the average CCR life span from 
the satellite-derived data samples. Cold-core ring 
life histories are tentative, and therefore only 
general statistics are determined which give a mean 
cool-care surface diameter of 105 km &nd a mean 
velocity of 1 km/d southwestward. 

This report is rigorous in seeking to define a 
climatology which encompasses the Loop Current, the 
Gulf Stream, and t~eir associated ring events and 
movements over a relatively long, continuous 5-year 
period using the same data base. 




