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1. INTROWCTION

The U.S. Naval (~ ç aopap1dc Office assigned two oceanographers to

the USS ESSEX to conduct ~n environmental prediction program In support ofA

• operation CANUS -SLAMEX -63 and Commande r , Carrier Division Eighteen

(COMCARDIV 18). The value of the experimental Antisubmarine Warfare

Environmental Prediction System~ Lt~lWflT~~ especially In providing oceano-

graphic charts for locating area s of optimum sona r conditions, -haa~~~n

demonstrated on many ASW exercises conduc ted during the past 4 years.

Oceanographic forecasting objec tives during CA NUS -SLAMEX-6 3 were:

1. Evaluation of oceanographic forecasti ng methods for the purpose

of Improvi ng existing methods and to ascertain requirements for developing

new techniques.

• 2. Preparation of detailed analyse s and forecasts of sea surface

temperature, ayer depth, and other oceanographic param eters for pr esen-

tation to COMCA RDIV 18.

3. TactIcal evaluation of these oceanographic factors through

conversion to sonar ranges and subsequent recommendations of optimum sonar

areas and convoy rou tes .

II. DATA COLLECT iON

During CA NUS -SLAMEX -63, 188 bsthythermographs (BT’s) were received

aboard the IJSS ESSEX from units of CARDW 18. The majority of these observ e-

tiona were made to a depth of . 800 feet . By staggering th. daily BT sched ules, an

even flow of data was maintained . W..ther did ~~t hamper observation at any-

time . Indeed, adverse weather (fog) prompt.d an Increase Is frequency of ass

surface temperature (SST) observations aboard th. ESSEX. remilting In an •!
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observation every 15 mInu tes between 20/2000 and 25/0215 May (local time).

During the remainder of th. exercise, temperature observations were made

hourly . The quality of ST and Injection temperature observations was good,

although seve*l of the ST’s appeared to need calIbration.

A helicopter ST was utilized by HS-9 during this exercise . ST
collectives were sent daily via message to NAVOCEANO by the prediction

team .

III . FORECASTING PROG RA M

A . USS ESSEX

An outlook of the expected thermal structure In the operation area
was forwa rded to COMCARD IV 18 on 10 May 1963 . The outlook Included the
latest availa ble layer depth chart and a discussion of the modifications that
were expected to occur during the last part of May (figure 1). Dully bri efings
were conducted for COMCA RDIV 18 and his staff by the prediction team and

U by the meteorologist aboa rd the USS ESSEX. These briefi ngs Included pres-
entatlon of 24 -hour predicted pat terns of sea surfac e temperature, layer depth,
and sonar range . Recommenda tions were made concerning optimum sonar
areas , optimum variable depth sonar (VDS). and helicopter sonar dipp ing
depths , as well as possibl e areas of good visibility when fog became a prob lem .
The daily briefing. were also attended by the commanding officer of the
ESSEX and an observer from the Canadian Navy. ~~lIy bri efings concerning
the same param eters were also conducted for 115-9, VS-29, and VS-32.

Range predictions were based on the following systems:

1. N&VSHIPS 900,196, Manual for Estimati ng Echo Range(U),

March 1959 . (ConfId ential )
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2. Underwater Ray Path and Rang e Prediction (U), KW F STRVr F T
(Advance Evaluation Note of 2 Dec 1960) . (ConfidentIal)

3. J ul ie Rang e Prediction Man ual (U), NA VWEPS 00-8tTr-83A, 1962.

(ConfIdential)

Sea surface temperature, layer depth . a nd range predict ion charts
were sent daily to all destroy ers of CA RDIV 18 vIa helicopter mall ru ns .

B. OCEA NOG RAPHIC OFFICE

The following regula rly schedul ed NAVOCEANO experimental oceano-
graphic cha rts were transmitted via NSS Washington .

I . Selected ST traces for the North Atlantic (daily)

2 . FIve-day composite SST analysis for the western North Atl antic
(Monday -Wednesday -Friday)

3. Five -day composite layer depth ana lysis for the western North
Atlantic (Monday-Wednesday-Friday).

IV . OCEANOG RAPHY

A .  Sea Surf ace Temperature (SST)

Circulation In the CA NUS -SLAM EX-63 a rea , domina ted by the Gulf
Stream and the Labrador Curr ent , produced a large north-south temperature
va ria tion and a complex sea surface temne ra tur e pa tte rn (figure 2). The
maximum observed temoerature in the Gul f Stream was 78°F , whIle the minimum
temperature In the Labrador Cur rent was 38°F.

Temperatures were generally uniform within the boundaries of
specific water masses, but the horizontal gradient was very sharp between
warm and cold water masses. Figur e 3 shows a comparison of NAVOCE A NO
cha rt temperatures with ESSEX Injection temperature between 15/16007 and
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25/0200Z May along the track of the ESSEX (figure 3a). The outsta~dlng

feature of this record Is high variability in temperature over short distances
as evidenced by figure 3b. Sharp horizontal temperature gradients ar e known
to exist along the northe rn bounda ry of the Gulf Str eam ; however , the magnitude

and width of the gradient zones seldom have been determ ined .
On 22 May one such gradient zone was noted through temperature

differe nce and change in water color . A distinct line between gray-green,

cold water and blue , warm water masses can be seen In figur e 4 . The contrast
is even sharper in color reproductions of this photograph, * Distances between
the maximum and minimum valu es shown in figure 3b were estimated to be
1, 000 yards . This graph does not indicate absolute distance , because the
ship’s course and speed were not consta nt . Visibility was slightly reduced
over the cold water.

The sea surf ace temperature distribution and its effect on fog

format ion or dissipation played a major role during CANUS -SLAM EX -63 . High
frequency of fog in May threate ned air operations In the northwestern portion of
the Atlantic ; however , area s of good flying weathe r were located by utilization
of SST charts. Warm, moist air passing over cold surfac e wate r produces
condensation . If the water temp erature Is nearl y equal to or slightly greater
than the air temperature, fog will dissipate . On 21 May, visibility was reduced
to 1,000 feet by fog over 51°F water. By maneuvering Into warm water (68°F),
the ship entered an area where visibility was 6 miles . ‘•

Composite SST ana lyses prepared at NAVOCEA NO between 10 and
23 May were utilized as the primary forecasting tools. The se charts were
received by the ESSEX via radio facsimile. Their validity was demonstrated 

.
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• fln file at the U.S. Naval Photogra phic Center , Washing ton , r •c• *KN5 148
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by hour ly compa risons between Interpolated NAVOC EA NO surface temperatures

and t USS ESSEX injection temperatures. The results are shown in fIgure 3.

Although the re Is similari ty between the two curves In figure 3 , the

inte rpola ted NA VOCEA NO temperatures were not as extreme as those observed

by the ESSEX . The similarity between the curves Is important , since prop erly

Located temperature feature s permitted the charts to be used In relative terms

for forecasti ng thermal structur e as well as for forecasting fog. Errors

were greatest (22°F at 22/15002) In the transition zone (northe rn boundary of

the Gulf Stream), where horizontal temp erature chang es of approxima tely 25°F

were observed within distances of 1,000 yards . Large gradIents occurring

within small distances cannot be thoroughl y analyzed on the regional charts ,

because a dense network of data Is requir ed to pinpoint gradient zones. Depiction

of extrem e horizontal gradients on the regional rad lofacslmlle charts Is dif-

ficult , and therefore a high correlation with observed data does not result from

4 a poInt-for-point verification.

B. Layer Depth (LD)

Vertical thermal structure patterns observed duri ng CA NUS -SLAMEX-

63, lIke the SST patterns, were very complica ted ; however , Individua L water

masses were readily Ident ified. Winte r SST-LD relationships pr evailed (deepest

layers in cold water , relativel y shallow layers In warm water, and shall ow

layers In a rea s of sharp horizontal temperature gradients). The observed

layer depth values and the layer depth analysis are shown In figure 5. MIxed

layers in warm water generally ranged from ISO to 200 feet, while those in

cold water were great er than 400 feet and occasiona lly reached 900 feet. For - ‘
~ 
‘-t. ~

— 
purposes of this study, layer depth Is defined as the depth of maximum sound 

•1
velocIty
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The most notabl e effect of the spring season on the thermal struc -

ture was in evidence above 42°N, where positive temp erature gradients had

pr evailed in cold water. Surface heating created a negative gradient above

• the positive gradient , resulting in a Sound channel with a core near 200 feet

j and maximum sound velocity near 400 feet (figure 6, BT number 1).

C. Bioluminescence

Severa l reports of unu sua l bioluminescent displays caused by J ULIE

charges were made by air craft pilots fro m the ESSEX. A bright flash occurred

with the blast , and the exnandin g wave front was visibl e for 3 to 5 seconds

(3 to 4 miles). These displays occurred about 300 miles south of Nova Scotia .
Environmental conditions in the vicinity included low seas, clear sky, fog

pa tc hes , and water temperatur e estimated to be 00°F.  In this study this

temperature is typical of gradient zone s wher e bioluminescent disntays

a re most likely to occur.

V . COMPARISON OF BT AND INJ ECTION TEMPERATURES

As shown in figure 7, onl y 64 percent of injection temperatures agreed -‘

with BT surface temperature by +20F . This variability is greater than normal ;

usually, at least 80 percent of diffe re nces are within this ra nge . One explana-

Lion for this larg e scatter is that one or both of the instru ments (BT and injection

thermom eters) may need calibration. A better explana tion is that the refer ence
temperatu re in regions of sharp horizontal temperature gradients differs

greatl y from the BT surfac e temperature , if the measur ements are not taken
simultaneously.
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VI. METEOROLOGY

Weather conditions throughout exercise CANUS -SLAMEX-63 were
dominated by weak high pressure cells with occasional weak frontal passages.
Scattered showers occurred on two occasions , and fog and haze nersisted
over the cold water most of the time .

Seas were low except for short periods on 19 and 23 May when they
reached 7 and 9 feet, respectivel y.
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