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ABSTRACT

Results of an investigation of the nature of The mesoscale vari-
ability of SST in the upwelling zone off the centfral coast of Oregon are
presented. A knowledge of the mesoscale variability of sea surface
temperatures is important toward understanding the mesoscale air-sea
inferaction process in an upwelling zone. Almost-daily sea surface
temperature data gathered by remote sensing techniques provided fthe basis
for this investigation. These data were gathered over a period of sixty
days during the COHO Project in summer, 1973. In order fo study the
influence of wind forcing on the mesoscale sea surface temperature field,
wind daita were gathered from an anemometer located at Newport, Oregon.

Some important results of this investigation are these: a) the
daily sea surface femperature fields respond rapidly to wind forcing;

b) the three-week mean sea surface temperatures tend fo follow the large-
scale bathymetry; c) identification of sea surface temperature eddies
from day fo day on daily perturbation (from the three-week means) maps

is made difficuli because of fThe existence of strong horizontal flow and
strong shear in the longshore current. Other importani results are re-
vealed by a ftwo-dimensional spectral analysis of the daily horizontal

sea surface temperature fields and the perturbation fields. This analy-
sis indicates fthat a large amount of variance of the sea surface fempera-

ture is concentrated in The 16-40 km wavelenath ranna  and ~une +hs

sis indicates that a large amount of variance of the sea surface ftempera-
ture is concentrated in the 16-40 km wavelength range, and over the

range of scales from 4-20 km The isotropic part of The temperature




variance speclrum oboys a =5 vover faw,  Thece specirzl resulfs aire

fmporiant viologically and pbysically.  An interesting Teature of The

—

mescescaele SST field, which s =iss imuoitant biologically and physically,

is The existence of sirong horizontel sea surface temperature gradicnts

called Yoczanic fronts.”
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. INTRODUCT ION

One of the intriguing characteristics of a coastal upwelling zone
is The mesoscale variability of the observed sea surtace temperatures.
A knowledge of The mesoscale spatial scales of the SST (sea surface
temperatures) is important foward understanding The mesoscale air-sea
interaction process in an upwelling zone. (A conclusion from the Inter-
national Coordinating Committee for CINECA [1271] is that "the sea sur-
face temperature is the most important single-parameter which can in-
dicate areas of upwelling.") Investigators (e.g., Smith, [968) have
long known That along ‘Tthe eastern boundaries of oceans low surface
temperatures often occur due To upwelling of cooler subsurface water.
In the Morthern Hemisphere an equatorward wind stress along the easiern
boundary of an ocean combined with the effect of the earth's roiaticn
produces a mass transport offshore in a surface Ekman layer. This di-
vergence of surface waters away from the coast results in a cold water
being upwelled from the subsurface layers To replace this offshore flow-
ing water mass. July and AugusT are months of intense upwelling off the
coasT of Oregon (Bakun, 1972). During these months sea surface Ttempera-
tures observed within a few kilometers of shore may be as much as 8C
cooler than SST seaward of the shelf edge (about 30 km). This difference

in winter is rarely more than IC. The annual range of SST along the
[ Y P P T PN R N AR S A DT S BRSPS T T T ST B N 1TAZON (YN

in winter is rarely more than IC. The annual range of SST along the
Oregon coast is less than 3C due to summer upwelling (Smith, 1968). Ve
shall, however, document daily changes greater than 3C. From the
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climatological, ecclogical, and physical standpoints, coastal upwelling
is an imporftant oceanic phenomenon. The depression of SST by upwelling
may act as a constraint on atmospheric convection and evaporation. The
occurrence of upwelling also contributes to increased biological pro-
ductivity of the sea. It is estimated that over half of the food for
the earth's fish is produced in upwelling regions (Ryther, 1969).

In this paper some of the results of an investigation of the
nature of this mesoscale variability of SST off the central coast of
Oregon will be presented. Almost-daily sea surface temperature data,
which were gathered over a period of sixty days during the COHO Projecf
in summer, 1973, provided the basis for this investigation. This pro-
JjecT was undertaken to study fthe feasibility of predicting environmental
conditions favorable for the location of Coho Salmon. Upwelling off
the coast of Oregon was studied intensively during the summer months of
1972 and 1973 by scientists participating in Coastal Upwelling Experiment
phases | and |l (CUE-I| and CUE-I1) of which the COHO Project was a part.

Important to the understanding of the mesoscale variability of
SST is a knowledge of the large-scale wind field in The region That the
SST were gathered. The upwelling season off the coast of Oregon has a
Time scale of several months. Generally, though, northerly winds do
not blow steadily during This whole period. Instead, CUE researchers
observed "upwel ling events" which occurred on the time scale of days or
weeks. During these evenfs winds are generally from the north and north-

west. This variability in wind forcing seems responsible for rapid

woLno. LUl Yy 1HS>T GVSli D WilUs die generalily Trom Tne north and nortnh-
west. This variability in wind forcing seems responsible for rapid
changes in the SST field. Data from the COHO Project. reveal that near-

shore SST may drop as much as 6C in three days during periods of intense
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northerly winds. CUE-| researchers found tThat during an upwelling event
the warmest Temperatures shoreward of the shelf edge may become cooler
than the coldest temperatures in the region prior fo the event, a result
also shown by the COHO data (O'Brien, 1972).

Another interesting feature observed during CUE-1 and || in the
upwel [ ing region off the coast of Oregon is that on certain days the SST
field may have embedded in it regions of strong horizontal Temperafufe
gradients called "oceanic fronts." SST may change several degrees C
within several hundred meters fo a kilometer within one of these frontal
zones. These fronts are rather well-defined and ftheir location usually
changes from day to day. The length of the frontal zone may vary from
several kilometers to several tens of kilometers. These oceanic fronts
may also infersect the coastline at some location and then exiend sea-
ward in a SS¥W or SW direction. Because they concentrate phytoplankton
and other buoyant materials, these fronts are quite important biologi-
cally.

In order to broach the subject of the mesoscale variability of
SST in an upwelling zone, a preview of some of The observed character-
istics of the SST field has been presented above. Topics o be inves-
tigated in more detail later in this paper are: [) the response of the
SST field o wind forcing; 2) horizontal sea surface temperature gra-
dients and their attendant oceanic fronts; 3) means and perturbations
from means for periods of three weeks; 4) a spectral analysis to deter-

mine the scales of the eddies in the upwelling zone. Some of the impor-
PO m2dils 101 pel 1ous Ol Hreec weerKs; 44/ a specirdi dlldl\/blﬁ 1O deler—

mine the scales of the eddies in the upwelling zone. Some of the impor-

L L

rant results from the consideration of fThese fopics will be presented

briefly in this introductory section.
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We show That there is a strong correlation beiween The wind field
and the SST field as mentioned earlier in this section. An analysis of
+he Three-week means shows that The mean isotherms tend to follow the
large~scale bathymetry of the upwelling region. Inspection of the
daily perturbations from fhese means leads one fo conclude that it is
difficult to follow individual eddies from day to day. The reason for
this is that +he horizontal flow in this area is strong (10-40 cm Sec—')
and there is a strong shear in the longshore current (Garvine, 1974).
The greatest daily variability of the mesoscale SST field is found in
the first few kilometers near shore. Finally, results from the fwo-
dimensional spectral analysis indicate that over the range of scéles
from 4-20 km The isotropic portion of the temperature variance spectrum
El(k) is shown to obey a -3 law. Spectra were computed for daily SST,
three-week mean fields and daily perturbations from these means. A plot
of kE|(k) vs. the logarithm of wavenumber k reveals a speciral peak at
wavelengths of 16-40 kn. We conclude that a large amount of the variance
of the SST is concentrated in the mesoscale eddies which are being ad-
vected through the upwelling region. This result also means thal passive,
neutral |y-buoyant, particulate matier would be expected to exhibit patch-
iness on The scale of 16-40 km. Therefore, in addition to SST, phyto-
plankton and other buoyant material are expected to be concentrated in
advected mesoscale eddies of 16-40 km in horizontal exftent on the con-

Tinental shelf.

Prncirratl ol o,



2. DATA ACQUISITION AND REDUCTION

During the summer of 1973, a large quantity of sea surface tem-
perature data was gathered daily as part of the Coho Salmon Prediction
Project. This project was undertaken in order fto study the feasibility
of applying remote sensing techniques to the gathering of mesoscale sea
surface temperature data off the central Oregon coast. The collection
and analysis of this data was a necessary input for providing daily
forecasts of environmental factors influencing the location of harvest-
able Coho Salmon in Oregon coastal waters. Coho Salmon have been ob-
served to prefer a temperature range estimated to be befween [1.0C and
13.0C (D. Richey, 1971). One of the significant products of this pro-
ject was thirty-five synoptical ly-analyzed sea surface Temperature maps.
The successful SST mapping flights which led to the production of these
daily maps were made on thirty-five days during the 62-day period of the
project. On the other twenty-seven days flights could not be made due
either o an impenetrable ceiling along the coastal mountain range or fo
inshore fog near the coast. MosT of the mapping flights were made during

Th

)

early afternoon hours (between 1100 and 1400 PST).. Table | contains
the COHO flight summary. This collection of analyzed data represents
The largesT accumulation of almost-daily SST data in a coastal upwelling
region or other oceanic region to date. (For a more in-depth study of

the COHO Project, the reader is referrad to the fallowina nihlicatinne.

region or other oceanic region fo date. (For a more in-depth study of

the COHO Project, the reader is referred To the following publications:



Table 1. COHO Flight Summary
Location and Location and ¥Winds During
Flight No. Date Time Flight Time Flight Flight (Newport) Weather
Commenced Terminated m sec™! Conditions
| 15 June LC 1350 PST NPT 15600 PST SHW 2 Rain Showers
2 I8 June LC 1425 PST NPT 1640 PST W 3 Clear
3 20 June LC 1230 PST YAC 1455 PST NNW 9 Clear
4 2} June LC 1130 PST NPT 1345 PST NNW 6 Clear
5 27 June  LC 1350 PST NPT 1640 PST NNK 10 Partly Cloudy
6 28 June LC 1055 PST NPT 1315 PST NNW 9 Clear
7 29 June LC 1040 PST NPT 1300 PST NNW 5 Cloudy
8 30 June LC 1150 PST 03 1455 PST NN 5 Clear
é I July LC 1030 PST NPT 1240 PSY NNW 6 Clear
10 2 July LC 1050 PST D3 1250 PST WSW 3 Clear
I 3 July LC (100 PST B 1315 PST ~HINW 2 Patchy Fog
12 5 July LC 100 PST D3 1300 PST NW 4 Partly Cloudy
I3 6 July LC 1130 PST 3 1330 PST SSH 5 Rain Showers
14 7 July LC 1045 PST DB 1320 PST WSW 2 Clear
15 9 July LC 1025 PST DB 1250 PST W-NNW 3 Clear
16 [1 July LC 1050 PST DB 1310 PST NN 9 Clear
17 12 July NPT [050 PST LC 1210 PST NN 12 Patchy Fog
18 - . 14 July LC 1020 PST NPT 1220 PST NNIW 7 Clear
19 15 July LC 1120 PST D3 1330 PST M 6 Haze
20 16 July LC 1040 PST D8 1240 PST W-WSW 3 Patchy Fog
21 19 July NPT 1200 PST L3 1450 PST WSH 3 Cloudy
20 16 July LC 1040 PST 08 1240 PST W-WSW 3 Patchy Fog
21 19 July NPT 1200 PST 03 1450 PST WSHW 3 Cloudy

Location Codes: [3 denotes Depoe Bay
LC denotes Lincoln City
NPT denotes Newport
YAC denotes Yachats



Table 1. OOHO Flight Summary, continued
Location and Location and ¥Winds During

Flight MNo. Date Time Flight Time Flight Flight (Newport) Weather
K Commanced Terminated m sec™! Conditions
22 22 July  LC 1230 PST D3 1420 PST Wi 3 Clear
23 23 July LC 1130 PST DB 1340 PST NNW 3 Clear
24 24 July LC I0I5 PST D3 1230 PST NNW 5 Haze
25 25 July NPT 0945 PST LC 1345 PST NNW 7 Clear
26 27 July DB 1036 PST LC 1415 PST NN 6 Clear
27 3] July LC 0455 PST DB 0815 PST N-NNE 5 Clear
28 3 Aug NPT |100 PST D3 1300 PST NN 6 Partly Cloudy
29 4 Aug D3 1100 PST LC 1330 PST -NNW 5 Patchy Fog
30 5 Aug LC 1040 PST DB 1415 PST - NNW 4 Partty Cloudy
3] 7 Aug LC 1225 PST DB 1500 PST W 2 Partly Cloudy
32 9 Aug LC 150 PST NPT 1400 PST WiNW 3 Rain Showears
33 10 Aug LC 1023 PST DB 1230 PST NN 6 Partly Cloudy
34 14 Aug LC 1015 PST DB 1300 PST NNW 10 Cloudy
35 15 Aug LC 1050 PST NPT 1230 PST NN 6 Partiy Cloudy

LocaTion Codes:

D8 denotes Depoe Bay

LC denotes Lincoln City

NPT denotes Newport

———————————
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The COHO Project: Living Resources Prediction Feasibility Study, Vols.

[, LI, 111D,

During the COHO Project, daily SST mapping fiights were made in
a high-winged, single engine aircraft equipped with a remote precision
radiometer. The radiometer used was a narrow band, 10-12 micron, Barnes
Engineering Co. Precision Filter Radiometer, model PRT-6. This radio-
meter was chosen since it was the best radiometer available for use
which could minimize effects of water vapor absorption in The air column
between it and the sea surface. The best radiometer we could have used
for this particular study would have been one which was sensitive in the
9-11 micron wavelength band since both atmospheric and water vapor atten-
uation of radiani energy is very small in this band. Fig. | shows the
attenuation and emission by atmospheric gases befween the surface and an
airborne sensor (after Saunders and Wilkens, 1966). In this figure the
atmosphere is assumed isothermal and 10C differenT in temperature from
the underlying water. COHO Project mapping f]ighfs were usual ly made
at the 150 m (500 ft.) level over water which was different in tempera-
ture from the atmosphere by 5C or less. The mixing ratio in the COHO

' to 10 gkg—l during different flight days.

flight area varied from 5 gkg
From the figure we estimate that the maximum error in our measurements
of the SST due to atmospheric and water vapor attenuation and emission
is less than 0.4C. Our PRT-6 calibration procedure, which will be dis-

cussed next, was designed to minimize this error and other errors which

could arise during the data collection process.

cussed next, was designed to minimize this error and other errors which
could arise during the data collection process.
The success of the daily SST mapping operation depended critically

on the calibration of the PRT-6. This calibration was required to relate
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accurately the PRT-6 voltage output to the recorded sea surface tempera-
ture. Twice-daily field calibrations of the PRT-6 were made. The pre-
flight calibration took into account any day-to-day fluctuations of The
radiometer response while fthe post-flight calibration fook into account
any drifft of the PRT-6 response during the flight. In order to supply
the power for the PRT-6 which these calibrations needed, a ground power
source was used at the Albany, Oregon, airport. Then, affter allowing
time for the instrument to warm up, a bucket of water cooled to about
7.0C was placed directly under the downward-looking PRT-6 and the temper-
ature was recorded on the PRT-6 strip chart recorder. The water in the
bucket was then warmed up in approximately two-degree increments with
the corresponding temperature recorded on the strip recorder. This in-
formation recorded on the strip chart recorder could fthen be used to
make a daily operational temperature scale for the SST data which would
be gathered in flight. The post-flight calibration was achieved by the
same process as That outlined above. Any in-flight drift in PRT-6 re-
sponse was Then noted and taken into account when plofting the data on
maps.

An indispensable piece of equipment was a 23-channel, citizen's
band (CB) radio which allowed the aircraft data taker fto communicate
with fishermen from the aircraft. The use of the CB radio aided in the
calibration process. A check could then be made almost instantaneously
between the temperature recorded by the strip chart recorder in the air-

craft and the buckeT fTemperature taken by a fishing boat almost directly

e b [ S I B I P I A L S R = T T S e B B O

craft and the buckeT ftemperature taken by a fishing boat almost directly
under the radicmeter. These checks proved invaluable in providing a

confidence level for fthe data and were especially useful in helping fo
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minimize the effects of the atmosphere and water vapor in the air column
between The aircraft and the sea surface. Two other mathods of minimiz-
ing these effects were occasionally employed (Saunders, 1970; O'Brien,
1972; and Thompson, 1973). The air column length betvesn the aircraft
and the sea surface could be doubled by banking the aircraft 60°. An
indication of these effects could be calculated by noting changes in
PRT-6 sea surface femperatures measured during this aircraft banking
process. This method was only useful if Tthe mapping aircraft was flying
over a region of small SST gradients. Flying over the same water fwice
at different altitudes (150 m and 200 m) was the other method employed.
Again, a change in PRT-6 output could be noted and air column effects
could be accounted for. In addition o The in-flight checks made through
the use of the radio, ground 'sea truths' were obtained from fishermen
in or near the flight paths during the flight. These temperatures were
used as an additional verification of the validity of The SST data.
Precision in measuring SST during this project was on the order of .25C.
During the flight the data faker recorded ocean fronts, birds, fishing
boat concentrations, navigational reference point, Times, and other
pertinent observations on the strip chart recorder or in the log book,

A typical flight plan in shown in Fig. 2. (The daily flight plans

are shown on The SST maps in the publication, The COHO Project, Vol. I1).

The sea surface temperatures were mapped from an average in-flightl alti-

tude of 150 m. The mapping aircraft usually maintained a speed of about

190 km per hour. In order to aid navigation over the ocean, the air-
e g [ AV T TS APy QG di b Uudual by Haliiiianiied g Speod vl apuul
190 km per hour. In order to aid navigation over the ocean, the air-

craft was equipped with an omnidirectional navigation receiver (VOR)

with a distance measuring fealure (DME). The flight plan was developed
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to take advantage of the aircrafl navigational aids in the central
Oregnn coastal area (Newport VOR). The use of these aids minimized the
influence of wind conditions on aircraft position and also allowed fair-
ly accurate flight paths to be defermined.

After the daily mapping flights were completed, the SST data
were plotted on a map. Values of SST in Ttenths of a degree Fahrenheit
were plotted on the map along the actual flight paths. These ploned
values were Then synoptically analyzed at |IF increments. This analysis
was subsequenily used to make the COHO environmental forecast. Later,
a more careful synoptic analysis of this data was made and published in

The COHO Project, Vol. 11,

The finalizing of These analyses concluded the firsT phase of the
data acquisition and reduction process of this mesoscale SST data. The
SST from the daily maps were digitized for every | km within The inshore
20 km and for every 2 km offshore of 20 km. The offshore 2 km grid was
reduced to a | km grid scale by bilinear interpolation. Computer-contoured
maps were used to check the accuracy of the digitized data. A very
thorough qual ity control process was used in order To insure That accu-
rate temperature values had been digitized and keypunched from the
synoptical ly-analyzed maps. The SST values on The original maps were
recorded in degrees F as an aid to fishermen; computer analyzed values
were converted to degrees C. The remainder of this paper deals with The
scientific interpretation of this digitized data.

In order fo analyze the effect of the wind field on the SST field,

scientific interpretation of this digitized data.
In order fo analyze the effect of the wind field on the SST field,
the wind data gathered from the anemometer located at the Newport south

jetty were nrocessed. %Winds measured by this Bendix-Freize anemometer
J Y i Y
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were recorded continuously on a strip chart. The values franscribed
from the strip chart were 20-minute averages centered at each hour.
These hourly values were vector-averaged over a Z4-hour period To obtain
the daily average which is referred fo in this study. Our SST data were

gathered no more than once daily and at various times during the day.

Therefore, we chose to use the 24-hour-averaged winds at Newport, Oregon.




3. FEATURES OF THE MESOSCALE SEA SURFACE TEMPERATURE FIELD

In this section we will investigate the response of the SST field
to wind forcing, and horizontal sea surface temperature gradients and
their attendant oceanic fronts. Also to be presented in this section
is a case study of the daily temperature differences during an upwelling
event.

Fig. 2 of the previous section, in addition to showing a typical
flight plan, displays the pertinent bays, capes, and fowns which will
be referred to later in this paper. Fig. 3 gives an indication of the
response of the SST field to wind forcing. Fig. 3a shows a time series
of the daily averaged Newport winds and SST at 5, [0, and |5 km off
Cascade Head, Oregon, during the period I5 June to |5 August. Newport
winds are denoted by wind barbs showing wind speed in knots.

SST normally increase in the offshore difeofion within 30 km of
the coast. SST are generally cooler when northeriies are blowing and
warmer when southerlies are blowing as shown by Fig. 3a. SST 5 km off-
shore of Cascade Head range from a low of 7.4C on 14 July 1o a high of
15.2C on 7 July. The most rapid cooling occurred during the days 9-[2
July, a period of strong northerly winds. Winds were gusting to 19 m sec
from the NNW on 12 July. During this period SST 5 km off-shore of Cas-
cade Head dropped from [4.5C to 8.5C. Recall that the annual range is

only 3C (from monthly averages). An anomalous warming is shown during

cade Head dropped from 14.5C to 8.5C. Recall that the annual range is
only 3C (from monthly averages). An anomalous warming is shown during
a period 4-7 August when northerlies were blowing. An investigation of

I'5
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+the horizontal SST maps for these days reveals that warm water was being
advected Through the flight region from the N,

Fig. 3b shows a time series of the daily averaged Newport winds
and SST along the 40 m isobath offshore of selected points along the
Oregon coast during the period |5 June to |5 August. As shown by Fig. 2
Cape Lookout is the northernmost coastal point in the flight region while
Newport is one of the southernmost points. The 40 m isobath is within
5 km of shore. Again we note that SST are generally cooler when norfher—
lies are blowing and warmer during periods of souther|ies.

SST from Newport fo Cape Lookout may vary as much as 3.5C and as
little as 1.0C along The 40 m isobath. As was frue in The previous
figure, the most rapid cooling along the 40 m isobath occurs during the
period 9 fo 12 July. The anomalous warming which was noted in Fig. 3a
can also be noticed in Fig. 3b. We can note from Fig. 3 that during
several periods the SST reached about the same minimum value. I[n the
summer of 1973 this minimum value corresponded Fo about the coldest
water found on the bottom of the ocean on the continental shelf (Huyer,
1974).

An inspection of the daily horizontal SST maps reveals the large
variability of Tthe entire mesoscale temperature field from day to day.
Sixteen of these horizontal SST maps corresponding fto the period 27 June
to 16 July are contained in Appendix A. During a period of northerly
winds tThe warmest temperatures shoreward of the shelf edge may become

cooler than the coldest temperature observed in This region prior tfo

p L. . . R . e . — ' . Ar oA
' - - TS

cooler than the coldest temperature observed in This region prior fo

the period as shown by examining Fig. A-lla and Fig. A-l4a.
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An investigation of the horizontal SST maps also reveals the

existence of areas of strong horizontal SST gradients called "oceanic
fronts." These oceanic fronts represent a zero order discontinuity in
sea surface temperature. Surface convergence may exist in The vicinity
of the oceanic front and may be found to be quite strong with long foam
lines and color fronts ftending to align themselves NE-SW along the coast.
These frontal areas were offen easily visible from the mapping aircraft.
Figs. A-I5a and A-16a are horizontal SST maps which display regions of-
strong temperature gradients. These maps show horizontal SST for the
days |5 and 16 July, respectively. Northerly winds had been blowing
since 9 July. One of the oceanic fronts is located off Cape Lookout
between the 100 and I50 m isobaths on |5 July. By |6 July the front

has moved inshore of the |00 m bathymefry curve. Actually, The gradients
shown in Fig. A-15a and Fig. A-16a are even stronger than fhey appear

in These maps. The gradients shown in the figures really may exist on
the scales of several hundred meters to | km instead of several Kilo-
meters as noted by the data-taker when he was gathering the SST data
during the COHO Project.

Results of a study of a series of detailed BT Transecis of an
upwel [ ing frontal system west of Cape Town (I18°E, 36°S) during a February,
1968, upwelling svent were presented by Bang (1973). Conspicuous changes
in the SST field were noted within hours of wind shiffs from Southern
Hemispheric upwelling producing southerlies to northerlies and converse-

ly. At the end of a period of southerlies, SST changes across an intense

PICIHT O PTG e UpwviGh 1 iy PIuuUG iy DOU s 11 oo L N I N e I RN LI L L I IR RN RPN

ly. At the end of a period of southerlies, SST changes across an intense
frontal structure which was approximately 5 km were 11C. A widening of

this zone to |5 km occurred after a day of strong northwesterly winds.
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Also, Bang reported that occasionally SST could be seen to change by
several degrees within several hundred meters. In Thompson's (1974)
model, which included thermodynamic effects, rapid lowering of SST
during upwelling-event-characteristic wind forcing resulted in the form-
ation of a strong horizontal temperature gradient or frontal region near
shore.

The final topic fo be presented in this section is a case study
of the daily horizontal SST differences during the period 7 to 16 July.
Because mapping flights were not made on 8, 10, and |3 July, Figs. 5a,
5b, and 6b represent SST differences for two days. This period of fen
days ended with eight days of northerlies. Winds on 7 and 8 July were
I ight southerlies. The strongesi winds during the entire 62-day project
blew from the north on Il and 12 July. During The afternoon hours on
[l July winds blew steadily from the NNd at 8-10 m sec"I witTh gusis fo
I5m sechl while on 12 July winds blew steadily from the NNW at 14-16 mn
sec—| with gusts To 20 m sec—l. Horizontal SST for 7 July are shown in
Fig. 4a. SST range from greater than 15C along the coast northward
from Depoe Bay to Cape Lookout to less than |3C alongshore south of
Depoe Bay to Newport. Fig. 4b shows the horizontal SST for |6 July at
the end of the case study period. SST are less than 9C all alongshore
and are not greater than 13C until we go offshore of the 150 m isobath
in most of the region.

Fig. 5a shows the differences in SST between 7 and 9 July. Winds

started to blow strongly from the NNW during the mapping flight on 9

[ Neee it il i biais bnd Al dbbhan haman fram o cnnttharlvg Alreartian Ar

started to blow strongly from fthe NNW during the mapping flight on 9
July. Previously they had either been from a southerly direction or

l'ight from the NE. Consequently, lifttle cooling in the flight region
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had occurred. With continued norfherly winds SS5T began 1o cool more

rapidly. SST cooled from |.5C to greater fhan 2.0C inshore of the 50 m

isobath during the fwo-day period 9 fo Il July. This cooling is shown
in Fig. 5b. Because of strong northerlies on [l and |2 July, SST cooled
most rapidly between || and 12 July. Examination of Fig. 6a shows that

SST cooled as much as 3.0C to 4.5C in the offshore area between the 50 m
and 100 m isobaths. In Thompson's (1974) model the water temperature
cooled 5C in less than one day very near the coast. Fig. 6b, which
shows the difference in SST between 12 and 14 July, reveals that SST
changed very little over the region (.5C or less) except offshore from
Cape Lookout. In a region 15-30 km offshore from Cape Lookout SST
decreased by .5C fo [.5C. The smal!l change in SST occurred while north-
erlies were blowing. As was stated earlier in this section, SST can only
become as cold as The deep shelf water being upwelled. SST on {4 Juiy
were very cold. By looking at Fig. A-l4a which shows horizontal SST
for 14 July, we can see that SST range from less'Thén 7C just south of
Cascade Head to 12C 30 km offshore of Yaquina Head.

A glance at Fig. 7a shows that an intense warming happened off-
shore of the 100 m isobath in the Cape Lookout area betweer 14 and [5
July. SST warmed as much as 5C offshore of the 150 m isobath in this
area., SST within 5 km of the coast warmed slightly (less than IC). The
final map in This series, Fig. 7b, shows the differences in SST between
I5 and 16 July. Note that warming has occurred 20-30 km offshore from
Newport. Warming has also occurred in the inshore 5 km south of Cape

Lookout 1o Pacific Citv and also between the 100 to 150 m isohath in

Newport. Warming has also occurred in the inshore 5 km south of Cape
Lookout to Pacific City and also between the 100 to 150 m isobath in

this area and in a band approximately 5 km wide oriented SSW from Siletz
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Bay to Newport along The 50 m isobath.
fle conclude this section by stating that wind forcing seems to

dominate the SST field. Very low SST can occur during periods of strong
northerlies. Upwelling caused by Thase northerly winds accounts for the
lower SST occurring during these periods. By looking at a time series
of the SST offshore from selected points, horizontal SST maps and maps
of daily SST differences, we have seen That the mesoscale SST field is
highly variable from day fo day and from point fo point. Another aspéc+ '
of the variability of the mesoscale SST field will be presented in the
nexT section when we look at The mean fields and the daily perturbations

from Tthese means.




4. MEANS AND PERTURBATIONS

In this section a discussion of two thiree-week mean fields and

daily perfurbations from these means will be presented. Mean fields

were computed for the periods 27 June 1o 16 July (20 days) and 22 July

to 10 August (19 days). These two periods were chosen because there

was different wind forcing during each period. During the first period

two "upwel ling events' occurred. Recall that during fthese events winds

are general ly from the N and NW. These events were separated by several

days of southerly winds. Northerlies blew continuously Throughout the

second period. Since fog prevented mapping flights several times for

several days in succession, Tthe location of these gaps in the almost- i

daily array of SST maps dictated the choice of the averaging periods, ;

Twenty-eight perturbation maps were computed. In order to compute these

perturbation maps, the mean temperature at every point on The map was

subtracted from the daily temperature at every point. Perturbation maps

for the period 27 June - 16 July are contained in Appendix A. |
The mean Temperatures in the mapping region during the first

averaging period 27 June - 16 July ranged from less Thqn [0C near shore

to 13C offshore as shown in Fig. 8. Fig. 9 shows that mean SST are less - '

than 9C in a small area near shore jusT south of Cascade Head and again

Jjust south of Depoe Bay during the second averaging period. From analy-
P im~ D1~ O vl ~anm can Fhat rAaan CQT T +Hhaa POHND 1 iAk+ roamrisAn ara |loce

just south of Depoe Bay during the second averaging period. From analy-
zing Fig. 9 we can see that mean SST in the COHO {light region are less
during the second averaging period. This is probably due fo The fact

26
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that the winds were consistently from fthe north during this period.
Another aspect of The mean fields for these fwo periods is that the mean
isotherms Tend To follow the large scale bathymeiry.

If we glance through Figs. A-Ib To A-I6b, the perturbation maps
for the days 27 June - 16 July, we notice the large number of eddies
which appear on These maps. Also, by looking at the perturbation maps
(see Figs. A-14b, A-15b, A~16b) the existence and location of oceanic
fronts may be determined. Daily perturbations of + 2C from the fhree-
week mean are pre?alenf inshore of the |00 m isobath. Fig. |0a shows the
horizontal SST field for 5 August, a day when a large range in SST existed.
On This day SST ranged from 8.5C inshore To [6C offshore. The correspond-
ing daily perturbation map is shown in Fig. 10b. There is a large vari-
ability in The fransient SST field as shown by This map. The winds Through-
out the second averaging period which includes 5 August were consistently
from a northerly direction as stated earlier.

The fracing of individual eddies on these maps from day to day is
made difficulT because of the sirong horizontal flow and The strong shear
in the longshore current in the mapping region. Fig. |l taken from
Garvine (1974) shows surface drogue positions off the coast of Oregon
on 24 August, 1972. These surface drogues were deployed to.msasure the
strength and shear of the surface current under the northerly wind.

Winds had been northerly beginning the afternoon of 22 August. After
about twenty hours of motion two major characteristics of the flow are

noted. These are the orderliness of motion and the strong shear in The

I I B L e I T By R L N T I R N N A T ] [N R A U N vl

noted. These are the orderliness of motion and the strong shear in the
longshore current. The shearing action is strongest in the center of ihe

drogue array, from drogues #32 to #27. The offshore drogues (#33 fo #39)
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DEPLOYMENT
(700 23 AUG 1972

YAQUINA
HEAD

Fig. Il. Surface drogue positions off the coasT
of Oregon on 24 August, 1972, These drogues were num-
bered from 22 to 39. (Garvine, 1974)
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moved at an average speed of 35 cm secnl while the inshore drogues (#27

+o #29) moved about |5 cm Sec—l. This motion seems to be in accord with

the Ekman offshore/longshore transport that we would expect during periods

of northerlies. Fig. |2 shows a two week average absolute geostrophic
longshore flow off Dépoe Bay, Oregon, in 1966. Note the strong equator-
ward surface jet (20 cm sec_l) and the strong average shear in the long-
shore current. Smith (1974) and Huyer (1974) document the validity of
geostrophy for the longshore flow in this mesoscale upwelling region off
Oregon.

The mean field (not shown) for the entire 62-day period of COHO
operation was calculated from thirty-five daily SST maps. There are
large (3-5 days) gaps in data at the beginning and end of the operational
period. The results are interesting, though. The coldest mean tempera-
‘tures are located alongshore from Depoe Bay fto Newport. This result is
in agreement with +he resulis of Hurlburt (1974). Hurlburt models the
effects of a mesoscale canyon-like feature off the Oregon Coast on tThe

vind-driven eastern ocean circulation. From his model he finds that

upwel ling is lessened on the norih side of the canyon while being increased

on the south side and near the coast on the axis of the depression.

In conc]uding this section, we have seen from the discussion and
illustrations another aspect of the mesoscale variability of the SST.
The final section will present a discussion of the results of a two~

dimensional spectral analysis of This SST data.




SPECTRAL ANALYSIS

The spectral study of this mesoscale SST data was undertaken fo

investigate the scales of eddies in the horizontal temperature fields in
an oceanic upwelling zone. Providing the motivation for this study were
the results from a one-dimensional spectral analysis of mesoscale SST
data presented by Saunders (1972). He computed spectra of SST gatherad
from the Mediterranean Sea by an infra-red radiation thermometer located
in an aircraft. Over the range of scales 3-100 km, he found that the
density of temperature variance seemed to obey a kP power l|aw where k
is the wavenumber and p is approximately 2.2. This power law, Though,
does not fit any proposed model of geophysical turbulence which he states
in his paper. Anofher study of SST recorded from a remote sensing infra-
red Thermometer was presented by Macleish (I97Q). The spectra computed
from these SST have a maximum at the smallesT wavenumber and then de-
crease rapidly as wavenumber increases; however, they do not decrease
after a wavenumber greater than 2-5 cycle km—l. Instead, in This high
wavenumber range the spectral slope flattens with increasing wavenumber,
In the past several years much interest in fThe spectral distribu-
tion of infermediate to large-scale atmospheric moTioné has been generated,
Observational studies by Horn and Bryson (1963), Winn-Nielsen (1967) and
Julian, et al. (1970) indicated an approximate kinetic energy speciral

slope of -3. These results did not fit Kolmogorov's (1941) -5/3 law

Julian, et al. (1970) indicated an approximate kinetic energy spectral
slope of =3. These results did not fit Kolmogorov's (1941) -5/3 law
which he predicted for the inerfial subrange of three-dimensional

34
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isofropic turbulence. The motions of the atmosphere at mid-level had
been considered approximately iwo-dimensional since Rossby et al. (1939),
Kraichnan (1967) in response fto this considerafion‘proposed a k_3 be-
havior for The supposed approximately two-dimensional aimospheric motion.
Charney (1971) proposed a theory which predicfed a -3 dependence on
wavenumber k of the spectra both of aitmospheric kinefic energy and atmos-
pheric temperature variance when the flow is Threé—dimensional and quasi-
geostrophic. Lilly and Lester (1974) predicted that a horizontal spec-
trum of kineTic energy proportional fo k_'5 implies potential temperature
spectra proportional fo k~3. These studies are for much larger scales
than considered here.

Charney (1971) also reports that ‘temperature spectra computed
from an NCAR atmospheric prediction model made available fto him by Vel lck
and Washington of NCAR revealed an approximate I/\'_3 behavior. In a spec-
tral analysis of atmospheric temparature, Kao (1970) found that in the
high wavenumber range spectra generally decreése with increasing wave-
number and are proportional fo k_s. Lilly and Lester (1974) computed
potential temperature spectra from stratospheric data gathered by an
aircraft over Colorado in 1970. The spectral slopes in fthe 3-20 km range
for potential temperature seemed to be approximately -3 in agreement
with their theory. Charney also stated that his predicted k_3 behavior
for the kinetic energy spectrum and temperature variance might apply to

oceanic fields in regions of strong baroclinic excitation. Upwelling

regimes are areas of strong baroclinicity.

oceanic fields in regions of strong baroclinic excitation. Upwelling
regimes are areas of strong baroclinicity.
In our spectral study we computed spectra from a rectangular grid

of SST data. This grid contained 1600 data pointfs with data points
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equal ly spaced | km apart. Spectra were computed for daily SST, three-
week mean fields and daily perturbations from these means. This spectral
analysis represents the largest underTaking of its kind in an oceanic
region to date. Fig. |3a shows the rectangular grid which contained the
SST values from which the spectra were computed. This figure shows
that the x,y coordinates were rotated approximately 9° in the offshore
direction. This was done so that the longshore sides of the rectangular
grid of SST data points could be oriented parallel to the Oregon coas%—
line in order to include as many of the nearshore points as possible
while maximizing The size of the grid.

The sea surface temperature at each data point X,y can be written

as a ftwo-dimensional complex Fourier series expansion in the following

form
T(x,y) = Z L A, exp(ﬁghb% exp[lgﬂ&Y} (1)
. j2 L L
J & X Y
T(x,y) = L LA, exp[i2 kxjx] exp[izwkyﬁy] (2)
. Jr
J & '
J-| Nx
X Rl J = I(I)i—
X
N
_ 2= _ Y
kyﬁ =T L = I(l)2
Y

The expressions above are composed of the double sum of complex harmonics
where AJQ are complex Fourier coefficients. The length of The grid in
the x and y directions is denoted by Lx’ Ly’ respectively, while The

number of data poinis in the x and y directions is denoted by N>< and Ny’

respectively.

e e el
respectively.

The sample Temperature variance can be writfen as
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2 | = 2
GT = W )NEDN (TEX,y:l - T) (3)
Xy Xy
where T is the sample mean. The sample mean is
T = N—‘ll\—\r—z z T(X,\/) . (4)
xy Xy

More importantly, the sample femperature variance can be written as

A2
o2 =5 5 Lael” (5)
j 2

4

In the above equation the temperature variance is expressed in fTerms of
a sum of The squares of the complex amplifudes.

The SST variance spectrum is proportional fo |Aj2|2 aﬁd represents
a partitioning of The temperaiure variance in wavenumber space. The
symbol ET(&) will represent This partitioning and will be referred to
as the two-dimensional temperature variance spectrum. [The dimensions

of ET(k) are LT2 since E.(K) has units of variance of temperature (T2)

T
divided by wavenumber (L—I).]

The Temparature wavenumber variance spectrum can always be defined
as a separaiion into an isotropic part and an anisotropic part. This
separation is expressed in the following formula

e () = E (K] + EytR) (6)
EI is the isofropic part, which does not depend on direction, and E2 is

The anisotropic part which does depend on direction. The wavenumber

vector k is defined

K=k + ik . (7)
X Y
This complex variable can be written
K=k + ik . (7N
x 4

This complex variable can be written

k= |k|e'® (8)
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~

which is a function of the wavenumber, |k|, and a phase angle, 0.
|l f we integrate the two-dimensional temperature variance spectrum

over all phase angles we have as shown

il A . A
- f e (ke a0 =€ (k] . (9)
=1

Recal |l that El(lkl) is the isotropic part of The temperature variance

spectrum. Because This is frue, we can go back to (6) and see that

In R .
f E2 (k) do = 0 . (10)

"

In our spectral study we are not dealing with a continuous field;
instead, ve are dealing with discrefte points. For the case of a field
of discrete poinis, a discrete sum must be employed in expressing the
isotropic part of The temperature variance spectrum, This discrete sum

can be written as

~ 1o n
R ET.}1 ([kle ™) = EI((kI)
] F ! ar

where | and & are chosen such that Ikxj * ikyjz,l & Ik' t 6|k| ’

Fig. I35 shows graphically the summing method that was employed. In

this figure values of kx range from 0 fo 1/2 km_| and the values of ky

range from 0 to 1/2 km . |f a contribution, ET , To the isoiropic

j%

part of The fTemperature variance spectirum falls within a certain wave-
number range k| + &§|k| it is summed in with all other contributions
which fall within This range. The sum of all of fthe contributions To

the isotropic part of the temperature variance spectrum is then divided

by N the number of contributions. The fart that we ara comnttina the

the isotropic part of the temperature variance spectrum is then divided
by N the number of contributions. The fact that we are computing the

isotropic part of fhe temperature variance spectrum by this method is
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important as we shall see later.

Fig. l4a shows a graph of one of The computed spectra. This
graph refers fo a spectrum computed from the horizontal SST field on
|4 July. (The horizonTal SST and perturbation mans for |4 July are
shown in Fig. A-l14.) The solid line in the graph refers to a plot of
wavenumber Times The isotropic ftemperature veriance spectrum vs. the
log of wavenumber., This plot has the advantage that area under the curve
represents the sample variance. From This plot we can see fThat There
is a large contribution to the variance in The range of wavelengths
from 16-20 km. The dotted |ine represents a plot of log of the isotro-
pic tfemperature variance spectrum vs. log of wavenumber. In this log-
log plot we note a steep slope Toward high wavenumbers. From comparison
with the solid line labelled ~3 we can see that in The wavenumber region
from /15 km_l to /4 km—' there is an approximate slope of -3, A glance
at Fig. 14b reveals basically the same results as Those discussed in
connection with Fig. l4a. Fig. 14b shows The‘resulfs of a spectral analy-
sis of horizontal SST for 15 July (see Fig. A-15 for horizontal SST map
and perfurbation map). A spectral peak exists at the 20 km wavelength
and there is a large contfribution To the variance in The wavelength
range of 16-27 km. From the dotted |ine representing the log~log ploT,
again note the approximate -3 slope this time in The wavenumber range

D io 178 k!

/20 km~ A third graph depicting fthe results from a spec-
tral analysis of 16 July SST data is shown in Fig. I5a. As observed in

the previous figure, a spectral peak is located at Tthe 20 km wavelength

tral analysis of 16 July SST data is shown in Fig. 15a. As observed in
the previous figure, a spectral peak is located at the 20 km wavelength
and in the wavelength range of 16-27 km a large confribution to the

variance exists. An approximate -3 slope can also be seen from the
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log-log pnlot. A fwo-dimensional planar trend was removed during the
speciral analysis of fthe daily SST data. As mentioned earlier in this
section, specira were computed from the daily perturbations from the
three-week means. One of The resulfs from +these calculations is shown
in Fig. I5b which represenis a graph of speciral results from perturba-
+ion data for 14 July. Note from comparison with the dotted |ine and
the solid line labelled -3 an approximate -3 slope. We chose to show
the results of our speciral analyses for |4, 15, and 16 July because on
these days The mesoscale sea surface temperature field displayed a large
amount of variability.

The ploTs.of kET(k) vs. The logarithm of wavenumber k consistently
revealed a spactral peak in the wavelength range [16-40 km. A peak at
[6~20 km is significant and not an artifact of the |imited observational
region. A peak at 40 km is suspect due to the Ilimited size. As for
the log-log plois, & glance at Fig. |6 can reveal the consistency of
the -3 slope for spectra computed from the daily horizontal SST field.
Fig. 16 is a scatter diagram which represenis a composite of |6 days of
computed spectra from |6 days of SST data. Each day's spectrum was com-
puted and then normalized by that day's variance and then a composite
of the log~log plois was consfructed. An approximate -3 slope in The
range of wavenumber /20 to /4 km_l is easily seen. From this graph
ve conclude that The isotropic sea surface temperature variance spectrum
fol lows a power law of -3.

Ye also did some calculations of the one-dimensional temperature

follows a power law of -3.
We also did some calculations of the one-dimensional temperature
spectra from our SST data. The results from these calculations indicated

a kP dependence of the specira which was comparable to that found by
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Fig. 16. Scatter diagram representing a composite of
Sixteen log-log plots of the normalized isotropic temperature
variance spectrum vs. wavenumber. Each of the sixtesn plofs
is a graphic representation of a daily spectrum. These spectra

were computed for SST o?+q?red diirina the nerind 27 line +n
LiXTeeén 10g-Tog DIOTS O e normalized isofropic temperature

variance spectrum vs., wavenumber, Each of the sixtean plofs

is @ graphic representation of a daily spectrum. These spectra
were computed for SST gathered during The pericd 27 June to

16 July, 1973. The solid lines represent -3 slopes.
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Saunders (1972). Isofropy is assumzd in The computation of the one-
dimensional specira; whereas, when we computed spectra from The two-
dimensional SST field we only considered fthe isofropic part of the tem-
perature variance spectrum.

Charney indicated in his paper that his predicted k_3 behavior
for The temperature variance might apply To oceanic fields in regions of
strong baroclinicity. His prediction assumses isotropy. At the time
(1971) no observations were available for comparison with his theory.

An interesting note is that Lilly and Lester (1974) found an approximate
-3 slope in a mesoscale wavelength (3-20 km) for spectra computed from
atmospheric temperature data. We conclude this section by staiing that
we have found a k_3 behavior of the isofropic sea surface temperature
variance spectrum in The mesoscale wavelength range of 4-20 km. We do
not, however, imply that, Thefefore, the geostrophic furbulence Theory

is applicable.




6. SUMIARY AND CONCLUSIONS

Some results of an investigation of the nature of the mesoscale
variability of SST off The central coast of Oregon are presented in this
paper. Our investigation of this mesoscale variebility of SST is based
on the extensive amount of SST data gafhered during the fwo-month long
COHO project in 1973. Basically, we found that the mesoscale SST field
of f the coast of Oregon is highly variable from day to day and point to
point.

We investigated the response of the SST field to wind forcing.

We found that SST are generally cooler when northerlies are blowing and
warmer when southerlies are blowing. SST may lower rapidly within
several days during periods of moderate to sirong northerly winds. Up-
welling caused by these northerly winds accounts for the lower SST
during these periods. This is, of course, to be expected.

In the present study we only considered the influence of the wind
field on the SST field. The wind field does seem fo dominate the SST
field. Future resecarch studies of large amounts of mesoscale SST data
gathered by remote sensing techniques could investigate the effects of
solar heating, precipitation, cloud cover, and differeﬁces in Temperature
between lands and seas. Also not considered in this study were relations
between the daily surface current and the mesoscale SST field. Although

not considered in this paper, a strona feedback mav exist between chance

between the daily surface current and the mesoscale SST field. Although
not considered in this paper, a strong feedback may exist between change
in the SST field and the sea breeze (Johnson and O'Brien, 1973).

46
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An investigation of the daily horizontal SST maps revealed the

location of areas of strong horizonial SST gradients called oceanic

fronts. By examining perturbation maps, the location of these fronts is
easily defermined. These oceanic fronfs represent a zero order discon-
tinuity in SST. Offen rather well-defined, these fronts are usually
easily visible from a low altitude aircraft. Because fThese fronts con-
centrate phytoplankton and other buoyant material, They are important
biological ly as well as physically.

From maps of The perturbations from the three-week means, we ob- i

served large numbers of eddies in the mesoscale SST field. [Individual
eddies are not easily ftraced from day to day because of the strong hori-
zontal flow and strong shear in the longshore current. In order to de-
termine the scales of The eddies in the horizontal Temperature field in
the upwelling zone quantitatively, a spectral sfudy of fhe SST data was
undertaken. The results from this two-dimensional spectral analysis
indicated that a large amount of the variance 6f the SST was concenirated
in the 16-40 km wavelength range. This result leads us to conclude that
a large amount of the variance of the SST is concentrated in mesoscale
eddies which are being advected through Tthe upwelling region.

From our spectral analysis, we also found that over the range of
the scales from 4-20 km the isotropic part of the temperature variance
spectrum obeyed a ~3 power law. Charney's (1971) theory is candidate to
explain this power law physically. Several other investigators have

found approximate -3 spectral slopes from observed temperatures in the

explain this power law physically. Several other investigators have
found approximate -3 spectral slopes from observed temperatures in the
atmosphere.

A study of *the Three-week mean sea surface temperature fields
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indicated That the mean isotherms tended to follow the large-scale bathy-
metry.
In This paper, we have presented fthe results of an analysis of
the most extensive gathering of SST in a coastal upwelling zone fo date.
Hopeful ly, the results of this analysis have provided an insight info
the understanding of fthe nature of fthe mesoscale SST field in an upwell-

ing zone and will provide the basis for additional research.




APPENDIX A
A TIME SERIES OF SST MAPS

This appendix contains 16 days of horizontal sea surface fTempera-
ture maps and the corresponding daily perturbaiions from the three-week
mean Temperatures for eaéh of these 16 days. This series of maps begins
on 27 June and ends on |6 July (20 day period with 4 days of maps unavail-
able because fog prevenied the mapping flights). This period of days
corresponds To the first three-week period mentioned in Section 3 from
which means and perturbations from fthe means were computed. Two upwell-
ing events separated by several days of southerly winds occurred during
this three-week period. FEach horizontal SST or perturbation map contains
either the horizontal SST or perturbations in degrees C and the inshore
bathymetry curves for 50, 100, and 150 m in the COHO flight region.

tHorizontal sea surface temperatures in the inshore |0 km ranged
from less than 8C all alongshore on 12 July (Fig. A-13a) tTo grea%er than
[4C alongshore northward from Depoe Bay to Cape LookouT on 6 July (Fig.
A-9a). Horizontal sea surface temperatures varied from less than 8C in-
shore of the 50 m isobath to greater than 13C offshore of the 150 m iso-
bath on 12 July (Fig. A-13a) the day when the coolest SST were observed
in the flight region. On 7 July (Fig. A~l0a) which was one of The days

when measured SST were warmest, SST greater than 15C were observed in

E S N LR B o 5oy S N N A N R R R S R B A N A S | L A D A

when measured SST were warmest, SST greater than |I5C were observed in
most of the flight region.
The daily perturbation maps for this Three-week period reveal the

49
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mesoscale variability of the SST. In order fto compute the daily pertur-
bations from The mean at every pcint on the map, the mean temperature

at every point is subtracted from the daily temperature at every point.
Daily perturbations of £3C from the three-week mean were not uncommon
inshore of fthe 100 m isobath. As was discussed earlier in Section 3,
strong horizontal flow (10-40 cm sec-l) in The mapping area prevents the
tracing of individual eddies from day to day. A glance at the perturba-
tion maps for |4, 15 and 16 July (Figs. A-14b, A-15b, A-16b) and a com-
parison of fthese maps with Their respective horizontal SST maps shows
that the perturbation field can reveal the existence and location of The

oceanic fronts in the mapping region.
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