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Abstract

&

Between 25 June - 19 July 1989, an experiment deploying over 800 deep and shallow AXBTs was
conducted in the subarctic frontal zone of the Northeast Pacific, between approximately 32+ - 43* N,
138° - 151* W. The operation was part of the validation phase of the Naval Oceanographic and
Atmospheric Research Laboratory's (NOARL's) Northeast Paclific Modeling Project (NEPAC). This
document describes the experimental plan and the data acquisition and processing techniques used for
the NEPAC experiment and presents the resulting data in graphical form.
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Aircraft Measurements in the Northeast Pacific,
Summer 1989

Introduction

An extensive set of oceanographic measurements for three major experiments were obtained from research
and operational P-3 aircraft during June and July 1889. These experiments were the Northeast Pacific
(NEPAC) modeling project of the Naval Oceanographic and Atmospheric Research Laboratory (NOARL),
the multi-institutional VAST project and the Downslope Conversion Experiment of the Scripps Institution of
Oceanography. Over 1300 deep (nominally 760 m) and shallow (nominally 305 m) temperature profiles from
airborne expendable bathythermographs (AXBTs) were obtained for the three experiments, as well as a
number of sound speed profiles, current profiles, and drifter tracks from other types of air deployed
instruments. This document provides an overview of the data obtained for the NEPAC experiment; data
summaries for the VAST experiment and the Downslope Conversion Experiment are jiven in Boyd and
Linzell (1990) and Boyd (1989).

The NOARL NEPAC modeling project is one of several projects which are developing oceanographic
prediction systems based upon a hierarchy of nested numerical circulation models. The approach is to have
a tactical scale (local scale) model nested within a regional model which is in turn nested within a global
model. The NEPAC project has as its specific goal the development of an ocean environmental /acoustic
prediction system for the subarctic frontal region of the Northeast Pacific Ocean. The primary objective of
the aircraft operations for this experiment was to obtain initialization and validation data for the tactical scale
model.

The operations also had three secondary objectives. The first was to acquire temperature transects along
portions of tracks of the GEOSAT altimeter satellite so as to investigate the feasibility of using altimetry to
monitor the North Pacific subarctic front. These data are included here. The second was to deploy from
the aircraft six "minidrifters” (Pickett, 1989), A-size drifting buoys which transmit position, sea surface
temperature, air temperature, and barometric pressure back 6 - 8 times per day via SERVICE ARGOS. The
drifting buoy data will be presented in a later NOARL Technical Note. The third objective was to deploy
AXBTs and AXCPs (air deployed expendable current profilers) along six tracks crossing the subarctic front
for a Naval Postgraduate School/University of Miami experiment. The current profiler data will be reported
on elsewhere.

Experimental Plan and Operations Description

The study area lay between about 32 - 43° N, 138 - 151° W. All flights originated from Moffett Field,
California. A summary of all flights for the three experiments is given in Table 1, and a composite of all
NEPAC drop positions is shown in Fig. 1. The experimental plan was to obtain three near-synoptic
realizations of a basically rectangular area, as shown in Figs. 2a, 2c, and 2e. A central portion was
designated an intensive study area in which detailed tactical scale modeling was to be attempted; AXBTs
were dropped around the boundary of this region between the first and second grids (Fig. 2b) and the
second and third grids (Fig. 2d). Spacing betwgen drops In the grids was 20 nmi (37 km) along track and
30 nmi (56 km) between tracks. Spacing between drops on the boundary flights was 20 nmi (37 km). Three
flights were flown along GEOSAT tracks (Figs. 3a, 3b, and 3c), with an along-track spacing of 11 nmi (20
km). In general, deep (nominally 760 m) and shallow (nominally 305 m) AXBTs were alternated along the
tracks. Table 1 summarizes average speeds and altitudes for the various flights.




Table 1. Summer 1989 NEPAC/VAST/Downslope Alrcraft Speed and Altitude Summary

“True  Ground Navigation  System
Date Fit Flight Description Aircraft Airspeed, Speed, Altitude Error, Used;
1989 # knots knots kit nmi/km Comments
25 June 101 NEPAC Grid A1#1 VXN8 330 330 245-265 7.1/13.1 inertial
26 June 102 NEPAC Grid B#1 VXN-8 330 330 245 2.1/3.9 |
1 NEPAC Grid C#1 NRL 200 300 245 1.0/1.76 |
27 June
28 June 301 NEPAC Grid D1 * VP9 230 220 125-144 N/A
103 NEPAC GEOSAT#1 VXN-8 230 240 10-10.5 3.5/6.2 |
2 NEPAC Special Probes#1 NRL 200 190 5.0 0.1/0.2 Omega
29 June
30 June 3 NEPAC GEOSAT#2 NRL 240 250 155-195 0.5/0.8 o
104 NEPAC Boundary#1 VXN8 330 330 225255 1.1/2.1 |
1 July
2 July
3July 4 NEPAC Special Probes#2 NRL 200 190 5.5 1.1/1.9 0
4 July 105 VAST Line W#1 VXN-8 225 230 28 1.6/2.8 |
5 July 202 Downslope#1 ** VP9 200 200 3.0 45/7.9 |
6 July 106 VAST Line W#2 VXN-8 230 230 3.0 0.5/0.9 l;Estimate
203 NEPAC Grid A2 ** VP9 330 360 270 2.0/3.5 |
7 July 107 NEPAC Grid C#2 VXN8 330 320 205 1.4/25 I;Est.
304 NEPAC Grid D2#1 * VP46 N/A 220 10.5 N/A
5 NEPAC Grid B#2 NRL 310 300 205 1.6/1.1 0O
8 July 205 Downslope(SUS)#2**  VP-9 220 200 15 2.0/3.5 N/AEst.
9July 6 VAST Line W#3 NRL 225 220 20 7.3/13.5 l
10July 7 VAST Line F#1 NRL - 220 200 25 0.2/0.4 o]
206 Downslope#3 ** VP9 200 190 20 0.2/0.3 0
307 NEPAC Grid E * VP48 200 N/A 200 N/A
11 July 308 NEPAC GEOSAT#3 * VP46 220 N/A 100 5.4/10.0 |
12 July 108 VAST Line F(SUS)#2 VXN-8 225 225 20 1.4/2.6 |
209 NEPAC Boundary#2 ** VP48 230 220 10.-16. N/A
13 July 109 VAST Line B (SUS) VXN8 220 230 2.3. 0.5/0.9 |
14 July
15 July
16 July
17 July 8 NEPAC Special Probes#3 NRL 215 200 5-7.5 0.4/0.7 o)
210 NEPAC Grid A1#2 ** VP48/MAU 240 260 5.0 N/A
18July 9 NEPAC Grid C#3 NRL 290 280 19.5 0.2/0.4 o)
19 July 211 NEPAC Grid B#3 ** VP48 300 290 245 0.5/0.9 O;Est.
312 NEPAC Grid D2#2 * VP48 N/A N/A N/A N/A
* => VP ACFT
** = > VP ACFT with Isis system on board
Notes:  Air speed and ground speed values are approximate averages. Altitudes are also approximate

averages, except where ranges are indicated; these numbers show the minimum and maximum
altitudes listed in the navigation logs. Navigation errors are one half the navigation error upon
landing. "N/A" indicates the information was not available. “I" or "O" indicate that |nertial
system or Omega system was used for navigation. "Estimate” or "Est." indicate that the error was
estimated by a P-3 crew member; other navigation error information was not available.




Personnel

The civilian personnel participating in part or all of the experiment were:

Dr. Janice Boyd NOARL
Richard Myrick NOARL
Stephen Sova NOARL
Shirley Baker Planning Systems, Inc.

Robert Broome Planning Systems, Inc.
Peter Flynn Planning Systems, Inc.
Michael Wilcox Planning Systems, Inc.

Data Collection and Processing

Chief Sclentist

Ground Station Manager

All AXBTs (US Navy designation AN/SSQ-36) were manufactured by Sippican Ocean Systems, Marion,
MA, under two contract numbers. The overall failure rate was 33 out of 847, or 3.9%. A summary of the
contracts, lots, number dropped, and number of failures is given in Table 2.

Table 2. Summary of AXBT contract numbers, lots, number deployed, number failed, and failure
rates. A failure rate of 5 - 10% is normal. Shallow (nominally 305 m) AXBTs had a NALC (Navy
Ammunitions Logistics Code) of 8W59 and deep (nominally 750 m), 8W52.

ntract NOO1 7 1 ntract N0Q1 - 1
Shallow Deep Shallow Deep
Lot numbers: 03,14,17,27,29 27 11,12,16,17,20,21, 21,24,27
22,24,26,27,30

# Dropped: 277 424 135 1

# Fallures: 10 8 14 1
Failure rate: 3.6% 1.9% 10.4% 9.1%

% R

Acquisition

Three different systems were used in data collection. The NOARL Physical Oceanography Branch (Code
331) Isis system was used on all NRL aircraft flights and most VP-squadron flights (see Fig. 4). Fig. 5
outlines the capabilities of the Isis system, which allows full processing and considerable analysis of the data
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to be completed in the field. The Naval Oceanographic Office’s (NAVOCEANO’s) ADAPS (Airborne Data
Acquisition and Processing System) system was used on the VXN-8 aircraft. On the VP-squadron flights
for which no Isis system was installed, the AXBT signals were recorded on the 14-track mission data tapes
and the tapes were later played back in the ASWOC (ASW Operations Center) into an Isis unit. A problem
with the mission data tapes made the replayed data for the 10 July NEPAC Grid E flight so noisy as to be
unusable.

Data was transmitted from the AXBTs as a frequency modulated signal on one of three standard carrier
frequencies (channel 12 or 170.5 MHz, channel 14 or 172.0 MHz, and channel 16 or 173.5 MHz). Typically
all three channeis were transmitting at the same time. The signals were picked up by standard Navy
sonobuoy receivers, and either sent to the on-board 14 track tape recorder (in the case of Fleet aircraft
without the Isis system on board), or else they were amplified, and sent to either the Isis or the ADAPS data
interface unit where they were again ampilified and fiitered, digitized and sent along a 16 bit parallel GPIO
interface bus to the acquisition computer, ¢ Hewlett-Packard 9000 model 320 (ADAPS) or 330 (Isis). With
the Isis and ADAPS systems, the incoming signal was also sent to a VCR-based backup recording system
for later replay, if necessary. No degradation of data quality is noticed when data is replayed.

With both the Isis and ADAPS systems, the HP 9000 acquisition computer subsampled each input data
stream at 10 Hz (about every 15 cm in depth) and displayed the data in real time on the CRT display. Upon
termination of an AXBT the data was stored on 3.5" microdiskettes. The data on the microdiskettes was then
read into a PC-AT compatiblie microcomputer where it was processed and plotted. As the NAVOCEANO
ADAPS interface unit is an earlier version of the Isis unit, complete compatability existed between both
acquisition systems and the Isis processing and analysis modules. Usually processing was completed on
the return leg of the flights.

Navigation

The on-board inertial and Omega navigation systems were used on each aircraft. The navigation system
was Inttialized as part of pre-flight procedures and the system position drit: was usually recorded at the
conclusion of the flight. If system drift is reasonably linear with time, the mean position error can be taken
as about one-half of the error at the flight’s conclusion. The mean posttion errors are listed in Table 1. Drop
position accuracies are generally taken to be 1.5 times the navigation accuracy. To estimate drop position
errors for the flights in Table 1, muitiply the given position error by 1.5. The wide variations in errors from
flight to flight are typical.

On board the NRL and VXN-8 aircraft the drop positions were automatically recorded by the data
acquisition system as a probe was launched. On Fleet aircraft the AXBT positions were automatically logged
by the onboard CP 901 computer system. Positions were later transcribed by hand from the mission
printout and merged with the data.

Initial Data Processing

The data from the 3.5 microdiskettes was read into 80386 PC computers for processing. A 21 point (2.1
second) median fiiter was applied to remove most of the one to several point data spikes and other
"glitches" that occur in the data for various reasons and to filter out much of the high frequency noise. The
raw data was then converted to engineering units using the Navy standard conversion equations. For
temperature this is )

T = -40.0 + 0.02778 F,
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where F is frequency in hertz and T is temperature in *C. The Navy standard requires the temperature
accuracy to be about £0.55 * C within the range from -2° to 35°C, but the probes marketed by Sippican
are known to be accurate to about :0.2°C (e.g., Boyd, 1987).

The Navy standard elapsed-fall-time to depth conversion equation is
z =152t

where 2z is depth in meters and t is elapsed time after probe release in seconds. The standard requires the
depth to be accurate to +5% down to 305 m, and studies done on earlier versions of the deep and shallow
AXBTs showed the depth error was bounded by this value throughout the appropriate depth ranges of the

probes (Boyd, 1987).

After conversion to engineering units, if necessary, navigation information was merged with the data, the
data were decimated to a 1-meter resolution, and a final 9-point median filter was applied to complete the
smoothing process. The processed data were then visually scanned, primarily to find occasional data spikes
at the very beginning or end of the profile which were not removed by the filtering process. These and a
few other problems were removed using the Isis system interactive data editor, and the data were archived
in the standard Isis archive format in 2-meter resolution and major temperature infiection point forms.

Depth Equation Corrections

About six months after the experiment, another set of data became available which allowed considerable
improvements to be made to the shallow and deep AXBT fall rate equations. A series of shipboard CTD
(conductivity-temperature-depth) stations were taken in the study area as part of the VAST experiment. As
these observations included direct measurement of pressure, accurate depth versus temperature profiles
could be constructed for those stations (accurate to +1 m in depth for the prevailing conditions and
processing techniques). A significant number of deep AXBTs were dropped near the stations, so the
following statistical procedure was developed for calculating an improved depth equation for deep AXBTs.
This improved equation was then used in the comparison of adjacent shallow and deep AXBTs, and an
improved shallow AXBT fall rate equation was determined.

Deep AXBTs dropped within 30 km and 12 hours of a CTD cast were used. The depths of 15 isotherms
were determined for both the deep AXBTs and the CTDs, and linear regressions of AXBT depth versus CTD
depth were computed for the resulting 202 data points (see Fig. 6). Based on earlier work, a quadratic
equation for deep AXBT depth was expected, but in this study the quadratic term coefficient was never
found to be significantly different from zero, probably due to the inherent variability of measurements
separated this far in both space and time. However, a significant modified linear term coefficient was found,
giving a new equation of

Zouer = 1.6094 1

where 2 Iis depth in meters and t is elapsed time in seconds. The correlation coefficent was significantly
different from zero at a 95% confidence level. The resulting corrected depths compared much more
favorably with the CTD depths (Fig. 7).

Ouring the GEOSAT lines on 28 and 30 June and 11 July 1989, deep and shallow AXBTs were dropped
sequentially at an 11 nmi (22 km) separation Depths of 13 isotherms from the shallow AXBTs were
compared with the corrected depths from the adjacent deep AXBTs (Fig. 8). Linear regressions of shallow
AXBT depth versus corrected deep AXBT depth were computed. Again the quadratic term was never




significantly different from zero. The resulting corrected shallow AXBT fall rate equation was
zm-r = 1.4%9t

where z is depth in meters and t is elapsed fall time in seconds. The correlation coefficient was significantly
different from 2ero at a 95% confidence level. The resulting depth correction, while subtle (Fig. 9), is
important, particularly for maintaining consistency in the depths of features when deep and shallow AXBTs
are dropped alternately.

Final Data Processing

The depths of all profiles were corrected according to the above equations. The temperature profiles were
then merged with climatological temperatures using a procedure which reduces the deviation between actual
temperawre and climatological temperature exponentially with depth until the climatological temperature is
reached. The scale depth for the merge was chosen as 500 m, and the climatology was the Navy standard
GDEM (Generalized Digital Environmental Model) climatology for the summer season. GDEM has values
at every ha'* degree of latitude and longitude. The climatological profile was computed as the weighted
mean of the nearest four GDEM values, weighted by the fractional N-S and E-W distances. Profiles were
extended from surface to ocean bottom, with the bottom depth being taken as that from the Navy standard
DBDBS5 bathymetry, which comes on a five minute grid. Values were interpolated the same way as with
climatology, the weighted mean of the four nearest values, weighted by the fractiona' M-S and E-W
distances.

A salinity profile was then computed for each temperature profile using climatologicat or CTD T-S-z
relationships. If no CTD cast was within 60 km (approximately one horizontal correlation scale), only the
T-S-z refationship from the interpolated GDEM climatological profile was used. If a CTD was within 60 km,
the mean profile was calculated with the addition of the CTD profile, weighted 10 times as much as a
climatological profile. Surface to bottom sound speeds were then computed using the UNESCO-87
algorithm (Fofofnoff and Millard, 1983).

Some of the descriptive resuilts from the experiment are described in the next section.

Results
Oceanographic Background

The region of interest for the NEPAC project is primarily the subarctic frontal zone of the Northeast Pacific.
In 1989, however, in order to cooperate with the VAST project, the part of the region to be modeled was
extended southward into the transition region to the northern limits of the subtropical frontal zone (Fig. 10).
The region is a complex one from the physical oceanographic standpoint, with the subarctic region lying
north of about 42°N, the subtropical region lying south of about 32°N, and a transition region with multiple
fronts and mixed subarctic and subtropical waters lying in between.

The subarctic region is characterized by low temperatures and low salinities (<33.8 psu) in the surface
domain, ranging from the upper 30 m in summer to 100 m in winter. Below the surface region is a well
defined permanent halocline between 100 and 150 m in which salinity increases from about 33.0 psu to 33.8
psu. Temperature inversioiis are often found in the halocline, and the southem limit of the subarctic region
is that beyond which persistent temperature inversions do not occur. During summer a distinct temperature
minimum is located between the bottom of the shallow seasonal thermocline and the underlying temperature
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inversion.

The southem limit of the subarctic region Is the subarctic front, which is defined by the abrupt change in
the salinity structure. The 33.8 ppt isohaline rises from near the base of the subarctic halocline to the
surface in the subarctic front. The front extends from the westem North Pacific east to North America where
it turns southward off California and Baja California and forms what has been called the California Front
(Saur, 1980). Waest of 150°W it generally lies between latitudes 40 - 43°N, and then bends southward east
of 150°W. The front consists of not one but several meandering temperature, salinity, and density fronts
and their associated eddies, all of which are most pronounced in the upper several hundred meters. Roden
and Robinson (1988) review and summarize the properties of the subarctic frontal zone.

The subtropical region lies south of about 32°N, consisting of what Sverdrup (1942) called the North
Pacific Central Waters. It is characterized at the surface by salinities greater than 34.8 psu and has a
halocline and associated thermocline between about 100 - 250 m in which salinity decreases with depth.

The northern limit of the North Pacific Central Waters is the subtropical front. This front has not been
studied as well as the subarctic front, but it appears that the average position of the subtropical front may
be defined by the position of the 34.8 or 34.9 psu isohaline at or near the surface (Lynn, 1986). It lies
between about 31* - 33°N. Somewhat north of this, around 33°N, is what Lynn (1986) called the northern
subtropical front. It appears to originate in the Kuroshio Extension and Is continuous or semi-continuous
across the North Pacific, and has a temperature range of 14 - 17+ (all temperatures are in Celsius) and
salinity range of 34.4 - 34.6 psu.

Between the two frontal zones lies the subarctic-subtropical transition zone. It contains waters with both
subtropical and subarctic characteristics, mixed in various proportions depending primarily upon the
distance from the source regions. Transient temperature inversions between 100 - 200 m are not uncommon
in the northerir part where the subarctic water is more common.

The figures presented in Appendices A - P will be discussed in light of this oceanographic background.
The scales of the figures were chosen to coincide with the figures of the other NOARL Technical Notes
which will be coming out in this series.

Horizontal Planes

Horizontal temperature contours at the surface, 25 m, 50 m, 76 m, 100 m, 150 m, 200 m, 250 m, 300 m,
400 m, 500 m, 600 m, and 700 m are presented in Appendices A (Grid 1, 25-28 June 1989), B (Grid 2, 6-7
July 1989) and E (Grid 3, 17-19 July 1989). Appendices C and D contain the same depth levels for the Grid
2 inferred salinity and for sound speed. Preceding each collection of figures is a plot of all drop locations.

The contours at 50 m provide a good example of the features that may be observed in the data. The
subarctic front is well defined, with the characteristic presence of several meandering frontal zones and their
associated eddies quite apparent. The main portion of the front lies between about 36° - 38* N, with a
meander penetrating south between 144+ - 148°W. The presence of several eddies is suggested in the
meander region, but the sampling was too coarse to properly resolve them. A second but less intense
frontal zone lies to the north, with a suggestion (see the Grid 2 temperature and sound speed contours in
particular) that the subarctic front bifurcated west of about 143 W into northern and more intense southern
filaments. This determination of the region of the subarctic frontal zone is also borne out by the limits of the
8* and 10° isotherms at 150 m (Roden and Robinson, 1988). The southern limit of the subarctic salinity
front may be defined by the surfacing of the 33.8 psu isohaline (Roden and Robinson, 1988), and on the
inferred surface salinity plot for Grid 2, this lies in the southern portion of the frontal zone as defined by the
8* and 10° isotherms. There is some evidence from the three grids that over the three weeks of the

7




experiment, the meander pushed further south and pinched off into an eddy (see, for example, the
volution at 50 m of the 15° isotherm in the meander over the three grid resolutions).

The second front which is visible In the data, between 34+ - 36°N, may be a northward meander of the
northern subtropical front. its position agrees quite closely with Lynn'’s (1987) observations except that the
temperature range of the frontal region is about 18+ - 20° rather than the 14+ - 17+ quoted above.

Vertical Transects

Temperature contours along the vertical transects flown during each of the three grids are plotted from
the surface to 300 m in Appendices F, H, and M. In addition, temperature extended to the bottom, inferred
salinity and calculated sound speed are plotted from the surface to 5500 m for the second grid in
Appendices |, J, and K. Preceding each collection of figures is a piot of all drop positions, annotated with
the transect numbers which appear in the figure labels.

Flights around the boundary of the region in which the tactical scale modeling was emphasized were
conducted between Grids 1 and 2 and Grids 2 and 3. Temperature contours from 0 - 300 m are piotted for
all four sides of each boundary flight in Appendices G and L.

GEOQOSAT Tracks

Temperature contours from surface - 300 m and surface - 5500 m from each of the three GEOSAT
underflights are presented in Appendices N, O, and P, along with the inferred salinity and calculated sound
speed from the surface to 5500 m. Drop positions are plotted on the charts preceding each collection of
transects.

In all six GEOSAT lines, centered around 40 m is a strong seasonal thermocline to the north of about
37°N. The thermocline region seems to bifurcate south of 37, with a less intense thermocline continuing
at 40 m and a rapid descent of another portion of the thermocline down to greater than 100 m. Signatures
of the subarctic and northern subtropical (?) fronts may be observed around 37°N and 34°N on most of
the transects.
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Figure 6. Uncorrected deep AXBT (DAXBT) isotherm depths versus CTD isotherm depths.
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Figure 7. Corrected deep AXBT (DAXBT) isotherm depths versus CTD isotherm depths.
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Appendix A.

NEPAC Grid 1 (25 - 28 June 1989)

Temperature Contours at Selected Depths
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Appendix B.

NEPAC Grid 2 (6 - 7 July 1989)

Temperature Contours at Selected Depths
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Appendix C.

NEPAC Grid 2 (6 - 7 July 1989)

Inferred Salinity Contours at Selected Depths
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Appendix D.

NEPAC Grid 2 (6 - 7 July 1989)

Computed Sound Speed Contours at Selected Depths
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Appendix E.

NEPAC Grid 3 (17 - 19 July 1989)

Temperature Contours at Selected Depths




(96i) 1axv

I£€ oPo3 TYVON

JANLIONOT
g8¢l—- Oovi— 3Thi— +Vvvi—- 9¥i—- 8¥i—- O0SLl— 2ZSL-
T T q T ] T T T 7 T ﬁ T T _ T T ' on
X = -
rAY
B N
B X 4
, FANE 4 ¥e
4 X
i QFN X\(X, X X N T
X .4 v, SEEEAE FA Sy Y q¢
- g¥ez_X QREPGZEERT [ X |
N 262 |, % x| x X X
{ %X X X L& K B
- < I mmmnmmA o ]
JLEOL Y ITX X X X) I’y %hh 6%97 X
L K X XX X X X X _W@N ]
- Z16& )4 X X vm -
rcox s} ¥ iz b
- &vm L& X X 7
% | X b S89g y
mﬂ O x o
- vmvmhw X X -
- X vamN —
- peoz | -
X
X TAST A4
' ' ' N S L 1 ' s 13 1’44
s8qoid 9G1
(6861 AInr 6l—L1) € PM9 IVdIN

~d Ll —F DO L

06/60/$

07:10:6




(UR° 1 By

JANLIONOT

I€E OPOD TYVON

0'OvL— O0'CvLl— O'v¥l— O'9¥l— 0'8Yl— 0°0SiI— 0°CSI

p—

N | ]

! I

L I

N\ Y ]
Al L
I \/&/M/qmu\\ ]

f\\J
o
AVA 2SN
:./.\\I///;
\\;//////:\L\md_/\\\)////////
- 09 _ { -
NN
— ‘\$m// -
i 4NN :
_;._____._____h__.._...
(2 93Q) 3UNLVYIdANIL SY3IL3IN O

¢

PHO JVdiN

0°0¢

D IFAY

o've

0'9¢

0°8¢

ooty

(V¥4 4

o'vvy

AL ——FFDOuW

Ap' ¢ =xp

£=

06/21/¢

95:8§°L




ISE 9POJ TYVYON

JAN1IONOT =
0'8¢L— O°'Ovl— Q'C¥l— O'v¥l— O'9¥l— O'8Yl— 0°QSL— Q"¢SI—- w
T[T v ] T[T [T [T "] o0¢ 2
L 4 N
! 0°¢¢
w /ms / - £ 1. 0'¥¢
R\ |~ K \ 3
- V\em\\ 1 @
[ \n%./xq \Q [ ] o9e N
NN 1
N \\\,.a\/ B\ ] _ N
VAN N Ie— oge 1 2
= \ S W&M RS
- 4 -
I \ NAN_MHL}\/\,/ . R
/\a«r\(\\/\\;y oov
| TN [ oar
,, TN |
L .
' ' | L [ ' 1 1 ' C.V#
(0 930) JUNLVYIdNIL SY3L3IN Se &
€ PU9 OJVdIN 3




ISE OPOJ TNVON

3ANLIONOT %
0'8T1- 0'0YL- 0°TYi- O'vyl- 0'9Yi- 0'8Yl- 0'0SI- 0'ZSI- 2
L L L DL B N B B MR N NN T ] o0f g
1 o'z
! ,M/M\,W [ b 0¥
I l//./ﬂd /AU D \ \ ] orge N
WSS
. =
Ond ~——
- &W ,,pm A%a A~ 1T
\\m\\\“/\ﬁ,\.\k,ﬁ\/t | oo
yL
5 \\\“///..\\na:‘\\/ A
e © :
s S AT S 0'Z¥
I ]
B N /N ]
___r_____r________._.-o.¢¢
(0 930) F¥NLVYIdNIL S¥3LIN 05 &
¢ PMO JVdIN .




ISE @PO) TYVYON

JANLIONOT g
omn— oo: oN: ovilom: om: oomp onT &
T T T T T T ] oos .w
0°2¢
! /r/M//lv.lt“\\\ L o've
S \NXG A | gae 1
ST /\ VR
n By /\\\ . I W
\»”\ b w/g \ 1 oge L 2
\\N\\\JL}J.: @/”\/ul\\‘( v
R \w . \/\: ~ 1
. Q\\WWHN,, \\// | oor
i \\\./ /TN
\m M} 0°Z¢y
I 1 _ ] 1 — 1 1 _ i 1 — 1 1 _ 1 1 — 1 _!_ AL ] o..v.v
(0 93Q) F¥NLvY3IdNaL SY3ILIN GL 3
¢ PH9 JVdIN &




I£€ opoD TYVYON

JANLIONOT
0'gel— 0°QF¥l— O'CVi—- O'v¥l~ O'9Y1L— 0'8¥Ll— OQSl— 0°Z2Gl—-
W._..__.__._.Tﬂ.4ﬁ. T ] oog
- - 0°¢Z¢
_ i
Sl
& 3
/% w %.#\_\ \\ o'ag N
! Uj \% rU\@ /@wﬂ\ ] 1
- /& = Ny ) |
\\\Mw\\/l\W Za \I\HJ\/NW\%,/ o'ge w
- TINCE RN
L N
\ ] A -
i \ﬂHHHHuHWﬂasn\\\\\;/ ¢
. / 0'Zy
' [ L ' ' ' e T ovy
(2 930) FNLVY3IdNIL S¥313N 001

¢ PMO JVd3IN

g =Ap' g'=xp

06/2V/t

141X




Ie€ OPOJ TYVON
JANLIONOT
omn—l oov-u ouil Ovvi- O'9vl—- omv-l oom-l LA~ B
[ I ._4._.___. | .-oon
0°'¢%¢

— \

[ / s \><\
oo m/ 0'9¢
w/\\ ~uy

[~ o\

| ) /
(ARIESNE

) \ ) AR

; \\/zx\qv — 0'oF

. A/ AN

),

e // 0'Z¥
l——__—_-___%_________-lo-.v*
(0 930) 3yNLVIIdN3L SY3L3IN 0S|

€ PH9 JVd3IN

< —FDaAOuw

Ap* ¢'=xp

£'=

06/24/¢

LL:6SL




I£€ 9P03 TYVON

JANLIONOT
o'gel—- O°0vl— Q'Cvi— O'vvl— O'9VLl— O'8¥IL—- 00GL— QCSL—-
[ T _ T ) —4 T — T T _ T T _ T T _ T T — T 0.0n
0°¢¢
///a 7 0'v¢
2 . -
’ /f/od,\/\ )
2 x J
O \)C.Vo\q y :
) Q 0'9¢
| //L \ ﬁ \ i
&
N TN
e\ N
- ) \v / / 4
| L -
4 = Lo o'o¥
A - %% ]
= \ T -
— = 0°Z¥
s ¥ .
8 VNN _
] (| — 1 [ _ [ 1 _ 1 1 _ 1 1 — 1 1 _ 1 1 r ] o-.v*
(0 930) F¥NLVIIdN3L Sd313N 002

¢ PMO OVdIN

< —=—FDaAau

£ =Ap* ¢'=xp

06/21/¢

0Z:00:8




[ U W T W W s L WY Wy 2 W 0 E W W e Gaan sy’ e ey
1£€¢ opoy T¥VYON
AANLIONOT m
0'8Sl— 0°0Vl— 0'CTVI— O'v¥vi— O'9¥L— O'8¥L— 0'0SL— 0°ZSi— i
[ T 4 T T _ T T _ T T _ T T _ T T _ T T _ T ] Q.on n._m_.
0°Z¢
f 0'¥¢
| /\/ N \ - - a
|~ J \)//\ \ 1 o n
q 0°9¢
50
i /w ¢ 1 1 o
B Q..M\/ ‘s T _ >
! \ - ~ - 0'8s 1 M
VT AN LT ] Y
| m..\/ - 1
i / S 1 .
£ 0°oF
<
1 /m.?\./. “ J
— -
LA 0°Z¥
N // J
e VS —
l- — 1 1 — 1 1 — 1 1 — 1 L — 1 1 _ 1 F— 1 ] o-*v
(0 93Q) I¥NIvY3dNal S34313N 062 m
¢ PH9 JVdIN 5




I£€ 9POJ TNVYON

JaN1IONO1
0°'8CL— 00VI— QCVi— O'v¥l— Q'9¥i— 0'8YL— 00SL— 0°ZS!-—
T _ T T _ T T _ T T _ LI T — T T _ T 1 7 o.on
i ]
0°2¢
L 4
+u| B /AL\ i
i //// QO //r://<\\\\ !
N f\w ML i
I \/\ AT ] .
[ \\ \;«...\ d ] VI ] 0'8¢
- \ d .
2 L~ 4
— S 0'Z¥
— -
| ' o N T T P T o'vy
(2 93Q) 3¥NLvIIdNIL SY¥3LIN 00€

¢ PMO JOVd3IN

4 ~—F DOl

Ap* ¢-=xp

£=

06,/21/2

20:208




[ G W W T T R T N P WU S —
1€€ oP0Y TNYON
3ANLIONQT =
0'8SL— 0'O¥L— 0'Z¥L— O'¥¥l— Q'9¥l— Q'8¥L— O0'0SL— 0°ZS)— o
.... _ T T _ T T — T T _ T T _ T T _ T ﬂ_ T o.on l-m.
N i o
0'Z¢
\ 0'¥<
RN / 1 3
B S~ % r\ } d
" \/\ ™~ \ \ 4
X \ o-a¢ M
i 1 1 N
B ¥ ] ! s
I 2 O ) - 1 ®
A 1 /\ / v °
B \?.a u T
- / ;
4 [, N o'o¥
i / \ |
= / -
‘ N | ozr
- NN ,
IL —L’ _\r- 1 _ 1 1 — 1 _%. 1 _ 1 L —L!g o-.vv
(0 930) I¥NLVIIdNAL SY3LIN 00¥ 3
¢ PMO JVdIN o




I€¢ opod TYVON

JANLIONOT
0'8¢l— QOvi—- Q'C¥I—- O'v¥l— O'9¥l— O'8¥1— O0°0SL— 0°2SI—
[ LA A LI L L J‘jd LA LI I LR B Q.Qn
) YA
- ]
ﬁ \/ o've
B //} B} V/T\\\ B}
Mm. 0'9¢
- w 7 -
ST f ]
! -\ | oes
- < / ..n. /l\ E
R
S VA -
4 0'0¥
L ﬁ/\ -
\E@/ o'Zy
] | I " P ' 1 i ] o'vy
(2 930) 3¥NLVYIdNIL Sd313IN 00S

¢ PHO JVd3N

g =hp' ¢'=xp

06/21/T

< —-—FFDOuw

ly:£0:8




T —m

I£€ OPO) THVYON

JANLIONOT =
0'8¢€L— O'0¥L~ QCZVI— O'v¥l— Q'9¥l— O'8¥l—- Q°0SL— O°ZSLl- r.
T T T[T [ T[T ] T "] oog ,w
’ .
VA
! ]
B i
I ]
~ o've
B S ) m
I L/ oeg N
I @N ] 1 5
B d &‘ 7 | >
, . ] oge L 3
- .\../l\w o’ . o8t < °
B 4 / i 1
[ 1AN ] o'ov
i ]
//
- \ .
l~ _L \r_ 1 1 _ ] —\rh l _ 1 1 _ 1 bL _l o-v*
(0 930) WNLVYIdWIL SYILIN 009 3
¢ PLO OJVdiN B




ITE 9PC) TVON

JANLIONOT
0'3¢L— O'OvL— O'CvLl— O'vvi— O'9¥Ll—~ O0'8Vl— 0°QSL—- 0°CSI—

LI I 1 7 LA LA U L T O-Oﬂ
072t
o've
0'9¢

i 0'8¢

_u s
1, \\J 0'0¥

— » —
I L \— 1 L _ 1 1 _ 1 1 _ 1 L — 1 1 — ] 1 — A o-.vv

(0 93a) I¥NLvYIdNIL S¥313W 00L

¢ PHUO JVdAN

Lt —FDO LW

Ap' ¢ =xp

£'=

06/t1/t

T1:50°8




e e e e e

Appendix F.

NEPAC Grid 1 (25 - 28 June 1989)

Temperature Contours along Selected Vertical Transects

Surface to 300 m
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Appendix G

NEPAC Boundary Flight 1 (30 June 1989)

Vertical Temperature Contours along All 4 Sides

Surface to 300 m
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Appendix H.

NEPAC Grid 2 (6 - 7 July 1989)

Temperature Contours along Selected Vertical Transects

Surface to 300 m
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Appendix I.

NEPAC Grid 2 (6 - 7 July 1989)

Temperature Contours along Selected Vertical Transects

Surface to 5500 m
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Appendix J.

NEPAC Grid 2 (6 - 7 July 1989)

Inferred Salinity Contours along Selected Vertical Transects

Surface to 5500 m
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Appendix K

NEPAC Grid 2 (6 - 7 July 1989)

Calculated Sound Speed Contours along Selected Vertical Transects

Surface to 5500 m
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Appendix L

NEPAC Boundary Flight 2 (12 July 1989)

Vertical Temperature Contours along All 4 Sides

Surface to 300 m
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Appendix M

NEPAC Grid 3 (17 - 19 July 1989)

Temperature Contours along Selected Vertical Transects

Surface to 300 m

195




1£€ opo3 TYVON

JANLIONOT
g¢l—- Oo¥it—- <evi— Vv¥i—- 9¥i—- 8¥I— QGL—- ZS1-
T _ 1) T _ T T _ T T — T T _ T T — T T ~ T On
(9c1) 18XV x | ]
PAY
i x i
[ v X . 1 49
oz f X 3
- 6C o peeg 7 a
L X & Z X X, X X v ] :
K XX &n XENX :mN X » q¢ L
5 .m;u X -
L x| @6 x ] x X mMMNX " - _ 2
i X X X X|[x xﬁmA 5 ] g
3562 m_w%mw&,wwwc L, e or L 3
. i X xx xxxx xxcx M« K, 6%92Z _mwm ] v
Zle& X X ) i
,T nn&&mmen gz XX - 1
X
3| X . dew
m* %Uc X<4 o*
- vm L X X 1
- X mamu -
I sz, ]
X X
X ,m_fmm Zy
I 4182 N ]
' L1 1 ' ' ' P 1A 4
saqold 9g| g
3

(6861 AInr 6L—L1L) ¢ PH9 JIVJd3N




I£T 8pO0) TYVON

. o.mw—l m.hwpl o.mwpl m.wwpl o.ww_l m.m_v_,l ONOT
I 1 1 i T 1 T 1 1
AY G'LS Q'8¢ G'8¢ 0'6¢ G'6¢€ 0'0v coy v
(W) 3ONVY e
oSy 00tv 0S¢y 00¢ 0Ge 00¢ oSt 001 as g ..M
-x — T T -x — -X T ‘/A LI T VA- — -KE/?d L) -VA— L] V/\- ﬂ L] -VA- T —x T -/\ ﬁ-W’\% con lm.
w»
W
H
12
d g
i3
a
\ o
S (ry
[¢,]
GZ'8¥ 1 —‘00°LS (£142-10£2) ©—8 XOV¥L € Qa9 0S'SYiL—‘SLor ¢

(0 6ep) seunipiedwe| peaiesqQ




L€E Opo) TYVYON

. m.n_v |- o.nw (e m.mwpl o.ﬁq - m.nw b= _ ONO1
n._mn o.wn m._mn o.wn m._mn o.wn n._mn o.Mv d IR A
(AM) J9NVY
oSt ooV 0S¢ 00¢ 062 00¢ L3l 001 ($1% 0
L] L] L —X#- _x— T 1 -VA Cal con
06¢
coz W
H
1
oSt d
3
a
001
- ﬁ_-. 1
b N
SLLY1—-'0G°9¢% (S2L2-¥142) 9-8 MIVYL € Q9 ST'SYL-'GT OF

(3 Bep) seunjoiedwe] pemsesqQ

AP'6L=xp

g =

06/60/2

W JAYA ]




I£E€ OPo) TYVON

(VA AR S'avi-— o'gvi- g'syi- 0'Syil— OSNOI
| - | 1 | A ]
T 1 I 1 1 1 I L B
c'9¢ [ A G'LE 0'8¢ G'ge 0‘6¢ G'6¢ vl
(W) 3JONVY 2
10]1)7 0S¢ 00¢ 0se aoe oLy 001 Qs 0 m
3
W
H
TN
d 8
33
a
@
o
YAVA A AL~ [ (9€£42-92£2) 92—8 MOoviL ¢ Qly9 00's¥i—-‘sL68

(o Bep) seunypiedwe] peasesqQ




IST oPo) TYVON

m.wwpl o.mﬁpl m.mwpl o.ﬁll m.vwrl | ANOT
o.wn m._wm. o._hn m._mn o._mn m._mn o._mn m._mn _ IRA
(W)) 39NVY
o[~rA 00¢ oSt
TN
W
H
1
d
3
a
o Al
¢ &
(9082-85£2) P-8 MOVilL € QId9 ST YY1 —'GL 6S

05'9¥1-°00'9¢

(o bep) seunjpiedwe; peasesqQ

Ap‘6L=xp

g =

06/60/2

70:06:61




o.m_t L= m.val
1

I€E oPo) TYVYON

o°Le WAY 08¢ G'e¢

G'6¢ v

0ot

0se

00¢

0s1

0ot

00°9Y 1 —*GL’SE

(5182-L082) P—J MOVil £ QIO
(0 Bep) seunipiedwe] peasesqQ

AN

0S'¢¥1-'05°6¢

m.n.# = ONOT
L

Quwa kI =

AP°6 L =xp

g =

06/60/2

LT1G61




I€E OPO) TYVYON

\ oﬁwpl méwpl oéw_l mﬁwpl oﬁ%—l INOT
I T T T T 1 1 ] 1
G°‘Ge 0°9¢ G'a¢ QLS G'LE 0°'8¢ G'8¢ 0°6¢ IR A
(W) 39NVY

0

0s¢e

0[474

LV
T 7/N

— T

G¢ 00¢
— ¥ TINT L] — P& 1 t % L L L
/\na\v\1

owa - I =

SZ'SY1-'0S'S¢E

[T Ny
(9282-9182) 9-2 MOV¥L € QW9
(0 bep) seunypuedwse] pemesqQ

00°¢¥Y1—'ST 6%

=xp

S =AP'6i

06/60/2

16:25:S 1




LEE OPO) TYVON

_ m.v_:l o.vﬁpl m.an o.nwpl n.N_il INOT
I T 1 T T T 1 T 1
G'Ge 0'9¢ c'9¢ (O FAY C'LE 0'8¢ G'ge 0'6¢ I
(N)) 39NVY 3
00z ©
6 L3
1]
3]
W
H
12
d 8
38
a
T - i
N ...! i
& g |
o

SLvY1—-‘GT SE (L£82—LT8T) 9-D MOV¥L ¢£ QI¥9 052V 1—-'00°6¢
(0 Bep) seunipiedwe] pealesqQ




I€E oPOD TYVON

L o.vw_l m.nw—l o.nw—l m.Nw—l o.N_v_l ONOT
o.Mm m.wn o._wn m._wn o.wn m..\.n o._mn m._mn 1
(W)) 39NVY 2
007t 0S¢ 00¢ 0Ge 00¢ QG1 00l oS 0 ..M
il y . p 4 - p 00¢ 2
]
0¢¢e
ooz W
H
1 &
oSl d 8
38
a
001
0sS
0 -
@
&
SZ¥P1—‘00'SE (2162-1062) P—2d MXOViL § Qi¥9 00'cvi-‘os'gs  °

(o Bep) seunypiedwe] peasesqQ

AEmam— e ———— S SEEEER RN W N W W O UIND T I W a1 y AR y




1S€ ©POJ THVON

. m.m_v (e o.nw l— m.N._.. (R c.um~ |— 18 __v L= 9NO1
1 T T 1 T T 1 1
G've 0'G¢e G'G¢e 0°'9¢ G'9¢ VA GLS 0'8¢ LA
(W)) I9NVY
oSy 00v 0S¢ 00¢ 0se 00¢ oSt 001 oS (0] o5
NS NL Ny c

3L -
’-—/-\J-——\/- T T  UN

0s?e

0oe¢

oSt

0ol

SLeY1-'0S've

B
(y262-€16Z) 9-2a MOVY¥L € QId9
(0 Bep) seunipiedwe] peasssqQ

0S Iy -'S2 8¢

Awa+-I =

Ap'6L=xp

e =

06/60/¢

8O:LG:GH




I€E ©PO) TNVON

SZvi- RAA R S'lylL- o' Ivi- Sov - INO1
T T q_ 1 _ 1 1 1  { . { '._
G've 0°'6¢ G'6¢ 0°'9¢ G'g¢ 0°'LS G'LS A
¥
©
gog 3
]
(1[+14
ooz W
H
oSt Mm
2
1 s
ad
ool
T 0 -
P ] 2
o b >
oS Ty I—'sZve Gmmwlmwmﬁ 9-240 MOoVvdl ¢ Qly9 GTO¥L—-'SL LS -

(0 bBep) seunipiedwe) peasesqQ

F R R A ] R a—— [ W W W W WD WA T UWaD O T O U O W e



1€¢ 9po) TYVYON

. o._.._v—l m.ow_,l o.owpl m.m‘_n_.l | SNOT
f T T T H 1
g'ee ove S'v¢ 0°'Ge GGe 09 v 0°'LS vl
(W) 39NVY 2
oSt 00Y 0S¢ ©
| 00¢ G
w
0s?Z
ooz W
H
1 e
oSt d 8
33
a
oot
L _IH__l\ 1 T T L T __ T 1 __— ° -
N N N N N N N N N N N [
o
AR Ao [ ol Amﬁmmlnmmmu P—2d MOVl ¢ aiy¥9 ST 6¢1—'GC LS -

(0 6ep) seunipiedwe] peatssqQ




Appendix N

First GEOSAT Undertlight, 28 June 1989

Vertical Contouis
Temperature: Surface to 300 m and Surface to 5500 m
Inferred Salinity: Surface to 5500 m
Calculated Sound Speed: Surface to 5500 m
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Appendix O.

Second GEOSAT Undertlight, 30 June 1989

Vertical Contours
Temperature: Surface to 300 m and Surface to 5500 m
Inferred Salinity: Surface to 5500 m
Calculated Sound Speed: Surface to 5500 m
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Appendix P

Third GEOSAT Underflight, 11 July 1989
Vertical Contours
Temperature: Surface to 300 m and Surface to 5500 m
Inferred Salinity: Surface to 5500 m

Calculated Sound Speed: Surface to 5500 m
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