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INTRODUCTION

The area near Point Arguello has long been recognized as a location of strong
upwelling. A tongue of biologically active waters was observed in the earliest studies of
this region (Sverdrup and Allen, 1939). More recently, satellite estimates of chlorophyll by
the Coastal Zone Color Scanner (CZCS) on Nimbus-7 have shown the presence of this
tongue emanating from Point Arguello in nearly all images off southern California (e.g.,
Smith and Baker, 1982; Atkinson et al., 1986). This feature is apparently not unique to the
Point Arguello region. Similar structures are evident from CZCS and infra-red images near
other major points and capes along the west coast of North America (e.g., Abbott and
Zion, 1985). Along the central and southern California coast, the tongue off Point Arguello
is the largest in spatial extent and the most persistent. The Organization of Persistent
Upwelling Structures (OPUS) program was developed with the goal of understanding the
relationship between the circulation and planktonic processes in this upwelling region
extending southward from Point Arguello.

After a small OPUS pilot study in spring 1981 (see Brink et al., 1984, for a summary)
a modest program, OPUS-83 (see Atkinson et al., 1986), was funded by the National Science
Foundation with the specific objectives of 1) characterizing the physical and biological
oceanographic setting in the region within roughly 40 km of Point Arguello; 2) examining
the dynamical features of upwelling in this region; 3) obtaining design information for a
possible major future OPUS field effort; and 4) achieving some preliminary understanding of
the ecosystem dynamics in this region. The field work for OPUS-83 was completed in
April and May 1983. This particular time period was selected in order to observe the
physical and biological variability during the first few days after the seasonal transition
from weak to strong upwelling, the so-called "spring transition" (e.g., Huyer et al., 1979;
Brink et al., 1984; Strub et al., 1987; Lentz, 1987). Fortuitously, the OPUS-83 field study
was also conducted during a very unusual warming event in the California Current
(Simpson, 1983). The sea surface temperatures observed along the California coast during
winter and spring of 1983 were the highest recorded since 1958-59. This 1983 warming was
related to the major El Nino occurrence in the tropical Pacific Ocean.



OPUS-83 was an interdisciplinary program which included physical, chemical and
biological measurements repeated at regular intervals on a fixed sampling grid. The
hydrographic observations (CTD and XBT) are summarized in two data reports. This report
is Volume 1 which contains a detailed background and summary of the OPUS program,
summaries of the sampling, calibration and data processing procedures, and vertical
profiles of temperature, salinity, and ;. Volume 2 contains vertical sections and horizontal
maps at selected depths of temperature, salinity and G,.

Other components of OPUS-83 included drifters deployed at a number of different
locations approximately once per week during the field study (Davis and Regier, 1984;
Atkinson et al., 1986). A total of 72 drifters were drogued at 0.5 m and 19 drifters were
drogued at 25 and 50 m depths. The tracks of deeper drifters show a strong similarity to
those of the 0.5 m drifters.

Near-surface wind stress and sea surface temperature were sampled approximately
every two days from aircraft. A summary of these measurements is given in Caldwell et
al. (1986). These observations provide a characterization of the wind forcing in the OPUS
region and a detailed description of the spatial structure of the sea surface temperature
field.

During the first 24 days of the field program (Legs 1 and 2), current velocity was
sampled continuously during the CTD and XBT surveys at 10 minute averaging intervals
(nominally 2.5 km horizontal resolution) with an on-board Acoustic Doppler Current
Profiler (ADCP). The range gates on the ADCP were set to sample every 6 m vertically
from 20 m to a depth of 150-200 m (depending on particle concentrations in the deeper
water). A description of the ADCP data is given in Barth and Brink (1986).

In addition to this extensive array of physical measurements, numerous measurements
were made to support the biological components of the OPUS program. These consisted
primarily of nutrient measurements (nitrate, ammonia, nitrite and silicate) and surface
zooplankton (30 minute sample interval) sampled approximately every 3 days during XBT
surveys of the full OPUS survey region. Zooplankton net tows to 200 m depth were
regularly conducted at an inner and an outer station and occasionally a middle station
along G line (see Figs. 2 and 5). Primary productivity measurements were made at the
inner station along G line at daily intervals. 4
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BACKGROUND

The California Current has been intensively studied by CalCOFI since 1949 in the
region extending approximately 500 km offshore between San Francisco and the southern
tip of Baja California. Since its conception, this sampling program has been primarily
fisheries motivated with a goal of understanding the underlying principles governing
behavior, availability and total abundance of the major pelagic fish stocks in the California
Current. The most extensive CalCOFI data sets are the zooplankton, temperature and
salinity measurements. Over the 35-year period from 1950 to 1984, CalCOFI collected
approximately 30,000 zooplankton net tows and 21,000 hydrographic profiles.

The CalCOFI sampling grid is relatively coarse with a nominal grid spacing of 74 km
(somewhat closer over the continental shelf and slope regions). Many of the CalCOFI grid
points were occupied very infrequently over the 34-year sampling period. The 150 dots
shown in Fig. 1 correspond to the grid points occupied 40 or more times between 1950 and
1984. It is apparent that only the very large-scale spatial structure of the variability can
be addressed by this coarse grid. In addition to coarse spatial resolution, the grid points
shown in Fig. 1 were generally occupied, at most, only once per month; frequently,
successive observations at a given grid point were separated by several months. It is
therefore apparent that the CalCOFI data are also appropriate only for studies of long
time-scale variability.

The seasonal variability of the flow at the surface and at 200 m (relative to 500 m)
has been determined by Reid et al. (1958), Wyllie (1966) and Chelton (1984). A comprehen-
sive discussion of the Wyllie seasonal maps is given in Hickey (1979). Although these
various studies are based on different quantities of data and different methods of defining
the seasonal cycle, they all result in a consistent picture of the large-scale seasonal
variability. The flow in the offshore region is equatorward throughout the year everywhere
from San Francisco to southern Baja California and is strongest in the summertime. Within
the nearshore 50-100 km there is a seasonal reversal in the surface flow; the flow is
poleward from September through February but equatorward during the remainder of the
year. When this poleward surface flow extends north of Point Arguello, it is generally
referred to as the Davidson Current. The seasonal surface flow during the month of April
is shown in Fig. 1.
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FIG.1 Seasonal average geostrophic flow at the sea surface relative to 500 db for the
month of April. Contours are dynamic height in meters and dots correspond to
locations of CalCOFI grid points occupied 40 or more times between 1950 and
1984.
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At depths below 150 m, the flow in the offshore region is weak and equatorward year
round and the nearshore flow is generally poleward year round with weakest flow in late
winter and early spring. During the spring and summertime this poleward flow at depth is
in opposition to the nearshore equatorward surface flow (the California Undercurrent).

Within the Southern California Bight there is not sufficient historical data to resolve
reliably the seasonal variability of the flow with any detail. Calculation of the surface
geostrophic velocity relative to 400 m between the nearest inshore pair of stations along
CalCOFI line 87 (running directly offshore from Los Angeles) indicates that the flow is
poleward during all months except March (when it is zero). Elsewhere in the Southern
California Bight there are few stations in water deeper than a few hundred meters.
Consequently, the spatial structure of the flow in this region cannot be directly determined
from the CalCOFI data. The flow in deeper water can be extrapolated to the shallow
nearshore regions (e.g., Reid and Mantyla, 1976) but the validity of this extrapolation
technique has not yet been conclusively demonstrated.

Nonseasonal physical and biological variability in the southern California Current has
been examined by Chelton et al. (1982) and Roesler and Chelton (1987). The variability is
dominated by very low frequency (interannual) fluctuations in the large-scale flow. During
time periods when the generally equatorward flow is stronger than normal, the zooplankton
biomass is anomalously high. Correspondingly, weaker than normal equatorward transport
results in abnormally low zooplankton biomass. Evidence is presented in Roesler and
Chelton (1987) indicating that the zooplankton variability north of Point Arguello is
controlled by advection of zooplankton biomass. Farther south, variations in zooplankton
biomass become progressively more controlled by nutrient advection and changes in
environmental conditions associated with alongshore advection.

The low frequency variations in the flow of the California Current and the zooplank-
ton biomass are uncorrelated with local and basin-wide wind forcing in the North Pacific.
They are, however, significantly correlated with El Nino occurrences in the eastern tropical
Pacific (Chelton et al., 1982; Roesler and Chelton, 1987). From analyses of low frequency
sea level variations at coastal tide gauge stations from Mexico to Alaska (Chelton and
Davis, 1982, Enfield and Allen, 1980), there is evidence for poleward propagation of the El
Nino signal. It therefore appears that there is a northern hemisphere counterpart to the
classical southern hemisphere El Nino signal along the west coast of South America. The
biological response of this climatological signal off California is similar to that off Peru



and Ecuador, although not nearly as dramatic: several months after the occurrence of El
Nino in the eastern tropical Pacific, there is a decrease in zooplankton biomass off
California.

The resolution of the CalCOFI data is somewhat coarse spatially and temporally to
examine ecosystem dynamics over time scales shorter than seasonal. Detailed studies of
shorter-time variability require an alteration in the sampling strategy. The region around
Point Arguello is particularly suitable for such studies because this is a dynamic region of
recurring upwelling and high spatial and temporal variability, thus providing a large number
of "realizations" of coupled physical and biological structures.

The region around Point Arguello is intriguing oceanographically because it represents
the boundary between two very different circulation regimes. To the north the coastline is
relatively straight and the bottom topography is simple (see Fig. 2). The winds in this
region are strong and equatorward during the spring and summer, driving a generally
equatorward surface flow. By comparison, the region to the south and east of Point
Arguello (the Southern California Bight) has very complex bottom topography with numer-
ous islands (the Channel Islands) and submerged banks, ridges and canyons. The spring-
time winds are weak and the surface flow is generally poleward in this region. Present
understanding of the circulation in the area near Point Arguello where the equatorward
flow from the north and poleward flow from the south converge is very limited and
incomplete.

The only detailed studies of this region consist of a pair of cruises in 1964 (reported
in Reid, 1965). Hydrographic surveys were conducted in January and June on an ap-
proximately 15 km grid over the region within roughly 150 km of Point Arguello. The
January and June pictures of the flow differ in a number of major respects (see Fig. 3).
The January 1964 flow is much simpler with nearshore poleward surface flow within
approximately 100 km offshore of the Channel Islands. The flow in the region farther
offshore is weak and equatorward. The subsurface flow pattern is remarkably similar with
maximum nearshore poleward velocity at about 150 m depth.

By comparison, the June 1964 flow is much more complex, dominated by eddy variabil-
ity and meandering. The surface flow is equatorward everywhere except within the
Southern California Bight (inshore of the Channel Islands). The core of the southward
flowing California Current separates from the coast and turns southwestward at Point
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FIG.2 Map of OPUS and surrounding region with 200 m and 500 m bottom contours.
Dots indicate locations of CalCOFI grid points and the OPUS A-, G- and C-lines
are labelled.



-

Flow ot the surfoce

22 j2r 120° ey 1220 2r 1200 T4

T T T T T T Y

a7
Flow ot 150m dse F / Flow ot 150m dssr
Jonuary 1964 June 1964
3
e | e
A ]

" 1 N . N . n N . 1

122° 12 |‘zcr riad -OJIY 122 2 120° -t

o}
g
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Arguello. At depths below 150 m, the flow within about 50-75 km of the coast and
Channel Islands is poleward (the California Undercurrent), in opposition to the surface
flow. Farther offshore the subsurface flow is equatorward everywhere as in the near
surface region. '

There are several questions left unanswered from the 1964 surveys of the Point
Arguello region. Firstly, a description of the flow over the continental shelf and upper
slope is lacking. Reliable calculation of geostrophic flow in this region is limited to areas
in water deeper than 500 m. This excludes the inshore 30 km around Point Arguello which
appear to be the most active biologically. Thus the source water for the upwelling "plume"
at Point Arguello cannot be reliably determined from existing data. Furthermore, the
dominant time and space scales of variability in the region near Point Arguello cannot be
determined from historical data. The 1964 hydrographic surveys indicate the presence of
variability over spatial scales not adequately sampled by the usual CalCOFI 74 km grid.
The 15 km sample spacing in the 1964 surveys are rich in meanders and eddy-like features
(especially the June data). Closer sample spacing is required to determine the spatial
resolution required to resolve the complex hydrographic variability in this region.

Another important limitation of all past surveys of the Point Arguello region is the
lack of a complete set of biological measurements in coordination with a detailed physical
sampling program. Thus, physical and biological coupling cannot be resolved from existing
data over the short space and time scales that are likely to be important.

Finally, no detailed hydrographic surveys have been conducted during the spring-
time. A recent study of the historical CalCOFI data base by Chelton (1984) suggests that
there may be important differences between the seasonal norm flow field in April and June.
The seasonal average flow in April along a cross section running offshore from Point
Arguello looks similar to that in June. The nearshore surface flow is weak and equator-
ward with the core southward flow centered about 100-150 km offshore. During June the
poleward undercurrent extends at least as far northward as San Francisco. However,
during April and May this strong poleward undercurrent is not seasonally present along a
section across the California Current only 200 km north of Point Conception (see Fig. 4).
The CalCOFI sampling at grid points in the region between these two sections is too sparse
to determine the poleward extent of the undercurrent. Furthermore, the relation between
this strong undercurrent and the flow over the shelf and upper slope is unknown.
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FIG.4 Seasonal average alongshore component of geostrophic velocity in cm/sec (positive
poleward) for the month of April along two sections across the California
Current, one off Point Arguello and the other off Point Sur (200 km north of
Point Arguello). Dots correspond to center points of geostrophic velocity
calculations (midway between pairs of hydrographic stations).
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SAMPLING STRATEGY

In order to answer the questions summarized in the previous sections, horizontal and
vertical distributions of the physical and biological variables must be resolved synoptically
on appropriate spatial and temporal scales. These scales were estimated from the 1981
OPUS pilot experiment (Brink et al., 1984) to be 4-6 km cross-shelf, 20 km alongshelf, with
a temporal scale of 3-5 days. The OPUS-83 field program was designed and carried out
with these objectives and spatial scales in mind.

Hydrographic section were occupied repeatedly to provide data to resolve the temporal
evolution of distributions in several vertical planes. The locations of these sections were
chosen to account for areas of input or export of waters by advection and to provide a
map covering the area of intense upwelling. Along each section, stations were located 3.2
km apart. The offshore extent of the sections was chosen to strike a compromise between
large spatial coverage and rapid (near-synoptic) sampling of the survey area. The OPUS-83
hydrographic sampling program was based primarily on the A, G and C lines shown in Figs.
2 and 5. The A line runs approximately 35 km offshore directly west of Point Arguello.
The C line runs approximately 30 km across the western end of the Santa Barbara Channel
directly south of Point Conception. These two lines mark the boundaries of the intensive
OPUS study region. The G line bisects the OPUS region and runs approximately 50 km
offshore in a southwestward direction from the source of the upwelling "plume" frequently
observed between Points Arguello and Conception.

The OPUS region was surveyed in three legs over the 36-day period from 5 April to
10 May 1983. A log of the ship operations is given in Table 1. Sampling was based on a
6-day repeat cycle consisting of the following (times in parentheses correspond to ap-
proximate number of hours to complete):

1.  CTD section along G line (approx. 18 hrs.)

2. XBT and sea surface temperature (SST) map of entire OPUS region
(approx. 24 hrs.)
CTD section along A line (approx. 12 hrs.)
CTD section along G line (approx. 18 hrs.)
CTD section along C line (approx. 12 hrs.)
XBT and sea surface temperature map of entire OPUS region (approx.
24 hrs.)

AR
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FIG.5. Detail map of the OPUS survey region. Bathymetry contours are in meters.
Locations of the A-, AG-, G-, GC- and C-lines are shown on the map. CTD
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lines. XBT profiles were collected at approximately 3.2 km spacing along all five
lines.
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Table 1. Log of XBT and CTD profiles during the three legs of OPUS-83.

LEG 1
Dates (1983) Transect Sequential Map
& Times (GMT) Type,Name Station Station Type &
Start Stop & Number Names Numbers Number Comments

4/5 0625- 4/6 0235 CTD Gl-G17 1-17
4/6 0912 Gl 18

@
[t

4/6 1138- 4/6 1246 XBT A-1  Al-A6 19-24  XBT Map 1 CTD @ Al
4/6 1330- 4/6 1517 XBT AG-1 AGl-AG7  25-31  XBT Map 1 CTD @ AGl
4/6 1555- 4/6 1800 XBT G-1  Gl-G9 32-40  XBT Map 1 CTD @ Gl
4/6 1845- 4/6 2102 - XBT GC-1 GCl-GC8  41-48  XBT Map 1 CID @ GCl
4/6 2206- 4/6 2405 XBT C-1  Cl-C8 49-57  XBT Map 1 CTD @ Cl
CTD & XBT @ C8
4/7 0205- 4/7 1135 CID A-1  Al-Al10  58-67  CTD Map 1
4/7 1505- 4/8 1533 CID G-2  Gl-G18  68-85  CTD Map 1
4/8 2055- 4/9 0510 CTD C-1  Cl-C8 86-93  CTD Map 1
4/9 1220- 4/9 1438 XBT C-2  Cl-C8 94-101 XBT Map 2 CTD @ Cl
4/9 1526- 4/9 1736 XBT GC-2 GCl-GC8  102-109 XBT Map 2 CID @ GCl
4/9 1813- 4/9 2139 XBT G-2  Gl-G11  110-125 XBT Map 2 CID @ Gl,5 XBTs

between G8,G9
AG1-AGS8 126-133 XBT Map CTD @ AGl
Al-A8 134-141 XBT Map 2 CTD @ Al
G1l-G12 142-153
Al-A8 154-161 XBT Map 3 CTD @ Al

N

4/9 2210-4/10 0031  XBT
4/10 0211-4/10 0430  XBT
4/11 0421-4/11 2102  CTD
4/12 0127-4/12 0312  XBT

%PCPP%‘;
WwWwwN N

4/12 0349-4/12 0616  XBT AG- AG1-AG8  162-169  XBT Map 3 CTD @ AGl
XBT @ AG4 failed

4/12 0710-4/12 1004 XBT G-3 G1-G12 170-181 - XBT Map 3 CTD @ G1
4/12 1042-4/12 1251 XBT GC-3 GCl-GC10 182-191 XBT Map 3 CTD @ GCl
4/12 1432-4/12 1653 XBT C-3 €1-C10 192-201 XBT Map 3 CTD @ Cl
4/12 1852-4/13 0224 CTD A-2  Al-A8 202-209  CTD Map 2

4/13 0546-4/13 1950 CTD G-4 G1-G12  210-221  CTD Map 2

4/14 0010-4/14 1024 CTD C-2 C1-Cl0 222-231 CTD Map 2

4/14 2311-4/15 0050 XBT A-4  Al-A8 232-239  XBT Map 4 CTD @ Al
4/15 0125-4/15 0312  XBT AG-4 AGl-AG8  240-247 XBT Map 4 CTD @ AGl
4/15 0424-4/15 0721 XBT G-4 G1-G12  248-259 XBT Map &4 CTD @ Gl

XBT @ G2 failed
1 XBT between
G9 & G10
-4 GC1-GC10 260-269 XBT Map 4 CTD @ GCl
4

4/15 0807-4/15 1012  XBT G
Cl-C10  270-279 XBT Map 4 CTD @ Cl

C
4/15 1140-4/15 1344  XBT G-




Table 1.

2

(continued)

14

Dates (1983) Transect Sequential Map
& Times (GMT) Type,Name Station Station Type &
Start Stop & Number Names Numbers Number Comments
4/18 1732-4/19 1006 CTD G-5 Gl-G12 280-291
4/19 1420-4/19 1925 XBT U-1 Ul-Ula 292-305 XBT Map 5 CTDs @ Ul,Ul4
' (same as C9,A8)
4/19 2003-4/20 0156 XBT V-1 V1-v13 306-318 XBT Map 5 CTDs @ V1,V13
(same as C7,A7)
4/20 0224 C6 319 XBT Map 5
4/20 0247-4/20 0759 XBT W-1 Wl-wll 320-330 XBT Map 5 CTDs @ W1,Wll
(same as C5,A5)
4/20 0836 A4 331 XBT Map 5
4/20 0856-4/20 1152 XBT X-1 X1-X10 332-341 XBT Map 5 CTDs @ X1,X10
(same as C3,A3)
4/20 1224-4/20 1600 C2,Cl,GC1 342-347 XBT Map 5 all CTDs
Gl1,AG1,Al except C2
4/20 2344-4/20 0626 CTD A-3 Al-A8 348-355 CTD Map 3
4/21 0948-4/22 0039 CTD G-6 G1l-G12 356-367 CTD Map 3
4/22 0659-4/22 1619 CTD C-3 Cl-Cl0 368-377 CTD Map 3
4,22 2101-4/22 2310 XBT C-5 Cl-C10 378-387 XBT Map 6 CTD @ Cl
4/23 0019-4/23 0217 XBT GC-5 GC1-GC10 388-397 XBT Map 6 CTD @ GC1
XBT @ GC2 failed
4/23 0300-4/23 0548 XBT G-5 G1-G12 398-409 XBT Map 6 CTD @ G1
4/23 0627-4/23 0846  XBT AG-5 AG1-AG8 410-417 XBT Map 6 CTD @ AGl
4/23 1013-4/23 1146 XBT A-5 Al-A8 418-425 XBT Map 6 CTID @ Al
XBT @ AS failed
4/23 1513-4/23 1805 CTD P-1 P1-P8 426-433 XBT Map 6 All CTDs
4/24 0219-4/24 1828 CTD G-7 G1-G12 434-445
4/25 0127-4/25 0334  XBT C-6 C1-C10 446-455 XBT Map 7 CTD @ Cl
4/25 0411-4/25 0617  XBT GC-6 GC1-GC10 456-465 XBT Map 7 CTD @ GCl1
4/25 0702-4/25 0929 XBT G-6 G1l-G12 466-477 XBT Map 7 CID @ G1
4/25 1007-4/25 1153  XBT AG-6 AG1-AG8 478-485 XBT Map 7 CTD @ AGl
4/25 1320-4/25 1519 XBT A-6 Al-A8 486-493 XBT Map 7 CTD @ Al
4/25 2108-4/26 0357 CTD A-4 Al-A8 494-501 CTD Map 4
4/26 0823-4/26 2145 CTD G-8 Gl1-G12 502-513 CTD Map 4
4/27 0150-4/27 1312 CTD C-4 Cl1l-Cc10 514-523 CTD Map 4
4/28 0721-4/28 0852 XBT A-7 Al-A8 524-531 XBT Map 8 CTD @ Cl1
4/28 1022-4/28 1157 XBT AG-7 AG1-AG8 532-539 XBT Map 8 CTD @ AGl
4/28 1227-4/28 1506 XBT G-7 G1-G12 540-551  XBT Map 8 CTD @ Gl
4/28 1549-4/28 1742 XBT GC-7 GC1-GCl0 552-561 XBT Map 8 CTD @ GC1
XBT @ GC3 failed
4,28 1817-4/28 2033  XBT C-7 C1l-C10 562-571 XBT Map 8 CTD @ Cl
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Table 1. (continued)

LEG 3
Dates (1983) Transect Sequential Map
& Times (GMT) Type,Name Station Station Type &
Start Stop & Number Names Numbers Number Comments

5/2 1510- 5/3 0501 CTD G-9 Gl1-G12  572-583

5/3 0935- 5/3 1123 XBT A-8 Al-A8 584-591 XBT Map 9 CTD @ Al

5/3 1246- 5/3 1421  XBT AG-8 AGl-AG8 592-599 XBT Map 9 All XBTs

5/3 1439- 5/3 1714 XBT G-8 G1-G12 600-611 XBT Map 9 All XBTs
XBT @ G3 failed

5/3 1758- 5/3 2004  XBT GC-8 GCl-GCl0 612-620 XBT Map 9 All XBTs

5/3 2037- 5/3 2230 XBT C-8 Cl1-C10 621-630 XBT Map 9 All XBTs

5/4 0054- 5/4 0952 CTD A-5 Al-A8 631-638 CTD Map 5

5/4 1931- 5/5 0816 CTD G-10 Gl-Gl2 639-650 CTD Map 5

5/5 1422- 5/5 2343 CTD (-5 Cl1-C10 651-660 CTD Map 5

5/6 0426- 5/6 1240 CTD P-2 P1-P10 661-670 XBT @ P10
XBT @ P9 failed

5/6 1646- 5/6 1833 XBT A-9 Al-A8 671-678  XBT Map 10 All XBTs

5/6 1952- 5/6 2132  XBT AG-9 AGl-AG8 679-686 XBT Map 10 All XBTs

5/6 2151- 5/7 0039 XBT G-9 G1-G12 687-698 XBT Map 10 All XBTs

5/7 0130- 5/7 0355 XBT GC-9 GCl-GC1l0 699-708 XBT Map 10 All XBTs

5/7 0429- 5/7 0620 XBT C-9 Cl1-C10 709-718 XBT Map 10 All XBTs

5/7 1934- 5/8 0235 CTD A-6 Al-A8 719-726

5/8 0607- 5/8 1425 CID G-11 Gl-G7 727-734 Station 730 failed
Line discontinued
due to heavy seas

5/9 1533- 5/9 1709 CTD G-12 G1l-G3 735-737 Line discontinued
due to heavy seas

5/9 1845- 5/9 2034 XBT C-10 Cl1-Cl0  738-747 All XBTs

5/10 0212-5/10 0417 XBT H-1 H1-H10 748-758 XBT @ H10 failed

5/10 1412-5/10 1646 CTD G-13 Gl-G4 759-762 XBT @ G4

Line discontinued
due to heavy seas
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7.  Deployment of drifters and/or occasional XBT or CTD sampling of
region to the north or east of the OPUS area (approx. 36 hrs.)
This 6-day repeat cycle was closely maintained throughout the 36-day field program with
some modification during the final week due to poor weather.

The CTD profiles along A, G and C lines were made to the bottom or 500 m (which-
ever was shallower) in all cases. The casts included discrete samples of oxygen, nutrients
and phytoplankton at standard depths. The XBT and SST mapping was conducted along
five lines oriented in a "spoke pattern” with hub centered between Points Arguello and
Conception (Fig. 5). Three of these lines coincided with the A, G and C base lines of the
CTD surveys and the other two (the AG and GC lines) bisected the regions between the
three base lines. XBT profiles during mapping were measured to a depth of 200 m.
Generally, a CTD measurement was made at the nearest inshore station on each line during
the XBT surveys (see Table 1).

In summary, totals of 446 XBT profiles and 308 CTD profiles were measured in OPUS-
83. CTD sections were made approximately every three days along G line (12 transects)
and approximately every six days along A and C lines (6 and 5 transects, respectively).
XBT and ship-based SST maps of the OPUS area were made approximately every three days.
The A, AG, G and GC lines were sampled by XBTs nine times each and C line was sampled
ten times by XBTs. Thus, temperature along the three base lines (A, G and C) was
sampled to at least 200 m depth approximately every 1.5 days by either CTD or XBT.
There were totals of ten complete XBT maps and five complete CTD maps of the OPUS
survey region.

SAMPLING METHODS
CTD Casts

CTD casts were taken at each hydrographic station on the A, G, and C lines during
the CTD transects and at the inner stations of the A, AG, G, GC, and C lines during XBT
mapping runs. The depth of the cast extended to 500 m or the bottom, whichever was
shallower. Sample casts taken to 700 m indicated that deep casts would extend the
station time much longer than that deemed acceptable for a quasi-synoptic section and not
lead to a significantly improved understanding of the circulation in the region around Point
Arguello.
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Continuous vertical temperature, conductivity and pressure data were obtained with a
Neil Brown Mark V CTD. Data acquisition was controlled by an interactive HP-9825T
micro-computer interfaced with a printer, plotter, video display terminal, and dual floppy
disk drives. All data from both down and up casts were stored on disk. Temperature
versus depth was plotted real-time and salinity versus depth was plotted immediately after
the cast. The printer and video display terminal enabled the controller to monitor
temperature, salinity, and depth values at any point in the cast. The Neil Brown CTD
sampled approximately 5 points per second. During a typical cast the unit was lowered at
30 m/min in the upper 200 m and at 50 m/min between 200-500 m and was raised at 50
m/min during the upcast. Downcast data were processed as described in the next section
to obtain vertical profiles of temperature and salinity. Upcast data were recorded for
backup purposes.

Discrete samples of dissolved oxygen, nutrients, chlorophyll, and phytoplankton were
taken at standard depths using rosette-mounted 1.7 liter Niskin bottles. Samples were
collected during the upcast of the CTD. Bottle salinities and temperature were obtained
for calibration purposes whenever possible. Dissolved oxygen and nutrient samples were
processed by Dr. B. Jones at the University of Southern California.

XBT Casts

During mapping, XBT probes (T-10 probes to 200 m) were launched at each CTD
hydrographic station on the A, G and C lines and at 3.2 km increments on the AG and GC
lines. These locations were reoccupied during all maps except Map 5. Map 5 was run
with sections parallel to the coast but included as many of the standard stations as
possible. The objective of this mapping run was to evaluate the effectiveness of a more
uniform sampling grid. This sampling pattern required approximately a 50% increase in
survey time over the A, AG, G, GC and C line pattern and was not used in any of the
later surveys.

On Leg 1, 5 April-15 April, XBT data were read from the Sippican XBT chart recorder
immediately after the cast and recorded on paper. Later they were merged with station
header information on the same HP-9825T system used for the CTD. The operator recorded
the depth at which each 0.5°C change occurred and enough data to duplicate any other
features such as inversions or mixed layers. The data from the chart that were recorded
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on paper and the values entered in computer files were compared to assure that data
transfer was accurate. On Legs 2 and 3, the XBT recorder was linked directly to the
HP-9825T. Voltages (proportional to temperature) and time (proportional to depth) were
recorded real-time. The algorithm provided in the Sippican manual was used to compute
temperature and depth values. Each XBT profile was plotted after the cast; the operator
then had the option of deleting extraneous values to create a new "cleaned up" file.
Typically, the depths of each 0.1°C change and inflection points were retained. The
shortened data file was plotted overlaying the initial data plot and visually checked for
erTors.

DATA CALIBRATION AND PROCESSING
CTD Data

The Neil Brown Mark V CTD was calibrated by Neil Brown Instrument Systems, Inc.
before the first leg and immediately following the third leg. The post-cruise tests showed
that all deviations from the initial calibration prior to the cruise were well within specifi-
cations. Bottle salinities were taken within well-mixed layers, mostly at depth, but also at
surface and intermediate layers. The suitability of the layer for a calibration sample was
judged by the CTD operator using the printout of data during the four minute reversing
thermometer soak and at stops for Niskin bottle sampling. Salinities and reversing
thermometer temperatures were used to check for drift of temperature and salinity during
the cruise. No drift or deviations were detected, consequently no corrections were applied
to the Neil Brown CTD data.

The raw CTD downcast data were averaged over 1 m depth intervals. In most cases
this averaging eliminated any "spikes" in the data which could occur when passing through
strong vertical temperature gradients. These spikes are introduced in the salinity calcula-
tion because the response time of the CTD thermistor is slower than that of the conduc-
tivity probe. Any spikes which remained after the 1 m depth averaging were smoothed by
manual editing of the data. In calculating the 1 m depth averages, the first step was a
"depth-latch". This step sorted the downcast data to eliminate measurements made during
upward excursions of the CTD related to ship motion. The data were then averaged, for
example, between 0.5 and 1.5 m to produce the 1 m value.
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XBT Data

The XBT temperature and depth profiles were obtained using the digitizing procedure
described in the previous section. Because of chart and probe response times, the tempera-
tures shallower than 3 m are unreliable. Thus, 3 m is generally the first value recorded in
the XBT data sets. The data were plotted (temperature versus depth) and compared with
the chart profile and data recorded on paper. Any discrepancies were resolved and the
data corrected. XBT temperatures at 3 m were compared with bucket temperatures
throughout the cruise as a first-order calibration check. No major differences were noted.

DATA PRESENTATION

The OPUS-83 hydrographic data are summarized in two volumes. Volume 1 contains a
listing of all XBT and CTD station locations and times and plots of temperature, salinity
and o, profiles. Volume 2 contains a listing of all XBT and CTD station locations (same as
Volume 1), temperature, salinity and O, sections, and temperature, salinity and G, maps.
All contouring in the vertical sections and maps was done objectively using an automatic
contouring routine based on Laplacian interpolation. The contour plots included in these
reports were not smoothed in any way. We give here a few brief comments on each of the
data products.

Volume 1

1.  Listing of XBT and CTD stations. For each OPUS-83 CTD and XBT station, relevant
information about the station, time, and location is given in tabular form. This informa-
tion includes sequential cast number, OPUS line and station number, data type (XBT or
CTD), sequential XBT or CTD transect number for the particular OPUS line (if applicable),
sequential XBT or CTD map number (if applicable), date and time (GMT), latitude, lon-
gitude, water depth and maximum sample depth of the profile.

2.  XBT temperature profiles. Profiles are presented for all of the 446 XBT casts during
the OPUS-83 field program. The XBT profiles are grouped six stations per page. A table
of the profiles included is given at the beginning of this section of the report. Included

in the table for cross reference is the OPUS-83 sequential cast number of each profile, the
corresponding OPUS line and station number, XBT transect number for the particular line
(if applicable), and XBT map number (if applicable). This information, along with the date
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and time of the profile, is also included in the title for each plot. Because of the large
number of XBT profiles, data listings are not included.

3.  CTD temperature, salinity and o, profiles. Profiles are presented for all of the 308
CTD casts during the OPUS-83 field program. The CTD profiles are grouped two stations
per page, with temperature, salinity and 6, shown for each station. A table of the profiles
included is given at the beginning of this section of the report. Included in the table for
cross reference is the OPUS-83 sequential cast number of each profile, the corresponding
line and station number, CTD transect number for the particular line (if applicable), and
the CTD map number (if applicable). This information, along with the date and time of the
profile, is also included in the title for each set of temperature, salinity and o, profiles.
Because of the large number of CTD profiles, data listings are not included.

Yolume 2

1. Listing of XBT and CTD stations. This is the same listing included in Volume 1 of
the OPUS-83 hydrographic data reports.

2.  XBT temperature sections. Vertical sections of temperature measured by XBTs along
each transect of the A, AG, G, GC, C, and H lines are presented for depths from the sea
surface to 500 m. A table of the plots included is given at the beginning of this section

of the report. The date of the transect, consecutive XBT transect number (if applicable),
and XBT map number (if applicable) are included in the title for each temperature plot.

For easy reference, a map of the station locations in the transect is included in the lower
left corner of each plot. In all sections, the contour interval is 0.5°C.

The plots are ordered by line number, with each transect of a given OPUS line shown
sequentially. Note that the XBT profiles extended only to a depth of 200 m so the deeper
half of each XBT section is blank. The full 500 m depth range was included to allow cross
comparison with CTD sections which extended to the full 500 m depth.

3. CTD temperature, salinity and o, sections. Vertical sections of temperature, salinity,
and o, measured by CTDs along each transect of the A, G, C, and P lines are presented
for depths from the sea surface to 500 m. A table of the plots included is given at the
beginning of this section of the report. The date of the transect, consecutive CTD

transect number (if applicable), and CTD map number (if applicable) are included in the



21

title for each temperature, salinity and o, plot. For easy reference, a map of the station
locations in the transect is included in the lower left corner of each plot. The contour
intervals used are 0.5°C for temperature, 0.1°/-. for salinity and 0.2 for Gy

The plots are ordered by line number and then by consecutive transect number.
Thus, temperature, salinity and o, for a particular transect of a particular OPUS line are
shown sequentially. These are followed by temperature, salinity and o, sections for the
next consecutive transect of the particular OPUS line.

4.  XBT temperature maps. Maps of temperature are presented at depths of 10 m, 25 m,
50 m, 75 m, 100 m, 150 m, and 200 m for each of the ten OPUS-83 XBT maps. Plots at
deeper depths are not possible since the XBTs sampled only to 200 m depth. A table of
the plots included is given at the beginning of this section of the report. This is followed
by a table of the XBT (and in some cases CTD) casts included in each map. The date of
the map and consecutive XBT map number are included on each plot. For depths from 10
m to 100 m a contour interval of 0.2°C is used. In the 150 m and 200 m maps, where
horizontal temperature gradients are weaker, intermediate contours are included as dashed
lines.

The plots are ordered by map number with temperature maps at all depths for a given
map number shown sequentially. Each set of temperature maps for a specific XBT map
number is preceded by a map showing the station locations (with sequential cast number
labelled) overlayed on a bathymetry map of the OPUS region. This map is plotted on the
same scale as the temperature maps and can thus be copied and overlayed on the tempera-
ture maps to provide a measure of the reliability of features seen in the maps (i.e., the
distance separating the features from observations). It should be noted that the OPUS-83
five line "spoke-like" sampling pattern used in the XBT maps introduces larger errors in
the offshore region (where stations are separated by larger distances alongshore) than in
the nearshore region.

5. CTD temperature, salinity and G, maps. Maps of temperature, salinity, and o, are
presented at the same depths as the XBT maps (10 m, 25 m, 50 m, 75 m, 100 m, 150 m,

and 200 m) and at 250 m and 300 m for each of the five OPUS-83 CTD maps. A table of
the plots included is given at the beginning of this section of the report. This is followed
by a table of the CTD casts included in each map. The date of the map and consecutive
CTD map number are included on each plot. For maps from 10 m to 100 m, the contour
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intervals used are 0.2°C for temperature, 0.06 °/. for salinity, and 0.06 for Oy For

deeper maps, where horizontal gradients are weaker, intermediate contours are shown as
dashed lines.

The plots are ordered by map number and then by depth. Thus, temperature, salinity
and o, maps for a particular depth and particular CTD map number are shown sequentially.
These are followed by maps of temperature, salinity and G, for the next deeper depth of
the particular CTD map number. Each set of temperature, salinity and 6, maps for a
specific CTD map number is preceded by a map showing the station locations (with
sequential cast number labelled) overlayed on a bathymetry map of the OPUS region. This
map is plotted on the same scale as the temperature, salinity, and 6, maps and can thus
be copied and overlayed on the CTD maps to provide a measure of the reliability of
features seen in the maps (i.e., the distance separating the features from observations). It
is important to emphasize that the OPUS-83 three line "spoke-like" sampling pattern used
in the CTD maps introduces potentially large errors in the offshore regions. This radial
sampling pattern is too coarse to pinpoint accurately the axis of upwelling structures
emanating from the Point Arguello/Point Conception region. In fact, if a narrow jet-like
feature was present between the A and G or between the G and C lines, it might not be
apparent at all in the CTD maps.
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LISTING OF XBT AND CTD STATIONS
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130 AGS xbt XBT AG-2 XBT 2 83 4 9 2330 34.457 120.763 528 200
131 AG6 xbt XBT AG-2 XBT 2 83 4 9 2336 34.432 120.793 593 200
132 AG7 xbt XBT AG-2 XBT 2 83 4 9 2400 34.398 120.843 796 200
133 AG8 xbt XBT AG-2 XBT 2 83 4 10 30 34.353 120.885 850 200
134 A8 xbt XBT A-2 XBT 2 83 4 10 206 34.580 120.960 651 200
135 A7 xbt XBT A-2 XBT 2 83 4 10 236 34.580 120.920 563 200
136 A6 xbt XBT A-2 XBT 2 83 4 10 248 34.580 120.880 366 200
137 A5 xbt XBT A-2 XBT 2 83 4 10 300 34.580 120.842 382 200
138 A4 xbt XBT A-2 XBT 2 83 4 10 324 34.580 120.800 151 151
139 A3 xbt XBT A-2 XBT 2 83 4 10 342 34.580 120.760 102 102
140 A2 xbt XBT A-2 XBT 2 83 4 10 400 34.580 120.722 72 72
141 Al ctd XBT A-2 XBT 2 83 4 10 430 34.580 120.682 36 32
142 Gl ctd CTD G-3 83 4 11 418 34.530  120.595 36 31
143 G2 ctd CTD G-3 83 4 11 500 34.507  120.608 73 63
144 G3 ctd CTD G-3 83 4 11 548 34.487 120.635 91 82
145 G4 ctd CTD G-3 83 4 11 848 34.467 120.648 192 191
146 G5 ctd CTD G-3 83 4 11 948 34.422 120.672 406 405
147 G6 ctd CTD G-3 83 4 11 1112 34.383 120.697 494 479
148 G7 ctd CTD G-3 83 4 11 1242 34.367  120.717 549 503
149 G8 ctd CTD G-3 83 4 11 1412 34.338 120.740 664 501
150 G9 ctd CTD G-3 83 4 11 1536 34.312 120.763 691 498
151 G10 ctd CTD G-3 83 4 11 1812 34.285 120.788 722 474
152 Gl11 ctd CTD G-3 83 4 11 1942 34.253 120.807 749 500
153 G12 ctd CTD G-3 83 4 11 2100 34.228 120.827 777 497
154 A8 xbt XBT A-3 XBT 3 83 4 12 124 34.580 120.960 609 200
155 A7 zxbt XBT A-3 XBT 3 83 4 12 148 34.580 120.920 548 200
156 A6 xbt XBT A-3 XBT 3 83 4 12 200 34.580 120.880 362 200
157 A5 xbt XBT A-3 XBT 3 83 4 12 212 34.580 120.842 377 200
158 A4 xbt XBT A-3 XBT 3 83 4 12 230 34.580 120.800 142 142
159 A3 xbt XBT A-3 XBT 3 83 4 12 242 34.580 120.760 93 25
160 A2 xbt XBT A-3 XBT 3 83 4 12 254 34.580 120.722 81 81
161 Al ctd XBT A-3 XBT 3 83 4 12 312 34.580 120.682 38 37
162 AGl ctd XBT AG-3 XBT 3 83 4 12 348 34.543 120.643 46 41
163 AG2 xbt XBT AG-3 XBT 3 83 4 12 430 34.517 120.675 92 92
164 AG3 xbt XBT AG-3 XBT 3 83 4 12 442 34.498 120.697 135 135
166 AGS5 xbt XBT AG-3 XBT 3 83 4 12 506 34.455 120.762 475 200
167 AG6 xbt XBT AG-3 XBT 3 83 4 12 524 34.432 120.795 585 200
168 AG7 xbt XBT AG-3 XBT 3 83 4 12 542 34.395 120.845 771 200
169 AG8 xbt XBT AG-3 XBT 3 83 4 12 612 34.362 120.890 897 200
170 G122 xbt XBT G-3 XBT 3 83 4 12 706 34.225 120.827 795 200
171 Gl11 xbt XBT G-3 XBT 3 83 4 12 730 34.253 120.807 769 200
172 G10 xbt XBT G-3 XBT 3 83 4 12 742 34.282 120.785 694 200
173 G9 xbt XBT G-3 XBT 3 83 4 12 800 34.312 120.753 658 200
174 G8 xbt XBT G-3 XBT 3 83 4 12 812 34.338 120.738 603 200
175 G7 xbt XBT G-3 XBT 3 83 4 12 824 34.367 120.722 548 200
176 G6 xbt XBT G-3 XBT 3 83 4 12 836 34.395 120.698 475 200
177 G5 xbt XBT G-3 XBT 3 83 4 12 854 34.423 120.675 366 200
178 G4 xbt XBT G-3 XBT 3 83 4 12 906 34.452 120.652 225 200
179 G3 xbt XBT G-3 XBT 3 83 4 12 924 34.493 120.647 93 93
180 G2 xbt XBT G-3 XBT 3 83 4 12 942 34.507 120.608 72 72
181 Gl ctd XBT G-3 XBT 3 83 4 12 1000 34.530 120.590 36 33
182 GC1 ctd XBT GC-3 XBT 3 83 4 12 1042 34.495 120.520 36 31
183 GC2 xbt XBT GC-3 XBT 3 83 4 12 1106 34.467 120.538 67 67
184 GC3 xbt XBT GC-3 XBT 3 83 4 12 1118 34.438 120.558 113 113
185 GC4 xbt XBT GC-3 XBT 3 83 4 12 1130 34.407 120.582 298 200
186 GCS5 xbt XBT GC-3 XBT 3 83 4 12 1142 34.383  120.600 375 200
187 GC6 xbt XBT GC-3 XBT 3 83 4 12 1154 34.350 120.617 485 200
188 GC7 =xbt XBT GC-3 XBT 3 83 4 12 1206 34.318 120.638 472 200
189 GC8 xbt XBT GC-3 XBT 3 83 4 12 1218 34.290 120.657 530 200
190 GC9 xbt XBT GC-3 XBT 3 83 4 12 1236 34.262 120.675 593 200
191 GCO xbt XBT GC-3 XBT 3 83 4 12 1248 34.233 120.693 638 200
192 C10 =xbt XBT C-3 XBT 3 83 4 12 1430 34.142 120.470 85 85
193 C9 xbt XBT C-3 XBT 3 83 4 12 1454 34.175 120.470 130 130
194 C8 xbt XBT C-3 XBT 3 83 4 12 1506 34.208 120.470 208 200
195 C7 xbt XBT C-3 XBT 3 83 4 12 1524 34.242 120.470 459 78
196 C6 xbt XBT C-3 XBT 3 83 4 12 1542 34.275 120.470 424 200
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560

563

564

566
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570
571
585
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588
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OPUS Station A7
OPUS Station A8
OPUS Station AG8
OPUS Station AG7
OPUS Station AG6
OPUS Station AGS

OPUS Station AG4
OPUS Station AG3
OPUS Station AG2
OPUS Station G2
OPUS Station G3
OPUS Station G4

OPUS Station G5
OPUS Station G6
OPUS Station G7
OPUS Station G8
OPUS Station G9
OPUS Station G10

OPUS Station G11
OPUS Station G12
OPUS Station GCO
OPUS Station GC9
OPUS Station GC8
OPUS Station GC7

OPUS Station GC6
OPUS Station GC5
OPUS Station GC4
OPUS Station GC2
OPUS Station C2
OPUS Station C3

OPUS Station C4
OPUS Station C5
OPUS Station C6
OPUS Station C7
OPUS Station C8
OPUS Station C9

OPUS Station C10
OPUS Station A2
OPUS Station A3
OPUS Station A4
OPUS Station AS
OPUS Station A6

XBT Transect A-7
XBT Transect A-7
XBT Transect AG-7
XBT Transect AG-7
XBT Transect AG-7
XBT Transect AG-7

XBT Transect AG-7
XBT Transect AG-7
XBT Transect AG-7
XBT Transect G-7
XBT Transect G-7
XBT Transect G-7

XBT Transect G-7
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XBT Transect G-7
XBT Transect G-7
XBT Transect GC-7
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XBT Transect GC-7

XBT Transect GC-7
XBT Transect GC-7
XBT Transect GC-7
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XBT Transect C-7
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XBT Transect C-7
XBT Transect C-7
XBT Transect C-7
XBT Transect C-7
XBT Transect C-7
XBT Transect C-7

XBT Transect C-7
XBT Transect A-8
XBT Transect A-8
XBT Transect A-8
XBT Transect A-8
XBT Transect A-8

XBT Map 8
XBT Map 8
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Cast 630
Cast 670
Cast 671

OPUS Station A7
OPUS Station A8
OPUS Station AG8
OPUS Station AG7
OPUS Station AG6
OPUS Station AG5

OPUS Station AG4
OPUS Station AG3
OPUS Station AG2
OPUS Station AG1
OPUS Station G1
OPUS Station G2

OPUS Station G4
OPUS Station G5
OPUS Station G6
OPUS Station G7
OPUS Station G8
OPUS Station G9

OPUS Station G10
OPUS Station G11
OPUS Station G12
OPUS Station GC0O
OPUS Station GC9
OPUS Station GC8

OPUS Station GC7
OPUS Station GC6
OPUS Station GC4
OPUS Station GC3
OPUS Station GC2
OPUS Station GC1

OPUS Station C1
OPUS Station C2
OPUS Station C3
OPUS Station C4
OPUS Station C5
OPUS Station C6

OPUS Station C7
OPUS Station C8
OPUS Station C9
OPUS Station C10
OPUS Station P10
OPUS Station A1

XBT Transect A-8
XBT Transect A-8
XBT Transect AG-8
XBT Transect AG-8
XBT Transect AG-8
XBT Transect AG-8

XBT Transect AG-8
XBT Transect AG-8
XBT Transect AG-8
XBT Transect AG-8
XBT Transect G-8
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XBT Transect C-8
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XBT Transect C-8
XBT Transect C-8
XBT Transect C-8

XBT Transect C-8
XBT Transect C-8
XBT Transect C-8
XBT Transect C-8
CTD Transect P-2
XBT Transect A-9
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OPUS Station AG3
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OPUS Station G8
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OPUS Station G10
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OPUS Station GCO
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OPUS Station GC2
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OPUS Station C1
OPUS Station C2
OPUS Station C3
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XBT Transect A-9
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XBT Transect A-9
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OPUS Station C6
OPUS Station C7
OPUS Station C8
OPUS Station C9
OPUS Station C10
OPUS Station C1

OPUS Station C2
OPUS Station C3
OPUS Station C4
OPUS Station C5
OPUS Station C6
OPUS Station C7

OPUS Station C8
OPUS Station C9
OPUS Station C10
OPUS Station H11
OPUS Station H9
OPUS Station H8

OPUS Station H7
OPUS Station H6
OPUS Station HS
OPUS Station H4
OPUS Station H3
OPUS Station H2

OPUS Station H1
OPUS Station G4

XBT Transect C-9
XBT Transect C-9
XBT Transect C-9
XBT Transect C-9
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XBT Transect C-10
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CTD Transect G—1
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STATION A4 CAST 21
6 April 1983 1200 GMT
XBT Transect A-1

XBT Map 1
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STATION A8  CAST 19
6 April 1983 1138 GMT

XBT Transect A—1
XBT Map 1

TEMPERATURE
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STATION A3  CAST 22
6 April 1983 1212 GMT

XBT Transect A-1
XBT Map 1

TEMPERATURE
6.0 10.0 15.0

-/

200

300 i~

20.0

STATION AS CAST 20
6 April 1983 1142 GMT
XBT Transect A—-1
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STATION A2 CAST 23
8 April 1983 1224 GMT
XBT Transect A—-1

XBT Map 1
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STATION AGR CAST 26
6 April 1983 1354 GMT
XBT Transect AG—1
XBT Map 1
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STATION AGSH CAST 29
8 April 1983 1442 GMT
XBT Transect AG—1
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STATION AG3 CAST 27
6 April 1983 1406 GMT
XBT Transect AG—1
XBT Map 1
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STATION AGS8 CAST 30
8 April 1983 1454 GMT
XBT Transect AG-—1
XBT Map 1
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STATION AG4 CAST 28
6 April 1983 1418 GMT
XBT Transect AG-1
XBT Map 1
TEMPERATURE
5.0 10.0 15.0 20.0
100
200
300 -
400 —
500 —
STATION AG? CAST 31
6 April 1983 1512 GMT
XBT Transect AG—1
XBT Map 1
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STATION GO  CAST 32
1554 GMT

68 April 1983
XBT Transect G—1
XBT Map 1

TEMPERATURE
6.0 10.0 15.0
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STATION G8 CAST 35
1636 GMT

8 April 1983
XBT Transect G—1
XBT Map 1

TEMPERATURE
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STATION GB  CAST 33
6 April 1983 1612 GMT

XBT Transect G—1
XBT Map 1

TEMPERATURE
6.0 10.0 15.0
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STATION G5  CAST 36
6 April 1983 1654 GMT

XBT Transect G—1
XBT Map 1
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STATION G7  CAST 34

6 April 1983 1824 GMT
XBT Transect G-1
XBT Map 1
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STATION G4 CAST 37
6 April 1983 1708 GMT
XBT Transect G—1

XBT Map 1

TEMPERATURE
6.0 10.0 16.0 20.0

100 -

200 |-




STATION G3 CAST 38
8 April 1983 1718 GMT
XBT Transect G—1

XBT Map 1

TEMPERATURE
6.0 10.0 16.0 20.0
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STATION GC3 CAST 43
8 April 1983 1942 GMT
XBT Transect GC—1

XBT Map 1
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STATION G2 CAST 39
6 April 1983 1730 GMT
XBT Transect G-1

XBT Map 1
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STATION GC4  CAST 44
68 April 1983 2000 GMT

XBT Transect GC—1
XBT Map 1

TEMPERATURE
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6 April 1983 1930 GMT
XBT Transect GC—1

XBT Map 1
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STATION GC5 CAST 45
6 April 1983 2012 GMT
XBT Transect GC—1
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STATION GC8
6 April 1983
XBT Transect GC-1
XBT Map 1
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STATION C8 CAST 49
6 April 1983 2208 GMT
XBT Transect C-1
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XBT Transect GC-1
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STATION C7 CAST 51
6 April 1983 2248 GMT
XBT Transect C—1
XBT Map 1
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STATION GC8 CAST 48
6 April 1983 2100 GMT
XBT Transect GC-1

XBT Map 1

TEMPERATURE
6.0 10.0 16.0 20.0

100 -

200

300~

600 -

STATION C8 CAST 52
6 April 1983 23068 GMT
XBT Transect C-1

XBT Map 1
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STATION C5 CAST 53
6 April 1983 2318 GMT
XBT Transect C-1

XBT Map 1

TEMPERATURE
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STATION C2 CAST 56
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TEMPERATURE
5.0 10.0 15.0 20.0
100 -
200 —
300
400 |~
600 —

100 -

200

300 —

600 *-

STATION C4 CAST 54
68 April 1983 2330 GMT
XBT Transect C-1
XBT Map 1

TEMPERATURE
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STATION C8 CAST 94
9 April 1983 1218 GMT
XBT Transect C-2
XBT Map 2
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STATION C3 CAST 55
6 April 1983 2342 GMT
XBT Transect C-1
XBT Map 1

TEMPERATURE
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STATION C7 CAST 95
9 April 1983 1248 GMT
XBT Transect C—2
XBT Map 2

TEMPERATURE

6.0 10.0 156.0 20.0

300




STATION C8 CAST 96
9 April 1983 1300 GMT
XBT Transect C—2

XBT Map 2

TEMPERATURE
6.0 10.0 15.0 20.0
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STATION C3 CAST 99
9 April 1983 1400 GMT
XBT Transect C-2

XBT Map 2
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STATION C5 CAST 97
9 April 1983 1318 GMT
XBT Transect C-2

XBT Map 2
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STATION C2 CAST 100
9 April 1983 1408 GMT
XBT Transect C—-2
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STATION C4 CAST 98
9 April 1983 1336 GMT
XBT Transect C—-2

XBT Map 2

TEMPERATURE
6.0 10.0 15.0 20.0

100

200

300 |~

600 -

STATION GC2 CAST 103
9 April 1983 1548 GMT
XBT Transect GC—-2

XBT Map 2
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STATION GC3 CAST 104
9 April 1983 1608 GMT
XBT Transect GC-2

XBT Map 2
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STATION GC8 CAST 107
9 April 1983 1648 GMT
XBT Transect GC—2

XBT Map 2
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STATION GC4 CAST 105
9 April 1983 1618 GMT
XBT Transect GC-2

XBT Map 2

TEMPERATURE
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STATION GC7 CAST 108
9 April 1983 1708 GMT

XBT Transect GC-2
XBT Map 2

TEMPERATURE
6.0 10.0 16.0 20.0
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STATION GC5 CAST 106
9 April 1983 1836 GMT
XBT Transect GC—2 :
XBT Meap 2
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600 -

STATION GC8 CAST 109
9 April 1983 1736 GMT
XBT Transect GC—-2

XBT Map 2

TEMPERATURE
6.0 10.0 15.0 20.0

300 —~

500 —



STATION G9 CAST 110
9 April 1983 1812 GMT
XBT Transect G—2

XBT Map 2

TEMPERATURE
6.0 10.0 15.0 20.0

100 -
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600 -~

STATION GBA CAST 113
9 April 1983 1918 GMT

XBT Map 2
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STATION G10 CAST 111
9 April 1983 1842 GMT
XBT Transect G-2

XBT Map 2
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STATION G8B CAST 114
9 April 1983 1918 GMT

XBT Map 2
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STATION G11 CAST 112
9 April 1983 1800 GMT
XBT Transect G—2

XBT Map 2
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STATION G8C CAST 115
9 April 1983 1924 GMT
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STATION G8D CAST 116

9 April 1983 1942 GMT
XBT Map 2
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STATION G7 CAST 119
9 April 1983 2018 GMT
XBT Transect G—2
XBT Map 2
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STATION GB8E CAST 117

9 April 1983 1948 GMT
XBT Map 2
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STATION G6 CAST 120
9 April 1983 2036 GMT
XBT Transect G—-2
XBT Map 2
TEMPERATURE
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300

STATION GB CAST 118

9 April 1983 2000 GMT
XBT Transect G—2
XBT Map 2
TEMPERATURE
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STATION G5 CAST 121
9 April 1983 2048 GMT
XBT Transect G—2
XBT Map 2
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STATION G4 CAST 122
9 April 1983 2100 GMT
XBT Transect G-2

XBT Map 2
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STATION AG2 CAST 127
9 April 1983 2248 GMT
XBT Transect AG-2

XBT Mep 2
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STATION G3 CAST 123
9 April 1983 2112 GMT
XBT Transect G—2
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XBT Map 2
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STATION AG3 CAST 128
9 April 1983 2300 GMT

XBT Transect AG—2

200 ~
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XBT Map 2
TEMPERATURE
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STATION G2 CAST 124
9 April 1983 2130 GMT
XBT Transect G—-2

XBT Map 2
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STATION AG4 CAST 129
9 April 1983 2318 GMT
XBT Transect AG—2

XBT Map 2
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STATION AG5 CAST 130 STATION AGB CAST 131 STATION AG?7 CAST 132
9 April 1983 2330 GMT 9 April 1983 23368 GMT 9 April 1983 2400 GMT
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