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I. INTRODUCTION AND BACKGROUND

The Pacific Outer Continental Shelf (OCS) Regional Office of the Minerals
Management Service (MMS) is sponsoring a year-long project entitled "Coastal
Circulation Along Washington and Oregon" as part of the MMS Environmental
Studies Program. The overall purpose of this project is to provide an assessment
of the extent of the existing state of knowledge concerning the physical
oceanographic environment, especially with regard to continental shelf/slope
circulation in Washington/Oregon coastal waters, and to determine where this
knowledge base resides. Envirosphere Company, under contract to MMS, is
conducting this study.

As an important step in this project, the Workshop on Coastal Circulation Along
Washington and Oregon was held on February 8-9, 1988, in Seattle, Washington,
in order to draw upon the expertise of investigators who have performed physical
oceanographic research in this region, or are otherwise familiar with the existing
data sets. Prior to the workshop, a Discussion Paper (included as Appendix A of
this report) was prepared by Envirosphere and distributed to the invited
participants, with the intent being to help focus the major issues to be discussed at
the workshop. The Discussion Paper provides background information on the
MMS Environmental Studies Program and the oceanographic setting of the
region. It also raises four issues for discussion, which are considered to be central
to the MMS program in the Washington/Oregon Planning Area. These are:

1)  The state of knowledge of oceanic circulation off Washington and Oregon;
2) The adequacy of the existing knowledge base in meeting MMS requirements;
3) Identification of significant information gaps; and

4) Integration with other environmental disciplines.

The results from this workshop will form a basis from which Envirosphere will
proceed in describing the existing state of knowledge with regard to oceanic
circulation along Washington and Oregon. Also of importance, however, will be
the presentation of these workshop results and recommendations at the
Conference/Workshop on Recommendations for Studies in Washington and
Oregon Relative to Offshore Oil and Gas Development, an MMS-sponsored public
meeting to be held on May 23-25, 1988, in Portland, Oregon. Physical oceanography
will be one of several environmental disciplines in which discussions will be held
concerning the present state of knowledge and the identification of information
gaps relevant to potential environmental impacts of oil and gas development in
the Washington/Oregon Planning Area.




The list of participants at the workshop is given in Appendix B. This group
provided a cross-section of present and past investigators from several
universities, government agencies, and private consulting firms. Moreover,
representatives were present from the pertinent oceanographic specialization areas
and related disciplines (e.g., coastal dynamics, descriptive oceanography, data

- management, numerical modeling, satellite oceanography, coastal meteorology).

The workshop agenda is shown in Figure 1. The workshop was organized
primarily to foster group discussion and participation With the exception of
presentations by the MMS representatives concerning MMS objectives, plans, and
oil spill risk analysis modeling efforts during the morning of the first day, no
formal presentations were made. The afternoon of the first day was structured as a
discussion of the extent and variety of existing data sets collected in past
experlments and an assessment of the state of knowledge of major physical
processes in the region. Building upon the information exchange of the first day,
the discussions on the second day provided the participants with the opportunity
to subjectively address the adequacy of the existing knowledge base with respect to
MMS environmental impact assessment needs, with special emphasis on the area
of numerical modeling. Fmally, the participants were invited to make
recommendations and raise additional questions that they felt to be important
regarding present and future OCS environmental studies.
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Morning:

Afternoon:

5, 4

AGE.ND.A ate

Workshop on Coastal Circulation Along Oregon and Washington

February 8-9, 1988
Program Summaries (Moderator - K. Short)

Welcome and Introduction (L. Hachmeister)
MMS Presentations
Coffee Break
MMS Presentations
Lunch
Discussion of Major Experiments
(e.g., CUE-l, CUE-Il, WISP, UP-75, Fall
Transition Experiment, Super CODE)
Discussion of Ancillary Data Sets
» Coastal Meteorology
+ Sea Level
« Satellite Imagery
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~ Discussion of Major Physical Processes
» Coastal Upwelling
» Alongshore and Cross-Shelf Transport
» Interannual Variability
Adjourn
Social Hour
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8:45 - 10:30
10:30 - 10:45
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« Criteria for Adequacy

* Quality and Reliability

» Space-Time Coverage

Coffee Break

Applicability to Numerical Modeling
(Discussion to be led by H.J. Herring.)
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(Discussion to be led by J. Kelley.)
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Summary and General Sense of Meeting
Adjourn

FIGURE 1

8:30 - 10:40

10:40 - 11:00
11:00 - 12:00
12:00 - 1:00
1:00 - 3:00
3:00 - 3:15
3:15 - 4:00
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II. GENERAL SENSE OF THE WORKSHOP AND RECOMMENDATIONS

Summary

The objective of the workshop was to gather information and expert opinions
from oceanographers familiar with Pacific Northwest coastal oceanography and
use that information to guide and focus future efforts. It was not the intent of this
workshop to reach final conclusions regarding the issues listed in Section I of this
report. The workshop provided the opportunity for the participants to raise
important questions and to formulate preliminary evaluations of data adequacy
with respect to MMS environmental assessment needs, and to suggest means of
rectifying deficiencies in the knowledge base. This summary should be viewed in
that context.

A number of major past oceanographic experiments were discussed. Several
others were identified as potential sources of useful information for Envirosphere
to follow up on. It was acknowledged that a substantial volume of high quality
oceanographic data has been collected in this region over the past 25 or so years.
There was general agreement, however, that such factors as the lack of regionally
synoptic data, limited surface and bottom boundary layer observations, and data
archival problems may constitute limitations on the utility of the existing data

- base for the purposes of ocean circulation and oil spill trajectory modeling. There

was doubt among many of the participants that the existing data base could be used
to establish interannual oceanographic variability in the region. It was felt that

mean seasonal climatological descrxptlons are probably the maximum realizable
objectives.

. The group in attendance did feel, however, that despite the possible difficulties, it

would be a valuable task for some organization to search out and compile all
available oceanographic data for the Pacific Northwest coast, and place it a
convenient format on some easily transportable medium (such as a single compact
disk) for use by the oceanographic community at large. This was seen as being a
logical extension of the present effort being carried out by Envirosphere for MMS.

There was general agreement that the existing network of meteorological
observing stations in the region is inadequate for resolving many of the mesoscale
(spatial scales on the order of tens of kilometers) features in the alongshore wind
field. It was.also agreed that the cross shelf structure of the wind field is poorly
known and documented. Both alongshore and cross shelf structure in the wind
field force important mesoscale and large scale oceanographic processes.

The point was raised several times that a different approach to coastal
oceanographic studies, that being a combination of a detailed observational study
of the wind field and a high resolution three dimensional numerical ocean
circulation model, may be a productive means for investigating dynamical
processes in this region. Such an approach is novel, and the Santa Barbara




Channel Circulation Model and Field Study is the only such MMS-funded study to
date. In such a study, supporting oceanographic observations serve the purposes
of model boundary condition specification and model verification.

There was also general belief among the participants that remotely sensed data,
due to it's synoptic regional nature, routine availability, and high spatial
resolution, is particularly suited for use in conjunction with numerical models,
both as model input and verification. | :

Regarding the present state of knowledge of key oceanographic processes, there
was an overall sense that basic large-scale seasonal transport balances and
dominant scales of motion are generally well known. However, there was some
disagreement among the participants on the accuracy of the existing
understanding. Some felt that the spatial and temporal variability discovered
between regions on the Oregon shelf may suggest inadequacies in the existing
characterizations of large-scale circulation. There was general agreement that
cross-shelf transport processes are not as well understood as the alongshore
transport. Topographic effects, which are often associated with cross-shelf

- transport processes, were likewise pointed out as being not adequately understood.
Although there was not a lot of discussion on the topics of the nearshore (depths
less than 50 m) and bottom boundary layer dynamics, it was generally agreed that
these processes are poorly understood and documented.

There was a general concensus that interannual oceanographic variability in this
region is important, and as such should be incorporated into any numerical
modeling effort designed to assess potential environmental impacts. However, as
previously mentioned, there was considerable doubt expressed that the existing
data base is sufficient to accurately characterize the interannual variability.

The evaluations and recommendations elicited from the participants at the end of
the workshop clearly reflected the major issues and concerns outlined above. A
number of the points concerning deficiencies in the existing knowledge base raised
in this workshop closely paralleled those raised in the physical oceanography
sessions at the Conference/Workshop on Recommendations for Baseline
Research in Washington and Oregon Relative to Offshore Resource Development
held in December, 1976 (see Appendix C). This may be interpreted as a somewhat
pessimistic assessment of the progress on these topics over the past 11 years. For
example, circulation in the surface layer and in the nearshore zone were identified
in both workshops as topics requiring further study. Also, the earlier workshop
identified the southern Oregon coast as being a region where additional studies .
were required, and highlighted the Heceta Bank region between Newport and
Coos Bay as one of the key regions of interest. Recommendations from the present
workshop echoed this evaluation. There appears to be growing evidence that this
part of the Oregon coast may be an important transition zone between different
types of flow regimes.



Specific Recommendations’

Specific recommendations arising from the workshop fell into four general areas:
important phenomena or issues that need further study; further analysis and
compositing of existing data; identification of significant data gaps; and
recommendations for specific types of studies.

Important Phenomena or Issues that Need Further Study

Mesoscale (scales on the order of tens of kilometers) structure and variability
of the surface wind field. |

Interannual variability and its treatment in numerical modeling.
The Fall Transition. _ ,

The relationship between fall/winter flow and the poleward undercurrent.

Determination of the importance of residual tidal motion and tidal
rectification on the shelf circulation.

The spatial scales and temporal variability of energetic cross-shelf transport
features: squirts and jets.

Vertical mixing and internal structure within surface and bottom boundary
layers.

Flow in the vicinity of submarine canyons.

Columbia River plume dynamics and interaction with larger scale
circulation.

Strait of Juan de Fuca exchange p'r0cesses with Puget Sound and the Pacific
Ocean. :

Exchange processes between the coastal ocean and bays and estuaries.

Further Analysis and Compositing of Existing Analysis

Compile a complete bibliography of reference material derived from
Washington /Oregon coastal studies to date.

Produce descriptions of regional data distribution and timelines for existing
data sets. ‘




Accumulate all available relevant data and make available on a convenient
medium (e.g;, compact disk) to the oceanographic community.

Analyze the existing data base to determine interannual variability, or assess
the feasibility of such an analysis.

Identification of Significant Data Gaps ‘ .

Sparse meteorological data - particularly wind measurements across the shelf
(for wind stress curl determinations) and temperature and hum1d1ty (for heat
flux computations). .

Limited synoptic paired temperature and salinity observations in much of the
region.

Limited detailed hydrographic data near the mouth of the Columbia River for
characterization of ocean-estuary exchange processes.

Virtually no observational data for the region off southern Oregon between
Coos Bay and Newport.

Very limited near-surface (0-20 m) circulation measurements.
Very limited nearshore (inshore of 50 m isobath) circulation measurements.

Very limited bottom boundary layer observations:

Recommendations for Specific Types of Studies

Meteorolog1cal measurements with improved spatlal resolution, particularly |

in conjunction with numerlcal models

Further development and expanded use of remote sensing tools, particularly
in conjunction with numerical models.

Southern Oregon current meter deployments to descrlbe apparent transition
zone between Coos Bay and Newport.

More modern drifter tracking studies as a means of studying surface
circulation, especially in conjunction with remote sensing.
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. NARRATIVE SYNOPSIS

This section provides a condensed account (not a verbatim transcript) of the
workshop discussions in chronological order. Great care has been taken (including
the use of tape recordings of the workshop) to accurately attribute specific
comments to individual participants where appropriate. However, the workshop
participants have not had the opportunity to review this synopsis. The authors
bear full resposibility for the interpretation of the viewpoints expressed.

Welcome and Introduétions

The meeting was called to order by Lon Hachmeister of Envirosphere Company,
Program Manager for the Coastal Circulation Along Washington and Oregon
project. He welcomed the participants and introduced the Envirosphere staff
members present and the representatives from MMS. He also briefly outlined the
purpose of the workshop, stressing that the primary objective was to gather
information from the assembled experts, and that the participants should consider
the meeting "their workshop".

Mr. Hachmeister introduced Kent Short of Envirosphere, Technical Director of the
project, who moderated the sessions on the first day. Mr. Short briefly outlined

the workshop agenda, again stressing that it was not Envirosphere's intent in this
workshop to lecture or present results, but rather to facilitate discussion among the.
group in order to glean information and expert opinions from the group. He then
introduced Sig Larson of the MMS Pacific OCS Region, Environmental Studies
Section, who presented a description of MMS activities.

MMS Presentations

The MMS Environmental Studies Program - Sig Larson

Mr. Larson, who is the MMS Contracting Officer's Technical Representative
(COTR) for the Coastal Circulation Along Washington and Oregon project, gave a
brief overview of the organization of MMS, the activities of the Office of Leasing
and Environment, and the Environmental Studies Program. It is the
Environmental Studies Program which designs and oversees studies required to
meet the information requirements of MMS for environmental assessment.

Mr. Larson next described the steps in the OCS leasing process. This process may
sometimes span several years, during which various government agencies and the
public have several opportunities for review and comment. In the case of the
Washington-Oregon Planning Area (Figure 2), present schedules call for the
completion of the draft and final Environmental Impact Statements (EIS) during
1991, followed by Lease Sale 132 in April, 1992.
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FIGURE 2. PACIFIC OCS REGION PLANNING AREAS
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Mr. Larson suggested that the first step in this process for the Washington-Oregon
region could be considered the Conference/Workshop on Recommendations for
Baseline Research in Washington and Oregon Relative to Offshore Resource
Development, which was held in Portland, Oregon, on December 15-17, 1976. This
previous workshop was sponsored by the Bureau of Land Management (BLM), the
agency which had the responsibility for overseeing the development of offshore
oil and gas resources before it was turned over to MMS. The 1976 meeting was a
multidisciplinary meeting addressing a number of environmental topics,
including physical oceanography. [The proceedings of the physical oceanography
sessions from that conference are included as Appendix C to this document.] Mr.
Larson pointed out that an analogue to the 1976 meeting will be the upcoming
multidisciplinary public conference/workshop to be held May 23-25, 1988, again in
Portland, Oregon.

The rationale and guidelines employed by the Environmental Studies Program in
designing and prioritizing the various types of environmental studies for each
OCS Region were next described. The three major operant guidelines outlined by
Mr. Larson are that studies: 1) should be designed to serve decisions; 2) should be
developed by those who are familiar with the region to be studied; and 3) should
increase understanding of processes occurring in the environment. Other
considerations are that such studies also provide a basis for future monitoring of
OCS oil and gas operations and provide information on possible means of
mitigating any impacts. He stressed the importance of the MMS in-house and
external review process, both in the study design/competitive proposal stage, and
during the conduct of the study. He then briefly summarized the funding levels
and constraints under which the Environmental Studies Program operates.

The Pacific OCS Region Physical Oceanography Program was the final topic
covered by Mr. Larson. The objectives of this program are summarized in
Figure 3. He then went into some detail on the past and present Pacific OCS
physical oceanography programs, both observational and modeling, along the
California coast. These studies are listed in the Workshop Discussion Paper
(Appendix A).

The MMS Qil Spill Risk Analysis Model (OSRAM) - Robert Labelle

Mr. LaBelle described the modeling mission of MMS in the area of oil spill risk
assessment. He emphasized that MMS has no role in the operational real-time
forecasting of actual oil spill trajectories (which is the responsibility of the U.S.
Coast Guard, supported by NOAA). Rather, the risk assessment model attempts to
answer the following three questions:

1)  What is the chance of a spill occurring at a given location?
2)  Where will spilled oil go, if released at a given location at a given time of

year?

10
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3) What resources would be contacted by the sf)illed oil?

The model simulates numerous oil spills, with release points distributed
according to the anticipated development sites and transportation routes. Input to
the model includes ocean circulation modeling results, climatological wind data,
historical oil spill rates, and information on the location of biological and other
"resources” supplied by biological analysts.

Oceanographic Input to the OSRAM - Terri Paluszkiewicz

Ms. Paluszkiewicz described the types of oceanographic input required to run the
OSRAM. A required input would be seasonal mean surface current velocities on a

0.5° latitude by 0.5° longitude grid (Figure 4). At the present time, seasonal
information for the West Coast is provided by the Characteristic Tracing Model
(CTM) developed for MMS by Dynalysis of Princeton. Wind data for the OSRAM
are derived from a statistical model applied to historical data from discrete stations
(not gridded fields) such as meteorological buoys. The wind field over the model
domain is subdivided into zones of influence defined for individual wind '
stations. A mismatch in characteristic time scales for model input arises in this
technique, since the CTM current fields are mean seasonal depictions, while the
wind input is based on 3-hourly records. This is recognized as a limitation, but is
necessitated at present by the nature of the data base.

Five hundred trajectory simulations are run for each of the four seasons, with
randomly selected start times. Trajectories are computed by simply adding the
CTM-derived current vector to the computed wind drift vector. The wind drift
vector is computed according to a widely accepted semi-empirical formula
(basically 3.5 percent of the wind speed).

Ms. Paluszkiewicz next provided a brief overview of the Dynalysis CTM. Of
greatest relevance to this workshop are the data requirements for the CTM, which
include: a seasonal hydrographic climatology; a seasonal wind stress field; bottom
topography; and current meter or hydrographic data to specify boundary
conditions for velocity. Figure 5 shows a representation of the number of surface
hydrographic measurements that were input to the CTM. The higher number of
temperature measurements than salinity measurements is notable.

Describing a "straw man" run of the OSRAM for the Washington-Oregon region,
Ms. Paluszkiewicz indicated that the wind field could be defined by three National
Data Buoy Center (NDBC) offshore meteorological buoys, from which at least

9 years of historical data are available, plus coastal station observations, where data
quality permits. She then described the first order Markov statistical model which
is applied to the historical 3-hourly data to construct seasonal probability matrices
for wind events that may be used in model runs.

12
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Finally, Ms. Paluszkiewicz and Mr. LaBelle commented on the modeling efforts
for the California coast, in which a full three dimensional primitive equation
general circulation model (GCM) has been developed by Dynalysis for MMS. The
GCM, which uses the large scale West Coast CTM output for boundary conditions,
is computed on a variable dimension curvilinear grid (Figure 6), and provides a
much more detailed current field for input to the OSRAM in that region. Since
such a GCM has not yet been applied to the Washington-Oregon coast, the "straw
man” scenario presented in this workshop relied only on CTM output. The
application of the GCM to domains other than the California coast is a
straightforward process and presents no special problems for the Washington-
Oregon domain.

Discussion of Major Experiments

Mr. Short began by presenting a list of a number of major past Pacific Northwest
oceanographic experiments (Figure 7). This list is incomplete at this point, and
corrections or additions are expected. It was noted that several of the experiments
- listed were conducted by investigators who were unable to attend the workshop
(e.g., Barbara Hickey, Robert Smith, and Adriana Huyer). Envirosphere will be
contacting these individuals and others following the workshop to request their
input. ' o

It was pointed out that one significant omission on Figure 7 was a series of studies
. in and around the Columbia River plume in the 1960s, funded by the Atomic
Energy Commission, which was interested in the fate of radioactive isotopes
originating at Hanford. These studies included hydrographic and current meter
measurements, and a variety of surface and bottom drifter experiments. Much of
the data from these studies are at the National Oceanographic Data Center
(NODC), but a large volume of data reports and punched computer cards exists
locally at the University of Washington, and may be in jeopardy of destruction
within a few years. Oregon State University was also involved in these studies,
and may be an additional source of archived data. Investigators named included
Alyn Duxbury, Grant Gross, Betty Ann Morse, Cliff Barnes, Noel McGary, George
Anderson, Jim Postell, Jack Beck, C.L. Osterberg, and T.J. Conomos.

The discussion next turned to the Coastal Upwelling Ecosystems Analysis (CUEA)
program of the early 1970s. Dave Halpern described the rationale and objectives of
the program and the planning process leading to the CUE-I and CUE-II
‘experiments in 1972 and 1973, respectively. The experimental design of these
programs relied heavily on early numerical modeling studies of upwelling-related
processes by James O'Brien at Florida State University. The Oregon coast was
chosen as a convenient location to develop and test oceanographic techniques that
could be applied in other upwelling regions of the world. Types of measurements
performed in the CUE-I and CUE-II experiments (as well as some follow-on studies
such as WISP and UP-75) included moored current meter measurements, drogue
studies, aircraft remote sensing, and hydrographic casts. A large number of CUEA
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data reports and publications were produced at Oregon State University (OSU) and
the University of Washington (UW), and a catalog of such works may exist at
these institutions or at the National Science Foundation (NSF). Information on
meteorological measurements made in conjunction with the coastal upwelling
experiments might be sought from David Stewart at Florida State University, who
has supervised a number of Master's Degree research projects in this area.
National Weather Service weather charts were used heavily for weather support
data in the CUE experiments. :

In regard to the archiving of data from the CUE experiments, Dr. Halpern
estimated that between 50 and 75 percent of the data collected now resides at
NODC. This was confirmed by Sid Stillwaugh, the NODC Pacific Northwest
Liaison Officer. Alyn Duxbury cautioned that the early 1970s marked the
transition from hydrographic bottle casts to electronic conductivity-temperature-
depth (CTD) instruments. Prior to that time, there was usually a paper trail from
which to reconstruct the observational record. After that time, the automated
processing carried out on some data sets was not always well documented.
William Emery remarked that deterioration of magnetic tape media is becoming a
problem, so that even if an inventory shows a particular dataset to be archived, it
may in some instances be unreadable. Dr. Halpern suggested that in many cases
the original investigators may have reexamined the data in light of subsequent
experiments, so that the version they maintain may be more reliable. Contacts
and publications mentioned by various participants as being important include:
Doug Hamilton at NODC regarding the reliability of archives; Dean Holt as NSF;
Curt Collins (formerly of NSF, now with the Naval Postgraduate School); the
International Decade of Ocean Exploration (IDOE) data catalogs; Oceanographic
Commission of Washington publication inventories; and the collection of Report
of Observations/Samples Collected by Oceanographic Programs (ROSCOP) forms
on file at NODC. Dr. Emery noted that in post-IDOE years (after 1980), there has
been little effort expended on the part of funding agencies to track data acquisitions
or encourage data submittals to NODC.

Stan Huggett of the Institute of Ocean Sciences (IOS) outlined the Canadian CODE
experiment in 1979-1980, which was an analogue of the California coastal _
experiment of the same name, and the ongoing Vancouver Island Coastal Current
Experiment, which has been using moored current meters, LORAN-tracked
drifters, and satellite imagery to study the coastal current regime since 1984. Dr.
Huggett also stated that all current meter data collected in these programs is
archived at IOS and available on request. CTD data is archived nationally in
Ottawa, not at I0S.

Other measurement programs mentioned by the workshop participants include:
the TOTEM spar buoy experiment (suggested contact - Steve Neshyba at OSU);
various mixed layer experiments near Ocean Station PAPA (50°N, 145°W), which
may have relevance for western boundary conditions in models of the coastal
region; Cobb Seamount studies in the early 1950s and early 1970s; the Newport
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hydrographic line, which has been occupied semi-routinely from the 1960s to the
present; the "P line" hydrographic section between Vancouver Island and Ocean
Station PAPA, occupied by the Canadians 4 to 5 times per year; ship of opportunity
expendable bathythermograph (XBT) data on the Seattle to Hawaii route (in the
Navy's MOODS database); and a year-long current meter mooring maintained at

45°N, 130°W by the NOAA Pacific Marine Environmental Laboratory (PMEL). Mr.
Larson noted that under MMS contract, a compilation of wave data from West
Coast NOAA Data Buoy Center (NDBC) buoys and the Corps of Engineers/State of
California wave measurement sites has recently been completed by MEC Systems,
Inc., in the form of an interactive, searchable data base and statistical summary
system.

Several of the participants voiced their view that MMS (or some other agency)
should consider an extension of the efforts of the Coastal Circulation Along

Washington and Oregon into the actual collection and compilation of all available.

data into a format available to the oceanographic community at large.

Discussion of Ancillary Data Sets

It was pointed out at the beginning of this session that, depending on one's
professional point of view, and the scope of certain projects, the data sets discussed
in the following section might sometimes be considered primary, with the more
traditional oceanographic data relegated to "ancillary" status.

Coastal Meteorology

Mr. Short began this discussion by presenting a depiction of the location of-all
coastal and offshore stations from which routine weather observations are
presently available along Washington, Oregon, and Vancouver Island (Figure 8).
This includes both manned and automated stations, including the NDBC buoys.
Mark Albright suggested that a major gap in knowledge concerning the coastal
meteorology of this region concerns summertime coastally-trapped meteorological
disturbances which propagate northward from California. He indicated that the
alongshore data coverage is sufficient to resolve the phase speed of these
disturbances, but that little is known about their onshore-offshore structure due to
the lack of high spatial resolution offshore meteorological data. These
disturbances appear to have characteristic scales in the offshore direction of 100 -
200 km, and are most energetic at about the latitude of the Washington-Oregon
border. Dr. Albright proposed that a line of weather buoys extending offshore

from the Columbia River to NDBC buoy 46005 (46°N, 131°W) at a spacing of about
30 km would greatly assist in the resolution of these trapped wave features. It was
mentioned that wind data from such a line of buoys (or more than one such line)
would be necessary for improved depiction of wind stress curl. This parameter is
seen as critical to accurate modeling of coastal ocean circulation. Ted Strub
inquired as to whether gridded operational products from Fleet Numerical
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Oceanography Center (FNOC) or the Limited-area Fine Mesh (LFM) output from
the National Weather Sevice could resolve the mesoscale wind features. Dr.
Albright responded that the grid scales are too coarse and coastal topography is not
handled well enough in such models to be of significant use. Dr. Strub remarked
that in fact, climatological averages derived from LFM wind fields off Oregon and
Washington give the wrong sign for the wind stress curl.

The question of ocean numerical model sensitivity to wind was raised. Bruce
Magnell pointed out that California studies have shown that variations exist in
the wind field with scales comparable to the shelf width. Such differences in the
wind measured north and south of Cape Mendocino correlate well with current
convergences and divergences observed there, and are likely related to offshore jet
formation. Jim Herring described how incorporating several closely spaced wind
stations in the Santa Barbara Channel study clearly improved model predictions.
In the absence of such a network of stations, only one LFM grid point would have
been available in the Santa Barbara Channel.

Sea Level

Mick Spillane stated that although long records of sea level data exist for several
points along the coast, their main utility at shorter time scales appears to be as a
control on alongshore transport and in model validation. This data type is of little
use in the study of cross-shelf transport phenomena. '

Dr. Duxbury noted that tide gauges located within bays or estuaries can be subject
to data contamination due to local tidal modification. Dr. Spillane noted that U.S.
tide records often require more processing to remove erroneous data than do
Canadian records. Dr. Strub mentioned that considerable effort goes into sea level
quality control at OSU. Dr. Huggett added that Canadian west coast tide gauge data
are archived at IOS, and are processed and available one month after collection.

Dr. Herring noted that the use of actual tidal data at the boundaries of the domain
to force the Santa Barbara Channel circulation model led to unrealistic mass
transport results if even the smallest error in tidal input was present. This
extreme sensitivity necessitated an approach that allowed sea level in the model to
find its own equilibrium.

Satellite Imagery

Robert Bernstein led off this discussion by saying that satellite data have proved to
be a valuable contribution to past California coastal oceanographic studies,
including those sponsored by MMS. He cautioned that farther north, persistent
cloud cover becomes a problem, and may introduce a seasonal bias into the data
set. Dr. Emery responded that if one is prepared to accept partial coverage, there is
much useful information to be obtained despite the cloud cover problems.
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The discussion next turned to satellite data archives. Seaspace, Inc. (Dr. Bernstein)
routinely receives recorded raw satellite data from the NOAA Satellite Field
Station in Redwood City, California, and has archived four or five AVHRR passes
per day from the NOAA Polar Orbiting Satellite series since 1984. A long term
contract with NOAA is in place to continue this archive. Ernest Daghir noted that
a hard copy image archive of all AVHRR data acquired at the Redwood City station
since 1972 exists at that station, but that prior to the arrangement with Seaspace, no
digital data archives were maintained. Requests for digital data archived by
Seaspace under NOAA contract should be addressed to the NOAA/NESDIS
Satellite Data Services Division in Washington, D.C. Dr. Bernstein also
mentioned that the satellite facility at the Scripps Institution of Oceanography has
approximately 8 years of AVHRR passes. (one per day) in their archives, although
the extent of West Coast coverage on these archived images is variable. Dr. Emery
reported that the University of British Columbia Satellite Oceanography
Laboratory has archived selected (based upon cloud cover) West Coast imagery,
covering portions of the coast as far south as the Oregon-California border since
1983. A beneficial feature of this archive is the availability of videotaped imagery
for preview and selection. :

Coastal Zone Color Scanner (CZCS) data from the Nimbus-7 satellite for the years
1979 through 1986 are archived at the Jet Propulsion Laboratory (JPL) as part of the
NASA Ocean Data System (NODS) West Coast Time Series. NODS is an
interactive system available to outside users. It also contains Seasat microwave
altimeter and scatterometer data, and Scanning Multichannel Microwave
Radiometer (SMMR) data from Seasat and Nimbus-7. The utility of these
microwave instruments for coastal studies is limited, as data within 50 km of the
coast are unusable. Synthetic Aperture Radar (SAR) data from Seasat are also
available at JPL, although not on NODS due to the high data volume. The Canada
Centre for Remote Sensing maintains a coastal SAR data archive. GEOSAT
altimeter data are archived at NODC. [A more detailed description of the U.S.
satellite imagery archives is contained in the Final Report of the MMS-sponsored
"California Seabird Ecology Study", MMS-87-0056.]

In response to a question from Mr. Larson, there was a brief discussion, primarily
involving Drs. Emery and Berstein, outlining plans for the launch of new ocean
remote sensors over the next few years. The acquisition of ocean color imagery,
which ceased in 1986 with the demise of the CZCS sensor on Nimbus-7, will not
resume before 1991 at the earliest. The proposed sensor, known as SeaWTFS (Sea
Wide Field Sensor), is sheduled for launch on Landsat-6, operated by EOSAT
Company. Scatterometer and SAR instruments are scheduled for inclusion on the
ERS-1 satellite to be launched in 1990 by the European Space Agency. The NASA
TOPEX mission, with a probable 1992 launch date, will measure ocean surface
topography using a microwave altimeter. The next series of geostationary weather
satellites to be launched by NOAA (starting in 1990), known as GOES-Next, will
contain an AVHRR sensor, which will provide continuous high resolution

(2-4 km) imagery of the type only presently available on polar orbiting satellites.
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This should allow much greater exploitation of temporary cloud breaks in
measuring surface temperatures.. With regard to the NOAA polar orbiting series
the next planned launch is now scheduled for April 1988.

As a final point regarding remote sensing, Dr. Duxbury mentioned that weekly
airborne infrared radiometer flights to measure sea-surface temperature for the
fishing industry were conducted by the Coast Guard along Washington and
Oregon for several years, but were terminated at least 10 years ago.

Discussion of Major Physical Processes

Following on the preceding discussions of various existing data sets and types of
data, this session turned to the assessment of the level of present knowledge of
dynamical processes necessary to an understanding of the oceanography of the
Pacific Northwest coastal region. The discussion generally followed the topics
suggested in Figure 9.

Dr. Halpern suggested that over the past 15 years, sufficient research has been
conducted along the Oregon and Washington coasts to permit an adequate
description of the first order physics of the coastal circulation in this region.
Pressed to define what he meant by "first order”, Dr. Halpern indicated that he
would include basic mass transport balances and dominant spatial and temporal
scales of motion. He feels that with adequate wind input, a three-dimensional.
numerical model incorporating the known physics could yield useful prognostic
circulation patterns. He stated that the knowledge base is probably weakest in the
area of topographic effects and Columbia River plume interaction effects. Dr.
Strub commented that the analysis of CUE data performed by Harry Bryden
indicates that the upper 20 m of the water column is of major importance in the
transport balance, and that CODE results suggest that this upper layer is not well
understood, particularly with respect to cross-shelf transport. Dr. Halpern
countered that models, rather than additional observations, could be used to
understand the physics of the upper layer. While agreeing that the overall
oceanographic characterization of the region derived from the intensive studies of
the 1970s has stood up fairly well, Dr. Strub emphasized, based upon his own
work, that spatial variability along the coast may be of greater magnitude and
importance than previous studies have indicated.

Regarding cross-shelf transport phenomena, Dr. Emery stated that some of his
‘own work, plus that of Rick Thomson at IOS, has demonstrated that cross-shelf
"squirts and jets" resulting from baroclinic instability can be triggered by small-
scale wind field perturbations, and may occur at any place along the coast. These
baroclinic instability features may sometimes interact with topographically-forced
cross-shelf jets, such as observed near Cape Blanco and Cape Mendocino. Dr.
Bernstein agreed, suggesting that a better knowledge of the wind field, combined
with numerical modeling studies, may in fact yield a better understanding of cross-
““shelf transport than would additional intensive current meter measurements.
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The discussion next turned to the subject of interannual variability. Several
participants agreed that any interannual variability is superimposed on a very
pronounced seasonal cycle along the Pacific Northwest coast. Dr. Ebbesmeyer
noted that a 10 year cycle in snowpack, sea level, and other parameters has been
observed. Dr. Spillane added that sea level fluctuations associated with El Nino
events have been observed at West Coast tide stations. Ms. Paluszkiewicz asked if
interannual variability was an important enough consideration to warrant
inclusion in a risk assessment model, and if so, how should one go about doing so.
She reiterated that the MMS modeling role is aimed at most probable, not worst
case scenarios. Regarding that point, Jim Kelley remarked that from the point of
view of the public, some thought ought to be given to means of predicting worst
cases. Some form of error bounds on model predictions, based upon known
variability in the physical system, was suggested as a possibility. Dr. Bernstein
referred to some recent research at Florida State University (James O'Brien's
group) that deals with oceanographic modeling along the West Coast using real
winds and tropical influences to derive seasonal and interannual variability over
long periods of time. Dr. Bernstein feels that this work shows great promise in the
ability to characterize long-term interannual variab11ity in circulation models. He
further suggested that such a model rmght be used via some nesting hierarchy as a
replacement for simple chmatology in setting initial conditions for shorter time
scale trajectory models. The group's concensus was that interannual variability
should indeed be factored in some manner into a risk assessment model for this
_region.

Finally, on the subject of topographic effects, Glenn Cannon indicated that there
are effects associated with the Juan de Fuca submarine canyon that are different
from those of other canyons, such as the Quinalt and Astoria canyons studied by
Barbara Hickey. Regarding headland effects, Dr. Strub and Dr. Emery
reemphasized the existence of semi-permanent cross-shelf jets and eddies in the
vicinity of Cape Blanco, Heceta Bank, and Cape Mendocino. According to

Dr. Emery, some existing models handle such features well, but the level of
understanding of the pertinent processes is debatable. Dr. Ebbesmeyer suggested
that more attention should be paid to the bottom boundary layer, since heavy oils
or tar balls might act like bottom drifters and find their way northward into the
Strait of Juan de Fuca and Puget Sound. This would also be relevant to the fate of
drilling muds and cuttings. Mr. Larson responded that MMS is not just interested
in the surface currents, and that the general circulation models (GCM) under
development have the capacity to provide excellent vertical resolution
‘throughout the water column. Dr. Strub offered a final comment that the physics
~ of the bottom boundary layer is probably considerably less understood than that in
the upper water column.
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Adequacy of Data for MMS Needs
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The February 9 morning session, moderated by Mr. Hachmeister, began with a
discussion of the adequacy of the existing data base for addressing MMS needs.
Several suggested topics of discussion on this issue were presented (Figure 10).

Dr. Duxbury started off the discussion with his assessment that the existing data
sets are sufficient to compile a climatic mean picture of the oceanography of the
region for each of the four seasons, but that use of historical data to study
individual processes is a totally different matter, and probably not feasible. Ms.
Paluszkiewicz echoed this viewpoint, stating that it would be a very rare case
where reanalysis of historical data sets could be used as a tool to study specific
processes that are not well understood. In her opinion, the primary uses of
historical data should be for developing climatology and for verifying numerical
models, and that the adequacy of the existing data should be evaluated with those
purposes in mind. ’ :

Dr. Emery suggested that perhaps the views expressed on the previous day
regarding the state of knowledge of basic processes in the region were somewhat
overly optimistic. He added that there may well be trends and cycles evident in
the physics of the region that have not even been detected in the historical data
base.

Mr. Larson asked if there was any hope that the existing data base off the Pacific
Northwest could yield information on interannual variability in a manner similar
to what Dudley Chelton has done with the California Cooperative Fisheries
Investigation (CalCOFI) data base off California. Dr. Herring stated that while
Dynalysis has compiled a comprehensive climatology for their West Coast model,
they have not tried to resolve any interannual variability. Dr. Emery felt that even
with the CalCOFI data, it is really only possible to discern ranges of variability, and
not characterize interannual variability in a deterministic sense. Ms. Paluszkiewicz
was in agreement, stating that data of different types, from different seasons,
depths, locations, etc., when lumped together are appropriate for constructing a
climatology, but not for any statlstlcally defensible description of interannual
variability.

Dr. Magnell commented that it is difficult to address the adequacy of data without
relating it to some specific process which you need to understand. He suggested
the group address the adequacy of the present data‘sets and numerical models for
detecting and describing cross-shelf squirts and jets. In response, Dr. Strub said that
these features are seen, for example, in the CODE satellite data set off California,
and that such features are also seen off Washington and Oregon, although less
frequently and later in the year. Dr. Magnell recommended that such cross-shelf
transport processes should be included, at least in a stochastic sense, in the MMS
modeling effort. Dr. Emery agreed, stating that not including these processes
would be ignoring some of the most important transport processes of the region.
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Dr. Duxbury suggested that one weakness in the existing data sets is the paucity of
observations in the nearshore zone (shoreward of the 20 m isobath). There was
general agreement on this point. There was also agreement that the Columbia
River plume is a key feature in the region, and is probably responsible for some of
the unexplained spatial and temporal variability observed.

Dr. Bernstein commented that the discussion of data adequacy versus needs was
circular by nature, and that the debate could go on indefinitely. He argued that a
more constructive approach would be to have some organization compile all -
available oceanographic data for the region onto one central, easily transportable
medium for general distribution to the oceanographic community. Data adequacy
would then be determined by use of the data base, rather than by speculation. He
suggested that the appropriate transportable medium might be the compact disk,
which has recently been used as a mass storage and access device for long-term
meteorological data in a demonstration project conducted by the UW Atmospheric
Science Department. Mr. Larson responded that to act as an archiving agency
would not be within the mission of MMS, although MMS needs would likely be
served by the results of such a project. Dr. Herring noted that much of the
hydrographic data compilation has already been done by Dynalysis, though there
may exist a considerable amount of CTD data that is still in originator's format and
as such has not yet been retrieved from the NODC archives.

The discussion moved on to the adequacy of the meteorological data base.

Dr. Albnght noted that detailed wind observations are required, as only minor
variations in surface pressure patterns (as drawn on weather maps) may result in
significant differences in the coastal wind field. When questioned about the
feasibility of deriving pressure and wind fields through the use of a suitable
objective mesoscale atmospheric model coupled with existing observations,

Dr. Albright responded that such studies are projected, but that the existing
synoptic data network (even including ship of opportunity observations) might
not be of sufficient density to provide the necessary input for such a model.

The best way to sample the coastal wind field, especially with respect to
onshore/offshore resolution, was then discussed. Dr. Albright felt that one cross-
shelf transect of weather buoys, spaced closely together (30 km), would be more
valuable than multiple lines of loosely spaced buoys. Dr. Strub countered that if
one wants to resolve the curl of the wind stress equally well in two dlmensxons,
more than one cross-shelf line would be reqmred

Mr. Hachmeister returned to the question of remote sensing data as a possible tool
for describing the physics of the upper water column and nearshore domains,
where existing data are insufficient. Dr. Emery and Dr. Strub were in agreement
that while remote sensing techniques are exciting and promising, the techniques
are still relatively immature, and the error bounds are not well known. They
indicated that in a couple of years, the techniques and associated errors should be
much better known. Dr. Duxbury added that precipitation events as well as river
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runoff may produce a thin lens of fresh water overlying salme coastal or upwelled
water, which might confound the results.

Applicability to Numerical Modeling

The data requirements for numerical modeling, and the applicability of the
existing data base for this purpose, were addressed in this session, moderated by
Dr. Herring. He led off the modeling discussion by voicing his viewpoint that
there must be a balance between the modeling and observational efforts. He
cautioned agamst unrealistic expectations that models can provide useful
predictions in the absence of detailed observations. At the present time, he feels
that West Coast circulation models developed by Dynalysis (and others) can
replicate each of the major physical processes to some degree. Alongshore
transport can be modeled with some success, while cross-shelf transport is poorly
represented. Coastal upwelling and shelf waves have been reproduced
successfully

Resolution in time is generally not a limiting factor in model performance, as
model time steps are small. Spatial resolution (as represented in model gridpoint
or element spacing) is usually the source of problems, particularly for small scale
topographically-forced features. Dr. Herring pointed out that model skill in
reproducing dynamical processes usually drops off rapidly with diminishing
characteristic scales of the processes.

Regarding the suitability of existing data for use in running a circulation model off
Washington and Oregon, Dr. Herring stated that despite the apparent abundance
of hydrographic data off of Washington and Oregon, much of it is unsuitable for
initializing or verifying a model density field, because temperature and salinity are
often not available as a pair (XBTs for example), and sets of synoptic observations
over the region are rare. Consequently, the existing hydrographic data are useful
primarily for developing regional seasonal climatologies.

Dr. Herrmg noted that another data requirement of these models is the need for
either surface elevation or transports at the model boundaries. Dr. Magnell voiced
concern that applying a seasonal mean boundary condition at the outer boundaries
of a model for this region would almost be the equivalent of treating the boundary
as a wall, in light of the significant shorter time scale variability that has actually
been observed. Dr. Herring indicated that given seasonal mean boundary
-conditions, a model will not be abl