Executive Summary

Coastal Ocean Processes (CoOP) isaprogram that seeksto plan and implement multi-investigator,
interdisciplinary researchin the coastd ocean. The CoOP Buoyancy-Driven Transport Processes Workshop
was held from October 6-8, 1998, in Salt Lake City, Utah. Asrequested by the workshop participants,
thetitle of theworkshop report was changed to * Transport and Transformation Processes over Continental
Shelveswith Subgtantia Freshwater Inflows’, snceevenin coastd regionswith large freshwater inflows,
much of thetransport can be dueto other processes, such aswind. Theoverall question addressed by the
workshop was. How do processes on shelveswith large freshwater inflows affect cross-margin transport
of biologicdly, geologicaly, and chemicaly important material S? Thisquestionisimportant becauise coastal
ocean regionswith largefreshwater inflowsare mg or gatewaysfor thetransfer of materia sfrom continents
to oceans. In part dueto nutrients supplied with the freshwater, these areas tend to be highly productive
and to support major fisheries. Shelveswith large freshwater inflows are among those most affected by
human activities, with impactsincluding eutrophication and accumul ation of toxic metalsin sedimentsand
biota. Climaticwarming dueto anthropogenic greenhouse gases could lead to marked dteration in freshwater
discharge and materia trangport in these shelf regions.

Theworkshop wasopento al interested scientists. The 40 attendeesrepresented al oceanographic
disciplines, but weremainly drawn from thefield of physica oceanography. Thisreport includes summaries
of thefive keynote addressesto the workshop participants, reports of the five Working Groups, and a
Science Prospectus prepared by the Workshop Committee. The Science Prospectus has been reviewed
by the CoOP Scientific Steering Committee and by an interdisciplinary group of scientistswho did not
participatein the Workshop.

Workshop participants drafted three broad questions:

1. How doesfreshwater inflow inter act with winds, topogr aphy, and tidesto produceacr oss-
margin transport of materials?

2.How areprimary and secondary production influenced by freshwater inputs?

3. How aretransport and transfor mation of dissolved and particulate materialsaffected
by freshwater inflows?

Within these, more specific questionswere devel oped, as described in the Science Prospectus section of
thisreport.

Workshop participants did not reach aconsensus on the optimal study region for theinvestigation of
processesrelated to freshwater inflows. It was agreed that severd criteriashould guidethe selection of a
study site, including: buoyancy-influenced flow should be amajor component of the coastal current; the
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quantity of dissolved and particulate materid ddivered by theriver(s) inthestudy region should besufficiently
largeto make detection and quantification of cross-margin transport possible; and there should be evidence
that biological communitiesareinfluenced by thefreshwater inflow. Further, the study will necessarily be
constrained by the resources available, and a site or sites appropriate to those constraints should be
chosen. Limited resources can be augmented by collaboration with other ongoing or planned programs.

Certain topicsshould beconsdered for funding beforeamaor processstudy isinitiated. Retrospective
syntheses of exigting knowledge of buoyancy-influenced systemsare needed to hel p identify critical regions
and processesfor further study of cross-margin transport. Targeted modeling studies should examinethe
relative influences of buoyancy inflows, winds, and tidesin severa different systems. Models of the
interactionsof plumeswith the surrounding ocean need improvement. Analyses of sediment coresor other
long-term records could better definethelocation and tempora variation of terrestrid materialsin continental
margin sediments or changesin precipitation or winds. A synthesis of satellite data, to gain a better
understanding of plume dynamics, would behelpful.

The components of astudy of trangport and transformation processes over continental shelveswith
subgtantia freshwater inflowswill vary with the specific questionsand regionsbeing investigated. However,
thefollowing wereidentified aslikely e ements: characterization of the boundary conditions, including the
freshwater inflow and wind forcing; characterization of the buoyant water and itsbiological communities
with avariety of gpproachessuited to arange of spatid and tempora scales, including moored instruments,
shipboard observations and experiments, drifters, and remote sensing; studies of the benthic boundary
layer and seabed; tracer studies of cross-margin transport; and interdisciplinary modeling.

|. Introduction
A. CoOP Background

The coastal ocean isacomplex zonewhere biological, chemical, geological and physical processesare
strongly influenced by the land, bottom sediment, and atmosphere boundaries, aswell asinteractionswith
the open sea. While coastdl ocean studiesfrom the perspectivesof singledisciplineshaveyidded avauable
body of knowledge, essentid for thedesign of future research, they have d so reved ed that many important
questions must be addressed using an interdisci plinary approach. The need for improved understanding of
the coastal ocean isurgent, since this ocean region has special importance to society. For example, we
need to make wise use of coastal ocean fishery and petroleum resources, while coping with the hazardsthe
ocean can pose to the 50% of the U.S. population that lives near the coast. Understanding the coastal
ocean can hep to minimize adverseimpactsof coastd engineering projects, changesin freshwater drainage,
pollution, and introduction of exotic species.

Coastal Ocean Processes (CoOP) isaprogram that seeksto plan and implement multi-investigator,
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interdisciplinary researchinthe coasta ocean. CoOP planning and research activitieshaveincuded scientists
from the disciplines of Biologica, Chemical, Geological, and Physical Oceanography and Marine
Meteorol ogy. CoOP definesthe coastal ocean as extending from the surf zoneto the continental rise.
CoOP dsoincludeslarge, inland bodies of water, such asthe Great L akes, that exhibit processessimilar
tothoseinthe oceans. Theoverall CoOP goal isto* obtain anew level of quantitativeunder standing
of the processesthat dominatethetransports, transfor mations, and fatesof biological, chemical,
and geologically important matter on thecontinental margins’ (Brink etal., 1992).

The coastal oceanistoo diverse and vast to allow comprehensive study of al regions. Theorigina
CoOP Steering Committee decided that the most cogt-€effective and fruitful approach would betointensvely
study coastal regionswhere one physical process dominates cross-margin transport, so that the effects of
that process could beidentified and quantified in relative i solation. CoOP-sponsored research includes
process studies and well-integrated modeling that aim to produce an interdisciplinary synthesis of the
results of each regional study and ameans of generalizing thoseresultsto other areas. The CoOP Science
Prospectus (Brink et d., 1992) originaly proposed five shelf typesfor study:

1. Wind-driven shelf regions. Currentsand current variability are primarily caused by winds, either
local or remote, ontime scaleslonger than one day. Seasonal upwelling isfound over many of
these shelves, including those off Washington and Oregon, Portugal, Southwest Africa, and
western South America,

2. Tidaly driven shelf regions: Over these shelves, strong tides can determine mixing processes
and mean flows. Examplesinclude Georges Bank and the Bering Sea.

3. Buoyancy-driven shdlf regions. Freshwater dischargefromriverscreatesan dongshoreflow. In
areaswherethefreshwater influx islarge, such asthe coastal Gulf of Alaskaor thenortheastern
Gulf of Mexico, the effects can dominate the entire shelf.

4. \Western boundary current shelves: Transport over these shelvesisinfluenced by strong offshore
ocean currents, such asthe Kuroshio or the Gulf Stream, and by eddiesthat originate from
these currents. The Atlantic coast of the U.S. isaprimeexample.

5. Ice-covered shelves: The Great Lakes and the Bering, Chukchi, and Beaufort Sea coasts of
Alaskaare seasondly ice-covered. |ce strongly affectsair-seaexchange of heat and momentum.
Seaiceformation resultsin formation of dense water masseswith elevated salinitiesdueto
brinergection.

Although theideal study region would be dominated by one of these physical processes, inredity
winds and tides are present to some degree everywhere. Therefore, CoOP has attempted to select areas
where other influences are minimized compared to thetarget process of aparticular study. To date, CoOP
hasinitiated major process studies of cross-margin transport processesin the Great Lakes and in the
northeastern Pecific. Both of these studieswereinitiated with acommunity workshop, opento dl interested
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scientists. Based oninput received at these workshops, plusreviewer comments, reports describing the
important scientific questions and possible research approaches to those questions were prepared by
committees sel ected by the CoOP Steering Committee (Smith and Brink, 1994; Klump et d., 1995).

The CoOP Steering Committee sel ected buoyancy-driven shelf regionsasanimportant topic for a
community workshop. The Buoyancy-Driven Transport Processes Workshop washeld in Salt Lake City,
Utah, October 6-8, 1998. Thisreport includes synopses of five keynote presentations; summaries of
working group discussions at the workshop; and ascience prospectus. The prospectuswaswritten by the
Workshop Committee, based on working group and plenary discussions and modified in responseto
reviewer and community commentson adraft version of thisdocument.

B. TheWorkshop Goal and Charge

Theoverall question addressed by the workshop was: How do processeson shelveswith large
freshwater inflows affect cross-margin transport of biologically, geologically, and chemically
important materials? TheWorking Groupswereorigindly organized around themesrel ated to boundaries
and processes, and the reportsthey generated weretitled: “Benthic-Pelagic Coupling”, “ Biogeochemical
Transformations’, “ Freshwater Input”, “ Frontsand Eddies’, and “Wind Effects on Freshwater Outflow
Plumes’. In addition to addressing the overal question of buoyancy effectson cross-margin transport, the
Working Groupswere asked to explicitly addressthefollowing in their discussionsand eventua report:

1. Identify and prioritize (and providejustification for the ranking) of the most important science
ISSues.

2. |dentify appropriatelocationsfor studying the questionsyou identify asimportant. What arethe
generic characteristicsof the“ided” site. Which real-world sitesapproach thisideal ?

3. What dataare essential ?What will datagathering requireintermsof platformsand instruments
(especidly if therequirementsare unusud)?What frequency and duration of datagathering are
necessary to characterize key processes?

4. What needsto be doneto devel op appropriate physical modelsof buoyancy-driven transport?
Can current model s adequately describe key biogeochemical and biological processes, and
can these model s beincorporated into appropriate physica models?

C. TheWorkshop Structure

Theworkshopwasopentodl interested scientists; aninvitation waswidely distributed viathe CoOP
Newdetter and webgte (http://mwww.skio.peachnet.edu/coop). About 40 scientists attended. Most attendees
(see Appendix 1) werefrom thefield of physical oceanography, but all disciplineswere represented.

A plenary sessonwasheld thefirst day. It included abrief welcome and introduction to CoOP, the
fivekeynotetalks (see Appendix 2 of thisreport), and the charge to the Working Groups. The Working



Groups met that afternoon to identify the most important scientific issuesthat should be addressed by an
interdisciplinary research program in acoastal region with substantial freshwater inflow. The Working
Group chairsor Rapporteurs briefly reported their discussions at aplenary session beginning the second
day. Then, participants adjourned to the Working Groupsfor more specific discussions on prioriti zation of
research questions, likely study locations, dataneeds, and modeling requirements. All participants except
the Chairsand Rapporteurswerefreeto attend anew working group the second day. The Working Group
reportsarein Appendix 3. The discussionswerereported at aplenary session beginning thethird day,
followed by agenera discussion that reached substantial agreement on an outline of key elementsof the
workshop report. No agreement was reached on the optimal study site or sites. The workshop
recommendation, followed in the Science Prospectus, wasto include criteriathat should guide Site selection
and examplesof potential process study |ocations, without indicating apreferred Site.

The Workshop Committee prepared a draft Science Prospectus and submitted it to the CoOP
Steering Committeefor review, along with the Working Group Reports. After revision in responseto
comments of the Steering Committee, the draft Science Prospectus was sent to reviewers selected to
represent abroad cross-section of the coastal marine science community. Thisfina versonincorporates,
asmuch aspossible, all input that the Workshop Committee deemed relevant to thisreport.



