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Abstract:

The current and potential benefits of using geographic information systems (GIS)

to support state-level and regional-scale ocean management in the United States are

evaluated. Specifically, the role of GIS in facilitating improved integration of

management strategies for a variety of resource use issues across multiple management

jurisdictions is examined, along with the potential of GIS to enhance the efficiency,

effectiveness, and equity of ocean management efforts. Barriers and limitations to the

development and use of ocean GIS are also analyzed. A background discussion of the

U.S. ocean management policy framework and the use of GIS in natural resource

management is included to provide the reader with appropriate context for the study. A

broad survey of relevant ocean management, GIS, and coastal resource agency

publications, along with nation-wide interviews of coastal managers and GIS

professionals, provide the basis of the evaluation. Information collected in the research

process is compiled into state-by-state profiles for 23 U.S. coastal states, with more in-

depth case studies presented for Florida, Maine, and a regional GIS initiative pertaining

to the states of North and South Carolina, Georgia, and Florida.

The following are recognized as principal conclusions of the evaluation: state-

level interest and institutional capacity for ocean resource management are increasing,

state and federal management agencies often have different resource management

strategies and information requirements, state-level technical capacity to develop and use

GIS is substantial and constantly increasing, GIS provides recognizable current and

potential benefits to ocean management efforts, GIS fosters enhanced integration,

efficiency, effectiveness, and equity of ocean management efforts, and significant

financial, institutional, and technical limitations currently impede the development of

ocean GIS. In light of these conclusions, recommendations are offered to support state

and regional-level ocean GIS initiatives.
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"A dark, illimitable ocean without bound, without dimension, where length, breadth,

height, and time and place are lost.. ."

John Milton, Paradise Lost, 1667

INTRODUCTION

When Milton penned these words more than three centuries ago, he certainly could not

have imagined the extent to which the ocean would be explored, measured, sounded,

fought over, fished, mined, drilled, violated by wastes, and ultimately carved up and

"managed" by the nation states of the world. Technological advances in the 2O century

have taken us from the industrial era to the information age, bringing the depths of the

ocean and its inhabitants into our living rooms, raising our harvest efficiency for some

marine resources to near-extinction levels, and providing the capacity to tap ever-deeper

ocean area reserves of oil, gas, and minerals. Technology is driving ocean research and

knowledge to new heights and depths, with satellites and other remote sensors providing

quality data in quantities never imagined just three decades ago, and submersibles are

taking researchers to depths where new ocean crust being formed and to environments

where they observe and sample hitherto unknown ecosystems.

As a result of these technological advances, we are learning more and more about

the oceanstheir bounty as well as their limits and vulnerabilities. At the same time, we

are often awash in data and often not able to use it as efficiently and effectively as we

might for managing ocean resources. Data translation and communication are at the heart

of the problem. Two information age technologies that are just beginning to see use for



ocean management and decision-makinggeographic information systems (GIS) and the

Internetare potential solutions.

GIS, with its capacity to store, organize, and analyze geographically-referenced

data has seen widespread use for land-based natural resource management, but only

minor use offshore. This is in part because the ocean science community, dealing with

research questions in four dimensions (x, y, z, time), has yet to see its utility for data

visualization and analysis. This is changing slowly, however, as GIS researchers and

oceanographers who are pioneering the use of marine GIS begin to address

dimensionality issues. The ocean policy and management communities confront these

same issues. GIS is being used for ocean management for relatively small areas (e.g.,

marine protected areas) and for management of single resources (e.g., groundfish), but

these applications are limited by their geographic coverage or narrow focus.

One reason for the slow adoption of GIS and Internet delivery of ocean data and

information in the United States is that we lack the national policy and institutional

framework that would require it. Absent such a framework, federal and state agencies

with management responsibilities for this resource or that activity operate within

relatively narrow parameters, constrained by legal authority, financial resources, data

availability, and tradition. The outlook for modernization of national ocean policy and

institutions is uncertain. Great effort was made in 1998the International Year of the

Oceanto get legislation passed establishing a national commission to study policy

integration needs, but it failed, as have similar efforts in recent years (Archer 1999).

Blueprints for a new national ocean policy have been producedthe latest by a 1997

National Research Council panel on ocean governance (NRC 1997). Despite significant



support, the inability of Congress to pass ocean policy legislation suggests other avenues

for rationalizing the complexities of ocean issues and management need to be explored.

Building on existing institutions where federal-state partnerships are strong and tested

one of the NRC study recommendationsis one such approach. Improving access to data

and information useful for ocean governance and management is another,

complementary, strategy.

This report examines the benefits (and potential benefits) of using GIS and

internet technologies as tools for improving the management of marine areas, resources,

and activities. Improved access to ocean data and information, and increased efficiency

and effectiveness in decision making are examples of such benefits. Although the federal

government has primary jurisdiction over most of EEZ area, resources, and uses, the

principal focus of this study was on state interests, activities, and initiatives in using GIS

for ocean management. In part, this is because states have primary management authority

for resources within the 3-nautical mile territorial sea, as well as the adjacent coastal

lands and waters, areas rich in marine resources and strongly linked to offshore

ecosystem health. States also have a large say in what happens in the EEZ, through their

state coastal management programs and other federal laws that require state consultation

and sometimes concurrence on EEZ activities.

The main impetus for this project comes from the NOAA Coastal Services Center

(CSC), who has been working for several years on a prototype regional Ocean Planning

and Governance GIS (OPGGIS) for the Southeast United StatesNorth and South

Carolina, Georgia, and Florida are collaborators. The OPGGIS is supported in part by the

by the Federal Geographic Data Committee (FGDC), as part of the development of the
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National Spatial Data Infrastructure (NSDI). FGDC also has a "benefits assessment"

component to evaluate the efficacy of its various initiativesimproved equity, efficiency,

and effectiveness are its goals. The FGDC benefits assessment program meets the CSC's

need for an independent evaluation of the usefulness of the Southeast OPGGIS. Key

questions for the OPGGIS include: How useful is it and is it worth the time and

investment? Might similar efforts be warranted elsewhere in the U.S.? What

improvements might make it more useful? However, because many other states and

regions also have ocean interests and needs for improved ocean data and information

sharing, all 23 coastal states bordering on the U.S. EEZ were included in the benefits

study. The CSC subcontracted with Oregon State University to conduct the benefits

assessment.

The overarching question we address in this report is whether GIS (and GIS data

delivery via the Internet) can improve access to ocean data and information, increase

efficiency and effectiveness in decision making, and thereby foster more integrated ocean

management.

BACKGROUND

Assessing the potential benefits of using GIS and innovative data delivery technologies

for ocean management requires some context setting. This section provides background

information on the field of ocean management and on the use of GIS in resource

management.



How is GIS used for natural resource management generally? How are marine

areas and resources managed today and how did we get to this point? What is the nature

of resource management conflicts offshore? What do policy entrepreneurs mean when

they say we need "more integrated management" and what specific proposals are being

made? How are ocean data and information used now and who has access to that

information? To what extent and how are GIS and new information-sharing technologies

being used for ocean area and resource management today and what are future

possibilities, given the nature of the marine environment and issues? Each of these

questions is addressed below.

GIS and Natural Resource Management

GIS is widely recognized as a powerful tool for organizing and analyzing natural

resource information. It has become an indispensable tool for coastal zone management,

land use planning, regulatory program administration, resource inventories, and many

other applications. Although marine applications have lagged behind for a variety of

reasons, discussed later, a number of general capabilities characteristic of GIS make it

potentially attractive for offshore use:

allows integration and storage of large diverse data sets and mapped information

assists area planning for various purposes at various scales

aids identification of conflicting uses, resource threats, and management

opportunities

enables assessment of environmental, social, and economic impacts of proposed

development

supports regulatory and permitting activities by tracking geographically relevant

information over time
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provides a means by which to assess cumulative impacts and resource trends over

time

enhances the effectiveness of public education and outreach efforts by

representing scientific and regulatory information in a more comprehensible form

(maps)

provides powerful analytical capabilities for better understanding or modeling

interactions and processes

. supports better informed decision making by resource managers

in conjunction with Internet and map-serving software, it provides a basis for

improved user access to data and the means to independently analyze it

Despite these many attributes, the adoption of GIS for ocean management has been

slow, particularly at the state level. States have limited funds and institutional capacity,

and do not often perceive the need for investing precious resources for a potential future

benefit. The ocean management community in most states is small and relatively low

profile. Land-based problems are perceived as more pressing and are certainly more

visible than most ocean issues, barring the occasional oil spill, whale beaching, or beach

closure due to pollution. The barriers and limitations of using GIS for ocean management

are fully discussed in the Results and Discussion section of the report.

U.S. Marine Resource Management and its Roots

Marine resources and ocean space in the United States' territorial and EEZ waters are

governed through a panoply of overlapping international, federal, state, and local

authorities, institutions, and management regimes. Complexity and fragmentation are

among the chief characteristics of these mostly single-purpose regimes, both among and



within governmental levels (Cicin-Sain and Knecht 1985, NRC 1997). Resource

management regimes, principal agencies involved at the U.S. federal level, and coastal

and ocean jurisdictional and ownership boundaries begin to illustrate the problem (Table

1 and Figure 1). Similar tables illustrating fragmentation of ocean decision-making could

also be constructed for most coastal states. Policy goals and objectives, as well as

decision-making criteria, where there are any, also vary and sometimes conflict.

Complicating the management of marine areas and resources are a host of

conflicted user groups and trade organizations, often aligned with and supporting the

bureaucratic power structure of the agency managing "their resource" or "activity". Other

interest groups and the public are also involved, with diverse avenues and strategies for

pursuing their goals. Marine resource management over the last several decades has thus

become increasingly fractious, contentious, litigious, and politically charged. Few

winners have emerged; instead, distrust, strained relationships, and competing goals and

programs characterize the ocean user and management communities today.

The roots of this fragmented, poorly coordinated ocean management system lie in

decisions made more than a half century ago, nicely summarized by Armstrong and

Ryner (1981). A brief summary of principal marine laws is discussed here, with more in-

depth descriptions available in Appendix A. The Outer Continental Shelf Lands Act and

Submerged Lands Act were enacted in the 1950's and served to formally establish state

and federal offshore jurisdictions (Figure 1). In 1966, the Stratton Commission was

created by executive order to analyze national ocean policy and develop

recommendations for improvement. Recommendations of the Stratton Commission,

along with growing awareness of environmental problems, led to the establishment of the
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National Oceanic and Atmospheric Administration (NOAA) and passage of much of our

current ocean governance legislationthe Coastal Zone Management Act (CZMA), the

Marine Protection, Resource, and Sanctuaries Act (MPRSA), Clean Water Act (CWA)

amendments, the Marine Mammal Protection Act (MMPA), and the Fisheries

Conservation and Management Act (FCMA), among others. Each of the independent

management regimes established by these laws worked fairly well early on, with

significant bipartisan political and interagency cooperation. But political polarization and

increasing conflicts among federal agencies with different missions, and among states

and the federal government, better characterize the management of marine areas and

resources in the 1980s and 1990s.

Since the 1983 presidential executive order proclaiming a 200-nautical-mile

United States Exclusive Economic Zone (EEZ), policy specialists from academia,

nongovernmental organizations, ocean interest groups, and NOAA have been calling for

the establishment of a more comprehensive, integrated "national ocean policy" (see, for

example, Cicin-Sain and Knecht 1985; Eichenberg and Archer 1987; Juda 1987; Archer

1989; Knecht, Cicin-Sain, and Archer 1988; Juda and Burroughs 1990; Hildreth 1991;

NRC 1992; NRC 1997). The impetus for these calls comes from years of frustrations,

conflicts, and inefficiencies generated by the system of ocean governance that has

evolved, layer upon layer, over the last half century.



Table 1. Federal governance regimes, principal authorities, and key agencies for
U.S. marine areas and resources.

Governance Regime Laws and Authorities Key Dates Principal Agencies
State-Federal Submerged Lands Act (SLA) 1953 State agencies
Relations & Outer Continental Shelf Lands Act 1953; 1978 DOT (MMS, USGS)
Offshore (OCSLA)

National Environmental Policy Act 1969 All federal agency actionsJurisdiction
(NEPA)
Coastal Zone Management Act 1972; 1980; NOAA, State coastal
(CZMA) 1990 agencies

Living Resources Fisheries Conservation and 1976 NOAA-National Marine
Management Management Act (FCMA) Fisheries Service (NMFS),

Regional Fishery
Management Councils

Marine Mammal Protection Act 1972 NMFS
(MMPA)
Endangered Species Act (ESA) 1973 NvlFS, USD01-Fish and

Wildlife Service [USFWSJ)
Non-Living OCSLA Amendments (oil and gas) 1978 USD01 (MMS)

Deep Seabed Hard Mineral Resources 1980 NOAA, Ocean and CoastalResources
Management Act (DSHIVIRA) Resources Management

(OCRM)
OCSLA Section 8(k) (mining) 1978 USD01 (MMS)

Waste Disposal and Ocean Dumping Act (ODA) 1972 US Environmental
Management (transport and dumping) Protection Agency (EPA);

US Army Corps of
Engineers (USACE)

Clean Water Act (CWA) (pipeline 1972 US Environmental
discharges) Protection Agency (EPA);

US Army Corps of
Engineers (USACE); State
agencies

MARPOL2 (plastics and non- 1973/1978 US Coast Guard
biodegradable wastes)

Oil Spills Oil Pollution Act of 1990 1990 US Coast Guard, states,
shippers

Comprehensive National Marine Sanctuaries Act (MSA) 1972; 1980 NOAA-OCRM
Ocean State hiitiatives: CZMA and State 1972; 1980; NOAA-OCRM; State
Management3 coastal management programs (CMPs) 1990 CMPs

National Seabed Hard Minerals Act was proposed in 1987 for continental shelf mining that
mirrored the deep seabed regime in the DSHMRA
2MAJ0L is the International Convention on for the Prevention of Pollution from Ships, and is
implement in by separate US legislation on disposal of plastics and other non-biodegradable wastes

have been several EEZ management proposals introduced in Congress, but none have passed
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Figure 1. Ownership and jurisdiction in United States coastal and ocean areas.
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Designed for a simpler era when ocean interests were relatively few and well-

defined, this principally sector-based system of ocean governance is inefficient and

ineffective for today's ocean decision-making situations. This patchwork system of ocean

governance has few effective mechanisms for rationalizing the needs and interests of

multiple ocean resource user groups: federal, state, and local governments,

conservationists and non-governmental organizations; and a national citizenry that is both

fascinated by and concerned about the future of both the world oceans and the marine

environment adjacent to their coasts.

Conflicts in U.S. Marine Resource Management

Growing conflicts and politicization of offshore decision making is one factor behind

calls for a new national ocean policy. Specific classes and examples of these conflicts are

discussed below. Given the primary goal of this reportto assess how GIS might

facilitate more collaborative, integrated managementthese examples begin to suggest

some of the potential benefits for improved ocean management.

Archer (1989) characterized several state-federal intergovernmental examples of

marine resource conflict: management of fisheries that span state-federal jurisdictional

boundaries, lack of coordination between federal managers and state interests regarding

marine mammal management; state-federal disputes over ocean incineration; and finally,

oil and gas leasing, exploration, and development on the outer continental shelf (OCS).

The latter has probably been the greatest area of conflict, with a number of state-federal

disputesmostly on the West Coastbeing decided by the nation's highest court. Lester

(1994), in a study of OCS oil and gas decision making for offshore California, describes

11



the situation as one of policy incoherence, process breakdown, and deadlock. Figure 2

illustrates agency and interest groups interrelationships in offshore decision making,

providing some insight into the complex relationships amongst stakeholders. Because this

process tends to create rather than resolve conflicts, Congressional moratoria, budget

notes, and similar blunt policy tools have been the main "management" techniques for

offshore oil and gas over the last decade.

The failure of single-purpose management regimes affects other sectors as well

implementation of the Fisheries Conservation and Management Act (FCMA), first passed

in 1976, is another example. Both regional fishery management councils and the National

Marine Fisheries Service (NMFS) have been criticized for their often adversarial

relationships, and for their failure to control overfishing and bycatch of nontarget species

(NRC 1999). The vulnerability of the fishery management process to delays and political

influence has also been cited. Other problems include conflicts between fishery harvest

and NMFS responsibilities for implementing the Endangered Species Act, and failure to

protect critical habitat for commercially important species (NRC 1999). Similar lists of

conflicts and policy failure could be drawn up for virtually all the single-purpose regimes

for U.S. marine resources management.

A final set of disputesthose among different management regimes and

agenciescan be even more intractable. Examples include regulation or exclusion of oil

and gas exploration in marine protected areas, and the establishment of no-take fishery

areas to protect habitat. There are few if any established mechanisms to resolve such

disputes, other than the courts or legislative bodies.
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Figure 2. Complexities of the Outer Continental Shelf oil and gas policy system
(Lester 1994).
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Increasing State Influence and Capacity for Ocean Management

States are increasing their capacity for ocean management through policy development

and implementation activities (NRC 1997). Coastal zone management, oil pollution

control, OCS oil and gas development, involvement in the governance of National

Marine Sanctuaries, and fisheries management are all areas where states have growing

influence (NRC 1997). Federal consistency, a provision of the 1972 Coastal Zone

Management Act, is a prime example. Federal actions within the coastal zone (which in

all cases extends to the limit of the 3-nm territorial sea) and federal activities outside the

13



coastal zone (including the EEZ) that have a significant impact on the coastal zone must

be consistent with state coastal policy to the maximum extent practicable. This provision

has been largely responsible for the improvements in state-federal coordination that have

developed for promoting early consultation and accommodation of state interests. The Oil

Pollution Act of 1990, fallout from the 1989 Exxon Valdez oil spill, strengthened the

states' hand in this arena as well, preserving states rights to enact even stricter controls to

protect their waters and resources (Mitchell 1991).

Another example is OCS oil and gas development; in all but a few areas, states,

who were adamantly opposed to wholesale leasing efforts of the Reagan administration,

won out, convincing Congress to block oil and gas development through moratoria and

other means (Hershman et al. 1988). State influence in establishing National Marine

Sanctuaries is cited as another example of increasing influence. Even though the NMS

program is federal, state interests have used it to advance their goals, often increased

environmental protection offshore. The "co-management" regime established for joint

state-federal management of the Florida Keys NMS is a prime example (NRC 1997).

In the past fifteen years, some states have become actively engaged in

independent ocean management efforts. The 1990 Coastal Zone Act Reauthorization

Amendments (CZARA) provided additional impetus for this, requiring states to evaluate

ocean resource issues, and if appropriate, develop strategies for improving their coastal

programs to address these issues. Seven states identified ocean resources as a high

priority issue in the CZARA-mandated process, five applied for project funding, and

three (Massachusetts, Oregon, and North Carolina) actually received funding and carried

out projects for ocean management program improvements (Bernd-Cohen et al. 1995).
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Oregon, for example, used these funds to conduct inventories and develop rocky shores

management strategies for their Territorial Sea Management Plan (OPAC 1994). In their

report on ocean governance, NRC (1997) listed ten states that can be considered

"activists" because of efforts initiated to improve their capacity for ocean management

Alaska, California, Florida, Hawaii, Maine, Massachusetts, Mississippi, North Carolina,

Oregon, and Washington.

The first and most important reason for state activism in ocean management was

the threat of federal oil and gas leasing offshorestates used their powers under the

OCSLA and the CZMA to force reconsideration of lease sales, mainly because of

perceived threats to living resources and sensitive shoreline habitats, and the potential for

adverse onshore impacts. State policy analyses of their ocean management capacity was

another factor that was both a response to offshore development concerns and a

stimulation for further activity. Proposals for mining strategic minerals in offshore placer

deposits in state and federal waters were particularly galvanizing forces for Oregon

(Good and Hildreth 1987). State legislative interest was high as wellthe Western

Legislative Conference, for example, appointed an Ocean Resource Committee, which in

turn published A Leadership Agenda: State Management of Ocean Resources (Western

Legislative Conference 1988). It is no accident all five Pacific states are among the ten

activists cited earlier.

Another explanation for increased state activism in ocean management is that it

was part of a broader trend in the development of state capacity for environmental

management (NRC 1997). This was stimulated in part by a several-decade trend toward a

"new federalism", wherein responsibility for administration of a variety of federal laws
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devolved to the statesstate implementation of the Clean Water and Clean Air Acts are

prime examples.

The results of these state ocean management efforts have been relatively modest.

Several states have passed responsibility for ocean management among different

agencies. Others have done little since initial policy studies. Oregon is one exception,

having developed a legislatively-mandated ocean plan, and adopting it as part of state

coastal management program, thus bringing federal consistency to bear with respect to

plan policies for a "stewardship area" that encompasses the entire continental margin

(ORMTF 1990). Interest in ocean management in Oregon has been sustained by issues

surrounding tourism, nearshore rocky habitat degradation, a proposal for kelp leasing,

poor ocean conditions for endangered salmon, and, most recently, severe constraints on

groundfishing, associated community impacts, and proposals for marine reserves to

protect the habitat of overfished species.

Integrated Ocean Management and GIS

Marine policy specialists characterize today's sectoral, resource- or activity-based

controls as "marine resource management" to differentiate it from proposals for more

comprehensive "ocean management" (Cicin-Sain et al. 1990). Ocean management in this

sense is defined as area-based, multiple use, and integrated with respect to policy and

institutions. The National Marine Sanctuary Program, particularly with regard to the large

sanctuaries designated in the 1990s (e.g., Florida Keys, Monterey Bay, Olympic Coast) is

sometimes cited as a model for this more integrated ocean management (Rote 1993).
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What does "integration" mean in the context of marine policy and management?

According the Random House Unabridged Dictionary, it has to do with "the bringing

together or incorporating the parts into a whole" (Flexner and Hauck 1993, 990).

Underdahl (1980) defines integrated marine policy as policy that is comprehensive with

respect to inputstime, space, actors, and issues; aggregated with respect to decision-

makingevaluation considers all alternatives, interests, and perspectives; and consistent

with respect to outputsamong and within policy levels. Considering the variety of

actors, interests, space, issues, and interests offshore, policy and management integration

can be seen to have at least five dimensions (Knecht and Archer 1993; Cicin-Sain and

Knecht 1998):

Intersectoral integration between marine and coastal sectors (e.g., oil and gas

development, fisheries, transportation, marine recreation, marine mammal protection), as

well as between marine sectors and land-based sectors that directly and indirectly affect

the ocean environment (e.g., agriculture, forestry, coastal development)

Intergovernmental integration within governmental levels (horizontally for

sectoral agencies) and among levels (federal, state, local)

Spatial integration between the land and the ocean, from one part of coastal and

ocean waters to others, and from the ocean surface to the seafloornature- and human-

imposed boundaries, interactions across boundaries, and the fluidity of resources in space

Science-management integration interdisciplinary science (physical, natural,

social) and integration of science into policy-making processes and into management

planning and decision making
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International integration the lack of correspondence between natural and

human-imposed boundaries and ranges require integration at international borders as well

as where states where boundaries integration ofcommon fisheries, transboundary

pollution, ship passage are examples of international issues where disputes arise

The potential of GIS to foster integration in virtually every one of these

dimensions is clear. Whether it is interrelating various kinds of scientific data and

information, examining political boundaries relative to resource distribution, seeing how

jurisdictional boundaries interact among state management agencies or between state

agencies and their federal counterparts, or seeing how different uses interact (e.g., crab

pot fishing areas with ship transportation lanes or ocean dumping areas), GIS has the

potential to clarify issues, display and communicate information, and analyze and

illustrate the effects of different options. The social and behavioral implications of GIS

use for decision-making may also be significant (NRC 1997), helping to build working

relationships, understanding and appreciation for others' perspectives, and more.

Ocean Management in the FutureA Potential Model

Whether and how 'marine resource management' is transformed to a more 'integrated

national ocean policy and management' regime remains to be seen. The National

Academy of Sciences panel that produced Striking a Balance: Improving Stewardship of

Marine Areas (NRC 1997), provides a recent, compelling overview and synthesis of the

many ocean policy critiques and ideas that have been put forward in recent years. More

importantly, the panel, with a membership drawn from the full range of ocean



stakeholders, developed consensus recommendations for a national ocean policy and

institutional framework that addresses key problems. It called for:

a National Marine Council to define national objectives and to coordinate public

and private sector interests;

regional councils, authorized where appropriate to deal with serious conflicts or

valuable resources if existing regimes were inadequate;

the maximizing of the potential of existing programs;

improvement of resource management by using management tools more

creatively, including access limitations where needed;

assessment of the value of non-market goods and services the ocean provides to

ensure their consideration in decision making;

more inclusive decision processes and rule-making;

improvement of existing coordination mechanisms; and

utilization of a wider range of financing, similar to those used for land-based

management.

These recommendations for a new ocean management model, together with some of the

suggested objectives and operating principles the NRC panel proposed provides a useful

conceptual framework for consideration of GIS benefits.
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Data and Information for Ocean Management Today

It is worthwhile to examine some of the problems regarding the development, sharing,

and use of data and information for ocean management. This provides at least some

insight into why GIS has yet to be widely used for ocean applications.

Marine scientific inquiry and the data and information that follow are of two basic

genres today. The first is basic scientific research conducted by academic, government,

and to a lesser extent, nongovernmental agencies and institutions. The second is applied

scientific research to support decision making within a particular marine management

regime, such as fisheries, water quality, or oil and gas resources, or to monitor long term

trends in environmental quality. Basic research focuses on fundamental questions and

unknowns, whereas applied research and monitoring are designed to feed into resource

management and allocation decisions. There is considerable overlap to be sure, and basic

research of previous eras forms much of the foundation for both types of inquiry.

Integrating scientific results of the two types of inquiry, however, is often difficult, even

for managers trained in science. Basic science literature is generally inaccessible to those

without specialized training. Much of the work reported is theoretical, is based on

abstract modeling, and seems far removed from the day-to-day decisions resource

managers must make.

An additional ocean information management challenge is posed by the increased

data volume and processing capability made possible by modern technology. High

quality ocean environmental data are being collected at rates unimagined just a decade

agosatellites, other remote sensors, in situ data recorders, and other devices are

continuously on the job. Computing capacity has increased apace, allowing scientists to

20



store, organize, analyze, display, and publish these data. Often, however, results are in

formats that are indecipherable or otherwise not useful to ocean users and managers.

Advances in translation of ocean science for policy and management have not kept pace,

despite awareness and interest in the problem. This trend is exacerbated by ever-changing

technology.

In addition to the communication constraints imposed by data volume and

technology, there are social and behavioral barriers to communication and utilization of

scientific data and information for policy and management. Some of these are based on

cultural differences among the domains of individuals involved in science, policy and

managementmutual lack of understanding, lack or misuse of others' products,

competition, simple failure to communicate, and disdain are problems (Orbach 1996).

Even within domains, there are serious communication barriers. For example, "science"

is not a unitary structure or process. Each discipline relevant to ocean policy and

management has its own language, scientific methods, and means of interpreting,

displaying, and presenting data and information derived from data. Do the fisheries

oceanographer and marine economist really understand and appreciate the other's basis

for how much fish can be caught? The puzzle pieces offered up by different disciplines

often do not fit well together, even where studies are interdisciplinary and scientists meet

regularly to explore the others' results.

Conceptually, many of the problems related to the sharing of information and the

application of information for planning and decision-making have their basis in the

differences between those who generate data and information, those who use it for policy

making, those who transform it for public planning and management, and those who use
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it for private purposes or to advance their agendas. Each group has very different ends

and means. Scientists, for example, are constantly building, tearing down, and rebuilding

the body of knowledge created by predecessors and peers. Policy-makers, on the other

hand, just want the scientific facts.. .is it true or not? Managers want to know the

implications of the information for long term planning or a specific management

decision. Differences in understanding, data requirements, methods of working (e.g., the

policy process does not approximate the scientific method), and other factors throw up

communication barriers that contribute to the fragmentation and incoherence in ocean

management.

METHODOLOGY

Goals and Objectives

The goal of this project was to evaluate the efficacy and potential benefits of different

approaches to the design and implementation of GIS for ocean management in the United

States, with emphasis on the ocean management needs and responsibilities of coastal

states. Of particular interest was the perceived value and utility of regional approaches,

such as the Southeast OPIS, versus less ambitious, more limited geographic area

approaches.

Specific objectives set forth to achieve this goal were:

1. To understand the principal issues and concerns of states regarding ocean use and

management off their coasts.
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2. To assess use of GIS by individual states and regional organizations for ocean affairs,

including methods and extent of data and information sharing.

3. To explore with states how GIS might be used to facilitate more integrated ocean

management at a variety of scales.

4. To identify the potential benefits of ocean GIS, particularly regional-scale, and how

these benefits might increase equity, efficiency, and effectiveness in ocean

management.

5. To identify barriers to effective development and implementation of ocean

geographic information systems.

Study methodology to achieve these aims, described more fully below, included

the development of coastal state "profiles" on ocean management activities and GIS use,

based on literature review and interviews of key state personnel. Two states that

illustrated a range of ocean management activism were selected for more in-depth case

studies (Maine and Florida), along with the regional Southeast OPIS. Because of its

proximity to the researchers, Oregon was also examined in more depth than other states,

but was not the subject of a full case study. In addition, a special workshop in conjunction

with the conference, Coastal Geotools 99, was held to get face-to-face perspectives and

examples to supplement the interview and case study process.

Supplemental Research Questions

Two sets of supplemental research questions were developed to guide the interview and

case study process. The first set of questions was developed in collaboration with the
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CSC prior to initiation of the project. They respond to CSC interests regarding the utility

of regional ocean GIS approaches and in part to the more general FGDC benefits

program purposes. This set of questions was particularly important in initial study design:

What are some examples of ocean management issues whose solutions, whether

from a single-state or regional perspective, are contingent on regional approaches?

What are some examples of ocean management issues that are unique to single

states (e.g., issues whose solutions would not necessarily require regional

approaches)?

To what extent and how (if applicable) are targeted programs utilizing GIS to

address ocean management concerns within their borders?

How, if at all, does GIS complement existing intrastate and/or regional program

objectives?

Based on feedback from states and case study participants, what are the potential

barriers (e.g., administrative, fiscal, technological) to the development of intrastate

and regional marine GIS, and how can those best be overcome?

Based on state interviews and case studies, what actions will maximize the

potential of regional Ocean GIS and how will this approach help to obtain NSDI

Benefits Program objectives of enhanced efficiency, effectiveness, and equity?

A second set of questions arose as the study interviews and case studies progressed.

Many relate to perceived barriers to using GIS in the marine environment. These

questions, raised by many state interviewees, strongly influenced the evolving interview



process as well as the case studies. These questions, listed below, are addressed in the

Results section of the report:

Can the functions of GIS for terrestrial resource management be effectively

adapted to the marine environment?

Can GIS be used to examine the interactions between multiple ocean uses in order

to recognize problems and identify management solutions?

What is the appropriate scale or spatial scope of a GIS in order to address

particular management issues?

Is there enough political interest and financial support to develop and maintain

effective marine GIS?

How can GIS capacity be developed given current ocean governance and

management structures?

What ocean management issues are most suitable for addressing in a marine GIS

and

what data is needed for useful analysis?

What is the necessary resolution and accuracy of data within a GIS in order to be

helpful as a state or regional management tool?

How can the use of GIS help to overcome sectoral, governmental, spatial, and

science-management fragmentation in ocean management?

State Profiles

State Ocean Management-GIS Profiles were developed for the 23 coastal states with salt

water shorelinesAtlantic, Gulf, and Pacific. Although all five U.S. territories have
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approved coastal management programs and ocean areas for which they are responsible,

they were not included in the study due to time and funding limitations.

The first step in state profile development involved collection and review of state

coastal management program documents, state ocean policy studies and plans, state issue

assessments and strategies for program improvement developed in response to the 1990

amendments to the federal Coastal Zone Management Act (ocean resources was one of

the required assessment topics), and other literature on national ocean policy, state ocean

activities, and GIS use in resource management. These proved useful starting points for

the development of state profiles.

A state data collection instrument was developed and tested in Oregon, and

subsequently scaled back in detail and expectations. The revised data collection

instrument, which was designed to feed into the template for state profiles, was used as

the framework for telephone and/or personal interviews with individuals in all 23 states.

The number of interviewees varied from state to state, but generally included at least one

state ocean and/or coastal manager familiar with offshore issues, and at least one GIS

specialist involved in supporting coastal and/or ocean management efforts in the state.

Case Studies

Compilation of data from state profiles provide a useful national perspective on state

activity and interest in ocean issues and the use of GIS to catalog and share information.

However, case studies are also valuable, providing a more in-depth look at state interests

offshore, the role that GIS is playing and might play in the future, as well as the barriers

and complexities that need to be addressed for effective implementation of marine GIS
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systems for state-level management purposes. Three case studies supplement the

information in state profiles.

One case study examined the Southeast Ocean Planning Information System

(OPTS) effort. States were selected for other case studies based on the range of ocean

management activism and GIS use they illustrated: Maine, which has no state ocean

management framework in place, but is involved in a regional ocean information

network; and Florida, a state with its own ocean management GIS effort as well as a

participant in the Southeast OPTS. In fact, the case of Florida is especially important

because their State Ocean Resources Inventory (SORT) served in part as the model for

Southeast OPIS. Although not subject to a full case study, Oregon was examined in more

detail than most other states, in part because the state has a formal state ocean

management program and has used GIS for specific projects, and because it does not

have an active state ocean GIS to support its work. The case studies provided insight into

the necessary attributes and potential benefits to state managers of a tool like the

Southeast OPIS. They further underscored that to be useful, regional GIS need to be

sufficiently flexible to link well with the common and unique elements of ocean

management frameworks in coastal states, address the priority ocean issues there (some

shared regionally, some not), and be compatible with existing state GIS and Internet

capacity. Case studies are included as Appendices C to E of this report. Information

drawn from them, however, are included in the Results section of this report.
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Workshops

Face-to-face interactions also played an important role in this project. For example, many

of the participants in the April 1999 NOAA-sponsored Coastal Geotools 99 conference in

Charleston, South Carolina were state contacts for this study, providing a unique

opportunity for direct interaction about the benefits of regional GIS, barriers and

constraints, and opportunities for the future. To take full advantage of this gathering of

ocean GIS specialists, a special interest meeting on ocean governance GIS was held,

attracting 20 participants. The results of the discussions were particularly valuable and

are reflected in our results, conclusions, and recommendations. Similarly, the May 1999

FGDC Conference in Portland, Oregon, provided an opportunity to present preliminary

results and get input on methods and progress from others conducting benefits

assessments. Finally, preliminary results were presented in close to final form at Coastal

Zone 99 in San Diego, California in July 1999. This forum provided an opportunity to get

questioned by a broader, critical audience.

Caveats on Methods

There are several important caveats regarding our methods. One is that the perception of

GIS benefits, the importance of ocean issues, and so on, can be very different for

different people working in the same state. Since most states do not have a designated

ocean management agency, it was difficult in some cases to determine who we should be

interviewing. In addition, as staff changes occur, agency perspectives can shift rapidly,

changing results. Thus, the "data" in state profiles and summary tables should be

recognized for what it issubjective, and based on limited perspectives from a small



fraction of those involved in state ocean management. Given the mostly sectoral

management structure in states, it was difficult to get a comprehensive picture of issue

importance, state governance structure, and GIS use. Also, the differentiation we made

between ocean and coastal applications was largely artificial from the state perspective,

so at least some of the data we collected related to both. We have tried to point this out in

the report where appropriate. Despite these caveats, the data collection effort and results,

taken in aggregate, suggest clear trends, GIS benefits and barriers, and other findings.

RESULTS AND DISCUSSION

The principal bases for analyzing the potential benefits of GIS for ocean management

were the 23 Ocean Management-GIS "profiles" for coastal states (Appendix B) and the

more in-depth case studies of several particularly enlightening examples (Appendix C).

State profiles include general descriptive information; a rating of ocean management-GIS

activity in the state (High, Moderate, or Low), along with the rationale for that rating; a

discussion and rating of ocean issue importance from a state perspective; regional ocean

concerns; existing GIS capability; and perspectives on benefits, barriers, and usefulness

of GIS and regional information sharing. Case studies have the same general format, but

go into more detail through specific examples. Several tables in the sections below

summarize profile and case study results across all states and provide a basis for

discussion and findings.

Because we are especially interested in the geography of ocean management, the

results presented here are organized by marine regions, following the large marine
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ecosystem (LME) framework presented by Sherman (1993) (Figure 3). Criteria used to

delimit LMEs include consideration of distinct bathymetry, hydrography, productivity,

and trophically-dependent populations. The seaward boundaries extend well beyond

continental shelves to include at least continental slopes, as well as the major ocean

current systems. Globally, the LMEs in Figure 3 account for 95 percent of the annual

yields of marine fisheries. Eight LMEs border the U.S. coastal states evaluated here.

Ocean Issues of State and Regional Importance

State interest in the waters off their coasts has grown substantially over the last several

decades, motivated in part by the perceived threat of federal leasing and exploration plans

for offshore oil and gas, and marine mineral development; conflicts over the management

of marine fisheries and of marine mammals; and disputes over ocean incineration (Archer

1989). More recently, disputes have centered on the establishment and management of

marine sanctuaries, Endangered Species Act listings, and the dramatic decline in some

stocks of marine fisheries (NRC 1997).

Our survey of state governmental interests in offshore issues tracks these earlier

findings (Table 2). However, given the limited sample of individuals we interviewed

about issues (mostly staff from state coastal management programs), no statistically

significant inferences can be drawn from the data. For example, had we interviewed a

wider range of ocean interests in each state, we suspect that more issues would have been

defined as important. Nevertheless, these results do suggest national trends and regional

differences that are noted in the literature and being discussed in professional forums.
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States had the choice of characterizing ocean issues as important locally (i.e.,

within state boundaries) or regionally (i.e., problems that were shared across boundaries).

Most often (70 percent of the time), issues were seen as important regionally, requiring

collaboration with adjacent states and the federal government. The number of issues

identified ranged from four to eleven, with an average of 5.8 issues per state. The ten

"activist" ocean management states cited earlier averaged 6.9 issues. This small

difference suggests that more states may be poised to join their fellow activists.

Nationally, the five most important issues were:

Fisheries identified by all 23 states, with all but one characterizing it as a problem

of regional significance; among specific problems cited were failure to protect

declining stocks, severe harvest restrictions that have resulted, and associated

community economic and social impacts.

Oil and gas development identified by 16 states (70 percent), with most

characterizing it as an issue of both state and regional concern. Despite present

moratoria on offshore development in most of the lower 48 states, and increased roles

in offshore decisions through federal consistency, states still see the potential for

future conflicts.

Water quality identified by 16 states (70 percent) as an important offshore issue,

although nearshore pollution affecting estuaries, aquaculture, and beach recreation

was most often mentioned, along with inland sources of pollution not under coastal

state jurisdiction.
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LARGE MARINE ECOSYSTEMS OF THE WORLD

1. Eastern Bering Sea 25. Mediterranean Sea
2. Gulf of Alaska 26. Black Sea
3. California Current 27. Canary Current
4. Gulf of California 28. Guinea Current
5. Gulf of Mexico 29. Benguela Current
6. Southeast U.S. Continental Shelf 30. Agulhas Current
7. Northeast U.S. Continental Shelf 31. Somali Coastal Current
8. Scotian Shelf 32. Arabian Sea
9. Newfoundland Shelf 33. Red Sea
10. West Greenland Shelf 34. Bay of Bengal
11. Insular Pacific - Hawaiian 35. South China Sea
12. Caribbean Sea 36. Sulu-Celebes Seas
13. Humboldt Current 37. Indonesian Seas
14. Patagonian Shelf 38. Northern Australian Shelf
15. Brazil Current 39. Great Barrier Reef
16. Northeast Brazil Shelf 40. New Zealand Shelf
17. East Greenland Shelf 41. East China Sea
18. Iceland Shelf 42. Yellow Sea
19. Barents Sea 43. Kuroshio Current
20. Norwegian Shelf 44. Sea of Japan
21. North Sea 45. Oyashio Current
22. Baltic Sea 46. Sea ofOkhotsk
23. Celtic-Biscay Shelf 47. West Bering Sea
24. Iberian Coastal 48. Faroe Plateau

49. Antarctic

Figure 3. Boundaries of the world's large marine ecosystems (U.S. LMEs in bold)
(modified from Sherman 1993)
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Key to Table 2 Abbreviations:

Ocean Issues of State and/or Regional Concern

WQ water quality and pollution, including Ship navigation and transportation versus
debris and land-based sources
Spills oil/hazardous material spills

O&G oil and gas exploration/development

Mm marine mineral mining

Hab protection of marine ecosystems,
especially essential fish habitat and seabirds
MM protection and/or management of
marine mammals
Fish depletion of fisheries and need for
more effective management
Aqua marine aquaculture opportunities and
conflicts

RIT marine recreation and tourism growth,
management, and use conflicts

other uses and activities
DMD siting and dumping of dredged
material from harbor improvements
Sand location of offshore sand resources for
beach nourishment
Mil military use of ocean areas

Rsch research in state and/or offshore waters

Leas seabed leasing for cables, aquaculture,
and other uses
Gov governance issues, jurisdiction, gaps
and overlaps, boundaries
Reef siting and impacts of artificial reefs

Habitat protection identified by 15 coastal states (65 percent), the need to define

and protect essential fish habitat was a principal concern, as was seabird protection.

This connects to increasing interest to strategies like marine protected areas.

Sand resources for beach nourishment identified by 11 states (48 percent); locating

appropriate offshore sand bodies that could be used for onshore beach nourishment

projects was viewed primarily as a regional or shared problem.

There were both regional similarities and differences in issue importance. In virtually all

regions, fisheries and oil and gas development are priority ocean management issues
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driving state interests offshore. Another similarity is the almost uniform lack of concern

about ocean management issues arising from military operations (no states), offshore

research (one state), artificial reefs (two states), and offshore aquaculture (four states).

Military use, of course, is mostly hidden from public view, until site-specific problems

emerge. Offshore marine research is viewed as mostly benign, and aquaculture, while

important to some states, is more of an inland waters issue.

Regional differences in issue importance are striking. Regions identifying the

greatest numbers of issues, in rank order, included Hawaii (10 issues), West Coast (8

issues on average), the Southeast (6.5 issues), Alaska (6 issues), and Gulf Coast states

(5.2 issues). The Northeast (4.7 issues) and Middle Atlantic states (4.6 issues) identified

the fewest issues. Numbers of issues do not tell the full story, however. Water quality, for

example, was uniformly important for the Northeast, Middle Atlantic, and Gulf Coast

states (the three regions identifying fewest issues), but not that important for much of the

West Coast or the Southeast (recent severe pollution associated with hurricane-related

precipitation and flooding may change this perception). Oil and other hazardous material

spills, on the other hand, were important issues in all three West Coast States and Alaska,

but not as important regionally in other areas. This may be a function of where spills and

related damage have occurred in recent years, rather than an accurate perception of risk.

Marine mining was identified as important by all West Coast states, Alaska, and Hawaii,

and related to both territorial sea resources and federal mining proposals further offshore.

As might be expected, marine recreation and tourism was an important ocean

management issue for warm-water states like Hawaii and Florida, but also for all West

Coast states who are grappling with issues like personal watercraft-caused disturbance of
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seabirds and marine mammals. Few states identified governance as an important issue,

the exception being the entire Southeast contingent involved in the Southeast OPIS

project. Perhaps collaboration in the ocean GIS project has raised awareness of potential

governance and jurisdictional issues that states should be concerned about, but may not

be aware of at present. Also evident from regional analysis of issue importance is that

future ocean GIS initiatives, including governance elements, must be tailored to regional

(and state) differences and interests.

Maturity of State Ocean Management Efforts

Interviews of state coastal managers, supplemented by a review of the literature, were the

basis of an assessment of the status and maturity of state ocean policy and institutional

frameworks (Table 3). Our findings tend to support recent evaluations (e.g., NRC 1997),

in part because our assessment was based on similar factors.

The main finding is that most state involvement in offshore decision making is

carried out through sectoral policies and institutions, mirroring the fragmentation in

decision making prevalent at the federal level. Every state, for example, is involved in

nearshore fisheries management. Even those states with relatively mature ocean

management programs are adverse to tinkering with the existing federal-regional-state

fisheries management regime, a finding that echoes the recent NRC (1997) study on

ocean governance. The rising importance of essential fish habitat protection as a state

ocean issue may signal a change in this trend, however, at least for this issue. Most states,

at least in the view of coastal managers interviewed, simply see no compelling need for

focusing their limited resources on ocean issues and management. Their agendas, they
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assert, are already overflowing with pressing onshore concernscoastal hazards

mitigation, management of development, wetland protection, and more. This in part may

be an artifact of the kinds of staff expertise in coastal management agenciesmost hire

land planners or coastal environmental specialists; few coastal programs have marine

science or management specialists, that being the realm of other sectoral agencies at the

state level, such as fisheries.

High ratings in overall maturity and capacity for state-level ocean management

were assigned to just three states (California, Hawaii, and Oregon), and moderate ratings

to another five states (Maine, Massachusetts, North Carolina, Florida, and Washington).

The remaining states rated low in the maturity and capacity of ocean policy and

institutions. Just one state, Oregon, has adopted an ocean plan as part of the state coastal

management program (ORMTF 1990), giving its policies additional force through federal

consistency. California (Resources Agency of California 1997) and Hawaii (Hawaii

Ocean and Marine Resources Council 1988) have adopted plans, but policies are advisory

rather than enforceable. Most of the remaining states rated "moderate" have conducted a

detailed state ocean policy study and one, Florida, is poised to embark on a new, more

sophisticated planning effort (FGOC 1998).

Regionally, ocean management policies and institutions are relatively mature on

the West Coast and Hawaii, somewhat less mature in Southeast and Northeast, and

uniformly immature in the Middle Atlantic and Gulf Coast regions. States in regions with

more mature ocean policy and institutions are probably the best candidates for new

regional ocean management GIS initiatives, especially since many ocean issues in these



regions are shared among states. Oregon and California, for example, are beginning

discussions for such collaboration (Robert Bailey, pers. comm., August 1999).

State Use of GIS for Ocean Management

Virtually all coastal states use GIS in their coastal management programs, but the extent

of use and the sophistication of applications vary widely. GIS use for marine applications

is less common than use for coastal lands or estuarine analysis, mirroring the relatively

low importance that many states assign to ocean issues (see Table 2). The level of

sophistication and maturity of ocean area and resource management policy and

institutions (see Table 3) also seems to be a factor in whether and how GIS is used for

marine applications. Further, most marine applications of GIS by states are for nearshore,

state-managed waters rather than federal waters further offshore. But this is changing

somewhat as some states explore more comprehensive management of ocean resources

and seek a greater role in ocean decision making and experiment with more

comprehensive approaches to handling data and information.

Another finding is that state coastal management agencies are not necessarily the

principals in state marine GIS applications. Marine resource management agencies with

specific sectoral responsibilities like fisheries and wildlife management, parks and

recreation operation, or state lands leasing often have their own GIS applications. One of

the more common state ocean applications is oil spill contingency plans, generally

undertaken by the state environmental quality agency, and nearshore-focused. Generally,

the narrow focus and tailored approaches states are taking to ocean GIS suggests that
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Table 3. Status and maturity of state policy and institutional frameworks for integrated ocean management (IOM).

State LME' Policy Framework Institutional Framework Overall
IOMInitial

Interest
CZM
§309
priority

Mainly
Sectoral
Policy

Ocean
Policy
Study

Comp.
Ocean
Legis.

Ocean
Plan -

advis.

Ocean
Plan -

author.

Mainly
Sectoral
Mgt.

Ocean
Planning
body

Perm.
Advisor
y body

Perm.
Authority
body

Maturity
Assessment

ME 7a 0 High 0 0 0 Moderate
NH 7a 0 Low 0 0 Low
MA 7a 0 High 0 0 Moderate
RI 7b 0 High 0 0 Low
CT 7b Low 0 0 Low
NY 7b 0 Low 0 0 Low
NJ 7b 0 Low 0 0 Low
DE 7b 0 Low 0 0 Low
MD 7b 0 Medium 0 0 Low
VA 7b Low 0 0 Low
NC 7b, 6 0 Low 0 0 0 0 0 Moderate
SC 6 0 Medium 0 0 Low
GA 6 0 N/A 0 Low
FL 6,5 0 High 0 0 0 0 Moderate
AL 5 0 Medium 0 0 Low
MS 5 0 Low 0 0 0 Low
LA 5 0 Low 0 0 Low
TX 5 0 N/A 0 0 Low
CA 3 0 Medium 0 0 0 0 0 0 High
OR 3 0 High 0 0 0 0 0 0 0 High
WA 3 0 Low 0 0 0 0 Moderate
AK 2,1,47 0 High 0 0 0 Low
HI 11 0 High 0 0 0 0 0 0 0 High
'Large Marine Ecosystems (LME) numbers cross-referenced to Figure 3 map; LME 7 (Northeast U.S. Continental Shelf) is subdivided into Gulf
of Maine and Middle Atlantic continental Shelf (after Sherman 1993).
2 Priority assigned by state to Ocean Resources in response to state issue assessment requirements of the 1990 amendments to the
coastal Zone Management Act (subsequent CZM funding for program enhancements stimulated ocean management activities for
some states); Georgia and Texas CZM programs had not been approved yet.



different applications may be difficult to integrate for more comprehensive planning and

analysis purposes.

We have classified the approaches states use to organize, store, and analyze ocean

area and resource information into three categories: state-level GIS applications; regional

GIS efforts; and other types of information systems (Table 4). "State-level ocean GIS"

refers to marine GIS applications that are maintained by coastal management or other

state resource agencies and are generally limited to state jurisdictional waters. The

"regional ocean GIS" category refers to GIS tools that are interstate/intergovernmental

collaborative projects and include multiple state territorial sea areas and adjacent EEZ

waters. The "other information system" category includes spatial data clearinghouses

and networked ocean-related data sets. Existing information systems are further

characterized based on their area of coverage, type of application, and accessibility.

Table 5 describes the primary purposes and uses of GIS in support of

management efforts, with specifics detailed in individual state profiles (Appendix B).

Because Table 5 includes the use of GIS for coastal areas that include bays, estuaries,

inland waters, and other nearshore marine habitats, it should not be used as a measure of

how developed a state's offshore GIS capacity may be. For example, the Mid-Atlantic

states are generally quite active in utilizing GIS for fairly sophisticated purposes in

nearshore areas, but have very little GIS coverage of adjacent offshore waters.

State-Level Ocean GIS Applications

Fifteen states (65 percent) use GIS in state-level marine management activities; of these,

11 focus solely on state waters, while the other five have applications that extend in
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federal waters. Most states employ GIS for multiple marine applications, and two have

relatively comprehensive systems either developed or underway. One of these, Florida, is

discussed below and in detail in Appendix D. Regional trends are apparentall Gulf

Coast and West Coast states use GIS for at least limited ocean management purposes,

mostly in nearshore waters. Only three states provide Internet access to state-level ocean

GIS dataFlorida, Texas, and California. Most other states claim to make data available

on request, but its availability is not widely publicized or known.

Two states are discussed further belowFlorida, because of their status as the leader in

the use of GIS for ocean management, and Oregon, because of their leadership in ocean

planning and management.

One of our case study states and also a key player in the Southeast OPIS, Florida

is clearly the most active and advanced state nationally in use of GIS to support ocean

resources management. There are many reasons for thisthe importance of the ocean

and its resources to the state economy; tangible threats to Florida's marine environment,

early work on ocean policy and management issues in the state (e.g., Christie 1990);

significant investment in ocean and coastal management; the need for information to

support those efforts; and finally, an institutionthe Florida Marine Resources

Institutethat had both the technical know-how, marine science expertise, and links to

management agencies needed to establish and support a marine GIS capability.

Florida actually has two complementary state-wide ocean GIS efforts. The first is

the Marine Resources GIS (MRGIS), developed to store and integrate scientific data and

information about Florida's marine environment and resources. UNIX-based, this system

is not accessible for public use, but is very valuable to marine management agencies and
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academics. The second GIS system, the Statewide Ocean Resources Inventory (SORI), is

largely based on the same data contained in MRGIS, but is publicly available through an

Internet-based map server. SORI also served as the model for the Southeast OPIS. SORI

is a potentially insightful resource for marine educators in schools and outreach

organizations, as well as for managers who want to get easy, internet-based access to data

and maps. However, because Florida has not developed a formal ocean management

program (recommendations for the same have yet to be legislatively implemented), SORI

does not really have a principal client to ensure long-term support and maintenance.

Oregon has a formal ocean management program covering both the territorial sea and an

offshore stewardship area that includes the entire continental margin (ORMTF 1990).

The plan was legislatively implemented in 1991 and subsequently approved by NOAA as

part of the Oregon Coastal Management Program, maximizing federal consistency

powers offshore. But Oregon has no statewide ocean GIS effort analogous to that of

Florida. See the Oregon profile in Appendix B for details. GIS is used by a number of

Oregon state agencies with sectoral ocean resources responsibility for data storage, map-

making, and limited decision support. The Ocean Resources Management Task Force

used GIS maps to present an ocean inventory in its Oregon Ocean Plan (ORMTF 1990)

and its Territorial Sea Management Plan (OPAC 1994), but has no separate, ongoing

GIS effort to support the work of that group. Establishing such a system through

coordination of GIS activities of individual members of the Ocean Policy Advisory

Councilthe state's ocean management institutionwould provide an ocean GIS that is

more robust than the sum of its separate agency parts. There is some interest on the part

of state ocean managers in exploring such a strategy, as well as regional coordination of
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Table 4. Summary of GIS and other IS use by states for marine resource or comprehensive ocean management.

State1 LME1 State
Ocn GIS

Area!
Type

Data
Access

Regional
Ocn GIS

Area!
Type

Data
Access

Other
Info Sys

Area!
Type

Data
Access

Notes

ME 7a Y TS/MUL LTD N - - Y LME/MUL WWW LME networked IS
NH 7a j N N - Y LME/MUL WWW LME networked IS
MA 7a Y TS/COM MIN N Y LME/MUL WWW LME networked IS
RI 7b N - - N N - Inshore GIS
CT 7b Y TS/MUL LTD N - Y TS/MUL LTD OLISP Project
NY 7b N - - N Y EEZ/ISS LTD Dredged Material
NJ 7b N - N N - - Coastal GIS
DE 7b Y TS/MUL LTD N Y TS/MUL LTD Nearshore only
MD 7b N N - - N Inshore GIS
VA 7b N - N N - - Inshore GIS
NC 7b, 6 Y EEZ/MUL LTD Y EEZIGOV WWW N Reg-NOAA-CSC
SC 6 Y EEZIMUL LTD Y EEZIGOV WWW Y EEZIMUL LTD Reg-NOAA-CSC
GA 6 N Y EEZIGOV WWW N Reg-NOAA-CSC
FL 6,5 Y EEZ!COM WWW Y EEZIGOV WWW N - - Reg-NOAA-CSC
AL 5 Y EEZ/RES LTD Y EEZIRES LTD N Reg-CORIS (MMS)
MS 5 Y TS/MUL MIN Y EEZIRES LTD N - Reg-CORIS (MMS)
LA 5 Y TSIISS LTD Y EEZ/RES LTD N Reg-CORIS (MMS)
TX 5 Y TSIMUL WWW Y EEZIRES LTD N Reg-CORIS (MMS)
CA 3 Y EEZ/MUL WWW N Y EEZIMUL WWW CaLOCEAN; fisheries
OR 3 Y TS/ISS LIM N - Y EEZIRES LTD Rocky shore; fisheries
WA 3 Y TSIMUL LTD N N Fisheries
AK 2,1,47 N - N Y SMA WWW CIIMMS (Cook Inlet)
HI 11 Y TS/MIJL LTD N Y EEZIMUL LTD Plan for compreh, GIS
'Large Marine Ecosystems (LME) numbers cross-referenced to Figure 3 map; LME 7 (Northeast U.S. Continental Shelf) is subdivided into Gulf
of Maine and Middle Atlantic Continental Shelf (after Sherman 1993).
Area (Coverage) Type (Application) Data Access
LME large marine ecosystem (regional)
EEZ Exclusive Economic Zone (state)
TS Territorial sea (state)
SMA special management area (size varies)

COM - comprehensive ocean management
ISS single issue (e.g., oil spill contingency)
RES single-resource (e.g., fisheries harvest)
MUL - multiple issues and/or resources
GOV governance GIS

WWW internet access to data, maps, etc.
LTD Limited data access through gatekeeper
MIN - minimal access; may be archived



Table 5. Current primary uses of GIS by coastal states for coastal and ocean
management.

State Data
Storage

Mapping and
Outreach

Issue-specific
Analysis

Comprehensive
Analysis

Routine
Decision Support

Other

ME 0 0 0 Planning
NH_______
MA 0 0 0 Regulatory
RI_______
CT 0 0 0 0 0NY0
NJ 0 0 0 0 0
DE 0 0 0 0 0
MD 0 0 0 0 0
VA 0 0 0 0NC0 0 0SC0 0 0GA0 0
FL 0 0 0 0AL0 0 0MS0 0 0
LA 0 0 0 0 0
TX 0 0 0 0
CA 0 0 0 0 RegulatoryOR0 0 0WA0 0AK0 0 {____HI0 0 _____ __________
Total 21 20 15 6 9
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GIS activities to address shared issues with California and Washington (e.g., oil spill

planning, protected areas, and fisheries). Financial and human resources and expertise are

the principal barriers at present.

Regional Ocean GIS

Eight states (35 percent) are involved in regional ocean GIS activity with state and

federal waters covered. Five Gulf of Mexico statesTexas, Louisiana, Mississippi,

Alabama, and Floridaare included in the federal Mineral Management Service (MMS)

Coastal and Ocean Resources Information System (CORIS). This GIS is utilized by the

MMS primarily for evaluation of oil and gas related management decisions. Although

data from the five "participating" states are utilized in the GIS, the states have very little

active involvement in the development, use, and maintenance of the system. Direct

access to CORIS is limited to the MMS.

The Southeast OPTS is the only bona fide regional, state-focused GIS effort in the

U.S. See Appendix C. First conceived by North Carolina and the federal NOAA Office

of Ocean and Coastal Resources Management, the Southeast OPTS is being developed

through federal leadership of the NOAA Coastal Services Center, in partnership with

Florida, Georgia, South Carolina, and North Carolina. This GIS uses both state and

federal data sets and is unique in its inclusion of extensive ocean planning and

governance data, including boundaries, jurisdictions, and direct links to relevant laws and

polices governing ocean areas and resources (Figure 4). It also includes selected marine

environmental data coverages, but this component of the GIS is relatively weak, limiting

its utility. Nevertheless, easy access to the data through the internet, a map-serving



capability, and other features make it the prototype for a more useful regional ocean GIS

of the future. See http://www3.csc.noaa.gov/gisproiects/occan/index.htm for more

information.

Non-GIS Ocean Information Systems

Eleven states (48 percent) are involved in other-than-GIS information system activity.

One of these is California. That state is developing the California Ocean Information

Network (CalOcean) in support of its active ocean management and planning effort

(Resources Agency of California 1997). CalOcean includes data on water quality, coastal

hazards, coastal habitats, marine managed areas, oil and gas facilities, fisheries, and land-

based information. An experimental GIS mapping system called the California Atlas,

featuring Internet map server, is being developed as well, although atlas data are sparse

thus far.

Maine, one of our case study states, uses GIS for limited, area-specific or issue-

specific applications (oil spill contingency planning, water and sediment quality

monitoring, aquaculture, and harmful algal blooms). See Appendix E for details.

However, there is little interaction among these various efforts and certainly no

comprehensive, state-wide effort in Ocean GIS.

Maine does participate in a regional ocean forumthe Gulf of Maine Council on

the Marine Environment (GOMCME)which also includes Massachusetts, New

Hampshire, and two Canadian provinces, Nova Scotia and New Brunswick. The

GOMCME, which focuses on environmental concerns in the Gulf that affect all

members, has established a data repository and information-sharing mechanism through

the Environmental Data and Information Management System (EDIMS) (see
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Figure 4. Site map for the Southeast Ocean Planning Information System, illustrating the
variety of data and services available.
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//www.gulfofmaine.org/index.html). Although not a GIS, EDIMS in theory provides

links to many sources of state, regional, federal, and academic institution data. are made

available. However, the practical utility of EDIMS has been limited due to the lack of an

Internet data-serving capability and other difficulties in accessing data (Evans 1997). As

with Florida, the lack of any clear state or regional legislative mandate for GOMCME, as

well as the lack of intrastate ocean management program, provides little impetus and

support for an integrated information system.

Sophistication ofState Use of GIS

GIS is a powerful tool, but most users and most applications do not take full advantage of

its capabilities. This is certainly true in the case of ocean GIS applications by the states.

The purposes for which GIS is used by states for coastal and ocean management tends to

be limited (Table 5). GIS is most prominently identified as an effective means of storing

data (21 states) and mapping resources (20 states). GIS use to conduct issue-specific

analyses is also relatively common (15 states). Nine states claim they routinely use GIS

as a basis for management decisions, and six states use GIS to examine the interactions

between multiple marine resources and ocean uses. These more sophisticated uses are

generally for onshore or estuarine applications, rather than for offshore waters. GIS is

also identified as a primary planning aid and regulatory tool by several states, again,

mainly for onshore activities like wetlands management. Clearly, the simpler functions of

GIS are the ones most commonly used for marine management, namely to organize

spatial data and generate maps. Higher-order functions, such as complex spatial analysis

and modeling are rare, particularly for ocean area or resource management. The emphasis



on relatively simple GIS functions is not surprising given the stage of development of

marine applications, as well as the fact that most GIS efforts are undertaken by sectoral

agencies for limited purposes. More complex functions are often associated with more

comprehensive problem solving.

Benefits of GIS for State and Regional Ocean Management

Several approaches were used to identify the actual and potential benefits of GIS use for

state and regional management of ocean areas, resources, and activities. First, in open-

ended interviews, we asked knowledgeable state-level ocean and coastal management

and GIS professionals how their present use of GIS benefited coastal and ocean

management efforts, prompting with some generic categories. We queried the same

professionals about the benefits or potential benefits of regional GIS that would cover

multiple states and the adjacent EEZ. Details for each state are provided in profiles

(Appendix B) and case studies (Appendices C-E). Finally, we perused the ocean

management literature for specific examples of GIS use or management issues that might

have benefited from the improved organization, analysis, visualization, and

communication of information that GIS offers. Given the significant overlap among these

three sources, we also summarize the potential GIS benefits with respect to our

objectives: how can GIS foster more integrated ocean management; and how might GIS

increase equity, efficiency, and effectiveness in ocean management?
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Current Benefits ofState GIS

Responses to our open-ended interviews regarding present benefits of using GIS for state

coastal and ocean management varied, but most fell into the following general categories:

(1) multiple-use management and conflicts; (2) policy options and issue analysis; (3)

multidisciplinary science integration for management; (4) interagency collaboration and

communication; (5) centralization of and access to data; and (6) stakeholder and public

education (Table 6).

The capacity of GIS to provide visual representations of multiple use interactions and

conflicts was identified by 22 of 23 states (96 percent) as an important benefit

(category 1).

Another important benefit identified by 18 states (78 percent) was the analytical

power of GIS to examine policy issues and options in a variety of contextsarea

planning, environmental assessment, and spatial analysis of monitoring data (cat. 5).

Sixteen states (70 percent) noted the high value of data centralization inherent in GIS,

as well as the relative technical ease of making those data sets widely available

through the internet or on CDs (category 4).

Thirteen states (57 percent) identified the ability of GIS to integrate multiple, related

scientific data sets within an ecosystem management framework (category 2).

The role of GIS in fostering intergovernmental coordination and communication, thus

reducing (or at least elucidating) conflicts or barriers to cooperation, was noted by 13

states (57 percent) (category 3).

Just nine states (39 percent) identified the role of GIS in educating stakeholders and

the general public (category 6).
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Table 6. Benefits of using GIS for state-level coastal and ocean management efforts, as suggested by
state coastal managers and GIS specialists.

State Multiple-use
management
and conflict

Policy and
issue
analysis

Multidisciplinary
science integration
for management

Interagency
collaboration!
communication

Centralization
of, and shared
access to data

Stakeholder
and public
education

ME 0 0 0 0 0 0
NH 0 0MA0 0 0
RI 0 0 0 0
CT 0 0 0 0
NY 0 0 0 0NJ0 0 0
DE 0 0 0 0 0MD0 0 0
VA 0 0 0 0NC0 0 0
SC 0 0 0 0 0
GA 0 0 0
FL 0 0 0 0 0

0 0 0MS0 0 0
LA 0 0 0
TX 0 0 0
CA 0 0 0 0 0 0
OR 0 0 0 0 0
WA 0 0 0 0
AK 0 0 0 0 0 0
HI 0 0 0 0
Total 22 18 13 13 16 9
Key to Table 6 columns:

Multiple-use management and conflict GIS integrates data and information across multiple ocean use
and activity sectors, allowing visualization of multiple ocean uses interactions, as well as interactions
between ocean uses and the marine environment.

Policy and issue analysis GIS is a powerful tool for analyzing ocean issues in a variety of institutional
settingslong range planning for resource development, conservation, preservation, or protection (e.g.,
marine protected area design); for assessing the impacts of specific resource development proposals;
resolution of conflicts among uses or among use and non-use; assessing the cumulative environmental
impacts of human activities.

Multidisciplinary science integration for management GIS is increasingly able to incorporate
scientific data from many sources and sensors about the character, resources, and variability of marine
ecosystems.

Interagency collaboration and communication GIS helps integrate interagency and intergovernmental
communication and collaboration by standardizing data formats, information sharing protocols, and by an
improved capacity to identify gaps, overlaps, and conflicts in authority or responsibilities.
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Centralization of, and shared access to data GIS provides for centralized storage, organization,
documentation, and access to data and information from multiple research groups and management
authorities.

Stakeholder and public education GIS communicates information powerfully and equally (with
appropriate explanation) to multiple stakeholders in many issue settings by providing an intuitive visual
representation of the marine environment, resources, boundaries, uses, and policies. Internet based mapping
and information tools provide broad access to marine resource information and can serve as a mechanism
for public education.

These results say more about the present use of GIS by state coastal and ocean

programs than about the actual potential of ocean GIS. Generally, ocean and coastal

managers tend to perceive the principal benefits of GIS to be related to its use in

mapping, visualizing, and analyzing resources in support of decision making

responsibilities. Benefits that are slightly more subtle in nature, such as increased

consolidation of data, improved communication between multiple agencies, and

improved public outreach are not as prominently recognized.

For example, the most-often identified benefits of GIS were multiple-use

management and conflict resolution, and policy analysis (categories 1 and 5). These uses

of GIS are mainly the province of the resource managers and GIS professionals we

interviewed, so the importance attributed to them might be expected. However, we expect

some other areas to be at least equally important in the future. For example, stakeholder

and public education was the least important benefit currently being realized, yet the use

of GIS for real-time mapping and analysis is just beginning to come of age, as resource

managers and planners develop confidence in their own GIS expertise and begin to share

it with others. Because information is the currency of decision-making, GIS is likely to

contribute to the democratization of ocean decision-making in the future. Similarly, with
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schools and the "average citizen" rapidly becoming "connected" and computer savvy, the

potential audience for ocean GIS is expanding.

The integration of scientific information for more robust analysis of marine

ecosystems was identified by just over half of the states. Although the difficulty of

representing the multidimensional ocean environment in a computer discourages the

common use of GIS by marine scientists as a data research and analysis tool, it is likely

that the future availability of four-dimensional GIS software will prove to be of utility in

revealing ecological relationships not otherwise apparent.

Potential Regional Benefits

Conceptually speaking, features of a model regional ocean GIS include coverage of

multiple states and the adjacent EEZ that generally correspond to large marine

ecosystems; integration of state, federal, and non-governmental data sets, data on the

location and intensity of ocean uses and activities, and governance information. The

governance component is one of the unique features of the Southeast regional GIS and

includes legal and jurisdictional boundaries, and "geo-regulations"---policy summaries

and direct links to relevant laws governing ocean areas and resources. Easy access to the

data through the Internet and a map-serving capability is another feature of the model.

State responses to our queries about the actual or potential benefits of a regional

ocean GIS fell into the following general categories, some of which overlapped with the

state-level benefits noted above: (1) jurisdictions, boundaries, laws; (2) regional planning;

(3) environmental change and impact assessment; (4) design of SMAs; (5) centralization

of, and shared access to data; and (6) stakeholder and public education (Table 7).
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Table 7. State interest and potential benefits of regional ocean GIS.
State State

LME'
State
Interest

Jurisdiction,
boundaries,
laws

Regional
Planning

Environmental
change/impact
assessment

SMA
Design

Centralization
of, and shared
access to data

Stakeholder
and public
education

ME 7a Moderate C) 0
NH 7a Moderate C) C)

MA 7a High C) C) C)

RI 7b Moderate C) C) C) C)

CT7b Low
NY 7b Moderate C) C)

NJ 7b Low C) C) C)

DE 7b Low C)

MD 7b Moderate C) C)

VA 7b Low C)

NC 7b,6 High C) C) C) C)

SC 6 High C) C) 0 C) C) C)

GA 6 Moderate C) C) C)

FL 6,5 High C) C) C) C) C)

AL 5 Moderate C) C) C)

MS 5 Low C) C)

LA 5 Moderate C) C) C) C)

TX 5 Moderate C) C) C)

CA 3 Moderate C) C) C) C) C)

OR 3 High C) C) C) C)

WA 3 Moderate C) C) C)

AK
]

2,1,47 Mod/Hi f___________ C) C) C) C)

HI 11 f High
]

C)
I

Total 13 j 20 12 6 14 4
Key to Table 7. Columns:

Jurisdictions, boundaries, laws Regional ocean GIS clarifies jurisdictions and boundaries, visualizes gaps and
overlaps, links to legal authorities and regulations, and integrates these data with ocean uses and activities for
jurisdictional determinations.

Regional planning Regional ocean GIS helps identify problems and opportunities shared among multiple
jurisdictions, supports collaborative and integrated planning for inter-jurisdictional issues like migratory species
protection, marine transportation, oil and gas development, oil spill contingency planning, fisheries conservation, cable
right-of-ways, military operations, and so on.

Environmental change/impact assessment Regional ocean GIS is a tool for storage, organization, and analysis of
marine geographic data to assess natural variability in ocean and climate conditions, such as sea surface temperature,
nutrients, chlorophyll, winds, and currents; it also is a powerful tool for assessing the impacts of new ocean use or
development proposals, as well as the cumulative effects of human use.

Design of SMAs Regional ocean GIS integrates marine ecological and ocean use and activity data to help design
special geographic areas to protect species, habitats, or resource uses or development.

Centralization of, and shared access to data Regional ocean GIS provides for centralized storage, organization,
documentation, and access (through Internet map and data serving capabilities) to data and information from multiple
research groups and management authorities.

Stakeholder and public education - Regional ocean GIS communicates information powerfully and equally (with
appropriate explanation) to multiple stakeholders in any given issue or policy setting by providing an intuitive visual
representation of the marine environment, resources, boundaries, uses, and policies. Internet based mapping and
information tools provide broad access to marine resource information and can serve as a mechanism for public
education.
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State interest in participating in regional GIS, as suggested by our conceptual model,

was high for six states (26 percent), moderate for 11 states (48 percent), low for five

states (22 percent), and mixed moderate/high for one.

The utility of ocean GIS for regional planning applications was identified by 20 states

(87 percent) as an important potential benefit (category 2).

Fourteen states (61 percent) identified centralization of data and shared access to a

wider variety academic, federal, other state, and NGO data as a tangible benefit of

regional GIS (category 5).

The utility of the governance element in a regional GIS was recognized by 13 states

(57 percent) as a real benefit of regional GIS (category 1).

Twelve states (52 percent) cited the strengthened environmental assessment capacity

of regional GIS as a significant benefit, both for individual projects and for examining

long-term cumulative effects (category 3).

Six states (26 percent) specifically mentioned the usefulness of regional GIS in

designing and establishing marine reserves and protected areas, citing as rationale the

growing capability of GIS to model the regional, dynamic nature of marine

ecosystems (category 4).

Just four states (17 percent) identified the use of regional ocean GIS to educate

stakeholders and the public about ocean uses and activities (category 6).

State interest in participating in a regional GIS is relatively high, with more than

three-quarters indicating at least moderate interest. This reflects, we believe, the growing

state interest and technical capacity for ocean resources management, as well as the
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expressed desire of states for becoming a more equal partner with the federal government

in EEZ, as well as territorial sea, decision making.

Support of regional planning, one of the chief functions of the professionals we

interviewed, was rated an important GIS benefit by most states, whereas stakeholder

education was rated important by very few. The multiple actors involved in regional

planning (recall Figure 2), and the information-intensive nature of such efforts suggests

to us that the educational value of GIS and its ability to level the playing field is an

undervalued benefit. Public availability of ocean GIS data through the Internet should

also be an equalizer, not only in regional planning, but also for site-specific decision

making.

Just six states identified the role of regional GIS in designing special management

areas as an important potential benefit. With the federal mandate to protect essential fish

habitat (1996 Sustainable Fisheries Act), continuing concerns about certain marine

mammal populations (e.g., sea otters and Stellar sea lions on the west coast), and growing

scientific interestan entire supplemental issue of the journal Ecological Applications

was devoted to the subject in 1998 (Volume 8, No. 1, Supplement), the perceived benefits

and use of regional ocean GIS for SMA design are likely to increase greatly over the next

decade.

The Northeastern, Southeastern, and West Coast states comprise regional blocks

of adjacent states that share recognition of GIS as a potentially useful tool for regional

ocean planning purposes. Additionally, the Southeastern and West Coast constituent

states comprise regional blocks that recognize the potential for benefits related to

enhanced data sharing and clarification of ocean governance and regulation issues
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resulting from the use of GIS. The Southeastern states are already participants in a

regional GIS initiative (OPIS). Although interest in regional GIS is moderate to high on

the West Coast, no regional project is as yet underway. This information suggests that

based on state interest levels and perceptions of benefits, Oregon, Washington, and

California may be the next logical area to encourage the development of regional GIS

capacity.

The Sum Benefits of Ocean GIS

There are some clear overlaps in categories and definitions of state benefits (Table 6) and

potential regional benefits (Table 7). It is therefore reasonable to collapse these benefit

categories into a single, perhaps more elaborate list. Consolidation of benefits and the

addition of other benefits based on our literature review leads to 10 benefits, although the

list could probably be longer or shorter depending on the degree of generalization or

specification desired. Using GIS and Internet tools, ocean managers can:

1. Integrate the physical, natural, social sciences, and engineering data and information

with ocean use and governance information

2. Identify scientific research needs to address ocean management questions, and help

generate research hypotheses

3. Centrally store, organize, document, and provide access to data and information from

multiple research groups and management authorities

4. Provide Internet-based access to ocean information that educates and empowers

stakeholders and the public to be involved in decision making



5. Clarify ocean jurisdictions and boundaries, visualize gaps and overlaps, and provide

issue and area-relevant links to authorities and regulations

6. Identify and resolve disputes at multiple scales, and provide for visualization of ocean

use interactions, as well as interactions between ocean uses and the marine

environment

7. Support planning for complex, inter-jurisdictional issues at regional, limited-area, and

site-specific scales by integrating diverse ecological, human use, and governance data

8. Assess environmental impacts of specific ocean management decisions and

cumulative effects

9. Monitor and evaluate indicators of marine ecosystem health

10. Evaluate outcomes to determine equity, efficiency, and effectiveness in achieving

ocean policy goals and objectives

Ocean GISDoes It Foster More Integrated Ocean Management?

Earlier in the report, present ocean management and decision-making regimes were

describes as largely fragmentedwithin and among sectors; within and among

governmental levels; with respect to the geography of coastal lands and waters; and with

respect to the types and quality of disciplinary information utilized. Improved integration,

therefore, means policy and decisions that are comprehensive with respect to inputs

time, space, actors, information; aggregated with respect to decision-making--all

options, interests, and perspectives considered; and consistent within and among sectors

and governmental levels. Each of the ocean GIS benefits listed above has some potential
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to confer improvement in one or another dimension of integration (Table 8). As we

suggested earlier, virtually every dimension of integrated ocean management benefits

significantly from application of GIS and Internet technologies. This is because

information is the currency of decision making, whatever the issue.

Differences appear to be small, but the intergovernmental dimension of integrated

management seems to be most positively benefited by ocean GIS, particularly those

functions associated with multi-jurisdictional planning and assessment. There are many

examples of benefits in this area. For example, the NOAA Coastal Services Center, in

developing the governance elements of the Southeast OPIS, identified numerous marine

boundary and point location inconsistencies and generalizations in federal and state laws

and regulations. This precipitated a more concentrated effort to develop marine cadastral

standards. Another example is the influence of GIS modeling of the potential impacts of

alternative dredged material disposal sites in New York harbor (Pace Wilber, pers.

comm. 1998).

The intersectoral dimension is affected next most strongly. An example of the

benefits associated with GIS for intersectoral aspects of ocean management was the

inadvertent discovery by the Minerals Management Service that a major Gulf of Mexico

tanker shipping lane was located next to an out-of-production oil platform that was being

used to store major quantities of oil pumped from wells throughout the area (Norman

Froomer, pers. comm., April 1999).

An example from the disciplinary dimension turned up in the Oregon review.

Several species of groundfish have been severely overfished, effectively closing the

entire multi-species fishery because of fish intermingling. One controversy concerning



Table 8. GIS benefits and their potential to foster improved integration in ocean

management.

Potential Benefits of GIS for Ocean Management Benefit Improves Integration'
Sectoral Intergov. Spatial Disciplinary

1 Integrates the physical, natural, and social sciences, and
engineering data and information with ocean use, and ocean 0 0
governance information

2 Identifies scientific research needs to address ocean
management questions, and help generate research 0
hypotheses

3 Centrally stores, organizes, documents, and provides access
to data and information from multiple research groups and 0 0
management authorities

4 Informs and empowers stakeholders and the public to be
more knowledgeable and involved in decisions that affect
them, a benefit much enhanced by Internet access to data and
maps

5 Clarifies ocean jurisdictions and boundaries, visualizes gaps
and overlaps, and provides issue and area-relevant links to 0 0
authorities and regulations

6 Helps identify and resolve disputes at multiple scales, and
provides for visualization of ocean use interactions, as well 0 0
as interactions between uses and the marine environment

7 Supports planning for complex, inter-jurisdictional issues at
regional, limited-area, and site-specific scales by integrating 0 0
diverse ecological, human use, and governance data

8 Analyzes project-specific and cumulative, long-term
environmental effects 0 0

9 Stores, organizes, and analyzes monitoring data on indicators
of marine ecosystem health 0 0

10 Evaluates outcomes to determine decision equity, efficiency,
and effectiveness in achieving ocean policy goals and 0 0 0
objectives

See text for definitions of the dimensions of integrated ocean management.

Benefit has potential to confer significant improvement or function
0 Benefit has potential to confer some improvement or function
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groundfishing is the possible adverse impacts of trawl gear on bottom habitat necessary

for fish recruitment and rearing. Research on the issue is limited and none has been

conducted in Pacific Northwest waters. GIS data on trawl effort is being used as a starting

point to frame hypotheses about the effects of bottom trawling (Wakefield and Bailey,

unpublished data, 1999). There is hope that this kind of research might lead to efforts to

protect the most important, sensitive areas.

A spatial integration example is a West Coast-wide, five-year study just getting

underway to monitor larval dispersal, recruitment, and nutrient levels in nearshore rocky

intertidal and subtidal environments (Renee Davis-Borne, pers. comm., 1999). GIS is

being used to organize and interpret data, and then communicate information about

spatial patterns and trends, and their implications for ocean management, particularly the

establishment of nearshore marine reserves.

Ocean GISDoes It Increase Equity, Efficiency, and Effectiveness in Ocean

Management?

Increasing the equity, efficiency, and effectiveness of decision making processes that

include a spatial dimension is one of the goals of the National Spatial Data Infrastructure

in the United States. Virtually all ocean management activity has a spatial dimension and

thus it is important to assess whether and how the use of GIS in this context can increase

equity, efficiency, and effectiveness. With respect to ocean GIS, we defined these three

terms simply:

Equity means easy, low-cost or no-cost access to the best available scientific

and other ocean data and information by all ocean stakeholders and the public in a form
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that is easy to use, interpret, and understand; if information is power, equity is about the

free sharing of power.

Efficiency means developing needed spatial data and information for ocean

management at the lowest cost possible; efficiency presumes wide data sharing and

reduced duplication of effort.

Effectiveness has to do with the impact of ocean management policy and

decision making outcomes with respect to policy goals and objectives, and the role of

GIS in fostering effectiveness and documenting outcomes.

Although we did not query state managers and GIS professionals directly on this

issue, their responses on other questions provided us with an intuitive basis for assessing

how each benefit identified might increase equity, efficiency, and effectiveness, as

defined above (Table 9). The benefits we ascribe to ocean GIS fit our definitions rather

neatly, since some relate to improved, more democratic information access (equity),

others to avoiding duplication through improved data integration and sharing (efficiency),

and still others to improved decision-making and policy outcomes (effectiveness).

Application of GIS and Internet data sharing to ocean management has a significant

expected positive effect on equity, efficiency, and effectiveness of processes employed

and outcomes achieved.



Table 9. GIS benefits and their potential to foster increased equity, efficiency, and
effectiveness in ocean management.

Potential Benefits of GIS for Ocean Management Benefit Increases'
Equity Efficiency Effectiveness

1 Integrates the physical, natural, and social sciences, and
engineering data and information with ocean use, and ocean
governance information

2 Identifies scientific research needs to address ocean management
questions, and help generate research hypotheses 0

3 Centrally stores, organizes, documents, and provides access to
data and information from multiple research groups and
management authorities

4 Informs and empowers stakeholders and the public to be more
knowledgeable and involved in decisions that affect them, a
benefit much enhanced by Internet access to data and maps

5 Clarifies ocean jurisdictions and boundaries, visualizes gaps and
overlaps, and provides issue and area-relevant links to authorities 0
and regulations

6 Helps identify and resolve disputes at multiple scales, and
provides for visualization of ocean use interactions, as well as 0
interactions between uses and the marine environment

7 Supports planning for complex, inter-jurisdictional issues at
regional, limited-area, and site-specific scales by integrating 0
diverse ecological, human use, and governance data

8 Analyzes project-specific and cumulative, long-term
environmental effects 0 0

9 Stores, organizes, and analyzes monitoring data on indicators of
marine ecosystem health 0

10 Evaluates outcomes to determine decision equity, efficiency, and
effectiveness in achieving ocean policy goals and objectives 0

See text for definitions of equity, efficiency, and effectiveness.

Benefit has potential to confer significant improvement or function
0 Benefit has potential to confer some improvement or function



Barriers to State-Level Development of State or Regional Ocean GIS

If ocean GIS makes so much sense and offers so many benefits, why are states not taking

it up, investing their own resources in developing ocean GIS for their waters and adjacent

EEZ, as well as collaborating across state marine boundaries on shared issues? This was

one of the questions we asked state coastal and ocean managers and GIS professionals.

The simple answer is that the perceived benefits are overwhelmed by the institutional,

financial, technical, and data integration barriers (Table 10).

State Perceptions ofBarriers

The lack of financial resources to develop and maintain an ocean GIS was named by 22

or the 23 states we interviewed (96 percent) as an important barrier (Table 10).

Competition for limited funds among natural resource agencies at the state level is fierce,

and although GIS and related technologies are rapidly being integrated into coastal

management processes, investments in applications and data development for land-based

issues like wetlands management, coastal hazards, and growth management take priority

over offshore applications. The much greater expense of collecting some kinds of marine

environmental data as compared to land data is also a factor.

Eighteen states (78 percent) cited problems with marine data availability. Even

basic data sets, like detailed bathymetry, habitat and related attribute data (e.g., key

species associations) are not readily available for many ocean areas. Also, much of the

data available from the ocean science community is not suitable for use in a GIS, much of

it being too fine or coarse in resolution, too narrowly or broadly focused geographically,

or beyond the capability of GIS to integrate in meaningful ways.
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Staffing issueslack of GIS positions, lack of training or expertise, or pressure

from competing demands for use of existing GIS resourceswere cited by 15 states (65

percent) as a major stumbling block to ocean GIS development. Given the focus on

coastal as opposed to ocean issues in most state coastal management programs, few staff

have the requisite training to integrate much of the data and information available about

manne ecosystems.

Twelve states (52 percent) noted that there was probably insufficient support from

political or high level management for ocean GIS to be a high priority financial or human

resource investment.

Twelve states (52 percent) said that the incentives or payoff for developing

comprehensive state or regional ocean GIS were not sufficient to make the necessary

initial investment. This is true even in some of the states now most engaged in ocean

managementNorth Carolina and Oregon, for example. For others, ocean issues were

once a priority but no longer are, at least now. Washington State is a good example of the

latter casein the mid-1980s, federal offshore oil and gas leasing appeared imminent and

ocean management activity was high, including collaboration with neighboring states and

British Columbia. When a moratorium on offshore leasing was imposed by President

Bush and 2,700 square miles of offshore waters were set aside as the Olympic Coast

National Marine Sanctuary, Washington State's attentions shifted to other more pressing

issues. Washington's coastal program today is highly sophisticated in its use of GIS, but

the focus is on watershed management, wetlands restoration, and coastal hazards, not

ocean management.



Table 10. Barriers to state-level development of state or regional ocean GIS

capacity.

State Data avail-
ability

Data
Access

Staff Tech-
nology

Finan-
cial

Leader-
ship

Priority Other barriers

ME 0 0 0 0 0 Not high state/agency priority
NH_______ 0
MA 0 0 0 0
RI 0 0 0 Limited GIS support staff
CT 0 0 0 Ocean issues not a priority
NY 0 0 0 0
NJ 0 0 0 Little academic collaborationDE0 0 0
MD 0 0 0 Limited GIS support staff
VA 0 0 0 0 0NC0 0 0 0
SC 0 0 0
GA 0 0 0 Not high state/agency priority
FL 0 0
AL 0 0 0 0 0 0MS0 0 0
LA 0 0 0 0 0 0
TX 0 0 0
CA 0 0 0 0 0 0
OR 0 0 0 0 0 0 Lack time, staff, funds for GIS
WA 0 0 0 0 Ocean issues low priority now
AK

f
0 0 0 0 0 0 0 All barriers important

HI
]

0 0 0 Digitizing-integration issues
Total 18 8 15 4 22 12 12

Key to column headings:

Data availability: Data necessary for basic or specialized ocean coverages not available
Data access: Difficulties in acquisition, conversion, or compatibility of data sets
Staff: Lack needed staff, expertise, training, or time for ocean GIS development
Technology: Necessary hardware andlor software to support ocean GIS lacking
Financial: Lack necessary financial resources to develop and maintain ocean GIS
Leadership: High level political and/or management support/commitment for ocean GIS lacking
Priority: Ocean GIS not high relative priority given issues and mostly federal control offshore
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Problems accessing needed data for ocean GIS was noted by eight states (35

percent). Some existing ocean data is proprietary (oil and gas exploration data), classified

(military information), or developed by academic scientists who must publish it first.

Getting timely or any access to these data can present a major challenge. Extracting data

from sectoral governmental agencies is often difficult as well, even though it was created

with tax dollars and is in the public domain.

Only four states (17 percent) identified technological barriers to development of

ocean GIS, suggesting that a lack of availability of appropriate GIS hardware and

software is not a major barrier, especially in comparison to other factors.

Other Barriers and Limitations

A number of barriers noted above deserved more in-depth comment, as do some of the

inherent limitations of GIS for application in the complex, dynamic marine environment.

Among these are questions about:

scale and resolution of ocean GIS data and applications

data availability, compatibility, and quality

upper management level understanding of what GIS can and can not do

inherent limitations of GIS in a fluid, three-dimensional environment

extent of understanding of ocean dynamics by most coastal and ocean managers

culture differences among data developers, integrators and analyzers, and decision

makers

fragmentation of ocean area and resources management regimes



long-term maintenance of ocean GIS

Scale and Resolution Issues

One of the primary challenges in developing a GIS for a large ocean area is defining the

geographic coverage of the system and necessary data resolution. Generally, the larger

the area mapped, the poorer the resolution of included data. A large-scale map that covers

a small geographic area can display far greater detail than a small-scale map that covers a

much larger geographic area. However, the issue of scale is slippery with GIS, because

the user can zoom in and out of a map, often well beyond the resolution limits of the data

it contains. An indicator of resolution is the minimum mapping resolution (MMR)the

smallest area that can be described as one thing (Berry 1995). The MMR will change

depending on what is being mapped (boundary lines, benthic habitat, oil platforms, etc.),

but is still limited by overall map scale. The finest image resolution that can be

represented in a GIS is limited to the minimum cell size (in a raster coverage) or the

minimum size of a point representation (in a vector coverage) (Berry 1995). Resolution

of raw data is determined by the data collection technique. For instance, if bathymetry

data was collected using side-scan radar with a resolution of 100 meters, then no finer

resolution of bathymetry data is possible in the GIS. GIS users that do not have an

appreciation for these points run the risk of misinterpreting analyses, drawing incorrect

conclusions, and making poor management decisions.

The question of determining the most appropriate scale and resolution for GIS

data can only be answered after careful consideration of the intended use of the GIS. The

concept of decision scale and resolution can be used to address this issue. Decision scale



and resolution can be defined as the smallest acceptable scale and resolution of data that

is needed to make a decision, be it the better of several broad policy options, site-specific

zoning decision, or a single permit decision as compared to technical standards. This

requires that the design of a GIS be preceded by identification of the range of decisions it

is being built to support, and the types and smallest acceptable scale of data needed to

make those decisions, assuming appropriate levels of risk and uncertainty. The concept of

decision scale and resolution is useful for planning and using a GIS within its limits to

yield accurate results, but it is an idealized one. In most cases, choices of data available

for the marine environment are limited by available data collection techniques and the

broad range of established data sources. Unless significant time and funding are available

for the collection of new information, the use of existing data is the only option.

Based on our interviews of state coastal and ocean managers, most see a greater

need for large-scale GIS applications (small area, high resolution), because management

decisions and conflicts they deal with require that level of detail for analysis. Small-scale

ocean GIS (large area, lower resolution) have lower perceived utility at the state level,

although many states were also interested in the possible benefits associated with a large

area coverage GIS to aid in regional planning, particularly for areas under state control

(the territorial sea). State perspectives on the scale-resolution issue are summarized in

Table 11.

70



Table 11. Characteristics and potential benefits of large-scale GIS versus small-scale
GIS applications.

GIS Scale General Characteristics Potential Benefits
Large Relatively small coverage Useful for state-level regulatory,
Scale! extent (limited scope) permitting & enforcement efforts
High High to moderate resolution Visualization of local management
Resolution Robust in state-level data issues

Developed and maintained by Useful in supporting day-to-day
State management decisions
Most directly useful for state- Potential for conducting robust
level agencies analyses

Regional- Large coverage extent (broad Useful for regional-level planning
Small scope) and policy analysis
Scale/Low Low resolution Visualization of interstate &
Resolution Sparse in state-level data international management issues

Developed and maintained by Provides a broad conceptual scope of
federal government or regional marine issues
council Useful for mapping state & federal
Most directly useful for federal ocean governance & management
or regional-level groups jurisdictions

The question of large-scale versus small-scale GIS is not necessarily an either-or

proposition. Conceptually, two related ocean GIS systems of different scale and

resolution could be linked, with the large-scale GIS "nested" within the small-scale,

regional GIS. Nesting of GIS applications in this manner would facilitate many of the

benefits identified in this report for both state-level and regional ocean GIS. Development

of a regional framework GIS within which large-scale applications might be nested

would serve as a basis for improved data compatibility and integration across multiple

spatial scales and management jurisdictions. This concept is currently being explored

through collaborative meetings between GIS specialists from the Florida Marine

Research Institute and NOAA Coastal Services Center (Eric Treml, personal
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communication, September 1999). At the present time however, issues of scale and

resolution pose substantial technical, conceptual, and practical limitations to effective

ocean GIS development.

Data Availability, Compatibility, and Quality

Data from many sources are used in all geographic information systems. The availability

and quality of data, as well as its internal compatibility can be powerful limitations for

ocean GIS. Data about the marine environment is collected in many different forms; for it

to be used in GIS, it must be collected or converted into digital data. Data capture

locating, digitizing, and integrating appropriate data setsis generally accepted as the

most time- and cost-consuming aspect of GIS development (Clarke 1997).

In order to generate useful GIS coverages, spatial data from a variety of sources

must be standardized and geo-referenced to the same projection. The need to integrate

multiple data sets can pose difficult technical challenges and makes it difficult to transfer

data between different GIS programs. Current efforts to increase standardization of

metadata information and data exchange protocols as part of the National Spatial Data

Infrastructure (NSDI) framework could help to address this difficulty (NSDI 1999).

Another important data limitation for many marine GIS applications is a lack of

existing data suitable to support the types of analysis that would be most useful for state

marine resource managers. For instance, new requirements stipulated by the 1996

amendments to the Magnuson-Stevens Fishery Conservation and Management Act

mandate regional fisheries management councils to identify essential fish habitat (EFH)

for managed species (Coleman 1999). In order to utilize GIS to map and/or predict likely
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locations of EFH, high resolution bathymetric, substrate, habitat type, and species

distribution information is needed. Without the existence or availability of this data in

digital form, GIS cannot aid managers with ecologically relevant analyses.

Data quality is a major issue for ocean GIS. Some marine environmental data is

collected with great care and scientific precision, but other less so. Once merged in a GIS,

however, the relative quality of data used for particular analyses becomes masked. This,

of course, suggests the need for quality ocean GIS metadata, standards for which are just

beginning to be developed. Given the attention that GIS is receiving from policy makers

and managers, funding and effort from ocean and coastal management agencies is likely

to be expended on the development of greater GIS capacity. However, the benefits of GIS

recognized in this study can only be realized if the data underlying these systems is of

high quality. This means that an ongoing commitment (at both the state and federal

level) is needed in support of improving data collection techniques and the continuation

of long-term environmental data gathering.

Understanding GIS Capabilities and Limitations

The limited understanding by many policy makers and resource managers of the utility

and benefits of GIS for ocean management are another barrier to its elevation as a state

agency priority. Lacking champions at influential levels, it is unlikely that ocean GIS will

get the needed funding, commitment, and technical support necessary for effective

development and implementation. This may be one of the primary reasons for limited

state interest in ocean GIS thus far.
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Conversely, a lack of understanding about the limitations of GIS can result in the

use of data for inappropriate analyses resulting in misleading or faulty results. The

limitations, quality, and compatibility of data sets need to be carefully considered before

using this information for analyses. Analyses based on poor data can make good-looking

maps that may be completely inaccurate. Thus, management decisions (which are often

fine scale decisions) based on these types of GIS analyses are likely to be poor, at best. In

order to properly use GIS, managers need to have a solid understanding of the data

underlying the system and the ramifications of manipulating this information through

analyses. In practice, however, managers typically do not have the time to learn about

GIS in sufficient depth to appreciate its limits.

Limitations ofGIS in the Fluid Ocean Environment

Most GIS applications, even in the marine environment, are two-dimensional (x, y). Yet

much of the available data and information needed for ocean decision-making has at least

three dimensions (x, y, z) or even four (time). Although many two-dimensional analyses

are useful in ocean management (e.g., separating towboat shipping lanes from crab

fishing areas), the two-dimensional nature of GIS significantly limits its utility. Further,

this inherent limitation has led to a rejection of GIS by many marine scientists as an

inadequate tool for oceanographic data analysis.

The ability of GIS to handle 3-D and 4-D data is very limited at this time,

although there is increasing research on multidimensional modeling (Mason et al. 1994).

A recent GIS software application developed by researchers at the Wrigley Institute for

Environmental Studies at the University of Southern California is an example of how GIS
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can effectively analyze 3-D and time-stamped data. This Environmental Assessment

System (EASY) GIS is particularly well suited to analysis of oceanographic and satellite

data for the modeling of coastal water quality (USC Wrigley Institute 1998).

Limited Understanding of the Marine Environment by Managers

One dimension of the "fragmentation" problem in ocean management is the distinct break

in management that occurs at the shoreline. One reason for this is the "managers" of the

coast are very likely to be very differently trained than those that deal with marine

resources. Coastal management agencies employ planners, geographers, policy analysts,

and perhaps coastal scientists or engineers, but few marine scientists. This makes sense

given the bulk of issues coastal agencies deal with, but it limits their capacity to know

what questions need to be answered in ocean decision-making situations, to know what

information or data are needed, and whether and where it is likely to be available. As a

consequence, coastal management agenciesoften the only "sectoral integrators" at the

state leveltend to operate within their geographic comfort zone, namely the shore, the

bay, the upland. Conversely, many marine science-trained specialists do not know what

the management questions are and what kinds of new knowledge or data might be most

useful.

Social and Behavioral Barriers to Ocean GIS Development

In the background section of this report, it was noted that culture differences exist among

and within the science, management, and policy-making communitieshow each works,

what they work with, and how they communicate are very different. The consequences
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are often mutual lack of understanding, lack or misuse of others' products, competition,

simple failure to communicate, and even disdain for one another's work. This means that

relationships are uneasy at best. GIS has the potential to either bridge some of these

differences or deepen them. Careful use of data and information provided by scientists,

interaction on interpretations, and improved communication are needed to build bridges

and avoid deepening these problems. One outcome of communication barriers among

those who develop, interpret, and use ocean information is that policy makers and

resource managers are often unaware of the work of academic marine scientists, and

scientists are unaware of societal need for their expertise and data. Much scientific

endeavor, particular in academic institutions, is typically not conducted with

consideration for how it might be used for ocean management. Sometimes scientists even

fear that possibility. Efficiency in ocean management demands that these kinds of

barriers be bridged. Awareness of this barrier is the first step in overcoming it, but

increased opportunities for meaningful interaction and collaboration are needed to

overcome them.

Lack of Integration in Current Ocean Governance

The fragmented nature of ocean governance, particularly between state and federal levels,

and among sectoral management agencies poses a difficult obstacle to the

implementation of regional ocean GIS. Lacking coordinating mechanisms and institutions

(e.g., a regional ocean council) and dispute resolution authorities, regional ocean GIS has

difficulty in building and maintaining a primary client base. Some states are very

interested, but adjacent states less so, and some have necessary institutions developed (a
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state ocean council), but others do not. Existing fragmentation makes demand and interest

in regional GIS very soft.

Sectoral management also hinders the process of locating and accessing

appropriate data from multiple resource management agencies. Multiple management

authorities for ocean management also make it challenging to secure funding for

development and implementation of a regional GIS. Thus, although regional GIS has the

potential to better integrate ocean management at a regional scale, actual changes in

governance structures are likely to be necessary for the full realization of its potential.

Questions About the Development and Maintenance ofRegional GIS

One of the basic questions that needs to be addressed in process of developing a regional

ocean GIS framework is: Who should build, maintain, and pay for the system and how

will this affect the usefulness and longevity of the resulting GIS? If the GIS is funded and

developed almost exclusively by the federal government, the danger exists that a sense of

ownership for the resulting GIS will be lacking from state interests. The lack of

monetary and personnel investment required by the states could lead to a lack of "buy-in"

to use and maintain the system. In addition, without substantial participation from state

representatives the regional GIS is not likely to be directly useful to state management

efforts. In either case, the system would fall short of providing the intended benefits of

facilitating integrated ocean management. In addition, if states do not use a regional GIS

there will be no incentive for them to support the system with staff time, funding, and

upgrading of data. Thus, an effective regional GIS framework must be founded upon both

a stable federal coordinating mechanism and active participation from constituent states
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through data sharing, complementary development of local-scale marine GIS, and interest

in developing interstate and intergovernmental solutions to regional marine problems.

CONCLUSIONS

The principal goal of this study was to determine the potential benefits of using GIS to

manage marine resources and ocean space, emphasizing state ocean interests. We also

wanted to know how these benefits might foster more integration in ocean management,

as well as more equity, efficiency, and effectiveness in decision making. Another

question was the perceived value and utility of the regional approaches, such as the

Southeast OPTS, versus less ambitious, more limited geographic area approaches. The

role of the Internet in GIS data sharing was also of interest, given the exponential growth

in its use over the last decade and expected growth in the future. The principal findings

and conclusions follow.

1. State Interest and Influence Increasing - State interest in and influence over the

management of marine resources and ocean space has increased in recent decades

and this trend is likely to continue, albeit slowly.

States have strong interest in a number of key ocean issuesthe management of

declining fishery stocks; identification and protection of habitat for marine species; future

oil and gas development; coastal water quality; oil spills; and, on the east coast,

identification of sand resources for beach nourishment (Table 2). These issues have both

local and regional attributes and thus require collaborative approaches.
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At the same time interest is growing, new vehicles have been put in place that

give states more influence in ocean decision making. One key example is the 1990

amendment of the "federal consistency" provisions of the CZMA, which clarified state

authority to review federal activities for consistency with state coastal policies, whether

or not the activities occurred inside or outside the coastal zone. Just as federal

consistency was an important incentive for state participation in the federal coastal

program, it is also likely to be one of the chief impetus' for state ocean management

program initiation. Other examples of vehicles for increased state involvement offshore

include regional fishery management regimes that involve states, state authority to strictly

enforce oil spill prevention and cleanup rules, and oil and gas leasing and development

consultation procedures.

Having ready access to GIS data on marine boundaries and federal and state

authorities (as in the Southeast OPTS) has obvious value to states desiring to assert their

interests and influence in these and other ocean decision processes.

2. State and Federal Interests Offshore Differ - State interests in ocean management

have some inherent differences from federal agency interests, both in character and

degree; consequently, the perceived roles of ocean GIS for information management

and decision-support are different.

State ocean management is likely to benefit substantially from the improved information

management and mapping GIS provides. Given the fragmentation of state marine

resource management regimes, and the more local focus of their interests, they generally

need higher resolution, larger-scale, sector-specific data as opposed to regional-scale
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data. States do concede that regional ocean GIS would be useful for area planning and

policy analysis, particularly for issues they share across state and federal boundaries, or

with adjacent states. Nevertheless, until state and national ocean policy and institution-

building catches up with technical GIS capacity, single issues will drive state ocean

management activities. In such an environment, it is unlikely that groups of states will

initiate regional ocean GIS efforts on their own.

3. State Management Capacity Growing Slowly - Many coastal states are gradually

improving their institutional capacity for participation in ocean management and

virtually all claim interest in doing sothis trend will stimulate interest in state and

regional ocean GIS.

State-level ocean management policy and institutions are beginning to emerge (Table 3).

As they do, the need for improved ocean data and information, data access, and

information sharing will follow.

States with more mature ocean management efforts tend to be more engaged in

ocean GIS and other information system activities. Generally, policy and institutional

development precede interest in ocean GIS and information sharing, simply because the

need becomes apparent as issues are addressed. Maine, Massachusetts, North Carolina,

Florida, California, Oregon, Washington, and Hawaii all have at least some policy basis

and institutional structure for state ocean management and represent the beginning

"market" for the regional ocean GIS concept. It is also possible that exposure to regional

ocean GIS and appreciation of its utility may stimulate informal (and perhaps formal)



policy and institutional improvements at the state level. The interest of Georgia and South

Carolina in the OPIS suggests this may be the case.

Nevertheless, fragmentation in marine resource management at the state level

impedes the development of comprehensive ocean GIS, just as it does at the federal level.

Investments that are being made are issue- or resource-specific, and for limited

geographic areas. Thus, although regional GIS has the potential to foster more

comprehensive ocean management, the sectoral nature of current management can also

impede its development. Until more integrated state and federal institutional

arrangements for ocean management are established (national and regional marine

councils, dispute resolution mechanisms, etc.), the demand for regional ocean GIS will

continue to be soft.

4. State GIS Technical Capacity Strong - State coastal management agencies, and

other sectoral management agencies with coastal and marine resource management

responsibilities, have significant and growing technical capacity and resources to

develop GIS applications and provide Internet information services.

State use and sophistication of GIS for coastal and ocean management today varies, with

most applications being site or project specific, for limited geographic areas, and focused

on coastal lands and waters, as opposed to offshore areas (Tables 4 and 5). Florida is the

undisputed national leader in developing ocean GIS, and the Southeast OPIS is the only

bona fide regional GIS focused primarily on state interests. Internet data and information

sharing is rare, but beginning to be used by states like Florida, California, and Maine.

Sectoral state agencies (e.g., fisheries and wildlife) are just as likely as to be the principal
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developers of marine GIS applications as the formally-designated coastal management

agencies. Overall, the growing GIS and Internet technical capacity and resources of states

provide a good foundation for expanding use of GIS for state and regional ocean

management. However, limited financial resources poses a significant barrier to

integrating existing digital data, generating additional data sets, investing in GIS

technology, and hiring needed GIS technical staff.

5. GIS Benefits Ocean Mana2ement - The potential benefits of GIS for ocean

management are deep and widespread, accruing to policy-makers, resource

planners and managers from all marine sectors at all governmental levels, users of

marine resources and ocean space, marine scientists of different disciplines,

nongovernmental interest groups of every stripe, and the public at large, including

youth.

Ocean GIS:

(1) integrates scientific and technical, ocean use, and ocean governance data in one geo-

referenced system;

(2) integrates scientific research planning with ocean management needs;

(3) centrally stores, organizes, documents, and makes accessible data from many sources;

(4) informs and empowers stakeholders and the public to be more knowledgeable and

involved in decisions that affect them, a benefit much enhanced by Internet access to data

and maps;

(5) clarifies and gives visual geographic representation to ocean jurisdictions,

boundaries, and authorities;



(6) clarifies and helps resolve disputes and conflicts by allowing visualization of

interactions, problems, and potential solutions;

(7) supports planning for complex, inter-jurisdictional issues at regional, limited-area,

and site-specific scales by integrating diverse ecological, human use, and governance

data;

(8) analyzes project-specific and cumulative environmental effects;

(9) stores, organizes, and analyzes monitoring data on indicators of marine ecosystem

health; and

(10) evaluates outcomes to determine decision equity, efficiency, and effectiveness

relative to policy goals and objectives.

One thing apparent about this list is that it is somewhat a restatement of the

classic benefits of GIS for resource management we outlined in the background section.

There are some unique aspects associated with use of the Internet as a distribution

mechanism, but it is clear that the general utility of GIS for resource management applies

equally to ocean management.

6. GIS Fosters Integration, Equity, Efficiency, and Effectiveness - The use of GIS

for ocean management, and the benefits it confers, will lead to more integrated

marine policy and management. It will also increase equity, efficiency, and

effectiveness in marine resource and ocean area management.

Use of GIS to support regional and state management of ocean resources and space

would benefit each dimension of integration discussed heresectoral, intergovernmental,

spatial, and disciplinary (Table 8). Benefits (1) to (3) abovedealing with data handling



and integrationhave the greatest impact on disciplinary and spatial integration; whereas

the sectoral and intergovernmental integration are most positively affected by benefits (4)

through (8), which involve the use of data for problem solving. Benefit (9), indicator

monitoring, would affect integration in all dimensions, but most strongly in the spatial

and disciplinary areas. Finally, benefit (10), evaluation, has the most positive impact on

sectoral and intergovernmental integration.

Increased equity, efficiency, and effectiveness in ocean management will also be

outcomes of increased GIS use for ocean management (Table 9). Benefits (1) to (3) and

(5) above will increase efficiency by reducing duplication, more sharply focusing

management-related research, and by improving information management. Equity will be

increased by improved data availability and accessbenefits (3) and (4), and by GIS

applications with multiple stakeholder interestsbenefits (6) and (7). Effectiveness in

decision making, relative to goals, will be increased mainly through benefits (6) to (10),

which deal with planning, results monitoring, and evaluation.

7. Barriers to Ocean GIS Implementation Significant financial, institutional,

scientific, technical, and cultural barriers and limitations impede the development

and implementation of state and regional ocean GIS. These include:

(1) the significant initial cost of ocean GIS;

(2) the uncertainty about future maintenance and its costs;

(3) fragmentation in ocean management at state and national levels, which makes it

difficult to

(a) identify and obtain available data,



(b) integrate disparate data developed by different methods for different purposes,

and

(c) identify enthusiastic, supportive clients for ocean GIS products;

(4) a disjunction between the kinds of oceanographic and marine ecosystem data that

scientists produce (often three- or four-dimensional) and the present technical capacity of

GIS to integrate and display that data;

(5) difficulty gaining the attention of high-level managers and policy makers needed to

win financial support for GIS development;

(6) limited technical training of coastal managers on marine science and issues;

(7) limited understanding within the science community of ocean management and ocean

GIS information and research needs; and

(8) low priority of ocean management and GIS for staff time and/or financial resources at

the state level, relative to other coastal issues.

RECOMMENDATIONS

1. National Framework for Regional Ocean GIS - NOAA should develop a regional

ocean GIS framework based principally on large marine ecosystems.

As the lead ocean agency for the United States, NOAA should undertake a collaborative

effort to develop a regional ocean GIS framework based on distinct large marine

ecosystems (LMEs). The LME concept has been the subject of a series of symposia

sponsored by the American Association for the Advancement of Science (Sherman and

Alexander 1986; 1989; Sherman, Alexander and Gold 1990; 1993), and so has been well



developed and evaluated. Forty-nine LMEs have been identified globally, with U.S.

waters comprising all or parts of seven (Figure 3). The logic and rationale for LMEs as

natural regions for ocean management were also examined in these symposia (see, for

example, Knecht and Cicin-Sain 1993; Bottom and others 1993). Some global LMEs

would logically be subdivided for U.S. ocean management purposes. For example, the

Northeast U.S. Continental Shelf is now believed to be composed of four subsystems:

Gulf of Maine, Georges Bank, Southern New England, and the Mid-Atlantic Bight

(Alexander 1993).

Development of such a regional LME-based framework for ocean GIS (and

ultimately ocean management) is logically a role for NOAA, as the nation's lead ocean

agency. Such a framework might also have other benefits, such as focusing research

efforts, fostering increased standardization of data collection and reporting protocols,

providing a regional ocean framework for the National Spatial Data Infrastructure

(NSDI), and better integrating the growing state ocean management community with

existing ocean data and information agencies, such as the National Environmental

Satellite, Data, and Information Service (NESDIS).

2. Expand Ecosystem and Human Use Components of Ocean GIS - The NOAA

Coastal Services Center should more fully develop the marine ecosystem and human

use components to the regional ocean GIS.

The ocean policy or governance component of the Southeast ocean GIS is central to a

regional ocean GIS designed to advance or support more integrated policy and

management. However, the marine ecosystem and human use components are relatively



weak and indistinct, being mainly focused on particular demonstration scenarios. To be

truly useful for the range of area planning and policy applications one might envision,

however, these latter two components need to be given equal weight and more fully

developed. The shared, regional issues identified by states (see Table 2) bordering

common LMEs (see Recommendation 1) should be examined to determine what

ecosystem and human use characteristics need to be represented at the regional scale. An

effort to incorporate existing data sets and to develop new ones that are essential should

also be undertaken.

3. Regional GIS - NOAA should continue to develop Southeast region ocean GIS,

market the concept broadly, and initiate a second demonstration project, either on

the West Coast or Gulf Coast.

Continued development of the Southeast OPIS is important, with additions or

enhancements suggested elsewhere in these recommendations. Given the differences in

ecological, use, and state-level governance characteristics of different parts of the United

States, and the unlikely continued development of regional ocean GIS without federal

leadership, a second regional ocean GIS should also be undertaken to increase the

potential for learning a very different region would provide, and to advance the concept

generally. One potential candidate is the Gulf of Mexico LME (Figure 3), where the

MMS already has developed many of the components of a regional ocean GIS. Another

is the California Current LME, or one of its subdivisions, such as the Northern California

Current LME. The rationale for the latter as a discrete ocean management area is outlined



in detail by Bottom and others (1993).

4. Nested Local-Regional Ocean GIS Further develop the "nested" ocean GIS

concept and evaluate its technical feasibility and practicality.

The interests and needs of state and federal ocean managers overlap, but there are clear

differences as well. States find large-scale, high-resolution GIS applications more useful

than small-scale, lower resolution regional applications (at least conceptually, since few

have much experience with either).

We recommend exploration of the concept of nesting large-scale GIS applications

within regional-scale ocean GIS. A first-order nesting of sub-LMEs within larger LMEs

discussed in Recommendation 1 above should be feasible. An example of a nested GIS

system for the marine shoreline environment was developed by Schoch (1999) and is

now being used for a broader West Coast-wide monitoring program. It may be a model

that could be adapted. Florida, given its relatively advanced SORT GIS, and the Southeast

region, with its regional OPTS GIS, is a logical test bed for this concept.

5. Marketing Regional Ocean GIS - NOAA should develop a strategic plan for

marketing the regional ocean GIS concept to coastal states, its federal partners, and

policy makers at both levels.

Despite its substantial benefits, regional ocean GIS needs "customers" to be viable.

NOAA should continue its proactive marketing of the regional ocean GIS concept.

However, to more sharply focus those efforts, NOAA should consciously develop a

strategic plan for promoting and developing regional ocean GIS for all U.S. waters.



Continued improvement and strengthening of the Southeast ocean GIS and

development of a second demonstration project, as suggested elsewhere in these

recommendations, is one sound strategy. Ocean GIS should also be marketed to potential

users through informal demonstrations, at conferences and other meetings on ocean

issues or science, and through tailored presentations to specific sectoral, disciplinary, or

governmental groups. The utility of information sharing and collaboration that ocean GIS

has the potential to provide should be demonstrated first-hand to all groups that have the

potential to foster more integrated ocean management. National and state legislators and

their staff are part of this audience since they have the power to appropriate funds for GIS

development and maintenance, and have the authority to create the more integrated

governance regimes that are needed to give ocean GIS a clear, committed client.

6. Incorporating Multi-dimensional Marine Data - NOAA should lead an effort to

increase the capacity of GIS to incorporate and analyze multi-dimensional (x, y, z,

time) oceanographic, marine resource, and human use data.

For GIS to realize its potential as an ocean research, planning, and management tool, it

needs to be able to incorporate and analyze data in three and four dimensions. The

University Consortium of GIS institutions has identified this topic as a priority research

area for geographic information science and some progress is being made (UCGIS 1996).

Leading software providers are also making progress on these issues.

NOAA should join this process by sponsoring a workshop that brings together

marine scientists and ocean managers to explore GIS needs and opportunities for
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incorporating multi-dimensional marine information. NOAA should also consider

supporting needed research and demonstration projects in this arena.
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Appendix A

U. S. Management Regimes and Authorities for Marine

Resources Management

Although not comprehensive, the laws and authorities outlined here suggest the

complexity of the current ocean management regime. Examples of some of the problems

generated by the approach include contradictory management goals, overlapping or gaps

in authority, and failure in accounting for the interactions between multiple ocean uses.

Consequently, the protection afforded the marine environment has been less than

adequate in some cases, and opportunities for developing resources or resolving disputes

in a multiple use context have not been fully realized.

The complex institutional structure which has evolved in the United States to

manage marine areas and resources is largely the result of decisions on jurisdictional

arrangements made a half century ago. Jurisdiction and responsibilities were divided

among the states and the federal government, and management of individual resources

separated from the management of ocean space. Since then, Congress has resource or

issue-specific legislation to address marine resource problemsoil and gas development,

ocean dumping, pollution control, and marine mammal protection, for example. The

principal laws governing ocean areas, resources, and activities are summarized here,

organized by category.



State and Federal Offshore Jurisdictional Relationships

The Submerged Lands Act (SLA) of 1953

This act granted ownership of submerged lands (out to the territorial sea boundary) to the

states. Thus states have the power to lease and/or develop marine resources within this

area, but are subject to the supremacy powers of the federal government with regards to

navigation, commerce, environmental protection, and defense (McCarthy and Hildreth

1987, 38).

The Outer Continental Shelf Lands Act (OCSLA) of 1953

OCSLA was passed to regulate the exploration and development of oil and gas resources

on the outer continental shelf. The act is administered by the Department of the Interior

(DOl) (McCarthy and Hildreth 1987, 39). The federal government has full control over

leasing decisions, but must consider potential impacts to state waters and review

proposals to ensure consistency with certified state coastal zone management plans.

The Coastal Zone Management Act (CZMA) of 1972

Under this act, states are encouraged to develop comprehensive management plans for

coastal resources within their territorial sea in order to control development and balance

multiple uses (Kalo et al. 1994, 155). State management plans are reviewed and approved

by the National Oceanographic and Atmospheric Administration (NOAA). The act also

requires that federal projects (even outside of the territorial sea) affecting a state's coastal

zone must be consistent with that state's federally approved coastal management plan. In
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essence this act gives the state a strong voice in the management of resources within three

miles of their shorelines.

Living Resources Management

The Magnuson Fisheries Conservation and Management Act (FCMA) of 1976

This act establishes a regulatory framework for the management of fisheries resources in

U.S. waters. Fish stocks are intended to be managed to provide for commercial and

recreational fishing interests as well as for protection and rehabilitation. Regional

councils are charged with management responsibility under the authority of NOAA

(McCarthy and Hildreth 1987, 39).

The 1996 amendments to the Magnuson-Stevens Fishery Conservation and

Management Act are referred to collectively as the Sustainable Fisheries Act. This Act

requires regional fisheries management councils to identify essential fish habitat for

managed species. Essential Fish Habitat (EFH) is defined as "those waters and substrate

necessary to fish for spawning, breeding, feeding, or growth to maturity." (EFH Interim

Final Rule, 62 Fed. Reg. 66,531 (1998). The EFH provision is an extremely important

development in fisheries management because it acknowledges the ecological necessity

of protecting habitat to maintain sustainable fish populations. The designation of EFH has

significant ramifications for what type of human uses can occur within certain marine

areas.

The Marine Mammal Protection Act (MMPA) of 1972



The MMPA provides protection of marine mammals from harassment, injury, or death.

However, permits for incidental takings are granted for commercial fishing activities and

for other exceptional development activities. The act is administered by the National

Marine Fisheries Service (NMFS) (Kalo et al. 1994, 405).

The Endangered Species Act (ESA) of 1973

This act grants protection of threatened and endangered species. Enforcement is shared

by NMFS and the Fish and Wildlife Service (FWS).

Nonliving Resources Management

The development of oil and gas and the mining of marine minerals within state ocean

waters is primarily governed by state laws (Hildreth 1991). However, in federal waters

the OCSLA applies to oil and gas development and the following act applies to mineral

mining:

The Deep Seabed Hard Mineral Resources Act (DSHMRA) of 1980

Under this act, NOAA manages deep seabed mining of ocean mineral resources within

the U.S. EEZ. This act was created in expectation of increased commercial exploitation

of marine minerals beyond the territorial sea, but little activity has occurred up to the

present time.
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Waste Disposal and Management

The international treaty referred to as MARPOL established criteria governing the

disposal of waste from ocean vessels. In addition, the following acts apply within U.S.

waters:

The Clean Water Act (CWA)

Discharges from pipelines into coastal or ocean waters are regulated under the CWA,

administered at the federal level by the U.S. Environmental Protection Agency (EPA),

and in state waters by the state water quality agency. Point and nonpoint pollution in

estuaries and inland account for the bulk of coastal pollution.

Ocean Dumping Act (ODA)

The ODA (formerly Title I of the Marine Protection Research, and Sanctuaries Act

[MPRSA]of 1972) regulates the transportation and dumping of wastes in coastal and

ocean waters. It is administered by the EPA and the US Army Corps of Engineers

(USACE)U

Clean Vessel Act

This act regulate the discharge of pollutants and wastes from ships into the marine

environment, and is administered by the US Coast Guard (West Group 1997, 323; 492).
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Oil Spill Prevention, Contingency Planning, and Clean-Up

The Oil Pollution Act (OPA)

This act is the primary federal statute governing oil spill response and liability in U.S.

waters.

The Deepwater Ports Act (DWPA)

The primary objectives of the DWPA are the authorization and regulation of deepwater

ports, while providing for environmental protection and the incorporation of coastal state

concerns in the decision-making process (Hildreth 1991). This act also addressed

concerns related to pollution impacts from potential spills associated with deep water

ports.

Multiple Use Ocean Management Initiatives

The Marine Sanctuaries Act (MSA)

Administered by NOAA, Office of Ocean and Coastal Resources Management, under the

Secretary of Commerce, the MSA (formerly Title III of the Marine Protection Research,

and Sanctuaries Act [MPRSA]of 1972) authorizes the establishment of designated

sanctuary areas which are subject to specific use constraints (McCarthy and Hildreth

1987, 40). Management of a sanctuary area is conducted from a comprehensive

perspective that seeks to understand the interactions of multiple uses and how they

collectively affect the designated area.
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State-Level Ocean Management Initiatives

The fact that coastal state management jurisdiction is limited to three miles offshore, and

that the most pressing coastal management issues relate to land or shore-based activities,

has resulted in most states taking very little active involvement in offshore management

issues. However, some states have developed legislative, policy, and management

strategies for ocean resources within their territorial sea area and even beyond into the

EEZ. The catalyst for such active state level involvement has often been a focusing issue

which is likely to impact state coastal waters in some way, such as federal oil and gas

development in the outer continental shelf, regional fisheries management plans, general

water quality and habitat concerns, etc. State profiles and case studies in this report

describe these state efforts.
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Appendix B

State Ocean GIS Profiles

(Available upon request to author)
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APPENDIX C

Ocean Planning Information System (OPIS)

Case Study

irii:



Ocean Planning Information System (OPIS) Case Study

I. Introduction

The Ocean Planning Information System (OPIS) is a pilot project of the National

Oceanic and Atmospheric Administration (NOAA). Technical leadership for the project

is provided by NOAA's National Ocean Service Coastal Services Center (the Center).

The Center strives to provide information, services, and technology to coastal resource

managers throughout the nation. In collaboration with the states of North Carolina, South

Carolina, Georgia, and Florida, the Center recognized the potential of a regional GIS to

be a useful tool in addressing interstate ocean and coastal management concerns.

Working closely with representatives from these southeastern U.S. coastal states, the

Center pursued the development of OPIS (formerly called the Ocean Planning and

Governance GIS). This prototypical regional GIS is an interactive web-based mapping

application meant to provide useful marine information to coastal managers, academia,

the private sector, and the general public (Neely 1999). The intent of OPTS is to facilitate

collaborative interstate management of marine resources by providing access to regional

geo-referenced regulatory and environmental spatial data. It is also hoped that OPTS will

foster improved communication among coastal managers and result in a more integrated

and efficient management approach for the region.

Users of OPIS are able to "shop" for various datasets by viewing metadata

records and conducting simple query functions in the "online mapping tool." Datasets of

particular interest can be downloaded for integration into the user's desktop GIS.

Guidance on how to use OPTS is also provided (Neely 1999).
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The Ocean Planning Information System Study Area (NOAA 1999)

L 1- Project

rea

Development of OPTS is supported in part by the Federal Geographic Data

Committee (FGDC) as part of their Benefits Program. This program provides competitive

grants to projects aimed at increasing the efficiency, effectiveness, and equity of spatial

information management strategies. FGDC is the federal body in charge of implementing

the development of the National Spatial Data Infrastructure (NSDT) as mandated by

President Clinton. The NSDI is intended to be an organized network of spatial data

clearinghouses and associated GIS technologies which will help to provide a critical base

of information for the nation's social, economic, and environmental management needs
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(Federal Geographic Data Committee 1999). The OPIS project facilitates progress

towards incorporating important coastal and ocean information into the NSDI.

OPIS provides an excellent example of how GIS can be used to provide access to

regional geo-referenced regulatory and other spatial data required to analyze and take

action on complex marine resources management decisions. The system continues to

evolve in both its data content, functionality, and presentation format. Because the system

is the first effort of its kind in the United States, it raises many interesting questions about

the potential for this type of tool to aid in resource management activities, provide

widespread access to ocean and coastal data, and to serve as a public education tool. This

case study examines some of the perceived and potential benefits of the system and

examines important issues for consideration in the development of a regional ocean GIS

system.

II. Background

The Development of OPtS

In developing OPIS, a working group was formed by members of participating

coastal states, Center personnel, and representatives from federal ocean management

agencies (NOAA Coastal Services Center 1999). This group conducted meetings to

identify high priority regional management issues and the types of data sets that would be

required to address these issues. The working group determined that a useful regional

marine GIS should enable users to address the following key management issues:

1. Critical habitat protection

111



2. Identification of conflicts between different ocean uses

3. Examination of the relative economic value of different ocean uses

4. Locating environmentally safe sand resources for beach renourishment

5. Sustaining local fisheries

6. Mitigation of natural and man-made hazards

Not surprisingly, this list of critical issues is consistent with the issues identified in the

state profiles section of this report for the states of North Carolina, South Carolina,

Georgia, and Florida. In addition, the working group recognized that by making OPIS

Internet accessible and user-friendly, the system would perform an important public

outreach and educational tool to policy makers and the general public.

The Center began actively assimilating data layers to address the priority management

issues identified by the working group and developing the OPIS website in February of

1998. Florida Marine Research Institute (FMRI) staff provided technical advice on design

and content of the system. Because FMRI had recently completed the development of a

Web-based marine GIS for Florida's coastal and marine resources the Florida Statewide

Ocean Resource Inventory (SORI) they were well qualified to serve in a consulting role

on the development of OPIS (Neely 1999). Like SORT, OPTS required the synthesis and

creation of a wide diversity of data sets. For example, the system incorporates the

following data themes (NOAA Coastal Services Center 1999):

Physical Resources bathymetry, bottom types, shoreline locations, etc.
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Living Resources Essential Fish Habitat, reefs, submerged aquatic vegetation,

etc.

. Economic Information OCS lease blocks, vessel traffic lanes, port facilities, etc.

Foreign Materials ocean dredge material disposal sites, hazardous areas, etc.

. Political Boundaries Federal/State, Territorial Sea, Exclusive Economic Zone,

etc.

Regulatory Information marine laws, management jurisdiction boundaries of

various resource agencies, etc.

The policy and legal information contained in the system is a key feature of OPIS.

These "geo-regulations" provide a spatial representation of the various federal laws which

govern ocean resource management. In addition, the jurisdictions of various federal

agencies responsible for implementing these laws are also spatially represented. These

integrated components provide easy access to statutory, regulatory, and jurisdictional

information pertaining to an ocean area or management issue of interest.

As a constantly evolving pilot project, OPIS should be regarded as a work in

progress within the emerging field of marine GIS development. The intent of the system

is primarily as a conceptual mechanism to support regional marine policy decision-

making. Given the nature of the data sets the system utilizes, and the very large

geographical area of interest, the system cannot be used for environmental analysis or

modeling applications. The OPTS Homepage was made accessible on the World Wide

Web in September of 1999 (NOAA Coastal Services Center 1999).
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Regional Ocean Governance Framework of the Southeastern Coastal States

The states of North Carolina, South Carolina, Georgia, and Florida do not

currently have a regional coordinating mechanism for ocean related management

activities. While each state collaborates to some extent with federal and neighboring state

agencies on specific issues, management efforts are generally narrowly focused on

pressing intrastate issues within state waters (i.e. within their territorial sea). This means

that resources within three miles of state shorelines are managed by state agencies, waters

from three to two hundred miles offshore are managed by federal agencies, and little

collaboration occurs between these governmental levels (Hildreth 1991). Even fisheries

resources that are managed by coalitions of state and federal representatives are managed

on a species-by-species basis without consideration of ocean ecosystems as a whole.

Although each of the southeastern states recognizes that many of the management issues

they are addressing have interstate relevance, in practice there is little integration across

jurisdictional boundaries.

Given the lack of formal regional management collaboration in the southeast, an

important question to be considered is whether a regional GIS could actually facilitate

improved communication and coordination among various states and with the federal

government. Another important question is whether a regional GIS could serve as a

mechanism to help change the way ocean resource management is conceptualized and

conducted at the state level.
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III. Analysis of OPIS : Perspectives From Coastal Managers

Because no precedent exists for the development and application of GIS to a large

marine region in support of interstate management efforts in the United States, the

benefits, utility, and effectiveness of such a tool are as yet unknown and unquantified.

Therefore, this case study necessarily focuses on the potential usefulness of the tool from

the perspective of the intended users ocean and coastal managers.

In order to identify potential benefits, uses, limitations, and barriers relating to

OPIS, the Center has actively solicited perspectives from ocean and coastal management

professionals representing all of the participating states for feedback about the developing

regional GIS system. Meetings between the Center and its state partners in the OPIS

project provided a mechanism for integration of partner feedback to guide the

development of the system. As part of the research for this report, members of the

Working Group met Coastal Services Center and Oregon State University staff for a

special interest meeting at the Geotools !99 Conference in April of 1999. During this

meeting, Working Group members shared their perspectives on the ocean issues that GIS

could help states address more effectively, the potential benefits of a regional GIS, and

the principal barriers to GIS use and development within their states. In addition,

representatives from each state were later interviewed on a one-on-one basis for greater

depth of information. The perspectives that resulted from the conference meeting and

phone interviews are listed in Table A and the following section on barriers to GIS

development.
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Benefits of Regional Marine GIS

Table A. Potential Issue-Based Applications and Benefits of Regional Marine GIS

Issue Potential Benefits

Oil/Gas/Mineral Improved ability to analyze impacts of extraction on other resources

Exploration and

Development

Improved mapping and characterization of substrate types

Beach Erosion and Re- Aid in identifying potential sand sources for beach nourishment

nourishment Aid in monitoring erosion of sand beaches

Ability to potentially model sand transport

Dredge Disposal Siting Ability to track/monitor the fate of waste in the ocean environment

and Monitoring

Oil Spill Contingency Ability to model potential oil spill trajectories and impacts

Planning

Improved mapping of benthic habitats

Fisheries Management Aid in identify essential fish habitat (EFH)

Aid in enforcing fishing regulations

Aid in defining no-take areas, spawning habitat, and protected areas

Provide regional database to support management decisions

Environmental Quality Ability to better assess impacts on benthic/reef habitats

Monitoring Improved water quality monitoring capacity

Ability to better understand the sources and fates of pollutants

Archeological Site Enhance protection of known sites through mapping

Monitoring Predict probable locations of additional sites

Aquaculture Lease Siting Aid in locating suitable sites that will minimize conflicts with other ocean

Analysis uses
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Consideration of interactions between whale migration routes and shipping

Habitat and Species vessels

Protection Identifying conflicts between ocean uses and habitat protection

Supports comprehensive plans for marine protected areas

Ability to better assess and understand cumulative impacts

Ability to examine management issues in relation to other ocean resources

Integrated Ocean and uses regional conceptualization

Management Efforts Helps in defining management jurisdictions and boundaries

Aid in identifying, analyzing, and resolving ocean use conflicts

Provides mechanism for information exchange and increased consistency of

management efforts between state/federal levels

Provide support for ocean zoning regulations

Contribute to collective decision-making

Provides a format for data integration about marine processes

Provides a systematic means of tracking historical uses of the seafloor

Provides a stronger analytical basis for conflict resolution

Aid in identifying gaps in knowledge and governance strategies

Recreation Uses Aid in enforcing fishing and boating regulations

Native Rights Spatial represent traditional uses, rights, and policies for enhanced

consideration

Public Education Ability to provide intuitive visual information for clearer communication and

increased public awareness
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Barriers to the Development of Marine GIS at the State Level:

Technical Barriers:

Difficulty of locating and integrating data from proper sources

Limited availability of data (particularly in digital form)

Disparity of data coverages of the right type and detail

Data inaccessibility due to confidentiality/military interests

Expensive to collect and ground-truth information

Limited ability of GIS to capture cultural issues, values, traditional rights

4-dimensional nature of ocean environment difficult to adequately represent in GIS

(especially life histories, currents, variability)

Institutional Barriers:

Unresolved jurisdictional issues within and among state and federal governments

Variable commitment of state resource agencies to the use of GIS

Lack of clear management/decision-making structure for ocean resources

Cross-jurisdictional responsibility for maintaining data and GIS

Lack of interest in ocean management without the presence of a perceived threat

Difficulty in identifying "ocean planning and management" community

Funding for deepwater data not typically a priority in the absence of a specific

(usually economic) management issue

Lack of awareness, funding allocation, and expertise for ocean resources management

at the state level.

Lack of technical staff with time available for GIS
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Lack of training for non-technical users

Limited ocean management role of states relative to federal government

GIS not yet widely used for routine decision-support

Lack of oceanographic/ecological background of many ocean managers

IV. Discussion of Results

The perspectives listed above provide a great deal of insight into the role of GIS

in regional ocean management. Many of the issues addressed in this analysis are relevant

to other regional ocean areas and coastal states within the United States. These

perspectives highlight not only what GIS can be useful for, but also identify issues that

need to be addressed for effective implementation and use of GIS at a regional scale.

Strengths of OPIS

1. Region- Wide Conceptualization ofMarine Issues

The primary potential strength of OPIS is to facilitate a more holistic and

ecosystem-based conceptual approach to the management of resources and human

activities within the ocean area adjacent to the southeastern United States. It makes

intuitive sense that resources that are not defined by political jurisdictions should not be

managed based solely on political boundaries. Thus, a regional information system such

as OPTS is logically best suited to help address issues of interstate and intergovernmental

concern. These concerns include important issues related to migratory species protection,

water pollution and hazardous spills, mining of seabed resources (particularly sand in the

case of the southeast), dredge material disposal siting, and marine reserves. Consideration
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within a regional context is most appropriate for these issues because management

decisions based on strictly local information are likely to be sub-optimal for the resource

as a whole. In addition, many small-scale uncoordinated and inconsistent resource

management actions are unlikely to result in an effective large-scale management

strategy. In practical terms, this means that conservation and protection of ocean

resources will be inadequate, and that many potentially avoidable conflicts between

ocean uses will arise. OPTS shows promising potential for ameliorating these problems.

2. Intergovernmental Integration

OPIS has strong potential to improve integration between state and federal

government levels and between marine resource agencies operating in the same state by

providing a tool for information sharing and regional planning. Thus, OPTS can help to

serve as a communication mechanism between the relevant players in ocean resource

management. Users of OPIS can visually examine their jurisdictional area within the

context of the larger ocean region. This regional conceptual perspective represents an

important shift in how state managers view the resources they are managing. Instead of

"how do I manage marine resources within my three mile state jurisdictional limit?" a

state coastal manager must think "what role do my efforts play in the overall effective

management of the region's marine resources?" By broadening the state-based

management community's paradigm from a local perspective to a regional perspective,

subsequent management decisions are likely to contribute to a more integrated overall

ocean management approach.
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3. Identification ofOcean Use Conflicts

One of the potentially most important strengths of a regional GIS is its ability to

help managers identify conflicts between multiple ocean uses. In the past, the impacts of

one ocean use upon another were typically not considered. The ocean was utilized for

many conflicting uses (i.e. waste disposal, fisheries, oil and gas development, etc.) with

little consideration of deleterious or cumulative impacts. This approach has proven itself

extremely harmful to the health of the marine environment and the sustainability of

marine-dependent industries. As demands on the ocean continue to increase, it is

imperative that better information about ocean uses be maintained to avoid negative

interactions. This is particularly true because many ocean resource decisions have

implications across jurisdictional boundaries. For example, in the southeast, states often

need to dispose of dredge material or mine offshore sand resources in federal waters.

These activities have serious potential to negatively impact fish habitat, which in turn

could negative consequences for commercial and recreational fisheries. Managers need

information about where past and proposed ocean use activities are, and what the impacts

of those uses are on other resources. A regional GIS may be able to supply information

necessary to minimize adverse impacts and conflicts between ocean uses.

4. Visualization ofOcean Governance Information

Based on the current information base of OPIS, one of its strengths is in

identifying and mapping jurisdictional complexities. The system provides geographic

representations of state and federal jurisdictional boundaries and relevant regulatory

information ("geo-regulations"). These features are useful for understanding the political
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and legal aspects that apply to the southeastern states' ocean and coastal area. This is an

effective way to identify overlaps, gaps, and conflicts between laws governing ocean

resources and between ocean management agencies. Providing a spatial representation of

the current ocean management regime has potential to encourage ocean governance

reform for improved effectiveness. In addition, the visual nature of the system, as well as

its accessibility via the Internet, allow a much broader audience of citizens, managers,

and scientists to access information relevant to the ocean governance structure of the

region.

5. Public Education and Outreach

One of the most important challenges facing marine resource managers is

educating the public about marine resources and management regulations. The

straightforward format of OPIS shows potential as an interesting learning tool for a very

broad audience of users. The system could be particularly effective for educating people

about regional offshore concerns, and for visualizing state resources in a broader

ecosystem-scale perspective.

Limitations and Challenges Related to OPIS

Although OPTS shows strong potential for helping to improve ocean management

efforts, the limitations of the system should be clearly recognized. This case study reveals

some of the important limitations that need to be addressed in order to realize many of the

potential benefits of a regional marine GIS.
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1. Lack ofScienti:flc Analysis Capability and Low Resolution

The primary limitation of OPIS at the current time is its limited inclusion of high

resolution oceanographic and scientific data (NOAA 1999). Because the system covers

such a vast ocean area, the resolution of the data in the system is quite low for most

purposes. This mean that OPTS is not at this point a useful tool for analyzing physical,

chemical, or biological attributes of specific ocean locations. Because the system was

specifically designed as a regional planning and governance tool, it is not capable of

accurate environmental analysis or modeling. Although it is clear that this was not the

intention of the system design, this issue is significant because it may seriously affect the

utility of the system to state-level coastal and ocean resource managers. These managers

often require very site-specific detailed information about a location in order to support a

management decision. Thus, although OPTS is well suited to regional conceptualization

and governance issues, it cannot often be used to support the routine issue analysis and

decision making processes of state resource managers.

In some aspects, OPTS is a "if you build it, they will come" project. By

developing a regional GIS, it is hoped that managers will utilize it to move towards better

integrated management based on a regional perspective. However, given the current

ocean management framework in the U.S., a system that is robust in resource data that

covers a smaller extent may be of more immediate usefulness for state-level marine

resource management efforts. The intended use of a GIS determines the necessary data

content and resolution of the system. Although OPTS is fairly comprehensive in scope in

terms of the variety of data themes represented, it is very limited in the degree of detail

(resolution) for many of the themes relating to physical, chemical, or biological
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resources. Currently, coastal states are in need of detailed information about ocean

resources such as essential fish habitat, bathymetry, and seafloor substrates. In its present

form, OPIS can not be of much utility in meeting this need.

2. Current Ocean Governance Regime

Another important issue illustrated by this case study is the poorly defined role of

states in ocean management, especially relative to the federal government. Because states

only have legal jurisdiction over ocean resources out to three miles offshore (nine miles

in some states), there is often little incentive for them to be concerned with management

issues beyond this boundary. States often become interested in ocean management issues

when they are faced with pressing offshore concerns such as oil and gas development, or

are in need of utilizing federally controlled resources such as offshore sand deposits. In

these instances, states have a clear stake in regional ocean management issues, but have

few established mechanisms for actively addressing these issues. In the rare cases where

a state is interested in playing a significant role in regional ocean management (OR, HI,

CA, FL), the state's authority is unclear and is legally limited to the federal consistency

requirements of the Coastal Zone Management Act and to some degree the Outer

Continental Shelf Lands Act (Kalo et al. 1994).

The regulatory complexity of the current ocean management framework, as well

as the fragmentation between state and federal level government efforts, poses a difficult

obstacle to the implementation of regional marine GIS. This institutional fragmentation

can hinder the process of locating and accessing appropriate data from multiple resource

management agencies. The decentralized nature of current ocean governance regimes
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makes it difficult to target an intended user audience for a regional GIS. In addition, the

multiple jurisdictions in place for ocean management make it challenging to ensure

adequate collaboration mechanisms for the funding, development, and implementation of

a regional GIS. Thus, although regional GIS has the potential to facilitate better

integrated regional ocean management, actual changes in governance structures are likely

to be necessary for the ultimate success of these tools.

3. System Development, Funding, and Maintenance

One of the basic questions that needs to be addressed for OPIS and for future

regional GIS efforts is: Who should build, maintain, and pay for the system and how will

this affect the usefulness and longevity of the resulting GIS? In the case of OPTS, the

system has been built largely through federal funding and expertise. Although the states

provided guidance towards development of OPTS, the lack of monetary and personnel

investment required by the states could potentially lead to a lack of ownership and "buy-

in" to use and maintain the system. The issue of long-term funding and technical support

for maintenance of OPTS has yet to be resolved. It is reasonable to speculate that if the

states participating in the project do not make a strong commitment to updating

information and/or helping to fund the effort, that the system could potentially become

obsolete or under-utilized.

In the present case study, the coastal states lacked the resources and to some

extent the incentive to pursue the development of a regional GIS. The (federal-level)

Coastal Services Center was able to provide both the financial and technical resources

necessary to carry out the project. In addition, the Center took a leadership role in
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coordinating interstate communication and overall project development. In this sense, the

effort was largely a 'top-down' approach, with primary project responsibility for the

project in federal hands. However, participation and feedback from participating coastal

states helped to increase the utility of the GIS to state-level managers, and was likely to

give the states more of a sense of ownership for the final product.

4. System User Considerations

In developing a regional GIS system, it is critical to identify who the intended

user group will be and examine their educational background, GIS proficiency level, and

working environment. As mentioned above, it can be difficult to even identify a specific

user group for a regional GIS given that such a broad array of state and federal agencies

have jurisdictions over different marine resource management issues. However, the

attributes and needs of the user group should help to shape the design of the GIS. Early

recognition and communication with the intended users was the case in the development

of OPIS. Although most coastal managers have a fairly good understanding of how GIS

can be useful, many of them lack technical training in this field. Early on in the

development of OPTS it was recognized that the system would have to be easy to

understand in order to be widely used by ocean and coastal resource managers.

This section illustrates an important point: the educational backgrounds, personal

interests, and job responsibilities of different users will affect how they will want to apply

GIS to ocean management. Some managers are knowledgeable in terrestrial or coastal

zone planning, but lack a solid understanding of marine ecosystem processes. Without a

rigorous background in marine processes, these managers are not likely to have a good
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sense of the interactions of various uses on the environment and may not understand how

to interpret marine scientific data. However, these individuals my have excellent

organization and personnel management skills. These managers are typically concerned

with institutional marine policy implementation. A GIS focused on regulatory and

jurisdictional information could be a very useful policy tool for managers with this type

of background. In this case however, neither the managers nor the GIS may be able to

effectively evaluate specific management issues in a scientifically defensible manner.

In order to bring more science to bear on marine resource management decisions,

managers with interdisciplinary training in oceanic physical, chemical, and biological

processes are required. This training is not only likely to result in better resource

management decisions, but also will build in-house capacity to address issues which

otherwise would need to be contracted out to a consulting firm. These managers will

require GIS tools to store and analyze accurate, high resolution data about ocean

bathymetry, species distributions, habitat characterizations, mineral resources, currents,

ocean conditions, etc. This is the type of information that is commonly required to

realistically identify essential fish habitat, evaluate the effects of dredge disposal or

mining activities, monitor or model pollution movement, and track biological community

information. Thus, these users within the marine resources management community have

a very different desired use for GIS than is currently provided by OPTS.

Another important consideration with regard to the intended user group relates to

how well they understand the strengths and limitations of GIS, and how technically

proficient they are in the use of GIS. A GIS that requires little training to use and is

meant to be a part of every managers desktop needs to be simple and educational. This

127



may be appropriate for displaying regulatory information, storing data, or for simple

analyses. However, in order to utilize the higher level functions of GIS such as the

creation of new data layers, spatial analysis, and environmental modeling, a more

complex and powerful system is often required. GIS specialists are usually needed to

conduct these more rigorous applications.

These distinctions in targeted user groups are not intended to advocate for one

type of GIS over another but merely to explicitly recognize that different users require

different attributes from a GIS, to be applied for different purposes. Thus, consideration

of the user group's intentions is critical in examining the utility of a regional marine GIS.

In particular, this may suggest that a regional planning and governance GIS is very well

suited for supporting the efforts of federal ocean managers and state-level marine policy

analysts, but not particularly useful for managers with more science-intensive

information needs.

V. Conclusion

The Ocean Planning Information System (OPTS) GIS has strong potential to

facilitate improved intergovernmental coordination and contribute to better

comprehensive management of the study area. The primary benefits of the system as

recognized thus far include: region-wide conceptualization of marine issues, improved

opportunity for intergovernmental collaboration, enhanced identification of ocean use

conflicts, enabling visualization of ocean governance information, and excellent

education and outreach potential.
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As a prototype and work-in-progress, the extent to which the benefits listed above

will be realized is not clear at this time. What is clear is that the development of the

system is providing exciting insight into the potential of GIS to aid in ocean management

efforts. In addition, the OPIS project raises many relevant questions about the role of GIS

in regional ocean management efforts in the context of the current U.S. management

regime. Specifically, the following questions and answers summarize the major issues

explored in this case study:

1. What type, quality, and resolution of data are appropriate for inclusion in the system

as relevant for the use of the GIS by the intended user group?

In general, ocean use information and jurisdictional/regulatory information is

appropriate for marine policy analysis and recognition of potential ocean use

conflicts. More robust, high resolution environmental data is required for

scientifically-based analysis of specific management issues. These differing data and

GIS functionality needs are determined by the information needs and occupational

duties of user groups.

2. How are the development and implementation of regional ocean GIS tools affected by

current ocean management regimes in the U.S.?

Intergovernmental and intersectoral fragmentation poses a hindrance to regional GIS

because of the vagueness ofstate and federal roles in ocean management,
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deficiencies in communication and coordination between agencies, difficulties in

accessing and integrating data from various sources, and difficulty in defining a

discreet "ocean management" community.

3. Who should be involved with funding, development, and maintenance of the GIS?

Individual coastal states generally do not have the incentive or funding to coordinate

regional management initiatives. Thus, leadership and resources are most likely

required from the federal level. However, states should participate in all aspects of

the system to the extent practicable to increase the likelihood of developing an

effective and actively used GIS.
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Florida Ocean GIS Case Study

I. Introduction

The state of Florida is surrounded on three sides by water, manages the second largest

territorial sea area in the United States, has the longest coastline in the continental United

States, and has fourteen deepwater seaports (Christie 1990, 1997). Ocean resources are

intricately associated with the state's economy, culture, recreational pursuits, food

resources, and environmental health. The obvious importance of ocean resources to the

state, along with increasing threats to the quality and integrity of Florida's marine

environment, have encouraged interest in integrated ocean policy mechanisms aimed at

providing improved environmental protection (FGOC 1998). Development of better-

integrated marine management strategies is an idea that has gained fairly strong political

support from state policy makers and resource managers (FMRI 1998). In addition to

exploring improved marine policy initiatives, the state has been very active in developing

and applying GIS for marine resource management. This case study examines Florida as

an example of a state with the following attributes:

Tangible and serious threats to the state's marine ecosystems

Strong research and technical institutional capacity

High interest in developing integrated ocean management capacity

High interest in developing interstate and intergovernmental solutions to regional

marine problems

Innovative cutting-edge applications of GIS technology to marine resource

management
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This evaluation begins by providing background perspective on the importance of

marine resources to the state, principal threats to those resources, current management

issues of highest priority, recent ocean management policy initiatives, and the current

marine GIS capacity of the state. The evaluation section of the study discusses the

following topics: the principle ocean management challenges facing the state, the

potential role of GIS in helping to address those challenges, the role of GIS in regional

ocean management, and barriers to GIS development. Finally, factors are identified that

are likely to be vital reasons why Florida is a national leader in the development and

application of ocean GIS.

II. Background

Value Indicators ofMarine Resources

To gain a better understanding of the importance of ocean resources to the state of

Florida, it is useful to examine the economic value of ocean dependent industries.

Although economic statistics cannot reflect the importance of the ocean in terms of

environmental, aesthetic, or cultural considerations, they provide an indicator of how

greatly ocean resources are relied upon for tangible goods and services.

Florida has very active commercial and recreational fisheries. The dockside value

of fish landed in one year is approximately $211 million. The overall value-added

economic impact of Floridas fisheries is estimated to be in the vicinity of $900 million

annually. Florida has led the nation in all measures of salt water fishing activity with 24



million recreational fishing trips per year. Sales for the aquaculture industry are reported

at $102 million annually, and increasingly rapidly (FGOC 1998).

Non-consumptive uses of the ocean also bring in a tremendous amount of revenue

into the state. Wildlife watching and ecotourism in the state are largely associated with

marine resources and are estimated to have an overall impact of $3.5 billion a year on the

state's economy. Statewide tourism is thought to generate $40.8 billion a year in taxable

expenditures. In a single year (1996), 1.2 million tourists visited the ocean, 1.3 million

went birdwatching for seabirds, and 900,000 observed or photographed marine mammals.

There are 732,000 pleasure boats registered in the state, with recreational boating

activities contributing $3.5 billion per year to the state's economy (FGOC 1998).

Threats to Marine Resources

Extensive utilization of ocean resources has provided many benefits to residents

and visitors of the state, but also has resulted in substantial degradation of marine water

quality, habitat function, and ecosystem integrity. In addition to the pressures incurred

from 47 million visitors to the state per year, Florida has one of the highest population

growth rates in the nation (FGOC 1998).

Water quality degradation is closely linked with coastal land uses and

development. Excess nutrients and pollutants from sewage outfalls, urban areas, and

agricultural runoff are can cause oxygen-deficient water, reduced water column

transparency, and declines in living resources (Florida Department of Community Affairs

1995). Increased occurrences of harmful algal blooms have been linked to the

eutrophication of coastal waters resulting from anthropogenic inputs of excess nutrients
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(Anderson 1995). Illegal discharges of wastes, and accidental spills of oil and other

hazardous materials, can have devastating effects on local marine systems.

Coral reefs, mangroves, seagrasses, wetlands, and marine fisheries are

components of Florida's coastal ecosystems that have particularly suffered because of

pollution and historic management practices (Florida Department of Community Affairs

1996). Dredging of navigational channels and disposal of dredge materials often have

destructive impacts on marine habitats, ecological communities, and submerged cultural

resources. In addition, the mining of marine sand resources for replenishment of eroding

shoreline beaches can destroy existing offshore habitats. Heavy harvesting pressure on

fisheries in combination with poor knowledge of fisheries biology poses a serious threat

to the sustainability of marine fish populations. In addition, illegal harvesting of fish for

food or aquariums can contribute to overfishing.

Current Issues ofHighest Management Priority

The emphasis on ocean resource issues for Florida is currently on clarifying the

role of the state in regional ocean resource management (NOAA 1997). The state is

interested in developing a more comprehensive approach to ocean management and

extending its influence beyond state jurisdictional waters. By better defining the state's

ocean management strategy, more effective management of particular issues is likely to

result.

In addition to redefining the state's ocean policies, issues of high concern to the

state include (NOAA 1997):
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Fisheries Marine fisheries are currently threatened by overfishing and habitat

degradation. Conflicts are anticipated between commercial and recreational fishing

interests.

Sand resources Many local coastal governments are interesting in mining offshore

sand resources for beach renourishment.

Conflicts among ocean users Ocean resources are very actively utilized by industry,

recreation, and tourism groups. Activities of these groups can have negative impacts

upon each other and upon the marine environment. The state is attempting to develop

management strategies to avoid conflicts and environmental damage. Examples of

conflicts include such things as dredging activities versus environmental protection,

recreational boating versus manatees, and sand mining versus fisheries habitat

protection.

Issues of regional management concern to the state include fisheries, oil and gas

development in adjacent state and federal waters, oil spills, water quality concerns, and

regional ocean governance issues.

Ocean Management Policy Initiatives and Recommendations

Increasing demands and pressures on the state's marine resources are creating

serious threats to the health of coastal waters and increasing the occurrence of ocean use

conflicts. The ability of traditional approaches to marine resource management to

effectively address these problems is presently an area of particular concern for the state.
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In order to facilitate more comprehensive management of marine resources, the state is

exploring the idea of integrated ocean management approaches (Hudson 1999).

Although the state does not currently have a formal ocean management program

in place, there is considerable action being taken in that direction. The state has clearly

articulated its intention to pursue an adaptive ecosystem management approach for both

terrestrial and marine resources. This section discusses some essential highlights of the

state's ocean policy initiatives, and describes the current status of this issue.

The Florida Governor's Office has provided a leadership role on state and regional

ocean policy issues. This office addresses federal consistency review relevant to the state

under the Coastal Zone Management Act and Outer Continental Shelf Lands Act

(Christie 1990). In 1988 the Executive Office of the Governor commissioned the Policy

Studies Clinic of the Florida State University College of Law to prepare a report

reviewing the state's ocean and coastal management framework, identifying limitations of

the states marine policies, and recommending ways to address resource issues through

ocean policy development. The resulting report was entitled Florida's Ocean Future:

Toward a State Ocean Policy, and released in 1989 (Christie 1990). Recommendations

from this report contributed to the development of a saltwater fishing licensing program,

the creation of the Coastal Resources Interagency Management Committee (IMC), and

greater involvement by the state in regional ocean planning efforts. However, little

change occurred in the actual ocean governance structure of the state.

In 1998, the late Governor Lawton Chiles proclaimed 1998 Year of the Ocean for

Florida and appointed the Florida Governor's Ocean Committee (FGOC). The Committee

has twenty-four members representing conservation, government, industry, recreation,

140



science, and educational interests. In addition, the Committee is advised by

representatives from several federal agencies, and is staffed by members of the Florida

Coastal Management Program, Florida State University, and 1000 Friends of Florida. The

FGOC is charged with identifying inadequacies in current ocean management strategies,

developing recommendations for improving coordination between various governmental

agencies, and promoting public awareness of the importance of ocean resources and

conservation (FGOC 1998). The FGOC has produced an interim progress report that

describes the nature of Florida's ocean resources, identifies current ocean management

challenges, and proposes necessary ocean management strategies.

The FGOC has developed recommendations to advise the state on how to address

the state's ocean management challenges. Their overarching recommendation is for the

development of a Florida Ocean Council to coordinate ocean resource management, and

to identify research, education, and information needs related needed to understand and

protect the state's ocean resources. This group would be a non-regulatory oversight group

created by legislative mandate. A primary responsibility of the group would be to develop

a Florida Ocean Management Strategy and Long-Term Implementation Plan. The extent

to which recommendations of the FGOC will be implemented is somewhat dependent on

political factors, and is thus unclear at this time.

Existing Marine GIS Capacity

Currently Florida is more active than any other coastal state in applying GIS to the

mapping and management of offshore resources. The Florida Marine Research Institute

(FMRI) has developed a variety of GIS applications:
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The Marine Resources GIS (MRGIS) This system was developed to integrate

scientific information into an accessible and useful format for ocean managers to use.

The intent of the MRGIS is:

not to supplant existing individualized approaches to data analysis and

presentation, but to take the information from independent research

programs, data collection efforts, and management policies of federal,

state, and local agencies, and integrate that information for management

analysis and presentation, thus initiating the rudiments of an ecosystem

approach to management (FMRI 1989, Christie 1990).

This system has been under ongoing use and development for the last ten to

fifteen years. After the Exxon Valdez spill occurred in Alaska, managers in Florida

focused on the development of a marine oil spill GIS for Florida based on MRGIS

databases. This system the Florida Marine Spill Analysis System (FMSAS) is used

to map coastal resources that may be threatened by a spill and to provide rapid

analyses of the possible effects of a spill on these resources (FMRI 1999). MRGIS

serves as a very large repository for marine related data sets. This system utilizes

Arc/INFO on a UNIX server and is not easily accessible by the general public. The

MRGIS system is the primary system for GIS analysis and mapping of state marine

resources (Hudson 1999). Scientists in the Coastal and Marine Resource Assessment

(CAMRA) program use computer mapping and data-analysis technologies to create
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summaries of information needed by Florida's marine resource managers (FMRI

1999).

The Statewide Ocean Resources Inventory (SORI) The SORI system is an attempt

to develop a GIS tool targeted at specifically addressing important ocean management

issues. It utilizes some of the same data as the MRGIS system but is an ArcView

Internet-based map service system that operates from a Windows NT platform

(Hudson 1999). This system is open for use by anyone with Internet access, and thus

provides a good public outreach tool. This system was a highly experimental

undertaking, and formed the model for the development of the regional Southeast

Ocean Planning and Governance GIS which is discussed in detail in one of the case

studies of this report. The utility of the system is apparently somewhat limited by the

fragmented ocean governance framework that is still in place in the state.

Florida Blueways Project This is a developing project that seeks to utilize GIS as a

tool to holistically examine and manage distinct geographical marine areas. GIS will

be used to characterize ecological attributes, human uses, and relevant management

aspects. It is hoped that the Blueways Project will enable the considerable scientific

and technical expertise of FMRI to be better applied to marine management decisions

and policies (Hudson 1999). The program is in the process of developing conceptual

models, and is being piloted on Charlotte Harbor (FMRI 1999).
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Florida currently employs the use of these GIS tools to support comprehensive

planning efforts for state marine areas. For instance, GIS has been used to help planning

efforts in the Florida Keys National Marine Sanctuary, the Dry Tortugas 2000 protection

plan, and in a collaborative wetlands conservation strategy with the federal

Environmental Protection Agency (Hudson 1999).

III. Evaluation of GIS for Ocean Management

Current Benefits of Using GIS for Ocean Management

Florida has developed ocean GIS capacity to the extent that it currently provides

tangible benefits to state marine management activities. Although further GIS

development has substantial potential to greatly enhance the effectiveness and efficiency

of ocean management, some benefits have already been realized. The benefits discussed

in this section were ascertained from public documents and direct discussions with GIS

professionals from FMRI (FMRI 1999, Hudson 1999).

GIS provides an excellent visualization tool for coastal managers and policy

makers. People are able to relate to maps easily and thus gain a quick

understanding of interactions between resources and human uses of the ocean.

This greatly enhances the effectiveness of public outreach and education efforts.

2. GIS enables spatial reasoning and analysis to more effectively evaluate

management issues in their geographical context. The use of GIS for resource
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mapping helps to focus attention and meaningful discussion on important

management issues.

3. The development of improved GIS applications will enable better integration of

scientific information into the resource management process. Through the use of

GIS, FMRI is striving to bring greater scientific and technical expertise to bear

on addressing marine management issues.

4. GIS can help provide a forum for greater interaction between different marine

science fields and thus encourage a more interdisciplinary and collaborative

approach to research and management activities.

5. GIS also may provide a useful mechanism by which to better integrate social,

economic, and environmental considerations into the evaluation of resource

issues. This benefit is the driving philosophy behind the Florida Blueways

Project.

Potential Benefits ofGIS in Addressing Florida's Ocean Management Challenges

As discussed briefly in the background section, the quality and integrity of

Florida's ocean resources are being seriously compromised by a variety of human-

induced threats. In order to effectively address these threats, a complex matrix of

environmental, social, and economic factors need to be evaluated. Management of ocean

and coastal resources is a challenging undertaking that the state must learn to do more

effectively if it is to adequately protect the environment, provide for future generations,

and sustain the incalculable benefits provided by the ocean. In their 1998 interim report
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to the governor, the FGOC identified the principal marine resource management

challenges facing the state.

The following issues were identified as Florida's principal ocean management challenges

(FGOC 1998):

Need for scientific information and understanding about ocean resources

2. Need for a coordinated and comprehensive ocean management strategy

3. Need to achieve and sustain diverse marine ecosystems

4. Need for education about the ocean

5. Need for financial support for ocean research, education, and management

Many of the specific strategies proposed by the FGOC to address these ocean

management challenges require accurate and current scientific, social, economic, and

environmental information. Of key interest to this case study is the role that GIS may be

able to play in helping to address Florida's ocean management challenges. The following

section identifies the means by which GIS can prove beneficial in addressing most of

these challenges.

1. Need for scientific information and understanding about ocean resources

By characterizing and mapping marine habitats, GIS can: provide initial information

about the resource base, monitor changes in quality and distribution of habitats over

time, provide insight into likely ecological linkages between marine species and their

associated habitat requirements.
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GIS can aid the state in evaluating sources, movements, and fates of both point and

non-point source pollution. This ability could aid the state in understanding the

behavior and impacts of various pollutants within the marine environment and across

the land-sea interface. From a practical management perspective, GIS could play an

instrumental role in the development and implementation of coastal pollution control

programs by identifying particular problem areas and tracking changes in water

quality over time in a spatially relevant manner. In addition, GIS could be used as a

powerful tool to model the relationships between harmful algal blooms, nutrient

levels, and physical ocean attributes such as currents, salinity, and temperature.

GIS can serve as a means to integrate scientific data from many different sources into

a form accessible by research scientists and resource managers. By providing a forum

for greater interaction between different marine science fields, GIS can encourage a

more interdisciplinary and collaborative approach to research and management

activities.

The capability of GIS to analyze the spatial interactions of multiple environmental

variables simultaneously can provide insight into environmental processes. This is

important because basic biological, physical, and chemical data are of little use to

management efforts if the processes governing how these ocean characteristics

interact is poorly understood.
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2. Need for a coordinated and comprehensive ocean management strategy

GIS can be used to examine complex jurisdictional issues to identify conflicts,

overlaps, and gaps in management strategies.

By overlaying multiple data layers about environmental attributes, human uses of the

ocean, and applicable management regulations, GIS can enable a much more holistic

visualization of management issues at both the state and regional scale.

3. Need to achieve and sustain diverse marine ecosystems

GIS provides an effective tool to help identify ocean areas such as critical fish habitat,

endangered species habitat, or particularly sensitive reefs, shoreline zones, or

estuaries in need of special protection or use restrictions. GIS can play an extremely

valuable role in monitoring biological changes within protected areas, and by tracking

human uses of these areas. For instance, in the Florida Keys National Marine

Sanctuary GIS can help to track and provide information on boating and fishing

regulations and mapping of no-take zones and special management areas (Hudson

1999).

GIS can help to provide improved monitoring and management of threatened or

endangered marine animals. By comparing the results of biological assessments over



time, it is possible to observe changes in species abundance and distribution (Berry

1995).

4. Need for education about the ocean

The mapping capability of GIS provides an intuitive and visual means for the general

public to better understand ocean resource management issues. Maps are generally

much more effective communication tools for conveying spatial data than charts,

graphs, or written text. GIS mapping products could help create educational displays

and interesting interpretive presentations to help disseminate information about

marine issues and problems.

User-friendly open access GIS applications could provide an exciting and interactive

tool for both educators and students to become more knowledgeable about ocean

issues.

Perspectives on Regional-Scale GIS

In addition to addressing ocean management issues within state jurisdiction,

Florida is interested in playing an important role in regional management issues in

adjacent state and federal waters. Major issues of regional interest include fisheries, oil

and gas development, oil spills, water quality concerns, and ocean governance issues.
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This section briefly discusses perspectives about regional GIS from several marine GIS

specialists working in the state of Florida.

A regional approach may be very useful for better managing activities that cross

state jurisdictions (Friel 1999). These activities include such things as shipping, fishing,

waste disposal, and naval operations. Regional GIS can help focus the attention of

managers on asking the right management questions and provide guidance for

appropriate direction.

The Ocean Planning and Governance GIS (Ocean GIS) being developed for

southeastern coastal states (including Florida) offers several important benefits. The

development of the system has increased interstate discussion on the hard-to-define

notion of "ocean management". This GIS performs valuable services by encouraging

greater interstate collaboration on mutually-shared management concerns, and by

providing particularly easy online access to data and Internet-based mapping capability

(Hudson 1999).

Potential challenges to the utility of the Ocean GIS include issues of scale, data

resolution, and the current vagueness of state roles in ocean management. The resolution

of the data in the Ocean GIS is not likely to be adequate to support specific resource

decision-making activities of state coastal managers. Depending on the management

issue of interest, more detailed site analysis and data collection may be required beyond

the resolution capacity of the GIS. Because the ocean management paradigm has not

been fully explored by the state-level marine resource management community, the

Ocean GIS may not be well supported by current institutional regimes. Maintaining the
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accuracy, timeliness, and accessibility of the Ocean GIS database could be a difficult

challenge (Hudson 1999).

Barriers to Realizing the Benefits ofGIS

Relative to most coastal states, marine GIS applications are well supported in Florida

through both adequate funding and well-trained technical personnel. One of the most

substantial barriers is deficiencies in data of the appropriate type, quality, or resolution

for certain applications. Financial considerations obviously limit the scope of the state's

data acquisition and GIS activities. An additional challenge to FMRI is trying to keep up

with rapidly changing GIS, remote sensing, and Internet technologies. FMRI strives to

stay on the cutting edge of geographic information science and technology. Being a

governmental entity, wages for attracting innovative personnel are not as high as in

private industry. Maintaining up-to-date databases and robust GIS infrastructure can be

challenging due to the large number of production tasks staff must perform to support the

efforts of state resource management agencies (Hudson 1999). Updating data can be

particularly challenging if it is collected by another resource agency. For purposes such

as modeling of ocean processes, the difficulty of representing the three dimensional fluid

environment of the ocean in a GIS is a substantial barrier.

Contributing Factors to the Success ofMarine GIS in the State ofFlorida

The state of Florida leads the nation in state-level development and application of

GIS to ocean and coastal management issues. Marine resource management agencies

routinely utilize GIS for issue-specific analyses and for effective display of
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environmental information. Given the strong success of marine GIS in Florida relative to

most states, it is worthwhile to examine why this might be so.

The first apparent factor is an obvious one the state of Florida is surrounded on

three sides by water, has much of its economy directly dependent on marine resources,

and has most of its major population centers along the coasts. Thus, the state as a whole

has a heightened awareness of the marine environment (Hudson 1999). This awareness

translates into strong political support and funding for marine research, education,

management, and related GIS development.

Another significant factor is the nature of the ocean management issues the state

faces. Because Florida's ocean resources are so heavily utilized for a variety of

recreational, commercial, military, and educational purposes, many use conflicts and

tangible threats to the health of the marine environment have emerged. These conflicts

and threats pose difficult challenges to ocean and coastal resource management agencies.

In order to adequately address these challenges, agencies are in need of accurate and

timely resource information. Marine GIS applications have developed as a natural

response to increasing demand for access to scientific information in order to support

management efforts.

The substantial research and management infrastructure in the state of Florida

has provided a supportive climate for GIS development. Florida is home to 15 major state

and federal research and education facilities (FGOC 1998). Florida's Sea Grant Program

and Coastal Zone Management Program are very active in outreach and management

efforts. Florida has four estuaries that are part of the federally funded National Estuary

Program, and three estuaries that are part of the National Estuarine Research Reserve
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System. Adjacent to the state, the Florida Keys National Marine Sanctuary contains over

2,600 square miles of specially protected waters (FGOC 1998). These state and federal

institutions can serve to provide data for the development of marine GIS, and also help

create demand for marine information management tools. FMRI, as the primary research

division for Florida's marine management efforts, has been particularly innovative in the

exploration of GIS capabilities in the marine realm. The leadership at FMRI has strongly

supported the development of GIS, and encouraged creativity from its staff. As an

institution with research, technical, and outreach responsibilities, FMRI provides a

unique setting for the integration of scientific research and resource management

(Hudson 1999).

The high degree of collaboration that routinely occurs between various resource

agencies is also a likely contributing factor to the success of marine GIS. Although much

of the collaboration among agencies is informal, the exchange of perspectives and

information may have helped to foster overall interest in better integrated approaches to

ocean management. The development of GIS tools that could support the analytical and

data display needs of a variety of agencies may thus have been recognized as a beneficial

undertaking, and supported accordingly.

The factors described above all seem to support (to varying degrees) the success

of Florida's GIS development efforts. Generally speaking, it is reasonable to conclude

that coastal states that lack many of these factors have a lesser likelihood of developing,

implementing, and supporting successful marine GIS applications.
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IV. Conclusion

Florida provides an excellent example of a state that is engaged in developing GIS

as a means to facilitate more integrated ocean management. The state's interest in more

effectively managing ocean resources both within its legal state jurisdiction and within a

larger regional context is driving the development of comprehensive marine GIS

applications. The use of GIS is currently providing substantial benefits by: serving as a

powerful visualization tool, increasing the effectiveness of public outreach and education

efforts, enabling more complex examination of the marine environment in a spatial

context, and enabling better integration of scientific information into the management

process.

Further development and improvement of ocean GIS applications show strong

potential to aid the state in better addressing priority ocean management challenges. GIS

is very likely to help state efforts to gain a better understanding of ocean resources,

coordinate ocean management strategies, sustain diverse marine ecosystems, and educate

the public and policy makers about ocean and coastal issues.

A combination of pressing marine management issues, political and financial

support for coastal management agencies, strong existing marine

research/education/management institutional infrastructure, and the existence of

collaborative mechanisms between resource agencies are likely contributing factors to the

overall success of Florida's ocean GIS applications. Of particular importance is the

priority given to GIS development within FMRI an institution with the information

access, technical skills, and leadership necessary to successfully pursue such a task.
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Maine Ocean GIS Case Study

I. Introduction

A case study of the state of Maine provides important insights into the role of

regional ocean information systems in relation to state marine resource management

objectives. The geographic character of the Gulf of Maine lends itself well to

consideration as a regional management unit. The semi-enclosed nature of the Gulf, along

with the dominant current patterns and biological communities, can be visualized as

somewhat of a large marine ecosystem (refer to Figure 1 below). The Gulf faces

significant threats to its biological resources and water quality due to human impacts

(NOAA 1997). Maine is a state with high interest in careful management ofocean

resources, yet does not have a formal "ocean management" strategy in place. However,

the state participates in a regional coordination effort known as the Gulf of Maine

Council on the Marine Environment (Council). The Council has pursued the development

of an interstate/international ocean information system to aid in both state and regional

level management efforts (GOMCMIE 1999). The state of Maine thus provides an

interesting illustration of the role of information technology as related to state marine

policy and pressing regional-scale ocean management issues.

This case study will summarize the stat&s current ocean management approach

and marine GIS applications, discuss the regional management efforts of the Gulf of

Maine Council on the Marine Environment, describe the Council's Environmental Data

and Information Management System (EDIMS), evaluate the benefits and barriers

associated with EDIMS and a hypothetical regional marine GIS, and discuss the
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implications of this case study for the development and implementation of regional ocean

management information systems.

Figure 1: The Gulf of Maine regional ocean area and associated states and provinces

(NOAA 1999)

Gulf
of

Maine
Mass

This case study examines two related phenomena:

1. The role of a regional ocean information management system (the Environmental

Data and Information Management System) in a cooperative regional ocean

management coalition (the Gulf of Maine Council on the Marine Environment).

2. The utility of state-level and regional-scale marine GIS from the perspective of a

coastal state (Maine) concerned with regional marine issues.
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H. Background

Maine's Current Ocean Management Framework

Currently, Maine's approach to management of ocean resources is similar to most

other coastal states in the sense that various marine resources are managed by separate

agencies with no formally structured coordinating mechanisms. Thus, the state has no

comprehensive ocean resource management plan or strategy. However, the state is quite

active in informal collaborative projects relating to the management of ocean resources.

These efforts include developing community-based fishermen councils, establishing a

working group to coordinate state agency actions pertaining to marine resources, and

developing dredge disposal management strategies (NOAA 1997). Many of the state's

most pressing marine management concerns are related to nearshore issues such as

terrestrial based pollution, aquaculture siting, toxic algal blooms, dredging operations,

and toxic sediment concerns (NOAA 1997). The state has recognized the problems

resulting from the lack of a comprehensive ocean policy (Maine Coastal Program 1992),

but has apparently not developed a solution to this issue. In the absence of a truly

pressing offshore concern, such as oil and gas development, the current approach to

ocean resources management is likely to remain as the status quo.

Maine's Current Marine GIS Capacity

Overall, there is little GIS coverage of ocean areas within Maine's legal

jurisdiction. State GIS efforts at this time mostly involve land-based or nearshore

information. The State Office of GIS serves as a central repository for large coastal data
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sets. This office handles specific GIS related requests from other agencies. Individual

resource agencies have some in-house GIS capacity for use as a policy and planning tool,

but not for complex analyses (Barker 1999).

However, there are currently a significant number of noteworthy resource agency

and academic GIS initiatives. A strong example of a coastal application is the Department

of Environmental Protection's Marine Oil Spill Information System (MOSIS), which has

been actively used for approximately five years. This GIS system contains information

about coastal geology, intertidal habitat characterization, bird nesting sites, and seal

haulout locations and is used for coastal oil spill response information needs. The Maine

Geological Survey has mapped large portions of the coast with sidescan sonar and stores

this data in a GIS format. This bathymetry data is not linked to other sectoral data. GIS is

used for management of specific data sets on toxic sediments, shellfish closures, and

water quality. Information about aquaculture locations is in digital format. Cooperative

research efforts by members of several government agencies and academic institutions

are researching the occurrences of harmful algal blooms within the Gulf of Maine, and

may integrate this data into a GIS format (Barker 1999).

Regional Management Concerns

The following issues are identified by marine resource managers (Barker, Doggett,

Keeley, Quintrell 1999) in the state of Maine as the issues of primary interstate concern:

Future oil and gas development

Water quality issues toxic pollution and harmful algal blooms
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Fisheries

Dredge disposal

Offshore aquaculture siting

Because these management issues are strongly influenced by regional processes,

or affect the resource base at a regional level, they are the issues most likely to benefit

from a regional information system.

Gulf of Maine Council on the Marine Environment

The Gulf of Maine Council on the Marine Environment was formed in late 1989

by the states of Massachusetts, New Hampshire, and Maine, and the provinces of New

Brunswick and Nova Scotia with the intention of agreeing upon general management

principals for the Gulf of Maine (Evans 1997). A central tenant of the Council's

principals is the recognition that environmental concerns relating to the Gulf of Maine

transcend political boundaries. The Council is composed of marine resource managers,

scientists, and policy experts from state, academic, and private organizations.

Representatives from federal agencies act as advisors or observers, but are not members

of the Council. Action plan strategies developed by the Council carry no legislative or

executive weight, but are merely recommendations for individual states and provinces to

follow (GOMCME 1999).

The Council's mission is "to maintain and enhance marine environmental

quality in the Gulf of Maine and to allow for sustainable resource use by existing

and future generations (GOMCME 1999)." The primary goals of the Council are to:
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Restore Shellfish Habitat

Promote Restoration of Fishery Resources

Address Ecosystem and Public Health Effects of Toxics in the Marine Food Chain

Protect and Restore Regionally Significant Coastal Habitats

Reduce Marine Debris and Prevent Whale Entanglement

The Environmental Data and Information Management System (EDIMS)

An important focus of the Council was the development of an information sharing

system for the Gulf of Maine ocean region. The intent of this system was "to ensure that

Gulf environmental databases are compatible," and to develop a "common regional

protocol allowing for the transfer. . . and periodic updating of data and information (Evans

1997)." The resulting product (EDIMS) is housed at the University of New Hampshire's

Ocean Process Analysis Lab. The intent of this system was not to be a GIS, but to serve

as a clearinghouse for data from multiple sources throughout the Gulf. However,

examination of the benefits and barriers related to the EDIMS project lend valuable

insight into the role of regional ocean information systems (including GIS) in aiding

interstate ocean management objectives.

Currently the EDIMS system is an Internet accessible (URL:

http://rossby.sr.unh.edu/edims/), centralized location for accessing data about the Gulf of

Maine. The system serves as both a repository for limited electronic data sets and also as

a catalog for a distributed network of Internet-based data locations. This site provides

access to real-time and archived data, articles and documents on the Gulf, links to related
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data sources, and communications directories related to the Council on the Marine

Environment. Information and direction for the EDIMS project were provided by the

Bedford Institute of Oceanography, the Woods Hole Oceanographic Institution in

Massachusetts, the Gulf of Maine Regional Marine Research Board and the Regional

Association for Research on the Gulf of Maine, and the Canadian Atlantic Coastal Zone

Information Steering Committee (Signell 1997).

A particularly important link is provided to the Research Environmental Data and

Information Management System (REDIMS). The REDIMS site (URL:

http://oracle.er.usgs.gov/gomaine/index .htm) contains near-real-time, real-time, and

archived physical, chemical, and biological data for the Gulf. In addition, the site enables

access to remotely sensed data and oceanographic modeling applications at a variety of

scales. REDIMS is a collaborative project between the University of New Hampshire, the

Bedford Institute of Oceanography, Dartmouth College, and the U.S. Geological Survey

(Signell 1997).

III. Evaluation of Regional Ocean Information Systems for the State of Maine

Perspectives ofState Coastal Managers on the Benefits and Barriers ofMarine GIS

As part of the research for this case study, several coastal managers in the state of

Maine were interviewed for their perspectives on the benefits and perceived barriers of

developing greater marine GIS capacity (Barker, Quintrell, Doggett, Keeley, 1999). The

following section summarizes the perspectives of these coastal managers.
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Potential Benefits:

Developing greater GIS capacity could:

Help in identifying ocean use conflicts and aid in the development of feasible solution

alternatives

Provide a means to examine interactions between different uses in a regional context

Serve as a powerful tool for siting analyses, permitting decisions, and regulatory

support.

Be an effective aid in identifying and characterizing sites worthy of special protection

(marine protected areas)

Enable more comprehensive conceptualization of an ocean area

Be a useful communication and public outreach mechanism

Support more effective aquaculture and fisheries information management

Facilitate improved long-term planning

Allow improved assessment of cumulative impacts and more effectively track

environmental trends

More specifically, a regional-scale ocean GIS system could potentially be useful for:

Examining the influence of large-scale oceanographic processes on local management

concerns

Tracking and monitoring migratory species

Visualizing jurisdictional complexities

Facilitating improved intergovernmental communication and collaboration
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Barriers to State and Regional GIS

A consistent and reliable support framework is not currently in place for the

development of more comprehensive marine GIS capacity in Maine. Barriers include:

. Lack of consistent upper-level management support.

Lack of commitment to GIS from upper-level resource agency personnel, lack of state-

wide leadership for coordination of GIS efforts, and lack of strong political support for

GIS funding are significant barriers.

. Lack of adequate funding.

Without reliable and substantial funding commitments to GIS development, innovative

GIS specialists and support staff are difficult to attract and retain. Funding resources are

also needed for ongoing data acquisition and conversion for inclusion in a useful GIS.

. Lack of a well-integrated ocean and coastal management approach.

The fragmented ocean management framework in place in Maine tends to inhibit

integration of ocean data and the development of comprehensive GIS tools. Enhanced

collaboration amongst separate management agencies is difficult to achieve in the

absence of a pressing issue such as oil and gas development. Currently, managers have a

genuine interest in using GIS, but its effective implementation has not been of high

priority for resource agencies.



Benefits and Barriers of the EDIMS Regional Information Sharing Tool

Potential Benefits ofEDIMS

An informative study of the role of EDIMS in the work of the Gulf of Maine Council

(Evans 1997) identified the following perceived or expected benefits of the EDIMS tool:

. Improved communication, cooperation, and trust between participating organizations

Improved public access to ecological data

. Consolidation of information on marine contaminants

Enhanced information exchange between research and monitoring programs

Barriers Affecting the Utility of the EDIMS project

Although EDIMS has provided partial fulfillment of the benefits listed above, it is far

from achieving its intended use as a regional planning and policy-making tool. The

following factors were cited (Evans 1997) as barriers affecting the utility of EDIMS:

Weak institutional structure of the GOM Council on the Marine Environment.

The lack of formal authority or implementation power of the Council has led to a failure

in providing consistent funding, technical support, and sustained attention to the

development of EDIMS.

Difficulty in coordinating participants with different levels of technical expertise.
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The broad array of managers and scientists comprising the Council have very diverse

educational backgrounds and level of training in information systems. This presents a

difficult challenge to integrating data in any type of standardized protocol.

Absence of a well-defined networking infrastructure.

When EDIMS first began, many coastal resource agencies lacked Internet capacity.

Hence, the EDIMS data storage and access format has evolved without benefit of a well-

defined strategy and with little attention paid to data standards or efficient information

exchange protocols.

Lack of a clear shared objective.

The potential applications or beneficial uses of EDIMS were apparently not well

recognized by individual states and provinces. Although participants agreed that data

sharing and consolidation were likely to be beneficial in theory, the effort has had little

effect on resource management and policy decisions in practice.

Low sense of interdependency among participants.

Given the weakness of the Council's influence relative to well-established state-level

management regimes, participants have a very limited sense of contributing to an overall

regional management strategy.

Difficulties in creating a distributed data network. Ideally, EDIMS should serve as a

centralized location for accessing data about the Gulf not as an unwieldy data
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repository. However, its capacity to meet this objective has been limited by the lack

of data available in an Internet-accessible format.

IV. Discussion

The previous section identified the benefits and barriers to state and regional

ocean information systems for the state of Maine. This section examines the implications

of those findings.

Perspectives from Maine Coastal Managers on State and Regional Scale GIS

Generally speaking, managers in the state of Maine realize that many ocean

resource management issues transcend political boundaries in their scope. They

recognize the importance of including regional considerations in localized management

decisions, and ensuring consistent cross-jurisdictional policy goals (Quintrell 1999).

However, the utility of a regional scale GIS for addressing state-level ocean management

concerns is somewhat dubious (Keeley 1999). A regional system could potentially be

useful in examining large-scale oceanographic processes, tracking migratory species, or

clarifying jurisdictional complexities (Barker 1999). However, managers generally feel

that a higher priority need is the development of a GIS covering state jurisdictional

waters. The preference for a state-level GIS can be attributed primarily to two factors: it

is more easily compatible with the current marine resource management and governance

structure of the state, and the scale is much more likely to provide information at a useful

resolution for supporting management decisions.
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From a manager's perspective, a GIS containing robust ecological information

about state waters would be a more directly useful management tool than a region-wide

planning and governance system (Keeley 1999). Managers generally believe that they

have a fairly good understanding of jurisdictional issues. What they are in need of is more

accurate information about existing marine uses, sensitive resources, temperature,

salinity, tidal currents, shipping lanes, aquaculture sites, contaminated areas, closed areas,

and water quality data (Quintrell 1999). Because many of the highest priority marine

management issues facing the state are focused on nearshore coastal areas, this is where

the greatest informational need exists. An appropriate extent for a state-level GIS would

include the marine area landward of the three-mile territorial sea boundary. A GIS

covering this extent would likely be suitable for inclusion of relatively high resolution

data of interest to managers. Unfortunately, ocean data collected by federal agencies

often lacks the degree of resolution necessary to be useful for the management purposes

of a state.

In addition to scale and resolution concerns, the clear utility and usefulness of a

regional GIS system should be assessed before resources are invested in its development.

The GIS should have a clear purpose driving its development. Targeted users need to

commit resources and be involved in the design of the system in order to facilitate

success (Keeley 1999). Questions that should be addressed include:

1. Who would be responsible for maintaining the system and updating the data?
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2. If the system is developed primarily by federal agencies (and primarily with federal

money), how will it be possible to ensure 'buy-in" and meaningful use of the system

by state managers?

3. What is the incentive for state managers to add current information to the system?

In summary, state coastal managers tend to favor GIS applications that will directly

aid them in routine management decision-making responsibilities. While there are

worthwhile potential benefits of regional planning and governance GIS efforts, the state

perceives a greater need for improved information availability within their territorial sea

area.

Influence of Existing Ocean Management Regimes on Regional Information Systems

This case study suggests that it is extremely challenging to develop and maintain

a regional information system for an area managed by many different resource agencies

across multiple levels of government. As is true for any collaborative effort between

multiple organizations, institutional and logistical problems pose significant challenges.

In the case of the EDIMS project, a regional data clearinghouse was developed for

use by three U.S. states and two Canadian Provinces each with their own marine

research, management, and policy regimes. The relatively weak authority of the regional

Council, problems with technical capacity and data compatibility, and unstable funding

hindered EDIMS from achieving its intended potential (Evans 1997). Because the

regional Council lacked centralized authority, the EDIMS project suffered from
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inconsistent financial and political support, and to some extent, became mired in the same

jurisdictional fragmentation it was intended to help overcome.

The moderate enthusiasm at the state level for regional GIS capacity in part

reflects upon the current ocean management regime of the state of Maine. Marine

resource management agencies in the state have jurisdictional responsibilities that extend

to only three miles offshore. Pressing management concerns such as land-based pollution,

leasing decisions for aquaculture, dredging operations, shoreline permitting, recreation,

and shipping traffic are focused on nearshore areas adjacent to the state coastline. It is

logical that GIS applications that directly aid managers in addressing these local concerns

are going to be viewed as preferable to the development of interstate GIS systems.

Balance Between "Top-Down" and "Bottom-Up" Elements

In developing a successful regional planning group or regional information

system, it is apparent that two very basic elements are needed: a coordinating mechanism

of some kind (usually an agency, committee, or task force) and participation of the

multiple stakeholder groups. The coordinating body can be thought of as a "top-down"

control in the sense that it develops policies and directs actions that the constituent groups

are expected to implement. Stakeholder groups can be considered a "bottom-up" control

on the success of a collaborative effort in the sense that the ultimate outcome of the effort

is dependent upon the participation of the individual stakeholders. In addition,

stakeholder groups may be the initiators in the formation of the regional coordination

body, as is the case with the Gulf of Maine Council. Too much top-down control can

threaten the sense of autonomy of stakeholder groups, who then may be reluctant to
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implement the policies of the coordinating body. Insufficient top-down control is likely to

result in a lack of necessary regional leadership and subsequent failure of constituency

groups to cooperative effectively to meet regional goals.

In the case of the Gulf of Maine Council and the EDIMS project, it appears that

the Council had too little top-down authority to implement a truly influential regional

ocean management strategy. This is reflected in the lack of interdependency that state and

provincial participants felt (Evans 1997). Although regional management considerations

were validated as important in theory, few changes were implemented in practice. In

addition, the Council lacked the funding, technical capacity, and political attention

necessary to successfully implement the EDIMS project as envisioned.

Benefits ofDeveloping Regional GIS in the Gulf ofMaine

Although this report has noted Maine's preference for a state-level GIS versus a

regional system, the two are not necessarily mutually exclusive. For example, a great deal

of data would likely be shared by the systems if they were developed in a coordinated

manner. Ideally the two systems could be linked in such a way that high resolution state-

level data could be "nested" within a broad extent regional GIS system. Pursuit of the

concept of a nested GIS could bring about realization of many of the benefits identified

for both state-level and regional marine GIS. In addition, development of state-level GIS

within the context of a regional framework would serve to greatly encourage data

compatibility and integration across multiple spatial scales and management jurisdictions.

This concept is currently being explored for southeastern coastal states through
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collaborative meetings between GIS specialists from the Florida Marine Research

Institute and NOAA Coastal Services Center (Treml 1999).

As previously listed in the evaluation section, coastal managers within the state of

Maine acknowledge the potential for a regional GIS to facilitate improved

intergovernmental communication, aid in visualization of jurisdictional complexities,

better monitor migratory species, and support enhanced understanding of large-scale

oceanographic processes on local management concerns. The fact that the GOM Council

was even formed is an indicator of the sincere desire for states and provinces in the Gulf

of Maine to develop improved regional ocean management capacity. A primary

requirement for effective resource management efforts is access to accurate and reliable

information. Soon after its formation, the Council recognized the need to organize and

provide access to regional ocean data and designated EDIMS as a priority project (Evans

1997). With a current renewal in public and governmental attention being focused on

ocean resources, the activity of the Council may increase. Interest in improving EDIMS

and exploring the potential of GIS may also increase as regional principles gain more

acceptance with respect to ocean management.

Development of an ocean GIS for the Gulf of Maine could prove to be of

significant utility to the Council in coordinating a regional management strategy. A GIS

providing effective visualization of Gulf resources could serve as a rallying point for the

Councils planning and policy activities. By providing access to regional resource data

pertaining to issues such as fisheries, marine pollution, offshore oil and gas development,

offshore mining, marine mammal protection, habitat protection, and harmful algal

blooms, GIS could potentially aid in the development of more effective solutions to Gulf-
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wide problems. While the resolution of data in a regional GIS is likely to be too rough to

use for meaningful ecological analysis, mapped information could nevertheless provide

useful guidance to regional policy-making and planning efforts. This could aid the

Council in identifying specific marine issues of concern and help to direct needed

management actions to specific geographic locations. In this manner, GIS could aid the

Council in translating its marine policy objectives into tangible management actions. In

addition, the ability of a GIS to store large volumes of spatial data could potentially allow

the Council to better monitor environmental trends and gauge the extent to which

regional management objectives are being fulfilled.

V. Conclusions

Both state and regional management organizations are likely to benefit

substantially by increasing ocean information management and GIS capacity. However,

states can have somewhat different information demands than regional areas, and thus

different expectations from a GIS. A GIS developed specifically to address local

management concerns in state waters is considered by state managers to be a very useful

resource analysis and decision-making tool. Such a GIS should contain high resolution,

issue-focused information. In contrast, a GIS designed for a regional ocean area is most

suitable for broad conceptualization of the marine environment, human activities, and

ocean management jurisdictions. This GIS would be useful for regiona' p'anning and

improvement of interstate marine policy. Thus, although a regional GIS is likely to be a

useful tool for federal or regional-level managers, it may be of little perceived utility to

the immediate needs of state-level coastal managers.

177



This case study also illustrated the difficulty of developing a successful regional

ocean information management system as a collaborative project between multiple

governmental and management organizations. To be successfully developed and

maintained, a regional spatial data clearinghouse (such as the EDIMS project) or a

regionally-based GIS requires recognition of intended purposes, a clear implementation

strategy, reliable funding, strong political support at both the state and regional level, and

appropriate technical expertise. In addition, for a GIS to serve as an effective tool for

regional planning and policy making, there must be a strong regional management

institutional framework to support its use. The coordinating group responsible for

overseeing the development of the information system should be composed of members

of the participating state management programs to ensure that the tool meets both state

and regional issue-specific needs. The coordinating body (in this case study the GOM

Council) should have sufficient authority and stability to implement its directives as

appropriate at state and local levels. There should be a healthy balance between this "top-

down" control and "bottom-up' participation (e.g. the state-level science and

management communities).

This much is clear: open and easy access to information provided by the Internet

is rapidly expanding the potential utility of ocean and coastal information management

tools. While lack of Internet access posed a major barrier to the EDIMS system at the

time of its early development, such constraints are currently minimal. The rapidly

developing capacity of the Internet to provide access to spatial data clearinghouses and

Web-based GIS mapping applications is expanding opportunities for data sharing and

collaboration among scientists and managers. This trend encourages the pursuit of
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multidisciplinary solutions to environmental issues across political and institutional

boundaries. Thus, trends in spatial information technology are supportive of shifts in

ocean governance regimes from traditional issue-specific management approaches to

more integrated and comprehensive management frameworks.
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