
PUBLIC TRUST DOCTRINE
Marc R. Poirier,Seton Hall University School of Law

New Jersey's version of the public trust doctrine, developed in a line of
cases beginning with Borough of Nepture City v. Borough of Avon-by-the-Sea, 294
A.2d 47 (N.J. 1972), requires municipalities to provide equal access to the beach
regardless of the beachgoer's residence. The most far-reaching of these cases
indicates, perhaps in dictum, that private propertyowners' right to exclude from the
dry sand area might have to be curtailed to provide easement-type access to the
beach. Mattews v. Bav Head Improvement Association, 471 A.2d 355 (N.J. 1984).

Accounts of these cases, particularly in legal casebooks and treatises,
obscure the origins of the public trust doctrine in a class- and to some extent
race-based conflict over beach use. The cases were brought (and continue to be
brought) by the NewJersey PublicAdvocate'sOffice at least in part out of a concern
to combat private and local efforts to exclude relatively undesirable types •• poor
folk, college students, and blacks - from the beaches.

The paper will develop this submerged background of the New Jersey
public trust doctrine, relying on oral interviews with the litigants, review of litigation
materials, and contemporaneous historical documents. The paper will then expand,
connecting the historical background of the development of the New Jersey public
trust doctrine to contemporaryconcerns about environmental racism/justice/equity. It
may also speculate on how and why abstract legal doctrine has obscured the
specific historical background of this development.

Marc R. Poirier

Seton Hall University School of Law
One Newark Center

Newark. NJ 07102-5210
PH 201/842-8478
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WHO SHOULD PAY FOR BEACH NOURISHMENT PROJECTS?
Jeffrey J. Pompe, Francis Marion University

James R. Rinehart, Francis Marion University

Both natural and manmade causes can lead to beach erosion. Coastal
storms and development projects that change ocean currents provide examples of
such causes. A popular means to counteract the harm to property from shoreline
erosion is beach nourishment. This process involves replacing the lost sand with
sand from inland sites or from nearby ocean locations.

Beach nourishment projects are expensive and often short-lived. A project
for Folly Beach, South Carolina is expected to cost $116 million over the next 50
years. Ocean City, Maryland nourished 9 miles of beach during the past 4 years at
a cost of $51.2 million, only to see most of it washed away during heavy storms in
the fall of 1992.

Many beach nourishment projects are largely funded by the federal
government. For example, the federal government will provide $98 million for the
Folly Beach project. For a 1995 proposed nourishment project for Myrtle Beach the
federal government will cover 65% of the construction costs, with local and state
governments covering the remainder. Beach nourishment projects create value for
property owners, local residents and tourists. Property owners near the ocean
receive recreational and storm protection benefits. Local governments enjoy
increased revenues from property taxes as a result of increased property values.
Wider beaches also attract more tourists creating benefits for them as well as jobs
and revenue for local citizens and government.

The objective of this study is to examine questions pertaining to equity in
the distribution of costs and benefits. We use a case study to identify recipients of
some of the benefits in an effort to ascertain the degree of funding equity. For
example, is it equitable to tax a Kansas citizen for a beach nourishment project in
South Carolina, or tax a citizen in Greenville, South Carolina as much as a citizen
living in Garden City, South Carolina? The closer the correlation between
beneficiaries and payers the more equitable the project. The Army Corps of
Engineers currently is required by law to calculate benefits-cost ratios for all
nourishment projects, but their methods are inaccurate and incomplete. In fact, the
Corps presently justifies a project solely on storm reduction benefits.

The benefits from beach nourishment are often difficult to estimate since

they are not sold directly in the marketplace. However, there are various indirect
techniques available to measure nonmarket benefits. We use an hedonic model to
calculate the increments in property value from beach nourishment. The general
form of the model is:

(1) P, =a, + B, S, + B2 Li+ B3N( + B4 A, + E,

where:
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a0 = a scaler
B„B2,B3,B4 = vectors of parameters
P, = the price of house i
Sj = a vector of structural characteristics
L, = a vector of locational characteristics
N, = a vector of neighborhood characteristics
A, = a vector of amenities offered
E, = a stochastic disturbance term, assumed to be normally distributed

The hedonic technique describes the supply and demand conditions
necessary to calculate a particular attribute's contributions to the total value of a
property. A wider beach presumably provides a combination of recreational benefits
and property protection from storms, benefits that are captured by the market price
of property. Flooding due. to storms and high tides can cause significant damage,
not only to oceanfront property but also to homes farther removed from the beach.
Consequently, other things being constant, the value of a wider beach should be
captured by the price of the land.

Data Set and Results

Our study focuses on a sample of 385 single- family homes that were sold
between 1983 and 1991 in the two communities of Surfside and Garden City just
south of Myrtle Beach, South Carolina. Selling price, location, and information, such
as square footage, number of rooms and structural age, were obtained from multiple
listing catalogs and county tax records. Distance variables were derived from
various area maps. A series of 32 survey markers spaced along the shorelines of
these two towns provided the beach width
measurements. The nearest survey marker to a particular house indicates the width
of beach for that house.

Variables that may be correlated with beach distance and width, such as
view of water and oceanfront location, were also included.

The double-log form was determined to be the appropriate functional form
by using the Box-Cox transformation process. All signs are as expected, and most
variables are significant at the 1 percent level. The adjusted R2 of .81 indicates that
the model predicts a substantial amount of the variation in housing prices.

Using the mean values of attributes for oceanfront homes, our study shows
that an additional foot of sand, an increase from 79 to 80 feet, increases market
value of an average house and lot by approximately $525. However, there are
diminishing returns to beach width. Increasing the width of beach from 119 to 120
raises market value by only $389. Additionally, the value of wider beaches is less
for homes farther removed from the beach. Using the mean values for houses 1/3
of a mile from the beach, the increase in value is $234 as the beach is widened from
79 to 80 feet, and an additional $174 for an incremental widening from 119 to 120
feet.
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Gains in Property Values from Beach Nourishment

Our model provides an estimation of storm damage protection benefits.
Since the value of a wider beach is capitalized in housing prices, the benefits can be
seen as a stream of benefits over the years in the form of less property value loss.
The beach nourishment project, which adds 107 feet of beach width in SB,
increases the value of the average oceanfront home by $27,410. For GC the
addition of 96 feet would increase the value of the average oceanfront home by
$41,246. The model indicates that the nourishment project adds substantial value to
houses removed from the oceanfront, benefits not calculated by the ACE methods.

The aggregate benefits to Surfside Beach and Garden City in terms of
private residential property protection can be estimated by summing the increased
benefits to all single family homes in the area. There are approximately 2,300 single
family homes in Surfside Beach and 1,000 single family homes in Garden City. We
then estimate the number of houses at different distances from the beach.
Multiplying these values by the number of houses at different distances shows
estimated cumulative benefits of the nourishment project for single family homes to
be $63,779,417, which produces a benefit/cost ratio of 1.96.

In contrast to the Army Corps of Engineers computes the benefit ration to
be 4.2. This figure includes residential and commercial property, as well as public
infrastructure such as roads. Also, since housing market prices are used in their
estimations, property values capture the enhanced recreational benefits as well as
storm protection gains.

Our estimates of damage reduction benefits is superior to the one currently
used by the ACE in several respects. The hedonic model used in our study
controls for recreational benefits by using the interaction between distance to beach
and beach width, which allows the beach width variable to measure only storm
damage benefits. Also, while there is protection value from nourishment to property
near the ocean, there is also storm protection for property farther removed from the
sea, a benefit not currently measured by the ACE. The hedonic model allows this
value to be calculated. Additionally, the hedonic model is based on more realistic
assumptions. The ACE analysis assumes, that if the beach is not nourished, all
property value will be lost. However, it is unlikely that property owners would allow
property to be completely destroyed. It is more likely that affected parties would
practice damage avoidance, for example by strengthening and elevating buildings.

A further advantage of our model is that the value of an additional unit of
sand can be determined, which in turn can be compared to the additional cost of an
incremental unit of sand. This type of marginal analysis allows us to estimate the
optimal level of nourishment. It can be shown that net benefits to society are
maximized when marginal benefits are equal to marginal costs.

The SB\GC nourishment project, as well as numerous other projects
handled by the U.S. Army Corps of Engineers, is to be paid for by federal, state, and
local governments. Our model illustrates that ocean area property owners enjoy
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significant benefits from beach nourishment, paid for with public dollars, and much of
that coming from taxpayers living in other parts of the state and country. Of course,
some of the benefits accruing to property owners are passed on to the government
in the form of higher taxes. The benefit principle of taxation would suggest that
those who benefit from a project should bear the costs. Black, fiLaL (1990) suggest
a special assessment on beach properties since much of the benefits of nourishment
accrues to those property owners. Our study provides a basis for determining the
value to a specific property from beach nourishment, and therefore could provide a
method for estimating the appropriate tax to be charged. Clearly, an oceanfront
house should be assessed more than an identical house 1/2 milefrom the beach, or
one 500 miles from the ocean.
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CRITICAL EVALUATION OF THE STATUS OF THE LAW REGARDING
WETLANDS, INVERSE CONDEMNATION AND TRANSFER OF

DEVELOPMENT RIGHTS
Alfred A. Porro, Jr., Porro and Porro, Attorneys at Law

This paper will address and weigh the public rights in conservation and
preservation of wetlands with the rights of private property owners. A review of the
various laws protecting wetlands, including laws and regulations of EPA, U.S. Army
Corps of Engineers, U.S. Fish and Wildlife, and various State Laws will be set forth
for laying the basis of the present status of the scene. Thereafter, a review of the
series of the United States Supreme Court and various other federal and state
decisions protecting the rights ofprivate property owners will be critiqued.

In conclusion, this paper will analyze the present available vehicles to the
next horizon, i.e. an amicable resolution ofan apparent conflict between the public
and private rights. The vehicle of mitigation, high-density upland development and
transfer of development rightswill be urged.

Alfred A. Porro, Jr.
Porro and Porro, Attorneys at Law,

10 Stuyvesant Avenue
P.O. Box 357

Lyndhurst, NJ 07071
PH 201/438-1923
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DESIGNING EFFECTIVE BASELINE MONITORING PROGRAMS FOR

THE GREAT BARRIER REEF MARINE PARK, QUEENSLAND,
AUSTRALIA

Marjetta Lee Puotinen, Duke University

Abstract

Rising interest in and support for both the protection and expanded use of
coastal and marine resources worldwide underscores the need for effective

management of these dynamic and often poorly understood environments.
However, long-term data on which to base management decisions is often lacking.
This data deficiency is particularly evident for the management of large ecosystems
such as the Great Barrier Reef Marine Park, Australia. Given the tremendous size
of the Park and limited funding available, effective monitoring programs must
generate the most information value possible. To do so requires understanding the
management process the data will support and the use of decision tools that work
within that context.

Introduction

The Great Barrier Reef, the largest system of corals and associated life
forms in the world, warrants an immense amount of research and monitoring to
explore, utilize, and protect its complex, intricate ecosystems and their components.
The Great Barrier Reef Marine Park Authority (the Authority)', the federal statutory
body responsible for the protection and sustainable use of the Reef, develops and
coordinates baseline monitoring programs within the Marine Park. The Research and
Monitoring Section (R&M) of the Authority is currently evaluating how to most
effectively design these programs. This paper discusses the importance of
monitoring to Marine Park management, describes how the decision-making context
of the Authority determines how program effectiveness is defined, explores the worth
of various program designs, and introduces-a spatial decision support tool, the Reef
Research Allocation Model (RRAM), under development for use in selecting
monitoring sites.

Importance of Baseline Monitoring

Effective management of the Reef, a* resource of proven national and
international significance, depends on the availability of long term data relevant to
the decisions facing the Authority. Limited funding for long term monitoring
necessitates careful program design.

l I
*T ie Authority* willrefer to both the Authorityand its staff unless otherwise noted.
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The Value of the Reef

Extending over 2,000 kilometers along the northeast coast ofQueensland,
Australia, the Reef supports a tremendous array of life including 1,500 species of
fish, 350 species of hard corals, over 4,000 mollusks species, and more than 400
species of sponges (Kelleher, 1986). In addition to its potential for scientific
research and spectacular and singular beauty, the Reef supports a growing
Queensland tourist industry, two fisheries generating close to $400 million of output
peryearanda major shipping lane (Craik, 1992). The Marine Park was established
in 1975 in responseto widespread national and international recognition of the value
of the Reef and the need to protect it from potentially damage from oil and mineral
recovery. The Park includes most of the Reef, covering an area of over 340,000
square kilometers. In October 1981, the entire Reef region was designated as a
World Heritage Area.

Need for Long-Term Data

To achieve its primary goal ("to provide for the protection, wise use,
appreciation, and enjoyment of the Reef in perpetuity through the care and
development of the Marine Park,') the Authority manages the Park as a "multiple
use protected area," developing zoning plans restricting access to sensitive areas,
separating conflicting uses, and maintaining sustainable levels of use (Craik, 1992;
GBRMPA, 1992; Kelleher, 1986). Establishing and implementing effective zoning
plans requires research and monitoring to gain scientific understanding of the Reef
and its processes, estimate trends in use (Craik ej_al, 1990), to measure damage,
and assess the effectiveness of zoning plans in meeting the Authority's goals over
time. Despite its vital importance, very little scientifically valid biological or
socioeconomic information is currently available, particularly over the time periods
necessary to makedecisions based on the sustainability ofecosystemuse (Kelleher,
1986).

Funding Constraints

Limited funding requires the development of a highly prioritized, goal-
oriented research and monitoring program to generate maximum results for minimal
cost. The Authority's research and monitoring program, implemented by R&M,
addresses specific concerns (e.g., water quality, crown-of-thoms starfish) through
research initiatives and gathers long term data through broad-based, multi-purpose
monitoring. The size of the Marine Park limits the number of monitoring sites,
highlighting the need for a system to determine where baseline monitoring efforts
would be most productively concentrated.

The Decision-Making Context of the Authority

The context within which decisions are made determines what constitutes
an effective baseline monitoring program design. This context, or "cultural ecology'
is established bythe legal mandates that empower the Authority and consists of the
legislative sectors with interest in Reef issues or general procedural oversight,
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administrative bodies with authority and/or responsibility for the Marine Park (e.g.,
the Authority), and private sectorconstituencies involved in the policy process.

Legal Mandates

The Australian government is a federal system with separation of powers
between the Commonwealth and the State and Territories much like the United
States. The balance of power between the legislative, executive, and judicial
branches of governments at local, state, and federal levels is not distinct, however.
While the Constitution represents the highest legal authority as interpreted by the
High Court of Australia and implemented by the Executive, the powers of the
Parliament and the Executive overlap (Figure 1). Members of Parliament are
selected in popular elections that are held every six years.2 The majority party in the
House of Representatives elects the Prime Minister at least every three years from
the House,3 and the Cabinet and Governor General from either the House or
Senate. Thus, the Executive remains a part of Parliament, and is controlled by the
majority party. The Senate Bills Committee may recommend that proposed
legislation is unconstitutional, but generally any bill able to win a majority vote
passes. As a member of Parliament, the Prime Minister has no veto power.
Regulations for each new law are written by the Office of Legislative Drafting for
approval bythe Governor General. Agencies granted responsibility and authority by
the law cooperate with the Office and the Governor General to generate acceptable

• - -;•
AUSTRALIAN

CONSTITUTION

hmncouht
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AUSTRALIA

PARUAMENT THE EXECUTIVE
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Figure 1. The Basic Components of the
Commonwealth Government in Australia

regulations. The Senate Rules and Ordinance Committee and the Senate Estimates
Committee review agency adherence to procedural requirements and budget
expenditure (Honchin, 1993).

'The composition of each Houseis similar to that in the US.
'Elections canbe called at any time by a majority vote oftheHouse.
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Within this context, the Great Barrier Reef Marine Park Act of 1975 (the
Act) established a Commonwealth statutory body (the Authority) to act as "the
principle advisor to the Commonwealth government on the care and development of
the Marine Park" as seen on Figure 2 (GBRMPA, 1992; Kenchington, 1990).
Subsequent Act amendments, regulations, and zoning plans have the force of law
and priority over Queensland State laws in conflicts. The Act does not require
reauthorization and remains in force until amended or overturned by the High Court
of Australia.4 In addition, a significant body of Commonwealth and Queensland
legislation (Appendix 1) provides a legal background for Marine Park issues such as
endangered species protection, pollution prevention, and over fishing.5

Cultural Ecology: Organization

While the Act granted primary responsibility for the care and development
of the Marine Park to the Authority, final authority over Marine Park management
rests at the federal ministerial level. The Governor General is responsible for
approving regulations to implement the Act with the advice of the Authority.
Amendments to the Act must be proposed as new legislation by Commonwealth
Ministers (Honchin, 1993). In practice, ministerial involvement in actual Marine Park
decision-making is minimal, limited to the approval of the annual budget or
particularly sensitive or controversial issues.

In addition, the Commonwealth government has jurisdiction only over areas
it controls. This includes all areas on the continental shelf beyond the three mile
territorial sea and all intertidal lands. Islands and subtidal lands, a significant part of
the Reef Region, are controlled by the Queensland government and are not part of
the Marine Park (Kenchington, 1990). Hence, the Act provides for "complimentary
management" of the Marine Park and adjacent Queensland lands, most of which
have been declared as parks. The Great Barrier Reef Ministerial Council was
established in 1979 by the Emerald Agreement between the Prime Minister of
Australia and the Premier of Queensland to "coordinate policy between the
Commonwealth and Queensland governments at the Ministerial level' (GBRMPA,
1992). The Ministerial Council consists of two Ministers each from the
Commonwealth and Queensland governments (Appendix 2). The chairman of the
Council (The Minister) advises the Authority consistent with the Act as in Figure 2
(Kenchington, 1990).8 Therefore,while the Authority and its staff are responsible for
developing"management policy, planning, and guidelines" for the Marine Park (e.g.,
zoning plans, issuing permits, oil spill planning, coordinating research efforts),
Queensland is responsible for its day to day management (GBRMPA Glossary,

'Undeclaring sections of the Marine Park requires a two-thirds majority in both houses of
Parliament. Amendments require passing amendment billsby majority vote. (Honchin, Per.
Comm.)
'Any legislation pertainingto State or Commonwealth jurisdiction of marine and coastal areas
is also relevant. Only areas controlledby the Commonwealth can be declared part of the
Great Barrier Reef Marine Park.
'Note that "the Minister' represents the Commonwealth and that Commonwealth law (within the
Constitution) overrides Queensland law. (Kenchington, 126-130.)
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1993). Major agreements affecting the operation of the Marine Park are listed in
Appendix 3. While the Queensland Department of Environment and Heritage
(QDEH) has primary responsibility for day to day management, other state and
Commonwealth agencies are involved (Appendix 4).
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Figure 2. Establishment of the Great Barrier Reef Marine Park
management structure

To incorporate the views of the wide range of individuals, organizations,
and groups with interests in the Reef, the Great Barrier Reef Consultative
Committee was established by the Act as "an independent advisory body for both
the Minister and the Authority" (GBRMPA, 1992). The Committee is appointed by
the Minister and consists of one member from the Authority with an unlimited term
and at least twelve additional members for three year terms of whom at least one
third must be appointed by the Queensland government (Kenchington, 1990). To
allow Queensland Marine Parks issues and Marine Park issues to be addressed
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separately if necessary, the Queensland Marine Parks Consultative Committee was
created by the Queensland government in 1991. Membership, structure, and role of
both committees is generally the same although the latter is not backed by
legislation and reports to the Minister of QDEH. Committee membership,
representative of the wide range of groups with interests in the Marine Park, is listed
in Appendix 5 (GBRMPA, 1992). Additional advisory committees are listed in
Appendix 6. The Act also mandates periods of publiccomment for proposed zoning
plans and other major management decisions (Kenchington, 1990), although the
public has far less influence than in the United States (Honchin, 1993).

The Authority itself consists of one full time member appointed by the
Governor General as Chairman and Chief Executive, and two part time members,
one of whom must be appointed by the Queensland government (Figure 3). The
Chairman interacts with the Commonwealth and Queensland governments at the
ministerial level assisted by the staff of the Canberra Office. He often serves as the
Authority representative to national and international organizations (Appendix7) and
committees relevant to the Reef (e.g., Great Barrier Reef Consultative Committee).
The Executive Officer (EO) controls the day-to-day operation of the Authority's
Townsville Office, consulting with the Chairman when necessary. The Secretariat
sits on relevant committees and provides administrative support. The remaining
staff are organized within seven sections based on function and responsibility. Each
section is led by a section head, subject to the EO except for the Planning &
Management Section which has a direct link to the Chairman as well as the EO
(Honchin, 1993). The Chairman, staff of the Canberra Office, Secretariat, EO, and
section heads form the senior corporate staff of the Authority (Appendix 8).
Coordination and cooperation across sections varies with the issues and
personalities involved.
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Figure 3. Organizational Structure of the Great Barrier Reef Marine
Park Authority and Staff
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Marine Park Authority and Staff
Cuttural Ecology: the Funding Process

The annual funding process illustrates the interactions between the
Authority, its staff and other Queensland and Commonwealth agencies and bodies
(Figure 4). Each section of the Authority's staff prepares a yearly budget which is
reviewed by the EO, who drafts a budget for final approval by the Chairman. This
budget and a similar budget for the day to day management of the Park prepared by
the staff of QDEH7 are submitted to the Authority for approval as the Authority's
"Annual Programme." The Great Barrier Reef Ministerial Council reviews the plan
and recommends its inclusion as a single line appropriation in the budget bill to be
prepared by the Commonwealth Department of Finance and Treasury.* The
Authority's budget may be cut back at this stage or when the bill is passed, based
on the advice of the Senate Estimates Committee and Senate Bills Committee. In
fact, the funding obtained is rarely the full amount requested (Honchin, 1993).
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Figure 4: The Yearly Funding Process for the Great Barrier Reef
Marine Park Authority

'The Queensland government receives nodirect funding from Parliament for theday to day
management of the Marine Park.
*The Ministerial Council rarefy objects asthe Chairman ensures that the Programme will be
acceptable to its members. (Per. Comm., Darin Honchin.)

261



The Authority has some flexibility in allocating its limited funding since the
individual section budgets within the Authority are not subject to approval by
Parliament, and the Ministerial Council rarely objects to the Annual Programme.
However, the Minister has a significant influence on what the Chairman deems
acceptable in the Programme. Therefore, as the EO and section heads will try to
submit budgets likely to be accepted by the Chairman, Parliament influences the
Authority's program. Through this process, the individual sections of the Authority
compete with each other and QDEH for a share of the limited budget. Hence, each
section must demonstrate effective use of funds each year to maintain or increase
their share of the budget. This is particularly necessary for R&M, which receives a
relatively large appropriation (Figure 5).9 The effectiveness of R&M baseline
monitoring programs depends, then, on their relevance to the goals of the Authority,
as established in the Act and interpreted by the Ministerial Council, Chairman, EO
and R&M section head, given their relative cost.

Figure 5. Percentage Breakdown of Funding for the Great
Barrier Reef Marine Park Authority, 1991-1992

Evaluation of Selection Alternatives

Before monitoring can take place, the reefs to monitor must be identified,
the data to gather determined, and the methods and equipment selected. R&M
determines what data is most relevant to the Authority's needs, and selects methods
and equipment based on the latest scientific information. How sites are selected is
currently determined by no set method. The worth of each potential selection
method is based on whether:

1) The sites chosen cover the full range of conditions of interest to the
Authority.

2) Are cost effective given their information value.

3) Are logistically feasible to monitor.

SR&M must demonstrate that research and monitoringactivities are vital enough to the
management ofthe Marine Park to justify receiving almost three times more money that the
Planning and Management Section (GBRMPA, 128).
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Site selection alternatives include monitoring all reefs, a random selection
of reefs, those reefs associated with current research projects, and a biased
selection of reefs.

Monitoring AH Reefs

While the only way to ensure that the sites chosen represent the full range
of conditions of interest to the Authority is to monitor all reefs, the enormous
resources and time this would require does not exist. Further, the information value
gained from monitoring over 3000 reefs may not be cost effective even if possible.
Finally, monitoring of many reefs in the Marine Park is not logistically feasible due to
military activities, prohibitive distances from the nearest port, and lack of facilities
within a reasonable distance.

Monitoring a Random Sample of Reefs

The number of reefs needed for a random sample covering the full range of
conditions of interest is not feasible given limited time and resources. The
information value gained from a random sample may not be cost effective. Further,
this method does not consider the logistical constraints noted above. While random
sampling would select a statistically independent set of reefs, the high variability of
reef characteristics across space precludes deriving missing data from the sample.

Monitoring Researched Reefs

While monitoring at reefs currently being researched is obviously logistically
feasible and of interest, the type of information sought from research initiatives
differs from that of baseline monitoring. Research projects are developed in
response to specific questions, while monitoring efforts address broader data needs.
Thus, monitoring only at research sites may not cover the full range of conditions of
interest. In addition, most research projects are conducted by outside organizations
and are often supported by other sources as well as the Authority. Hence, reefs that
are cost effective as research project sites may be prohibitively expensive to monitor
solely with Authority resources.

Monitoring a Biased Sample of Reefs

Since all reefs cannot be monitored, the best way to ensure that the full
range of conditions of interest are represented by a logistically feasible set of cost
effective sites is to select a biased sample of reefs. The Reef Research Allocation
Model (RRAM) is being developed as a spatial decision support tool to provide a
method of biased sampling for use by R&M.

The Reef Research Allocation Model (RRAM)

RRAM provides a logical framework to identify an "optimal" number and
distribution of baseline monitoring project sites across the Marine Park for a given
average yearly budget and set of research priorities. The model ranks each reef in
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the Marine Park by its value as an information source for an Authority-defined
research agenda, adjusts this ranking for the logistical constraints of monitoring each
reef, ranks the reefs by information value per unit cost of monitoring, and selects the
set of reefs fundable within the average yearly budget that represents a high total
information value per unit cost while maintaining diversity of representation of reef
and community types.

Thus, RRAM would be used by R&M as a biased sampling tool to help
decide how many and which reefs to monitor for a set of parameters of interest
during a given time period. R&M staff determine current issues of interest to the
Authority, influenced by their perception of the "cultural ecology' noted above,
scientific knowledge and personal experience, and design monitoring programs of
varying duration to address them. The set of reefs to monitor for each program
would be chosen using the allocation generated by RRAM as a guide, subject to the
direct approval of the head of the section, and the indirect approval of the EO and
the Chairman.

To ensure its utility as a tool for managers, RRAM is:

1) Simple, to allow use by users with varying backgrounds, needs, and
technical abilities.

2) Flexible, to allow easy updates as data becomes available or priorities
change.

3) Adaptable, to use data of many types (e.g., highly quantitative statistics
and qualitative knowledge of experts), qualities, and scales.

4) Applicable, for use with other spatial allocation questions.

RRAM also contains an error tracking model, providing managers with an
approximation of the reliability of the results given the quality of the data. In addition
to improving the implementation of the decision process, RRAM provides a detailed
record of the process used to make each allocation decision, allowing managers to
assess the effectiveness of the decision process itself in selecting appropriate sites
over time. The model runs in Arc-Info Geographic Information Systems (GIS)
software on Unix-based Sun Sparcstations.
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Appendix 1: Relevant Legislation

Commonwealth Acts

Continental Shelf (Living Natural Resources) Act, 1968
Environmental Protection (Impact of Proposals) Act, 1975
Environmental Protection (Sea Dumping) Act, 1981
Fishing Industry Research and Development Act, 1987
National Parks and Wildlife Conservation Act, 1975

Protection of the Sea (Civil Liability) Act, 1981
Protection of the Sea (Discharge of Oil from Ships) Act, 1981
Protection of the Sea (Powers of Intervention) Act, 1981
Protection of the Sea (Prevention of Pollution from Ships) Act, 1981
Wildlife Protection (Regulation of Imports and Exports) Act, 1982
World Heritage Properties Conservation Act, 1983
Australian Heritage Commission Act, 1975
Coastal Waters (State Titles) Act, 1980
Fisheries Act, 1952
Pollution of the Sea by Oil Act, 1981
Coastal Waters (State Powers) Act, 1980
Conservation Legislation Amendment Act, 1988
Historic Shipwrecks Act, 1976
Sea Installations Act, 1987

Queensland Acts

Beach Protection Act, 1968-1989
Clean Waters Act, 1971-1968
Constitutional Powers (Coastal Waters) Act, 1980
Fauna Conservation Act, 1974-1989
Fisheries Act, 1976-1989
Harbours Act, 1955-1989
Marine Parks Act, 1982-1986
National Parks and Wildlife Act, 1975-1989
Off-Shore Facilities Act, 1986
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Appendix 2: The Great Barrier Reef
Ministerial Council

Commonwealth Members

Honourable Ros Kelly, MP, Minister for the Arts, Sport, the Environment
and the Territories

Honourable Simon Crean, MP, Minister for Primary Industries and Energy

Queensland Members

Honourable Pat Comben, MLA, Queensland Minister for the Environment
and Heritage
HonourableEd Casey, MLA, Queensland Minister for Primary Industries
Secretariat

Staff member of Canberra Office of the Great Barrier Reef Marine Park
Authority

Appendix 3: Major Agreements Concerning
the Great Barrier Reef Marine Park

1979 - Emerald Agreement: Reached between the Prime Minister of Australia and
the Premier of Queensland. Established the Great Barrier Reef Ministerial Council
and the principle of "complimentary management* of the Marine Park.

1980 - Basis of Agreement between the Commonwealth and Queensland
governments on how to manage the Capricornia Section of the Great Barrier Reef
Marine Park. Set

guidelines for the role of agencies in day fo day management and determined how
costs would be met. Extended for use in the other sections of the Park.

1987 - Draft memorandum of understanding with the Department of Defence hoping
to establish that military activities will avoid sensitive environments within the Marine
Park if at all possible.

1987 - Memorandum of Understanding with the Commonwealth Department of the
Arts, Sport, the Environment, and the Territories on the operation of the
Environmental Protection (Impact of Proposals) Act of 1975.

1988 - An agreement between the Commonwealth and Queensland governments
and the Authority confirming the legitimacy of existing day to day management
policies already in place.
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Appendix 4: Commonwealth and Queensland
Agencies Involved In Marine Park Management

Commonwealth Agencies

Department oftheArts, Sport, the Environment, &Territories Australian
Maritime Safety Authority
Coastwatch

Australian Federal Police

Department of Primary Industries
Bureau of Tourism Research
Australian Institute of Marine Science
Commonwealth Scientific & Industrial Research Organization
Department of Finance and Treasury

Queensland Agencies

Department of Environment and Heritage
Boating and Fishing Patrol
Water Police
Department of the Premier, Economic and Trade Development
Port Authorities Association
Department of PrimaryIndustries
Department of Business, Industry and Regional Development
Boating and Fishing Patrol Offices
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Appendix 5: Membership of the Great Barrier Reef & Queensland Marine Parks
Consultative Committees, 1991-1992

Helene Marsh, James Cook University of North Queensland

Tony Fontes, Barrier Reef Diving Services

Denis Griffith, Queensland Sport and Recreational Fishing Council

Eddie Hegerl, Australian Littoral Society and Queensland Conservation Council

Tor Hundloe, Industry Commission

Alan Jeffreys, Australian Conservation Foundation Inc.

Harley Juffs, Queensland Department of Primary Industries

Bill Kehoe, Queensland Commercial Fisherman's Organisation

Graeme Kelleher AM*, Great Barrier Reef Marine Park Authority

Gordon McKauge, Far North Queensland Promotions Bureau Tourism Task Force

Andre Maestracci MBE, Ansett Transport Industries Limited

David Mazitelli, Commonwealth Department of Tourism

Dave Perkins, Queensland Department of Environment and Heritage

Jim Wallace, Association of Marine Park Tourism Operators and Quicksilver
Connections

Wally Ziegelbauer, Aboriginal and Torres Strait Islander interests

Aid John Cleland, Cairns City Council

Ted Loveday", Queensland Commercial Fishermen's Organisation

'Unlimited membership as the Authority's representative
"Member only of the Queensland Marine Parks Consultative Committee
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Appendix 6: Advisory Committees to the
Great Barrier Reef Marine Park Authority

Great Barrier Reef Consultative Committees

Queensland Marine Parks Consultative Committee

Crown-of-Thorns Starfish Research Committee

Advisory Committee on Research into the Effects of Fishing on the Great
Barrier Reef Region
Torres Strait Baseline Study Advisory Committee
Water Quality Technical Advisory Panel
The Great Barrier Reef Aquarium Advisory Board

Appendix 7: National and International
Organizations with Authority Representation

International Tropical Marine Resource Centra (INTROMARC) - Includes the
Authority, the Australian Institute of Marine Science, and James Cook University of
North Queensland. Provides expertise to foreign countries on a commercial basis.

Australian Marine Science and Technology Limited (AMSAT) - Includes the Authority
and all Commonwealth government agencies with major marine science
responsibilities. Provides expertise internationally on a commercial basis.

International Marine Parks Project - Includes the Authority, the International Union
for the Conservation of Nature (IUCN): Commission on National Parks and Protected
Areas, and the World Bank. Program to identify areas worldwide for conservation as
Marine Parks.

Ocean Rescue 2000 Project - Includes the Authority, the Commonwealth
Department of Art, Sport, the Environment, and Territories, and all state and territory
governments. Program to improve the state of the Australian Marine Environment.

Strategic Plan for the Great Barrier Reef World Heritage Area - Includes more than

60 Australian and international organizations. Working group to draft a plan for the
protection and management of the Great Barrier Reef World Heritage Area.
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Full Time

Appendix 8: Senior Staff of the Great
Barrier Reef Marine Park Authority,

1991-1992

Chairman, Graeme Kelleher, AM
Head, Canberra Office, Peter Ottesen
Executive Officer, Wendy Craik
Secretariat, Chris Smalley
Head, Planning & Management Section, Peter McGinnity
Head, Environmental Impact Management Section, Kate Shurctiff
Head, Administration Section, Ross Hebblewhite
Head, External Services Section, Daniel van R. Claasen
Head, Research & Monitoring Section, Simon Woodley
Head, Education & Information Section, Ray Neale
Head, Great Barrier Reef Aquarium, Ian Burston

Part Time

Queenland member of the Authority, Craig Emerson
At-large member of the Authority, Rhondda Jones

Marjetta Lee Puotinen
Duke University Marine Laboratory

111 Pivers Island

Beaufort, NC 28516
PH 919/728-4351
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