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Geographic Information Systems and
Analysis: The Future of the Public Trust

Doctrine

Introduction
The future of the Public Trust Doctrine in natural

resource law, lies in the enhanced data made available
through the information and analysis capabilities
provided by Geographic Information Systems ("GIS").
The Public Trust Doctrine is a common law judicial
construct predicated on the relationship between the
sovereign state as trustee and the citizen public as
beneficiary regarding natural resources held by the
state in its sovereign capacity.' Its intended function is
to ensure the proper protection and management of
environmental values fundamental to society and
future generations.!

The natural resources comprising the subject
matter of the Public Trust are inherently spatial and are
referenced by location on the earth's surface. These
resources have both physical and substantive
parameters. Both sets of parameters determine the
spatial boundaries of the trust and its location on the
earth's surface. Of fundamental note is that the Public
Trust Doctrine is both conceptually flexible and while
referenced spatially, is not spatially limited. The
corpus of the Public Trust is substantively defined by
the relationship of the sovereign to the public bene-
ficiaries. Both Public Trust resources and boundaries
are continually redefined as the relationship between
the sovereign and the beneficiary public changes.3 The
Public Trust includes navigable waters, non-navigable
tributaries and adjacent land areas within the spatial
parameters of public trust areas.4 The conceptual
boundaries of the Public Trust Doctrine in American
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jurisprudence need to be distinguished from those
prevalent in other resource trusts, such as those
designating the Adirondack Park, school or park areas
which have fixed boundaries associated with their
creation, enlargement, management and administration
under constitutional or legislative enactments.'

The societal interests which form a part of the
conceptual parameters of the Public Trust Doctrine are
distinct from the spatially identifiable components of
public trust physical resources. Increasingly, the Public
Trust Doctrine has become defined by resources
determined doctrinally to be necessary to the sovereign
responsibility of the state to the beneficiary public.'
The application of the Public Trust Doctrine depends
upon known data about both the geographic area and
special characteristics associated therewith.

GIS utilize spatial data that has historically been
preserved in the form of maps, cartographic drawings
and detailed surveys. The geographic recording
imperative has been reflected in the surveys of the
United States during the process of acquiring addi-
tional territories, as well as the refinement of the
hydrographic and topographic maps of the United
State Coast and Geodetic Survey and the remote data
collections undertaken in the mid-twentieth century as
new interests and technological capabilities presented
themselves. The result is a new synergy between the
need for information and information fueling addi-
tional quests for knowledge.7

Technology in data gathering, storage and
retrieval has created an information resource similar in
proportions to the growth in and public awareness of
the Public Trust Doctrine. A computer based digital
map with the capacity to receive, record, store and
retrieve spatially referenced data permits data analysis
of revolutionary proportion. Relationships heretofore
not imagined in breadth and detail will be the subject
of future reference and analysis.

B3y Rober 1. Reis
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GIS represent tools of information acquisition,
storage and retrieval. It has been estimated that
somewhere between seventy and ninety percent of
government and private sector information and deci-
sion making has a geographic or spatial point of ref-
erence.8 Spatial data associated with points on the
earth's surface which have been recorded historically
as maps can now be digitalized as part of a Geographic
Information System structured to facilitate extended
analysis. Maps have historically been the geographic
information foundations basis for evolving spatial data
and decision making but have permitted limited
analysis because of the inherent limitations on the-
matic and non-geographic data that could be indexed
or reflected therein.9

The potential of the development of the Public
Trust Doctrine and the advent of the GIS lies in the
synergy of the two. That is to say, the Public Trust
Doctrine and GIS have a relationship that feeds one
upon the other - the Public Trust Doctrine is dependent
on and requires basic resource information, and a GIS
has the capacity to record and retrieve information
concerning the subject matter of the public trust. As the
public trust secures information in breadth and detail,
the scope of the Public Trust Doctrine and the duties of
the sovereign state will expand accordingly. Likewise,
as the ability of the beneficiary public to monitor the
sovereign's public trust activities increases, the
sovereign's duties under the Public Trust Doctrine will
indicate the necessity for state support of data bases
specifically for Public Trust Doctrine purposes. Thus,
the synergy - the more information available for the
public trust, the greater the duty and responsibility for
decision making the state will have to the public
beneficiaries, the more the Public Trust Doctrine will
grow and the greater the likelihood that GIS data bases
will be driven by users of the Public Trust Doctrine.

This article highlights the relationship of the
Public Trust Doctrine to the information potential of a
maturing GIS. The premise of this article is that such
enhanced information will cause changes in the basic
definition and application of the Public Trust Doctrine
and generate a demand for even further information to
fulfill newly conceived obligations and opportunities
under the Public Trust Doctrine. 0

Geographic Information Systems and Analysis
A GIS is a spatial record of the Earth's surface and

features in a digital format which permits the entry of
both spatial and non-spatial data that can be referenced
to physical coordinates on the Earth's surface." It is
this ability to record geographic and spatial data in a
digital form that is the catalyst for a quantitative and
qualitative revolution in information storage, retrieval
and analysis." Graphic data has been defined as follows:

Graphic data are computerized descriptions of map
features and may include coordinates, symbols, lines or
points that define specific cartographic elements on a
map. A GIS uses graphic data to display a map or
cartographic picture on a computer screen. Graphic
data employs six types of graphic elements to depict
map features and annotations: points, lines, areas, grid
cells, pixels and symbols. 12

Thus, a GIS permits spatial data recording of
observable earth features and the physical relationship
of these features to one another. The collection of spatial
data is dependent on present and future technological
developments. As technology enhances the ability to
acquire data, as well as the resolution and accuracy of
such data, the use of GIS will grow accordingly. 3

The spatial attributes of the GIS are the foundation
upon which layers of additional spatial and non-spatial
data can be and are referenced in the Geographic
Information Systems data base. Non-graphic data is linked
to geographic locations as layers or overlays. Non-spatial
or non-graphic data has been described as follows:

Non-graphic data describe the characteristics of the
graphic images or other qualities and relationships that
occur at specific geographic locations. Non-graphic
data is often called textual or attribute data. This data is
linked to geographic locations through a system of
identifiers and is often managed and stored separately
from graphic data due to their differing characteristics.
A GIS data base has four types of non-graphic data:
attributes, geographically referenced data, geographic
indexes and spatial relationships.12

Thematic data can be related to unique legal,
economic, political and technical issues. Spatial the-
matic data can consist of public infrastructure informa-
tion, such as roads, sewers, water supplies, ecosystems
and natural features of forest areas, 4 wetlands, rivers,
watersheds 5 and environmental features of toxic and
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hazardous activity'6 or storage areas.' Non-spatial data
addressing spatially related land use and social issues
including, but not limited to, Urban Growth and Land
Use Planning,'" Conservation Districts, 9 Taxation and
Assessment, Departments of Health, Adirondack Park,
Transportation, Parks and Recreation, Offices of
Emergency Management and so forth."0

The inclusion of spatial and thematic references in a
unified data base forms a geographic reference upon
which to further construct and access an almost unlimited
variety of non-spatial digital data capable of being keyed
or indexed to a geographic fixed location. A wide range
of social and economic potential for GIS becomes
apparent. A rudimentary and partial illustration of spatial
and non-spatial data that can be referenced in a GIS
includes, but is not limited to the following:

(a) Conventional Coordinates and Map Data
(b) Elevations
(c) Spatial Features

(1) Hydrographic
(2) Topographic

(d) Thematic Features
(1) Natural Resource Features:

(a) Vegetation and Forest
(b) Soil Classification
(c) Background Environmental Inventory
(d) Wildlife Inventory
(e) Water Quality (Actual and Classification)
(f) Air Quality (Actual and Classification)
(g) Watershed
(h) Prevailing Wind Speeds and Direction

(2) Non-Resource Features:
(a) Transportation
(b) Land Use
(c) Taxation and Valuation
(d) Domestic and Commercial Water Use
(e) Domestic and Commercial Waste

Generation
(f) Site Specific Commercial and Residential
(g) Agriculture

(1) Pesticides
(2) Fertilizer
(3) Spatial Designation of Functional

Relationships
(a) Traffic Movement
(b) Population Recreational Demands
(c) Wildlife Migratory or Use Patterns

(d) Fisheries Spawning Areas
(e) Natural Resources and Popula-

tion Risk Assessment
(f) Cumulative Impact Data and

Classifications
(g) Land Acquisition
(h) Conservation Districts
(i) Recreation and Special Uses

(4) Non-spatial data with relationships
to and which can be keyed to spatial
data

The Public Trust Doctrine Continuum
The Public Trust has been defined by reference to

water related resources adjacent to tidal and navigable
waters. This is most likely because under English
Common Law navigable waters were "common
highways for the public."'" The public trust cases in
America continued to expand the doctrine to reflect the
needs of preserving America's "common highways"
for transportation, as well as fishing and land
reclamation. American cases have thus held that title
to lands underlying tidal and/or navigable waters and
the use of said waters are held by the State in its
sovereign capacity as trustee for the benefit of the
citizens of the State who have the right to use the
waters and adjacent lands for navigation and to "fish,
hunt, or bathe. .. ."' The public's right to the use of
tidelands has not been limited to the tidelands under-
lying navigable waters, but has included lands treated
as part of the trust commons where the tidewaters have
been navigable in fact, as well as in law."

The Public Trust Doctrine's continued expansion
based on generalized notions of sovereign responsi-
bility, including natural resources beyond those
associated with tidal or navigable waters," clearly
demonstrates that the public trust concept is not static 6

but is dynamic and subject to change." The breadth of
both the spatial and conceptual parameters of the
Public Trust Doctrine are expanding. 8 The public trust
includes the natural, scenic, historic and aesthetic
value of the environment. The court in State v.
Sorensen,30 noted that the Public Trust Doctrine has
drastically evolved. The Doctrine has

"emerged from the watery depths [of navigable
waterways] to embrace the dry sand area of a beach,
rural parklands, a historic battlefield, wildlife,

3'
archaeological remains, and even a downtown area.
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It is this critical capacity for change that has led to the
judicial recognition of the public trust as having
vitality and flexibility. 2

The Public Trust Doctrine not only grows to include
additional resources and interests as a part of the
corpus of the Public Trust,3 but also acts as a limitation
on permitted government action and encroachment
regarding public trust resources?4 The fundamental
premise underlying this dual dynamic lies in the
definition of the Public Trust Doctrine as it applies to

... . things too important to be owned."35

Much of the above can be seen in the broad historical
line and range?6 of interests and resources included
within the Public Trust Doctrine. That progression can
be partially outlined as follows:

(a) Tidal
(b) Navigable

(1) Non-navigable tributaries
(2) Ground Water Contiguous to Public

Trust Doctrine covered by Public Trust
Doctrine

(c) Shoreline and Altered Uplands
(1) Accretion
(2) Reclaimed Land
(3) Beach
(4) Access
(5) Fisheries
(6) Minerals
(7) Forests, Trees and Vegetation
(8) Shell Fisheries
(9) Dredged Materials (sand and gravel)
(10) Watersheds and Waterbodies

Lake or Waterfill Lands
(11) Groundwater
(12) Wildlife and Natural Resources
(13) Wilderness Area
(14) State water resources (appropriation

doctrine)
(a) Drinking Water
(b) Appropriation

(15) Wilderness, Habitat and Ecological Areas
(16) Water Quality Pollution Control

(a) Pollution Claims and Duty
(b) Pollution Expanded to New Waters

(17) Aquaculture
(18) Archeological Sites and Fossil Beds
(19) Park Lands and Pubic Lands

(20) Air Quality
(21) General Environmental Issues
(22) All Natural Resources
(23) Fresh Water Wetlands
(24) Wetlands

The functional breadth of the Public Trust Doctrine and
the potential relationship of GIS to Public Trust decision
making lies in categories specifically reflecting political,
environmental, social and economic function, such as
those historically developed to include:

(a) Recreational Use of Beaches and Foreshore
(b) Recreational Use of Waters
(c) Ancillary Support
(d) Flood Control
(e) Mixed Use - Public/Private

(1) Management and Regulation
(a) Reserved Power to Revoke
(b) Comprehensive Resource Management
(c) Choice Between Competing Uses

(2) Short and Long Term Planning
(3) Scarcity of Remaining Resources
(4) Long Range Implications of Short Range

Decisions
(5) Policy of Flexibility - Moratorium

The Juxtaposition - GIS and Analysis - The Public
Trust Doctrine - A Glimpse of the Future

Would the availability of data in a GIS have
impacted historical definitions of the Public Trust and
will such data availability affect the future course
of developments in the public trust arena? Some
historically perceived limitations on Public Trust
Doctrinal development and application were based on
natural resource, social and economic values of the
time. The availability of data in a format permitting
appropriate analysis certainly affected initial classifi-
cation subject to the Public Trust. Subsequent analysis
and decision making regarding issues of management,
regulation under the police power and the ultimate
disposition of Public Trust lands and interests by
alienation in the public interest were likewise affected.
Clearly, the existing state of data impacted the legis-
lative decisions in many notorious cases, such as
filinois and Steeplechase.7 Would the legislature have
permitted the alienation of these interests had they
been capable of making a judgement informed by the
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relationships and facts capable of recovery under a
GIS? How would contemporary physical boundaries of
Public Trust Doctrine resources appear had the
ambulatory boundary of tidelands or the location of the
high water, low water or MHWM been identified?

The spatial parameter of the Public Trust Doctrine,
the nature and kind of included interests, the desig-
nation of beneficiaries and beneficial interest, and the
appropriate sovereign control of these interests depend
on information and analysis. Within this context, it
may be seen that the Public Trust Doctrine is data
dependant and requires:

(a) Knowledge of Physical Boundaries
(b) Knowledge of Physical Characteristics of

Resources within Public Trust Doctrine Bounds
(c) Knowledge and Understanding of Relationships

between or among Public Trust Doctrine
resources and competing uses, beneficiaries, and
resources:
(1) Benefits
(2) Burdens
(3) Uses
(4) Demands
(5) Competition
(6) Incidental Resources
(7) Environment
(8) Water and Air Quality
(9) Population Growth
(10) Wildlife Inventories
(11) Movement and Sources of Contaminants

(i.e., Leaching and toxic materials)
Data dependency also extends to other functions

required of the sovereign's trust duties. The GIS will
provide a data framework for State Management and
Regulation of Public Trust Doctrine resources as follows:

(a) Management - identification of interests and
resources subject to the Public Trust Doctrine

(b) Regulation - identification and justification of
regulatory parameters for resources which
impact public trust interests, as well as pro-
viding a basis for differentiation between
Public Trust Doctrine management and
regulation as follows:
(1) Optimization of the extent to which judicial

review is greater regarding Public Trust
Doctrine issues, as distinguished from
regulation and administrative law issues;

(2) Appreciation of the delegation differen-
tiation between Public Trust Doctrine
powers and duties, as distinguished from
regulatory and administrative law powers;

(3) Factoring the difference between Public
Trust Doctrine relationships to constitu-
tional takings questions, as distinguished
from regulatory and police power limi-
tations under traditional constitutional
analysis;

(4) Judicial modification of the fiduciary
responsibility of the state when subject to
standards imposed by data accessibility,
as well as modification of the standing
for individual beneficiary challenge to
trustee actions.

GIS and analysis can enhance governmental ability
to set short and long term goals and objectives. It may
also help establish decision making patterns and cri-
teria consistent with evolving goals and objectives
necessary to address developmental pressures such as
competing public and private demands for direct or
indirect use of or impact on the resources (remember:
effluent is the externalization of a process of produc-
tion, distribution, consumption, disposal of some
good, service or value in society).

As previously noted, much of this data has some
limited availability, albeit imprecise and static, in the
traditional map and thematic or non-geographic data.38 It
is the changed ability to understand these "geo-doctrinal"
relationships and synergies that impacts state jurisdiction,
fiduciary duties, services and beneficiaries.

The Future - Selected and Threshold Observations
GIS will permit a review of doctrinal categories

further adding to the historical flexibility of the Public
Trust Doctrine. Future cases will further demonstrate
that the Public Trust Doctrine is not static as the
doctrine expands to include new resources, geographic
areas and uses. Likewise, the required and available
information will affect management, regulation and
analytical judgments regarding constitutional and
legislative expansion of the Public Trust Doctrine.
This has the potential of leading to a codification of
limitations of legislative and administrative ability to
modify or undermine Public Trust Doctrine duties and
coverage.
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GIS and analysis will permit continuing review of
present and historic acts of alienation and commitment
of Public Trust resource uses. This can obtain sig-
nificance in the context of continuing judicial juris-
diction over public trust resources where precedent
supports the inalienability of the underlying public
interest in resources impressed with the Public Trust.
Thus, many states have clearly held that the public
interest in trust resources are not extinguished by
historical conveyances, but are subject to the juris-
diction of the courts and challenge. 9 More specifically,
GIS permit judicial determinations regarding the
impairment of the public interest as a measure of the
limitation on sovereign authority for alienation of
public trust resources."0

GIS and analysis will greatly enhance public interest
access to the necessary facts and data to secure judicial
review. GIS will provide both facts and data to permit
detailed judicial review of legislative and administra-
tive judgement regarding public trust resources.
Included will be the ability under a GIS to demonstrate
actual or probable impacts and relationships regarding
public trust or other public and private interests. Cer-
tainly, to the extent standing is accorded private
individual beneficiaries, the availability of information
regarding the public trust will permit reasonable third
party (beneficiary) access to the courts.

New enforcement patterns will emerge regarding the
Public Trust Doctrine. In New Jersey, for example, the
legislature established the Office of Public Advocate,
distinct from the State's Attorney General, to oversee
Public Trust resources. At issue before the court was
whether the Public Advocate had standing regarding
the public beneficiaries interest in Public Trust
resources, even though the Attorney General was also
a party to the case. Did the Public Advocate represent
a different and distinct interest from that of the
Attorney General?" In the answer to this question lies
direction for the future of the Public Trust Doctrine in
America.

In the final analysis, there will be a growing rec-
ognition that GIS and analysis is a sophisticated tool to
facilitate continued conceptual development of the
Public Trust Doctrine into the next century mandating
state support for GIS as part of the sovereign's fidu-
ciary responsibility to the public beneficiaries.
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