











manner several of the major design issues that charac-
terize and influence the possiblities and constraints
which can be designed into and out of the system. The
next section of the paper adds a "reality" dimension

to the design study by identifying key chunks of re-
sources (projects/studies, personnel) required to carry
out the systems design activity.

4. Resources Required To Conduct The Study

In order to allocate resources in a system sense it is
necessary to isolate the major design components, and
to then bring components and costs together as a coher-
ent whole. Given that the success of the mission will
be very much dependent upon how well and how vigorous-
ly the project is managed, a lesson from prior design
studies warrants attention: numerous systems efforts
in principle quickly and irrevocably deteriorate into
a bundle of unrelated initiatives and activities in
practice. As a caveat of sorts, therefore, and this
situation was observed in previous papers>, proposed
expenditures of financial and personnel resources
should be undertaken on the understanding that there
are interdependencies which, if not respected, will
seriously jeopardize the mission.

In very brief terms, the design effort must recognize
the interdependencies between the conceptualization,
design, development, implementation, and maintenance
stages of an evolving (spatial) information system.
Further, there are five (5) phases of activity to be
explicitly acknowledged within each of the stages: data
specification; data acquisition; data processing(imput,
storage, retrieval, manipulation, output); data dis-
semination; and data application. (Figure 3)

A key element of the study design, therefore, is a
management and oversight unit which is charged with
ensuring the systems integrity of the study, including
the preparation and application of project evaluation
criteria and procedures.

In terms of primary components of the design study,the
following are those which will require major alloca-
tions of resources (funds, equipment, and personnel):
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a)

b)

c)

4)

e)

Specification of the data base or bases (ele-
ments, items, formats) in terms of uses and
priorities for which data are intended for
management, planning, operation and research
purposes;

For multiple seashore park situations, and
based on data requirements from (a) above,
development of procedures for comparing the
field observation and RST methods of data
acquisition in terms of unigue and relative
advantages in the context of inventory, mon-
itoring and assessment requirements for both
dedicated and general-purpose systems;

Starting with the data base characteristics
(type of data, quantity of data, data medium,
etc.) from (a) and (b), and utilizing lessons
learned from previous research and applica-
tions which have merged conventional and re-
mote sensing source data in spatial informa-
tion systems, documentation of the technical
and operational possibilities and constraints
(for both hardware and software) which will
most likely characterize the several monitor-
ing systems capabilities that will arise as
options for accomodating the applications

( (e) below) that might be designed into the
system;

For the provision-oriented dimension of the
monitoring system, including the delivery of
data (dissemination) in a jurisdictional and/
or functional environment, identification of
users, users' needs, and alternative and ap-
propriate mechanisms and media for the trans-
mission of data information to users;

Since the purpose and utility of the entire
exercise is bound up in what the system yields
in terms of benefits to the management, plan-
ning, operations and research functions, the
intended or anticipated data applications must
be rigorously considered with regard to why
and how they will impact on policy, program,
plan or project evaluation, initiation and/or
modification. .
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It is essential, therefore, that the systems
design include identification of clients for
and uses of system outputs, and also incor-
porate procedures for determining, measuring
and evaluating benefits and costs which accrue
as a consequence of moving beyong design to
the development, implementation and mainte-
nance stages.

5. Conclusion

The systems design framework presented in this paper
provides "talking points" and questions to be raised
and answered before positions are hardened and the
formal systems design study is launched. 1In particular,
and this design consideration cannot be over-emphasized,
the paper established that the task at hand is more to
build on what is known than to work new ground(research,
in its pure sense), and that too much rather than too
little choice will pose a challenge throughout the
design effort.

Finally, an overriding concern throughout the paper is
to establish a basic design principle: the "machinery"
or technology (hard and soft) component must be appro-
priate to policy, program, plan or project needs expli-
citly expressed by the client(s) for system outputs.

It was argued early in the paper that the research and
applications track records speak favourably of the fea-
sibility of incorporating multiple data source imputs
in seashore park monitoring systems. It was also
argued, explicitly and by implication, that in terms of
achieving effectiveness, efficiency and economy during
the design (and any subsequent) stage, undue attention
to technical and technological detail will contribute
more to the failure than to the success of the mission.
That is, it is imperative, and there are many past and
present evidences to support his contention, that elab-
oration of the purpose of the design effort in whole
and in part receive at least as much continuing consi-
deration by project sponsors as the "capability" will
by technicians, technologists and researchers.

lThe contents and thrust of this invited paper
for Auto-Carto IV are based on general terms of refe-
rence contained in a communication from Robert Aangeen-
brug, Symposium Chairman
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See, for example, Manual of Remote Sensing -
Volume II - Interpretation and Applications (Falls
Church, Va.: American Society of Photogrammetry, 1975);
Proceedings, International Symposium on Remote Sensing
of Environment (Ann Arbor, Michigan; Institute of Ser-
vice and Technology, University of Michigan); Photo-
grammetric Engineering; Proceedings of the Urban and
Regional ‘Information Systems Association; and Papers,
American Society of Photogrammetry.

3ibid
4Manual of Remote Sensing, op. cit., Vol. I, p.653

5B. Wellar, Data Standardization: Wichita Falls
Consortium Phase II Report, Vol.7, Conceptualization
Themes. (Springfield, Virginia: National Technical In-—
formation Service, 1970) and B. Wellar, "Data Acquisi-
tion: Base of Information Systems Development?" in
Urban and Regional Information Systems: Past, Present
and Future (Chicago, Illinois: URISA/Municipal Finance
Officers Association, 1971).

580



Observed
"Areq"
Study g
—~ Area Enumerator
Sensed "Ared}—»
Remote
Sensor
Users
USER OPERATIONS SPATIAL DATASYSTEM
AWAY
Problem Data INPUT Data Data
Formulation [~ ] Sepecification Acquisition || Translation
Control
Evaluation Data S'oroqe___ Automated
8 Policy 8 Retrieval interpretation
OUTPUT

FIG. 1. A framework for the collection and processing of
multi-source spatial data. (Adapted from E. Moore
and B. Wellar, "Urban Data Collection by Airborne
Sensor", Journal of the American Instittite of
Planners, 35, January, 1969, p. 38).
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'FIG. 2.

Phenomena under observation
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Flowchart depicting relationships between contact
and non-contact methods of data acquisition and
development. (Source: B. Wellar, '"Remote Sensing
and Urban Information Systems', Photogrammetric

Engineering, 1973, p. 1043).
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HYDROLOGIC MONITORING SYSTEMS FOR THE
U.S. NATIONAL PARK SERVICE

Vujica Yevjevich
Research Professor and
Director of International Water Research Institute
George Washington University
Washington, D.C. 20052

Hydrology and National Parks

The hydrologic aspects of the national parks, national
forests and wilderness areas (controlled areas within
the continuously changing land-use surfaces around
them)may be classified in two broad groups:

(1) Hydrologic aspects related to water resources
problems specific for the development, maintenance and
operation of parks, forests and wilderness areas.
These are related to the following problems: minimal
damage or survival of various facilities during int-
ensive floods, extensive droughts (by duration and
severity), erosion control from intensive rains, water
quality protection, building of recreational areas with
proper water supply and pollution control, general
water supply, improving (without making them man-made
or artificial looking) all bodies of water within the
areas, improving wildlife and fishing conditions, and
hydrologic aspects of other similar water resources
problems.

(2) Hydrologic aspects of national parks, forests and
wilderness areas, transcend the specific interests and
objectives of these areas. Although they are related
to them, they are intended to solve the broad national,
regional, state and local water resources problems.
Such problems are: the stabilization or increase of
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water yields from these areas; decrease of fluctuations
of water flows by the proper management of lands, lakes,
ponds, swamps, and other bodies of water, of forests
and grazing and of snow; control of areal sources of
pollutions, especially by the use of fertilizers, herb-
icides, insecticides, and fire fighting materials;
monitoring the long-range hydrologic characteristics,
and effects of land use on water regime, through the
use of the representative or controlled river basins
within the parks, forests and wilderness areas.

In this paper it should be understood that any discus-
sion about national parks will frequently also apply
for the state and local parks, national and state
forests, wilderness areas, and similar surfaces.

Water Resources and National Parks

The conflict of interests between the objectives for
developing preserved areas in the form of national
parks, forests and wilderness areas, and the develop-
ment of natural resources (minerals, timber, water, and
grazing) should be resovable in most cases involving
water resources. Surface reservoirs may be conceived
and built so that they meet the objectives of national
parks, but also contribute to general recreation,

flood control, and emergency drought alleviation.
Subsurface water resources of a national park can be
utilized in such a way that no one could identify their
use. The objectives of National Parks include the
enhancement of natural beauty and the appeal to human
needs to enjoy nature. These objectives often parallel
to water resources needs. Examples are the control of
erosion and sediment, insurance of clean water, obtain-
ing ecological balance in bodies of water, and flood
and drought control. Therefore, there are many justi-
fications and mutual benefits for joint work by the
National Parks' authorities, various hydrology oriented
governmental and state agencies, universities, and
other water resources and hydrology oriented organiza-
tions. These organizations should work solutions of
water resources problems through an advanced hydrologic
system within the national parks.

No solutions of water resources problems will be better

than the information available on various hydrologic
aspects of the national parks.
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One can ask a pertinent question, namely whether the
hydrology of national parks, with the observations (and
measurements) of hydrologic quantities (variables) of
river basins within the park areas, and the general
monitoring of various hydrologic impacts, is any differ-
ent than in any other area. One may argue that the
techniques of hydrologic services are generally valid
for any area, provided these are properly adjusted to
it. These adjustments represent the crucial factors,
which produce specifities in the case of national
parks. When commonalities of hydrologic services among
the various areas predominate, one could be inclined

to consider that these services are general and should
be uniformly applied. This point of view may be de-
fended by leaders of some standard hydrologic services.
However, when hydrologic specificities of such areas
are important (and are of the same order of magnitude
as commonalities), as seems to be the case for the
national parks, the hydrologic monitoring services may
need special attention. Adjustment of the general
hydrologic observational techniques needs to be made
for these specificities.

This paper starts with the hypothesis that the hydro-
logic aspects of national parks have specificities that
deserve a particular approach in the design of monitor-
ing hydrologic activities. The information produced
should allow the identification of current and potent-
ial water problems, which affect each park. These
specificities will be called the external specificities,
because they result from a comparison between the
national park areas and the various surrounding types
of area.

Parks are located in different geographic areas, with
differences in topography, geology, soils, climate, and
vegetation. Therefore, the water resources problems of
parks will depend on two basic sets of variables: (1)
those that result from natural geographic conditions

of each particular park area; and (2) those that result
from the specific objectives and man-made facilities

of each park. Differences among the parks may be as
great, or even dgreater, than their common hydrologic
and water resources factors. Therefore, each park has
to be considered as a particular entity from both per-
spectives.

Both external and internal specificities of water
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resources problems and hydrologic monitoring of park
areas should be compared with the general approaches
to solutions of water resources problems, and with the
general hydrologic monitoring services, to provide
feasible solutions to problems and optional hydrologic
information for these solutions.

Current Monitoring Services, Oriented to Hydrology, as
Related to Hydrologic Monitoring in National Parks

Federal and state governments in the United States have
general and particular services oriented to general
geographic and specific hydrologic monitoring services.
Among the general services one should first mention the
cartographic and geologic services of the U.S. Geolog-
ical Survey.

For planning any hydrologic monitoring service in
national parks and for interpretation of the accumula-
ted hydrologic data, proper topographic information
(scales and details), appropriate geologic maps, and
data from monitoring of various evolutions, especially
in the biological cover, are indispensable. The
changes in biological cover of the land and the evolu-
tion in land uses are very much related to topographic
and geologic background information and monitoring.
Therefore, the design of hydrologic monitoring, for
given current and potential future water resources
problems, will greatly depend on topographic, geologic,
biologic cover, and land use information. The evolu-
tion by the adjustment of any hydrologic monitoring
service in national parks will then depend, from time
to time, on various geographic changes.

Particular hydrology related services usually cover the
following areas:

(1) Hydrometeorological monitoring, includes all the
major climatic variables and variables needed for
meteorological forecast and supply of general informa-
tion. This includes those that affect not only the
park services and park environment in general, but the
hydrologic environments and processes in particular.
Especially valuable information for hydrologic purposes
are data on precipitation and warning of flood peaks.
The observational stations of the U.S. Weather Service
supplemented by similar services in each national park,
supply most of the information on climate and atmos-
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pheric processes needed for hydrologic purposes.

(2) Hydrologic monitoring of surface water (of river
levels, discharges, floods, lake levels, and reservoir
levels) is basically the domain of the U.S. Geological
Survey, Water Resources Division, which maintains the
general national monitoring network of river gauging
stations. It is a very reputable and dependable source
of river runoff information. Many state agencies and
water users often maintain their own specific monitor-
ing stations for surface water runoff, dictated by
particular objectives of each user. Such a system of
specific stations in national parks, integrated with
the general surface water monitoring networks, may be
an attractive solution to the authorities of many
national parks. They may be of general benefit,
beyond the specific needs of each park.

(3) Forecast of river flows for middle-size and large-
size rivers either for flood warning or for water and
water course uses, and forecast of flood peaks of small
rivers for flood warning purposes, are carried out by
the U.S. Weather Bureau, River Forecasting Service.
Significant potential exists for the cooperation be-
tween the National Park Service and the Weather Bureau
for mutual benefit, for purposes of flood forecast and
general forecast of states of river flows and lake
levels, which are of importance to the fulfillment of
objectives of the National Park Service.

(4) Sediment transport along rivers is observed at
river flow gauging stations by the U.S. Geological
Survey. Monitoring sedimentation of lakes and reserv-
oirs is made by many agencies, public and private, that
build and operate the reservoirs. The National Park
Service may be interested how rapidly some of their
lakes, as well as man-made reservoirs, are filled by
sediments. Monitoring of these processes by the Park
Services may be of mutual benefit not only to the
National Park Service, but also to the upstream and
downstream water resource interests.

(5) Subsurface water resources are mainly monitored
through water wells. The U.S. Geological Survey is the
main organization for such monitoring, though many
states and local water resources districts have supple-
mental services for ground water monitoring purposes.
The ground water resources in the parks of the National
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Park Service may be of interest for monitoring the
specific problems of individual parks, either for the
internal water supply needs, or for their use and
supply to the areas around the parks. In that way it
can be shown that the uses of lands for the parks,
forests and wilderness areas do not represent a total
decrease in the use of natural resources.

(6) Soil erosion is basically observed by the agri-
culture and forestry oriented agencies, federal and
state, particularly by the U.S. Soil Conservation
Service and the U.S. Forest Service. The problems

. related to soil erosion in national parks, and the
monitoring of areal and time evolution of all the
important processes related to soil erosion can be best
accomplished by the park authorities by applying the
technology already available in these federal and state
agencies.

(7) River erosion and stabilization problems are ori-
ented to users of river channels and to water users
with riparian interests. The navigational rivers are
under the control of the U.S. Corps of Engineers.
Monitoring river problems (meandering, erosion, under-
cutting, degradation, agradation, scour at bridges and
the other river structures) are specific problems in
many national parks, with the proper techniques to be
used for protection of banks, and local river stabili-
zation and training works. Here, also, the transfer
and proper use of the existing technology is crucial
for the National Park Service.

(8) Monitoring snow on the ground is a subject of
increasing importance, basically for the forecast of
spring and summer water yields from the national parks
for downstream water users, for the purposes of flood
warning and control, and for managing various aspects
of water resources for the National Park Service
domains. The U.S. Soil Conservation Service is one of
the most experienced agencies for snow monitoring and
forecast of its melt and water yield. This particular
service, combined with the meteorological and forecast
service, is essential in singling out the most likely
avalanche areas at any given time during the winter
park uses. In some national parks the avalanches pre-
sent a potential danger to communications and various
facilities, beyond the damages to trees and shrubs.
The accumulating snow, its physical state and the
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oncoming weather conditions can be used to forecast
potential avalanche areas.

(9) Monitoring water quality variables has become a
growing problem in many areas. Several parks (or parts
of each park) have become the sources of increased
water pollution from point, line and area sources of
water pollutants. Some variables determining the water
quality of rivers and lakes are observed by the U.S.
Geological Survey. Several monitoring stations are in
the domain of the U.S. Environmental Protection Agency
or are of interest to the U.S. Public Health Service,
as well as the other federal and state agencies, muni-
cipalities, rural water supply and water disposal dist-
ricts, industrial complexes, and mining outfits. The
National Park Service should be interested in monitor-
ing the water qualtiy variables within their areas from
two points of view: (1) to insure the environmental
quality and ecological balance, and the supply of good
quality water within the parks for park objectives, and
(2) to insure that the waters leaving the park areas
are of the best gquality, or at least of acceptable
quality, for various downstream users. Identification
of all potential sources of water pollution within the
parks, as well as upstream of the parks, and finding
the proper solutions for these problems requires the
corresponding water quality monitoring networks. It is
necessary to single out those water quality variables
that may be specific to each park, especially if they
are not part of the 5-7 standard water quality vari-
ables that belong to the general water quality monitor-
ed gquantities (T©, conductivity, pH, BOD, DO, turbidity,
etc.). Examples are heavy metals in water, both of
park origin and air-borne.

In principle, any hydrologic monitoring service for any
important area of a national park, should properly
integrate the general geographic monitoring and infor-
mation services, with the standard and specific park
hydrologic monitoring activities. In this regard, com-
monalities in general geographic (especially topo-
graphic), geologic, biologic and other monitorings, as
well as the external and internal specificities of
water resources and hydrologic monitoring services of
national parks, should be blended together for each
park, so that the most economical way be found to
procure the optimal hydrologic information for the
solution of water resources problems within the parks,
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as well as those problems that are related to the
national park areas.

Approaches to Hydrologic Monitoring for the National
Park Service

Hydrologic monitoring is envisioned in this paper as
the development of a long-range monitoring service.
It can only be reasonably accomplished if it properly
blends the following factors:

(1) The existing monitoring services related to fact~
ors of geography, geology, ecology and hydrology in
the areas under the jurisdiction of the National Park
Service.

(2) The properly identified water related problems,
namely those experienced in the past, those identified
through an assessment of the current problems, and
those that represent the projection of potential water
resources problems, both within the parks, and around
and downstream of them when their solutions depend on
the various operations and improvements within the
park areas.

(3) A proper use of all the existing park services for
monitoring and observation of hydrology oriented
quantities, that may be properly balanced and integrated
with capabilities of the National Park Service, namely
the capability within each park for monitoring those
hydrology related quantities that are not monitored at
present, and/or that are not apt to be in the future.

It is assumed that the individual parks have various
ongoing services, personnel, and logistics, that can

be used-- without a disruption or slowdown of the
present functions-- for the additional hydrologic moni-
toring. This is important, because other monitoring
activities within the park might be easily extended, at
a small additional cost, to hydrology oriented moni-
toring.

For an action-oriented planning approach to future
hydrologic monitoring, the National Park Service may
consider undertaking action in the following phases:

(A) Identification of Water Resources Problems of Park
Areas. This activity would require a systematic

591



inventory of problems by using the experience accumu-
lated during the history of the park and the experience
of the present and retired park personnel, particularly
types of water disasters. Such events include floods,
droughts, landslides, avalanches, water supply deficits,
outbreak of water related diseases, water related acci-
dents, transportation breakdowns, river-related prob-
lems of regulation or defense and ice buildups and
breakdowns.

For each park a roster of future water resources
problems both within the park and areas outside the
park but related to it may then be established. These
three types of identification of water related problems;
those demonstrated in the past, those assessed to be
the problems of today, and those identified by an ext-
rapolation should be separated. They in turn may be
classified as the short-range, middle-range and long-
range problems.

If these water resources problems are identified for
all the parks, based on a well prepared manual of how
to identify the various problems, they could be classi-
fied, as the problems common to most or common to a
majority of parks, or as the problems very specific to
a park or a small number of parks. Those problems that
involve legal aspects, or have a particularly sensitive
political, social or economic implication, should also
be identified.

The problem identification will be important for three
types of planning:

(1) How to procure the necessary (optimal) hydrologic
information for the solution of problems along with the
design of the appropriate hydrologic monitoring net-
works, such as networks for precipitation, surface
runoff, sediment transport, ground water levels, lake
levels, and water quality variables.

(2) How to plan the solutions of water resources
problems related to the National Park Service.

(3) How to transfer the experience and technology
between parks in both the hydrologic monitoring serv-
ices and the solutions of park-related water resources
problems.
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(B) Design of Services for Monitoring Various Hydro-
logic Variables Within National Parks. No meaningful
planning of monitoring services will be feasible with-
out a proper identification of water resources problems
in national parks and the corresponding hydrologic
variables for which the information will be crucial in
the future solutions of water resources problems.
Without the identification of what should be monitored
in water quantity and water quality variables, the
comprehensive, meaningful and long lasting monitoring
services can not be designed.

The results of hydrologic network design should be
threefold: (1) Proper information should be collected;
(2) Cost of efforts should be optimal (for given funds,
a maximum information of a given quality is produced);
and (3) The extension or contraction of the monitoring
services should be easily implemented as the needs for
information change with the change and the emphasis in
water resources problems.

Therefore, the second phase should be developed in two
steps: (a) Identification of hydrologic variables to
be monitored; and (b) Design of monitoring networks

for these water quantity and gquality variables. These
two basic steps should lead to a proper implementation
of designed networks, as well as an optimal procurement
of hydrologic information.

(C) Implementation of Designed Networks. Three basic
approaches are available to the National Park Service
in implementing the designed hydrologic networks for
individual parks or groups of parks:

(1) Make agreements with the existing national or
state data monitoring service agencies, for networks
specific to each agency. This can be done by a trans-
fer to these agencies of funds available for that
purpose in the National Park Service.

(2) Establish in each park or a group of parks a hydro-
logic monitoring service, as a part of all other ser-
vices of that park or group of parks.

(3) Combine the two above alternatives, in function
capabilities, competence, willingness and reliability
of: (a) each national or state agency that has a part-
icular hydrologic monitoring service, and (b) each park
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or group of parks. Proportional involvement by the
outside and inside services would depend on many fact-
ors, particularly whether the solution of problems
requires the monitoring service of short-range, middle-
range or long-range duration, or whether they require
monitoring of national, state or only park-related
importance.

Without an extensive study, the inclination will be for
recommending the third approach as a strategy for the
implementation of designed hydrologic networks for
national parks, by an appropriate and economically
optimal division of work assignments between the
general hydrologic service agencies and the National
Park Service.

The most important reasons for suggesting the combined
strategy approach are:

(a) The national, or state, established services for
monitoring hydrologic environments and processes should
be involved with the long-range hydrologic information
procurement, and the long-range objectives, for example
the monitoring at the network stations that will be
observed for 30 years or more. This should be the case
if the rivers, river basins, and lakes are located
within the national parks (national forests, wilderness
areas), and are considered as the representative or
unique bodies of water, areas of land or aquifers. The
objective is then: (i) to procure the basic hydrologic
information as a part of the national or state pool of
hydrologic data; (ii) to monitor the long-range fluctu-
ations in hydrologic variables unaffected by the parks
or parks life and services; (iii) to monitor the
effects on hydrologic variables maturing park services
and development, including an increase of park facili-
ties, an increase in the number of visitors and visit-
ing days, and changes in park practices; (iv) to moni-
tor the effects of air-borne pollutants, deposited

over the parks, on water quality.

(b) The existing or planned hydrologic monitoring ser-
vices within each park or group of parks, to be imple-
mented and operated by the park services, could be
justified for three reasons: (i) water resource
problems and the hydrologic data procurement will be
of short-range duration, say less than ten years; (ii)
problems are specific to a park, and the collected
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hydrologic data would not add significantly to the
general hydrologic monitoring objectives; and (iii)
hydrologic information procurements within a park or a
group of parks are undertaken concurrently with the
collection of other general information required by
the park improvements and operations (use of boats,
fishing, pollution due to the use of the park and park
facilities, and effects on water quantity and quality
of park measures or operations).

(c) For the middle-range objectives of hydrologic
monitoring and related problem solutions, say for the
duration of 10 - 30 years, the monitoring work may be
either allocated to general hydrologic service agencies
if the objectives fit the general service assignment

of procuring the nationally or state needed information,
or it may be the task of the National Park Service to
monitor these hydrologic processes, if specific park
problems are the impulse to establish the monitoring
service and the major users of collected data.

Technological, Personnel and Management Constraints

If the third strategy is used having the National Park
Service implement the designed hydrologic monitoring
network for short-range objectives and park specific
problems and monitoring durations, several questions
should be posed and answered. For example, would the
cost be acceptable for installing and monitoring the
proper instrumentation? Could the observational
personnel maintain the remote control of monitoring
stations? Would there be sufficient management talent
within the regular park staff? These constraints are
crucial, but not insurmountable.

(A) Technological Constraints. Most of the hydrologic
instrumentation and devices are simple and standard,
even i1f they are digital or continuous recording.
Telemetry, when needed, may pose some problems, but
mastering its installment, maintenance and operation
may be simpler than it looks at the first glance.
Methods of observation, recording, processing and re-
porting are also standardized and are often available
as manuals with the forms easy to fill in. The prob-
lem may be with monitoring the water quality variables.
However, samples of water could be sent to the closest
laboratories for the analysis on a contractual basis.
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The technological cost would be similar for both the
monitoring services of the National Park Service in its
individual parks, and the general hydrologic monitoring
service agencies, provided the personnel in charge of
monitoring and maintenance were properly trained.

(B) Personnel Constraints. Personnel should be avail-
able in many park services who can be properly trained
to perform the monitoring service and maintain the
equipment, instruments and other devices. It would

be feasible to make the agreement with the hydrologic
monitoring service agencies for training the personnel
assigned to monitoring within the National Park Service,
or the short couwrses approach might be used, as is
currently done for the agencies' field personnel.

(C) Management Constraints. It is quite feasible to
consider the park management at various levels as suf-
ficiently educated and trained to be able to master the
management problems of hydrologic monitoring networks
and operations, just as they manage the other services
within the park of the same of even greater order of
complexity.
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DESIGN AND PRODUCTION CONSIDERATIONS FOR
AN INTERNATIONAL CONSERVATION ATLAS

Carl E. Youngmann, Ph.D.
Associate Professor of Cartography
Department of Geography DP-10
University of Washington
Seattle, Washington 98112

1. Introduction

An International Ecosystem Conservation Atlas has been
proposed by the National Park Service, Natural History
Division, in association with their participation in
UNESCO Man and the Biosphere Program (Schonewald,
August, 1979). The atlas format is proposed in response
to two principal needs for environmental analysis and
management: First, an atlas could summarize the status
of world habitats and internationally recognized envi-
ronmental priorities, and second, an atlas is to pro-
vide a summary of world-wide natural resources, both
terrestrial and climatological. Potential and actual
biological distributions could be compared along with
information about human occupancy and use of the earth.
Summaries of previous studies which are not generally
available to political decision makers could be pre-
sented, but no primary research is to be undertaken.

2. The Purpose of an Atlas

An atlas is a collection of maps centered about a part-
icular theme. Information in an atlas is presented in
a consistent manner, usually with maps and graphs of
similar scale, spatial extent, projection, use of
color, and symbolic representation. Generally, a
single editor oversees the entire atlas to insure con-
sistency from one map to another, continuity between
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maps and accompanying textual descriptions, and among
all other elements of the atlas: introduction,
explanatory texts, reference maps, subject maps,
gazeteers and indices. As for the presentation, an
atlas is usually prepared with a book binding, but
sometimes, such as with the Atlas Nacional de Espana
(Madrid, 1965), atlases have been distributed as port-
folios of individual sheets, or even as single, large
sheets like Skoda's The Straits of Georgia and Puget
Sound Basin, (1974).

The creation of an effective atlas can be a long, dif-
ficult and expensive task. A Much organization and coor-
dination is required and a particularly skillful chore-
ography of design and production is essential to the
assembly of an atlas. Even in cases where this coordi-
nation can be effected, some have found that a bound
set of maps will not offer maximum communication.
Others feel that no alternative data dissemination
scheme fully replaces the intrigue and impact of a
well-designed and professionally-executed multi-color,
bound atlas. Whenever a mapping project seems to call
for the creation of an atlas, it is wise to investigate
all alternative presentation and dissemination schemes.
In terms of information conveyed, an expensive, large,
multi-color book may not be as useful or as wise an
expenditure as a library, a map series, or a reference
bureau might be.

2.1 Data depository

Libraries, depositories, and data banks are one method
by which spatial data can be stored and disseminated.
Depositories can be organized in manual, microform or
automated formats. Manual, library-style depositories
require the development of a trained staff familiar
with the information. Updated and new data can be inc-
luded easily in a manual depository and a trained staff
can be very helpful in guiding inquiries, but they can
respond only to a limited number of inquiries. A
microform depository can be made available to a wider
audience than a library at a relatively low cost, but
updates and additions are difficult. Microforms are
small and cheap enough to be sent anywhere and can be
easily reproduced. Automated depositories or data
banks are very popular means for storing numerical

data and tabulations. However, they are considerably
more intricate and difficult to create for spatial
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information. An automated depository has the advantage
of providing dynamic access to the information, in
which retrievals can be posed on complex sets of logic-
al and spatial criteria. Revisions can be made to the
data in a timely manner, but do require the conversion
to machine encoded, or machine-readible form. From the
standpoint of the maximum distribution of information,
a microform presentation has the most advantages. Of
maximum utility to the traditional scientist and deci-
sion maker is the manual, library-style depository.
Only the potential for automatic access recommends the
development of an automated spatial information system
as a replacement for an atlas. Use of the data in a
depository by the general public is usually restricted
either because of the lack of information as to how to
access the data, or the formidability of institutional-
ized information.

2.2 Topical map series

Another alternative to a bound atlas is a topical map
series, such as the U.S. Bureau of the Census GE-50
series of 1:5,000,000 Alber's Equal Area Maps. A means
for timely dissemination of information is provided
and the organizational difficulties associated with
producing one massive volume are avoided. Furthermore,
significant maps and findings can be published as they
are completed without waiting several years for the
completion of all of the atlas content. A smaller
overall personnel organization would be required with
such an alternative to an atlas. A series can be
presented in portfolio form with annual or biennial
publications of a group of related maps and documents.
Such a form of dissemination was chosen for two
successful national atlases. The Atlas of Australian
Resources is a large format, loose leaf atlas which has
been published in two periodic series: First Series,
1951-1960, and Second Series, 1961-1977. There have
been 13 issues of the Atlas of the Netherlands
beginning in 1963, and by 1977, there were over 8000
atlas subscribers, a far greater number than was
expected.

A significant drawback to a map series approach is the
fact that one-time funding might be available for a
single large project rather than a continuing project.
From a cartographic standpoint a map series affords
refinement and evolution of the best possible graphic
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representations. New symbolizations can be created

and reactions gathered without having to commit an
entire publication to one representational schema. 1In
the production of map portfolios, greater size choices
are available; and because no consideration needs to be
given to binding, much larger layouts can be used.

2.3 Reference bureau

A third alternative is to go beyond the creation of a
periodical map series to the establishment of a
resource agency. Population Reference Bureau has
proven very effective with this solution. An agency
could provide a focus for diverse environmental
research projects and assist researchers in synthesi-
zing information for public distribution. The PRB's
success has shown that there is considerable interest
in quality graphics and analysis. A similar response
could be generated toward the content of the proposed
International Conservation Atlas--awareness of the
status of natural habitats and international environ-
mental priorities.

Several alternatives to a bound atlas have been pre-
sented which could educate the public and its decision-
makers about the status of world habitats and various
environmental priorities. The choice of method cannot
be dictated from a purely cartographic viewpoint; a
fully-developed atlas would be a significant informa-
tion resource and possibly a major cartographic
achievement. A continuing map series or resource agency
could allow a number of cartographers a creative opp-
ortunity. Depositories and data banks are the least
exciting from a cartographic standpoint, but they may
be the best possible resource for encouraging new
research.

3. Atlas Design

The design of a successful atlas relies on the ability
of a designer or group of designers to resolve a vari-
ety of geographic, cartographic, and graphic problems.
The success of a design is determined by its utility.
With an atlas, this means that everyone who reads the
atlas, both text and maps, finds information that he
or she was looking for without difficulties of any
sort. In the extremes, this allows the most frail
person to lift the book and position it so that it is
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read easily, or that the most knowledgeable person is
newly informed.

In considering an atlas project, problems of a general
cartographic nature are encountered. Additionally,
one faces coordination and continuity difficulties in
bringing together a variety of diverse subjects into a
graphic treatise.

3.1 Data fidelity

Successful atlas design presents the reader with infor-
mation of consistent guality throughout. Since atlas
information is almost always derived from secondary
sources, it is especially important that it truly
represent the phenomena. Are conclusions based on

true variations in the data and not upon artifacts
introduced into the data during the various transmuta-
tions that it has made from sensed reality to encoded
data? 1In collecting atlas data, specific procedures
must be established to insure that the quality of comp-
ilation does not vary beyond acceptable bounds. Gener-
ally, this means that a knowledgeable cartographic
production staff is employed which can spot possible
errors and can call in expert advice when it is neces-
sary to assess individual data elements. If variation
in the quality of the information is to be allowed,
then this is shown either through a reduction in the
scale of the worst data, or reliability diagrams are
included to show spatially the extent of data quality.

3.2 Data resolution

The term resolution is used in cartography in reference
to the ability to portray a geographic phenomenon in
respect to its size at a given scale. Typically, the
cartographer is faced with the necessity of reducing
the amount of information on a map, and resolution is a
convenient mechanism to decide which pieces of infor-
mation can stay and which must go. In general, map
compilation guidelines call for elimination of infor-
mation which when represented at scale would be less
than .5mm in size. At the scales required to show the
earth's surface in a large atlas format, 1:25,000,000,
the spatial extent of a geographic phenomenon has to be
12.5 km (7.63 miles). More practically, a 1.5 mm
criterion (i.e., 37.5 km or 22.8 miles) would be
reasonable for inclusion of any given individual area.
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If the phenomenon to be represented is of sufficient
importance, its size can be exaggerated to surpass the
minimum representation threshold. Often, this is the
case with rivers and other linear features. Isolated
incidents may very well be handled by exaggeration,
but in congested areas, it may not be possible to per-
form this exaggeration without cluttering the map.
Furthermore, it is the atlas reader's responsibility
not to read more spatial accuracy into the graphic
than it is capable of providing, nor should the carto-
grapher provide a means to do so.

3.3 Data availability, consistency, and currency

An unfortunate fact is that world-wide data coverage
for many simple topics is just not available at suit-
able resolutions and scales. Particularly, when it is
expected that information for the International Cons-
ervation Atlas is to be compiled from research reports,
the problems of data consistency become tremendous.
For some topics, the hoped-for historical trends are
not recorded. Just in the field of demographic infor-
mation, there is such a dirth of data that an accurate,
contempory map of population density has not even been
attempted at a scale larger than 1:45,000,000. The
proposed design of the International Conservation Atlas
to include many different maps with comparable data
overlays may not be possible.

3.4 Data carrying capapcity

Maps are two-dimensional graphics that have been con-
structed to show the variation(s) of additional dimen-
sions. Additional dimensions are added by utilizing
various classes of symbols: points, lines and areas.
On maps consisting chiefly of point and linear phenom-
ena, many separate dimensions can be included, especia-
lly if the additional dimensions fall inbetween the
symbols of the preceeding dimensions. However, when
areal symbolization is used, fewer elements can be
superimposed, and various manipulations of the areal
symbolization must be performed. These include hue,
chroma or brightness changes, and modifications of
texture. The limits of acceptable and readible graphic
imposition can be very quickly reached. 1In environ-
mental mapping data carrying capacity is often pushed
to the limit and beyond.
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3.5 Generalization and classification

The terms of scientific communication, although they
are very specific in the physical sciences, are often
muddled in the natural sciences. Effective compilation
of environmental information of the sort to be used in
the International Conservation Atlas requires that a
common vocabulary be derived for relating the observed
phenomena to their mapped representation. If independ-
ent compilers are to collect the information, then
specific agreements must be reached on each and every
term and class of information that is to be collected.

The need for a single system of classification seems
obvious. Unfortunately, it is not so easy to get ind-
ividual data collectors to come to such agreements.
Consider the case of land use mapping. On one hand,
apparent land cover can be interpreted in relation to
the natural habitat that it provides and the constit-
uent floral and faunal species of that habitat. On the
other hand, the same land cover information can be cat-
egorized by the degree of human utilization. The prob-
lem reduces many times to the difference between a
climax coniferous forest and an old-growth Douglas fir
stand; the first is a habitat, while the second is
timber. Such a distinction may seem extreme, but there
are in fact international disagreements on appropriate
terminology in soils, climates, land use, etc.

3.6 Graphic credibility

A map is intended to be a graphic summarization of the
relationships among sets of spatially-distributed
phenomena. The map reader should be able to extract
general conclusions about concentrations and voids of
the phenomena, as well as the ways in which the pheno-
mena vary with other spatial factors, such as elevation,
precipitation, latitude, inter-species competition, etc.
Such an overview is the most sophisticated form of map
reading and interpretation, and it is the primary rea-
son that the effort of preparing a map is undertaken.
However, many researchers are not willing to trust

maps to give readers all of the information, especially
when investigators have gone to considerable lengths to
collect and organize it. Consequently, they will pre-
pare maps which are filled with numbers and labels,

just to make sure that the map readers can extract
specific information in any given spot. This approach
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uses the map as a spatial table and detracts from the
reader's ability to derive an overall comprehension of
the information.

4. Atlas Compilation and Production Schemes

From a review of the collection of over 3,000 atlases
held in the Geography Branch of the University of Wash-
ington Library, it is clear that five basic production
schemes have been used. These different organizations
have resulted because of differing levels of cartograph-
ic and scientific expertise. Different procedures have
resulted in varying degrees of uniformity and internal
standardization. However, none of them insure that

the final atlas will be well-designed and useful. Over-
all graphic and book design, which is sometimes applied
just prior to the actual publication appears to have
brought even the most diversely-created projects into

a coherent presentation. A comprehensive design formu-
lated before any data compilation and execution and
adhered to throughout an atlas project would be far
wiser.

4.1 1Individual map compilation, design and execution

Among the University of Washington atlases are 25 to 30
books which are collections of topical map sections .
each compiled, designed and executed by different indi-
viduals or groups. Several of these atlases are proto-
types for more ambitious efforts, and very often these
have been created by college cartography classes. A
prototype for a Washington State Atlas has long been a
class project in the advanced cartographic design class
at the University of Washington. Loy's Atlas of Oregon
(1976) was first conceived, created and published by
undergraduate cartography students at the University of
Oregon as the Preliminary Atlas of Oregon (1972). Each
Student was free to create the best cartographic repre-
sentation of the subject within the constraints of the
8 1/2 by 11, spiral-bound format.

Such as approach relies on the capability of research-
ers to be able to select appropriate scales and symbols,
organize an effective data collection and encoding
scheme, and then, execute their plans in a professional
manner. Maintaining a similar style of graphic execu-
tion through the atlas could be a particularly diffi-
cult problem given the range of graphic arts training.
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Styles range from very mechanical-looking engineering
drawing to sketchy landscape architectural renderings.
Generally, an independent approach would limit carto-
graphic alternatives, such as non-standard map projec-
tions or layered tint screens. On the other hand, it
does put the task of maintaining data accuracy and
fidelity directly with the people most qualified to
make judgement about them.

It seems that this approach has been used most often in
low-budget efforts, and that it would require a great
deal of effort and training on the part of the disci-
plinary experts. However, there is no reason that it
could not succeed if adequate assistance were given
from a central supervisory group.

4.2 Guided individual map compilation and execution

An alternative to absolute individual invention of
design would be to establish basic cartographic design
in consultation with disciplinary experts, and then to
provide close guidance for applying this overall design
to the creation of the topical map sections. Thus, a
cartographic designer and geographic analyst would be
available to consult on any problems that the expert
might have in creating an effective graphic representa-
tion of his or her information. It was in somewhat
this manner that the Atlas of the Recovered Territories
of Poland(1947) was created. This book contains 35
maps by 10 different authors. Each author created his
own symbolisms using 6 standard solid colors which were
applied to a common 1:2,000,000 base map with a fixed
page layout. Although a diversity of point, line and
area symbols were used, the common layout and solid
colors provide a unity which prevented the atlas from
appearing as an unrelated collection of maps.

As with the first method, this scheme makes data
accuracy and fidelity concern of the person best able
to resolve any inconsistencies. It comes the closest
to making the atlas represent the best considered
spatial opinion of the most knowledgeable people.

4.3 Standardized symbolization

Another method that would still rely on disciplinary
experts to execute the map is to create a standard
cartographic design from which each individual
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researcher could select the elements that he or she
felt were best suited. 1In this way many of the quest-
ions related to graphic and cartographic design are
resolved by the people best equipped to handle them,
yet those best able to maintain data fidelity are still
in charge of final rendering of the information into
maps. It was difficult to tell if any of the atlases
in the University of Washington collection were pre-
pared in this manner, although such procedures have
been employed in the preparation of some planning
atlases and reports.

The advantages of this scheme are still those of appro-
priate division of labor based upon expertise, and the
disadvantages rest in expecting non-professionals to
execute a professionally created cartographic design.

4.4 Cartographic bureau, agency or laboratory

The majority of bound atlases are made by cartographic
production staffs associated with government surveys,
national geographical institutes, or universities.
Typically, data will be compiled by an outside expert
or a consultant working with an internal team devoted
to one particular topic. The cartographic and graphic
design will be coordinated by a specifically-designa-
ted designer responsible for the complete graphic
continuity of the atlas. Two very successful recent
atlases were prepared in this manner: The Atlas of
Israel (1970) produced by the Survey of Israel, and the
Economic Atlas of Ontario (1969) prepared at the
University of Toronto. In each case, an overall pro-
duction staff was organized to compile and execute the
atlas with topical atlas sections given to particular
teams. A complete atlas design can be more effect-
ively carried out if there is a concentration of the
production effort, so that conflicts in the design can
be resolved as they arise. Furthermore, a team of
professional geographers and cartographers are in a
better position to make use of more advanced data col-
lection and manipulation techniques, to employ more
intricate symbolization, and especially, to utilize
more complex graphic arts methods. These aspects can
be seen in both atlases. The Ontario Atlas used
computer data processing in organization and manipula-
tion of the myriad data shown in the atlas, as well as
intricate symbolizations combining shifts in hue,
chroma, and brightness with textural pattern changes.
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The Israeli Atlas is the product of various scribing
materials and photo-etched masking methods which would
not generally be available outside a major graphic arts
production facility.

The obvious advantage of the professional cartographic
production staff is the concentration of expertise and
equipment by which the best possible graphic presenta-
tion can be created. Distinct disadvantages are the
cost of a high-level organization and the fact that it
will often require much more time to create the atlas,
since all outside data collection will usually have to
be completed before atlas compilation and execution
can begin.

4.5 Fixed symbolization

The fifth option presents a method of compilation and
execution which is the most remote from the actual
disciplinary expert and the specifically tailored data
representation. The United States Army Corps of
Engineers Environmental Atlas of Central Ohio (1976)
used a fixed grid system of symbolization. Data gath-
ered in 18 different topical categories were all
reduced to 1 km square grid cells for final rendition.
Thereby, a uniform treatment of all subject matters
was created. This worked well for areal information
with extents greater than 1 km, but point and linear
phenomena were either over represented or mis-repre-
sented by the relatively coarse grid resolution.
However, the maps are readily comparable and can be
easily adapted to computer storage, access, manipula-
tion and display. A similar method was used in the
Twenty American Cities (1964) atlas, and such grid
approaches are popular computer-based planning methods,
the results of which are often published in planning
atlas formats.

5. Automation and Cartographic Execution

If an atlas is conceived as an information resource to
be manipulated, studied, and revised, then automated
techniques of data encoding, storage, retrieval and
execution definitely should be considered. However,
solely as a production tool, only cartographic agencies
with developed systems are in a position to make cost-
effective use of automation. Atlas production is a
labor intensive activity which is continually
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increasing in cost. However, the cost of automation
continues to drop in surprising steps. Thus, it would
be economical to automate many tedious cartographic
tasks to hold costs down. Although this may be true
and at some time it may be commonplace, inter-related
factors mitigate against cost-effective automated
atlas production.

First, cartography is a difficult computational problem.
Effective cartographic representation requires access
to large amounts of positional data. The geometric
problems involved in some forms of cartographic repre-
sentation provide examples for computer scientists in
the theory of incomputability; some cartographic
problems just cannot be solved by direct sequential
methods. This leads into the problem that tremendously
complex procedures must be derived for an automated
technique to do some cartographic tasks that are
trivial for cartographers; placement of labels on a
contour line is just such a task. Furthermore, carto-
graphic symbolism and cartographic production facili-
ties vary so widely that it has not been possible to
create a single solution which is anywhere near univer-
sally acceptable. The Harvard Laboratory for Computer
Graphics and Spatial Analysis has distributed over 30
different computer cartographic programs, and although
some of them, such as SYMAP, are used very widely, none
produce cartographic work that is acceptable as
suitable copy for printed maps, let alone atlases.

Second, cartography is a small field when it comes to
computer applications. Even in the area of computer
graphics, a field that cartographers helped found,
interest in mapping applications is dwarfed by computer
-aided design and manufacturing (CAD/CAM) and bio-med-
ical applications. Cartographic problems are not like
a slightly more difficult bookkeeping problem. A
general accounting and financial management package
approach could not be used to create a system that
would solve 98 percent of all mapping problems. Admit-
tedly, some mapping tasks are similar to one another
and software is being developed and marketed to handle
them; land surveying and subdivision, utility line
mapping, and general land-use mapping are examples.

The remarkable fact is that in examining an atlas coll-
ection, it is clear that very few maps are as carto-
graphically simple as the mapping in the three areas
just listed. Most atlases use combinations of symbolic
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variations that would be very difficult for even the
most clever programmer to foresee.

Consequently, it does not seem that it is practical to
spend the amount of money required for a computer and
satisfactory plotter, plus develop the necessary carto-
graphic software, just for one atlas project. However,
it is useful for a cartographic production agency to
acquire these capabilities and to use them as necessary
for particular projects. Indeed, it appears that the
most cost-effective approach to automating cartographic
production is to effect a synergism of human and comp-
uter capabilities, as in interactive cartographic
design, wherein the choices that would be difficult

to program are solicited from the cartographer.

6. Whither an Atlas?

There are many choices for presenting a spatial message.
All options for organization and production should be
examined carefully with respect to communication goals.
One person's successful design will not necessarily
satisfy another person's mapping needs merely through
minor revisions. Each new cartographic creation must
be designed independently if it is to realize fully

the goals set for it.
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An Overview of the Canada Geographic
Information System (CGIS)

Terry Fisher & Connie MacDonald
Lands Directorate
Environment Canada
Ottawa, Ontario
K1A OE7

Introduction

Planning and management of land resources
requires an extensive base of physical,
biological, social, and economic data. The
computerized Canada Geographic Information
System can efficiently handle this complex and
dynamic data base. It can store, analyse, and
present data for land use planning and
management at national, provincial, regional,
and local levels.

The Canada Land Inventory (CLI) was undertaken
in the early 1960's as a cooperative
federal-provincial effort. This program
resulted in the production of over 12,000 map
sheets pertaining to the capability of Canada's
lands to support various uses. The Canada
Geographic Information System was designed to
read, store, manipulate, and analyse thematic
map information.

At present, more than 3,500 maps have been
incorporated into CGIS data base. Although the
major data base in the system is that of the
Canada Land Inventory, CGIS effectively handles
any information which is mapped as polygons
(map units) or as points.
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Capabilities

Digitizing of Maps

CGIS was the first operational land data system

to use a 'scanning process' on a routine basis

for automated map digitizing. The use of a drum
scanner ensures rapidity, accuracy, low cost,

and the handling of a large number of maps. Line
following digitizing, using a digitizing table, is
also available for both polygon and point data.
All image and descriptive data is carefully edited
to ensure an error free data base.

AUTOMAP is a third method of digitizing data.
During digitizing, the data is displayed on the
computer—-terminal screens providing the user
with immediate verification. The data can be
updated at any time during the digitizing
operation. Development is currently underway to
convert data from the Automap system to CGIS
format. When this interface is complete, the CGIS
will have the capability of accepting digital
image data from a number of segment oriented
systems.

The existing data base contains a wide variety of
themes including land capabilities for
Agriculture, Forestry, Recreation, Wildlife
Ungulates and Waterfowl, Land Use, Ecological
maps, Federal Land Holdings, Forest Inventory and
many more.
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2.2

2.3

Management of large Geographic Data Bases

On entry into the CGIS map boundaries are removed
and the maps are divided into a number of units
called frames. Each frame can be retrieved as an
independent spatial unit. This structure greatly
facilitates the creation and manipulation of
country-wide data bases consisting of hundreds of
input documents.

The user is afforded a high degree of flexibility
in the definition of a study area; for example, he
can select geometric figures such as circles and
polygons, census boundaries, administraive
boundaries, etc. The CGIS efficiently selects and
processes only the data required to satisfy the
user requeste.

Data Manipulation

The unique file structure of the CGIS allows

for the efficient implementation of a wide
variety of manipulative operations. The most
significant being the polygon overlay. In a single
pass up to a 8 themes can be combined to create a
composite file containing the image and
classification information of all the intersected
polygons. This file can be used to respond to
queries such as where is the high capability
agricultural land that is currently in non
agricultural uses or to tabulate the acreage of
low capability forest land in counties X, Y and Z.

Other manipulative facilities include
reclassification of descriptive information,
dissolving of boundary information,
point-in-polygon, conversion to grid, projection
changes, area and linear measurement.
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2.4

2.4.1

2.4.2

2.4.3

2.4.4

Outputs of Statistical and Map Information

TABULATIONS

Many types of tables can be produced. These may
include, for instance, the capability of land for
a specific use on a provincial basis, or within a
designated radius of any major urban centre in
Canada, or within any study area defined by a
user.

MAPS

Hard copy maps can be produced depicting a wide
variety of themes and at any defined scale. Color
maps may be produced through an interface with
color "film image recorders”, or through
photo-mechanical methods.

DIGITAL FILES

Both tabular and map data can be prepared in
digital form for direct input into various
other data systems or into data analysis and
manipulation systems such as the Statistical
Package for Social Sciences (SPSS).

INTERACTIVE DATA BASES

An interactive data base is generally produced for
each special study area. This allows the user, who
is generally more familiar with his data, to query
the data himself to produce maps and tabulations.
The interactive graphics subsystem was designed
for the user with very little computer systems
background. The commands can be learned in a short
period of time, and within a period of 1 or 2 days
the average user can become reasonably proficient

in use.
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4.0

5.0

DEMONSTRATED USES

The CGIS is currently being used to satisfy the
data handling requirements of large national
programs including Federal Land Management
(mapping and digitization of the boundaries of all
Federal Lands in Canada); the Canada Land Use
Monitoring program (development of sampling
methodology to effectively and efficiently monitor
land use change in Canada).

In addition the CGIS is being used to assist in
Parks Management by providing access to a large
base of ecological data and to assist in Forest
Management in Nova Scotia by providing time
series information on Spruce Budworm
defoliation and for a variety of other special
studies.

Access

Access to the system can be made anywhere a
graphics terminal is available. The Lands
Directorate currently has graphics terminals in
its Ottawa, Halifax, Quebec City, and Burlington
offices, and others are located at the Alberta
Department of Environment in Edmonton, and the
University of Manitoba in Winnipeg.

PLANNED RESEARCH AND DEVELOPMENT

A number of areas are actively being pursued
including: improved techniques for the production
of color maps, interactive color graphic output,
investigation of raster to vector conversion
algorithms and definition of standard formats for
the interchange of data between geographic
information systems.
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