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INTRODUCT ION

- ] . ‘. N ) . +

1.0. . The'Problem: The Difficulties of Using Environmental Data
for Emergency 0i1-Spill Response, Dil-Bpill Contingency Planning,
and Regional Assessments ‘ )

- N b ) ‘-

This document describes an envircnmental data base system
developed 1) to minimize the impacts of marine and coastal oil
pellution by aiding emergency response, and 2) to provide
information« for oil-spill contingency planning and for regionai
environmentél Essessmenfs.

|

1.0.1. Marine and Coastal Dil Pollution

+

In a global context, 1t is useful to recall that although

everyone agrees that petroleum is tooc valuable. a source of

.

energy to waste by fouling the ocean with it, .and that every
poss{bility for reducing its iﬁtroduction into the ocean must
be explored, an estimated & to 12 million cubic meters of crude
oil and refined hydrocarbaons reach the sea annually (National

Academy of Sciences, 19735).

Dil at sea.and on shorelines immediately suggests dramatic
events such as the grounding of the "Torrey Canyon" on March 18,

1967 (3,680 m* of crude oil released northeast of the Scilly

e .
Islangs); the "Arrow" on February 4, 1970 (11,300 m> of Bunker C,

Chedabucto Bay, N.S.); the "Metulla" on August 9, 1974 (62,000 m>
4

of crude oil in the Strait of Magellan); the “Golden Robin" on

September 14, 1974 (140 m> of Bunker L¢_Baie des Chaleurs, P.@.)s.

o Er e ma et n e e . [ P ———— Y
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the "Amoco Cadiz® on March 17, 1978 (256,000 m  of light- crude,
Brittany); the "Le¥ Wang Zing" on December 25y_1979'(1,150 m* of

fuel oil, Dixon Entrance, B.C.); or the "Kurdistan" on MErch 15,
, .

[y

1979 (7,700 m3 of fuel oil in Cabot Strait).

l A closer examination of statistics like thg above rédveals
that 1) 5pi115' due to tanker accidents are ocFurring leas
frequently in recent vyears (Smets, 1983); and 2) although
spectacul ar, these. tanker accidenfs (of which 3,183 took place
worldwide bétweén 1969 and 19733 Gerlach, 1981) accoupt for less
than 3% of the tétal input of hydéocarbons into the 'oceans
(Nationa}' Academy of Sciences, 1975). River and urban runoff
contributes the most (él%), normal tapker operations f{(excluding
accidents) contribute 22%, all other transportation modes 10%,
natural seepage and atmospheric fallout about 104 each, coastal
oil ports and refineries 132, and offshare petroleum exploration
and production 1%. The resulting environmental damage depends not
only on the absolute amounts and on the source of the isil, but

4

also on the existing environmental conditions.

1.0.2. Gaovernmental Regulatory Requirements: Environmental
. Assessments and Contingency Plans

Despite their low contribution to the overall occean
pollution, oil companies involved in offshore petrol eum
exploration can cause severe concentrated impacts and must
operate within strict environmental restrictions. In Canada,
since 1975; ‘“all oil companies proposing to drill offshere. must

submit a ma jor document general l'y called "Environmental

i
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Assessmeﬁt” or "Environmental Impact Statement”. These documents

.

‘describe the physical,- biological, and human characteristics of
. ' ]

the region surrounding the'proposed drilling site; the poténiia;
environmental and socio—economic effects of both routgné'Qrilling'
activities and possibie accidents; and the mitigating',peasures
that will be implemented-to‘reduce all undesirable impacts.
Environmentaf éssessﬁents, besides reflecting the philoﬁophy ;nd
policies of individual companies, are also compilatibns of all
available pert};ént'publicétﬂbng and, when possible, the resuléé
of unpublished resea}ch programs related to the area of interest..
In areas where there are important data gaps, the proponent may
be asked to carry out field stud@e; prpérams hefore resubfhitting
ites environmental assessment or impéct statement.

Th?se field programs can be of considerable importance and
may 1involve seve;al companies with joint interests or, 1Lf the
1ssues  are of national importan;e, a joint government-industry
cffort. Two recent examples of major field studies are the
Df fshore Labrador PFiological Studies (bLABéS ﬁrggram (3.4J M%,

1978 to 1982, 13 oil companies), and the Eastern Arctic Marine

v
Environmental Studies (EAMES) program (12 M$, 1976 .to 1980,

-

government - 4 oil companies; Arctic, 1982).

Before commencing drilling, the pénponent must also submit
to the offices of the Canadian 0il and Gas Land Administration
(Energy, Mines and Resources) copies o¥ detailed .cunt}ﬁgency

plans. These plans describe in detail the procedures that wouﬁd

~e-be followed in the fevent of a number of possible accidents,

ranging from the loss © ﬁpply vessel or support aircraft to a

full scale blowout with the loss of well control and possible
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ensuing nii—spill. Like impact statements, these contingency
plans are based on the compilation of a large number of

environmental and ?ogistic data.

-

0il companies also, have' a stafdé of experts . whose
responsabilities include emergency 0il-spill response. These
persons’ must be able to review rapidly large numbers of the most

complete and up=to-date environmental data within their field. of

expertise, for all areas in which their company is active in the

‘offshore. Their competence and ability to respond rapidly is

tested vyearly during unannoun&éd governmental exercises
- r

simulating real Qil-spills.
Tﬁ,k'importaﬁbe of environmental data bases to oil companies

S\
should be clear from the above. It can even be said that offshore

exploratidn activities depend largely on the ability of oil

companies to acquire, maintain updated, and use efficiently
~

complex environmental data bases.
1.0.3. Deficiencies of Non—-Computerized Environmental Data Bases

All pPresent non-computerized environmental data bases
consist essentially of maps and reports. These maps and reports
are often associated with three major problems: 1) they are all

difficult and costly to produce and maintain updated, 2) they do

not lend themselves to conducting rapid regional evaluations or

’

assessments, and 3) ‘maps are often limited because of their
scale.
The cost of producing and the difficulties of keeping data

bases updated are due to the way they are prepared. Maps require



a lot of time to be drafted and are invariably very expensive to

print. Reports are generally not updated, instead, new ones are

usually produced only after sufficient new information is

. -

obtained. After several years, data bases that have been kept
updated become very compléx and dis;dinted. New maps may replace

old ones completely or only in parts, ‘saometimes more recent
studies are.more detailed ;Hd their results are displayed usiqg a
different scale nr.préjection. . -

These characteristics aqd ;hé'complexity of the information,
make maps and reports very difficult to use for regional

»

assessments, cgntingency plénning, and more importantly, for
emergency oil-spill response. in general;; one usés data
differently for regional assessments and ' contingency pIanning,‘
than for emergehcy oil-spill response. In fhe first case, one
needs to know, uwsually in a relatively leisgrely manner, which
characteristics are important, and wéere they are lﬁcated within
a large area such as Labrador, the Eastern Arctic, or the West
Foast. The situwation is very différent in ﬁhe case of anmn o0il-

spill response. Even in the event of a very large oil spill, the

oil .would threaten only part or parts of the overall region for

~ which a data base exists. Consequently, in an emergency

situation, one needs to be able to focus immediately on the
threatened Erea or areag and review their .corresponding
environmental data very rapidly.

In both cases of regional, assessments and 0il-spill

response, the user has specifit questions in mind. To obtain the

.answers to these gquestions, he will have to undertake a time-

-

-

consuming search through atlases, maps, their updated additigns
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or deletioné, and numerous reports. Such an exercise pften

results in restraining one’s curiosity and in discouraging the ~

~user from formulating new questions. In the case of regional

-

1)

assessmeg;g, these diffichlties lead to a lack of an overall
updersténﬂiq@ of the characteristics of the Eegion. - These
difficulties become much more critical in the‘event of a spill
wﬁen questions must be answered and decisions must be made
sometimes Within minutés.

The last  problem associated with present non—computerized
data bases, that of scale, is much less obvious but much more
frustrating. In pfeparin; maps to illustrate the distribution of
environmental data, one has to decide on_a scale. The choice of a
scale is governed primarily by the amount, complexity, and level
of detaii of the information to be displayed; the overall size of
the region to be mapped; and the maximum number of maps th5€-can
be produced and handled conveniently. uThis last point depenas
very much on the personnel and budgetary resources allocated to
the project. In general, limitations on these resources or, more
simply, the need to testrict the number of maps for reasons of
convenience force the mapper to select as small a scale as
possiple. Unfortunately this results in a reductiocn of thé level
of detail and quality of data.

The following example illustratés this point. One excellent
approach (low-—altitude coastal vi:}otaping; AFOA Review, 1282)
used to analyse shorelines for oil-spill response allows the
itnterpreter to descriﬂp very accurateix_spe characteristics of

coastal segments as short as 10 to 50 meters. Although short,

such coastal segments may have very important consequences in an

A1)
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oi14§pi11 response; they may be chara:terized by an excellent sea
. ~ N L
access fo the shoreline or may consist™in a very good bhelicopter -

landing s_iée_. At a scale of 1 : 50,000 a S0 m shoreline segment
occupies 1 mm on & map. At a scalé of 1 : 250,006 such-a coastal
segment occupies only 0.2 mm on a map aﬁd it becumé&A impossiblei
to describe features in such a small amount of space. Yet, if the
overall study area is large, one may héve to use a 1:250,000
scale_to restrict thé n&mber-of maps. To overcome this problem,
the present practice consists in grouping togetLer- adjoining
coastal segments until their combined length ‘exceeds -a

predetermined minimum maﬁpable size. This map unit is then

described in terms of the average characteristics .of its

components and the value of the 6rigina1 informati t. In

studies covering 1aége regions, this results i seéies of

relatively Y vague descriptions of long (in the field) coastal

segments when in reality, these segments are made up of shorter
units of known contrasting characteristics. : ~

The need to restrict the number of maps also imposes another
- A Y

. very fundgmental drawback, that is, the necessity to let

boundaries of map units denote a transition in more than a'single
parameter at a time. Faor éxample, in producing a coastal map, one
may wish to describeg the features of the hinterland, fhose.of the
backshore, the foreghore, and the nearshore. Ideally, e&ach of
these categories of data shpuld be described by a separate set of

maps. In practice however, because this would require too many

maps, one has ta 1) group the data parameters together, and 2

v -

use a subjective evaluation to define the.boundaries of map units

based on the variations of these data parameters. From that point




orn, - indiwvidual mapVﬁths imply a certain amount of subjectivity

which may or may not suit par*ticular applicaticns or uses of the |
map .
These difficulties are 1llustrated in Figure 1-1. In this

.

case. because the overall region (Labrador) 1s large, the author
r ! -

has selected a scale ot 1 256.000. To dlsplaytkhe information
in a legible manner, shortr consecutive and often very different
coasta{ seqments have been grouped together to form units (deep -
red, pale red, arnd grecen? that can be mapped and dlspla;ed
conventient ]y at this scale. e descriptors of these units
reflect this grouping. tor example mU-cBg:wlbb means a moderately
slouping unconsoldidated  bachksHore with 0 to 80%  of continuous
aravel beach and more than 8O% pf wide 1ntertidal +lat with a
boulder LT O AGE . Flaps like this oneo Fresent not the original
>

data bot a subjective caompilation of the original in+brm§tion. As
wuch they may be woll suited o mbtain a general understanding
oF > large study region. Howeaver , for emergency oll-spill
responcc,  whare  one  neecds 1ntormaetion about as many different
aspects of the coastline in as much detaill and precision  as
possibla, th1§ tvpe of map 1s of limited usetulness.

the coding of descriptions used on maps can also present  a
problem. In Figure 1-1, the s1tuation 1§.put too bad beocause the
ceding %vﬁtem 16 mnemonic and, with a b1 of learning, nne can
tread and understand the codes oasi v, Uther syotoms, as the one
Hlugtrated n o Fiqgure 1-2,  are hopelessly complicated énﬁ a
ronsiderabhle amount o+ time 13 ;équ1red to decode  the ooastal
descraiptors., In Ehis particular examplce, an accompanying document

5

X} 25 pages 15 regured to  understand the codos used as
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descriptors. This .system is definitely not well suited for

" emergency. spil} response, and May be of questionable value for

many other applications.

1.1, Purpose and Scope of Present Work

.

This study describes a. mi;rncomputer environmental '9é€:
base . system that alleviates the problems of high cost, Jlack of
rESBIutibn,‘;End difficulty .of use associated with maps and

_// repﬁrts.-The system was desighed specifically for eﬁerééncy oil-

-

spill response,’ oil-gpill contingency planning, - and the .

i
-
i

compilation of Eégional assessments.
. \ .
The primary objectivéd of this system were . defined eafly

.dufing the work. These objectives are: 1) the data base must be
truly geographjcal in nature, that is,'one{jglwhich ehvironmental
an

. data can be stored, displayeg, updated, retrieved according

to their spatial location defined in Universal Transverse

Meréatur' (UTM) . or latitude-longitude cncrdinafes (see section

2.0.1.); and 2) it must overcome the difficulties associated with
>

maps and reports.

. For €mergency o0il-spill response, the following options were

* »

implemented: .
-
1) A subset of any size or location within a larger region
can be qefined adcdrding to ite UTM or latitude-lonéitude limits

and displayed rapidly on & moderate resnldtion color monitor. The
) T

g g—— e s e -

display.consists in all coastlines, shorelines of inland lakes,

.. -
and if requested; topographic or bathymetric contours of the area

O

selected. A UTM or ‘latitude-longitude grid can be superimposed

[l S
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on the image.

2) A co&plete list of only tﬁPse environmental parameters
that are préseng in the area specified is displayed on a separate
cathode-réy—tube (CRt} ferminal. This list is displayed as a
series of menus for the use of the operator.

3) Parameters from this list can be selected either singly
or in an* combination using the logicél aoperators AND, OR, and
NOT. Once selected, their spatial distribution -can be
superimposed on thg shorelines displayed on.the color -monitor.
Textual material, if present can also be retrieved and displayed
;n the CéT‘terminal, or printed on paper.

For oil-spill contingéncy planning and regional assessment,

the data base system can be used essentially as above in order

to: ‘ . ‘ —

1) examine the presence, spatial distribution, and

interrelationships - of the ®different data ‘paramgters of any
subarea or of the complete study . area; -

2} use the capabiiity of the system to combine information
using logical ?pefators and to display the results on a color
monitor to compose maps that bestqillustrate the enwvironmental
conditions of the region under study;

. 3) produce good quality maps directly frém the data base by
the use of a plotfer; and

4) pérform analyses of relative abundance (as defined by the

frequency of ocgurrence, total length, or total area) of

different 'data parameters taken either singly or in combinatian,
. &

, -

as well as measurements of degree of association - between

individual parameters,

14



1.1.1. Hardware .

To meet the objectives described above, the hardware
selected has to satisfy the following requirements:

1) A large amount of external memory is needed to store the
. geographical and environmental data. ‘This external memory should

he capable of being expanded. .

2) A rapid data transmission (iqcluding storage aﬁd
refrieval) is required to access data efficiently.

3) Moderate resolution, multi-color graphic :épabilities are
required to display complex images.

4) The computer itseifhshould have good computational power,
fast responseh+or interactive use (gathaway and ‘D’Connell, 1983;
MHantman, 1970) and should be: easy to interface with the
peripherals required for this project (color ' monitor, CRT
terminal, printer, digitizer, and plotter).

These requirements and the rela?ﬁvely low budget that could
be allocated to this project (funded solely by the author) led to
the selection 6f a dedicated microcomputer as oupposed éb using a
lar;; mainframe or minicomputer. A.detaileh survey of the systems
a;ailable was undertaken at the beginning of this project to
evaluate their capabilities, potential for éxpansion, graphic
capabilities, reliaffility, and costs.

This survey indicated that the Apple 1I microcomputer, and
otéer simiiar ones, have low hardware cost. ,However,“ they also
have limited computationélvand graﬁhic capabilities, low graﬁhic
. resplution, borderline response time, and limited expaédabilitﬁ.-

Representatives ' of somewhat more saphisticatéd systemé are

-



the Cromemco System III and the North Star Horizon. The Cromemcd
is exp;ndable, it offers a wide selectipn of peripherals and
software packages, and has good graphic capabilities. It is-
however .relatively expensive, and it has a limited graphic
resolution. In fact, the resolution of its graphics depends
entirely on the number of colors required, each time the number

of color is doubled, its resolution decreases by half¥,

The North Star Horizon system was finally selected because

of its fast response time, ease of interfacing with any
. -
peripheral compatible with §-100 bus microcomputers, and

capability to produce excellent graphics when used in conjunction
with a Scion Microangefo color graphic system.

The hardware selected consists of & North Star Horizon, four
megahertz, Z80A based microcomputer with two quad density, five
and a gquarter inch diskette drives, &4 Kbytes of random - access
memory, and an 18 Mbytes Winchester disk drive. A Soroc 120
terminal  and a Houston Instrument Complot 7048 digitizer were
gelected‘ to inﬁﬁt datm. Initially, an Epson MX—-100 dot matrix
printer, an Hitacbi 19 inch red-green-blue (RGE) monitor, and a
Scion Microangela graphic system were selected to display the
data. The graphic system is expandable and it was obtained first
with four colors including a color mixer board and %OA based
microcomputer boards witﬁ 32 Kbytes of display memory each.

The use of this data base system Wag contracted early in its
devel opment (Strong, 1982) and .inccme generated by these
contracts enablei further expansion. A North Star 13.4 Mbytes
tape backup system was selected to provide a secondary means of

storing information normally handled by the hard disk, This was
{

.
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necessary as it soon became evident in-tﬁeﬁcour;e>o§ this wor k
that the bhard disk alone would be iﬁiufficient to store the
geographical énd environ&ental data of the various regions under
consideration. A second North Star Hori%on computer system was
selected as back-up for the first main one to provide. the
required assurance that the system could be used in the event of
an emergency. A Calcomp 945 beltbed plotter ~was selected to
produce good quality multicolor maps and the g;aphic capabilities
were expanded by obtaining a light pen and six additional Scion
Microangflo' boards. The 1light pen enables the operator to
interact with the célor monitor and the additional graphic
hoards can display simdltaneously 254 colors from a choice of 1é6
million possibilities. The graphic system also allows data to be.

-~

displayed as eight separate transparencies.
¢

-

1.1.2. Software

Several operating systems.and programming languages are
available for the NortJ Star Horizon microcomputer. The CP/M and
HDDS disk operating systems were selected for $his project. All
system programming and alterations were done in CP/M assembler

and the software for the system itself was programmed in Fortran-

80,
1.2. Existing Approaches

‘Although computers have been used to process and display

geographic ‘information only during the last 20 years (Douglas,

[ -———— - - - [ U




©1982), a very large amﬁunt of work and research has been done and
has been reported in a number of journals such as the American
Cartographer, Cartographica; The Cartographic Journal, Geo-
Processing, Coﬁputers and Geosciences, Jaournal of the
International Institite for Aerial Survey and Earth Sciences;
textbooks; and numerous cénference proceedings.

-, It is possible to distinguish two major types of endeavours:
'oﬁé in which computers are used to automate or assist in the
Apréduction of maps (computer assisted cartography); and one in
which computers\are used to store, analyse, and display spatially
ditributed data (computer mapping or geographic information
processing) (faylor, 1980 a; ‘Tomlinson, 1975 a).

In the first case, the intent is to use computers to control
the prodgctxon of maps which are essentially not different in
style, design, or content from those produced by conventional
methods. For example, computer assisted cartography is often used
to speed up the productiom o+ topograpﬁic maps (Harris, 1973  a
and b): nautical charts (Evangelatos, 1983, 1981; Gean, 1987%;
Strewig et al, 1987 and Furuya. 1973Y; or cadastral maps
{(Bradley, 1984, 1981; and Somers, 1984).

In the second.case, the emphasis is on the analysis and
manipulation of data rather than on the production of-maps. High

standards of precision are not always desired when maps are

Py ‘
produced; however, the computer enables the manipulation and
analysis of geographic data to answer specific questions. This

type of endeavour has been used for many applications, including
coastal assessment (Ader and Stayner, 1982) ; environmental

assessment {(Audet and Galanos, 1983; Batkins and Gustafson, 1982;
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- Ehler et al, 1982; Rowland et al, 1982; and Spencer and Krebs,
1982); analysis and display of socio—economic (Cote, 1983;
Dupont et gl,' 19833 Porter, 1983; Marx, 19823 Mounsey, 1982; and

Taylor, 1980 b) and statistical data ( Rhind et al, 1984; nghan,

1982; and Statistics Canada, 19723 and geoprocessing (Mark,
1982; Bauer and 5uhasz, 1982; Gardiner, 1982; Robertson, 1952;
Wastenson, 1982; and Burrough, 1980). '

it is also possible to distinguish t#u main approaches for
the encoding and processing of geographic data using gridding,
including such things as quad trees and simple raster technique,
; v
and vector methods. The raster approach, which uses a grid based
representation of spatial infnrmatinn, is advantageous because it
lends itself well to . current graphic devices suitable for high
speed computer input and output of geographic data (Dougl as,
1982; Peuguet, 1981 aﬂ'and b). Algorithms +or processing
cartographic data in raster ﬁode do exist (Callahah, 1983; Comeau
and Holbaek-Hanssen, - 1983; Goodchild and Grandfield, 1983;
Edwards and Batson, 1980; and Pequet, 197%9) and are well suited
for certain applications (Monmonier, 1983; and Miller, 1982).
Also, a number of translation techniques enable raster based
systems to process data using the more familiar vector concepts
(Harris et al, . 1982; Hsu and Huang, 1982; Theis, 1982; PeuguetL
1981 a and b, 197%; and Siekierska, 1980). -

Traditionally, the représentation and storage of spatial
data has followed a vector-based method. This.ia partly because
many features 1in geography are linear and hence can  be well

represented by series of vectors (Adams, 1982). It has also been

argued that the analysis of information is best done when the

R T TSy,



information itself is structured accpfding to the phenomeﬁon it
represents (Douglas, 19823y and Mark,. 1982). This document
describes a geographic information system that uses a vector mode
for the input, manipulatiqn, and output of data.

There are presently a large number of geographic information
systems in existence. Some systeds are of a modest scale, many
are available commercialiy (§ynagraphic mgggigg System: Dougenick
and 'Sheehan, 19753 ggygggy:--Broekhuysen and Dutton, 1983;
Morehouse and Broekhuysen, 1985; Gimms: Waugh and Chulvik, 1982;
Waugh, 1977), and some were developed a§ university or government
research prug?ams (Dougl as, 3983; onnay, 1983; Statistics
Canada, 1972). Because of the large number of systems in
existence, only a few examples will be outlined here. These

e»ambles are geographic information systems that the author has

encountered during the course of this work.
L]
1.2.1. Canada Land Data System

The Canada Land Data System is a compufer data base system
that can store, manipulate,' analyse, and displa; land resource
information mainly to facilitate dffective land-use planning ;nd
management at the national lévei. The original purpose of this
system, which wés initiated in ;962, was to store arable land
data gathered by the Canada Land Inventory. Between 1971 and
1979, the system ceased to bé solely concerned with inventory and
evolved into an analysis facility with the 1mpiementation in 1974

of interactive graphic subsytems. (;EE?zz%e system provides

advanced statistical program packages, interactive graphics -

Rt
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enquiry facilities through a network of terminals across Canada,
and improved hard-copy graphic’ output capabilities (Crain and
MacDonald, 1983; Tomlinson, 1975 b, 19733 and Environment Canada,

1973) .
1.2.2. Canadian Coastal Data Base

This system has been under development since 1981 at the
Atlantic Geoscience Centre (Energy, Mines and Resources), Bedford
Institute of Dceahugraphy in Dartmoﬁth, Nava Scotia. Its purpose
is to provide a means of storing and retrieving coastal data for
the whole of Canada, specially with respect to sediment
availability and sediment transport. Its geographic component
manipdlates shorelines in terms of vectors of several tens of
kilometers in length, defined by their bearing and mid—poiﬁt
latitude aﬁd longitude. Various types of data can be assoclated
with these vectors (Dr. D. Forbes, Atlantic Geoscience Centre,
pers. com., 19843 Dr. J.M. Sempels, Petro—-Canada, pers. com.,
1984).

The .Ecncept .of de?ihing shorelines in terms of vectors is
probably a good approach to use wheé§considéring all coastlines
of Caﬁada. It is however too rigid and insufficiently precise to

be used for spill response and regiocnal assessments.
1.2.3. Labrador Environmental Data Archive

The Labrador Environmental Data Archive is an IBM mainframe

data base 5ystem3that was developed by Petro-Canada (C. Ro,
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Petrp—Canada; pers. com., 1982; L. Davidson, Seaconsult Ltd., ’
pers. com., 1982). This system'waf designed to store and retrieve
engineering types of observations of ice, meteorology, and sea.
;onditions for offshore Labrador. It provides a means of
standardization of engineering observations that are subsequently
used in the design of offshoré drilling vessels and to model o0il

slick trajectories of simulated blouwouts.

1.2.4. Future Trends

At present there appears to be two trends in the development
of data base systems. The firét trend is the ideg'of a mega
system that will do it all, In the past, this attituée/ has
sametimes led to the develagpment of extremely‘large, expensive,
complicated, aﬁd cumbersome data bases that are used only with

great difficulties. The second trend results from the declining

price and increasing capabilities of recent micro and
minicomputers (Gerola and Gomory, 1984). This progress has
enabled the creation of smaller, specific, and efficient data

base systems.
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‘THE GEDGRAPHICAL COMPONENT OF THE DATA BASE

2.0. Introduction

Maps of environmental parameters ghow two things: 1) the
nature of the data displayed, and 20 its‘geographical 6r spatial
distribution. ‘Part of the usefulness of the present
microcomputer data base system is due not only to its ability to
store and recall environmental data but also to 1ts ability to
associate the inforhation with its gpatial distribution,

The geographical ccmponeni of the system provides the
spatial framework with which the ‘environmental ~data can be
associated. It is created by digitizing the necessary information
(the distribution of coastlines, énd, if required, the shorelines
of‘ lakes and selected topographic or bathymetric can%out lines)
from appropriate topographic or bathymetric maps, refered to in
the follow;ng sections as baseumaps.

The scele of the base maps tagether with the selécted
digitizing increment define the resclution of the geographical
component of the déta base. To avoid undesirable distortion of
the base maps during digiti:ationhh cépies are made on a stable
mylar material by a photographic process, and these mylar copies
are used on the digitizer.

To arrive at a consistent and convenient system of spatial
refereAce, the digitizer maching ﬁagrdinates are.transformed tao
UTM and latitude-longitude coordinq%g# (see section 2.0.1.), the

two most commonly used reference sysa%ﬁg.

Base maps made of paper always show some deqgree of
" .
1 ~
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distoktiun fran the moment ihey ;re'n;dé.“Thas is bedauseu-thE'm
r I

fibers makﬂgg up - paper shrznk or expand -in respanse to :hangtng

-

tempera‘ure and humidity conditions. Although physi:alry small,

A . .
thede - distortions . can, depending on the scale of the map,

introduce errorFs®of hundreds of meters or even kilometers in the

real location of geographital features. To minimize this, it is

neceséary tc readjust the data using a series of rotationsg ™ and * -
. \ - - B .

calibrations. . .

L ' 1

Once adjusted as best as pbssible, -the UTM roordinates
forming the geographréél component of the data basé must Qe -
verified to ensure that they do not fall nutside of the'map aréﬁ
and that éhey form acceptable transitions between adjacent map
sheets. Some degree of compromise is often required at this point
as 1t is not rare ta find that coastlines do not'ﬁatch p;uperly

across original adjacent map sheets.

To enablg and optimize the selecfion and dispiay .af
envirmnmeﬁtal data acchJ}ng to their spatial distributibn{ it is
necessary to orgénize the iist of UTM coordinates into suitable
files. This 1is done by formatting the_list of géquential uTm
coordinates into a series of random access records énd‘ by
creating files of indices denoting blocks. of data. 'Similarly, to
specd up the search for information, index ¥ile5‘:d;natiﬁg"the

spatial extent of individual map sheets are also created for eé:h '

major region.

e 11 - e i ——
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2.0.1. Latitude-Longitude and Universal . Transverse Mgrcator

."bénrdi nates . . -

.-

One ‘methﬁd of specifying the location of a point on t

LR

surface of the earth consists in stating its latitude — longitude
;on?dinate. Accarding to this systém of terrestirial coordinates,

the latityge of a point can be defined as the angle between a -

s

line joiﬁiﬁb the paint apd the éen;re of tﬁe earth, and a line
! 7 -‘ning the . centre of the earth and the equataor; with the two

lines.lying in a plane that alsp contains the north-south axis of

PP

. the earth. Latitude is normaliy expressed’'in degrees, pinutes,
setondsa and decimal fractions of seconds; with the suffix north

¢ or south as an integral part of the description.
L - . . - .
L The longitude of a pbint at the surface of the sarth can be

.

- ' ~ defined as the angle betwen two planes, one cdntaihing the point

-

" and the north—-south axis of the earth, aéd the second énntaining
« the north-south axis of the earth and Greenwich, Er';‘gland. The
. -'interéectinn ‘of\ planes coﬁtaining the earth’s anis and the

surface of the earth form meridians; and the meridian passing
thrnt."gh GI"-E.‘EI'\wiCh is used by definition as prime mE‘Y‘idiér‘)“D’F

longitude O degree. Longitude, Mike latitude, is: expressed in

degrees, minutes, seconds,.and decimal fractions of seconds, from

. h . - -
0 to I_Q_C) degrees east or west af the prime mefidian | (Maloney,
= . ' ¥
) S1978Y. - ¢
€ .

B Latdtude - longitude coordinates are both useful and well
kriown. Because they form a terrestrial system of re+erence, thex\
impose no dlS‘DFtan on geograph:cal features. However, their use

-

for .drawing maps based an a rectangular system of reference

Sa-



requires some form of bﬁpjéctibn'dr transformation of spherical .

EDDrdiQatEG‘ into corresponding ) rectangular coordinates

-

{McDonnell, 1979}

Becéuse..the'earth,ishspherical, any répresentatinn of its

surféce on a flat iece of paper -‘involves some degree of

distortion (Green Ahd Austin, 19693 Greenhood, -1964). This basic

fact has given ise .over the years to a large n(l:ier of

gecmetrical schemes, \QWNn as map prujé:tiuns, each with some

advantages and some disadvantages.

»

ine: type of projection consistslin.dividing the earth into a
nu 'er of .north=south strips and pfojecting these strips'onto' a

,-plane.- 1In the Universal Transverse Mercator (UTM) prpjectionﬁ 60

) such-sf??@s are used to cover the earth from latitude 80 degrees
' ) -
south to +84 degrees north. As the earth is 360 degrees in

circumference, such \f' division yields zones that each have a

width of six degrees of longitude. By convention, the UTM lzones

-~ - -

‘dre numbered 1 to 60 and start at the longitude 180 degrees west.
Sixteen of these zones, bearing numbers 7 to 22 cover Canada -from

the Pacific toathe Atlantic. ' ' .

* -

Once projected onto a plane, each zone can be subdivided
into a set of map sheets of convenient size. \Each sheet can then
“ .

be subdivided further into sections and each section is published
as a map of a larger scale. In Canada, this approach vields fhe
. 1:250,090;- 1:125,000; "1:50, 000; andh1=25,000 %ap scales of fhe
Natiohal‘ Topagraéhic System. By :onventioa,, th edges'of most

maps are selected such that they fall along pardliels of latitude

and meridians of longitude.
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To facilitate the identification and v+ referencing - of
geographical #éatures, a rectangular grid is superimposed on each
UTM zone. As these grid lines are superimposed -on the zones after

‘their projection onto a plane, the grid lines are straighf and
undistorted. All vertical grid lines are sat parallel amd all
horizontal ones perpendicular to the central meridian of the
zone. . . ’
« _ N

Two systems are in use to specify the location of
geographical features with respect to these rectangular grid
lines. One is the Military System and will not be descéibed here.

In the second one, called the Civilian System, horizontal lines

are designatad by Ehef? distance in meters from the equator. As
- .

"the southernmost point of Canada is about 4,620,000 m Ffrom the

st N

equayor, all hori;ontal grid lines in Canada have a northing
value greater than this figure. Vertical limes aré measured from
an imaginary line lying S00, 000 m west of the central merididn of
the cone. As tones mever attdin the full width ot l,OO0,00Q m,
no geographical location has a zero or negative easting value. In

practice, this élso means that the central meridian of a Zone
- .

coincides with tﬁe S00, 000 m easting grid line. Foints to thé

left of this line have casting values less than 500, 000 m;t those

to thé'right have éasting values greater than S00,000 m.

Using éhis system, the full-location of a point can be
specified by the numﬁer of the zone in thch it occurs, and its
easting and northing values in meters. This approach- is
straightforward and as it uses only numbers, it is well suited-

for computer applications. Its disadvantage, however, is that it

requires the use of large numbers.
»
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2.1. Seleétion of Resolution

-

. . . , o .
U Although digitized coastlines can be obtained from several
agencies (Edson, 1984; and Burkhart, 1981), the necessity for a

high resolution (one point every 10 tp 20 m in the field) made it

r

necessary to implement dizjti€9£€°n as required for specific
projeéfs.

The process of digitization allows lines to be represented

.

by a series of Cartesian coordinates. During digitization, these

coordinates are 1in machine units and refer to the axes of - the

-

digitizer. Unless an infinite amount of time and care could be

Ay

spent in aligning the base maps onto the digitizer, the reference

axes of the base maps and those of the digitizer never

it
~

carrespond in practice.

LY

The resolution or distance between consecutive points of the

'digitizér, when used in an incremental mode (Scott, 1982), can
be controlled and it 15 important to understand the implications

of this. At its maximum resolution, the digitizer_ used for this

work is capable of ditferentrating between 'two points separated

by a distance of 0.025 mm. This distance is 5o sma11 compared to

the accuracy involved in the digitization itself that it is never

-

used. A much more reasonable and appropriate increment may be 0.5

mm. Diéitizing the cpastlines of a map with a scale o€‘1=50,000
using & digitizer increment of 0.5 mm yields one poinE every 20 m
in the field, If the scale of the map is 1:10,000, the same
'digitizipg increment yields one poinf every S m in the field. It
can be seen that the resolutiop of the geographical component of

the data base can be controlled by the combined effects of
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digitizer increment and map scale;
: »
. The resolution required for a given project depends on two

main. factors: 1) the nature of the environmental data, and 2} the
anticipated -applications of the data base. For very detailed

shorel1’he geomorphic analyses, for which accdrate data exist, a
' [ 4
resolution of 10 to 20 m in the field i1s commonly used. Such a

L)

resplution is not required, or for that matter justified, when
the 1nférmatimn is of a broader, less precise nature as in the

case of fishing zones or migration routes. In this case, a

»
-

resolution of hundreds of meters in the field may well suffice.

The selection of an appropriate resolution to suwit both the

|

nature of the data and the anticipated applications is very

“important. This is because the resoliEE?ﬁ’Eontrols the number of

po;nis\ and acccréingly, the time i1nvolved .1n all subsequent
operations. In general, most applications of this data base
system required from 46,000 to 20,000 points for each map sheet to
descriﬁe- adequately the qeographi;al distribution of coastlines
and oiher major features. Applications of this data base s;;tem
for. areas of Labrador required 285 map sheets; for areas of the
Gulf ot St. Lawrence,‘Nnva Scotia, Cape Breton., and Newfoundland
3% map shects; and areas of the Queen Charlotte Isiands, Di:;zon
Entrance, Hecate Strait requi;ed 40 map sheets.

To ease su%sequent operations, it waf toung useful to work
at’ two levels of resolution +or cach of these MA jOr areas: a very
?etai}ed one for vbry accurate inf;;mgtion (location of houses,
warfs, fish plants, sea plame bases, anchorages, marghes, good

shoreline access points, bird colontes...), and a more general

one for rdégional types of data (4ishing Tones, miqratfan routes,

.



harvesting areas...).

2.2. Digitization of Base Maps
to .

A distinct program is used to digitize shorelines, including
those of islands and inland lakes, present on each base map. This

creates .a file of machine coordinates corresponding
digitizer

péugram
the shnreiines.’
~ In order to transform machine coordinates of the
into UTﬁ' coordinates of the map, it is necessary to know ~the
in bnth\systems, of at least two dist;nct control
'

coordinates,

points. To do this, the origin of the digitizer is :glo&ated ta
coincide qith an origin selected arbitrarily on the base map. The
DTM eastiné, northing, and zone of this point are‘then reques;ed
A second coordinate, located as far as possible
for transmission

by the program. :
+rom ‘the origing is digitized aﬁd verified
errors. In the event of an'erro;, the praogram requirés that the

Its UTM easting, norghing, and

used to
1

Yyper_atmr redigitize this point.
~one number are also requested by the program.

¢ . The origin ~and the. second UTM coordinates are

the rotation angle and its direction, and‘ the )

factor srequired to translate . individual ‘machine '

uTHM ccnrdinafes. © The

the

corresponding
the axes

their
in practice,
LY

calculate
of.

calibratian

;pprdinates into
is necessary'begause,
those of the base map never correspond.

:btation
origin and the second coordinate are not digitized
affected

digitizer and
the
In to

tb UTM coordinates.

I+
the entire file of coastal coardinafés are
aorder

accurately,
transformation

during their

\



verify the accuracy, four test points with known UTM coordinates
are digitized and their easting and narthing values aré requested
by the progam. The easting and north;ng values of these four test
points are calculated using their d;éitizer coordinates, the
rotation angle, iés directﬁcn, and the calibration factor. If thé
réa] UTM coordinates of‘these four fest peints aé read from the
base map are not su#fic1ent1y close to their calculated values,
the origin, the second UTM point and the four test points can be
redigitized until an acceptable accuracy has been réached.

' ihe four corners of the base map are then digitized and
their degrees, minutes, and seconds of latitude and longi tude,
ratheor than  their UTH coordlnates; are stored for later use.
This 1s Lecause the boundaries of maps are selected to coincide
with specific pargllels of latitude and meridians of longitude,
rather than with the UTM grad lines.

The shorelines of the mainland, islands, and lakes of the
base map can then be digitized. For the subsequent use of the
data, it i1s necessary to recognize whether or not'two consecutive
points are partfgfﬁthe same entity. For elample, is one  point
part' of the mainland and the second one the wbgglnning ot  an
1sland; or are they both consecutive points of ;choastline? fo
recognize such differences, a tag s associated with .each
coordinate. Each tag value corresponds to one of the Lwel ve
buttons that are present om the curscr of the digiti:erf '{hese
arbitrarily selectea tag values have the following significance:

6 ° - Coordinates with tag 6 are ignored but indicate that

all subsequeht data funtil another tag & is

encountered) will be considered as a block of data (see
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section 2.4.3). This is

useful later

to break -up

larger amounts of data into more manageable sections.

4,5 - A coordinate with a tag 4 denotes the beginning of a

transition, that is, the first point on a seqment of

shoreline that extends on an adjacent map sheet (in

effect, on ’entering’ a map sheet). Al

shorelines which extend on adjacent

1 segments of

map sheets are

called transitions in this document. A tag 5 is used to

denote the last point of a transition before

*leaving’ the map sheet. |
7.8 - A coordinate with a tag 7 denctes the begimning of a

closed area on a map sheet, such as an ‘islanap

or & lake. A coordinate with a tag 8 denotes the end

of such:a closed feature.

The coordinate

of this last

point will later be replaced by the coordinate D;) the

last occurring tag 7 to close the area perfectly.

s

1,2,3- A coordinate with one of these taqs'denotes that it

15 part of the same coastal ngment as

Qne.

the previous

@ - A coordinate with tag 9 denotes the inland end of

digitization of a river.

The next coordi

nate (with tag

1, 2, or 3) is on the opposite bank of the river. For

Ry

most applications, it is unnecessary to digitize the °’

course of rivers up to their origin.

0 - A coordinate with tag O indicateg that the previous

-
point and this one must.Bé deleted because of an error

made while digitizing.

# - A coordinate with tag # indicates that the operator

B T
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has made an error during qigiti:ing, and the following
actions will be taken dgring the verification of
digitizer coordinates  (see section 2.3.1.): the
coordinate with tag # will be ignored, and }the next
' coordinaté will be used to find among the pr;Y;Lus S0
points, the one closest to it. This option is useful
when the operator makes a mistake but does not
« .
recognize it immediately.

% - In order to minimi:e' disk access time, the
coordinates generated by the digitizer are stored
temporarily 1n a bufifer. When this buftfer is full, or
when a coordinate with tag % is read, the content of
the buttfer fs sent to the oytput file. I+ the buffer is
empty and a coordinate with tag _* is read, the
d;giti:ing 18 term1natgd.

At this pointy thé digitizer machine coprdinates are’ ready

to be verified, transtormed into UTM coordinates, and adjjusted as

NeCessary.

2.3. Transformation of Digitizer Machine Coprdinates to Universal

.Transverse Mercator Coordinates

To arrive at a final sérles of correct UTM coordinates, it
15 necessary to verify the digiticer coordinates. to convert them
to UTM coordinates, to édjust them to campénsate for the
dlstortléns inherent 1n all base maps, and to verify them with

respect to the limits of the base mapks.
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2.3.1. Verification of Digitizer Coordinates

A second distinct pr;grad is used to verify the digitizer
coordinates and their assaociated tags. The verificatioﬁ performed
by this program Eonsists in the detection'of transmis%ion errbrs
(between digitirer and computer) and of invalid seguences of
" tags. Deletion of some coordinates alsc takes place when a tag O
or # is ehcountefed. When a coorq:nate has passed these
verifications successfully, it is placed in a cireﬁlar buffer
¢Taylor, 1983) illustrated in Figure 2-1. Two pointers are used
to denote thé beginning and end of data in the buffer. If the

' .
buffer is full, the first element is sent to the output file, and
the pointer denoting the beginning of the data 1s incremented,
thusl%reeinq one position in the buffer.

The machine toordinates of the points digitized are
transmitted to the computer with the format shown in Figure 2-2.
-The program verifies that edch record has 19 characters and that
each field of these recordd are acceptable. The first character
must be any one of 0 1 2 3 45 &6 7 8 % or #. The second and
eleventh characters muast be commas. The third and t;elfth
characters are the sEgns of the X and Y coordinates and must be
either + mr‘m.‘Characterﬁ 4 +o 10, and 13 to 19 make up the X and
Y valueé respectively, and all must be digits fFom 0 to @
inclusively. I+ any of the above verifidatinng‘f;ils, the
coordinate contalning the error is deleted from the file.

3w ansmission errors, although -rare, can occuwr  when the

operator moves the cursor too fast while digitizing. To help in

this event, the coordinates are displayed on a CRT terminal as

e ey



-

]
Beginning Fbinhi_

End Pointor./

Figure -2-%

Circular buffer used in the verification of digitizer
coordinates. Shaded areas indicate positions occupied by data.

]

} !

! ! H !
! tag | 4 1. ! valus on X axis | | value on Y axis !
! ! ! -

I o+
s !}
!

Figure 2-2

Format of a coordinate as sent from the digitizer to

the
computer. See:-text for explanation of each field.

-~
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they are received from the digitizer. The operator can ;3fante o
occcasionally at the terminal and slow his povamentsu'whenf

coordimates appear to be incomplete.

Two tyﬁes of ;ircumstances arise frequently when &igitizing
coastlines é# E} —base map (Figure 2-3). Some lines represept
limits of closed areas like islands. In this case, the first and
last caérﬁinates are almost at the saﬁellocation. Cther - lines,
called transitions, represent coastlines which continue on
adjgcent map sheets. . These possible circumstances require that
the digitizer coordinates appear in a sequence that obeys certain
rules. The allowable sequence- of tags is governed By the
following considerations:

1: All line segments must be part of either a closed area or be
located within a transition, that,is, a section of coastline that
continues on an adjacent map sheet.

2 When a closed area or a new transition begins, it . must be
terminated befogre another closed area or transition can be

digitized.

I: Coordinates with tags 1 2 I or 9 cannot appear between islands
or between transitions. -~
4: Coordinates with tags & O or # can appear anywhere.

These rules not only provide a framework for digitization

but also define the following possible error conditions:

1: a data point (tag 1 2 I or 9) found neither in an island nor

in a transition,

a beginning of transition found in an island,

£

[

a beginning of transition found in a transition,

4: an end of transition found neither in a transition nor in an
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Laleoérdinalg
Tag 8

irst Coordinate
Tag 7

First Coordinate
Tag &

All Coordinales
Tags 1,2, or 3 5

All Coordinales

Last Coordinale

i

Figure 2-3

The two types of lines encountered during digitization and

their associated tag values. Closed areds like islands must begin
with a tag 7 and end with a tag 8. Transitions, or segments of
shorelines continuing on adjacent map sheets must begin with a
tag 4 and end with & tag 5.

Yy



7: a beginning of an island found.in a transii}nn,‘,

island,

S: an end of transition found in 'an islaﬁdi;

&6: a beginning of an island found in an island,

B: an Jend of an island found neither in an island nor in a

transition, or

9: an end of an island found in a transition.

wheh any such error is detected, the five preceding

‘Coordinates,‘ the point in which the error was detected, and the

next point to be processed are displayed on a CRT terminal, along
with their UTHM coordinatés and distances from each other. Based
on this information, the operﬁtor must then instruct thé_computer
to perform any ;ne of the following correcfive actidns:

t: change tag of point being processed,

8]
"

change tag of last ﬁgint of the buffer,
tu .

14

delete point being processed, or

4: delete last point of the buffer. ' _ o
Coordinates with. tags O or # are ig&ored and indicate that a

certain numbef of é?e@ious points must be deleted because of #n_

error made during digitization. ‘When a tag 0 is encountered, the

-last coordinate in the. buffer is deleted. This is done by

decre%eating the' end-file pointer illustrateq in Figure 2-1.

Hawéver, before deleting this point, its tag must be examined. If

it denotes the beginning or the end of an igland,. or the

begiﬁning or end of a transition, an appropriate tag feplécemeﬁt

iw herformed.- When a tag # is encounierad,.it is ignored_anq tﬁe
. ' . .

next valid coordinate is examined. The program then’/calculates

the distances between this point and all the coordinates in the
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bu@?erg. stag%ing at the end of the buffer énd p;oceeq1ng towards

L4

its beginning. _ JThese ‘calculations continue until a cbqrpinéte

. v

with tag 4 5 &6 7 8 or @ is found or until the thire buffer has
A been examined. The coordingte with'tﬁé_minimum distance to.this

ffpoint _ié then reset to indicateﬁihe‘end of the buffer and all

T .intermediate pdiﬁts are deleted. This procedure .enables‘ the
correction of érrgrs such as digitizing the-wrong kine. In many
inétances, it is easy to coﬁfusé tnpographic cohtnur ;ines or
liqés' denﬁting nearshore réefs w;th the actual coastline,

. specially on monochrome mylar cnﬁies n% colored original maps.

| .All digifizer céordinateé‘aée verified oﬁg by one in the
manner discussed above before being sent to an ocutput +ilé: Thig &
‘Butput file cnnt;ins only those coo;dinatéé?that‘ have valid
taggsg\:o eréar, and are ready to be cqnveréed to UTﬁ'eéstings

1

- and northings.

4 .
2.3.2. Transformation of Verified- Digitizer Coordinates to
o . . —~
Universal Transverse Mercator Coordinates ) .
_ ! N

-

When digiti:in& a base map, twn'sysféms af reference aré

. . present (Figure 2-4) y\4he' ‘digitizer axes and the ares of the base

»

- * <
map. All points digitize efer to the anes of the digitizer and

must be transt 1T coordinates. The +olldwing variableé

L}

are used to perform £his transformation:

| o d - doordinates of the origin, in the diffitizer

system of reference, - ;s
ED NG ~ easting and noarthi of /the origin in the UTM

system of reference,

s n
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. Digitizer_
, Y Axis ‘ : .
o~ : UTM Northing }
o Cont r'o'{

Point

Digitlizer

X Axis

™ _Ensl‘ing

- -

{0 ' | - Figure 2-4

E;ample  of a possible relative orientation of the digitiZzer
and UTM reference systems. See text for explanation of symbols.

-
’ . — ] . 1 3 h - - lz
Xt vi coord:néte of}the contre pqint in E/E\gldlgi er
. U - e
system of reference, 7
E1 N1 - gasting and northing of the cpntfol point in the

UTHM system of reference,
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Algha ,-'angle between the lines joining the contrbl
point (ki,Yl)t and the origin (0,0), and the Y. axis of the

digitizer system of reference,

.

Reta /- angle. between the lines joining the control

- - ’

point (E1,N1) and the origin (EO,N0); and the Y axis or the
nrorthing grid line of the UTM system of reference,

Angle - angle between the digitizer axes and ‘the UTM

-—

. »
axes. In practice, four cases can be present:

1) If Alpha and'Beta are both in the first quédfant of their

system of reference, then Angle = Alpha - Beta, and Angle «can
N - .

have either a positive or negative value. I+ 1t is :ﬁgative, an

anticlockwise rotation of the data - must be performed. If

positive, a clockwise rotation musSt be performed.

. : . |
2) I¥ Alpha and Beta are both in the fourth quadrant of their

system pf reference then fAngle = Alpha - Beta,. and if Angle is
positive, an anticlockwise rotation must .bE ‘péFfDrmed. .Thc
converse 1s requlred i+-Ang1e.is negative.

3 If #lpha is in quadrant 1 and Beta in quadrant 4 n;‘ their
resﬁective system of reference, then fAngle = Alpha + Heta and
a clockwise rotation must be pertormed.

4) If Alpha is in quadrant 4 aﬁd Beta'is in quadrant 1 of their -
respective system of reference: then Angle = Alpha + Beta, and an
apticlockwise rotation must be performed.

Sine Cosine ' =~ these variables are the sine and cosine
values of Angle defined abpve. When an anticlockuwise rotation is
'

desired, the value of Sinme is reset to -Sine before calculating

the calilkration factor Calfac. '

In the sequence of operations required to transtorm
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e
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d1gz%1zer machine cuardlnates ta utTM cnnrd;nates, the twn angles'

Alpha and Beta are tirst calculated as fnllnws'

_Alpha = Arctan ( [ iX1! / SGRT (Xltt2+Y1¥¥2) 1 / SGRT (1.-'[C IXi!
/ SORT (X1s%2+Yikx2) 1 %22 ) 3 .
Beta = Arctan { [ (E1-E0! / SGRT ((E1-EQ)%X2 + (N1-NO)¥¥2) J /

SERT (1.-[ !E1-ED} / SGRT ((E1-E0) 2X2+(N1-NQ)X%x2)3 *x2)3

A1

Where iX1! indicates the absolute value of Xi, and SORT denotes

the square root function. The calibration factor (Calfac) is then

.~

calculated as follows: 5

Qalfac = [ SBRT ({E1-E0)¥x2 + (N1I-NO)YX¥2) 1 / L SERT ((X1xCosine
—-Y1%Sine) ¥¥2 + (X1%Sine+Yl¥Cosine) ¥x2) ]

After the calculation of Alpha, Beta, and Calfac, each

digitizer coordinate (X,Y) Ttan be transformed into its UTM

Aequivalent (E,N) by using the following equations:

E = ( X X Cosine — Y X Sine ) ¥ Calfac + EO
N = ( X ¥ Sine + Y ¥ Cosine ) ¥ Calfac + NOD
These UTM coordinates «are then ready to be adjusted 1in

order to minimize the effects of the distortiorn imherent in all

original base maps.

2.3.3. Adjustmént of Universal Transverse Mercator Coordinates -

to Minimize Distortion of Base Maps

The real eastings and northings of the four corners nfl the
map can be calculated from their latitude and longitude values,
previously saved in the digitizer coordinate file. The eastings
and northings of the séme points can also be calcwlated from

their digitized coordinates. Because of the distortion present in

et e e e —
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all - maps, the two sets of coordinates rarely coincide and the.

. series of UTM coordinates forming the complete geographical

compohent of the data base must-be aajusted toe minimize this
effect.
"This distortion effect is illustrated in an exaggerated

manner in Figure 2-5, where the ideal locations of the map

cotuers (R1 to R4) and the locations of the calculated digitized
. . )

" corners (C1 to C4) are displayed. In this jllustration,f it is

important to remember that both s of coordinates (Rl to R4 and
Cl to C4) are in the same system of reference, fﬁag is, they are

both in UTM values.

R2

R1

ci

Figure 2-5

Example of the possible location of the ideal corners of a
map (K1 to R1), and the calculated corners (C1 to C(C4) before
ad justment. fhe  poor matching of corners is due Loc the
distortion of the base map.
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The adjustment of the four calculated digitized corners to

match, as best as possibie, ‘the four ideal corners of a map is

performed according to the following sequence of operations:
1) A translation is.perfaormed in ard:;/to move C1 to the position
. [ XY

. /-—-\ I} -
ef R1 (see Figure 2-Sh. Cl is thHen reset as an origin to
¢ . .

facilitate subsequent operations.

2) Using €1 as origin, a rciE&iﬁB is performed such that C2 falls .

on a line that paésés through A2 and- is parallel to the
- : . Y

‘morthing axi

-

3) The calculated northings are calibrated to mave corner C2 onto

. /
K2 without altering the northingYf corner Cl.

‘4 The -calculated eastings are talibrated such that corner cC3

. a

i Falis_ on a line that passe§-through-cnrner R3Z and is parallel to

the northing axis, - without altering the location of corners C1

- . ) T 4
cand CZ2. -

3) The }alculated northings are calibrated to move corner 63 onfo
the ideal corner RZE, without altering the locations of'cor69r5 C1
and C2. - : * . ]
&) The calculated eastings are then cal&bratéd to move cérner Ca
onto a line passing fhrcugh corner R4, . pgrallel to iﬁe norfhing
anis, withuut moving corners Ci, C2, and C3.
7) The calculated northings are calibrated to move corber_Cﬁ onto
'thé real corner R4 without moving corners C1, C2, and C3.
‘Thesé ad justments are performed on the calculated utTH

coordinates of the four corners and on all UTM points foarming the

geographical cdmponent of the data base.
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23;.4. Verification of Universal Transverse Mercator Coordinatds

Near Borders of Maps

‘Because of subsequent adjustment of geographical data, it
is difficult to be absolutely certain during digitization th;£ no -
UTM coordinate falls outside of the borders of the map. It is
convenient to begin digitizing ceoastlines slightly outside m;p
borders and to delete Gﬂﬁ po;nts falling outside of these
’ horders. \j
‘ To .do this, when considering maps of the northern part of

the western hemisphere, the boundaries of the maps digitized are

always set such that 1) the minimum latitude is equal to sthe

latalpde of corners 1 and 4 (see Figure 2-5)3 2) .the maximum

- <

latitude 1s equal to the latitude of corner Z;. 3 the .

minimum longitude is equal to the longitude jof corners I and 4{
and 4) the maximum longitude 18 equal to thg longitude of corners

1 and’ aps.cther'than of the northern‘%art ot the western

hemisphere woNd require moditications to the above convention.
. S

To verify 1f point falls inside or outside the map area,

eaXh UTM coordinate ?s transformed into its equivalent latitude-
ﬁtméitude coordinate‘and compared with those of the méé bhorders. .
.'UTM coordinates Falling gutsideé of the map Area are deleted from '\<f -
the file but their tags are reassociated with phe first point, on

the same line ségment, that falls inside or on the map borders.

T ensure that adjacent map sheets have matching shorelines,

the prngrém that perfords }he above veri+icat10n;also enables the

user to speei¥y the value of the f}rét or last UTM coordinate, or

both, of any transition. Using this option, _ it is possible to

]
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replace the first UTM coordinate of a shoreline sagment of a map
by the last UTM coordinate 6¥ the same shoreline segment of "a
'previously digitized adjacent map. This requireé sémé-boukkeéping
during verifications of adjacent map;, .but it «allows perfect
matching of lines that extend onto adjacent map.sheqﬁs. To dc
this, some’ degree of interpﬁitat;on 1S géner#lly'required as it

is not rare to find shore

ines that do mot coincide at the
transitions of adjacent original hap sheets.

]

2.4, _File Structure and Management

o

To be used efficiently, the geographical component of the

data base must include more than a large list of UTM coordinates
and their associated tags. One can perceive, when looking at
maps., the presence of & varying degree of texturé.,}his textﬁre
may be due for examplé to the cdntinuity of shorelines; lhe
closed naturc of islands; tﬁq amount and distribution of islands;
ar the degree, magnitude, .andlshape of’ indentations in the
cqgst}ine. The structure of the data must be designed to take
both this teiture and the intended uses of the data base into
account. . | Q\‘

2.4.1. Data Structure

Let uwus consider first the rélaticnship that exists between

v

the various elements of the data. Once digitized and processed,

.

each map sheet consists in at least: rfero, one, or more islands

. L ) . ’
and =ecro, one, or more transitions as/defined above. Each island

. -.

[ e e m e ————
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consists in a ’beginning-of—island' UTM coordinate with tag 7; a

certain nudbet of "shoreline’ UfM coardinates with.tag 1, 2, oru

33 and an ‘end-of-island’ UTM cég:;::ate with tag B. Similarly,

each transition consists in a ‘beginning-of-transition” UTM.
. ‘

cnorginatE' with tag 43 a certain number of ’shoreline® UTM

-
Y

coordinates with tag 1, 2, or 3; and an "end-of-transition’ UTM

coordinate with tag 5. The coastlines of both the mainland and
the lislands are thus represented by a series of discrete U;M
coordinates which ~ca® be organized inteo a linear list (Knuth,
1973). When  a mép 1s drawn, it 1s created by joining together
with a line these discrete UTM coordinates. It 1s however
necessary to know which peints must not be joined by a 1line, as
in the case of going from one island to another or going from the
mainland to an iélﬁnd. .

The structural re}aticnships between geographical data
points can be defined by determining which coordinate is f{rst in
the 1list, which is last, which caordinate precedes and which
coordinate follows a given one. The UTM coordinates ;F each
island and each transition can be.organézed into a linear list as
illugyrated in Figure 2-6. The first coordinate iﬁ a gaven list
must have a tag 7 (beginning of island) or .4 '(beginning of
transition). The subseque coordinates making up the island or
the transition are plac in the list in the gamehnrder as the?
wére digitized such that joining these by a line will recreate
the coastline. The last clement Df the list must have a tag‘ a
(end of island) D?VS (ehd o4h téahsit{un).

Let us consider now the uses and types of operations that

will be performed with this geéographical data. One  obivious
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Figure 2-&
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Example of a linear list of the UTM coordinates making up._an
hypothetical island. The letters E and N denotfe the easting and
northing of the UTM coordinate. The first symbol of each
rcoordinate, in this case the numbers 7, 1 and 8, denote the

tags. _ gﬁ\

|

operation coffiet=ts in recreating a map for a certain area. The

.

area may consist in a complete region or any sybset‘o* any size.-

All applications of this data base (Labnﬁdor, East Coast,
!
1
West Coast) have required dozens of individual map sheets, each
h ]

made up of 6,000 to 20,000 UTM coordinates. thn a map of a
. — -

. '\ . N
complete study area is requested, it is sufficient to read and

process all lists of UTM coordinates described above. When a.map

of a subset of a complete study area is requested, the limits of

this subset are specified in terms of minimum and maximum easting
R .

and northing or minimum and maximum latitude and longitude

coordinates. The file made up of the lists of UTM coordinates of
. -

the complete  study area can then be searched‘ to find the

coordinates that occur within the specified limits. It is

gbviously very time consuming to search through hundreds of
o

thousands of coordinates to find the ones that describe the
specified area, therefore a data stéuctUre that ;ill facilitate
such a gearch-is not only desirable, but necessary.

One method of optimizing such a search would be to. organize

-
all geographical data irm a list of points with sorted UTM
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northing and easting values. The ordered list could then be

searched usiﬁg, for example, a binary searching approach (Martin,

"1976). This approach ‘would speed things up éonsiderap}y, and

could be used if coastlines could be repfesented adequately by a
series of discrete points. However, for the purpoée of this data
base, coastlines must be represented as continuous lines and it
is essential to know which coordinate precedes or needs to be
joined to another one.

An ordered linked 1list could be created such that every

«
s

coordinate has an associated pointer whose ffurpose is to indicate

the address ot the next coordinate to be joined. 'This list eould f
. : 7/

be searched as described above, but the connecting points would
also have to be found and verified. Such an approach would be
. . S

very inetticient.

Consider now a file made up of atll the lists, as illustrated
in Figure 2—6; corresponding to all i1slands and all tranmsitions
of a given overall study area. To draw the coastlines of a given
subarea, _1t is necessary to perform a serial search of all

4 T— . . . 0

elements of the complete file to find all UTM coordinates making
up the specified subarea. This requires a considerable amount of

23

time but has the ‘advantage of implicitely denoting which

.

coordinates must be joined together. The‘problem of searching
time can be réducea éonsiderably by using a neighborhood
locatability technique (?1orés, 1970), which defines immediately
in the overall file, a Heighborhmod in'which to concentrate the

L J

search.
Instead of creating a single geographical data file for an

overall study region, a separate file is created for each map

- §
L

.
.



sheet. Each of these geﬁgraphical data files is subdivided
furfhéf into a number of blocks of data. Thg purpose of .tﬁésé
blocks is to spegd up tﬁe search for coordinates falling uithin»
specified areas. It is cnnveﬁient to usé blocks of anproximately.
S00 coordinates. The area covered by'a block depends on the scalg
of the map and the resolution_used during digitization. To access
the information efficiently;, a directory is created for éach"
geographical data file. Itlspecifies the UTHM boundaries.(maximum.
and minimum Veastings and puréhings) of each block, andv its
starting and ending addresses in the file. This directory,

refered to 1in the following sections as a block index file,

indicates which blocks pf data of a given map sheet must be
- . »

examined fDrLany given search. Similarly, & master difétto;;;
refered to in the following sections as a map -"index file, is

created and used to indicate which maps of the overall study area

need to be considered in a search. ’,k/ -

2.4.2. Map Index Files

For each overall study region, a map index file.is ﬁfeated
and used as a master directory. This file ﬁas a_recnrd for 'eaéh*
map of the overall study reg;nn. These records contain the
fcl}owﬁng information: 1) a sevgn‘character alphanumeric code
dencting the identi y of the map; 2) the UTM and latitude-

longitude bound

iesy of the mép.(min@mum and maximum easting,
northing, latityde, and longi tude) and i;s UTM zane number; 3)

the vyear of cumpiiation of the map, - 4) a flag to indicate the
presence or absence of digitized lakes, and 5) B3 other flags to.




o

indicate . the existence of various éypes bf environmental data.
Records vof this 'master file are sorted first by dec?eaéing
minimum latitude then within each- latitude increment; .-by
décreasin; maximum longitude. These récords are easily ﬁpdaged,
deleted, insarted, or appended to the map index file.

There is a single map index file or_Aain directo?y for each
overall study region. Each base map specified in this map index
file has, however, its own block indéx file and geographical data
;ile. .Nhen a givan subarea is r2questéd, 1ts limits in UTM or
latitude-—-longitude coordinatgs are Eompared. to those Iof
individual map sheets in the map index ti1le. This indicates which
base maps need to be eramined and quides the search  to the

appropriate block i1ndex files.
2.4.3. Block Index Files g '

For pach base map that 15 digirtized, a bloch index file is

- -

created “and used as a directory. The geographical extent of
blocks of data are defined before digitizing. An emamplé of a

division of a base map into a number of blocks is illustrated in

-
Figure 2~7. In practice, this map would be digitized as follows:

the first point digitized has a tag & tn_dendie the beginning of

a b}och. Its TM coordinate is not cun%idareq. Next.. thoe

shorelinecs of " island § and trasdsition 1| are diqiflzed. - The
. ' ’ . LY - -
‘section . of shoreline that 1s part of both transition  and bYoc

- . i - .
1 i then digitized. At the point where transition 2 crosses into

block 2, a coordinate withrtag.é-zs digitized te indicate the

oy ——

beginning  of block £, _and the rémaining part ohitransition 2 is -

9
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digitized. THS beginning &$ the third block of data is denoted by.

a caoordinate .with tag 6 %nd-the two islands of this block are
then digitized.. . : _ - ' R

' .-y s’ . o
The black index file includes the following information for
edch block:, 1) the minimum and maximum eastihgs and northings of

the block, ?) tHe address of the first coordinate of the block in

4 - N N - .
the gePgraphicél .data F;le, and 3) the address of the last

dbnﬁdinéfe.qf the block in the geﬁgraphi;al data file.

In practice, " if the required arealincludeé the squthwestern

.part of the map illustrated as e&éﬁple in Figure 2-7, the number

' »

of tpe appropriate map is obtaiﬁed from the map index +ile, and

. by - . |
.the block fndex file would indicate that only the geographicaléj“\\\ﬁﬁv
data corresponding to block 3 must be searched further.

A - LS '

r

Similg?ly, if the requested area cnnéists{o% the southeastern
part A of the map of Figgre 2-7; t:é appropriate map number is
obta{ned from- £he map index file, ana the corresponding block
index file would indﬁcafe.tﬁat there are no geographical data in
that Farticdlar area. -IQ this caﬁe, the geographical data file
does not néed‘to be’ searched at all.

1 .
*

2.4.4. Geographical Data Files

The block index file indicates the' address of the first_and

last coordinate of each btk in the geogFaphical data file.

the  requested block begins af the nth coordinate of the . \
geographical data file, and the file is accessed sequentially,

n-1 coordinates must be read before the desired block'is reached.

This access time is reduced by organizinﬁ the geégraphical data

U PP - —— SO T




. file Jnto a random access file. fn;tﬁisidaéé; thg ntH'Fécqfd,_or'f

. any other - recard, is reqphed as rap:dly as the +1r5t one.

In  order to m1n1m:ze the mem!ry space reauxrad for the

geographical dgta, fite, .cnnsecutive coordinat® are ,grouped
- &> . -
together into, a record of predetermined length4( Each of these

recurds occupies 128 bytes of memory and each co&k?inate_'is_

defxned by three f:elds. the gég, the UTHM east:ng of the point in
meters, and ~the UTM northing of the point in meterd; Each

coordinate ¢an have zero, one, or more pointers associated with

. it. Each po nter 11nk$ the gﬁ:?raphical_coordinate to a certain

type of data (see section 3.1
s
each cnord1nate varies with the ?eg1ons under study, the number

of coordlnates grouﬁed in a record can differ {ram one region to

. . :
another. . . - L T,

" As descr:bed above, the block index f1le denotes the address

of specific coordinates. In practxce, this address is the number

of the random access record of %The géogrépﬁical data file that

contains the required coordinate, and the position of the

. . t -
-

coordinate within‘this random record. Within each randam access
record, the data must be read sequentially.

Bt

E The ~ map~-index file, -the block index fiIES,._aﬁd the

geographicai data' files ‘are 3Freated as - described above to

.
+

optimize the access and search of the geographical data files,

and to minimize the amount of memory required by the geoéraphical

component of the data base.

H

Since the number of pointers for
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PART 3

THE ENVIRONMENTAL COMPONENT OF THE DATA BASE
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3.0. Introduction _ .

THE ENVIRONMENTAL COMPONENT OF THE DATA BASE -

. ¢

L4

. has been found by experience that the environmental daiq
norma ly ccnsidqudlfqr emergency oil-spill respénse, oil-spill -
contingency\\\sligning, and regional -assessments could be
consistently grouped into” two main categaries. .The first major
group is one where the information itself éeeés to be associated
with its corresponding coastal uTHM coorqinéfes. Examples of this
type of daia are the distribufinn and extent of marshes, river
outlets, estuaries, deltas, rock platforms, intertidal flats,
boulder barricades, shoals, reefs, beaches; or g;od sea, land, or
air éccess points. The second ma jor type of data is one where the
information requireé its own spatial definition, that is, ‘where
the information has a distribution that-;é independent of the
1aca£ion/’u+ shorelines. Eramples of this type of data are the
location of settlements, individual buildings, roads, airsthips;
or biological featureg such as shellfish harvegting areas, fish

traps, spawning areas, or migration routes. .

-
.

This natural distinction leads to the grouping of all .
environmental dgta into these two distinct major types. These two
major types are refered to, in the following sections, és data
associated with coastal UTM coordinates, and data indenendent of

coastal UTM.CDDFdinatES.
. i

O U . PN e e cEm e e —— ——
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3.1. Environmertital Daga .Associated with Caaétél Universal

L4

Transverse Mercator Coordinates

The geomorphology of coastlines is a type of information

that ‘is eésantial for oil-spill response. It is also an excellent

example of data that are associated with coastal 'UTH coordinatés.

Coastlines can be subdivided, moving from the land ta the
Sed, into the following sections: 1) the hinterland or section
of the land adjacent to the shore but not affected by marine
processes; 2) the backshore or part of the coast that extends
from theﬁinlaﬁd limit of marine processes to the high tide level;
3) the inter+idal zone QF.SEttiDn of shore lying between the high
and low tide levels; and 4) the nearshore -one extending between
the low tide level and the first seaward break‘in slope of the
bottom surface. Each of thesc :ones'can’ﬁe described in terms of
a large number of characteristics such';s amount and type of-
vegefation, type of substrate, slcope, moerphology, and special
Feathés. Each 5f these zones and cach of their characteristics

-
can  vary independently of the others in a direction parallel to
the shbreline. For erample, the amount of vegetation of the
hipterland can differ considerably at twe separate locations,
but it may remain similar next to a secfion ot shoreline that has
a highly variaﬁie backsho;e or intertidal zone.

Tb keep a_-recnrd of all possible variations in the
geom@fphic _descripticn of the shoreline alome would require the
digitization of a very-large number of. points ar lines. The
number of cqordinates'réquired to ident&#y all these -variables
and their limits would probably eiceed the number of courdinates

~

b

=/
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required to describe the gengraphical distribution of th
\ - . .

coastlines themselves. If each characteristic of each shoreli

zone was digitized separately and stored into a distinct file, ‘a

very large amount of memory and of time would be required to

dccess the information. This approach " becomes totally

impractical when one considers the amount of in+ormétion -that
reeds to be associated with fhe location of shorelines.

In order to minimize the amount of memory and a:céss time,
each coastal U}M coordinate of the geographical data file is

associated with a certain ﬁﬂmber of pointers. One of these
: . LT .

pointefé is the mumber of a record that contains, 1in a separate

file, the complete.geomorphic description of the coast at that

.

particula; point along the coast.

3.1.1. Assignment of Pointers to Coastal Universal Transverse
Mercator Coordinates )
-

* As mentioned in section 2.4.4, when the gengraphicalldata
files are created by grouping several coordinates into a single
recaord, each coordinate is assigned a number of pointers, Nall
inftial;zed to the value =zero. After the creation of the
geographical data files, 1t is possible to change the value of
these pcinteés by the use of a separate program.

The seguence of operations performed by this prmgram is as
Al

follows. Firet, ‘the .limits of the area in which pointers need to
be modified are requested by the program. It is possible to
Ty

modify the pointers associated with coastal UTM coordinates of

conplgte map sheets or of zubareas of any size. The . limits of the
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area ar ‘region to work with are specified in terms of UTM

-

eastings and northings and are used to search in the appropriate

‘block index files and gecgraphical data files .for all enclesed

coordinates. A map of the area reguested is displayed on the

"color _monitor with each coastal coordibate drawn separately and

nots joined to any other DHE;‘_GFEEH and white points are used to
represent coastal coordinates that are associated with specific
pointers of non ceroc and éero vaiue respectivel y.

The praogram usad fo assign or modi;; spéci{lc pointer
values then performs the following coperations:

-

1; a red cross ;s drawn over the point under consideration on the
color monitorg

2: the easting and horth1ng ot the coordinate; the current value
of the pointer specificd; and the current Qalue ot the pointer if
it is not zero, othérwise tha value assigned ﬁo the pointer of
the preQious caordinate, are digplaved in threg separate columns
on a CRT terminal. -

A

3 I+ & tero or a carriage roturn is entered on this terminal, .
the pointer value displayed in the last columm ig assiqgned to the
coordinate under consideration. fhis teoakure 1s useful in the

case ot a long section of coastline associated with an unchanging

pointer value as it avoids having to retype this  value for each

nate.

4z 1+ an integer greator than zero is entered, it is assigned as
pointer value to the coordinate under consideration.
3¢ A value of -1 entered cn the CRT terminal indicates that. the

coordinate under consideration has no data for the pointer

specified.



1. :

&: After assigning a value to the pointer, the Fed'cfoss is moved-
to the next- coordinéte on the color ‘monitor and the point is
redrawn in a color other than green or white to indicate that it

+

has been processed.
This program is used initially to describe, by the use of
pointers, environmental data associated with coastal coordinates;

and can be used later to madify or update the information as

frequently as necessary.

3.1.2. Random Access Env;ronmental Data Files

- -

L
FEach pointer associated with each coastal coordinate is in

fact the number of a random access record in  an environmental
data file. I1f a coastal coordinate has more than one pointer,
cach pointer refers to a specific environmental data file.

Let us consider for example the environmental data file
associated with the firsf pointer of coastal coordinates in  aone
of the study areas for which this data base has been Jged
{(Labr ador}. In this case, each record of the environmental data

file consists of 14 individual variables with the following

-

meEaning:

1: the number of the videotape that covers the coastal coordinate

under caonsideration,

M

the general elevation and slope of the hinterland,

4

the extent and type of vegetation cdber of the hinterland,
4: the slope and natwe of the backshare,
S any other features of the backshore,

6 the nature of the upper intertidal'zone,

- 60 - . ) ‘ - . -.,
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7: the tekture of the upper intertidal zone,

8: the nature of the middle and lower

-

intertidal zone,

9; the texture of the!hiddle and lower intertidal ﬁone,

10: any other featureé’o#ﬁthe middle and lower intértidal zone

11: any nearshore'featureg,

=

12: the accessibilrty of- the shore from land and +rom air,

13: the epase of sea access to the shore, and

"14: the appropriate data source.

*

* Each of these items, being a variable, can also have

number of possible values. For example, 1n the case of Labrad

]

a

or,

variable number % denoting other features of the backshore may be

-+

assigned a value between O and 9, each having the following

meaning:

0: unknaown,

1: scattered trees,

Zr grassy,

: wide (50 m) continuouws marsh,
4:;narr0w (<30 m) discéntlnuaus mé
9: eroding,

&: stable,

SSY.

7: lagoon with marsh i1n the bacishore,

8: barren,
: no feature.

Similarly, variakle number 13

)

denoting sca access to.

the

shore zone may be assigned a value from O to 4 with the tollowing

significance: M
O: unkrown,

1: impossible or e:dtremely difficult,

-

LY
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difficult, access restricted to very small crafts,

A
L] )

relatively gnod'access for small crafﬁq,

4: excellent sea access to t shoreline.

The approach’' used fur.environmeétal data associated with
coastal UTM coordinates is summarized in-Figures_3~1 and 3I-2.
Each record of thé geographical data file (Figure 3-1) Enntain§ .
several elements (see section 2.4.4), 'each made up of a tag (T},
a UfM easting (E), a UTM northing (N), and a preaefined number
of pointers (P1,P2,...,Pp). Each puipterv;s the number of a

record in a specific environmental data file (Figure 3-2) , that

’
corresponds to a major category of data (for example, geology or.

fetch). The number of pointers and of corresponding environmental

£’y
data files vary according to the complexity of the region under ‘
study. . Y

Each record of the environmental data file contains a 1list
of vériables, V1 to Vn in Figure 3-2, ' each denoting a distinct
subcategory of data. 'In the'case of Lébraaor, each record of the
geology environmental data file contains thg 14 variables
denoting the subcategories listed above. The individual'maluas of
the variables of this record indicate' the éxact data parameter
i; “that subcategory. For example, the geology-(categ;ry) of .a
certain coastal logation oF Labrador may be characterized by a
backshore (subcategory) made up of a wide continuous marsh (data

parameter) . " ’h

This approach is both effi 1ent and flexible because 1y it

- —— .

regquires a mxnxmum storage space for the environmental data, 2y
it already links the various types of environmental data and

their geographical locations, 3) it is possible to have as many

c e o — TR e ey e e -
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Record - GEOGRAPHICAL DATA FILE
Number
1! *Element 1 : : Element i :
k ! Element ({(k—1)%xi)+1 ! P THE N PL Y PR
H : T —_F
m | Element ((m—1)%i)+1 | : Element m ¥ i !

}
}
|
|
|
1
i
!
|
1
{
i
!
|
!
t
i
|
|
i
i

Figure 3-1
Example of a geographical data file of m records. Each
record contains 1 elements. Eaeh element is made up of a tag (T),.

the UTM easting (E) d northing (N) of the coordinate, and a.

certain npumber of pointers. In this example, only. two pointers
(P1.'and P2) are illustrated.
[ 3

pointers, hence data categories; as required, 4) it is possible
to- have as many variables or subcategories as required, and S) it

is possible to use as many values_(data parameters) as required

within each subcategory.

The wvariables’ making up each record GF the environmental
data fide can have different values a;signed to them by the use
of a distinct program. +h15 program can create new records,
update existing ones, or print the contents* of a; exl1sting
environmental data file. 'The updating option enables the user to

append records at the end of a file, to insert records between

eristing ones, to delete records, and to modify the contents of a

record. . ¢
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. Figure 3-2 .
- Relationship between _onéﬂelehent of the geographical data
file and the environmental data. files of parameters -amsociated

with coastal UTM coardinates. In this example, only two pointers
antd two environmental data files are illustrated. In practice,
the number of pointers and environmental data +1les is a.function
of the complexity-of the region under study.
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.3;2. Environmental _uData,-independent of-. Quéstal. Universal
" Transverse Mercator Coordinates : ' ST S
. : ‘. -.' -

Many. types of data normally considered for @ o0il-spill

response and contingenﬁy planning are not directly -associated
, ) . . . . . .

with coastal + UTM coordinates and reguire. their own spatial

™

or recreation’ aré generally of this type. In this case, the

definition. Data about fisheries, biological resources,'tod}is

creation of the environmental data files requires tﬁeluse of both

-

N i [ P . . -, . . A !
the digitizer to specify the 'spatial distribution of the

information, and a CRT. terminal “to enter textual material, if

T N

3.2.1. Digitization of Environmental Data and ' Verification of

present.

Digitizer Coordinates

r

It has been found by experience that the information that is

independent of coastal UTM coordinates always fall into- one of
the +ollowing categories: *

"1z A ‘single‘pTM coordinate dendting the location of a point 1in

space without textusl information (for example, the location of a
house, helipad, #ishinq camp, or fish plant).

2: A single UTM coordinate aéso;iated wWith textual information

»
(for example, the location and name of a settlement).

3: A single coordinate-associated with numeric data (for example,

the location and quotas of a leofster pound).

4: A single coordinate associated with an alphanumeric code and.

textual information. An example of this 1s illustrated in Figure, -

J x

e




3—3, uhere the coard:nate

LY

in the map, " the alphanumerxc cude is the district number

LI ~

and the textual 1n#ormat1nn des:r:bes thq dates uf uparat:an :§+  ;TT 5f =

the district. iThe alphanumer1c cnde is pﬂrnted withmn the-

boundaries of the map -and_provides a link w:th the textual
. o i . ‘
* s information printed to the right of the map.

S: A line segment with no textual information (for example, ' the

. - -
- .

distrjct boundaries-of Figure 3-3).

b: A losed areiriggg,as theizagzigf ma jor :oncentratiqﬁ

figRing efforts illustrated in Figure-3—4;‘and

7: lareas along coastlines. These areas can be of three tﬁbés:aé'

illustrated in Figure 3-5: 1) an area along ghe shgrefine with

. - ¥
only one boundary line to be digitized (Figure 3-5, area A), 2)
*

an area between two secxidns of coastlines with two boundary

-

L3 , . L]
lines to be digitized (Figure 3-S5, area B}, and 3) an area that
includes more than two boundary . lines to. be defined propéerly

(Figure 3-5, area [0). . ‘
Jdt is impprtant to understand why it is necessary to
L

d1st1ngu1sh between thé cases 5, _&, and 7 above. At.present;

coastlines can only be drawn as lines either w:th the plntter ar
. . S——
on the color monitor. In the Future, the methods of displaying

1.

data will be improved to include shading of distinct areas. In
order to accomplish thls, ‘it is essential to recognize the

dx++erent line sagments makzng up the boundar1e5 of a given area.

Futhermore, all line 'segments are d1gi;1zed in a consistent o

-3 - .
is clockwise with ¥espect .to the area’ under -

e — [ R .

consideration. Following this convention, the line segment .

denoting the limits of area A in FigurE 3-5 wou be digitized
| " . . . -

TR AR
. .. . e s --;q‘_{i‘:"% lF Ly e
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PETRO-CANADA CABOT ‘STRAIT

ENVIRONMENTAL "DATA

1983

INVERTEBRATE: FI1SHERIES

LOBSTER

DISTRICTS AND SEASONS

DISTRICT NUMBER

-

5B
6A
6B
7Al
7B
781
8
9A.B
14
14

)

OPEN SEASON

APRIL 20 TO JUNE 20
MAY 20 TO JULY 20
MAY 16 TO JULY 15
MAY 1 TO JUNE 30
MAY 1 TO JUNE 30
MAY 1 TO JUNE 30

AUGUST 10 TO OCTOBER 10

MAY 10 TD JUWLY 10
APRIL 20 TOIJULY 5
APRIL 20 TD JUNE 30

REFERENCE+ APPENDIX 1

~
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Figure 3-3
single coordinates absociated
(distpict number) and textual in

and seasons);
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. ‘ Fi@ufe 3-S5

Three . Eésqe of . data- represented by. arecas along’ the
coastline. The red lines age digitized to represent the seaward
limits of the areas. :
from point X to point Y. This cansisten?‘appraath will enable to

. . . )

differentiate between the inside and outside of given areas, a
condition necessary to shade land masses, the sea, and areas of L.
data wsing different colars. ’ .

a'/ironmental_ " data not associated . with coastal UTM

‘,—-A"l.% &

coordinates are digitized using a distinct program. As in’ the t

case of tha-geoé;aphical data themsélven, each UTM coordinate is

-

asﬁignéd a tag valua. These tags are then used to distinguish

among ‘the ' sevaen main"poisibllities described above, the

“particular case under consideration.
Each time a coo:dihafe is digitized, this program verifies
» X . " \ - .

T~




S l__ the ‘validity o e ‘tag value as>;e11 és the remainiﬁé paf¥ nf"-f 1
the data record received éromithe digitizer; as sﬁrlbed ié. f; ;
: sgptibn 2.3. ‘.fhe "program also verifies thé_vali ity o{ th;
" segquence 6F tags. For example, wken a closed area (case 65' i; .
. diéitized, an  'end-of-clbsed-area’ coordinate -mﬁgr/ be
encounteréd- before any ogher operation can beginﬂ I¥ the -

; diéitizer coordinate of the tag is not acceptable, the program
i : ’ ’ '
. requests that the last point be rédigitized. Ogordinates that are

.

valid are placed in an output file, along with any textoal

‘

material entered using the CPT-terminal. To simglify subiaduent

,operations, different data‘paraméters_are digitized and stored in.

- \
. . - . . |
. distinct data files. . r ‘
o \ N b .
\ _ . ¥ | >
' 3.2.2. Transformation of Verified Digitizer Caordinateﬁ to

Universal Transversé Mercator Coordinates

-

All wvalid digiti}er toordinates of all files containing

enviranﬁental_ﬁgéié 'independent of coastal UTM coordinates are

.

‘then transformed into UTM coordinates. This is-accamplished using'
an ! approach that 'is-similar to the one described in section

2,.3.2. These UTM coordinates are also adjusted tp eliminate, as

. 1l
much. as possible, the distortion of data maps. The adjustment is

T ,Jéﬁ§j+orm9d in & macner §ihilar to the one destribed in sect;on

- ;: .2':‘_:_ . . e ‘ . . " y L) ? . )
fhe adjustéd UTM 4FDDFd1natES and the assnciated teuiual
information are stored 1n a series of feparat nvxranmental data

files. O nq data f1le fﬁ :reated for each data param ter for each

o
R ’ /\ -
N map -sheet. These files are differentiated by their/ names, *p1ch -~
- ' PR
/' * . .
. " ‘- N
N - . - - ) - -

.. .
. C el T X . [
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. ‘ - . i
- . ) - 71 - .
includes a seven character code number far the map sheet tcev' which
- " .

they~ app}y,' and a three character code number to identify the

data parameter.
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4.0. Introduction-

One important characteristic of -the present environmental
microcomputer data base system is the flexibility with which it
-can accept the wide variety of information that needs to be
considered for pil-spill, respdﬁse, -coqtingency planning, and

regional assessments. To arrive at this flexibility, it is

neccessary to/ allow a variable number of pbinters to. be

associated ith geographical data. The number of pointers
+ . . - ’ . -

assigned o the coordinates of the geographical data files is

constant within an overall region, but it varies from region to
region. The envxré&méhtéi-!ﬁata +iles  associated with t;ese
pointers have not only different contents but also a different
input—output.format for each region. Furthermore, the pointers
thpmselves may require a different format, according to. fheir
value. The contents of ;he environmental data files which are not
associated .witﬁ the pointers of the geographical data base can
also ditter considerably., -
: . ~

It is obvious that all programs which need to access the
géographical data files must’ know the number of pointers
associated with each éoordiﬁate and the fDrmgt‘of these pointers
be%nre being wble to read any'of thése reco?ds. Similarly, all
"programs which access the environmental data filgs must know tHe
name ofbthe data file, the nﬁmber of variabléé iﬁ each Fe;ord of
the file, and their ;hpﬂt—output formats 1n Drder_tnl read the

information.
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Several options could he implemented- to handle all possible

s

variations of data tyﬁes‘qnd formats. One option wduld _be id
create a different version of all'progrémé that‘;;cess the data
acccrd'in.g/g each rﬁajor region. A _seconcl option would be to rite
a large program that ‘could be used fs} ail regdoné, with

di fferent sections designed specifically for each region. Both

optionfd/haue serious disadvantages. The first one would require,
the use of a large number of programs-that would occcupy a large

amount of valuable disk stprage space. The second option would

-

. C Yy,
most likely require the use of programs.-that would be togd large \\h‘

L 4

for the limited amount (44 Kbytes) of . random access memory =

available on the microcomputer used for this work.

'To solwe this problem, "all programs which need to access the :

.-

geographical or environmental data files start their.execution by

* e -

reading a regional sgtup file. These setup files describe tae

organization of the data for each major region and contain all

the information required to allow programs to access | the
U .

appropriate data files.

. L4 N

}n the following sections describiﬁg the nature and use of

these setﬁp files, data dssociated with coastal UTM coordinatesg

are referedsto as Type & and data independent of coastal UTM , -
cdordinates are re%éfed to as'Type 2. |

) } . » .
] . .
. . .
.
. . . . ' .

4,1. Setup Files for Typé 1 Data p
> . ! ¢ .
. v 5 )
. A setup file for r;pe'l data is created for each region and’ -
* -~ - N '

is used to access both the geéographical data files made up of UTM

LY

S : . | } o . . f\_:ﬁ?
oy | e N

coordinates and their, painters, and the envikuni.btalidéta files
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) v

corresponding tn_'ihese pointersa The regional setup files for

Type 1 data always contain the following information:

1: the number of UTM coordinbtes'grouped into each random access

record of the geographical data files,

2: the number af pointers associated &;th each UTM coordinate,

and ) ' (ﬁ . _ '

3+ the formats reguired to read éhrrectly the random access
records of.the geographical data files.
1f at least one pointer has been associated with the UTHM

coordinates of the geographical data files, then for each set of

pointers, the regional setup file also contains the +ollowing

information: | h
Uy N

. -
1: the rmame of the éhv}rcnmental data file associated with the

pointer,

-

"~

. . ¢ .
2: the number of variables in the random access records of this

3

environmental data file,

-

>: the typé {integer or real] numb#rs) and range of values for

-

each of these variables,

4: the format -of the random access records making up this data
! *
file,

S+ the name of the menu file (see section 4.2.) that lists the
. .
individugal data parameters represented by the ditterent values of

the variébles of the eqvironmental data file, and | T
6: all formats required to- create, update, or print .tHis

environméntal data f1le. Thesé-?crmaté.inc}ude those of lines to

- FUEY

be diépléyed on the CRT terminal as guides to be folkowed‘ when
. oo -
entering new data, those  used to -inputfﬂata from the CRT
; U

terminal, those used to print the titles of data files, and those




-

SR o - 76 -
used to print the dété,iﬁeméef&es. ' : : a o e

- - -
LY A .
- . .

4.2. Menu Files for Type 1 Data
. q_;:‘ . L

.- - - ——— - —

. In the regionaf setup files described above, -two file names ~
< : .

are assigned to each set of pointers. The first one is the name

of the environmental data file associated with *he-given set of -

-pointers. The second one is "the name of a menu ¥i1e__which
contains a description of the contents of the environmental ‘data

file. Each menu file consists_o+ the following: ) .

1) A main title spg;ifying the general. type or category of -data

Lontained 1n the parrespcﬁdiﬁg environmental data file.

2) Fpr each variaéle stored in a record of the envirqnmehtal data

file: a title describing the data subcategory, and-a’ ffag ‘to
indicate whether or not this variable can have multiple values.

If it can, the flag is set to 1.

'3y For each.variable for which flag = 1, 3§ title describing the

data represented by eath possible value of the variable.

) 5;& us consider for exéﬁple the first poiﬁter asspciated

f ) . LY
with the geographical coordinates in the case of. Labrador. The
main title  in thé menu file associated with this pointer ,is
‘ . , * f
GEOLOGY,, indicating that all data in the environmental data Jile-

associated wiﬁh © this pointer consist of the genlogical

..
. .

des¢ription of the shorelines. The records of the environmental

data file contain data for 14 different variables. The titles

, describing thésd!&ariables_arez . .
: - .- -

J——— - - R G

- ! . 1 . ’ i',; -t
1: videotape numbers, - . - . 5 -
. : 4 . - .

v 2: coastland - general eleftion and slope of the land,
| . : ) ' ¢




S

A 7 o
'3: coastland - extent and type of vegetation, Y
&: baékshnre - élope and nature,
5:.‘gacksﬂ;re - other Feétures, ’ -
& intertidaliééne - nature nf_ubper»int;rtidal zone, - 
7: intertidal zone - texture of upper interitidal zone,
8: intertidal zone - g;EEre of middlé andéiduer intertidal zane,.~
9: intertidal zone - texture'of mihdle aﬁd lower intertidal zone,
10: intertidal zone — other Features of middle and lower

+ L
) intertidal zone,
T -
. L

11: nearshore teatures, .

- - ’ i "
12: access - land and air access to the shore zone,
" A
13: ‘access- - sea access to the shore Tone,
14:'data.sogrce. * -

* The .¥1ag associated with each variable is set to-t for  all

-

variables except for the first one which is set to ©O. Thi is
ﬁj n

because in thie. example, each value of variable 1 _doe ot®

- *

' ) . o T,
represent dz{Ferent data parameters, , but ‘only  a .different

- - - '

videotape number. . RO * NN

. ., . 7

Variable 2 has seven posgsible vafues,_-each representing

different data. These values .are associated with the following

.
-

titles in the menu file:

0 unknown,
1: low elevation (<10 m), horizontal . or gently sloping (020

-

deg;ees), J
2:.querate‘elevation (10-50 m;, horizontwl or genély_slnping,
3 mogérateggjevatidn} moderately sloping (20-45 dégrees)
-4; moﬂgr&te elevation, steeply sloping oé”EYYI?EE”"gisiéa"'x

- -

degrees), ) :




S5: h:gh elevatinn (>50 m), hor:.zontal,

63 h:gh elevat:nn,' steaply slnpxng ur chifed. B , ,
“The titles cmtaxned in the menu -h.le descr:be textually the "",;' :

data categur:es, , subcategor:es, and :ndxv:dual data parameters>

that .are present in the study regxon and help the user tg make - a

sele:txon to be dxsplayed on tbhe calor. momtor. l'lenus :ansisting Lo -
of lists of these txtles are displayed on a CRT term:nal during.

the. norﬁal course of operatxons and each title represents a data

-
-

category, subcategory, or parameter whzch can be selected by the

user. The menus available for the different regions'cngred. by *

,thiggdata base are listed in appendices 1 to IV. ) S

4.3. Regional Setup Files/g: Type 2 Data , St —

‘.?. . . . N4 . , . .
. ' s , ® . 4
A regional setup file for ‘_da‘- not -associated with cdastal

T - ! oL -
H . . .

uTM coordinates is assembled’for each méiur‘ study _éreé_:' ) “These

files along, with their as:scc,iated menu files define which Type " 2°
.. ) ] ' R L . : . : )

data are present in each overall .study arga.“ The setup Ffiles. °

intlude for ‘®ac®h general cate.g'nr-y ‘of. data: & -main title; "the

number of subcategories of data whithin this ftia.il‘lﬂc:'atezary; -and . . -
for each subcategory: a tptle, and the name of the menu f:i‘fle

‘aesoctated with'it; - -_ ' . _s R

Let us consider for ei&ample the Cape, Breton - Cabc;t S‘Er‘ait Lo

r-;agion. The menus for this reg:on are 11sted 1n hp'pend:m II. The

main categnr:es . of Type 2 da‘ta are: anthropogeni: featuras%

tourism and mreat:on, and_ bxology._ Each uﬁile -H.r'&t twpa,‘__-

N T LAV,

categorzes are made _up of a 51ngle aubcategnry mth wsimilar h,[r/_ )
) ti_tl‘eé'. The biological data are gr‘nuped 1nto si‘n | sdh't:at.nﬂﬁria‘l':.}_ 1y + .4
| | b - - “ 7 ’ ) . ' . . . : . !. 7

» *
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seaweed harvesting ‘areas, invertebrate fisheries, . estuhfine

L] -

fiéherie;,- demersal fisheries, pelagic *isherieg,' aﬁd'mammals.

Each sSubcategory .s asscciated‘with a menu file, . the hame_ of

which is given in the regional setup file, ' A

- >

-

4.4, Menu Files for Type-2 Data ‘ : _ -

The menu files for‘Type_2'9ata deseribe the data paraéeters
inéluded in éach'subcategory.specified in the ‘setup file. Each
menu ;ile includes the numparu-d% data parameters in the

articular subcategory undér considerations; aéd\for each data
parageter, Aa title ﬁescribing the information, - and the name of
the nviranmentalldata file téat contains thé -infnrmatiun. For
example, the menu Jile fér the seaweed harvesting areas
subcategbry Endicates thgt there afe four data parameters in this
particul ar subcategory: irish moss, dulse, rockweed, aﬁd kelp.
Each one of thése data parameters is associéted- with an
individual environmental data file. .
The -regional setup files and the menu files for Type 2 data

do not contain input-output formats. This is because all files

containing Type 2 environmental data are accessed using the game
11 .

-formats. The tag of each coordinate indicates whether or not it

. 1
is acceompanied by textual or numeric information (see sectsﬁ%

3-2.1). These tags are used to select the appropriaté formats.
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5.0. Introduction ) -

i n

This envircnmental data base system was used, up to the time

of writing this document, for four major regions of Canada. These

regions are: 1) a Ppart of Labrador centered around the town of .

Cartwright; 2) #a region centered on Cabot " Strait incfuding
southwestern Newfoundland, Magdallen Islands, Prince Bdward
Island, Cape Breton Island, and the eastern ﬁalf of Nova Scotia;
) a region inclqding the Uueen"éharlotte ~Islands, Dixon
Enyrahce,‘ Hecaté Strait, and the adjacent mainland coast; aﬁd 4)
a smaller bﬁt more detailed area of the Bueen Charlotte Islands
centered on Louise Island and northeastern Moresby Island.

The system was developed for a number = of spécific
purposes. The most i1mmediaste purpose:is to help in the event of
ar oil-spill. The impﬁovement of pil—-spill contingency plénning

and fegional assessments are equally important objectives. _The

nature of the system also makes 1t particularly valuable for

carrying out research on coastal characteristics and processes.

The ability to respond to two very basic qyestio;s seem to
underly the three -first applications: emergency oil-spill
responEE,.'contingency planning, and regionai assessments. These
two questions are: 1) given a certain area or location in a study
region, what are the prevailing environmental chargcterigtics;
and 2) given a cértain environmentai charaéteristid ,-mr
cdmbinéﬁion of characteristics, what i; ite distribution

e

throughout the area under study (Bertin, 1983).

At |




. - Bé‘—‘ . ((;} . .
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This system was developed to be able, among other~things, t5 )

e T .
answer these two basic questions. After defipﬁng the' area or

location of interest within the study region, the environmental

-

pért o+ the data basekfé/gearched to” find the 1nformation

.

present in this spec:fied area. A list of thesesdata parameters

is then displaved as a series of menus. This answers the first

basic-questron: given a certain area, what 1s there? Using these

nenus, 1t is then possible to request a map showiﬁa the

.
-

distribution of the #elected environmental parameters to be

displayed on the color menitor or to be plotted on paper. This

process  answers the second basic question: dgiven a certain  data

. Al . -
parameter or combination of Earamoters._what 15 1ts dtstraibution?

, S, Cos ) : .
Neseach  on coastal characteruwstYics and procgsses regmires a

somewhat dl fterent approach. In th1s casce, callzulations . are

.

por tormed on  1ndividual  poerameters O on combamations of

parameters to obtain quantitative measuwrcoMents of abundance. Jhe
- ~

tnfluence  of yeoegraphical lecation on asbundance of coastal

S

characteristics and the degroc of assccralion that erists between
\ &
paramcters can al%o be measured auantitatively.

E.'at:'ly iﬁﬁé development of this system, the auvthor realised
R 2. . .

that, 1n genera]l, environmental data could he subdivided into two
Qroups: site specific and'reglanal. This is purely a reflection

ot the mature ot the data themselves. I'he distribution of warfs
-cannot be displayed 10 a mean:ngful manner on a map with a scale

of 1:500, 000 34 the intent 1s to show their exact  location.
-

Similarly, 1t would reguire mansy 1: 10,000 map sheects to displa
Y s G Ay b (3] P ay

the major fishing zones of the bult ot St l.awrence - Cabot Strait

region. It is also evident that displaying large detailod areas

™

——
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using a very large scale requires a large amount of time. To be

abie to handle both site specific and regional information in. a

meaningful "manner, it was decided that coastlines. would- be

digitized ‘twice where necessary: once with a high resolution

-

(for example 1:25,000 or 1:16,000)‘for site specific data, and
r .

once with- a much lower resoclution (for example 1:500,000) +or

regional information. For this reason, each of the . four major

study regions has. two series of geographical data +files and

-

associated blcﬁk index files, ~map index files, and environmental
data tiles. . -

The system is designed such that only site_specific data can

-~

be plotted on high resolution detailed maps, but both™ site
specific or regional infQrmation can be plotted on regional maps.
fhis is because there ¢an be cases where viewing detailed
information at a regional scale can be of use. For exaﬁple, a
diéplay ot thelibcatipns of warfs throughout Labrador does not
indicate their . precise geographical distribution, but it does
give af a glance an indica£ion of where they are céncentrated
within the ovérali region. ' A gmod.deal of common sense is

required here in order to formulate meaningful requests.

5.1. 0il-Spill Emergency Response
K \-\"

In the event ‘of an emergency’jil—spill situation, the user

15 required first to define the area of interest. Once defined,

the environmental part of the data base is searched to find and

list the data parameters that are present within this area. These

lists snable the user to gain. an appreciation for the conditions,

.
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.characteristics, and sensitivities of the area, even without
. - -

displaying any of the information in map form. For example,

'knowing that the area of importance includes a large marsh, a few"’

low energy sections of shorelines, and bedrock cliffs |is -

sufficient to fnrmulate a ranking with respect ‘to shoreline
geomorphic  sensitivity. The user can then‘require a mép of ° the
area with the locatien and entent of the - marsh ‘displayed
according to his specifications. The user could also raguest a
map showing the gﬁographlcal location of the marsh and the low
energy sections of shorelines. w1thin a tew minutes, the user has
been in{ormed af 1) what is present (as a l:ﬁ(fof parameters) in
the arce he has specified, and 2) where these parameters are
lo;ated within the area speciticd las a map an the color

e
monitor). The processes inveolved in answaring these two basic

.

$ auestions are described in detail in the following sections.

5.1.1. Creation of Geographical Maps on the Color’ Monitor

The first requirement for emergency o1l-spil)l reponse is to
draw a map of the shorelines of an area whose limite have begh’
defined by the user. There are nn-rest}ictions on the selection

- of thig épggerppither with respect to its size nor with respéct
to itse location within the overall study region. The - area ofk
interest may cmnaiét in only part of an‘d?1ginaf map sheet, it
can _ehtend over several adjacent map sheets, or it can  even
s tend over adjacent UTM Tones.

Before ‘uﬁjng the color ménitor, it is necessary to

initializé the Microangelao graphic svttegn by defining a screen
N

_J
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Srganization. This screen nrganizatjon_cap be deFiﬁgd by the-usér
or a. default crganiiatian can be read from a file. In either
Cage, it is done be defining:

- the number of transparencies. (1 té 8);
— the number of bit planes (1 tp 8) making up each transparency,
remembering that the total number of bit planes cannct exceed 8..
-The number pf bitplanes for each tranéﬁaréﬁcy defines the maximum

number of colors which can be displayed on that transparency. One

*

bit plane can be used to display simultaneously two colors, two

bit planes can display four colors, three bit planes can display

8 volars, and so on. .
- the colors assigned to each transparency, as defined by their
proportion of red, green, and blue.
- The order of praecedence of transparenciesr If transpérency 1'
precedes transparehéy 2, then drawings on transparency 2 will be
hidden where overlapped by drawings presﬁnt on transparency.l.
- The presence or absence of fusien. Fusion of colors is used to
highliéht Dvérladping drawings by displaying the overlap in a
different color. I+ fué;on is to take place, the resulting color
has to be defined. ;
Since there are scveral st&dy reglions, each'with two levels
ot resolution, t;e user must specify the part%culér study region
and level of detail he wishes to access. After specifying theée
twa, the Qser must define the area of interest by specifyng its
boundaries in terms of WiM or latigude - lapgitude coordinates.
Several variébles must then be calculatea befaore a Mah can be

displayed on the color monitor. These variables ares

1) The distortidn factor inbherent in the Microangelo ’ graphic



.
-

‘system. This distortion is due to the different maximum number uf_"
addressable points in an horizontal and vertical direction, for

equivalent distances on the color monitor. Without this

distoftion factor, 2 map of a square area would have ‘a

-
A

rectangular outline.

-

2) The calibratien factor. All UTM coordinates present within the

area 5peci+{ed must be converted to aﬁpropriate mthine
coordinates of the graph:ic system. This :alibratiggn factor is
always calculated such that the crea specified will fill, as much
as possible, the entire screen af the color monitor.

Iy A displacement factor. This factor is used for esthetic

reasons to center the map of the specified area on the screen o+
~

-

' the color monitpr.

;’nT\J At this point, the Eomputer is ready to begin the creation
ot a geographical map of the specitied area. The map index _file
1s searched to find which map sheot or map sheets are part of
the specified area. For each of thesc map sheéts, the block inde:x
file 1s then searched to verifY which part or parts of the
guographical data file needs to be e:amined. The UTM coordinates

*that fall within the boundaries of the specified area are then
converted to graphic cordinates by the use of the distortion,
ﬁ;al:braticn, and displacement tactors. They are then plotted on
:fhe color monitor, either aé'separate points or as points joined
by lines as necessary to display a correct map of the céastlines
of the area. I+ the asaa displayed on the monitor is not exactly
whét the uéer wanted, he can respecify new limits and the process

.

described above is repeated. -

At this time, a temporary file 15 created tésqutain tor
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-.e5ch;m§6 sheet beiﬁﬁging to the spe:ified‘area the.number of the :

- - -

map sheet and the addresses in the corresponding geographiﬁal

¥

data file of the first and last coordinates of the sections of.

coastlines within the selected area. This temporary coordinate
address file is used to save time in subsequent reaccessings of

the data base for the same specified area.

S.1.2. Creation of Menus

&

After creating a map of the specified area on the color

.monitor, a series of menﬁs.are created -using the regional setup
tiles and the menu files for both Type it and Type 2 data (data
associated with coastal UTM coordinates and data,in&ePendqnt of

coastal UTM coordinates). The complete menus for the four major

. v : i

study regions are listed in appendices I to IV.

These menus are complete lists of all parameters ‘that are

4

present in  the four major study regions. It should be clear

however that it 1s unlikely to have all parameters of a reqgion

present simultanecusly in a subarea. A simple list of all

parameters present in .an overall study regioryis not an efficient

approach to examine a subarea. I+ a user .no idea of which
data is present or absent in the area he has specified, he can
waste wvaluable time requesting displays of the digtribution of

»

parameters that may not be present.
This problem is eliminated by searching the environmental

data +files and by indicaﬁlng to the user which data  parameters

oiut of the lists presented as menus are present in thge area he

-has specified.

S s b ——
e e PR o
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To do this, the environmental data files associated with ‘the

coastal UTM coordinates (Type 1 data) are sehrchzd first. The
. - .
temporary coordinate address file described in section 5.1.1. is

used to reaccess e{ficiently the appropriate sections of the
geagraphical data files. The.elgments of the appropriate sections
ot the geographicai data files are examined one by one and their
pointers are used to verify the corresponding environmental data
files.,. A matrix of-flags indicating the presence or absence of
indig}dual data parameters'is created for each set of pointers
and is used in conjunction with the ménus to indicate which data
parameter; aré;hresent in the area specified.

The files containing environmental data 1independent of

coastal UTM coordinates (Type 2 data) are verified next, and a

’ ()

series of matr{ces of flags are used to itndicate t%e preseﬁée or

absénce of parameters 1in a manner similar to the above one.l
When all relevant environmental data files have been
searched, a first menu refered tmsas LEVEL 1 is displayed on &
CRT terminal. Two aqyitional lines, ‘not present in the
?appendices, are displayéd at the end of each menu on the CRT
te?minal. The +irset line indicates ;hich data categor:ies,
subcategorie;: or ‘paramgturs are ﬁresent in the specitiad érea.
+ This is done by listing the number of the appropriate options. If
an option number is not listed in this line, the progr;m will not

let the user select1<t. For éxample, cons:der the LEVEL 1 menu

far Labradorﬁ




_SELECTION OF DATA TYPES - LEVEL 1=

t*ltttttttl#*t!*tt*tttttttttttttttt!ttltl!!li!l!

1: REDEFINE)STUDY AREA -

2: REVIEW OR MODIFY SCREEN GRAPHICS DRGANIZATIDN
3t REVIEW OPTION(S} SELECTED Lo~

4: DISPLAY OPTION(S) SELECTED '

S: STOP PROGRAM,

‘ t***t*t*ltt!***l!*t*lt#t*t!ttttttlt!tltttttl!*lt

. If

- ANTHRDPDGENIC FEATURES
7: RESOURCE HARVEST AREAS oF CDASTAL LABRADDR
8: GEOLOGY >

- .

no resource harvest data are present in the

selected

area, but both anthropogenic and geological information do exist,

the  1lin

- the menu

menu 1S

e  "OFTIONS AVAILABLE: &6, 8" will appear at the end of

. 1f the user tries to select option number 7,

radisplayed.- The option numbers listed between

the same

‘e

the two -

linees of stars are not repeated in the list of available optidns

because
listed

NUMBER: "
5.1.3.

‘The
data ca
are:

" 1) REDEF

area or

‘monitor

‘displaye

they are always available. The second additional line

at the end - of earh menu consists of "ENTER OPTION

Selection and Monitor Digplay of Environmental Duta

. ' . .
. N
.

>

LEVEL 1 menu lists the control options and the main

tegories for the afeé-seiected. The main controlnoptions

INE STUDY AREA. I+ the user wants tc exam:ne a new study

modify the limits of the one he is workxng thh, this

A gaugraph1:a1 map

' //—\\\\:ptinn attows him to redefine new boundaries. . i
£ the coastlines of the new area will be displayed on the color

and new menus corresponding to this area
d on the CRT terminal. :

'
.

will . be

+

“;-.-~—~-.-r-.-..————
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2) REVIEW OR MODIFY SCREEN GRAPHICS ORGANIZATION. This ..option )
- oL ET BT

allows the user to.reviku or modify the screen.graphics and data

- h

graphics organizations. If the screen graphics orgdnization is to

be reviewed, the system displays 6n_the CRT terminalk the number

-,

of transparencies presently.defined, the number of bit p}anes’fnr .
each transparency, the éulors_assigned to ‘each .1ranspareﬁty,
whi;h colorg are to be fuéeq; aﬁd the order of preéedénce of the
-transpar@ncies. The user ﬁan then modi%y any of these or redefine -
a completely "new graphics organizétion._ I+ the data graphgcs
organ::aéion 1s to be reviewed,  the é}stem displays on the CRT
terminal the data parametéfs pheviousiy selected, the.calaés wikh
which they are associated, and the transparencies on which -thgy
are displayed. Any of these can then pé mbdified‘ar deleted.

3) REVIEW .C]F‘TIDI\;(S) SELECTED‘. It is bosﬁl\? tl;iat the user may -
want to examine thk distribution of several 'dafa parameteri
simultaneﬁusly. For example, he may want +to dispfa} all
coastlines that include a harizontal or, geatly slopigs
unconsolidated backshore, . AND a wide’ marsh, AND a wide
tntertidal flat, If the user Qants_to review the options he has

. selected, fhe -system w{ll display on the CRT terminal'both the S
data parameters selected and the logical operators used in
formdlating‘ his chpice. The icgical'oper tors available to the

user are AND, OR, and NOT. at present, operators AND and OR

tannot appear together in the same list of data mptidns, and
operators AND and MET can only be used with data associated with

coas£a1 uTM &Dordinates (Type 1 data). The use of this option -

allows the user to modify the list of data pafameters he has

selected . or to modify the logical operators used in his list of

e TLICTINS SN e O O e e . ¥
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- data parametef%.

programg’ _ A _ . . - . ' f\u\\.

4> .DISPLAY .OPTION(S) SELECTED. When ‘the dat.a | parametmn “or +

combination of data paeaﬁeters'hae be

specify on . wh:ch transparen:y and thh w_'

ch. cnlar his chai:e

‘should be displayed. The system warns the user in the event of a
- . oo : . ‘

selected, éhe user- must-

duplicatiun of color on.a transpafeﬁcyl The data paﬁemeterh-eﬁ '

Al

cnmbxnat1on c¥ data paramaters is then dxsplayed in conjunction

“with the geographical map eﬂ/;he color monitor. The‘FEVEL 1 menu
is redisplayed after the execution Df any of the first four
control optiane. , . : : | , . ' f W

L
.
- . ¢

) ST PROGRAM. Th}e'option is used to terminate - the current

. L ] . ‘ . g ' \o.
When one of the main data categories is selected from the

LEVEL 1 menu, the system displays the corresponding LEVEL 2 menu.
.o - ' » . -

This LEVEL 2 menu lists the subcategories "®f, data that are

available and that make up the op%ﬂpn seiectep %rem the LEUEL v 1

meénu. The processe 1s repeated aftter selecting a partz:ular data

subcategory from the LEVEL 2 menu, and a LEVEL 3 mena is diplayed

on the CRT terminal. This LEVEL 3 mery lists the indi‘?duel data
-

(Vean
parameters that make up the selected data subcategory. Thesté

IK' .

three levels of menus are sometimes unnecessary. Some categoriee

.' .
of data are such that subcategories are not required and, in that

case, the system will go directly +ram the LEVEL 1 to-.a LEVEL 3

menLt.

-«

The selection of data parameters to be’ displayved -on -the

color monitor is always done from a LEVEL 3 menu. The following
" rules apply to the selection of data paraméﬁers: B (’.
1) In the case of data assaciated'with coastal UTM Zeoardinatee,

. ’ -

R X R TR LN N, 4o'ﬁb'rv-’ .,..Mg“,..utﬂ e B

o

-
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iﬁ is possible to use the logical npérator ﬁh{ﬁswith any data -

" parameter. _To select this operator, the user types a minus sign

i

in front of the LEVEL 3 option number of the data parameter to be .
displayed.--This lpgical operator can also be used in tunjuncf}nn

-~

with LEVEL 1 (data categories) a LEVEL 2 {data subcategories3

optior numbers.

2) Uﬁen,éelecting a combination of data paraméters, the system

prompts qu user for the logical operator after the second

paramqtér has been identified. .

-
-

- 3) Only éne of the logical operators AND and Ongan'be specified

within a combination of data parameters.

4) The lcgictl -cperatnr AND. c'anl only be used with ‘data

” . .

associated with coastal cqordingteé.' ' ’ \“\\\

S5) The logical operator OR can be used with data associated with
. coastal UTM coordinates (Type 1 data), with data independent. of

coastal,. UTM coordinates (Type I datal), or with a combination of

-

the two.

6) . When the logical operator AND is uséd, the sysfem verifies

v’ ' *
that® the data parameter selected is of Type 1 nd that the

combination requested is permissible. It 1s not pqssible to
. displéy fwo data parameters" belonging to thé sgmé 5ubc$tegcf?
using thé;logical operator AND. Faor example, the system will not
allnw-ﬁé user té request a data comhination_conéisti;g of gently’
"sloping backshore AND steeply slaping baclkshare, since bmth.
cannot occur simultahenusly at the =same location.
If ‘the data rametet or éombinaticn of data parameters is
, . .

associated with coastal UTM coufdinates, the system uses -thel\

- .

-

-~

temporary coordinate address file described in section S.1.1. to

4

DIl el -
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the case"df the selection af a.-szngle data parameter, .each
- N

reaccess thelUTﬂ coordinates belang:ng to the requested area. In’

.'\b_< ‘

coastal UTM . coordinate of- the requested area is read and its

'abgropfiate pointer is used to access the corresponding record im
" the environmental data file. This record is verified for. . the

preésence or absence of the data parameter selected from the LEVEL.

3

3 menu. If the data parameter is present, the UTM coastal

gcuordxnaté is transformed to a graphzc_coordznate and is drawn on

the color monitop.using the qolor and transparency specxfxed by
c-..

the yser. In the'case of a combination of data parameters, the
syatem examipes the environmental data files for the presence of

all selected data parameterslwhen the lngi:almoperatar is AND,

~ 1

and for the presence of at least one uf' the selected date

~

parameters when the operator‘ie.UR. When all coastal cuerdinaies,

of the specified area have been processed, the LEVEL 1 menu is

redisplayed on the CRT terminal to allow the user to continue his

p—
work. - S .

If _£He 'deta,.to be displayed arc 1ndependent of -coastal
céordinates, only the envifcnmental fiies containing paﬁameters
selected and in the general vicinity of the specified area are
condidered. Every UTM\coordinate in these‘filee is examined;.and

if it is within the specified area it'is transformed into its

corrpspondzng graphzc coordinate. 1t is then drawn an the color

monitor fcllcwlng the Speczf1cat1cns of the user w:th respect to

da£a7graph}cs'organ1:at10n.

LY

If tﬁe data to be displayed are a combination of Type 1 and

; rfjlpe 2 and the logical operator is DR, ‘the system performs ‘the

aperations described above for each data parametec. :

-

- rF
_' ’ '\--o’
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T’iappr‘oach described- above fulfills the - requirements of

emergenty oil-spill resporse. Tﬁé.user_can define any subarea he

-

wishes to examine. He can then gain an.overall appreciation of
e - ) -

thg"canditions and charécteristics of this subarea by examining
phe‘lisﬂé of environméntal parameters present. The.lists of data

paFameters present in the specified area guide the user in
. . '

‘deciding on which - parameters to concentrate first. ' The
geographical distribution of parameters of his choice can then be

P displayed on the color mohitor, superimposed on a map of the
”;oastlines of the area specifiéd. ‘

The - main disadvantége af the prpsent system is the
relatively slow speed with which these operations are pert+ormned

(an  average of 1 to 3 minutes is required to examine a typical

subarea of about 400 square km)., This is particwarly severe when
a. . hd

the specified area is large and of high ftesolution. The tise

. . .
required to verify the presence or absence of* individual

not a waste as 1t pfgvent;/ the wuser from

. &
ossible- requests later on., This relatively slow

response  is due partly to the usc of a microcomnputer to. perform

parameters =

formulating

all these operations, and partly to 'the‘ arge number. of

. operations that “need to be pertormed.  Ways of  rmproving thig

disavantage are discussed in section &. o

S.2. Cbntingency Planning and Regional Assessments

- M

[ Y

For oil-spil] contingency planning and regional assessments,
v

the system must pgrovide, in addition to the ability to defime

subareas as required arnd to review their environmentage data

-
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I} .
'rapidly,. a means of producing maps of good quality. Thig is
necessary'{ar.méeting regulatory reqpirements and to dembnstrate
thq complete contents of the data ;ése. ?n‘many'éases;.it is very
useful ‘to compose the maps with the help of éhe screen display
option, before actually plotting them on paper.

. ‘ TN

5.2.1. Reviewing Environmental Data Using the Color Monitor

.

To‘ review the contents of the data base for a particular
regidn, the user follows the stEps'discussed in section S5.1. The
overall region and the level of detail are selected +first, then
the limits of a subarea of interest are defined. The appropriate
menus are created and displayed on a CRT terminal, alony with’ the
lists of data parameters present in the subarea of interest. The
tser can’ then select data parameters and .display Fheir
geographical distribution on the color monitor.

This ability to preview maps of gnvironmental data is very

useful., 1t saves time that would otherwise be spént in trying
- '
Qariaus combinations directly with the plotter. When the user is
erxamining environmental data in order to compose a map, he must
talle 1into  account the basic differences that exist between the
color monitor and the plotter. In general, it is preferable to

keep the number of colors to a minimum for each map. Failing to

do this can produce maps that are difficult to undérstandﬂ

LY

© e e ————— - —— o o & T



" grid lines,

5.2.2, Creation of Env;ronmental Maps Using the Plotter

LY

It nhas been found by experience that it is both convenient

and more efficient +to subdivide the task of  producing

environmental maps-}ntc two compoéents. This 1s particularly true
when a large number of maﬁs of the same area o} region have to
produced as in the case of atlases. The first compénent
creation o©f what could be c&lled the base.part bF the

second is  the Dverlaylng of the environmental informatian. In
“this conte:t, the hase part of an environmental data map is tL

graphic information that remains mostly identical from one map to
+

another. 1t may 1nclude:

-

1} a sseries  of main titles such as the name of the overall
-~ -

region, the name of the project, or the name of the company for

which the worl 1 done,
2) the sscale ot the map,
k!

3) an optiofkal latitude-longitude or UIM grid within the borders

ot the map or, if preferable, short marks along the outer borders

.at  the map where they 1nt-r§ect wyth UTH or latitude - longltude

4y 1 f requiked, the/location and names ot provinoes, cities, on
other prominent geographical features, and
%) 1f the environmental data 15 ot Type 2, all coastlines of the
ar@é.

| the data part of the map may includes
1; the geographical distribution of the envirenmental data,

) any associated testuael information, and

) the titles required to identify. theo data category,
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subcateqory, or parameters displayed on the map. :

.
L]

Since 1t is éene;:ll§ necessary o.prnduce %evgral copies

of each map sheet, all plo@ter cammandé nd vériables required teo

produce the final maps are sfored in disk fgles. A copy of a

particular -map_ sheet can* then,be"maQe. by 'superihposing the

contents of the base map file and the &ata map file. As ;;; base

part of the map can be identical for a large number of different
-

maps, this approach saves having to recreate the shorelines, main

titles, scale, and grid lines of the maps.

-
(SO

5.2.2.1. Creation of Base Part of Environmental Maps

i

The base part of an environmental map includes thoge
‘tepatures th;t are geéérally_identical from ~%ne map to another.
Shorelines are normally part of the base map except when the
information displayea consists of T}pe 1 data, that is data
associated with coastal UTH ccmrdihates. In this case, the

environmental information is generally displayed b? drawing the

&\jfpropriate sectiaons of shorelines using different colors.

'Fiqurcs S-1 and %5-2 are examples of the base part of maps without
shorclines (o be used in conjunction with Type 1 or both Type 1
and Type 2 data) and including shorelines (to be used in

conjunction with Type 2 data only).
The program used to create the base part of environmental
maps performs the following tasks: '

L Mt prompts the user for the overall region to be us
’ 4

» the

e . ’
level of detail (regionalf or site specific), the limits of the

specific area to be displayed, the width and length of the sheet

© e ot . ey ———— — -
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Figure S5-2

Example of a base map including shorelines.
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of paper on which the map will be plotted, the width of the

margins, and. the width of the area reserved. for textual

! N

. information.

A -

2) A calibration factor and a displacement factor are calculated

to trénslate the geographical UTM coordinates into plotter
machine :Eordinates and to center the map, including the legend
on the sheet of paper.

) The main titles to be plottgd and their size are defined by
the uwuser and the commands to plot them are sent to the base map
file.

4) The scale of the map i1s calculated using the Caligratinn
factor and the commands to plot & bar scale at the bottém of fhe
map are generated and sent to the base map ¥iie.

93

~

The latitude-longitude or UTM grid lines argalculated and
sent to the base map file. It the grid is not required, | the
border lines only are generated. The latitude-longitude or UTM
values. are  displayed at i1ntervals that depend on the overall
extent of the area to be displayed.

-~

&) 14 the vser wishes Lo include the shaorelines ot lakes, the

appropriate map inde: file, block index files, and geographical

v
-

data files are searched teo find all coordinates of shorelines. of
lakes present 1in the area requred. These UTHM coordinates are
transformed into plotter coordinates and sent together with the
.cammandﬁ to draw them to the basco map file.

7)) When coastflnes are to be included on a map, a similar process
s used tmffind and transform all cgastal UM cordinates into
plotter coordinates. The plotter coordinates and the commands to

draw them are sent to the base map file.
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. B} When “Feque;ted by the user, the locations and names ‘of

provinces, cities or other geographical features afe seﬁt; along
with their size and commands to draw th;m to the base map fii;g
Along with the base map file, a.bqse'map layout fi{e is
created to storesthe variables required to create the data part
of the environmental maps.: These. yariab}es ieclude the
calibration Ihnd displacement factors, the size of thg sheet 6f
paper; the width of the margin where tegtual informatioh will be

written, and the distance from the origln_of the map to the last

tatle line.

5.2.2.2. Creation of Data Part of Envifonmental Maps

T
.

.

v

A “meparate ﬁrogram is used to generate the file containing
the .plotter instructions -~ and the variab;es‘_required ta draw
environmental data maps aaing tﬁe plotter., fhis program begins
by {irét performing the three following tasks: .

1) The user specifies with which base map file tﬁb\data map will
be associated. .- |
2) All variables stored in the base map layout.{ile associated
with the base map specified are read. These Qariables are
nocessary to geﬁerate fhe data map-

3) 1If a page number is required, as in the case

e

of atlases, the

user specifies it and the size of the characters that should be

used. The plotter commands required to plot this page number are

goenerated and sent to the data map file.

A series of menus is then created, as defined in section

%.1.2. The LEVEL 1 menu is displayed on a CRT. terminal. The

.
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control options of this menu are different than those created for .

use with the color monitor. For example, the plotter LEVEL, I menu

of the Cape Breton - Cabot Strait region is as follows:

SELECTION OF DATA TYPES - LEVEL

._3,.3-:,-.'_
L
CREERRAEEEERKA KRR R A AR R AR NN X .
1: CREATE A NEW DATA MAP '
2: CHANGE PLOTTER PENS
3: REVIEW OPTIDON(S) SELECTED
4: PLOT OPTIODN(S) SELECTED
S: STOP PROGRAM
} |

***t******{****f*#t!*!***li#****t

&3 ANTHROPOGENIC FEATURES
7: TOURISM AND RECREATION
8: BIOLOGY

. ?: GEOLOGY

The control options perform the following tasks:
1) CREATE A NEW DATA MAP. The present data map file is closed and

control returns to the beginni'ng of the program. The user can

-

then create a new data map file.

v ]

<) CHANGE PLOTTER PENS. The pen carriage of the plotter used in
conjunction with thisg system (a Calcomp 945) can hold only four

pens simultanéouély. I+ the user wants a plot with more than. four

colors, he must select this control option)when pens have to he

-

changed. The user specifies which pens (color and type) he wants,

and in which position they should be mounted in the pen carriage.

The apprapriate plotter commands are then sent to the data map

file. When these commands are executed, the plotter pauses and a

-

message 1s 'displayed on the CRT terminal and on the plotter

éansole itself. This message informs the operator in  which

positions the various pens reguested should be mounted. When all

pens are loaded as Lrequired, plotting can be resumed by a

"

TR e vde e mmen e o et aee—— - =

T o
."v N
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Tesponse on'the hlbtter’s canénle;?:; ‘ - .;;'

3) REVIEW' OPTION(S) SELECTED . This phtion is’ used if the user

_p..

wants to rev:ew the data’ parameters he haS'EElECted-- The ?éystem
displays on the CRT terminal. the parameters and. the logical
uperéLurs used. The logxcal operators avaalable are AND, DR, énd

NOT: At present, the nperators AND and OR can un;r be used w:th

data associated thh coastal Urmm cnord1nates (Type 1 data). “The -

.

use 5* this control optzg% alsa allows the user to. mod1fy the
list of data parameters he has sakected:aﬁd to mod1¥y the-;ogxcal
operators used in his request.ﬁ .
#) PLOT OPTION(S) SELECTED. when.a data paiageteﬁ or combination

of data parameterérhas been selected,; titles . describing this

choice can be specified and will be plotted in the right -~margin

. [y
.- . . .

of- the-'mab. The user defines the titles, the.size. of *their

chara&ﬂers, and the colors to be used in pldtting tham. ThHe
. q
plotter ' commands required to plot these titles are then sent to

the data map file. Ffor sxte“spec1f1c data such fasr dwellings,
i \ : - ‘ ’
warfs, shoreline access pDints,‘ or possible helicopter landing

F .
sites, the user can define whigh symbols should be used to denote

their location. The size and color of these symbols are also:

specigied by the uwser. Once these variables havae been specified,
the appf;priate map index file, blnchrindex files, geographical

and environmental data files are searched to find the tocation of
the specified data parameter or combination of parameters within

the area of interest. The search is performed as described in

. section S.1.3%.  The UTM coordinates of the data-tqube plotted are .

.

transformed "to plotter. coordinates using the calibration and

displacement factors. The plotter coordinates and commands

D

4

~N

"

L el

e -




B . SN . - R | T _ « .
L | -t08 -

requ;red to draw them are then sent to the data map +11e.
-1

. S)e STOP PRDGRAM. The data map f1le is closed and. “the executlon of

the'prngram stops.

The LEVEL 1 menu is redzsplayed after the erecutxnn f any

-

of " the first four control options. ' The user ‘selects the daié

parameter or combinmation of arameters to be plotted,
) e o
descr1bed in section 5.1.3. The same rules apply to the selection

RECE

of data parameters wether they are to be. d1splayed on the cplbr

) L4
. morfitor or using the plotter. The user can map as many data

parameters as he wants at one time, h6wever, in general, it is »
T

better ﬂb malke maps simple ahd Easy,tnounderstand.

AN exahple af a da?g,map showing the distribution Ei\ha

A zingle data parameter 2i/y{1ustfated in Figure'S*S. In this,daﬁd
[ ]
map, ; segments “of coastlines including a beach have " been

ducsted as data parameter to be displaved in red. Siace. this

-

data parameter is associated with coastal UTM coordinates (Typa 1

( data), . the appropriaté segments of coastlines are displayed 1in

) . , o
red, and the rest of coastlines are diplayed in black. This data

/’map is ment to be associated with the base part illustrated in

v, Figure 5-1 to produce a meaningful image.

~

An example of a map showing the distribdtion of three data

+

- parameters 1s illustrated in Figure 5-4. In this case, the three

parameters, major identified laobster grodhds, majof lobster

LN . - .

Tfishing areas, and . secondary ‘'lobster fishing areas, are
independent  of coastal UTN.CDDFdiHatES (Type 2 data). The data

part of the map does not 1nr1ude the coastllnes pres ent in the

/ area. This data map is ment to be associated with' the base map

e

. {

*Sillustrated in Figurce S-2 to produce & meaningful ‘image.
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Example of data part of map displaying a cingle parameter.
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INVERTEBRATE FISHERIES

__— A LOBSTER

MAJOR IDENTIFIED LOBSTER GROUNDS

AREAS OF MAJOR CONCENTRATION
OF FISHING EFFORTS

AREAS OF SECONDARY CONCENTRATION
OF FISHING EFFORTS

REFERENCE« APPENDIX 1

Figure 5-4

Example of data part of a map showing the distribution of
three data parameters, all independent of coastal UTM coordirnates
(Type Z data).
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S5.2.3. Plotting Environmental Data Maps

Having the base part and the data part of the environmental
maps stored on disk means that plotter copies of these Eaps can
be generated without having to recreate the image. In order to

generate these plotter copies, the following operations are

i .

pﬁ?formed.

The appropriate pens must be mounted in the pen carriage o+
the plotter. A v;riety ot pen tgpes can be uged: liquid -ink
drafting pens, liquid in?“tall'points. pressuwrized ball points,
or.nylén tip pens. Fens 0+ddi+fe}ent types can be piace together
in the pen carriage. The operator enters the pen type and its
position 1n the carriage using the plotter console. The pressure,
mazimur acceleration, and maximum velocity of individul pens can
be specified or their deféult value can be selected.

A scaling factor (1/9999 to 9999) and a rotation factor (o
te 359 degrees) can also be selected using the plotter console.
A de-skewing value and media compensation factor can be used to
compensate +tor the misalignment betwoen thé axes ot the plotter
and those of the paper and +or the distortion of the paper. These

teatures are veed only when plotting on  a pre-existing
topographic or bathymetric map to ensure porfect matching of the
image and the map.

Afteor mounting the plotting media i1tsels (different types of

papers, acetates, and mylar materials are used actcarding to the

requirements of specitic projects), the program used to plot maps.

is executéd.. The plotter commands stored in the approprirate base

map +file and data map file are sent to and erecuted by the
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plottef{/f;:\ example of the image produced by superimposing the

contents of the base map file and the data map file |is

illustrated in Figure 5-5. In this Ease, the data part of the map
\ - .

illustrated in Figure 5-3 has been superimposed on the base’ part

.

o% the'map.illustrated in Figure S—-1. This map is also an examplé
of detailed information (segment%nof shorelines including a
beach), and covers Louise Island and the northeastern part of
Moresby Island of the Queen Charfotte Islands. The oriéinal map
had to be scaled dowﬁ to apprbximately one quarter of its size in
order to fit the paper on which it is plotted ih this document.
This reduction explains the overly small size of the characters
of the legend.

'he superimposition of the base map illustrated in Figure 5-
2 and the data map illustrated in Figure $-4 is shown in Figure
S5-&6. In this case, the information is regional and the map éovers
the Cape Breton - Cabot Strait study region. It is reproduced
here in 1ts dr:ginal size, using ligquid ink ball point pens.

The ability to select a subset of an overall study region is
displayed in Figure S-7. Here the area specified covers the
northeaétern part of Cape Breton Island, from Bay St Lawrence in
the .north to Wreck Cove in fhe south, a subset of the overall
region illustrated in Figure 5-6. This‘map also iklustrates the
ability to associate data with textual infﬁrmation, in this case,
printed to the right of the map.

’ These oiramples demonstrate how this.data base system, when
wsed in conjunction with & plotter, enables the user to .create

maps according to his requirements. The ability to use the color

monitor to preview combinations of data parameters allows the
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Shorelines including a
northeastern Moresby Island,
e study region. This map

beach, of

is made up of the base

LLourse
part of the Dueen Charlotte Islands

Iisland and

part dillustrated

in Figure 5-1 and the data part 1llustrated in Figure -7,
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- PETRO-CANADA' CABOT STRAIT
- ENVIRONMENTAL DATA
$9°0° 2= 48°0° - . 71983
' NEWFOUNDLAND : _ :
INVERTEBRATE FISHERIES
LOBSTER
MAJOR IDENTIFIED LOBSTER GROUNDS
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Figure S5-4
Labster fishing areés of the Cape Breton -~ Cabot Strait
study regiton. The information displayed here 1s regional 1in
nature. The map is composed of the hase map part illustrated in

Figure 5-2 and the data part illustrated in Figure 3-4.
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Figure S5--7

Example of a map aisplayinq a subarea of the overall " study
region illustrated in Figure S-6. The map covers the northemsterm .
part of Cape Hreton, from Bay St Lawrence in the north to Wreck
Cove in the south. Textual information, printed to the right has
been associated with the contents cf the magp.
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o \\\\\ vaerify ‘the tags of the coastal coordinates to avoid adding

user to cumposé maps that best

. "..‘-..ﬁ-- T uE

the envyronmential
: »

conditions of the arka under study.
N ' e
. '-\
5.3. _Reééérch on Coastal Characteristics and Processe

——

This system has also been used to carry out research on

s soastal characteristics ard processes. - Its usefulness for

research. comes from its ability to determine quantitatively the
abundance of coastal parameters or combinations of parameters in

-gny specified area.;The interrelationship and'interdependence of

.

.-individual data parameters can also be measm;éd by the use of.

‘{his*systém. In the past, these analyses had to be kept to a very

‘:simple level because  of the large amount of manual labour
Ll

ihvolved in measuring all/:ndividual parameters (Sempels, 1982).

"'Some example5'_pf' this type of research are oubtlined in the

subsequent sections.

~ .
S5.3.1. Determination” of Abundance of Individual Coastail
Parameters

)

The tntaj length of coastlings preesent in any specified area

carl’ easily be dgtermined by'adding.the diétancés that are present
a - ' : N .

between consecutiyve coastal UTM coordinates. Of course, one must
Iy ‘

,
ipgorrect distances such as that present between the end of a
.‘\ - .

cﬁés{ij segment and the beginning of an island. The wmame
] .

pﬁgcedure £an be performed on data parameters, selected by the

user. It is a simple matter, once these lengths are calculated,
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to print their values an faper or on' a CRT terminal,’ either a
/ - i " _
“oastal lengths or ~as percentages °of the total 1

coastlines present in the area specified.
- An examplie of .such calculations is presented in Table 5-i.,

L -

In this table, the leﬁéths;and percentages of coastlines occupied
by a series of variables are fepor%éd‘ for ‘the entire QGueen
Charlotte Islands study region. This]‘tablé. indicates that

.‘geological and fetch information was not associated with all
: . . .

shorelines of the region that is, there were some data gaps 1in

this region. Incidentally,’ fetch is the distance of open water

aver which the wind can blow. It 1s used as an indication of the

maximum wave goergy ~level that can reach the coast, a very

impbrtant factor for oil-spill response and. contingency planhihg.,
- .

The percéntages of shcrelineé with geological data, with fetch
data, and\\with both "are calculatgg“yifh_respect to the total

length of coastlines af the overall\region. The percentages of
i - . * B

individual data parameters are calculated with respea to  the
total length of coastlines for which information of that type

enists. IE\Q?Y be noted that the sum of the lengths Yf coastlines

associated -with the four fetch data parameters is qqual to ‘the

~ -

length Bf coastlines for which fetech information does egist.‘ The
same is not true for geology, the sum of the lenghts of
coastlises aséociafed with the seven data parameters is greater
than.  the lér"ogth of coastlines «_!I=c_pr- which g'eologii:ai infurm’atibhj

does exist, This is not an error, simply reflects the fack

that in this case, not all geologl parameters of the stydy

region are mutually exclusive.

-

.
(PR A
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LIMITS OF STUDY AREA:

EASTING: S64393 M (ZONE 9) TO 613841 M+ (ZONE

NORTHING: S742756 M TO 4066176 M ° s
OVERALL STATISTICS:

TOTAL LENGTH OF COASTLINES: . 78
LENGTH OF COASTLINES WITH GEOLOGICAL DATA: &2
LENGTH OF COASTLINES WITH FETCH DATA: - 68

LENGTH OF COASTLINES WITH BOTH TYFES OF DATA:62

- . LENGTHS AND PERCENTAGES OF COASTLINES WITH FETCH DATA: »
, ,
: FETCH LENGTH FERCEMTAGE
! (kM) _ . _ (M) (%) :
! ‘ - -~
! NO Data.eeeeuevenaonnctannena . 1048 (L.l i n/za
: 10, ... e et 5 1% I 1.3
! 1100, e e e .. e vees 2496 L ....... T&.8
H 100~ 0, s e e v et m e e amannees wee 12207 0.0 ... 17.6
t I L T . e e e E m ks ae e L1008 L. e.... 14,7
(]
_ S U —
Table S-1

8

?6 KM
49 KM
48 KM
49 KM

{(79.18%)
(B6.72%)
(79.15%)

LENGTHS AND PERCENTAGES OF COASTLINES WITH GEOLOGICAL DATA:
. - . , ’ - . .
GBOL.QGY ' ) LENGTH FERCENTAGE

. (km) %)

' No Data...... R LR 16486 .. .... .- n/a
Bedrock........ Frserascerarnas 0051 J....... B88.8
HEeath. . ineecereaas e m e e neeeaa. 31IBO sueira.. S0.9
Cand. .t .. et s 8 s s e e . T42 i h e .. 5.8
Mited Sediments. . .oeeeeenn.... 1815 ..uvwe.. 29.1
Gravel oo .oeoenes. Sk e e e e 1022 .. .. 16.4
Intertidal Boulders........... 1745 L. ... .. 27.9
Deltas, i n i i i ce e e e b S, 0.8

-

AL B aa maA mE AL An mE Sa mA EL LE B b Yd B ke Ed Em bk e ke tw ww s ww wm wm e wh wm wE mr e wm ww mw wdr we ww

Lengths and percpntages of coastlines associated

individual geological and fetch data parameters.

with ..
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Percentages of shorelines as those listéd‘ih Table 5-1 can

-

a}sd be reported in the form.df histograms produced by the

LS '

directly-‘on maps of geomorphic data as illustrated in Figure.-SL

- -

5.3.2. Interdependeace of Comstal Parameters of Different Data

Categories

1
v

This data base system can also be used to determine the

relationship between ‘coastal parameters of different ' data
categories. For erxample, how frequently is5 a given geomorphic
parameter® encountered in conjunction with a cgertain fetch

~

parameter™ Answers to questions like these can be foupd by adding
i

the length of coastlines associated with both data parameters

simul taneously. The results of such an analysis performed on the
. ]

area used in Table S-1 are displayed in Tables 5-2 and 5-3. In

Table - 3~3, the percentages ‘are calculatéﬁ with respect to the

~

length of coastlires that include both geological and fetch data.

These results can be appreciated better when they are displayed
in the form of histograms produced by a statistical packge such

as 8nS (Statistical Application System: Meehan, 1982),4s
illustrated 'in Figure S-11. ' ' . '

5.3.3. Interdependence of Combinations of Parameters

Type ! data can also be analysed to determine the relative

—— . 1
abundance and 1nterdependence of combinations of parameters. 0One

N et—— o
plotter as illustrated in Figures 5-8 and 35-%, or reported

a



-_ 116

il

omplete Area, Geology

LI O
LRI U A )

| AR AASSS RA S AL MA S AL RAL S A A

Figure 5-8

A

Relative abundance of the seven geomorphic data
within the ovefall study region of the Ouaen Charlotte

parameters,

Islands.
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Figure 5-9

Relative abundance of shorelines associated .with the four
fetch data parameters within the overall study region of the
Quesn Charlotte Islands.
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illustrating the distribution of three data parameters. Note the
rotal length ot coastlines assoctated with each data parameter.
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Histogram of percentages of coastlines
individual geological and fatch data parameters.
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approach to this is to examine the lengt? ‘Df 'coastlines
associated with the various pointef values. As describéﬂ
previougly,<:the pointers assignea to the_coastal'pTM coordinates
are in facg, the number of records in accompanying environmental
data 41195: Each record of these environmental data Files
contains a series of variables, each representing a data

parameter. In  the study region of the Queen Charlotte Islands,

each record of the geofogical data file contains seven variables

S

(excluding the no data) as listed in Table S-1. Each Eecord also
describes a Qnique combination of the seven parametgrs as 1t has
been observed in the field. Although the total number of possible
permutations of these seven variables is large, in reality, only
17 such combinations arc found to exist -inm this region. It
tolleows that the environmental data file has only 17 | records,
cach describing a unique  cambination .mf seven coastal,
charactoristics as they occur in the field. The abuﬁdance af each
of these combinations can be:fgund by adding the lengtH ot
coagt}znes in which they occur.

The roesults of SUEh an analys:is arco diéplayed in Figqure 9-
122, In this histogram, each un1due combination of the seven
grological parémeters-has been called a geological unit, as the
naée implies exactly what 1t 15: a naturally occuring combination
of features. It ﬁan be seen that umit number | 15 the most
abundarnt in this region. :This particular wunit consists in a
segmept constructed eontirely of bedroclh. Unit number 4 is the
next -most abundant one. Tt 1s made up of a bedrock .hagLshore,

with & beach of gravel, and intertidal boulders. >

tThe lengths of coastl:ines associated with each of these 17
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Histogram of percentages of - coastlines associated
geological units 1 to 17.
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coastal units and associated with a given fetch parameter are
listed in Table S-4. These same results aré expressed as
percentages in Table S5-5, and as histograms in Figure 3-13. These

tables and this figure demonstrate that the most abundant

geological-fetch combination is between unit 1, ‘a coastline

»., constructed of bedrock and fetch unit 2 (10 to 100 km).

)

I . -~
5.3.4. Effects of Geagraphical Location on Relative Abundance

il

The anal?sjé described in the above sections ' can Ee
per¥qrmed for an overall study region or for any suba%ea. When
these analyses are performed for selectea subareas it becemes
possible to compare the effect of geographical location on the
ébundgnce, interrelationship, and interdependence of data
parameters or combinations of data parameters.

An e#ample of such an analysis is illustrated if Figure 5-
14. In this case, the percentages of coastlines associated with
geological coastal unifs 1 to 17 are calcul ated for the overalf
regiop and for two subgreas. The overall region i1s the one used
in provigus examples (Table 5—1),' that is the Queen Cﬁarlotte
Islands and the adjacent mainland coast. The Firstr subarea
cmﬁsisis in the eastern part of the Queen Chérlotte Islands and
the second subarea consists in the western part of the adjacent
mainland coast. It can easily be seen that ,the.“rg;ative
abundances of the various geological cpastal uwnits differ
accordiﬁg to their geogééﬁhical.locaticn.

A similar analysis can be pertormed to determine the effects

of geographical location on the interdependence of data
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parameters. This- is illustrated in Figure 5-15 where the

relative abundan:e of coastlines é%sociated with a given fetch®

and a given geomorphology are determined for thelovérall study

P . \..
region and the two same subareas. . .
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6.0, donclusions

The fact that this data base system fulfills a useful role
has been démpnstrated by a very positive response from oil
companies. The author believes that this is mainly because the
cpjectives of the system were'&efined ve?y precisely in order to
meet a Eertainrnumber of specific requirements. }he main positive

features of this data base system are:

1) It is a truly geagraphical system inlwhich environmental data

»

are stored, retéieved, Updated, displayed, or mapped according to
their UTM or latitude-longitude <oordina r;»s.

2) .The system is very flexible and undemandiég with .respect to
data. It does not require precoding or formatting of information

A
and the file structures and organization impose no limitation on
. .

/s

the Qature and quantity of environmental data.
For emergency oil-spill response, thic system provides a mears

)

.

of acceswsing and displéying rapidly all eﬁvironmental data of any
subregion defined by the user. The diﬁplay; on the color monitor
may not be. of véry High resolution, but they are of a quality
that is su*ficiené‘For this purpose.

4 Ebr 611—59;11 contingency planning and régianal assessments,
the Systém provides analytical capabilities, a means of
previewing the spatial distribution of EnviFonmental di}a, and é
means of producing color maps of high quality.

P The npature of the system malkes it particularly useful for

v

research on coastal geomorphol ay. This 1s becausg’'it is capable

e
-

. 0



of performing quantitative measurements of the relative abundanée

of parameters, taken singly or in combinations, and of the degree

of association and interdependence that is present ‘between
. LY

parameters or groups of parameters. .

The positive features of this system do not mean that it is
perfect. A nu;§gr of improvements and’ further developments are
forseen. A ‘brief discussion of some of these improvements and

further developments is presented in. the following sections.
r -

., N

At present, the main disadvantage of this data base system

6.%. Future Improvements

is its rglatively siow response time. Although this response time
is ‘ noﬁ unbearably slow, .the author believes .that some
improvements could be maéé (Foley and van Dam, 1983). It is clear
that, after working with this system, this relatively slow
response time is not auei to Tthe lacg of computational
capabilities but rather to the.time required for diék éécess.

This could be partly d}é to the way Fortran programs access the

hard disk. The Fortiran programs are run under the CP/M operating

system. When a file is accessed, - the CP/M operating system

communicates with the Horizon Disk Operating System (HDOS) which
in  turn firmd® the- appropriate file on the hard disk. It may be
possible to modity CP/M to access the hard disk. directly,

without passing through HDOS in order to improve the disk access

ti mt, * h

It may also he possible to decrease the time required to

access the environmental data associated with coastay UTM"

/
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toordinates (Type 1 data). Presently, each coordinate in the
study area‘must pz—#sad and its pointers must be used to access
and examine the appropriate environmental data. When the study
gréé includes a large number of coordinates, this method becomes
very time consuming.

The followiné approach may be more efficient. For éﬁ:%
categary of Type 1 data, a table could be created sbch that:
I it contains a record for cach pointer value present iﬁ the

-
~

study area, and
.2) each record of this table includes the pointer value and, for
each secLion ot coastlines associated w1£h ‘this value, the
address of the f+irst and the last coordinate in the appropriate
geographical data file. -“When the user requests-a display QF the
geographical distribution of a data parameter, thé system would
find fro@ the appropriate environmental data file the number of
Ehe records (or pointer values) containing the requested data.
The table afsociated wiLH the selecfEH/;E;n!crs would then be
accessed  and the apprnpriate sections of shorelines could be
displayed immediately. In this case, tﬁe geographical data file
would not have' to be searched to display the shorelines
associated 'with a given data parameter or with a combination of
parameters.
The menus displayed on the CRT terminal and used to select-
data parameters- or combinations of parameters énu}d‘ also be
'\4mﬁroved. Ens&ead of Having a line at the end of each menu to
indicate options that are avaflable in the‘area specified, the
-

menus could be listed on the CRT terminal using dJdifferent
v

intensities. Ry convention, all data categories, subcateqories,
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and parameters (from the LEVEL 1, 2 and & menus) that are present
in the specified area could be listed using a high intensity on
the CRT terminal. Conversely, ali data categories, subcategories,

and parameters not present in thegspecified area could be listed

using a low intensity.

The menus could also be modified to include the relative

abundance of data parameters,- at least for those that ‘are -

associated with coastlines. The lengths of coastlines associated

-

with each data parameter could be calculated as described in

.

‘ . o . :
section S5.3.1, and these lengths could be listed next to the

~parameter in questibn. These lengths could also be enpreséed in
terms of percentages of total length of coastlines present in the

specified area in .orger to give a@)accurate measure of their

relative abundance.

6.2. Future Developments

-

The 1interactive graphics component of the system will be

developed further to enable the use of a lightpen (van Dam,

wt

19873 . It will be possible to use this lightpeh in several ways

to identify information displayed on the color monitor. Some
anticipated applicayions are: ' *

1) Selecting the limits of\the study area from a map of the
overall region displayed on.the c iqr monitor. The-usef could

indicate® with the lightpen two opposing corners of the desired
subarea on a map of the overall region. '

2) fccessing textual information associated with a coordinate

displayed on the color monitor. For example, if the user.




L

.

- 135 -

ihai:ates with the - lightpen the location of a bird colony
displayed on a map on the gnlor' manitor, textual material
pertaining to this bird colony such as species of birds present,
number‘ of birds present, or dates.of'cccupaticn of tﬁe :okpny
could be listed on the CRT terminal. ‘Similarly, the user could
point to a specific iccatica of shoreline and obtain a full 1list
cé all parameters present at this point.

3} The lightpen could also be used to review or quify the data

i

, ,
graphics organization. The u could point to a certain color

‘Dn the color monitar and thw.data parameter or data arameters

associg§ed w{th this color could be recalled on the CRT terminal.
Thé data base system 1is presently uwndergoing further

developments to perform a greater variety of analyses for

research on coastal characteristics and processes. These analyses

include: - {qu " v

i
1) Calculation of basic statistics for all data variables. These

basic statistics include measuring the shortest and loﬁgest

length of Toastline associated with each data parameter, and the

mean and standard deviation of lengths of coastlines océubied by

each data parameter. T
‘ I .
2} Selection of dataiparameters based on the coastal length they

.

occupy. One importanq characteristic of all data parameters is

the 'cuastall length \tﬁéy Dcoupy.- The -ability to retrieve

-parameters-accor&ihg té their coastal length 13 & great.advantage

‘ )
for subsequent analyses, specially for those analyses dealing

with interdependence and association of parameters.

3) Production of matrices of association for all data parameters

present in “any given afea;_ These matrices of assoctation will
- ‘



-
-

define much more clearly the interdependence and 'asso:%@tioﬁ
present among all data parameters by determining associations not

based on the total length of coastlines present in the study

area, but based ﬁn the total length of coastlines associated with
each data parameter. For example, although it is of interesf‘to'
know that beaches.are present in/é;Z of all shorelines of a given
area, £L is also of interest to know that for example, of all
shorelines including a beach, only 10%Z are associated with a
Fetcg\ greater tFan 100 km, and the remaining 0% are associated
with a fetch less than 10 km.

The graphic component of this data base system will also be

. . ~
dgveloped further to enable shading areas on the cutor .yonitor
and on maps produced using the plotter. This feature will permit

shading of land masses, of the sea, and of data parameters that

occupy areas on a map or on the ifl?r monitor.
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. Appendix I

L4 »

This -appendix lists the Labrador environmental data as they

.appear ‘on the CRfﬁterminal during access to the data base. The

LEVEL 1 menu allows the user to acce;s the Ygrious main\\grqubs
(categories) of env}ronmentél data. LEVEL 2 ménus list the main
options (sugéategoriés) within kbhe data Fategqry selecéed‘ in
LEVEL 1. LEVEL 3 menus. are reqﬁired in the case of bomblex
information. They are used to access the various parameters
present within the main options of LEVEL 2. During a réa£

interaction with the computer, options present in the selected
- - .

study area are always listed after each menu.

|
SELECTION OF DAT& TYPES - LEVEL 1.

TEITIERES R -~
: REDEFINE STUDY AREA : ki
. REVIEW OR MODIFY SCREEN GRAPHICS ORGANIZATION ‘
: REVIEW OPTION(S) SELECTED

: DISPLAY OFTION(S) SELECTED

: STOP PROGRAM -
O OOKOOREO0OOOOOROUO0 00K IO KX KKK KK

****K**#*#*#*!*!*****#**##*********i#
1:
2
3
4
b
¥

NTHROPOGENIC FEATURES *

b A
7: RESQURCE HARVEST AREAS. OF COASTAL LABRADBR y
8: CGEQOLOGY J- ;

):1 t

T R e R b Ab A J R i et
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OOSNeUDW N
ak w1 M ww 5B 4v Ra ag 88

. - 1851 - .

SELECTION OF DATHA fYPES -~ LEVEL 3z .

12338383330 222833373%83321%2%238¢8

(CR)Y: RETURN.- TO LEVEL 1 .
XXEXXRAENXELERRARREAXENNXRRARER R RS .

ANTHROPDGENIC EEATURES:

__________ . .

‘DWELLING§'(HDUSES, FISHING CAMPS, CABINS)
WARFS -
ANCHORAGES
JETTIES
SLIFWAYS
LIGHTHOUSES -
SEA PLANE BASES
AIRPORTS S ‘-
HEL. IPADS : o

SELECTION OF DATA TYPES - LEVEL 2:
¥*¥**¥**#**;:itt********t**l##*#** .
(CR): RETURN 70 LEVEL 1 .
K*t#!!*#**kﬁfl*#*#**********f*#**# ’

RESOURCE HARVEST AREAS oF CDASTAL LABRADOR:

1:
2: SBEALS
JF:. BIRDS

SELECTION OF DATA TYPES - LEVEL 3:

KRR OO0 0000000 KOO0 KKK
(CM): RETURN TO LEVEL 2
FOKOK RO ORI R KOOROKRO0K KORKOKK KOk X &

COoD - GILL NETS
- TRAPS
- TRAUWLS
- JIGGING

. SALMON -~ GILL NETS
- SPAWNING AREAS

CHAR - BILL NET .
- SPAWNING/ AREAS
TROUT - SPORT F ING AREAS
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L I

- BRI - Tt

SELECTION. OF DATA TYPES - LEVEL 33 I

txt:txxt&ttttt:::t:txtttt:tt:txt:t . e mme T
(CR}: RETURN TO LEVEL- 2 , R
ttt:::tt:tt:xttx:ttt:::ttt:ttt:tt: - - - ' S

RESOURCE HARVEST AREAS -OF COASTAL LABRADOR: SEALS ) . o ;:'.

—— e T - — — ——— ——r P — S

1: SEALccggoTING AREAS. T . .
2: SEAL NETTING AREAS . .

N\ SELECTION OF DATA TYPES,- LEVEL.3: : /—‘\\\\u}{} SRR S TP
EXXERKXKKXK tttttttt*t£:2}it*xtttt : e _— .

(CR) v~ RETURN TO LEVEL 2

t!t!t#**t*#**ttl*t#*i*ttil!i**f*t#

RESOURCE HARVEST AREAS OF QQ&§I&5 LABRADOR: ELBQ§ . o )
7 * .-
1: BIRD SHOOTING AREAS - s ©
2:- RIRD NESTING AREAS st | -
,gPEDIESE_, o
3: GULLS T ) . o ; .
4: DUCKE" ; _—_—
5: FIGEDNS .
6: BEESE - : . :
7: TINKERS - R oo
g: Turrs ! : : o .
9: PUFFINS ' . - ‘ 3 oo
10: BTEARINS T : N
11: LDRDS AND LADIES R o
SELECTION OF DATA TYFES — LEVEL. 2: o S . Lo
33333332 ¢3 1333333332833 33 32228383 . T
(CR>: RETURN TO LEVEL 1 . . . .
SRR RO RO K OOROE X KKK KK
(;;J - - o
EEQEQQ!; s o0 ' ’ - : . -
L}
iz VIDEDTAPE NUMBERS '
2: COASTLAND - GENERAL ELEVATIDN AND SLOPE OF THE LAND = .
3: COASTLAND - EXTENT AND TYPE OF VEGETATION COVER "~ "= 777 ©77= g
4: BACKSHORE -~ SLOPE AND-NATURE - . 7 S : -
_ $: BACKSHORE - OTHER FEATURES 7 . . ' '
6: INTERTIDAL — NATURE OF UFPER INTERTIDAL ZONE, M '
71 INTERTIDAL — TEXTURE OF UPPER INTERTIDAL ZONE ‘ B
'B: INTERTIDAL ~ NATURE OF:MIDDLE AND LOWER INTERTIDAL ZGNE
9: INTERTIDAL -

TEXTURE OF MIDDLE AND LOWER INTERTIDAL ZONE



11:
12:
¢ 13:
14:

S . - 153 -

INTERTIDAL - DTHER ‘FEATURES OF MIDDLE AND LDNER

, ** ZDNE

.NEARSHORE FEATURES =~ = - » .
ACCESS - — LAND AND AIR ACCESS ,TO SHORE ZONE
ACCESS - .— SEA ACCESS“TO SHORE ZONE |

DATA SOURCES

SELECTION OF DATA TYPES ~ LEVEL 3:

t*tt*******t*t#*tt*******t**#*t*t*
(CRY = . RETURN TO. LEVEL 2 o
‘}ttt***ttttttt***t**l*tt**#*******

-t

e e e o e | i T i St My W i AR M G A — - e A SR Em mw e et -

i: . E . .
S22 LOW ELEVATION (<10M), HORIZONTAL OR GENTLY SLOPING, (0—20 DEG.) -

3: MODERATE ELEVATION (10-50M), HORIZONTAL OR GENTLY SLOPING

b 4: MODERATE ELEVATION, MODERATELY SLOPING (20-45 DEG.)

L S5: MODERATE ELEV@TIDN, STEEPLY .SLOPING OR CLIFFED (45-90 DEG.)

" &t HIGH ELEVATION (>50M), HDRIZDNTAL.
7: HIGH ELEVATION, STEEFLY SLOPING OR CLIFFED

‘,_ SELECTIdN'DF DATA TYPES - LEVEL I . '

-

UNKNDWN ' '.'

*************&***#*********#***l**
* (CR): RETURN TO LEVEL 2 .
**1************#*****************#

i s L e ——— E———— e

HNCUN B -

BARREN'-

- . * Lo
SELECTION OF DA?A TYPES - LEVEL 33

u -~

ﬁﬁkmowm ' '
DENSE~4ang%uqys “TREE COVER DOWN TE ‘BACKSHORE
DENSE, CONT INDUDE FREE +COVERNYOT REACHING BACKSHORE'
DENSE, DISCONTINUOUS TREE COVER.. SOME CLEARINGS
DENSE, DISCONTINUOUS TREE COVER) IN CLUSTERS
SCATTERED TREES,’ A FEW CLUSTER
GRASSY- e

¢ . -

-

.-
»

****#*************#************#*#
", (CRY: RETURN TGO 'LEVEL. 2

L 23

e BACKSHU Ei SLOPE aN

1.3 B

**#******t**#***#*****#¥**##t**

. "

-

UNKNDWN

1

[

'%- . -.. . \ , ". .. I [

INTERTIDAL . -

'Qa\
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[E—
1

Ve

i

HDRIZDNTAL OR GENTLY SLGPING UNCDNSDLIDATED

:- MODERATELY OR STEEPLY SLDPING UNDONSUL!ﬁATED

CLIFF, U szNSDLIDﬁTED
HORIZONTAL,

OR GENTLY SLDPiNB SEDIMENTS OVER OR BETWEEN BEDROCK

MODERATELY OR STEEPLY SLDPING SEDIMENTS DVER OR’ BETWEEN _

-BEDRDCK -

"HORIZONTAL OR GENTLY' SLOPING BEDROCK
STEEPLY SLOPING OR CLIFFED BEDROCK
RAISED BEACHES

SELECTIDN-DF DATQ TYPES - LEVEE 3:

*¥***¥*t**¥*****#t******{}***#***t
(CR): RETURN TO LEVEL 2 ' .
******1**!*****#************t**ltl :

BACKSHORE: DTHER FEATURES: -

i —

B8 am RE md E3 ma 3R d

UL UN -

102

R m e e T e

UNKNOWN

SCATTERED TREES

GRASSY

WIDE (>50M) CONTINUDUS MARSH

NARROW (<S6M) DISCDNTINUDUS MARSH, GRQSSY
ERODING P
STABLE _

LAGOON WITH MARSH

BARREN

NO BTHER FEATURE

SELECTION OF DATA TYPES — LEVEL 3t
r

***#x*x%x#*****xx***t***ti*x**x*t*
(CR)Y: RETURN TO LEVEL 2 ‘ |
******#****!#***tt*****t**t*#*t**t -~

oNOU R

. ;_

i e e M i S o, Bt e o T v e Al A okt A g - e S et

UNKNOWN
ND SEDIMENTS .

' NARROW- (<SM) DISCONTINUOUS BEACH -

NARROW CONTINUOUS BEACH

WIDE 4>5M>~C0NT1NU0US BEACH
BEDROGK , .
SEDIMENTS OVER BEDROCK
POCKET BEACHES

Sy
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SELECTION OF DeTQ TYPES — LEVEL 3: ] : ‘

L2222 2222023322823 2332333333 3¢¢%:
(CR): RETURN TO LEVEL 2 )
L3S RSS2 2328323222823 3233 338

. LUNECNOWN

MUuD -

SAND

PEBBLES AND. COBBLES
BOULDERS OR BLOCKY RUBBLE
MIXED SEDIMENTS '

1 MARSH '

RAMP

OND>AD N

SELECTION OF DATA TYPES - LEVEL 3:

XIOOCORR OO OO0 KKKk E : - '
(CR): RETURN 'TO LEVEL 2 o
FAHOOOE KR XXX KKK K -

UNKNOWN -
MODERATELY SLOFING

STEEPLY SLOPING _ -
WIDE (>S0M) INTERTIDAL FLATS

INTERTIDAL RAMP ' ,_,/r

INTERTIDAL PLATFORM . ,

NARROW (<S0M) INTERTIDAL FLATS

SCATTERED BOULDERS

DN bDUN-

'SELECTION OF DATA TYPES — LEVEL =

'**i***********#*******************
(CR)Y: RETURN TO LEVEL 2 : *
3K 3K KR KOK KK KK I0KOK KK KK K 0K KK X0k K KK &

INTERTIDAL: TEXTURE OF MIDDLE AND LOWER INTERTIDAL ZQN-&\\/

1: UNKNOWN. ' . e

2: MUD . '

I: MUD WITH SCATTERED ECQULDERS

4:. SAND . .

S: SAND WITH SCATTERED BOULDERS .

6: COARSE SEDIMENTS "{PEBBLES, COBELES) ‘ . ) -
7: BEDROCK o _ E S
8: NO PEﬁTURE N A : oL

'Q: ’ . . " . ' [
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SELECTION OF DATA TYPES .- LEVEL 3:

KXXKEEEXXARSRXRKREAAAEERREARERAREE - -
(CR)Y: RETURN TO LEVEL 2 e
ttxx*ﬁtttttt**tttttttttttt*ttttt*t

A e e o s i v e o e e .l U S S

UNKNOWN

NO OTHﬁg FEATURE
PODRLY DEVELOPED DISCONTINUOUS BOULDER BARRICADE

WELL DEVELOPED CONTINUOUS BOULDER BARRICADE

SHORT, NON-ORIENTED BOULDER STRINGS— .

LONG, STRAIGHT OR CURVED BOULDER STRINGS, PERPENDICULAR TO
THE COAST

LARGE PATCHES DOF ALGAE
RIDGES AND RUNNELS
SCATTERED BOULDERS

Ul BN -

O~

SELECTION OF DATA TYPES - LEVEL 3: . : 7
KX XK OO K KRR KR XK ,

(CR): RETURN TO LEVEL 2

*#x************t#t***#*t*tt****!* 3 .
NEQB§HQB§ EEQIQBEﬁL

{3 UNKNOWN . L L '

2: NO FEATURE .
3: ‘SCQTTERED ROULDERS, BEDROCHREEFS : - .
A3 E SAND BANKS ) o
SELECTION OF DATA TYPES — LEVEL 3: TN

***#******#*******it#**l*******#*t
"(CRY: RETURN TO LEVEL 2
******************M*****#*****l

—_——mmEmERA EemS D mmies e ac e o

ACCESS: LAND AND AIR ACCESS TO SHORE ZONE:

1: UNKNOWN ' '
2: DIFFICULT EVEN BY FOOT

Z: FOOT ONLY
4
5

\
!

: DIFFICULT HELICORTER (FLOATS) LANDING CAPABILITY
' %: RELATIVELY GOOD HELICOPTER LANDING CAPABILITY .
6: VERY GOOD HELICOPTER LANDING CAPARILITY |

7: BACKSHORE AND COASTUANQ SUITABLE FOR VEHICULES

8: 'ROAD ACCESS IN ADJACEN]) COASTLAND -

) . P

.o . . - - K . e
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.



‘ACCESS: SEA ACCESS IO SHORE ZONE:

LY

‘SELECTION OF DATA TYPES — LEVEL X o

tt*ttt*#*#!*t#t*l#t!*tt!**!**ttt*#
(CR): RETURN TO LEVEL 2
‘!t***#**tttt!t****t**ttlt*l#**tlt(.:'

POt —+ L . 5 $hy XN

1: UNKNOWN .
2: IMPOSSIPLE OR EXTREMELY DIFFICULT

3: DIFFICULT, ACCESS RESTRICTED TO SMALL CRAFTS'

4: RELATIVELY GOOD ACCESS FOR SMALL CRAFTS
S: VERY GOOD SEA ACCESS TO SHOREL INE

¢ "
SELECTION OF DATA TYPES (- LEVEL 3:
Sttt r
(CRY: RETMRN TO LEVEL 2,
KON K0 0RO KOOI KKk K K —

DATA SOURCES:

1: TOPOGRAPHIC MAPS, LOW ALTITUDE DBLIQUE FHOTOGRAPHS AND LOW ,
ALTITUDE OBLIQU%QVIDEDTQPES, FIELD WORK AND INTERPRETATION RY
J.M. SEMPELS, ~ PETRO CANADA, SEPTEMBER 1982

~SPILL COUNTERMEASURES FOR COASTAL COMMUNITIES, OF CENTRAL AN
NORTHERN LABRADOR, WDQDWARD-CLYDE, JULY 1982; FOR THOSE SECTIONS

8

BF COASTLINES NOT COVERED BY THE VIDEOTAPE SURVEY.

i
(13

MCLAREN, P., 1980: THE CDASTQL.MDRPHDLDGY AND SEDIMENTOLOGY OF
LABRADOR, A STUDY OF SHORELINE SENSITIVITY TO A POTENTIAL QIL

SPILL; GECLOGICAL SURVEY OF CANADA, PAPER 79-28.

&

e
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Appendix Il

N
This ébpéndix 1iists the envirnnmental data of the Cape
Breton = Cabot Stra;t region as they appear on thE CRT terminal
dur1ng access to the data base. Fﬁhe LEVEL 1 menu allows the user
ﬁn._access the various main groups (categcr1eg) of environmental
data. LEVEL 2 menus lis‘the main opt.ions (SLtﬁcategories) within
the data category selected in LEVéL 1. LEVEL T menus are required
in ‘the case of complex information. Tﬁey are useq.tc access the

various parameters present within the main options of LEVEL 2.
During a real interaction with the_computeri options present in

Y

the selected study afea are always listed after cagh menu. X
"y bl
‘l‘d\ ’
SELECTION OF DATA TYFES - LEVEL 1: A v -
*******#******i*************#*****#***!*W***#***
1: REDEFINE STUDY AREA - S
2: REVIEW OR MODIFY SCREEN GPAPHICS DRGANIZATIDN
5: REVIEW OPTIOM(S) SELECTED .
4: -DISPLAY OFTION(S) SELECTED
St BTDP PROGRAM -
*t

l!***!********************#************K****Ki

& JANTHROPOGENIC FEATURES

7: TOURISM AND RECREATIUN ]

8:’ BIOLOGY . L
P GEDLDBY :

——

rs
e




(1 g0 I R Y N B

. ***********#*********t***t!}**#l*t

= 160 =

SELECTION OF DATA TYPES - LEVEL 3:

#*!*tt*l#l#*lttl*ttlttt#!tt*ltttt* .
(CR): RETURN"TO LEVEL 1 . S
t!!#*tttl!**#l*tlt*#ttt*ll!ttttt*t' . .

-

i By T e i S e s e M i P o

LOBSTER PUUNDS ) ‘

SEA PRODUCTS BUYING STATIDNS . ' ' -
SEA PRODUCTS PROCESSING PLANTS s
SALT, WATER INTAKES

EANN&RIES .

IRISH MOSS DRYING PLANTS . L

-

SELECTION OF DATA TYPES - LEEVEL 3:
t!tfttii*****1****#**#**********{**

(CR): RETURN TD LEVEL 1
****#x*t****#*******t*t***t****tt**

- DidY ekl

17 INTE TIONAL CAL PROGRAM SITES
. 2: PARKS ZANKDA
I: NATIgQNAL [PARKS
4: P NCIAL PAREK
S: PaRr RESERVES .
&4&: MAJOR RECREATIONAL BEACHES- T e
7: MAJOR PUBLIC SHORELINE ACCESS POINTS
8: MAJOR COASTAL HIKING TRAILS
9: CAMPGROUNDS .
10z SCUYPA DIVING SITES. | =
11 MAJDR "CONCENTRATION OF COTTAGES, .
A

*

SELECT 10N of DATA TYPES — LEVEL 2:

FHOOKCKKOE KON OR OO IO KRR X R K
(CRY: RETURN TO LEVEL 1

BIOLOGY: >

1: SEAWEED HARVESTING AREAS : : -
2: INVERTEBRATE.FISHERIES - - a, : 2
“T: ESTUARINE FISHERIES ' -
4: DEMERSAL RISHERIES AECDRDING TO GEAR TYPES AND MAJOR SPECIEJ;

5: FELAGIC, FIBHERIES ¢

.&H2 MAMMALS ® . ) .

N . . . .. D - [ N e




. Y .

5 - : - 161 -

SELECTIUN OF DATA TYPE - LEVEL 3J:

tlt*!4!#*!#tlt*!*i(:\}tt*tt**tttl_ -
{CR)Y: RETURN TO LEVEL 2 -
lt*t*tl!*t**ttt#ttt*tt**tt***ttt*

SEAWEED HARVESTING AREAS:

: IRISH MOSS

: DULSE

: ROCKWEED

: RELF d/ ¢

1
2
3
4

SELECTION OF DATA TYPES - LEVEL I

xx #l*¥lt**lt**ltt*#t*#‘x#**l***ﬁ! '
»: RETURN TO LEVEL 2
l*#t!!t*llt!l#t*lll!lllt!t!**tlt*

A~

SHELLFISH HARVESTING AREAS
- BAR CLAMS
o ,/ 1 \

LTI T
i

Q@M NG U bl ) e

=~ OYSTERS

f
[ S S S NN

N by e

19: SHRIMPS -~ - FISHING AREAS AND SEASONS
207 SQUIDS . FISHING AREAS AND SEASONS
'Qir”LDBSTERS DISTRICTS AND SEASCONS

3
:

22 . = MAJOR IDENTIFIED LORBRSTER GROUNDS
23 S - MAJOR FISHING AREAS
24;:

\ - SECONDARY FISHING AREAS

SOFT SHELL CLAMS.

- RAZOR CLAMS
- OCEAN QUAHAUGS

- BAY QUAHAUGS

- BAY SCALLOPS

~ BLUE MUSSELS

~ OTHER SPECIES OF MUSSELS

' . ' SPAT COLLECTIONS
SCALLOFPS - DISIRICTS AND SEASONS
- MAJOR FISHING AREAS
. - SECONDARY FISHING AREAS
SNOW* (QUEEN) CRABRS -~ DISTRICTS AND SEASONS -
N : - GENERAL DISTRIRKUTION DOF FPOFULATNION
- MAJOR FISHING AREAS

— POTENTIAL F1SHING AREAS
18: ROCE CRAERS FISHING AREAS AND SEASONG

\

Y

-
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Ly
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SELECTION OF DATA TYPES — LEVEL 3:

EXRESEXEREKIRRREREERNARRERERRERARKE -

//,)CR):.RETURN TO LEVEL 2

AN

1= HERRING - MAJOR SPAWNING AREAS

1333382333222 2325332222223 22 22222

1: CAPLIN —. SPAWNING AREAS .
2: SALMON - SPAWNING AREAS
3: - FISHING AREAS
*4: SALMONID CULTURE SITES

5: SMELT

&: MACKEREL AND HERRING

7: GASPEREAU

8: EELS ’

9: STRIPED BASS

10: FLOUNDER

11: ToM COD ’
12: BLOOD WORMS

13: SMAD

14;:: SILVERSIDES

15: RAINBROW TROUTS .

141 OTHER SPECIES OF TROUTS.

SELECTION OF DATA TYPES - LEVEL 3:
ERARE RN KRR R KRR F A KR XX
(CR): RETURN TO LEVEL 2 :

‘**********************************

e e e T S e T e e B S e G

: OTTER TRAWL

: LONGL INE _ ,

; DANISH SEINE v
: FIX GILL NETS

! MULTIPLE DEAR

1

SELED‘IN OF DATA TYPES - LEVEL 3t
HOOKICOOKKOOR OO0 O K IOOOORK Rk
(CR): RETURN TQ LEVEL 2 A
FORF WK RO SORIOR RO R Rk kR R Rk ok kKKK
- o,
. PELAGIC FISHERIES: -

21 .. = MAJOR FISHING AREAS
3I: MACKEREL . . )
4: PLUEFIN TUNA

-

o e e m  ————

o

L
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SWORDFF ESH . )
BASKING SHARK
SALMON

Sod

L 3
SELECTION OF DATA TYPES - LEVEL 3:.

(CR): RETURN Y0 LEVEL 2 ) S

ttll;t!ltl*t!i}{*t#ttttt!*:it#!!*l :
KEARERKFRRRRA DY

*l!lllt**!t!(}*#**t

MAMMALG:

: GREY S5EAL ROOKERIES . ' _ -
: DISTRIBUTION OF OTHER SPECIES 0OF.- SEALS ~

SELECTION OF DATA TYPES - LEVELS 3:
nnnamnnImmes
(CR): REFRN TO LEVEL 1 .
tx:*:tt:tihy*thtg{{ftt*xx*xxa*::tt

1 8

- AR JALERE: 4+ 3+ + AN

: AREAS COVERED BY LOW ACTITUDE CEBLIQUE PHOTOGRAPHY . g
: AREAS COVERED BY LOW ALTITUDE ORLICUE VIDEOTAPING \\
>3 SHORELINES WITH - ELEVATED AND STEEF BACKSHORES
4: : ~ LOW LYING AND GENTLY SLOPING BQCVSHORES
S ’ . .. — DBEDROCK CLIFF OR RAMPS WITH DISCONTINUDUS
’ : FOCKET BEACHES

7z
8:
7

10

11:

ALL ACCESS POINTS

NARROW REACHES
WIDE BEACHES

BEACHES OF FINE SEDIMENTS

BEACHES OF COARSE OR MIXER SEDIMENTS

MARSHES OR WITH MARSHES IN

n
[

s

THE EACHSHURE.

I
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¢ . Appendix I1I
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- S . . -
"This appendix Iists thé‘ env1ronmenta1 data as they ‘appear
.on  the CRT termrnal when working wlth the system for a region
- centered on Louise Island, and northeastern Moresby Islaqﬁf The
) LEVEL 1 menu allows the user to access the various main groups '
(categories) of envirchmenial'data. LEVEL 2 menus list the main —
- ) N £ ; ‘ DR
options (subcategories) within the data category selected in
LEVEL 1. LEVEL 3 'menus are required in the case of complex
. information. They are used to access the various parameters
- present within the main options of " LLEVEL 2. During a _reall'.
‘interaction | with the computer, options present 1n the selected
' study area are always listed after each meqq.
1.
L] “
V. =
SELECTION OF DATA TyPES - LEVEL 1:
F -
. by
t**#t**ttl********#***#*l**i**tt***##t**tt*#*ﬁtt " ’
l1: REDEFINE STUDY AREA .
2: REVIEW OR MDODIFY.SCREEN GPAPHICS ORGQNIZATIDN ;
" 31 REVIEW OPTIDN(S) SELECTED: B . .
', 4: DISFLAY OPTION(S) SELECTED -
S: STOP PROGRAM ’ '
l******!*t*******tl*****t****tt***t**t***t**l***
%: BACKSHORE SLOPE, INTERTIDAL ZONE NIDTH,.QND INFILLéDvEﬁYS,.
77 BEACH MATERIAL ' ‘ .
8: INTERTIDAL MATERIAL
?: FETCH- - .
(. a ’ ’
‘ ¢ -
» : .
£ ., N .
- * ) - . ‘ - '
- o . v f a
L] . ’ ' .




-

L3
- ma

L

Se INTERTIDAL ZONE WIDTH ' .

SELECTION DF DATn TYPES - LEVEL 3~1g.w_

ttt¥*#ttt##lt#t!ttt#*tt*i‘ll!l#!lt'"'

(CRY: RETURN TO LEVEL 1 o
!tttttt3*t‘ttt*ttt!tt*tt*tt#t*ttt*'

BACKSHORE SLOPE
3: INFILLED BAYS
i
SELECTION OF DATA TYPES ~ LEVEL 2¢

*lt#*¥*t¥#l!t*#lit*!l!llllfﬁ!ltttt
(CR): RETURN TO LEVEL 1

. t!l*t!*t*t*#!l*l***tt#*l!tb‘***l*!
. . .

-Bgncu MATERIAL:

11 PERCENTAGE OF BEDROCK
2: PERCENTAGE OF SEDIMENTS

3t TYPE OF BEACH "'
-‘4: DOMINANT BEACH SEDIMENT TYFE \‘ ¢
'5: SECONDARY: BEACH SEDIHENT,TYPE

&1 OTHER FEATURES -

SELECTIDN OF DATA TYPES - LEVEL 3

lll*##*###l***l*#ti***tt**!**t*!*t"
(CR): RETURN TO _LEVEL 2
tt**#l**t****l#lt**t*#*l****#*t!*t

PEBCENTAGE DF BEDBGCK:'

— e S et e e S 55 —— e
-

a

i UNKNDNN
2: 100 %
3: > BO %

4: 20 - BO % . o
% o Ak

S < 20 . .
: O %4 ) v oo !

. _
-~ - :
o .
s’ - . K ."
.h ° - * .
-t
: o
+ g - N
" . L g
-
[
) . :
. v
. < ) ;“
.’ -* E
- - -“
L} -
- »
Q
R ] a . 7 ’
.
'Y L - .
4
. -~
™ . .
. \ -
. 3
. "
3 L]
PN '
- ¢ ?
- ! v * g
e e ~ ‘
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- . - ”
- L.
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R 'Y o L3
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(CR): RETURN TO LEVEL 2

iler -

SELECTiON OF DATA TYPES — LEVEL 3 - R

‘**#t*tt*#t*tt**t*tt*t!*tt**l**tttl

t!tl*t!*!**#*t!t*tttﬁ***t**#**tttt

PERCENTAGE DF SEDIMENTS:

13 UNKNOWN
2: 100-% S
3: > 80 %

4: 20 - B8O %
S: < 20 %
6: O %

- ‘ | s
ﬁELECTIDN OF DATA TYPES - LEVEL 3:

L
1 s 3 28332338 038822232333¢%¢

(CR): RETURN TO LEVEL 2

**********#******#*#**#**!********

TYPE OF BEAC

———— e meaElaa

'l: UNKNQOWN OR NOT APPLICABLE
‘2: CONT INUOUS
3: POCKET .
-&4: VENEER

3-7

g
.

SELECYION OF DATA TYRPES - LEVEL I..

3O OKOKOKOK JOK 30X K R K RO R R AOOR R R R XK ok X

(CR): RETURN TO LEVEL 2

KKK XK KOK KON KK X KKK K

QDMINANT SEDIMENT TYPE:

UNKNOWN OR NOT APPLICABLE
BOULDERS v

COBBLE

BRAVEL.

SAND

hPGS

1 & R A

s

S g ot e i e A e e e e

.

T T T T
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SELECTION OF DATA .TYPES - LEVEL X1

il*#*ll**t#*#*ltti#ttt*l!t#!l¥¥¥¥¥
"(CR): RETURN TO LEVEL 2 . €
L2 RS 2SS 2222333323333 33383333T¢ A0 . .

I UNKNOWN OR NOT APPLICABLE .

2: BOULDERS . -
3: COBBLE . .

4: GRAVEL , : ~ '

S: SAND '

b: _ , o .

LOGS

SELECTION OF DATA TYFES - LEVEL -3:

XK KRR ORI R RO KK KKK AR R KKK kN . A
(CRY: RETURN TO LEVEL 2 ‘
2 2R 22323323232822IT

e T P ARy

SELECTION OF DATA TYFES - LEVEL 2:

******#***************#********¥#X
(CRY: RETURN TO LEVEL 1
3K AOKRKOR IO ORI R R XK XK XK KKK X KK KK,

PERCENTAGE OF BEDROCK )
"PERCENTAGE 0OF SEDIMENTS

TYFE 0OF BEACH

DOMINANT SEDIMENT TYPE

SECONDARY SEDIMENT TYFE

DTHER FEATURES

am ‘%8 33 we s 30

U b AR -

NOTE: The LEVEL 3 menus displayed for the intertidal material are
similar to those of the beach material above and are nobt repeoated
here. v .




-

L - - 2
SELECTION OF DATA TYPES - LEV?L 2T = . ; |

't*#!tt*t*l*i***l!t!l#tt**ttl**tttt - ' ’
(CR): RETURN TO LEVEL 1 -
.t?{**#*#***!tt***tt*#t!*l*ttl*tttt

EETCH: e T - \

COASTAL BEARING TO NEAREST DEGREE

EFFECTIVE FETCH TO NEAREST Owl KM

MAXIMUM FETCH BEARING TO NEAREST DEGREE
DISTANCE OF MAXIMUM FETCH TO NEAREST 0.1, KM
FETCH WINDOW®ANGLE TO NEAREST DEGREE ot g
FETCH WINDDW BEARING TO NEAREST DEGREE )
GISTANCE ALONG FETCH WINDOW TO NEAREST 0.1 KM '

s g2 6 me RO

NS R

. e
. e e A b i W p—— R

e e e
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QUEEN CHARLOTTE ISLANDS ENVIRONMENTAL DATA
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. Appendix }V-

This appendix lists the environmental data as they appear

on the CRT terminal when wo?kinj with the éystem for the area of

the Queen Charlotte Islands, Dixon Entrance, Hecéte Strait and

adjacent - mainland region.  The LEVEL 1 menu allows the user to

access the various  main groups (categories) of environmental

data. LEVEL 2 menus list the main options (subcategnries)jwithin

the data category selected in LEVEL 1. LEVEL 3 menus are required

i the case of complex information. They are used to access “the
various parameters present within the main options of LEVEL 2.
During a real interaction with the computer, options presenéh in

the selected study area are glways listed after each menu. v

SELECTION OF DAYA TYPES - LEVEL ti:

*****¥***#****ll*#*#****i***#*********#**t*****#
1: REDEFINE STUDY AREA

2: REVIEW OR MODIFY SCREEN GRAPHICS DRGANIZRTIDN
%: REVIEW OPTION(S) SELECTED

#: DISPLAY OPTION(S). SELECTED - B

S: STOP PROGRAM ‘

FOK KR KO K XK KKK IOOOR KR RO R KR KKK KK KR KR KK XK

&r BEOLOGY ’ ‘ .

7: FETCH

T - ki -
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-SELECTION OF DATR TYPES - LEVEL 3:

EXBEEEKE KR AR AR KKK EA AR SRR RKK KK
{GRY: RETURN TO LEVEL 1

EESKKRERKREXARRKRRNRARRKARARKRKKKEE
GEOLDGY: - 4 _ .
* R . .
: NO DATA . o . « -
: BEDROCK ' -t -
: BEACH o
: DOMINANT BEACH SEDIMENT - SAND
. - - MIXED SEDIMENTS
. . . - GRAVEL
: INTERTIDAL ROULDERS

LD N DR

DELTAS .

.~
v

SELECTION OF DATA TYPES - LEVEL ZI:

’ .

KKK K1 KKOK KKK KKK KRR KKK KKKk R KK K
(CR>: RETURN 7O LEVEL 1- .
KRR KRR KRR EA N KRR A

EETCH:.

1: NO DATA - .
2: FETCH ~ LESS THAN 10 KM '
&F = 10 TD 100 KM

4: o100 TO 1000 KM

G2 -~ GREATER THAN 1000 KM

[



. This document desceribd
base system that was developed speci+icai1y to'improve emergency

oil-spill response,” oil-spill contingency planning, and regional

- .

assessments. . _ e v

The data base is truly geogriphical, that is, enviranmental
data can be stored, displayed, mapped or updated accordipng to
their spayialhlacatioh defined in terms of Uni@ersal Transverse
Mercator or latitude-longitude coordinates. For emergency oil-
spill reSponse, an area of any, size oar locatian within a ‘larger
region can be defined-gnd its'engironmenyal data can be reviewead
rapidlt usiné a color momitor. For Dil—sﬁill contingency planning

and regional assessments, medium  gquality color maps C be

P .

produced directly frdm this data Ease by the use of a plotjfe

The nature of this system also makes.it particularly \Fuskful
for Fesearch on coastal gecmorphnlogy. In this case, measurements
of lengths cdan be performed on coastal ch%éacterisélcs or
\Mrgpmbinatlohg of' characturistics to determine their . relative
'apundance, their interdependence, and ﬁhe vériationslih their
abundance according to~geogr$phic$1 locatian. ‘ *

The decision‘to use a microcomputer to perform this.wark is
baseq on two main ffctorsJ 1) cost; and 2) the usé of a dedicated
micracaomputer, with suitable back~uP components, guar;nties its
availability in ’tfm ovent of' an oil-spill. The use of a
microcomputer howover ihposes limitgtions' fhat .may' not be

encountered onllarger system&, and care and ingenuity is required
[ ro_ - E

in the desig

uf efficrent  file structures and management

\’_ C e e e e ot em e e e i e e e

-
: A
s a microcomputer environmental . dataj




.‘ -' '
. . . . -
approaches. : - '

-

At é;égeﬁt,- this data base system fulfills a use*ul--ko{g

with respect to oil-spill response, vcontingenﬁy planning ‘and

regional assessments. Nevertheless, further developmental work is

-
- » -

on—-going, mainly to improve its speed of response,  its graphic

-
-

capabifities, and its applications <for -research an coastal

.
-

0

geomorphology. : S
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