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PREPARATION OF THIS DOCTMMENT

The preparation world-wide of accurate mape and charks 2ahowing
cpagtline configurationa and the bathymetry aof cpastal waters, haa been an
objective pf maritime nations since at least the leth century. and many
navigational charts now in commoen wvae 39till rely heavily on naval daka
collected in the 13th and 19th centutries. Now we recognitze that in addition
ko their values for npavigation purpases, accurate charks are «asencial for
propar planning in support of multiple usage of maritime rescurces within
national waters, Fisharles iz not the least important of Lheso aActivities:
reserved arsas for macing aquaculburs and underwater parks, asx wall as the
demarkation of Eishery closure and access 2ones Eor varlicus purposoes, 11
require varcious zpecialized maps and charts to be preparad. This is
e3pacially true alnae declaration of Extanded Econcmic 2Ignes (EER" s} by
codstal stabtes vffers them the benefits of EEZ resources, as well as the
need for accurate geographical inEormation for a wide ramge oFE purpoees.

The present report 13 almad &t those officecs in the fisharies and
marine aervices of goverment; ond those concerned with coastal planning,
by offering a national autoncmouws approach to cartographic anplications.
The text [ollows through the basic concepts underlying preparation of bath
mips and charts. Attention is paid aleo tp collecgtion of geggraphicel
information in fisheries;, and to those graphics techniguea that improve
information transfar from cartographle repressntation to the end uaer.
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ABRSTRACT

Practigal guidelines and theorical principales et
cartography are axplainad with parcticular relevance bo mapping
data af relewance to Elsheries, azpecially for developing
countries. The concepts of scale and relief as they apply both
to goestal plenning and bto lntesepretation and dizplay of marine
and flshermen's charks atre outlined. TDeslgn celterla are
suggested for preparing maps and ather wigwal displaya,
including basgic questions 2% vizmual clarity, eage of
interpretation, amd the wae of colowr and alphanumeric
inEormation. The use of supplementary qraphlees together with
thematic mapping i3 encouraged In providing an  integrated
approach to display of geogreaphic and other Lypes of informatlon
of velevance to figsheries and maviee activities. Soms guidslines
equ ipmant and nprogedures are guggested for graphlics, drafting,
and tepeoduction f 1llustrative makerial. Work plans and
Interview Formats are suqgestad for fleld collection of basic
data, a8 well a¥ some suggastions for Lhe use of aerial
photography ard For photointerprektatbion.

Twelve caze studles diacusaing the approaches uvisd to
prepate exiating magrine resodrce meps atve given and analysed. &
ghoet directory of tralning ivatitutes in related Eialds 1s
provided.




FEEFACE

The preparcation of accurate charts and maps showing coastline configura-
tiene Bnd the bkathymetry of coastal waters has bean an objective of
maritime mations since at least the 1&6th century, and many navigational
charts now ip common uee sti1ll rely heavily on naval data ¢ollected in bhe
1Hth and 19th centuries. A currant reviev o! esoastal zone nappling may be
found im a sRperial aditicn of the journal Cactographica [Volume 23, 1985],
gdited Iy Koland Perrokte for the Ikternational Cacvtographlic Commisgion on
bceanic Cartography. In addition to thelr nevigeticnal value, accurate
charte now are consldered sssential for proper plamning Ip gupport of
multiple veage of maritime resources within petiona]l waters. The intro-
duction of Extended Economic Zates {EEZ's) inareases tha marine ressurds
poetentlial avallable to the coastal statas. This ik turn incredsas the
nged Eor accwrate geographically referenced information and data which are
regquired for the exploitation and management of the rescurces.

Thigs mampal is deplgned for personnel from departments of figheries and
other reagource agencieax who wish to produce and utilize marine rescurca
mapz ag an ald to the development and management of marine rescurces under
thelr jurisdigtion. Hational resource development 1s becomlng increas=
ingly dependent on cartographic services not only tao catalyze the process:
but also to promote efficlency and economy in its management.

The manual does not assume that the reader has extensive fisherles oaor
cartographiec knowledge, hence, following the intreduction (Section 1), and
a review of the potential benefits of marine rescurce mapping to develcp-
ing and developed natione alike {Section 2), congiderable effaort i1g
devptad to understanding maps per se. Section 3 consldere the congept of
ecale and the shaps of the earth [Geocdesy), which leogically leada to a
brief review of a complex topic, namsly, map projections. A chart of map
prajections is incloded as an insert. The btechnigques of locating a polot
onn the esarth's surface and its accurate reprasentation in terms of both
the horizontal and vertical datum pre described in Sestlon 4. The content
and construction of Dase maps are consldered Iin zome detall in Sestlon 5,
bacauss they constitute the foundation on wWhich resource [thematic}
informaticn is owerlaid. In Sectian & map design fundamentals are
ravigwed as an intreoduction to thematic manuscript preparatlisn (Section
Ty, the primary gubject of {his training manwval. Flaoure I portraye the
asxguence of tagka which may be involwved in this process in additicsm to map
production alternatiwea. EBectlion 7 rot only econeiders the relavant
cartegraphic principles but mere importantly 1t degorlbae tested proce-
durea for the collection of meaningful resource information fxom the
field. derial photographe, itheir acguisition, interpretation anmd rele-
vance teo the production of both base and thematic maps, are described in
Saction H. Section 9 is devoted tc a review of graphics, the viseual
techniguese by whigch a cartographer communicates selected ilpformation
clearly and eagily tgo the map reader. The usa of colour (Seactien 100 ie
presented as another communicetlon aid. & celour chart is included ae a
gecond ingert. Seetlon 11 conglderx Ehe procedures and materials aseoec-
iated with the production of "artwasrk", the tarm commonly used to definpe
the cartographic end-products used [(or reproduction. The mechanics of
various graphic reproduction technigues are then dessrlbed in Section V3.
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Saction 13 ravievs a wide renge of marinoe regfource mapping prolescte which
can result from the cartogrephic process, be 1t the most baglec of proow-
dures or the nost sephiaticated of carcpgraphlc technology. TwWelvas
of the mapping projecte were selected for detajlled analysis angd constituts
tha cAza studias. Each case stody includes one [or more]l map sample and
an associated critique of i1te desige, producticon and contgnis. The
variety of map typas portrayed in the case studieg will provide the uzar
of this manual with & reasonably coppre&hensive survey of current marins
ressurce mapping formats pnd technigues. Section 14 congiders the futurs
status of marine resource mapplng in terms of advanced technology, and [ox
thosa whe may Jdasire formal traipming inm Cartography, Eectlon 15 idantiflies
tha major intarnational and national traimdpg instituvtes. B glossary of
cartographlc terme and the blblilcaraphy cenclude this introductory manual
to marine resourcs mappling. The manual doeg not presvme o be all-inclu-—
civea; yofersnce to speclalized fexts should be made vhenever supplemsntal
information 13 reguired.

& fingl ard 1lmportant polnt of information: 1t is not essential for the
agplring maring cartographer to fully digest all of the Sectlons hersin
prior to undertaking & marine resgurce mapping projsct. Sectlon 7
(Thematic Manuscript Preparation] and Section 13 (Maripe Rssource Mapplng
and Cage Studies!) provide sufficient information ko the reader of this
manpal to commence surh a taak. Practiece will soon tdentify the theore—
tical concepts which are required to achleve the full potentinl of
reaurce mapplng; these fundamentals are reviewed In the other Sectilons of
this manual; a broad schematic of procedures and eleaments involved 1n map-
plng fisheries data are shown in Figure 1.
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SGECTICH 1

1. INTRODUCTION T CARTOGAAFHY RAND CLASSIFICATION OF MAPS AWNED CHARTS

1.1 Owverview of Concepis

This manwal is concerned «itkh cartography, the art and gcignce of making
maps and chartse. Thasz who practice thls profession Wwill be referred to
At cartographers even though their actual titles may vary [rom map
draftgman to graphic artist or from !ilsheries ofificar to scientlfic
agalatant.

A cartographer ie a specidlist 1pn graphis commupicatlons who vgas
mapping as the main teal. The fundamental funetion of mapping 15 to
pravide acourate, clesar and unambiguowa information about the occurrence
of various phanpomena on or near the gurface of the earth. & well drawn
map ix tar more thanm a reduction gf the area being studied; 1t is a
carafully dasigned instiwment that regorda, analyzes and displays the
inter-related factors of the area 1im their true relaticnshipgs to each
asthatr. Tn order to pass on thisg complex magg of imformatiom the carto-
araphery must make effective use of graphice to 1lluetrate a wide wvariety
ol conowpts and idgas. In additiomn to the map format, cartographic
personnel spend a large portien aof their time predacing such related
gqraphice ams diasplay material, report iIlustrations, presentatien graphice,
etatigtical and scientific illustratione and hosts of charte, graphse and
diagrams. Many aof these Ltems are frequently incorporated into mape orf
are sabstitutad Ior Lham. For planhing ik genaral abd rasollce mabdgamaht
in particular, wmaps and athar graphles have no agual.

fartegraphy exlieta as a fileld aof applied graphic=s begcause words hawve
provan to be inadeqguate when describing complex spatial relationshipe. It
s witally important that the map content be aesembled in a logical and
obvyious manner 5o that the user can easily understand the informetlion
being shown. When producing maps or giaphice that illustrate ecientific
studiss 4 Cartegraphar may require the advice of a sclentifie awthority
in the field to ensura the correct interpretation and portrayal of
informatisn. EBelevant statlstics or data alone will not hecasearily
supply the information regquitred. In many dedisioh-making procasses the
truly usefcl informatlonm i <iten that which is obtained from studying the
averall relatlonship of all the data. Graphics and graphical techniques
can present these ralaticonships in A manner in which even casual obeervers
rcan readily appreciate the implications.

Cartocgraphy can play a majar role in soclo-sconomie Jevelopment, Dot
tha cartographer must first identify, compile and analyee the most up-to-
date and accurate spatial infocrmatlion available. Also of importance i3
the selection of the most ppproprlate Sartographic techniguas to display
thia information, which may inolode bBoth traditisnal presentations and
thoge dictated by the increaslng svailability of ralakively inexpencive
conputerse. The esgentlal polint 18 to felwest the most appropriate method-
clogy for each situation rathey then applying a particular technigue
because of 1ts familiarvity. The Jdesign, aguipmsnt and technigues have to
be talloregd to the requirements <[ the specitic product. There is no



reason to produce an o expanzive muelti-coloured map wsing the latest
technigueas and matarials 1if the game subject matter can bhe effectively
reprasented by a simple pen and ink drawing.

e of bthe intentions of this manual is to show 3 number of altexrna-
tives, both in degign and lp production technilgues, ¢ that the mogi
appropriate can be sealacted for each given gituatien. It ghould ks
strasswd that the mogt appropriate alternative i1s the simplest maluticon
that will glve the regquired detail, accuracy and clarxity. The nature of
the graphics should be governed primarily by the user's reguirements.

1.2 Hap Clasgification

There 1s o wniversally accepied classification of mape, map graphics
amd related products. The following categories ara introduced to provide
A framework for discusiion and the beginning of a working language f£or
practitionsrs. Brosdly speaking, maps can bhe divided into two categories,
the f{lrst beipng general purpose or reference mape, the second being
gpacial purpose or thematic maps.

1.2.1 General purpose or relerenca maps

The objective of general purpoes or raeference mapes 15 to portray the
relationships of a salection of diffarent gasgraphical featuras iB an
accurate and rapresentatlive mapner. Such featuress ax roads, rallways,
tattlemants, water courses, slavations, coastlines and boundaries are
typically displayed. Thess maps Are usually prodoced in a2 saries of
individual sheets, and carefully constructed by photograpmeatric methods
trefer to Section 5). Great attention is paid to positional accuracy of
features =¢ that in some casas bhess maps have the validity of lugal docu-
mants., Thay are the typical products of wmajor naticonal wmapplng agencies
and may ba considersd the lowndation on which other mappintg and ralated
studises are bullt.

Ganerzl purpoge maps are fundameptal Lo organizinmg and planning national
and rggional development. They are considersd 2 basic natlonal
reasurce and are a foundation for further development. The main typee of
general purpoBe mape are as followsa:

1.2.1.1 Flanlmetric map=: Thease show the horizomktal poeition of selected
faatpres without elevations or water deptha. They are ocftan uwsed as bapse
maps on which to compile dats for the productisn of spacial purpose or
thamatic maps (Figure 1,1 &),

1.2.1.2 cadastral maps: Thesa show the boupndarias of land subdivieion,
sftwn with besrings and measurements and acre used to record property
ovaetrghip [Flgure 1.1 k).

1.2.1.3 Topographic maps (Hypsometric mapsi: In addition to the plani-
metric detalls of cultural and physical feakturer that have been Eelmctad,
these maps portray the ehape and elevation of the terrain. This ls
usuAally Jdond bBY cantovrs, fcrm lines, shading, colour gradients or
hachurwes, Habtional saries mapping is normally composed of topographic
maApS .







Topographic maps ara widely used for a multitude of purposes including
gelection of industrial sitss, plannlng highways or setilements, routing
power and telephaone or pipelines, selesting Jdam sites, military planning,
hunting, fizhing, hiking and camping. They are thus true ganaral-plrposs
vghicles and are consldered ta be fundamental to bthe sconomic And rassurcs
development of a region. In addition, topographic maps are fraequently
nged as base maps for specific studiss bBecause thay are often tha only
available accurate mapping of a region {Figure 1.1 &]. Potential problems
of this particular nmage will be distussed in Section 7 of this manual.

1.2.1.4 Bathymetric maps: Theee show watar dapths and underwater topo-
qraphy. Uniform depths at specific intervals are vsually eannected hy
eolid linws called bottom contpour lines (Figure 1.1 dl.

1.2.2 &pecial purpose or thematlc maps

This ssospd brozd categoney includes all the map wariantg degigned to
fulfill a speciflec purpose which cap be clearly identifised in advance.
Epecial purpose mapping iz the fastest growing segment of the cartographic
Iimld because of itz relsvance to developmental activitles. It 1ls the
armwa whers a bhroad knovwledge of design, techralogy arnd, in particular, the
intended mep n3er and uge are required.

Thematlc mape are composed of two major elemento: the packground ox
bage map and the gspecific informaticn being presented. The base map ls
prepared by directly or indirvectly using informetion taken Erom general
purposs or relarence mapping. Additiconal base information and thematic
data ix Jdexrived from fileld work, image analysiz, scdaptlific etudlas,
publishad etatistics or axileting maps. It 1e plotted anto the base map
geity appropriate cartographic techniguas., Normally the creation of a
thamatis map involvas a4 procass of compllation whickh includes the collec-
tion and manipulatison of data fram a variety of sources to proddce a
hew produst,

Thematic mapg arge alge called distelbution maps. They ars a kind of
Tgeographical essay™, smphasizing slngle or multiple thamee such as
Jeclogy, oceansgraphy, climatology, vegetatison, solls, crops or social and
gulltural aspacts o! the population. Cartographers use thege mape exten-
sivaly te shovw, for axample, such details as harbour inetallations,
pollution sources, climatic variation, and fish distribution and migration
patterng. Thass dizstribduticons may b shovwn by many different mathods
(refer to Section 2.

Trangportation mapping it§ the largest sub-group within the thematic
category, ilncluding Hautical eppd Asronautical Charts, ERocad Mape and
Tovriet and Recreationsl Haps., Host of these are speclalized formg of
topographic mapping and have Desn re-deslgnhad te sult a more specific
PUrpo=a.

T+2.2.1 Nautlcal charts: These are published primarily for mariners
although they serve 2 wildar public in many related ways. Thase charis ars
desligned to provide all avalleble infctmation for safe marine navigatlon
including soundings and bathymetrie contours, obetructions, hazards,
prominent landmarks and navigational aide such as buoys and lighthoosaes.



The accuracy of these charts is of majer importance 1n prastal reglone
because of the potentlial tor marime accidents. The charts are constantly
updated to keop abreast of matoral and man-made changes (Figure 1.2 a).

variations of these charte include: Small Craft Charts - dasignad for
recreational use of inshore and harbour watersr Harbour Charts - detalils
of anchorage areas, harbours and smaller waterways; Waterways Charts -
detalls of canale and navigabhle water eystame; Coastal Charts - dasighed
for inshore navigation;:; Sailing Charts - primarily uwsed by navigators to
fix positions as they approach the ccast from the cpen sea.

1.2.2.2 Aercnantical chacts: These are desligred for air navigatilon,
therefore emphasls is Jiven to features of the greatest aeronautical
signifisance. Majer «fforts are made to locate prominent landmarks
ineluding  popelation centres, distinctive matural and coltural labdmarks,
railwpys and major roads. Topographic informatian is oftab showhn by spat
alavations, cortours and layer tints, tha lattar pracstide bBacoming
inereasgingly common so that relief informaticon can ba seen at & glance.
Agronautical infeormation is generally displayed in bBold size, magenta
coloured eymbols to give emphasis to this critlcal aspect of the chart.
Aa with mautical charte, mapped asronautical ilnioEmation regQulres frequent
revieiaons, thersfore the compilaticon dates should be sprefuwlly noted
[Figure 1.2 b!.

1.3.2.3 Road maps: The=e are usually pubklished by natlional, provimcial
ar reqlomal authoritiea te facilitate transportation over relatively lang
distances. BRoad maps indlcake direction, distance and the guality of
highways. Some may give related transportation information such as
railwayes and airports. The map information is highly selective and in
some torme, the map iftsall becomes more sohematic cthen planimetrically
sacc=ynrate [Flouge 1.2 g1,

1.2.2.4 Tourlst and recreatloral maps: The large market for map products
ganarated by the insreasing numbears of tourists and travellars has
ftostared competition amangst both private and governmental map producers.
Many of tha rasulting products are modifisd topographle ar planimetrie
maAps. They shov improvead systems of road classificatisn plus locatlons of
hotels, hostalx, camp sitas, historlc places, keacheas, museams, moontatimn
refuoe huts, ki 1lifts, ferrxiez, eftc. Some maps wvse hill-shading and
layer tinting to accent sites for climbing, gamping, gkiing, trekking and
viewing. The maps of large towns may be schemetlc and resort to plotures
and dravings of significant locations to aid the user [Figure 1.z dJ.







SECTION 2

2. HAFPPING AS &N AID TOG BEVELOPHENWT

In moet developing countries topographic mapping has preceded all other
types and has formad & foundation for subseguent mapping Programe.
Upually geslogical surveys are bollt onto these topographic bages and
become the planning vehlsle for mineral rescurce develepment. Thie 1s
followved by sJush inmportant studies as road and rallway development,
inprovement it reglsnal agriculture, development of water supplies and
hydro-electric power from dam construction, large-scale cultivation of neaw
crops and other aspects of natignal planning reguired priar to undertaking
maJor capltal preiscts. Other major mzpplng prejects built on a topo-
gqraphic bage have included: tourism planning and davelocpment; cansus
grudies; forestry management; industrial plant loeationy land ownarshipi
land wsage; environmental hazardsy ecological studies; transportation;
archasological and anthropological studies; investigation, control and vse
gl watwml® resources; rcadastral surveysa; urban studles; aea defences; soll
SUrVRYE; economis agsesements; health inwveetigations; lrrigatlon svastems:
land reclamation: mosguite contrel in marshesy alrport eiting; howsing
devalopmente: vegetation classification; ete. There have alsg been many
gehemaz implemented becawesse of military and intermal eecurity conslder -
ations and significant boundary disputes.

Te the ohvipus economlc and secarity agpects liepted above must be added
a2 mngmher nf henefits which are difficult to guantify. These would include
the pignifircance of mapping in education and a variety of recreational
artivities.

A reading of the above list will ghow that many ©f the subject areas
have a direct impact on the marine environment. In fact, the division of
the natural world into terrestrial and maringe aspecte is an artificial one
a9 each affecte the other.

2.1 Happing Requirements in Developing Countries

The economle welfare of a natleon or reglom is directly dependent on the
ragcurces avallable to 1t and on the akility of the people to use theas
regourcas to theilr benefit. Inadeguate knowledge often results in resour-
ceg belng over-exploited or even destroyed before they are truly appre-
clated. Theage resources include all of the explolitahle mingrals, soils,
vegetation, wildlife angd water. To derive benefite from a2 rescurce, it
mugt first be identifled and then managed. The map 13 the mogt efficlent
method of digplaying the necesgary resource information.

Many amgrdgent mationzs hegin by establighing a gesdetic survey network
to construst ap s«ifective topographic mapping seriss. Hol only are thess
mapa wital for recording and planoiong of any kind, but alee they are an
econcmic lnvestment that produces a majer, though highly diversifled
return. They create economlic benefits by preventing a great deal of
unnercressary measurement, by eliminating an enormous amount of axpeansive
figld work and by sheortening the time required to aseess a developmegntal
propogal.



Once the baelc frame of the surbveay control natwark for topograsphic or
planimetric maps iF in place, it coan become the base on which special
studisas both on land and in the maring gnvironment can be pypllt. Thie is
net to infar that mapping 12 impoasible without a survey control network;
in fact zome aspects of this manmual will concentrate on simple mapping
technigques using readily avallable socurces of information. Oncae the
ovarview or reconnaigsance phage 1 over, however, atcurate mgagurgments
tied to survey control netwerks are usually necesgsary 1f major Jevelopmant
is to taks place.

Cegplite the banefitys of natiopal standard mapping, the current coverage
af world topographic mapping 1ls far from complete. Only 42% of the
countries of the world are mapped at the scale of 1:50,000, considered fto
bw the most vseiv]! ascale availlable. &k present rates initlal coverage
won't bg complete until the year 2000. A recent stuody Ly the ¥otgrnaticn-
al Hydrographic Office found that conly 40% of the marine area caovered by
the Bxclusive Economlc Zona (BEEZ) of tha 39 countrlas it surveysd waa ade—
gquately charted.

Standardized mapping tends to have a long 1llfe. Topographic maps, for
pxample, are Ltyploally in cilrculation for 15-20 years bafore they are
updated. Many potantial users and uses [or such & product cannot be
foreswan. Bome hydrographic charks bave baen in conbinuous uwsages, Ehrough
regular vpdates, for TO-100 years and theilr sconomlc, soclal and oonven-
lence benafite <can hardly be overstated. Such maps will easlly return
thelr gogt many times owver during thelr weeful life and zomg will maks
poAsihle a retorn on investment and human bhenefit unmatched by wvirbpally
any other dewvelopmental expenditure.

Haps have a catalytic sffect on development and prevent the main source
af haphazard planning which is the lack of waglly understood information.
In relation to the development and sxploitation of marine recources, a
mapping program can address oritical information needs concerning, for
lnetance, fisheries, cceanography, geoclogy, navigation, coastal develop-
mwent and local political realitles. 1In addition, such lmportant topilce ag
aducation and training can be addreseed.-



SECTION 3

2. SCALE AMD PROJECTIONS

3.7 The Concept of Scale

411 maps, aaerial photographs end satellite images are a amall represent-
ation of a portion of the earth's surfage. 1t ig thelr amaller than 1life
elze which is respunsible for thelr convenignce ag a method for illustrat-
ing the world. If these productes are to be at all usefuwl, the relation-
Ehip between the size of the graphic and the real gize¢ of The same realon
of the earth must be known. This fundamental <oncept, known a6 scale;
i5 one of the maost important design consideraticons in the fleld of
cartography.

Establiching & s=ale for 8 map lg an impertant design decigion.
Among other things., the follawing items are controlled by gcale:

17 the amount of data or detall which can be shown:
i1} the size ol the araphic and its suitability for proguction ptiliz-
ing avalilable matarisls and aquipmant;
1ii! tha cost of reproducstion;
iv?) the readability =f any product whicsh 1 an snlacgemant or raduo-
tion of an existing map;
v] tha reglonal axtant of the informetlion shown;
vi] the dagraa and bature 2f the generallzation carried out {refar
to Section 71);
vii) the suitability of an avallable bage o a4 specsliic purposs;
viii) the ease ol use by the intended mackst;
ix] the ampount of time a cartographer must spand on a projaect.

Spesilically, scale lg the ratic of map diztances to ground distance
apd its selaction deponds primarily on map purposs. Tha cartographesr
must also considar convanlencea and acohosny, striking a balanse betwean
the ares covered, map size and the amcunt of Awtall regquired., Scales
Ara SElbah A Compromlss.

The use of the relative terms large-zoale and small-zecale can causa
considerable contusion and moust be carefully sddressad. To understand
the concept clearly, compars twe mape of the sams area but of signifi-~
cantly differant scales. Selest a2 common featurs such as an afirfield, a
cay or an lslapd. The map which shows the fsature draWwn relatiwvely large
1e the large-scale map. By contrast, tha map which shows the same feature
26 being distinctly small is by defipition a small-scale map {Figure 2.1].

Small-scale mape cover large arsas with little detail wvhile large-acale
maps Ehow great detail and only caver a small area. Most maps will he a
compromise betweaan Ehe regquired detail and the area of coverage. Soma-
times the nesads are Lncompatible, as when A large ared moist be coverad but
with some patrts reguiring great Jdatail. This may be solved by producing
mera than one mep oF by using porficns of the mAp as insets at larger
kzaleg. The latisr zolutlon allowe variation in scalaes and greater
detall In critical areas.
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Figure 3.1 A comparigon of a large and a gmalli-gcale map.

LARGE-SCALE MAP

SMALL-GCALE MAF
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3.2 The Formg pf Scale

Generally, once it is calculatad, the scale of a map may be shown
in three different standard forms. These ars cepescentative fragtion,
scale statement and graphic or Bbsr s$cale. OQther acale variaticone are
gometimes uswd in additisn to the standard farmas.

3.2.1 HRepresentative fraction

Representative fragtions {R.F.!, algo known as scale ratiee, relate
the size of the map, or portlon thereof, to its actwal size on the
ground. Thus at R.F. @f 1:19,909 means that one unit on the map 16
equivalent to 10,000 unlis om the ground. A major advantage of this
systam 1 that it ls not tied fto a specific measurement system: the ratio
vorks as well in metric as in imperlal or any other convenient wnit of
maasUlramant.

Comparativaly low pumbers afier the oolon are arsogiated with large-
goala mape while comparativaely high numbers affer the ¢olon are asseociated
with small-gcale maps. The International Cartographlc Aesoclation, inm an
dttempt to standardizs the terminology, has guggested the following:

iy R.F. larger thanm 1:25,000, i.e. numbers less than 25, 000:
large-acale maps;
11y 1:50,000 €0 1:100,000: medium=scale maps;
1ii} BR.F. less thanm 1:200,000, 1.e. numbers greater than 200,000:
small-acale maps.

3.2.2 Srale statament

Thizs 1 a written statement of map disrance in relation tao earth
diatance, for example, 1 inch equala 1 mile or 1 centimetre aguals |
kilometre. An R.F. could aleo be coneidered a scale statement since, for
axample, 171,000,000 could also be writiten ag 1 capntimetra eguals 10
kilomatres or 1 millimetra aguals 1 kilomekre. IE this version of & scale
le choeen, aveld confuslon by not mixing metrie and imperial units in ona
statoment.

3.2.3 CGraphlc or bar scale

Thie devica is the most common and tha most vuseful method of depicting
Erale on a map or chart. Tt conslste of one or more straight 1lines which
ara subdivided ioto units of ground distance or whataver tha escale iE
dasigned to thow (Figure 3.27. It has the considerable advantage of
rempaining corrkect avapn L1f the map 1s anlarged or raduced, which is net
trus for the other scale wariamts, the R.F. and scala statament.

Tha cartegraphar must cemember that the scale wmust be designed tor the
usmr and not for the convenlence of tha cartograpber. The subdivision
units must be sulactesd to be as aven and uwswful as possibla, whatevar the
R.F. For sxample, the common older map scala of 1 inch sguals 1 mils
with arm R.F. of 1:83,360 should be converted by Lhe cartocgrapher if a
metric acale 1g desired. By taking the original scales units of 1 inch
and plotiing theam according to their metric scale equivalent, each
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Figure 3.2 Examples of graphlc or bar scales.

il I a MY Wik
e —— | S ————
Yards a 1S} ¥ g,
Mane 1 o 1 2 9 il
== m————————— ——————————
[F— 9 Wt i 2000 00 Ak,
Ty 2 ] 1900 moa 0 00 Varge
e e — ]
Wi | 1 -] H a * i Id Hillye
G S sl ——t =

Lilcmmran [ | q 1 [ | L} 1 1] [ M Eilomkian



subdivigicon unit 9f 1 mile would raprasent an ilncoenvenlent 160935
meEtres. In this case & baglc subdivialen unlt <f 000 metras or |1
kilometre might be deamed appropriate. & calgulation reveals that gach
Uit reprasenting 100¢ metres wlll he 1.978 centimetres long. Thig 1g
diftieult to plat but 1s the eifort the cartegrapher must make for
turning out a usaful and protfessiconal produst.

3.2.4 Graphle scale varlents

Most graphic or bar gcales are designed in traditional linear meagure-
ents: Fuch ag feet, milea, nautical milee, metrese and kilometres. Many
land sub-division systems, however, were carriad oot in rods, chalns,
furlongs and leagues. Similarly both British and american cable lengths
amnd even fathome have been used and may occcasionzlly be appropriate.

Direct reading scales 1n wnits which are not purely linear are gomg-
timas useful. HKany tourist maps, for ingtance, lncorporate walking
scales caloulated at am average peracn's pace in units of five o more
minutes. Military mape have shown 3calgs in termg of the distance a
troop of marching men will caover in a2 given time period. Highway maps
may how elapsed time travelling at a set spesd. Biocloglical mape have
shown how far a migratory bilrd, amimal or fish will travel in a particu=-
lar timw. Thees scales Brw somatCimwc mot« wceful than the standard scals
formate.

3.2.5 Grids

Grids are a system of vertlical and horizontal realarance linas, drawn ob
many maps, which anable & point to be identified by a coprdinate or
refarance number [fefer to Baction 4],

Grids, hovever, can also be ydsed as a scale 1lndicateor om a wvariety
of grephics. A grid of sguares having eides of knowen length, such ag a
¥ilometre or a mils, wsxtended over the drawing poarmlits an aasy identifi-
cation of gize, area, etc. In & series of related maps such a grid
provides a ready method of compariecn and ldentificaticon. & giid must be
drawn with fine lines or 1t will dominate the drawing becausa of ite
gecmatrical, and thatrefore, vislble nature.

3.2.% Comparison shapee

On some mappling prodocts which 1lluscrate an unknown or  unfamiliar
geagraphic area a ugeful gcaling Jdevice L1g the inclusicn of insets of a
itre familiar region and the study argn at the sama small scale. Trawvel
maps have long used this method, for gxemple "Londoh at the same scale’ on
a map of Toukyo.

F3.2.7 &Spacing of parallals
Parallals of latitude ara a get of east-wast linas running parallel

ta the agquator. Thay are a gepgraphle genstant which can alwaye he
tranclated into measurements of kilometbres or miles.




In latitude:

i1 ™ = rE11.111 ¥ilemetres c 600 mantical miles = 691.72 statutae
miles;
1i) 1™ = 110,01 kilomatrwer = &0 naptical miles = 69.172 statute miles:
i111 v = 1852 metres = 1 nautical mile = 1.15 statute miles.

Thus a differance af 4%  in latitwde must have the zame length in amy
regqion of the glcobe (240 nacvtical miles), and can be uesd ag 2 scale
indicator or base for calculatichs, unlease supremns Acouracy 1z nesded.

tThis iE & convanient averaas [igure corresponding to 457  latitude. It
varles from 110.57 Kilometres at the Eguator to 111.699 kilomebres at
the Pole.

3.2.8 Scale factor

Since the earth is essantially spharical, the only conslstently accurate
method of showing 4 large regleon of it Lls by constructing 2 globe vhich
can then be giveh & single scale. To transfer the globe shape to a map on
4 Flat surlface reguicves an organlzed and consistent methed of contreolling
the ipevitable distortisng. These mathematical and graphical fechnigues
AXd khown a8+ pap prolectlong and are diacosaeed later in this section. The
employment of any map projection, howewer, resulte in the ecale actually
varying in Jifferent locatione on the same map.

The labslled representative fraction [(R.F.] on the map i3 refsrred to
2% the principal scale while the local scale cavsed by projection digtor-
tion effacte ig known as actual scale and will vary from place to place.
The scale factor [S5.F.} iz a ratio of one to the other, thus:

Gocale FPackpr = botual Scale
Frincipal Srale

The scale factor 1z 1.0 on a gleobe, that is the actual s=2zla il agual
to the principal scale, and 1s gloee to thig figura on mogt larxrge-ecalw
maps. ©On small=-scale maps it can easlly vary from 0.5 to 2.0; thig trang-
lates inte a range pf scales from 1:5,000,000 to 1,24,000,000 on a map
wheose stated acale 1is 1:10,000,000. On the widely uged Tranevaersa
Mercator prejection the 5.F. of a 6% longitude zone varise only from
Q. 99950 to 1.00153. Similarly on tha MWercator projection, much ueed for
charting, thea 5.F. 15 Eimitead ta 1.016 in the Zone between i0® HNorth and
Bauth ol the Eguator.

The scale faster (5.F.) lg soldom, 1! aver, stated oo a map but it can
have zlgnificant weiffectz. The control of the scala facter is, therefore,
3 consideration in chooging B sultable map projacticon.

3.2.9 Area scale

It is gsometimes necessary to construct & map 5o that all srea propor-
tians are correctly veprasented, 1.e. one unit of area on the map (gguara
centimetre, square inch, ats.? reapresante A particular pumber of tha
gama equare unlts on the earth. Here again, the cartographer must first



selegct a relevant map projectlon which will allow this function. To
prevent confuslon area scalas are shown graphically rather than oumer-
izally. Thues the explanaticn will include » square which repregentg a
gtated number of sguare kilometres or mlles, acres, eLc.

1.2.10 variable scale

A3 discusesed earliar, he Llat map can exhibit true digtance Exrom all
pointe in all diractions simultangously. In sgme map projectionms the
gdigtance distortick 18 systemstls and a varlable =g¢ale rcan he conetructed
to enable accurate measuramants to Dg taken. This ig particularly true on
those maps containing & Mercator projecticon, &uch as aome nawtical and
asronautiral charte. This permits bhe dstarminatisn of scale Ln latitude
ol longitude desplite the wvast range in scale distortion.

3.2.11 [rther Bcales

Ratie, nominal, ordipal, interval, valus and logarithmic soalas Are
discugged in Section 9. The scale of awvrial photographs is described 1n
Section 8-

3.3 Secalae Changing

Hhen a map or graphis is redoced or enlarged, the soale will change
praportionately. If a drawing at 4 soale of 1:100,000 15 reduced to 50%
af itg criginal size, the scale will change to 1:200,000. Similarly tf 1t
1 enlarged to 200% of the original siza, the 1:100,000 graphic will now
have a scale of 1:50,000. All ecales, and especlally a scale statement or
an R.F., must ba carefully calculated and labelled for khe reproduction
gcale. The amount of reducticon or enlargemant, L1f reguired, must be khowh
precleely at the design astage. For thls reason the cartographer moet work
clpsely with bhoth the author amd the printer when making preliminary
design decisicne.

Cartographic artwork may ba photographically reproduced at 100%, reduced
or ahlarged. The scala chabge must be clearly identified if enlargemants
tor reductlicons are reguired. Tt is best ko use the designation which is
bullt into most process cameras, the devices whigh are uped to dg the
reproduction. Om these instrumenkts an identically sized reproduction iz
marked as 100%, To obtain a 25% redurtion in gslze the camera mugkt be aet
to 75%, apd the latter 1s what should be specified. "Reduce to T3% of
criginal®™ prevents the obwvicus errar of getting the camera to 25%, and
obtaining a drawing where avery line would e 1S4 of its originel elie.

Simllarly, to enlarge, the percentage on the camera settlng should be
epecified. Thux, if a drawing i3 requirgd vhere each dimension is twics
that pf the grigimal, fthe statement *"Enlarge o 200% of original™ and
not *100% gnlargement” showld be poted.

If there 13 =still a pogFibllity of <ontuslan, provide the operator
with a simple bar ecale to place on the cemera. Ikclude two lines [(lines
AB and AC] of carefully measvured lenuths on the drawing. Tha inetructicns
Ehould read "Reduce (or #nlacrge) AE to AC exactly™. This prevents any
confusion and enables the operator to physically «haek the anlargement or



reduction.

1.9 Geodesy - The Form =f the Earth

The fact that the earth 13z neither flat nor round has historically posed
a problem for cartographers, particwlarly when producing extensive chart
oty map serles, at emall or large scalas, which cover extensive geo=-
araphir areas. The exact ghape of the sarth now bacomes a major consider-
atlion. For large-scale individual maps, howvever, particularly thosa
of a thematilc nature, the wvarlations are not signilicant.

S5atellite images hava ensured that the roughly spherical shape of the
garth is pow accaptad by most people apd Lz ne longer a subject for
dispute. The exact shape 1, howevar, of distinct interest and 15 still
activaly under 2tudy. Az 13 well known, the earth hag Decomse $lightly
flattenad at the poles herauze of the effeckts of 1lte rotatiom. The
distortion is not cbvlovs - if the earth were reduced 1o a globe 1 meirs
in diametar, the amount of polar f[lattening would be only ehout 3.5 milli-
me ko,

Surveyor®s muat also contend with the fact that the maza of the earth is
not svenly Jdigtributed. This creates variations in the strength anpd
directlon of gravity, which controls the lggal horizemtal and vertlcal
curfaces with which the aurveyor muast werk. Sclentliats hawve thus pogin-
lated in theory an irreguelar epheroidal shape which takes the gravity
varlatione imto accounty it is called the geaid. The geocld shape le
higher under the continents because of the presence af a large rock mase
above sea-leval, as sean in Flgure 3.3,

The Jeald Ls oftean described axs & hypothatical surlace to which the
ooean would coofpoem [1.8. gea-level)] 1f fras to adjust to the sarth's
aravitational attraction and the forces of centrlifugal rotatlon. Gravity
studiles wueing satellites have now revealed that the earth'e gravitatilonal
field hae some distinct humps and depressions. The largest hemp 1x near
Hew Guinea, being gzome B1 metres high, while & major depression south of
India dips 110 metres below refarancs surlacs,

For mapping purposes an irregular zurface is highly undesirable, so tha
information must be tranaferred to a regular gegomgtryic ghape which can ba
calculated and which cleosely approximates the geqid. This shape 1ls known
ag tha ellipcoid and i a thrae-dimgnsional refgrence surface tFigura
1.3)1. No eingle ellipsoid 15 considered to be suitable for all surveys
and mapping throughout the world. FPor historical and pplitical reasgong a
numbet of different Eigures of tha sarth ara in current usage [(Table 3.11.

Recently the International Aseoaiation of Geedeasy has adopted new dimen=-
siong for p reference e«llipssld, called Ehe Geodatic Referance System
19840 [GRSEQ). Thig te the basis for & new relerence mapplng eystam, the
Horth American Datum 1983 (MNADB3).
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Flgure 3.3 The ralationghip between the regular ellipsold xurfnce
ard the lrregular geolid surface under contingnte and over
ocean baging. (After W.kh. Helgkanen, 1958]
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TABLE 3.1

REFERENCE ELLIF5IOS AMD THEIR DIMENSIONS

ELLIPEQID

Evarast [1830)
Besewl (13491)
Airy (18441}

Clarke {18607

Tlarke {1866)

Iptgrnatrional (14924)

Kragoveky (1640}

Astronomical Unian

IUGGE (1973}

EQUATORIAL RADIUS  FLATTENINMS USER
(Metreel
B 377 278 1730080 Indig
5 177 347 1/299.15 Japan, Germany
5 377 563 1/299 Great Britalm
5 378 249 1/293.47 Franca, S5.Afrlea
L 174 387 1/284.98 Horth Americas
B 378 358 1£29%.00 Intarnational
& 3ATH 245 1/2%98.30 h.3.5.H.
& 378 160 1/298.25
& 377 563 1/298.26 North America/

Intarnaticnal

rInternational Union of Geodesy and Geophysics

CIMENSIONS OF THE EARTH [(Based &t GRSA0)

Equatorial diametex

Folar diamater

Equatorial circumiaransa

Radiux ol tha sphars

hrea of the sarth

RILOMETHES

12 T36.3
12 T13.5

40 O75.1

6 371

510 064 500 kmi

STATUTE MILES {U.3.}
7 925.4
7 B95.8
24 801.5
3 949
196 236 DOD mi?



3.5% Hap Projactichs

The carteographer makea use of map projeactians to preasant thae
three—dimensional nature of the earth'e surfacs in the tvoe dimensions
avallable on a map or chart. As discusend garligr, Egr the purpozes of
medium and small-sesle geaphics the bhasio shape of the earth can be
apsumed to be spharlcal. A amall area of a large-scale map or chart can
be drawn without appreciable error hut for those products showing large
areas, and particularly for serles mapping, @ projection system is wvital.

Projectlons can be created purely graphically by projecting the earth's
turvad sublace onta flat saurfaces or developable surfares surch as cones of
ey¥linders which can be flattened. They can alsc be created mathamatically
or by a combination af the two metheds.

The 1ldeal projection wopld provide coreecst shapes, correct areas,
correct scale, coar¥act bearlngs, a good overall "fit* and esase of con-
struction. Qbtainimng all ar even maet of these properties 1s impoesible
52 the cartographer must eelect whicheyer [eature is the most 1mpartabt
faor a particueular map, or chooee a compromise projecticon, often one of the
g9 called "minimum error" types.

Correct shape is a characteristic ol cobformal forthomorphic] prolsc-
tions. It should be hoted that it 15 ondy possible to Hesp shapss Correct
over small areas. Confsormal prolestions presarve Ltrus angles and a
cunstant scala in all directions about a glven point becauge the parallela
and weridiapns cross each othey at right angles. This ls an essential
charactariztls for navigaational chartsz. Both the Mercator and the Lambart
Cemformal Conlc are ponformal projectleons and are widely used both foxr s=a
and for alr mavigational charting. Ae these projectlions preserve anglee
locally, they also may be used for graphics showing data based on angular
measurements. These might include tidal streams, lines of gravity and
magnatics, directlen of surlace-water mavementis, migrations, and bBathy-
metry. Navigational charting using cotformal projactions has beanb
undertaken for centurises, providing & ready sourcow of data Eor uze as bazwe
map lnfeprmation. Thig simplifigs the cartcarapher's task.

Equal arsa 15 alsc knaown as squivalence. Thie property can be pre-
garvad ¢n a map constructed from & projection such as Bonme's, but only at
tha e&dpanss of disterted shapes. This projection can be of great valire
Ior dieplaying spatial relationships and distributions. When the carto-
graphic symbolization requires an area or quantitative symbel, such as
water volume movement, an egual area prgjection is ngeded.

The attaitnment of full eqguidisztance, i.&4. the preservatlion of scale at
&1l points on a projection, is impeselble. On any projection the actual
frhle 15 continususly wvariabla; it can vary from polnt ta peoint and may
alaz vary in different Jddrectiopns. It 15 posslbles, howavar, to mailntain
correct scale where a projectilon gurface megts the sphere from which it is
darived, Salection of those points in a rareful manner <can reduce acals
arrors Lo & minimum,. Egual distamce can be preserved on Zenlthal projes-
tTions. Equidistant projecticons are a useful compromise hetween conformal
and equal area profections and they are often uveed for general reference
graphice. The area seale changes on equidistant projecticns are lessg
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dramatic than thoss on a confacmal prodjection and the angular errors are
loses than those of an egqual aree prolection.

Map projections may be classed in sevaral ways which are summarlized in
the insart included with this mandal.




- d] -

SECTION 4

4. LOCATION AHND RELIEF
1.1 Location

On the curved zsurface of the earth, position is defined by the universal
gyatem of latitude and longitude. All internaticonal and moat naticnal
geographic gazettaers use this system for locating ligted fgatures.
Small-scale maps atd marine charts vswally dieplay a graticule {ngtworkl
of meridians and parallals to assist in locating [eatures using thaeir
gecgraphical coordinatsas.

Marine chart graticules are based on polnts vhose latitude and longltude
have bheen fixaed by astronomical or satellite cbmarvationg. In contrasgt,
toppgraphic maps are surveyad and tled 1o the loczl neticonal gecdeilic
datum which i & relsrsnce natwork for horizontal leocationse. Thie
sumatimes yesults In a diecrepancy in the position of the graticule shown
ohn & codsta]l marine chart as compared to that shown on a topographic map.
Thie 1% one f the main reasgns for the rcurrent efforte to develop a
varld gecdetic datum bagzed on gatellite cbeervations.

4.2 Horlzontal Control

Establiehing the primary, horizontal control netwark reaguires the
determination of the latitndinal and longitudinal poeitione of the control
pointg through a3 procese known am triangulation (Figure 4.1). Thisg
invalves defining a startinmg line, called a bageline, and finding the
latitude and longitude of it end polnts. From this baseline a netwerk of
atraight lines 1g extended to the degired contrgol painta. The angles
formed throughout this network are measored, and trigonemetrical calcgpla—
tiong are uged to determing distances and logationg within the network.
Corractions must be made for the curvature of the sarth through calcula-
tions bmeed on spherical trigonometry.

The network that 1s measured to the highest level of accouracy ie callad
the flest-order or primary network. Once thls ix estaklished, second and
third=-srder networka can bg built up within if. Thege nevy networks
provide a denser array of contrel pointe as neaded for loral surveys.
UYpnally first=-order surveys are measured to an acguracy of 1 part im
25,000, secenf-order to 1 in 10,000, and third-order to 1 part 4in 3,000.
Leas accurate fourth-order measurements are uged 1f they 4o not reasult in
appreciazhles map Rrror.

4.3 Coordinate Systemsg

The rotational motion of the farth spinning on its axie provides two
natural points, the poles, upon which to base coordinate systema. Thaesa
ayatems are networks of intersecting lines Ygyeticules) inscribed upon tha
gloha to permit the precize logation of surface features. They are a
method of organizimg the concepts of dlrectliern and distance &5 that
a compreheneive system of relationehipa can be established. Two types ol
eystems ara 1in general usage Eor reference mapping: 2 gesgraphical



Figure 4.1 The ]princ.tpla ol triangulation. (Aftar A.N. Strahlar,
1963

Sysbern of guadnilatarals

Figure 4.3 B great and a smal) girele. ({After H.E. Roblin, 19469}
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aoordinate gyetem which wuses lines ol longitude and latitude to fix
positiong, and a rectangolar ocoordinate system, such as the Unilversal
Trangaverse Mercator TUTM] Grld System, whirh uvawe sastings and northings
ag the locatisnal tachaigua, Navigatlon charte, 1o contragt to thelr
terrastrial partner, the topocgraphic wmap, may be overlald with another
gao-ref#rencing system, the Loran-C matwork lattice (refer to Section
£.2.3F.

The terminalogy asscciated with coordinate systams includes the
following:

1) Great c¢ircle: & plape passing through the cantra of the &sarth
outting the surfare in a great circle (Figure 4.2F, a.g., all
maeridiansg and the eguator. An arc of a great oircle is the
ghortest distance between two points on the sarth's surfaca;

ill Bmall ocircle: 4 plane pageling through the earth, other than
through the cantre (Figure 4.3, e.q., parallels of latitude;

151} Polae: Tarminil tnorth ard south] of the earth's axig;

iv} Neridians {lines of lengitudel: A get of north-gouth linga
connecting the peles. Each merildian 1a half a circle. Two
oppogsite meridians make a great gircle {Figure d4.3};

vi Equatpr: The only great gircle perpendicular to the earxrth's
axls, and Jdividing the earth into northern and eocuthern hemis-
pheres;

i) Parallals slines of latitudel: A sot ol ocast-wast lines running
parsllal o the aquator (Figquee 4.3

vii) Latitude: The angls inorth and southr subtended by two inaginary
straight lines, onm axbtending from a given plase inwards te the
warth's centra, and the other from the warth's cantrea to the
equator [(Figurs 4.4);

viii) Longitude: The angle feaet or west of the prime meridian! subtend-
ed by tvo lmaginary straight lines, one extending 1lnwarde to the
garth's axis, and the other from the earth'e axis ta the prime
meridian (PM}, i.e. the meridian chosen for 0° which passan
through Greenvlch, UV.EK. [(Fligures 4.4 and 4.5]. Golng gast from Lhe
PM, the meridians are numbered up ta 1807 Pagt [(the eastern
hemisphere!. ©Going weest from the PN, the meridiaps are nombered op
toc tB0® Wast [the western hemisphere} (Flgure 4.4). Because the
meridlane converge at the poles, the 1 longliude interval decraas-
g6 from 111 kilometres at the eguatar to 56 kilometres at &0°
Worth or South and zero kilometres at the poles [Table 4.1);

1) Graticule: L network of lines repregenting parallels and mexi-

diane oh paper, i.e. gecgraphic coordipates which 2rxrs defined in
degrees, minutes angd Raconds;

%) Grid: Two sets of perallel lines crosging at right angles to form
gquares, 1.e. grid coordinatesn.
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Figure 4.3 (a) Maridiawns; (b} parallels. C(Rkfter A.N. Strahlers,;
1953)

Figure 4.4 The gqeoqgraphip grid of parallela and meridiane. Peint &
haa 2 latitude of 50 MHorth and a longitude pf 75 West.
(After AL.W. Strahler, 1963)
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TRBLE 4.1

TEE LENGTH OF 1" INTERVALS OF SELECTED LATITUDES AMD LONGITUDES

LENGTH DOF 1° 0OF LATITUGE LEFGTH 0OF 1® OF LONMGITUDE
Latitude Statute Statute
(Cegrees? Miles Kilometres Miles Kilometres

1] &H.7049 119,369 BR.172 111,322

5 aB.710 112.578 f8.911 110.%02
10 GH.T2% 112.603 48.129 109 5473
1% GE.THI] 110.644 a&. 830 107.553
24 68,748 110,701 653.02% 104,850
25 6B.820 119,770 82.T729 100,953
a4 GE._BTD T19.859 59.954 0g.490
35 6H.935 T10. 941 L&.725 91,2490
40 &H. 9973 111.034 53.063 B5.397
45 5. 054 111.132 48 .9495 TH.RED
11| e 115 111231 41.552 11740
kL 65,175 111.327 19,768 a3.0867
BA Ge.230 111.415% Jd.eld 55.803
ED 6. 281 111,497 29.31% 47,178
FL!| 69,324 111.567 £3.727 3A8.188
15 63.360 111,623 IT.260 28,5049
g4 659,388 111,885 12.051 19,394
B3 &8.442 111.6492 &.09% 5.73%
4 &9, 4407 111.700 0.000 0.00¢0

Baged on Clarke €illipsold of 1866, from 0.5, Geslagical Survey Bulletin
6530, "Gecographic Tables and Formulas™ by 5.5. Gannaett, 19156, pp. 36-37.
[Aftar A.N. Strahlar, 1975}

Figurs 4.5 The prims (0°) and other meridiane from the ALEpective
<f the Horth Pole. [After A.R. Grime, 19?E—E¢?
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4.3.1 Geographical coordinate syetem

The geocgraphical coordinata syetasm was developed from concepta ori-
ginated by Greek philesophers before the Chrisgtiam era. It is the primary
system used for basic locational reckoning, soch ae navigatleon and survey-
ing. The system 15 basically one ¢f spherigal coordinates, the meridians
and parallals being nelther straight nor egually spaced. It is opseful for
mapping larga areas &nd the peasvrement of distances and directione in
angular maasire of dagreaes, minutes and seconde. A rectangular coordin-
ate system which 16 far simpler in construction and usage may be supar-
imposed on the gasgraphical coordinate system.

4.3.2 PRectangular coocrdinate systam

Tha Univeraal Transversa Mercator (0TM] Grid System 1£ an intercnational
syatem which provides rectangular Jeid zones for the globa bEstwean
latitude &0° Scoth and BO"Morth. Foleward «f EO°, the Unlversal Polar
Stereggraphic Grid System 1s used., These syctems are named after the map
prajecticns on which they are based. The UTH Grid System zonsiste of ED
grid 2anes, each 6% of longlitede in width [(Figure 4.6). The origin (07}
ol the grid 2one ie the lpteraection of the central meridianm and the
aguator, koth straight lines. The grid 1s a network of 1,000 matre,
10,000 mecre or 100,000 metre aguares, each ildentified by the grid
cogrdinates of lts lower left hand corngr. In stating grid cgoordinates,
the number of metrss asast or eastings (riaght) 18 glven first, followed by
the numbar of metres north or northinge (upl). The procedurs 1oy reading
UTH grid coordinatas is axplained in Figura 4.7. In ordar to have all
gastings increase towards Ehe right asrose the entire zone, tha cantral
marldian is givan the arbitrary value of SO0,000 metkes aact. The aguatar
16 glven the valus of ¢ petres porth as the relerence line for northings
lpcysssing vp to tha BO0th parallel north. For the southarn hemilzpherae,
tha squateor is given the arbitrary noerthing of 10 million metrss north, s
that northinge begin with their lowest value at B07 South latitude and
increass northward to attain that figure at the sguator. The Univereal
Tranzveares Marcator Grld Eystem has now bean widaly adopted for topo-
graphic maps, relerancing of satallite imagery, watural rascurce data
bases and similar applicaticons whlch requirsa precise positioning.

3.4 Vorticoal Datum apd Control

Tha first etep in setting up a vertigal control network i1a the deter-
mination ©f a starting level, or datum. The most desirabla level for this
purpose ix the surface of tha geoid; it there wera no tides, the surface
of the ocwan would providsa thes reqguired sarface. For this reasaon,
mAaAasurametts that eliminate soa leval wvariations due to tidal action arme
used to wstablish the sea lovel datum. The astablishment of this level or
datum reguires the recording of tidal levels avery hour gver a 19 year
pariod. These raadings are then averaged to establish & maan detum known
ax Mean S5ea Lewval. Tha North Amarican Datum baged on Hean Sea Leval has
£ Far boen adjusted twice, 1n 192% and againm in 198B3. Haan Seas Laval
{MS5L} 15 in tact a datum which fluctuvates according to atmospheric
preassuxrw changes, winde, tidal torces, etc. Yariations of up 4o one metre
have bawn noted. [Despite this, MSL has been adopted by most countries as
thelr topographlc vartical reforance datum.
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The UTM grid zone near the eguator and at 45% Horth.
Ztrahler,

iafter &M

Figure 4.8
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Figure 4.7
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The procedure for reading UTH grid coordinates.
Canada, Dapatrtment of Enelrgy, Mines and Resourcas, m.d.)

ANYONE CAN READ
MAF REFERENCES
QUICKLY AND ACCURATELY
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In contragt to topographic maps, marine charts must show helghts asnd
depths above and below the water surface at any glven time. Thus marins
charte ueg two datums othar thap MEL Lo meet thewe regquiremente.

The most important information on a2 marine chart is the minimum depth
of water at any givenh point. Tharefore the primary referancs datum used
for marine charts 1ls Lowest Mormal Water Level. Depths belaw thie level
ars known ag soundings. Im the intertidal zpnes, heights are measured
upwards from the game level apd are mormally underlined on the face of
the eshart. Some charte uge the word "drieg" next to these flgures and
refwr to them ae drying heights.

The other datum is chosen to identify the land areas on these charte.
Tha phenomensn of spring tides, the twice monthly peak of tidal range, ise
generally used to determina this datum. It may be labelled as Higher
Water COrdinary Spring Tides, Mean High Water Springs, Hlghest Astraonomlical
Tide, Mean HBigher High Water, etc. The variety of mapping and charting
datums i illustrated in Figure 4.8.

on lakw charts, the horizontal detum, projection and grid are usually
identlical t¢ surrounding topographilic maps. Ag with sea charte, howaver,
the lowest water level mpst bYe asdopted as datum for vertical control.
Hany lakes have a wilde geasgnal variarion, mpartlcoularly thogs with no
outlet. The elevation of fthis datum above Mean Zea Level ghould alvways be
quoted. The cholce of chart datum 13 wswally more Jifficult im inland
vaters than coagtal waters becavase the {ocrmer lack the stablliz2ing
influence the ocean exertg onm the mean vatear level. Escauss a rlver
degcends from its govrce to 1tx mouth, chart detom must slope similarly to
the water surface of the river at low stage to avold constant datum
variations throughout the length of the rlver.

In contrast to depth measursments, the elevations of promirent targets
{e.g., beacons} and clearances under obstacles [(e.g., bridges] are
retferred ta the datum for elevaticons (Figure d4.8). On mogt Canadfian
charts this le the HEWLT (Algher High Water, Large Tidei.

Benchmaxke (BM! are fiwed wlevation markers. In Canada, the Geodetlc
Borvey of Canada lacate goaosdetic benchmarks in relation to the national
geodetic datum. Similarly the Canadian Hydrographic Service 13 reapons-
ible for hydrographlic benchmarks which identify locally the slevatlion of
the physical surtace used as chart datum. Although it 18 not necessary
for charting purposes, it 1s deslrable that chart datum be referenced o
guodetic datum, so that the geodetic glevation of chart datum can be
supplied to survéyore and documented on charte.

4.5% HRellef - The Third Dimension

Most pegple think of location only in horizontal terms, being unaware
of the important third dimension of our environment - the vertircal. For
certain applicatiene the vertical dimension is an important and eometimes
critical factor which cartographers msust portray within their two-dimen-
tlonal graphics. In the marine environment, huge and unwisldy ships muat
manauver A scAnt few metres abowve unsesn and potentially lethal terrain.
An up-to-date nautical chart will show a navigator the topography of the




30

Belation bBetween tidal surfaces,

charting datumg and

Figure 4.8
physical Eeaturas. ({(Aftar W.D. Forrmster, 1983}
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MWL — mean water leve]l — gverage ol all howly
water levels over thw available period of
regatd,

HHWLT — hicher high waner, lurgs tide — aver-
ige af the highest high waters, one feom
cach of |9 years of predictions.

HHWMT — higher high water, mean e — aver-
age of all the higher high waters From 19
years of prediciions,

ELWMT — lower lovw water, mean tide — average
of a1l the bawer low waters from 19 years
of predicricons.

LLWLT — lower low wialer. lange tide — averige
o the bowest low waters, one frowy gavh of
19 years, of predictions.

LNT — lowest pormal tide — in presen) wsige it is
synonymous with LILWLT, but on older
chanis it may refer 1w o vaniely of low
waler chart datms,
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ocgan bottom s that he can sataly navigare the undervater valleys and
ridaes.

4.5.1 Spot valuws

The simplest rapresantation of swrface elevation ig the uzae of zpot
valyas to indieate the measurement of helight or depth whirh applieg at
that particolar point, The epot 18 rrepresentsd by a gmall point gymiool
with a numher beside 1t indicating the helght or depth above or balow a
refersnce value or datum. On topographic maps and asronauticeal chacrts the
measurament of height is relativa to Mean EBaa Lavel; obh marine charts
depth and height are relative to tha selected chart datum.

Oon topographlc maps, spot values known as epot heights, are shown for
some phyeically monunented bench markse on the ground. ©Other significant
locationg sauch as hillitope, mountain passas and road intersectione are
also glven spot heights (Figure 4.%). On nautical charts, depth soundings
ar« spot valugs that ghow the depth of waker (Figure {&.101]. Spot helghte
and deapth soundings ere very simple and are accurate for the speclile
point chogen. They do not, however, provide a graphle effect of shape,
ngr do they indicate wvalues located betwsen tha spots. EBecadse of this
limitation the map wlewer cannct easlly visualilzem the characteristice bof
the surface beling displayed. Spot heighte and depth scundinge are most
pften waed as an Information supplement to some other technigue of showing
gur Eace glevation.

Hautical charts have traditionailly shawn a large numbher of depth
gongdings, 1n addition to isalines or depth contowra, to indicate to fthe
mariner the reliabllity of the informatiom from which the chart was
derived. With the increamsed accuracy of detall of modern marine Furveys,
hovever, many maring charting organizationg are now Jdroppling this practica
which simplifies both the production and usage of thess visually morse
appealing products.

4.5.2 ©Contours

coptours, or ieclinec, are by far the most widely used method of
portraying religf or depthx on maps and chartg (Flgurw 4.92]. They nay ba
defined ax lineg of coostant elevation or depth; thay are imaginary but
they appear on the map as real lines.

contoure can ke cbtalned in sevaral ways, including:

i] traditional surveyiby technigues;
11]) hydrographic survaying;
il1l] iptarpolation from spot heights or depth soundings:
iv] photogrammetrie plotting;
v] dropline techniguas in orthophoto preduction;
vil]l converslion from othar maApping.

Unforcunately, it is rarely possible to determine the origin and natura
af contours on A given map. In particular, the reliability of inter-
polated or skatched contoures will vary from map to map and with the skills
af the map maker. Contoure on sany older mpaps shovld be traated with
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REelle! as portrayed by contours. f(ifter Canada,
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Figure .10 Meutical chart showing depth soumdings. [(Canadian Hydro-
gqraphic Saprviees, Chart oo, 4332}
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gueplcion unleegs details of the accuracy are provided. Obtalning accurate
cantoure by traditiconal survay technlgques 1s tedious and will often double
the coet of a given survey. Henoe, many contours have besn interpolatad
from minimal survey Jata. Generally apeaking, nodern photogrammetrically
plotbted contours are drawn with a large amcunt of detail, therefore their
accuracy will <I[ten reveal the errorz existing on older mapping.

1.5%.2.1 Harine contourg (Figure d4.1113: Surveying the ocean floor is
st1ll subjact to conelderable difficulty, as boats and water surfaces are
normally in motion during a survey. Accuracy of positions at sea, untll
the advant of satellites, depended on the distance from shore. High sean
posltianing historlcally depended on astronomic cobservations using
saxtants, which were not noted for thelr accuracy.

Depth messulsmnents are taoken relative to arm artificlal Jdatum gurface
becauee the actual sea level ie conetantly fluctuating. There are alao
gevernl Jifferent reference datume in usage, for example, those used by
Britain and France wary hy 0.6 metres. For reascdns of safety the French
ea the Approximate Lowest Low Water, while Britailn has used one which is
.6 metrgs below Low Water Mean Spring Tide.

Most nautical charts are hotable [or the density of spot depths,
but the spote are not avanly distributed, being concentrated alcong
havigation routes, at rivaer mouths and shallew areas YFigure 4.710).

It 1is important to note that hydrographlec charts, deslgned for navil-
gaticon, and bkathymetric charts, daesligned to daplct marine topography, will
b2 contoured differently uwusing the same data. Hydrographic charta empha-
slze shalliw water zones as a delliberate safety [actor. Bathymetric
charts are tha marine eguivalent of topographic mapss ths interpolation of
contours is baged stricEly on the epot dapbkh values and the distance
bBatwesarn tham.

The accuracy standards oI marine mapplng are ovan more varled than that
of lapd mapping. In ganaral, the continental shalves of the world have
bean poorly mapped by medern standards. In Canada, for instance, only
E0R of thouse areis carrying commercial maritime traffic are up to modern
mkpping standacds, abhd in Arctic waters it is less than Z0%.

4.5.3.2 Vertical or contour interval: This is the vartical distance
botwesan twon adjamanrt =ontoay linsas, It i& umwally & constant dhit ap
topographlc maps whereas many hydrographic charts utilize a number of
diffaring intarvals. This latter eystem 1s of great benefift to the map
user becaunsa it 1s tha wvertical interval which largely controls the
effactiveness of contours in representing the terrain. Any featurwe
whase helght i less than the vertical interval will pxobably not be
identitised by the contour pattern. therefore a great deal of *micra-
realiet® information that may be of interest to some people Lle lost on
standard topographic mapping. Selecting a smaller gcontour interval in
arwss of low relief is an obvious sclution which 1= not used snough in
thege dayse of standardized presantations. cConversely, inm moantzinous
regiong the contour Interval ehould be kapt larger to prevent overcrowd-
ing. Since varying sontour Lntsrvals could lead to congigtency proableamsg
in geries mapping, 2 Byetem to ealact coantour epacings Eor various map

cales is necessary. The most comprahensive egystem for that purpose was
developed by the noted Garman cartographer, Eduard Imhof. Saw Table 4.32.
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Figura 4.11 Examplea of bathymetric cohtours.
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TABLE 4.4

CONTOUOR SPACINGS FOR VARIOUS MAP SCALES {(kfter E. Imhof, 1965)

3 B C
$CALE i A 3 4 ) & 7
12,000 1.0 2 2.7 2 1.0 1.4 .5
V5,000 2.5 5 5.7 & 2.5 z 1.4
1214, 000 5.0 10 10 g L 5 2
1:25,000 12.5 10.2 15 2D 1 10 2.5
150,000 25 20.35 29 20 10 10 5
1:100,000 S0 50 47 oh 25 25 5
1:250, 800 125 100 B3 130 1) a0 1o
¥:1,.000,000 500 200 200 200 100 106 21

contaur spacings in matres
Kay:
h:  STEEP RELIEF [slopes up to 457

1. Smallegt contour interval for eate of draving.

2. Most commonly used vertical intearval.

3. Theoretical contowr interval Dased on empirical formula.

q. Recommended interwval for pripsipel contours.

5. Recommended interval for intermediate contour wvhere those are

necegsary to deplct feafores which would normally be omitted.
B: MEDINM RELIEF 1alopes up to 28%)
B Recommended contour lnterval,

Cr LYW RELIEF (slopee op to 97)

T Hacommended contour interval.



Intermediate or auxiliary oontoure are a splotion to the problem posed
ahpve. They are inserted between contours of standard vertical intervals
to 1llustrate sligrifficant mingr features. To ensure that thelr hon-stand-
ard nature doas not confuse the reader, they are drawn vith broken or
datted liows or, ofcasignally, in anothar eolour.

b contonr line 1 wf littles vge to 3 map reader unless its walus can be
easily idantliled. Humgrical walues are placad in shart gaps in the
approprlate line and aligned with the local crientation of that line. Two
different conventlons have baen developed for numbering contowrs:

1) the "top" of the numbar indicating the wvp-slope direction
tugs lope];

1i) numbers placed such that they cen be fagily read from the normal
bage viawing posltish of the map (upright!.

There is no rule which contrals the number of contour neombers on a map
sheat. The wnly oulde iz rhat the map user must be able to obtain the
acaurate relevant informaticon required with a minimum of elfort. The
frequency of the number placement must be Judged accordingly. The viewal
ladder effect created by long strings of numbers ghould be avolded bercavge
it is highly dfsruptive. In contrast, totally random number placement 16
difficult Foar map readers to Lnterpret.

4.5,2.3 Indax lines: Many mapy have a high deneity of complex isclinee ar
coentourg. Withowt a wiswval aild the reader can become disocriented and
miginterpret the information. fonwventicon has every fourth or EfiEth
line drawn wvielbly widar to aid in inmterpretaticon. The selection of tha
fourth or f£ifth lina as the index Jdepends on the cocohtour interval. The
most rounded apd comverlent gcontgur interval ghould be gelected, for
example, 2 map with 2% metre rontowr interwvalas would show the faurth or
190 metre line as an index.

4.3.2.4 LContour acocuracy: A8 indicated esrlier this iz not easy to
ascertain. The most rellable contours are normally thoses derived photo-
grammetrically, although thelr =ztandards can vary widely. In HWorth
America the abgolute accuracy standard gpecifles that contour lings mugt
be positiaoned withim a band representing one half the contour interwval
abkow¥s and below tha true elevation. Thies is adeguate foxr moet emgineering
purposes bot contours cannat shew true slope orf variation in tha terrain.,
unlese the interval 1z much smaller than the absolute accuracy standard.
Irterrpdiate contour= zhould not ke interpolated bBatwean the contours of
an existing topographlic map because the land dosas nol necessarily slope
evenly between twh contours.

1.5.2.5 fontpgur characteriseticsg: The following le a list of contour
characteristiecs:

1F Cantours &re always horizootal and perpendicular to the dip
aof the land, i1.w. the directisn 1in which water weowld run at
that location;







i1t All contours are glosed lipes, unless out off by tha margin of Lhe
mag;

ili] Contours beoome clogary ag the alope of the terrain eteepens;

ivl 9n cromoing rivers, contours will point upstraam excapt on a
faw alluvrial fans!

v} If the cantour interval is too largu, 1ovw relisf wlill not be
recarded;

vit Nelghbouring contours do nfeb croes orf touch aach ather, with tha
exception of cliffs and overhabgs.

9.%.3 Hacthures

Hachuyes have historically been a wery important and comman method of
ahowing relief and slopes (Figure 4.12}. Thay consist of short (often
tiny) lines arrangad so that thay [ace "dowahill™. Exah bhachurs 1ine lies
In the diraction o[ the steepest alope. 3n steep 2lopes they are shart
but cloge together, and on Elatter slopes they are longer bpet further
apart. They fan alao be drawn with a wvariety pof line widthe, heavier
line=x indicating ateeper eslopes.

These technigues cam be gQuite precise and prodoce a good wisunal impres-—
glon of relief. ‘They are, however, extremsly time conauming, and carto-
graphers need coneiderable practice to use the techolgue effectively.
2lse the black hachure lires on the map fare tend to hide other detail.
For most applications the cost and time involved in producing these
eymbols are prohibitive, aspecially as there are bettar mathodes of showing
relief.

d.5%.4 DOther technigues for szhowing relief

There are a growing variety of ehading techmiques, aveh az illuminated
cantsurs, klll shadling and step surface shading, which are replacing
hachures as a means of showing relial. Complex terrain cam also be
portrayed by lllustrative ftechnlques, [or exaople, rock drawing and the
ugg of physlographic and landferm symbols. Details of these relatively
gsophigticated cartographic technigues can be obtainad from more special-
lzed taxts.
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SECTION 5

5. BASE MAFS ANO THEIR CONSTRUCTIGH

Before thematic or marine rascurca mapping oan prosesd it 1le aszantial
to anderstand the content and construction of bage mape which constitute
the fouhdaticon on ¥hich thenatlc information is overlald. Base maps are
genarally in the form of topigraphic maps or hydrographic charte.

5.1 The Topographic Map
%.1.1 Function

The topographic map presents the cultural amd physical features of the
land, usually in varicous colours, and gives thelr sxact geocgraphic
location in terms of latituda, longitude and elevation above sea level.
Features on a topographic map may be claseified inte fcur maln divisions:
vater, relief, culture and vegetation {refer¥ to Section 1).

Ee1.2 Srcale

Three methods are commeonly used to express acale on maps ‘refear to
Section 3t. Thay may he summarized as follows:

i) representative fraction, which is the proportion of map digtance
ta true distance axprasssd as a mathematical ratig, e.g.,
1:2%0,0040¢f

1i] scale statement, which 1s a written statement of map distance in
relatlion to true distance, &.3., 1 centimetre = 10 kilometres;

iil] bar scale, whlch consists of one or meore graduated straight lines
which are subdivided into units of groumd distance.

Topographlc maps are commonly produced 1n one of five efales:

i1} 1:35,.000 - 4 centimetres to 1 kilometre or approximately
2 1/2 inches tg the mile;

1i) r:50,000 - 2 centilmerres to 1 Kilomektre or approxi-
mately 1 1/4 inchas to the mile;

114i) 1:125,4000

1 centimetre to 1 1/4 kilometras or approwi-
mately 1/2 inch to the mile;

1w]) ¥z250, 000

1 centimetre fto 2 1/2 kilometres or approxi-
mately 144 inch to the mile;

w1 131,000,000 1 centimetre to 10 kilometres or approxi-

mately 116 ingh to the mile.

Kany countries, howaver, still use older mapplng at 1:63,380 ar 1 insh
to 1 mile, and 1:15,840 o 1 in2h t2 174 mila.



5.1.3 Gesgraphic coordinate system

In Canade, for sxample, the Natlonal Topographlc Seriese uses the Trans-
verae Mercator projection ae the geocgraphical coordinate system of
latitudes and longltudes on which is superinposed the UOTM Grid System;
Canada 1§ divided into sixteen Worth-Sowth etripe or zones of 6% longitude
lrefer to Sectigon 4.3 and Figure S5.117. These &trips are part of the
world-wide UTH Grid System of S0 zones.,

5.1.4 Praoduction
The key stages of topographic map production are as Followsa:

5.1.4.1 Aarial photography <f ared to be mapped. An alzcralit egquipped
with & special aerial survey camera, [lying at a speclilc speed and an
Altitude of 5,000 Lo 10,000 metres, takoe & succesfcion of photographs of
tha tarrain in parallel steips with 20-40% overlap laterally and &0% in
tha direction of Blight {Figure S5.7). Thus «ach portion of land appoexrs
at least twice in the photo serles;, a necessity for producing a three-
dimeneional vizxgal model (image]l from which the map information Ls
derived. herial photography ta repeated reqularky to preovide pp-to-date
information for the revigion of topographical mapping.

£.1.4.2 Giving the aerial photograph & geographle lécation: An aerlal
photograph provides oniy A uisuaE two-dimenslonal represantation of the
tarrain. It does not show the height <f mountains, dspths of valleys,
ate.  The Eollevwing are the procadures reguired to astablish thae exact

Jeogqraphic losation ol each photograph so that the features of the photo-
graph can be accurately trangfgrred Lo 8 map:

1! each photograph 1% aiven a grild to permit ipterralation with
adiacent photographs;

il) field surveys astabkliceh primary contrel points by measuring their
exact latitude, longitude and height above gea level.

Primary control pointe establighed by aurverors in the fisld inclods
the Eollowling two types:

i} wertical control points, or bench marke, which provide a prucise
height above sea leaval:;

i1} haorlzantal control polnts which provide precise latitude and
lengitude cosrdinatas.

The primary control points are marked with a white croge and photo-
graphed by an aircraft fiyipg diractly above at a pradatermined altitude.
Thigs cperatleon ties some of the aarial photographs to a precise ground
logation, a primary controcl pelnt. ApproXimately one inm ten aerial
photographe 16 poslitioned by thizs method.



Flgure 5.1 ITH zaones and central meridiame for Canada. [AfteT
Canada, Department of Energy, Minee and Resources, 1976}
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Figure 5.2 Lateral and [orward overlap of asrial phetegraphs.
{After Canada, Department of Energy. Hines and Basources,
1976)

Laieral pveriap. Forward owariap.
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Sgcondary contral points, such as buildings, river Juncbkions, head-
landg, etec., are chosen to fix the poasition of the remailning photographs.
These controcl peoilntes, ldentified by subveyors in the field, may include
the following twe types:

i1} tie pointe, used teo mathematically tle togethar the adjacant
photographs;

il} pags poilnts, which are only used ih derotriangulation bo assist In
the mathematical adiustment < resguremente f£o1 the vhole area.

Measurement &f latitude, longitude, and helght above aee2 level for the
gecondary control points is sstablished by asrotxiancoulation. In thik
syatem the grid of the asrial photogreph I used To provide grid coor-
dinatas for the secondary control points thet cccur 1m the photegraph.
With the aild of a computer and coordinate geometry, the lndividual gride
of gach aerial photograph are combined inte one common grid for the whole
arga to be mapped. The Iatitwde, longitude and elevaticon for the
gecondary control points are then calculated, basad on thelr position
relative to each othar and the pracisely survaeyad primary cohftrol points.

5.1.4.3 Plotting the map (Pheiogrammeteyt:  Photogrammetry Ll a process
by which information lsx transferrad from the zerial photographs to the map
manuEcript. The proceeg congiste of a number of phaseas:

1) The photogrammetric compiler firet produces a three-dimensional
vigual mgdel by viewing two overlapping aerlal photographs of the
samg ared Laken from Jdlfferent comera etations in a starecscopic
plotting machine (Figuew 5.3). Thw modal ieg positisned and
axpanded or contracted to fit the reguired scala according to the
aecoendary contiel polnts, l.s. the twvo awrlal photoyraphs in the
atarscscope are lavelled to corrsct horizontal or vertical dis=-
Placemant dus to the tilt or heading of the phatagraphic aireraft;

ii' &4 manyecript is produced by traclma the reguired features con a
Bheat of tranalucent plastic. The photogreammetric aguilpmant
has a small fleating mark in 1te vigwer that the compller mnovas
throughout the model to trace any feature. A drawing gtylus on a
connasting dratting table follows the movement of the floating
mark and aketches fine lines acrggss the manvgsript. For centousr
lines, th# coumpiler sets the wvartical height reading nf the
afgitipmant at & salacted plevation. The mark im then moved thravgh
the visual thraa-dimansional model so that it always appears to be
in gootact with the ground at that level, thus plotting a path of
equal elevation, a contour line,., The initial mahuscript inform=
ation shows cultural features, watar, vYegetation and contours.
The infeormation en the manuvgcript ie varliied By ground checking.
MMlditlohal names, approprlate symbols, #tc., are npow added.
The manuzcript is then edited and ingpected befors the carto=
graphlc procass begine.

7.1.4.4 The cartographic process: This procese translsrms the initial
menuscript information into eeparate negatives from whiech printing plates

for sach printing colour are made for map reprodustion (Figure 5.4). Eix







bagle colours are normally used in topographle wap making:

1) black, for celtural features;

11] blue, for water systems and gridj
i11)] brown, for contoure;

iv) redferange, tor road systemsg;

v] green, for vegetation.

Three types of negatlves are produced to make the printing plates for
each cwlout:

1} Line negatives {refat to Sastlon 11): The manuscrlpt base shest
15 photographed or contacted to negative form. Using the pegative,
2 guide image 15 reproduced on scribing fllm by a photo-chemical
method. Scribing film is ¢lear plastic with & coloured coating
which is sCcribed or engraved (Figure 3.5] along the guide lines
produced by the negatives on the coating. Tha end result i 2 line
negative;

11] Type aoverlay negatives (rafer o Seation 11): These show goo-
graphic names, labels, wlevations, figuree and bordering informe-
tiap whish mey appear on the fipal map in more than one colour
{m.q., bhlark fcr land features, blua f{or watar E(eatures and brown
for elevation numbars on contour linas)l. Saparate type nagatlves
are, therefors, produced for each colour,. Each type Lltem 1s given
a type style and slzae. Thae type is poasiticoned on a plastic overlay
gheet in the place it will appear on the wAp, Using & lins positive
of the basa as an ocutline guide. The type overlay 1le then conver—
ted to a type hagative by the contact procass. For relativaly
slmpla jobes a single type overlay and single type negatlve are
usually sutficient. This spves conciderably on reprodustion coxts
and also makas checking sawler. Colour separatlion of the names ls
peroonplighed with masks:

111} Area negatives (refer to Sectiom 111: Normally called "peel
coate¥, these are alge termed "open windew® or *artificial®
negatives. They are used to produce argas of 99lid or tinted
colour, #.J., blue area for water. The linavork image on a shest
of acribing film or ling negatiwve 1o gtched photomachanleally onto
genelitized peelable material. The coating ie then peelsd from tha
area to bk colouwred or shaded, %o that it becomes & clear plastic
window.

Compoisite negatives Ifor each o! the printing colours are then produced.
Alignment of the indlvidoal negative components 1 assured by punching
regqigtration holes in sach negative which pra fitted to metal pins
¢r bars. The cartographer then prepares a celcour proof [(refer to Sectlion
12.1.11}] of the map, from all of the composlite neggativeg, for editing
DurpaEes.

5.%.4.5 The printing plates: A colour plate for each of the printing
colours 1s produced by ekposing the image onto a right sensitive printing
plate. This i1 achiaved by shining an arc light thropgh the compogltie
rnegative for that particular colour inm contact with the plata. The
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Figure 5.3 Soribing, (Atter International Cartographic Assocliation,
15841

Flogure 5.9 Hap borders and margins. tAftar A.J. Kars and
F.J. Oxtaby, 1377}
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Jacgueread arsaas an the printing plate which show the map image retain
ink and repel water; the non-image areas retain water and repal ink. The
plate 1f pliakle 50 that it can be shaped around a cylipnder. 3ingle paper
ch#sts are then passed through the press and printed with the baslic colour
images and their tint variaticne (refer to Sectiom 12).

5.1.4.8 Automated cartography: 211 information that appears om a map
can be digitized, i.e. converted into the cohputer's numerical code form.
It ¢an then be filed as computer data on magnetbtlis tape or on hard or
floppy disk for selecticn by tha map maker. Digibkized data can ba fed
into an automatic plotting machine to be reproduced as a map [refer to
Section 14},

Information cam be digitized directly from the photogrammetric plotter,
thus avelding the stepa of preparing an initial map manuescript angd manuwal
digitization. After checking and editing, 1t can be avtomatically secribed
on zerlbing £ilm for the production of printing plates, or the informationm
may b reproduced by a photo=-head pleotter on phaotographic £11m.

L.1.4.7 The finighed product: In addition to showing the Epatures of
part of the earth's purface within a given framework (graticule or gridl,
topographic maps contain marginal and border information. The type and
pﬂg?tiﬂn af this information has been etandardirzred as follows (Figure
.G

1! Margin: the area of paper surrounding the outer Framework of the
mag:

iih Meat line: the line (graticule or grid) encloging the mapped area;

111} Bonrder: the area between the neat ling and the outer framework
af the mapr

i17]) Map face: mapped area enclosed by the neat line.

The following 18 a list of items regarded as esseantial information for
inclusion in the toppgraphlic map margin (Filguee 5.7) and may be useful as
a checklist when designing mape in gengral:

i) sheet neme or title;
ii! series numbar)
11t} shest number;
iv) edition designation;
v] identification panel (containe 2nd, 3rd and 4th 1temg above];
vil dats of aerial photography usad for map compilation:
vii) date of aerial phoetography used for map update:
viii) ares of coverage ol tha serles [eeries titlel;
ix) representative fraction scaler
®) graphic bar gcale;
xi) unit of elevatlion uvewd, &.d4., webras or feat;
x11] contour interval and unit, o.¢.. 2 netre contour interval;
xili) conventional signe [legandl;
¥iv) mlevation tint box;
¥v] index to adjoining sheetsg;
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xvi] notes concerning gridis);
xvill} inetructicne on the vse of the grid reference system;
xviil} declinaticon diagram {intsrmaticn on the relationship batwean true,
grid and magnetic northi;
xix} projection and datums;
2} namas and boundaries disclaimer nokta, w.4g., "This map LE not
an authorlty on international boundaries®;
xxl} publication note, &.g., name of publishing agancy;
¥xil} history note, &.9., type of producticn and list of seoursas on
which map is based;
¥xlil) copyright noke;
¥Xiv!) printing ncte and printer's imprint, Ll.e. distinet from publisher's
ONAMmE .

The following 1 a list of itams regarded az «szentlal for inclusion as
map border information (Figore 5.8

11 gecgraphical cocrdinates of the sheet cornars;
1i) values of graticule lines or ticksy
Lil}! grid values;
iv! destination of road o rallwayas:
vl that portion of a mame which overlaps into the naXt shaskt,

Optional marginal ard border informaticon may include the followlng:

i] compllatice diagramsj
1i] gloseary of terms;
11i] bhoundaries diagram;
iv] convergion diagrams, &.g., metras to festy
v] reliability diagram;
vi] representaticn of relief diagram;
vil] other ltems which mgy be reguired in gpeciflic ipstances.

5.2 The MHarimpe Chert

5.2.1 Function

A marine chart 13 eggentlizl for asafe navigation and the practice of
gurveying and charting water for the poarpogds of navigation is known as

hydrography. Marine charte are ilmportant to a2 number of economic sectore
including:

1Y gommerclal shipplng;
il) Eishing f[leets;
1il}) aquaculture oparations;
iv?! ofleghore and coastal oll and gas industey;
v) coastal mines And Industrial plants;
wi! recrestlomel salling.






5.2.2 The hydrographic suryey

The fundamental operation it hydrsgraphlc eurveyipg 13 sgunding, that
ig, measuripg water depths. These arga indicated on 2 chart by the follow-
ing conventlons:

i} depth ssundings rapraganted by a point symbol with a number
beside 1t indizating the dapth;

il) coptaur lines, referred to as bathymetric lines in marine charte
which j0ir soundingz of equal depth:

1it) oalevr codipg, which indicates an lncreasgs or dacrease in depth by
the use of varying tints of a colour.

For centuriss sourdings ware obleined by a lead weight tied to & lirme
lowared over the slde pf a ship. This methoed, while accurate, 1z time-
consuming and does not give a continuous profile of tha oceab. For
detalled large~scale surveys of confined arosas, and for shoal examination,
however ,the leadline method ie still usad today.

Most modern surveys are carried out with an iastrument Khown as Sonar
{5gund Havigation and Rangihyg), alse callad an acoustic depth finder, acho
goupder or fathometer. Depths are datermined by measuring the time
Tequired for a sound wave to travel from a trabsducar mounted in the hall
ol & survey ehip to the ocxadn Dottom and beck To the ship. The ocean
botbam raflacts soutd as a mountain face refleacts ecund in alr, producing
an echo. In fact echos are more easily cobtained from the sea bottom.
Bercauvae of lower abhaorption, scund ip water will travel many timee as Iar
ag it will im alr. The properties of seg wakter also ensure reaaonably
congtant waloeities of scund - abowut 1440 metres per secpond.

Sonar distances are obtained by measuring a gignal's round {rip trawvel
time, dividing by two and multiplying hy the veloclty of Found in =ea
water. A meagurement that previgusly took hours weing the leadline method
can now be ocbtained in seconds ueing sonar. Modern achg sounderse oortinn-
ously and automatically record elgnale, creating a continuona profile of
the bottom relief alopg the ship's track.

5.2.1 Pnpeitioning

Soundlngs must be located precisely on a chart. 1n Iormer days when
survays ware nosrmally conducted within sight of shera, the gaographic
lecation of those soundings waes measured with a sextant, am instrument for
medsuring aAngles. & typical sextant reading ise obtained hy gimpltanecugly
medsurling twoe angles between thres clearly marked Yastationa® on ghore, Lhe
posltlions of which ara known from previcus meagurements. From this, it is
possibla to pleoet the exact poslticon of the wessel at the timg the anglas
wera measured [Figurs %.9 and Table 5.1). Today the sextant has been
taplaced with & humbar of electronic syetems. HWith the sxception of
satallita eyYstems thars is an inevitable trade-off in positioning eyetems
batwaan rangs ahd accuracy, The syetems developed for shorier range are
normally mera accurate than those used for long rangee.



Ehipboard positioning. {After Canada, Department of

Figure 5.3
Ficsheries and Ocwane, 1379)
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TAALE B.1

FEATURES HEQUIRED FOR POSITION FIXIHG
[Aftar M. Schmidt, 1979

Charte uxsed for:
OVeETr§g¢ad coastal
FOSITION FIXING navigation navigation
= o
= £ ., 5 &3
T OF3 iz | § § & ¢
Graticule X X X x x X x
Maghetic wvariation H X X * ] ] x
Coastal cn-nfiguratinnz X x 5
Land topography? ¥
Datailed land topography X x
Landmarke vipible from afar x X 1
A1l langdmarka X X X
Boundinge! x x x x
All depth data X H X
Mature of hottom and depth
data for echo ssundings x X x
Wature of bottom ¥ x x
Selected marks on land or at sea x x
All marks on land or at Sea x X F 4
Leading linee X s x H =
Radar coneplcocns objects - x o
Balected maritime radio, radic
navigation and radio determin-
ation stations x x ¥ '3 » ]
Redicbhaacons K x 4
Limites of radar stations N » x
Hyperbolie navigation grids X x X X X ¥

1. Scundings and depth contours mugt be gelected so that their depiction
permitg the mariner to drav conclusions ragarding the density of the
EUrveys. Even Yary deep soundings must ba ghown on charts =2insa Areas
without depth data »ill suggest ipcompleta surveys. The depth data must
be shown for the whole area and not be limited to certain channele.

2. Coastal configuration and Jand taopography are essential glements for
positicon Elwing and cannot be cmitted, notwithstanding modexn navigaticnal
maethads. Topographic leatures extendina ipland from the copstal araa may
bacome necessary in the case of rarticularly conaplousue landmarks

vislble over a great distanca, the depiction af spot helghts alens belng
ingulficiaent.
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modern positiconing systeme include the following:

Short range syetems (in sight of land! - microwave frequancies,
a.5., Mipirmnger or Tellorometer MED - accuracias of 10 meatres,
restricted to lipe of sight;

Madium range systems - modlum frequencles, ».g., HLI-Fix & or
bdrgo = accuracles of 20-50 metrex, 100-30¢ Xllomektres from ghore;

Long range systems - pulsed, low freguency:

a? LORAN=C is a pulsed, low-iragquendcy, long range hyparbolic
radig navigation system. It combines fsatures of both LURM-R
and QECCR, two systems of navigatlion actepted throughout the
world.

Hyperbolic pavigation systems operate on the principle that
the diffearence in time of arrival of signales Efrom two sta-
tione, observed at a polnot in tha coveradge Ared, iF A KAASUDS
¢of the fdifferences 1n distance from the polnt of observation
tn each of the statlons.

LORAN=C gtaticns are located on land and are grauped to form a
mrhain%; one staticn 1 labailad the Master (designared M} and
the pthers are rcalled secondary stations (designated W, X, ¥,
or 1. 2Signals transmitted from the secondaries are synchro-
nized with the magter signal.

Ag an exampla, in Figure 5.10%, the master staticn (M} and the
secondary station {X} tranemlt synchronlzed pulses at precise
time intervale. The on=-board LORAN-C racmiver maasures the
glight difference in time that it takes for thees pulsed
signals to reach the ship frem this palr of transmitters. The
time differesnce (TD! is wmeasdred in microseconds, or
millionthes &F a sacond, and is then displayed as obe readout
on the receiwver. When at position "A", the time difference
digplayed 1g 13,000.0 microseconde. Thie time diffgrence can
e plotied on a LORAM-C latticed chart on a line—of-position
(LOF]. With jugt this ong number, the vessel could be located
gomegvhere along the 13,000 ling-of-positiont.

Hext a TD measurement 1s taken from the master atation (M} and
anethar secondary (in this cass Y}. Tha LORAN-C recelvaer then
displays tha TD betwaan M and Y. Continulng with the aame
example, the TD displayed is 31,000.0 microagconds. &gailn the
T0 is plotted ax a4 LOP and the vessel's position 13 located
sonewhers along the 31,000 LOF. Whare the two LOF's interaect
le the vesealzs sxact losation fposition "A" in Pigure 5.10F.

B] The UHESA eystem, developed by the [0.5. Navy, provides world
wvide 2ll-veather positioning of shipse, alrcraft and sub-
marineas {Eubmargad) with & nominal accuracy of one mila in
daytime and twe miles at night. It ig now widely uxzed by
heh=-naval vessels. OMEGA i a glohal syetem of slght land-
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Figura 5.10 & typical LORRN-C chain off the east coast of Canada.
{ hfter Canada, Dapartment of Transport, 19811
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basad transmitting statlons, Bo located that a wger will
rocajve signales from gt leask three statlona. Aoy two signalg
can be used agz a palr to establieh a2 lipe-gE-poaition {LOF).

ks with LORAN=C, OMEGR 1x a wary low fragquaney hyperbolic
radlso navigaticn system, but 1t uses phase differencs Maasura~
ments rather than a time-dAilfexence princsiple.

iv] Satellite systems (overlapping hoth mediom and long range syseame]:

The Havy HWavigaticon Satellite Syetem ({NAYEAT) was also
deglgred for the 0.5, Havy and was reléased for civilian use
in 1967. It is sultable [ar any site of vessal, when it is
economlically Justilied, bBut the shipboard recelvars and
ralated egquipment aAre considerably more aXpensive than athar
s¥stams such A% LORAN and OMEGA. The FRYSAT Syetem sonsiets
of one or more gatellitea, each in a g¢ircolar polar orbit at
an altitpde of abcot 1108 km. ©Orly one satellits is used at
any given time to detarmine pesition. Tha apparent changsa in
frequency of the radis waves received when the distancas
batwaan the zource of radisation [Satellice) and the rescsiving
station (xhip, aircraft, submarine, etc.)] is lncreasing or
dacreacing 1l termad the Doppler Shift. By means of this
phanaomencon, it 1z possible to calculate the location of the
racaiver on aaArth to within 10 wmetres 1f the satellite
erbits are known, together with the spesd and direction of the
gurface vegsel.

5.2.2.1 Tides: MAovurately pusitionsd soundings must be epecified on a
chart mg the depths below a reference level {chart datoum, reler to Section
4}. Zelection of a guitable chart datum depends om a number of factors,
including a detailed knowledga of past [luctuatione in watar lavels, hence
the lnstallaticon of permanant and tempourAry wWater leval gaugas- Tradl-
ticnally, float-operated water level gauges have been installed in har-
bours etc. Submarsikle, salf-vontained prassure gauvges are located
cffehora. In addition to charting and navigaticnal appllcatiocns, water
lavel information is used for soastal englnaering studies, rascurce
planning, atea.

5.2.3.2 CQurrentg: A navigator requires informaticon on the horizontal
mwovament ©f water jcurrents! in addition to tidal information. The usual
method of sbtaining the data 1f to suspond saveral currant meters, which
gutomatically record gpesd and direction of currents, at specific depths
on a2 gingle mooring line. The Elne 1 anchored to the sea bad apd
supported by a sdabmersible buoy. Two of the metheds uvsed are 1llus-
trated in Figure 5.11. The current mater [left side of figurel] 1B
equipped with an acoustic release devioe which can ba activated by a
signal f(rom the survey ship, allowing the float to rise to the surface.
on the right £ide of the figqure i% an array =0 surrent maters sot at
different depths and utilizing surface buoys to mgslsat in the recovery of
the maters. Data i recorded automatically on magnetic tape and the
metars can be lelt submarged for up te 12 mabths.



Figure 5.11 Tachnigques for measuring curreant zpesd and direction.
(After Canadx, Departmant of Filsharias and (eeans, 19797
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5.2.4 Froduction

Other than tha data and its mode of collection, the production phaeea of
a hydreographle chart are identical to those of tha topographical map,
namely:

1! ¢ellection of soundings ete. . by a survey vessgls

il! collatiaop <f this Lnformation 1in the hydrographnle operations
cantra of the Buyvey vesgel, where data 1s checked for acouracy:

il plotting the scundinge on a field sheat of the area surveyed:

iv) transference of field sheet data to a compilatiom copy i the
pnavtical chart. {In the compillation process the field sheets and
othar fourocos datsa are photographiecally redoaced to chart elze.
once a mosate of thie source data has bheen prepared, cartographers
select the data to be ehown on the chart.);

v)] digitizing o! the geephle Jdata, l.e. conversion 1lnto computer
compatikle form for auntomatic drawing by a computer controlled
prlat ber. [The platter produces high gualiry nagatives for each
caaleur shown on tha chart. Tha hagativas Ara passed o the
printing units for platemaking and printiocg.¥:

vil] amendment <f chart catalogues to Iindlcate coverage of new aAreas oF
vpdata of pravisusly mapped areass. {In the latter caze "Hotloesx
to Maripnars" are distributesd, ]

Tha size of the area to ba surveyesd and the scale of the chart to be
produced are carefully coordinated. The largest scale survays are
generally those for harbour charts which shovw more detall than gensral
navigation charts. Hore general gurveyg and smaller scales are used [or
sxtanglve gffghore areag in which hazards to mavigation are few.

3.3 Haripe Chartg and Topographlc Maps: A Comparilson

The nauntical chart and the topographic map conatitute the primary forma
of mapping which may be used as base maps or from which base mapa can be
derived. Bage mapg congtitote the askeletal atructwre on which tThematle
information iF overlald to produce themakbtlc maps.

From the previgwa sectign it w11l be appreciated that naviical charts
and topeographic mape differ in a number of important reaspects, aome of
which have relevance to thematic base map preparatlon:

1} Projection: Hautlcal charts generslly use Mercator, whereas,
topggraphic maps nee Transveras Megrcator (refer to Sectlorm 3);

il} Symbaology: Different in most respecte (Filigure 5.12 a-dl:

1ii} Coordinate system: MHautical charte have parallels of latitudes and
meridians of lengitude, and zometimes a2 Loran andfor Dacea
lattice. Topographiczl mapgs have parsllels of latituds, meridians




Figure 5.12 a

Mautical chart eymnbols.
Fisheries and Oceans,
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Fiqure 5.12 b Haubtizmnl chart symbols. (Riter Canada, Cepartment of
Fisheriee and Oceans, 15811}
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chart symbols.

([fter Canada,

Cepartmant of

Fieherimg and Qogansz, 1981]
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Figure 5.12 d

Topographilc map symbols.

(After C.L. Blair and

R.I. S3impacn, 19731
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of longitwede, and grid sguares srefer to Section 4]

Diztance: In nawvtical charts, which ganurally use Hercator
projectlions, ona minute of latitude is always eguiwvalent to one
pnavtical mile (185% metres or &O0B0 feet). Im teopographical maps,
varicus other prolections are uged so there i no constant egulva=
lanecs {refer to Rertion 31

Baaringg: Havtical charts have two or thise compass roses {Flgure
5.13} in contrast to a declinaticn diagram of the thrae norths on
topographical mape LFigure 5.14). This illustrates the relatively
greatar ipportance of the compass in a marine environment;

Tarminclogy: Yariation, the angular difference between true north
and maghatic north on hydrographic chart=, iz termed declination
on topographlc mAps;

Coastlinas: Coastlines are paturally of gritical importance to
marine mapping. Thelr compllation for small-gcale maps 1s relatie-
aly simple Bacause Ehey usuwelly require 30 much simplificatlionm that
datail is &f Jlittle coneeguence. When complling medlom and
larges-scale mape, hovevar, the major dlfficulties facing the
cartegeaphers and hydrographers inclede the following:

al Datume: Hydregraphle charts ase low watar refatrance datumes
(realar to Gactioh 4.4), whareas, topographlc maps use Maan
Sas Level., Rs A rasulft, the shape of the owaest will ditfer,
particularly in areas of high tidal amplitude;

L) Colouring: There are a number of ilnconeletencies when
utilizing both charts apd mape, =.g., marshland, definitely
naot navigable, 15 likely to be peloured as land en a chart,
vhereae a4 low=lying swamp on a topographie map 1l likely to
be coloured blue as water:

cl Gacmerphological changese: In ecme areas of the world, the
shape of the coast changee rapidly due te erceion or depopil-
ticn {refer toc Section 13.6.12}. Theee changes may he moni-
tored by the comparisonm of historiecal angd current marial
photography and satellite imagery;

di Scale: In some convantilonal projecticons the scdle varles
congiderably over the map, particularly im the higher lati-
tudes,; g9lving certain areas of the coast undua emphasics.
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Figure 5.11 ComMpASE FOBE.

Figura 3.14 Dt:l?natinn diagram. {After C.L. Blair and R.I. Simpson.
1978
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SECTION 6

6. DESICH FTUNDAMENTALSG

6.1 Pringiplas of Cartogqraphls Deslgn

Basic map design dacisions must be made in order to communlcats informa-
tion and data claarly, pocurately and economically to users having a
mindmum of map reading skill=. Fartore whirh affert the dealgn process
ipsluda: the map wvser'tsa requirements, his/her ability and knowledge ofF
mape, thea complexlty of the informaticon to be mapped, the avallable
mathods of map reproduction and costs. AR understandina of tha natural
or cultural ehvironment baing mapped is also hucessary to prasant &
balanced reproduction of that ragilsn of the world.

6.1.1 Deslgn approach

The cartographer shodld woerk in A similar manber to the artist, bBagin-
ning with a general plan and progressing to finer details. Based on
the abjectiva of the map, 2 deslgn concapt should ba developsd which takes
into conslderation the desired information content and symbolization.
Thig concept, which controlzs the chodgce of & zrale, should be tested on
various partes of the mep and adjusted ag necessary.

6.1.2 YVYigual leyels

411 map deslgns should aim at producing mere than one visuwal lavel.
Information selected to be the foreground of the prodoct will be the most
cbvicus to the user and must be chosen carefully to fulfill the major
ohijuactivas of the map. Examples of major cbjectives include the cultural
faaturas of topographlice maps, the depiction of economic ore zones on
geslagy maps, and rocks, reafs and other hazards oh pavigaticonal charte.

Sdpporting informatieon ehould ba treated as background material and
glven & lowar visual level by decreassd egize, calour intensity, contrast
and, therefore, decroased averall importance. This information is often
ranked by ralative importance to the map subject. Information which does
net suppostt the subjact of the map 1 visual clutter and should he eldimi-
hated.

5.1.3 Contraet and balance

As a general rule, the initial degign showld employ the minimam degrmss
af contrast meeded to ensure that all symbols axe readable and that
dominant eymbols appear as such. Excegelve conkfragst vaed at the outser
results in a rapid buwildup of heawy lines, large type and styong colour.

6.1.d Symhnl categories

On all maps the subiect matter shouvld be organized and displayad in
categories of similar itemz. Sobdivisions of any one catagory should be
shown by eymbols representative of thelr relative importance within the
category. The mest obvioua road on the map and in the legend, for
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#xanpleg, should be the most important road in the category identifying the
varlovwg clagees of roads. Other roade will bhae tresated 1in order of
diminishing importance and with lesg wvigual impact. Related categories
and their subdivisions should follow cne another in the legend in order of
importancsa.

£.1.5 Baslc identificaticon elements

A map user 1z firet concerped with identifying the reglen covered by
the map. The informatlaon used te do this will inltially dinclude the
title, gubtitles, key map and seala, folloved by an sxamination of the map
face.

Tha general arrangement of land and water, the deplction of reliel and
the genetal ahapes of cultural apd vegetated araas ars the basic alemants
which provide 2 reader with a mental impresslon of the ragicn depicted by
the map., A clear visual distinction between land and water 1s the singla
mogt walvable i1tem providing the map uvuser with a fundamental orientatisn.
Tha land and water areas showuld be clearly dlfferentlated by tha usa of
colour, tong or pattern aver gither surface.

Similarly, pale tones or subtle colours may be used to separate the
prime map area from the surrounding region. Often the background oF the
cruclal map area 1s left white so that small type and flne symbols can be
geaen more =asily. The surrcunding map area 1s given a tons or pals
colopr, wften a neatral grey, tao subkdue it. Thils treatment creates an
pptical 'window' alleoewing the reader to concentrate his attention on the
primg map area. On less complex maps of a thematic nature, the reverse
traatment 1a sometimes more etfectiws. ‘The critigcal area is5 giwven a light
tone or colour to wiewally hold it together and to differaentiate it Erom
the surrounding infarmationm. This 1 particularly effective on inEormal
mape whitch lack the common devices of ruled llnes, bordera, klocka or mogre
formal placement of thelr warioue slemente-

B.1.8 Clarity of linear symbole

on mogt mape, the greatest volume of information 1 shown by a varlaty
of line symbolg. In areaer where different line =ymbole oross sach othar
thers 13 a high preopabllity of confusing the map readesr. A common carto-
geaphls tazgk le, therefore, the clarlflcation of line symbole. Thie is
moat often done by placing a tone, pattern, or calour within the area for
whizh &4 particular line symbal acte as a boundary. Geclogloal and other
cxlentiftic maps commonly use this technigue to clarify what would other-
wise b a confusing complexity of lines. The area fones, patternsg and
colourse should be pale and subtle. If heavy tints are uged the lines or
symbols which must show through the celeouwr=s or tongg in Lhese arens will
have to be drawn more heavily. The result will be poor legibility {(refer
to Section 13, casa study 45).

&.1.7 Emphasis

On many maps Lhe most intarasting or most gruclal features are often
enlatively emall in comparison to the total map area. Thesa 1tams Sat e
macde mor# Vieible by the delibarate uee pof emphasis or vispal impact.



Frominent colours or obvicus patterns and Jdarker tongs should be regstric-
ted to small-sgize features. The colowrs red, orange and purple/viclet
are 1deally suited to draw attention to small regleohs surrcounded by light
backgrounds. Black and dominant pattetrns aye alss used to give samphasig
to emall areas. Every Lone, colour, pattern, and symbol Belected must be
evaluated for its affeat in relation to the overall design.

E.1.% Basirc proporfions

The surface area uased for the map face {(the area withim the neat
linas? shonld he wigually dominant. A good roale of thumb is to keep the
map area to about 273 of the tpotal area, with the remaining /3 for
hotes, Surround, ete.

The cldest known and most extansively usaed "pleaelino proporticoh™ is Lha
anrcient Greek standard called the "Guldan Section" vhich 1s8 A ratio of
approximately 5 unite to 3 units. Thie proportion can be used Bth
for overall map sheat proportions and for sach detaile ae bloocks within
the owerall design. The ratloe 3:2 is probably the most vged for legend
blocks, baing vary close o the proportion of the "Goldern Section". These
raticos are alsoy appropriate feor maps which will be photegraphed to 35mm
2lides.

In general the =gquare =hould b avoided whan the Llntent is o producse
agsthetically pleasipbg artwork. It can, however, be sffgcbively included
2% an inget within the owverall *“fGolden Section® map face. The optical
equare which shoonld be vused 15 a slight moedification ofF the true aguare,
being 3% wider then hkigh. Tt is assthetically mora pleasing but still
AppeALs "really syguAra”.

5.2 Map Design Guides

E.2.1 Map titles and sub-titles

This should Be the singla most obvious item on the map to permit easy
recognition of the subject. The title should appear 1n the largest and/or
beldest type vesd anyvhaye on the map without bBaing too doeminating. It
should ales be short inm length and degeribe the arces or sublect por-
trayed. Such redundant terme as "Map of" and *“Chart of' should ba
avaided.

When extra information gsuch @3 Bastrict, Reglon, Provinca, Stata,
etoc., is added to the mailn title as a sub-title, it should e smaller 1n
lettarihg size and weight than the maln title. Type atvies should be fthe
tames or ba compatibise with controlled spacing between lines of Lype.

B.2.2 Fay plan or location map

The purpoie of 3 key plan is to locate the map area gepgraphically in
relation o a larger sontaxt. Tt #hould only have enough geographics
detail to ensure that the avorage reader will reecognize the arsa 2asily.
The primary ma2p area must be outlined and labelled for sase of recognitlion
within the location map.




§.2.]1 Bar srcales

An dmpeortant feature of any map ot plan 1x an accurate har acale from
vhich & range gf meapurements may be obtained. To ba of maximum vtility &
cartagraphie bar gcale has one primary sub-division placed to the Ieft of
“O", all othgrs being to the right of "O". This singla unit is in  turn
sub-divided into smaller, exact, conveénient unite which are approprilate
four the zcale and map use.

fcales ehould be naither Eoo long noe to0 bold to aveld dominating the
map. ©On a double lina bar scale alternate gub-divigiong should not bhe
filled in as this dramatically increases the vigibllity of the =cale
and tends to make the altarnate svb—divisions wigpally long and zhort.

The repregentative fracticon, scale statemant and graphic bexy zcale
ghould be located together.

6.2.4 Direction

Horth arrowes should be simple, accurate and unobiruslve. Unless
atherwige noted, it 15 always assumed that the diraction refarred to by a
north arrow 1le true north or geographls rokth (Figure 6.1}, wstablizhed by
reference to the graticule. Btandard mapping conventlsne dictates that the
direction &f krua north coincide with the vertical adge of a map; this
ghould be followed whapevar possible to avald confuxion. Mapes orisnted in
tha planned direction of travel aAre sxowptions to this rule, e.g., orien-
teering, canoelng or cross-country skiing maps.

There are other north directions in common usage, probably the bast
kncwn being magnetic north (Figure 6.1] which is saldem idantical to true
porth. The neadle of & magnutic compass aligns itsalf with the direction
af the local wvariatiohs of the eArth's mAgnetic field. The needle will
tend to poinkt to the north magnetic peole, which is currantly located in
Horthern Capada 1400 kilometres from the guographic pola. The diEference
batwaan tiue apd magnatic nocth Le known A the deslination (Flgure 6.1).
A nerth arrow system showing this difference 1eg &8 daclination diagcam, a
common feature of most reference maps (Figure 5.14), A# the magnatic
fiald changas elowly, A& useful declination diagram will ikcluds the
corract deaclipatlion, the year of its measurenent, and the apount of annual
change. In this way magnetic nerth can be eaglly converted to true north,
and vice-versa, throughout the useful life of the map.

It should be ooted that magnetlc declination can be wvery slanificant
arnd thug ¢f majeor importamnce orn any <hart dealoned for navigetion.
In the rontinental United States, the angle rangeg from 22" Eagt to 213°
West while in the Canadian Arctle it ranges from 0-1807.

A detailed isogonic chart, showing lines ©f egual magnetic declinmation
and equal amsunts of anhwal sorrection, should be referred to when con-
structing a declination diagram. Hany coastal or marine maps can usefully
inporpeorate a miniature iscgonic chart ae part ©f the valuable surround
informatioh.
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Figqura 6.1 Magnatic declination. [(hfter &.W. Strahler,
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The Jdeclination dilagram also fregquantly lncorporates a third north
called grid north (Figure 5.14¢. This refers to the direction of the grid
lines that are added to many maps and charts. Whep & grid such & the
Univarsal Transverse Hercator greld 13 used In areas tar from the aqQuator
the divergance batvean dgrid lines and meridiang becomes very noticeable.
Tha meridianeg convaroge on the pole while the grid lines remain egquidig-
rank. Thug, the declination diagram {Ffigure 5.14] should alsec cshow grid
declination, the angle between grid north and ttrue! gecgraphic north.

E.2.5 Legeands

An important eleament of the sueround of many complex graphics oF meps
i an explanaktlen &I@ symbols which have been used and are not imoediately
telf-axplanatory. These explanations are wvarieoconsly called Legend,
Symbole, Key, Reference, Erxplanaticon, Conventional Signe, etc.

The organlization of bhe legend needs pacrtisuler carve. The fLirst
consideration is alwkys the manner 1ln which the map or graphle readar
¥ill actually use the prodest. After congulting the title or posslbly the
kay map, most pacpla ref«r directly to the map lace or diagram detail.
When they ses a symbeal, pattern, coleour or abbreviation which 1 wnfami-
liay or wunclear, they 3seer an explanation in the gurrounding notea. In
keeping with the conventign gf reading from lefy to right and from top to
borttom, the explanationa shopld e laild pout in 2 simlilar manner. The
eymbos]l showld be on the laft, and the notes explaining it £to the right of
the symbol.

Pacple wsing the lagend have o rely on their memory of the unfamlliax
symbsl to locate it in the ligt provided for them. Thig rezultg 1o a
oumber of degign limitatlona, including the fol lowilng:

1] The symbol in the list must be exactly as shown on the graphic,
P.e. it must be ldentlcal in siza, shape and 2olour. Many present-
atilons are made with the astual symbols contained in rectangular
boxes, folloewsd by an sxplanation.  Theas bBoXes repressnt B smalbl
partion of the map or graphlc. Linear synbols woentalnad in sush
lagend blockes should run across Lhe blecsk to raprasent their
gohtinulihg nature on tha actual map face;

11] Legends muszt be organlzed or ranked. All symbols which need an
explanatican muat be organlized imnte logical and cloaely raelated
groups and sub—groups., Thus all forme of contour or ieolines will
b in one greupling; closaly related spacies may be Ln another,
et Within eagch grouping the aymbols mogt be rankad 3o that
normally the most important (to that map or map uger!) is ligted
firat, and thae otherse are then ahown 1n degcending order of
impgrtance;

11i) Symbols which do not appear on a product should not be listed in
the legend. For series mapping, howewver, croee-referencing,
economlics and spesd of produstion may distate othapwiss;

1v] Type {lettering)] used for explanaticns must be simple and small.
The lattering size should be the smallest which can be read by
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paople 2f less than average eyesighbt, under realistic usage
condltlons;:

v} Explanationg should not be placed on separate pages of a report,
particularly vhen the pagesz must be turned to read the explanma-
tiong. Avoid printing legends on the bkack of maps for the same
ITARsGnN.

it should bge noted that wherever peoesible itemse showuld be identified
¢ laballed on the map face rather thanm including them in the legend,
vhich 12 & relatively inefficient communication device.

G.Z2.8 Nzme placement

The reading and mquality of any map ar graphiec ie greatly affected by
the poaltioning of the names and lettering ueed upon it. When it Is
properly placed, the lettering will clearly identify the feature to which
it refers without ambiguity.

The following set of guidelines may result in conflicting requirementse
in the production <f 2 complex map. These must he resolved by the carto-
graphatr cheoslog the alternative which glves the greatest clarity:

1} Wmaps are normaily read [(viewed] frem the bottom. HMoat names,
numbers and labsls should, therefore, he peoeitioned s that they
are either horizontal, ar parallel to the limes of latitode on the
map. The major exceptione to this rule are lipnear features and
ArsA nNAmak;

i1} Linear features such as rivers, canals, roads, etc., are named
close to, parallel tg, and normally on top ©f the fgature.
Lengthy features should bhe npamed mogre thanm once rather than
relying on excegglve letter spacing:

1ii? Labels on limear features ran be greatly improved by attention to
the flow or alignment of the lettering. HNamea ghould be placed
parzllel to a etraight eectian or emooth curve of the featurwe.
Bvoid all irregular or zigzag placements. The namgs for such
natural features ae bays, rivers, lirear lakgs, rldgas,
etc., should be aligned on bread areag or gasy curives folloving
the opverall trend of tihat fegatwre. Contour numbars ara plasaed ob
breake 1n the line and are aligned precieely with that sactisn of
the relavant lime:

iv: The placement of wvartical pames lalong meridians, grids and
borders} neads attention. On gmall-slze mape such names are
normally oriented to read scuth Lo north %3 that they can be read
locking from the right or @ast side of the map. On large-size
mape the wvilewing position 1a taken to k¢ the céentre of tha south
adge. Letters will read scuth to north on the west «dge and nocth
to eoubllh on the past side;

wi Lewttarge should not be placed so that they are upslde dovn whan
vimwad frem the south map edge or the planped vieawing position.
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For the purpoees <f definition the term "upgide down® includes any
ahgle past tha vertical;

Lattwring shawld not e placed in a straight line on any diagomal,
unleggs it parallels a linear featuore. It ie excesslvely Dobhvious
and wigually diasruptive, interfering with the readabllity of the
rest of the product;

The naming of adjacent features at angles ¢lose to the vertical
neede particular attention. Fregquant changes of direction should
be avoided vharevar possible;

In naminkg aAreas [lakes, ostuaries, baging, mountaine, counties,
reglons, e&tc.! the name 1 placed wilthin the fsature 1f at all
posslitrle. When such Iewaturss are lrregular the pamee zhould ba
placed on smosth surves vhosg aligonment hroadly Eollowa the trend
of the [eature. Letter spacing 1s often wvaed to better indicate
the axtent gf rthe fsature named. Short names which apply to long
areas may hawve to be rappated;

As a general rule names should ba placed s they do not cross
marked changes in background colour or tone. Thus in coastal
regionse names are placed either on land ar in the water, neot
acrogs the coapt aor watarline;

Hamees take priority over all map symbols and details axdcspt area
colours and tonas. Linaes and ather map symbole must, theratore,
B broken or elimingted bebeath & pname. As thils chvicusly altfects
the continvity <of infeormation and wmay 2130 result inm the loss of
eegential detalils, point xl1 hecomes a fundamental congideration:

Hamgg ghowld be placed ao that they de neot interrupt other map
information. If this is nokt poselble the name must ba placed to
cause tha absclute minimum interruption and lose of detall., If a
nama must croes a lieme or rum intzs 1t, there is much less diesrup-
tien if 1t crosses the line at right angles rather tham at a
shallow angle:;

The most commsh Slass of names used in mapping ara thosa which are
applied to point synmbols. Thesa namas must be applied so that
the point symbhel and the initial letter of the nome golncide as
closely as possible. ke people normally read from left to right,
the ldeal locatiocn for the name 1 1lmmediately to the right of the
point symbol, and glightly abave ar bamlow ite alignment;

If the poeltioning 1n xii is not poselble, an acceptabls position
ig immediotely to the lelt of the point symbol, and again slightly
aAbcve oF bwlow it;

IE nelther xii cr xi1il1 is peoeeslhle the namg canm b centersd
elightly abova or below the point symbkzl. The above poelition ia
yeually concidered superlor as there are fawar letters in the
alphebet with descondars (descanding limbs such as g} then there
are with ascenders {ascending limbe such as "d"). This will tend
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to engure closer pname placement Lo the polpt symbsl and batter
name ldentifiration;

fligning a pname precsicely with any polnt aymbel should be avgolded
as bthis can often creste visual confugign, especlally on thoge maps
with unfamiliary namas or terminology;

Thare must haver bBa any doubt ag to which point or fgature a name
ralers. Hames [or point 2ymbolz shouwld be placed a dlstance
approximately aguivalent o nDalf the helght of & capital letter
from tha symbol name. PRules xii, xiil amd wiv shovld be used to
mAfipulate complex areas to nevre polints are labelled without
amblauity;

When applying names to polot eymbols located on linear features
guch as coastlines or rivers, the name should ba placed s that it
i not separated from the point seymbol by the linear [eature.
Hames of towns on rivere should be on the same side aof the river as
the symbol;

Coastal names can rarely be plased horizoentally because of the
usually complex shape of Lhae coastline. 2 pleasing salutlan
15 to place many of the names saaward ol the coastline and to
curve tham into the polnt to which they refer. Rttenpt Lo curve as
many of thase namas as possibla in the same direction and with
timdlar curves;

Hames aghonld not crosg ocne anothey ynlgss no other salyution 1g
poEEible;

Hamas which must coross wach other must be clearly differentiated
by #ithesr the usa of letter spacing or a change in the style or
tlze of lettering that 1s uesed;

In general, use letter spacing as litkle as pogrlible;

Tha antira seguance of letters inm a letter-spaced name most be
¢aylly sesn and read without srror. 1t 1s often neceasary to
move pelnt symbol names to clarify regicnal latter-spaced namea 1n
the aama aresa;

A11 letter-apaced nameg muEt have wgual-appearing intarvals ar
spaces, aceording to the visvsl parception of the cartographer.
The gpaces ghould not be meagured mechanically.

Lettgring basgics

The fundamental methode of lettering any graphlce must follew the normal
guldalines used to produce text (written! material:

1]

1i)

Lower cag® lettors are the norm and communicate more «ffgotively
than wpper case lettelE;

Tapital letters are more obvious because of thelr increased Eize
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and angular naturs but are less «fficient than lower case. They
sehould, therefore, be used sparingly and owuly be eelectad for the
most important items to which particular attentlon is desired;

Identifying land features by upright lgtters and water features by
italile opr slanted lettering has bhecome a widespread convenibilon.
Thise should be follawed unless an owerriding reascn prevents 1t,
aurh ae charts of entirely marine envircnmente:

The gize angd vigual weight of a name should reflect the importance
of that feature on the map. The emalleat and lea=t important
information must be eaeily read and reproduceable. The remaining
rlags Blies are shosen with bthe subsaquent smallest increment in
gize and weight of latter that will be clearly eeen by the zverage
roader;

Moat punctuarion marke are gmitted from the face of 2 map for
glmplicity and to avold confusion with gther map symbols.  Textual
material in the surround 1s punctuated normally. The periosd ts
not ueed. The apastraphe 15 never used to indicate possesslon;
thus "Harpere Ferry" and "PFikes PFeak" are correct, and nat
"Harper'es Ferry¥™ or "Plke's Peak“. The apostrophe 13 used only for
logal spelling, such as ™3'Brien Creek”. Tha hyphen ls weed only
te conform to lagal spelling, e.9., "Genava-oma=the=-Lake' and
PEhot-Tr-Cove™, or for separating the ftwo parts of joint names,
&.9., "Bell-Johnson Chennel«.




SECTION 7

T. THEMATIC MANUSCRIFT FPREPARATION

7.1 Base Map LConsideratians

Speclal purpose, Bcientific or thematic mapping muet be plotted onto
acalrate gepgraphic information of the study reglon which acke as a
refarance. This geagraphic information i= a base map and is normally
akbtalnad directly or indirectly from availakle refesrence mapping. with
hydrographiec charts and topographic maps being the most comman scurces.
In gome gtpndiea the thematic information is added directly to available
refarence mapping. This is an ecomomical and rapid appreach, but one
which can lead to exceesively complex or cluttered presentations.

A betbter but more costly and slower approach 1z to create a baze map
designed specifically to display the thematle Llnfsemation by redrawing
those geographic featuras which axe sigrificent to the subiect and elimi-
nating or slmplifying the remaiping fgatures. Ogcasionally aerial photo-
graphs or satellite inages are substituted 23 a simple Coasge or photo-
grammetric technligues are uged to deriwe a bage map from these Ssourcea.

in general, base map information should be obtained at larger scales
than that planmed for the preduct to avoid the randem filtering effect of
generalization. ‘The lewel of imformation, symbolization and accuracy of
small scale maps are uneuitable for sighificant enlargemente.

Some fundamental considerations [or bage maps lnclude tha following:
7-1.1 Purpnsa

The leval of bage map detail 1z depencdent on the purpose tar which the
derived map 13 ceguired. Avallable refargnce maps are often Loo complex to
b used directly as bhage maps.

To1.2  BCou¥acy

The known o probable level of acouracy of the refaratcs map must be
Jivan copsideration and must sult the ascuracy requiraments of the new
product. Btatdards should bBe checked and publicatiaon dates noted.
Raliability diagrame or notes should ba carefully inspected,

T-1.% Projacblions

Protdecticms can hawe a considerable impact on the suitabhility aof haga
map material and onh the econcmics of a whole project. Obtaining usahle
basw material on 4 suitable projection i= sometimes difficult but well
worth the sffort. A commeh problem is that thematic information muat e
plotted on avallable refarance mapping which is based on a totally daffer-
ent projactisn. This necessitates knowledge of the characteristaigas of
both projections and the time and capability to trangform one inte the
other. The information reguired to perform thig tagkx may not ba readily
available, surh as the location &f the chosen parallelz. In deneral thase



concerng arg relevant to small-srcala mappibg. O medium and large-scale
maps the conaglderation aof projections 1s not normally a majer problam.

Tha carbtographer should remeémber that there can be a3 great range of
scales within & small-scale map due teo the map projections. The Mercator
projestion 1 2 good example: o gilven symbeol 13 four times larger in map
arsd Bt E0° latatude tham it would ba at the aguatar. For that reamon,
gttenticn must be given to the level of symbolization and compllation
carrled out im tropical zones in comparisshm to highaer latitudes.

7.2 Exampleg of Small-Scale Bage Maps

The focllawing is & list < readily evallable Emall-zcale bage maps:

i} the Ganeral Bathymetric chart of the Oceans (GEECO) At a4 scals of
1:1,000,000 (Figure Y.1F;

i1}) the International Map of the World (1WK) at a scale of 1:1,000,800;
1ii) mercopautical chacts (QHC, WACI &% & scale ~f 1:1 .000,000;
iv) the International World Map at a scale of 1:2,%060,000;

v! maps ln reference atlases generally at scales wvarying betbwesn
1:25,000,000 and 1:19,000,000 or amaller. Examplez of fthese
atlagee include the following:

al Timas Atlas of the Werld (Leadonl;

bl Atlas Hira (Hoscow k)

=l garies maps of the world at a soale of 135,000,000 published
by the Amarican Geographical Seclaty (AGS5), and by tha
Institut Géogrephlgue Natlonal [IGHE in Franoe;

a ) peries of mape of the world at a Brale of 1:010,000,004
publiched by the IGH.

7.3 Base #Hap Saurces

Sources 0f base map informatiorn orm any complex map product shoonld
always bae ldantified, pariticularly whan several =fources of wvarying
Acourazy have been wsed. If permlsgion hag been cobtained to use copy-
righted materials the credit must ba given exactly as speclfied by the
copyright holder. The following are possible sources of base maps or base
infcrmation:

10 In many Sountries the major mapping sgencies can supply printed or
Eilm coplez of hydrographlec and topographile products dn single
eolaur format {blask and whitel)., Film pasitives are particularly
useful as diazo coplies (refer to Sectisn 12} can than esasily be
produced for use af base maps for plotting data, trial interpre-
tatians and deslgn studias. A menticned esarlier, evarprincing
thematic information directly oato these products 1 economical
Put results in the wisual conflict of two Jdifferant data sete;




Figure 7.1 Assembly diagram for GEBCO sheets. lIntergovermmental

Oceanographic Commission and International Hydrographic
Dpganization?
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11] Orthophata or photo maps (refar Eo Sestion &8¢ can someatimes be
used as base maps. Thesa cab b sconomical to produce, and they
have ap implicit accuragy which many people do not ateribute o
line mapping because of the possibility of blas, error or manipul-
ation in the production oE the latter. The phota imagery must be
reproduced 1o a light tone in arder ta allow the thematiec informa-
tion to be olearly visibhle., Photo base mappling has hecome popular
for public presentations and tourigt mapping:

111) Zatellite imagery, Landsat for example, can often be used for
emall-sgcale base mapping if ite gedmetric distortion is pot a
problem. It can be treated in the sama way A5 photo mapping.
These images have & "hlgh bech™ connotation which can be a usaful
apget im many kinds =f presentatians. The images are Yidely
available and curramt. Inquirias for information regarding
gatellite imagery may De addeeszad bLo: Eprth Obhgearvatlon Satellita
Company, 4300 Forbes Boulevard, Lanham, Maryland 20708, U.5.A.;

iv}) Portionz o! published hydrographic charts or sven topographic maps
can be used directly. A negative of the map sheet 15 obtained
fraom the mapping agency cahcernad, apd uvawanted detall is sinply
opaqued or magked. Pheotographit scale adjustment can alsc be
carriaed owmt. The negative can be used to produce &4 new base map
onto photographle £ilm on which mincr adjustmeantse and lins touch-
ups can be madae with an ink pen;

v! Bingla aerlal photographs <an often be ueed ag bace mapes, parti-
colarly for swmall areasflarger zcale studles. The photograph,
ar a portiot theresf, can be enlarged to a sultable spproximate
acale. For display work or report illostrations a ayptem of
Lraneparant overlays with coloured symbolization can be produced
cheaply by diaze techmiguaes. For thematic mapping the photograpgh
can be reproducad onte seribing Lilm for use as a guide imager the
thematic Iinformatich 12 soribed 1 Ehe usval way. A halfituhe tohe
varsion of the aerial photograph bacomes the base map and the
thamatic informdtion is than overprlntad in the desired colour.
The scole accuracsy ls pormally poor, but this is often wffset by
the gase with which geographle relationshipe can be zaeh.

T.4 Gensrallzatlon of Base Information

Every map ls a reduction of reality. 1t is the resulting <comprassaion
ol detall which requires a systematic approcach to the eselection of
information threugh bhe procass of generalizaticn. Maps, even these at
large stales, can not pessibly show all the details aof am area in thelr
parract relaticnships. Thie limitation becomeg highly restrictive am
gsalas get smaller. For example, taking information mapped at a scale of
1:2%,000 Ahd reducihg 1L to a ecale of 1:100,000 will result in a new map
vsddpying only cne eixteanth the area of the original. This reduction
allows only a limited portion of the original informaticn to be portrayed
&t the emallar scale. Thus the smaller the scale the greater the amount
of gengralization regquired. Swveewssful generalization results 1in the
retenticn of the distinguishing characteristice of the mapped leatures so
that they are effectively represented deaplte the restrictlione of scale.




The various operations, which together make up the subject of carto-
graphic generalization, are hormally Jdlacuzsed opder folr catedgories orF
elements: simplification, clasgsafication, aymbolizgticn angd indoction.

T.4.1 Simplification

The titting of ipformation Lo the selected scale of ché map and the
malfhbenance, as for as possible, <f the esgentlal geographlec character-
istiex of the mapped area are the two primary objectives in mapping. The
Informaticn must be simplified by judiclously selecting the necessary
clagges af information to be shown and by reducing ite complexities and
detail. The informatian to be discarded or retained is determined by the
relative itmportance of =ach item, the relation of the data to the map
obiective and the graphic coasequences (to other data, symbols, atc.) of
retaining each item.

T.4.2 Classlflcacion

This is & process ol grouplng & large, varlable masgs of Inlormatioh 1lh oa
relativaely orderly and =zimple manner. For exampla, fish apesles could e
claegified into grouplngs of genera or famllies depending on apace avall-
ability. The number of classes should be fewer and broader on smaller
scale produrts.

T.4.3 symbslization

This procedore occurs after the procasses of simplificaticon apd classi-
ficatlion have Deen cprrled cut- Some symbols are highly generalized
(the Jdot) whiles others are net flatituda and longitude lines!). Codes are
alzo used to represent the data and identify its location. Good symboliz-
ation enhancas the wilactivaness oF other aspects of generalizatian;
howavar, 1t can also infer an upjustifiable degree of precisicn af
darivad from poeor information. Theee aspects are discussed later in thig
gastion.

T.4.4 Induction

This is the procese of extending the informetion content of a map, in
Areads <f limited data availability, by means of logical inferance.
Isclines dravn through polnt Jdata messurements ars the most comman
examples. For inetance, water temperaturs and £galinity can be inferred
from relatively few zamplee. This process i guite common in the marine
enviragnment where sampling 1z a3 widely used procedure for obeervation and
measurement. Since extenalve lnisrence affects map acouracy, a rell-
ability diagram or statemsnt zhould ks included.

7.3 Hap Layout

The creative freesdom of cartographers is often limltad by a numbar of
averlapping restrictions, such as the requirement for sconomical repra=
duction, restrictions due to regional geographilc shapes, map projec-
tione and grids, and allowances for items in the map margin or surround.
Heverthelass, there is a definite plave lor artietic sensibilitiesz and
congideratien.  An attractive map iz more likely to be read and in general
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will he taken more sericusly A% A professional product.

7.5.1 Balance

A1l major map elemente should be placed within the avallables space in
an organized and visvually pleasing manmer. A& formal bBalance calls for
Eymmatrical balancing of similarly sized and shaped elaments in relation
to 28 balance point. This is the approach usually taken by the organizers
af aerieg mapping. Typirally the title is rantred eithar at the top or
the bottom, the latter being visuwally mare stable and prelarable. Practi-
cally, howewer, it is often necessAry t& use tha Former position. The
grale 16 normally centred abt the bottom, and Lhe bobCes are arcancsd avenly
around the perimeter <0 the map.

Formal balanme is ofton conzldered stilted and wnintereating for single
mape which are not part of a geriss. The [eitures shovn are unlikely to
e symmetrical and the shape of the reagion governs the locatisns lor the
title, legend, scales, ete., in conveniant opan areas. Thus an infarmal
talance of the elemants 1z raguired,

In informal balance the visudl waight of wach elemant must be conegldered
individually and in realation to the whole design. The various slements
must ba placed su that there iz a general Calance. Often a large item
such as the title or the legend can he visually offget by tvo or morms
smaller alemmnts.

The varisus posgibilities of layout should be flrst tested 1n B sevies
of simplified minlature dravings fellowed by a full-scale dummy which
shows outlines ofF the majsr alemants without datall. It is not possible
to credte sfisctive deslgos LI opjor glements must Dw fitted in &t Lhe
last moment $Figures 7.2 and T.3).

7.6 Hanuacript Compllation for Marine Applications

In cartography the term compilation means the process af organizing,
apsembling and fittimg together all of the wariowuse geggraphilical and
thematic data which will be included in the map. The wvarigus kinds of
data meat all be located in their proper planimetri¢ peositien ageording to
whatever projection system and scale have been chogsen. The compllatian
manpgcript becomas the guide for congtruction of the map and le necescary
no matter what technigue or eguipmeant 18 used to create the finmal produoct .

The <compiling <f Jdata may regueirs the use of several information
goureas inaluding mapes At varylng soalas, publisted material in both
textual apd tabular form, field surveys of warious kipds, "raw" data
darived from aerial photographs, satellita imagery and digital records.
Each of the mapx may b on different projections and have varying accur=
acles and acaleg. Simillarly the textval and digital material may sxhibit
g2 wide wariety of characteristigs. It ia the task ol the cartographer to
eelect appropriate informationm with which to create the [inpl map, with
the intended U= of the end prodoct kept firmly in mipd. Feliable maps

cannoct be created from poor or icadeqguate data sovrces, ragardlass of the
compilation technigues used,.
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Figure 7.2 Good and kad soluticne to map layout desigo- [Aftar
R. Bertrand and P.J. Owtoby, 19801
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Figqura 7.3 Good and bad solutlons toe map layocut desian. (After
B. Bertrand and P.J. Dxtoby, 1580)
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To6.1 Work plan: Survey strategy {or a developing Ration

Surveys of the status af Iisheries and marine ralated informabion
within developling natians aften indicate a deacth of such data, at least
in a form which can be uiilized f&r management purposes. Thie state i
affaire., invariably due tc a lack <! manpiwar, mohey or ekperbisa;
confirme the reguirement for fisheries resturee mapplind Yith ab smphasis
on the collection and preseniation <F marire Anformation in kL8 most bAELC
farm. The major sourde ol sdch information in developing natione 18 olten
the fighing community, rather than the rasaarch and mapsgarant Aadanslas
associated with industrialized tishing natleons. The vndarstandable desire
to fund the acguieition of new remoctely sensed daka (from aircraft and
gatellites] and to computerize the developing data base should be depen-
dent on the success of data cellection and subeeguent thematic mapping.

A purvey should include the Eollowing phacses:

1t The formulation of & small project fteam. Additional expertiae or
manpower <an be called upon as required;

t1t An invitatlon to selected flsheries personnel to vialt anm appro-
priate institutrien in order to:

al become familiar with the array of technologies assoclated
with reepurce mapping;:

Il formulate an acceptable data collectlon strategy;

o) devalop & program itinecary and schedule;

iiil The preparation of large=-scale baee maps of natignal waters
linshore)] and small-scale base maps of the area as a wholae (tha 200
mile Extended Econcomic PZome) on which to ecollect information;

i} The field testing of the technlgues and logistigs of data ool lec-
tion and, acrordingly, their refinement;

vi The reviaving of existing data from the sounrces andicated 1in
Gertion 7.6.1.

7.6.2 Infermation categorles

A typiecal lilterature review and intervilew process mlght include the
fallowing marxine information cateqories:

il Fhy=sical features:

al hathymetry;

b1 currents jaurface, hottoml

ol temperature;

dl galinity;

el tidal ramge;

£l mataeorological charactericstags;

gl coastal merphology Se.g., beachl;
hl near-shore geonorphelogy;



i1] Type of bottom (habitat):
al location of coral ramls;
bl gand bottom;
c) mangrovas aF turtle grass bede;

iiil Rescurce locatinon hy apecles areas and EPasConE:

al reef fish:
Bl lobster:
(=3 conch?

dl furtlez;

el fiviny flsh and gther =mall pelagics (plus baitfishl:

£t tunas;

gt other large pelagicz le.g., rainbow runners, kingfish and
bPillEishl;

1v) Fighing areas by speoies, s€3ason, boar and gear type:

al troll tiszhing:

ke bBend 1llntog;

o tigh traps;

g1 ealnlng fpurze and =shore):

gl torelygn filsning wvessel slghtings [(by countryd, distinguishing
vaessels of adjecent countries ftrom distant water fleets;

i sport fishikg;

H.B. Areas Eished by mationals, which arve gutside their area of natignal
jurplsdiction, ghould be indicated.

v1 Other maring activitiens:

al location =Ff fishermen's communities;

Y] number of Eishermen, boate and gear types;

et principal kandling and trans—-shipment polnts and harbours;
al Eourist Jevelopment areas;

el marine parks and congervation areac;

£l SNIPPLANG KOUL&3;

al main sources of domestic and industrial pollotisn;
hl araas desidanatad for agquacultucs Jdevealopment;

il idantiffipatinh of Cilgustars zones.

T.6.3 Identification of information scurces

Tha idantification ot information ecurces for the preparaticon of a
manuecript is a critical phase of any thematic mapping program. In
relation tg fisherles, Jjurledictieonal conflicts bhetween the numersus
naticnal auvthoritisee assorclated with the roaztal zone oftan regdlt in
relevant data belng housed in the unlikeliest of locatlons.



Poutential =ourvas <f informestion include some or, ideally, all of the
follovwing catagorias:

i] publighed scientific literature;
1i] unpukllithed scisntiiic material:
i1il libeary collectlions of papera on special topics;
iv}l govarnment Jdepartment reporta and autcmated data bases;
vl coneuwltant reports;
vil comnmnarcipl Dbiblioqraphig Qata bases, e.g., ASFE liguatics Brlences
and Fisheries Abstractsz - an FAQ data kagel:
viil questionnaire results [zent and recelved by malll:
wili} interview materlal;
ix} conventiotal aerial photograph repository;
x} map collestians;
xi} gatellite imagery (genarally the responsibility of a2 government or
international agency!.

7.68.4 Collection of informaticn

This phaste may amplay & variety of technigues from relatively simple
and inexpansive data gathering activities, such as the deployment of fiald
personnel aquipped with coldured felt markers and accurate base mape, to
the romplex operatlone agsorliated wibth data sollaction from reamete sahsing
platforms (satellites, Elxad wirng alroralt and helicopters). The informa-
tion collected can be =tored either in the conventichal maoner on hard-
Ccopy @mApE, or it can be enteked intt a geographic informaticon syetem (GIS?
and stored in digital form inm a compuiar lrefer to Bectisn 14). Utiliza-
tion of these mote advancesd btechnlgues is certainly net essential; they
should, howeaver, ba copnsldersd einee the more slaborate data collectian
trocedures are becoming sommabplace in many davalopiny countries.

The phase of manusoript compllaticn which invelves collection of
intormatinn in the ftield i=s often critical +ag the success of a marine

IesourceE mMapping progran. It should be carrisd put seguentially aa
followes
Po6.41 asicgh of ioterview format: The precise format anmd interview

strategy should be prepared in cooperaticn with fishery officere famlliar
with the locale, tha fisheries and, most importaptly, with the fishing
community. Tha format should be simpla and uwnambiguous. A Eield teated
procedure for conducting interviews is as fellows:

1} the provisicn of large-scale base mapg of patisnel waters and
Emall-ecalse base maps of the reglon az a whola for data col-
lection;

i1) the interviswing &f fisharmen, fishary officers and other interes-
ted and gualified perscns (e.g., cnast guard and naval personnel,
Farbour masters, etc.| utllizing tha above maps to plot the
acquired maripe information esing Eelt markers. Sufficient maps
should be used to ensure accuracy and comprahension:

1ii) the provision of unmarked maps lor each perscn interviewed,
identified with hizsher nams and professiocon and the name of



the interviewer, the date and place. This 1= 1important, partaicu-
larly when interviewing fashermen, ko avoid bias caused by Eeeing
the rasults aof praviovs interviews with obther flshermen. The base
maps Shogld e filled in, as an integral park of the interview, by
che person intervilewed, but if nead Pk wilhk Lhe Assistance of Lhe
interviewerls!, Figure 7.4 is an gxample of infoematlon parbrayed
by the simple Ifelt maprkar technigue.

7.6.4.2 Intarv)avw process: The majority aof current marine resource
infermatlon is obtaingd from those personnel most directly concerned with
its exploitation, management angd selentlflc research. The actual inter-
view proceds will wvary according to the individesal or group belng inter-
viewad:

it Figshearmen: It 1s advantageou=s to interview fighermen indiwvwaid-
wally to avold bias, as previously mentioned. The ratiomale
of the program and the baneflts which «will be darlwad [rom 1t
by the fishing community should bBe particularly emphaclzad,
ac fighermen &fe ganerally the most gkeptical of the subiects
te be intervigwerd. The conaiderable effort required fto overcome
#uch sképticlam amd cynlicdsm 16 most certainly justified by the
wagalth of information usually cbtalned. In conkrast to many ofF
the aperies they catch, Lthe fishing communlty Ls perhaps the most
under«exploited marine resource in the context o! information
retrleval. This infocrmation must, however, ba cribically assessad
in terme of its accuracy;

il Fishery offacere: When peossible, group seselons are recommended
fer fishery cEficers. After an Initial brialing by a member of the
res0urce mapping ieam, Ehe offlecers should be quaried about
the zubject under review. While one o two team members Ccakg
notes, the otherial should encourage the officers to draw distrikba-
tion patterns, etc., on the base mape previouely affixed to the
walls or tabkles. The bteam members must be Yanimatocre" and encour-
aga discussion, which pre-supposecs & parsthal KAaowladge of tha
local fisheries. Ceontrovarsy between the owiflsers concerning
matrine information canm ofiten impegve the guality of the fipal
preduckt, 1L the point <f conteoversy can be resolved. The baam
should attempt to methodicoally follow bhe list o! toples to be
reviewved and at all timesz record tha name of the parson whe
provided particular information, either on tha baese mapa or 1o the
notas. h plentiful supply of coloured markers and uvnmarked base
maps 16 eseehtial for 4 successful interview seesiong

1ii) Sedentists: It is adviszsable to lnterview ecientists on an indivi-
dual basils, partly beacause of the inhareant professicnal jealousy
that results when ecigntiztas mest in groupg, ot alss bacauss of
the real, and percelved, preoprletary nature of thear iniormatiomn.
A manuscript map, containing Lnformatleon previpusly obtalned from
the fishermen and fishery offirer=s, ghould be the focua of discus-
Elan. It will probably elicit ecriticism, which ta reguired
Lo ansure Adcurate and wveriflabie data. It i not poeeible to
&licit mueh Lnfotmed opinlaet, Ln a short space of tima {generally
a critical factort, uwnless a manusgript 15 available to sthlmulate







angd fpcus the ocriticism.

Whan che infprmatliom, collectad from the above threse Jroups,
has heen analyzed and collated with other ecurces of data, ancther
manpuscript map should be prepared. AL this point 1t 1s essentaal
to arrange a "check seesion" with the key information providers to
ansure that their contributicone havye not bean misinterpreted.
Thie session ie alse a valuxble part of the "feedback® process and
wlll aincreasee the confidance of tha participants io the worth of
the thematic mapping program. The thematic map, as an end product,
must be eeen to coptaln reliable and accurate informaticon, sther-
wisge the credibility of the whole program will be lost.

1.6.4.13 Interview protocol: In all caees baelc ecivillitlese are a pre-
requleite to a EUCEesELul  LNtarview. Mnlwes these civilities ara obser=
ved, future efforts to obtain informatison or cocperation will be jeopar-

dized.

1)
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These include the Eollowing:

Prior econguiltation shaold take plage to engure that the rationale
for the program i=s clearly wnderatood and, particularly, that the
beneflte to bhe derived from the program are identifiled; the latter
will often Facilitate cocperatlion;

The interview format and topice of intersst shpould be ctrtvon-
lated in advance. The interview procese 1= unfamillarx to many
peTsconE, prokeseicnal amd oftherwiee, and can be a little forbhid-
ding, hence the need to alleviate any fears;

It is eesential to establieh a precise time and dgate for the
interviews, 0Onlike other preofessions, fieheriea ave often asasonal
and ara carried out at different times of the day and night. Thua
A& time should bw selected when fisharmen and fishery cificers are
ret in the madst ef thely peak agtilvities, l.s. arhiusted persocnnel

are opt l1deal gsubjects to interview and tha informatlisn obtained
suffers accordingly;

411 arrangements ghould De comflymed, by lebter or by talephone,
well in advance of the interview. Another communication a few days
pripr to the agreed vpon date may also help to aveid ambarrassment;

The lscation in which the intarvigw {5 %o take place should
be choeen with care. HMoast peoples fteel more ralaxed in their
home or work enviragnment, rather than in aome alien instltutisonal
satbing. This is particularly true for the fishing communlty: &
fighing boat, dookslde or the Fisherman's home are ldeal settings,
ABsUming prior permissicon hase been arrangsad;

Awvareness of political realities 1 ansther prerequisite.  The
Lishihg community and pereconel from the Department of Flsharles
rarmly agree on any topic, especially figheries manageamant Aand
within the fizhing communiey Ltself there are noarmally a wvariety of
firmly held opiniona. Hengce the intarviewar must beware of
lJaopardizing his primary task of collecting information by an
Injvdicious cholece of words or reference to a currently valatile
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taopic. TDiplomacy is thus essential;

vilt The parties interviewed are naturdl)y sgarieved 1f they do not sae
the end results of the pragram, i-e. & map apd/or raporc. Farsonsl
copies are particularly appreclated but the cost of the item 1s
ohviously a factor. Acknowledogement of their conbpibutlon plss 1%
egsential, both in the form of a latter of appresiation end in the
apprapriate acknowledgement saction of The and product.

7.6.5% Organlzation, analysis and evaluation <«f Llnfocmation

The infarmation amd data collected from the numeroos sources must now
ba categorized according to the desired vee of the and product, the
thematic mapigst. The integration of data and its portrayal as thematic
itpfermation will normally occur within clearly defined categories, l.e.
pelagic flskherles, demersal flsheries, habitat, [leet distributicn,
port infragtructure, etc. Utilization of thesze varicue catagories, elther
individpally or in comblined form, will depend on the map design (refer to
Swotion &)1 which in turn will reflect the wltimate use of the map, ite
hanagemgnt role.

The aoceptance of marving resQurce mapping as a management tool ig
dapendant on the reliakbility of the contained infoemation. The importance
of accurate mapplng sannst be overestimated, for Instance, Ln acqua-
cultura lerses and development 2ites, location of artificial reefs and,
mpre generally, coastal zonatien and multiple vuse delineation of nearcshore
aregag. Thus the analysizs and evaluaticop of the categorized Jata sheould he
thorough and sclentlfizally acceptable. For this reazon, all infcrmation
utilized ipn the thematic mappling proceaz must he clearly identified with
the aild of an "Audit Trail®, to give users of the mapis] the opportunity
to check the authenticity of the scurces and the credibility of the mapped
lnfermatian. Thip 1p particularly important for thematic maps 23 the
original data may have heen transformed and integrated with (nformation
from other sources.

Upder certalp clroumatances 1€ way be desirable to assess the informa-
tiop in relaticn to i1ts percelved acceracy. This may b dons by graphical
means or 1n accompanying text. Whichever technigue 1 used, 1f will be
opan o publlec scrutiny and may cause considerable concern to the original
infocrmation providers, particularly Lf the assessment of their contribu-
tion 12 pot cdpplimantarcy.

The collected inlormabion and data to be reviewed amd eelectively
inteqrated may includs not only written material and graphice (maps), buat
also aerial photography and eatellite imagery which will reguire inter-
prataticn. It may be used to wpdate old infaormation or provide naw
information. The role of aerial photo interpretation, zatellite image
Analv¥els and geographic informatian systems (GIZ] are congzidered In
general terms lo Sectlons A and 14.

T.6.6 Flotting techniques and eguipment

Having collected and organized the reecurce informatign in the form of
a2 manuscript, 1t may be necessary to plot thias information onato another
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map at a different scale. There are a variety of manuwal, mechanical and
optical techniques and aguipment available to reduce or enlarge a map for
thise purpoee:

1

ii]

1fi¢

1wl

Wl

vl

Grid sguare oF UPnion Jack methoad: A grid of sguares is drawn
on the map which ts to recesva the znformation. Ingcreaged acowracy
can be achleved by drawing the Jaagonals [hence the Laerm "UInion
Jack® method]. The larder/smaller format 13 divided up into LChe
same numbker of sguarss. Detail iz nov copled by bard from sach
squars lor triangle! onto 1tg counterpart at the reguired scale
(Flgure 7.3). A simllaxy method can be used to transfer detall from
axrial photographs to a map;

Similar trlanglacs: Thia methed 12 partiewvlarly well zuitaed
ftour the compllation of linmear detall such as contour boundaries,
atc. It can he wsed for baoth redoction or enlargement. The method
is shown in Figure 7.6:

Froporticnal dividers: These instruments can he walpable for
manual compilation; they greatly reduce the ampunt of time reguired
te perform the two previouvse procedures. They consiet of medified
dividers having two equal lege pivotlng about a milled wheel
attached to a slide piece [Figure 7.7). If the slide piece 1B
maved in the centrel slet bthe proportion of aone set of legas ta the
other 1 chamged. Scales are graduated an esach of the legs,
although these are only an approximate guide. Exarting acalea ave
usually determined after a few minutes of trial and error. The
variable proporticn makes it poselble to measure a diekance an cne
map with one end of the dividers, turn the instrument gover and plotx
onto the manuecript directly with the other end. Most proporticnal
dividers hawve scales gradonated [or planimetry on one sBide and
circlas on the other, increasging their wersatility:

Parallelogram pantegraphae: These varlioue devices makse wga of
simple gecocmetric ratice, based on the propertiea of parallel
lines, to change scale. They coneiet of a eystem of rigild armsg,
hingad or sliding, focrming a parallelogram with extensioms. At
cartaln polinks are mountad & pivet (which deoes not mavel, a tracing
point and 2 drawing pancil. Whenr thase thres loci are adjusted
corrmctly for Lhe reguitred scale changa, and the bracing paint is
uged to Crace the original map, the paengil drawve the map at the naw
acale {Figure 7.8);

Photography [refer to Se#ctiobh 12): The only sericus problem
with thie technigue 13 enauring that the oorract scale change
kas been obtained. This can bhe checked with the grid sgquare
method;

Spacialized projectirs:r A map can be projected, enlarged op
redused, asz regquired, onto paper laid over a glaes Boreen.
nce the correct getting 1s obtained [check with the grig sguare
method b the lings of the map Are drawn on the paper. Examplezs of
these proiecstors insludes
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Figuee T.5 Grid square method for enlargement ©r reduction. 1Aaftar
C.L. Blair angd AR.I. Simpoon, 1978)
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Figura 7.6

Teilangles mathod for enlarosment or reduction. (Aftex
F.J. xtooy end A. Brown, 10761
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Figure 7.7 Froporticnal dividers. i1Alter Interpaticnal Cartographic
tessociation, 198473

Figura 7.8 Parzllelogram pantograph. {After H. Graham, (968
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Grant projector:
Elimsch Antiskop;
Hap O'Graph;

Fail projector;

L3 £F O»

Elide projector or espidiascope (overhead projlsctor): Thesa
arg orude mathods for scale changing and only snlargaments can be
sasily produced. A elide or fransparancy of the original must be
available for projection. To avold distortien, the axis of
projection and the paper onte which the map 1s to be drawn, must be
at right angles. Oncs again, the grid squars method s an appro-
priata method E> check correct scalem changa. Tt is posslbile to
reduca an image with an avarhead projactor 1P the subject is
brightly 1it in a darkened roagm. The stage of the projector can be
weed 3 a amall tracing table, and in this case, no ftranzparsncy la
necesgary.



SECTION B

#. AERIAL PEOTOGEAPHS AMD THEIE INTERPRETATION

Aariml photographs are an inwvaluable soures of information for the study
of the nature and characteristies of the coaestal and fterrestrial spoviron-
ment. Vertical aerial photographs oabn ba dsaed to update axieting base
maps and to produce nev bass mAps in Che form of individual photographs or
several photographe in assembled format kpown ae mogalcs (refer to Section
B.%).

Yarious slople transfer instrumente i(sketch master and zoom tranefar-
goopa)l are avallahle for rcorrecting the herizontal distortion {x and y)
inharant in awrial photographs and may he used to trangfer the necessary
phota infarmation to ling maps with a reasonable degree nof accoracy. The
amount of intarmation extracted from these asrial photos depends upon tha
tkille »! the phgto interpreter. To correct for helght displacemant (z),
& complex and expensive photogrammetric pleotting instrumant 16 regulrad,
2.9., Wild AIQ.

8.1 Types of herial Fhotographs

There are two major clasees of Aerial photographe:

L) Yearticals: the purvey camera leng polnts wvertically Qownwarde
producing & view resembling a plan of the ground;

il} Deliques: the gurvey camera lens axle points at an angle o the
around. I1f the horizon is included the photograph ie g@efined as a
high obligque; 1f not, it 18 a low obligue.

Pepanding on the photo information reqoired, more than one film type may
bR necesBary. In thia sltuatiom, the use of multiple aurvey camera
inptallations will reduce flying costs. In Figure B.1 the twinned ang
triple camera insttallaticns ars indicated.

8.2 Acquigition gf Agrial Fhotographe

An alrcraft taking ayetematic air photo cowverage of ap ares dows o by
making succeasslve passas back and forth across 1t, usually in an gast-wart
dlrection. Thie flight line ensuras rconslstency in orientation angd =sun
angle, which aids in photeo interpretation. The arientation of the prints
i at 90° to that af tha Flight Iines. To parmit sterecacoplc and photo-—
grammatric analysis thera 16 asually a &0% forward overlap betweaen succeg-
give photographs in the zame flight line and 20-40% lateral overlap
betveen adiacent flight lines 'Figure 8.2). Conslderabla variation in the
formet gize of photographs exista, although the most common slza ie 23 X
2% om (9 X 9"). Scales may vary from 121,000 to 1:80,000 depanding on the
photo interpretatlon regquireaments. For example, foresst inventory photo-
graphy 1z commonly at 1:10,900 whereas the analyeic of guological features
may eonly reguire photegraphy at a2 gcale <f 1:30,000. An annotation,
usually located along the gouthwest corner of the photographs, should
contain all relevant informatlion euwch ax the oll mipbwr, print number,
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Figure 8.1 Twinned lat; and tripled (bl sorvey caAmera lnstalla-
tians. (After G.C. Dickinson, 13697
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Figure 8.2 Lateral and forward overlap of aerial photographe. The
top left-bhand cormer of @ach photograph is indicated.
[After .C. Dickingon, 198914
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timeg and date of photography, ete.

8.3 Terminglogy of derlal Photographs

EBaalg terminolaogy assoclated with aerisal photographs lncludes fThe
fullowing:

il Format: the =zize of the photo:

i1t Focal plane: the plane in which the 1ilm i® hald in the camars
for photography (FPigure 8.31;

111} Principal point (PPJ): the exact centre of the phote or faocal
polint through which the optical axls passdb- This is found by
Jelning the fiducial or cellimating marks which appear on every
photao (Flgure 8.43;

ivy Conjugate principal poiet: image of the principal peint on the
overlapping photograph of A steres pair;

vi! Optical axie:; GLhe line (fom the principal polnt theough the
cantre of bhe lens. The optlcal axis is wvertical Lo the fosal
plane (Flgure 3.47;

w1} Pocal length (E): the distance from the lens along the aptical
axls to the focal point (FPigqure 8.30;

vil} Flang of the eguivalent posltive: an imagipary plane at one focal
lgngth frgm the principal peoint, along the optical axls, om the
opposite side of the lenz from the focal plene [Flgure 8.3);

viii? Flying helght (H]: helght of tha lans above s¢a laval atbt the
instant of expogure. The height of 2 specitied Imature abive sas
level i3 dexignated "h™ (Figure 5.3):

iz} Flumh point {Madir or wertical pointl: the point vertlcally
Eensath the lens at the instant of exposure (Figure §.5);

! tpgle of tilt: +the angle subtended at the lens by rays to the
principal point and the plunbk point {Figure B.5).

B.4 Propeartias of Asrial Photographs

Tha majority <! photogrammestric technigquas ara based onm tha three basic
properties of aarisl photographs: soale, displacamant and radial propercty.

B.4-%t GS=aln

The zoale of 3 fLruly vertlical phots of perfoctly flat terrain would be
ngarly the same az an accuvate line map (refisy to Saction 3}, The ocourc-
rence of rglief, however, causez warlatlions in scale bacauses of the
perepective wview of the camera lens [Figure B.6). Thase diffterential
variationg in scale precludse the tracing of infermation from photographs
divecstly to large-scale maps, The amcunt of displacement, however, can be
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The faocal length, focal plane, plane of the aguivalent
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Figqura B-5 Flumk point and angle of tilt of aerial photographe.
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Figutre B.E& The effeet of topography on photo scaler photo soale
incraases with an increase in elevation of terrain.
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measured.

The overalli scala s Ehe retlo of the fogal length of the camera lens
to the elevation of the camera lems with regspect Lo gome gpeclific features
on the landecaps; it follews that this ratin will not be correct for any
other alevation.

L= E.F. L ':'-5 oy |:E¢.-¢U¢
19,000

#.4.2 Displacement

REelative to aone level of terrain, higher pointe are displaced away Eraom
tha centre of the photograph and lower pointe towardsz the cantiraw. The
amount of displacement increages as the height af the abjest and tha
distance from the centre of the photegraph increasas. As tha altitude of
the camera increases, displacement 1s less. This 1is tha reassn why high
altitude vertircal photography is used for bthe sonstruction of mosaics
or ag anm effective and inexpensive base map substituta.

The displacement of objects on aerial photographs produces parallax,
which iz the apparent change 1n position of an object due to a change in
the point of choervation. Thie apparent change 1In poeltion ia the
principal reaspn for our ability to view two photographs to produce an
1llusion of a third dimension. The algebraic difference of the parallax
on two overlapping photographs 16 used to determine elevatione using
etereoecopic plotting instrumante.

B.4.2 Radial property
In a vertiral pheotegraph the radial directiona from the centre ars
true. Thue bearings measured from the principal point are true; wheranms

distances are not.

8.5 &Srale of Aprial Photographs

The scale of a photo affects ite use 1in the revigion of line maps,
i.e. a photo with a nominal scale of 1:50,000 gshould not be uged to revies
a map with a &scale of 1:10,000. PFhotos at the pame scale or larger
should ba used te insure that the resoclution of the rhotograph matches
the dJagraes of precision reguired for the revilsed information.

&.5.1 Determining the scals

Thare are four bagle methods of determining the scalg of an awrial
photograph which, in decreasing order of accuracy, are ag followg:

1} the reiatiornehiy bestwean two points on the ground of Xnown
distance, and the same two points on the photao, [Hote that the

Ecale may vary for other locations on the same photograph 1f there
is significant rellef wvariaticn];

ii! the relationship hetween two polnte oh bthe map and the same two
points on the phota;



- 101 -

iil} the relationship beatween an cbject on the ground, whose dimeneions
ara knowpn And the same obliect on the photagraph;

iv} the ralationship bketween the focal lengih of thea camera lens and
tha altituds of the camera lens,

e.q9., fooal length (£) = 15 ema, altitude $(H! = 1,500 m;

tharaiore scale = 15 = 1:10,000.
1500 X% 100

R.5.2 The aftect of! tilt and height Jdisplacement

The scale of an aerial photo chapnges from point to point Jue to tilk of
the camara lans {i.e. ailrcraft attitwde) and changea in height of the
terrain unless the terrain is absolvtely flat (Flgure B8.7F. The top of a
high mountain, theraforw, will be at a larger cale than a valley becauvse
it i nearer the camara lene when photographed funless the photo has been
rectified]). Figure A.8 & shows 3 rectangle of roads in absoletely flat
country photographed with a8 perfectly vertical camgra. There 13 no
distorticen o0 thay appear on the photo ag they would in a ling map.
Figure B.8 b shows the digstorted appearance of the roads on a tllted
photw; Figure B.B & shows the appearance of the information after restifi-
cabion, i.e. the roads ore restorsd to thely propey shape but the print
itsnlf ls no longer square. ¥hen hilly country is photographed there s
ng means of completely removing the effectes of tilt and the differences of
tarraln helight in one photo. Differential rectification, however,
minimizag thess effecis.

8.6 Plotting Techoigues

The faollowlng simple technlques may be vsed for plotting detall from
aerial photegraphs 2nto line maps without the wves of sophisticated agquip-
meatt [(rofer to Sectlon 7):

1t Transtar-by-eye skotching: If the line map shows considerable
detall Lt may be possible to add further lnalformaticon by visual
refgrgncing with a zatiafactory Jdearee of accuracy:

il} Direct transter after rcreduztion or enlargement of tha photograph
te the line map ecale: Tha photoaraph le projected at the appro-
priate gcale onto the lins map to ke revissed; phots detail is
then dravn on the map. To minlmlze distortion, the eanlargamant /-
reduction factors shovld be calzulated only [or small areas at a
bime. Instruments such as the FKall projector and Map O'Graph may
ba used lor this task (rafar to Section 7.6.68);

ifil Transfer by grids, trianglas, atc. [Figure 8.%): These are methods
derived from the basic principle that a strailght line on the ground
will appedr as & straiaht line on the photograph if the terrain 1s
relativaely flat. Height distortion, bhowevsr, will iptroduce small
errors in vertical phetographs and axceselva wrrore L1nh obligues.
A1) methods require that at least {ocur points be identilied on both
the photograph and the existing line map ireler to Seotien 7.6.81);
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Figure &.7

Yariations im smale in relaticon to aircraft attitode.
[bfter C.H. Strandberg, 1967)

Sraight ard el

Landwd o nght

! '
Saikare
(e unibarm o Scal
Erund |s Teyaly s llar
Fhimtir ncriy gicram
{or noss upl
Carmed and titted
Bgth tp
and kilt
Seale

Largar




- 103 -

Flgure B.8 An uhdistorted aerial photeograph (al; distorted (B1; and
rectified 12], C(RILar F.J. Oxtaby and A. Brown, 1976)

HH ij
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Flgure H.? Grids for transference of detall from an aarlal photo-
graph to a map: 1a) peclar grid; (B} polygonal grids.
{hfter G.C. Dickinson, 15&9)

o Pointa comman 1o phowg and map

Lines canatrucied betwean
original pomig

----- Subsaquent congtruction ines
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al Folar grid (Figure 5.9 al: Identical grid constructions are
dravn on the line map and the photograph:

- tha fcur poants used may be A, B, C and D;

- AL and BC are extended to maet at E;

- BB and CD are extended to meet at F;

= Through G, Ethe intarsecticon of AC and BD are drawn EGH and
FGJ.

Detall cam now De¢ copigd from any triangle on the photograph
anto the corresponding triangle on the map:

bt FPalygomal grid {Figures 8.9 bl: When more than four Ccommom
poeints fan he identified oen the phota and line map, extended
peints aa in the polar grid need nmot be drawn. The poinkts are
aimply plotted onm both line map and photograph amd the aresa
within the resultant polygon subdivided by Jodning each point
te all the others.

B.7 Interpretation

Ueing mormal wielom "on the ground” an obj]act can be distinguished by a
combination of the threa processes of ohservation:

1} aize and ahape:
ik oolour:
1i1) features with which it 19 agspriated.

The pame processes are uded by photo interpreters bof with different
conditions and emphasie within each group:

1] S5iza: may be the dacilding facteor when distinguishing between
objects alike in 3hape. MIRSULINg mMAY Dk DeECasEALY;

ii) Bhape: the general form (which inecludes the thrss-dimensional
sterecacopic view! oay be the zingle most reliable evidenoes for
ldentification;

111 Tone: varilation in tone results from dlfferanmces in the refleo-
tive qualities of objects, e.g9., light, dark, eto.;

iv}) Texture: when changee in tone are tpo emall to he discernalbple,
teaXturs maY assist ildentification, o.d¢., stippled, granular,
rough, smooth, eto.

v} SBhadow: providese a ground view of the object, hence an important
Sl . Lengthse of shadows can be used to determine helights of
vbjects if the surrounding terrain can be assumed to be flat;

¥i) Pattern: the arrangement on the landecape of phyeical and coltural
fastureas 16 ofben distinctive and may be useful for recognition and
evaluat Lot
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viil 5ite: the location on the landscape can contribute to identlifi-
cation, e.g., particular vegetation may appeac in speclfic loca-
tigng only;

viil) Associated features: features commounly fsund adjasant ta the
object under investigation. Theee have a charactaeristic appearancs
and so immeasurably assist photo interpretation, e.y., rocke and
z~11, water, wvegetation {wpoods, grasslands, crops!, roads, rall-
wayd, towne and historlc siltes.

A.7.1 Saperal rulea for photographle interpretaticn

In genaral photographs should be interpreted from the wvhole to the
part, i.e. broad distinctions Jdefinped first. Interpretation should be
approached systematically:

i} & literature review is a necassary part of any study and as much
information as possible should ba obtainad from thass sosurcass

11) The photograph should ba orientated. This may ke pussible with
the ald of shadows. Many air photographs ara takan near mid-day
for optimum light conditicns resulting in the shadows pointibg
batween north-=2ast and north-west in the northern temperate
latitudes:

1iit+ & patterm or shape should be selected on the photograph which will
e saglly 1dentified on the line map, e.g., coastlina. An apparent
match should be confirmed by supporting evidence;

iv) Photographic "keys" or file photos of eigalficant features are
extremely useful as aids to current investigatlon amgd as “"memcry
joggera" in complex sitnationa.

B. 7.2 Stereoscoprs pnd stexeoscople vision

Aerial photographs <cobvey oanly a waak imprassich &€ relief onless a
etereoscope 1t used £o¢ produse A thres-dimawnslional imaga. The three-
dimensional impression which 1s obtained in normal vision is due to the
fact that with two ayas sat about & oms apart, aach eye is able to present
to the brain a slightly different perspective of tha ocbject that is being
ochserved. From the differences in perspective between these two images,
the brain is able to aseess depth and bonild up a three=-dimenslonal pilo—
ture. This is the basic principle invalwed in the use of two adjacent
aerial photographs with consilderable overlap [(a stereo pair} and a stereo-
scope to produce a three-dimensional image.

There are a number cof typee of sterecacpopes, including:
1] Focket sterecscope (Filgure &.101;
1i)l HWirror stereoscope (Figure &.11): 'This type uzes pairs of parallel
mirrors to “epread" the line of sight, thug increasing the threes-

dimansicnal area under view at one time. Detacheble bBlpoculare
Five greater magnifigation:
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Figure B8.11 Fockat etaracscope. [after G.C. Cdckingon, 196493

Folding legs

Figure B.11 Mlrror sterececops. [(AfLter G.CT. Dickinson, Y9697

Binpcularg L
[ramavable b bl

>\
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ili) Twin sterssscspe: This modified mirror stereoscope enables twe
interpreters t¢ view the same photograph simultanecusly, & =ol-
siderable advantage.

B.8 Usthophotoegraphe

The perspective image af a photograph can be changed to am orthogonal
projestion with the aid of an orthophotoscopa which removes scale digtor-
tion caucad by height wariation. &1l points ars EKhus 1o their ecorrect
relative locatlions, scale is conetant and angles are LEue.

The most common method of producing anm orthaphotograph iz as fallowa:
the projection of a threa-dimensional stereeogcopic image produced by a
sterecscopic ploktear is exposed to photographic film through a wvary small
opening moved Across the aterscgcoplec model. As the tioy aperturse moves
along a narrow strip, the f£ilm remains stationmary in its horizcontal
poeition but iz moved in the vertigal gimension to keep the apertureé "in
contact with the surface™ of the three-dimenalonal image. After the
aperture has moved across the modal cnce, 1t 13 moved gidevays a distance
equal to the width of the opening, and the operation 15 rapeated. More
racent instruments electronically scan photographs and alfter corsectlon by
a computer, dieplay the image on & vided fermingl.

Pecause <! the great ampunt of detall on phetographs, arthophotographe
cah be more useful than a topographie line map for compllation in the
fiela.

.3 Mosgalcs

Photographs can be assembled inte mosaics, which can than ba aver-
printed with zelected thematic information to produce photo mape-

Since a photo 1s a perepective view [(projectiont, objects may not
appear 1ln thelr true horizontal positiony this tendency ie accentuated
the further the obhject is from the photographic centre. Therefore, only
the central parta of photographs usually are used in meosalcs to reduce the
amount of sreor due to relief displacement. The central areas are care-
fully trimmed alecng line features B that jointe between components of the
mogaic can be easlly camouflaged upon assembly.

Orthophotes can alsec be assembled to form a moeaic, which rcan ba
overprinted with thematic infarmation to produce an orthophoto map.  The
orthophote map has the advantage of accurate scale, in contrast with photo
maps prepared from mosaice of conventlonal photographe, which snffer from
dlaplacement, hence scale diecrepancles.

Moealrs are of three types, according to thae extent of geometric
comtrol:

1} Uncontreralled: Ethe sections of photographs are laild in place by
matehing Che lmages:

11! Seml-controlled: mogalcs constructed with limited groubdd control
are semi-controlled mosalcs. Wikh the aid of a rectifying pro-
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joestar, lime faatpres such as rivers are "stretched" or "“shortened®
for bast it to an existing map;

Controlled: prior to photography, precige horilzental locaticns
are marked on the ground and plotted on an existing accurate base
map (tharaby proeviding coptrolt. The photographg are than poel-
tisngd &= that the phots images o0f the rontrel points colneide
with the plotted control pointa on the hase map. Ratloed and
ractlfied printa are used teo correct for perspectivye disgplacement
of features.

Types of derisl Photographic Film

Therae are numerous types of aerial photographic film availabla. The
fonllowing 13 a partial liet opf film=z and some of their uses and advan-

tagas:

i}

111]

1ii}

RN

wi

Colour transparency film, uead for depth panetraticen, location of
gubsurfacre featuras, sto.:

- less axApensive than colour negative film which ragquires the
production of paper prints;

- good resolution (detaill;

- exgellent vizual presentatlion aid:

Colour magative film, used for land typlng, eteo. Thea colour prints
producsed feom this Iilm are:

- RAFY Lo UZe in FLRYNOFCODR;
- excgpllent text 1llungtration:

Colour infrared fllim, used for shoreline claseplfiecation, vegetation
analysis gto. 7

- axewllant for comparison with normal oolour Eilms;g
Colovr vides f1ilm, veed For depth penetration, ete.:

- gquick turnarouml and relatively cheap:
= suitabkle for monitoring dymamic parameters;

Black and white f£ilm, uzed Eor land typlng, wts.  The black and
white prints made from this [ilm are:

= less expensive than colour prinks;
- useful for genaral coastal studies;
= gdgY Lo reproduce;

- maka a¥cellent base maps-.
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SECTION 9

. GHRAPHICS

Graphice are a means by which the cartographar communlcates saleacted
information glearly and easily to the map reader or data usar. The
information can be contained in wvarious graphice such as mape,. charcts,
diagrams and graphe, and aided by realated textual material.

9.1 Characteristing oF Graphicog

The fgllowing characteristics are nacessaAry to produce eflfactive
graphics:
1) Simplicity: The graphic snould be easy to learn, remember, apply
and interpret;

ii) Comcigengse:. The graphlc snould pravide conciee ldentification of

the data portrayed;
1ii) Upiformity: Identical graphics should be provided for simllar
data within the limits of the study;

ivi! Informativenesst The graphics should convey encugh information
concerning anm area to allow an lmmediate evalustion of its charag-
tericties;

v)] Reproducibility:r The graphlc should be designed for easy and
poonomical reproductiaon;

vi) Talkahilityr The graphic uwunlts muet bhe distincitive, eazy to

ldentify and easy to use in conversation and publicationsg. They
thus communicate an immediate and clear fidea of the subject matter.

5.2 Graphic Dastgn Guidelinee
The fullowing graphic design guidelines should he conaidered:

i)

ii}

113}

Measured lines should be shown by continuocus (eolid]l linsg symbols
in contrast to interpelations [estimates! which should e shown by
interrupted [(broken!] line symbole;

Symboles, which may be defined ap a point;, 3 line or an area (refar
to Section 9.7), should be eelected for esagm of identification on
the graphic, rather thar in the legend or colowr chart. Thie is
particularly important im statietical pregentationg which use a
&lngle symbol repetitiwvely, changing only one aspact, zsuch as
size, to represent a different level of data;

A single graphic should not include more than three varlsbles
irefer to Sectlon 9.3}



vt

Wl

vil

vil?

viiw)

1%

X

Figursa

- 110 -

Information that does not contribute directly to the message shoold
be removed Efrom thae graphic;

The subdoct should be separated clearly {rom the backaround;

A single colowr graphlc ghould contain a total amount of bBlack ink
that ranJes [rom 53-10% of the figure area. Thiz prevents the
creation <! designs that are t>o light or too dark;

In gensral, cross hatch patternz and mimilar domimant designs
zhould ke avolded. Dominant patterns, common in commeraially
available trapgier f(lilmg, have a tendency to create visually
disturbing and "vibrating" graphics (Figure 2.1};

Dark or solld tonee and iptense coolours Ehould be recesrved for
tmall aresx of the most slgrificant information. Lighter tonwes and
colonrs should e vsed for gsecondary information:

In any statistical graphic the data may be designed for ite
parceived visval affest or for the ability to take accurate
physical messeremants [rom tha graphic;

In the graphical repregentation of data the visgel threshalds
ahould bLe taken intp consideration: perception, separation and
differantiation [Figure %.2].

a.1 The wibration sffect obtained whan graphic slemants are
in a 50% relation to the white background. [aftar
Internaticpnal Cartegraphlc Assoclation, 19841
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Figure 9.2 The thresholds cof graphic rapresentation: f1alb percep-
tigp; (b} Beparation; 'Y<l differentiatich. [Arter
Intarnational Cartographbic Association, 1984)
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9.3 Graphic Design Checklist

Hell designed graphics are sasy ko look at and easy to obtain informa-
tion from. Tha following aAre some of the characteristics of "Usar
Friendly™ and "User Uniriendly™ designs:

Uear Friendly
Words are spelt out. (nusual and
elabaorate encoding avoided.

Words run from left to riaht,
normal for afclidental languager.

Short messages help decode data.

Elaborately ancadsd patterns,

thades, tones and coloura gre
avplded., Labela are placed on the
graphige 1tself. Ho legend
reguired.

Graphie¢ attracts wviawars and
Provokes curiosiby.

Coloure are chosen sop that the
colour=deficient and caolourbklind
can make sense of the graphilc
(blue can usually be distinguished
from okther colours)l.

Type ix clesar, precise, modsest.
Lettering may be done by hand.

Type is upper and lower caae.

User Unlriandly

Abbravtiations abound, 1.e. the
viewar must sort through text to
decgda abbraviations.

Words rum vertically, scpecially
an Y-axlg., Worde ran 1n sgveral
different directions.

Graphic ia cryptic, requires
repeated refarences Lo taxt
matgrial.

Obscure codings cequire going
back and forth betwasn legend
and graphic.

Graphlc is repellant, l1.e.
tilled with redundant decora-
tion and other smballishments.

Design insensitive to colour

deficient viewers. Bed and gresn
used for eszential contrasts.

T¥pw 1¢ heavy, complex and
unclear. The sffect 1ls ovear-
hearing.

Typea ip all capitale.

Mpdified from "Tha Vispal Digplay of Quantlitative Informa-

tion® by BEdward ®. Tufte, 1983.
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%.d Graphic Qrganization

Graphicse cam be subdivided into three wizsual lewvels of arganization:
the gualitative, ordered and guantitative levels. These levels are
not mutually exclusive and many graphics can uas two or even all three of
the visual levels availlable:

1! The gqualitstive legvel includes 1llustraticone of two or maore
ditferent concepts - two different species, colours, produscts,
trades, etc. These can be dieplayed as either "this is similar ta
that" or Y“this 1s different from Lhat®™;

111 The crdered level ie a systematlc arrangemant of alamenkis into a
wagll recogmized ranking, such as temperaturs fram ot o oold o
glze from small to large:

11i] The guantiltative lewvel illustrates measurable or counted informa-
tien, "This 1s twilce that", "This is sxactly what wa maoasured
hare, " atc.

9.5 Graphic Wariables

There are elght varlables [(dimeneions that can be manipulated! which
are avallable ta the cartocgrapher to differentiate aspacts ol tha
graphlic: the two dimensicons ¢! the plane, plus variations in siza,;
value, texture, coleur, orlaptation and shaps. These variations ace uced
to create vielble marks, slgne or symbols on graphlics and mAps. AN
effective design will uee more than aone of these varfables; several if not
all will be inecorporated into complex products. Used alone wvariatione in
wvalus ms=ually prove to be the most effectiwve. The commonly uweed wvaria-
tions im orientaticon and shape, often with colour, are lese sfficiant 1in
communlcating information. To emphasize a messags, "graphic redundabcy”
may be employed by using tws graphic variables simultanecsusly. For
instance, in tralblilic signels the wital stop light is larqger in £ize in
additinan to heing differentilated by =olour. A more detalled explanation af
the =ight varlables 1s as Ecllows:

9.5.% The two dimenslons 0f the plane

Thie refers to the x and y dimensiona aloeng a sheet of paper, with
information bkeing plotted againet one or hotkh of thesse axea. Thia i tha
comman graph and 1ts many variants such as matricea.

B. 5.2 Size

&ny graphlec or map eymbol can be created in a wvariety of gilzeg uging
length, area or volume measurements. Thesse variowva sizes can he ranked or
ordered. A cartographles convemntion dictates that bigger symbols represent
larger or more importent t«ptures, ragardless of whather the symbol is a
gimple polnt; 2 line or 2 complex symbol. Many thematic products apply a

scale to the sizes of gymbols shown to ipdicats detailsd gquantitatiwve
lnformation.
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I.5.3 Valum

Valoe, alsc known as "lighthess™, relets Lo the variation Lln intansity
of light as eeen by the eye. 0On blask and white Jrawings, thile ranges
from white to Black aAf shades of grey (Flgure 9.3). Aa this iz a measuTe-
ment of tha amgunt of light reflected from a surface the notion of wvalue
applises ggually te colcured graphics and maps. The colours. or hues,
yallow and yellow-green reflect more light than red, brown cr purple and
are thus seen as lightar in value. This wvariatlon and its control are
important in most graphic applloatliopnsg.

3.5.4 Texture

This effect 1s alsoc called grain [(Figure 5.4). It is closaly related
to value and is a reflaction of the %ize of reposted symbols. Whan A
pattern is photographically snlarged or reduced the value (relationehip of
white to dark elemants] ramains unchanged but the taxture 1s alleactad.
Yarying the amount of ink in the pattern or changing the frequenczy of the
mlamante will algo change the value, a useful afferct in many graphilcs.

¥.5.59 Colenr

Colour, mere Accurately termed hue, trvaditionally has been & much used
graphic tool (rafer to Sectien 10]. The colour &r hua refers toe the
dominant wavalangth of light reflected frvom the graphic of map surfacsa.
Symbals producad in full-streangth colours are seldom 35 obvizus on bthe map
or graphic as might ke predicted fron che colour samples used for thailr
selestlion.  AgQain It iz the control of contrast which 15 vital; asach
colour must bg visibhle zgainst the actual Dackground on which 1t will
appaar. HMany dark colours are vwirtwally indistinguisheble fdrom mach
othay, particularly when overwnelmed by a strong background. Colour 1¢ &
vary useful tool but attention must bBe glven te ite applicatian. It
subdued tones or light tints are ressrved for sxtensive areas;, small areas
ol solid colaur will Decoms highly visible if suparimposed on or adjacent
to the light tintsg.

g.5.5% Qrlantation

The angle of any distinct symbol lexcept tine dot or line pattarnst can
Lhe rotated and that angle glven a significence o changs lpn meaning.
Thie can ke a nseful design alement, partiecnlarly when combined with
Atiather graghic wvariable. UOsed alene reépeatsadly, 1t can alse produce
aqraphics which are visaally dlsturbing and extremely khard to understand.
Extanglve areas of fine ruled lings and similpr patterns are Jdswally not
geen as aligned symbels but ag a2 tone. The zame eymbol At various angles
creates the same tone, hence wigual confozign. Agaln it is comtrast which
ig the desired dominant efiect. For the zpme visusl reaasons ruled pattern
lines ahould not ke drawn through 3 line symbo]l because the bBoundary will
dizappear.

3.3-7 Shapa

Ideally the shape of a gymbsl should clearly represent the feature
being shown. Thia i3 aeldom poagibls becauze £0 mARY maps And graphics
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ek produced at small 3coales where the krue slza of the obhject  would be
cloze to that of a gsmall paint. Many symbols, therslore, must he axag-
gerated in si1ze and simplifiaed in design ib obdel to o visibla.

The most common error is to design a large aumbar of small symbols,
approaching points in size, which wary only in shape. Against most back-
grounds thesa MmifcD Yarlations are nol apparent Lo MARY UESFE. Shapa,
therefore, should be combined with another «lement, most often a change in
Size,

3.6 $raling Graphic or Map Data

Graphlic or map daka may be scaled 1n fouwr levels of measdrsment. They
are ag follows, in increasing order of precision:

1! Hominal scaling: a divielen of data based on gqualitative consid-
erations, e.g., & vhart, a lighthouss;

ii) Ordinal scaling: & differentiation of data within a clase on
the bagis of rank bot without any numerical wvalpe, o.g9., largs
apd emall poris;

111) Interval sraling: a ranking of data in exact standard units
with difFerences batwaen classes expressed in miltiples of that
uynit. Tha z&re point is arbitrary as Iln the centigrade scala,
whare 26 CTis not twicm as warm as 10°C, merely 10°C warmer;

ivi petic scaling: as with interval scaling closses BEe sxactly
defined but in contragt the zero polnt i absolute, &.3., welght,
distance.

9,7 Symbeol Classlfication

In order to simplily their design or selectlion, symbols cam be sub-
Aivided inte thres different clagaws: polpt, line and area. Variations
f thesge claggifications zre made possible by subtles incremants of tha
factors previoualy described inm graphic varlakles {refsr toc Section 9.5).

1] Point symbols are indlividual eigns euch BEe dots, triangles, small
crogEas, #to. . that are used To represent positional data such as
towna, reefs, gample locationg, soundings;

11] Line gymbyls are wvarlationg on the thews ol a single line repre-
genting a wide wvariety of data. The information can be both
linear or nen linear. Commonly., lines of communication [(roads,
railvayes’, bouhdaries, rivers, aetc. are drawn in this manner,
in addition to floaw lines, contours, depths and many forms of
volumatyle data;

1141 Aren zymbals indicate Tthat an arsa hae & sommen characteris-
tir, which 1 commenly ashown by the vae of m tone, colowry o
pattern throughout the designated area.
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9.8 Statistical Graphilcs

Statistical graphice may be subdivided inte kwo categoriss {Figure

0.5):
il
111

H.8.1
il

1i]

114

iv)

w)

0.8.2

graphlcs shewing relaticnships betwsan gquantitlies;

graphice indicating the poertion of the whole formed by saveral
component parte.

Graphlcs showing relationghips betwaen quantitles

Line graph !(Figure 9.68)}: The Llndapandant wvarlable 1ig normally
plotted on the horlzontal scale and the dependent variable on the
vertical seale;

Bar graph (Figure %.7t: The bar graph 13 similar to the line
qraph, but directs attention to the actual guantities, whereas the
line graph emphasizes the rise¢ and fall 2f the valuas., Bar graphe
are often "turned on their side™ with horizontal bacs; this
provides more space for names, values, ato;

Circular graph [Polar <hart, Clock graph] 1Flgure 9.8): The
circular graph can ks used to dencte a agries of wvalwes which
ralate to 5 recurrent state of gffailra, a2 continuum;

Logarithmle araph (Flgore 9.99: Thia graph 13 used to indicate a
rate of increaszs rsther then the ampurt of increase. Tt will show
egual rates ©f change by lines &t egqual slopa, whatavar tha
numerical basise of that change may keg

Scatter graph (Scatter disgram] (Flgure 9.1¢]: The soatter graph
iz used to investigates the relationship vhilch sxists Eetvasn two
varieables ocevrring over a wide argea. The relationship can b
expredged mathematigcally by meana of regreasion analyzls, with &
gtralght or curved lins drawn through the pointe on the graph.

Graphica showing propoartions formed by constitwent pargsg

Savaral of thess graphics are modifications of those already deseribed-

il

1i]

Cempound line or bar graph {(Figure 2.11F: This i ussd to sub-
divide the ares benewath the line, o contained within the bar,
inta Ry number of componeants Lf the wvertical line Sommenoas At
11 13-1

Dlvided cirecle or ple araph SFlgure 9.12):  Thie 18 the commohest
gtatistical diagram. The total guantity concerned 1s represantsad
by a circle which ie divided into segments propertienal in slze to
the components. Comparison can be made betwesn varlations in thexa
compipnente in two or mopre sxamples 1f a glecle, subdlvided in thi=
way, 15 drawn for each of the total guantities, Circles varying in
Bize proportionally to tha total quantity which they represent can
alac e used;
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Graphical technigues [or portraying statistical infoxma-
tign. (After G.C. Dickinscon, 1973
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Figqure 9.6 Lane graph showibs herring landings from 194B-78 Qab Lwo
Statistical Distyicta. (After S.M. Hessleh at al .,
18811
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Figure 9.7 Bar graph showing the potential catch par wunit effort

using gillnets by Statistical MArea. i{After 0.G. Reddin
and P.B. Short, 19811
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Figure 9.8 Circular graphs showing wind charasteristics on a monthly
basie. f{After MARTEC Limited, 1982])
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Filgure 9.9 & normal line graph f(al); and its logarithmle sguivalent
[b). (After G.C. Dickinson, 1%73)
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Figure 5.10 Scatter graph showimg the relationehip between obagrved
and estimated year-clagse ailze of cod (hifter P.F. Lett,
1980)
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Figure 9,11 Compaund bar graph sheving wvalde of Capadian erports of
fishery produects 19%5=72Z. {After Canada, Department of
the Environment, 19741
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111! Davided rectangle (Figure 9.13]: The rectangle, whoge avea may De
propertional to the total gquartity, 1z uzed im a manmer gimllar te
the circle and 2an e subdivided inte layers, each representing
one pf the componentz;

vk Triangular graph [Figure 9.1d): This graph may show three wvari-
ables; in both (nterpretation amd use it hase strong affinities to
the szratter graph. ‘The graph consistes of an pguilateral triangls
with gides 100 umits long, each carrying a scala rukining Erom 0° Eo
105.

5.9 BEtatlstical Mape

The important element of peoeitionm in statidstical maps forces the
cartographer to work within rather finer limits than with statistical
graphics. The =s=pace available for display of any detailed intformation
depends oot only on the aoverall slze o! the whele mag, bBut on the area of
the map within which the information can be placed and stil) e assoclated
with the appropriste geographic area or feature. The statistiral informa-
tisn may ba showa by pon-guantitative or gquantitative technigues (Filgure
9.5

9,.8,1 Hon-guantitative statistical mapse

These maps Indicate the places or areas wherg fgatures of interest
ooy, Without the need te differentlate according to gize or importance

(Flgure 9.1%3F. Thely merit lies in their ability to summarlze a sitva-
tion.

.%.2 Quantitative statistical maps
Thetrs are thres main TyDes of statisticel technigues uzed to show

guantitative distributions sccording to size or importance: a serles of
pointe, aiven aresc and a earles of linage.

9.9.2.1 Quantities distributed at a series ol pointsr The following
tachhiguas are used Lo show quantities distriboted at a series nf points:

i1} Repeated pymbals [Flaoure 9.36F: Tha symbols can be geometric,
Ploctorial oy descriptive in nature. The appeal <F thiz guantita-
tive method is ity simplicity; quantbltles <an sasily ba deduced by
connting symbole and 1f the symbol wuesd i1: raprecontativa in
nature, the pletorial device makes 1tg message sesily upderstood;

ill Proporticnal bkarg (Figure 2.170): The bars are simple to draw,
flexihle to arrange inm congested arege and, because of tha simple
lingar form, #asy to estimate visually;

1ii} Proportipnal elrcleg (Figqure 9.18): Tha arsa of the fircles 1is
proparticnal to the gquantity represented. Sincea the area of the
figure is proportiomal to *he aguare of the redivus, a symbal 100
times L£he apcunt oF the other 1s only 10 times az large; hencs, &
great range of vilues can be represented 1f distinect wvisual steps
in gize are rcarefuwlly chogen;
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Figure 2.13 Divided rectandglea showling parcentage of total cateh

(weinht ! by major Jroup and epacies compoeition within
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Figure 9.14 Triangular graph showing the nomanclatures of eediment
typas. [(ALtar F.FP. Shepard, 1954]
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Hon-quantitative

statistical map.
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guantities distributed at a series of points uelhy
repaated aymbols. (After Canada, Department of Fisherles

apd Orceans, 17811
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Figqure 9.17 Quontities distributed ar & series of points using
proporilional bars (simulated datal,
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Figure 9.18 Quaptities distributed at a saries ©f points uwsing
proepertional clrcles {elmulated datal,

TOTAL WYALUE OF LANGINGE
BY FISHERIES STATISTICAL DISTRICT

— = — — — 561,332,000

— —— —510,000.007 - 320, 0,00

— ——35,000007 ~ 510,00,000

OFFSHORE




jul

T

9.9.2.2

- 137 -

Propsrtional spheres and cubas (Figure %.1%): By adding a third
dimenzion the range of walus that can ba coneldersd 1s Insreasad
trempendousiy. The value of theze symbols ls proportignal to the
cube af their radiuvs or legngch of alide; a symbol 10 times larger
than another will reapresent a value 1,000 times greatar. I[H.B. the
infarmation containgd in these graphiecs is extremely difficult to
viksuallrze and will create interpretation problems for many usersls

A range of gradvated symbole [(Figure 9.20}: FEach symbol repre-
sents a speclflc geovp of valves, the symbols ingreaging in sizg
as the guantities tLhey reapresent get larger. These are preferable
to proportional cireslas Eor mast uses.

Quantities contained within given Areas: This methed of shovwing

quantitative distributicn iF more commsn than any other type. The statis-
tics simply indicate that withip g gliven boundary ling a ceriain oumber of
features is to ba found although the axrangement of features 13 not
indicated. Tha fullawipg technigues are weed to gshow gquantitiles contalped
within givean Arehe:

1} Dot meps §Figure 9.21): Although simple in principls, this

i1}

11t

iy

v

technigue rzises deslgn guestione vhich need o be answered before
mapplng can bEegin:

al How muchk or how many should sach dot repressnt?

Bl How blg should sasch category of dot be drawn?

o) fhould the dote overlap, coalesce o be othervies diflaran-
tlated ln buay argas?

Shading mape [(Chaoropleth map! (Filigure %.221: Shading methede

presuppose uniform distribution of the guantity throughout the
given area which 1s ocften unjustlfisd. Each ahadg will reprsesant &
different deneity per upnit of area. If rcoleurse are avallable it
ie adwvisable to limit the number to two or three and build up
wariety Ly using timts of each colour;

Froportiopal shading mapa 1Figure 9.23): Thig technigue not only
places a walue withip a ranmge but actually reprassnts Lt "true to
sEcale". Although these maps may be conetructed to abeclutm
tatistical accuracy, they are usually inefficlent at imperting
their informaticon. They often sulfer from the common distracting
defect of "vigual vibration™ causad by alternating black and white
bands;

Igsgline mapg (Figure B.340: As with shading technigues, average
Jengitiee are ghown for #ach upit but this value is regarded ag
being typical of, rather than conlined exactly to, the areas under
conalderation. It thug savolds the "unraal” affect which boundary
lines produce on shadlng map=;

Rapsated statistical graphics (Flgure 9.25): Statistical graphics,
previously deecribed in Section 9.8, are usad to illystrate varia-
tlans in sgeveral fartore througheut an ares.
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Figure 9.1%9 Quantities distributed At a series of polinte using
propocticnal cubes (eimulated datal,
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Quantities distributed at
graduated symbolg. [(AFfter
Developrment, 1971)
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Figure 9.21
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Dot mAp eéhavwing unit araa boundaries, and the geograph-
imal digtribumtion and relative magnituda of scallap

landings. (After G.5. Jamieson et al., 1981])
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Figure 9.22 shading map showing diatribution of pelagic fish on the
daltas area of Burma. (After T. Stroome ef al., 1981
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Figuee 9.21 Fropertional ahading map. (After G.C.Dickinson, 19713]

Figure %.24 laoling map showing abundance of herring larvag (number
under an arga 1|.‘.|:rnj P in Miramichili Bay, Wew Brunawichk,
Canada. {After 5.H. Messieh et al., 1981]

Harring Larves
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Figurea 3.26 fuantitiss distribuked along lines showing internaticonal
fich product exports from Heve Scotla, Canada.  (Aftex
Haritime Rascurce Managemant Service Ine., 1982
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SECTTON 10

1¢. COLOUR ERSICS

Colour exXiste on & map or graphlic for the purpose af communication.
The use of <olour is of special relevance to maringe and mavigational
charts, topographic maps and Lhematic mapsz whoee primary purpose iz {o
create a mental image of some <of the characterigticg of the region.

Communication in solour 1s more «ffsctlve 1f the colours uvesd are
appropriate. Individual caleours often have widaly different cultural
copnotatliong with which the cartographer must ba familiar. The colour
blug, for example, can symbolize coolness, wetness, truth, constancy.
layalty, wisdom and despondency; in China it is the Solour atbributed to
the dead. Similarly, red, which 15 an amotion-compalling colaur, <an
gymbolize heat, love, wvalour, energy, firae, crualty, danger, wrath and
gin; in China it is the calour of the living.

Ccolour i both used and abused ¥idely. The psychological aspects of
colour are commonly explolitsed in the flalds of advertieing and propa-
ganda. & careful study of successful local advertising tachnigues in the
cultural "target market™ will ocftan result in an appreciaticn of appro-
priate colour regponees.

10.7 Colgur Characterigtice

10.1.1 Hue

Hug refers to the specific wavelength zones of the slsciromagretio
gpectrum and ig the unigue guality of a colour referred to by nama, a.q9.,
blue, greenizh-blue, «te. Mogt natural and san-made oalours are composed
of caombinations of wavalangths which approximate the spectral hues of a
rainbow as seen when white light paseeg throwgh 2 prigm and ig spllt inte
ite component parts.

1. .2 Value, iightness or brightnecs

Thiz refers to the relative lightness or darknese of a colour and 15 a
meagurerent of the axtent L2 vhich the colour raflecte light. Thus brown
and rad are dark coloura in compariacon to yellow which 1ia light. Walus 1x
considered to e the most slgniflcant aspect of colowr, becaves 1t A5 A
primary facter in the recogniticom of graphic wvarlations. In the abessnce
¢f colour, wvaluose rangesa from white to black through intensifying shades of
gray. Untrailned eyas cah readily percelve flive gtepa in value from white
ta black.

190.1.3 1Intenslty, chroma or satoration

This rafers to the strength or fullness of a =olour in comparison to a
hauttral grey, as described by the terms "brilliant*® blue or "dull"™ grean.
A spoctrally-pure colour 1 fully satorated; if the colour is diluted
by Che presence of other vavalengths of light as happeng vhen 1t L& screan
tinted onto white paper, A dewshturated hue rasults. Thus pink, which ia
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created by screen tinting red, can be thowght of a3 a dezaturated red.

10.2 Evaluating Calaur Charactaristlcs

The three basic characteriegtics oFf oolour disevased above do not oooar
separately.

Yalus 15 tha orlitical dimension of colopur from the poiot aof view of
perceptibility. In contrast, hues arpuse emobions or reactions, the most
shvious being the warm=cool connotations already mentioned.

Intansity would seem to be the leagt significant of the three charac-
teristics of oolour, but It 15 2 wuseful cartographic topl. The abllity tao
differantiate batvesn dlfferent satuvrationsg of the game hue 1g strongly
affectad by the area +f the 1lmages and the gpatial gseparation of the
uhits, Adlacant legend blocks having the same bhue with varying satura-
tions oan be easily ldentified. The differemces, howewver, will not be as
apparant if the coloured areas are widely separated on the graphic.

Ageinst the pormally complex background of & typical map with 1its
varied eymbols, text and area tints, tine lines of different colour appaar
identical. Flnes discriminationgs in hoe, gsaturaticn and valus are only
poselbie [ there are no other digtracticns suech as adjacent dominant
clowrs. A fine line is the cartographic symbol most difficult to differ-
entiate by colour, bagavse 1t approaches the limits of perception.
Differentiation by hue alopme 1is the most common cartographic error in

colour vsage. Many different huee have wisvally the same darkness or
lightnees walue and are therefore hard to differentiate. This is particu-
larly true of fully saturated intensee colours. Cantrast =ffecte are

greatly improved when pastel shades aor desaturated hues are emplayed for
largar background areas. Thus if diffarentiaticon of fine lines by cclour
it nacessary A secshd variable soch &5 line width #ill ensure a tlearar
diatingtion. The zame gonpiderationz apply to the uge of gmall paint
gEymbole. Graphic redundancy agalin makes symbol differentiation clear
(refer to Section 9.5). Maximum clarity occurs when hue, wvalue and
Intensity are all manipulated dalibarataly to accantuate the vital aspects
of the graphic and to subdue the related or background material.

10.31 Screen Tints and Halftone Screens

Most coloured maps wilill be reproduced by printing on am <offagt oar
gimlilar press {refer to Section 12}, using inks which deposit a plgment
onte the papar. The célocur or hue of the selected ink is fully maturatred
whan printed as 2 solid ecolour; desaturation of the solid caloar, result-
ing io 3 eolowr tint, can be achisvad by the uvse of photomechanical screen
tints. Screen ftints are reproduced on [1lm or glass and consist of highly
precise, <logely spaced dots of 2 given size arranged in A rectangular
pattern. The dot spacing on a partioular tint sorean 1¢ identified by the
number of linea of dots per inch. A &5 line sorean tint having relatively
few large dotse 1a rcongldered coarge in compartson £o a fina 150 line
soreen tint having many small dotas. L fine acragn tint will produce an
even tonpl #ffect in sontrast to a coarse screen tint.
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A3 the reflectance of light from a white surface i1e higher than frcm
any caloured surface, a soreen tint will increase lightness and decreacse
saturation. Screah tintes arw itdentified by the tone resulting from their
UEE . A 10% seramp tint will produce a light tene with only 0% of the
surface ared bEeiny coversd with ink. Conversely an BOY screen tint will
produce & strong, dark colour o tone. Usually screen tints are available
in ipncrements of 10% giving a large number of gradations of a single
colour on one plate {Figure 10.1). HRecent developments in the graphic
arts industry are coompputer-controlled laser platemakers which are capable
of producing ahy desired gize and density of dot. Thiz gives complete
rontraol over colour satwration and makes posatble aubtle gradatione ancd
calour mixtures very difficult to obtain by conventional method=. The
cartographic potential <f these machines is congiderable.

Tha use of scrasn tipts can reault in considerable coat savinga in
calour printing. By usinag only tvo coloured inkg and combining them vuging
goreen tinte, a range of several oolour variatlong may be achleved. Even
1f a number of these wolour combinatlons or Andividual tints is discarded
ag not wisually distinct, two <oloured inks have considerable potential
far the ecconomical apd attractive disgplay of ipformation. Many graphle
products in the fisld of marines vezowrces could e&aslly be produced with
such a simple combination ax klack and blue. Frinting one af two ooloursd
inks obto colovursd paper 1s another econcomical zoluticn.

In gontrast to screen tints, which are used to reprepent selected areas
in wvniform grey or colpyred tones, halffone screens are uweed to repressnt
continnngly changing ranges of tones ar "econtinuoons-tones" auch aa those
found 1in hill shading or agrial phetegraphg. Halftong szcreensg are intro-
Auced 1n the photomechanical process bhecavss the printing proocees cannot
aaslly reproduce continuovs-tones. In contrast to scremn tints which
raproduce dots of consistent size, halftones soreens produce dots which
vary in elze dapanding on the amsunt @f light that cesaches the 1ilm. The
darker areaz on the original reflect little or no light and produce largs
clgar dotg. The lighter areag reflegt more light and produce smaller
clear dote. Thia resulta in a negative of the originmal compozed of dota
of varying sizes.

10.4 Colour Spectrum

Light lg the small zone of the elactromegnetlc spectrum which 1=z
vialble to ouy eyea {Figure 10.270, Thia zona 1ip measured in wavelsngbhe
ranging from approximatsly 0.4 tos 0.7 micrometres {ona thoosandth of a
miliimetre or one millionth of a metrel. If A bsam of white light is
cisfed throwgh a prism, the difierent amount of refraction of the varilous
wvavglengths cavaes 1t to split irto 1ts conponant partes. Tha same affsct
oooura when light passes throwgh rain oreatlng the rainbkew, In the case
of the prism we refar to the xeries of diftfearent spactral hues or colours
diaplayed which the human aye <an discern as the visible spectrum.

The shorter, higher anargy wavalangths are tha vislet-blues near the
.4 micrometre end of the spactrum. The langar, lower energy, wavelengths
are the reds near the 0,7 misromatre region of tha spectrum. The ordar of
the specgtral hues, rnown 88 spectral progression 1s vioclet, blue, blue-
green, green; yellow-gresn, yellow, orange, and ed in decreasing energy
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Ievels or lengthening wavelengths. This saquence, Daing & natural and
familiar cone to most people, if a legical chelrce when colourzs most ha
arranged in an ascending or descending manner.

Examination of the human eye has shown that 1t 1s moet sensitive to
colourad light at wavelengths of 0.55 micrometres, that 1s the yellow-
green 2one which ogcurs in the centre of the visikble epectrum. The
sensitivity drops off rapidly on both eides of this print, the lowest
sehelbtivity balng at the wvinlet and red extremes of the Bpectrum. The
perceived lightnease or darkness of varloug colours 1le 2 mesagurs of our
visual sensitivity (o the light received. Thua viglet-blue and red atre
parcalved ag dark becawvse of our relative vilswnal dnsemaltivity to theas
wavglenagthsg. In gpontrast the yellew-green reglon of the sperirum 13
percelved ag beirng light due to cur relative wisual sensltivity to thege
wavelengtho. For sxample, 1in many regions of the world emergency fire—
fighting wehicles were ariglnzlly palinted intemss red, the moet emnction
provaking colour. In recent years, howaver, most of these wehicles have
been repainted a yellow-grasn colour which has proved to be highly vislble
agalnet the dark background of ocur citias. In some areas the accident
rate of these vehicles dropped dramatically after the coleur change.

10.% Calour Caontrast

For any pair of colours, maximem Sontrast oocurs when huas of varied
value are selectesd to maximlize this effact. The following list ranks
aontracting colours Ln & decraselng ordar:

Black on Yellow [mogt contrast)
Green on White

Blug on White

White on Blye

Black on White

Yellasw on Black

White on Red

Whnite on Jrapnas

White an Black

Fed on Yellow

Grean on Red

Red on Green

Blue on Red [lsast contrast]

Both oxtremes I the l1ist are worthy of note. Yellow on Llack i3 far
more Yigible than Ehe conventisnal white on black. HRed oo green and blug
on red are sombinations of dark colours with low relative contragt which
will oreate a visibility problem. The red/green comhination im alao the
ong whlch people with coolour dabficiancies have the greategt trouble
differentiating.

14.6 PFrimary Colowrs

Primary colours are those umred to <reate othar colours. Some special
colours cannot be produced by mixing the primarcies. Special coloured inks
are printed for this purpose, for example, the bBrown colour in Figure
13.9, There are thres conventione in cgmmon cactographic usage for
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delining primary colours:

i) artigtic primaries;
1i] additive primaries;
11i) gubtractive primarias.

Tha additive and subtractive primaries are sometimes referred to collec-
tively as optigal primaries.

10.6.1 Artistic primarias

Artistic primaries are commonly defined ae blue, yellow and red. Fram
thess ecoalours, mnist other coloura canm be created with inkes ar painte.
Thus mixing yellow and red produces crange, red and blue results in violet
and bluea apd yellow givea green. Intermediate colours are aobtained by
varying the strengths of the hues. Artistic primaries are based on the
gubtrastive principle (refer to Section 18.6.3). Each tint or pilgment
abgoris someg part of white light and the percelved colour is what 1s left
ovar- Artistic primaries are used in mechanical colour eeparation, the
convantional cartographlc methed of obitaining varicus golours. Thelr use
has the disadvantage of requlirimng many separation gverlays but thae
resulting colours can be easily controllad.

10.6.2 Additive primarles

Tha blue, gresn and red bands may bs referred to a6 one-third <olours,
each comprising approximately /3 of the visible spectrum. When white
light passes thraugh a prism, the blua, greebh and red coloure cannor b
fucther subdivided, hence Lhe term primary colouvr. ¥Yhen oorreact propor-
tione & blue, green and r&d light are projected together, the other known
colours can be created, Alzo, in the corvect proportions, & mixture of
all three produces white light. Thus the ane-third colours blue, green
and red are known as the additive primaries. & complete coleour eystem 1
poesible from the three additive bkbasic or primary colowrs.

FProjecting two of the omne-third primaries together creates new Ccoloura
which are aof distinct interest. fed added to bBlue projected light creates
magenta. HBlue added to green praojected light creates oyan and red added
to green prajected light preoduces yellow. Cyan, yellow ang magenta are
known as twos-thirde coloure, =ach containing wavelengkths eguivalent Lo 23
o0f the vielhle spectrum. Thus the full sequence of optical colourg 1w
red-yellow-green-cyan-hlue-magenta and back to red in a circular fazhion
(Figure 10.3).

Aditive primary <olour mixing is ths basis for optical colour aepar-
stion uesd in Lhe reprodection of tull-calour originals which are used
lpcrassingly in cartography. It 1eg alse the basie for preparing trane-
parencies for uss as projected overlays onte a4 screen and as the basis far
colour television.

10,6.3 Subtractive primarias

cyan, yellow and magentg, the two-thirde colours, are the subtractive
primary oelourg.  Spperimpesing filters ol! thasa colours over a white
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Figure 10.3 Colouwr wheel showing duas and triads of complementary
=olours with additive (caps? and subtractive [(lower cage!
Primarigs.

GAOLDUA

YWHEEL




light source selectively eliminates parts of the spectrum, Iln contrast to
the additive process described above. & combinatioen <of coyan and yellow
filters veed to filter white light produses a green hues. Hagapta and oyan
filters result in a blue hue, and magenta and yeallow filters superimposad
in a similar manner produce a red hue. Thus by subtracting light fEilter-

inal, the additive primary colours are creaberd, Uelng cyan, magenta and
yallow filters together will remove all availablae light resultinhg ino
black.

The subtractive syetem is the basis for printing with the procese
calours cyan, yellow and magenta used tégether with black to sharpen the
image. It is alsga the principle used Iin mechaniral separatiaon, the
conventional cartcgraphic method of <reabing <olours oh mAps and graphs.
As with artistic primariess, tha subtrastive primariss have the disadvan-
tage 0f requiring many separablcon overlayes but the resulting colours can
be easlly cantrolled.

10.7 Colour Harmooy

Cologur harmony, a wisually pleasing arrangement of coloure, can be
achieved by the wuse of complementary, analogous or monochromatic ceoloure:

10.7.1 Complementary colours

Colours complemant one anvwther when they contain approximately equal
¥igual amountse of each ©f the three pigment primary coloure. A colour
wheel is a considerabkle aid to their identification apd will be referred
to throughout this section [(see insert?. The csequence of coleura on a
calour wheel i itself coneidered to be harmenicous and may Eprm the baass
of useful ecolour scales. Two calowurs [duos)] are harmomious and complemsn-
tary 1f they lie oppoeite each okther on the colour whesl. Thuzs wg have
the follovwing Jduos af complementary colours with the artistic primaries
(Figure 19,.4¢;

Yellow - Violet
Yallaw-orange — Blua-violet
Orange - Blue

Red=-orange = Blue=~green

Bed - Green

Red-violet - Yellow-aqrgen

The game principle holds for groups:s of tThree oaladres on the whael
{triadel {Figure 10.4t. Thus we have the ftollowling tripds of compla-
mentary coloure:

Yullow - Hed - Blue

Tellov-orange - Red-viclet - Blue=green
Orange - Violet = Green

Red=orange - Blue-viclet - Yellow-green

The principle of harmgmious and compleamesptary duos awnd triads of colours
in relation toc the artistiec primapriecs can alse be applied to the additive
and subtractive primaries (Flgure 10.531. Thass ooalour duocs and triads are
mere harmonlous 1f the coloura arg lightensd by white, darXened by black
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or eEimilarly toned down to a past=l shade by adding #qual amounts of
grey. -Pastels or subdusd coaloure ar« conslcdered to be visually nmoce
pleasing than pure colours.

Erown, a fundsmental cartographic colowur, 18 not liated abowe bot is
cltan used in many mapping products. HBrown esssntially conelets of yellow
and rod plus a small amgunt of blue. Harmonious colourse for browne are
tound in those colours in which the dominant pigment 1g weakest in the
brown. Thut =& have the folloving complemgntary colours for brown:

Yallowlish breswn - Blus-violet
Reddish brown - Blua-graen

10.7.2 hnalogous coldurs

Thie eystem of cbtaihibg hakmony betwaen colours 16 axtramely valuable
to the thematic cartographer who wishes to produce a ecale of colours for
related features, e.3., the dapictict of varying levals or densitles of a
Epeclas.

Analogous colours use ohe guadrant sestion of the colour wheel, moving
from one extreme steadlily thioudh =ach neighbouring hoe to the other
extreme [(Figure 10.4}. Thus a scale of harmonious coclours might include
green, yellow=green, yellow and yellow-orange. These scalea ara gften
adjacent to the subtractive primary coloure maganta, yellow or cyan. When
using this system, sxtendiny bayond 13 of the wheel will rasult 1in
unharmohivus cwlour combinations.

This eysteam ifs wusaful Bf an ecopomie solution to ecostly colour
printing. Using only two basic colours in varying satorations and over=
printing tham can creaate a2 uenlul =calsa of relatsad colours.

10.7.3% Manoshromatle coloure

Thie 1 an econcomical colouwr system baged on a eeguence of sevaral
continuously graded coloure of a slngle hue. These gradational seguences
are achieved by ithe additicn of white, g9rey or black, regultling 1n
desaturated, pastml or shadad saries of coloures.

The system is suited to displaying continwpusly wariable data =zuch ag
watar cepth in realation to batkom topdgeaphy.
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Colour wheel showipg duos and triade of

relours with the argiatic primaries.

BLUE-GHEEM

YELLDW GREEN

YELLOW

YELLOW-ORANGE

ARANGE

BLUE

WIGLET

FED-OAANGE

RED-VIDLET

Bohplamantary
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SECTION 11

11. ARTHORE FREPARATION

The quality and often the complexity of a map or graphic is dependent
pon the nature of the original artwerk. Photographilic reduction and high
contrast photography can improve the guality of linewerk on reproducticne
although moat flawe and all errors will still remain.

Baglcally artwork can be prepared in positive aor negative f[ormats, or
in & comblnation nf the two. The reproduction method chosen, the econ-
amjog ©of the zitnation and the availability pf =eguipment and materials
dictate the Eormat wvtilized. Boeth positive and negativye artwork are
parmally prodaced ae colour-separated plates. overlaye or components.
This reguires a pln regietration eystem so that the images on the yarlious
overlays retain their correct relationship when a composite negative or
pogltlve of the overlays l1s made. This alsc demands the use pf stable-
bage materiale, ae artwerk produced on unstable materials will shrink or
expand with wvwariaticne in temperature and humidity. Thue =stable, poly-
ester-based, plastic Films are & raquiramant for all graphios which ara
not simpla, single colour desicns produced on one overlay. Theew plastic
filme are alss more parcmabelt and <@ consistent guality. Erasuras and
changes can be made relativaly sasily. For thesa rsasons tracing papers,
art papers and similar méterials Aare npot uvsed 1o most mapping cperations
axcept for minor projects, intarnal planniny or display work.

11.1 Ganaral Guidalinss

The following general guidelines and work habits should be followed for
the produstion af artwork:

1] The acguracy ©f the final product is depandent on the accuracy
2f the original manuseript and the acsuracy ol the subseguent
draving or scrlbing;

11] Cleanliness is vital. The fcllowing work habites ahculd be fol-
lowad:

al Hands should be cleaan at all times. Many people ose linenm ar
cotton gloves to avoldd stalning the artwork:

Ivp fll instrumants sush A5 sCcAles, triangles, straight edgesz,
#tc., Ehould be clesned regqularlys

ol The work table should be cleaned befogre use. All work should
be covered when not in use, ag well as tThe overlaye hot

currently being worked on. On complex pen and Ink work, only
the small area currantly being drawn should b uncovered;

111} The work area should be Kkept clear of clutter. HWhen not 1in
use, cpened bottlegxr zhould not be lolt on dasks to avold eplllage;
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vl A gopd source of avean llahtimg 13 necegsary for cartographlc
work:; it should provide & hlgh level of lllumbination withouwt
Jlare or gLrong ghadows.

11.1.1 Positlve artwork

Until recently, poeitiva artwork such 23 the pen and ink drawing waz the
anly method of predueing ariginal artwerk. It remaing a common procedure
for short run, lllustrative apd relatively quickly produced graphice with
which much of this manwpl 13 congerned. Normally, traditlonal drafting
teshnigques uslng modern graphlc aids are used for producing pesitive
artwork. Automatad plotting devices and other forme of computer techno-
lagy san alss produos posltive artwork.

Faogitive artwork is associated with the {ollowing reproductive pro-
CeBEBEET

1} Artwork produced on branzlucest material at the intended reproduc-
tion scala cam be ueed to produce a negatlvg or positive copy by
the contact method in a vacuum frame. It gcan algc he used for
direct reproducticn by a positive working <contact method such as
diazo;

ti} Artwork prodoced on opague i{whitel material at the desired final
scale can be viewed directly and optically reproduced by a process
camera, xerography, #tc. The total effect of any revizion made o
the artwork can b seen immediately:

131y Artwork prodoced at a larger gecale than that intended for repto-
ductipn can be pptically reduced by a2 process camera.  OGraphic
eymbole and complex detalls are eaeler to conetruck at a larger
scale. Hedurction sharpens the image, removes emall irregularities
and generally improves regletration of the overlaye. The reduced
sita of lipas, symbols apnd lettering must be consldered whan
dratting the original AFEWGEK.

1Ti.1.1.1 Cartographic dyafting: This i3 a flexible method of producing
artwork, uvelng & wide range of materlasls, inkes, pons and aguipmant:

A. Matwrialz: The following Ffactors should be conzldersd when salact-
ing drafting materiale:

1Y Costs: Material ecosts are usually a mimor part of the total oozt
nt cartographic productsr uslng the appropriate material, howaver,
cah usudally &sa¥e a great deal of time dn thies labour intensive
Field, T¢ minimize coets, expensive stahle-hased materials should
ket be used when their characterilstice are not regquired;

ii) Dimensional stability:r Temperature and humidity varlaticne cause
shrinking and stretching af all paper-besed products. All image
eaparated graphice should be drawn op stekblea-base polyvester
films. As tha slze of the graphic increagsses sg should the thick-
ness fand stability] of the draftiog material;



ili]l Testh: Thie is the technical teit given to the slightly roughened
gurface of polyestar plastiec fllms to engure ink will adhers to the
surface, creating o g9ood Lmbagw. A amooth aurface will not accept
ink; a rough surface will provide a poor ilmage and wear oqut drawing
ingtruments;

iv)] Translucence: Transluocence 15 the gtate of transmitting light
without being transparent. Thig dictates the ease with which you
can saa through the drafting material on a light tabla. ¥ital for
tracing purpoees, translucence aler eases the compariscn of
separated layers of a graphlc;

v] Erasabllity: Changes are often necesgary oo griginal artwork.
The dratting matsrial ghould permit sragure 3everal {imez withoupt
damaging, smearing oc Jhosting;

viy Strength: Draftipng material should withetand a great deal of waar
and handling;

vli) Abscrbency: Drafting materlals showld pot e abgorbent. Palntg
and 1nks contain & ogreat deal of liquide. Any matserial which
absoros these ligquids will distort, curl and tear fasily.

B. Inks: In cartography, coloured inke are used only to praduce
display products. Tha colours ibh maps and graphics vwhich wi1ll bs repro-

duced by the printing process ace Jdrawn with black; hilgh denslity inks
[rafer ta Sadtlon 1210

h wida range of black dratting inks iz prodoced By sush manuizcturare
At Palikan, FKob-1-Roar, Alggine, ete. Temparature and humidiiy varlations
cause changes Lo the flow characteristles <f mnll inks. It is unllkely
that a eslingle product will sufllce for all drawing lpnstruments and
conditione which are «noountersd in a drafting office. Thusz 1t is
advicable to wxperiment with the wvarlioue types avallable to detarminas
thair suitability. A new ink product f(rom Roh-l-Noor usas & latex basa
instaad of the wsual lsoquer basew. This nat only produces a densa black
image but ales minlmizes the clogging of techricel pens. All inks have &
finite shelf life.

7. Twehnical pens (Reservoir penf, Tubular nib pens): Technical
peng have hecome the most widely used drawing itnatrumente. They c¢an ba
uged both fresehamd or with a mechanical gulde. Thelr easae of use and the
coneistency of the linewerk are the major reasaong for thelr popularity.

The ink, contained in a reserveoir, supplies a round replaceable drawving
print via a feed mechanigm. Each ling width reguires & Aiffesrent eiza pan
point, hence a wide range of point sizes 1 avallabla, Normal staal
points wear oyt rapidly when used on plastic dralting materials; more
durable Jewel points are avallable for Lhis purpose at a highar cost.
Tungzten carbide points are aleo avallable but peEw mast sultable for uee
with plotting machines. All pens will <clog Lf left opwned or fillaed for
lang pericds of Lime without regular cleaning. The guality of linawork is
rasdsefiable foy Mmost Dorpases although lines tend to he grey unless an
apague lnk is uged.



0. Hthar pans: Techoical fountainm-type pens such as Pelikan Graphos
have replacexble niks for each speclflc line width. The pan nibs are made
af a mild steel and thyus wear oput repldly when used oo plastic drafting
materlala. These pens are best suited for straight llone work using a
straight edge, making them ideal for borders, neat linas, ato. The
quality of linework 13 superlor to that &f techmnical pens. The cleaning
Aand changing of pen nibs, however, is a MeEESY PIOCESS.

Ruling pene have been largely replaced by technical pens. They still
ara the moest verzatile and fconomigal drawing ingtruments avallabhle as
individual pena are adjuztakle and thus rcapable of producing varying line
wldths. They can be re-sharpened when warn so a2 gQuality instrument can
last for yeara. Considerable effort i reguired, however, to learn how to
uge these pens. They can produce a dense, high guality line but need to
b continvally refilled and cleaned.

A contouwr pen ls essentially a ruling pen with a swivel handle. Unlike
the roling pen 1t la primarily wvsed freehand, especially for drawing
contours and other isolines. It 15 the drawing imgtrument which prodoces
the smoothast freahand curves but considerable practice i reguicved to
mastwl 1t UEE.

guill peng [crowguill pena, dip pens, stralight pens! consiet of flexihle
metal niba mounted in wooden or plastic handles. These are the least
expenslive drawing inetruments available. Replareable nilbs should he
ohtained in a wvarilety of sizes and stiffnese. {QPuill pans are the anly
pena which allow the drawing of lines of wvarying widthe from a elngle nib.

E. FEgulipment: Tha following good guality eguipment is required to
produce profassional products:

iJ] The most baslg 1ltem reguired 13 a gturdy, flat drafving table
alzed to accommgdate the largest mapa which will be produced. &
light table which containg an adegquate illuminaticon source is aleo
required. Access to both a draiting table and a light table 1s
idgal although many cartographers work sxcluzively on light
tablea;

1i) T sguares are usegd for horizontal glignment and Jdrawvwing stralght
lines. They can only he properly used 1f one aide of the drafting
table is perfectly straight and rigid;

1i1) Steel straightedgee are useful for drawing straight lines. They
should nst kbe used as & cutting edge to avoild damage cansad by
a slipped knlfe blade;

1v] Parsllel roler conslst of stralghteddes which ars attached te the
drawing bward by auide wicee, and are useful for drawing straight
lineg and general layout work;

v] Relling rulae are short straightedges with a wheel insert that
keepe them straight. They are amn sxcallant aid as they can be
maved eaglly abgout the drawing;
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vil Dralting machines consiet of two ecales or straightedges at right
angles that can be rotated through a0 by a control device similar
te a protractor. Widely used in engineering drafting, thay are
vaeful for pletting angular measuramants, drawing stré&ight lines
anl as a hase for lettering guldess

vwiil]l Linge-up rtahlee rconzlst of a light table with two moveable guide
armz mgunted ak right angles ko sach other. They Arm 4 praciesse
laygut tool;

viii] Dratting triangles made #«ither of acrylic or of atesl mres aids
for angular pletting and for use as short stralghtedges;

ix] Franch curveas are indigpensable alde for draving emooth curved
lines and & variety of curved shapes;

®l Ships curves are preclizely enginmeered curves which are useful for
proaclelon curved work of all types. ERailrrad curvea are similar
tp ghipy curves;

X1} Spline curves ara flexibla curves used for drawing long smooth
projection surves. They conslist of a flexible plastic spline and
heavy hooked lead walghts which keap thae spline smeothly curving
through pro-determined points;

x1i] Baam compasess ara large radlivs compaggee often necessary f[or
drawing large oircle=s, arcs, eto.;

¥ili)] Proportional dividera are weeful for the mechanigal changing
of grales frefer to Sectiom 714

x1v} Spacing dividers have eleven polots hinged together like an
accordian. They are used to divide a 1lipa into any kumber of
agqual parts [rom two tao ten. They are uselful far dividing bar
scales; plotting coordinate pogltions, eto.;

kv) Ewlvel knlves are vsed for cuttipng drregular shepes on pre-printad
pattecns sheste, masks, shading Lilme, etc.

T1.1,01.2 Taxt (Letterdngl: Taxt mey bDe produced by any of the nathods
listed in Table 11.71. It may be uvsed directly on artwork or photo-
graphically reproduced ontoe photographic paper, stripping film, image
transfer or sticky=-back materials for use on overlays. 'Thase pceitive
oyerlays can alsc be photographed orf <contacted in a vacuum frama ko
companant hegatives for ugs in the production of composite pegatives. &
preclsion grid, whizh consixts of & clear polyester $ilm baese having an
ilmage of fine, closely and evenly spaced horilzontal and vartical lines,
may be used to align the Text or lettering onm the map o graphle.

11.1.01.3 Poipt symbols: & wide varlety of symbole con be produced by any
of the methods liated for producipng text (refer to Table 11.1 and Figure
11.11. Photographic reproducticn of any of these symbol scurcea can
graatly intreasa tha sizs rangs of avallable symbals. They can be
photugraphically reproduced oate such materials as stripping Eilm, image
trangfer, diffualon transIer (sticky-backs] or photographic paper in a
variety of elzea for wvee on overlays. Hand-drawn symbols should be drawn
larger than required and then photographically reduced to sharpen the
image .
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area and paint symbolw.

Examples of preprinted pattern,

tAfter J. Campbell, 71984]
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Figqura 11.1
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11.1.1.4 Area symbols (Fatterns, Tonesi: Pattern and area symbols arae
avallable in two basic Llorms: the pressure-sensitive, tub-down ~wariety and
a mare commoply ueed cut-out type [Figukse 11.1], In the latter kind the
tequired area of the pattern or tone is cut out with & swivel knifs. The
prortion reguired te removed from its backing sheet, placed into position
on the artwork, trimmed to the exact shape and then burniehed into place.
Theate ita a8 wide variety of patterns available kn lines, dete, and other
shapes.

A & ganeral rulg, finely textured patterns must be selected so0 that
tmall areas on the map recelve snough elements of the pattern to make them
waslly recognizahla. Screen tints should not be finar than 120 linas per
inch to pvold problems in reproduction. Similarly, if a tone 15 required,
Lints that are coareer than T5 lines per inch are generally s85en as
patterne and pot tones angd should be aveoided unless the artwork is photeo-
graphically reduced.

Fraprinted cut-out solid colowr and pattern materials are useful for
digplaye angd artwork prepared for slides or ocptical colour separatlon. TE
photomechanically reproduced, red oolour material cam be used wheravar an
area of sglid black 1s needed. Using red material ipstead of black 1z
eagiaer, as the former 15 actinically opagua but wisually transparant,
allowing the underlying artwork to be wviewed.

The major problems in the use of cult=-ocut area patterns or colours are
cleanliness and smooth burnishing. The adhesive backing of these mater-
ials will =asily pick up 4dirt such as lint aor hairse. Alr bubbles and
areas of weak adhesion will show gp distinctly on many reprodustions, as
willl smearing and ghosting. Care must e taken when ocutting the sdhoasive
film over tnked linee on a dravwina. The knife blade may «aeily damage the
lingwork apd frimmed excess material may alse ramove part of the 1mags
vhen it L& stripped off. The tone of ddentical tints will vary from sheat
to sheet, making it Jdifficulit to maintain oaven totas in large areas. Hany
commarcial products have a grey ar thin black image, rather tharm a denge
black one, ¥hich 1s difficult ta reproduce photomechanically. I+ 13 @&
ralativel¥ slovw process to cut out complex shapes. A few of the manu-
facturers of cut-ocut Area symbols inclode Artype, Letratone, Zip-a-Tone,
Para-Tona, atc.

11.1.2 Hegatlve artvork

It is diffigcult to obtaim precise, guality and permahent images by pen
and ink drawlpg, i.s&. positive Artwerk. The level of manpwal skill
reguirad lor excallent posltive artwork is high and 1t takes = consider-
zble period of time Eor aven talented people to develop conselstent
apilities. In contrast, negative artwork is more fagily preparad and less
skill 1 reguired to produce guality products.

t1.1.3.1 Heoribing progess: This process 16 ueed extengively in modwrn
map production; 1t produces directly the eguivalent of a line photograpnle
image. Accurata, sharp and consistent lines canm be produced by a person
vwith relatively little axXperiance. Scribed linework 1ls produced mobse
quickly, easily angd cheaply than drafted linework. Scribing produces high
contrast negative artwork vwhich aliminates a roneiderahle amount of



photomechanical processing. Soribing is also norprlly produced at the
reproduction scale, avelding the neesd for photographle reductiones so
comman iln positive artwork.

Saribing film consicts of o clear base of dimensignally stabls poly-
weter, coversd by an actinlcally gpague or tranglucent geribahle coatling.
Examples =i scribing film inclode Scribe Coat produced by Eeuffel and
Ecsor Conmpany angd Scrike Bage produced by Kimoto U5A Ing.  Some scrlblng
[ilms are avallable with a pre-sensitized coating to which the beaEe map or
workehewt 13 exposed in a vacuum frame to provide a guide image (refsr to
Geotlon 5.1.4.4) for soribing. These coatinge are often dlzro sapsitized
and must be developed in ammonla {umes, Others have a photographic
amulsion. Thase scoribing filme are relatively sxpansive and have a short
chalf life. PFofor to Table 11.72 for a description of wvarious seribing
Tilm typas.

A gulde lmagw can alsg ke simply reproduced by wipling & diazo or
bichromate zolutlon on regular scribing film at any desired stage of
production. Dlaze imeges are poklitive acting and requlee posliive work-
csheats 1f pogiltlve guides imagsas ares peeded. In contrast, bichromate:s are
nagative acting and reguirs negative workehests 1f pocitive guilde images
are required. Both types of golutions are avallable in several colours so
2 multi-cploured guide image can he achieved by successive appllcaticons
angd expogyureg.

Av sltarnate and relatively econaomical method of scribing is to produce
thye eaftire ilmAge wrong=reading or reversed [(refer to Figure 12.1). Whan
photomachanisally contactad, emulsion to emulsion, this will produce the
rogulrad right- reading image on the printing plate directly. Raoufac-
turars such as Keuffel and Eeser Company produce reversed lettearing
transplates for this purpose.
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A wida rangsa of scribing toale is avallable, some of which are shown in
Figure 117.2. Gaparally scribing pointe or needles are mounted in a tripod
SUpport pearpendlonlar to the scribed sarface. Some tools use sharpened
blades rather than points. As the soriber Tteipod) 15 meved across the
ecribing film using a small amount <f wertical pressure, the needls, point
or blade penatrates the coating and rorapes it sway from the transparent
base. Toa much pressura, wWill gouge the undarlying polyester base
resulting in a poor photographic image, Corrmctions and revisions Are
gimpla to maks weing an opague substancs specifically [ormulated for this
purpase Although rescribing may be difficult.

The scribing proces® remeves phrt of the coating & looes particles.
This debris is actinically opague and 11 left on the [1lm will cause gaps
in lines awd broken imsges; Lt wlll transfer to any contact frame or other
matercial with whkich it Li& in contact. It 1§ alsxo highly abragive and
can rapidly waar out or geize up the ball faet of zcribdng tools. HMeost
debrle can ba resoved Ly frement bryshing with a moft bristle brush or by
wiping «ith a damp cloth oy tiegue. The sticky side of drafting tape or
tacky gum erasares may also e vsed for remowving the looge particles. All
linework must ba checked fregquently wuvndar a magnifier for traces of loore
particles.

Paintes are availlable in varieus Jdiametars rangitg from 0.05 mm {.002
inch}l upwards in regular increments; above a certaln slze they are chisel
shaped ko facilitate cutting the widar lipes. Polnts ara also availlable
far scribing dodble lines, teiplea lines and combinations of thick and thin
linee to vepresent oad casings, speclal symesle, bBoarders, ato.

Soribing tools are avallable in both Ireahand and ¥igld verslons, the
latzter for use with a stralghtedge or irench ourves. Thare are alsoc
spacial scribers available tor seribing dots, buildings, ete., as well as
a wide variety of templates used for acribing symbols, Manufacturars of
theas tools include Hoto Ynetrumenta, Kewffel and Eager, and Astrascrlibm.

11.1.2.2. BScribe point characterigticg: The shape of scribe polnts and
thelr apsoclated ardvantages and digadvantanes may be described as [ollowe:

Type Advantages ODisadvaniagea

Round Can ba ueed freshand. Pressure neddad increases wikh
Fasy to et up. paint gizg. Should erot o usad
Can bhe used in rigid for square symbols.
ar ewlwel head scribing
toal.

Conical Can ba used freshand. Hecds rigid holder to keep tip
Easy to est up. perpendicular. Preseure needed
Can be wused 1n rigid ihcraases with slze. Should not
or swlvel head scriber. ba used (o1 s5quare symbols.

Chisal Remavéas scribing £ilm Mecds rarefu)l aligmment and

(point or coating oleanly. aetting up.

blade: Wide range of Eizes Mecds swivel head scrioer.

and etyles avallable.
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Thara acre three primary materials used to copstruct scribe points:
steal, sapphire and tungsten. Tungsten polnts are pypeneive, very
hard and long wearing; they cannot be resharpened. Steel points are the
cheapast and withstand rough handling; they tend to wear cut quirkly but
can ba resharpensd. Jewel points (sapphiee! are expengive, hrittle and
fragile and cannot be tTesharpened. They are, however, long lasting 4L
handled with cars.

$1.1.2.3  Arasa eymbols: Open-window negatives for arva symbols can ko
prepared by using out and peel technigues on strip masking or paglabla
matarials such a: Amberlith or Rubylith by Ulano Corpouratian of Eimobo
Strip Coat by Kimots USA Inc. They can also be produced photomachanically
by an etch and pesl process using sensitized peelabla materials whizh
consist of a thip reby-coloured film coating on a trabspatrent polyeastar
plastic base. These materlals are exposed in regigtration with a linme
negative of the boundary linas 1p a vacuwm frame under high intensity
Lltraviolet light.

The peslable material is then developed and subsequantly satched by &
saparate chemlcal progesa. Any unwanted boundary lina =an be masked by
the use of an opague formulated for that purpose. The desitad opon areas
are peelesd with tweezers ar similar sharp instrument®s. A <arney 1%
cargfully lifted and the rest of the arsa stripped ofl. I an opeque ling
remains at the edge of the open araad thils can ba removed by swabbling with
a maiet material.

Sensitized peelable waterials can bo procesesd in normal room light-
ing. Patterns and tonal values can be added to & map by uweing contact
sareans or sorean tinte on the open-window negatives. Examples of sen-
sitizad poclable material include FPeel Coat prodoced by Keuffel and Esaer
Company and Etch mn' Feel prodoced by Kimoto O5& Inc.

11.1.3 Maskinyg

A mask 15 an ared of opagque materlal on a ¢lear owverlay which prevente
light frowm stirlking and thergiore expoaing an area on a negatlwe or
positive during the photomechanical process. Maske can be made by
painting or opagueing the area on a sheet of traneparent plastic. They
can alse be hand cut opn maskipg material which conglsts of a trangparent
polyester bass coated with an actinically =pagque thin film coating vhich
i1e peelable such as Rubylith. The coating is normally transparant,
allowing the artwork which requires masking to e viewed. Masks can also
ba produced by the photomachanical ebeh and peal procass descoribsd in
Section 11.1.2.3.

11.2 EBggnogmical Cplour Systams

Gceaalonally a colowred graphic 1s reguired both guickly and econom-
ically, e.g., for intermal usage within an organization or to illustrate
a topic at a meeting. There are many aimple and economical colour systems
availaple to produce artwork for such graphice. EBagch eyatem described may
he ozed to produce sulti-colonred ariwprk. If many oeolovr copliee BFW
regquired the “artwerk" rcan be pptlcally eclour eseparated for printing on
an cffe=t preess.
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11,21 Colpured pencils

Colourgd pencils axra the gulokest and cheapest colour gyrtem. Normally
considerad unsuitable f(or reprodoction they may e adequate for internzl
g

The main problem in the use of coloursd pencils 1s inconsistant colour.
& great deal of streaking i normally evident in the most careful ark-
work. Thie cen be largely overcome by means of the stompiny techniqua.
fA xtopp le B pencll-like device composed entirely of compressed paper with
taperad wnda. The tip aof the stomp 1s molstened with ordinary lighter
fluid and then rubbed gently aovar the coloursad areas. It will soften and
smacthen The colouvured areas remowing streaks and brightening the image-
Lighter Elpid, however, is flammable and should ba used with care. Stomps
are availlable from graphic arte supplisars. An axapple of stomping 1s
ghaown 1in case study 15, Geology of the Island of Hawioutdland, shown ino
Sectlon 13.

11.2.2 Falt tip mackers

These relatively inexpenslve and convenilgnt productes are avallable in &
wide variety of colours, Lip widths and tip atyles. Whan the markers are
not An usa, 1t 1z lmportant t10 keep the cape on 1o prevent the solvents
from svpporating, thus drying the markers.

Applying colour on large areas wlthout obvioug streaking de difficult.
The use of a3 gnod muality art hmard 1 important ae marker solvents sastly
renatrate infgripr materials, such as dlazgo paper, regulting in coloor
blaeding or spreading. Flastice, having non-porous suriscews, have the
opposite problem. Tha colowr sits on the surface and 1s easily smeared.
The use of an acrylic art spray priocr to colouring the surface, however,
can prevent this problem.

11.2.3 Colsoarad asatats Film

Adhasive-backed coloured acetate film in boath vivid and pastal hues can
be applied to either rlde 2f bBeth positive o nagatlive transparenclies.
Similarly opagque peper acrtwork can be glven vibrant colours by applying
adhagive-becked colour tapes and symbols.

The ared it cut out with & sharp knite and burnished into place on the
artwork after naecasgary trimming has bean carried out. Care must be taken
to apply the colour corvectly as the adhesive or colour may be damaged Ly
gepositloning.

The uge of these filmz iz glow put excellent resulte can be achiaved onb
digplaye and artwork intended for photographic reproduction, a.g-..
overhead transparencies, elides, etc. Becauge tThay are saslly damaged
they are not swpitable for diaze reproduction, long term vgage or highly
complex work.



- lal =

11.2.4 A&irkhrush

This versatile ingtrumenkt t& ope o Lhe most common and valvable taols
veed by commercial artiste. The airbrush is & precisicon, penlike spraying
device approximately the size of 2 fountain pen. It Lls connected by a
hose to & controllable air supply which forces light-bodied imk, ligqulid
calours or paint fcom & small reservoir cup or bottle. The air avpply ie
normally obtalred from a small, portable electric air compressor. For
casual usage, however, small hottles of compressed ailr can he economically
ebtained. Airbrushes are avallable in g wide range of prices and perfor-
mance Capabhilitisa. The more supencive models are capable of spraying
axtremely fine jetas of ecoclour in small areas. The cheaper wersione are
ugeful for applying broad areas of colour or tone.

Airbrushes can apply precise amoubts of tone o ooleur to almost any
surface, whether opague of transparent. They are superior in this regard
to wirtually any pan, brush or marker. Ghading and bleapnding of solours
can ba done with waca, making airbrushes particularly valuabla for hill
shading, hypszomatric oolouring, depth illumination, wte,. Edges must ba
caralully masked to preveant colour from agcidentally being added to the
wrong area. Speclal "fisket™ solutions are available to create paintable
magks which are sasily removed.

11.2.5 hgroxol gpray colours

The aeroscl container, with its fine epray, approximates the gffecte ol
apn Afirbrush, though the amcunt of contrel is relatively limited. Meost of
the cotloure available are bright. Professional=locking graphice can he
asbtained on transpArent or opadque materials. As 1n airbroshing, smooth
«Jges can be created By masking the upwanted Area with an adhasive mask.

A simple and sifective mask can ba created with rubber cement, suitably
thinred, which 1z pealed off after the asroecl has bean applied.

Figura 11.2 Exapples of seribing tools: {a} rigid scriber and (i)
swivel scriber, both of which are used [or linewgrk: o
pentype seriber weed for freehand work. (After

A.H. Robinson &t Bl., 7984]




SECTION 12

12. GRAPHIC REFRODUCTION

cartoaraphlc products usually are designad to Be reproeddced, bthe numbar
of coples ranging from abe Lo hundreds of thousande. The gquallty of the
copies 1lg related closely te the natures and quality of the original
artwork angd also 16 detarmined by the salacted raproduvction procese.

Every method of reproduction imposss limitetions on the nature of the
cartographic product thus the raprodustisn mathod must be consldered
during the initial planning process.

12.1 Limited-Copy Reproduction

Thase techniques are normally usmd when a small numbar of copies of the
original graphic or map is required. Haproduction facilities often are
not avallable or necessary. FEroonomical and =asily avallable btechnigues
ghonuld he ptilized whenever possible. Particularly unseful are those
methode whiech allow for rapid revision of data. A few of the many
limited=-copy reproduction methods and materlals mvailable are praesantad
below. Scome techitgqueas and materlale use commonly available sguipment
vhile othere ragquirs spacialirzrgd graphlic artg facllitilies and darkrooms
gucth ar thoge found in larger mapping agencles.

12:.1.1 Photomechanical reproduction

Although photomechatical reproduction facilities may hot Be available to
all users of this manual, this subjact 15 considared at the outset becauves
the terminoclogy and soma of the procesees doscribed ara often comman to
Bath limited and multi-copy reproduction. FPhotomechanical reproducticn
faciliting are used extenatvgly 1in all maior mapping mgenciss Lo produce
and reprodoce complex products such as hydrographic charte, topographle
mape, ete. For those wha lack access to photomechanlcal Eacllities the
simpler raproduction technigues should be considered (refer to Sectione
12.1.2 g $t2.1.11.4).

Host complex maps of graphics are mechanicelly colour separated as they
Area produced to ghow combinations of eymbsle, linas, and seraen tint and
halitone imades in snltipls coloura. In oechanical ¢olodr sepacaticoh, the
baplc photomechanical processes reproduce the colopured areas in black and
white and grey tone images. These images are not converted to their
intended hues until the stages 4f caldur propfing and final printing.

Thya photomachanical reprodustion processss may e defined under two
coategorins: ceallex and trapsplselon.  Artwork created on opague matarial
not eaglly penetrated by 1light can be reproduced by B reflex optical
gystem, such ag g process camera. Size changes ar<s «asily made. Trane-
lucent or transparent artwvork with & light opague image san be reaproduced
by tranemigsiom in conmtact with a eenseitized material. The uvee of the
tranamicsaion process: often gives Metber gquality control and resultes in
lower coste; slze changes, however, are not easily achieved,
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The materials used in phoetomachanlical reproduction processes conalat of
a2 base, which may be papar oF plastic film, with a light-zenaitive coating
lemulsion} which i& aomposed of sllver salts {halidest in gelatin. The
usual preduct of the photomechanical reproduction process 1s a negativa in
whickh tha light portions of the oridginal poeitive artwork are represented
by dark daposits of gillver, and the dark portione of the original artwork
are clear [Figure 12.1]). A& positive print reproduces tonal values similar
to those on the original positive artwork.

12.1.1.1 EReflex procases: GCGraphle arts photography le uszed [or the
reproduction oOf artwork and if an integral part of the primrting process.
Thae major parts of a ratlax procass camara consist of & vacuum copyboard,
lens, vacuum £ilm holder and bellovs (Flguee 12.2). The artwork is placed
in the copyboard and the unexposed fillm 1z placed on the Filmboard of the
tcamata., Tha bellowz and copyboard sutenainsna are then adjueted to ohtailn
tha reguired scale. The lena aperture is zset and the exposure magde
through Ehe Ehutter as the artwork i1s being illuminated Ly high intensity
lightse. This reflax process nocrmally cecsulte in a film negative 1f the
artvwork belng photographed s pogitive. If the artwerk iz negative the
process iz reversed and & fillm pogitive iz produced.

12.1.1.2 Trangmisaian proceog! Tranemiasion by eontacting 1z the maoat
bagic, commen and gesszential method of reproduction inm the mapping
induacry. Contact prints are made by placing a negative or positive over
an unexpoagd gheet aof film in a vacoum frame and expoging them to a light
HJOUFSe . Megative prinks can bhe made from positive originazls, or wvice
verga. By using dupligating film, it 1 alac possible to make duplicate
caoplesa, that ias, negative coples of negative aorigimals and posltive coples
of pogltive origimals. Cortact printing produces an image at The came
scala 2% the original; size changes ara Jdifficult to achliave and are not
normally attempied. Al} contact originals are npormally translocant or
trangparent.

Combinations: or "gomposite negativez™ are an exampla of the capabil-
ities gf contacting. Several negatives oF "componants” <f A particdlar
prinktinmg colour are axpoaed in guccegsion o A sengltized materisl ta
which they have been accurately pin registered. 5Some component neFatives
can be duplicated without modification, while others can be masked for
Ealectad information. Other negatives can be soreenad op tintad to
ilncrease the contrast of gspecific feaztures, and so aild in thelr visual
ldentification.

Applications for sontact printing by the transmission process include
tha [olloving:

L) duplicata a nagative or positive image, e=.g9., type, text, logos,

ate. ;

Al) convetrt & pegAtive Eo a positive or viece wersa;

1il? record trapsitory or delicata artwork such as type owerlays;

iv) provide a aulds imedge for further processing, €.g9., apply an ilmaae
to saribdng (ilm;

v] produce etched images on eensitized peelable meterial;

vil convert an image from wrong-readima to vight-reading and vice
verga (Figure 12.1);
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Figure 12.1 Poaitive and negative photographic images. (After
International Cartographic Assoclation, 1984)

POSITIVE ‘P_'IEG.HTIUE
Right readirg. RighT reading
Wrang-reading Wremg-raading
Figure 12.2 Components of a reflex process camera. {after

J. Campbell, 1384}

Bellgws
Copyboard Camers back

Lers «with film halder

L~ Lighis

Frame
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vill produce a composlte negative or poeitive from geveral peoatlve
componenta:
viiit produce coloured ovgrlayas for diaplay work;
{x} prodyce pat¥erne or screen tints in open image areas;
¥} produce accurate diazo copiee:?
¥1} convert a continuous-tone image to a halftone image:
x1i1} produce colour proafs for editing and display:
x111} preoduce plates for printing graphic images.

Contacting can also be used to produce some creative eEfects on arf-—
voark. For example, spacers conglsting pf trangparent materials placed
betwesn the image and tha recording materlal can creats the following:

1} vignetting, & bard ol colouwr or tone which varias in density.
hormally used to visually rainforce a boundary or adge;

11} fat magks, wvsed to create 2 gmall clpar arer surrounding Eype or
gymbols which engures detail doss npot intariers with type or
symbols;

1ii1) double lines fxom single ones or ootline typa ftrom solid lettars
using avtoraversal £1llm;

iv] heavy lines ftrom thin lines or vice wversa.

12.1.1.3 LComparigon of light SOuECes: Table 12.1 outlines the warious
light sources vsed in photomechanical reproduction:
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12.1+0.4 Cheracteristics 2f photomechanical reproduction materlals:
Colowr senelfivity, contrast and film apeed are characterietiecs of
photomechanical reproduction materials which affect their use and thelr
proceeging:

A. Colour sensitivity: Although almost all photomechanical materials
used in cartography and related graphlcs gre Black and white, mach records
a range of coloured huses preeant in the vigible or non-vigihle apecirum.
Tha warivus Pilmz have different levels of genpitivity to the colours
prasent in light ampd wiil recoxd different hues ag different =shades of

greay .

B. Sontrast: The way in whigch a film emulgion recprdes the tones of a
gray scale 1s referred to az the contragst characterisztics of the epul-
tion. Thie grey gcale 18 a atrip of photographic £1lm or paper with a
distinst gradatloen of tonega, rTanging from black to white.

Whan high-centrast graphics {1ilm ie exposed and processed normally it
will record anly the axtramas of the gesy scala; there aAre no tenal grada-
tions. It 15 weually processed in an infectious Javeleper to produce tha
required high contrast. It &5 widaly usad for line and halftone raprodus-—
tion.

Madium or low—oonteenst filme see pormally refarred o B CORtiNUOUS-
tone. ‘The grey =cale can be reproduced te approximate the original.  They
ars uaed For making cologr separationse from full rcelour originals.

. Film Speed: Film epeed 1 directly related to the light sgngi-
tivity of the film. For gepsral photographle purpo=eg, fillm spewd ig
commenly deflined by an ASA or ISCO rating. In contrast, graphic arts
films may be defined as either camera speed fllm or contact speed film,
both of which are far slowsr tharn conventional photographic Eilm and are
hot categorized ascordihg ta an ASA or ISO rating.

Procegs camarhd spaaed filme Are ganarally high contrast 1ith type
materlel epecially dasigned for process camsra work. Thay are avallable
in all light sensitlivitles. Frocess camara spead films generally have the
parrowgst expogure range of sll graphic arte materials, necessitating
cargful handling. Many of thesa filme are not suitable for contact work
becavse ©f thelr excazeively thick anti-kalatlon bBacking. They are aleoc
mare light zansitiva, laading ko shorter exposures and reduced contrgl.

Contact speed fllms are specifirally desligned for the contact printlng
process. They are usually in the fprm of bhlue-sengitive continuovs-tonm
filmsy; proceesing 1ln an infectious developer, however, glves thawm the
characteristics of a lith film. PBeing continnoue-tone, they have 2 wide
axposure range ¥hich is a wuseful feature. Contact film hasx 2 higher
;esalutiﬂn than process camera f£ilm which is important for quality repro-

uckioh.

12.1.1.5 Photomashanieal reproduction materiala: The ever widening range
of photomechanical aApplicaticns and techniques has resulted Ln 4 grawing
list o! avallable reproduction materialg which wvery acoarding to thair
cpwad, contrast and spectral seneitivity. The following 1s & partial 1ist
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nf thegzs materiala:

. Orthochrematic film TLithographie £11lm, Ortho film?: Thege £1ilme
have cwrtain dyves added to thelir emulsion to increase thelr sansltiwvity to
blus, green and yellow light. Because af thelr insensitivity to red light
it iz sofe to nee a red safelight in the darkroom.

Orthochromatic emulsions can aleo ba obtainad in duplicating film o
reversgal film. Thesa Iilms ats the most important sensitirzed materials
veed in map making Aand relpted graphica. Thelr increased sensitivity
mgang that they are "fast™ and thus require relatively short exposure
timag. Their high contrast makes them ideal for processing inked or
scribed line artwork. They are widely uesed for photomechanical separa=-
tions and for maske and screabs usad in platemaking. Regular lithographic
film is very eensltive to chabges in tempsarature, devealopment spesd apd
typs 0f developer while being processedy this provides the experiesnced
operater with total control over gquality.

Stabilliegation or direct access l1ith film 1s hot alfeacted Ly normal
changes in processing and must be copntrolled solely by varying axposurecs.
This reduces problems in procaseing but ales reduces the versatility of
the materinl.

The characteristic reactiocn of thesta amulslons to blus and red images
has usaful applications. For axanple, light blus gulda lines on the
Artwork wili net reprodoce on the [1lm and read reglstars the same as
bBlack, producing transparent argas.

E. Wash-o!f materials and auvtopositive films: Scme of the mors usaful,
high guality, and sesily processed photographic products are the wash-off
materlale zpeaclfically developead for drafting. Wash-off materials are
capable of reproducing a high=-guality black image of the finest line or
tint. HReproductions of pencll lines are denser than the origipal draw-
ing. A reprodurction on wash-off film will thus provilde better reproduc-
tion than an original artwork drawn in pancil.

The high-contrast paturs of wash-ofl [1lms makeas them ideal for repro-
ducing lines in & drawing while elimipating cmudges, diescoloured areas
and incomplete #ragures. The emulsion can be removed esaclly with a damp
aragal’, leaving no ghosts or damaged areas. The baze 1rx mylar, saneuring
dimensicnal stability and parmanency. Tha chemlicale regquired for develop—
mapnt are ilncorporated ipts the amulsion, therafoere only an activator is
ngedgd. Rotivatling times rarmging from 45 gesonds to 5 minutes will
proeduse a good print.

Hagh=off filmse are exposed to negatives or ecribad linework using an
ultraviclet light source. A& vacedm frame 15 ideal faor reproduction but
many simpler techniques can e substituted, such as daylight photo-floods,
diazo, eto. The fllmg are tolerant of normal voom light for several
minutes, £o they do not need to be handled in a darkroom 1f reasonable
precautions are taken. After activation the anhardanad parte of the
smulgion are eimply washed-off with warm water and the Lilwm is dried.
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hutopositive Eilms are a related line of positive working photographic
products which must be exposed thiough yellow sheeting superimposad on the
light sourge.

Both product linas essantlally have gelatine-based surfaces, and axn
auch they are capable o! accepting the coloured dyes usad in proofing
technigues. HWash-oif materialg are an excellent base for colour proois
and coloured display materials. These products are available Lram
manufacturers of photographic £1lms.

C. Room-light handling f£1lm: These films are special contact filmse
which permit the operator to handle them wunder low levels of incandescent
pr fluorescent light. Typically they are pot sengitive to wigihle light
but are more reactive to uvltravieclet light. Thay are not intended to be
uggd with a point souree light apd ars normally axposed 1p a8 vacwuom
frame. ‘The light sourca should be pulsed Xenon, mercury vapour or metal
halide; all are high inteansity and have @ high percentage of wltraviglet
light [(refer to Table 1Z2.1].

b. Ceolourbling film: These (ilms record blus llght a3 & denge ar<es on
the negative while reds, Yellows and greens are vary "thin. On 8 poml-
tive, this procass 1 reversed. White o transpacent aresas on the
positive correspond to bBlue imacas on the orlaginal and dark areas on the
positive correspond 2 the other colours on the original. EBecagse of itg
limited sensitivity to calour the film 15 called colourkblind £11m, and can
be safely handled with elther a yellow, orange or red satelight during
processing. It can be dyead lor making both halftone and line images [rom
black and white artwark apd zontact prints from positives or negatlives.

E. Dylux: This 15 an eaconomi=al product of the Dupont Company which
1e awvailable 1n both paper and dimensionally stable plastics. The graat
advantaga in its use 1l that an edeellent iwage <an be obtained with no
chemical devealoping. It alse self-fixes under normal roowm lighting
conditions, The matarial produces & blue line ilmage immediataly upon
exposures to any ultraviolet light soures through elthar negative or
positive artwork.

lnitially there 15 a pale yellow background bot thias will disappear 1in
an hour or sc. HNormally the material 1s exposed in a platemaker through a
gapecial unltravialet blocking material. Best resanlte are aobtained with
black-light flporeacent lampe. A conelderable adwantage 13 1tg abhility
to prodyuce a positive ilmage from a poeltive orlginal. It 13 capabhle aof
rendering a wide ramge pf tones, maklng the paper-based version a chaap
and sfficlent method oi proocfing or reproducing artwork., & with all
slmllar systemt nsed in platemialkers, the criginal artwork muyust be produced
oh transparent or translucent materials, with a dense or opaque image 1o
block the light.

F. Panchromatic film: FPencohromatlc films have amulsions which contaln
additional dyes. These dyes make them senslilve to all visible wave-
lengthes of light. Therefors, they can be handled safely only in total
darkness before the material 1y fixed. Thege [1lme are commonly botched
on one edge. Hhen the noteh i3 in the vpper right-hand corner tha
emilsicon 15 towards the operatar.
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Panchromatic film fpam film? has more zensitivity tham ortho Eilm and
requires less exposure. Fan fllm is commonly used to reproduce black and
white aerial photeographs and other coptilnuoug-tone artwork. In thae
araphic arts industry it is ueed for making colour ssparatipns of coloured
sriginals.

t2.1.2 XNerpgraphy (Electrophotography]

Thiz 18 a non-chemical photographic process produsing & dry positive
copy from a clear or cpague positive orlgipal. It wtilizee a light-
ganzgitive, eslenium=coated plata which carries a positive slectrostRtic
charge. HWhere exposed to light the charge is dissipated, leaving a latent
image to which negatively charged black powder toner will adherea. This
powder Ilmage can be transferred to a positively charged surface such as
ardinary paper, transparent film and even matal offset plates, The Loner
1z fixad tactually fused] by being pasead over a heat source.

h majar advantage of werpgraphy is that it 1s available in most offlces
at & reasoneble cost. Alsg it does not involve wet chemicals, thus the
time reguired for processing and drying is saved. The speed of proeducticon
ie relatively rapid for limited quantities. Because tha image is pro-
jected through a lene, slze changéas ara passibila on many machineas, varying
from S0-200% of the ariginal size. Some machines, however, have a
built-in scale distortion in one direction. The guality of the raproduced
coples 1sx reasonably good if the linaes on the corigimal are sharp and
Black. Large are2s of wniftorm tone ¢n the artwork tend to "wash puk® in
the <ce¢ptre of fthe coples, resulting in a warilation of tone. Ordinary
Paper can pe used and ag can preprinted sheets. Tracing papers and trane-
parent overlaygs canm receive an image, but in comparigon to photographic
images, the qualliy 1z poor.

In contyast to single-colour xgrography wiilch uses a single plate and
toner, the more expensive I[ull-colour machines reproduce multi-coloured
cpague artwork by uwelng separation plates. A differsnt plate 13 used for
sach of the sobtractive primaries (oyan, magenta, yellow), the colour
saparation being achleved through & lene and f1lter (rad, gruean, blua!
systam. Although making colour copiles lzg elowar than black and whita
copying, the price per calour print le sconomical for limited guantities
compared to most other methods <f Auplicating <olowr oariginals. The
results, hovever, can be unpredictables.

farocgraphy machines inm common usage have dilstinct silze limitatlione.
O0ften the slzé of the original is limited te 28 X 43 cm (11 by 17 inchas]
and the reproduction copy to 22 X 36 cm (2 1/2 X 14 inchesl. Machlres are
avatlable with greater capacity.

12.1.3 bDbiazp

The diazo proc#si: is by far the most »idaly vsad silvarless reproduc-
ticn methed in the graphic arts £ield. The diazo process dates from World
War T wheéhh a serlcus shortage of photographic papers and £llme generated a
nesd for a pubstltute raproduction proceses. It 1s ome of the most
flexible and comprehensive copy esystams which, together with 1tg wide
availability and low cost, rendsts it a desirable reproduction method.
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The legany of the diaen progess as a photographic substitute 1s apparent
in its capability of producing copies of line and conbtinucus-ftone
drawings, air photos and satellite images on varilcous diaze products. These
products incledes 2 wide range of papers, plastics, feolls and plates. The
diaze process 13 ldeal for reproducing several goples of a base map which
may be used, [or example, toc compile field infocrmatlen. The net-amuleion
side of several diazg products 1s treated for drafting. Tha capablility to
upAate diaro prints alsge ia an important feature. For this purpose the
diaze lmage on the emulsicon eide af eome products can be removed by
bleaching while the diazg image on the emulsion silde of non=-chemical
matariale iz conveniently molet erasable.

The dlazoe process allows the game size reproducticn of originals. It
15 posltive working, «hich means that a peosgitive originazl is needed to

praduca a positlve copy. Lt can also produce a negative copy of 2
negative - 4 useliul shecking procedure which eliminates darkroom time.

The diazo procese involves the destroaction of a diaronium salt ceating
by exposure to ultravielat, violet or blue light. The origimal copy on a
translucent or transparent basw, having 8 ligbht-aksorbing Llmagae Sink,
pancil, dye, photcoaraphic} is placed in <contact with the dliazo material
and i edposed with the original facing the llght souwrce. Thvs, light
passes through the original copy and breaks down the diazonlum in the
non-image areas, affectively bleaching 1t, The remaining diazoe image 1s
transformad into a wigibles, stable Jdiaro dye by chemlical developmant. In
tha older two-component diazo process warm, molst ammonia fumex are osed
for development. The npeaver, thermal diazo products are dry procassesed and
devalopad by heat after LTheir axposure. The cne-component Jdiazse products
are develaped by pouring a2 phangl zolotion over the reproductisn copy.

A diazo machine ghould be locatesd in a roowm with subduad light levels.
To produes a diaze copy of an original drawing, the diazo material and the
eriginal are fed in tha machine bogether. The diazoc material is placed
emulesion up and the original 1s placed «on top in the right reading
pasition. Inside tha machine the light scurce, which is high in uwltra-
violet raye, 1s located in the centre ol a traneparent tube. Both the
diazo watarial and the original must be wrapped arcund this tube during
tha exposure. This wrapping is a source of potential trouble as some
slippage mAY ooour which can affiect both the image silze and quality.

Inaevitably, the aet of betding the materials arcund a tube creates a
scale distortion in one direction. If thise 1 a4 canss for concern, it is
recommended that the dlazp prpducts sheuld ke expoeed in & vacoum frame.
Light sources used can be carbom-arc, mercury, puleed-xenon or other hilgh
ultraviclet light ecurrcea. The newer metal-halide vacwum frames produce a
suparior product as thelr light owutput 1le 1deally kalanced fopr diszo.
Vacuum frames enable the cartegrapher to hold the ariginal drawing and the
diazo copy in preacise reglstratisn with the use of a pin-registration
EYstam, A considerable advantage over diazo machines.

An inmXpensive, though Sumbersome and slow method pf exposure, 13 to
place tha original over the diazo product inm a simple photographle print
frame or wnder a gheet af plate glasa;, folloved by expozurs to a photo-
flood lamp containing a daylight bulk.  Any large transparent contalner
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which w11l hold beth the ewxppsed dlazg material and a small container for
the AmfMokia =an be used for development. WMWith rcare and experimentation,
good results can be obtained at neminal caost.

Materials usad on original drawings must alss be stzbie under heat and
ultravinlet light, which precludes the use of wax-based adhesive films.
Fub=down lettering and symbols can alac be easlly damaged by the heat and
should bs given & protective apray. Adheniwve tapes, white-puts and
simlilar opaques cannot ke veed on the original drawing as these will hbe
raproduced on Lhe copy 28 dark areas.

The diaze process 13 both convenlent and econemical and dye line papers
are ilnexpensiva and aere easily cbtained. There are few gize reastrictions;
machines that can reproduce coples up to 122 centimetres (48 inchesl wide
are regadlily availlable. The image, however, 1s not stable and will fade
ovar a period of time, especlally when exposed tao light.

&11 diaze produsts have a limited thermal stabhllity, particularly in the
rrosence of melgture. Thug thelr normal shelf life i eix to twelve
months, poszlibly much shorter in warm, damp corditione. To alileviate thie
prabplem they should be kept dn refrigerated storage arsas which will
greatly extend their ueeful lifs. If the materials become discoloured
they should generally be discardad.

Most manufacturars produce a range ol colsured trabsparency matarial
with diazo coatings. Combined with pin or punch registration these are
id=al scurces Eor map and display overlays. A black base can b2 combined
with geveral different coloured aoverlays to make an effective pressnta-
tign. The dlazo process 18 also used to apply dimages on scribing £3ilm angd
varicus colour prociing materiale.

12.1.4 Diffusion tramsfer

This procecss s bacoming extramely popular becaussa of 1ts speed,
relative gimplicity and the wide range of availables products uwessful in
mapplng, graphic and display projects.

The basgic diffusion tramsfer process normally bagins with a sheet of
light sensitive carrier material [which acte as a negativel being exposed
in a process camera. Typically the material is grthochromatic =o that it
can bR uweked under normal rwd safislightx. Bath line and <ontinuous-tobe
materials can ke reprodeced e3slly. The axposad nagative matertal is
combined with the deaired [(positive] receiver material and both are fad
through a 8imple processor which contailne a zimgle chemical agtivatar.

The two materials are eeparated by the feeder gyatem, ooistensd by the
activator, and then forced together by the roller system. The reault 1= g
gandwich where the negative 15 in rclecee contact with the receiwver. Thag
activator soltahs the unexposed partion of the negative whirh tranefers
the image Lo Lhe raceiver with which it is im contact. A catalyset in the
racalver stimulates the breakdown of the silver hallde into a2 vizible
Eilrar imaga. The twp materiale are peeled apart, typically after one
minute or %3 and the negative discarded. The receiver ls then rinsed to
Yemdve the small amount of residual activator. Racelver materials can
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inclnode the follovwing: photographic paper: transparent film used to
create overlays and overhead prolecticn transparencies; adhesive £ilm ueed
for "cut and paste™ artwork and type coverlays; anmd paper and metal
lithographic printing plates. Halitones cam be created by using apecial
contact screens during the axposuce (rofer to Section 10.3).

Mot diffusion transfer materials are decigned [or use with a procass
ramera, as camera ready artwark is normally prepared on opaque materials.
Therefore a graat variety of repreduction zizes 1 possible. If the final
image 1& intended to ba the 3ame size as the aritginal, exposure can take
place in a vacuum frpme 1f the artwork has peen prodeced on tranalucent
matertal.

The econamics of dilfusionh transfar should be carefully evaluatad. The
matertals themselves, particularly continuous-tene and "sticky-back”
vaprliante are relatively expenoive. The lack af a re-ueable negative camn
be costly when several copies must be made. There 1s, however, no need
fory a3 film negative or for the uee of a f1lm fixer ar siocp=-bath. This
reduces repraducticon costs 1f only one or two coplas are reguired.
Washing requirements are minimal and no tima is lost in drying. The
activator 1+ re-usable. Ih most operations, therafors, Ehe usa of
diffusioh translfer will show conglderable zavingx over comparable photo-
graphig technimuea.

Sizez are limited to the availlability of standard materials and to the
throat size of the available prosesssr. Most commonly matarial sizes of
22 X 28 cm (B 1/2 X 1170, 26 X 31 cm (10 X 12"), 28 X 356 cm {11 X 14"} and
31 X 456 om [12 X 1B") are processed in the standard 38 cm {157] wide
pPraocessor. A larger, more expensive proceeesr with a 53 em [(21%]) throat
will process materials available up to %1 X 61 cm (20 X 247, The maost
widaely availlable systems are Kodak's F.H.T. (photomechanical transfer? and
Agia-Gevaert's Copyproof which are essentially the same, although the
Byla-Gavasrt's product line includes the versatile "sticky=back™ material
0 oaful [or type Bnd symbol owverlays and "paste-up" presedtations. Both
manufacturacs onow have full colour systems which are copsiderably more
gExpenalve.

12.1.5% Thermocopy (Tharmal copy, Thermal transfer, Bry heat, Infrared}

This i5 the only copylng process in which exposure and develgpment are
slmultansous. Thies simple operation involves anly one step, namely the
Ingartion of 4 specially coated film, plue the original artwork, inte fhe
axposura apenling of the copying machine. The image is duplicated in only
g faw sacands onte one of several types of transparency materials. ‘The
process Lz dasligned for the production of transparencles for owverhead
projsctlon. It can, hovavar, be uszad to produce overlayes for report elze
1llugtrations.

Whatt the arigimal, which can be fully opague or translucent, and the
thermocopy film aAre passed through the machine the bgat from the infrared
light source passes through the thermocopy £1lm to the original. Metallis
substances in the image absorb the infrared light, producing "het" areas
which form an image oh the film where the two are in contact.
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Normally acceptable images can be produced from carbon-base Llnke, most
printing inks, lead pencil, liguid vriting inks and typavwritten <opy.
guality 15 not generally as high ae that obtained with photographie or
even dlazo systems but it 1 oitan acceptable for demonatration purposes.
Single colour transparaenciss <an be produced in posltive or negative
form. The siiza of the thermocopy materlals and copying machines 15
usually limited to page size.

12.1.68 PFPhotostabilizatisn

Thie 18 a versatile reproduction systam but of dectwasing Lmportance
hecanse of competition from Xerography and continuous printing processes.
Navartheless 1t offers a speedy altarbhative to convenhtional preocessing
mathods for eilver halide Eilms and papers, which include the standard
ateps of developing, stopping, (ixing and washing. FPhotostabllization
reducaes the processing sheps Lo two; developing and fiding. EXposure <an
be obtained by any conventional photographic method; it thean takess about
ten seconds to obtain a stable line Lrint ¢F contlnucus-tone CEENSPALIMRNCY .

All chamlezalg needed fpor development of the latent image are rcontained
in the emulsicn of the apecial films. An activator is applied to the
film, =onvarting the expnaed =silver halides to gilver. A stabilirer
golution than dissolves the undeveloped halldes, stope dsvelopment and
fixes the [i1lm. These steps are psvally garried oat avtomatigally in a
Eingle procaesing machine.

Host products are resln-coated to reduce the quantltles of water and
chemical preduots absorbed during processing. A mors pexmansnt print can
ba obtainwd by immerging the film in a fixing a¢lotion, followed by
wazhing and dryirg. Mo darkroom is needed for thig process. The amul-
gimna created are thin and are not sultable for reproductlon with photo-
graphic filme. The bpackground of poorly washed or flxed preoducts will
darken in time. Fhotostabilization processors have been produced in sizes

ranging from 13 em (5] to 107 ocm §42%) wide, though most are designed for
page =lze reproduction.

12.1.7 Colour imaging

There are many methodsa of producing coleour graphicg. Jom of the wost
flexible and wvergatlils is a colpur imaging system. Calour imaging may
be usad as a ¢goloury proefing systigm for gditing purpoers of for the
production of materials for digplay or shorc-run raport illustrations.
‘There are five main syeteme currently avallable: Latrachromns {Letrasat],
Creative Color (Mecanorma)l, Chromatees, Colourtech and Mertrocsalor. All
praduce guite similax reswltse although the processes vary cobsiderably.

Each of theze processes 1z a one-off printing proceass capahle of
producing direct image printe or trzosfer typa images from film nega-
tives. Colours are applied imdividuwally by manually coatling the base
material with ink using a metal rolling rod. The ink 1e dried, usually
with a simple hair dryer and then photgmechanically axposad te & negatiwve
using & speclally calibrated wuwltraviclet light gource. The image is
developed by removing bhe softer non-image areas. Exposores arg carefully
cantrolled by a calibrated light zoures.



Thera is a wide range of colours avallable. Inks can be mixed to
provide colour control by experienced vsers. GSizes are normally limited
to 48 X B3 om [17 X 25" although some teansier materials are conslder-
ably smalley.

12.4%.8 TImage transfer

Image transfar products enable a cartographer to apply bleck and white
or calour "rub—down® images to particular areas <f the artwark.

A high vontrast negative is expoesd in contast to the image transfar
mataerisal using an ultraviolet light. A speecial developer 13 applied,
aftur which a transferable image is latt attached to the base carrier
sheat. The image can be bucnished onto any desired area of the artwork.
Custom type, symbols or images can be created and used whenever naces-
sary. 'The gost per sheet is relatively hlgh althgugh it 1s cheaper than
sommerolally gvailable products and the potential for time zaving ie
copeiderahle. The best koown produst ic IM Image-N-Tranaofaer (I.N.T.},
recently acguired by Letrasel-

12.1.9 Ink=j3=2t primbing

This 1 & platelasy electronic printing method which can reproduces the
data stourad in digital form in a computer. MAE with all such tachhigues
tha image wust be created each time it is reproduced so Ior 1000 caplas
the image mugt be compoaed from digital lmformation 1000 times. This
process 1e time consuming and subject to meshanical fallure %0 these
gystemg are appropriate for limited-copy production or display products
onply.

Ink jet printers create images by spraying jats of coloured fluids,
gimilar to fountain pen inks, under pressure Ehrough a fine nszzle onta
the printing surface. The ink breaks up ilnts tiny droplets, often anly
.06 millimetree [.0025 inch! in elze and ab a rate <! 100,000 droplats per
gacand. These ara charged aslectrically and dlracted by Che somputeslr Lo
their correct ilmage positlen. Many printere contain banks of nozzles 30
they can simultanecuzly print several <oloprs. If procesa colowr inkg are
galectad the final result ranm look similar to that produced by litho-
graphy.

Thesa machinas arp mechanieally and technically complex and reaguirae
regular maintenance. Ink jeat priptimg cah produce colouread artwork
including tranhsparanciaes relatively guickly and Lloexpansivaly. The
quality of the image is adegquats o many pukposas but is Jinfarior to
those producsd by photemeshanical mathods.

12.1.10 Laser printing

Lagser primiing 15 a platelegs eglectronic printiog method vsed [or
limlted-copy reproductlon. Laser printers are relatively expensive but
are gapable of producing high-quality products. The lmage 15 abtalned
from digital Jata in a computer which guides the lager beam. A modulstor
turne the lazer heam on and off according to the diglital imstructions,
while a mirror eyetem and scanning prism direct fthe light bheam onto &
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photosansitive drum. The image L1 bullt wp line by line in a raster
Format .

Tha drum which pow contains positive charger 18 dusted with 3 tonsr and
a charged paper =zheet rolied over 1t. The resulting image 15 hest fused
in & manner similar to xercgraphy.

Laseyr printed productse excel in quality; Ehere are machines aveilablse
printing 00,000 dots per sguare inch, at which point the image approdches
that of lithographic printibg-

12.1.11 Proofing systems

Magt complex graphics or maps are produced from more than che compo-
nent cr overlay. This i3 true for artwork intended for eilther single or
multi=coclour raproductlon.  Thege comporent pleces have to be fitted or
registerad accdrately to each other to produce compoeite printing nega=
tivee which atrwe vsed to progduce printing plates. Proofing must be carrled
out prior to printing because errore detected at this stage are expensive
to =orrwst. Ondetected errore may have sarlcus consequences. Froocfing
systems: parmit the comkination of the graphiec componentse in a psaudo
printing manner for editing purpoeses 50 that changes can be made before
the expansive platemaking and printing procagses <ocur. In many carto-
graphic applications, the proof 15 the [ivet visual rapresantation of
design geclelons and conetruction =fforts.

There are several proofing systems availlabkle; wirtually all are designed
for the araphlec arte industry anmd may be pneuitable for some cartographle
applicationa. Mozt graphilec prodoacts are reprodeced from gptical sepgra-
tion negatives of mpltil-caloured artwork or photography. Therefore the
process coloures i{subkractive primaries}l cyvan, magenta (red} and yvellew,
together with black, are used for printing such artwork [(refer to Section
1.

Cartographic products, in oddsnirazst, may be raproduced in colours obher
than the proceses caleocurs. For sxample a2 fine line, the moet common
cartographlic symbol, may be colourgd brown. In process reproduction,
howsvey, the colour hrown would be 2 compogite of the process colours and
minor regigtration problems which cozur in the printing stage would
cauge viglble colour wariatloms In brown linevork. Thersfore [lne llnas
gshould be printed as a separate colovy rether then a2 composite of the
process Coloure. Cartographic procfing systems must hawe a wider range of
colouxrs Lhan the process colours. Thay can alsoc b considered as limited
copy raproduction technigques as most procfs make eXxcellent display or
discussion products.

12.7.11.1 Jverlay SYSELems: Thess syYstams Usw & sarles of transparent
overlays of different colours which are registerad to each other to form a
composite of the original artwork. An advantage of thig technigque g that
Ay givat ovarlay caAn be corrected, reproduced and refittsd to the others
without the paed Lo produce an entirely new proof. The overlays also make
excellent overhesd proiescticon transparandies. The oystems are limited tao
relatively few lavers becauses tha intarvening reflective layers of plagtic
degrade the lower lmages.
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Ovarlay systams are versatile and can produce asxcellant rasults. They
arg availaple 1o both negative and positive working formmts. Thae
materials are exposed ta a high vikravislat light source in a vacuum
framg. The fi1lm 13 develaped with a simple single solution, washed and
dried. It is poesible toc make a full ecolour proot ko 29-30 minutes. The
overlays are available in sevaral popular gocloyra and darkroem facilities
are not regquired. Examplas <f overlay procfing systems inclyde 3M Color
Key and Polychrome Chrome-Guide. Colpured diazo film, however, is the
most ecconemical and widely avallable version af the averlay syskem. 1
the overlays are produced on ¢ diazo polyester base in a vacuum frame and
punch regletered, they can k¢ used to proof the registrarion as well as
the information contained on the oricinal artwork.

12.1-101.2 Lamimation ouverlay aystems: Lamination averlay systems are
capeble of producing high guality, colouriful apd attractive prools which
arw #xCcellent for preometienal porpoees. Thay Ara, howavar, a¥pansive
ayctems ta purchase and to operata, hence Lhey are wnlikely to ke conai-
dered by smaller agenuiss.

Lamination ovarlay systems produce coleour procfa on sensltized,
adhesive-backed and transparent materiala. These matgrialas are either
pro-coeleured or are given the approprlate colour during processing.
Frocessing beglng by laminating a sensitized averlay to the base
matewrial. The aengltized overxlay 15 then exposed 1in contact with tha
appropx late film intermediate using an wltraviolat light sourse. Tha
procedure varies depending on the procass bolng used. Some procoecses are
hegative working vhile others are pogitive working. Aftar developing, an
appropriate coiourad imags reamalns  and the process 1ls repgated [or each
additicopal colour. Heoermally & coloor proof canm be produced in an hour.
Equipmant beeded includes photomechanical ltems, a laminator and a tonlog
cogngsole. Examples of these aystems include Cromaliem by Dupont and
Trangfer-Key by IH.

Other lamination proofing systema uge zansitized gelatin cpatings. A
proprietary white base material 1s ecftenad in a special solutilon and the
gengitized coatling added in a tramefer umit. A& dryer 18 alaoc reguired.
The base is axposed Lo a hegative, proceseed in am activator and washed.
The pProcess is ropeatsd [or sach Solour. Gavaproo! by Agfia-Gasvert, an
axample of guch & gystem, was primarily designsd for lour Solour separs-
tion using bhlack, <yan, magenta and yellow although a fev other oolours
can be obtained. The proof is of excellent guality and can ba used for
display purposcE.

12.1.31.3 NMegative superimpceition systems: Superimposition systems are
videly ugsed throughout cartcgraphy o produce proofs, plater and guide
imagea on dense, stablea-basze materlalce. A light sansitive ooating is
applied to the baae Iin & liguid form aod allowed to dry. TE is axposad to
vitraviclet light im contact with & negative in a vaguum frame. Expossd
Aroas are hardened, whereas non-exposed and therefore non-hardened aveas
zanh be removed by spacial developers or sometimee by water.

After developing, washing and drying, the procese ie repeated Eor each
additional colowr. an example of these eystams is Kwik Proof by Direct
Rapreduction Corp.  In general the processss are econcmical to purchaee
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and produce an acceptables proef of wirtually any size. Liquid ecoatingse
have a limited ghelf 1i1fe, therefaore, the expiry date of these materials
ehould be carefully noted. These proceeses Are tima cobsdming and the
coleure achieved are less intanse than those which resylt from the use of
lamination overlay sysktems. Actual printing oolours sre alse difflizult ko
match.

12.1.11.4 Fositive superimpositlon systems: Fogitive superimpozitlion
eyetems produce A better guality proof than negative guperimposition
sYstams. A pogitive working dichromated collold emulsion 1e added to a
white opague plastic base material, aften polyvinyl chloride. The
poalttive 1 expoeed to the base under an ulitrawviolet light sourece in a
vacuum framg and @ coloured ink i then applied. The hardened emulsion
areas wips off with water. The process is repeated for each additional
colonr, thus producing ane of these proofs i time consuming.

The positive superimposition systam is ideally sulted for prooling
positive artwork such as line drawings, type overlays, rub-down pattearhn
overlays, etc. &n example of such & system is the Hauslaibter systam. The
inks themselves aAre not light sensitive, thus the explry date Le aot a
problem. The liguid emuleion, hovaver, has & relativealy short chell lifs.

12.2 HMulti-Copy Reproductlion

12.2.1 Baslirc printing processEs

Multi-copy raproduction of Lmages may Do zarried out by one of four
basic printing proceasses [Figure 13.31. Thesa proceszes are distinguished
by the mnature of the printing guriace of the intermediate image carrier,
commonly called a plate. They include:

1) intaglio or gravurs [(Flgure 12.3 al;
ii) relisl or lettevpress [(Flgure 12.3 k1;
ti1t) planographic or offget-Yithography (Fliguree 12.3 =):
iv] screen or etencil (Figure 12.3 4).

12.2.1.1 [ntaglio pripting_ [Gravursl: Imaga areas ara etched intc metal
plates to lorm raservoirs for ink. The antire image area 1s screened with
the depths 20 the rosorvalrs controlling the amcunt of ink beilng trane-
tarred, theraby contyrelling the density of tone on the papar. The
etched gravure cylinder rotates in a fountailn of ink, Pilling the rasar-
volre. A doctaor blade then wipes the Lok from the non-recessed, non-image
areas of the platae. The image 13 then tranaferred directly from the plate
onto the paper by the impression cylinder. Intaglig printipg presgess may
B2 sheet-fed or roll-fed and provide guality reproduction an both smogth
and textured =surfaces. Intaglio printing 1 a relatively expensive
provess and le normally reserved for high=volume, high-guality producte.

12.2.1.2 EFalief printling (Lettarpress?: This prodess 1s the opposits of
intaglic printing inm that the 1lmage argas arw ralsed akove the nob-image
areast. The procese uses metal type, engravings, combinaticons of both or
duplicate plates to carcy the image. The ink is applied by rollers to the
ralisad surfaces and Lhen transferred directly onto paper. Impression is
gharp and clear but varies with the smocthress angd texture of the PApwI.
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Figure 12.3 Baslic printing processes. f(After E.B. Eddy handbook of
printing productien, 19671
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The reliel process: 13 gomewhat dated and has beah replaced by libRography
in mogt major printing operations.

Thare ara thrase gansral clasees of lettarpress or reliaf primting
proaseas [Flgure 12.470:

i] platen {Figure 12.4 al;
13i] flat-bed cylinder {Figure 12.4 bi;
ili) yotary {Figure 12.4 ).

A. PFlaten press: The plate and paper are both carrisd on plans
gqurfaces. PFaper ie sheet=-fed into position an the platen whicsh then
presags agalnst the inked image in the press bad.

B. Flat=ped cylinder press: The impression cylinder which aleo
carries the paper 1s on a stationary axle. The press bed which carries
the thked image moveg back and forth. Impressglon i made under presgure
2% the cylinder revolves, CLylinder presssee are shest-=fad.

. Eotary prese: HRotary preseses have two cyllinders that rotate at
high speesd in the same diraction. Omha cylindar which carrisase the inked
imaga transfers this image to the othar cylinder whioh carries the paper.
Faper may be sheat-fed or roll-fed.

12.2.1.3 Planographic printing (Offset lithographyl: This methoed ie
based on the principls that water and oil do pot mix. OCffset lithographic
plates carry both the image and the non-image areas on the same lavel.
Image arcas are photomechanically reproduced onto metal plates that are
chemically sensltlized to accept ink and repel water inm the image areas.
Hon=image areas accepht Wwater and. repel ink. 1n offsat lithography. the
plate first contacts rollers of water and then the inked rollers. The
inked image is branslerred from the plate onto a rubber blanket cylinder,
and thah onts the paper which 15 careied by a third eylindar. The rasil-
lence of the ruopbar klanket allows offzet lithegeaphy on a vwide range ot
surface textures. FPaper may be sheet-fed or roll-fed. Holti-copy repro-
duction of most cartographic producta 1z dorne on gheet-fed offzat
pregges. Offpet lithography is by far the mogkt common printing process
avallable and is normglly psed to reproduce cartographic artwork.

Thera are twe techhlgues oF [arming an imade on the lithoplate:

i) & negative is exposed in coptact with tha coated plate. The
resultant image 1z hased on the rezidval hardened coating: thw
unexpased tbackground)] areas are socluble and removed;

1i] A positive is exposed in contact with the coated plate. The image
itself, baing sacluble, 15 remocved. Like the negative-made image,
this technligque lorms 4 "surface”™ platée, but 1t can alse provide a
"deep-ateh™ plate, with the ald of acid etching, s¢ producing amp
image whirh is slightly recessed.
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Figure 12.4 Three classes &f latteypress or relief printing preesas:
ifal platen; [b! flat-ned cylinder; (o] rotary. G(After
J.8. ¥eates, 1973)

12.2.1.4 Screen printing {Stancillr This process is one of the oldaest
and most widely used methods oF reproduction. Traditionally screans
congisted of porous materials, such as =11k, mounted on a wooden [rame.
Modarn day image cariiacs OF soreens &+ usually made of polyester [abric
oY stainless steal meeh. Prainting i3 Jdone Dy I[orcing ink tTheough the
Image aress of the screen with a cquesgeR. The non-image areas of the
coreans are blooked by stenclilsz which are hand-cut or produced By photo-
rachanical mathods.

Lins, haiftone and scoresen fLinted artwork can be reproduced on virtually
any surface. The scrasning, hovever, is ralativaly coarse by cartographic
standards. The simpler systems make 1t difficult to register additional
colours accurataly. For this reason it is mustly limited to simple and
bold reproductions, for wxample, posbtears, report covers, invitations,
programy, etc.

Screen printing wsing traditional tachnigues 1z an ilpexpensive and
versatile poeitive working system sulited teo limited-copy production.
Commercial screen printing, however, 13 done on power-opsrated Drasses
capabla of producing 5,000 lmpressions per hour and 1 suitable for
multi-copy reproduction. Paper may be sheet=fed or roll-fed.
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13. MARINE RESOURCE HAFPING AWND CTASE STUDIES

The folloawipg list of rassvece maps indicates the wide variety of
cartagraphle technigues vhich may be used o portray marineg information
apd data. some nof the mapa are Yone of a kind®, gtherg are ome of a map
$#r1l&s and atlll others are an integral part of a scientific report. Each
af the twelve map projects selected from the listing as a case Btudy ig
gccompanied by a description of the map abjectives and scale, and gepgral
comment s concerning its format, colour, update capabilities, egfc.

13.1 Small-Scale: Internaticnal Atlases

1} Atlas of the Living Fescurces <f the Seas. (Relar to FRO, 1972 in
biblliography.!

iir Sarimsl Atlas <of the Marime Enviconment. (Fafar o Amarican
Goaugraphical Soolety, war.d., Iin bibliography.]

11.2 sSmall-B=alw: Aeglonal Atloges

1} Tha Lancastar Sound Region: Data 2tlas. [(Rafer to Dirschl, H.J.,
1982 in Dibllography.]

i} Fundy Coastal 2one Study. {Refer to case =tudy #¥1 and Huntar
and hagoclates, 1982 in bikplipgraphy. !

1i1) Gulf of St. Lawrence Water )ses and Related Actlvities: A Carto-
graphlic Presentation. [(Refer to Simpson, W., 1973 1n biblio-
araphy. )

iv) Canadian Atlantic Qffishore Filehery Atlas. {Relesr to Scarratt,
O.J., 1982 ip biblicgeaphy. |

vl Barbadogs Preliminary Data Atlas: Burvay ol Conservation Priorities
in the Lesger Antiligs. (Fefer to case study 2 and The Eastern
Caribbean Natural 2rga HManagemant Frogram, 1980 in bibliography. )

wviil Bay of Fundy EREagsurege Inventory. [Refer to case study #3 and
McKay, A. et al., 1878 in bibliography.]

vil}) Environmental Atlas of the Southern Guwlf of St. Lavrancs. {Rafar
to McGulire, B.E., 1%7% in bibltography.!

viii} Mova Scotda Fisgheriez btlag. {Refer to cage study ¥4 and Maritime
Bespurce Management Service Inc., 1982 in bibliography.)
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Bmall-Scale: RAeglonal Maps

Pistribution, Migration and Spawning of the Main Fish Resources in
tha Hortharn CECAFT hrea. 1RKefer to Garcia, 5., 1982 1in biblio-
qraphy. ]

Figheries Atlas of the Western and Cantral Meditarranaav. [Eafer ta
Charbonpier, D. and 5. Garsia, 1985 in bibliggraphy.]

Zeoclogy of the Island of Wewfoundland: Preliminary werslion.
{kefer to case study 15 and Hewfouhdlapd and Labrador Depart-
ment of Mines and Energy, 1581 in bibliograph¥. )

1983 Fishing Industry Syneopsis = Gulf Region. [(Relfsr to case
study #% and Maritime Rescurce Mamagement Service Inc., 1383
in biblicgraphy.!

13.4 Medium to Large-Scale: Ragional Map Series

it
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An Ercplogircal Characterization of Coastal Maina- (Refer to
1.5. Dapartment <f the Intericor, 1980 in biblicgraphy.!

Demgrgal Fizh hAazemblage= in Liberia, Ghana, Togo, HBenin and
CameroDn. [Refer to Villegas, L. and §. Garclia, 1983 in biblio-
gqraphy. ]

itrait of Canso Hatural Envirgament Inventory. (Hefer to Haritime
Hegource Management Service Imc., 1975 in hihliography. !}
Nova Scotia Estuarine and Coastal Resocurce Inventory. (Refer

to case study 7 and Maritime Resource Management Servicae Inc..,
1982 in bbliography. ]

Marine Eesgurce Filot Study: Pasgamaguoddy Bay. (Aefsr o Maritime
Regource Management Zervice Ing., 1982 in bibliogeephy. !

&mall Craft Harbours 2npd Facllities Directorate. (Refer to cacse
study 18 apnd Mearitime Rezgurcs Managshent Servica Ine., 1985 1in
biblisgrephy. ]

Mapa in Conjunction with Technical HReporte

A Survey af the Coastal Figh Resgurces of Srl Lanke. TRefsr to
Blindheim, JF. gt al., 1979 in bibliography.]

Peru: Asouebls Estimation of Ichthyomases and its Distribution
in Lake Titicaca. [(Beler to Johannesson, K. =t al., 1981 in
bibliography .l

Reglonal Flahery Survey and Devglopment Froject, Demerzal Rasourcoes
of the Gulf and the Gulf of Oman. (Refer to oase study 13 and FAD,
1981 in bibliography. )
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Cohagtal Hagources Inventary and Mapping FProgram, 5t. Georges
Bay Filot Study. |kefer to ecasa etudy #10 and HWarren, R.Ak. and
H.P. anderson, 1975 in biblicgraphy.

A Remote Seneing Technique for (uantifying Lobster Fishing Effcrt.
{Eefer to case study 111 &nd Fringle, J.0. and R.E. Duggan, 1983 in
bhiblisgraphy.?

Barbadems Coastal Conservatlon Study. (Refer to case study #12 and
Hunter apd Assoclates et al., 1984 (unpublished! in bibliography.!

The publication entitled "A Review of Coastal Zone Mapping¥, edited by
Roland Perrotte [1926), prepared under the aveplces of the Commiesion gn
Oosanle Cartography [Internaticnal Cartographic Besociation! complements
the =ass sLtudies. Unlike this manwal, howewer, 1t 16 not caonfined +to
Iesource mapplng per se.
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13.6 Case Stody Beview and Anholysis

Thae fellowing casa studles are intended to prowvide the reader with a
range of thematic mapping applicaticons anmd their various production

methods:

13.6.1 Case study 11

Title:

Produced by

Produsad far:

Scale:

Cbhjectiva:

Depcription:

Commantary:

Fundy Coastal Zone Study
Bunter and Asggciates, MKissisesaunga, Cntaric, Canada.

Hea¥ EBrunawlck Oepartment pf Matwuial Resources Mineral
Paeoytrces Hranch, Frederiecton, New Brunswick, Canpada,
1982,

Yaricus

The study was dasigned Lo provide the (allowing informa-
tion:
- at invantory of marine beaches and terrastrial re-
EOWLK CEE
- study of coastal processes:
-  study of coastal rone land pees and thedy influences
on the copgtal environment;
— praparation o! coastal zone management recommanda-
tions.

The etudy waes prepared in two separate volumes, a
Technical Report and a Map Atlas, and was printed in
three colours. The axample shown was taken from the
Atlas [Figure 13.} - White Head Island}, aone oI 74 map
shewts. The basae map 1s & Dphoto mosale (rafar te Section
8.9).

The maps are Jood examplsas of the usa of & simple photo
mrsalc base sverprinted with a wvariety of thematic
sibiect matter. In this Atlas the treatment of gach of
the T4 mape ig aimilar, hence a common legend was used
for the entire Atlas.

This type of presentation can e qQuickly and economically
proeduced. For the user, the three availlable colours plus
4 detalled photo base ensured that data could e easily
interpreteaed.

Moet of the thematica in thiz volumes, howerar, could have
been added directly to the photo hees rathear than to the
additional line bage map (Floure 13.2). The maps could
aled have been produced at smallar scales and therefors
ococupy lesa gpase and favar pages.
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13.6.2 Cass study P2

Title:

Frodueoced by
and for:

Scalea:

Dhjactive:

oceriptlion:

Commentary:

Barbadns Preliminary Data htlas
Survay ol Conssrveation Prigrities in the Legser Antllies

The Eastern Caribbean Hatural Aresa MHanagement Frogram
CECHNAMP!, St. Michae), Barbedog. A cooperative affort of
the Carlibbsan Conaszrvation Azaocciatilon and the School ofF
Hatural Regrowrces of the Univeralty of Michigan, 19810.

Yariouns

To provide the ECHAMP with a co=-ordimated loformation
gonrce Iln arder to plam anm effective comeervation
strateqy throughgut the Legsger &ntilles.

The Barbadcs Freliminary Data Atlas is one of a eeries of
¢f Atlaoges, one for each pf the ielands or island
groupinge inm the regicn. The size of the standardized
precentation is 22 X 2B cm (8 1/ X 11"]), which dictated
a wide variation in scales and graphic Jdetails. Each
atlas cowvered the same rwFilxtean pAramebars chosen As
gignificant: Rainfall; Land Usa Capakilities; Coastal
Currents; Terrestrial Lile Zobes; Important Marina
Habitate; Endangered and Locally Important Specles;g
Population Density;: Present Land Usaf; Marine Resource
Uge; Tramsport; Hatural &ttracticons; Tultural Attrac-
tione; Population; Fay Haterghetds, PArKs ahd Protactead
Areas; Land Ovwnership; and Consarvatien Synthasis.

The use of & gingls basa map and standardized page layout
iz often &n esdonomical and time saving solution, but with
the diszadventage that severnl meps are drawn at an
ursmitable zcale. The amgunt pf information shown on
"Conastal Cprrenta¥ {Figure 13.3F, Eor example, 1g limited
arnd couwld e deplicted at g smaller scale. The constant
gcale, howavar, does have the advantage of snabling =aey
comparigon of data from map to mep, & significant
congldaratlan fram the point of view of most users. It
alss wauld enable such informatlon to be aasily entermd
inke a computerizaed data stoarage =yetem should that
become a nacaesity.

The artwork was produced with simple drafting technigues
and commercially available shading patterns and symboals
[Flgure 13.49). Soma sympols wore hand drawn ob other
maps in the atlas as no suitable commercial symbols were
availabla.

Graphic improvements might include the removal of tha
credit attribution repeated at the top of every page, and
its replacement with a bolder map title.



Figure 13.3

Eaglern Caribbuan Matural Args Managemant Program
Survey o Conparvation Prictitien ib tha Lecsar Antillax
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Figura 13.4

Easlarn Cariobean Hetursl Ares Mansgamenl Program
Survay of Congervation Priorities In Lhe Lesser Antilles
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13.6.3 Cage study 13

Titley:

Froduced by

Froduced for:

Geala:

Objective:

Deagription:

Commppt sy

Bay of Pundy Rescurce Inventory

Marine Resource Assoslates Lbtd. . Bocabes, Heay Brukiswlilck,
Canada.

Hew Brunswick Department of Fiehariee
Fredwp loton, Wew Bronswilck, Canada, 197%.

Yariovs

This six valume invenkory catalogued the shallov-water
rasourcas o the Hev Brunsvwick coast of the Bay of
Fundy. Tha information was raJuired to faclilitate
vbiestiva mansgamant declzlons and resolve conflicts
batwaen regourcg-bazed and heavy industries.

The graphirc inrluded demonstrates a eimple marine survey
technigue of wide applicability (Figure 13.5%). Secukba
equipped specialists mapped a broad range of oceano-
graphic, topographic and biclogical data. Simpla, singla
colour report illustrations were adeguate for this
detalled and wide ranging survey. The illustrationg were
acconpanied by an extensive presentation of data tables.
The graphles were produced by basic pen and ink tech-
nigqueek-.

The wllective lapd-water differentlation should be noted
on Flgure 13.6 "Bourcss of Seawatar Passages"., GCraphilc
and tabular precantatlons are simple apd slfactive
fFlqure 13.7)1. The standardized map base shown in Filgura
13.8, however, 13 not suitable for all zubjests. 5till
it remaine a guick and economical production technigque.
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Figure 13%.5

SUETIDAL SURVEY TECHNIQUE, A 100 mater Trangcl lind was laid sros
the tottam. Stalions 303 mater intervals wire exdmined by & warn of divets and deplh,
subrrate and specled sburgance wad recarded [The transect |Ina i shortened for tha
purpase oof Hivatration],
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Figure 13.6
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Figure 13.8
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F1.6.4 TCase study #4

Titlert

Produced by:

Froduced for:

Scala:

gEhjestive:

Descripticn:

commentary:

Nowa Seatia Fisherles Atlas

Mariltime Regource Management Service Inc.,
Anmhwlgt, Wova Scokla, Canada.

Mova Secotia Oepartiment of Fisheries,
Aalifax, Nopva Scotila, Canada, 1982,

1:2,000,000

To provide a copprehensive compendium of information on
the figphing indosetry of Hova Scotia. It was intended to
be of value fto fizhermen, fish processore, administra-
tors, sducators, students and the general public.

The deatalled apd well designed atlag containg 14 fpll-
colowr statiztical thematlc waps covering many aspecte of
Nova Scotia'e fighing Lnduegtry. It alse I[eatures 2
variety of black and white mapg, line drawlngg, photo-
grapha and explanatory text. The wmaln subkject areas ara
fish landings, the fishing fleet, asmployment, cnshore
facilities and infrastructure, and exporte-.

This award=-winning preeentation containe excellent
exampler pE the great wvwolume af information which a
properly degigned oulti-colour map can trangmit clegarly
and eaglly. Each map was produced on a common bage but
uged a3 Qlfferent graphical and statistical method oE
presenting ite thematic data, which lends variety fto thae
overall design. An attractive combination of coloure was
gnrhanced by the pse of vignetting to provide a white band
arpgungd the ¢ocaptline. This techniguse eneurged that the
area 0f greatest detall and interest was kept clear of
interfering coloured background, and the "windowY effect
focuses the readar’'e attantivon. The atlas is aleo an
example of the versatility of Ipour process colour
printing, with an additiecnal colonr. Qpen argas on mosk
maps were weefully filled with related insarte, such 2e
in tha *Significant 5Species™ map 1llustratsed im Figure
13.9. This anhanees the usalulness of the product to
nen-speclalists. The aignificant "kKay' names are all
a3isily readable due to eimple, sans serif, condensed type
stylas. OQFf note Lz the use of white paper for the
«Xplanaticon asreae. The contraet with the adjacent
pastel-coloured maps Jdraws attention to the text. The
ug€ of an zestheticmily plwacging bBull-solaured background
would net have achieved this rasulk.

The atlag wag relatively expansive to produce bacause of
the number of mplti-colour mape and Eheir complexity.
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13.6.5 Case stody ¥5

Title:

Froduced Ly
and fop:

Boalm:

Obiective:

Description:

Commabtary:

Geology of tha Istland of Hewficundland
Freliminary Yerslan

Mipsral Development Divislon,
Mewfoupdland and Labrador Department of Mines and Energy,
5t. John's, Mewfouwndland, Canads, 18981.

121,000,000

To produce an economlical full colour geaclogical map under
timg and cost congtrainta. It was intanded as a wehicle
for discussion and editing purposes prior to the produrc-
tion of a cestly colour wersion by traditiomal methods.
The map alsoc servad ae a tast for an alternatlve produc=
tion technigue.

The thematlc information was produced on an aoverlay uging
commercially available calour pencils and the stomping
tachnique {(refer to Section 11.2.1J0. The hand cplgured
overlay was cCcolour esdparated into negatives by an
glectronic scanner for each of tha four procases colours:
magenta, cCcyan, yellow and black. & black composite
negative was produced from the black overlay negatiwve and
a negative of the base map. This tamposite black
hegativea and the maganta, Yellaw and cyan separatlon
hegatives ware usead by the printer to print the map.

Thie map {(Figqure 13.10) Lillustrates the use of sinpls
graphic technigues in combination with maodern reprodue-
tion methods to produce am acceptable product more
quickly ard cheaply tham by the use of traditional
cartographis tachniques. It 1s a techonigue which may be
veRful to small agencies which cannct afford an internal
photomechanical opesrvation. HMHanual colour separation
techrigques were not needed and only standard drafting
tools and rub-down lettering were wtilized.

The map could have Deen improved by tha zalection ot
colours with less contraat. SHevearal other technlguea
utilizing water colours, felt pens, airbrushes could also
have Lbeen ueed at 1ittle coet. These technigues are
deseribed in Section 11.
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13.6.6 Capa study ¥5

Titlw:

Frodused by:

Frodueed fpr:
Scale:

Ohjective:

Description:

CommantAry:

1983 Filahing Industry Synopsis - Gulf Region

Maritime Rescurce Managemenk Service lnc., Amherst, MHova
Scotia, Canada.

Canada Departmedt of Fisherles and Ocaaps, Mohcton, Hew
Brunewick, Canada, 1985,

172,000, 060

A statistical display map was produced to deplet data
originally collected by [isherles perconnel for planning
purposes. [t wag designed and produced on 2 limlted
budnat for internal departmental vee.

A hand drawn manuscript with poncllled statistical data
wAs preparesd and chocked by the auvthors. The informan-
tion was digitized and a pilot was produced with a drum
plotter onte Jdrafting film. Thisg wag in turnm ved Lo
create dlazo prints for economical reproduction. He
graphice terminal &¢r other auntomated sguipment was
required.

Rlthough occasionally hard to read, thie map displavs
mast of the statistical informatien in a4 claarer and more
paslly undarstood format than a tabular presentation.
The resdlt irx ah accaptable display of a great deal of
informaticon [(Figure 13.111.
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13.6.7 Case study #7

Title:
Produced by

Produead for:

Ecale:

Dolective:

Dascription:

Crnmentary:

Hova Sccotla Estuarins and Constal Fasourcs Inventory

Haritime Resoorce Hahagoemsnt Bervice Inc.,
Amhergt, Hova Scotia, Canada.

Mova Scotla Department of Fisherles and Canada Department
of Fishariss and Oceans, Halifax, Hova Zcotla, Canada,
1982.

1:50,000 and ¥:104, 000

The inventery was desigrnad as an aid to tisherias
mapagesant it geaneral, and in particular, tha identifica-
tion of figheriles gpportunities and the impact Assasament
of indogtrial and municipal developmsent actlivitles on
estuarine and adiacent inghore flaherigs. In addition,
it identifled information gaps.

The informaticn included on the map was derived from a
combinatlion of published dopymentes angd intgrviews with
government personnel and fighermsn, and plotted onto
standerd 1:50,000 topographic bage mapa. The maps ware
drawn with pen and ink on tranglocent I[ilm and reproduced
ante photographie 21ilm. Dlazo printe were easlly
produced and distributed for corraction and updating.

This type of wapplng cat ba produced relativaly gquickly
and cheaply. The map showhn i1hdicates an excesas of
unralatad topographie information, regolting in a
cluttared presentaticen (Figure 13.12). This problem
could have baan alleviated by screening the topographic
map base to decrease its promingncg.

A variety of cosmercially available gheding films and
ling gymbole augmgnted by hand—drawvn symbols ars visibla
on thig example. The widely dissimilar pattexns ara
clegarly distinguishable sven wyhaen thay overprint each
other.
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13,68 Case study IB

Titla:

Froduced Dy:

Produeced for:

Becale:

Chjective:

Descriptlion:

Commentary:

Small Cralt Aarbsurs ahd Facllities Dlractorate

Maritime Eexzource Management Searvics Inc., Amherst, Hova
Scotia, Canada.

Department of FPlaheriese and Oceansg Small Craft Harbours
Branch, Honcton, Mew Brunswick, Canada, 1985.

VYariocus

To produce large-acale bage maps of selected small oraft
herbours 1n Atlantlie Canada through the use of zerial
photograph interpretation, computer digitizing and photo-—
mechanichl techrnigues.

Thezs ares large-scals snglnearing style maps {(Filgure
13,13). The maps ara graphlical reprasentaticns of data
derived from existing mapping and from aerial photography
flowvn at low tide. The cartography wvas produced by &
geographic information system 1Gec Pased} vwhich refar=-
ences map data in relatien o a recognized gecgraphic
coordinate gyestem. The gsystem produced overview, eite
and property plang for 2530 harbours within the Gulf of
3t. Lavrence.

The main advantage 2 a2 GIS =yvystem 15 the ability to
deriveg maps relatively quickly from ARy concalivahble
cembination of the bage and thamatic data epterad into
the system. It ig a [lexible planning tool that sclves a
major cartographic problam — that of predicing econom-
lcally updated products. In this case study, a GIS
ayatem enables plannerg and sngineeres to maka accurate
agsesements of the harbour infrpgtructure and environ-~-
ment. '
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13.6.9 Case study #3

Title:

Prodoced by
and fox:

Scala:

Objactivea:

Cescription:

Commmntary:

Demarsal Hasvuzrwas wf the Gulf and the Gulf of Oman

Regicnal Fighery Burvey and Davaloptsent Praject,

United Matiomns Development Frogramme, Food and Agricul-
tures Organization of the Onited Natione, Roma, Italy.
1941,

Hot indicatad

To actimate the potential yiald of the stocks of commar-
cial spacies owf demarsal fieh in the project area, by
maans of exploratory trawling.

L perlies of gioply produced, black and wvhite maps warae
integrated into the body of a technlcal report:. Thay
illustrate the varying levels of cateh par hour for the
comdercial and aon-commarslal speciss under study.

Thass maps arse included as & cads study primarily to show
how sasily graphical tachnigues can both clarify and hide
eseantlial information (Figures 13.14 and 13.15). Tha
symbole in the axplanation are the major problem. In
some Ilnstancees they ara insufficlently distinct to
wlearly diftarantiate the various rateh per hour zonee.
The lack of symbol/catch per hour oniformity between the
20 mAps mAY Alse cause onnecessary confuglon. In addi-
ticn, the map surround lg far "too bBusy" and deatracts
from the mep content.
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Figure 13.14
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Figure 13.15
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13.6.10 {aase atudy #10

Title:

Produced by:

Froduced for:

Scale:
Dblectlve:

Degcription:

Commgntary:

Coaptal Ressurcas Invantory and Mapping FProgram
[C.R.I.M.F.)] S5t. Gaorges Bay Fllot Study

Maritime Rescurce Managemsant Service ILnd.,
Amberat, Hova Scntia, Canada.

Hegvwioundland Oepartment of Foreatry and Agricolture Lands
Bxanch, and Envircoment Canada Lande Diracterate Environ-
mantal Managemant Searvice, StC. John's, Newfcoundland,
Canada, 1375.

1:125,060

Thig map 13 part of two pllet studies carried oot in
Hewfoundland for the proposed Cocastal Rescurces Inventory
and Mapping Frogram. The two maps produced [(S5t. Georgas
Bay amnd Conception Bay} were desilgned to provide detailed
resource Iinformation for managers in both private and
public organizations. The study identified physical,
blological and economic characteristice of the coastal
zona for such purposas as contingancy planning, 1lndus-
trial gite selection and the pregservation of bilglogically
genaltive aresam.

Four maps vere produced from the same topographlc hase
angd positioned on a single sheet together with related
descriptive material. PBach component map 18 a multi-
colour thematle study. & comprehenslwe report detalling
the study methodolegy accompanlied the map sheet.

Thia product 1 an exampls of a complex, scribed and
mechanicelly colour separated map, produced by tradi-
tional techniques (Figure 13.16). Each map coneists of a
Eull=cplour, standardized presentation uweing rolid
calourse, tinte and overprint colours with addltlonal
black and red patterne and symbolsy. 1t demonstrates the
range of colpure derived from the four colour process,
aided by commer<ially available shading pattearns and
individually ecribed patterns applied as ovarprints.

The format o[ {our component mapes on a common base and on
one mzp sheat facilitaters cobparisons and makes scale and
layout consideratione relatively simple. The colours and
patterns were chosen to reflect the tople as nearly as
possible, glving a varied pressantation ta each of the
four map elements. The related ipformation in the legend
waa pregented im a olear and span type style {Figure
13.17). The map face information, howaver, should have a
bolder style to improve the leglbllity of some argas.









- 212 -

13.6.11 Case study 111

Titlers

Produced w
and for:

Scala:

dbjactive:

Description:

Commentary:

A Eemote Zenging Technigue for Quantliying Lobeier
Fishing EBffort 18813.

canadian Technical HReport of Fisheries and Aguatic
Sciances Ho. 1217

Canada Departmant of Figharies angd QOceankg, Scotia Fondy
Feglon, Halifax, Hova Sootls, Capada, 18B3.

Various

To agsgess the geographle distribution and the fighing
effort expanded in the lohster flghery of 5t. Hargarel's
Hay, Hova Scotia.

Colouy transparseancles wers taksn with a standard aeriel
Eurvey cAmwra AT a Ecale of 1:6,000 from a Emall adir-
craft. A mosalce was prapared Irom these images (refer to
Section 8.9). Using an illuminated digitizing tabla tha
locaticans of the lobster buoys wers sntarsd into a
Geographic Informatisn System and plotted onto & baze map
af tha coastal features and bathymatiy.

Thig 18 an example of a publication 1n which the applica-
tion of basic cartographlc gkille could have provided
distinct improvementis in graphic pressntation at little
or oo sxtra saffort and cost.

Figure 13.18 = The key maps are open {i.e. lacking a
margin! and hence appear to be onfinished. The lower one
may pose problems with land/water differentiation for
readers unfamillar with the geographic area. & commer-
elally available tint, similar to that uwsad in the
arrows, chould have been introducad to create a window
effeact on the land/water 1nterface.

Figure 13.192 - Thie-map could have beah drawn at a
amaller scalsa and 4o lass dominAnt nerth arrow should have
bean used,

Figure 13.20 - A simple heavy dot would have besn a mora
appropriate symbol to repressnt the buoye rather than the
complex symbol uged. Only the locetlion is significant,
and a dot can be photographically ryeduced more wffac-
tlively. The title 18 pot epacific and the gecgraphic
location of the information canhot be easlly identified.
Tha graphis presentation appears onfinighed wvhich mey
infivence the user's opinion of the sorvey.
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Figure 13.18 Locations of tast sikes,
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Figqura 13.18 Map of buoy locaticone - elmalation.
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Figure 13.20 Map of bugy locations - actwal fishary.
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13.6.12 Caen
Titla:
Produced by:

Produoed for:

Eozle:

OChljective:

Gegcription:

Commantary:
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study #12

Barbados Coastal Conservation Study {uppublished)

Huntar and Assoclates, Migeageavga, Ontario, Canada
Proctor amd Redfern Infernatipnal Limited, Canada
Oavid Laghley and Partners, Barbadeoa.

Mipnistry of Houging and Lands
Government of Barbados, 1984

1:5,000

The study was deslgned to evaluate the condlticon of the
beachas ¢n tha solbth and west coasts of Barbados.

The intenslty of develcocpment 1ln the coastal zone has
causad marked beach erdsicon due to the degradation and
dastruction ol beach vegatation and inshore Eringing
coral reefs. Pecause thae baacshers Ara & major tourlst
atiraction 1in Barbaddoes, thelr arosiasn 15 of signifircant
importance to the Bacrbades woonomy.

In addition to datailed field surveys, historie and
currant ground and aly photography was anailyzad to
determing grogion rates and pattgrns. The resulte of the
Study ware pregentad in the form of a Hap Atlaw, 3 Dieg-
rnostic Survey Heport and seven Technical Backaxrcound
Repnrts. The latter covered a conprehensive range of
topice including the metearclogy, geo-merphology, coaatal
agoeancgraphy, ecology, and fisherles and figheries
management lgsues assofliated with the scuth amd wesrt
coagta of Barbados. The 1:5,000 scale Map Atlawe (72 X 08
cm} congists of 14 geographically contiguogs photo-hage
maps {Figure 13.21!. Pach photo-base map las accompanisd
by four eseparate thamatic line mapes whitch portray
raspectively substrate {Figure 13.227, land uesa/vegata-
tion [Figure 13.23),- bmach changes {Flgura 13.24) and
coastal defance [Figura 13.25).

The mapg are a good sxample of the use of air photographe
for the production of bage mapa, bt in coptrast to Case
Atudy #1, the mosale procesa was nob regolred because of
the relatively large Bcale of the mapg. The sslected alrx
photographs were enlarged to the appropriate scals and
overlald with drafting f£ilm on which the ahgreline and
key features ware traced by hand (pen and ink} to produce
bage lihe maps. Thoasa base line maps were then repro=
duced using the diazec technlgquae. Tha thamatic informa=-
tion wae added to the diazo cuples by hand ipen and ink?
and the resulting manuscripts reproduced, alec with the
diazo technigque. Thig type of prodoct can be guickly and
econamically prodoced and reproducsd with limited
materials and facilitiea. The excluelicn of colour
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further simplifiad the task. The letter codas drawn
with the aid of templates and the othar synbology are
appropriate for the lavals of thamatic complexity
presented.

& fow pointe of grivicism: +the lack of landfwater
differentiation may be rconfuging to those map ugers
unfamitiar with the Barbadoe rcoastline. The level of
dataill does not warramt the large acale of the maps and
congequent glze pf the Atlas which tends to e cuomber-
aome. Filnally, the lack of congletency In the cholces of
roagd aympoles 1la particularly cenfuging in Figure 13-24.
Thie is compounded by the faect that the geooraphies
relatignehip of the road and the coagtling ig oply
preaented for two of the gix ghoreline and bheach
confiqurations.
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Floura 13.22
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Figure 13.24

RoAD

WiIDTH OF BEACH
FEBRUARY 35 1342

— T e
e T,
= i
-
-
25
-
o
..-#':"-'
-
0
_..:".:r'-:- TR e I-‘-.'.'.‘
o ROAD _,.f.’;’:’ LT )
WIDTH DF BEACH
WARCH 30 1973
— --—-;'-1#_..
-"""F-.‘_.,.l" _— —_— .
# " WIDTHOF BEACH -~
t:j,\.‘ yard DECEMBER 1864
-.E-".'._,.--' /’{f’
,' ..... 7, .
é"’ ".-"J‘f.._.a--'_'—r-._._‘_‘_‘- --.-q"il—--l-.
f‘. II,..-|" - —h,\_ﬂ“_“
- S WIDTH OF BEACH ———
-~ . ..-"'f..f'f MARCH 12 1954
T
- —- —" Fa i



- 222 =

Flgure 13.25
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SECTION 14

14. ADVANCED TECHHOLOGY

From the previocug s#ctions 1t will be apparent that the form and
methods of data collection zre of great importance 1o a maring respurce
mapping program. The collection phage may include a varlety of techniques
from relatively einple and inexpensive data gathering exerciges, such as
the deploymant &f Lield perscnnel squipped with felt markers and hage
maps, to the conplaX opearations associated with deta collesction from
ramate sansing platliorms {satellites, fixed wing aircraft and heli-
copters]. The information collectwd can ba stored in the conventional
manner on hard-copy mapes, or 1t can ba entered into the compoter of &
geagraphic information system {(GIS) and stored in & digital form.

Utilizatien of Lthese more sophisticated Cechnigques i certainly not
easential for tha devalopment of & marine resource managomant plan. They
should be cohsidared, hawavar, elncs the mors slaborate data collection,
storaga, analyels and pressntation procedures are nov bhecoming readily
avallabla.

The automatsd productlen of topographleal maps and hydrographle charts
vas briafly refarred to in Sectlion 5. The rapidity of recearch and
developmant in this fiald can be appraciated by reaviawing the procaedings
of recant automatsd cartography eymposia. Limited investment wapping
cystawms, which considar the automated productiosn of thanatlec maps,
ara currently avallable with modestly priced hardware (computer, termi-
nalg, plotterg, etc.) and spftware {computer programgl.

Becauge of thelr complexity, earth resourcs anelyvels (w.g., 1isheries)
and land use planning reguire the Investigation of the relationehip ol
large volumer of detalled information, hence the dsmand for Geographical
Informatlon Systeme (GIS). The essential slaments of An automatad GIS are
indicated in Flguxrs 14.71.

A Geographic Information System parmits automated invantory and manage-
ment of geographic {spatially rolated) data such as that contained on
mape, chartes and othar graphical reprasentations. & SIS uase a combina-
tion of hardware amd softwars to input, store, analyze, manipulate and

output graphilic and text data in a variely of formate. Thera are four
mailn activitiese invelved in thia procegs:

1) Ipput: User doouments such as maps, chirts, aerial photographs,
tabular or text data ars entarad inte the system via a digitizing
tabla, through kayboard terminale or from exlsting digital media
using a number of specially developed Anterfaces. Alternatively,
a map may be scanned, rather than manually digitized, with a laser
or optlcal scanner;g

ii) Proceeeing: Once data is enterpd into the system it can be
procmesad, dtored, analyzed, syntheslized or gqueried to create an

unlimlted range of products Band to answer guestlons regarding the
data;
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Figore 14.1 Thae ascseantial slemgnie of an automated Geographic
Intormation System {(GIS). (After H.J.G.L. Alders, 1880)
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111) Qutput: Output ¢an be genareted from the gystem for tesporary
vieving op a termipnal (colour of bBlack and white], or as hard copy
for distributlon or publication using & printer, plotter or other
heed copy devices:

iv] Communication: With the aid of recently developed protoccols, both
alphanumeric and graphic data can now he transmitted over dedi-
cated telaphans lines with ralative speed, accuracy and eCconomny.

Speclial sofbtwars and hardware are ragulred components of 2 GIS. The
goftware can be purchasad and uzed on the [olloving hardware:

i) digiti=zing tabler
i11) coloor graphice display terminalisl;
i1i1) video display terminalisl;
i1v)] micro, minl or moin freme computer(si;
v] plottar;
vi} lina printer;
wii} digk drivals);
viii) tape dAriveals);
ix} hard copy unitlsl.

Figure 14.2 indicates a typleal hardware conflguration. & GIE 1s
aspacially sulted for processing and handling dynamice (1.e. Prequantly
changing] data, the subject of thematic resourca maps. Most GIS systams
are similar in configaration but subtle softwars diffarances make soma
gystems more versatils thanm others-

Interfaces have been developed which permit a GIS eystem to recegive and
trangmit data fromfto other gystems. In addition to its mapping funcktion,
the computer of 2 GIE cap be used in a "rumber crunching®™ capacity for
stock asgesemant and obther statigtical needs of marine regource manage-
ment.

when the concept of 2 GIS has been acceptsad as mn lntegral component of
Farine resource mapplng and managerant, the development <f & fully inte-—
grated marina resolrce manAgematt system bBacomes a possibllity. The
compaonents of such an interfaced system, 1in addition to the GIS, might
incilude [Figure 14.3:

i} Database management aystem, which gan track and index data or
infgrmation within the systen cooponents;

ilil Image analysim ayatem, which can provide timely new or updated data
collected from remolely sensed imagery;

1111 h wstorage system, which can storwe, access and display graphic
documents such a2s marine charte which de not require constant
updating. Hicrofilm ar laser videocdisc systems can fulfill thig
role.

The task of interfacing such diverse systems 18 cuorrently in progress
and although many of them canmpot yet he described as "user [riendly"™, the

trend towards automated marine resource mapping and management is Llnexor-
able.



-~ 22 -

Figore 14.2 TYpical hardware configuration for an aptomated GIB
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Figura 14.3 Compongnte of an integrated resourca management systam.
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SECTION 15

15. TRAINING INSTITUTIONS

o the knowledge of the authors, a comprehensive 1ligt of training
inetitutions which offer courses in cartography i1a net avallabhle. In
particular 1t is difficolt to identify regource mapping programg specli-
ically designed 1oxy the neads of developing nationg. Interegt in adapting
or setting up programe for forelgn students, hovever, 1l Increasing
rapidly in Canada, tha Unlted Ringdom and the U.E.A. The following
selection of training astablishments has baen derived from several sourcas

and 13 offered as a guide t2o the varlous types of tralping programs
available.

18.1 Internatipnal Training Institutes

15.1.1 Internatigonal Inastitute Ecor Aerial 8Survey angd Earth 3c¢clences
(T.T.C.0

The most wall known tralning Ilnstltute and the only one spaciflicelly
craated to offer traiming to studenta from developling <ountrias 1gx the
I.T.C. 1n Engchede, Hpolland. It offerg a wide wvariety of courees at
pevaral levels, I[rom introductory to graduate, which sre most often
taught in Erglish. The 1.T.C. recently (1985} announced a nevw course in
nautical cartegraphy in two [ormats. & five month course baginning in
Hovember ol aach year i avallable to graduatas, technologists and technd-
cians who have had formal training in cartography at a recognized institu=-
tion and have consldecable experlenca. A longer tearm course of Eifteen
monthe which beaglths in Fabruary of asch Year is availlable for those
wilthout prior tralning and experlence.

16.1.1.1 Affiliated f{rainipg institutes:

The 1.T.C. alec supports the establishment pE affjliated institutes

in developlng countries. SJome of those already operational mare the
foallowing:

1] Centrg Inter-Americang de Fotcinterpretacion [C.ILA.F.} Apartado
Agro 53754, Begota, D.E., Colombia;
11] Indian Fhoto=-Interpretation Inetitute (I.F.I.) F.Q. Box 135,
Dehra Dun [(U.P.}, India;
iii} School for Photogrammetric and Cartographic Operetors, 10 Jalan
Ganegha, Bandung, Indonesia;
iv} Regional Centre for Tralning in Aerial Burveye, P.M.B. 545,

1le-Tfe, Wigeria.
15.1.2 ©Other internatlional training ingstitutes

Other well known lpetitutiong historically attended by foreign students
include the follewling:

1} Direatorate of (vergeas Surveys (D.0.5.), Bouthampton, England;
11} BEcole Mationale de Sciencs Gaographigqua, Paris, Francaj
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1i1} Swiss School for PFhotogrammetric Qperators, S5t. Gallen, Switiler-
land;

iv! Internaticonal Advanced Training Cegntre for FPhoteogrammetry
Operaters, Stuttgart, Galrmany.

15%.2 Hatignal Tralning Ingtltutlee
15.2.1 Training institutes ih Canada

Hany unlversitlas, colleges and post-secondary iestitutes cifer carto-
graphlc and related courses. Unllke the Qnited Btates, most of the
gmphasis has bean on practipally orlented, technlcian and tachnologist
tralning at the tachnical school lavel. It was pot until 1981 that
Memorilal University of Nawfoundland fnitiated a zpecialized cartography
major 2t the undergradunate level. Sevaral universities offer graduata
courses which are usually part of the gedography or afginasring programs.
Tha namber of forelgn studente training in Canada is rapidly increasing.

15.2.1.Y Teaining and technologloal institutes:

1) The Colluge of Geagraphic Bolanses in Lawranowtawn, Nova S5aotla is
the only technical inxtitutes 1o Horth America spacilalizing in
maApeing, surveying and gecgraphic related treining. Frograme are
intansiva and ralatively short., The following axe avallable:
Survaying, Surv¥ey¥ing Assistant, Surveying COffice Technician,
Cartography, Remote Bansing, FPlanning Technoleglst, EBocientiflic
Computer Programming, Computer Graphlcs and Geographic Informatlion
Sygtemg. The Cgoliege alsc maintains mbdern photogrammetric facll=
itiee. The cartography program 15 a 530 wesk, fotal emersion
program of 2400 hourxs in a4 single tralning year;

11} 3ir Sanferd Fleming College, Lindsay, Ontaric offers a three year
technologist program in Thematic Cartography, the longest program
aof its kind ir Canada. Lorcated at the Schaecl of Matural Reaources,
the College alsc offerse the focllowing programe: Forestry Technl-
cian, PFish and Wildlife, Earth Scilences, Geographic Information
Syetems, Geologioal Techniclan ang Farm Management;

141] algonguin gnllege, Ottawa, Ontario offere cartographie training.
The 8ilx sgsemester, two year program 1ln gsurveylng and mapping
snables the student to specialire in sithar cartagraphy. surveying
or photogrammetry;

iv) Seneca College, Toronto, Ontaric, epeclalizes in menlcipal and
regource aspects of cartography 1in ite four gemegter, two year
program. It offers a work-study program and a block leboratory
time approach so that individual gubjects are coverwd in ralativ-
ely eshort, intenaive atudy periodg. The College aleoc offars
cptional courges in a number of maring rescurce subdact Araas;

v] CEGEF [(Collége d'Enselgnemant Géndral et Frofessicnel) Limollou,
fuéhac, Québes apd CEGEP de 1 Outacuale, Hull, Québec, both ocffer
extenslve cartographic training.
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15.2.1.2 Doiverslties: Only Hamorial University of Nevicundlarnd in
t. John'e, Wewfoundland offares a degrea courEa in cartography AE part of
ite Gacgraphy program.

Dther unilversitles with axtensive course offaringe in cartographle
subiacte are:

il
11}
iid)
iv]
vl
vi)
wili]
viiil
ix}
xnl

13.2.2
i)

iil

15z}

Erock tniverglty, 3t. Catherines, Ontario;

carleton University, Ottawa, Ontarieorg

ottawva Unlversity, Cttawa, Ontario;

Quesn's Uplvergity, Kingsion, Ontarip;

wrterloo [nivergity, Waterloo, Ontario;

Opivergity of Alberta, Edmonton, MAlberta:

Onivarelty of Calaary, Calgary, Alperta;

Oniversilty of Nev Brungwick, Frederlcton, Few Brunewick:;
Mniversity of Sharbrooke, Sherbrooke, Qudbec;

Universitd Laval, Quében, Qudbes.

Training ingtitutes in the Dnited Kingdom
Diploma courges:

alt de Hawvilland Collega, Boreham Wood, Hartfordehire - Land
survey angd Cariegraphy:

b} Eingston College, Hingeton-upon=-Thames, Surrey - Survaying
and Cartography:

a) Eomerset College, Taunton, Spsersget - Surveying and Carto-
graphy;

al vauxhall College, London - Eurveying and Cartography)

Undergraduate courses:

al University of Glasgow, Glasgow - Topographlc Scilabcas)

bl Univarsity of NHevcastls, Howcastla-upon=-Tyna - Survaying
Sciances;

al Herth East London Palftuchnic, Dagenham, Essea¥ - Surveaylng
and Happlhyg Sefiancdasi

dl Oxfard Polytechnic, Headington, Oxford - Cartography;

el Portsmouth Folytechnle, PFortsmouth, Bampshire « Gecgraphy
vith cartographic optiong:

£ University Collega of Swahsed, Singlaton Park, Swansea =
Topugraphlc Science;

Graduate ooursas:

Al Univarsity ol Glasgow, Glasgow -~ Survay, Photogrammetry or
Cartography
bl University of London, Londen - Cartographic Communication

{Londan School of Boonomics)d;
el University College of Ewansaa, BwWansaa - Cartography:
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iv) Other organizationsg:

al Directorate of Overgeas 3urveys, HMaybush, Soguthampton -
Photogrammatry, Cartography and Photomechanlcos;

bl School of Military Survey, Faltham, Middlasex - Army Survey
COonrse;

w] Aydrographic surveying:

al Flymouth Polytechnic, Flymouth, Devonshire = Gradbate diploma
in Hydrographiec Surveying:

B ¥orth East London Polytechnlc, Dagenham, Egsex - Short course
in Sea Survaying.

& more detailed review of cartographic related training in the U.K. may
e found in the following publication: Report on full-time tralning 1n
the United Kingdowm in land survey, photogrammetry, remnotae sansing,
cartography abd wap raprodustion (including printing !, cadastre, land
resource and managemant studies and hydrographic surveying which are
avallable to overseas students [(refer to Kenvworthy, E.V., 1983 in biblio-

graphy!.
15.2.3 Training institutes in the Uoited States

Many universlties offer courgses Iin cartegraphy and gometimesr remolbs
genging ag part of their Geegraphy programg which are mogtly concernad
with thematlc, small-gcale mapping. The I[ollowing univareities specialize
in thisz area:

il Certificate programs:
al California State University at Leng Beach, Calilfoxnla;
b Gecroe Mason Univerelty, Wisconein;
al State Universlty of NHeaw York at Buflaleo, New York;

i1] Bachalore level:

al Akron Opnivarsity, Akron, Ohio;

bl Geprge Washington Univergity, Waghlngton, B.C.;
cl Idahg University, Idaho;

dl Salam Stata University, Massachusettes;

& ] University of Wisconsin, Madison, Wieconsing

£} East Central Oklahoma State University, Oklahomas;
1i1) Hasters level:
al Genrge Mason Unilvermslty, Wigconglng
iv] Doectgral level:
al University of Ransas, Lawrence, Rangasg;

b} George Washlngton University, Mashington. D0L.C.;
cl University of Wiscongin, HMadiscn, wWisconsin.



In addition to those llsted above, moet universilties in both developed
and develeping nations which gffer geography programs also have one or
Mare coursss in cartography and aften in octher related arsaes such as
remocte senglng. Cartography is included freguently in the currlcdlum of
univerglties and technical schools which oiffer survaying and other
enginearing gubjects.

The falleving publigation, although dated, may be of asslstance in
identifying trainlng institutes and programg world wide: Qrbis
Gepgraphicus {rafar to Meynen, E., 19868772, in hiblingraphy).
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GLOSEMY OF TERMS

ACTINIL LIGHT RAYS

AERIAL FEDTOGRAFR

AREROMAITTICAL CHRAT

ALGORITHM

ALFHMTMERIC
CHARMTERS

ARTWORE

AITOPOSITIVE

ARTMIITH

BACKLIGHT

BAND

BAR SCALE

BASE MRF

APFENDLX

The invisibkle, chemically active light rays
which act on photographic emulsions.

2 photograph of & portieon of the earth's
gurface, taken from an alrcraft. There are two
principal types of photographs; wvertical (tha
camara leng 1s parallal &0 the groand balow!
and cbligua (lans 1x purposaly titled from the
vaertical, generally 30-60 dagrees).

A map of the asarth's surifaca, dacigned for
aviation usa. Deplets nucessary topographie
intformatiaon, ailds to navigation and obstruc-
tiohs.

L set of well-defined ruleas for the solutipn of
a problem 1n 2 finlte number of ELepE-

computer coded chacacters which represant num-
arale or lettare of tha alphabat.

Drawlinhgs, overlays, eto., prepared for rapro-
dustion of maps or graphics.

A class uf photographic material which yields a
positive 1mage from a positive original without
an intearmediate negative ctage.

The angular distance in a horizontal plane
meagured clockwige from true north to a given
courge or celestlal object.

Light passsd through a clesar o translucent
copy Irom behind tha image in photegraphic
reproduction.

A selected range of wavalengths of the electro-
magnatic spactium.

A line or parallel lines divided at specific

intervals Iindicatlng map distances In relation
to earth distances.

A map containing gecgraphic informatlion for
purposes of refersncing study data and dieplay-
ing its distribution and inter-relationships.



BATEYHETRIC CHART

BERRTHG

HENCH MAEXK

BUOY

CADASTHAL MAFP

CARTOGRAFHY

CHANNEL

CHECOMA

COLOUR SEPARATICN

COMFILATION

COMEGSITE PRINT

CONJUGATE PRINCIFATL
POTNT

- 243 -

A map shoving water depthe and onderwater topo=-
graphy, often in wvaricons shades or colours.

Direction of a line with reference to the
cardingl points nof the compass.

An arcrurately established alevation point in
relatiaon o chart datdim,

& floating objact, moored o anchored to the
gea bottom, used as an aid to pavigation or as
a floatatian devica.

Large-acale maps indicating subdivisions, town-
ghips, and axact positisne and dimengicong of
propertiees.

The art, science and teshnslogy of making mape
and charte and thelr study ag scientlfir
documents and works of art.

{1t The part of 2 body of water desp endtuigh
for navigatlon;

(2} The deapwet part «f B gtream, bay or
strait throwgh which the main current Elowse:
{3 & kbeand of radic fremuencies within which a
radlio statlon must remailn to prevent inter=-
fargncg.

The range from neutral grey to full saturation
of a 8ingle colouwr hua.

(1) The mechanical apd hand procass of
separating artwork destined to ba colourad into
negative overlays or components for each ol the
printing colours;

(2] The optical process of eeparating colourad
artwork by means cf colour filters intao
separate single-colour negatives for each of
the subtractive primary colours.

The apseambly of source material such as aerlal
photographe, photogrammeatric informatilon,
survays and data taken Erom ekisting maps.

Reproduction of two pr more imagas on a single
baas.

The photaographic pasition on anm aerial photo-
graph of the principal point of the adjoining
photagragh .




CONTACT PRINT

CONTINOOUS-TONE

CONTLOOR

CONTOUOR INTERVAL

CONTRAST {Photography

CONTROL

COSROIMATES (Grid:

COPY

CRT

CULTURAL FEATIRES

CYAN

DATA BASE

A photographle repreodoction made from a
negative or positive in contact with sengitlrzed
papar, 1ilm or primnting pletax im & vacpum
trame pnd therefore produced at an identical
gize.

& photographic image which containg a amooth
and ceatlnuows trapsltion of tones from black
ta White.

An ilmaginary line cenhecting points oo the land
gurface or esa 1loor of the same alevation or
depth respectively.

The difference in elevation betwasen adjacent
contours.

The difference 1t va&alue or tone between
highlight and shadow [(backgrowund! on an image.

System of accurate meagurement wveed to ohtain
digtances and directions. The gpeclifilc
controls are clageified as followm:

(1) Horizonmtal, relating to parallels and
meridlang;

Vertical, relating to elgvations;
Astronomic, relating to the sclaxy system;
Ground, relating to photogrammetry;
Eecoverad, ldentified from cther sourcoes,

o
LI* oia Euk Mok
[

System for locatling points on the sarth's
surface by means of a rectangular grid super-
imposad and keyed to & map projacticon.

Tarm uwead in the printing industry to refer to
any material swuch as photographs or artwork
which will be reproduced.

Cathocde Hay Tube = a video display.

Kap foaturas chat have bean bullt or astab-
lighad by mwah. These ilnclude: roads, damas,
cAnals, bBridges, bwroandariss, ekc.

One of the subtractlive primary colours which is
uged In the four colour printing process. It

reflects blue and green light and absorbs red
light.

& ztore of information, usually in digital
form, organized g0 that retriaval can be done
on a salactive basis.



OATUM

DEHSITOMETER

DENEITY

DEVELDOPER

DIAPUSITIVE

DIALL

DIFFOSION THANSFER

DIMENSIONAL STABILITY

DISPLACEMENT

CRYIHG HEILGHATS

DUPLICATING FILM

ECHO 300NDER

EDITING

A reference, such as a line, or plana, in
relatiton to which the poeition of other
elements 1l determinad.

An ilnstrument for measuring the amoubt of
trapsmitted or reflected light.

The dagres of darkness {light absorption or
opacity] of a photographic imaga.

The chemical agent and proocess usad to render
photographic images visible aftar exdposure to
light.

A trameparent poeitive on a stable base.

A process noimally wsed for reproduction in
contact printing technlquee or to provide 2
light sansitive coating lor proofe and platos.

A systam which confiscs of & photogeaphlco
gwulelon on which a temporary negative 13
preduced. A chemlcal < actlvator softens thae
vhelposad image parts and A positive lmage 1s
transferrad to a receivar shest duripg proces-
Eing.

The akbility to maintain size; the reslgtance cfF
paper or film to dimensional change duve to
varlations in temparaturs or humldity.

A shift 1in the pogsltion <f an images ol &R
agrial photcgraph dus Lo tilt, local varlatlons
in relisf or scales Change=s.

The helght above the sounding datum of rocks
and benks that cover and upoover with tidal
flactuations.

A film for making positives from posltives, and
negatives from negatives.

A davice which measursz the Time it takes a
apund g£ignal to travel from A ship to tha ccean
floor and back. Thig ig convertad into & dapth
rgading.

Checking a map In its varicus stages of
production to insure correct interpretation of
the dats sources used and fipal appearance
befare raproduction.



ELECTROHMGHETIC
EPECTRUM

ELECTROPHOTUGRAPHY

ELEVATION

ELEVATION TIRT

ELEVATION TOMES

ELLIPTICAL DOT

EM

EMULETON

EN

EQUAL AREA

EQUILESTANT

EXPUSURE

“"F" BETOFS

FALZE COLODR FILM
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The range of electromagnetis radlation from the
ghortest coemle rayas, through gamma rays, ¥
ray=z, ultrawviaolet radiaticon, wvielble light,
lnfrared radiationm, microwaves and all longer
radlo wavelengtha.

Image tranmsfer pystema uged in coplare Lo
produce images= weing electroetatic forcea.

vertical Jdistance ahove sea lewvel.

The layer of colowr batwaen salactad and
gansral contours, eccording to altituds,

A methed of accentuating the slevation axpres-
zad by the sontoure through the usa of diftar-
ent tonas of the sama colour.

In halfitone repioducticn, elongated deots which
give improved gradation of tones, particularly
in middle tonas and vilgnattss.

A sQuarsa measurement in Eype composition which
eguals the width and height of the point size
baing sat. BSo named because tha lettear ™M™ in
early fonts Was usuwally casgt on & sguare body.

A puspenglon of light gensltive materiala zuch
ag sllver halider, 1in a colloidal gubstance
{usually gelatin), whirch i8 uged to coat
photographic filme, plates and papers.

COre half the width of "em'.

Applied to maps showing areas correctly
throughoot the map.

Applied to maps which have selected lires alopg
which Aiatances, or scale, can be memsured oor-
rectly.

The stap in photographic procasslng during
which light produces the image on the light-
sanisitive amulsion.

In photography, fixed stops for eetting lens
Aaparturas and gontrolling the light entering a
ienzg and shutter system.

Film that does net resord the bklus light
reflected from a gubject but instead registers
the gresn, red and infrared radiation it
reflests. This produces ab abnormal coloured
imadgqe.



FEATURE ZEPARATION

FILTER

FIXTING

FLASH EXPOSTRE

FLAT

FLATEEOD PLOYTTEER

FLIGHT LINE

FOCAL LENGTH

FORESHURE

FORM LINEG

GEOOE=Y

GEOOETIC

CRADIEHT

CHEY SCALE
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The process ol praparing a saparate pleca of
artwork or negative for only selected portions
af the data on a complex map.

& transpacent mediom that absorbes speclfic
reqliong <f the spectrum apd transmite other
portions.

Chamical action following development To remove
unaxpoged light senaltive materials from n
$1lm. This mpkes the ipage stable and insen-
sltive Lo further aXpozure.

In halftona photography, the supplemantarcy
adpusure given to etrapgthen dots in the shadow
arwag of negatives.

In prisfing, the asgembled compoeite of
negatives or poeltives ready for platemaking.

A digital plotter in which the owiput material
ie mounted on a flat sorface-

The path that an alrcraft or other airharne
geneat [ollaws when callecting data.

In photography, the digtance measwvred along the
optical axia from the optical centre of the
lene to the film plane, measured when the leng
is focused at infinity.

In typa composliticon, a complete atsortment of
lottars, numbars, punctuation marks, etc., of a
gliven silze and desigh.

The intertidal zone of a beach.

Lines that represent contours that are sketched
to show the shape of the terrain rather then
elevation.

The stimnce which conslders the size and shape
oI the sarth on a mathematiecal basis.

Basiv ralationship of the earth ta the purva-
ture of its s8a level surface.

The rate of change of a variable gquantity.

A Btrip of standard grey tones, ranging from
white to black, placed at the aide of original
artwark during photography teo measurs tonal
ranga and contrast obtained on the copy.




GCRID

GUIDE IMAGE

GUTTER

HACHURE

HALATION

HALFTONE

HICKEYS

HISTOLEEAM

HOMOLOGRAPRID

HUE

RYDROGRAPHEC CHARAT

RYEROGRAPHY

HYFO

HYPE{IMETRY
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Hetwork af lines on a plane surface opaon which
coardinates are basad and to which the map
featurss are rafaranced,

Image obtained on soribing film By & photo-che-
mical method. The image 13 vsed ae 3 guide for
soribing.

The blank gpace or inner margin, Ercm printing
area to bipding an a page.

Ling symbol used to indicate land formations on
ML &«

The gpreading of light beyond 1ts proper
boundariesa in a developed photographic image.

4 continuocus=-tone imaga such as a photograph,
reproduced through & srossline or contact
soraan, which convarts the image into Jdots of
varitus Slzas.

In printing (offset), spots or ilmperfections
causad by dAirt or other particles on thea
printing plate.

A agraphic dizplay of ioformation which ghows
the freguency of occurrance along the vertloal
axisg amd the indiwvidual values along the
horizontal axis.

Applied tp mapes showlng the same graphle
representation.

The characteristle of a celour agsoclated with
a wavelength of light whigch distinguishea 1t
from other colours.

A chart shoving water C[#Aturers such as dapths.
channels, 1slands and other aide to navigation.

Science which deals with the measurement and
dascription of physical features of the oceans,
lakes and rivers and their adjeining coaatal
ArDag-

An abbreviation for sodivm thilognlfate or
eadium hypoealphite, a chemical umed to fix the
image on a photographic film after it has heen
davalopad.

Vertical caontrol in map making with refsrencs
1o elevatlon relative Lo an establlehed datum.




INFRARED RADIATION

INTENSITY
IS0THERM

ITALIC

JUSTIFY

KERMIHG

KEYLINE

LAHOMARE

LARGE-SCALE

L&SER

LAYOUT

LEABLIHG

LETTERSFACING

LINE HAT

Energy in the 0.7-100 micrometres {microng!
aAraa <of the electromagnetlc Bpectrum.
"Ipvisihleg light", longer thanm wisikhle 1light,
14 ¥nown as the near infrared. This c«am be
recorderd on photoeensitlive materials. Far
infrared radiatiom ie cftemn termed "tharmal
ipnfrared”™ and must bhe recorded hy electronic
means .

The richness or brilliance of a colour.
& Yine poonecting podnts of eqgual temperature.

The styls of letterg that glant, in contragt 1o
tha normal vpright or Raoman form. Uged for
emphaais In text and commonly to refer to water
features on map=.

In type compaoseition, to space out lines
uniformly to a predeterminead length.

In type composition, the subtraction of apace
bmtween letters of cheracters so that they
appwdr closwr togethar and form p visual wnlt.

An outline drawing of findehed artwork to
indicate the exact shape, posltion 2nd size for
each of the basic slamants in the design.

A COREpLOUOUSE man-madse or hAtural featura that
may be of assistance to a mariner for deter-
mining poaiticon.

Scale of 1:2%,000 or larger (v:10,400, ¥»:5,000,
etc.!. The gmaller the number, the lorger tha
acala.

Acronym for Light Amplification by Stimulated
Emiesion of Radiation. An intenge light beam
with very narrow banmd widths.

The drawing or eketch of a propoeed plece of
artwvork.

In type composlition, the distance hetwewn lines
of type, measured in pointe.

The placing of additiomal zpace betvean wach
letrar of a word.

Map composed of ppint, line and area symbols axs
contrasted ko continuouz-tone ilmages.




LITH FILM

LORAN

LOWER CASE

MAGEHNTRE

MAGENTA SCREEN

HAHUSCRIFPT

MAF

MARGIN

MREGIMAL I[NFORWATTON

MARSELING

HEAH

MERILIAN

MGTRE

HOBAIC

WALTR

HANOMETER

HAUTICAL CHART
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A high cantrast;, orthochromatic [ilm used
tradlitionally for phetomechanical work.

Acronym for Long Range Havigatlon. A system
using pulsed, lovw fregquensy radlo waves.

The small letterz Iin type, 28 distingulshed
from capltal letters.

One of the svbiractive primary colocurg which ie
usad in four oclouwr process printing.

A dAyed contact screen, wveed for making half-
LOnME .

Origlral draving ¢f a map ag compiled Irom
various data sources.

A graphic rapresentation of the warth's surfacwe
drawn +t3 an estabklished sr-ale on a plane
gurface.

That area of a map or rhart lying cuteside the
border, also known as "eurround®.

The gxplanatory notes, diagrame and scales
ghagwn in the map margin.

In photomechanical proceesing, the blocking out
of an area by means of actipically opagquae
matexrlal to prevent axposure in the bBlocked out
Araa,

A statlstical term maaning the avarage value of
& dara sat.

& north=gouth line connecting the poles.

The gpdesirable screen pattern of light and
dark patches caused hy overlapping scresns
printed ot incorracht Ahgles.

Twa or mora overlapping aerial photographa
asnsanbled togather.

In aerial photagraphy, the point vertically
baheath the perspective centra of fthe camera
luns.

A unit of length, one billionth of a metre or 1
X 107" m. 2lso known as B millimicron.

Hydrographic or marine map.



HAVETAR-GFS

NEATLINE

NEGATIVE

OPAQUE

QFEN WINDOW NEGATIVE

DETHOCHROMATIC

QRTHOFHQTD

OVERLAT

OVERPRINT

FANCHROMATIC FILM

FARALLAX

FASE POINTS

FHOTO ENGRAVING

PRACTO MAP

- 251 =

Boronym for Havigational SZatellite Timing And
Rargling - Global Fositioning System; a syatem
wf I8 satallltes cfferipng precision mavigation.

The inner border of a map.

&n image formed of lines and symboles which
allaovw the passage of light on a background
which 1s opague to light.

Imperviona to the rays of light. Opague aleco
refere to a variety pf substancese that prevent
transmissicn of light.

A negative having open areas in which solide,
screans, rulings apd tints of a colour may be
printed.

Photographic materials insansitive o red light
but recording ultraviolet, blusa, graan and
yellow light.

Image deriwved Erom aeprial photographs by
fdifferential rectification so that all scale
errnrs have kepn removed.

A Trangparent or translucent materigl which 1g
[itted or registared over the bass map in use
for the purpose of adding informatien.

New information printed on an exiating map or
chart toc show data of importance or additions
Lo thoea originally printad.

FPhotographic film sensitive to all wisihle
coloure of light.

The apparent change 1p the pogition of cne
object relative ©o apother when agsn from &
diffarent locatlion.

Folinte determined from photographs by photo-
grapmairie methods for use ip orleptation of
othear aerial phoetographs.

Fhotomachanical process for converting any
abjact that can be photographed intao a relilef
plate Iar letterprass printing.

An unrectified reproduction of apn agrial
photograph or a mogaic made from severnal aerial
photographs for the purposea of dapieting
geographle and/or thematic information.



PHOTOGRANMETE Y

FHOTOGRAPH

FHOTOMECHANICAL
TEAHSFER | PHT)

FICA

FIN BRESISTRATION

FLMMIMETRIC MMP

FOINT

FOSITIVE

PREES PRODF

FROCESS COLOURS

PROGRESSIYE PROOFES
(Progesl

FROJECTION

FROOF
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Method of obtaibibg accurates measuremants From
aerial photegraphs.

General term for a pesltivea o nagative print
on various support materials produced by
savaral reproductive methods.

A diifusion traneler copylng process which
produces high contraet images on Iilm or paper
in lina or halitons.

A unit of type measurament used in type-
geetting. One plca is approximately 1/6 inch.

The uvse pof agcurately positlomed holes and
gpeclial pine an artwork, filme and plates to
engure proper regiptration amd fit of compo-
negnts and cverlays.

Map indlicating only the horizontal positlons of
leatures without roegard to elevation.

& unit of Eype measurament. There are 12
points to a ploa and approximabely 72 points to
one inch.

An 1lmage formed aof lines and symboles whlch are
cpaqua to light on a background which elther
allowa all light to pass through (tranesparsncy)
or reflegts all light fa white backogroundl.

A map proved on a printing prese or taken Irom
the firgt printed coples for editing purposes.

Tha achiractive primarieg, yellow, magents and
cyan plus bDlack cesd In four colour process
printing.

Procfs made from the separate plates in colour
pracese printing, showing tha seguenca of
printing and the result alter each additional
calour hae bean applied.

A system of linaeg onm A maAp represanting a
gerlies of Imaginavy lines on the earth's
surface.

h pralimivary single or multi-colour copy of a
map, chart or graphig produced by photo-
mechanical procesees for the purpose of editing
amd woarraction, and to show final appezrance
batora printing.




FROVISIONAL MAF

RADAR

RAGSED LEPRT

RAGGED RIGRAT

REFLECTION COPY

REGISTER

REPROGHAFHY
REYERSE LETTERING
REVERSE READING
Of WHONG RERDING

RIGHT READING

SARFELIGHT

SANS SERIF

SCALE

SCREEN

SCREEN RMNGLE
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&k rapidly produced map that sacrifices accuracy
for speed of production.

Aoronym for Badio Cetection and Ramging; an
instrumant using beamad and timed «lactro-
magnetic radiation to detect <r track cbiects,
measure hesight «or <btain an image <f the
surfaca.

In typ#s«tting, text that 18 aligned on the
right and raqgged on the left edge.

In typesetting, text that is aligned on the
1aft and ragged on the right edge.

A copy of artvork produced on opague materialg
vhich must ba photocgraphed by light reflectad
tram its surface.

Tha aortrect position of one component of a com-
poslite image in relatlom to the other compo-
renta.

cop¥ing and duplicating.
Light lettering onm a dark background.

AT image readable in a normal way [(leff to
right! when viewed from the nen—emulsion side
of a £1lm copy.

An image readable in & normal way [left to
right) when viewed £rom the emulsion side of a
film copy. plate or paper print.

A spercial Harkroom lamp uweed for i1lluminaticn
withowt fggging senpitized materials.

A typeface without gerifsg.

The ratio of distance measured on a map to the
corregpondling distance gn the ground.

Eheat of transparent film or glass carrying a
regularly repeatad pattearn which may be ased in
sonjunction with an area negative to phobo-
mechanically reproduce arsas of the pattern.

&dngle at which halftone Bocreeng or gorgen Lints
far edch cilour are printed in relation o one
ancther to avoid molre patterns. hngles
normally used are black 45* , magenta 75%,
yallow 90° , cyan 10% .




SCREEM, HALFTONE

SCREEN ROLIHG

SCREEN TINT

SURIEING FILM

SEISMOMETER

SENSLUR

SERTF

SHORELINE

SIDELOUEING RADAR

SIDE-SCAN SOMAR

SEECTRAL SIGHATDREE

SPECTRUM {Light)
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A& variable opacity screen used Lo convert con-
tinusus-tons to varying size dots.

The number of lines or dote per Iinch on a
halitone soveen o screen tint.

A screen ol cloesly and evenly spaced dots or
lines usad on open vindov negatives to produce
LonEs .

A transparant basa which carries an actinically
opaque coating that can be removed by scriblng
to produce open Ilmages. The finished scribe-
sheet can be used ag a photographic negative in
the photomechanical procesaes.

b devige for regording data on the gtructuere of
the =arth'e crust by recording small goundsg,
abteirpged from distant sarthguakes or man-made
scurced. An Ocean Bottom Saigmometer (QBE}
records data From the ocean botfom.

2 genarie name for a device that senses elthar
the abeclute value or a change in a phyesircal
guantity guch as temperature or salinlty and
converte that change intg an input aignal for
an information gathering system.

The short croes-1ines at the ende of the main
gtrokes 0f many lettare in gome type Laceas.

n charts this repregents the line of contact
hetween the land and a selected water =lava-
tion.

An all-woather, day of night remocte sensocr. It
ix dufined as an ackive sensory it generates
it own energy, %hich i1 transmitted and
raflacted from the ground target area in the

form of a photo-like picture. Alsc known as
Silde-Locking Adirborne Badar or SLAR.

An acoustic device which gendg out a beam of
gound wawvee laterally from a ship's course to
map the seabed topography in broad swaths.

Quantitative measurament oE the detected
Propectias of an object at several wavelengthg.

The complete ranga of colours in the rainbow,
from =zhort wavalengths (hluel] to long wave-—
langths {redi.



SPECTROM [(Radiation?

STARILIZATION PROCERS

STRHDAAD DEVIATION

STEREDGRAFHIC
STEREQSCOFIL FUSICOH

STEREOQSCOFIC MODEL

SBTEREQSECOFIC FPAIR

STRIPPIHG FILM

TELEHETRY

THEHATIC MAFPER

TILT

TINTS

TITH

TOPOGRAPHY
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A eeries of radiation wavelengths sequentially
arrzanged.

& rapld-agceza photographic procegs which ugeq
gpacial paper 1n wvhich a developing agent 1sg
incorporated into the amuleion layer, allowing
tast davealapmant.

The eguare root ofF the arithmetic mean of the
gquargs nf the deviaticone from the mean. .Y
meagure ©f the digperglion from the mean in a
Frmquency distributlon.

Having a vicsual three=dimensicnal appearance.

The mental process ¥hich combines the two
pergpective images on the retinae of the eyas
in aweh & manner ag to give a mental impresgion
gf 2 three—Jdimpensional model.

an optlical thres-dimensional reconstitution of
an abject by means of superimposed projected
ilmages of a stereoscoplc pair, or the viewing
nf the pair of photographs with the ald of a
stersnacope.

Two agrial photographs ©f the same area taken
from different camera stations. A portion of
the same zred appedrs oh oth photographs.

Thin photagraphie (ilm which, alter axposursa,
may be remcved from its base support and
traneferred to any suitahle medium, using a
thin layer of wax ae an aghesive.

The science involved with measuring a quantity,
and trensmltting this valus to a station For
intarpratation or recording of the gquantity.

A multispecrtral scannimg sEystem with meven
channels of operaticon.

The angle between the oplical axie of 2 camara
angd a plumb line,

Evan-—tohed area of a colour.

The slightly rough fiplgh of paper or plastics
which permite ink fo adhere to the surlacea.

The featurez of the suriface of the warth,
inclyuding relief, vegetntlion and water.



TRANSPARENT COPY

ULTRAVIOLET RADIATION

TACUUM FRAHE

VALUE (Celour!

VIGNETTIRG:

XEROCRAFHY

ZENITH
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A copy such &% a colour itransparancy or
poeitive tilm which alleve tha passage of
light, parmlitting a <lear view ol objacts
bayond .

Elastromaghatis radiation of shorter wave-
lengthe than #isibhle radiation bkut longer than
x-raye; 1n the wavelength Iintervazl between 10
and 400 Angstroms [(one Anggstrom eguals 107" of
a metrel.

A contact Frame, the upper surlface coneisting
of glass, from which alr is extracted to ensura
cloae contact betwveen photographic materiale
during sEpoRULe.

The sengation of relative darknass (loaw) or
lightness {high) of a colour or tone compared
to another or As meacsurad in relation to a grey
scale.

The gradual Fadlng of a colour.
A copying procege that otilizes 2 selanivm
surfaca and electrostatic focue to form an

Image .

The Ppoint® in the sky directly above & glven
rlace.









