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PR.EPARAT !Ot: OF TH[S DOCUMENT 

The preparation worl d - wide o f accura t e maps and charts showing 
coastl ine config urations and the bathymet ry of coasta l waters, has been an 
object i ve of mar itime nat i o ns since at l east the 16th centu r:-y, and many 
nav iga tional c ha rt.$ now i n common use s t i ll i:-ely heav i l y on naval data 
collected in the 18th a nd 19 t~ centuries , Now we (ecognite that in addit i on 
to the ir value for navigation purposes, accvrtitc charts arc c ssenti,1 1 foe­
proper planning i n support o f mvl tiple vsa.ge of mo dtlmc rcsou rc os with i n 
national waters , Fishories h not the Least important of these ,1ct i vitios : 
rese rved a reas for ma rine aqvaculture and underwate~ pa rks, a s wel l as t he 
dee1arkatlon of flshery c losur e and access zones for: var:iOu$ purposes , all 
r e quire various spccialited maps and c harts to be prepare d, This is 
cspec ial ly true slnce decl a ration of Extended Economic 2ones ( £Ei ' s ) by 
coa::;ta l st,1tos offecs them the benefits of eez resou i:-ces, as we ll a s the 
need fo r. accura t e geogtaphical inform~tion f or a wi de range of purpos e s. 

The pr:esen t report. ls a l mcd tit t hose off icers in the fisheries and 
marine sei:v lccS, of government, and those c oncerned with coastal pl ann ing , 
by offering ~ n,1tional au tonomous approach to ca r tographic a 9p lication6 , 
The t.cx t follows t h rough tho bas ic concepts underlying prepa ration of both 
maps a nd charts , Att.ont ion i s paid a lso to collection of g eograph i c al 
in format ion Ln fhhct'i.cs, ond t o t hose g raphics techni q ues that i mprove 
in for~at ion tr:tinsfer from ca rtograph ic ropresontation to t he end user. 
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ABST RACT 

Pract i cal guidel i nes and theorical pri ncipale$ of 
cartography are explained with part icular relevance t o mappi ng 
da ta of releva nce to f ishe ries, especially for deve l oping 
countries . The concepts o f sca le and relie f as they apply both 
to coastal planning and to interpretat ion a nd display of marine 
and fishermen ' s charts are outline(l. Design criterio are 
suggested for preparing maps and other v isual displays, 
i ncluding basic questions of visual clar i ty , ease of 
i nterpret.at ion, and the use o f colour and a l phanumeric 
in formation . The usa of supplementary graphics together with 
thematic mapf? ing is encouraged i n providing a n inteoroted 
approach to display o f geographic and other types of {nformat ion 
of relevance to f isher ies and marine activities. some guidelines 
equ i pment and :_>rocedures are su~gest.ed for 9caphics, drafting, 
and reproduction of il l ustratjve material . work plans and 
intervie·.,, formats are sugqestcd for Held collect ion of bas ic 
d;:,,t~ . o& well as some suggestions for the use of aeria l 
photography and for photoi nterpretation. 

Tw elve case $ t udies discussi~Q the approaches usod to 
prepare ex i s t ing ma ri ne resource maps ace given and analysed . A 
short d i r ecto ry of trai ,, inc;, ins tit utes in relotcd flol<ls ls 
p covi<led . 
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PREFACE 

The prepa r a tion o f accu rate charts and maps s howi ng c oast l ine co nt i gura ~ 
tions a nd t he bathyoetry o f coasta l ,.,aters ha s been a n o b j e ct ive ot 
marit.tme ne.t.ions s i nce at least the 16 th century, and ma ny navi 9t1tio ni1l 
c hartg nov 1n common use s t il l rely hea v i ly on naval data col lec ted i n the 
18th and 19t h centuries. A current review ot coastal zone ma ppi n9 ma y be 
fo und i n a sp-ecial edit i on of the :)ou rM. l Cortograph:icb (Volu me 23 , 198 6) , 
ed i ted by Rol and Perret te for the Internat i ona l Cartographic Commi s s i on on 
Oceanic Cartography. In addition to thet r na vigationa l val ue , acc u r ate 
charts no ..,. are considered es sent J.a l tor prop e r p l anni ng i n suppo rt o f 
multiple usage of maritime resour ces .,,.1th 1.n nb t1o nal vat ers . The .t n tro ­
ducti on of Extended Economic Zo nes ( EEZ 'st increases t he ma r ine r esour c e 
p o tent ial avai l abl e t o the coastal states. This 1n tur n increases t he 
n eed fo r accurate geograph ica l ly re f erenced i n forma tion a nd d ata whi ch are 
r equi red f o r the exploitation a nd management of t h e reso u r ces. 

Th i s man ual 1$ designed f o r personnel f r o~ d epartments of fisheries and 
o ther r osource agencies vho vish to produce and u t ilize mar i ne reso urc e 
maps a s an aid to t h e development a nd management of marine reso urces under 
the i r j ur i sdiction. National resourc e development l s beco ming increas­
ingly dependent o n cart ographic serv i ces not o n l y to c a t alyze t h e p r oc ess, 
but a l s o t o p r o mo te e f f iciency ~nd e cono my i n its ma nagement . 

The manual does not assume that t h e r eader has extensive fisheries or 
cartographic k novledge, hence, fol loving the i ntroduction <Sectio n 1 ) , and 
a review of t he pot ential benefits o f marine resource mapping t o d evelop­
ing and developed na t ions a l ike {Sect ion 2 ) , c o nsi derabl e eff o r t i s 
devoted to understanding maps per se. Se c tion l considers t he conc ept o f 
scale and t he shape of the earth (Ge odesy), vhi ch logically leads to a 
brief review of a co mplex topic, narnely, map projecti ons. A chart o f ma p 
projection s i s i n c l uded as an in ser t . The t ech niques of l ocat ing a po i nt 
on the earth ' s s u rCoce o nd i t s accur3te represent a t i on in t erms o f both 
the ho r izonta l and ver t i c al d atum a re d8$C~i bed i n Section 4. The c onte nt 
and cons truct i o n o f b a se maps a re con s idered i n some deta i l i n Section 5 , 
beca use they const i t u t e t he foundation on ~ h i c h reso urce (th emat ic } 
i nformat ion i s o verlaid . In Section 6 map design funda me n t als ar e 
revi eved as an i ntroduct ion to t h ematic ma nu script p r epa r at ion (Se ction 
1 >, the p r i mary subj ec t. o f t h is t r ain i ng manu a l . Fi g u r& I por t rays the 
sequence o f tasks vhich may be i nvolved in this p r oces s 1h a.dditio n to map 
produc tio n a l terna ti ves . S e c~ion 1 not o nly c o ne 1d•rs the r •l•van t 
cartographic principles but mor e i mportant ly i t describes test&d p?'OCe­
dures for the col l ection of mean i ngful re sou r c e i nforma tion from th e 
field. Aer i al photo graphs, thei r acquis i t i on, interpretatio n and rele ­
vance to t he p r oductio n of both base and themat ic maps, are desc ribed i n 
Sect ion 8. Section 9 is devoted to a review o f graph i cs , the v isual 
techniques by vhic h a cartographer comm~n ica tes se l ected informa tion 
c l early and easily to th~ oap r eader . The use of col our (Se c tion 10) is 
presented as ano ther commun ica tion a i d . A col our c hart is includ ed as a 
second insert. Section 11 cons i ders the p ro cedures and ma t eri als assoc­
iated with the production of "ai:two rk ", t he t erm c ommon ly used t o def i n e 
the car t ograph i c e nd-pro d ucts used for rep roduction. Th e mechan ics o f 
various graphic reproduc tio n t echniques ar$ t hen descr ibed in Se c tion 12 . 
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Section 13 revieYs b wide range of mar i ne resource mapping projects which 
can result from the cartograph ic process, be it t he most basic of proce­
dures or the moat sophisticated o f cartographic technology. Tvelve 
of the mapping projects vere selected fo r detai led analysis and constitute 
the cose s tud ies. Each case study includes one (or more) map sample and 
a n associated cr1t1Que of i ts design, product ion and c o ntents. The 
variety of map types portrayed in the case studies vil l provide the user 
of this manual with a r easonabl y comprehensive $Urvey ot current mar ine 
resource mapping formats and techniques. Secti on 14 considers the fu t ure 
status of marine resou rce m.apping i n t erms o f advanced technology, and for 
those Yho may desi re form.a l tra ining in Cartography , Section IS identitias 
t he ma jor international and nationa l training i nstitutes . A g lossary of 
cartograph ic terms and t he b i bliography conclude th is introduct ory manual 
to marine resource m.&pping. The manual does not pre,ume to be &l l - l ncl u­
s i ve; reterence to speciali2ed texts s hould be made whenever supplemental 
information is required. 

A final and impo rtant point of inforniation: it is not essentia l for the 
asp i ring marine cartographer to fu l ly digest all o f the Sections herei n 
pr io r t o underta k i ng a mari ne resou rce mappi ng project. Section 7 
(Thematic Manuscript Preparation) and Section 13 (Marine Resource Mapping 
and Case Studies) provide suffici ent in formation to t he reader of this 
manua l to commence such a t ask . Practice wi ll soon identi fy t he t heore­
t ica l concepts v h ich are requ ired to ach ie ve the fol l potent ial of 
resource mappi ng; these fundamentals are revieYed in the other Sections of 
thi s manual; a broad schematic of procedure& and element$ i nvolved in map­
ping f i sheri es data are shown in Fi9ure 1 . 
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SECTION I 

1 . I NT RODUCTION TO CARTOGRAPHY AND CLASSIFICAT ION O F MAPS A.HO CHARTS 

1 . 1 Overvie~ of Concepts 

Th is manual is concerned " 1th carto9raphy , the a rt and science o f ma king 
maps and c harts. Those Yho p ra c tice t his prof&s&ion will b$ refcrr4>d to 
as c a rtographe rs even though the ir actual titles may vary !roo map 
d r aft sma n to graphi c art ist or fro m iisheries officer to sc1&nt1C1c 
assistant. 

A c artographer is a specialist in gr~phic communicat.tons who us&s 
mapp ing as the ma i n tool . The tundamenta l fu nction o f mappi ng is t.o 
p rov.tde occure; t c , c l ear and unafllbiguous inf o rmati on a bout t he occurrence 
ot various p he nomena on or near the su rfac e o f the earth. A - el l dravn 
ma p is ta:r more t han a reduction o f th e area be i ng stud i ed; i t i s a 
car e( ully Ces19ned lnstrume n t t ha t recor ds , anal y zes and di splay s the 
i n t er-related factor & of t ho a rea in t heir true r elat ionships to e ac h 
other . In order to pa ss o n t h i s complex mas s o f in fo r ma tion the c arto-
9r'cllpher must make, effect ive use of g raph ics t o il l ustrat e a vide var i e t y 
of conc<tpts a nd i d ea s . I n addition t o the map f o rmat , car t o g raph i c 
p ersonne l spend a l arge po r t i on of the i r t ime p r oducing s uch related 
graphic s as dis play material, r eport illus t ratio ns , p r esentation graphics, 
statistic al a nd sci entific il l ustrat i ons a nd host s o f c har t s, g raphs a nd 
diagrams . Many of t hese items a r e frequen t l y inco rpo r ated into maps or 
are substituted fo r them. For pla nn1n9 ln 9eneral and resource management 
in particu lar, m~ps and other g r aphics have no equal. 

Cartograph y e xists as a fie l d o f applied graphic s beca us e wo rds have 
proven to be inadequate vhen describi ng complex spatia l relationships . It 
is vita lly i mportant that t he ma p cont e n t be assembled in a l O<Jica l a nd 
o bv ious manner s o that the user can eas i ly unders t and t h e i n f o r ma tion 
being s ho wn. When producing maps o r gra phics that illustrate scient if i c 
s tud ies a cart09r apher may require t he advice o f a scientific a u t ho r ity 
1 n the f.1.eld to ensur<J the co r rect interpretation and po r t ra ya l o f 
.t n forma t .ton . Re l evant statii;tics or data a l one wi l l not necessa r il y 
s uppl y t ho 1ntormat1on requ i red . In many dec1s1on-ma~inq p roc esse s the 
tru ly use fu l .tntorma t.to n is o ften that ..,.hich 1s obtained from studyi ng the 
o ve rall rela ttonship ot a l l t ho d4ta . Graphics a nd g raphic al techniques 
can present t hese relat i onships in a manner in which e ven c asual observers 
can readily appreciate the implic a t i ons. 

Cartogr a phy c an pl ay a ma jor role in soc i o-ec o nomic deve l o p~e n t , but 
t he c artographer must fi rst identif y, c omp ile and ana l yse the most up-to ­
date and accu rate spatial i nforma tion a va ila b le . Also o f impo rta nce 1s 
t he selection of the moat appropriote C4~to9raphic t e chniques to display 
th is i nforma tion, vhich oay 1ncludo both trad i t ional pres e n t at ions and 
those dict a t ed by t he incr ea stng a vailability ot re l atively inexpens ive 
comput ers. The e ssential po.t i,t 1$ to se-lect the mos t appr opriate method ­
ology f o r e a ch si t uation rather tha n app l ying a part icu l ar t e c hn i que 
because o f its fami l iarity. The d0$19n, equipment and t ech niques have to 
be t ai lor ed to the requirements of the s pecific product. There is no 
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reason to produce an 0:xpenstve mu lti-coloured map u s i ng the latest 
techniques and materials 1t the same subject matt er ca n be effective l y 
represented by a simple pen and ink drawing. 

One of the intentions ot this manual is to show a number of alterna ­
tives, both in desig n and in production techn iques, so that the most 
appropriate can be selec ted for each given situation. It should be 
6tressed t hat the ll'IOSt appropriate alternative is the simplest solution 
thot wil l give the required detail, accuracy and clarity. The nature of 
tho graph ics s hould be governed primarily by the user's r e quirements. 

1. l Map Classification 

There i s no universally ac cepted classification of maps, map graphics 
and related products. The follo wing categor i es are introduced to provide 
a framework for d i scuss ion and the beginning of a working language for 
practition~rs. Bro adl y speak ing , maps can be divided into tvo categories, 
th• firGt being general purpose or reference ll'taps, the second being 
s p~c1al purpose o r thematic maps. 

1 .2.1 General purpose o r reference maps 

The objective of general purpose o r reference maps is to portray the 
relationships of a selection of ditterent geographica l features i n an 
accurate and repre$entat1ve mannor . such featur•s -&$ road$ , ra1h,.i,.yg, 
settlements, water courses , elevations , coastlines and boundar ies ar e 
typically displayed . These maps are usually produced in a series ot 
individual sheets, and caretully constructed by phot O(Jrammetri c methods 
( refer to Section S) . Great attention i s pa id t o positional accuracy of 
features so t hat in some cases these maps have t he val idity of lega l docu ­
ments . They are the typical products o( ma,or nationa l mapping agencies 
and may be consi dered the foundation on vhich o t her mapping and r ela ted 
studles are bUllt . 

General purpose maps are fundamental to organi~ing and planning nat1onal 
and regiona l development. They ar• consider$d a ba$1C notiona l 
resource and are a foundation for further development. The ma in types of 
general purpose m.aps are as follows: 

1 .2.1.1 Plan!metric maps: These show the hori zontal position of selected 
features vithout elevations or vater depths. They are often used as base 
map& on which to compi le data !or the production of special purpose or 
thematic maps CF19ure 1 . , a ) . 

1. 2 .1 . z Cadastral maps : 
often with bearings a nd 
ovntr$h1p (Figure I . I b). 

These show the boundaries of land subdivision, 
measurements a nd are used to record property 

1.2.1.3 'Topographic maps ( Hypsometric maps>: In addition to t h• plan1-
metric details of cu ltural and physical features that have been selected , 
these maps portray the shape and elevation of the terrain. Th!$ is 
usually done by contours, form l ines, shading, colour gradients o r 
hachures . Nat ional series mapping is normally composed of topographic 
map$ . 
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Figure 1.1 Examples of general purpose {reference) maps: (a) plani­
metric; (b) cadastral; ( c } topographic; {d) bat hymetric . 
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Topographic maps are widely used fo r a mu ltit.ude o f purposes includi ng 
select ion of industrial sites, phnn1n9 highways or set tlements,· routing 
pover and t elephone or pipelines, select ing dam sites, m111 t~ry plann i ng, 
hunt i ng, fishing, hiking and camping. They are thus true general-purpose 
vehic les and are considered to be fundamental to the economi c and resource 
develo pment of a region. In addition , topo9roph 1c ma ps are frequently 
used as base maps for specific studies because they .are o{ten t he only 
ava i lab le accu rate mapping of a region {Figure 1 .1 c). Potential probl ems 
of this particular usage wil l be discussed in Secti on 7 of this manual. 

1 . 2. 1.4 Bat.hymetric maps : These s how -...ater depths and underwater t opo­
graphy . Uni form dept hs at specific interval s a re usually connected by 
solid lin~s cal led bottom contour l ines (Figure 1 . 1 d ). 

1. 2 . 2 Spec,a l purpose o r t heMatic maps 

This tiecond broad category inc ludes all the map var i ant.s des igned t o 
tulfl l l a specific purpose vhich can be clearly i dentified in advance. 
special purpose mapp i ng is the fastest gro wing segment of the cartographic 
tie l d because of it s relevance t o develo pmental activities . It 1s the 
area vhero a broad k no v l edge o f design, t echnology and, i n part icu lar, the 
1nt•nde<S map user and use are required. 

Thematic maps are compo sed of tvo majo r elements: the backgrou nd o r 
base map a nd the specific info r mation being presented. The base ma p .ts 
prepared by directly or i ndirectly using i nformation ta.ken trom general 
purpose or reference mapping. AdcHt1onal base 1ntormat1on a nd t hematic 
data. i(; derived fro m field vork, image a na ly$ i$ , GCientif ic st\ldies, 
pu b l ished statistics or existing maps . It i s plot t ed onto the base map 
usi rt<J a ppropri a te cartoq raphic techniques . Norma ll y t he crea t ion of a 
t hematic map i nvolves a process o( compilation vhich includes the collec ­
tion eind manipu l ation ot d ata (rom a variet y of s ources to produce a 
ne.., p roduct . 

Th e matic map s are a lso callod distribution rna ps. They are a kind of 
"geographical essay", emphas i z i ng single or mu ltiple themes such as 
geology , oceanogr aphy, cl1matolo9y, vegetat i on , soi l s , crops or social and 
c u ltural aspects of t he population. Cartographers use these maps exten­
sively to show, for example, such details as harbour installations, 
pol lution &ources, cli matic variat i on , and fish distributio n and mi gration 
patterns . These d 1fl t r ibu tion$ may b,o :;.hown by many different methods 
(refer to Section 9) . 

Transporta t ion mapping 1 5 t he l a r ges t s ub-qroup vithin the themati c 
category, includi ng Naut i cal and A4u•ono uti ca l Charts, Road Maps and 
Touri s t a nd Rec reationa l Maps . Most of these are specialized fo rms of 
topographic mapping and have been r e-designed to suit a more spec i fic 
purpose. 

1. 2 . 2 . 1 Naut ical cha rts : These are published primar ily f o r mar i ne rs 
although they s9rve a wi dor public in many r elated vays. These charts a.re 
designed to prov ide all ava. lhblG i nformation for safe marine navigation 
including soundings and bathy1netr ic cont ours, o bst ruct ions, hazards, 
prominent landmarks and navigational o1ds such as buoys and l ight houses . 



Th e a ccuracy o f t hese charts is of majo r i mportance in coast al regions 
because o f the potentibl (or mar ine a ccident s . The charts are constantly 
updat ed t o keep ~br9ast of natural and man -made chan9es ( F i gure 1. i a) . 

Va r iations of these c harts include : Small Cr att Charts - dQSiqned to:r 
recreational use of inshore and harbour waters; Harbour Char ts - details 
of anchorage a r eas , harbours and smaller vatenrays; Waterways Charts -
de t ails of canals and navigable ~at er systems; Coastal Charts - designed 
for insho r e nav igation ; Sailing Cha rts - primarily used by navigators to 
fix po sitions as they approach t he coast from the open sea. 

1 .2 , 2 . 2 Aeronautic3 l charti; : Th ese are designed fo r a i r navigation, 
therefore emphasis is 9 1vG n to feature s o f the grea t est aeronaut ica l 
signi!icance . Ma jor efforts are made to l ocat e prominent landma rks 
includ in9 popula tion centres, distinctive natural and cultural landmarks, 
railways and ma jor roads. Topographic infor mation i s often shovn by spot 
e levations , contours and l ayer tints, t he la tter practice beco~1n9 
.t ncro&$1ngly co111..-non so that re lief i nformation c an be seen ~t o. ghnce . 
Aeronautical informat i on is gener al ly displayed in bOld &1~8, magenta 
colou red symbols to give emphasis to this critica l aspect o f the chart. 
As vi th nautica l charts , mapped aerono.u ticbl 1ntormat1on reQuires frequent 
rev is ions , therefore t he compi l ation date should be carefull y noted 
(Figur e 1.2 b ). 

1. 2 . 2. 3 Road ~aps: These are usually pub lished by nat i onal, provincial 
or reg ional authori t ies to fac ilit a t e t ransport a tion over relative l y l ong 
distances. Road maps i ndicate d i rection, dista nce and the qual ity of 
highways . Some may give re l ated transportation information s uc h a s 
rai l"'ays and airpor ts . The 1:1ap in formation is hig h ly selective a r.d i n 
some forms , the ma p i tself OOcome$ more schematic than p l animetr1ca lly 
a ccurate ( Figure 1 . 2 c> . 

, .2. 2. 4 Tourist and recrea tional maps : The large market for map pr oducts 
ge nerated by t he i ncreasing number$ of tourists and travel l ers has 
fos tered competition amon9st bOth private and 9overnmental map producers . 
Many ot the resultit19 products are modiiied topoqraphic or pla n i roetric 
maps . The y show i mproved s ystems ot road clo.ss11ication plus locations of 
hotels, hostels, c amp sites , histor ic pla ces . beaches , museums , mounta in 
refuge huts , sk i lifts , fe rries , etc . Some m<1ps use hill - $hading and 
layer ~int ing to accent sit es for climbing, camping , ski ing, trekking and 
vieving. The maps of l arge towns may 00 $Chem.a. t ic and rQsort t o pictures 
<1nd dr<1w i ngs ot significant locat ions to aid the user (F igure I . 2 d) . 
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Examp l es of special purpose { thematic) maps: 
nautical ; ( b) aeronautical; (c) road; {d) tourist 
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SECTION 2 

2 . MAPPIHG AS AN AID TO DEVELOPMENT 

ln most developing countri es topographic mapping has preceded all other 
types a nd has tormed a foundation for subsequent mapping programs. 
Usuall y geolo91ca l surv0y~ a re bui l t o nto these topoqraphi c bases and 
become the planni ng vchtcl<i for mineral resou rce development. This is 
fo llove d by such i mportant $lud t es as r o ad and rai l way deve lopment, 
improvement in re9.tontl agricultur e , develo pmen t of water supplies and 
hydro-electY i C po~er from dam construction, large -scale cu ltivation o f nev 
crops and other aspect s of national planning requ ired prior to undertaking 
major capita l p rojects . Other ma jor mapping pro jects built o n a t opo­
graphic base have included: tourism pla nn i ng and develo pment ; census 
st.ud!es; forestry management; industrial plant 10<::ation; land ovnersh i p; 
land usage; envi r onmental hazards; ecological s t udies; t ransport a t ion; 
archaeol og i ca l and anthropologica l studies ; investigation, control and us e 
of wa.t•r r•sources ; cadastral surveys; urban studies; sea defences; soi l 
surveys ; econo mic assessments; heaith investigations; irrigatio n systems; 
land reclamation; mosquito contr ol in marshes; airport si t i ng; ho using 
developments; vegetat ion classification ; etc. There have a l s o bee n many 
schemes imp lemented because of military and internal securi t y c o nsider­
atior.s and significant boundary disputes. 

To t he o bvious econooic and securit~• aspects listed above must be added 
a number of benefit s vhich are difficult t o quantify. These voul d include 
the sign ificance of mapping in educa t i on and a variety o f rec reational 
activities. 

A r e ad i ng of t he above l ist v il l show that many of the s ubje c t area s 
have a direct impact on the marine envi r onment. In fact, t he division of 
t he natural vor l d into terrestrial and marine aspects is an artificial one 
as each affects the other. 

2. 1 Mapping Requi rements in Developing Coun~r ies 

T he economic velfare of a nation or region i s directly depender.t on the 
resources a vailable t o i t and on the ability of the peopl e t o use these 
resources t o their benefit. Inadequate knowledge often resu lt s in resour ­
ces being over - exploited o r even destroyed before they are trul y appre­
ciated. 1'hese resources include all of t he exploitable mineral$, $Oils, 
vegetation, wildlif e and water. 1'o de r ive benefits fro m a resource , i t 
mu!Jt first be identified and then 1ttanaged. The map is the most efficient 
method o f displaying the necessary resource information. 

Many e mergent nat ions begin by establishing a geodetic survey ne tvork 
to construc t a n ef fect ive t opographic mapping ~eries . Not o n l y a~• th♦so 
maps vital for recording and planning of any kind, but also they are an 
economic investmen t that produces a major, though highly diversified 
return. 'fhey creat e economic benefits by preve nting a great dea l of 
unnecessary measurement , by eliminating an enormo us amount of expensive 
field vork and by shortening the time requi red t o assess a developmental 
propoa,al. 
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Once the basic frame of the survey control network for topographic or 
p hnimetric mD.ps ls in place> , i t can become t h e ba$e on ..,hi C h gpec L3 l 
studies both on land 3n() i n the marine) e nvironm~nt can be built . This is 
not to t nfer that mapping 1s impossible wi thout a survey contro l network; 
i n f act some aspects of this manual vil l concentrat e on simp le mapping 
techn iques usi ng read i ly availabl e s ou r ces of i nfo rmat ion. Once th e 
overview or reconnai$sance phase is over, however, accurate mea surements 
tied to survey control ne tworks are usua l ly necessary if ma jor development 
is to take place . 

Despite the ~neftts o f national s tanda rd mapping, the current coverage 
o f world topographic mappi ng is far fro m complete. Only 42\ o f the 
countries of the vorld are mapped at the sca l e o f 1: S0,000 , con sidered to 
be the most useful $Cale available . At pre$ent rates initial coverage 
von•t be complet e unti l the year 2000. A recent study by the Internat ion ­
al Hydrographic Of fice found that on ly 40\ of the marine area covered by 
t he Exclusive Economi c Zone ( EEZ) of the 39 c ount ries it s urveyed was ad~­
quat e ly charted. 

St a ndardized mapping t ends to have a long l ife. Topographic maps, for 
example, are typic al ly in c ircu l ation for 15 - 20 years befor e they are 
updated. Ma ny potent ia l users and uses for s uch a product cannot be 
foreseen. Some hydrographic Ch& rts hbve t>Gen in continuous usa9e , t hrough 
r♦gula.r upd.ates , for 10-1 00 year$ and the ir economic , social and conven ­
ience benefit$ can hardly be overstated. Such ma ps v i l l easily return 
thei r cost many t imes over during their use ful life and some vil l ma ke 
po ssible a return on investment and human benefit unmatched by virtually 
any o ther developmenta l expenditure . 

Maps have a cata l ytic effect on development and prevent t he ma i n source 
of haphaza rd planning wh ich is the lack of easily understood information. 
In relation to the development and ♦xploitation or mari ne resources . a 
mapping program can address cr itica l informat.ion needs concerning, for 
instance, fisheries, oceanography, geo logy, navigat i on, coa s ta l develop­
ment and l oca l po litic al realities. I n addit i on, s uch important topic s a s 
education and training can be addressed. 
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SECT10N 3 

) . $CAL£ AND PROJECTIONS 

3. 1 ·rhe Concept of Scale 

All maps, aeri al photo9raph$ and $atcll1te ioages are a small represent­
ation of a port i on ot th8 Qarth'$ s urface . lt is their smaller than l ife 
size vhich is responsible tor their convenience as a method for il lustrat­
ing the vor ld. It these products a re to be a t a 11 useful , the rel ation­
ship between the size of the graphic a.nd the roa l $1Ze of the same region 
of t he ea rth mu6t be knovn . This tund&monta.l concept, kno..,·n as sea l (), 
15 one of the most importan t des i gn considerations in the tie:ld of 
cartography , 

Establishing a scal8 Cora map is an important des i gn decision . 
Among other things, the following items are controlled by scale : 

1) the amount of data or detail vhich can be shown; 
ii> the size ot the graphic and its suitability fo r production utiliz­

ing available in.ater13ls and equipment; 
iii ) t he cost ot reproduct ion; 
iv) the readability ot any product whtch ,U; an enlargement or reduc ­

tion of an ex i sting map; 
v) the regional extent ot the intormat1on t hovn ; 

vi) the degree and nature o( t. he 9ene r4 11zation c•rri~d out <refer 
to Section 7) ; 

vii) the suitabilit.y ot an ava il•ble base tor a gpec1t1c purpose; 
viii ) the ease of use by the intended market ; 

ix) the amount of ti~e a cartographer must spend on a pro ject. 

SpeciUcally , scale ls the ratio ot map distance to g r ound d i stance 
and i t s selection deponds pr1rit,H1ly on map purpose . Th& cartographer 
must also consider convenience and economy , str i k i ng a balance bet ..,.een 
the area covered , map site and t he a mount ot detail required . scales 
are otten a compromise . 

The use ot the relative terms larqe-scale and sma ll - scale can cause 
considerabl e contusion and must be c a retu lly addressed . To understa nd 
the concept c l early, compare t wo maps ot the sa~e area but of signifi­
cantly d ifferent sca l es . Sel ect a common feature such as an airfield , a 
bay or an island. The roap "'hich sho"'s t he feature drawn relatively large 
is t he large- scale map. Sy contrast, the map which shows t he same feature 
as being distinct l y small is by def ini tion a smal l - scale map ( Figure 3.1). 

Sma l l • scale map& cover l arge areas vith little detail while large - scale 
maps show great detail and only cover a small area, Most maps wil l be a 
compromise bet ween t he requir•d detail and the area of cove rage. Some ­
time$ the needs are i ncompatibl e, as when a large a rea must be covered but 
'lrl ith some parts requi :ri n9 9rea t. detail . Thi & may be solved by producing 
more t h•n o ne rnap or by u$ in9 portions of the map as insets at l arqer 
scales . The l att~ r solution allo~s variation i n scales and gre ater 
detail in cr1 t$c al areas. 
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A comparison of a l a rge and a small-sca le map. 
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3 . 2 The rorms of Scale 

Generally, once it i s ca l c ula ted , the sca l e o f a map may be shovn 
in three dif ferent standard forms . These art represent ative fraction, 
scale statement and graph ic o:i: bar $Ca l e. Other scale variations are 
sometimes used in addition to the standard forms. 

J.2 .1 Representat i ve fraction 

Represen tat ive fract i o ns l R.F . >, a l t:o knov n as scale ratios, relate 
the size of the map, or port t on thereo f, to its actual s i ze o n the 
ground. Thus an R. F . of 1: 10 , 000 means that o ne un it o n the map i s 
equivalent to 10,000 units o n the ground. A major advantage of th is 
system is that it is not tied to a specific measurement system; the ratio 
vorks as well i n met ric as ;tn 1mperla l or any other convenient u n it o f 
me asurement. 

Comparatively l ov numbers af t er th~ col on are a$$OC1ated vith larg~­
sca l e maps vhile comparat ively h i gh numbers after the co lon are associated 
vit h small- scale maps. The International Cartographic Association , in a n 
attempt to standardiz• t h~ torminology, has suggested the fo l loving: 

1 > R.F. larger than 1: 25, 000 , i . e. numbers less than 25 , 000 : 
l arge-scale maps; 

i i) 1: SO,OOO to 1: 100 , 000: medium- scale maps; 
111) R.F. less than 1:200,000, i.e. numbers greater than 200 ,000: 

smal l - scale maps . 

3.2 . 2 Scale s t a t e mont 

This is a vritten s tatement of map dista nce i n relation to earth 
distance, for example, 1 inch equa ls I mile or 1 centimet re equal s 1 
kilometre. An R.f. cou l d also be consider ed a scale statement since, for 
examp le, 1:1,000 , 000 could a l so be vrit t en as 1 centimetre equals 10 
ki l ome tres or 1 mi llimet re equals 1 ki lomet re . It t hi s version ot a scale 
is chosen, avoid confusion by not m1x i n9 metric and i mperia l units in one 
stat ement . 

3.2. 3 Graphic or bar sca le 

This device is the most common and the most useful method of depicting 
scale on a map o r chart. I t consists of one o r more straight lines whi ch 
are subdiv i ded into unit s of ground d i stance or vhatever the scale is 
designed t o shov < f i gure J . 2) . It ha s the considerable advan t age of 
remaining correct even it the map is en l arged or reduced, which is not 
true for the other sca l e variants , the R.f. and scal e stat ement. 

The cartographer must rememOOr that the sca le must be designed for the 
user and not tor the convenience of the cartographer . The s ubdivision 
units must be selected to b9 as even and usefu l as possible, vhatever t he 
R. F'. For example , the common older map scale of 1 i nch equals 1 mil e 
wi t h an R.F. o( 1 : 6J,J60 shou l d be convert ed by the cartographer if a 
metric sca l e 16 de&Sred. By tak i ng t he ori9inal scale uni ts of 1 i nch 
and plottlng the1;1 according to t heir metr i c scale equ iva lent, each 
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Examples of graph ic or bar sca les. 
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subdivision u n it o f mile vo uld represen t an inc:onven ient 160 9 .35 
me tres. In th i s ca se a bas1c &ubd 1v 1&1on u n it ot 1000 met.res or 1 
kilometre migh t be deemed appropriate. A c alculat ion reveals tha t each 
unit representing 1000 metres wi ll be 1.S78 centimetres l ong . Th is is 
difficult to plot but l s the effort the cartog rapher must mak e for 
turning out a useful and pro(essional product . 

3.2.4 Graph ic scale variants 

Mos t graphic or bar sca l es are designed in tradi tional linear measure­
m,c,nts such a s feet, miles, nautica l miles, metres and kilometres. Many 
land sub-d iv ision systems, ho vever, ..,.ere c arried out in rods, chains, 
furlongs and leagues. Si mi lar ly both British a nd Ame rican cable lengths 
and even fathoms have bee n used and m~y occas ional l y be appropriate. 

Direct read i ng scales in units vhich are not purely li near are sofl'le­
tlmes usetul . Ma ny tourist maps , fo r i ns ta nce , incorporat~ valking 
sco. les co.lculo.t.ed ot 0, r") overage person ' s paee 1n unit s o f fiv,e; or more 
m1nutos. Military maps have shown sca l es in t erms of the distance a 
troop of marching men vill cover in a given time period. Highway maps 
may show elapsed time trave lling at a set speed. Bi o l ogical maps have 
sho.,..n how hr a mi9ratory bird , trnim.tl or fish vill trave l i n a particu -
10,r tlm,e; . 7he s o seales are sometimes more useCul t han the standard sca l e 
formats. 

'.L2 .S Grids 

Grids a ro a systom of vertical and hor1iontal reference l ines, dravn on 
many ma p s ,. 1i1 hich e nable a poin t to be i dent i fied by a coordinate o r 
r eference number (refer to Section 4). 

Gr i ds , however , can a l so be used as a scale indicato r on a variety 
of graph ics. A grid of squares having sides of knovn length, such as a 
kilometre or a mile, e xtend4)(1 over tho dn,.,.. i ng permit& an easy identifi­
ca t ion of size, area, etc . rn a series of related maps such a grid 
provides a ready method of comparison a nd identification. A grid must be 
dravn wit h fine l ines o r it will domi nat e t he drawing because ot it& 
geometri ca l , and t herefore, visible nature. 

3.2.6 Comparison shapes 

On some mapping product.$ vh1 Ch lliustr~te an unknown or un fami l i ar 
geographic are a a useful scaling devic,e; ls t he inclusion of i nse t s of a 
more familiar region and the study area at the same small scale. Travel 
maps ha ve long used this method, fo r e xample "Lo ndon at the same scale " on 
a map ol Tokyo. 

3 . 2 . 7 Spac ing of paralle l s 

Paralle l s of la titude are a set of east-.,..e$t lines runni ng parallel 
to the equ~tor. They are a geographic eons tan t whic h can alvays be 
trans l ated into measu rements of kilometr,e;s or miles. 
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In lat i tude: 

i) 10° • 11 11 . 111 ki lometres= 600 nautical miles=- 691.72 statute 
milGG ; 

ii) t 0 
• 11 1. 11 ki lo~tres• = 60 nautical miles = 69.112 statute miles; 

iii) 1' = 1852 me tres• 1 nautical mile'"' 1.1 5 statu t e miles . 

Thus a difference ot 4° 1n lat l tudo must have the s ame length i n any 
region of the globe (240 naut ica l mi les) , and can be used as a sea.ht 
indicator or base for calcu lat ion6, u n le&s supreme a,ccuracv is needed. 

• This is a convenient tiv8r a98 (igur4 corresponding to 45° 
varies f r om 110.57 kilometres at t he EQuator to 111. 699 
the Pole . 

3.2 . 8 sca1e factor 

l atitude. 
kilometres 

It 
at 

Since the earth is essential l y spherical , the only consistently accurate 
method of shoving a large reqlon ot .it it by constructing a globe which 
can then be given a sin91e sca, l e . To transfer the globe shape to a map on 
a flat s urtace requires an organized and cons istent met hod of controlling 
t he inevitabl e distortions. These mathematical and graphical techniques 
ore known as map project ions and are discussed later in t his section. The 
employment of any map projection, however, results in the scale actua l ly 
varying in different loca tions on the same map . 

'l'he labelled representative fraction (R ,F. ) on the map is referred to 
as the principal sca l e while the loca l sca le caused by projection distor­
tion effects 1s known as actua l scale and wil l vary from place to place. 
Th& scale factor l$. F. l is a ratio o f one to the other , thus : 

Scale Factor =- Actua l Scale 
Pr incipal Scale 

The scale factor is 1. 0 on a globe, that is the actua l scal8 is equal 
t o the princi pal scale, and is close to t his figure on most large- scale 
maps. On smal l-scale maps it can easily vary from O.S to 2.0 ; this trans ­
lates into a range of scales from 1 :S,000,00 0 to 1,20 , 000,000 on a map 
whose s tated scale is 1: 10,000,000. On the vide ly used Tra nsverse 
Hereat.or p r ojection t he S .F. o f a 6° long i tude zone varies only from 
0 - 99960 to 1.00 1s0 . Similarly on the Mercator projection , much used for 
c harting, the s. r. ls limited to 1.016 in the zone between 10° North and 
South ot the EQuator . 

The scale factor <S . F. ) h sGldom, if @v@r , stated on a map but it can 
have slgnificant effects. The contro l or t he sca l e factor is , therefore, 
a consideration in c hoosing & suitable map projection . 

).2 . 9 Area scale 

It is sometimes necessa ry to construct a map so that all area propo r ­
tions a r e corr•ctly represented, i . e . one unit of area on the map (square 
centimetre, square inch, etc . l repn1sent s a particular number of t he 
same square un its on the earth. Here again, the cartograph$r must tlrst 
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select a re l evan t map project ion vh ich vill al l ow this function . To 
p r event confusion area scales are shown graphi c a ll y rathe r than numer-
1cal l y. Thus the explanat i on ·,dll i neludo a square vhich represent$ a 
stated nt,>mber o f square kilometre s or rniles , acres, &tc . 

).2 . 10 variable scale 

A$ discussed earlier, no Oat 1n..,p c an exhibit true distance from all 
po ints i n all direc tions simultaneou$ly . I n some ma p project. i ons the 
distance distortion is Sy$t8ma t1c and a variable scale can be constructed 
to enable accurate measurements to be taken. This is particularly true o n 
t hose maps containing a Mercator projection, such as some nautical and 
aeronautical charts. This permits the dete~mination of sea l$ i n latitude 
o r long itude despite the vast range in scale dis tortion. 

3 . 2.1 1 Other scales 

Ratio, nominal, ordinal, interva l, value a nd logarithmic &Cales are 
discussed in Section 9. The scale of &erial photogri,phs 1$ described in 
Sect ion 8. 

3.3 Scale Changing 

When a map o r g raphic l s reduced or e nhr9ed, the scale "111 ch&n9e 
proportionate ly. If a dravinq at a scale ot 1 : 100,00 0 is r educed to 50 \ 
o f its original size, the scale wi l l c hange to 1:200 , 0 00. Similarl y if i t 
is enlarged t o 2 00 \ o f the original size , the 1:100 , 0 0 0 graphic ~il l now 
have a scale of 1: 50,0 00. Al l sca l es , and especial ly a sca le statement or 
an R.F. , must be carefully ca lcu lated &nd labelled (or the reproduc tion 
scale. The amount of reduction or enlargement , if required, must be kno wn 
precisely at the design stage. For this reason the cartographer mus t wo r k 
closely with both the a ut ho r and the p r i nter vhen making preliminary 
design decis i ons. 

Cartographic art~ork may be photO<Jraphicall y reproduc ed at 100\, reduced 
o r enlarged. The scal e change must be clearly identified if enl argeoents 
or reductions are required. It i s best t o use the designation vhich i s 
built into most proc ess cameras, t he devices vh ich are used t o do t he 
reproduc t ion. On these inst rument s an identi cally sized reproduc tio n is 
marked as 1oo t . To obtai n a 25\ reducti on in size the camera must be set 
to 751 , and the latter is what shoul d be specif i ed. '"Reduce t.O 15 \ of 
origina l" prevents the obvious error o f set t.ing t he c a mer a t o 25\, and 
obtaining a draving vhere every line would be 1/~ of its original size. 

Similar l y, t o enlarge, t he percentage on the c amera st-tting $ hOu l d be 
specif i ed. Thus, if a drawing is required vhere each dimension is t wic e 
t hat of the original, the s t a t ement "£nlarge to 200\ of original " and 
not "100\ enlargement " s hould be noted . 

If t here is still a possibility ot con t us ion , provide the o pera t or 
wi th a simple bar sca le t o p lace on th& c amera . Include t wo lines ( lines 
AB and AC) of carefully mea$Ur~ len9ths on the drawing. The instruc tions 
should read " Reduce (or onl a rge ) AB to AC e xactly". Thi s prevents any 
conf usion and enab les t he operator to physically c hec); t he enlargement or 
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reduct i on. 

3.~ Geodesy - The Form of t he Ea rth 

Tho fact that the earth 1s neither f l at nor round ha s h isto r i ca l ly posed 
a problem for cart.09raphers , pa rticular l y -...hen pr oducing extensive chart 
or map series, at small or large scales, vh ich cover ext ensive geo­
graphic areas. The exact shape o f the earth nov becomes a major consider ­
ation . For large - sca l e ind i vi dual maps, ho.,..ever, particu l ar l y t hose 
o f a themat i c nature, the •;ariations are not signiiicant . 

S a t e llite images have ensured t hat t he roughl y spherical shape of t he 
earth is no"' accepted by mO$ t peoplo a nd 1s no longer a s ubject for 
dispu te . The exact shape is , ho.,..evor , ot d i st1 nct i nterest and is still 
actively under ctudy . As is well known, t he earth has become $lightly 
f l attQncd at the poles because of the e ff ects of it s rotation. The 
distort i on i s not obv ious - i f the earth vere reduced to a globe I metre 
i n diameter , the a mount of polar fla tten i ng vould l:>e on ly about J . S mil l i ­
metres . 

surveyors must also contend vith the fact that the mass o f t he earth is 
not evenly distributed . This creates variations in the str ength and 
direction o f gravity, which controls the l ocal hor izontal and vertical 
surfaces with vhich t he sur veyor !':'lust work. Scientists ha ve thu$ postu­
lated i n the o ry an irregular spheroidal sha pe which t akes the gravity 
var i ations into account ; it i s ca ll ed t he geoid , The geoid shape ls 
higher under the c onti nents because of the presence of a large rock mass 
above sea-level , as seen in Fi~u~o ) . ) . 

The 900.td i s oft e n describod a G ~ hypothet i cal surface to .... hich the 
ocoa.n vould conform ft.e . sea - level> it free to adju$t to the earth's 
gravita tional attraction ar.d the forces o f centrifuga l rotat1on . Grav1ty 
studies using satellites have no• revealed that the earth's gravitat ional 
field has some dis t inct humps and depressions . The l arge$t hump is near 
Nev Guinea, being some 8 1 metr es high , vh ! le a ma jor d4pross1on south ot 
India dips 110 metros txtlov r eference $Urtace . 

For mapping purposes an irregular surface is h1gh)y unde$1rable, so the 
in formation must be t ransferred to a regular geometric shape vhich can be 
ca lculat ed and vhich closely approxi mat es the geoid. This shape is knovn 
ai:; the ollipi:oid :ind i~ :s t hrcc-dimon s.ionol r o f 4:1 r 4:1 nc9 1;urfl)<::8 ( F'i9ure 
3 . 3). No single e llipsoid is considered to~ suitab l e for a ll surveys 
and mapping thr oughout the vor l d. For histor i cal and politic a l reasons a 
number o! dif ferent fi9ure& o( the earth are in current usage (Table 3 .1). 

Recent l y tho Internat i onal A$SOCiat1on ot GeOd:esy has adopted nev d i men ­
sions for a ref~ronco ellipsoid , Cblled t he Geode tic Refere nc e System 
1980 {GRSSO) . Thi s is the bati t tor o no.,.. re fe rence mapping system, t he 
!lorth American Da tum 1983 ( NAD83) . 
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The relationsh ip bet ween the regular e l lipgo1d surface 
and the irreqular ge oid s urface under contine nts and ov•r 
ocean basins. (After W.A. Heiskanen, 1958 1 
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Ti\BLE J . I 

REFERENCE ELLIPSOI D$ AND THEIR D1HEN$10N$ 

ELLIPSOID 

Everest ( 18 30/ 

Bess~l ( 184 I ) 

Airy (1844) 

Clarke ( 1860) 

Clarke < 1866) 

International (1924) 

Krasovsky (1940) 

EQUATOR IAL RADIUS 
(Metres> 

6 317 276 

6 317 397 

6 377 563 

6 378 249 

6 378 397 

6 378 388 

6 378 24S 

As t ronomical Union ( 1965) 6 378 160 

IUGG• ( 1979 } 6 377 563 

it International Union ot Geodesy 

FLATTENING USER 

l/300 .80 India 

1/ 299 .15 J apan, Germ.any 

1 /299 Great Britain 

1/ 293 . 47 France, $.Africa 

1/ 294.98 North America 

1/ 297. 00 Internat i ona l 

1/ 298.30 U. S . S . R. 

1/298.2S 

1/ 298.26 North America/ 
International 

and Geophysics 

DIMENSIONS OF THE EARTH (Based on GRS80) 

KILOMETRES STATUTE MILES (U . S . ) 

Equa toria l d i ameter 12 756 . J 7 926.4 

Polar diameter 12 713 . S 7 899.8 

EQuator 1a1 circumference 40 07 5. 1 24 901. S 

RadJ.us of the s phere 6 371 3 949 

Area of t he earth 510 064 50 0 km2 196 936 000 ll'li1 
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J.S Map Pro jections 

'l'he c artographer makes u se of ma p projections to present t he 
t h ree-dimensional nature of the earth•s surttic& i n the tvo di mens ion$ 
available on a map o r chart. As d lsCu GGOd earlie r, for t.he purposes o f 
medium and sma l l-sco. le 90,ph lC$ t he bas ic s hape of the earth can be 
assumed to be sphor 1cal. A $nt.al l area of a large - scale map o r cha rt can 
be dra wn withou t a ppreciable e rro r but fo r those products sho1dng la r q e 
areas , and particula rl y for ser ies ma pp i ng, a pro ject ion syst em is vital. 

Pro ject i ons can be c roatod purely graphically by pro ject ing the earth's 
cur·,,ed surface onto flat su rfaces or developable surfaces s uch as cones o r 
cy li nders wh ich can be fla t tened. "!'hey can also be c reat ed mathema tically 
or by a combination o f the tvo methods . 

The i d ea l projec tion vould pro v i de correct s hapes , correct area s , 
correct sca l e , cor rec t bea rings , a good overa l l "fit" and ease of con­
struction . Obtaini ng a ll or even most of these propert ies is impossible 
so t he cartographer must select vhichever feature i s t he most impor tant 
for a particular map , or choose a compromise proj ect ion , o ften one of the 
so c a l led "minimum error" t ypes. 

Correct shape is a character i s tic o1 con(ormal <orthomorphic) projec­
tions. It shou ld be noted that it is only possible to keep thapes correct 
over sma ll arebs . Con(ormal projections preserve true a ngle$ and a 
constant scale 1n a l l 0 1rect1onc about a given point b0cau se the para l l els 
and mer idians cross each oth~r a t righ t angles . Th i s is an essent i al 
character 1st tc tor navigational cha rt$ . Both the Merca~or and the Laobert 
Conforma l Conic are con formal projections and are ·,ddel y used both for sea 
and for air navi gati onal chart ing. As these pro jections preserve ang les 
locally, they also m.ay be used for graphics showing data based on angu l a r 
measuremen t s. These mi ght include tidal streams , lines of gravity and 
magnet i cs , direction of s urf ace- 1,1;:,,ter movements, migrations, a nd bathy­
rnetr y. Nav19atiottal c harti ng u sing conf orma l projections has been 
undertaken tor ce ntur1eo, prov1d1n~ a ready sou~ce o( da ta for use as base 
map information. Th is simplifies t he c artographer'$ ta$k. 

Equa l area is also knovn as equival e nce , This property c an be pre­
served on a map constructed from a proje c tion such as Bonne ' s, but on ly at 
t he expense of d isto r t ed shapes. This proj ect ion can be of great va lue 
tor displayi ng spatial relationships and distributions. When the carto-
9raphic symbol i zat ion requi res a n area or quant i t ative symbo l, such as 
vater vol ume movement, an e qual area projection is needed. 

The a t tainment of full equidist.ance . 1.e. t he pres•rvatJ.on ot scale at 
all po ints on a projec tion , is impossible. On any pro jecti on the a c t ua l 
Gca le U: cont 1nuou,; l y va r ia b.lei it can vary from po int to point and may 
a l so vary ln different. d i r ect Lons . It is possi b l e , hovever, to maintain 
cor rect scale vhere a pr o jection surface meets tho s pher e trom vhi ch it i s 
deri ved. Selec tion of those po ints in a carefu l manner can reduce $Cale 
errors to a minim.um . Equal distance c a n be preserved on z0n ithal pro )ec­
t 1ons . EQu 1dtstant projections a re a useful c ompromise between conf orm.a ) 
and equal a rea projections a nd they a re o ften used for general reference 
grap h ics. The area $Cale changes on equidistant pr o jections are less 

' • ; h 
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dramatic than those on a conforma l pro,ecti on and the angu lar erro rs are 
less than thoso of an equa l area project ion. 

Map projections may be classed in several vays which are summari zed in 
the insert included ~ith this manual. 
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SE:CTION 4 

On the curved surface of the earth, position is defined by the universal 
system of latitude and longitude. All i nternational and most nat ional 
g eograph i c gaze ttee r s us e this $y$t0m for locati ng l i sted features . 
Sma l l-scale maps and marine charts usua ll y d isplay a graticu l e Cnetwo rk) 
o f mer i d i ans and parall e ls to assist i n l ocati ng features using t heir 
geographical coordinates . 

Marine chart graticu les are based on points vhose latitude and longitude 
have been fixed by astronomica l or satell ite observations. In contrast , 
topograp hic maps are surveyed and tied to t he local nationa l geodet ic 
da t um which i s ., re ference networ k f o r horizontal loc ations. This 
somet i mes resul ts 1n a discrepancy in the posit ion o f the graticule shown 
on a coasta l marine chart as c ompared t o t hat shovn on a topographic map . 
Th is is one o f t he main reasons fo r t he current efforts to develop a 
wor ld geodeti c datum based on satell i te observat ions . 

4.2 Horizontal Contro l 

£stab li sh.tng t he prim.ary, hori zont al cont r o l network requires the 
determination o f the l atitudinal and longi tudinal posit ions of the control 
points through a p r ocess knovn as triangulat ion ( Figure 4. 1). Th is 
i nvolves defining a start ing line, called a basel ine , and finding the 
l a titude and longitude o f its end point s. From th is baseline a network o f 
straight lines 1s ext ended to t he desired c ontro l points. The angles 
formed throughout this net wo rk are measured, and trigonomet rical calcula­
t i ons a re used t o determi ne distances and locations vit hin the net wor k. 
corrections must be made for the curvatu r & of the 4arth through calcula­
tions based on spherica l tri gonometry. 

The netvork t hat i s measured to the highes t level of accuracy is called 
the first- order or primary network. Once this is established , second and 
t h ird - order networ ks ca n be bui lt up within it. These ne w n9twork$ 
p rovide a denser array of contro l poin t s as neede d for loca l surveys. 
Usuall y first - o rder surveys are measured t o an accuracy of 1 part i n 
2$ ,000, second-order to 1 i n 10, 000 , and third-order t o 1 part in S, 000 . 
Les s accurate fourth-orde r measurements are used if they do not result 1n 
appreciable map error. 

4. l Coordinate Sys tems 

The rotational motion of the earth spinn ing on its axis provides t vo 
natural points, the po les, upon which to base coordinate systems. The&e 
systems are netvorks o f intersecting l ines igraticu les> i nscribed upon t he 
globe to perfllit t he preci se location of surface featu res. They are a 
method of o rganizing the concepts o f direction and d is ta nce so that 
a comprehensive syst em of rel ationships can l:>e established. Tvo t ype$ of 
systems are in general usage for reference mapping: a geograph ical 
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Figure 4. 2 

- 2:? -

The prt n c.1. p l e ot tr i a ngu la t i on. ( Af t er A. N. Strahler , 
1963) 
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coordinate s ys tem wh ich uses l i nes o t longitude and latitude to f ix 
positions, and a rectangular coordinate s ystem , such a s t he un1versa l 
Transverse Herc a tor {UTH) Crid Syst~m, which use s easting s and northing& 
a$ the l ocational techni que . Naviga tion c harts, in contrast t o t hei r 
terrestrial partner, the topographic rna p, may be overlaid with another 
geo- referencing system, the Loran - C netwo rk la tt ice ( refer to Sect i on 
5.2 . J) . 

Th e ter mino logy asso cia t e d ~ i th coordina te systems i ncludes t he 
tollo111ng : 

1> Great c irc l e: A plane pass ing through the centre of the earth 
cutt i ng the surface in a g reat circle ( Figu re 4.2 ) , e.g., all 
mer id i a ns and the equat or. An arc of a grea t ci rc l e i s t he 
s ho rtest distance bet Yeen t Yo po ints on the earth 's s urface; 

1 1 ) Small circle : A plane passing t hrough the earth, other than 
t hrough the centre ( F igure 4 . 2) , e .g., pa r al lels o f lat i tud e ; 

11 1) Poles : Terminii <no rth and south) o f t he earth's axis ; 

i v ) Merid ia n s ( li nes o f 
conn•ct1ng t h e poles . 
opposite me r idians make 

l o ngi t ude) : A se t of nor th- sou t h 
Each meridian is half a circle. 

a great c i r cle ( Fi gure 4.3 ) ; 

lines 
T vo 

v> Equator: The o n l y g reat c irc l e perpendicular t o t he earth ' s 
axis, and dividing the earth i nto n o r t hern and sou thern hem is ­
p ht-res ; 

v i) Pa rallels <lines o t latitude> : A set of east-west li nes runn ing 
paral lel to the e~uator ( Figure 4 . 3> ; 

v ii > Lat.t tude : The an9le < no :rth e.nd south> subtended by t wo i maginary 
s t raigh t l ines , o ne extend ing from a given place inYards to the 
earth' & c entre, e.nd t he ot her trom the ea rth's ce n tre to th e 
equator ( Fi gure 4 . 4 ) ; 

viii) Longitude: The ang l e (east or vest of t he prime meridian ) subtend­
ed by t vo i maginary straight lines, one ext ending inwards t o the 
e arth ' s ax i s, and the o ther from the earth ' s axis t o the prime 
me r i d i an <PM} , i.e. the merid ian chosen f o r 0° which p as s e s 
through Greenvich, U, K, (Figures 4 . 4 and 4. S) . Going eas~ from the 
PM, t he mer i d ians are numbered up to 180° Eas t (the easter n 
hemisphere ) . Going west from the PM, the meridia ns are numbered up 
to 180 ° West (the vestern hemisphere ) ( Figure 4 .4 ). B-ecau se tht­
meridians conver ge at the poles, t he 1° longitude i nterval d ecreas­
es from 11 1 k i l o me t res at the equator to S6 kil Om$treg a t 60 ° 
North o r South and zero ki l ometres at the po l es (Tabl e 4. 1 ) ; 

i x ) Grat icu le: A ne tvork of l ines representing p a r a lle l s and meri­
dians on paper, i.e. geographic coordi nates vhich a r4 def i ned in 
degrees, minut es and seconds; 

x> Grid: Tvo sets oC paral lel l ines crossi ng a t r i ght ang l es to form 
$QUares, i .e. grid coordina t es . 



Figure 4 . l 

Fi gun , 4. 4 

(a> Me ridians; 
196)) 

Meridian• 
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{b } parallels. 

Par•llelt 

The geographic grid of parallels and meridians. Point A 
has a latitude o f SO Horth and a longitude of 7S West. 
(After A.N. Strahler, t 96 3 ) 
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TABLE 4. l 

THE LENGTH OF 1• INTERVALS OF SELECTED LATITUDES AND LONGITUDES 

LENGTH OF 1• OF LATITUDE LENGTH OF 1• OF LONGITUDE 

Lat i t ude Statute Statute 
(Degre es > Hi l es Ki l o metres Mi les Kilome t re s 

0 6 8.704 10 .569 69.17 2 1 11 .)2 2 
s 68 . 7t0 10 .578 68. 9 1 1 1 10.9 02 

10 68 .725 10 . 6 0 ) 68. 1 29 109 .643 
15 68.751 10 ,644 66.830 107.553 
20 68.786 10 . 70 1 65 . 026 104.6 50 
25 68- 829 10 . 170 62 .729 100 .95 3 
30 68.879 10. 9so 59.956 96 .490 
JS 68 . 935 10 . 94 1 56.725 9 1 . 290 
40 68 . 993 I I • 0 34 53. 063 85.397 
45 69 . 0S4 I I • 1 32 48.995 78.850 
so 69 , 1 1 5 1 1 • 2 30 44. 552 71 . 700 
55 69 . 175 1 1. 327 39 .766 63.997 
60 69 . 230 1 1. 41 S 34. 674 SS .803 
65 69 . 281 1 1 . 491 29 . 315 4 7.178 
70 69-324 1 1. 561 2) . 729 38. 188 
75 69 -360 1 1. 625 17 . 960 28 .9 04 
80 69 -386 1 1.666 12 . 0 51 19. 394 
85 69. 402 I 1 . 6 92 6 - 0 49 9.735 
90 69. 407 1 1 • 100 0 . 000 0.000 

Based on Clarke ell i psoid of 1866 , from u.s. Geol<>gica l Survey Bulle tin 
6S0, "Geographic Ta bles and Formulas• by s.s. Gannett, 19 16, pp . 36 -:)7. 
(Af t er A.N. Strah l er, 1975) 

Fiqu re 4 . 5 The pr i me ( 0°) and other meridia ns fro m the p4rspect1ve 
of the North Pol e. (Afte r A.R. Cr ime, 1978 - 8 0 -) 
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4.3.1 Geographical coordinate system 

The geographica l coordinate system wa s developed from concepts o r i­
ginat ed by Greek phllo&ophers before t he Chri stian era . I t i s the primary 
system used for basi c locational r eckoning, such as navigation and s urve y• 
ing . The system is b&sica l ly on• of sphe r ica l coo rdinates, the me ridi ans 
and pa ra l lels being neither straight nor equally spaced. I t is use fu l for 
mapping large a•eas and the 1r1ea$urement of distances and d i rectio ns in 
angular measure ot degreos, minute$ and seconds. A rectangular coordin­
ate system which is tar simpler i n constr uct i on and usage may be super­
imposed on the geographica l coordi nate s ystem . 

4.3 .2 Rectangular coordi nate system 

The Un iversal Transverse Mercat or <UTH) Grid System 1& an international 
system whi ch provides rectan9ular 9rid iones tor t he glol:>e l:>etv•en 
latitude 8 0° South and 80°North. Poleward of 80°, the Un i versal Polar 
Stereographic Gr id System is used. These syst ems are named atter the map 
projections on which they are b&sed . The lM'H Grid Sy$tem consist$ ot 60 
grid zones , each 6° of l ongitude in wi dth ( Figure 4.6). The or i gin (0°> 
ot t he gr i d tone i s t he inte rsection of th e central mer idian and the 
equator , both straight lines. The grid is a net vork o f 1 ,000 metre, 
10 , 000 metre or 100 , 000 met re s quares , each i d entif ied by the grid 
coordinates of its lover left hand corner. I n stat ing grid coordinates, 
the number of metr es east or ea stings (right> l s given first , fo l l owed by 
the number of met res north or northi ngs (up) . The procedure tor reading 
UTK gr id coor dinates i s explai ned in Fi gure 4 . 7 . In orde r to have all 
east ings increase towards the right across the entire ione , t he centra l 
meridian is given t he arbitrary val ue of 500,000 metres east. The equator 
i& 9 iven t he va l ue of O metre$ north a& the reference line tor northin9s 
increas i ng up to the 80th paralle l north. For thtt southern hemisphere , 
the equator 1$ given the a rbit rary northing o f 10 million metres north , so 
that north ing$ begin vith their l ovest value at 80° South lat i tude and 
increase northward to att ain that f igure at t he equator . The Universa l 
Transverse Mercator Grid System ha s nov been v idely adopt ed for topo­
graphic maps, referencin9 of sat ellite imagery, na t ura l resour ce da t a 
bases and similar applications which require prec ise position ing. 

4.4 Vertica l Datum and Control 

The f i rst step i n set ting up a vertical c ontrol netwo rk is the deter­
mination of a starting level, or datum. The most desirabl e level for t his 
purpose i s the surface ot t he geoid ; if there vere no tides, the surface 
of t h& ocean \o'OUld provide t he required surface . For th is reason, 
measurements that eli mi nate sea level var iations due to tidal action are 
used to establ ish the sea level datum. The establishment of t hi s l eve l or 
da t um requires the recording ot tidal levels ever y hour over a 19 year 
period. These readings are then averaged t o estal:>l ish a me an datum known 
as Hean Sea Level . The Nor th American Datum based on Hean S♦a L♦vel has 
so far been adjust ed t wice, in 1929 and agai n in 1983 . Mea n Sea Level 
( HS L) ls in tact a datum wh ich f l uctuates a ccording to atmospheric 
pressure c hanges , vt nds, tidal for c es , etc . Variations o f up to one metr• 
h4V$ l:>oon noted. 0$spite t his, HSL has bee n adopted by most countries as 
their topographic vert ical re(erence datum. 
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The UTH grid zo ne near the eQuator and at 4S0 North. 
l After /\ . N. Strah l er, 1969 ) 
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The procedure for reading UTM grid coordinates . 
C~nada , Oepa r t me~t ot Energy , Mines and Resources, 

ANYONE CAN READ 
MAP REFERENCES 
QU ICKLY ANO ACCURATELY 

·" " 
SCALE 1:50 000 

• ,wu .. .- ,_,,,.,Y,,... ,, ,,.n ••• 
l•d l\• -1 II IO)'I ... .., 11 _ , 

To find Map ,efe,ence ot : ptoteed as 10110 ... s 

I. f 1r1CJ NumbetQIG11dLnleWes101 /, (91) 
A.~1tain n umOOrof tent hs ;, is East of (9 1> 
Th•s is observed to be 6. 
Se! ii down thus. 9 16. T111s ,s k110'A'll as EASl ING 

2. f u'!(JN1,1mtx:,ot Gfi(fL111('SOll lhof • (94) 
Asc.eitain number of tenths ♦ is fll0ttnol (94) 
This ,s observed to be 4. 
Se! It oown lh us. 944. Th,$ is known .:ts NORTHING 

ThOMapreferenceof ;, 1s 1herefore9l69,i;4 

Nole. Such msp 1eh:i,enc:csrepo.>t every LOO 
K,lomctres, You should quote !he map 
n;:,me if there is chance ot amt>,gu,I)'· 

ALWAYS M{ASUR[ OVER 10 THC (~I AAO 
IH(h' UP 10 11-1( lfOIHH. IN (II Hut \\lll!OS 
FINO TH( (AST11'1C.Tll(N TH( NORlHlliG 

Note• When usmg a reference on 

the 1:250 ooo map give the letters of 
the 1;,rc.e Sqvare concerned. 
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In contrast to t op ographic maps , marine charts must shov hei ghts a nd 
depths above and belov the vater surface at a ny given time. Thus mar ine 
charts use t vo datums other than MSL t o meet these requi rements. 

The mo st impor tant information on a marine chart ls t he min!mull'I depth 
of water at any g i ven po int . Therefore the pr i mary reference datum UGed 
tor marine c harts is Lovest No rmal Water Level. Depths belov t his level 
are kn o wn as sou nd i ngs. In the intert idal zones, heights are me asured 
upwards from t he s ame level and are normally underli ned on the face o f 
t ho c hart. Some charts use the word "dri es" next t o these figures and 
refer to them as dryi ng hei ghts. 

The other datum is chosen t o identif y the land areas on these charts. 
The pheno men on of spring tides, the tvice monthly peak o f tidal range, is 
generally used to de t ermine t h is datum. It may be labelled as Higher 
water Ordinary Spring Tides, Mean High Water Springs, Highest Astronomica l 
Tide, Mean Higher High Water, etc. The variety of mapping and charting 
d atums is il l ustrated in Figure 4.8 . 

On lako charts , the hor h.ontal datum, project ion and grid are usually 
ident ical t o $U rro unding t opographic maps. As vith sea charts, hovev4r , 
the l o vest vater leve l must b e ado pted a s datum for ver tical control . 
Many lakes have a wide seaso nal var i ation , particu larly those vith n o 
outlet . The elevation of this datum above Mean Sea Level shou ld a l ways be 
Quoted . The c hoice of chart datum is usua lly more diff icult in inland 
waters t han coastal vaters because t h e former lack the $tab1 11~1 n9 
i nflue nce the ocean e xerts o n t h • me an vater level. Beca use a river 
descends from i ts source to i ts mouth, c hart datuM must slope similar l y to 
the vater surface of t he r iver at lov stage t o avoid const ant datu m 
vari a t ions throughout the length of the r i vor. 

In contrast to dept h measurecent s, t he elevati ons of promi nent targets 
( e.9 . , beacons) a nd clearances u nder o bs t acles ( e.g., bridges) are 
reterrod t o the datum for elevat ions (Figure 4.8). On most Canadian 
charts this is t he HHW~T (Higher High Water, Large Tide ) . 

Benchmarks <BM) a re fixed olevation markers . In Canada, the Geodetic 
Survey of Canada loc ate 9eodeti c benchmarks in rel ation to the nat ional 
g e-odet1c datum . S iRiilady the Canadia n Hydrographic Service is respons­
ible for hydro9raphic benchmarks vhich identify locally the elevation of 
the physical surface used as chart datum. Althou gh i t i s not necessary 
tor charting purposes, i t is desirable that c hart datum be referenced to 
geodetic datum, so t hat t he geodetic e l eva tion of char t da tum can be 
suppl ied to surveyors and documented on charts. 

4.S Relief - The Third Dimension 

Most peopl e t hink o f l oca tion o nly in horizonta l t erms, being unaware 
of the important thi rd dimension of our env ironment - the vertical. For 
c ertain applicati ons the V$rtical dimension i s an i mportant and sometimes 
critical factor vhich cartographers must por tray within t hei r tvo -dimen ­
sional graphics. In the marine enviro nment , huge and unvi eldy s h i p s must 
maneuver a scant fev metres above u nseen and potentia l l y lethal terrain. 
~n up- to-date nautical chart vil l shov a nav iga tor the topography o f the 
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ocea n bottom so that he can safe ly nav iga te the underwater va lleys and 
ridges. 

4.S.1 Spot value& 

The simp lest represe ntation of su rface elevation is the use o f spot 
values t o indicate the rnea&ureinent o f heigh t o r depth which applies at 
tha t particular point. The spot .ts represented by a sll'lall poi nt s ymbol 
with a number beside 1t indicating the height or depth above or below a 
r e ference va l ue o r d atum. On topographic maps and aeronautical chartg the 
measurement of hei ght i s relat i ve to Hean Sea Level; on marine c hart & 
d epth and height are rel ative to the sel ected chart datum. 

On t opographic ma ps , spot va l ues knovn as spot he ights, a r e sho wn for 
some physica lly monumented bench marks on the ground. Other significant 
locations such as hilltops, mountain passes and road inte rsection s are 
a lso given spot heights (Figure 4 , 9). On nautical char ts, d epth soundings 
are s pot va l ues that shov the depth o f vat.er (Figure 4. 10 ). Spot heights 
and dept h soundi ngs are very si~ple and are accurate fo r t he specif i c 
point chosen. They do not, hovever , provide a graphic et feet of shape, 
nor do they indicate val ues located betve en the spots. Because of th is 
limitation the map viewer c annot easi ly vi s ualize t he cha r acter isti cs of 
the sur face being disp layed, Spot he ights and depth soundings are most 
o ften used as a n informat ion suppl ement to some other technique of shoving 
surface elevation . 

Nau tical c harts ha ve t raditiona ll y shovn a large number o f d epth 
soundings, in addition t o isolines or depth contours, to indicate to the 
mar iner the re l iabili t y of the i nf ormation f rom which t he cha r t vas 
derived. Wit h the increased accurac y of det ai l of modern marine s urve ys , 
hovever, many marine charting organi2ations are now dr opping this practic& 
which simplifies both the pr oduction and usage of t hes• visua l ly mor & 
appeali ng products . 

4 . S.2 Contours 

Contours , or 1soJJne$, are by ta r th9 most wide l y used method of 
portraying relief or depths on maps and charts ( Figure 4.9 ) . They may be 
defined as l ines o f constant elevat ion or depth ; they ar& 1111a91nary but 
they appear on the map a$ r eal lines. 

Contours can 00 obtain&d i n several ways , including: 

1) tr&dition& l s urveyi ng techniques ; 
11) hydrograph ic sUr'✓&ying ; 

111) interpolat ion from s pot heights o r depth soundings; 
iv) photo9rammetr i c plotting ; 
v) dropline t echni ques in orthophot o product ion; 

vi) conver$10n trom other mapping . 

Unfortunately , i t 1$ rarely poss ible to det ermine the origin and nature 
ot contours on a given map . In particula r, t he reliabi l ity of inter ­
polated or sket ched contours vill vary from map to map a nd vith the skills 
of t he map maker. Contours on ll\any o lder maps should be t reated vi t h 
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Relie f a$ portrayed by contours. ( After Canad a, Depart­
ment ot Enerqy , Mines and Resources , n.d. > 
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susp 1c1on unless detail$ of the accuracy are provided. Obtaining accurat e 
contours by traditional survey techn iques is tedious and wil l often double 
the cost of a given survey . Hence, many contours have been interpola t ed 
from minilD<ll survey dota. General ly speaking, modern photogrammetrically 
plotted contours are drawn wi th a large amount of det ail, therefore their 
accuracy will often r4v4al the errors existing on older mapping. 

-1.s. 2.1 Har1nc contours CFigure 4 , 11): Surveying the ocean f loor is 
still sub,ect to considerable diff icul ty, as boa t s and vat er s urfaces are 
normal l y 1n motion during a survey. Accuracy of positions at sea, unti l 
the advent of sat4ll1t4S, depended on the distance from shore . High seas 
positioning h1$tOrically depended o n astro nomic obser vations using 
sextants , which wer4 not noted for their accu racy. 

Dept h measurement s are taken relative t o an artificial datum surface 
becauae the actual sea level is constantly fluctuating. There are also 
severa l different reference datums in usage, for example, those used by 
Brttai n and trance vary by 0.6 metres. For reasons of safety the French 
use the Approximat e Lovest Low Wate r, vhile Britain has used one which is 
0 .6 metres belov Lov Water Mean Spring Tide. 

Most nautica l char ts are notable for the density of spot depths, 
but t he spot s are not evenly distributed, being concentrated along 
navigation routes, at river rnouths a nd shal low areas {Figure 4.10). 

It is important t o note that hydrographic charts, designed for navi­
gation, and bathymetric charts , designed to depict marine topography, vill 
be contoured differently using the same data. Hydrographic charts empha­
size shallov wat er zones as a deliberate safet y f ac tor. Bathymet ric 
c harts are the mar ine equivalent of topographic maps1 t he interpolation of 
contour& i s based strictl y on the spot depth values and the distance 
between them . 

The accuracy standards of marine mapping are even more varied than t hat 
of land mapping . In general, the continenta l shelves of the vorld have 
been poorl y mapped by modern standards. In Canada, for instance, o nly 
50 \ of t hose areas carrying commer cial maritime t raff ic are up to modern 
mapping standard&, and in Arctic vaters it is less than 20\. 

4.S.2.2 Vertical or contour interval : This is the vertical distance 
between tvo adjacent contour lines , It is ue:ually a con#ta.nt unit on 
topographic maps vhereas many hydrographic charts utilize a number of 
dU!ering intervals. This latter system is of great benefit to t he map 
user because it is the vertical interva l vhich large ly controls the 
effect iveness of contours i n representing the terrain. Any teature 
vhose height i s less than t h e vertica l i nterval vil l probably not be 
identified by the contou r pattern , therefore a great deal of "micro­
rel ief* information that may be of interest to some people ls loat on 
standard topographic mapping. Selecting a smaller contour interval in 
areas of l o v rel ief i s an obvi ous solut ion which is not used 41nou9h in 
these days of standardized p resentations . Conversely, in mountainous 
regions th~ contour i n terval should be kept larger t o p revent overcrowd­
ing. Since varyi ng contour i ntervals could lead to c onsistency probl ems 
in series mapping, a system to select contour spacings for various m.ap 
scales is necessary . The most comprehensive system for that purpose was 
deve loped by the noted German cartographer , Eduard Imhof. See Table 4.2. 
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Example of bathymetr1c· contours . (Canadian Hydrographic 
Service , Cha.rt no. 1 S062) 
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TABLE 4. 2 

CONTOUR SPACINGS FOR VARI OUS HAP SCALES {After E. Imho f, 1965 ) 

SCALE 

I , 2 , 000 

1,5, 0 00 

1 :1 0,000 

1 :25,000 

1 :50,000 

1:100 , 000 

1:250,000 

1 : 1, 0 00 , 000 

1.0 

2. 5 

s.o 
12 . 5 

25 

so 
12s 

soo 

A 

2 3 

2 2 . 7 

5 S. 7 

IO 1 0 

\ 0 .2 19 

20 . 2 s 29 

so 47 

100 85 

2 00 200 

4 

2 

s 
5 

20 

20 

so 
100 

200 

5 

1.0 

2.s 

s 
10 

10 

2S 

50 

100 

contour spacings in met res 

Key: 

A: STEEP RELIEF (slopes up to 4 5°) 

B 

6 

I . 0 

2 

s 

10 

10 

25 

so 
100 

1. Smal lest contour interva l for ease of dravi n9 . 
2. Host common l y used vertical interval . 

C 

7 

o. s 
1. 0 

2 

2.5 

s 
s 

10 

20 

3. Theoret.ical contour interval beised on empi r i cal formul a . 
1, Recommended interval for principal contours . 
5. Recommended interval for intermedia t e contour vhere those are 

necessary t o depict features vh ich vould norma l ly be omitted. 

S: MEDIUM RELIEF {slopes u p to i6° ) 

6. Recommended contour i nterval . 

C : LOW RELIEF ( slo pes up to 9 ° ) 

7. Recommend ed contou r interval. 
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Intermedia te o r auxil iary contours a r t a solution to the problem posed 
above. They are inserted between contours o f standard vert i ca l i nt e rval& 
to il l us t ra t e s i gnificant minor features. To e nsur e that their non-stand­
ard natu re does not confuse t he reade r, t hey are dra vn with broken or 
dotted !in$$ or, occasional ly, in another colour . 

A c ontour line is of little u$Q to a map r e ader unless its value c an be 
easil y identified. lfume r ica l values are placed i n s hort gaps in the 
a ppropr iate line and aligned vith t he loca l orientation ot t hat line . Tvo 
di fferent convent i ons have been developed for numbering contours: 

i) t he * t op fl o f t he n umber indicating t he up - elope di r ect i on 
(upslope) ; 

ii) numbers placed s uch that t hey can bo eas1ly r e ad from t he norm.al 
base vi ewing pos ition ot t h¢ 1n.,p (upright ) . 

There is no ru le vhich controls the numbe r o f contour numbers on a ma p 
s hee t. The only 9oid8 h that. the map user mus t be ab l e to obtai n the 
accu rate releva nt i n for mation r equ i red vith a rninimuD of effort . The 
frequenc y o f t he number placement must be ,ud9ed accordingly . The vi sual 
l add er ef fect c r eated by l onq str1nqs of numbers should be a voided because 
i t is highly disrupti ve . In contrast , tota l ly r andom nuobe r placement is 
difficult tor map readers to i nterpret . 

4 . S . 2.J Index l i nes : Many ~aps have a hiqh density o f complex isolines or 
contours. Without a visual aid t he r eader can become dis o rient ed a nd 
misinterpre t the in f ormation . Conve ntion ha s e very fourth or fi f th 
line dravn visibl y wider to aid i n interpretation . The sel ection o( the 
fourth or fifth line as the index depends on the contour 1nun·val . The 
most rou nded a,nd convenient contour interval s hould be selected , for 
exaople , a map vith 2S met re cont our i nte r vals vould s ho"'' t.he fourt h or 
100 metre l ine a s an index . 

4. S . 2 . 4 Contour a ccura c y : hs indicated e a rlier t his is not ea sy to 
ascert ain . The moGt reliabl e contour$ are norm.t'lly t hose derived photo­
qramll\etrica lly, a lthough t heir s t andards ca n var y wide l y . In No r th 
Amer i c a t he abs o l ute accur ac y standa rd speci f ies that contour l ines ll\USt 
be po sitioned vithin a band r e present i ng one ha lf the c o nto ur int e rva l 
above and be l ow t he true elevation. This i s adequa t e fo r most engineering 
purposes but contours cannot show true slope or var iation i n the terra in; 
unless the i nterval is much small&r thar, the absolute accuracy standard . 
Int.ermod1atc contoul"S Ghould not be i nterpolated between the contou rs of 
an ex isting topographic map because t he land dO$S not necesg&r ily slope 
e ven l y bet veen t vo contour s. 

4. S . 2 .S Cont ou r characte r istics : 
charac terist ics : 

The following ts a l ist ot cor:.tour 

i > Con t o u rs are 
ot t h0 la nd , 
that location ; 

&l vays hor i zonta l 
!.~ . t he d irection 

and perp endicular ~o the d i p 
in vhich vater vo uld r un at 
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11 I Al l contours are closed lines , unless cut ott by thQ ma rgin of th~ 
map : 

iiil Contours become clos~r as the slope of the terrain steepens ; 

1vl On crossing rivers , contours vill point upstream except on a 
fov alluvial fans; 

v> If the contour interval is too hr9e , )ov reliet '-'ill not be 
recorded ; 

vi> !i eighbouring contours do not cross or touch ebch other , .,, 1th th& 
except ion of cliffs and overh&ng$ . 

Hachures have historically been a very important and co1t.mon me thod of 
shoving relief a nd slopes (Figure 4 . 12} . They consist of short (often 
tiny) l ines a rranged so t hat they fb.Ce "do..,nhill'" . Each h &Chure 11 1~0 U GS 
in the directi◊r) ot the ,teepest slope . On steep slopes they are short 
but clot c together, and on flatter slopes they are longer but furthe r 
apart . They can also be dra•·n with a var iet y o f line vidths, heavier 
l ines i ndica ting steeper slopes. 

These techniques can be quite precise and produce a good visua l impres ­
sion of relief. '!'hey are, however, extremely time consuming , and carto­
graphers need considerable prac t ice to use the t echnique effect ively, 
Also t he black hachure lines on the map face tend to hide o ther det ail. 
For most applications the cost a nd time i nvolved in producing t hese 
gymbOls a re prohibitive , especially as t here are better methods of shoving 
relief. 

4 . S .4 Other techniques for s hoving relief 

There are a growing variety of shading techniques, such as illuminat ed 
contours , hill shading a nd step surface s hading , ...,hich are repl acing 
hachures as a means ot sho.,.. ing re l ief . Complex terra i n c a n also be 
portrayed by tllustr.,,tive techniques , for exampl e , r ock draving and the 
use of phys109raph1c &nd land form symbols. Details of these re l ati ve l y 
sophistica ted cartographic techniques can be obtained from more s pec ia l ­
ized texts . 

' ' ; h 
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SECTIONS 

$ . BASE MAP$ ANO THEIR CONSTRUCTIOW 

8-efore t hemat i c o r marine resour ce mapping can pt'oceed it i s e&sent i al 
t o understand the content and con&tt'uction of base maps whi ch constitute 
t he foundation o n ...,h .ich them&t 1C: 1nformat1on 1$ overla i cl. Base maps &re 
general l y in the form of topographi c maps or hydrographic c harts . 

5.1 The Topographic Mae 

S.1 . 1 Function 

The topographic map presents the cu ltura l and physical features of t he 
l and, usual l y i n various co lours , and g ives their exact geographic 
location in t erms o f latitude, l ongitude and e l evation above s e a level. 
Features on a topographi c map may be classified into four ma in divisions: 
wat er, r e lief, culture and vegetation {r efer to Sect i on 1 ) . 

s.1.2 Sca l e 

Three met.hods are commonly used to express scale on maps < ref el:' to 
Sect ion ll . They oay be summarized a s fol lovs: 

i) representative frac t i on , vhi ch is the proportion o f map dist ance 
to tru e d i stance expressed as a mathematical ra tio, e.g., 
1 : 250,00 0; 

i i> scale s tatement, which is a wri tten s t a t ement of map distance i n 
relation to t r ue distance, e .g., 1 c e ntimetre= 10 kilomet res; 

111) bar scale, which consi sts o f one or more graduated straight lines 
vhlch are subdivided int o unlt s of ground distance . 

Topographic maps are commonl y produced in one of five scales : 

il 1 :2s,oo o 

11 ) 1: 50,000 

iii) 1: 12 5,0 00 

iv) 1 :2S0,000 

v) 1 :1,000 , 0 00 

4 c entimetres to 1 kilometre or approximately 
2 1/2 inches t o the mile; 

2 centimetre~ to 1 k i lome t re o r approxi ­
matel y 1 1/ 4 1ncho$ to t he mi l e ; 

1 centimet re to 1 1/ 4 ki l ometres O I:' approxi­
matel y 1/ 2 inch t o the mile; 

1 cent imetre t o 2 1/2 kilometres or a pproxi­
matel y 1/ 4 inch to the mi l e ; 

1 centimetre to 1 0 k ilometres or a pproxi ­
mately 1/ 16 inch t o t he mile. 

Many countri es, however , st i l l use old er mapping at 1 : 63 , 360 or 1 inch 
to 1 mile, and 1:15 , 840 or I inch to 1/4 mile . 
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5.1.3 Geographic coordinate system 

In Canada. !or $xamp l e , the Nat i ona l Topoqraphic Series uses t he Trans ­
ve r s e Me r c ato r pro jectio n as t he geoqraphica l c oordinate syst e m o f 
la t itudes and l onqitudes on vhich is s uperi mposed the UTM Grid System; 
Canada i s d ivid ed into sixteen North -South strips or zones o f 6° lonqi tude 
i refer t o Section 4 . 3 and Fi gure s .1 ) . These strips are part of t he 
vorld- vide UTM Grid Syst em o f 60 zones . 

S .1.4 Production 

The ke y s taqes o f t opograph ic map produc t i on are as fol l o~s: 

5.1 . 4 . , Aerilll photographv of area t.o be mapped: An a acraft equipped 
with a s pecial aer lal survey c a mera, fl yi ng a t a spec1f1c speed and an 
altitude of S , 000 to 10 ,00 0 metro$ , t ake$ ., $UCCGSGion of photographs of 
the terl'"ain l n parallel s t rips vith 20-40\ overlap laterally and 60\ in 
the d i r@ction of fl ight fF i gur(l s .2 ). Thu$ ea ch porti on o! land appears 
at least t wico i n the photo ser ies , a necessity for produc1n9 a three ­
dime nGi ona l viG ua l model ( i mage) from vhi c h t he map i n formation i s 
der ived . .:,erial photography is repeated r eqular l y t o provide up - to-dau, 
i nformation fo r t he revision of t opographica l mappi ng. 

s. I .4. 2 Gi ving the aer ial photggraph a geog raphic location : An aerial 
photograph pr ovides only a v1sua l tvo-d1mens ional r e presen t ati on o f the 
t errai n . It does not show the heiqht o( mountains,. d ept hs of va l leys, 
etc . The following are the procedures r equi red to es t ablish the exact 
geoqraph i c location of each photog raph so t hat t he featur es of the photo• 
g r a ph c an be accura te ly t r an sferred t o a map: 

1 > e a ch photogr a ph is give n a ,grid to permit interre l at i o n ...- 1 th 
ad jacent photog raphs ; 

11 > fie ld surve ys establish prima ry cont rol po int s by measuring their 
exact latitude, longitude and height a bove sea leve l . 

Pr imary contro l point s estab lished by sur veyors i n the fiel d i nc l ude 
t he fo llowing tvo types : 

i > vert i cal c ontro l po ints, or bench marks , which ptovide a pr ecise 
height above sea l eve l ; 

11) ho r!iont a l contro l points which pr ovide precise l at it ud e and 
lon,g itude coordi na t es. 

The primary cont ro l points are marked vith a vhi t e c r oss and photo­
graphed by an aircraft flying dir ect l y above at a pr &det e r mined a ltitude , 
Thi s o pe rat ion t ies some of the a@ri a l phot oqr aphs to a precise ground 
l ocat ion, a primary cont ro l poi nt . Approx i mate l y o ne i n ten aerial 
photoqraphs is positioned by t.his method . 
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Figure S . 1 UTH zonee and cent ra l meridians 
Ca nada , Department of Energy , Mines 
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Figure S. 3 Photogrammetry: the mapma ker vieY i ng two overlapping 
photographs s t ereoscopical l y to produce a three-dimen ­
sional model . { After Canada, Department o f Energy, Mines 
and Resources, 1976) 
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Secondary control po ints, such as bu ildinqs , river ,unctions, head­
lands, etc., are chosen t o fix the posit ion of the remaining photographs. 
These c ontrol po ints,. identif i ed by s urve yo r s in t he He ld, may include 
the folloving two t ypes: 

1) tie poi n t s, used t o mathematically tie together the ad j a c ent 
photographs; 

11 ) pass points, which are only used in aerotriangulation to assist in 
t he mathematica l adjust ment of meaturementG for t he whole area . 

Measurement of latitude , longitude, and height above s•a level for the 
seco ndary co ntrol points 1s eG:tablished by aerotriangulation. In this 
system t he gr i d of the berhl photograph 1$ used to provide grid coor­
dinates for t he secondary control points that occ ur in t he photograph . 
With the aid of a computer and coordinate georne t ry, the individua l grid s 
o f e ach aerial phot ograph are co mbined into one common gr id for the whole 
ar e a to be mapped . The latitude, l ongi t ude and e l eva t ion for the 
secondary control points are then ca l c ulated, based on t heir position 
relative to each o ther and the p r ecisely surveyed primary control points. 

s . i . 4 .3 Plotting the ma p CPhotog rammetry t : Photogrammetry 1s a process 
by wh ich 1ntorm.at ion is transferred from the a erial pho t ograph s to t he map 
m.anuGcript. The process consist s of a number o f phases: 

1) Th e phot ogrammet ric compi le r f i rst p r oduces a t hree-di m•nsiona l 
visual mode l by viewi ng tvo overlapp ing aerial phot ographs of the 
sa me area taken from different c ame ra s tations in a stereoscopic 
plott ing machine ( F i gur• S.3). The model is posi tioned and 
expanded or contracted to fit the required scale according to the 
seconda ry contro l points , Le . the t vo berla l photogr aphs in t he 
$ter eoscope a re levelled to corre:ct horizonta l or vertical dis• 
placeme nt due to the t i lt or h•ading of the photographic aircraft; 

11 > A manuscript i s produced by trac ing the required features on a 
sheet of translucent plas t ic . The p hotogramme tr1c equipment 
has a smal 1 f loat ! ng mark in its viewer that t he compiler moves 
t hroughout the model to trace any feature. A drawi ng stylu s on a 
connect i ng d raft i ng t able follows the movement of the floating 
mark and sket ches fine lines ac ross the manuscr i pt. For contour 
l i nes, the compi ler set& the vertica l height readi ng of the 
equipment at a selected elevation. The mark is then moved t hrough 
t he visual three-dimensi onal model so that it a l vays appears to be 
in contac t vith the ground at that level, thus plotting a path of 
equal elevat ion, a contour lin& . The init ial manuscript info rm­
a t ion shovs cultural features , vater , vegetation and c ontours. 
The info rmation on the manuscript i ~ verified by ground checking . 
Add itional names, appropriate symbols, e t c ., are no v added. 
Th e m.a nuscript is t he n ed ited and ins pec t ed before the car to­
graphic process begins. 

S.1 .4.4 The car t ographic proce§s: This process transtorrns t he ini tial 
manuscri pt information into separate negatives from which printing plates 
for e ach printing colour are made for map r~product 1on (Figure S. 4). Si x 



- 4 5 -

Figure 5. 4 Phases of topographic map product i on. (After Canada, 
Department o f Energy, Mines and Resources, 1976 } 

~ ' 
iY, / ,;7 '" I / ,-

~~­~,v~J1 -P 
rt_ /2 

I) 

MANUSCAIPTPREPAAATION BY 1 
PHOTOGAAMMETAIC METHODS 

I) 

LINE NEGATIVE , BLUE 3 

TYPE OVERLAY NEGATIVE-BLUE 5 

PRODUCTION OF PAINTING PLATE 7 
FROM I I NF TYPJ: nvJ:RI AV ANO ARFA 

SCRIBING THE LINE NEGATIVE 2 

TYPE OVERLAY POSITIVE , BLUE 4 

p 

AREA NEGATIVE· LIGHT BLUE 6 

p 

PRINTING PLATE · BLUE 8 



- 46 -

basic col ours are normally used in topographic map making: 

i) black, tor cultural features; 
11) blue , for water systems and grid; 

111) brown, for contours ; 
iv) red/orange, for road systems; 
v) green, (or vegetation . 

Th ree types o t negat.ives are produced to rnake the printing plates for 
each colour : 

1> Line negatives ( re fer t o Sect i on 11) : The 1:;1anuscript base sheet 
is photographed or contacted to negat ive form. Using the negative, 
a guide image is reproduced on scribing film by a photo-chem.1cal 
method . Scribing film is clear plast ic wi t h l'I coloured coating 
..,hich i s scribed or engraved (Figure 5.5) along the guide lines 
produced by the negatives on the coat ing . The e nd result is a line 
negative; 

ii ) Type overlay negat ives <refer to Sect ion 11) : These s how geo­
graphic names, labels , elevations, figur•s and bot'dering infor ma­
t i on which may appear on t.he f inal map in more than one colour 
le.g. , black for land features, bl ue for vater features and brown 
fo r e l evat ion numbers on contour lines ) . Separate type negatives 
are, therefore, produced for each colour . Each type item is given 
a t ype style a nd size. The type i s positioned on a plastic over l ay 
sheet in the place it ~i l l appear on the map, using a line positive 
o f the base as an outline gu i de . The type overl ay is then conver­
t ed to a type negat ive by the contact process . For relatively 
simp l e jo bs a single type overlay and oingle type negative are 
usual ly sutticient . This saves cons1derably on reproduction costs 
and also ma ke& checki ng easier. Col our separation of the names is 
accompl ished with masks ; 

111 > Area negatives i refer to Section 11): Normall y cal l ed "peel 
coats• , these are a lso termed .. open vindov" or "artificia l " 
negatives. The y are used to p r oduce areas of solid or tinted 
col our , e .g. , bl ue area for ..,ater. The Unevork i ~ge on a sheet 
of scribing film or line negative is etched photornechanically onto 
sensitized pee lable material. The coating is then peeled from the 
area to be col oured or shaded, so that it ~comes a clear plasti c 
windov. 

Composi te ne~at i ves for each of t he print ing colours are then produced. 
Alignm(lnt of the individua l negat.ive components 1$ assured by punching 
r egistration holes in each negat ive which are fitted to metal plns 
o r bars. The cartographer then prepares a colour proof (refer to Section 
12 . 1 .11) of t he ma p , from all of the composite negatives , for editing 
purposes. 

S. 1 . 4 . S The printing plates: A co l our plate for each of t he printing 
colours is produced by exposing the i mage onto a light sensitive printing 
plate. This is achieved by shining an arc light through th e compos ite 
negat.tve tor that particular colour i n c ontact vith the p l ate. The 
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Scr1b1n9. (After Internationa l Cartographic Associat ion , 
19 8 4) 

Map borders and marg ins . 
P.J . Oxtoby, 1977 } 

lEFT IA.ARG:N 

80AOEA 

" ,. 
~ 
~ ,. 
~ 
m 

2 
m ,. 
~ 

~ 

% 
m 

"' H30H08 

Nl!Hl'dlJJ 1H!)lij 

( hfter A . J . Kers and 

C: 
~ 

m ~ 

0 
m 
= = 0 ;: 

m ,. 
= = ~ 

2 



- 48 .. 

lacquerGd o.r<:1as on the print i ng plate vhich show the map image retain 
1nk and repel vater; the non-image areas r e tain vater and r e pel ink. The 
pl ate is pliable so t hat it can be shaped around a cylinder. Single paper 
sheets are t he n passed through the press and pr inted ~ith the basic colour 
images and t heir tint variations (refer to Section 12). 

5 .1 .4.6 Automated c artography: All information that appears on a map 
c an be digitized, i.e . converted into the computer's numeri cal code form. 
It can then be filed as computer data on magnet ic tape or on hard or 
floppy disk for selection by the map maker . Digitized data can be ted 
into an automatic plotting machine to be reproduced as a map ( refer t o 
Section 14 l . 

I nformation can be digitized direct l y from the photoqrammetric plotter, 
thus avoiding the steps of preparing an initial map manuscript and manual 
d i gitization. After checking and editing, it c an be automa tical ly scribed 
on scribing f i lm for t he production of print ing pl ates, or t he information 
may be reproduced by a photo- head plotter on photographic film. 

S.1.4.1 The finished pr oduct: In addition t o showing the features o f 
part of the earth's surface vithin a given frarnevork (graticule o r grid}, 
topographic maps conta in marginal and border information. The type and 
po$ it1on of t his information has been standardized as follows ( Figure 
S. 6 >, 

i > Margin: the area of paper surrounding the outer framevork of the 
map; 

i i ) Neat l ine: the line (graticule or grid) enclo$1ng the mapped area; 

i i i ) Border: the area betveen the neat li ne and the outor (ramework 
of the map; 

.t.v) Map face: mapped area enclosed by the neat line. 

The folloving is a list of items r ~garded as essent1al 1nrormation for 
inclus i on in the topographic map margin (Pigure 5.7) and may be useful a s 
a checklist when designing maps in general : 

i) sheet name or title; 
ii) $8rie& number; 

111) she~t number; 
i v) editi on designation ; 
v) identification panel (contains 2nd, 3rd and 4th items above ) ; 

vi> date or aeri al photography used for map compi l ation; 
v11) date of aeri al photography used for map update; 

v111) area ot coverage of the series (series title }; 
ix) representat i ve traction $Cale; 
x) graphic bar scale ; 

xi) unit of elevation osed, e .9 ., met r es or feet; 
xii ) contour interval and unit, e . g ., 2 metre contour interval; 

xiii) conventional signs (legend}; 
xiv) elevation tint box; 
xv) 1ndex to adjoining sheets; 
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xvi) notes concerning grid(s) ; 
xvii) instructions on the use o f the grid reference system; 

xviii ) declination dia9rom (information on the relat ionship between t rue, 
gr id and m&9net 1.c north >; 

xix) pro jection and datums ; 
xx > names and boundar ie s disclaimer note, e.g., "Th 1S map is not 

an aut hority on internati onal boundaries• ; 
xxi } publ ication note, e.g., name of publishing agency; 

xxii ) history note , e.g., t ype of production and list ot sources on 
whic h map i s based ; 

xx i i i> copyright not e; 
xxiv) printing note and printer ' s imprint, i.e . d 1$t.1nct fro1r1 publ isher 's 

name. 

The following is a l ist of i tems reqarded as essentlal tor 1ncl ut1on a s 
map border in formation ( Figure 5.8): 

1) geograph ical coordinates of the sheet corners ; 
11> values o f graticule l ines or ticks; 

111) grid values; 
i v> desti nation of road or ra!lvays; 
v) that po r tion of a name vhich over laps into the next sheet . 

Optio nal marginal and border information ro.ay include the tol l ov1n9 : 

i) compilation diagrams; 
ii ) glossary of terms; 

i ii ) boundaries diagram; 
iv) conversion diagrams, e .g . , metres to feet; 
v) reliability diagram; 

vi) representation of relief diagram; 
vi i ) other i tems vhich may be required in specific instances. 

s . 2 The Mar i ne Chart 

5. 2. l Funct i on 

A marine) chart 1$ essential for saf e naviga t ion and the practice o f 
surveying and c hart ing vater for the purpose of navigation is knovn as 
hydrography . Marine charts are i mportant to a number of economi c sectors 
inc luding: 

i l commercial shipping; 
11> f i shing f l eet s ; 

i i i> aquaculture operations; 
i v> offshore and coasta l oi l and 9~s i ndus t ry ; 

v> coastal mines and industri a l plant& ; 
v i > recreat tona l $a i l i ng. 
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Figure 5.7 Margina l information tor a topographic map. 
J.s. Keates, 1973) 
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S. 2. 2 The hyd rographic sun•ey 

The fundamental operation in hydrogra ph1c surveying is soundi ng, that 
1$, measuring ~ater depths . These are indicated on a chart by the follow­
ing conventions : 

i ) depth soundings represented by a point symbol v it h a number 
beside it i ndicating t ho depth; 

ii ) contou r lines , referred to as bathymetric li nes in marine charts 
which join soundings o f equal depth; 

111> colour coding, vhich indica t es an increase or decrease in depth by 
t he use of varying tints of a col our. 

For centur i es soundings wer8 obtained by a lead veight tied to a line 
l o wered over t he side of a ship. This method, Yhile accurate , is time ­
consumi ng and does not give a c ontinuous profile of t he ocean . For 
det ailed l arge - sca l e surveys of confined areas , and for shoal e xami nation , 
ho~ever ,the leadl ine method i s s till used today. 

Most modern surveys are carried out with an instrument k.no,.,n as Sonar 
(§gund ~vigation and aanging), also called an acoustic depth tinder , echo 
sounder o r f athometer. Depths a re determi ned by measuring the time 
required tor a sound wave to travel from a transducer mounted in the hu ll 
of a survey s h ip to t he ocH,n bottom and back to thit ship . Thit ocean 
bottom reflects sound as a mountain face reflects sound in a ir , producing 
an echo . In fact echos are raor e easi l y obtained f rom the sea bottom . 
Because o f l over absorption, sound in vater wi l l travel many times as far 
as it will in air . The propert ies of sea vat er also ensure reasonably 
constant velocities of sound - about 1440 me t res per second. 

Sonar distances are obtained by measuring a signal's round trip travel 
time, dividing by tvo and mu lt i plying by t he ve l ocit y of sou nd in sea 
water. A mea surement that previously took hours using the leadline method 
can nov be obta ined in seconds using sonar. Mode rn echo sounders continu­
ously and automatically record signa l s, c reat ing a c ontinuous profile of 
the bottom rel ief along the ship's track. 

S.2.3 Posit i oning 

Sou ndings must be located precisely on a char t . In former days vhen 
surveys vere normally conducted ..,.ith1 n sight of shore, the geographic 
location ot these soundings vas measured with a sextant, an instrument for 
measur ing a ngles. A typica l sext ant reading is obt ained by s imu ltaneous ly 
measuring tvo angle& between three clearly marked "stations" on shore, the 
positions of vhich are knovn from previous measurement s . From this, it i s 
poss lble to plot the exact posit ion o f the vessel at t he time the a ngles 
were measured (Figure S.9 and Table S , 1 ) . Today th e sextant has bee n 
replaced "' ith a number of e l ectro n ic syste ms . With the exception o f 
satel l ite systems t here is an inevitable t rade-of f in positioning sy$t4ms 
between ranqe and accuracy. The systems developed for shorter range are 
nor~lly more accurate than those used for long ranges. 
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Shipboard positioning. {After Ca nada, Department of 
r'ishe ries a nd Oce&ns, 1919) 
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TABLE $ , I 

FEATURES REQUI RED FOR POSITION FIXING 
( A tto r M. Schrni d t , 1979 ) 

Cha rts used for: 

POSITIOH FIXING 

Graticule 
Magnetic var iati on 
Coast al configuration1 
Land topography2 
Detai l ed l and t o pography 
Landmarks visibl e f rom a ta r 
All landmarks 
Soundings1 

All depth data 
Nature of bottom and dept h 
data f or e cho sound 1n9s 

Nature o f bottom 
Selec~ed marks on l and or at sea 
All marks on land or a t sea 
Leading lines 
Radar conspicuous ob jec ts 
Se l ect ed mari t i me radio , radio 

nav 19at i on and radio determi n­
a t i on s t ations 

Rad i obeacons 
Limi t s o f radar s t a t ions 
Hype rbol i c navigat i on grids 

• • • • 
X 
X 

X 

X 

overseas 
navi ga t i on 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

coastal 
nav19ation 

X 
X 

X 
X 

X 

X 

X 

X 
X 

X 

X 

X 

X 

X 
X 
X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
X 

X 

. . . .. •• •• • • • • .. 
•• 
X 
X 
X 

X 

X 

X 

X 

X 
X 
X 

X 

X 
X 
X 

X 

X 
X 

X 

1. Sounding$ a nd depth contours must be sel ect ed so t hat their d epiction 
permi t $ the ma r i ner to drav c o ncl us i ons regarding the dens i t y of the 
surveys. Even very deep s oundings must be shown on char ts si nc e areas 
without depth da ta wi l l suggest i ncompl ete s urveys. The depth dat a must 
be shovn f or the vho le area and not be l imited t o certai n chan ne l s. 

2 . Coastal co nf i g urat i on a nd land t opography a r e essential eleme nt & for 
position fixing and cannot be omitt ed, notvlthstanding modern na v19ationa l 
methods. Topographi c features extendi ng i nland from the c oa gtal a rea may 
become necessary i n t he case of par ticularly c o nspicuou s l andmarks 
v1$ 1b l e over a great dlsta nce, the depic t ion o f spot height$ alone being 
in$ t1 U i c i ent. 
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Some fl)()ljern posit i oning systems incl ude t he f o l loving : 

i) Short ra nge systO:m$ ( in s ight o f l and ) - micro wave frequencies , 
e . 9 . , MinirangeY o r Tellurometer MRO - accuracies of 10 metres , 
restrict ed to l i ne o f sight; 

U ) Me d i u m range systems - medi um frequencies , e .g., Hi - Fix 6 o r 
Argo - ac curacies of 20-50 metres , 100 - 200 k ilometres from shore; 

111) Long range systems - pulsed , low frequency : 

a > LORAN - C is a pulsed, low- frequen c y , long rang e hyperbolic 
radio nav igat ion system. I t combines features o f both LORAN- A 
and DECCA, two syst ems of navigation accep ted throughout t he 
world. 

Hyperbo l ic navigation systems o perate on the principle that 
the di fference in t ime of a rr ival ot signa l s trom t wo s t a­
tions, observed at a point in t he cover age a rea , i s a measure 
of the differences in distance fro m the point of o bservation 
to e ach o f t h e statio ns. 

LDRAN"- C s tations are l ocated on land a nd are grouped t o form a 
• chain'' ; one stat ion i s l abelled t he Mast er (designated H) and 
the others are called secondary statio ns (desig nat ed W, X, Y, 
o r 2). Signals t ransmitted from the secondaries are synchro­
nized wi th the master signa l. 

As an examp l e, in Figure 5 .10, t he master statio n ( M} and the 
secondary station {X) t ransmit synchroni zed pulses at precise 
ti me intervals . The on - board LORAN•C recei ver measures the 
sl i g h t d ifference i n time tha t i t takes for these pulsed 
signals t o reach t he ship from this pair of t r an&mitters . T he 
time difference (TO) is measured in microseconds , or 
milliont hs of a sec ond , and i s t hen disp layed a s one readout 
on the receiver. When at position "A", the time difference 
displayed is 13,000 . 0 mi crosecond s . T h is t ime di ffe r ence can 
be plott ed o n a LORAN-C l atticed chart on a U ne - o f - posi t i o n 
(LOP). With just t his one number , the vessel could be located 
some where along t he " 13 , 0 00 line-of - position• . 

Next a TO measurement is taken fro m the master station ( M) and 
a nother secondary (in t his c ase Y}. The LORAN• C r e ceiver then 
d isp lays the TD bet..,een H and Y. Continuing vith the same 
e xample, t he TD displayed is 31,000 .0 micro seconds . Again the 
TO i s plotted as a LOP and the vessel ' s po s i tion is loc ated 
somevh er e a lon9 t he 3 1, 00 0 LOP . Where t he tvo LOP's intersec t 
is t he vessGl& exact location ( po s ition *A" in Figure S .1 0). 

b) The OMEGA system, developed by t he U. S. Navy, p r ov ides world 
v i de a ll -vea t her posit i o n i ng of sh ips , a i r c raft a nd sub­
marines (su bmer g ed) vith a nominal accuracy o f o ne mile i n 
daytime and t..,o mi les at n ight. I t i s no v wide ly used by 
no n - naval vessel s . OMDGA is a g l obal system ot eJ.ght le nd -



Figure s.10 
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A t yp i cal LORAN-C cha i n off the east coast of Canada. 
(After Canada , Department of Transport , 198 1) 
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based tra nsmi tt ing s tations, so l oca ted that a user wi ll 
receive signa l s from at least three stati ons. Any t vo s igna l$ 
can be used as a pair t o establish a line -o f - position {LOP). 

As vith LORA~· C, OMEGA is a very lov frequency h yperbolic 
radio navigat ion syst em, but 1t uses phase d 1fterence mea su r e ­
ments rather t han a t ime-d if ference pri nciple. 

iv) Sat el lite s ystems <over lapp ing both medi uo and l ong range SY$tems) : 

The Navy Nav i gat ion Satellite System ( NAVSAT) vas a l so 
designed for the U.S. Navy and was released for c ivil ian use 
in 1967 . It is suitable for any size of vessel, ,,,hen i t is 
eco nomi ca l ly just i ! i ed , bu t the shipboard receivers a nd 
relat ed equipmen t are considerabl y more expensive t han other 
syste ms such a.& W RAN a nc:! OMEGA. The NAVSAT System consists 
ot o ne o r mo r e satellites , e ach in a circul a r po lar orbit at 
a n a lt itude of about 1 100 km . On ly o ne satel l ite is used at 
a ny given t ime t o det ermine position . The apparent change in 
freq u ency ot t he rad io waves received when t he distanc e 
between t he source ot r adiat ion Csat&ll1te> and the rece1v1n9 
station (ship, a i rcra( t , s u bmarine , etc . l 1& 1ncreasin9 or 
decreasing is termed t he Dopplet Sh i ft . By means of th i s 
phenomenon , it i s possibl e to c a lcula t e the l ocation ot t he 
rece i ver o n eart h to w-ithin 10 metres i t the satel l i te 
orbit$ are kno wn , toqether wi th the s peed and diroction o f t he 
s urface vessel. 

S . 2 . 3 . 1 Tides: Accurate l y posit.io ned sound1n9s mus t be speci t i ed on a 
c hart as the depths be l ov a r efer e nce l eve l (chart datum, refer to section 
4 ) . Selection o f a suitable chart datum depends on a number of factors , 
including a detai l ed knowl edge of past f l uctuat i on& in vater leve l s, hence 
the installation of permanent and temporary water level gauges . Tradi ­
tional l y, f !oat- operat ed water level gauges have been inst alled i n har ­
bour & etc. S ubmersible, self - contained pressure gauges are loca t ed 
offshore. In addition to cha r t i ng and navigational applications, vater 
l evel i nforma tion i s used for coa s ta l engineering stud i es, resou rce 
planni ng, etc . 

S . 2.3 . 2 Currents : A na vigator requires information o n the horizonta l 
movement of vat er <cur rents) in addition t o tidal informati on. ·rhe usua l 
m~thod of obt a ining t he da ta i s to suspend several c urrent meters, whic h 
automatically record s peed and direc tio n o f c urr• nts , Zit speciUc depthG 
on a si ng l e moo ri ng line. The Une 1s anchort-d to the sea bed a nd 
supported by a s ubmersibl e buoy . 1'.,,.o o( t he me thods used are illus­
t ra t e d i n F igure 5. 1 I. The cu rrent meter ( left sid e of figure) is 
equipped vi th an acoustic release device wh ich can be activated by a 
signa l from t he s urvey s hip, allovinq the float to r i se to t he surface. 
On t he right $ 1do ot the f i q uro 1$ an array of c urrent met ers set at 
different depths a nd utilizing surface buoys to a ssist i n the reco very oC 
th e meters. Data i s reco rded a utomat ical ly on magnetic tape and t he 
meters can be le tt s ubmerged for up to 12 months. 
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Techn iques tor measuring curre nt speed and direct i on. 
( Af t er Canada, Department ot Fisheries and O<::ea ns, 1979) 
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s.l . 4 Production 

Other than the data and Jt$ mode o f co llection , the production phases of 
a hydro9raphic chart are identical to those of the topographical map, 
namely : 

1> collection of soundings etc., by a s urvey vessel; 

i i > c olla t ion ot t h i s 1nfor-mat1on in t he hydrographic operations 
centr& ot the survey vessel, where dat a is checked f o r accurac y; 

11 1> plotting the soundings on a field sheet of the area surveyed; 

iv) transference of f ield s heet data to a compi lat ion copy of t he 
neivt1ca l chart . ( ln the compilation p r ocess the field sheets and 
other source data are photographically reduced to chart size . 
once a mosaic of this sour ce data has been pre pared, c artographers 
select the data to be shown on the chart.); 

v) digiti~ing ot the gtaphic <lat.a, Le. conversion into computer 
compatible torm for automatic drawing by a compu t er control led 
p l otter . (The plotter produces high quality negatives for each 
colou r shovn o n the chart. The negatives are passed to t he 
printing u nits for platemaking and printi ng.); 

vi) amendment of chart cataloques to indicate coverage ot nev areas or 
u pdate o( previous l y mapped a reas . tin the latter case " Not i ces 
to Mariner&" are d istribu t&d . ) 

The size of the area to be surveyed and the scale of the chart to be 
produced are caretully coord i nated . The largest scale surveys are 
generally those to:r harbour chart s: which shov more det ail than general 
navigation c hart&. More genera l &urvey & and smaller &cales are used tor 
extensive offshore areas in vhich hazards to navigation are fev. 

S.3 Marine Charts and Topographic Maps : A Comparison 

The nautica l chart and the topographic map constitute the primary forms 
of mapping which may be used as base maps o r from vhich base ma ps can be 
derived. Base maps constitute the s kelet al st ructure o n which thematic 
information i s over l aid t o produce thematic maps . 

From the previous section it will be appr eciated that nautical chart$ 
and topographic maps di ffer in a number o f import ant r espects, so:'l'le of 
vhich have relevance to thematic base map preparation: 

1) Project i o n: Nautical chart$ gonerally use Mercator, whereas, 
topographic maps use Transverse Mercator (refer to Section 3); 

i i l Symbology: Different in most respects (Figure S.1 2 a-d) ; 

i i i ) Coordinate system: Nautical charts have parallel& of lat i t~de and 
meridians o f long i tude , and sometimes a Loran and/or Decca 
l attice . Topographica l maps have paral l♦l& oC lati tude, meridians 
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Figure ~- 12 b Nau tical chart symbo ls. <Alte r Canada, Department o t 
fisheries and Oceans, 1981 } 
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Naut ical chart symbol s . (After Ca nada , Department of 
Fisheries and Ocean$ , 198 1) 
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Figure S. I 2 d Topog ra p hic 
R. I. Simpson , 
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of longi tude , and grid squares <re fer to Sect1on 4 ) ; 

1v> 0 1stance : In nautical char ts , which q eoerally use Ke rca to r 
projections , o ne mi nut,e o f latitude is al\.i'ays equi va l ent to one 
naut i ca l m1h1 ( 1852 metres o r 6080 feet). In topographi ca l maps, 
various other project ions are used so there is no constant equiva • 
l ence (ro fer to Section 3J ; 

v) sea r ings : Naut i cal charts have t vo o r t hree compass roses <Figure 
~ - 13) i n contrast t o a d eclination diagram of the three norths on 
topographical maps ( Figure 5 . Ht) . This illustrates the relatively 
9reat er impor t a nce of the compass in a marine environment; 

vi) Terminology: variation , the angular difference betveen true no r t.h 
and magnetic north o n hydrographic charts , is termed declination 
on topographic maps ; 

vii) Coast lines : Coo.st li rH:tG are naturall y o f critical i mpor tance to 
marine mo.pp i nq . Their COMP 1lation fo r $Mall - sca le maps is r~l a tiv­
ely simple bec au se they usually requir~ so much simpl ifica tion tha t 
detail i s o t little conGoqucnce . When coop iling medium and 
l &r 9 • - sco le mape , hovover, th e major difficu l ties facing th e 
cartographers and hydrographers i nclude the follov!ng: 

a> Datums : Hydroqraphic charts use low wo.ter reference datums 
<reter to SGction 4.4 ) , vh~Heas, topo9ra phic 1.10.ps u se Mean 
Sea Level . As a resu lt, the s hape ot the coast 111 11 differ , 
particularly in areas of high tidal amplitude; 

b ) Co l ouring: T here are a n umber o f inco nsistencies when 
u t ilizing both charts and maps, e.g., marsh l and, d efinitely 
not navigable, is likely to be coloured as land on a chart, 
vhereas a low• lying swamp on a t opograph ic map is likely to 
be coloured blue as 11ater; 

c) Geomorphologica l changes: I n some areas of the vor ld , the 
shape of the coast changes rapid ly due to erosion o r depos i­
t i on ( refer t o Sect i o n 1 ) , 6 , 12} . These changes may be moni­
tored by the comparison of h istorical and curren t aeria l 
photography and satellite imagery; 

d) Scale: I n some c onve ntiona l projGctions t he scale var i es 
con$iderably o ver the map, particularly i n the highe r l a t i • 
tudes , gi ving certa in ~reas ot the coast undue emphasis . 
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SECTION 6 

6. DESIGN FUNDAMENTALS 

6. 1 Pr inciples of Cartographic Design 

Basic map des190 deC1$10n$ 1nust be made i n order t o com1r1un1cat4 i nforma ­
tion ~nd da t a c l earl y , accurately and economi cal l y to users hav i ng a 
minimum of map reading skills. Factors vhich affect the design process 
include: the map user's requi rements , his/ her ability and knovl edge of 
maps , the comp le xit y o f the informat ion to be mapped , the ava ilable 
methods of map reproduct ion and co1,;t s . An underst andjng of the natura l 
or cultural e nvironment being mapped i s also necessary to presen t a 
balanced r e production of that region ot the worl d. 

6. 1 , 1 Design approach 

The cartographer should work in a similar manne r to t he artis t , beg in ­
ning .,,.1 t h a general p l an and pro9res$in9 t o f i ner deta i ls . Based on 
the objective ot t ho m&P, a design concept s ho u ld b~ de veloped wh ich t a)es 
i nto consideration the desired i n forma t ion con tent and s ymbolizat ion . 
Thi s concept, which controls ~he c hoice o f a sca l e, should be tested o n 
various part s of t ho map and ad justod as nocossary . 

6 . 1 .2 Visual leve l s 

Al l map designs sho uld o.im at producing more than one visua l l evel. 
Information selected to be t he fo reground of the product vil l be t he most 
obv ious to the user and must be chos en carefully t o fulfi ll the major 
objectives of the map . Examp les of m.ajo r obje ctives include t he cu l tural 
fea t ures of topographic maps , the depict ion of e conomic ore zone s on 
9eol o9y maps , and rocks, reets artd other hazards on navigational charts . 

Supportin9 informati o n s hould be trea t ed as backgr ound materia l and 
given a lover v i sual level by dec reased s i ze, col our intens ity, co ntrast 
and, t herefore, decr eased overa l l i mportance. This in formation i s often 
r anked by relat ive importance t o the map subjec t. Information which does 
not s uppo r t the s ubject of the map i s visual clut ter a nd should be elimi­
nated . 

6. 1.) Contrast and balance 

As a genera l rule, t he initial design shou ld e mp l oy t he min i mum degree 
of contras t needed to e nsure that a ll symbols are readable and tha t 
dominant symbols appear as such . Excessive contrast used a t th$ out set 
results in a rapid buildup of heavy lines, large type and stro ng e:olou:r . 

6. 1 . 1 Symbol c a t ego r ies 

On all maps th e subject matter shou ld be organized and displayed in 
cat e gor ies of s i mi lar items . Subd1V1$10n$ ot any one category shou ld be 
shown by symbol s representative of their relative i mporta nce liith in the 
category. The most obvious road on t he ma p and in the l e g e nd, f o r 
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e xample, should be the most important r oad in the category identif ying t he 
varlou~ classes o f r oads. Other r oad s v !l l be tr4ated in order of 
diminishing importance and 1,1 ith less visua l i mpac t. Related cate-gories 
and their subdivisions shou ld t o llo"' one another in the legend in order o f 
impo r tance . 

6.1 .S Basic 1dontificat1on elements 

A ma p use r is first concerned v i t h ident ifying the region covered by 
the map. The inf ormation used to do t his v ill initially i nc lud e the 
title, subt i tles, key map and scale , tollowed by an examination of the map 
t.,,ce . 

The general arrangement o f land and water , the d epic tion of re lie f and 
the general shapes of cu ltural and vegetated areas are the bas1c elements 
which provide a reader vit h a mental impression of the region depicted b y 
the rn3p . A clear visual distinction betveen land and vater is the singl e 
mott va lua ble item providing the map user with a f u ndamenta l or ientation. 
The h ncl and water areas shou ld be clearly differentiated by t he use o f 
colour , tone o r pattern over either sur face. 

Similarly, pale tones or subtle c o l ours may be used to separate the 
prime map area from the surrounding region . Often the backgro und of the 
crucial map area is l eft vhi te so that small type and fine symbols can be 
seen more eas i ly . The surrou nd ing map area is given a tone o r pale 
colour, o ften a neutra l grey, to subdue i t . Th is treatment creat es an 
optica l "vindov" allowing the r eader to concentrate his attentio n o n t he 
p rime map area. On less comp l ex maps of a thematic nature, the reverse 
treatment is sometimes mo re effective. The crit ical area is given a light 
tone or col our to visually hold it t ogether and t o differentiate it from 
the surro unding in formation. Th is is particu larly effective on informal 
maps which lack t he c ommon devices of ruled lines, borders, b l ocks o r more 
f o rmal p lacement of their vari ous elements. 

6.1 .6 Clar i ty of linear symbols 

On moot maps. , t.he greato$t voluine of information 1G shown by a variety 
of line s ymbols. I n areas vhere different li ne symbols cross each other 
t here 16 a high proOability of confusing tho map reader. A common car t o ­
graphic task is , t herefore , the clar ification ot line: symbols. This is 
mos~ of ten d o ne by placing a tone , pattern, o r col o ur vith1n the area tor 
vhich a p a r t i cula r l ine symbol acts as a boundary. Ge ological a nd other 
s c 1.ent1t 1c maps common l y ose t h is t echni que to clarify vhat vould o ther ­
Yi se be a confusing complexit y of lines. The area t o nes, p a t terns and 
col ours should be pa l e and subtle . If heavy t i nts are used t h e lines o r 
symbo ls which must s hov through t he colours o r t ones in these a reas will 
have to be drawn more heavi l y. The result vil l be poor le9 ibility (refer 
to Section 13, case s tudy I S ). 

On !lta n y maps t he most interesting o r most crucia l features are often 
relatively sma l l in comp a rison t o the tota l map area. These items can be 
made mor e visible by t h e deliberate use of emphasis or visual i mpact . 
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Prol'!li nent colou rs o r obvio us patterns and da rker tones should be r estric­
t ed to sm.:,,11-s ize fe.:,.ture5. The colour s red , o range a nd purple /vio let 
are i d~a ll y $Uitod t o d rav attentio n to small r egions surrounded by 119ht 
backgrounds. Slack and doA'lin.i nt patterns are al g,o usod to 9 1vo empha$ 1S 
to sma l l areas . Every tono , co lo u r , pattern , a nd symbol selec ted must be 
eva l uated foe its etto<:t in t8l&t1on to the overa l l design. 

6.1.8 Basi c pcoportlon~ 

The surf a ce area used fo r the map face <the area v ithin the neat 
l ines> s ho u ld be visually dominant . A good r u le of thumb is t o keep t he 
map a. rea to a bou t 2/3 o f t he tota l area, ..,. i th t he remain i ng 1/ 3 for 
not~• . $Ur round, etc. 

The oldes t knovn and most extensivel y used " p l e<l&in9 proport ion" is the 
ancient Gr~ek sta ndard called the "Golden Section" whic h is a rat i o ot 
app r o ximat e ly 5 u n i ts t o 3 ur,its . Th ! !. pro po r tion ca n bo used both 
for overa ll ma p sheet proportions and for s uch detail s a s blocks wi t h i n 
the o vera ll desi qn . The r atio J :2 1$ probabl y t ho most U$od fo r l <1g~nd 
b l ocks, be ing very clo$e to the p r oport ion of t he "Golden Section" . These 
rat i os a re a ho appropriate for maps ,.,.,hich vill be pho tographed to l Sll\m 
s lide$ . 

In genera l t he squa re should be a.voided when t he i ntent is to produce 
~est hetic~ll y p loos i ng 3r t work . I t co n, ho we ve r, be e ffec tivel y inc luded 
a s a n i n se t vith 1n the overa ll "Golden Sect.ion" map face . ·rhe optical 
square which shoul d be used is a s ligh t modif i cation of t he true square, 
being )\ wid er the n high. I t is a e sthetical ly more pleasing but sti ll 
appea r s ~r ea l l y square". 

6 . 2 Map Design Guides 

6. 2 . 1 Map titles and sub-tit les 

This s hould be t he s i ngle most ob·.tious i t em on the map to permi t easy 
~ecoqn1t1on ol the s ubject . The t it le shou ld appear in the largest and/or 
bold est type USf:ld any1rr1h~re on t he 1'11bP without being t oo do minating . It 
s hould a l s o be s hort in length a nd descr1b• t he eire:a or s ub,ect por­
tra yed. Such redundant terms as "Map of " and " Chart of " $ hOuld be 
avo ided. 

When e x t ra i nfo rma t.ion such a s District , Reg i on , Prov ince , S t ate, 
etc., i s a dded t o the main title a s a sub- title , 1t t ho u ld be 1;.mallei:- in 
lett eri ng s i ~e and weight than t.he main title. Type sty les s ho u ld be the 
same or be compat i b l e wi th cont rol led spaci ng between lines o f type . 

6 . 2 . 2 K~y plon or loc~tion map 

'l"he purpose o f a. key plan is to locate t he map area geogr,'lph i cally i n 
rel ation to a larqc r con t e x t . It should o nly have enoug h geog r~ phi c 
deta il to e nsu re t.ha t th• bverbge reader will recognize t he area ea s ily. 
~ he primary map area must be outl i ned a nd labelled for ease o f recoqni tton 
within the location map . 
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6.2.J Sar scales 

An important feature of any map or plbn Js an accurate bar scale from 
which a range o f measurements may be obtained. To be ot maximum uti l ity a 
cartographic bar scale has one primary sub-division placed to the l eft of 
"O .. , all others being to the right of "0". Thi s single unit is in turn 
sub-div!.ded ir:to smaller, exac t, convenient units which are appropriate 
for t he sca le and map use. 

Scales should be ne ither too lor:g nor too bold to avoid domi nating the 
map . On a double li ne bar scale alternate sub-divisions should not be 
f i lled i n as th i s dramat ically increa ses the visibility of the scale 
and tends to make the a lternate sub-d ivi sions visually long and short. 

The representative fraction, sca le statement and gra ph ic bar sca l e 
shou l d be located together . 

6 . 2 . 4 0 1rection 

North arrows should be simpl e, accurate and unobtrusive. Unless 
otherw1 se noted, it is always assumed that the direction referred to by a 
north arrov is true nort h or 9eographic nort h {F i gure 6 .1 ), establi shed by 
re ference to the gratic ule. Standard mapp i ng conv~nttona d i ctat e that t he 
direction of t r ue north coincide v ith the verti cal edge ot a map; this 
should be folloved vhenever possible to avoid cont us ion . Maps o riented i n 
the planned direction of travel are exceptions to this rule , e.g., orien­
teering, canoeing or cross- country skiing maps . 

There are other nort h directions i n common usage, probably the best 
known being magnetic north {Figure 6. 1) wh ich is seldom identical to true 
north, The needle of a mag netic compass aligns itself with the directio n 
of the local variations of the earth ' s magnetic field. The needle vill 
tend to point to the north magnet ic pole, vh ich is currently located in 
Northern Canada 1400 kilometres trorn t he geographic pole. The difference 
bet veen true and magnet i c north is knovn as t he declina tion {Figure 6. 1 ). 
A nort h arrov $ y$tem $hov ing this d 1 ft~rence is a declination diagram, a 
common f eature ot most ref{lrenee maps (Fi gure 5.14). As t he magnetic 
f i eld c hanges slovly, a useful declination d iagram wi ll inc l ude t he 
correct declination , the year of its measurement, and the a.mount of annual 
change. In this way magnetic north can be easily converted to true north, 
and v i ce- versa, t hroughout the usefu l li fe of the m~p. 

It e houl(l be noted that magnetic declination can be very $1g n ificant 
and thus of major importance on any c hart designed for nav igat ion . 
In the continental United States, the angle ranges from 22° Eas t. t o 22° 
West vhi l e in the Canadian Arctic it ranges from 0 -180° . 

A detailed i sogonic chart, showing lines of equal magnet ic declination 
and equal a mounts o! annual correction, should be referred t o vhen con­
structing a declination diagram. Many coastal or marine maps can usefully 
incorporate a miniature i soqonic chart as part o f t he valuab le surround 
information. 
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Magnotic dec l i nation . ( Afte r A. ~ . Strah le r, 1963) 
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The declination di ag ram also frequently incorporates a third north 
ca l led g r id north (Figure 5.1 4 >. Thi& ro ters to the d irection of t he 9 r ld 
lines that a re added t o many 11\bPS tin<.I <;:hart,; . When a grid i;vch -,1; t he 
Uni verGal Transverse Mercator qr1d ts used i n areas far from the ~Qua tor 
t he divergence bet '-'een 9rid lines and meridians becomes very noticeabl e. 
The meridUnG convergo o n the pole while t he grid lines remain equidis­
tant . Thu!J, the declination diagram lFigu re S. t 4) should also s ho w grid 
declination , the angle between grid north and <true > ge ographic north. 

6 . 2.S Legends 

An i mportant elemE1nt o f the surround o f !!\a ny comp lex graphics or maps 
is an explan.,tion of Gym})ols wh ich have been used a nd are no t immediately 
$&lf-explanatory. These expla nations are variously call e d Legend, 
Symbols, Key, Reference, Explanation , Conventional Sign&, etc. 

The o rga nization of t he le9end neods pa rt 1cuh1r ctn) . The Cirst 
cons ideration is alwa ys th& manner in \lhlch the map or graphic reader 
~ ill actually use t he product . Af t•r consulting the title or possibly t he 
key m&p, most peoph1 refer di rectly to the map face oi: diagram detail . 
When they see a symbol , patt@rn, col our o r abbrov1at1on which 1$ untam1-
l i ar or unc)(!ar , they seek an explanation in the surrounding notes . In 
keeping with the convention of reading from lef t t o right and from t op to 
bottom, the e xp l anations s hould be laid out in a simi l ar mann e r. The 
s ymbol should be o n the left , and t he notes exp lain i ng i t to the r ight o f 
t he symbol. 

People using the le9end have to rely on their memory of tho un familiar 
$ ymb01 to locate it 1n the lii;t provlded for them . This results in a 
numt><er of design l1m1tations, i ncluding the follow ing: 

i) The symbol i n t he list must be exactly as &ho"n on the g raphi c, 
1 . e . it must be identical in &1%8 , shape and colour . Ma ny p r esent­
at10h$ a re mad& " ith the actua l symbols contained i n rectangular 
bo xc$ , tollo vo<I by a n oxplanation . Those boxos represent a $mall 
portion of the map or 9raphic. Linear symbols contained in such 
leq&nd blocks should run across t he block to represent th e i r 
continuing nature on t he actual map face; 

11) l,eqends mus t be organized or ran k.00 . All symbOls which need an 
explanation must be orga n ized into l og ica l and c l osely related 
9roups and sub-groups. Thus a l l forms of contour or isoline& wi l l 
bo .tn o no qrouptng ; closel y related $pec1es may be in another , 
etc. Wit h in e a ch grouping t h e s ymbo l s must be ra nk 0d $0 t hat 
norma lly t he most important (to that map o r map user) is listed 
first, and the others are t hen shown i n descending o rder of 
i mportance ; 

i i i) Symbols vhich 
t he legend . 
econoo1cs a nd 

do not appear on a pr oduct shou ld not be li sted in 
For serie s mapping , hovever, cross - re f erencing, 

speed of production may dictate otherwise ; 

iv) Type < lettering) used for explanations must be simp le and small. 
The lettering size shou ld be the sma llest vhich c a n be read by 
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ptiopl e of less tha n average eye s ight, unde r realis t i c usage 
cond 1t1ons ; 

v) Expla nations shou ld not be placed on separate pages of a repo r t, 
particu lar l y vhen the pages must be turned t o read t he explana ­
tion s . Avoid p r i nt.ing legends on the back o f maps f or the same 
rea son . 

it s hould be noted t hat 11herever possible items should be identified 
o r labelled o n t he map face rat.her t.ha n including t hem in t he l egend . 
~h1Ch is a relatively i nefficient communication device. 

6 . 2 . 6 Name p lacement 

The r eading and qual ity of any map o r graph ic is great l y affected by 
the positioning of t he names and l e t tering used u pon it . When it is 
proper l y placed , the l ett ering v i l l cl ear l y i dentify the feature to whic h 
i t re fers vithout ambiguity. 

1'he following set of guidelines may resu lt in conflicting requirements 
in the productio n of a complex map. These must be reso lved by the c arto -
9reiphcr ChOOf; i r.9 the alternative vhich gives the greatest clarity : 

1) Haps ar e norma ll y r ead (vi ewed) from t he bottom. Most names , 
number s a nd label s shou l d, t herefor e, be pos i tioned s o that they 
are e ither horizontal, o r para l lel to the lines o f lati tude o n t he 
map. The ma jor exceptions to this r u le are linear f eat ures and 
a rea names ; 

ii ) Linear fea t ures s uch as rivers, canals, roads, etc ., are named 
c l ose to , parallel to , a nd normal l y o n t op o f t h e fea tur e . 
Length y features s hou ld be named more t ha n once rather than 
relying on excessive let ter spacing; 

i i i ) Labels on l inear features c an be greatly improved by a t t ention to 
the flov o r al ignment of t he lettering . Names s ho uld l:>e p laced 
para lle l t o a straight s ection o r smoot h curve o f the feature. 
Avoid a ll i r reg ular or z.igz.ag p lacements . The na mes f o r such 
natura l features as bays , rive rs , l i near lakes, r1dg4Js , 
etc., should be aligned on broad area s o r e a sy c1..n:'V8$ fol l o wi ng 
t he overall t rend o f that feature. Contour numberG are p laced on 
breaks in the line and are aligned precisely ..,.1th that section ot 
t he r elevant line; 

iv> The pl a co mc,nt of vertical name,;; (alon9 meridians, gr i ds and 
borders } needs attention. On $1na ll - s1ie maps suc h na mes ar e 
normally o r ient.ed to read south to north so that they can be r ead 
l ooking from the r ight o r ea st side of the map . o n la rge - s i ze 
maps the viewing posit i o n is taken to be the centre of t he south 
ed9e. Letters vil l read south to north on the vest &dge and north 
to s o uth on the east side; 

v) Letters should not be p laced so t hat they are upside down when 
view@d from the south map edge o r t he p l anned viewing position. 
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For t he purposo, of definition the term *upside do vn" includes any 
angle past the vertical; 

v 1 ) L•tto r ing thould not be p laced in a straight line o n any diagona l , 
unless it parallels a linear feature. I t i s excessive l y obvious 
and visually d isr uptive, inter fering vith t he readability o f the 
rest of the product; 

vii) The naming of adjacent features a t angles close to the vert i cal 
need s part i cu lar attent i on. Frequen t changes of direction shou ld 
be avo ided wherever possible ; 

v i ii) I n na ming areas llak&s , estuaries, basins , mountains, counties , 
regions , etc.> the name i s placed v ithin the feature i f at all 
poss ible. When such !eatu:rcs a:r• irr• gula:r th• names should be 
phced on $mOoth curves "'hose alignment b r oad ly follovs the trend 
of the feature. Lett er spacing is o f ten used to bet ter indicate 
the extent of the feature named. Short names which apply to long 
areas may have to be r epeat ed; 

i x ) As a ge nera l rule names should be placed so they do not c ross 
marked c han ges i n background colou r or tone. Thus i n coas t al 
reg ions names a re placed either on l a nd or i n the water, no t 
ac ross the coast or \lat er line; 

x ) Names take priorit y over a l l map symbols and details e xcept area 
colou rs a nd tones . Lines and other map symbol s must , the re fore, 
be broken or elimi nated ~neath a name . As this obviously attects 
th• cont1no1ty of in formation and may also result in t he loss of 
essentia l details, point x i becomes a fundamental consideration; 

xi) Names should be plac ed so that they do not interrupt other map 
in formation. If this is not po ssible the name must be plac ed t o 
cause t he absol ute minimum int errupt i on and loss of de t ail. If a 
name must cross a line or run i n to it , there is much l ess disrup­
t ion if it crosses the l i ne at right ang le s rather t han a t a 
s hallov angle; 

xii) The most common c lass ot names used i n mappin9 are those vh i ch are 
a pplied to point symbols. These name s must be app lied so that 
tho point ~yrnbol and t he initial l ottor of t h 9 namo coincide as 
closely as poss i ble . As people normal l y read from tett to right , 
the idea l l ocation fo r the name is i mmedi ate l y to the right of the 
point symbol , and s lightly a bove or belov its alignment; 

x t..11) lf the posit toning t n xii u. not poss i ble, a n acceptable position 
ls 1m.:n•diately to the l ett of t he poi nt symbol , and again s lig h t ly 
above or bolow it ; 

xiv) If nei ther xii or xiii is poss i ble the name c an be ce ntered 
s lightly above or belov the point symbol. The a bove posi t ion is 
usua ll y considered super ior as t here are f ewer let ters in the 
a l phabet with descenders <descending liv+bs such as "g " } t hen t here 
are vith asc43nders ( asc~mdin~ limbs such as "'d "). This vill t e nd 

,. ,II • ;...,,,... ,..,....,.,... ........ 
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t o ensure closer name placement to t he po int symbOl and b4:ltter 
name ident i f i cati on; 

xv) Ali9nin9 a name prectscly '111th any point s ymbol s hou ld be a voided 
as this can often create visual confusion, especially on t hose m.aps 
..,. 1th untamilil'lr names or termi nology ; 

xvi) There mu6t never ~ any doubt a$ to 'llhich point or feature a name 
refers . Namos to r poi nt symbols should be placed a distance 
appro ximately equi va l ent to ha l f the he ight o f a cap i ta l lottor 
from the symbol name . Ru h.1& xii , x111 and xiv s ho uld be used to 
manipulate complex are a s t o ensure poi nts are labelled wit hout 
ambi guity; 

xv ii) Whe n app lying names to point symbols located on linear features 
such as coastlines or rivers, the name shou l d be p l a ced so that it 
i s not separated from t he po in t symbol by the linear feature. 
Names o f t o wns on rivers shou ld be on the same side of the river as 
the symbol ; 

xvi ii ) Coasta l na mes can rarel y be placed horiiontally because ot the 
usually c omplex shape of t he coa s tli ne . A pleasing solu tio n 
is to place many or t he na mes sea.,..ard of t he coastline and to 
curve them into the poin t to vh ich they refer . At tempt to curve ~6 
many of t hese names as possible in the same direction and vit h 
similar c u r ve,;,; 

xix) Nal'rles should not cross one another unless no other (;Olut1on is 
possible; 

xx) Hames .,..hich mus t c ro ss each other must be clearly differentiated 
by either the use of letter spacing o r a change in the s ty le o r 
size of letter ing that is used; 

xxi) In general , use letter s pacing as l ittle a s po ssible; 

xx 11 ) The e nti re sequence of let t ers in a l e t ter - spaced name ll\USt be 
easily $ 080 and read .,.. ithou t error. It is oft en ne cessary to 
move point $ymbol names to clarify regional let ter- spaced names in 
the saoe area; 

xxiii ) Al l l et:ter-s paced names muot h tive equa l -appear ing i ntervals or 
spaces , according to the v i s ual perception ol t he cartographer. 
The spaces should not be me a s ured mechanica l l y. 

6.2.7 Lettering basic, 

The fundamental methods o f lettering any graph ic mu$t follow the normal 
9 uidel1nes used to produce text (written> materia l : 

1.) Lover c a se LGtters are t he no rm and communicate more effect.1Y$ly 
than upper case letters ; 

.11) C4p1tal letters are l'l)()r e obv i ous becouse ot their increased s i ze 
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and a ngula r nature but are less efticient than lover case. They 
shou ld, therefore, be used sp,,r1n9ly and only be select ed for t he 
most i mportant items to ~h 1Ch part i cular attention is desired; 

1111 Identi fying land features by upright letter c and vat~r teatu~es by 
italic or slanted let tering has become a v i despread convention. 
This should be follolled unless an overriding reason prevents i t, 
such as charts of entirely marine environments; 

iv> The siz e and visua l ve ight o f a name should reflect the i mporta nce 
of that feature o n the map . The s ma llest and lea s t importa n t 
information must be easily read and reproduceab le. The remaining 
class sizes a r e chosen with the s ubsequent smallest increment in 
size and veight of letter that wil l be clearly seen by the a verage 
reader; 

vJ Most. punctuat1on marks are omitted from t he f a co ot a map tor 
simplici ty and to avoid confusion wi th other map symbols . T'ext ual 
materia l i n t he surround is punctuated normally . The period 1$ 
not used. The apostrophe is never used t o i ndic a te possession; 
t h us "Har p ers F'erry" and "'Pikes Peak" are correct. . and not. 
"Harper·s Ferry .. o r "Pike's Peak "' , The apostro phe 1s used on ly tor 
le9a 1 spe 11 i n9 , s uc h a s " 0 ' Brien Creek". The hyphen is used only 
to con (orm to legal spelling , e.g. , "'Geneva- o n - the - Lake " and 
"Shut-In - Cov.:t" , or for scparat11,9 the t wo parts of joint na.mes, 
e .q., "Bell-John$on Channel". 
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5£CTl01l 7 

7 . THEMATIC MANUSCRIPT PREPARATIOti 

7 . I Base Ma p Considerations 

SpeCia,l purpose , scientific or thematic mapping must be plotted onto 
acco rat• qeograph ic information of the study regio n vhich act s as a 
retQr•nc e . Th is geograph i c i nf o rmation is a base map and is normally 
ot>tal n~(l direct ly or indirectly fro m available reference mapp i ng , ;.,i th 
hydrograph1c charts and topographic maps being the most common sour ces, 
In SOfltO studies the thema tic information is added directly to available 
re ference mapping. Th i s i s an economi cal and rap id a pp roach , but o ne 
vhjch can lead to excessively complex or clut tered present a t ions. 

A be tter bu t more costl y and slover approach is to create a base map 
des igned specifically to display th~ th~matic i1~f ormation by r~dra v in9 
t hose geogr aphic fe~tures ~hich are ~iqnlflcant to t h6 $ Ubject ~nd 8 11m1-
nat ing o r s i mpl U y .1 n9 the remat n i ng fea tur e$ . Occasiona lly ae r ial photo-
9raplu; o r satel11te 1ma.9es ar• $ Ub$t1tut~ as a simple base or photo­
q rammet:r1c techniques are used to d~ r ive a base map from t.hese sourc~s. 

I n general , base map info rmation shou ld be obtained a t larger scales 
than that p l anned for the product to avoid the random filtering effec t of 
genera li zation . The level of in format i on , symbolization and accur a cy o f 
sma l l scale maps a re unsuitable tor s1gn11ican t en largements. 

Some fundamenta l considerat ions for base maps i nclude the tolloving : 

7 . 1. 1 Purpose 

The lo\'e l ot base map detail lo d ~pe nd~nt on the pv.rpoi;e tor ~hich the 
dorivod rnap 1$ r o q1,li.ro,d . Ava1labl~ reference maps are often too comp l8x to 
be used direct ly a s base maps . 

'1 . 1. 2 Accuracy 

Tho kno·..-n or probable level o f accuracy of the reference map m.us t be 
9 1ven considerat ion and must s uit the ac cura cy requirements of t he ne~ 
product . Standards shou l d be checked and publication date s noted . 
Rel i abili ty diagrams or notes shoul d be carefu l ly inspected , 

7 . I . J Projections 

Projections can have a cons iderable i mpact on the suitability of base 
map material and on the economics of a whole p r oject , Obta ining usabl e 
base material on a su itabl e pro j e c t i on i s sometimes dif f i cu lt:. but veil 
worth the e t fort . A commo n problem is that thematic i nfo r matio n must be 
p lotted on bV&ihb l& 't"<t!erence mapping which is based on a totally d1 ffer­
ent pro jection . Th i G necessitates kno wledge o f t he cha r act eristics o f 
both projections an-d the time a nd capability to t r ansform on~ into the 
other . The in formation requi red to perform t hi $ ta$k may not b8 readily 
a\failable , such as t he l ocation o f the chosen pa r a llel s . In 9Qnera l these 
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concerns aro releva nt to small • scale mapping . On medium and larg e - scale 
maps the cons1derat1on of projections is not normal l y a ma jor problem. 

The car tog rapher should reme mbe r that there can be a great range o( 
scales wi thin a &ma.J 1- &cale map due to the map pro j e ctions. The Mei·cator 
pro j e ction 1G a qood oxainple: a given symbol is fou r times l arger in map 
<1rei, &t 60° lat.ltude than it ...,ould be at the equator , For that reason , 
attention must be given to the level of symbolization and compilation 
carried out in tropical zones in compar i son to higher latitudes . 

7. 2 Exllmph~s of Small- Scal e Bas e Maps 

The following i s a list of rt1ad1ly avat lable sma ll -scale base maps : 

i > the General Bathymetr1c Chart o f the Oceans (GEGCO) at a scale of 
1: 1, 000 , 000 ( Figu re 1.1) ; 

11) the Interna~iona l Map of the World ( ! WM ) at a scale of 1 : 1,00 0 , 0 00 ; 

iii ) aeronaut i c41 chart~ (ONC , WAC) ~ta Gea le of ! : 1, 0 00 , 000 ; 

iv ) t h• International world Map at a sca l e of 1 : 2,so o,000; 

v> maps in reference atlases generally at scales var y i ng between 
1 :25, 000 , 000 and 1: 10,000,000 o r smaller. Examp l es o f these 
atlases include the follovinq: 

a) T imes Atlas of the World (London ) ; 
b ) A.th& Mira (Moscow) ; 
e) ser ies maps ot the vorld at a sea l & ot 1 :s,00 0,000 p u blished 

by t he America n Geographica l Society (AGS) , and by t he 
lnst1tut G90(,lraph1que Natio nal ( TGN > 1n France; 

d} series of ma p s of t he vorld at a scale of I: 10 , 00 0 , 000 
published by the IGN. 

7.l Base Map Sources 

Sources o f base map information on any c omplex map pro d uct should 
al way$ be identified , particularl y ll hGn several sources of varying 
accuracy have be e n used , If permission ha$ b••n obta ined to use eopy­
rtqhted materials the c redit must be given e xactly as specified b y the 
copyright holder. The fo l lowing are possible sources of base maps o r base 
in formation : 

1> In many countri es t h & major mapp ing agenc ies can s u pply print ed or 
Olm cop.1<:s of hydrographic and topograph ic products in s i ngle 
colour format {black and whit e ) . Fi lm po6itives are particularly 
use fo l as dia~o copies (reter to Sect ion 12) can then ea6ily b e 
produced tor us+J ao ~s• ma ps lo.r plott ing doto , trial interpre­
tations and design studie s. As me nt ioned earlier, overpr i n t i ng 
thematic information d i rectly onto these products is economi cal 
but resu lts i n t he v i sual conflict of t wo dH(&r$nt data set s; 

Material€' nrol€'tto cta coovriqht 
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ii J Ort ho photo o r photo maps < re [er to S•<:: Uon 8) c an sometirnes b9 
used as base maps. These c&n be economical t o s>roduce , and th~y 
have a n imp l icit accurAcy vh ich many people do not attribute to 
li ne mapping beca use ot th<1 possibil ity of bias , error o r manipu l­
ation in th~ production of the l att er. The photo i magery must be 
reproduc~d 1n a light t one i n o rder to allo w the thematic informa ­
tion to be clearly v1$1bl• . Photo base mapping has become popular 
for public presentations and tou ri st mapping; 

1U) Satellite imagery, Landsat (or example , can often be used tor 
small-scale base mapping if it s geometric d i stortion is not a 
problem. It can be t reated in the same way as photo mappi ng. 
These images have a •high t ech" connotat i on which can be a useful 
asset in many kinds o f presentations . The images are wi dely 
available and current . I nquiries tor infor mation regardi ng 
satellite ima9ery mo y bo addrO$$•d to : Earth Observation Satellite 
Company, 4 300 Forbes Boulevard , Lanham, Maryland 20706, U.S.A.; 

iv) Portions o( publi$h8d hydrographic c harts o r even topoqraphic map• 
can be used directly . A ne,gat1 ve ot t he map sheet is obtained 
from the mapping agency concerned , and unwanted detai l i s s imply 
opaqued or mas ked. Pho t ographic sca l e ad j ust ment can also be 
carried out. The negative can be used to produce a new base map 
onto photog raphic film on vhich minor adjustments and line touch~ 
ups can be made ~ith ~n ink pen; 

v> Single aerial photoqr-,phs c an oCten b8 used as base rna ps , ptirti­
cularly tor small are a /la r ger s c al e studies . The photograph, 
or a portion tht:r~of , can b• enlarg•d to a suitable appro ><imato 
sca le . For display wor k or report i llustrat ions a systeM of 
transparent overlays v ith coloured symbol1 iat1on c a n be produced 
cheaply by diazo techniques . Fo r thematic m.apping the photoqraph 
can be reproduced onto scribing !1lm tor use as a g u i de image ; the 
themat ic information is scribed in t he usual way. A halftone tone 
version of the aerial photograph becoR'les the base map and the 
thematic informotion is then overprinted i n the des ired colour . 
Th• sca le accurac y is norma ll y poor , but this i s otten ot!set by 
the e a se v ith 11hich qoographic rela tionshi ps ca n be seeh . 

7 . 4 GonC'ra lization of Base Information 

Every map ls a reduct i on of realit y. It is the resulting compression 
ot detail which requi res a systematic approach to the select ion of 
information through the process of generalization. Maps, even those at 
la rge s ca les, can not possibly shov all t he deta ils of an area in their 
correct r elationships . This limitation beco mes highly restr ictive as 
scales 9et smaller . F◊r exampl e, taking information mapped at a scale of 
1 : 25 , 000 and reducing it to a scale of 1 : 100,00 0 will result in a nev map 
occupying o nly one sixteenth the area of the original. This reduction 
allows only a l i mited portion of the original information to be po r trayed 
a t the Slll3 ller sca l e . Thus t he smoller: the scale the greater: the amount 
of 9•n"1;rali 2.at.1on requir<:d . succoosful 9eneralization resu l t6 in the 
retention of the dist ingu ishing characterist ics ot the mapped (eatures so 
that they are effectively represented despite the re$tri ct1ons of scale . 
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The various operations, vhich together maic:e up thEJ subject of carto­
graphic generalization , are normei!Jy d.Ucussed undor- tour CbtE:9◊t1iu or 
elementG : simplification , class1f1c,:1t1on , s ymbolization and induct ion . 

7 . 4 . 1 s1mpl1t1c~tlon 

The tittin9 or in(o rmatt o n to tho !'.l~1 ected !Seal ♦ ot the map and t ho 
maintena.nce , as far a s possible, of the essential qeographic c haracter­
jf,l.t t cs of t he mapped area are the two primary objectives in mappinq . The 
i nformation must be simplified by judiciously selecting the necessary 
c l asses of i nforma tion to be sho"'n and by r educing its complexitie s and 
deta il. The infor ro.a tio n t o be discarded o r retained is determined by the 
rela tive impor t ance of each item, the relation of the data to the map 
object ive a nd the graphic consequences (to other data, symbo l s , etc.) of 
reta ining each item. 

7 . 4 . 2 CleiGs1f1cat1on 

This 1& a process o( grouping a large , variable in.ass ot information 10 a 
rela tively order l y and s impl e manne r . For example, fish specie$ could be 
classif i ed i n to g ro upi ngs of gener a o r fami lies depending on space avail­
ability . The numbe r of classes shou l d be fewer and broader o n smaller 
scale products . 

1 . 4 . ) Symbolization 

Th is p~ocedore occurs after the processes o! simplification and classi ­
fication have };)(}o n carried out . Some symbols are highly generalized 
Cth~ dot) vh ile others are not (latitude and longitude l ines>. Codes are 
a lso usod to represent the dat a and identify its location. Good symboliz­
ation enhances the ef(ective ness ot ot her aspects of generalization; 
hovever , 1t cein also i n t er an unjustifia b le degree o f precision ~f 
derived f rom poor info r matio n . These aspects are discussed lat er i n this 
section . 

7 . 4 . 4 Induction 

Th is is the process o f e xt end ing the informat ion content of a map, in 
3reas ot limited data availability, by mea ns o! lo91ceil infe re nce . 
Isolines drali n through point d a ta measurements are the most c ommon 
exampl es. Fo r i nstance, vater tempera ture and salinity can be inferred 
from relatively fev $ample$ . This process is qu ite common in t.he marine 
e n"ironment vhere sampling 1$ a 11.td~ly used procedure for observation and 
me asurement. Since exten$1ve inference aCfects map accur acy, a reli­
ability diagram o r st-,tement. should 00 included . 

7 . 5 Hap Layout 

Th e creative lreed orn of cartographers is often limited by a number of 
overlapping ~eGtrictions , such as the requ i r e ment for ~conomlceil repro • 
duction , restrict ions d ue to r egional geographic shapes, map proje c­
tions and grids , and allo wances for itezns in the map margin o r surround . 
Nov ortheless , there is a defin ite p lace for artistic sensibilities and 
con$1derat1on . An attractive m.ap 1o more likely to be read and in genera l 
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viJl be taken more seriously as a pro!essional product . 

7 . 5 . 1 Balance 

Al 1 major map elements s hould be placed within the a va ilable space i n 
an organized and visua ll y pleasi ng manner . A formal bala nce calls for 
symmotrical balancing of simila rly s h ed and shaped elements in relation 
to a balance point , This is the approach usually taken by t he orga nizers 
of series mapping. Typically the title is centred e ither o.t the top or 
the bot tom, the latter being visual ly more stable and pr eferable . Practi­
cally , ho•ever, i t i s often necessa ry to use the termer position. The 
scale is normally centred ot the bottOII\, ond the not~s a.re a r r an9ed •venl y 
around the peri~eter ot t he map . 

Forma l balance is otten considered stilted and vnlnter esti ng for single 
maps vhich are not part ot a seri~s . The fea tures shovn are unlikoly to 
be symmetric al and t he shape ot the re91on governs the locbt10n$ tor t he 
title , legend , scales , etc . , i n convenient operi b r eas . Thus an informal 
balance of the eleme nts is required . 

I n inform.a l balance the visual we19ht of each element must be considered 
individually ,:and i n rel&t.ton to the "ho le <)(IS1qn . ThfJ va rious elements 
must be placed so thbt t lu)re 1$ a general balance . Otten a l ar<,ie item 
such as t he t 1tlo or the legend can be •..-isual ly of f set by t..,o or more 
smaller elements . 

The vtirious pos s1b1l.1 t1<is of layout s hould bo fir st t e sted .t n e geries 
of simplified miniatu re dra....-1ngs folloved by a f ul l-sc ale dum.my ,...hich 
sho ...-s out lines of the m.&jor ehtments \tithout detail . It is not poss ible 
to creo. t1:t $ t t ect.t vet d0s tqno u ma jor el e l\'le nts inust be C 1 t ted 1 n at the 
last moment (Figures 7 . 2 and 7 . ~) . 

7 . 6 Manuscript Compilat ion fo r Mari ne Applications 

In cartography the term compilation means the process of organ 1 zing. 
assembli ng and fi tt i ng together all of t he vario us geographical a nd 
themat ic dat a ,.,,hich vill be i ncluded in the map. The var ious k i nd$ ot 
dat a must a l l be located in their proper planimetric position accordi ng to 
whatever projecti o n s ystem and scale have been chosen. The COll'lpi 1 at ion 
manuscript becomes the guide fo r const ruction o f t he map and 1$ nece&sary 
no ~atter vhat technique or equipment is used t o create the ttna l p rOduct . 

T ho comp ili ng ot data may require the use of several infor matio n 
&ources 1nc l ud1 nq ma p$ at varyin<;i scalQ& , pu bl i shed materia l i n both 
textua l atld ta bula r form , fi eld surveys of various kind s, "rav" d ata 
der i ved from a erial photo9ra phs , satellite i magery a nd digita l records. 
Each of th0 1naps rnay bt: on d1 f t'Jr ent 1>rojectlons and ha ve varying accur ­
acies and sca les . Simila rly the textual a nd d1g1t al materi al may exhibit 
a wide variety of c ha racteristics . It !s t he task of the cartographe r to 
sel ect appropriate info rmat i on vit.h "''hich to create t he finel m.&p , 'lil ith 
t he intended use of the end product kept fi rml y in mind . Reliable maps 
cannot be created from poor o r inadequate data s ources , rt'lga:rdle6s o f the 
compi lat i on techniques used . 
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Good a nd bad solutio ns to map layout design . 
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1 . 6. 1 work p l an: Survey strategy tor a deve loping nat1on 

Surveys of the status of fisheries tind mar in(I related i n formatio n 
vithin developing nations o ften indicote ~ dearth of such data , at least 
i n a form whi ch can be uti lized tor management purposes . This state o f 
affairs, invariably due to a lack o! man po ver , money or expertise , 
confirms the requi rement for fisheries resource mapping with an emphasis 
on the collection and presenUtlon ot ma -r i rH) 1ntormat1on in its most basic 
form , The major source of such information i n developing nations 18 otten 
the fishing community , rather than the rtu,earch and management aqencles 
associated . .,.ith industriali zed 1ishln9 nations . The understandab l e desire 
t o fund the acquisition o f new remotely sensed data ( from aircraft and 
satellites) and t o computerize t he developing data base shou l d be depen­
dent on the success of data co llection and subsequent themat i c mapping. 

A survey should include the following phases : 

1> Tho formulation o f a small pro ject t eam. Additiona l experti$e or 
manpover can be c alled upon as required; 

11 > 1'.n invitation t o selected fisheries personnel t o visit an appro­
priate institution in order to : 

a) become familiar wi t h the array o f technologies associated 
wit h resource mapping; 

b) tormul ate an acceptable data co l lection strategy; 
c) develop a program itinerary and schedule; 

i ii) Th e p repa ra tion of large - scale base maps of nat ional watera 
(inshore) and small - scale base maps o f the area as a vhole (the 200 
mile Extended Economi c Zone) on vhich to collect infor~tion ; 

iv} The field t esting of the techniques and logistics o f data collec­
tion and , accordingly, thei r ref inement; 

v> The reviewing o f existing data from t he sources i ndicated in 
Section 7.6.3. 

7 . 6 . 2 In format ion categories 

A typical l itera t vre review and i nterview process mi(Jht include the 
f olloving marine informat ion categories : 

i) Physical features: 

a) bathymetry; 
b) currents 1 surface , bottom I ; 
c) temperature; 
d ) salinity; 
e ) tidal range; 
f) meteorological characteristics; 
g) coastal mo rpho l ogy <e . g ., OOach) ; 
h ) near -shore geoinorpholoqy; 



iil Type of bot tom (habi tat) : 

a) location of coral reef$ ; 
b) sand bottom ; 
c) man9roves or turtle grass beds; 

iii) Resource loc~tion by s pecies areas and seasons : 

a) reef fish; 
b) lobster; 
cl conch; 
dl turth1s ; 
e ) f l ying fish and other small pelagics (pl us ba i tfish ) ; 
f ) tunas ; 
g) other lar9~ pelagic s <e . g . , rainbov runners , kingfish and 

billf1sh) ; 

iv) Fishing areas by species , $Cason , boat: and qear type : 

a) troll (ishing ; 
b) hand lining ; 
c) fish traps ; 
d) set ,Hng ( purse and s hore >; 
e) toreiqn fishing vessel sightings (by country ) , distinguishing 

vessels of adjacent countries from distant vater fleets ; 
f) sport fish in9 ; 

N.8. Areas fished by national$ , wh ich are outside their area of national 
)ur1sd1ct1o,,, s hou ld be indic ated . 

a) location of fishermen's c ommunities ; 
b l number of fishermen, boats and gear types; 
c) principal hand ling and trans-shipment points and har bours ; 
di tourist developm¢nt a r eas ; 
el marine par~s and conservation areas; 
t) shipping routes ; 
9) ma. 11, $Ources ot domestic az,d 1J\dU$tria l pollution ; 
h) o~e4$ des 19nbted Cor aqubcu lture development; 
i) JdQntit1cation o! Ciguatera zone~ . 

7.6.3 Identification of infor mation sources 

The i dentification o1 i nformation sources f or the pr e paration of a 
manuscript is a cr it ica l phase of any thema t ic ma ppi ng progr am . In 
r elation t o fisheries, jurisdictional conflict s bet.Yeen t he numcrOU$ 
nationa l authorit.ies associated with the coastal zon& oft@ n res til t in 
relevant data being housed in the unlikeliest of locatio1~$ . 
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Potent !al sources of information include some or , ideally , all of t he 
!ollovin9 cate9or1es : 

i) publishQd GC1ent1fic literature; 
ii) unpublished sc1ent1 f 1c ll'later ial; 

iii1 library collection$ of papers on special topics; 
iv) 9overnme1,t department r eports and automated data bases; 
v) conoultant reports; 

vi) cominercieil bibliographic data bases, e .g ., ASFA (Aquatic Scienc~s 
and Fisher ies Abstracts - an FAO data base) ; 

•;ii ) questiorina1te results (sent anct received by m.ail ) ; 
viii) interview material; 

ix) con,..entional aerial photograph reposttory ; 
x ) map collections; 

xi l satellite imo9ery C9enerlllly tho rospon$1b1Uty of a government or 
international agency) . 

7 , 6.~ Col lection of information 

This phase may 01nploy a variety of techniques from relatively simple 
and inexpensive data qathering activities , s;uch at. the deployment of field 
personnel e quipped .,..1th coloured ielt m.arkers and accurate base maps , to 
the complex operations associated vith data collection from remote sensing 
platforms (satellites , fixed wlng aircrait and helicopters) . The i n forma­
tion c ollected can be stored eilh~r in the conventional manner on hard­
copy maps , or it can be entered into a geographic information system (GIS) 
and stored in di9ita l form in a computer ! refer to Section 14) . Utiliza • 
tlon o( t hese more a.dvanced techniques .Ls certainly not essential ; the}' 
should , ho•.,.ever, ~ considered since the more elaborate data collection 
procedures a.re becom.ing commonplace in man}' developing count ries. 

ThQ phase ot m&noscr.Lpt compilation wh ich involves collection of 
information i n the 11eld is often critical to the success of a marine 
resource mapping program. It should be carried out sequentially as 
follo.,..s : 

7 . 6 . 4 . 1 Desig n of interv1ev format: The precise forrnat and i ntervi ew 
strate9y should be prepa red in coop~ration vith fishery officers famil i ar 
v ith the locale , the fisher ies and, most i mportantly, with t he fishing 
community . The !ormat should be simple and unambiguous. A field tested 
procedure for conducting inter,;iews is as follovs: 

i ) the provision of large-scale base maps of nat1onel vater$ and 
small-scale base maps of the region as a who l e for data col­
lection; 

H) t he intorv1ewin9 of f1.Ghermen , tishery officers and other interes­
ted and qual1t100 persons (e .9 . , coast 9uard and naval personnel, 
harbour masters , etc . I uti liiin9 the 4bove maps to plot the 
acquired marine information 1.1s1n9 felt markers . Sufficient maps 
should be used to ensure ~ccuracy and comprehension ; 

iii) the prov:isSon of \lnmarked maps !or each person intervie-.,,ed, 
i dentified •,.• 1th h!.s/her name and profession and the name of 
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the interviever, the date and place. This is import.ant, particu­
larly ..,.hen 1ntervieving fishermen, to avoid bias caused by seeing 
t he resu lts of previous intervievs vith other fishermen. The base 
maps should be f1lled in, as an integral part of the interviev, by 
the person intervie,.,.ed, but if need be "'ith the assistance of the 
inter•Jiewer(s >. Figure 7 . 4 is an exomple of tn!ormbt 1on portc~yed 
by the simple felt marker technique . 

7.6 . •1.2 Interv 1ev process : The majority of current marine resource 
information 1$ obtained from those personnel most directly concerned vith 
its exp lo1t&t1on, management and scientific research. The actual inter­
vtew process vill vary according to the individual or group being inter ­
v18\ol8d : 

1> F1$hermen: It is advantageous to interviev fishermen indiv1d ­
ually to avoid bias, as previously mentioned. The rationale 
of the program and the benefits vhich will be deri·1ed from it 
by the fishin9 community $hO\lld be peirtiC\llbr.l y •rnph&$i%9d , 
as fishermen are qenerally the most skeptical of t he $Object$ 
to l)& intervieved . The considerable effort required to overcome 
$UCh $kepticism and cynicism is most certainly justified by the 
wealth of information usually obtained. In contrast to many of 
the species they catch , the fishing community i s perhaps the most 
under - exploited marine resource in the context of information 
retrieval. This informtiition must , hove11er , be critico.Jly tiis&e&&ed 
in terms of its accuracy ; 

11 > Fishery off ice rs: When possible, group sessions are recommended 
fo r fishery officers . hfter an initial briefing by tii member of the 
resource mappin9 tetii m, the otticers $hOuld be Queried about 
the sub)ect under re•liev. While one or tvo team 1r1embers take 
notes , the otheris) should encourage the officers to draw distribu­
tion patterns, etc,, o n the base maps previously aff ixed to the 
walls or tables . The t eam members must be "animators " and encour • 
a9e discussion, wh ich pre-supposes a personal knovled9e 0£ the 
local fisheries . Controversy betveen the otticers concerning 
marine 1n formation can often teipro ... ~ t he quality of the tinal 
product , it the point ot controversy can b& re&olved . The team 
shou ld attempt to methodically tollov the list ot topics to be 
revt&ved and at all tiaes record th• name of the person vho 
provided particular inforfl\ation , either on the base maps or in t he 
notes . A plentiful s upply of coloured markers and unmarked base 
maps is essential for a successful interview session; 

iii) Scientists : It is advisable to interview scientists on an indivi • 
dual basis, ptHtly b4cause of the inherent professional j ealousy 
that r esults vhen scient ists. meet in qroups, t>ut &1$0 because or 
the real. and perceived, proprietary nature of their inform.ation . 
A manuscript map, containing information previously obtained from 
the fishermen and fishery officers, should be the focus of discus­
sion. It v i ll probably elicit criticism, vh ich i s required 
to ensure accurtiite and . .,erifiable data . It is not possible to 
elicit niuch informed opinion , in a s hort space of time (generally 
a critical factor>, unless a manuscript 1$ avatlabl& to $t1mulate 
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Example of information present.ed .,.ith the aid of felt 
markers. 

.. 

~Ul 1!r/Jl!t.._1:1ot.1 
t'...l.'hl:ll.11 y -
~ =1 """' =• 

"""'' 
.S~El.l.n~~ 

5d"!'"'1.I. '""" ... "-"'• 
- 1,<l -' 
c.VS,,'tli,,_ . . 

, 

' 0 . 
' :.:,.._, 

' 

\-

. . 

\ ·-



- 88 -

a nd focus the criticis~ . 

Wh Qn t ho i n forma tion , co llected from the a bove three qroups , 
has been analyzed and collated vith other sources o f dat a, another 
manusc ript map shou ld be prepared. At thi s point it is essential 
t o arrange a •check session " vith the ite}' information providers t o 
ensure that their contr i butions have not bee n misinterpreted. 
This sessi on is also a valuable part ot the " feed bac k " process and 
wi 11 increase the confidence of the participants in t he \forth of 
the t hematic mapping program . The themat i c m.ap , as a n end product, 
mu st be seen to contain relhble a nd accur a t e information, o ther • 
wise the credibility of the vho le program wil l be los t. 

1, 6 , .i, 3 t nt erviell protocol: In all cases basic civili ties are a pre ­
requisi te to a success tu! 1nt&rvie"' . Unless these c i v i 11 ties are obser ­
ved, future ef for ts to obtain i nformation or cooperation wil l be jeopar­
di ~ed. These i ncludG: thG: eollow1n9 : 

1 > Pl" ior consultation s ho u l d take place to e nsure that the l"at ionale 
for the program is clear l y understood and , particu lar ly, t ha t the 
benefits t o be deri'Jed from t he program are identified; t he latt er 
will often fac ilitate cooperation ; 

ii> The i nterv i ev format and top ics o f i nter e s t sho uld be circu­
l ated in advance. The i nten•i ev process is u n fa mi liar to r.ia ny 
persons , professional and o thervise, and can be a little forl:>1d ­
ding, hence the need to alleviate any fears; 

iii ) It is essential to establis h a precise time and d ate f or the 
i ntervievs. Unlike o ther professions , f isheries are o fte n s~ason~J 
and are carried out a t different t i mes o f the day and night. Thu s 
a time s ho u l(l be selected when fishermen and fishery o fficers are 
not in the midst o f their peak activities , 1 . e . e xha\1&t ed personnel 
are not i deal subjects to intervielrl and the 1ntorm.at1on obta ined 
suf fers accordingly; 

iv ) All arra ngements s hould l:>e confirmed , by let tor or by t e lephone , 
well in advance of the i n tervi43w. Another commun ication a few days 
pr ior to the agreed upon date may tlso help to avoid e mbarrassment ; 

v) Th e l ocation i n wh ich tho intor v l9w l~ ~o ta ke place s hould 
be cho s en .,,. ith ca r e. Most peopl43 feel rnore rel axed i n t heir 
home or 1tork environment , rather than i n some alien i n$t1tutional 
sett i ng . This i s part i cu lar ly true for the fishing commu n ity : a 
fish1n9 boat , dockside o r the fisherman's ho~e are ideal setti n9s , 
assuming prio r permiss ion has been arranged ; 

vi > -'wareness of poli t ical real i ties is a not her prerequi site . The 
t 1shing community a nd personnel from the De par t ment ot Fisheries 
rorely a9 ree o n a ny t o pic, e speciall y f i sherie$ management and 
within the fi s h i ng COlt\l'f!Unity itself there are normally a variety o f 
fi rmly held opinio ns . Henco t he .i n t ervie wer must bevare of 
jeopacdizin9 his p r imary t.ask of col lect i ng 1n tormat ion by an 
1n judic.tous choice o f vord s or reference t.o a cur rent l y volatile 



• 89 • 

topic . Oiplomac;• is thus ess~nt1al; 

vii> The part1es intervie~ed are n~tur61l y bq9 r tovod if th•Y do not soo 
t.he end results of the program, 1 . e . " inap and/or report . P4H$Ontd 
copies are particularly appreciated but the cost of the item ls 
obviously a factor . Acknowled9ement of their contr1'but1on al$◊ is 
essential, both in the form of a letter o1 appreciation and in the 
appropriate acknowled9e111ent sectlon ot the ond product . 

7 . 6 . 5 Organization , anal ;•sis and evaluation o( 1n!ot"mbt1on 

The 1nform,at1on and data collected from the numerous sources must nov 
be cateqorized according to the desired use of the end product , the 
themat i c m,api$> . The integration of data and its portrayal as themat i c 
tn!orrnatton v11l normally occur .,,.ithin clearly defined categories , i.e . 
pelaglc !1$heries, demersal fisher i es, habitat, fleet distribution , 
port i nfrastructure , etc . Utilization o! t.hese various cateqorle& , either 
tndlv idual ly or in combined form, ~ill depend on the map desiqn <refer to 
SEtct l on 6) vhich in torn •ill ref lec t the ultimate use of the map, its 
manaqeme nt role . 

The accepta nco of marin~ resource mappi ng as a management tool is 
dependent on th~ reliab1 l1 ty of the contained in form.at lon . The i mportance 
of accurate m&pping ca ni~ot be overe$t1m3ted , tor 10.stancec , in acqua­
cultur @ loa~•s and development sites , location of artificial r(lofs and, 
more generally, coastal zonation and multiple use delineation of nearshore 
areas . Thus the analysis and evaluation of the c ategorized data should be 
thorough and scientifically acceptable. For ~his reason , all information 
utilized in the thematic 11.\apping process rnust be clearly identified vith 
the aid of an .. Audit Trail ", to g ive users of the map( s) the opportunity 
to check the au~henticity of the sources and the c1·edibil!ty of the mapped 
info rmat ion. This is particularly important fo r theaatic map$ a $ t ho 
o r iginal data may have been transformed and integrated vith i n formation 
from other sources. 

Under certain circuma,tances it may be desirable to assQsS the informa­
tion in relation to it$ perceived accuracy . This may be done by graphical 
means or in accompanying text . Wh 1che:ver techni que is used, it 111'111 be 
open to public scrutiny and may cause considerable concern to the original 
inform3tion providers , particularly it the assessment of their contr ibu­
tion is not compl1m&ntary . 

1'he collect,ed information and data to be revieved and selectively 
integrated may iz~clude not onl;• ...,ritten mater ial and graphics (maps ), but 
also aerial photography and satellite ill\agery -.,,hich will require inter­
pretation . It may be used to update o ld information or provide ne v 
information . The role of aerial photo interpretation , sat ellite image 
analysis a nd geographic information systems (GI$) are con$idere:d t n 
qeneral terms in Sections 8 and 1~. 

1 . 6 . 6 Plotting techniques and equipment 

Having col lected and orqanhed the resource inform.ation in t h$ torm ot 
a manuscript, it may be necessary to plot this informa~ion onto another 
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map at a different scalo . The r e are a variety o f manual, mec hanical and 
optical techniques ond equ!pmont available to reduce or en l arge a map for 
this purpose: 

i) Grid squar8 or Un.ton Jacl:. met ho d : A grid of squares is drawn 
on t he map ...,hich h, to rec0:1ve the 1n f orm,a t ion . 1ncrila.$O:d accuracy 
can be achieved by dta,d ng the diagonal$ (hence the t~rm " Union 
Jack .. method) . The ltH9er/ smaller forma t ts d1v1ded up into the 
same number o! squore$ . Dotail 1$ nov copi•O by hand from oach 
square ror triangle) onto its counterpart. at the requi r ed .sca l e 
( F1qu-rf3: 7 . S) . A simila.t· method can be used to transfer detail from 
aerial photographs t o a map; 

ii) Similar tr'1.angles : 1'h1s method is particu larly we ll suited 
(or th~ compilation o f linear detail such as cont.our boundaries , 
e t c . lt can be used for both reduction or enlargement. The method 
1s sho•.tn in Figu re 7 . 6; 

1ii> Propor tional dividers : These instruments can be valuable for 
m&nu&) compilation ; they great ly reduce the amount of time r<1qutred 
to perfo rm the two previous procedures. They consist of modified 
dividers having t...,o equal legs pivoting about a milled vheel 
a t tached to a slide piece ( Fiqure 7 . 7). If t he slide piece is 
moved in the control slot the proporti on of one set of legs to the 
other is changed . Scales are graduated o n each of the legs , 
a lthough these are only an approximate guide. Exacting scales are 
usually <le t.ermined after a fe• minut es of t ria l and error. The 
var i a ble p r oportion makes it possible to measure a distance on one 
map with one e nd of the dividers , turn the i nstruoen t ove r and plot 
onto the manuscri p t d irectly ...,ith the o the r end. Most proportional 
dividers have scales g r aduat ed for pla n imetry o n one side and 
circl es on the other, increasing their versatility ; 

iv) Parallelogram pantographs: These var ious devic es make use o f 
simple geomet ric rat ios , based o n the properties o f parallel 
lines , to change sca l e . They consist of a syste m of r iqid arm-5, 
hinged or sliding , forming a parallelogram vit h ex te ns ions. At 
certain points are mounted a pivot (,,..hich doe s not move), a t r acing 
point and & cll:'a..,. 1n9 pencil. When these t hree loc i are adju s ted 
corr{lctly tor t he required scale change , o nd the trac ing point is 
uf.lc(l to traco t h o o rigino l mop, t ho po ncil dr.:n,.1; the m.ap .it the new 
sca l e { f' igure: 7.8) ; 

v > Pho t oqraphy C r of<tr 
with this technique 
has been obta i ned. 
iM?thod ; 

to Section 12 >: The 
is ensuring that th& 
'l'his can bo chocked 

only ser ious problem 
correct scale cha ng e 
..,.1th t he grid squa re 

vi) Spec .la l1~8'd projectors : A ma p can be p ro j ected, enlarged or 
rttduced , as r equir ecO , onto paper laid over a g l ass scree n . 
Once the <::or rect settinq is obtained (check with the g r id square 
~thod> the lines of t he map ore dra" n on t he paper , Exa mples of 
the se pro jectors include : 
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(;rid s quare method fo r enlargement o r reduction. ! After 
c .t. Bl a i r and R.I. Simpson, 1918 ) 
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Tr 1angle m4>'thod for en l argeme nt or reduction . ( Afte:r 
P.J . Oxtob~• and A. 6 rown, 1976) 
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Figure 7.8 
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Proportiona l d iv iders. {After Interna tional Ca rtogra phi c 
Association, 1984 > 

Pa ralle l ogram pantograph. (After H. Graham , 1968) 



a> Grant pro jector; 
b> Kl1msch Ant i $kop; 
c> Hap O'Graph ; 
d > Ka il pro,ector; 
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v11 > Sl lde proj actor or ep i d l a.scope C ovorhoad p rojector) : These 
are c rude methods tor sca le chan9in9 and only enlar9ements can be 
e a sily produced. A s l1de or tra nsparency ot t he orlginol must be 
ava i l able tor projection . To avoid distortion , the axis of 
projection and the paper onto which t he map is t o be drawn , must be 
a t r l9ht ang les . Once again, the 9rl d squa re method is an appro­
pr i a te method to c heck correct sc4le ch&n9e . l t l s poss i b l e to 
reduce an image with a n overhead pro jector i t the sub j ect i s 
br ightly lit in a darkened room. The s tage of the pro jector c an be 
used a s a smal l t racing t abl e, and in t h is case, no trans parenc y 1$ 
necessary, 
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SECTlON 8 

8. i\E.RIAL PHOTOGRAPHS AND THEIR INTERPRETATION 

Aerial photographs are an inva luable sourc e ot intorrnatlon tor t he study 
of the nature and characteristics of t he coastal and terrestrial envi ro n­
ment . Vert i ca 1 aerial photographs can be used to update ex i s ting base 
Ma ps and to produce nev base maps i n the torm of i nd ividual photographs or 
several photographs in assembled (ormat known a$ mosaics (refer to Section 
8. 9 l • 

va rious simple trans fer ins truments <-.ketch ma-.ter and zoo"' transter­
scope> are ava ilable f or co rrec ting the horizontal distortion ( x and y) 
inher ent in aer ial photographs and may be used to t ransfer t he necessary 
photo information t o line maps vith a reasonable degree o f accurac y. The 
amount of in(orma t i on e xt racted from these aerial photos d epends upon the 
skil ls of the phot o i nterpreter. To co rrec t for height displacement (z} , 
a complex and expensi ve photogrammetri c plott ing inst rument 1s required. 
e .g., Wild AIO . 

8.1 Types of Aerial Photographs 

There are t vo major classes of aer ia l photographs: 

1> vort ical s : t he survey c a mera lens poin ts vertically dovnvards 
produc ing a viev resembling a p lan of the ground; 

11 > Obliques : the surve y camera lens axis points at an angle to the 
ground . If the horizon i s inc luded the photograph is defined as a 
high oblique; if not, it is a lov oblique. 

Depending on the photo information required, more than one film type may 
be necessary. ln t h is s ituat ion, the u se of multiple survey camera 
installations wil l r educ e f lying costs. In Figure 8.1 the tw i nned and 
triple c amera insta l lations a r e indic ated . 

8 . 2 Acquisition o f Aerial Phot ographs 

An air craft t a king syst ematic air photo coverage of an area does so by 
making &uccessive passes bac k and for t h a c r oss it, usual ly i n an east-vest 
direction. This f light line ensures consistency in orient atio n and su n 
angle , vhich aids in phot o interpretation . The orientation o f t he pr i nts 
i s at 90° to that of t he flight lines . To permit stereoscopi c and photo­
gr a mmetric a nalysi s t here is us ually a 60\ forward over lap bet ween succes­
sive photographs i n the same tlight li ne and 20- 40\ lat eral overlap 
betveen adjacent fl i ght lineo <F i gur~ 8 . 2) . Co nsiderable variation in the 
format size o f photograph s e xists , although the most coro.mon size is 23 X 
23 cm <9 X 9") . Sca l es may va ry from 1:1 ,000 to 1:80 , 000 depending on the 
photo i nterpreta tion requirements . For e xample , forest inventory photo ­
graphy i s commonly at 1: 10 , 000 whQreas the analysi s ot geological features 
ma y o nly require p ho tography at a scale ot 1 : 50 , 000 . An annotation , 
usually l ocated a long t he southwest corner of the photographs , shou ld 
contain al l relevant information such as the roll number, print number, 
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Twi n ned la> ; and t ripl e d l b ) s ur vey c a mera i ns t alla ­
tions. ( Attc:tr (; . C . Dickins on , 1969 > 
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Figure 8.2 
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Lateral and forvard overlap of aeria l phot oqraphs. The 
~op left-hand corner o f each photo9raph i s indicated . 
(After G.C. Dicki nson , 1969 > 
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time and date of photography , etc. 

8.3 Terminology of Aerial Photograph& 

Basic terminology associated ~it h aerial photographs 1nc}ud&s the 
fo llowi ng : 

iJ Po rma t : t he size of the photo~ 

11 I F'ocal plane: the plane in which the !llm i s held i n the camera 
fo r photography ( figure 8.)}; 

1111 Pr incipal po int (P P ) : t he exact centre of the photo or !ocal 
point through vhich the optical axi& pasGe6. ThiG is !ound by 
joining the fiducia l or collimating marks which appear on every 
photo (figure 8 . 4) ; 

1v> Conjugate principal point : i mage of t he principal point o n the 
overlapping photograph of a stereo pa i r; 

v> Op tical axiG: the liM1 from the pr1 rlC1pal point throo~h the 
centre of the lenG. T-110 optical ax1$ 1s vertical to tho focal 
plane < r 1qun, 8 . 4); 

vi) Foca l length ( ! ) : t.he distance from the lens along t he optical 
axis to the f ocal point ( figure 8.3 ) ; 

vii) ?lane of the equivalent positive: an i maginary p lane a t one foc al 
l ength from the principal point , a long the optical axis, on t he 
opposit e s i de of the lens from the foe:a1 p l ane (Pigure 8 . 3) ; 

viii> Flying height (H) : he19ht ol the lens above sea level at. the 
1n,tant of e xposure. Tho height of a spec1f1od feature abovo tea 
level is designated "h~ iFiqur$ 8 . 3 >; 

ix) P l u~b poi n t i Nadir or vertical point) : 
beneath the lens at the instant o f exposure 

the poi n t vertically 
tFigure a.Sl; 

x> Angle o f tilt: the angle subtended a t the lens by rays to the 
principal point and the plumb po int {Fi gure s.s> . 

8.4 Properties ot Aeria l Photogra phs 

The ma,or ity o! photo9rammetric techniques are ba&ed on t he three ba&ic 
properties of a~.n•tal photographs : scale , displacement a nd radial p r operty. 

8 . 4 . 1 scale 

The scale ot a truly vertical photo of perfectly flat terrain wou ld be 
nearly the same as an accurat• line map (ref&r to Section 3). The occur ­
rence of relief, hove,..er , causes variations i n scale because of the 
perspec tive viev of the camera lens fFiqore 8.6) . These differential 
va riat i ons in scale preclude the tracinq ot in formation from photographs 
directly to l arge-scale maps . The amount of displacement, however, can be 
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Figu r e 8.4 
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Th e foca l lenq th , focai l plane , plane ot the equivalent 
positive and flying height of aer i al photographs . 

The principa l po int, fiduci al marks a nd optical axis o f 
aeria l phot 09raph&. 



Figu r e 8 . 5 

Figu r e 8. 6 
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Plumb pot nt and ang l e o f t ilt of aerial photographs. 
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measured. 

The overa ll scale l s th& ratio of the focal length of t he camera lens 
to t he elevation of t he camera lens vith respect to some specific f eatures 
on the landscape; it follo..., t that this ratio wil l not l:>e corr ect f or any 
other elevation , 

e.q., FLF. • o. s 
10 , 000 

or 1 ,20 , 000 

8.4 . 2 Displacement 

Relat ive to one level of terrain, higher points are displaced avay from 
t he c entre o f t he photograph and lower points tova r ds the cer1tre . The 
amount of displacement increases as the he i ght ot the object and the 
distance from the centre of the photograph increases. As the altitude of 
t he camera increases, displacement is less. Thi s is the reaso n vhy high 
alt i tude vertica l photography i s used for t he construction of mosa ics 
or as an effective a nd inexpensive base map substitute . 

The displacement of objects on aeri al photographs produces parallax, 
.,..h i ch is the apparent change in pos ition o f an object due to a change in 
the point o f observation , This apparent change in position is the 
principa l reason fo r our abi l i ty to viev two phot oqraphs to produce an 
il l usion of a thi rd dimension. The algebraic difference of the paral lax 
on tvo overlapping photographs is used to determine elevations using 
stereoscopic plot ting instruments. 

8.4.3 Rad ial property 

In a vertical photograph the rad i al direct i ons from the centre are 
true. Thus bearings measured from the principa l point are true, vhete as 
distance s are not. 

8 , S Scale of Aeria l Photoqraphs 

The scale of a photo affects its use in the revis ion o f l .t.ne iiiaps , 
i .e. a photo with a nominal scale of 1 :SO, OOO shou l d not be used to rev.t.se 
a map vit h a scale of 1 : 10,000. Photos at the same scale or larger 
shou ld be used to insure that the resol ution o f the photograph matches 
the degree of prec ision requ i red (or the revi sed i nformation . 

8 . 5. 1 Deter~.t.n.t.ng the scale 

There are four basic methods o f determining t he scale of an aer ia l 
photo9raph which , in dec reasing o r der of accuracy, are as follovs : 

1> t he relat1onsh1p bet veen t wo points o n the ground of knovn 
distance, and the same tvo points on th& photo . (Note that t he 
sca le may vary for other l ocations o n the &&me photograph if there 
is s ignificant rel ief variation); 

ii) t he relationsh ip between two po.1.nts on the map a nd the same tvo 
points on t he photo; 
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iii } t he re la tionshi p between a n obje ct on the gr ound, whose d i mensions 
are ~nown a nd t he same object o n the p hot~raph ; 

iv) t he rel.,tionship ))etveen the foca l length of the c amera l ens and 
the alt1tud& of the came ra lens, 

e.q ., ~oc4l length (f)-= 15 ems, altitude ( H)-= 1,SOO m; 

therofore scale = 15 = 1:10,00 0 . 
1 50 0 X 100 

e.s.2 The e ffect of ti lt and height displacement 

The sca l e ot an aeri al photo changes from po int to point due to ti l t o f 
the camer a l ens lt . e . a ircraft a t t i tude) a nd c hanges in height o f th e 
t erra in unless the terrain i s absolutely flat ( Figure 8 . 1} . Tho t op of ., 
high mountain , theretore , will be a t a larger scale than a val l ey beca~se 
it is nearer t he camera lens vhen photographed <un less the photo has been 
rectified) . Fi9urE1 8 . 8 a shows a rectang le of roads in absolutely f l a t 
country photo9raphed wi th a perfectly vertica l camera. There 1s no 
d istortion so they appear on the photo as t he y vou ld 1n a l ine map . 
Fi9ure 8.8 b s hovs th0 distorted appeara nce o f the roads on a tilted 
photo ; Figu re 8.8 c s how$ the appearance o f tho in formation a fter r&ctif1-
cation, i.e . the l:'Oad s are testorod to their proper shape but t he pr i nt 
i tself is no longer square. When hil ly country ls photographed there is 
no means o f complet ely removing the effects of t ilt a nd the d i fferences o f 
terra tn height :I n o ne photo . Differential r ectificat ion, ho weve r, 
mini mizes these effects. 

8 . 6 Plotting Techniques 

The to ll o,,.. ing simple techniques may be used for plott i ng detail from 
aerial photographs onto li ne ~ap$ without the use ot sophisticated equi p­
ment (refer to secti on 7) : 

1> Transte r -by-Qye s>:etchin9 : It the li ne mo p shows considerabl e 
deta.il it may be possible t o add further inform&tlon by visua l 
referencing vith a satisfactory degree o f accuracy; 

11) Direct transfer a fter reduct ion or e nl &rqemont of the photogr aph 
to the line map sca l e : The photogr aph is pro jected at the appro­
priate scale onto the li ne map to be rev i sed; photo detail is 
t hen d rawn on the map . To mini m1ie d i storti on , the enlargement/­
reduction factors should bie calculated only for small areas a t a 
time . Instrument6 such as t he Kail projector and Map o•craph may 
be used f or t his task <r e fer to Sect i on 7.6 . 6 ); 

i i i } Transfer by grids , triangles, e tc . ( Figure 8.9 ) : These are methods 
deri ved f r om t he basic principl e tha t a straight line on the ground 
vill appear A$ a stra ight l1r10 on the photoqraph if t he t errain is 
relatively flat. Hei ght distortion, howev,er , vill i ntroduce small 
errors in vertical photograph$ and oxcessive erl:'ors in obliques . 
Al l methods requi re that at least four po ints t>e ident ified on bOth 
the photograph and the existing l ine map lrefer to section 7.6.6}; 
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Varia t ions in sca l e i n relation to aircraft attitude. 
( After C.H. Strandberg , 1967) 
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Figu re a . a 

Figure 8.9 

An und1$tOrtcd aer i al photograph (a); d1$torted (b) ; and 
r ectified tel . ( A ftor P.J. Ox tot:>y and A. 8ro"'r, , 1976) 
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Grids fo r transference of det a il from an a erial photo­
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(Afte r G. C. Dickinson , 1969) 
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a } Polar grid (Figure 8 . 9 a) : Identical grid constructions are 
dravn on the line map and the photograph: 

- the four po ints used may oe A, B, C and D; 
AD and BC are extended t o meet a t £; 

- AS and CO are extended to meet at F; 
Through G, the int ersection of AC and SD are d rawn EGH and 
FGJ . 

Oetail can now t>e copied from any tri ang le on the photograph 
onto the corresponding triangle on the map; 

bl Po lygonal gri d «Fi gures 8.9 b): When more than four c ommon 
po ints can be identi fied on the phot o and line map, extended 
points as in the polar grid need not be drawn. The points are 
simply plotted on both line map and photograph and the area 
wi t hin the resultant polygon subdi vided by join ing each point 
t o all the others. 

8.7 Interpretation 

Using normal vision •on the 9round" an object can be distingu ished by a 
combination o( the three processes of obGerva t i on: 

i } s12e and shape; 
1 1 ) colour; 

i i i } features with vhich i t is associa t ed . 

The same processes are used by photo i nterpreters but with d i fferen t 
conditions and emphasi s within each group: 

i> Si~e: may b e t he deciding factor when dist inguishing between 
objects al i~e in $hapc . Mea s uring mav bo necessary; 

ii) Shape: the general form ( wh ich includes t he three-dimong ional 
s t ereoscopi c view ) may be t he single most reliabl$ ev1dGnc e tor 
identification ; 

111} Tone : var iation i n t one result$ trou, d lC(erences 1n t he reflec ­
t i ve qualities of ob,ects, e .g ., liqht, dark, e tc .; 

i v } Texture: when c hanges in t one are too small to be discernable, 
texturG ma,y a ssist .ldontiiico.tion , 0.9., stippl ed, granular, 
r ough, s1tt0oth, etc .; 

v } Shadov: provides a ground viev of the object, hence an important 
clue. Lengths o f shadows can be used to determine height s of 
object s if t he surrounding terrain can be assumed to be flat; 

v.L > Pattern: the arrangement on the landscape of physica l and c ultural 
fea ture~ is often dist inc t i ve and may be useful for recognition and 
eva l uation ; 
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vu> S.tte: the locat ion on the lirndscape can contribute to 1dent1t1-
cation , e.g., particular vegetat ion may <1ppear in 1:1p6cir 1c loc., ­
tlons only ; 

v111) Assocl,:Jted features: features common l y round ad jacent to the 
object under investiqation. These have a characteristic appearance 
and so immeasurabl;• assist photo interpretation, e.g., rocks and 
$Oil, 11ater, vegetation ( .,..cods , grasslands , crops>, roads, rail ­
ways, tovns and historic siteG. 

e.1 . I Genera l ru les for photographic interpret a tion 

In genera l photo9 raphs should be i nt erpreted from the .,..ho le to the 
part, i.e. broad dist inctions defined first. Interpretation should be 
approached systematically: 

i) A literature review is a necessary part o( any study and as much 
lnformation as poss ible shou l d be obtained trom these sources ; 

ii) The photograph should be orientated . This may be possible with 
the aid of shado,,,.s. Many air photographs are t aken near mid -day 
for optimum light condit ions resulting i n the shadows point ing 
between north-east a nd north - vest in the nor thern temp erate 
htitudes; 

iii) A pattern or shape shoul d be selected on the photograph vhich ,,,.il l 
be easi l y identified on the l ine map, e .g ., coastl ine. An apparent 
raatch shou ld be con firmed by supporting evidence; 

iv) Photographic "keys" or file photos of significant features are 
extremely useful as aids to current investigation and as "me mory 
joggera" in complex situations. 

s . 1 . 2 Stereoscopes and stereoscop ic vision 

Aerial photographs convey onl y a ~eak impression ot rel ief unless a 
s tereoscope is used to produce a three-dimensional image . The three ­
dimensional impression .,,.hlch ls obtained in norma l vision i s due to t he 
tact that with t vo eyes set about 6 ems apart, each eye is able to present 
to the brain a sl ightly dif f erent perspective of the object that is being 
observed. From t he differences in perspect ive betveen these tvo images, 
the brain i s able to assess depth and build up a t hree-dimensional pic­
ture. This is the basi c principle involved in the use o f two adjacent 
aeria l photographs with considerabl e overlap (a stereo pair ) and a stereo­
scope to produce a three -dimensional image. 

There are a number of types of stereoscopes, including: 

i) Pocket stereoscope ( Figure 8. IO) ; 

ii) Kirror stereoscope (Figure 8.1 1): This type 
mirrors to "spread " the line o f sight, thus 
dimensional area under vie.,,. at one tiMe. 
q i ve greater magniflca tion ; 

uses pa i rs of para llel 
i ncreasing the three­
Detachable binoculars 
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Pocket stG r eos cope . (After c:;. c. Dickins o n, 1969 > 

lenses 

Folding legs 

Mirror st~ r eoscope . (Af ter G.c . Dickinson; 1969 > 

At>t>ro,r SO . t,,n 

B1nocutars 
(1e111ovab!O Lenses 

+nOt$ 

Dio11grilmmo111w.: scc1ion 

----------] 
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iii) Tl.' i n stereoscope: 'rhis mod ified mirror ctoreoscope enables t..,o 
interpreters to vie.., the s ame phot ograph simul t .,neou t.ly , o con­
siderable advantage . 

a.s Or thophotographs 

The perspect1ve image of a photograph can 00 c ha.nge:d to an orthogonal 
projection wi t h the a id of an orthophotoscope which remove$ scale distor­
tion ca\Hied by height variation. All points are t hus in thei r correct 
relative locations , sca l e is constant a nd a n9les are true . 

Th & most common method of producin9 a n orthopl,otograph ls as follovs: 
the project.ion of a three-dimensiona l ster eoscopic image produced b y a 
stereoscopic plot ter 1$ exposed t o pho~oqraphic film through a very smal l 
opening moved acros,s the s tereoscopic model. As the tiny a pertur e moves 
along a norro w s t rip , t he f i lm remains s t a t ionary i n its horizon t~l 
position but i s mo ved in the ve r t i c al dimensio n to keep the aperture " in 
contact with the surface" of the three-dimensiona l i mage , After t he 
aperture has moved across tho model once , it 1$ ~oved sidevays a d i s t ance 
e qua l to the width of the opening , and t he o peration 1s t'Gp&ated . More 
rocont i nstruments elect ron ical ly scan photogra phs and aft~r corroctton by 
a coreputer, display t he imaqe on ll v i <'.!GO t& rm11l3). 

Because ot the qroat amount of detail o n phot ographs , orthophot ographs 
can be mo re uG efu l tha n a topographic line map fo r compilat i on in t he 
liel<! . 

8.9 Mosai cs 

Photog raphs c an be assembled into mosaics, wh ich can t hen be over­
printed wi th selected thematic information to produce photo maps. 

Si nce a p hoto is a perspective vie,,.. ( pro j ectio n >, objects may not 
appear in their true horizonta l position ; t his tendency i s accentuated 
the further the object is from the phot ographic cent re. Therefore, on l y 
the c entral parts o f phot ographs usual ly are used in mosaics to reduce t he 
amount o f ~rror due t o relief displac ement. ·rhe central areas are care ­
fully t rimmed along line features so that j o ints betveen components o f the 
mosaic can be easily camouflaged u po n assembl y . 

Orthophotos ca n also be assembled to form a mosaic , vhich can be 
overprinted vith themati c informa tion t o produce an o r thophoto map. The 
orthophoto map has the advantage of ac curate scale, in contrast vit h photo 
maps prepared from mosa ics of conventional photographs, •hi ch suffer from 
displacement , hence scale discrepancies. 

Mosaics are of three types, accord i ng t o the extent of geometric 
control: 

1 ) Uncontroll ed : t h e> $¢Ct1ons or phot09raphs are laid in place by 
rnatchinq t he ima.qes ; 

i i > Semi-controlled: mosa i cs congtr ucted with limit ed ground control 
are S(Hl'l 1-controlled mosaics . Wit h the aid of a rectifying pro -
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j&<:tor , l i ne features such as rivers are "st retched " or "shortened" 
for best fit to an existing map ; 

iii ) Control l ed : pr ior to photography , precise horizontal locat ions 
are marked on the ground and p l otted on an exist i ng a ccurattt base 
map (thereby providing control! . Tho photograph s arc th4)n P0$1 -
tionod $◊ that the photo images of the control points coincide 
._.1th the plotted contro l points on the base map. Ratioed and 
rec tified prints are used t o correct for perspective displacement 
of features. 

8. 10 Types of Aerial Photographic Film 

There are numerous types of aerial phot ographic film avai l able . The 
following is a part ia l list of films and some of their uses and advan­
tages: 

i ) Col our transparency film, used for depth penetration , location of 
subsurface features, etc.: 

le&& expeni; i ve th.,n colour neq3t Lve Cilm .,,.h .l.ch requi res the 
product ion ot paper prints; 
qood resolution <detail); 
excellent visual present ation aid; 

111 Colour negative film, usod for l and t yping , &tc . The co lour prints 
produced from thls t 1lm are: 

- e a gy to use in stereoscope ; 
- excellent t ext i l l ustration; 

i i i } Colour infrared film, used for shoreline classificat i on, vegetation 
analys i s e t c . : 

- excellent tor comp~rison with normal colour films ; 

i v ) Col our video film, used tor depth penetration, etc . : 

- quick turnaround and relatively c heap; 
- sui table for monitoring d ynami c parameters; 

v > Black and ..,hite tilm, O $ed tor la ,,<1 typ1nq, etc. Tho black and 
whit e prints made from this film are: 

- less expensive than colour print s; 
- useful for general c oasta l studies; 

easy to reproduce; 
- make excellent base maps. 
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SECTION 9 

9 . GRAPHICS 

Graph ics are a means by vhich the cartoqrapher communicates se lected 
i nfo rmation c lear l y and eas i ly to the map reader or data user. The 
i nformation can be conta ined in various g r aphics s uch as maps, c ha r ts , 
diagrams and graphs, and aided by related textual mat eri a l . 

9 ,1 Characteristics of Graphic~ 

The f ol l o wing character i stics are necessar y to produce effective 
graph ic$ : 

1 ) Simplicity : The graphic should be easy t o learn, remember, apply 
and i nterpret; 

11 ) Conciseness : The graphic shou ld provide concise identification o f 
the data por t rayed; 

iii ) Un i f or mity : Identica l graphics sho uld be provided for similar 
da ta wi thin t he limit s of the study; 

iv) Informa t iveness: The g raph ics shou ld conve y eno ugh in formatio n 
concerning an area to a l l o v an immediat e eva l uat ion of its charac­
terist i cs ; 

v ) Reproducibility: The graphic sho uld be d esigned f o r easy and 
economical reproduction; 

vi> Talkability: The g raphic un its must be d i s tinctive, e a sy to 
identify and easy t o use in conversation and publ ications. They 
thus Co1M1uni cat e an immediate and clear idea of the subj e ct matter. 

9 . 2 Graphic Design Gui delines 

The folloving graphic design guidel ines shou l d be considered: 

i) Measur ed lines s houl d be shown by continuous (so lid ) line symbo l s 
in contrast to int erp,ola tions (estimates ) which s hould be $ho vn by 
interrupt ed (broken) l ine symbols; 

ii ) Symbols, vhich may be de f ined as a point , a line o r an area <refer 
to Sect ion 9.7), should be selected for ease o f ident1t1c a tlon o n 
the graphic, rather than in the legend o r colour c ha rt . This is 
part i cu l arly i mportant in stat i stica l p r esen t ations vh ich use a 
single symbo l repet i t i vely, changing o n ly o no aspect , such as 
size, t o represen t a different l evel o f da t a; 

i i i ) A s.tn9 le 9ra ph ic s hould not i nclude more than t hr ee variables 
i refor to Sect ion 9 . 5}; 
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Iv } I nfo rma~ion t ha t does not contri bute d i rectly t o the message should 
be removed from the gra ph ic ; 

v) The subject shou ld oo, sepa r a t ed clea r ly from t he bac kground ; 

vi ) A s1n9le col our g raphic t hould contain a t otal amount o f black i nk 
that r anc;1 es from s -1 o\ of the f i g ure a rea. This preve nts the 
c reat i on ot designs tha t a re t oo l i ght or too d ar k; 

vi i > In general , cros$ hatch patte r ns and similar dominant designs 
sho u ld be a vo i d ed . Dom i na n t patterns, common i n comrHrci a ll y 
a vai l able t ransfer f i l ms, ha ve a t e ndency to creat e visua ll y 
dist u r bing and "vibrat i ng" gra ph i c s ( Fi gu r& 9 . 1 ) ; 

viii> Da rk or solid t o ne s and i nt ense co lo urs shou ld be reserved tor 
smal l areas of t he most s ignificant in format ion . Lighter tones and 
col our$ should b4 used fo r secondary informat i o n; 

ix ) In a n y s tat i st i ca l 9 raph 1c t he data may be d es i qned t or its 
perce i ..,ed v i s ua l ettect o r t o r the a b i l ity to take accurate 
phys i cal measurements trom t he graphic ; 

x > ln the g raph i c a l r epr e s entation o f 
shou l d be t.aken into consideratio n : 
dif ferentiat ion (F igure 9 , 2 ) . 

da t a t he v! e ual th reshold $ 
per c ept i on, separat i o n and 

F i g ure 9. 1 The v:lbrat i on ef fect obt a ined when graphic elements are 
1n a SO\ relat i o n t o t he Yhite bac kgrou nd. ( Af ter 
Internat i ona l Cart ographic Assoc iation, 1984 ) 

-,-

I 
I 

' I , , 
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Fi gure 9 . 2 The thresholds of graphic cepresen tat1on : <a > percep­
tion ; (b) separa tion; (c) d ifftJ r c n ti~t!on . ( A! ter 
In ternational Cartographic Association , 1984) 
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9.3 Graphic Design Checklist 

Wel l des igned graphics are easy to look at and easy to obtain informa­
t ion from . The fo llo wi ng are some of t he chttiracter.ist ic& of '' User 
Friend l y'" and " User Un friend l y " degign ,; : 

UGer Friendly User Unlriend ly 

words are spe l t o ut. Un usual and 
e l aborat e encoding avoided . 

Words run Cro m le ft t o right, 
normal for occidenta l langua ges. 

Short messages he l p decode data. 

Elaborately en c oded pa tt erns , 
shades, to n e$ a 1H:l colours are 
avoided. Labels are placed on t h e 
graphic itself. No l egend 
required . 

Graphic a tt racts v i e wers and 
provokes curiosit y . 

Colour s are chosen so t hat the 
colour - defic i ent and co l o ur b lind 
c an mak e se n s e o f the grap h i c 
(blue can usua l ly be d istinguished 
from other colour6). 

Type is clear , 
Lettering may be 

J)r OC i!lt; , modO$t . 
done by hand . 

Type is upper and lower case . 

Abbrevi ations abound, i.e. the 
viewer must sort through text to 
decode abbreviations. 

wordn run vert i ca l ly , ospec ia lly 
on Y- axis. words r un in several 
different directions . 

Graphic is cryptic , r e qu i r es 
repeat ed r efer ences to t ext 
1r1aterial. 

Obscure COd1n9s require going 
back and forth betwe•n le9end 
and graphic. 

Graphic i s repel lent, i.e. 
filled wi t h r edundant decora ­
tion and other embel li shments. 

Design insensitive to colour 
deficient viewers. Red and green 
used for essential contrasts . 

Type 1s heavy, complex 
unclear . The ettect is 
beari ng. 

Type is a l l capitals . 

a nd 
over-

Modified from "The Visual Displ ay of Quant itative Informa­
tion* by £dvard R. Tu fte, 1983 . 

• • • 
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9,4 Graphic Organizat i on 

Graph ics can be subdivid&d into thr ee visual levels o f organization: 
t he q uali t ative, o rdered and quantitative levels. These l eve ls are 
not mutually exclusive and many 9roph 1CG cbn use two or even al l t hree o f 
the visual levels availabl e : 

i) The qua lit a ti ve level i ncludes illustrations o f t ...-o or more 
di!teren t concepts - two d iffere nt spec ies, c olours, prod ucts , 
trades, etc. These c an be displaye d as either •this i s simila r to 
t hat " or "this i s different f r om that• ; 

11) The order ed level is a systematic arrangement or elements into a 
wel l recognhed rank ing, such as t emperature from hot to cold or 
si~e froo small to large; 

111) ThG c;uantitative level illustrates measurable o r counted infor ma ­
tion , "This is t wice that", "Th is is exactly what "@ measured 
here, " e t c. 

9.S Graphic Variables 

There are eight variables (dimensions that c an be manipulated> W'hich 
are availabl e to the ca r tographer to d if ferentiate aspects o( t he 
graphic: t he t"o dimensions of the plane , plus variations i n s 1 z& , 
value, texture, c olour , orientatior1 and shap& . These variations a re used 
t o create vi s i ble mar ks, signs or symbol s o n graphics a nd m-4pG. An 
effective design wi ll use more tha n one of the s e vari ables; sever a l it not 
al l wil l be incorporated into co mplex products. Used alone var i a tions in 
value usually prove to be the most eff ec t i ve. The c o mmon ly used var ia .. 
tions in orienta t ion and shape , often with colour , are less eff icient in 
communic a ting information . To err.phasize a message, "graphic redundancy" 
ma y be e mploy ed by using t " o graphic variab l es s i mu ltaneously . For 
1nstonce, i n tratf1c g1qna ls the vital $top light 1$ la.r9er 1n S 1%$ i n 
addition to being differentiated by colour . A more detailed explanation o f 
t he eight variab les is as fol lows: 

9. S. I The tvo diocensions o f the plane 

This refers to the x and y dimens ions along a sheet of 
info rmation being plotted against one o r both o f these axes . 
c ommon g raph and its many variants such as matric es. 

9.S . 2 S ize 

pa per, with 
This is t he 

Any g raph ic or map symbol can be c r ea t ed in a variety o f sizes usi n9 
ienqt h , area o r volume measurements. These various si2e s can be ranked or 
ordered. A cartoqra phlc convcnti◊n d i ct4t85 th«t b i 99er symbols represent 
larger or more important f(l'ature:s , reqardles s ot ..,.hether the symbol i s a 
simple point, a line or a comp lex tymbol . Many t hematic p r oduc ts apply a 
scale to ~he i;i?.es of $ymbols $hovn to indicate det ailed quantitative 
information . 
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Va l ue., a l so kno ,...n as " lightne&s " , :•fers to the varUt.ion i n i n t ens ity 
of light a& seen by t he eye . On black and Yh ite drawings, t h 1G r31~go6 
from white to black as shades o f grey ( Figure 9 . 3). As t his is a measur e­
ment ot th& amount of l1ght reflected from a surface the notion of value 
applies equally to c olou red graphic s and maps. The colours, or hues, 
yel l ow and yel lov -green reflect more light t han r ed, brovn o r pu rpl e and 
are t hus seen as liqhter i n value . This variation arid it s control a re 
important in most graphic a pp l ica t i ons . 

9 . S .4 Textu re 

This ef fect is also called grain ( Figure 9.4). It is closely related 
to value and i s a reflection of the she ot rep el!ltGd &ymbol& . When a 
patte rn is photographic&lly en l arged or reducod the value <relationship of 
...,hite to dark elements) remains unchanged but th4J texture 1s a Ctected . 
Varying t he amount ot ink i n t he patt~r n or chang ing t he frequency o! t he 
elements will also change the va l ue, a useful ef fect in many graphics . 

9 .S.5 Co lour 

Colour, more accurlltely termed hue , traditional l y has been a much used 
gr a ph ic tool <reter to Section 10) . The colour or hue reters to the 
dominant vave length o! light reOected from the graphic o r map surface. 
Symbols producGd 1n full - strongth colours ar~ seldom as obvious on the map 
o r qraph ic as mi ght 00 pred ict~ froul the colour samples used tor t heir 
s&lect l.on . Again 1.t i s t he control of c o ntrast \thich 1 s vital ; each 
colour mu s t be visible against the ac t ua l backgroun<:S on .,..h ich it will 
appear . Many dark co lour s are virtuall y i ndi$t1nguishable f r om eac h 
other , part icu lar l y whe n overwhelmed by a strong background . Colour i s a 
very useful tool but attent ion mus t be g i ve n to i ts appl ication . It 
subdued tones or l ight tint& ~re reserved for extensi ve a reas, smal l areas 
of solid colour ~111 become h19h l y visible if superimposed on or ad ja c ent 
to the l ight tints . 

The angle ot any distinct syabol ~exc~pt fine dot or line patterns> can 
be r otated and t hat a ngle given a sign i f ica nce or cha n9 e 1.n meaning. 
Th is ca n be a useful desig n eleme nt , par~icularly vhen combined with 
aoother graphic va r iable . Used alone repeated ly , it can a l s o produc e 
graphics vhich bre visually d1sturb1nq and extreme ly hard to understand . 
Extensive areas of fine r u led lit1es and s imi la r potterns ai:-o usua lly not 
seen as aligned symbols but as a t one . The same symbol e t vbrious angles 
c reates the same tone , hence visual confus ion . Aga i n it it co ntrast vhich 
is the desired domina nt e ff ect . r or the same visua l reasons ru led pattern 
lines should not be drawn thr ough a line symt>ol because the boundary ~il l 
dis appear . 

9 . S. 7 Sha pe 

Ideally the s hape of a oymbol ,;,hould c l early represent the feature 
being shown , Th is is seldom possible oocause so many maps and graph ics 



Figure 9.3 

Figure 9.4 

- 115 -

Varia tion in "l i gh t ness " . ( After Internat ional Ca rto­
graphic Assoch tion, 198 4) 

Variat ion in grain or texture. ( Af t er International 
Cartographic AS$OCiat ion, 1984) 
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aro produced at s mall scales where the t rue size o f the object . wou ld be 
clos e to that of a smal l point . Many symbol s, therefore, mu s t be exag­
gerated in s1ze a nd simplified in des ign i n order to be v i s i ble . 

The most common error is t o des ign a large number of small symbo l s, 
approaching points i n size, which vary only i n shape. Aga inst most back­
grounds t hese mi nor variations ar~ not apparent to many vsers . Shtiipe, 
therefore, s ho u l d be combined with another ~l~ment, most often a chtiinge in 
s i ze . 

9 . 6 scaling Graphic or Hap Data 

Graphic or map dat a may be scaled in four levels o f measurement. They 
are as fol lows, in increasing o rder o f precision: 

i ) ~ominal s c aling: 
erations, e.g., a 

i i ) Ord i na l sca ling : 
the ~si s o f rank 
and sm.,ll ports ; 

a d i v i s ion o{ data based o n qualitative consid • 
whar f , a lighthouse; 

a d 1 fferen t1at1on of d ata wi th i n a class on 
but .,.ithou t any n ume r ical value, e.g ., l arq e 

111) Interval scaling: a ra nld ng o f d ata i n exact standard units 
vith dif f erences between classes expressed i n multip l es of that 
unit . Th e zero point 1$ arbitrary as i n the centigrade s c ale, 
vhe r e 20 c 0 1s not t wicG as warm as 10°c , merel y 10°c var mer; 

iv > Rai tio scaling: a s wit h interva l scali ng cl a ssGs ai:e exactly 
dofi ned but in contrast the zero point is absolute , 0 . g ., vei9ht, 
distance. 

9.7 Symbol Classification 

In order to simp l i!y the i r des i gn or selection. symbols can be sub­
d.tvided i nto t hree different cla6$eS : po.tot , line e;nd &reai. Variati ons 
o f these c lassificat ions are made poGsi blo by subtle increments of t he 
facto rs previously described in graph ic variables ( refer to Section 9.S). 

1) Point symbols a rc i ndividual signs such as dots., triangles , small 
crosses , .:ttc. , that a re used to repreg:ent pos i t i onal dat a such as 
tovns, reefs, s ample locations , soundings; 

11) Li ne symbols are variat ions on tho theme of a si ngle line repre­
sent i ng a v i de va ri ety of data. The i nformation c an be bot h 
l i near or no n l inear. Cornmonly, lines o f communi cation (roads, 
r.ti l vayG } , bound.irie&, rivers , etc . are dra.,,. n i n th is manner, 
i n addit ion t o Clow lines , contours , depths and many forms of 
volumetric data; 

111) Ar oa s ymbols ind icate tha t an &re a ha~ a commo n cho ra~ter i s­
t ic, wh i ch is commonly shown by the use o f a t ono , co l our or 
pattern throughout the designat ed area. 
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9.8 Sta t istical Graphics 

Sta t is tica l g r aphics may be s ubdivided i nto t vo cate gories ( F i9ure 
9 . S l: 

11 graphic s shoving relati onships be t wee n Quantit1e$ ; 

11 J graph ics i nd ica ting the por t i o n o f the ,...hole fo rmed by seve ra l 
c omponen t parts. 

9.8 . 1 Graphic s shoving r elati o nships bet ween Quant1t1e $ 

i) Line g raph ( Figure 9 . 6 } : The i nd epende n t va r.table i s normall y 
p l o tted o n the hori:ont a.l SCbl o and t he depende nt va riable o n the 
ver t i c al sea l e ; 

ii ) Bar g raph ( Fi g ure 9 . 7 ) : The ba r g r aph 1$ $imil a r t o the line 
graph, bu t direct s att ent i on t o the actual q ua n t i t i e s, vher eas the 
l ine graph emphas izes t he r l se and tal l ot the va l ues . ea r qraphs 
are o f t en * tu r ned o n t he ir s i d e " wi th horizontal bai;-s ; this 
pr ov ides more s pace fo r narnes , va l ues , etc ; 

i i i ) Ci r c ular graph (Pol a r c h .,a:rt , Clock g r a ph) i F 1qure 9 . 8) : The 
c ii;-cu l ar qraph c a n be used t o deno t e a $erle$ o f val ues wh i c h 
rela te t o a rocur r en t state o f affairs, a cont inuum; 

iv) L09a r ithmic graph ( Fi gure 9 .9 >: This g raph i s used 
r ate of increa se rat her than the amount o f i nc r e a se . 
equal rates of c hange by lines ot equal s l ope , 
numeric al basi s o f that change may be ; 

t o indic a t e a 
t t vill s ho v 

vhat e ver the 

v) Sc at t er g r a ph (Scatter d iaq r .i,.m) (f"19u r e 9 . 10) : The tcatter graph 
i s used to i nvestiga te t he relat10 n$ h1p wh i ch .:t-x 1s t s bet veen t vo 
va r i abl e s occ urr 1nq over a v 1de area . The r elat i o nshi p ca n be 
expressed ma themat i ca l!~• by ll\ea ns o f r e qression analys i s, vi th a 
s tra1qht o r c ur,..ed line drawn thr ough t he po i nts o n t he g raph. 

9. 8 .2 Graphics s howing p r o portio ns fo rmed by cons tituent part s 

Severa l ot t hese g r a phics a re mod ificat ions of those a lre ady des c r ibed: 

i) Compo und li ne o r bar graph ( Fi q ure 9. 11 } : Thi s i s used to sub ­
d ivi de t he are.:,. bene a t h t he l i ne , or cont.o. i ned v ithin t he ba r, 
i nto any n umb• r o f compo r:.ent$ H t he vert i ca l line c ommences at 
zero ; 

11) Di vided circl0 o r pie g raph ( F i1;1u re 9 . 12) : Th i s i s the commones t 
s tat istica l dia g r am. The t o tal quantity concerned is represented 
by a c i r cle vhich is divided i nt o segll\ent s propo r tional i n size t o 
the components . Compar i s on can be made betveen variat i o ns 1n tho&e 
components in t wo o r mor e e xamples i f a ci rcl e , subdivided in t h i s 
vay, i s d ravn for e ac h o f t he tota l quantities . Ci rcles varying in 
s he proport iona lly t o the total Quant i ty vh ich t hey r epresen t can 
a l s o be used; 
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Graph ical techn1qu&s for por traying sta tist ical i nf orma­
tio n. ( After G. C . Oi ck. 1nson , 19 7 3 > 
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L1ne graph showin9 h erring landings from 1948 - 18 for t ..,.o 
Statistical Di t. t r 1cts. <After s.~ . tte&sieh e t. a l . , 
1981) - -
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Bar graph s hO"-' i ng t.he potentia l catch p~r unit effort 
using gillnets by Statistical Area. <After o.c:;. Reddi n 
and P.B . Sho tt, 1981) 
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Circu l a r graphs shov1n9 ~ ind characteristics o n a month l y 
basis. {After HA.RTEC Limited , 1982 ) 
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A norma l 1 i ne g raph ( .); ••d its lo9arithmic equivalent 
(bl. (Afte r G.C. Dickinson , 1973 ) 
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and est imated yea r-clas s s ize of cod ( After P.F. Lett , 
1980) 
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Figure 9 . I 1 Compound bar graph sho.,,. 1ng 
fishery products 1955 - 72. 
the Environment , i 974 ) 
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Figure 9 . 12 Divided c ircle shoving percentage of total catch (veight) 
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iii> 01vlded rectangle <Figure 9. 13) : The rectangle. vhoGe area may bo 
proportional t o the tot.zd <:iua ntjty, is ur;od i n a manner similar t o 
the c i r c le a nd c a n be $ubd lvided into layers, each represe-nting 
one of t he components ; 

i v > 'J'r Jangulor graph ( Figure 9. Hl ) : This g raph may shov three var i -­
ables ; in both interpretation a nd use it has strong affinities to 
t he scatter graph. The graph consists of an equ ilateral tri&n9 le 
wi t h sides 100 units l ong, each car rying a scale r unning (rom o0 to 
100 . 

9.9 Sta t istica l Maps 

The important elemen t o f position in s t a ~ ist ica l map s forces the 
cartographer to 1JOrk ·within rather finer limi ts t han wi th stat i Gt ical 
graph ics . The space a vai labl e for display ot any det.:,,iled in formotion 
depe nds not only on the overal l size o( the vhole map , but on the a rea of 
the map wi thin vhich the in forma tion c an be placed and still be associated 
with the appropr iate geograph ic a roa or feature . The statistical informa­
tion rn&y b,o s hovn by non-quant i t.a t.ive or quantit a t ive techniques ( F'iqu r e 
9 . S l, 

9.9.1 Non -quan~itative statistical maps 

These maps j nd icate t he places or areas vhere feat \) r es of i nt erest 
occur , ~1t hout t he noOO to differentiate according to si ze or 1mportance 
(Fi9u r e 9.1$>. Their m.orit lios in t hoir ability to sumr:iarlzo a situa­
t ion . 

9 ,9. 2 Quantit a tive stati stical maps 

The~c a r ~ three mai n t ypos ot $tat1Gtica 1 techn1quoG 
quantitat i ve d i stribut ions a ccording to site or importance : 
po ints, g iven areas and a series of l i nes . 

used to show 
a series ot 

9 . 9 . Z. 1 Qua nt1 t 1es dist ributed a t a series 01 points: The folloving 
techni ques are used to s ho~ quant i ties distributed at a series of po ints: 

11 Re peated symbols ( Figure 9 . 16 >: The symbols can be geomet ric, 
pic t orial or descr i ptive i n nature . The appea l ot this quantita­
tive method is its simplicity; quant1tios can ,oas1ly be deduced by 
counting symbols and if t he symbol u oed i s representati ve i n 
natu re, the pictorial device makes its message •as1ly understood; 

ii } Pr oportional bars ( Fi gu re 9 . 17) : The ba rs are simple to drav, 
flexibl e to arrange in congest'K'I areas and, because or t he simple 
linear for m, 0asy to est i mate visually ; 

i i i > Proportional circ l e$ ( Fi gur e 9 . 18) : The area of t he circl e is 
proportional t o t he quantity represented . Since t he area of the 
figure is pr oportional t o the square o f the r ad 1u$ , a syr.ibol 100 
t 1m&s t he a1nount of the othe r is on ly 10 times as largo; hence, a 
great. ranqe o f values can be represented if distinct visual st.eps 
in s i ze are c areful l y chosen; 
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Triangular graph shoving t he nomenclature of sediment 
t ypes . (Arter F.P . Shepard , 1954 ) 
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Non - q u ant l tative s~atistical map. (Af ter Ma r itime 
Resource Management Servic e Inc., 1986) 
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Fiqure 9 .1 6 Ouan t1ties distr ibu ted a t a ser i &s of po i nts u si ng 
r e peated s ymbols . (After Canada, Oepbrtment o f Fi she ries 
and Oceans . l 981 ) 
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Figure 9. 17 Quo n tities 
propor tional 

128 -

distr i bu:ted at o. series 
bars (simu lated data) . 
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Figure 9 . 18 Quan t i ties 
propo rt iona l 
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dist r ibuted at a 
circles <simu lat ed 
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iv> Proport.ion3l spheres and cubes <r19ure 9 . 19) : 8y a.ddi ng a t hird 
<U~n$10n t he range o f value t h.,_t c& n ~ consl<hJred is 1ncrea$ed 
tremendously. The va l ue o f these symbols is proportional to the 
cube o f their radius or length o f side ; a symbol 10 times larger 
than another ..., ill represent a value 1,000 times g reater, (N.B. the 
information containo-d i n t hese g raphics is extremely difficult t o 
v i s ualize and will c reate interpretation pr oblems for many users ) ; 

v) A r ange of graduated symbols (Figure 9.20) : Each symbol r e pre­
sents a specific group of va 1'1es , the s ymbol s increasing in size 
as the quantities they represent get l arger . These are p referab le 
t o propor tiona l circles tor most uses . 

9 . 9 . 2 . 2 Quantities conta ined vith in given areas : This me thod of sho wing 
quantitative distribution is mor* common t ha n onv other t ype . The statis­
tics simply indicate t hat vt thin a given bounda ry l i ne a certa in number of 
features i s to be tound although the arra ngement o f f e atures is no t 
ind i cated . Th~ tollowinq t•chniques are used to s hov quant i t ies conta ined 
wit hin given areas : 

1) Dot maps t F igu re 9 . 2 1 ) : Although simple i n p r incip l e, t h 1$ 
techni que r a i ses destgn questions vhich need to be ansvered be.fore 
mapping can begin : 

a) How much or how many s ho u l d each dot represent ? 
b) Ho~ big should •ach category of dot be drawn? 
c ) S hou ld the dots overlap , coa l esce or 00 othervtse differen­

tiated i n busy areas? 

i i } Shading maps ( Choroplet h map) ( F igu re 9. 22): Shadi ng me thods 
presuppo se uniform d i str i bu tion of t he q uan tity throughou t the 
given area vhich is ofte n unjustified. Each shade vil l represent a 
different density per unit o f area. If co l ours are avai l able it 
is advisable t o limit the number t o t vo o r three and build up 
varie ty by using tints o f each colour ; 

iii ) Pr oportional shading maps (Figure 9.23): Thi s tcchni<i:ue not o n ly 
places a va l ue vithin a range but a c tually re presents lt •true to 
scale". Alt houg h these maps may be constr ucted to absolute 
stat istical ac curacy, they are usua l ly i nefficient at 1mp&rt i n9 
t hoi r info rmat i o n . Tho y often i;vffer from the common distracting 
defect of "'v isua l v1brat1on " c aused by alternating b lac k and vh ite 
bands ; 

iv> Isoli ne maps ( Figure 9.2 4 ) : As -w ith shading techniques, average 
densiti e6 a re s ho vn tor each un1t but t h i s value i s r e gard e d as 
being typical of , r a ther than confined exactly to, the areas under 
consideration. It t.hus avoids t he •unrea l " effect vhich bo undary 
l ines p roduce on shading maps ; 

,.,) Repeated statistica l graphics (Figure 9 . 25) : St a tis t i c al graphics , 
p rev iously described in Sectio n 9 .8 , are used to i llustrate varia­
tions in s evera l facto rs thr oughout an aroa . 
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Qua n tities distributed At a series of poi nts usi ng 
proportional cube& (sirnul~ted data ) . 
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Qu~ntities dist ributed a t 
qraduated symbols . (Afte r 
oev(l lopment , 1973) 
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Dot map show ing unit area bounda rie$ , and the geograph ­
ica l distribu t ion and re lat1v e mag n it ude of i;c&l lo p 
l andings. (After G.s. Jamieson et al., 1981) 
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Fi gure 9.22 Shading map showing 
delta area of Burma . 
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Proport i o n a l $ hading map. (Af ter G.C. Dickinson , 1973) 
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lsolin~ Map shoving abundance of herr i ng l arvae ( number 
under an area 1om2 l in Miramichi Bay, N'e w Bruns,,,.1ck, 
Canada . (After S,N. Mess i eh et al., 198 1 ) 
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Repeat ed statistical graph ics shoving lobster landings 
from 1947 to 1977 in selected counties of Nova Scotia, 
Prince Edvard Island, and Nev Brunswick expressed as a 
percentage of t he mean l andings during that period. 
(After Canada, Department ot Fisheries and Oceans, 1981) 
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9. 9. 2 . 3 Quantities distributed along lines: The technique for shoving 
quantities distributed along lines 1s commonly used in relation to traffic 
flows along route -ways of various kinds, e.g . , line width is proport ional 
t o t he quantity of traf Uc pass ing on the route ( Figure 9. 26 ) . I t can 
equally be applied to such topics as migratory routes, current flows, 
sediment t ransport , etc. 
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Quantities distributed along li nes showing international 
fish product exports from Novb Scotia , Ca nada. < h tter 
Marit i me Re&ource Management S&r v ic(t Inc ., 1982) 
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SECT10N 10 

10. COLOUR BASICS 

Co l our e xists o n a map o r graphic fo r the purpose o f communication. 
The use of colour 1$ o f special re levan c e to ma rine and nav i gational 
charts, topographic maps, and thematic maps whose primary purpose is t o 
c reate a menta l i mage ot some ot the c harac terist ics of the region. 

Communication in colour is more e f fective i f t he colour s used are 
appropriate , Individual co lours often have ll i d e ly ditterent cultura l 
conno ta t i ons wi th wh i ch the cartographer must be fami l i ar. The col our 
blue, for example, can symbol ize coolness , wetness, truth , cons tancy, 
l o ya lty, v i sdom and despondency ; in China it is t he colour 3ttr1buted to 
t he dead. Similar ly, red , which i s an emotion-compelli ng co l o ur, can 
symbolize hea t , love, valour, energy , Ure , cruelty , danger , 11r ath a nd 
sin ; in China i t is the c olour o f the l i ving. 

Co l o ur is both u sed and abused widely. The psychological aspects of 
colour are commonl y explo i t ed i n the fields of advertising a nd propa ­
ganda . A careful study of successful local advertis i ng techniques in the 
cultural " t arget market'" wi ll often resu lt in an appreci a t ion of appro­
priate colour responses. 

10 . I Colour Charac teristics 

1 o. 1 • 1 uue 

Hue r efe rs to the s pec i f ic vavelength zo nes o f t he electromagn&tic 
spect rum and is t he unique quali t y of a colour referred to by nam&, e .9 ., 
blue, greenish-blue , etc. Most natural and man-made colours ar@ composed 
of combinations of Yavelengths whi ch approximat e the s pectral hues o f a 
rai nbow as seen vhen ~hite light passes through a pris m and is s p lit i nto 
i t s component parts. 

10 . 1 . 2 value, lightness or brightn&ss 

Th is refers to the relat ive lightness or darkness o f a colour and is a 
measurement of t he extent to vh1ch the colour r e flec t s l ight . Thus brovn 
and red are dark c o l ours in compar ison t o yellov vhich is light . Va l ue is 
considered to be the most significant aspect of colour . becau,e it is ., 
primary factor in t he recoqnition of graphic variations. In the abse nce 
o f colour , va l ue r anges from wh ite to black through intensifying s hades o f 
grey. Untrained eyes can readily perceive five steps in va l ue from vhi t♦ 
to black. 

,0 . 1 .3 Intensit y, chroma o r saturation 

This refers to the strength or fu llness of a colour 1n comparison to a 
neutral 9rey, as described by the t erms "brill i ant" b lve or "du ll " green. 
A spectrally-pure col our is fully saturated; i f the colour i s diluted 
by th• pre•ence of other wavelengths o f l ight as happens vhen 1t 1$ screen 
tint.ed ont.o vh! t.e paper , a de$&tur.ated hue results. Thus pink, which i s 
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created by scree n tinting red, ca n be thought o f as a desatura ted red. 

10.2 Evaluating Col our Cha r actet'istics 

The th ree basic characteristics of col our di!'lcussed above do not. occu r 
separately. 

Value is t he critica l dime ns ion of colour from the point of •dev of 
percept1b11Jty , In contrast , hues arouse emotions or reactions. the most 
obvious bei ng the varm- cool connot a tions already ment)oned . 

Intensity wou ld Geom to be the least. signific ant of t.he t.h ree c harac­
teristics ot colour , b\lt 1t 1$ a u5eful cartographic t.ool . The ability to 
differentiate betveen different saturations o f the same hue is strong ly 
affected by the ac-ea of t he i mages and the spa t ial separat ion of the 
units . Ad jacent l egend b locks having the same hue vith va rying sa tu ra ­
tion$ Cb n ~ easily identified . 1'he differences, hovever, wi ll not be as 
apparGnt if th~ coloured areas are widely separated on the graphic. 

Aga i nst the normally comp lex b~ckground o( a t ypica l map ..,. it h its 
var i ed symbols, text and area tints , t1ne li nes ot d it terent colour appear 
i dent ic& J . F1ne digcr i minations in hue , saturation and value are on ly 
PO$S1bl e if th0re are no other distractions such a s adjacent dominant 
colour s . A fine line is the cartographic symbol mo st dif f icult t o dif fer­
entiate by colou r, because it a pproaches the limits of perception. 
Differe ntiation by hue alone is t he most common cartographic error in 
colour usage , Many different hues have vi sually the same dark ness o r 
l ightness value a nd are therefore hard to dif fe r ent iate . This is particu ­
larly t rue o f fully satu ra ted intense co lou rs. Contrast effects are 
greatly i mproved vhen pastel shades or desatur ated hues are employed for 
larger background areas. Thus i f different iation of fine l ines by colour 
is necessory o second v&i:hb l e s uc h os line vidth v ill ensure .,, clearer 
distinction. The same considerations apply to the uoe of smal l po i nt 
symbol s . Graphic redundancy again makes symbol differenti a tion clear 
(refer to Section 9. S). Max imum clarit y occurs vhen hue, •;alue and 
intensi ty are all manipulated deliberat ely t o accentuate the vital aspe c ts 
of t he graphic and t o s ubdue the rel ated or background ma t eria l . 

10.3 Screen Tints and Halftone Screens 

Most coloured maps vill be reproduced by printing o n a n offset or 
similar press {refer to Section 12}, using inks vh!ch deposit a pigment 
onto t he paper. The colour or hue of the selec t ed ink is fully s aturated 
whon pri nted as a sol i d colour; desaturation of the solid col our , result­
i ng in a colour tint, can~ ~chieved by the use ot photo~echanical screen 
tint s. Screen tints are reprod1.Jced on !1 l m or 9hss and consist of highly 
precise, close ly spaced dots of a q.tvon Slto arranqed in a rectangu lar 
pattern. The dot spacing on a particu lar tint screen is identified by t he 
number o f l ines o f dots per inch. A 6S l i ne screen t1nt having r elatively 
fev large dots is considered coarse .tn c::01npa.rlson to a fine 1S0 line 
screen tint having man}' sm.all dots. A fine screen tint vill produce an 
even tona l ~ffect in controst to a coarse screen tint . 
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As t.he reflectance of light from a white surface is higher than from 
a ny coloured surface, a screen tint •dll increase lightness and decrease 
satura! ion . Screen tints arc 1dentified by the tone resulting fro m t heir 
use. A 10\ screen tint will produce a light tone vi th only 10 \ of the 
surface area boir.9 covered with ink. Conversely an 80\ screen tint vi ll 
produce a s t rong , dark colour or tone. Usually screen t ints are available 
in increment$ o f 10\ giving a large number o f gradations o f a single 
colour on one plc,to ( F i gure 10 . 1 ). Recent developments i n the graphic 
arts indust ry ~re computer-contr o l led laser platemaker s which are capable 
of p r oducing any desired siie a nd donsity of dot. This gives comp lete 
control ove r colour sa.toratlon and makes possible subtle gradat ions and 
col our mixtures very difficult t o obtain by conve ntional ll\ethods. The 
car tographic potent i al of t hese mach ines 1s conside rab l e. 

The use o( screen t1nts ca n result 1n considerable cost savings in 
col our printing . By using only two coloured in~s and combini ng them O$ing 
screen tints, a range ot several colour variations o a.y be achieved . £ven 
if a number of these colour combi na tions or 1nd1vldual t i nt$ 11 d i scarded 
as not \!l&ually d i sti nct , tvo coloured 1nks have considerable potentia l 
for the economical and a.ttra.ctivo diophy of i nformat ion. Many graphic 
product s i n the field or mar i ne re:sourccs could oas1ly bo produced v ith 
s uch a simp le combination as bla.c)( a nd bluo . Pri1~tinq one or two coloured 
i nks onto colour~d paper 1$ another economical solution. 

In contrast to screen tints , vhich are used t c represen t selected areas 
i n uniform grey or coloured tones, hal ftone screens are used to represent 
continuously changing ranges o f tones er "cont inuo us - tones" such a s t hose 
found 1n h ill shading or a(l:rial photograph$ . Ha lftone scr•ens aro intro­
d uced 1n t he photomechanical process because the printing process cannot 
easily reproducG cont i nuous-tones. I n contra st to screen tints wh ic h 
reproduce dotG. of consigtont si~e, h,alftone screens produce dots .,,.hich 
vary i n sU~ dependi ng o n t he a ,noun t of l t9ht that roaches th& Ulm. The 
darker area.$ o n the origi nal reflect lit tle o r no l igh t and produce l arge 
clear dots . The lighter area s reflect more ligh t and produc• $ ma. ll(l:r 
clear dots. This r esults in a negative of the o r iginal composed o f dots 
o f varying sizes. 

10.4 Colou r Spectr um 

~ i g h t is the s ma ll zone of t he electromagnetic spectr um which is 
visible to o u r eyes {Figure 10.2 >. This zone is mea.eured i n. "ave lengt.he 
ra ng in9 f r om bppro~imatel y (t . 4 to 0 . 7 micro~e t r es {one t housandt h of a 
m1ll1rnetro or one millionth ot a metre ) . It a beam. or vhite light is 
paS$Od througl~ a prism, tho dUtere nt amount of refraction of the various 
vavelengtho caU$~$ it to $pl i t into 1ts component parts . The same effect 
occurs vhen light passes through rain creating the rainbow . I n the case 
of the pr i sm ve refer to the s&ries of ditfereot spectra l hues or colours 
displayed which t h¢ hom& n eyo c a n diGcern as t he v i&ible &pectrum . 

The s horter , h1gher energy wavel e ngths are the violet - blues nea r the 
0 .4 1r1icrol!letre end o f tho Sp$Ctru1n. The lonqer, lover energy, waveleng t hs 
are the reds near the 0 . 7 micrometre region of the spectrum. The order o f 
the s pectra l hues , >:no"n &s gpectral p r oc;,ression is violet, blue, blue­
green, green, yel low-gree:n, yellov, oran90 , a.nd red in decreasing energ y 
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Examples of screen ti n ts e xp r e ssed i n 10\ increments . 
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Electromagnetic spectrum. (A fter O. P . Paine , 1981) 
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levels or l engthening wa velengths . Th i$ sequence , be1n(J a naturlll and 
familiar one to rnost people , is a log ica l c hoice when colou rg; must be 
arranged in an asc&ndin9 or descending manner. 

Examination of the human eye has shovn t ha t it is most sensit i ve to 
co l oured light at w,:ivelenqths of O. SS micromet res, that is the yellow­
green tone wh ich occurs i n t he centre of the visible spectrum. The 
sensitivi ty drops o ff rapidly o n both s ides o f this point, the lowest 
sensitivit y being a t the violet and red extremes of the spec trum . Th• 
perceived lightness or da rkness of var ious col outs i s a measure ot our 
visual sensitivity to the light received. Thus viol et-blue and 1'6d are 
P•,n·ce1ved as dark because of our relative visual insensiti•Jit y to these 
wave lengths. I n con t rast the yellov-green region o f the spec trum 1$ 
perceived as being light d ue t o our r elat ive visual sensit ivity to these 
..,avelengths . For example, in many regions of the vor l d emergency f i re ­
fight i ng vehicles were o r igina l!}• painted intense red, the most emotion 
provok i ng colour . In recent years, hovever , most of these vehicles have 
been repainted a yel low-green colour vhi ch has proved to be highly visible 
against the dark backgro und of our cities. In some areas the accident 
rate of these vehic les dropped dra matically after the colour c hange. 

10. s Col our Contrast 

For o.ny pair of co l o urs, ma x i mum contrl!lst 
value o re select•d to max i m.Lie this e( t ect . 
contrasting colours i n a decreasing order : 

Black on Yellow (most contrast > 
Green on Wh1 te 
Blue o n Wh i te 
Whi te on Blue 
Blac k on Wh ite 
Yel low o n Bl ack 
Wh ite on R&d 
Wh i t e on Oranqe 
White o n Black 
Rod o n Yol l o v 
Green on Red 
Red o n Green 
Blue o n Red (lea$t contrast) 

occ urs .... hen hues of varied 
The fo llowi ng list ranks 

Both 0:xtremes of the lis t a re worthy of note. Yellow o n b l ack i s far 
more visib le than t h& convent i onal vh i te on black. Red on green and blue 
o n red are combinations of dark colours with lov relative contraet whi ch 
wil l create a visibilit y probl em. The red / green combination is also tho 
one whi ch people w1th colour deficiencies have the greatest trouble 
differenti a t ing . 

10 . 6 Primary Colours 

Primary colours are those used to c reate othe,r colours. Some special 
colours cannot be produced by mixing t he pr i mar ies . Speci al col oured inks 
4ro pr i n t ed for this purpose , for examp l e, the bro vn colour in Figure 
\J . 9. The re are th ree conven t ions in commo n carto9raph i c usage for 



defining pr i mary colours: 

1 ) artistic pr i ma r i es; 
11 ) additive p r imar ies; 

111) subtractive primaries . 
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The additive and subtractive prima.ru.s a re sometimes referred to collec ­
tively a s optica l primar ies. 

10 . 6.1 Art i s t i c p r i ma r1GS 

Arti6tic prima.r1e$ arc co:nmonly def!r.ed as b l ue, yellov and red, From 
t he6e col ours , mO$t other colours can be created with inks or pain ts , 
Thus mi xing yel l o v and r ed produces orange, red and blue results in v i olet 
and bluo and yello w g ives green. Intermediate colours are obtained by 
varying the strengths of the hues . Art istic primaries are based on t he 
subtractive princi ple ( refer to Section 10.6. l) . Each tint or pigment 
absorbs some part of white light and the perceived colour i s vhat i& l eft 
over . Artistic primaries are used in mechanical colour separa tion, t he 
conventional cartograph ic method o f obtaining various colou rs. Their use 
has the disadvantagG of requiring many separat ion o verlays but t h e 
resulting col ours c an be eos il y controlled . 

10.6.2 Add i tive primaries 

The b l ue, green and red bands may be :referred to a.s one-thi rd colours , 
each compri sing approximatel y 1/3 of the v i s i ble spectrum. When white 
light passes through a prism, the blue , green ti nd r ed colours cannot be 
( urther gubd i v i <!c<.1 , hence t he ti&rm prii~ry colour. Whe n corr•ct pro por­
t.tons o f blue , green and red ligh t a.re projected t ogether, t he other lcnovn 
colours can be crea t <id. J..1$0 , t n th<i correct proport i ons , a mixtu re of 
a l l three produces whit e l ight . Thus t he one - thi rd colours blue, green 
and red are known as the additive p r i mari es. A complete colour system is 
possible from t he three addit i\'e basic o r primary colours. 

Pro jecting two of the one-thi rd primaries together crea tes nev colours 
whi ch are of d i stinct int erest. Red added to blue pr ojected light creates 
magenta. Blue added to green pro j e cted l ight creates cyan and red added 
to green projected light produces yellow . Cyan, ye l low and magenta are 
kno~n as two-third s co lours, each containing wavelengths equi va l ent t o 2/3 
of the visible spe ctrum . Thus the fu l l sequence o f optical colour$ is 
red-yellov-green-cyan - b l ue -magent a and back to red in a c ircular fas hion 
(Figure 10 , 3). 

Add 1tive prill\lllry co l o u t mix i ng i s t he basi s for optical colour separ­
at ion USGd i n the reprOduction ot tull-colour o r i g i nals wh ich are used 
increasingly in cartogrtiphy . It ls also the basis for preparing trans ­
pa renc ies for use as pro,ected overlays onto a screen and as the basis for 
col our television. 

10.6 . 3 Subtr actlv& pr1ma r1~s 

Cyar., ye llov and mag0nta , the t \lO-third6 colours, are the subtractive 
primary col our s . Super1mpostn9 Olten~ ot these colours o ver a white 
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Colour wheel sho1oi ng duos a nd tr i ads of compl ement.a r y 
co l ours wi th additive <caps ) and subt ract i ve (love r case> 
pr.iieeiri<ts. 
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liqht sourc e selectively elimi1~ates parts of the spectr ul!I, in contrast t o 
the addi t ive process d esc r ibed above . A comb1nat1on ot c yan and ye llow 
filters used to filter vhite li9ht produces ~ qreen hue . Ma.qent a and c yan 
f i lters result in a b l ue hue, and magenta and yellow fi lters superimposed 
1n a simi lar manner produce a red hue . Thus by subtracting l ight <fi lter ­
i ng> , the addit i ve primary c olours a r e created . Using cyan, magent a and 
ye llov filters t oget her wi ll remove all available light resulting in 
blac k . 

The s ubtract i ve syst em is the basis fo r pr inting v ith the process 
colour s cyan, yellov and mac;enta used t ogether v.it h black to sharpen the 
i mage , It is a l so t he principle use d in mechanical separat ion, the 
conventional cartographi c me t hod ot creating colours on maps and 9r a phs. 
As with artis tic primarie s , the subtractive pr l m.arl es have the disadvan ­
t age of requiring many separation over l ays but t he resu lting colou rs can 
be easily c ontrolled. 

10. 7 Colour Harmonx 

Colour harmon y, a visual l y p l easi ng arrangement of colours, can be 
achi eved by t he use of comp lement ary, anal ogous o r monochroma tic colou rs : 

10 .1 . 1 Comp lementary co l ours 

Co lou rs comp l emen t one another vhen they conta in approximat ely equa l 
visual a moun ts of each of t he three pigment primary co l ours. A colour 
vheel is a considerable aid to their identificati on and wi ll be ref e rred 
to t hroughout this sec t i on ( see insert >, The sequence o f colou r s o n a 
colour ...,heel is itself considered to be harmonious and may fo rm the bas is 
o f useful colou r scales . Tvo col ours (duos) are harmoni ous and comple~en­
tary if they lie oppos ite each other on the c olour vheel. Thus we have 
the folloving duos of conp lementary col ours vith the artistic primar ies 
(Figure 10 .11 >: 

Yel lov - Vi olet 
Ye llov-ora nge - Blue-viole t 
Orange - Bl ue 
Red - orange - Blue -green 
Red - Green 
Red - vio let - Yellov-green 

The same princ ip le holds for g roups o f three colours o n t he vheel 
( triads > ( Figu r e 10.4 >. Thus ve have t he followlng triads ot comple­
~entary colours : 

Yellov - Red - Blue 
Yellov-oranqe - Red - viole t - Blue -green 
Orange - Vi olet - Green 
Red - orange - Blue-violet - Yellov-gr~en 

The pr i nciple of harmonious and comphimontary d uos and t riads of co l our s 
in rel ation to the art istic pr i mar i es can also be appl ied t o t he additive 
and s ubtractive primaries (Figure 10 . 3) . Those colour duos and t riads are 
more harmonious if t he colours a r e l i ghtened by vh1te , darkened by bl ack 
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o r similarly toned do.,..n to ., pa stl)l shad$ by ad<:UnQ equal am0unts ot 
grey. Pastels o r subdued co lou rt are consid(Jrtcd to })e v 1$Ubll y more 
pleasing th~n pure colours . 

Br o wn , a fundamental cartographic colour, is not li sted above but is 
often used 1n many Mapping products. Brovn essent i ally consists of yellow 
and red plus a small amount of blue , Harmonious co l ours for brovns are 
found in those colours i n which the dominant p i gment is veakest. in t.he 
bro wn. Thus we have the fol lowing complementary col ours for brovn: 

Yellovish brown - S l ue- violet 
Reddish bro wn - Bl ue-green 

10 .1.2 Ana logous colour& 

This system of obtaining harmony between colours is extremely valuable 
to the thematic cartographer ..,.ho vishes to produce ., &Cale of co lours for 
re l ated features, e.q., the depi ction o! vary ing levels or densities of a 
species. 

Analogous co)oun; use one quadrant section ot the colour wheel, moving 
from one extreme s t eadi l y through each neighbouring hue to t he othe r 
extreme (figure 10.4). Thus a sca l e o f harmoni ous colours might include 
green, yel l ov-green, yellow and yellov-o range. The se scales are often 
adjacent to t he subtractive pr i mary co lours magenta, yel low o r cyan. When 
using t his sys t em , extend i ng beyond 1/ 3 of the vheel wi l l result in 
unharmonious colour combinations . 

Th is syste m is usef u l as a n economic solution t o cost l y colour 
printing . Using o n l y t vo basic colours ln v.,rying saturations and over• 
printing them c.,n create a useful see. l e o! related colours. 

10.1 . 3 Monochromatic co lours 

This is an economic al colour system based on a sequence of several 
cont inuo us ly graded c olours of a s ing le hue . These gradationa l sequences 
are achieved by the addition of vhite, qrey o r black, result ing ir. 
desatura ted , pastel or s haded series o f col ours. 

The system is sui ted to displayinq continuously variable data such as 
wat•r depth in r~lation to bottom topoqraphy. 
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Co lour ,.,heel showing duos and triads of complemer:. t ary 
colour s with the o n ; tst.1c p r imaries. 
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$ECTl0N 11 

1 1 . ARTWORK PRtPARATION 

The quality and oft.en the complexity o1 a map o r graphic i s dependent 
on t he nature of the original artwork. Photographic reduction a nd hig h 
contrast photography can i mprove the qualit y of linework on reproductions 
&)though most f l aws and a l l err o r s wi l l sti l l remain. 

Ba sically artwork can be prepar ed in positive o r negative formats, or 
Jn a combination of the tvo. The reproduction method chosen, t he econ ­
omics of the situation and the availabilit y of e quipme nt and materials 
dictate t he format utilized. Bot h posi t ive a nd negative artwork are 
normally produced as colour - separated plates, o ver lays or components. 
Thi$ requires a p in registration system so that the images on t he various 
over lay$ retain their correct rel ationship vhen a compos ite negat ive o r 
positive of the over lays is made. This also demands the use of stab le ­
base materi als, as a rtwork produced on unstable materials wi l l shrink o r 
expand wi th variat ions in t e mperature and humid ity. Thus stable , po ly­
ester - based, plastic films are a requirement for all graph i cs vhich are 
not s i mpl e, sin9 l e colour dos i gng l)t'<Xh•cEtd on one overlay. These plastic 
films are also more permanent and of cons istent quality . Erasures and 
c hanges can be made relatively easi l y. For these reasons tracing papers, 
art papers and simi lar materials are not used in most mapping operations 
except for minor project s , int ernal planning o r display work. 

11 . 1 General Guidelines 

The following general guide lines and work habits should be fol l owed f or 
the production of artwork : 

1) The a ccurac y of the fina l product 1s dependent on t he accuracy 
of t he original manuscript and the accuracy of the subsequent 
draving or scribing; 

11) Cleanliness is vital. The folloving vork habits should be fol­
lowed: 

a) Hands should be clean a t all times. Many people use linen o r 
cotton 9loves to avo id &talning the art.York; 

l)) Al l i nst ru inents such as scales , triangles, straight edges, 
etc., ehould be cleaned regularly; 

c ) The work table shou ld be cleaned before use. All work $hou l d 
be covered when not in use , as vell as t he overlays not 
currently being worked o n. On compl ex pen and in~ work, only 
the smal l area currently being dravn s hould be uncov•red; 

iii} Th e vork area. should be ltept clear of c lutter. When not in 
use, o pened bottles $hould not bo l ef t on desks to avoid spi l lage; 
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iv) A good source o f eve n lighting is necessary f o r cartographic 
vo rk; i t should provide a hig h lev1:l'l ot Ll 1um1 n ,,t.10n ·,d. t h out 
glare or str ong shadovs. 

11. I . I Positive artvork 

until recently, positive artwor k &uch as the pen and ink draving vas the 
on ly method of p roducing original art•,.•ork. I t. remains a common procedure 
for short run, 1llustra tiv8 and r elativel y quick ly produced graphics vith 
'Which much ot this manual 1$ concerned. Ho r ma ll y, c raditio nal drafting 
techn iques u sing modern graphic a i d s are u sed fo r producing positive 
artwor):: . Automa~ed plotting devices and other forms o f computer techno ­
logy can also produc& positiv~ artwork. 

Pos i tive art .,,.o rk i s associated with th& follow1 n9 rE:l'product lve p ro­
c esses: 

i > Artvork p r oduced o n trans l ucent mat~rial a t the i ntended reproduc­
tion scale can be used to produce a negativ(I: or positive copy by 
the contact inethod i n a va cuum. frae1e. It can also be used for 
d i rect reproduction by a positive \4'0rk1n9 contact method such as 
d l aio; 

iiJ Art,,,·o rk produced o n opaque i whiteJ material at the desired fina l 
sca le c an be viewed direct ly and opt i ca l ly reproduced by a process 
camera, xerography , e t c . The total e ffect o f any revision made to 
t he art~ork c an be seen immediately; 

111 > Artwork produced at a larger scale than that intended for repro­
duc tion can be optically reduced by a p r ocess c ame ra. Grap hi c 
symbo ls and complex detail s are easier t o c onstruct at a larger 
scale. Reduction sharpens the i mage, removes small irregularities 
a nd generally i mproves registration of the over l ays. The reduced 
site ot lin~s, symbols and lette r ing must be c o ns idered vhen 
dratting the original artwork . 

11 .1.1.1 Ca r tographic drafting: This ia. a flex ible method of producing 
artvork, using a vid0 r an9e ot materials , i nks , pen s and equipment: 

A. Materials: The fol lov1ng factors $hould be co nsidered vhen select­
ing drafting materia ls : 

i > Costs: Mater ia l c osts are usually a minor part o f the to~al cost 
of cartO(Jraphi c product s; using t he a ppropriate material, ho••ever, 
can usually save a great deal o f time in this labour intensive 
tield. To minimize cos t s, expensive stable - based materia l s should 
not be used vhe n their characteristics are not required ; 

ii> Dimensional stability: Tempe rature and humidi ty •1ariations cause 
shrinking and stretching of all p,aper-ba sed products . All ima ge 
separated graphics should be drawn on stabl• - base po l yester 
!ilms. As the size of t he g raphic increases so should t he thick­
ness (and stability) o f the draft ing materia l ; 
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111) Tooth: Th is is the technical term given to the slightly roughened 
Gurface o f polyest er pl ~6t j c films to ensure i nk v ill adhere t o t he 
surf ace , c reating b good i moqo . A smooth s urface vi ll not accept 
ink; a rough surhctl vil l provide a poor image and vear out draving 
instruments ; 

iv) Tra ns lucence: Tra ns lucence is t h e s t ate o f t ransmit ting l ight 
vithout being t ranspi r ont . This dictates the ease vith .,..hich you 
can see through the draft ing material on a light table. Vital for 
tracing purposes , tra ns lucence also eases th e c ompar i son of 
separated l ayers of a graphic; 

v) Erasa bili ty: Changes are ofton noce•sary on original artwork. 
The dra fting material shou ld permi t erasure severa l t i mes v ithout 
damaging, smearing or ghosting ; 

vi ) St rength: Orattinq materia l s hould withstand a great deal o f vea r 
and handling ; 

vi i) Abso rbency: Dratt ing inater1alG s hould not be abf.orbent . Paint s 
and inks contain a great deal of l1Qu i ds. Any materia l vh ich 
absorbs these l i quid$ wi ll distort , cur l and t ear easi ly . 

. 
a . Inks: I n cartography , coloured in ks are used o n ly to p r od uce 

d i spl ay pr oducts . The colour s i n maps and 9raphiCG wh1Ch wil l 08 repro­
duced by the pr int ing process are drawn W' ith black, h igh denG1ty inks 
Cre ter to Soct1o n 121 . 

A v ide ran9e ot black drafti ng i nks is produced by suc h manufacturers 
as Peli kan, Koh-1-Noor , Hi gg ins , etc . Tompera tore and humidity variations 
cause cha n9 es in t he Clov c har acterist ics of all 1nks . lt is unlikely 
that a single product wi ll suffice tor all draw ing Instruments and 
condit ions wh ich are e ncountered in a d rafti ng otC ice. Thus It i s 
advisable to experiment with the va riouf. types avai labl e to de t ermi ne 
the i r s ui tability . A nev .t n): product from Koh-l-»oor uses a l atex base 
i nstead oC t he usual lacquer base . Th i$ not onl y produces a dense black 
i mage but also min1mi 2os the clogging o f techn ica l penG. All inks have a 
f1 n 1te she lf life. 

c . Tt'chni.ca l pens ( Rese rvo ir pens , Tubular ni b pens) : Technical 
pens have become the most wide l y used drawing instruments . They c an be 
used both freehand or wi th a me-chanical guide. Their ease of use a nd t he 
consistenc y of the linevork are the major reasons for t heir popular ity . 

The ink, contained i n a reservoi r, suppl ies a r ound repl acea b l e drav1ng 
po int via a feed mechanism . Each line width requ ires a d it ferent size pen 
point, h e nce a vide range o f point s1 2es 1$ ava ilable. Normal steel 
poi nts vear out rapidly vhen used on plastic draftin9 mater i a ls; more 
du rabl e jeve l points are available foY th1$ purpose at a highe r cos t . 
Tungsten carbide points are a lso availal)l~ but are most suit able for use 
vit h plot ting mac hines . All pen$ wi ll clog if left opened or filled for 
l ong per iods of time wi thout regular c lea ning. The qoal ity of li nevork is 
reason~ble tor ino&t pu r'poses a l though lines tend to be grey unless an 
opaque ink is used . 
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o. Ot he r pe n$ : Tt:tchnical founta in •type pe ns such as Pelikan Craphos 
have rcpJaCe4blo n i b$ tor each specific line v idth. The pen nibs are made 
of a 1t1:1ld steel and thus wear out r apidly when used on plastic drafting 
materials. These pens are best suited for straight l ine vork usi ng a 
straight edge, maki ng t hem idea l for bo r ders , ne at lines, etc. The 
quality of linework is superio r to that o f technica l pens. The cleaning 
and changi ng of pen nibs , hovever, is a messy process . 

Ru ling pens have been la rgely rep l aced by technical pens. They sti l l 
a re t he most ver&atil~ a nd economica l draving instruments available a s 
i nd iv idual pens are adjust able and t hus capable of producing varying l ine 
widths. They can be re- sharpened vhen vorn so a q uality instrument can 
l a$t for years. Considerabl e effort is required, ho;.rever , t o learn hov to 
use these pens . They can produce a dense, high qual ity l ine but need t o 
b4 continual l y refil led and cleaned. 

A contour pen is essent i a lly a r uling pen vith a swivel handle. Unl i ke 
the r uling pen 1t is primari l y used freehand, especially f or drawi ng 
contours tind other isolines . I t i s the draving instrument ,,,.hich produc•$ 
t he srnoothe$t (roehtnd curves but considerable practice 1$ required to 
in.aster its us& . 

Qu il l pens Ccr o wquil l pens, dip pens, st raight pens > consist of flexibl e 
meta l nibs mounted in wooden o r p l astic handles, 'These are the l east 
e xpensive drawing i nst ruments ava i lable . Replaceable n i bs should be 
obta ined in a variety of sizes and stiffness. Qu ill pens are the o nly 
pens which a l l ow the draving o f l ines of varying vidths from a single nib . 

E. Equipment: The following good guo. l ity equipmen t i s required t o 
produce professional p r oducts: 

i) The most basic item required is a stur dy, fla t d raf ting t able 
sized to accommodate the largest maps vh ich will be produced. ;,,. 
l ight table which contains an adequate il l umination $Ource 1G also 
required. Access to both a drafting table and a light table ls 
ideal alt hough rna ny cartog raphers vork oxclu s i vely on light 
tables:; 

i i) T s q uares are used for horizontal alignment and drawing stra1ght 
l ines. They can on ly be properly used if o ne side o f the drafti ng 
tabl e is perfectly straight and rigid; 

111) Steel s t raightedges a rc us&fu l for drawing straight lines . They 
$hOuld not be used as a c utting ed9e to avoid damage ca used by 
a s lipped knife bl.ado; 

iv) Paral lel rules consist of stral9hted9es which are attached to the 
drawing board by gu id~ viroG , a nd a l'4 use ful tor d rawing stra ight 
l i nes and ge nera l layout work; 

v) Ro lling rules are s ho r t straightedges ...,1th a wheel insert that 
keeps them straight. They ar c a n excellent aid as they can be 
moved easily about the draving; 
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vi) Ora!t ing machines consi st o f tvo scales o r strai g htedges at right 
anqle$ t hat can b(: rotated through 90° by a control de vice simi lar 
to a protnacto r . Widely used in engineer ing draf ting, the y are 
usefu l for plo t ting angula r me.-,surements , dro.,,,ing s t r.,, igh t ll nes 
and as a base f or l ettering guides; 

vii) L i ne-up tables consist of a liqh t tab le ..,.ith t wo moveable guide 
arms mounted at right angles t o each other. They a re a precise 
layout tool ; 

v i ii) Draft ing tri~ ngles mad4 either of a cryl i c o r of steel ar• aid$ 
tor angu la r plotting and for use a s short straightedges; 

i x ) French curve$ are indispe nsa bl e aids for draving smoot h curved 
lines and a var iety of curved shapes ; 

x ) Ships curvos are precisely eng ineered curves vhich are usef u l for 
ptectston ct.>rved work of a ll t ypes . Railroad curves are similar 
to ships curves; 

xi ) Spline curves are f l ex i ble c urves used ior dravin9 l ong smooth 
pro jection curves. They consist ot a flex i b l e p l asti c spli ne and 
heavy hooked lead weJ.ghts vh i c h keep tht- $pline s moothly curv i rH) 
through pre-determi ned points ; 

xi i) Beam compa sses a re l arge radius compasses o ften nececca.ry tor 
t1ra w1n9 la.r9e c ircles , a rcs , etc. ; 

x i ii) Propor tional d i 11iders are u seful f or the mec hanica l changing 
of scales ( refer to Sec tion 7) ; 

xiv ) Spa cing div iders have eleven points hinged together like an 
accordian . They are used to di •d de a l i ne i n to a ny number of 
equal part$ trom tvo to ten . They are use(u l tor dlvidin9 bar 
scales, plotti ng coordinate positions , etc.; 

xv } Svi11e l knives are used fo r cutting irregular shapes o n pre-printed 
patterns sheets, masks , shadi ng filmo, etc . 

1 1. I . , . 2 Text (Let tering ) : Text may be produced by any ot the methods 
listed i n Tab l e 11. 1. It may bo uoed direc tly on artwor k o r photo­
graphlcally reproduced on t o photographic paper, s t ripping fi l m, image 
transfer o r sticky- back materials for use on overlays. These positive 
overlays ca n a l s o be photo9raphed o:r contacted i n a vacuum frame t o 
componen t negatives tor use .tn the p:rOduction ot comp¢s1te negat ives. A 
precision qrid , wh ich cons.tstG of a clear polyester Ul m base havi ng an 
trnage of fine , closely and evenly spaced horizontal and ver t ical l ines, 
~ay be used to a l iqn tho tex t or lette ring on t he ~ap or graphic . 

11 . 1 . 1 .3 Point s ymbols : A wide vari e ty of $ymbols can be produced by any 
o f the methods listed for producing t.ext { refer t o Ta ble 11. 1 and Fi gure 
11. 1 ). Photographic reproduct i o n of a ny o f t hese symbo l sou rce s c an 
grea t ly i nc re;:ase the si~e ra nge of avai lable symbols. They c a n be 
photographically reproduced onto such materi als as stripping film, image 
transfer , d l ffus ton tra ns t er (sticky- backs ) or photographic paper in a 
variety of sizes for ~sc o n ov0rlays . Band-drawn symbols shou l d be dravn 
larger than required and then photo9ra phically reduced to sharpen the 
image. 

,. ,II • ;...,,,... ,..,....,.,... ........ 
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Figure 11 . 1 Examp les of preprinted pattern, area and point symbol s . 
( After J . Campbell, 19$4 ) 
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11 . 1 . 1.4 Area symbol s (Patte rns , Tones }: Pattern and a rea symbols are 
avail3ble in t wo b3$1C fo rms: the pressure-sensitive , rub - d o wn vor i ety ~nd 
a more commonly used cut-out t ype ( Fi9ure 1 1.1 l . I n t he latter k i nd the 
requ ired area o f the patcern o r t one is cut o ut with a sw i ve l kn i(e . The 
portion required is removed f rom its back ing sheet , placed into positi on 
o n the artwork, trimmed to the exact shape and then burn ished lnto p l ace . 
There is a wide vari e ty of pat terns availabl e in llnes, dots , and other 
sha pes . 

As a 9<1nor al rule , finely t extured pat terns must be selected so that 
s mal l ar&a$ on the map receive enough element s of the pat tern t o make them 
easily recoqni~able . Screen tints shou l d not be finer than 120 l ines per 
i nch to avoid problems i n reproduction. Simi l arly, if a tone is requi red, 
tints t hat a re coarser tha n 7S li nes per i n c h are general ly seen as 
patterns and not tones and shou l d be avoided unless the artwo rk is photo­
gr aph ical ly reduced . 

Prepri n ted cut - out solid co lour a nd patt ern mat eri als are usefu l for 
displays and artvork p repared for s lides o r optical col o u r separat ion . If 
photome chanic al l y reproduced, red colou r ma t eri al can be used wherever an 
area o f solid black is needed . Us i ng red mat eria l instead of black i s 
easi er, as t h e f o rmer is actin i c al ly o p aque but visually transparent , 
al l oving the under ly ing art wo rk t o be viewed . 

The major problems in the use of cut - o ut area patterns or colours are 
cleanliness and s mooth burni shing . The adhesive backing of t hese mater­
la ls wi 1 1 easi l y pick u p dirt s uch as lint o r hai rs. Air b ubb les and 
areas ot veak adhesi o n will s ho v up distinctly o n many reprOductions , as 
v 111 smeari ng and ghosting . Care mU$t be taken vhen cutting t he adhesive 
film over ink ed lines on a dravtng . The kn i fe blade may easily damage the 
li newor k and t rimmed e xcess material may a lso rer::1ove pa.rt ot the i ma9e 
v hen i t is stripped of f . The tone of i dentica l tints wil l vary trom sheet 
to sheet , making it d ittic ult to maintain even tones in l arge a rea s . Hany 
commercial products have a grey o r th in black image, rather than a dense 
black o ne, which i s difficult t o reproduce photomechanical ly . It is a 
r elati vel y slo w p rocess to cut o ut co mpl ex shapes. A few o f the manu ­
facturers of c u t-ou t area symbo ls include Ar t ype, Letratone, Z i p - a -1'o ne, 
Pa ra-To ne , etc . 

11 . 1 . z Negative artwork 

rt is difficul t to ol)tain p r ecise , quality and permanent images by pen 
a n d i nk draw ing , i . e . posi t ive artwor k. The level of manual s k ill 
requi red for excellent posit ive art;,;o rk i s high and it t akes a cons.tder­
able period of time f or even t alen ted peo ple to develop conG1$tent 
abilities. In cont rast , negati ve artvork is more easily prepared and less 
s kil l is required to p r oduce qua l i ty p r oducts . 

11 . 1.2 . 1 Scr ibing process: This process is used extensively i n modern 
map p roduction ; i t produces directly the equ i va lent of a l !ne photoqraph ic 
image . Accura te , s harp and consistent line& can be prod uced b y a person 
wit h r e latively littlQ; experie nce . Scr i bed linevo rk is produced mote 
quickly, eas ily and c heaply t han drafted linevork. Scribing p r oduces h igh 
contra s t negat i ve a rtwork wh ic h eliminat e s a consid erable amount of 



photornechan ical process 1nq. 
repr oduc tion sca l e, avoidinq 
corurnon in pos iti ve artvork . 

- 1 :>6 -

s crib.t nq i s also normally produced at the 
the need tor photog r aph 1C reductions s o 

Scr1b1ng fi lm cons is ts of a clear base o f dimensional ly stable pol y­
ester , covered b;· an act1nically opaque or t ransl ucent scribable coat ing . 
Exa1::1ples of scr i b l nq f1 lm include Scribe Coat produc&d by Ke uff el and 
Esser Company and Scr i be Base pr oduced b y Kimoto USA Inc. Some scribing 
fi l ms are availabl e vi th a pre - sensiti2ed coat i ng to vh1ch the base map or 
worksheet 1s exposed ! r. a vacuum f rame to provide a guide image (ref•r to 
Sectlon $ . 1 . 4.4) for scribi ng . These coating$ are often d1azo sens1t1ied 
and must be deve loped 1n ammon.1a fumes . Others ha ve a photographic 
emu lsion. These scribing films are rela tively expensive and ha ve a s hor t 
she lf l ife . Re ter to Table 1 l.2 for a descript i on ot var i ous scribing 
O l m t ypes. 

A guide i mage can al so be simpl y r e pr oduced by wiping a d 1a20 or 
bichromate solution on r egular scr i bi ng film at a ny desired s taqe of 
product i on . Diaio i mages a re positive acting and requ1re pos1t1ve ~ork­
sheet s 1t posit ive q ui de 1mages ate needed . In contrast , bichromates a re 
negat i ve acting and require neg&tive wor ksheet s )£ posit ive guide i mages 
are required . Both types o f solut ions are available in several col ours so 
a multi - coloured guide image can be achieved by successive appl icat;tons 
and exposures. 

An alternat e and relativel y e conomica l method of scribing is to produce 
t he entire image wrong- reading or reversed ( refe r t o Figure 12. 1 >. When 
photomechanical l y c ont &cted, emu l s ion t o emu lsion, this vill produce t he 
required right- reading image on the pr inting plate directly. Manufac­
turers such as Keu ff el and Esser Company p r odu ce re versed letter1ng 
t rans plates for th is purpo se . 
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A wide r on9e of scribing t ools is available, some of "'hich are shown i n 
F i gure I 1. 2. Genera l ly scribing poi nts or needl es are mounted in a t ripod 
s uppo r t perpendtcu lar t o the scribed surface. Some t ools use shar pened 
blade s rat her than points. As the scdbe r (tripod) is moved ac r o ss t he 
scribing film using a smal l amount ot vertica l pressure, tho need le, point 
or blade penetrates t he coat i ng and scr apes it a~ay from the transparent 
b ase. Too much pressu re, "' ill go uge the under l yin9 polyester base 
resu l tjng in a poo r photograph i c i m.,9E1. Corrections " "d revis i ons at'e 
s i mpl e to make usin9 an opaque subst ance s pec i fica l ly formulated Cor t his 
pur pose a l t hough rescribing may be diff i cu lt . 

The scribi ng process removes part o! t he coating os loo&e pa r ticles . 
This debr i s 1s act1n1ca l l y opaQue a nd 1t left on the fi l m vt l l c ause gaps 
in lines and broken 1,na.ges; 1t vtl l transfer to any contact frame or other 
material with vh i c h it h i n contact . it is a lso h i ghly abras1v• a nd 
can rapidly ""eat out o:r sei.ze up the ball fee t o f scribing t ools . Most 
d e br is can bo removed by frequent brushi ng vith a s o ft bri st l e brush o r by 
wi p ing "Wi th a damp cloth or t issue . The st i cky side o f drafting t ape o r 
tacky gum era$ers may a lso be used fo r removing the loose pa rtic les. All 
l ine""ork must b$ c hecked frequently under a magnifier fo:r traces of l oose 
pa rtic l es. 

Poi nt s are available i n various diai..eters rangi ng from 0.05 mm ( . 0 02 
inch } upward s in regular increments; above a cert ain size t hey a re chise l 
shaped t o facilitat e cutting the wider li nes . Points are also available 
for scribi n9 double li nes, t riple li nes a nd combinations of thick and t hin 
lines to represent road c asings , tpecial symbol s , borders , etc . 

scribi ng tools are availabl e in both freehand and r igid versions , the 
latte r (or use v i t h a s t raighted9e or (re nch c urves . ~here are also 
s pecUl scrit:i-ers ava ilable for scr1b i n9 dot s , buildings , e tc ., as well as 
a wide var1ety o f t emplate, used tor scr ibi ng tymbols . Manu facturers of 
t hese t oo l s inc lude Roto Instr ument s , Keu ffe l and Esser , and AGtr&$Cr1be . 

1 1.1.2 . 2 . Scribe po int characteristics: The s hape of scribe points and 
their associated advantages and disadvantages may l:>e descri~d a s fo l lows : 

Round 

Coni c al 

Chise l 
l point or 
b lade > 

Advantages 

Can be used freehand . 
£:ci GY to GOt up . 
Can be used i n rig id 
or svivel head scribing 
tool. 

Can be used freehand. 
Easy to set up . 
Ca n be used in rigid 
or s vi.vel head scriber . 

Re moves scri bi ng fi l m 
coating cleanly. 
Wide range o f s i zes 
and styles ava ilable . 

Disadvantages 

Pressure neede d increases with 
p o int si20 . Shou ld r.ot bG used 
for square symbols. 

Needs r igid holder to keep tip 
perpendic ular. Pressure needed 
i ncreases wi th size . Should not 
be used for s quare symbols. 

Needs careful alignme nt and 
sett ing up . 
Needs svivel head scr iber. 

,. ,II • ;...,,,... ,..,....,.,... ........ 
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There are t h ree primary ma t e rials us ed t o construct scribe points : 
stee l , s a pphi re and tungst e n . Tungo t e n po i n t s are expens ive, very 
hard and long ,,..earing; t hey cannot be resharpened . Steel point s are the 
c h ea pest and withstand r o ug h handl1n9; t h ey t end t o vear o u t quickly but 
ca n be r &t-ha.rpe ned. J e -,,,el points (s:a pph1ro} a.re e xpensive, brittle and 
fragile and cannot be resha r pened. They are, ho..., ev e r , long la s t i ng 1 f 
handled vi th c ar& . 

11. 1. 2 . 3 Area s ymbol s : Open -windov negatives fo r area symbols can be 
p repared by u s i ng c ut and peel techniques on str i p masking o r pe elable 
mat eri als such bS Amber l ith o r Rubylith by Ulano Corpo r ation or Kimoto 
Str i p Coa t by Ki moto USA Inc . They can also be pr oduced photomechan1ca l l y 
by an e tch a nd peel proces s using sensit i zed peelable material s Yhich 
c onsis t of a th in ruby-co l oured film coating on a transpa r ent polyester 
plastic base . These ma ter i a ls are exposed in registrat ion with a li ne 
n e gat i v e of t h e b o undary li n e s in a vac uu m frame under high intensity 
u l t r a v i ole t light. 

T he p&elab l e materia l is then d eveloped a nd s u bs equently e t c hed b y a 
s e parate chemical pro c ess, A.ny unwanted bounda ry line can be ~$ked by 
the use of an o pa q ue formulated for that purpose. The desired open areas 
ar~ peeled with t we ezers o r simi lar s h a r p i nstr u me nt$ . A cor nor is 
c are fully l i fted and the rest of t he area stripped oft . It an opa que l ine 
remains at t h e edge of t h e ope n area this can be removed by s wabbi ng wit h 
a moist mat eri al. 

Sensit ized peelable mater ia l s can be p rocessed i n normal roo m light­
i ng . Pattern s and tonal values c an be a dded t o a map b y us i n g con t a ct 
screens or screen tints o r. t he o pen-vindov negati ves. Examp les of sen­
si t ized pe elabl Q moterial inc l ud e Pee l Coat prod uced by Keuffel and Esser 
Company a nd Etch n• Peol produced by Kimot o USA I nc. 

11.1. 3 Mask i ng 

A mask i s an area of opaque ma ter ia l o n a clear o ver l ay whic h prevents 
light from str ik i ng a nd t herefore e xpos i n g an area o n a negat i ve o r 
pos1t1vo duri ng the phot omec han ical pro cess, Masks can be made by 
pa inting or o paqueing the area o n a sheet of transparent plastic. They 
c a n also be hand cut on mask i ng ma teria l which c o n$1$t$ of a trans parent 
po lyest er base c oated with an actinica lly opaque t h in film coat i ng vh ich 
is peelabl e such a s Rubylith . The c o a t ing i s no rmall y t r a nspa r e n t , 
alloving the artwo rk which requi res masking t o be \!iewed. Masks c a n a lso 
be produced b y the p hotome c h a n ica l e tch a nd peel process desc r ibed in 
Section 11.1.2 .3. 

11.2 Econo mi ca l Colour Syst ems 

Occas ional l y a c oloured graphic is requi red both quic kly and eco nom­
ica lly, e.g., fo r internal usage within an orqanization o r to illustrate 
a top i c at a meeting . There a re many simp le and economic al colou r systems 
a v a i lab le to p r oduce art v o r k for s uch graphics. Eac h system described may 
be used t o p r oduce mu l ti-co l o ur ed art wo rk. I f many colou r copies are 
requ ired the "'artwo rk. " can be optica lly col o ur s eparated f o r pr i nting o n 
an o ffse t press . 
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11 . 2 . 1 Coloured penci ls 

Coloured pencils are the Quic kest and cheapest colou r system. 
considered unsuit abl e tor i:cproduct!on they may be adequat e for 
use. 

No r ll'lally 
i nterna l 

The main problem in the use o f coloured penci ls is i ncons i s t ent colour. 
A great dea l o f st reaking is normally evident i n the most care f ul a r t ­
..,.or k . Th i s can be l arge ly overcome by means of the stompi ng t e c hni que. 
A stomp is a penc il-l i ke devi c e composed entirely of compressed paper with 
t a pered e nds . The ti p of the stomp is mois tened wi t h ord i na ry lighter 
fluid and then robbed gently over the co l oured a reas. I t vill softe n and 
smoothon t.he col oured areas removing streaks and brightening t he image. 
Light er f luid, however, is f l ammabl e and should be used wi t h ca re. Stomps 
are available from graphic ar t s suppliers. An example ot s t omping is 
shovn in case study , S, Geology of t he Island ot Nev found land , s ho,,,.n in 
Sect ion 13 . 

1 1 .2. 2 fel t tip markers 

These relatively 1nex~ensive and c onvenient products are availa ble i n a 
vide va riety of colours, t i p vtdths and tip styles . Whe n the mar kers are 
not i n use , J t is i mportant t o keep the c a ps on to prevent the solvents 
from evapora ting , t hus drying the markers . 

Applying colour on large areas wi t hout obvious streak .1ng J.s diff icul t . 
The use of a good qualit y art board 1s important as marker solvent s e asi ly 
penetrate infer ior materials, such as dlazo paper, r esulting i n colour 
bl eeding or spreadi ng . Plast ics, havi ng non-porous surfaces , have the 
opposite problem. The colour sits on t he sur face and is easi l y smeared. 
The use o f an acrylic art spray prior to colouring the surface, howe ver, 
can prevent th is problem. 

11 .2 . ) Col oured acetate film 

Adhes ive -backed coloured acetate ti lm in both vivid a nd pastel hues can 
be a pplied to e i ther side of both posit i ve or negat ive transparencies. 
Similar ly opaque paper artvork can be given vibrant colours by a pplyi ng 
adhesi ve- bac ked colour tapes and symbol& . 

Th$ a r oa 1$ c ut out Yith o ~harp knife a nd burnl 6hed i n to p l ac e on t he 
artvork after necessa ry tr i m.ming has been car r ied out. Care must be taken 
to apply the colour correctly a s the adhesi ve or colour may be damaged by 
repo$1t1on1n9 . 

The use of t hese films is s lov but exce l lent results c an be achieved on 
displays and artwork in te nded for p hotograph ic reproduction. e . g. , 
overhead transparenc ies, s lides, e t;c. Because t he y are easily damaged 
the y are not suitable fo r diazo reproduction, l ong term U$398 or hi ghly 
compl ex vork. 
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1 1. 2.4 A i rbrush 

Th is versat ile instrument ls one of the most common and valuable tools 
used by commercial art ists. The oirbrush 1& a precision , penl1 ke sprayln9 
de vice a pprox i matel y the siie of a founta i n pen . l t 1$ connected by a 
hose to a controllable a i r supp l y vh i c h forcos light- l>odi~<l i nk, 11Qu1d 
colours or pa int trom a sm.a:ll reservo i r cup or bottle. The a i r $Uppl y is 
normally obtai ned from a small, portab l e electr ic a ir compressor. For 
casua l usage , however , small bottles o f compressed air can be economically 
obtained . Ai rbrushes are availabl~ i n a vide range o f prices and porfor­
mance capabi l ities . The more expensive model s are capable of spraying 
e x t r ell'lely fine jets o f colour in sma ll areas . The cheaper versions are 
useful for appl ying broad areas of colour or tone. 

Airbrushes can apply preci s e amounts of tone o r colour to almos t a ny 
surface, whether opaque or transparent . They are superio r in thi s rega rd 
to v i r tually any pen , brus h or marker . Shading ond blending of colour s 
ca n be done with ease, mar<1ng a i rbrushes particularly valuable tor hill 
she.ding , hypsome t r 1c colour 1n9 , d~pth 11 l umine. tion , etc . Edges must be 
care f u l ly masked to preve nt colour f rom acci dentally being added to t he 
vrong a r ea. Special " tisket" s olut ions are ava ilable to create paintabl e 
masks wh ich are easi l y removed. 

11. 2 .s Aerosol s pray colour s 

The aero sol container, vith its fine spray, approx1mates the effects of 
an airbrush , though t he amount of control is relat ive ly l i mited. Most of 
t he colours avai lable are brigh t . Professional- looking graphi cs can be 
obtained on t r ansparent or o paque materia ls. As in airbrushi ng, smooth 
edge& c an be cr•at«s by ma$k ing the unwanted area with an adhesive mask. 

A simple a.nd ef fect i ve mask can be created vith rubber cement, suit ably 
th1nned , which is pe~ led o ff a ft•r the aerosol has been appli ed. 

Figure 1 1 .2 

a 

Exampl es of s cri b i ng t ools: 
swivel s c riber , both o f vhich 
pe n t ype s criber us ed f o r 
A.H . Robinson @t tl·, 1984 ) 

(a ) r igid scriber and ( b l 
are used for line...-o rk; ( c ) 
fre ehe nd wo rk. ( After 

,. ,II • ;...,,,... ,..,....,.,... ........ 
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SECTION 12 

12. GRAPHIC REPRODUCTION 

Cartographic products usual l y are designed to be reproduced , the number 
of copies ranging from one to hund reds o! thousands . Th& quality of the 
copies is related clo&e l y to the nature &nd qua li t y ot the or191nal 
artwork and also is determined by the selected reproduction process . 

£very method of reproduction impose$ limitations on the na.tur• ot the 
c artographic prcduc t t hus the reproduction method must be considered 
dur ing the initial planning process. 

1 2 . 1 Li mi t ed- Copy Repr oductiori 

These techniques are nor mally used when a smal l number o f copie s of the 
o riginal graphi c o r map is requi red . Reproduction facilitie s o f t en a re 
not available o r necessary . Economi cal and easi l y availabl e t e c hniques 
should be utilized vhenever possible. Particu l arly usef ul are t hose 
methods vhi ch all ow tor rapi d rev i s ion of data . A few o f the many 
limi t ed -c opy repr oduction methods and moteria.16 avai lable <lre presented 
below. Some techniques and materia ls use commonly tt.vai hbl e equ i pment 
Yhile others require specialhed graphic a rts fac i l ities and d arkrooMs 
such as those found i n large r m.apping agenci es. 

12. 1 .1 Photomechan ical reproduction 

Although photomechanlcal r eproduc tion faci li ties ma y not be avai l a bl e to 
al l users of this manual , this s ub ject is cons idered at the outset because 
the te rminology a nd some of t he processes described are often common to 
both limi ted and mult 1- copy reproducti on . Photomechan1cal reproduction 
facilities ar~ used e xtensive ly in all ma jor mapping agencies to produce 
and reproduce complex products such as hydrographic charts, t opograph ic 
maps, etc . For t hose vho lack access t o photomechanical f acilities the 
simpler reproduction techniques shoul d be considered ( refer to Sectio ns 
12. 1 . 2 to 1 2. I . I 1 , 4 ) • 

Host comp lex maps o r graphics are mechanica l ly colour separated as they 
are produceO to show coct1binat1ons of symbol s , lines , and screen tint and 
h3Jf t one imagos i n mu ltiple col our~ . In mechanica l col our ~eparation , t he 
basic phot omechanical processes reproduce t he coloured areas in b lac k and 
whi t e and grey t o ne images . These images are no t c on verted t o t heir 
intended hues unt il t he stages of colour pr oofing and fina l printing. 

The photomecha nical reproduction processes may be def ined under tYo 
c a tegories : reOex a nd t ransmission . Art ...,ork created on opaque material 
not easily penetra t ed by light ca n be reproduced by a retlex optic a l 
system , such as a process camera. $i2e changes a r e easi ly made . Trans­
lucent or transparent artvork vith a light opaq-ue image c an be reproduced 
by transmission i n cont.a c t wi th a sensitized materia l. The use or the 
t ransmission prOC$$$ often gives bett er qual i ty control and results in 
l ower costs; $1~& changes , hovever , a re not easi l y achieved . 
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Th~ ma t er ials used in photom-Ochantcal reproduc t ion processes consist of 
a ba se, vh ich may be paper or p l astic (1 l m, vith a l ight-sensi t i ve coating 
( e muls i on) .,,.h ich is compO$Cd of si l ver salts t halides > in g elatin. The 
usua l product of the photomechani cal reproduction process is a negative i n 
vh i ch the l ight portions o f t he o rigina l posit ive artvork are represent ed 
by da r k deposits o ( silver , and the da r k por t i o ns of the or igina l artwork 
are clear (Figu re 12 . I) . A positjve print reproduces tonal va l ues simi l a r 
to tho se on t he original positive artwork . 

12. 1, 1. 1 Ref lex process : Graphic arts ph otogra phy is us~d for t he 
reproduction of ar t work and it a n 1nte-gral part o f t he printing procoss. 
The major parts of a re!lex process camera cons1Gt o f a va cuum copyboard , 
lens, vacuum film holder and b~llOV$ ( Figure 12 . 2) . The artwo r k i& placed 
in t he copyboard and the une xposed f ilm is p l aced o n the f !lmboard o f t he 
camera . The be l lovs and copyboard extensions are t hen adjust ed to obta in 
t he req uired s ca le . The lens aperture i s set a nd t he exposure mad e 
t hrough t he shu t ter as the artvork i $ being i l luminated by high intensi t y 
lights. ThiG reflex process norm.tlly results i n a film negat i ve 1f the 
artwork be ing photog ra phed ts pos1t1vo . If the artwork !$ negat ive thG 
process is reversed air.d a film positive is p r oduced . 

,2 .1. 1 . 2 Transmission process : Trans mission by contacting is the most 
b a sic , common and essent i al me t hod of reproduction in the mapping 
i ndustry. Contact prints are made by p l ac ing a negative or positive over 
an unexposed sheet o f film in a vacuum frame and exposing them to a l i ght 
source. Negative p r ints c an be ma de fro m positive o riginals, or vice 
versa. By using d uplic a ting film, i t is also possible to make dupl i c a te 
copi e s, that i s, negative copies of negat i ve oriqina ls and pos i tive copies 
o f positive o r iginals . Contac t print!r.g prod uces an i mage a t the same 
scale as the Ot"ig i nal; size c hanges aro difficult to a.ch1eve and a re not 
norma lly a ttempted. All con t act or:!g1nals aro notrnally translucent or 
t rans parent. 

Combi nat ions or "composite negat1voo" are an e xam.ple ot the capabil­
ities o f contacting. Severa l negatives or "co:nponents " ot a part icu lar 
prin ting c o l our are exposed i n succession to a sen$1 t 1zed mate r i al to 
which they have been accuratel y pi n registered . Some compone nt negatives 
can be dup licated vithout modification, vh!le others can be "'8.sked !or 
se l e cted i nf ormation. Other nega tives c an be screened or ti n t ed to 
incr ease the contrast of specific fea tures , and s o aid 1n t heir visual 
i dentific ation . 

1'.pplica tions for contact p r inting by t he t ransmiss ion process inc l ude 
the fol lowing : 

1) duplicate a negative or posit i ve i mage, e .g., type, tex t , logos , 
etc .; 

11) conve r t a riegat1 ve to a positive or vice versa; 
111) record transi tory or dolica te a r t ~ork such as t ype over lays; 

i v) provide a guid~ image for turthe r processing, e .g ., appl y an image 
to scr i bt ng film ; 

v> produce etched images o n sensitized peelable material; 
vi ) conv ort an i mage from vrong- r e ad!ng t o r i ght - reading a nd v i ce 

ver$a ( F19ure 12.1 ) ; 



Figure 12.1 

Figure 12,2 
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PO$i tive and negat i ve ph otographic images. 
Int e rnational Carto9raphic Associat ion, 1984 > 

POSITIVE NEGAT1VE 
• 

Wfon9-ru ding 

Co mpo nents of a reflex process c amera. 
J. Campbell, 1984 } 
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vii} produce a composite negative or positive from several negative 
components; 

v111 > produce coloured over lays for display • ork; 
ixl produce patt erns or screen tints in open i mage areas; 

x i produce accurate diazo copies; 
xi ) convert a cont inuous -tone i mage to a halftone image; 

xii) produce colour proofs for editing and display; 
xiii ) produce plat es for printing graphic images. 

Contacting can also be used to produce s ome creative effect s on art­
work. Fo r example, spacers consisting of transparent materials placed 
between the i mage and the record ing material can create the Collovt ng: 

1) v19nettin9 , a band of co l our or tone which var i es in density, 
normally used to visual ly re1ntorce a bOundary or edge; 

11 J fat masks, used to create a small clear area suYrounding type or 
symbol$ vhich ensures detail dooG not intorfere v it h type or 
symbols; 

111) doubl0: li nes froo singl$ ones or out line t ype from 60lid letters 
U$1ng autoreversal film ; 

iv) h•avy lines troo thi n l ines or vice versa. 

12. 1.1.J Comparison of light sources : T&ble 12 . 1 outlines the various 
light sources used in photomechanica l reproduct ion: 
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,2.,. , .4 Characteristics of photomechanica l reproduction materials: 
Colour sensitivity, contrast and film speed are cha racte r istics of 
photomoc hanical reproduction materials which affect their use and their 
processing: 

A. Colour sensitivity : Although almost all photomechanic al materials 
used in cartogr aphy and re l ~ted 9raphics are b l ack and whi t~ , each records 
a range o( coloured hues pr~u;ent i n tho V1$1ble o r non-v isible spectrum. 
The var ious films have different levels of se nsitivity to the co lours 
present in l19ht and \o' 1ll record different hues as different s hades o f 
grey. 

e. Contra$t: The ,,,.ay i n vhich a film emulsion records ~he t ones of a 
grey sca l e i s: referred t o as the contrast char acter i stics of the emul­
sion . This grey s:cale is a stri p of photographic film or paper wi th a 
d istinct gradation o f t o nes, ranging from black to white. 

When high-contrast graphic film iG expos~d and processed normally it 
~i l l record on l y t he extremes ot the grey scale; t here are no tonal grada ­
tions. It i& us ually processed in an infectious developer to produce t he 
requi red high contrast . It 1& widely used tor l i ne and halftone reproduc­
tion . 

Medium or tow-contrast ! 1 lms are ~or~ally referreo to a& cont1nuoug­
tone . The grey scale can be reproduced to approximate the orig i nal. They 
are used for making colour separati ons from full colo~r originals. 

C . Film Speed: Fi lm speed is direc tly relat ed t o the lig h t sensi­
tivity of the f i lm. For gene ral photograph ic purposG s , fi l m speed is 
commonly def i ned by an ASA or ISO rating. In contrast , graphic art s 
fi l ms may be defined a s either camera s peed film or contact speed f ilm , 
both of which are far &lover than conventional photographic film a nd are 
not cat ego r1~ed accord ing to a n ASA or ISO rating. 

Process camera speed fi lms are generally high con t rast 11th t ype 
materia l spec:ially des i g ned tor process camera work. They are availab le 
in a ll light sens;it;ivities . Process camera speed fi lms generally have the 
narrowest exposur e range of al l graphic eirts, mater i als , necessita t ing 
ca r eful handling. Many of these films are not s uitabl e fo r contact vork 
b4cause of their e xcessively thick ant1-halation backing. They are a l s o 
more ligh t sens:itive, leading to s hor ter exposures and reduced contro l . 

Contact speed films are specifically designed fo r t he contact printing 
process. They are us ual l y in the f orm of b l ue-sensitive conti nuous- tone 
f ilms; processi ng in an infect ious developer, ho\o'ever , gives them the 
characteristics of a lith filrn . Being continuo us -tone, t hey have a vtde 
exposure r ange whic h is a u seful feature . Contact f ilm has a h!9her 
resolution t han process camera film vhich is impo r t ant for qoality repro­
duction . 

12 .1 . 1 .s Photomechanical reproduct i o n materials: The ever ""i den t ng range 
of photom.echani cal applications and techniques has resulted in a 9rov in9 
list of availa ble reprod ucti on mate r i als .,,hich vary according to t heir 
s peed , contrast and spect ral sensitivit y . The fol l o wi ng is a partia l list 
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of these mater i al s: 

A. Orthochromat i c ti lm {Lithograph ic film, Ortho film >: These films 
have certain dyes added to their emulsion t o increase their sensitivity to 
blue, green and yellow l !qht. Because of their insensi t i vity to red l ight 
it 1$ ga te to u se a red safelight in the darkroom. 

Orthoc hromatic e mulsions can a l so be obt a i ned i n duplicating tllm or 
reversal film. These films e,re t he mo (;t i ml)Ortant $Or'l$1t1~cd mater i e,1$ 
used i n map mak i nq e, nd r&lat&d graphics. Their increased sensitivity 
means t hat they are "fast,. and thus require relatively short exposure 
times . Their high contrast makes them ideal for processing inked o r 
scribed line artwork. They are lo' idely used for photomechanical separa ­
tions and for masks and screens used i n platem&k1n9. Re9ular lit hographic 
f ilm is very sensitive to changes 1n t emperature , developm.-ent speed and 
type of developer vhile being processedi this p r ovides the experienced 
operator wi th total c ontrol over quality . 

Stabilization o r d irect access li t h film is not affected by norm.al 
changes in process ing and must be cont rolled solely by varyin9 exposures. 
This reduces problems in processinq but also reduce$ th« w1- r!';atil1ty ot 
t he m&terU,l. 

The c haracteristic reaction of these emulsions to blue and red i ma9es 
has useful applications. For example , 11 9ht blue guide lines on the 
artwork wi ll not r eproduce on the film and red reg isters the same as 
b l ack, produci ng transparent areas. 

e . Wash-of t materi a l s and autopositive fi l ms : some ot t h• more useful , 
h i gh quality, and easi l y processed photographic products are t he wash-oft 
ma t eria l s specifica lly developed for drafting . Wash-off materials are 
capable of reproducing a high- quality black image of the finest line o r 
tint. Reproductions of penc il lines are denser than the original draw­
ing . A reproduction on ~ash -off fi l m vil l thus provide better reproduc ­
tion than an original artwork drawn in penc il . 

The h i gh-contrast nature ot wash-oft f ilms make& them ideal tor repro­
duc 1 nq l Ln•s i n e dra .... 1ng whilo $l1mi nat 1ng s11::1ud9es, discoloured areas 
and 1ncomplet8 4crasure$ . The er:1ul$Lon can be removed easily with a damp 
eraser , l eavi ng no ghosts or damaged areas. The base 1s mylar, ensuring 
dimensiona l stability and permanency. The chemicals required !or develop­
men t are incorporated into the e mulsion, t herefore only an activator i s 
needed . Activating times ranging from 45 seconds ~o S mi nu t es will 
produce a good p r int. 

Wash - off f i lrns are exposed to negatives or scribed linevork using an 
ultraviolet light source. A vacuum frame is ideal for reproduct ion but 
me,ny simp ler techniques can b4i substituted , such as dayli9ht phot o - floods, 
diazo, etc . The f ilms are t olerant of normal room light tor several 
m1nut0:s, so the y do not need to be handled i n a darkroom H reasonable 
precauti ons are taken . After act i vat i on the unhardened parts or the 
emu l sion a r• simply wa s hed-oft with warm wat•r and t he f i lm i s dri ed. 
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Autopositive films are a relat ed l ine of positive vork in9 photographi c 
products vh!ch must be exposed through yel l ow sheet ing superimposed on t he 
l i ght cource. 

ao th product lines eGsent1ally have gelatine- based s urfaces , and as 
$UCh t hey are capable o! accepting the coloured dyes used i n proofing 
techniques. Wash-oft ma,teria.l s are an exc ellent base for colour proofs 
and c oloured display ma terials . These produc ts are ava i la b le f r om 
manufac t urers ot photographic films. 

c. Room-li9ht handli ng film: These films are speci al contact fi l ms 
vhich permit the operator to handle them under l ow levels of incandesc e nt 
or fluorescent light. Typica lly they a re not sens itive to vis ible light 
but are mo r e reactive to u l t raviol et light . ThQy are not intended t o be 
used wi th a poin t s o urce liqht and a re no r ma lly e x posed in a vacuum 
frame . The light sourc e s ho u l d be pulsed xenon , mercu ry vapour o r metal 
halide; all are h igh intensity and have a high percentage o f u ltraviolet 
l ight (re fer to Tab le 12 .1 ) . 

o . Colourbl ind film: These films record b l ue light a$ a den$e area on 
the negat ive while reds, yellows and greens a re very " thi n•. On a posi ­
tive, t his process is reversed . Wh ite or transpar•nt ar•as on t h e 
positive correspond to blue ima9es on the origina l and dark a reas on t he 
pos itive correspond to the other colours on the o riginal . Because of its 
limited sensit ivity to colo ur the film is c alled col¢urblind film, and can 
be safe l y hand l ed with e.ither a yel low, orange or red sateliqht during 
p r oces s ing . I t can be used for makin9 both ha lftone and l ine i mages from 
black and wh i t e a r t work and contact pr i nts from positives or neg&t1ves . 

E. Dylux: This is a n economical product of the Dupont Company wh ich 
is available in both paper and d i mensionally stabl e p l astics. The great 
advantage i n its use iG that a n excellent image can be obtained ,.,i t h no 
chemical developi ng . It a l so selt - ti xes under normal room li9 htin9 
conditions . The mater ial produce& & blue line ima9e 1m.mediately upon 
exposure t o any ul traviolet l ight source through ei t her negative or 
positi ve artwork. 

I n i tially there is a pale yellov background but th is vill disappear in 
an hour o r s o . Nor mal ly the mat er ial is exposed in a plat emaker thro ugh a 
specia l ultraviolet blocking mat e r ia l , &es t results are obta ined vit h 
b lack-light f l uorescent l amps. A considerable advantage is its ability 
t o produce a po s i t ive i mage from a posit ive original . It is capable o f 
render ing a wide range of t o nes , making the paper-based version a cheap 
and e ff ic ient me t hod o f proofi ng o r reproducing art work. As vith all 
simila r systems used i n plate make r s, the o r igina l artwork must be produced 
on t ransparent o r translucent materials , with a dense or opaque image t o 
blo c k the light. 

F. Panc h romatic f i l m: Panchromatic f i lm$ have emu l s ions wh ich conta in 
additional dyes . The$e dyes make t h e m sensitivG to a ll visible wa ve­
lengths of light. Therefore, they can be handlod s&tely o n l y in tota l 
darkness before the material is fixed. These fi l ms &re commo n l y notched 
o n one edge. Wh e n the notch i s in the upper right -h&nd corner t he 
emulsion i s towards the operator . 



- 170 -

Panch rom3t1c film <pan film J has more sen$1t1vlty than o rtho film and 
req ui res less exposu re. Pan ti lm 1G common l y used to reproduce b lack and 
wh ite aerial p hotographs a nd o ther cont tnuous - tone artvor k . ln the 
graphic arts industry i t is used for mak ing co l ou r separa t ions of colou red 
o riginals. 

12 . 1. 2 Xe rography <Ele c trophotographyJ 

Th is is a non -chemical p hotograph i c proces:s produci nq 3 dry positlv♦ 
copy from a clear or opaque pos itive o r igina l. l t ut ili zes a l1qht­
sens1tive, selenium-coated plat e which c arr i et a po&itive electrostat ic 
charge. Where exposed t o l ight the cha rge is d i ssipat ed, leaving a lat ent 
i mage to which negatively charged b l ack povder t oner will adhere . Th i s 
p o wder l mage can be transferred to a positive ly charqed sudace s uch as 
ord i nary paper, transparent f ilm and even metal o!tset plates . The toner 
is tixed <actual l y f used ) by being passed over a heat source . 

A major advantage of xerography i s that it is available in most offices 
at a reasonable cost . Al so it does not involve vet chemicals, t hus t he 
time rcqu tred for processing and drying is saved. The speed of p r oduct i on 
is r e lat. ively rapid f o r limited quantities. Because t he imag e i s p r o­
j e cted through a lens, s i ze changes are possibl e on many machines, varying 
fr o1r1 50-200 \ o f the original size. Some mach i n e s, hovever, have a 
built-i n scale distortion in one direct ion . The quality o f the reproduced 
cop ies i s reasonably good i f the lines on t he o r igina l are sharp and 
black . La rge areas o f uniform tone o n the art...-o rk t end t o " wash o ut" in 
t h o centre o f the copies, resul t ing in a var iati o n of tone . Ordinary 
pape r can be used a nd s o can preprinted s heets . Trac ing papers and trans­
pare n t overlays can rece ive an ioage, but in compari s o n to photographic 
i magos , t he qual i ty is poor . 

In contra st t o single- colo1Jr xerography vh 1ch u ses a s i ngle plate and 
toner , the more e xpe nsive ful ! -co l our machtnos reproduce multi -co lou red 
o paque artvork by us ing separation plat es. A d if ferent plate is used for 
e ach of the subtrac t ive primaries (cyan, magenta, yellov ), the co lou r 
separat ion betng achieved t hrough a l ens a nd fi lter (red , green, b lue ) 
sys tem. Although making colou r copies i s slover than black and wh i t e 
copying , the pr i ce per colour print i s economical tor limited quantities 
compa red to most ot her method s ot d up licat i ng colou r o rigi nals. The 
results , however , can 00 u npred ict able . 

Xe r ography machines in common usage have d ist i nct size 
Of t e n the size o f the or iginal is l imited t o 28 X 4 3 cm ( 1 1 
and t he reproduct i on copy to 22 X 36 cm (8 1/2 X 14 inches ) . 
available vit h great er capaci ty . 

12. 1 . 3 Diazo 

limi ta t ions.. 
by 11 inches) 

Machi nes are 

The diazo process is b y far t he mo4t widely used silver l ess reproduc • 
tio n method in the graphic arts f leld . The d ! azo process dates from World 
War I when a serious shortage o f photographic paper$ and films generated a 
n•ed tor ., s ubstitute reproduction process . I t is one of th e most 
fle x ib l e and comprehensive copy syst ems which, toget her vith i ts v ide 
ava ilabi l 1ty a nd low cost , rende rs i t a desirable reproduction method. 
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The legacy of the d iazo process as a photo9raphic s ubstitut e l s apparent 
in its c apa b i l i ty o f produc ing cop i es ot line a nd contin uous- t o n e 
dravi ngs , ai r photos and sat el l ite images on var ious diazo pr oduc t s . These 
produc ts incl ude a wide range o f pape r s , p l a s t i c s, foils and plate s . The 
diazo proc~ss t s idea l fo r reproducing s everal copi e s o ( a base map ...,hl ch 
may be U$8d , fo r e xample, t o compile f i e ld in formation . The non- e muls ion 
side o f s overa l d 1azo products is treated f o r dra f ting . The capa b i l i t}• to 
upd&te <.Hazo pt" i nts al $O is an i mport a nt f eature . Fo r th is purpose the 
d 13 t.O i mage o n the e mu lsio n sid e o f s ome product s ca n be remo ved by 
b leaching whi l e t he diazo image on t he emuls ion sid e o f non - c hemical 
material s 1$ convenie ntly moist erasabl e. 

The dlato process a llova t he s ame s ize r eproductio n o f o rigina l s. I t 
is positi ve working, wh i ch oeans that a posit ive original is need ed to 
produc e a pos i tive copy . It c a n al so pr oduc e a negati ve c o p;• o f a 
ne9~ tive - o use fu l c hecking procedure .,.,hich e liminat es darkro om t ime . 

The d 1azo p roceS$ invol ves the destr uction o f a dia2onium salt c oating 
by expo sur e t o u ltraviolet , violet or blue l i g ht . The o r iginal c opy o n a 
t rans l ucent o r trans paren t base , having a l 1qht-absorb1 nq 1roaq e ( i nk, 
penci l, dye , photographic) 1G pla ced. 1n contact ..,1th the d iazo mate rial 
a nd i s e xpos ed " 1th t he or iglnbl faci ng t he llqht source . Th us , liqht 
pa sses throug h the or 1q1nal copy a nd breaks down the d i aio n i um in t he 
non-image a rea s , ef!ectively bleach1r19 it . The rembining d 1a to 1ma9e 1s 
t rans formed i n to a v i s i b l e , stable <.Hazo dye by c he mical de\•e l o pment . In 
t he olde r two -compo nent diaio process warm, moist ammo n ia fumes are used 
for development . The never , thermal d 1a to ptoducts are d r y processed and 
d eve l o ped by heat 4 (ter their e xposuro . The one- compone nt dia%o products 
ar$ dOv$lop,ed by poijr 1ng a ph~no l solution over t ho r ~production copy . 

A d 1azo machine shou ld be loca t ed in a room with subdued light l evels. 
To p r oduc e a diazo copy ot an original d ra " ing , t he diazo material a nd the 
o r i g i nal a re {ed i n the machine together . The diazo mater i al is placed 
emulsion up and the original is placed o n top i n t he righ t reading 
pos ition. Inside t he machine the l ight sourc e, .,,,hic h is high in ult ra ­
vio let rays , i s loc ated i n t he c en tre of a tra nsparent t ube. Both the 
dia zo ma t eri al and t he o rig inal must be .,,,rapped around thi s tube during 
the exposure. Th i s wra ppi ng is a source o f po t enti al t rouble as some 
s l i ppage may occur which c a n a f f ect both the 1maqe size and qua l ity. 

Inevita bly, t he a c t o( bending the materials around a tube c reates a 
s cale d i s t ortio n i n one directi on. If this is a cause for concern, i t is 
recommended that the diazo product s should be exposed in a vacuum frame . 
Light sources used can be carbon-arc , mercury, pu lsed-xenon or other high 
u ltraviolet light s ource s . The newer me t a l-ha l ide vacuum frames produce a 
superi or product as their ligh t outpu t i s ideally balanced f or diato . 
Vacuum frames enable t he c a r t ographer t o hold the original d rawing and t ho 
dia zo copy in prec ise r egis trat i o n vi th t he u se o f a p i n - registrat ion 
s ys t e m, a considerable a d va ntage o ve r diazo machines. 

An i ne xpe nsi ve , tho ugh c umbersome and s lov method o f exposure, is t o 
place t h& or iginal over the diazo product in a simple photogr aph tc print 
frame o r under a s heet of plat e glaS$ , followed t>y e xposure to a pho to ­
flood lamp c on t a i n i ng a da ylight bulb. Any large trans parent container 
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vhi ch wi l l hold both the exposed diazo materia l and a small container for 
the ammonia can be used for development . With care and experimentation , 
good res u lts can be obtained at nominal cost . 

Mater ials used on ori91na l dra•dngs must a l so be stabl e under heat and 
ultravio l et light, 'lrt'h ich prec l udes t he use o f wax- based adhesive films. 
Rub-do vn letter1n9 and symbols can also be easily d am.aged by the heat and 
should be 9 1ven a pro t<ictive sp ray . Ad hesive tapes, vh ite -outs and 
s i milar opaques cannot be US(!:d on the original dra•dng as these vill be 
reproduced o n the copy as dark areas . 

The d1aio process is both convenient and economical and dye line papers 
a re inexpens i ve and are ea s.i ly obtained. '!'here are few si~e restr ictions; 
machine$ that c an reproduce c opies up to 122 cent imet res (~8 inches > vid e 
are readily ava ilable. The i mage, hovever, is not stable and wi ll fade 
over a period of time , especial ly when exposed to light. 

Al l d ia~o products have a limited therm.al stabilit y, particu larly i n the 
prese nc9 o f moiGture . Thus t heir no rmal shelf l ife is s i x to twelve 
months , possibl y much s horter i n varm, damp conditions. To a l leviate t his 
problem they should be kept i n refrigerated s torage areas whi ch wil l 
greatly extend t.hei r useful life. If t he mate rials become disco loured 
t hey shou l d generally be discarded. 

Most manufactu rers produce a range o( coloured t r anspa rency mater ial 
vith diazo coatings . Combined with pin or pu nch re-gis t ration t hese are 
idea l s ources f o r map and display over lays. A black base can be c ombined 
wi th several dif ferent coloured overlays to make an effective presenta­
tion. The diazo p r ocess is also used t o apply i mages on scribing film and 
var ious colour proofing materia ls . 

12.1 .4 Diffusi on transfer 

This process l s becoming e x tremel y popular because of its speed, 
relat i ve simplicity and the 'lrt' ide range ot available products usef u l in 
mapping , 9raph i c a nd displ ay pro,ects . 

The basic diffusion t ransfer process normally beg i ns vith a sheet of 
l igh t sensi tive carrier material (~hich acts as a negative } bei ng exposed 
in a process c amera. Typi cally the m.aterial is orthochrornatic so that i t 
c.,, n be \lf.$d \lndor no r m.ol .red ::.a!clight:;. Both l Lne eind continuous - tone 
materials can be r(!:produced (!:i:JSily . The exposed neg ative mater i al is 
c ombined vit.h the desired (posi t ive) r eceiver material and both a re fed 
thro ugh a simple p r ocessor whi ch contains a single chemical activat or. 

The t wo materials are separat ed by the feeder system, moistened by the 
a c tivator, and then fo rc ed toge ther by the r oller system. The res ult 16 a 
sandvich where the negative is in close contact with the receiver. The 
actlvbtor so!tens t he unexposed por tion of the ne-gat ive which transfers 
the Sm&9e to t he r e ceiver ~ith wh ich it i s in contact . A catalyst i n the 
receiver s t imulates the breakdov n of the si lve r hal i de i nto a v i sible 
s ilver i mn9e. The tvo mate rials are p,eeled apart, typ ica l ly after one 
m1nut& or so and t he negative discarded. The r eceiver is t hen rinsed to 
r~mov -, the &mal l amount of residual activator. Receiver mater i als c an 
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include the fo llowing: photographic paper; transparent f i lm used to 
create ove rlays and overhead proj~ction transparencies; adhesive f ilm used 
for "cut and paste " artwork and type over lays; a nd paper and me ta l 
lithographic p r inting plat es. Half tones can be created by using specia l 
contact screens dur ing the exposure ( rG fer to S•ction 10 . 3 ), 

Most diffusion transfe r mater ials a r e designed tor use with a process 
camera, as camera r ead y artwork is normal ly prepared on opaQue materi als. 
'There fore a great variety of r eproduction s12e s is po~sible. If the final 
image is intended to be the same size as the o r iginal , exposure can take 
pla c e in a vacuum tram• 1f the art'lilork has been produced on translucent 
material. 

The e conomics of diffusion transfer should be car efully evaluated . The 
r.:iaterlal s themselves, par ticul a rly continuous- t o ne and " sticky- back " 
variants are relatively expensive. The lack o f a re-usable negat ive ca n 
be costly vhen several copies must be made . There is, however, no need 
for a film negat.ive or for the use of a film fixer or sto p - bath. This 
reduces reproduction c o sts if only o ne or t wo copies are required. 
Washing requirements are minimal and no time i s lost in dryi ng. The 
act i vator is re-usable . I n most operat ions, there(or& , t he use of 
d UCus Jon t r-ans!er wil l ghov considerable s avings over comparable photo­
graphic techniques . 

S1ies ar4 l1r:i1ted to the a.va.1 lab111ty o f s t andard reater1als and to the 
t hroat size ot the ava ilable proces sot' . Most colll,tllon l y material siz&s ot 
22 X 28 cm {8 1/2 X 11" ), 26 X 31 cm (10 X 12'") , 28 X 36 cm <11 X 14" ) and 
31 X 46 cm (12 X 18") are proc essed in the standard 38 cm { J S") v i de 
proc essor . A larger, more expensive processor vith a S3 cm {2 1 .. ) throat 
will process materi als available up to 51 X 6 1 cm (20 X 24"). The most 
widely availabl e systems are Kodak ' & P , H,T , (photomechanica l transfer ) and 
Agfa- Gevaert ' s Copyproof wh ich a r e essentially the same, a l though the 
Aqfa-Gavaert ' s produc t line i ncludes t he versatile '"sticky- back" material 
so uGetul !or type and symbo l ovedoyG and "'poste-up" presentations . Both 
ma nufacturers now have full colour s ystems wh i ch ar• cons1d•rably more 
expensive . 

1i.1 . s Thermocopy (Thermal copy, Therma l transfer, Dry heat, Infrared } 

Thi s is the only co pying process in .,..hich exposure and development are 
simultaneous. This simpl e operation invo l ves on l y one step, namely the 
insertion of a special ly coated film, plus the original artvork , i nto the 
&xposure opening ot the co pying machine. The image is d uplicated in on ly 
a tev seconds onto one o( several types of transparency mater i als. The 
proc8S$ i s des iqned tor t he production of transparencies for overhead 
projection . lt can, how8ver, be used to produce ove rlays for report size 
il l ustrati on s . 

When the o r ig i nal, which can be fuily o paque o r trans l t.2cent, a nd the 
t hermocopy fi l m are passed thr o ugh the machine the heat from the infrared 
iight source passes through the thermocopy film to the orjgina.l. Metallic 
substances in the image absorb the infrared light, producing ,.hot " a r eas 
wh ich torm an image on the film where the tvo are i n contact . 
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No r mally l)Cceptable i mages c an be p r oduced f ro m c a rbon-base inks,. rnost 
printi ng 1n >:s, load penci l, liquid writ i ng i nks r, nd t y pe wr.ttte n copy. 
Qua l ity 1.s not gene rally as hiqh as that obt31ned ..,.1th photogr3phic or 
e ve n diazo sys tems but i t is oCten acceptable fo r demonst ration purpos es . 
Single colou r t ranspa r encies ca n be p(oduced in pos i t i ve o r negativo 
form. The s ize of t he t hormocopy materia l s and copy i ng mach i nes is 
us ual l y l i mited to paqe s1ie . 

12 .1.6 Photostabilita tion 

This i s a versat ile r e production syst~un bu t of decrGa sin9 i mpor tance 
be caus e o f co mpet i t i on fro m xerography a nd continuous printi ng processe s . 
Never the l ess it o ffers a speedy alternative to convent i ona l p r ocess i ng 
methods fo r sil ver halide films and paper s , "'hich i nc lude the sta ndard 
step s o f d e ve lopi ng, s topping , fix in9 and "'a sh ing . Photos ta biliz ation 
r educes the proces s ing steps t o t wo ; de veloping and tixing. Expcs u r e c a n 
be obtained by any conventional photoqraphic method ; it then takes about 
t e n s econds t o obta i n a s tabl e l~ne p(int or cont tnuou$ - tone trans parency. 

All chemical s needed fo r develo pment o f the latent image are co ntained 
in t he e mul sion of the s pecia l films . An ac tivator i s app l ied t o t he 
til rn, converti ng t he e xpose d silve r halid e s to si lve r. A stabilizer 
so l ution then d1$Solvos the unde veloped ha lides ,. s t o ps developme nt a, nd 
fi xes tho f il m. These steps are usua ll y c arr ied o.lt automat ica ll y i n a 
s1n9le processing machine . 

Mo6t products ar& rog,in-coated to reduc• the quantl tieg, o f vat•r a nd 
chemical p roducts a bsorbed during processing . A mo r e permanent print can 
b-o obtained by 1m.mel."s1ng t he f i lm in a f i x i ng so l ut i on , t ollovect by 
washing and d ry ing . No darkroo m i s needed for t his proc ess . The e mu l ­
s ions c reated are t hin and are no t suit abl e fe r reproduct i on with photo ­
g raphic films. The backg round of poorly 'lro'ashed o r fixed p r oducts wi l l 
d arken i n time. Photos t abi l i zat i on proc essors have bee n produced i n sizes 
ranging from 13 cm ( S") to 107 cm ( 42 " ) wid e, t hough most are designed for 
page s ize r eproduction . 

12. 1. 7 Colour imaging 

·rh e re are many methods o f producing co l ou r graphics . o ne of the most 
f lexible and verG-atile is a colour imaging system . Colou r imag i ng ma y 
be tised ..ts ..t colou r pr oo f i ng $ yst~m for ed iti ng purpose& or for t he 
produc tion of mater ials fo r display or short - run r e port i llust r a t ions. 
There are five main systems c urrently a va i labl• : Letr achro me (L-etr ase t ) , 
Creative Color (Me canorma ) , Chromatec , Co l ou rtec h a nd Mat roco lor. All 
produce qu i t e siffi ilar r e s u lts althoug h t he p rocOS$8$ va ry considerably. 

E:ac h o f the s e processeJJ is a o ne-o f t pri nti n9 process capable of 
p r od uc i ng direc t imag e prints o r t ransf~r type image s f r o m film ne ga ­
tives . Col ours are applied i ndi vidua lly by ma nua l l y cootin9 t he base 
ma t eri al ,.,ith ink us i ng a met al rol ling r od . The i nk i s dri ed, us ually 
with o simple ha ir dryer and t hen photomechanic a l ly e xposed to a negative 
u s ing ~ spe cially ca l ibrated u ltraviolet light source . 'l'he 1ma.9e is 
devclopod by rqmo v ing tho &Otter non-image areas. Exposures are carefu lly 
c ontrol led by a c al ibrated light sour ce . 
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There is a wi d e ranqe o f colours .-.v-,ilbl)l{I . tn ks c an be mixed to 
provide colour control by experienced u&8ro . Sit.es are normally limite d 
to 48 X 63 cm C 11 x 2S " ) although some tra nsfer mat.erials are consider ­
ably sm..,. l lor . 

i2. 1.8 I ma9e trans fer 

Image transfer product!J e nabl e a cartographer to apply b l ack and vhite 
or colour ·rub-dovri• Jin.ages to particular areas of the art.,..Or"k . 

A high cont rast negative is exposed in contact to t h o 1mage trans fer 
mat er ial using an ultratJiolet lig h t . A special (h31.•.-, l opor is a pp l i e d , 
after \th lch a t ransferable image is l@tt 3ttached to the base c arrier 
$heet. The i mage c an be burn h hod ont.o any desired area of the artwor): . 
Custom type, symbols or images ca n be c reated and used Yhenever neces ­
sar·t • The cost per sheet iG rela tive ly high although i t is cheaper t han 
c ommercia lly available products and t he po t en t i al for time s aving is 
con$idcrable . The best kno..,.n product 1S 3M rmaqe-ti -Tran s f e r (I. tL T. } , 
recently acqui red by Letra&et . 

12 . 1. 9 Ink - jet pr inting 

Thi s h; a pht4'l8$$ el<i,ctr onic printing method vhich can reprod uce t he 
data stored in d i gital fo rr.'I i n a computer, As vi th all s uch techniques 
t he lma9e must be c r e ated each time it is reproduced so (or 1000 copies 
t h@ imago mus t be composed from digital informat i o n 100 0 times . Thi1; 
process i s time consuming and s ubject to mechanical Cailure $0 t hes~ 
systems are appropr i a t e fo r limit ed~copy production or d i spla y products 
only. 

Ink jet printers create images by spraying ,ets oC coloured f l u i d$ , 
similar t o foun t ain pen inks, under pressure through a !1ne noizle onto 
the printing surface. The ink breaks up into tiny droplets . often onl y 
.06 millimetres ( . 0 025 inch) in size a nd at a rate ot 100 , 00 0 dropl ets per 
second. These are charqed e l ectrically and dir@cted by the computer to 
t he ir correct 1rnoge posltion . Ma 1,y p r11,ters cor.ta 1n banks of nozzles so 
t hey can &imultaneousl y pri nt $8 'Jc;n·al co lours. If process colo\lr inks are 
soloct4:K! the final reault can look slm1lar to that produced by litho­
graphy . 

The&o 1nach i nes ar0 mechani.ca lly a nd technica lly compl~x and requiro 
re9ular ma i n tenance . In~ j et p r inting c;, n p r odu c e co lou red artwori: 
includinq transparenc i es re l atively q u ickly and inexpensively . The 
quality ot t he i mago is adequat e tor many purposes but i s inferior to 
t hose produced by photomechanlcal methods . 

12 .1 . 10 Laser print1nq 

La se r p r1nti nq is a plate l ess electronic pr inting mothod used f or 
limited-cop}' reproduct.ion, La ser printers are relat i vely e xpensi ve but 
are c a pab l e of producing high-quality products. The image i s obtained 
from digita l data i n a computer vhich guides the las~r beam . A modulator 
t u rns the lase r beam on and off according to t he digital 1nstruct10n$ , 
vh ile a mi rro r system and s c ann ing prism d i rect the light Oe;,m o nto a 
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photo sen l;it1ve drum. The image ls built up line by line in a raster 
format. 

The drum ~h 1Ch now conta ins pos itive 
a ch,,rqed paper sheet rolled ove r it. 
in b manner similar to xerography. 

chbr9es is dusted v1th a toner and 
The r~gulting 1ma90 is heat tu$&d 

Laser printed products excel in quality; there are mach.ines ava lhble 
pr intinq 90,000 dots per square inch, ot ~h1ch point the 1maqe approaches 
that of lithographic print ing. 

12.1 .1 1 Proof ing s}•stetns 

Most complex graphics or maps are produced from more t han one compo ­
nent or overlay . This is true for artvork intended for either single or 
multi - co lour reproduction . These component pieces have to be fitted or 
registered accurately to each ot.her to produce composite printing nega ­
tives which ate used to produce printing plates. Proofing must be carried 
out prior to pr int i ng because errors detected at this stage are expensive 
to corr~ct . Undetect.ed errors may have serious consequences. Proof ing 
s ystems permit the combination o f the graphic components in a pseudo 
pr int ing manner for editing purposes so that change& can be made be!ore 
the expensive plate1:1akin9 and printing processes occur. In many carto­
g ra phic app lications, the proof ls the first visual representation of 
design decisions and construction ef forts. 

There are several proofing systems availabl e; virtual l y 'all are desi gned 
for the graphic arts industry and may be unsuitabl e for some cartographic 
applications. Host graphic products are reproduced from optical separa ­
tion negatives of multi-coloured artvork or photoqraphy . 1'herefore t he 
process co lours (subtractive primaries) cyan, magenta (red) and yellov, 
together vith bl ack, are used for print ing such artvork (refer to Section 
IO). 

Car tO<Jraphic products, in contrast, may be reproduced in colours other 
than t he process colours. For examp l e a fine line , the most common 
cartographic symbol, may be co loured brovn. In process reproduction , 
however, the colour brown vould be a composite of the process colours and 
minor registration problems whi ch occur 1n the pr i nting sta9e vould 
cause visible colour variations 1n brown l i nework . Therefore tine lines 
should be printed as a separate colour rather tha n a composite or tho 
process co lours. Cartographic proof ing systems must have avider range o f 
colour& than the process colours. They can also be considered as l imited 
copy repr0duct1on techniques as most proofs make excellent display o r 
discussion products . 

12 . 1. 11 . 1 Overla y systems : These s ys tems use a series of transparent 
overlays of different colours vhich are reqistered to each o t her to form a 
composite of the o r iginal a r t work . An advantage of this technique is t hat 
any given overlay can be corrected , reproduced and refit ted t o the others 
~ lthou t the noed to produce an entirel y ne~ proof. The overlays a lso make 
e xcel lent overhead pro)~Ction transpacencies . The systems are limited to 
relatively fev layers because the intervening reflective layers of plastic 
degrade the lower images . 
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Overlay system,; are v~rsati le and can prod uce e xce l Jent r~su ) t$ . Thoy 
.,re a vai lable in both n egative a nd positive .,., ork1ng for m~t s . Th o 
mat.orial$ are e xpo$ed tc a h i gh ultro.•:1olet l19ht GOUl."Ce in a vacuut'I 
rran::i> . The film is developed ..,. ith 11 simpla oin":ll~ solut i on , "'as hed a nd 
dr ied . rt is possible to make a tuil colour proof in 20- )0 mi nutes. The 
over lavs are available i n severa l popular col ours and darkroom facilities 
are not requ i red . Examples ot overlay proofing systems include 3M ·colo:­
Key and Polych:Om8' ChroMe- Gu1de , Colou red diazo fi lm , ho vever, i s the 
most economi cal and \1 1d& l y av.ail ab le '.•ersion o f the over lay syst em. If 
the over l ays are produced on a diazo polyester base in a vacuum frame and 
punch registered, they ca n be us<td to proof the registration as vell as 
the information conta ined o n the or1g1nal artvork. 

12.1.1 , . 2 Lam ination overlay s ystems: Lamination overlay systems are 
capable o f producing high quality, colourful and attracti•;e proofs vh1Ch 
ar-e <Jxcoll ent for promot i o na 1 purposes. They are , hovever , o xpensi ve 
systems to purchase and to o per~te , honce they are unl ikely t o be consi­
dered by smaller agenc i es. 

Lamination over l ay s y$tGm$ p r oduce co l o ur proo fs o n sensit i zed, 
adhesive-backed and tra1,$parent materials. These materials are e i ther 
pre-colo ured or ar• givon the appropriate co l o ur during process ing . 
PrOCGGsiriq b-eqins, by l,:I.Mi na ting a s ensitized overlay to the base 
ma terial. The sensit1~ed over l ay 1s t hen exposed in contact ~ ith the 
appropriate film intermediate using an ultraviolet liqht source . Th9 
procedu r e varies dependin9 on the process be 1ng us8d . Some processos ar~ 
ne9ative vork1n9 vh1l$ othe r s a re positive worktng . Afte r developing , an 
appropriate coloured 1ma98 r8m.ai ns a1,d the process 1s repeated for each 
additional colour . No rmal l y a colour proof caan bo produced in an hour . 
tqu1 pmQnt n~edod includO$ photomechan1ca1 items , a laminator and a t o ning 
cons ole . Examples of t hese systems i nc lude Cr o malin by Dupont and 
Transfer-Key by 3M. 

Ot her lanu na tion proofing s ystems use sensitized ge latin coatings . A 
propr i etary vhite base mater i al is softened in a special solution and the 
sensitized coating added in a t rans fer unit. ;.. dryer is also required. 
The base is exposed to a negative , p rocessed in an activator and washed. 
Tho procesg is repeated Cor (H1ch colour . Gevaproo( b;• Ag!a-Gaevert , an 
exa~ple o f Guch a system, vas pr i mar i ly d8:Gign•d tor tour colour separa­
t ion using blac k, c yan, magenta and yellov altho ugh a tov other colour$ 
can be obta ined. ·rhe proof is of excellent quali ty and c an 'be used for 
display purpose s . 

12 .1 . 11. ) ~egative superimposi tion syst ems: Superimposition systems are 
widely used throughout c artography to produce proofs , plates a nd guide 
image$ o n dense , stab l~-ba6♦ materia l s, . A l19h t sensit ive coating i s 
appl ied t o the base in a liquid form and allowed to dry . It is e xposGd to 
ultra.violet light in con~ac t wi th a neqa tive in a vacuum f ram$ . £'>i::pos~d 
a reas are hardened , whereas non - exposed and therefo r e non-harde ned area $ 
can be removed by special deve lopers o r sometimes by vater . 

After developing , 
additional colour. 
Repr oduction Corp. 

vashinq and dryin9 , the process is repeated for each 
..\n exampl(t or t heGe systems is Kvik Proof by Direct 
I n general the pr-◊C8$SOS are economical to pu rchase 

rtA .... ♦ ,...-i"'I,... ...,., ..... ..,. ...... ...,.., ,....,.. ... ,, .. ;,...h+ 



- 178 -

and produce an acceptabl e proof o f virtua l!}• any she . Liqui d coa tlrig s 
have a limi ted !}holf life , the refo r e , the expi ry date of these materi als 
s ho uld be c are fully noted. These processes are time consuming and t he 
co l ours achieved are less intense t han t ho6e wh i c h resu lt from t he use o( 
lamination overlay syst ems . Actual pr i nting col our$ ore al so d1fftc u l t to 
ma tch. 

12. 1. 1 1 . 4 Positl..,e s up&r1mposltion systems: Posit i.ve s up,er1mpos1tion 
systems produce a bette r quality proof t ha n negative superimpo sition 
sys.tems . A pos itive work ing d i chromat.ed col l oid emulsi on is added to a 
\lh 1te o pa<i,u o p last ic base mater ial, often polyviny l c hlo ride . The 
positive 1$ e xposed t o the base under a n u ltraviolet light sour c e in a 
va cuum frame and a col oured ink i s then applied . The hardened emul sio n 
areas v ipe o ff wi th water . The process is repeated for each additio nal 
col our , thu s pr oducing one o f these proofs is time consuming. 

The pos itive superimposition &y&tem i s i deally s uited for proof i ng 
posi t i ve art vorX s uch as line dra,..1nqs , type over l ays , rub-down pattern 
overlays, etc. An example of s uch a syst em 1& t he Hausleiter syst e m. The 
i nks themsel.,.es are not light serH;.ttive, thus t he expiry d ate i s not a 
probl em. The liquid e muJsiOrl , hovovor , has a rolativoly s hort sholt UCe . 

12.2 Mult i-Copy Reproduction 

12.2 . 1 Basic printing processes 

Multi-copy reproduction ot ltM,90:G ma y be c arr i ed out by one o( four 
bbsic pr intin9 processes (Figure 12. )l . Th~$& processes are d l stt n9uished 
by the nature o f t he pr i nt ing surf ace o f the intermediate ima ge carrt•r, 
commonly c a l led a p lat~ . The y i nclude : 

1> J.nta9110 or gravuro ( Fi gure 1 2 . ) a J; 
11 > rel1o f or lctt•rprees ( Figure 14 . 3 bl ; 

111 ) planograph1c or o ffset- l ithoq raphy ( Figure 12.3 c ); 
iv ) scre en or stenci l (Figure 12.l d }, 

12 . 2 . 1 . 1 Intagl i o print ing (Gravurel: Image a reas are etched into metal 
pht es to form reservoi rs for i nk. The ent ire i mage area is screened vit h 
the depths of t ho reservoirs control U n9 t he &mount of i nk being trans­
fer red , th,u:·eby controlll nq the donsity of tone o n the paper. The 
etched 9ravure cy linder rot a tes in a f ountain. of ink, filling t he reser­
voirs. A doc~or blade t hen vipes t he ink from the non-recessed , non-image 
areas o f the pl ate. The i mage is then t ransferred dir ect ly from the plate 
onto the paper by the impress i on cyl inder. lntaglio print ing pr etses may 
be sheet - fed or roll- fed and provide quality reproduction on both smooth 
and textured surfaces. I ntaglio pri nt ing is a relatively e x pensive 
process and i s nor mally reserved for high - volume, high- quality pr oduc t s. 

12. 2. 1 .2 Relief pr inting (Letterpress> : Thi s proeess is t he opposite of 
intag lio print i ng in that t he image area, a re raised &t>ove the non-image 
areas. The process uses metal t ype, engrav ings , combina tions of both or 
dup l icate plates t o ca rry the image . The ink i s applied by r o l lers to the 
raised s urfaces and then t ransferred di rectly onto pape r. I mpression is 
sharp and c l ear but varies vit h t he smoothness and texture o f t he paper . 
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Figure 12 . 3 Bas i c pr intinq ptocesses . 
p rS.nt 1.ng production, 19 67) 
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The r e 11 eC proces s i s somevhat dated ~nd has been rep l ~ced b y lithography 
1n ln0$t ma jor pr incing operat i on& . 

Th ere are throo genera l c l asses of letterpress or relief pr inti ng 
prG$$GS ( Figure 12 . 4) : 

1) platen ! Figure 12 .4 a) ; 
11 ) flat-bed c yl i r.der lFigure 12.4 b) ; 

111) rotary ( Fi gure 12 . 4 c). 

A. Pla t en press: The plat e a nd paper are bot h carried on pla ne 
surf ac es . Paper is sheet - fed i n t o position o n t he platen wh ich then 
presses against t he inked image in the press bed. 

B. Flat - bed cy li nd er press : The i mpression c y linder vh i ch al s o 
c arr ies the pape r is o n a stat i ona ry axle , The press bed whic h c arries 
t he inked image moves back and forth. Impression is made under pressure 
at the cy l inder r evol ves. Cylinder presses are s heet - fed. 

C. Ro tary press : Rotary presses have tvo cylinde r s that r o tate at 
high s peed in the same direc tion. One cylinder which carri e& the inked 
image transfers this image to t he oth9r cylinder which carr i es the paper. 
Paper may be sheet-tee or roll- t«! . 

12. 2 . t. 3 Pla nographic pr inting (Offset lithography}: This met hod is 
based on the principl e that water and oi l do not mix . Offset lit hographic 
plates c arry both the i mage a nd the non-i mage areas on the same l e vel. 
Image are as are phot omechanically reproduced onto me t al plates tha t are 
c hemically sensit ized to accept ink a nd repel .,,.ater in the i mage areas. 
Hon- i mage areas acc ept .,,.ater and . repel i n); . In offset l ithography, the 
p late f irs t contacts rollers of water and then the inked rollers. The 
inked image i s transferred trom the plate onto a rubber b l anket cy l inder, 
a nd t hen onto t he pa per lo'h i ch is carried by a thi rd cyl inder. The r esil­
ience oC t he r ub~r blanket a llOlo'$ ottset llthography o n a .,,. ide ran9e ot 
$U~face textures. Paper may be s heet- f ed or r o l l-Ced. Mu lti - copy r$pro­
duct ion o f most cartographic products is done o n s heet-f ed o ff set 
presses. Offse t lithography is by far the most coomon print i ng proceS$ 
available and i s normally used to reproduce cartographic artwork. 

There are t wo techniques of forming an i mage on the lithoplate : 

1) A negative is exposed in contact W' 1th t he c o ated plate . The 
resultant image is based o n t.he re sidua l hardened coat i ng; t he 
unexposed ( background ) area s are sol ub le a nd removed; 

ii) A pos i tive is exposed in c ontact wi th the coated plate . The !Mage 
itself , being soluble, is removed. Like the negative- made i mage, 
this technique terms a "surface" p la te, but it can also provide a 
"'deep-etch'" plat e, vith the aid of acid e t ching, so produ c i ng an 
i mage ~hich is slightly recessed. 



figure 12.4 

- l6I -

Three classes of letterpress o r relief printing presses: 
t al platen; Ci:>> flat-bed cylinder; Cc ) rotary. (After 
J .$. Xeates, 19?3) 

a b C 

0 

12 .2. 1.4 Sc reen p r inting (St enci l}: This process i s one of t he o ldest 
and most widely used methods of reproduct ion . Tradi t ionally screens 
consisted of porous materials , such 8$ silk , ll)OUnted on b wooden !rbm.e . 
Modern day 10a9e car r 5ers or screeno are usually made of po lyegter fabric 
or sta i nless stee l mesh . Pr i nti ng is dono by forc ing i nk through t he 
i mago ar-oa.$ of th<> screen vt th a squeegee . The non- imaqe areas of the 
screens are blocked by stencil s vh ich are hand-cut or produced by photo­
mechanical methods . 

l,.ine , halftone and screen t i n ted a rtvork c an 00 reproduced o n virtual ly 
any surface . The screening, ho.,,.e ver , is relative l y coarse by cartographic 
standards . The s i mpler systems ma ke it di ff i cu lt to r egist er additional 
colours accurately . For th is reason lt i s mostly limited to simp le a nd 
t,old roproducttons , Cor e xample , posters, repor t covers , invitations , 
program.$, etc . 

Screen printing usi ng t:rad1t1onal techn lques i s ti: n ine xpe nsi,..e and 
versatile posit ive vorking system suited t o lioited - copy product:ion . 
Commerc i al screen prin t i ng, hovever, is done on pover - op&ra t•d pr0GSO:$ 
capable of producing 5 ,000 i mpress ions per hou r and is suitat,l e for 
multi-copy repr oduction. Paper may be s heet - fed o r rol l - fed . 
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SECTION 13 

I). MARIN£ RESOURCE HAPPING ANO CASE STUDltS 

The tollowin9 list ot resource ma p s i nd icates the \l' .ide v3iriety of 
car-to9raphlc techn1Ques 'olh 1Ch m.ay be used t o portray 1r1a r1 ne 1nformbt 1on 
0,r1d data . Some o f t.he maps are ''one o f a kind", o thers are o ne o f a map 
ser i es and still others are an i nt egral part of a scientific report. Each 
of the t velve map projects selected from the li s t ing as a case study is 
a ccompanied by a description of the rnap ob ject ives and scale, and genera l 
comments concerning its fo rmat , c olour, update capabilities, etc. 

13. 1 Sma ll-Sca l e: International Atlases 

i ) Atlas of t he Living Resour ces of the Sea s . ( Re fer to FAO, 1912 in 
bibl109raphy . ) 

i i> Ser.itiil Atlas of the Marine Environ me n t . <Rtder to America n 
Ceoqraph1c& l Society, var . d . , i n bibl i oqr&phy . ) 

13 . 2 Sma l l-sc ale : Regiona l Atlases 

i) The Lancaster Sound Regi o n: Data Atlas . (Refer to Oirschl, H.J . , 
1982 in biblio9raphy . l 

11) Fundy Coa st,:1 1 Zon e Study . i Re f er to c as<i study tl and Hun t er 
and As sociates , 1982 in bibliograph y. > 

iii ) Gu lf o f St . Lawrence Water Uses and Re lated Activities : A Carto-
graphic Presentation . (Refer to S1 mp$on , w. , 19 7 3 in b i blio-
graphy . ) 

iv) Canadian At la ntic Off shore F i shery At l as . <Refer to Scarratt, 
D. J ., 198 2 in b i bliograph y . > 

v) aa rbados Pre l i mi nary Oat a Atlas: Survey of Conservation Prioriti es 
in the Lesser Antilles . (Refer to case stud y t2 and Th e Eastern 
Caribbean Natu ral Area Hanag~me nt Program, 1980 in bibliography. ) 

vi > Bay of Fundy Resource I nve n t ory . ( ReCe r t o case study f l and 
McKay , A. tl tl·• 1918 in bibliography.) 

v i i > Environmental Atlas o f the Southern Gulf o f St . La'lrlr~rnce . {Refer 
toHcCuire, 8.E., 1919 in bibliography.) 

viii> Nova Scotia f' isher ies Atlas . {Refor to case s t ud y ;4 and Mariti me 
Resource Managemen t Servic~ Inc . , 1982 in b i b l i ography. ) 
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13.3 Small-Scale: Regional Maps 

il Distribut ion , Migra tion and Spavning o f the Main Fish Resou rces in 
the Northecr1 CECAF' .a..rea. iRefe r to Ga r cia, s ., 1982 in biblio­
gr--,phy . ) 

ii) fisher ies Atlas of the Western and Central Medit erranean . (Reter to 
Charbonn i er , o. ands . Ga-r<:14 , 198$ 1n b1b l1ography. J 

111) Geo l ogy o f the I sland o f Ne~found land: Preliminary version . 
iRefer to case study I S and ~ewfoundland and Labr ador Depart­
ment of Kines and Energy , 198) in bibliography. ) 

iv) 1983 Fishing I ndust ry Synopsi s ~ Gulf Region. (Ref e r to case 
study t 6 and Maritime Resource Management Service Inc., 1983 
in bibliography , > 

13 .4 Medium to Large -Scale; Regional Hap Seri es 

i ) An Ecological Characterizat ion of Coastal Ma ine . (Refer to 
u . s. Department o( the Interior , 1980 11"1 b 1b l 1<>9rbphy. > 

111 Demersa l 
Cameroon . 
graphy.) 

Flsh Assemblages in Liberia, Chana, Togo, Ben i n and 
(Refer t o Villegas, L. and S. Garcia, 198) i n biblio-

1111 Strait o f Canso Natural Environ~ent tnventory. (Refer to Maritime 
Resource Management. Service I nc ., 197S in bibliography. ) 

iv) Nova Scotia Estuarine and Coasta l Resource I nventory. (Refer 
to case study t7 and Maritime Resource Management Service Inc., 
1982 1n b 1b li<>9r~phy . ) 

v > Marine Resource Pi lot Study: Passamaquoddy Bay. ( Refer t o Mar itime 
Resource Manageoent Service Inc ., 198 2 in bib l:lography . > 

vi> Small Craft Ha rbours and Facili ties Directorate. (Reter to case 
study f8 and Mai: 1t 11no Resource Mane.9ement Service Inc., 1985 in 
bibliography. l 

13.S Maps in Conjunction ~1th Technic al Reports 

i ) A Survey of the Coasta l fish Resourct:ts of Sri t.,anka . I Refer to 
Sl indheim, J. !S_ tl· , 1979 in bibliography.) 

11 J Peru: Aco ustic Estimat i on of l chthyomass and its Distribution 
in Lako T iticaca . (Refer to J o han nesson, K. tl tl·, 198 1 i n 
b1bl1oqraphy. ) 

iii) Regiona l Fishery Survey and o~vQlopment Ptoject , Oemersa l Resources 
of the Gu lf and the Gulf of Oman . (Refer to C8$e study t9 and FAO, 
198 1 in bibliography.) 
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iv) Coasta l Re source$ Inventory and Mapping Program, S t . Geor ge s 
Bay Pilo t Study, (Refe r t o case study 110 a nd Warren, R.A. and 
H.P . Andersor., 191S in biblio graphy. ) 

v) A Remote Sensing Te chnique for Quant ify i n9 Lobster Fishing Effort . 
( Refe r to case study 11 1 and Prin9 le, J . O. a,nd R.e. Duqga n , 1983 in 
bibliograph y. } 

v i ) Barbados coastal Con servation Study. (Refer t o case study 112 and 
Hunt er and As soci a t~ g ot tl_., 1984 (unpubl ished) in bibliography.) 

The public a t i o n 0nti t l ed ".~ Review of Coastal Zone Mapping", edited by 
Roland Perret te ( l 986 ), propare-d under t he auspices of the Commission on 
Ocean ic Carto9raphy Ctnternationa l Cart09raphic Association> compl ements 
t he c as(I s t u<:Hos. Unli):e this manual, ho...-ever, it is not confined to 
re$ourc e mapping per se . 
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13.6 Case Study Reviev and Ana l ys is 

T he f o llowing case stud18$ are intended t o provide t he reader v1th a 
range of thema tic m~pp1n9 applicat ions a nd the i r var iou s production 
methods: 

1).6. 1 Case study 1 1 

Tit l e: Fu ndy COa$tal zone Study 

Produced b;·: 

Produced tor : 

Scale : 

Objective: 

Desc ription: 

Commentary : 

Hunter and Afisociates , Mississauga , Ontario , Canada . 

Ne ~ Bru nsvick Oepartrne n t o f Natura l Resources Mineral 
Re&otn-cea Branch, Fr edericto n, New Bruns.,, ick , Canada, 
1982 . 

Various 

The study vas desiqned to prov ide th~ tol Jowing informa ­
tion : 

on inv$ntory o( mar1no b$aCh$$ and t'il'l'"?'OGtri al ro­
source&; 
study ot CObSta l p roCO$$~$ ; 
$tudy of coastal zone land uses and their in fluences 
o n the coaGtal environo0nt; 
preparation of coastal ione ~na9ement recomm&nda ­
t1on s . 

The study was prepared in t wo separate vo lumes, a 
Technica l Re port and a Map Atlas, and was printed in 
three colours. The example s hovn was taken from the 
Atlas ( F igu re 13 . 1 - White Head Isl and }, one of 74 map 
s heets . The bbse m&p is a photo mosaic (refer to Section 
8. 9) . 

The maps; are qood examples of the use of a simple photo 
tnosa 1c base overprinted with a variety of th e mat ic 
subject matter. I n th is Atlas t he t reatment o f each o f 
t he 14 rnaps is simi lar , hence a common legend .,,a s used 
for the entire Atlas. 

This type of p resentation can be q u i c kly and econo mically 
p roduced. For the use r, the t h ree a va ilabl4 colours plus 
a detai led photo b a se ensured that data cou ld be e a s ily 
i nterpret ed. 

Host of t he thematics i n th is volume , ho wever , could have 
been added direct ly to the photo base r a ther than to the 
addit i o nal line base rnap (fiqure 13.2). The maps cou l d 
a l so have been p t odUC4:ld at sinaller s ca les and t herefo re 
o ccupy less s pace and fewer pages. 
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Figure 13. 1 
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ll, 6 . 2 Case study, ,. 

1'itle : 

Pr oduced by 
and for: 

Objective : 

Oescri pt ion : 

Commentary : 

Barbados Preliminary Data Atlas 
Sun•ey ot consorvation Priori ties in the Lesser Antil les 

The East ern Caribbean Natural Area Management Proqram 
<ECtlAMP> , St . M.icha~l, Barbados . -~ cooperative ')ffort o! 
the c~ribl:>ean Conser vation Association and the School of 
Natun1 l R♦sources o f :the Universit.y of Mich iga n , 1980 . 

various 

To p r ovide the ECNAMP ..,.ith a co -o rdinated information 
sourc@ in order to plan an effec tive c onservation 
strategy throughout the Lesser Antil les . 

The Barbados Preliminary Data Atlas is one of a seri es of 
26 At l ase s , one for eac h o f th e islands or island 
grou p ings in the region. The si~e of the standardized 
presentation is 22 X 28 cm ( 8 1/2 X 1 1~) , which d ictated 
a vide variation i n scales and 9raphic details . Each 
atlas covered the &<ame &ixteen parame ter& chosen a& 
s i gnificant : Ra i n fal l; Land Use Capabilities ; Coastal 
Cur ren ts ; Terrestrial Lite Zones ; Important Mar in e 
Habitats ; Endangered and Loca lly Impo r ta nt S pecies; 
Popu lation Density; Presen t La nd Use; Ma ri ne Resource 
Use; T ransport ; Natural Attractions; Cu ltura l Attrac ­
tions; Popu lation ; Key Watersheds , Park s llnd Protec t ed 
Areas; Land Ownership ; and Conservation Synthes is . 

The use of a sin9lQ base map and standardized pa9e layout 
is ott8:n an eco1,01::1.1cal and time sav ing sol ution , but with 
the disadva nt a ge tha t sevoral map$ are dra vn at an 
unsuitable scale. The amou n t o f information shovn on 
"Coastal Currents• lFigure 1l.3>, for e xample, 1$ limited 
a nd cou ld be depicted a t a sma l ler scale. The constant 
sca le , hovevQr, does hav4 the advantage of e nabling e a sy 
compar ison of d a ta f rom map to ma p , a signif i ca n t 
cor,sid8rat1on tro111 the point of viev of most users . It 
also would &1~abl{I such 1n tormat1on to be easily entered 
.i n to a computctri::-:od data ::tor"-90 .::yi:: t c:im .::hould t.h.:i. t. 
become a necessit}•· 

The artvork w.i.s produced with simp le drafting t echniques 
and commercially available s hading patterns and symbols 
(Fi9ure 13 . 4 ) . Some symbo l s "Were ha nd d .ra wn on o t her 
1""ps i n th{! atlas bs no suitable commercial symbols vere 
ava ilabl$ . 

Graph 1c i mprovements m1q h t inc l ude the removal ot the 
c redit attribution repeated at the t op of every page, and 
its r e placement vith a bolder map title . 

• • • 
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Figur e 13.3 
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Fiqure 1) . 4 

E•• t•rn Caribb•an Natural Area Management Program 
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13 . 6.J Case study 13 

TitJe : Bay of Fundy Resource In,.,entory 

Produced by: 

Produced for: 

Scale : 

Object ive: 

Description: 

Commentary : 

Ma rine Resource Associ~tes itd . , Docbbec , New Oruns wicX , 
Canada. 

New Brunswick Departmen t ot Fi sher ies 
Fredericton, Now Brl)nsw tck , Canada, 1979 . 

This six volume i nvent ory cataloqued the shallow-vate r 
resources ot t he Ne\ol Bruns""ick coast ot the Bay o( 
Fu nd y. The information va$ requ ired to facilitate 
ob,ect1ve man(HJement decisions a nd reso l ve conf licts 
OOtweon resource-based and heavy 1ndus~r1es. 

The graphic included demonstrates a simpl e mar ine survey 
techni que of vide applicability (Figure l .3.S). Scuba 
equ ipped specialis t s mapped a broad range of oceano ­
gr~phic , topographic and biological dat a. Simple , single 
co l ou r report illustrations .,,.ere adequate for this 
detai led and vide ranging survey. The i llustrations were 
accompanied b y a n extensive presentation of data tables. 
The graphics lofere produced by basic pen and ink tech­
niques . 

The et!ect ive l~nd-v~ter differentiation should be noted 
on Figure 13 .6 "Sources ot Sea""ater Passages". Graphic 
and t abular pr~s~ntatlons are simpie and e ffective 
(Fiqure I J . 7) . Th¢ $to nd5rd i zed map base shovn in Figure 
13.8, hovever, 1$ not Gultable for :i.11 subj ects. Still 
i t remains a quick a nd economical production techn i que. 
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Fiqu re 13. S 

SUBTIOAL SURVEY TECHNIQUE. A 100 metllf Tran$1X:t line w;,s laid ll(ross 
the bottom . Stations a1 J meter in tltfVal, -:111 ex:amined by a 1eam of divers and depth, 
S1Jbw,1;1e ond species abundance was reeot ded rThe transect line is shonened for the 
pu 1p0se of illustrationl. 
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Figure 13.7 
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F i gure 13 , 8 
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13.6.4 Case study f4 

Title: Nova Scoti a Fi s heries Atlas 

Produced by: 

Produced for: 

Scale: 

Ob)&Ctive: 

Description: 

Commentary: 

Kar i t1me Resource Management Service Inc., 
Amh~rst, Nova Scotia, Canada, 

~ova Scot i a Department of Fisheries, 
Halifax, Nova Scotia, Canada, 1982. 

1 :2 , 0 00 , 00 0 

To provide a corr.prehensive compendium of information on 
the fishing industry of Nova Scotia . It was intended to 
be of value to fishermen, fish processors , administra­
tors, educat ors, students and the general public. 

The de t aillld and .,,.el l designed atlas contains 14 full­
colour stat1st1cal thematic maps cover i ng many aspect$ of 
Nova Scot i a's f i sh i ng indus t ry. rt also features a 
v 1u-it-tY of black and vhl te maps, line dravlngs, photo­
graphs and explanatory text. The ma in subje ct areas are 
fish landings, the fishing fleet, employment, onshore 
facilities and infrastructure, and exports . 

This award - win n i ng p r esenta t ion contains exce l lent 
examples of the great volume of informat ion which a 
proper ly designed multi-colour rnap can transmit clearly 
and easily. Each map was produced on a common base but 
u sed a dif ferent graphical and statist i ca l method of 
pres ent ing its themati c data, which lends variety to the 
overa l l design. An attracti ve combination of co l ours was 
enhanced by the use of vignetting to provide a vhite band 
around the coastline . This technique ensured that the 
area of greatest detail and interest vas kept clear of 
interfering coloured background, and the "wi ndow" ef feet 
focuses the reader ' s a t tention. The at las i s a l s o an 
example o f the versatility of four process co lour 
printing, vith an additional col our. Open areas on most 
maps were use fully filled vith related i nsel:'ts , such as 
i n the "Significant Species'" Map illustrated in Figure 
13 . 9. This enhances t he use fu lness of the product to 
non-spoc ia l ist$ . Th<, s i gnificant 'key ' names are a l l 
easi ly readable due t o s i mple, s ans serit, condensed type 
s t yles. Of note i s t he use ot white paper for the 
explanation areas. Tho c o ntrast wi th the adjacent 
pastel-coloured maps d ra11s att ention to the text. The 
use of an aest hetic a l ly pl$&&1n9 butt - coloured background 
11ould not have achieved thi s resu lt . 

The at l ai vas relative ly exp&ns1ve to produce because o f 
the number of mult i -colour Mps and t hei r complexity. 
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Figure 1) .9 

ANT SPECIES 
i Greater or Equal to 15% of Total landed Value and Tonnsge 

METRIC TONS (ROUND) 0 GROUNDFISH 
.istriet 261 _ _ _ _ 0% ____ 109.631 l~lllet 26) e c~ 

"· 1-1-.. 
,.000.000 _ _ •_;;,-;1~ -:: _ 20.0001 -40,000 1111 """"""" . ~~ 
•.000,000 -

100" 

__ 10.001 -20.000 

_ 1,001-10.000 
_ 10 l-1,000 

- - 20· 100 

o Ois111c1 Uncllng •en 1hen sso.000120 ToM 
Dfsttlet Num1>e1 

Wf Wlllt<F~ 

Po 11\)tc,(llt 

CH C-N•U 

□MOLLUSCS 
$$C Sotl••"'loll C""' 
0 o,,w 
Sc S<tl'>II 
54 $"""' 

'v 

'°vflllOOM .' '.Q~ 
' nl68Y \ 

' 
• ~B~. ,m ~·. 

~ ~B \j ­
~ :._ -~ 

' ' 

• 

A TLANTtC OCEAN 

□PELAGIC □ESTU .. ...... ~ • -· M "''"""'" .. ··-.. s-1111-11 .. ,,~ 
" 11\lt(;n r,.,. .. , .. , 

lb i,bcw 

□SEAWEEDS 0 01 

GAOUNOFISH 

l'\!~ ~?' 
l".ill<IU. 
I.If~ ......... 
•;'ot-



- 198 -

13.6.S Case study ,s 
T i tle: 

Prodoc*d by 
and tor: 

Sca l e : 

Objective : 

Description: 

Commentary: 

Geology of the rc l and of Newfoundl and 
Preliminary version 

Mine ral Development Division, 
t:e,,..found land and Labrador Department of Mines and Energy, 
St . John ' s , !fewfoundland , Canada, 1983 . 

l: 1,000 , 000 

To produce an economica l fu l l col our geological map under 
time and cost constraints. It vas intended as a vehicle 
for discussion and editing purpo ses prior to t he produc­
tion of a cost ly colour version by t raditional methods. 
The map also served as a t est for an alternative produc ­
t i on technique. 

The themat ic informat i on vas produced on an ove rlay using 
commer cially availabl e c olour pencils and the s tompi ng 
technique ( refer t o Section 1 1 . 2. 1) . The hand co l o ured 
over l ay was co l o ur separated into ne gative& by an 
electronic scanner for each of the four process colours: 
magenta, cyan, yellow and black. A black composite 
neqative vas produced from the black o verlay negative and 
a negat ive of the base map. This c omposite b lack 
negative and t he magenta, ye llov and cyan separat ion 
ne9atives vere used by the pri nter to print the map. 

T h is map { F i gure 13 .1 0 ) illu s trates the use of s i mple 
g raphic t e chniques in combination vith modern repro duc­
tion method s to produce a n a cceptable product more 
quick l y a nd cheaply t han by the use of t raditiona l 
cartographic t e chniques . I t is a t echni que whic h may be 
usefu l to s mal l agencies ~h 1ch cannot attord an internal 
photomechan ica l operation . Manu a l colou r separation 
techniques were not needed and only standard drafting 
t ools and rub-down let ter ing vere utili2ed. 

The map could have been i mproved by the se l ection of 
co lour s v i't.h less con trast . Several othe r techniques 
utilizing vater colours, felt pens, airbrushes could also 
have been used at l ittle cost. These techniques are 
described in Section 11. 
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1),6.6 Case study t6 

T i tle : 1983 Fi sh ing Industry Synopsis - Gulf Region 

Produced by: 

Produced for: 

Scale : 

Obje c tive : 

Description: 

Commentary: 

Maritime Resource Management Servi ce Inc. , Amherst , Nova 
Scotia, Canada. 

Ca n ada Depart ment of F i sheries and Oceans, Moncton , N"ew 
Brunswick, Canada, 198>. 

1:2,000,000 

A statistical display map "'as produced to depict dat a 
origina l ly collect•d by fish•rios P•rsonnQl for planning 
purpos os. It vas designed and produced on a 11m1t.cl 
bUd9et for i nternal departmental use. 

A hand drawn manuscript wi th p-encilled statistical data 
,,,as prepared and chec):ed by the authors . 1'he 1ntorma­
ti on vas d1g1t1~ed and a p l ot wa g produced wi th a drum 
p lotter onto drafting film. Th1s vas in turn used to 
create diazo prints for economical reproduction. No 
graphic& te r mi nal or other aut omat e d e qui pmen t was 
required. 

Although occasionally hard to read, this map displays 
most o f t he stati stical informat ion in a clearer and more 
easily understood format t ha n a tabular presentation. 
The result is an acceptable displ ay of a great deal o f 
information (Figure 11. 1 1 ). 
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13.6.7 Case study t7 

Title: Nova Scotia Estuarine and Coastal R•source Inve ntory 

Produc♦d by: 

Produced tor : 

Scale: 

Objective: 

oescr1pt1on: 

Commentary : 

Mar i t i me Resource Management Service Inc., 
Amherst, Nova Scotia, Canada. 

Nova Scotia Department of Fisheries and Canada Department 
ot Fisheries and Oceans , Halifax , Nova Scot i a, Canada, 
1982-

1: 50, 000 and 1: 100,000 

The inventory vas des igned as a n aid t o fi sheries 
management in ge neral , and in particular, the identifica­
tion of fisher ies opportunities and the i mpact assessment 
o f industrial and municipa l deve lopment activities on 
estua.rine and a dja cent ins hore fisheries. I n addition , 
it ident ified information gaps. 

The informati on included on the map was derived f rom a 
combi nation of published documents and i ntervievs vith 
government per sonne l and fishermen, and p lotted onto 
standard 1 : S0,000 topographic base maps. The maps vere 
dra vn vit h pen and ink o n t rans l ucent film and reproduced 
onto photographic f1 l m. Oia~o print& v ere easily 
pr oduced and distri buted tor c orrection and updating . 

Thi s t ype of mapping can be produced relative ly quickly 
a nd c heap ly. The map sho v n i ndicates an excess of 
un re l ated to pog raphic information, resulting in a 
clut t ered presentat i on (Figure 1 3. 12 ) . This problem 
could have been alleviated by screening the topographic 
map base t o decrease i ts p r ominence. 

A variety of commer c ially avai l able s hading f ilms and 
line symbol s augmented by hand-dravn tymbols are visible 
o n this example. The videly d issimilar patterns a re 
clearly di6tingu1sha ble even when they overpr int each 
o ther . 
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1) .6 . 8 Case study 18 

Title: Small Cratt Harbours and Facilit ies Director ate 

Produced for : 

Scale : 

Objective: 

Description : 

Com.ment.ary : 

Maritime Resource Management Service Inc . , Amherst , Nova 
Scotia, Canada. 

Department o f Fisheries and Oceans Sma l l Cr aft RarbourG 
Branch, Moncton, New Br unswick, Ca nada, 1985 . 

Var i ous 

To produce l arqe - scale base m.aps o f selected small craft 
harbours i n Atlantic Canada through the use of ae ria l 
photograph i nterpretation , computer digitizing and phot o­
mechani cal techn i ques. 

These are l arge - scale engineer i ng s tyle maps {F igure 
I J. 13 >. The n\cllPS are graph i ca l representat i ons o f data 
derived from ex isting mapp i ng and from aerial photography 
flown at l ow tide . The c arto9raphy wa s produced by a 
geograph ic inf o rmation s ystem (Geo Ba&ed } ti1hich refe r ­
ences map dat a in rel ation to a recogn i zed geographic 
coordi na te system. '!'he system produced overviev, sit e 
and property p lans fo r 250 harbours Withi n the Gu l f of 
St. Lavrence . 

The main advantage of a GIS system i s the abi l ity to 
derive maps relati vely Qu ickly Crom any conceivable 
combi nation of t he base and thematic data ent ered into 
the system. I t 1& a flexi bl e pl anni ng t ool that solves a 
ma jor c artograph i c probl em - that ot p roducing econom­
ical ly updated products . I n th i s case study, a CIS 
system ena bles planners and en9ineers to make accurate 
assessments of the harbou r i nf r ast r ucture and &nv1ron­
ment. 
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13.6.9 Case study 19 

Title: Oemersal Resource& of t he Gulf ~nd the Gulf of Oman 

Produced by 
and for: 

Sca le : 

Objective: 

De6cr1ption: 

Commentary: 

Regional Fishery Sur vey and Development Pro j ect , 
Un i ted Nations Development Programme, Food and Agricul ­
ture Or9an1iation of the United Nations , Rome, I t aly, 
I 98 1 • 

Not ind i cated 

To estimat e the potential yield ot the stocks of commer­
cial spec ies o f demersal fish in the project area, by 
means of expl oratory trawling. 

A series o f simply pr oduced, black and whi te maps vere 
integrated into t he body of a techn i cal report. They 
illustrate the varying levels of catch per hour for the 
commercial and non-commer c ia l speci es under study. 

These ma ps a r e included as a c ase study p rimarily to shov 
how easily graphi c al techn i ques can bot h c l arify and hide 
ei;sentia l 1 n tormat1on (Figures 1 3.14 and 1 3. l S). The 
symbol s in t he explanat ion are t he major problem . In 
some ins tances they are insuff iciently dist i nct to 
clear ly dif ferent1at e the vari ous catch per hour zones. 
The lack of symbol/catch per hour uniformity between the 
20 maps may a l so cause unne cessary confusion . I n addi­
t ion, the map surro und is far " too busy• and detracts 
from the map content . 
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Figure 1 3 . 14 
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Figure 1 3, 1 5 
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13.6. 10 Case s t udy 1 10 

Title : 

Produced by : 

Produced for : 

Scale: 

Objective: 

Oescr 1pt1on : 

Commentary: 

Coas t al Resources Inventory and Happ ing Progr a m 
(C.R . I , H. P. ) St . Georges Bay Pilot Study 

Maritime Resource Management Service Inc . , 
Amherst, Nova Scotia , Canada . 

Newfoundl and Department of Forestry and Agriculture Lands 
Branc h, and Envi r onment Canada Lands Di recto rate Envi r on­
mental Management Service , St . John' s, Ne wf oundland, 
Canada, 1975. 

1:1 25,00 0 

Thi s map is part of t vo p ilot studies c arried out in 
Newfoundland for the proposed Coastal Resources I nventory 
and Mapp ing Program. The tvo maps produced (St. Georges 
Bay and Concept i on Bay ) vere designed to provide detailed 
re source information fo r managers i n both private and 
public o rgan hat ions . The s t udy i dent i fied physic a 1 , 
biol og ica l and economi c c haracteristics o f the coastal 
zone for such purposes at. contingency planning , i ndus ­
trial site selection and the preservation o f b iologica l ly 
sensitive areas . 

Four maps vere produced from the same topographic base 
and positioned on a single sheet together wi th related 
d escr i pt i ve ma t eria l . Each c omponent map is a mu lt i ­
colour thematic s tudy . A comprehensive report det ail i ng 
the study methodology accompanied the map sheet. 

Th i s product i s an e xample of a comp lex, scr i bed and 
mechanically colour sepa rated map , produced by t radi ­
t i ona l techniques {Figure 13. 16) . Each map consi s t s o f a 
fu ll • colou r, standardized presentatio n us i ng solid 
colours, t i nts and o v·e rpr i nt colou r s; v 1th additiona l 
b l ack and red patterns and sym.bol s . I t demon$tra tes t he 
range of c o l ours derived from the f ou r colour process, 
aided by commercially ava:llab le shad i ng pa ttern s and 
indivi dua lly scri OOd patterns a ppl i ed as overprints. 

The for~at o f four component ma ps on a common base and on 
one map sheet faci litates c ompa r isons and makes scale and 
l ayout considerations re l atively simp le. The col ours and 
patterns vere cho sen t o ref lect t he top i c a s nearly as 
possible, giving a varied p:re$entt1tion t o each of t he 
four m.ap element s. The r elated 1ntormation in t he legend 
was presented in a clea r and o pen type style ( Figure 
13. 17). The map face information, however , should have a 
bolder styl e to impr ove t he leg i bility of some areas. 
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1).6. 1 1 Case s tudy ,1 1 

Title: 

Produced by 
and for : 

Scale: 

Objective: 

Descri p tion: 

Commentary: 

A Remo t e Sensing T~chnique f or Quantifying Lobster 
Fi shing Effort 1983 . 
Canad i an Techn i ca l Report of Fisheries and Aqua t ic 
Sciences No. 12 11 

Canada Depart ment of Fisheries and Oceans, Scotia Fundy 
Region, HalUax, Nova Scotia, Canad.a , 1983. 

Various 

To assess the g eographic di s t ribution and the fishing 
effort e xpended in the lob ster fishery of St . Margaret's 
Bay, Nova Scotia . 

Co l our transpa r encies ver e taken wi th a standard aer i al 
survey camera at a scale of 1 :6 , 0 00 from a sma l l air­
craft. A mosaic was prepared from t hese images ( refer to 
Section 8 . 9) . Using an illuminated digi tizing table the 
locations of the l o bster bu o yg were ent ered into a 
Geographic Informat i o n Syst em and p l ott ed ont o a base map 
of the coastal featur es and bai thymetry . 

This is an example of a p ublic a t i on in vhich the applic a ­
t i on of basic cart ograp h i c skills c ould have prov i ded 
d i st i nct improve mento i n graphi c prese n t a tion at Utt le 
or no extra effor t and c ost . 

Figure 13.18 .. T h e ~ey maps ar e o pen (i. e . lacking a 
ma rgin ) and hence appear to be unfinished . T he l ower one 
may pose problems vith la nd/ water d ifferentiation for 
readers unfami liar wi t h the geographic area. A cornmer­
ci a ll y availab l e ti n t , simi lar t o t hat used i n the 
a rrows, shou ld have been intr oduced t o cre ate a windov 
effect on t h e land/vater interface. 

Fi gure 13 . 19 - Th i s •map could have been drawn a t a 
sma lle r scale a nd a less domi nant nort h arrow s hou ld have 
bee n uged . 

Figure 13 . 20 - A s i mpl e heavy dot vou l d have been a more 
appropri a t e symbol to repres ent the buoys rather t han the 
complex symbol used. Only the l ocation is significant, 
and a dot can be photographica lly reduced more effec • 
t i vely. Th e t i t le i s not specUic and the geographic 
locat i on ot t he i nfor mation cannot be e asil y i dentif ied . 
T h e graphic prese nta t i o n a ppea rs unfinished which may 
in f luence the user ' s opinion of the survey . 
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Map of buoy locations - simulation . 
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P1gur• 13 . 20 Map of buoy locations - actual fishery . 
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13 . 6. 12 C3S$ stud y 112 

Ti tle: Barbados Coa s t al Con&ervation St udy (vnpubli&hed ) 

Produced by : 

Produced tor : 

scale : 

Obj ecti ve: 

Description : 

Conun9nt ary: 

Hun ter a nd Associates , Mis sassauga, Ontar i o, Canada 
Proctor and Redfern rnternational Limit ed, Canada 
David Lashley and Partners, Barbados. 

Mi ni stry of Housing and Lands 
Government o f Barbados, t 984 

1: 5,000 

The study vas designed t o eva l uat e t he condition of t he 
beaches on t he south and west c oast s ot Barbados. 

The i ntensi t y of develo pment in the coastal zone ha s 
caused marked beach erosi on due t o the degradation and 
d est ructio n ot beac h veget a t ion and inshore fringing 
coral ree fs. Because the beaches are a major t ourist 
attracti on in Barbados, their erosion is of significant 
import a nce t o t h e 8ar~do& econo my . 

In bdd1t.t.on t o d fl t adl ed ti• ld s u r v e y s , h1 s.tor1c and 
curren t g r o u nd and a ir pho t o g r aphy v3 s analy ied to 
det e rm i ne e rosion rat es a nd pat terns. The res ults o t th• 
study were presented i n the form of a Hap At las, a Diag­
n o st ic Su rvey Re po r t and seven Technical Bac kground 
Reports. The latter covered a comprehensive r a nge of 
topics i ncluding the rneteorol oqy, gee-morph o l ogy, coastal 
oceanography, ecolog}', and f i sheries and fisheri es 
ma nagement issues asso ci a t e d v i th the south and vest 
c o as t s o f Barbados . The 1:s,000 sca l e Map Atl.@,s ( 7 2 x 98 
c m) co nsi sts of 14 geographic a lly conti guous pho t o - base 
ma ps (Figure 13.2 1 ) . Each photo- base map is accompanied 
by four &eparat e themat i c line maps vhich portray 
respect ively subst rate (Figure 13.22), land use/ vegeta­
t i on (Figu re l ) . 23 ) , , beach change& ( Fi g ure 13 .24) and 
c oa s t al de fence (Figure 13.2S ) . 

The maps are a good example of t he u ce of a i r photographs 
for the production of base maps, but i n contrast to cas♦ 
Stud y t1, the mosaic process was not requi red becaus♦ o f 
the rela t ively l a rge scale o f the ~aps. The s♦ l♦ct•d ai~ 
pho tographs vere en larged to the appropriate acale and 
over la id vith d ra fting film on vhich t he shoreli n e a nd 
key features vere traced by hand (pen and ink ) t o produce 
base line maps. These base line maps were t hen repro ­
d uced using t he diazo technique. The t hema tic informa ­
tion was added t o t he d i a~o copi es by hand ( pen a nd ink > 
and the resu lting manusc ripts. repr oduced, al&o v i t h the 
diazo te-chni que. This t ype o f p r oduct c an be qui c k l y a nd 
eco nomi cally produced and repr o duc e d with limited 
materia l s and f a ci l ities. The exc l usion of colour· 

Materiale protetto da coovriqht 
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further simpl i f ied the task. 
vith the aid ot t e mplate& and 
appropriate for the l evels 
presented. 

The l etter codes dravn 
the othe r symbology are 
of t he matic c omplexity 

A few points o f c ri t icism: t he lac k o f l a nd/va ter 
d i ff e rentiat ion may be con f u sing to those map u sers 
u nfamiliar v i th t he Barbados coastline . The level o f 
deta il does not warrant the large s cale o f t he maps and 
c o nsequent size of t he At l as whic h tends t o be cumber­
s ome. Final l y, the lack o f consistency i n the c hoice o f 
r o ad symbols is particul arly con fus ing i n Figure 13-24. 
Thi s i s compounded by t he fac t t.hat the geograph ic 
relati o ns hip of the road and the coas t line is onl y 
presented f o r tvo o f t he s ix s ho rel ine and beach 
configu rations. 
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Figure 13 . 2 1 
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Figure 13 .24 
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SECTION 14 

14 . ADVANCED TECHNOLOGY 

From the prev i OU$ sections it will be apparen t that the form and 
methods of data col l ecti on are o f g reat importance to a marine resourc e 
mapping program. The col lection phase may include a variety o f techniques 
f rom relative ly simpl e a nd i nexpensive data gathering e xercises, such a s 
t he deployment ot fie l d personne l equipped vith felt ma r kers and base 
maps, to t he complex opera t ion$ associated v1th d ata c ollection from 
remote sensing platforms {sate l lites , fixed wing a ircraft and heli­
copt ers ). The in format i on c o ll•ct•d c an be stor ed i n t he conventiona l 
manner on hard - copy maps , or i t can be enter.O i nto the computer of a 
geograph ic informati on system (GIS) and stored in a digital torm. 

Ut i lizat i on of t he$e more $Ophisticated techniques is certainly not 
essent ial for t he development of a mari ne resource management plan . They 
&hould be considered, however , since the more elabOrate data col l ect i on , 
&tor age , analysis and pr esentat i on procedures are now becoi.i n9 read1 ly 
a va ilable . 

The aut omated product ion of topograph i cal maps and hydr o9raphic chart$ 
vas briefly referred t o i n Sect ion S. The rapidity of research and 
development in thi s f i e ld can t>e appreciated by revi e vi ng t he proceedings 
of recent aut omated cartography symposia . Limit ed investment mapp i ng 
sys tems, which conside r the automated pr oductio n of t hematic maps, 
are current l y a va ilable wi th modestly priced hardware (computer, t ermi ­
nals, plott ers, etc.) and s o ftvare (comput er programs). 

Because of their complexity , earth r esource analysis <•-9· , fisher i es) 
a nd land use p l anning reQui r e the i nvest1gl'lt i on o t the relationshi p of 
large volumes o f detailed informati on, hence t he demand tor Geographica l 
I nformation Syste ms <GI$). The e ssent i a l elements o f an automated GI S are 
indicat 4d 1n Figure 14.1. 

A Geographic Information Syst e m permt;s automated inventory and manage ­
ment o t geographic {spat ia l ly rel ated ) data su c h as t hat conta i ned on 
maps, chart s and o t her gra phi c al representations . A GIS uses a combina­
t ion of ha rdvar ~ and software t o i nput, s tore, ana l yze, ma n ipula t e and 
output graphic a nd tex t data in a variety of formats . There are four 
main ac tivi ties involved in this process: 

1) Input: User document s such a s maps , c harts, aeri al photographs , 
t abular or t&xt data are entered int o the syste m via a digitiz i ng 
table, t hrou9h keyboard t erminals or from existing digital media 
us i nq a number of spec i ally developed interfac es. Alternatively, 
a map may be scanned , rather t han manually digitized, vith a l a ser 
o r opt i ca l s canner; 

11 ) Process i ng : Once data i s e nter ed into the system it can be 
p rocessed, sto red, analyzed, s ynt hesi zed o r queried to create an 
unlimi ted range o f products and to ans'lfer questions regarding t he 
data ; 



Figure 1 4. l 

lh,:iui•• mcoi~ 

- 22 4 -

The essential e leme nts 
Informa tion System {GI$}. 

o f an automated Geograp hic 
(Afte:r H.J.G .L. Alders , 1980) 

CEOGRAPHICAL INFORMATION SYSTEM 

Grap h ic o.,, 

.. 
' 

G 
E,,t.,nd GIS 

s 
Ou111u1 

SUIIUih 



- 225 -

111) Out put: Output can be 9enera.ted from the s yste.m for temporary 
viewing on a t ermina l (co lour or bl ack and vhite) , or as hard copy 
for distr ibut ion or publ ication using a printer , pl otter o r o ther 
hard copy devices ; 

i v) Communicati on: With the aid o f recently developed protocols , bot h 
alphanumeri c and 9raphtc data car. nov be t ransmitted over dedi ­
ca t ed tel ephone lines wi th rela tive speed, accurac y and economy. 

Special software and hardware are n~quired components. of a GI$ . Th e 
softvare can be purchased and used on t he fol l o~1n9 hardvare: 

i) digi t i ~ing tab le; 
11) col our g raph ics display t erminal (s }; 

111) video display terminal (s) ; 
iv) micro , mi n i or ma.i n frame computer( s}; 
v) plotter; 

vi) l i ne printer ; 
vii ) d isk drive(s }; 

viii ) tape dr i ve(s} ; 
ix ) hard copy unit(s) . 

Figure 14.2 i ndicates a t ypica l ha r dvare conf igurat ion. A GI$ le 
especial ly su i t ed for processing and hand ling dy namic (1 . e . frequen tly 
changing) data, the subject ot t hematic resource maps . Host GIS systems 
are similar in configurat i on but subtle soft ware d if fere nce s make some 
systems more versatile than others . 

I nte rfaces have been developed vhich permit a GIS system to r eceive and 
t ransmit data from/to other systems. rn addition t o i ts mapping functi on, 
the computer of a GI$ can be used in a "number c r unching'" capacity for 
stock assessment and other s tat istical needs o f marine r esou rce manage ­
ment. 

When the concept of a GI$ has been accepted as an i ntegra l component of 
mari ne resource mapping and manage ment , t he development of a f ul ly inte­
grat ed mar i ne reso urce management system become s a poss ibil ity. The 
components of such an inte rfaced syst e m, in addition to the GI S, might 
include (Figure 14.3}: 

i ) Database management system, vhich can t rack a nd index data or 
information within the system components ; 

ii ) I mage analysis s ystem, which can provide timely nev or updat.-d data 
collected from remotely sensed imagery; 

111> A storage syste«i , ..,hi ch can storo , access a nd display graphic 
documents such a s marin& charts ..,hich do not require consta nt 
upda t ing . Micr of i lm or l aser videodisc systems can fu lfill t his 
role. 

The t ask of inter fac ing such d i verse systems is currently i n pro9res& 
and althou<Jh many of them cannot yet be descr ibed a s "user fr iendl y", t he 
trend to~ards automated marine resource mapp ing and management i s inexor­
able. 
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Typical hardvare conf igurati on for an autoruted GIS 
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Fiqure 14. 3 Components of an integrated resource management system. 

DATA COLLECTION 
OIGITAL M40 COMPILATION USER ANALYSIS WORKSTATION SYSTEM 

GIS 
GEOGRAPHIC INFORMATIOf1' SYSTEM NETWORK - ,.._ 

HARO COPY GRAPHIC 
PROOUCTS DISPLAY 

COMPUTER AIDED DRAFTING ANO LASER VIOEOOISC OAT ABASE DESIGN (CAOOI ANO OTHER GRAPHIC STORAGE SYSTEM MANAGEMENT SYSTEM SYSTEMS 



• 228 • 

SECTION 15 

I~ . TRAINING I NSTITUTIONS 

To the knowledge o f the au t hors, a comprehe nsive li s t of t ra i ning 
institutions wh ich o ffer courses i n c artography is no t available. In 
particular it 1s d i f ficu l t t o identify r esource mapping programs specif ­
i cally designed !or the needs o f developing nati ons . Interest in adapt i ng 
o r set t i ng up progra ms for fore i gn s t udent s. hovev4r . is i ncreasing 
rapidly i n Ca na d a , the Un ited Ki ngdom and t he U.$.A. The t ollo v ing 
selection of t rai n ing establ ishments has been derived from severa l sources 
and i s offered as a guide to the various types of traini ng programs 
available , 

1s. 1 I nternat ional Training I nstitutes 

15. 1.1 Internat ional I nsti t ute f or Aerial Su r vey and Ear t h Sciences 
(I.T . C. l 

The most ...-ell known training i nstitute and t he on l y one specifically 
created to o ffer training to students from developing countri es is the 
I .T.C . i n Ensc hede , Ho lland. I t o ffers a vide var iety o f cour ses at 
several levels , fr o m i n troduct ory to graduate , wh i c h a re most often 
taught i n Eng lish . The l . T. C. recent! y ( 1 98S} anno unced a new course in 
nautica l cartography i n tvo formats. A five month course begin n ing in 
November ot each year is a vailable to graduates , technologists and techni • 
clans who have had formal t raini ng in cart oqraphy at a r e cognized i nstitu­
t ion and have consider able exper i ence. A longer t erm c ourse of fifteen 
months wh i ch begins i n February of ea'ch year is avai l able f o r those 
wi thout pri or training and exper ience. 

15.1. 1 . 1 Affiliat ed training inst i tutes : 

The I .T.C. a lso supports 
in de ve loping c ou n t ries. 
fol loving: 

the est a blishment of affiliated i nstitutes 
Some o f t hose already operat i onal are the 

1) Centro I nter -Ame rica no de Fotointerpretacion (C . 1.A. F. ) Apartado 
Ae r o 53154, Bogota, D.E. , Col o mbia ; 

ii) I nd ian Pho to - I nterpretat ion Ins t itute (I.P.I.) P. O. Box 13 5, 
Oehra Oun (U.P. >, I ndia; 

i ii ) Schoo l for Pho togrammetric and Cartograph ic Operators , 10 Jalan 
Ganesha, 8andung , Indonesia; 

iv ) Regi o nal Centr e for Tra i n i ng i n >.er1a l Surveys, P.M.B. 545, 
I le-1 fe, Nigeria. 

I S. t .2 Other international training institutes 

Ot her we l l knovn institut ions historical l y att•nded by foreign s tudents 
i nc lude the fol l o wing: 

i > Directorate o f Oversea$ Surveys <o. o .s. ) , So u thampton, England; 
i i ) fcol e Nationale de Science G809raphique, Paris, France; 
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iii) Sv i ss School for Photogrammetric Operators , St . Cal len, Swit zer­
land ; 

i v) Internat ional Advan c♦d Tra in ing Centre for P hotogrammetry 
Operators, Stuttgart, Germany. 

15.2 National Training Institutes 

1s . 2. 1 Training institutes in Canada 

Hany universities , collegee and post - secondary institutes offer carto­
graphic and related courses. Un l ike t he United States, most of the 
emphasis has been on pract ically orient~.d . technician and technologist. 
training at the t echnical schoo l leve l . It va$ not unti l 198 l that 
Memor i al Univers ity of Newfoundland initia t ed a speci alUed carto9raphy 
major at t he undergraduate level. Several u niversities offer graduate 
courses vhich are usually part of the geography or engineering programs. 
The nuMber of foreign stude nts training in Canada i s rapidly increasing. 

1s.2. 1 . 1 Training and technologi cal i nstitutes: 

i > The College of Geographic Sciences in Lavr0ncetovn, Nova Scoti a is 
t he only technical institute in Nort h Amer i ca specializing in 
rnapping , surveyi n9 and 9eograph1c related tra i ning . Program,; are 
int ens ive and relatively short . The fol l o v i ng a re ava i lable: 
Surveying , Surveying Assistant , Surveying O!f ice Technician, 
Cartography , Remote Sensing , Plann i ng Technologist , Sc i entific 
Computer Programming, Computer Graphics and Geographic Information 
Systems. The College also maintains modern photogrammetric fac i l ­
i t ies . The cartography program is a SO veek, total emersion 
program ot 2400 hours i n a s i ngle tra i n i ng ye a r ; 

ii) Sir Sanford Fle ming College, Lindsay, Ontario offe rs a thre e year 
technologist program in Themat ic Cartography, the longest program 
of i t s kind in Canada. Located at the School of Natural Resources, 
the College also offers t he following programs: Forestry Techni­
cian, Fish and Wildlife, Earth Sciences, Geographic In fo rmation 
Systems , Geo l ogical Technician and Farm Management; 

iii ) Algonquin co llege, Ottawa, Ontario offers cartographic tra.1.n i ng. 
The six $emester, t wo year program in $Urvey1ng and mapping 
8nables the student to specia l.1.ze i n e i ther C3rtography , surveyin9 
or photo9r aro.metry ; 

iv) Seneca College, Toronto, Ontario, specializes in munic ipal and 
r e source aspects of cartography in its four semester, two ye ar 
prog ram, It offers a work -study program and a block l aboratory 
time a pproach so that individua l subjects are covered 1n rel3 t1v­
e l y short, int ensive study periods. The College 3lgo otters 
optional courses in a number of mari ne resource subject areas; 

v) CECEP (Col14tge d ' Enseignement Gi!n8r al et Prote&&ionel ) Limoilou, 
Quebec, Quf:bec &nd CEGEP de l ' Outaouais, Hull, Quebec , both offer 
extensive cartographic training. 
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1s.2.1.2 Universities: Only Memorial University of Newfoundland in 
St. J ohn's, Newfoundland of fers a degree course 1n cartography as part ot 
its Geography program. 

Other univers it ies with extens i ve course o f fer ings in cartographic 
subjects are: 

1 ) Brock Unive rsity, St . Catheri nes, Ontario; 
11) Carleton University, Ot t ava, Ontario; 

111) Ottawa University, Ottawa, Ontario; 
iv) Quoen•s Uni versity, Kingston, Ontario; 
v) Wa t erloo University, Waterloo, Ontario; 

vi) Un iversity of Albert a, Edmonton, Alberta; 
vii ) University of Ca lgary, Calgary, Alberta; 

viii) University of New Brunswick, Fredericton, Nev Brunswick; 
ix) University ot Sherbrooke , Sherbrooke, oue~c; 

x } Universit , Laval,. Qu~bec, Qu8bec. 

1$.2.2 Training institut es in the Un ited Kingdom 

1 ) Di ploma courses: 

a ) de Havilland College , Boreham Wood, Hertfordshire - Land 
Sur vey and Cartography; 

b ) Kingston College, Kingston - upon - Thames, Surrey - Surveying 
and Cartography; 

c) Somerset College, Tau nton, Somerset - Surveying and Carto­
graphy; 

d) vauxhal l College, London - S~rveyi ng and Cartoqraphy; 

ii ) Undergraduate courses: 

a ) Uni versi ty of Glas9ov, Glasgo v - Topographic Sciences; 
b) Un ivers ity of Nevcastle , Newcastle-upon-Tyne - Survey i ng 

Sciences; 
c) Nor t h East London Polytechnic, Dagenham, Essex - Surveying 

and Happing Sci ences; 
d) Oxford Polyt echnic, Headington, Oxford - Cartography ; 
e) Portsmouth Polytechnic, Portsmouth, Hampshire - Geography 

with cartographic options; 
f) University Col lege ot Svansea, Si ngleton Park, Swansea -

Topographic Sci ence; 

i ii ) Graduate courses : 

a) University of Glasgov, Glasgov - Survey, Photogr am.metry or 
CartographyJ 

b) Univers ity of London, London • Ca rtographic Communication 
{London School of Economics); 

c) University Col lege of Swansea, Swansea - Cartography; 
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iv) Othe r organi zation, : 

a) Directora t e o f Over s eas Su rveys , Ha y bu sh , Sou thamp ton -
Photogrammetry , Cartography and Photomechanics ; 

b ) School of Militar y Survey , Fe l tham, Middlesex - Army Sur vey 
course ; 

v) Hydrograph i c sur veying: 

a) Plymout h Polyt e chnic, Plymouth , De vonshire - Graduate dipl oma 
i n Hydrographi c Surveying ; 

b) North East London Polytechnic , Dagenham, Esse x - Shor t cour se 
in Sea Surveying. 

A more deta iled r ev iew of cartographic r elated tra in ing in t he U.K . may 
be tound in the following publication: Report on full - t i me training in 
t he Uni ted Kingdom i n land survey , photogra mmetry , r e mote s e n s ing , 
ca r togr aphy and map reproduct ion < i ncluding printing) , cadastre , land 
reso urce a nd management stud ies and hydrogra phic s urveying ~hich a r e 
availab le to overseas students Creter to Kenworthy , E.V., 1983 in bibl io­
g raphy) . 

15. 2.3 Tr a ining i nstitutes i n t he United States 

Many univer sities of fer cour ses i n cartogr a phy and sometimes remote 
sensing as part of their Geography programs vhich are mostly concerned 
vi t h t hema tic, s~a ll- sca l e ma ppi ng . The fol lowing un1vers1t1es speciali~e 
i n this a r ea : 

1) Cert if i cate pr ograms: 

a) California State University a t Long Beach , Cal i fornia ; 
b) George Mason Univer s i ty, Wisconsin ; 
c) State Univer s i ty ot New York at Buttalo , Nev Yo rk; 

11) sachel◊t$ level : 

a) Akron Unive rsity , Akron, Ohio; 
b) George Washington Univer sity, Wa shingt on , O.C. ; 
c) Ida ho University, Idaho; 
d) Salem State University , Massachusetts; 
e) Univers i t y of Wi sconsin , Mad i son , Wisconsin; 
t) Eas t Central Ok l ahoma State Universit y , Okl ahoma ; 

i i i ) Masters level: 

a ) George Mason Uni ve rsit y, Wisconsin; 

i v) Doc toral leve l : 

al Universit y of Kans as, La wrence, Kans a s ; 
b) George Washington Universi t y, Washi ngton , o . C.; 
c l University o f Wi sconsin, Mad1$on , Wisconsin . 
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In addition to thoGe l.1.$ted above, most universities in both developed 
and developing natl o ns vhich of fer geography programs also have o ne or 
more courG8$ 1 n cartography and o ften in other related areas such as 
remote sensing. Cartography is included frequently in the c urriculum of 
oni versities and technic al schoo ls vh ic h offer s urveying a nd other 
engineeri ng aubjects. 

The follow1n<J publ ication , although da t ed, may be of assistance in 
i denti f ying trai n ing insti t utes and programs vorld vide: Orbis 
Geographicus { refer to Meyn0 n, E. , 1968/ 72 , in bibliography). 

Materiale protetto da copyright 
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GLOSSARY OF TERMS 

ACTINIC LIGHT RAYS 

AERIAL PHOTOGRAPH 

AERONAUTICAL CHART 

ALGORITHM 

ALPHA.NUMERIC 
CHARACTERS 

ARTWORK 

AUTOPOSITIVE 

AZIMUTH 

BACKLIGHT 

BAND 

BAR SCALE 

BASE HAP 
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APPENDIX 

The i n visible, che mica lly active light rays 
which act on photogr a phic e mu l sions. 

A photograph of a portion of the earth's 
sur face , taken from an aircraft . There are t vo 
pr i nc i pal types of photographs; vertical (the 
can»era l e n s 1s parallel to t he ground below) 
and oblique ( lens is purposely ti tled from t he 
vertical, general ly 30• 60 degrees ) . 

A map o f the ear t h ' s surface , des i gned for 
aviatio n use. Depicts necessary topographic 
information, aids to nav igation and obstruc­
tions. 

A set of wel l-defined rules for the solution of 
a problem in a f i n i te number of steps . 

Computer coded characters vhich represent nu,m­
era l s o r letters of t he alphabet. 

Drawings, overlays , e t c., p repared for repro­
duction of maps o r graphics. 

A class of photographic materi a l which yields a 
positive i mage from a positive original without 
an intermediate negative s t age. 

The angu lar p i sta nce in a h orizontal p l ane 
measu red clockwise from true north to a given 
course o r celestial object. 

Light p a ssed through a cle ar or t rans l ucent 
copy trom behind t he image i n p hot og raphi c 
reproduction . 

A selected ran9e o t wavelengths of the e lectro ­
magnet i c s pec trum. 

A l ine or paralle l lines d ivided at specific 
intervals indi cating map distances i n relation 
to eart h distances. 

A map containing geographic information for 
purposes of referencing study data and display­
ing its d1$tr1b ution and inter-relationships. 



BATHYHETRIC CHART 

BEARING 

BENCH HARK 

BUOY 

CAOASTRAL MAP 

CARTOGRAPHY 

CHAN'NEL 

CHROMA 

COLOUR SEPARATION 

COMPILAT ION 

COMPOSITE PRINT 

CONJUGATE PRINCIPAL 
POINT 
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A ma p shov ing water depths and underwater t opo­
graphy , often in various shades o r colours . 

Di rectio n of a line v ith re Cerence to the 
cardinal points of the compas s . 

An accu rately est a blished elevation po.int in 
relati on t o chart datum. 

A f loat i ng object , moored or anchored to the 
sea bottom, used as an aid to na vigation or a s 
a floatation device. 

Large - scale maps indic ating subdiv1$iOns , t ovn­
ships, and exact positions and di mens1o~s of 
propert ie&. 

The art, science and techno logy of making maps 
a nd charts a nd their stud y as scientific 
documents and vork$ o f art. 

t 1 ) The pa rt o f a body o f water d eep enough 
Cor navigation ; 
(2} The deepest part of a stream, bay or 
strait t hrough vhich the main current flows; 
{J) A band of r adio frequenc i es vithin vh ich a 
rad io station oust remain to prevent int er • 
t~r~nce. 

The r ange from neutral grey t o f ull saturation 
of a single colour hue . 

( 1 > T he me cha nica l a n d hand process oC 
separating art vork destined t o be coloured into 
negative ove rlays or components for each of the 
printing c olours; 
(2) The opt i c al process of separating coloured 
artvo rk by means of co l ou r fi l ters in to 
$eparate si ng le-colou r negatives fo r each o f 
t he $Ubtractive pr i ma ry col our s . 

The assembl y of source material such as a e rial 
phot ographs, photograrnmetric information , 
surveys and data taXen from existing maps . 

Reproduction of t vo or more image s on a s i ngle 
base. 

The phot 0<1raphic position on an aeria l photo­
graph of the principal point of t he adjoi n ing 
photograph . 

rtA .... ♦,.. .. i"'I,... ...,., ..... ..,. ...... ...,..., ,....,.. ... ,, .. ;,...h+ 



CONTACT PRI NT 

CONTINUOUS- TONE 

CONTOUR 

CONTOUR I NTERVAL 

CONTRAST (Photography) 

CONTROL 

COORDINATES (Gr id) 

COPY 

CRT 

CULTURAL FEATURES 

CYAN 

DATA BA$£ 
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A photographic repro ductio n made fr o m a 
negative or posit ive i n contac t vit h sensitized 
paper, f ilm or pt"inti ng plate:: in a vacuum 
trarne and therefore produced a t an ident ical 
she. 

A p hotographic i mage which contains a smooth 
and conti nuous transition o f tone$ front black 
to white . 

An irnaginary l ine connec ting points on t he land 
surface or se a floor ot the same elevation or 
depth respective l y. 

The d i fference in e l e vat i on bet veen ad jacent 
contours. 

T he d if fere nce in valu e o r to ne be tveen 
highl ight and s hadov (background) on an image . 

Sy&tem o f accurate me asurement used t o obtain 
distances and d i r ections. The spe c ific 
controls are classi f ied a s follows: 

(1) Ho r i zontal , r e lating to para l l els and 
meridians; 

(2) vertical, relat ing to elevations; 
(3) Astronomic, re lat i ng to th& $Olar SY$tem; 
( 4) Ground, relating to photogranunetry ; 
CS) Recovered , identified from other sources . 

System for l oc a ting poi nts on t he earth 's 
surface by means ot a rectangular grid supe r ­
i mposed and keyed to a map project i on . 

Term used in the printing industry to refer to 
any material such as photographs o r artwor k 
vhich ~ill be reproduc ed . 

Ca thode Ray Tube - a video displ ay. 

Ha p featurGG t ha t ht,.ve been built or estab­
liGhed by ma n . These include: roads, d ams , 
cana l s , bridges , boundar i es, e tc . 

One of the subtractive primary col ours vh i ch i s 
used i n th~ four colour printing process . It 
reflect s blue a nd green 119ht and absorbs red 
l ight. 

A store o f information , usua l ly in d igi t al 
form, orqaniied so that retr i eval can be d one 
on a se lec tive basis . 



DATUM 

OE"NSITOHETER 

DE.ti$JTY 

DEVELOPER 

OIAPOSlTIVE 

DIAZO 

DIFFUSION TRAJfSFER 

OI HENSlONAL STABI LITY 

OI SPL.ACEMENT 

DRYl NG HEIGHTS 

DUPLICATING FILM 

ECHO SOUNDER 

EDITING 
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A ref e r e n c e , such as a l i ne, or p la ne , in 
rel a tio n t o wh ich the pos i ti o n of o ther 
elements i s det ermined. 

An i nstr u ment for measu r ing the amount o f 
transmi t t ed o r r e flected light. 

The d egree of darknoss il1ght absorption or 
opacity ) ot a photo9raphic 1ma9e . 

The chemica l agent a nd process used to render 
phot ographic i mages vis ibl e a fter exposure t o 
l ight. 

A transparent pos i t ive on a stable base. 

A process no r mally u sed fo r reprod uc tion in 
contact printing techniqo<i o or to p rovide a 
l ight sensitive coatln9 tor proofs and plateG . 

A sy$ t e m ~hic h co ns i e t s ot a photograph ic 
emu lsion on ~h ich a temporary negative is 
produced . A chemical or activa tor so(tens the 
unexposed i mage parts and a posi t ive image is 
t rans fer red to a receiver s heet duri ng proces­
sing . 

The a bili ty to ma intain size; t he resistanc e c f 
paper or f ilm to d i oensiona l c hange due to 
variations i n temperatur e or humidi ty. 

A s h ift in the posit i o n of a n 1mage on an 
aeria l photograph due to tilt, loca l va r ia tion s 
i n relief or oca l o cha nges . 

The height a bove the sounding datum o! rocks 
and bankG t ha t cover a nd uncover wit h t i da l 
t l uc tuations . 

A film for making positives from pos i tive s , and 
negatives from nega tives . 

A device vh ich me a sures t he t ime i t takes a 
sound t19na l to trav9l from a sh i p t o t he ocean 
f loor and back. Th is is convert ed i nto a de pth 
reading . 

Chock i ng a ma p i n 1 ts va r iou s s t a g es o f 
product ion to i nsure correct i nterpretation o f 
the da ta sources u sed a nd final appearance 
before reproduction. 



ELECTROMAGNETIC 
SPECTRUM 

ELECTROPHOTOGRAPHY 

ELEVATION 

ELEVATION TINT 

ELEVATION TONES 

ELLlPTICAL DOT 

EM 

E-MULSI ON 

EN 

EQUAL AREA 

EQUIDISTANT 

EXPOSURE 

" F .. STOPS 

FALSE COLOUR FILM 
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The range of electromagnetic radiation from the 
shortest cosmic rays, thro ugh gamma rays, x 
rays, ultravio l et rad iat ion, visible light, 
infra red radiation , microwaves and all l onger 
radio vavelengths. 

Image t ransfe r systems used in copiers to 
produce images using electrostatic f o rces. 

vertica l distance above sea level . 

The layer of colour be t veen selected and 
9ener al con tours , accordi ng to altitude . 

A method ot accentuating t he elevation e xpres ­
sed by the contours through t he use ot ditter­
ent tones ot the same colour. 

In halftone reproduction , elongated dots which 
give improved gradat ion of tones , particularly 
in midd le tones and vignettes. 

A square measurement in t ype compo s it i on vhich 
equals the vidth and height of the point size 
being set . So named bec ause the l etter "M" in 
early fonts was usua l ly cast on a square body. 

A suspension of lig ht sensitive mat e ria ls such 
a s silver h a lides , in a colloidal substance 
(usual l y gelatin ) , which is used t o coat 
photographic films , plates and papers. 

One half the vidth of '"em". 

Applied to maps shoving areas correctly 
throughout the map, 

Appl ied to maps which have selected lines along 
vhich distances, or scale, c an bG measured cor­
rectly . 

The step in photographic processing dur i ng 
v h1Ch l19ht pl"O(hlC86 tho i mage on the light ­
Gensitive emulsion . 

I n photography, fi xed stops for setting lens 
apertures and control ling the l ight entering a 
lens and shutter s ystem . 

Film that doee not record the blue light 
r eflected from a subject but instead register& 
t h e gree n , red and 1ntrared rad i at ion it 
reflects . Thi g. produces an abnorm.al coloured 
image. 



FEATURE SEPARATION 

FILTER 

FIXING 

FLASH EXPOSURE 

FLAT 

FLATBED PLOTTER 

FLIGHT LINE 

FOCAL LENGTH 

FONT 

FORESHORE 

FORM LINES 

GEODESY 

GEODETIC 

GRAD I ENT 

GREY SCALE 

- 2 4 7 -

The pr ocess of preparing a separate piece of 
artwo rk o r negative for only select ed portions 
o f t he data on a co mpl ex map. 

A t r a nspa r • n t medium t h$t ~b$Orbs $p•ctfic 
regions o f the $ pectrum and tra n s mi ts o ther 
p,ortion s . 

Chemical action fol lowing development to remove 
una xpos ed lig h t sensitive mate ria l s f rom a 
film . Th io mekes t h$ image stabl e and insen ­
sit i ve to furthe r oxposur~ . 

I n halftone photography , the s upplementary 
oxpoGuro 91ven to Gtren9t hen dots 1n the shadow 
aroa s of noqativos . 

In p ri n tinq , t h $ a $S9 mb l ed co mposi te of 
negati ves o r pos itives read y f o r platemaking. 

A digital p l otter in vhich t he output mate ria l 
i s mounted on a f l at s urface . 

The pa t h that an aircraft o r other airborne 
senso r f o llovs when collecting data , 

In photogra phy, the distance measured along the 
o ptical ax is from t h e optica l centre o f t he 
lens t o the f i l m p l ane, measured vhen the l ens 
i s focused a t infini ty. 

I n t ype composition , a comple t e assortment o f 
l e tters, n umbers, punctua t i on marks, etc ., of a 
9 i ven siie a nd design . 

The intert ida l ~one of a beach. 

Lines that represent contour s that are s ketch&d 
to s how t he s hape o f t he ter ra in ra~her than 
elevati on . 

The science ~hich considers t he si ze a nd shape 
ot t he earth o n a mat hema t i c al basis. 

Ba s i c relat i onship of t he earth to t he curva ­
tur e ot its sea level surface. 

The rate of change o f a variable quant1ty. 

A s t rip o t standard grey t ones, ranging from 
vhite to b l ack , p laced at the side of origina l 
ar t work during p hotography t o measure tono l 
range and contrast obtai ned o n the copy. 



GRID 

GUIDE I MAGE 

GUTTER 

HACHURE 

HALATION 

HALFTONE 

HICKEYS 

HI STOGRAM 

HOMOLOGRAPH IC 

HUE 

HYOROGRAPHIC CBART 

HY OROGRAPHY 

HYPO 

HYP$0~ETRY 

Network of lines on a p lane surface upon which 
coordinates are based and to which the map 
f eatures are referenced . 

Image obtained 
m1cal method. 
$Cr1bing. 

on gcr1bing film by a photo- che­
The i mage is U8ed a8 a guide for 

The b lank space or inner margin, from printing 
area to binding on a page. 

Line symbol used to indicate land fo rmations on 
1naps. 

The spread i n g o f light be y o nd i ts proper 
boundaries in a developed phot ographic image. 

A cont i nuo us - tone image such as a photograph, 
r e produced throug h a cross line or contac t 
scre en , vhich converts the image into dots of 
various sizes . 

In pr i nti ng (offset) , spot$ or imperfections 
caused by dirt or other par ticles o n the 
pri nting plate . 

A graph ic display o f ! ,,format ion vhich s hows 
the frequency of occurr ence along t he vertica l 
axis and t h e individua l values al ong t he 
horizontal axis. 

Applied t o maps showing the same graphic 
representation . 

The charac t eristic o f a colour associated with 
a wavelength o f light vhich d i s tingui she s it 
from othe r colours . 

A chart shov1n9 water (eat ures s uch as depths, 
channel s , is lands and othe r a ids to nav i gat ion . 

Sc ienc e wh ich deals with t he measurement and 
description of physical features of t he oceans , 
lakes and river& and their adjoining coastal 
areas. 

An abbreviation for sodiu~ thioGu l fate or 
sodium hyposulphite, a chemical used to fix the 
image on a photographic film aft er it has been 
developed. 

vertical control i n map making vith r•ferenc• 
to elevation relat ive to an established datum. 



I NFRARED RADIATION 

INTENSI T~ 

ISOTHERM 

ITALIC 

JUS1'1FY 

KERlfl NG 

KEYLINE 

LANOHARK 

LARGE-SC.A.LE 

LASER 

LAYOUT 

LEADING 

LETTERSPACI NG 

LINE KAP 
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Energy i n the 0 , 7 - 100 mi c r omet res (m i crons ) 
area ot t h e electromagn etic spectrum . 
" Invis i ble l ight", longer than visible l ight , 
is k no vn a s the near infrared. This c an be 
recorded o n photosensitive ma t erials. Far 
infrared radiation i s o ften termed ~thermal 
infrared " and must be reco rded by elect ronic 
means. 

·rhe r ichness o r brilliance of a colour. 

A lin e connecting point s of e qual t emperature. 

The styl~ of l$ttors that s lant, in contra s t to 
th{I norl'lla l uprigh t or Roman form . used f or 
e mphasis i n t ext and common ly to refer to vater 
features o n maps. 

I n t ype composition , to space ou t l ines 
uni f o r mly t o a p red e ter mined length. 

In type composit i o n, th@ subtraction o f spa ce 
be t ween letter$ or c haracters so t hat the y 
.&ppo.&r cloter together .&nd form a vu.ual unit . 

An out.li ne drawing o f f i n ished artvo rk t o 
i ndicat e the exact shape, position and size for 
each of the basic element& in the design. 

A consp icuous man-made or natural feature t hat 
may be o f assistance to a mariner for deter ­
mining pos ition. 

Scale of t : 2$ , 0 0 0 o r larger (1 : ,0 , 000 , 1 : 5 , 0 0 0 , 
e t c . ) . The smal l er the numb0r , the Urger t he 
sca l e. 

Acronym for Light Amplification by S~imu l ated 
Emission o f RadiatiOn. An inte nse fight boam 
Vith very narr"ov band vidths. 

The d raw i ng o r s ketch of a proposed piece of 
arti.tork. 

In type composi ~ion, t h e distance bet~een lines 
of type, measured in points. 

The p l ac i ng o f add itional spa ce betwe{ln each 
letter o f a wo rd. 

Map composed o f point, line and are a symt>ols as 
contrasted to continuous-ton e images . 



LJTH FILM 

LORAN 

LOWER CASE 

MAGENTA 

MAGENTA SCREEN 

HAN'USCRIPT 

HAP 

MARGI N 

MARGINAL INFORMATION 

HEAN 

MERIDIAN 

MOIRE 

MOSA IC 

NADIR 

NANOMETER 

NAUTICAL CHART 
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A h i gh contras t , ort hochromat i c fil m used 
t r aditional l y for photomechanical work. 

Acronym tor Long Range [av1gat1on . A system 
using pulsod, l ov frequency radio waves . 

The s ma l l letters i n type , as d1st .1 ngu1shed 
from capital letters. 

One of the subtractive primary colours vhich is 
used 1n four colour process printing. 

A dyed cont act screen, used for m.aking half­
tones . 

Original drawing of a map as compiled from 
vari ous data $Ourccs. 

A graphic representation ot the earth' s surface 
drawn to an established sca l e on a pl a ne 
su rface. 

That area of a map o r chart lying outside the 
border, also known as "surround• , 

The explanatory notes, diagrams and sca l es 
shovn in the map margin. 

In photornechanical processing , the blocki ng out 
of an a rea by means ot act 1n1cal l y opaq ue 
mater ia l to prevent exposure in the blocked out 
area . 

A statistical terrn meaning the ave rage value of 
a data set . 

A north- s o uth line conne c ting the poles. 

The undes ira b l e screen pattern o f light and 
dark pa tches caused by overlapping screens 
pr i n t ed at i ncorrect a ngles . 

Two o r more ove r lapping aeria l photographs 
assembled together . 

I n aerial photography, the point vertically 
beneath the perspective centre o f the camera 
lens. 

A unit of l ength, one bil l ionth o f a metre or I 
X 10·9 m. Also knovn a s a mU Um1cron . 

Hydrographic or mari ne map. 



NAVSTAR -GPS 

NEATLINE 

NEGATIVE 

OPAQUE 

OPEN WINDOW NEGATIVE 

0 RTH0CHR0MATIC 

0 RTH0PH0T0 

OVERLAY 

OVERPRINT 

PANCHROMATIC FILN 

PARALLAX 

PASS POINTS 

PHOTO ENGRAVING 

PHOTO MAP 
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Acronym for Navigational ~atellite !.iming ~nd 
!iang t.ng - -;il obal toaitioning §_yst.e.m; a system 
of 18 catol l1t ~s o ffe r ing precision navigation . 

The in ner border of a map. 

An imag e formed of lines and symbols which 
al l ow the passage of light on a background 
which is opaque to light. 

Impervious to the rays of light. 
refer s to a variety of substances 
transmission of light . 

Opaque also 
that prevent 

A negative hav t nq open a:r4-a~ i n \fh1ch sol t.ds, 
screens, rulings and t i nt s of a colou r may be 
printed. 

Photoqraphi c materials i nsensitive to r ed l ight 
but reco rdi ng ul t r avio l et , bl u e , green and 
yello w l ight. 

Image derived from aerial pho tographs by 
differentia l rectif ication s o that al l sca le 
errors have been removed. 

A transparent or translucent material whic h is 
fitted o r regi s t ered over the base map 1n use 
tor the purp,o,t.e o f addin9 i n formation . 

New in formation printed on an existing map or 
chart to s ho..,. data of importance o r additions 
t o t hose ori g i nally printed. 

Phot og raphic film sensi t i v e to all visible 
colours of light . 

T h e apparent change in t he posit ion of one 
object relative to another when seen fro m a 
different loca t i on. 

Points determ i ned from photographs by photo­
grammet ric methods for use i n orienta ti on of 
other aeri al photographs. 

Pho t o m~ch a n1cal process for converting any 
object t ha t can be photographed into a relief 
plate f o r l etterpress printing. 

An unrect if ied reproduction o f an aeria l 
photograph or a mosai c m.ade from several aeria l 
p h o t ograph s for the purpo$e ot dep i cting 
geogra p h ic and/ or thematic information . 



PHOTOGRAMHETRY 

PHOTOGRAPH 

PHOTOMECHANICAL 
TRANSF£R ( PMT} 

PICA 

PLANIHETRIC HAP 

POINT 

P0$1TIVE 

PRESS PROOF 

PROCESS COLOURS 

PROGRESSIVE PROOFS 
t Progs ) 

PROJ ECTION 

PROOF 
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Me thod of obta101n9 accurate measurements from 
aerial photographs. 

General term for a positive or negative print 
o n various s u pport materials produc e d by 
&everal reproductive methods , 

A d1t!usion t t'ansfer copying process vh ich 
produces high contrast l mages on film or paper 
in line or halftone . 

A unit of type measurement used i n type­
setting. One pica is approximatel y 1/6 inch. 

The u se o f accurat ely positioned holes and 
special pins on artwork, films and plat e s t o 
ensure proper regist ration and fit of compo­
nents and overlays. 

Hap indicating only t he horliontal positions of 
teatures wi thout re9a rd to elevation . 

A unit of type measuremen t . There are 12 
points to a pica and approximately 12 points to 
one i nch . 

An image formed of lines and symbols which are 
opaque to light on a background which e ither 
allovs all light to pass through (transparency ) 
or reflects all l ight ( a ~hite background). 

A map proved on a print i ng press or ta ken trom 
the first printed copies f or editing purpo$es. 

The subtractive primaries , yel l ow , mage nta and 
cyan plus black used i n four colour process 
pr .t.nti ng. 

Proofs made from the separate plates in colour 
p rocess printing, shoving t.he sequence of 
print1n9 and the result after each additional 
colour has been appl ied. 

A system of lines o n a map representing a 
s eries of i maginary lines on the ear t h's 
sur face . 

A preli minary s ing l e or multi- colour copy of a 
map, char t or g raph ic produced by photo­
mechanical processes for the purpose of editing 
and correction, and to shov final appearance 
betor& printing. 



PROVISIOHAL MAP 

RADAR 

RAGGED LEF'T 

RAGGED RIGHT 

REFLECTION COPY 

REGISTER 

REPROGRAPHY 

REVERSE LETTERI NG 

REVERSE READ ING 
OR WRONG READI NG 

RIGHT READI NG 

SAFELIGHT 

SANS SERIF 

SCALE 

SCREEN 

SCREEN ANGLE 
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A r a pidly produced map that sacr if ices accuracy 
for speed o i prcxtuct i on. 

Acronym (or Radio Q,et<ection ~nd !ianging ; an 
instrument using beamed 3nd timed oloct r o ­
magnetic radiation to det ect o r track object$ , 
measure he ight or obtoin 4n i m&ge of th e 
surface . 

Jn typeoetti ng, text t hat is aligned o n the 
r ight and r agged on the left edge. 

In typesett ing, text t hat i s aligned o n the 
l &ft and ragged on t he r ight edge. 

A copy of artwork produced on opaque materials 
'Wh ich must 00 p hotographed by lig ht reflected 
f r om its sur face . 

The corr ect posi t ion o f one component o f a com­
posite i mage i n re lation to th e other compo­
ne nts . 

Copying and dupl i c ating. 

Light lettering on a dark bac kground. 

An imag e r eadable i n a normal way Cle ft t o 
r i ght > when viewed from t he non-emuls i on side 
o f a film copy. 

An i mage readable i n a no rmal vay (lef t to 
right) vhen vi eved f rom t he emulsion side of a 
film copy, plate o r paper print . 

A special darkroom lamp used for i l lumination 
vit hout fogging sensi t i z ed mate ria l s. 

A t ype face without ser i fs. 

The rati o o f d i stance measured on a map to the 
corresponding dist ance on the g r ound. 

Sheet of transparent film o r glass carrying a 
regula rly repeat ed pattern vhich may be used in 
conjunct ion v i th an area negative to photo ­
mechanic al l y reproduce areas of the pat tern. 

Ang le a t ~hich halftone screens o r screen tints 
for each col our are print ed in rel ation to one 
a nother to ~void moir e patterns. Angles 
normall y used are b l ack 4S0 

, magenta 7 5• , 
yel l ow 90• , cyan 10 5° . 



SCR£EH, HALFTONE 

SCREEN RULING 

SCREEN TINT 

SCRIBING FILM 

SEISMOMETER 

SENSOR 

SERIF 

SHOREL INE 

SIOELOOKING RADAR 

SIDE-SCAN SON1..R 

SPECTRAL SIGNATURE 

SPECTRUM (Light ) 
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A variable opacity screen used to convert con­
tinuous-t one to varyi ng size dots. 

The num))er of lines o r dots per i nch o n a 
halftone screen or screen tint. 

A screen ot closely and evenly $pac•d dot • or 
lines used on open v indow negati ves to produce 
tones . 

A t ransparent base which carries an actinical ly 
opaque coating that can be removed by scribi ng 
t o produce open i m.ages. The finished scribe­
sheet can be used a s a phot ographic negative i n 
the photomechanical processes. 

A devi ce for recording data on the structure o f 
t he e arth' s c rust by r ecordi ng small sou nds, 
obtained from distant ear thquakes or man-made 
sources . An Ocea n Bot tom Seismometer ( OBS) 
records data from t he ocean bottom. 

A generic name for a device that senses eithe r 
the abso lute value or a change in a physi ca l 
quant ity such as temperature or salinity and 
converts that change into an input s ignal f or 
an info rmat i o n gathering syste.m. 

The short cross-lines a t t he ends of the main 
strokes of many letters in some type faces . 

On c harts this r epr esents t he li ne of contact 
between the l and and a selected water eleva ­
tion . 

An all- weather, day o r night remo te sensor. It 
is de tined a·s an a c t ive senso r; i t ge nerates 
i ts. o .,..n energy, wh ich is transmitte d and 
ref l ected from the ground target are a in t he 
form of a photo- l i ke pi c t ure. Also knovn a s 
tide -kooking ~irborne aadar or SLAR. 

An acou s tic d evice vhich sends out a beam of 
sound vaves laterally from a shi p's cource to 
map the seabed topography i n broad s waths. 

Quanti t ative measurement of t he d etected 
propertj.es of an obje ct a t several wave lengths. 

The complete ran9e ot colours in the rainbow, 
from shor t wavelengths ( b l ue) to long va ve ­
l en9ths ( red >. 



SPECTRUH ( Radiation> 

STABI LIZATION PROCESS 

STANDARD DEVIATI ON 

STEREOGRAPHIC 

STEREOSCOPIC FUSION 

STEREOSCOPI C MODEL 

STEREOSCOPIC PAI R 

STRI PPING FI LM 

TELEMETRY 

THEMATIC HAPPER 

TILT 

TINT$ 

TOOTH 

TOPOGRAPHY 
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A series o f radia t i on wavelengths sequentia l ly 
arrange<:l. 

A rapi d - access photogra ph ic process whic h U8es 
special paper i n wh ich a developi ng agent i s 
incorporated into the emulsi on l ayer , allowing 
fas t development . 

The s qua r e r oot o f the arithmetic mean o f t he 
squares of t h e dev iat ions fro m t h e mean. A 
mea sure of t he dispersion from the rnean i n a 
trequency d i stri but ion . 

Hav ing a visual t hree-dimensional a ppe a r anc e . 

The mental p r o cess vhich c ombi nes the t wo 
p e rspective images o n the r etinas o f the eye s 
i n such a manner as t o give a menta l i mpress i o n 
of a t hree-dimen$1ona l model . 

An opt ical three-dimensional r econstitut i on ot 
a n object by means of super imposed pro jected 
i mage s o f a stereoscopi c pair, o r the viewing 
o f t he pai r of photographs v ith the aid o f a 
stereoscope . 

Tvo aerla l pho~ographs of t he same area taken 
from d if ferent c a mera stati ons . A portion ot 
t he same area appear s on both photographs . 

'Thin photographic film vh ich , after exposure, 
ma y be remov e d f ro m i t s base s u ppo rt and 
transf e rred t o a ny s uita b le med i um , u sing a 
thi n laye r o f ~a x as an a dhesive . 

The scie nce i nvolved vi t h measur i ng a quanti ty , 
and transmitU.ng t his va l ue to a sta t i o n for 
interpretation or r ecor ding of the quantit y . 

A mu l t i spect r a l s c a nning syst em with seven 
c hanne l s of operat i on . 

The a ng le betveen the opti ca l axis of a camera 
and a plumb l i ne . 

Even-toned a rea o f a col our . 

The sl ightly rough fin!$h of paper or plastics 
which pe rmit s i nk to adhere to th& s urface . 

The fe a tures o f t he sur f ace ot t he earth , 
i nc l uding re l ie f, vegetation a nd water. 



TRANSPARENT COPY 

ULTRAVIOLET RADI ATION 

VACUUM FRAHE 

VALUE (Col our> 

VIGNETTING 

XEROGRAPHY 

ZE:NITH 
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A copy s uch as a co l o u r tr a nspare ncy o r 
pos1t1ve f1 l m. which a llo ws the passa ge of 
liqht , per m1 tt1ng a clear vie11 of ob j ects 
beyond . 

El ectromagnet i c r a d i a t ion of sho r t er vave ­
l engths t han visible radiation but l onger t han 
x- rays; in the vavelength i nt erval betveen 10 
and 4000 Angst roms Cone Angs t r om equal s 10 ~,o of 
a me t r e) . 

A contact f rame, t he upper $Urtace consi sti ng 
o f g lass , from vh ich a ir 1s e xt r acted to ensure 
c l ose contact betw ee n photographi c ma terials 
during e xposure . 

The sensation of rela t ive darkness <low) or 
light ness (h i gh ) ot a colour or tone compared 
t o a not her o r as measured in relation to a grey 
scal e. 

The gradual fading of a col our . 

A copy i ng p r ocess t hat uti li zes a se l e n i um 
surface a nd electro s t atic f ocus to f o rm an 
image. 

The '"po int " in t he sky direc tly a bove a g iven 
pl ace. 






