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ABSTRACT SR .

Thls thesis presents copblu51ons resultlng from a R

comparatlve evaluatlon of dlfferent cartographlc techniques

for presentlng manufacturlng 1ndustry data. All the impQr-

tant basigc problems such as map progectlon, map scale,

selectlon(and generallzatlon of data, symbollzatldn of data

&

‘and appllcatlon of cartographlc methods are 1nvest1gated

as they affect the de51gn of manufacturlng maps.“ v

'In the Province of Alberta, 1nformatlon ccncerning

manufacturlng 1ndustry in each census d1v1510n and in the

main centers (w;th population 2,500 or over) is of great
P

range within each category of datg{_ In addltlon,;the char-

acterlstlcs of the various categorles of data are qulte

,différent. Various methods. suitable for portraying these

2}

0 ' » . - ) - . )
© various kinds of manufacturing data, such as repeated geo-

metriCal symbols, bar graphs, proportional‘ciréles, three-

~dlmens:.onal cubes, and the choropleth method ‘are dlsCussed.

P Finally, a collectlon of maps showing manufacturlng

“in Alberta has been complled from the statlstlcs supplled

) by the Alberta Bureau of Statlstlcs.' These sample 111us-

6

“tratlons are used as a baSlS for aﬁalyulng the advahtages

‘and dlsadvantages of different cartographlc methqas, rela-

tive to spec1f1c categorles of data. The partlcular types -

lof method most»suitable fér'certaln*data categorles%arev"

Civ - ‘ o,
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Those sample maps which .employ the methods

most suitable should proéide a pleasing visual

\ o
and should give the map'reader,aﬁquick under-

the information being portrayed.
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4 ' INTRODUCTION

2 human society develops, men need to understan&

more thoroughly the world surrounding them. Maps can .

show. the spatial distributions' and relationships of phys-

3

ical, social and economic phenomena on the earth's sur-
face. Therefore, a map may. act as a vehicle to assist

the:pracess of communication.

. .. . » ‘
- This study is concerned with the mapping of a
>

particular type of economic activity, .-manufacturing in-
- ., 3]

o

dustries. For illustrative purposes, the Prov1nce of

Alberta will be con51dered as 'the case study area in th;s

-thesis. The dlstrlbutlon of manufacturlng is a matter of

greakt 1mportance to individual: towns throughout Alberta}
s1ncé the government is ericouraging a policy of indus-

trlal dlsper51on in an attempt to spread growth'throngh—
out the prov1nce. In this context effective 1ndustr1al

13

mapplng, whlch prov1des a record cf/éhe present manufac-
turing geography of the~proV1nce as a basis for future
plannlng ¢an be a useful aid to economlsts, geographers,

A
admlnlstrators, and planners in Alberta and elsewhere.

In fact, the Alberta Bureau of Statistigs and economic

A}

ugeographsfs in the Departmeﬁt’bf Geography have expressed

1

v



an interest 1n the mapping of- these data. Unfortunately
&
~ there are few detalled industrial maps belng complled in

Alberta, because c%?panles are loath to give to research—

(ers any lnformatlon which might be of use to competltors,

L

and probably because of the confldentlal ‘nature of” much

data on manufacturlng companles, which the Alberta Bureau

of StatlStlcS cannot reveal under 'The Statistics, Bureau
[ ®

Act.' According to this act,
No report, summary of statistics or other publication issued
under this Act shall contain any of the particulars contained
in «any individual return so arranged as to enable any person
to identify any particulars so published, as being particulars
relating to any individual pergon or business except when the
previoys consent in writing of the individual person. or of
he pers;g,in authority in the bu51ness has been obtained for
the relea¥e of the information.l

. o
- At the same time, no sangle’criterion"or group of

& . Py

crlterla can yleld a map of the geography of ati manufac—

turing act1v1ty. Indn\ldual aspects "have to be mapped in- -

a

d1v1dually to build up an adequaﬁb cartographlc portrayal
of 1ndustryr ThlS can be acCompllshed,vhowever, only if

data in suff1c1ent detail are available.

©

There is a range of pOSSlble Varlables which can

& : .

be presentedqin industrlal mapping, such as types of
B v K ' . N = . Vd
plants, location, size of site, value of capital equip-

ment; value of output, humber of persons employed, wages

’ - - L . ’ R @ - L
and soron. However, ‘these variables cannot all be

i
o

lRevised Statutes of Alberta 1970, Vol. 6}“Chapter
350, 1970, p. 5264, Edmonton: Queen's Printer, ‘

P
Vi R . . -



‘than a ‘mass of inert figures.V Statistics whic¢h can be

. I, .
included in a single map of manufacturing.industry, since

_they are uneqpal in'importance and are valid for different.

purposes. Only variables which are essential and pertin-

ent to the subject matter under consideration_shodld be

-

brought into focus.

) Since the'study proposed here concerns~the'mapping
of manufacturihg industry, the variables‘Selected will be

those basic elements of manufacturing dhich ;;e of practi—
cal 1nterest to the industrial geographer, and those which

w1ll portray as far as’ p0551b1e all aspects of the manu-

.facturing 1ndustry to the reader. Oﬁg@furse, these at—‘

'tempts will be limited by the inability to obtaln complete

information. o

»

In discussions with staff of the Alberta Bureau of

.09

Statistics, it was established that it would be possible

within ‘the constraints of. data availability to map manufac-

= }
turing types; total number of employees, total value added,

- total value of manufacturing shipments, and total salaries

]

"and wages paid. in-manufacturing.. To produce a basis for

comparative cartographic analysis, .a series of maps of man-
ufacturing industries in Alberta haveibeen compiled from the

{
o

point of view of use by the industrial geographers, econo-
mists, and others.

. Thé advantage of graphic presentatioh%of the sta-‘
tlstlcal data is that lt is’ far more appealing v1sually

"
N}

IS

C =Y " . . ~ -
° - : ) .



obtained froh,a map are normally less‘exact than those .
found ln tables, however, a basic assumptlon of mapping is’

dthat cartographlc .presentation can compress the orlglnal

—\data into an immediately comprehen51ble form. From such-a
comprehen51ve plcture 1mportant spatial relationships such
as magnitude and locatlon of economlc act1v1t1es can be
readlly and SLmultaneously appralsed, thus facilitating
1nterpretatlon ‘and analysis of manufacturlng in Alberta.

-

The main task of thlsnthes}s will be the compara-
tive evaluation.of‘different ca:tographic techniqﬁes in
'presgnting industr§al'data. The various graphic forms of
maps such as geometrioal symbols, bar graphs, proportional

01rcles, pie- graphs, d1v1ded rectangles, cube. symbols and§

choropleth method .are used for the manufacturlng data. -

o

I. Organlzatlon and Procedure,

For -this thesas, ‘all the statlstlcal data on manu—
facturing have been obtained from the Alberta Bureau of
Statistics. These datavare mainly based on census divis-

. \ . -

ions. ‘For more intensive study, detailed industrial maps

‘of the main centers with a popﬁlation of 2,500 and over in /

each census division are compiled. : - //

/
7

The the31s is d1v1ded into five chapters. The , /

flrst chapter is the . 1ntroduct10n. The second chapter LS‘

. cOncerned with the 1mpprtant ba51c problems 1n ma%ufactur—
ing cartography, such as appllcatlon of cartographlc/meth—

ods, map progectlon, map scale, the selection and

¢
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- generalization of data, and symbolization of data. As they
%

are integral pafts in de51gn1ng 1ndustL1a1 maps, ‘their dis-

cu551on is relevant.

The thlrd chapter discusses the cartographlc meth-

o

ods. used for manufacturing maps, such~as repeated symbols,_

)

line graphs, ‘bar graphs, logarlthmlc gr phs, pie graphs,

d1v1ded rectangles, three-dimensional cubes(and choroplethﬁ

' ‘These 'methods are aﬁalyzed, emphasizing their suitability -

- /

and application in‘the,representaticn of statistical manu-
. r. ~‘ .‘
facturing data.

The‘fcprtﬁ chapter discusses the advantages and

Idisadvantages‘of.the’illuStrations of different carto-
graphic solutiéns, ‘Some mantfacturing maps of Alberta
are compiled to- .provide the 1llustrat1ve examples.

,Chapter five includes both summary and conclusions.

- II. Literature Review . o g 2N
~ . . \\\
In the English 11terature on 1ndustr1al ma ng
,\? ~ pping,

there are three maln sources of 1nformatlon which are per- o

tinent to thlS thes1sf‘ These are: (1) papers whlch-dls-»
cuss specific examplé% ofyindustrial mappingh~(2)»papers
ccncerhed‘mainly with'measuring those‘characteristics of
manufacturlng deallhg w1th mapping. technlques, and (3)‘

atlases which 1nclude maps portraylng sndustrial lnforma—

tion. Each of these three main ‘sources is reviewed below.



p . =

A. Studies of Industrlal Mapping

Previous studies. which are speCLflcally 1nvolved

with the applicatlon of cartographlc techniques to manufac-
turlng statistics are few, and generalizations are, there- .
fore, dlfflcult to make. However, thexe are three studies
whlch have made 1mportant contrlbutlons in thls area.

These are MacGregor s (1967) work on the mapplng of 1ndus—
try, Lonsdale and Thompson s (1960) map of Soviet manufac—
-turing, and Thompson,and Mlyazakl s (1959) map of Japanese

/
‘manufacturing. ~

g Purpose of Studles

MacGregor feels that although industry ls important
to present soc1ety, the value ‘of existing mapplng is lim-
1ted since the nature of the 1nformatlon ‘shown is simple
and generally preSented at only a small scale. He proposes
-3 method'of producing industrial‘maps whieh has a scien-
tific andnpractical value in planning. : o ' °

Manufacturing industry holds an important place in

the Soviet economy, but the only deEailed’manufacturing
maps available are for the distribution of manfacturing in
1939. Newer maps usually are at a small scale, showlng the
general locatlon of selected types of 1ndustr1a1 act1v1ty,
and prov1d1ng only a vague 1nd1catlon of the relatlve mag-
'nltudes of manufacturing in the various industrial regions

and . urban centers. Lonsdale and Thompson s study presents -«

a map ShOWlng the relatlve importance of manufacturlng in

¥
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‘order to .try tb overcome these deficiencies.

Japan has been the. leadlng 1ndustr'al natlon of\Asia

since  the second world war. The dlstrlbut'on of manufac*

°

turing and of the factors that have led to \this manufactur—
1ng pattern are of concern to anyone 1nterested in: Japan s
economy . Therefore; Thompson and Miyazaki argue that an
accurate and detalled postrecovery map of Jaéan s manufac-
turing as a worthwhlle and tlmely addltlon to the source

13

material. ' . .

2. Technlques ‘ e

MacGregor used a six-armed star stymbol with a cir-
cle at the center of the star, to present any six variables
‘ of a plant, such as type of plant, locatlon, ground area,
capital value, output value, number of persons employed,
age of formation, number of malefand female employees, and
so J;;- Different.quantitative scales can be used along the
various radials of a starif The circle at the centre of the
star wouid be of a constant size to impress shape differ—
ences between‘stars,(and it would contain either a 1etter
denotlng the type of industry carried on or a key number
referrlng to the name of the proprletary company or firm.
This method was based on data from 1nd111dual firms with
large-scale production. )

As the data for Soviet ‘industrial centers'mere un-
availabie( estimation procedures_ha& to be used to éetermine

< P
. ’

+

o)
ik

e
[
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‘the relative imporﬁﬁnce of industrial centers. Lonsdale .
and Thompson fitstpused the number of workers'and amount of
fixed capital to determina the ﬁagnitudes of\TiEufacturlng
in 23 regiohal'divisions of the coyntry and eséA#Lished the
mean of the magnitudes of manufacturing.- They then esti-
mated the_magnitudes;of manufacturinc’at Jdndividual centers;
anq used proportional symbols to iiluétrate the relative
importance'of-mandfacturing industry for the various cen-
ters. |
S Thompson and Miyazaki‘used'cﬁiy one dot map portray-
ing 1nformat10n on manufacturlng workers in 1954 to exhibit
the distribution patterns of Japan s manufacturlng.\ As ob-
taining statistical material in“suff1c1ent spatial detailz
xo‘aseufe accurate placement of dots was a major problem,
statistics were chosen from a number of different sources.
Each dot was used to represent,6 100 manufacturing workers,
and'the dots were located where they belong in eaca commun-—
ity. Large—scale detalled maps were used to fac111tate the -

. process. . .

3

The manufacturing 1ndustry in Japan is unevenly

4 -

///ﬁietrlbuted. It is mainly concentrated in the six largest
cities near tﬁe sea; that is, Tokyo, Osaka, Nagoya, Kyoto,
Yokohama and Kobe. In these six cities, the manufacturing
areas are soO concentrated that cluster dots result. :By:

coptrast,ijthe towns and villages, manufacturing workers:

" are so sparsely distributed that one dot was used to
i»'d‘ ‘



9
represent se&eial villages Qhen employment in each_wasv
small, or one dot was usedvif an isoiated village or town
vhad approximately 100 employees."k
The dot symbol is not suitable for portraying\such

‘information if a more accurate estimate of the figures in-

o~

volved is required by the map reader.

3. Conclusions

PR

) - :
. Little research has been .done on industria; mapping,

. . : l K
and usually only a single method has been used in the lit-

erature. It is obvious that manufacturing industries

—_—
*:

ﬁshguld‘be represented By moﬁ?jﬂwuxone-variable: MacGregor,
. o .
who realized this, tried to use a star symbol to present
‘six Gariables of a plgnt, but the problem of obtaining the
infbryation is illustrated by the fact that MacGregor could
compiete cartographi; presentation Bf industry for Snly two
sof the‘five towns in centra} Scotlaﬁd: Alloas.and Grahée-

e
-mouth. The method which MacGregor uses was based on indi-

¢ ¢

vidual firms.with large-scale ﬁapping, but infpractice, it
is almost impossible to gather all the necessary informa-

tion for large-scale mapping from individual firms.

Proportional circles are the best means for compar-—

ing the magnitudes of manufacturing, since the yvarious
. - -
sizes of the circles can give a quick impression to the

LI .

) , , ¥
reader of the.relative importance of areas within the dis- ,

tribution. The use of proportional cincles in Lonsdale
N 0 - B

3 e N
and Thompson's study to dindicate the relative importance
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of industrial centers in the Soviet Union is succeSEful.
The dot‘sxmbol is theoretically best for showing
distribution patterns and for portraying actual values of
the“varie%le involved. But in Thompson and Miyazaki's

work on Japan's manufacturing, the employees are SO uneven-

© 1y distributed that in the six’ largest cities the dots

merge together forming dark patches. The legibility of- the
individual dot becomes obscured. This is because of the
exceptionally large ﬁumber of manufacturing employees in
these cities relative to the small value represented by
each dot, so that a large number Qf AOts resuits.. In these
congested areas, the map reader can hardiy comprehend ac-
curately the number of manufacturing employees present.

Oon the other hand, in village or town areas with a
small populatlon of employees, the map may give only a
vague impression of dlstrlbutlon, if one dot has to. be used
to represent several villages.' i‘han isolated village has
slightly more or fewex than the unit numbe; of employees,
that v1llage w1ll be represented by one dot; however, this

.

is not a very accurate solution, since the map reader can-

3

not judge how much (or even in what direction) the! em-

ployee“population differs from the ﬁnit number. For areas

like Japan, therefore,‘the dot symbol is not as effective

7

as one might expect it to be.
On the whole, if only one map w1th a 51ngle method

g

is used for an entire study, it is lnadequate to show a

o
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comprehensive picturé‘of manufacturing. More variables o
and different methods should be applied to present these

statistics.

B. Studies on Measurement of”Manufacturing
Characteristics :

@

There are numerous geographic studies which have
dealt with the measurement of manufacturing in an attempt
to discover which criterion can best portray manufacturing

>

data in map form.” The methods available are very diverse.

Some maps are based on a single criterion, while others

émploy a combihation_of two orvmofe criteria, especially
Sy means of ratios whereby one ébsolute value is compared
to anbther;“ It is difficult to assess in general térms
which method is the most effective, as ghe results may
vary considerably when different criterié-;re being em-
ployed. The choice‘of criteria, of course, depends on the
pdrpose of the individual study.

\ The papers réviewed hqu are those. dealing both
with the measurement of thé characteristics of manufac-
t;iz;g, and with mapping technique.’ These aféicles in-
clude Thompson's (i955)'work on a method for measuring --
manufacturing; Alexandei and Lindberg'sﬁ(IQGl) meqsﬁre-\
ments of manufaéturing utilizing goefficients of correla-
tion; Morris and Héller's‘(1969) work'on,the measurement

of manufacturing in the industrialized area of Argentina

and New South Wales; and Wong's;(1968)'correlation

-
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analysis of criteria for the measurement of manufacturing

in Melbourne, Australia. - ~ ‘ \\

1. Purpose of Studies

Thompson considers, single—-criterion measurement
to be inadequéte for the. spatial comparison %f industries
between or within areas. He suggests the use of several
criteria to provide a more compreheﬁsive and widely applic-
able method of measurement. He presents a method for the
measuremeht of two aspects of manufacturing, magnitude and
intensity.‘ Magnitude is used here to mean quanfity of
maﬁufacturing, and intensity réfers to the importahce of !
manufacturing in the economy of leading standard métropqi—
itan areaé in the;United States. |

Alexander and Lindberg, whose research is based
on the United States, atéempt to investigate the differ—.
ence betweén criteria for meésuring maﬂufacturing activ-
ity, as thése criteria differ from place to‘plaée.ﬁ The
assumpiionvhas been made that if different criteria are
in fact equally useful,for:showiqg the variation in manu-
facturiné f?om ong loca%}on to énéthef,‘the long debate on
iwh;% criteripn is<best'for porﬁrayin§w§ariati0n iﬂ manu~-
facturing is unneceséa{y.

Morris and Hé11er think that for .countries where

modern manufacturing is not tbo well:deQeloped, relation-

_ships betweeg various éhaxacteristics of manufactu ingf,
activity will be quite different from those'fouhd_in\the*

[
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North American situation. The same type of correlation
procedure as used‘for the United States by Alexander and
Lindberg was applied to Argentina and New South Wales.
The result was a lower level of correlation\between char-
acteristics of manufactuiing activity, thus indicating a
lower degree.of similarity between the characteristics
used: This re-opens the question of the most suitable
criteria for mapping manufacturing activity.
In order to save‘time wasted by unnecessary dupli~
" cation, yet at the same time to show all the possible ,
spatlal variations in manufacturing, Weng suggests u#lng
the coeff1c1ent of correlation as the criterion for deter-
mining 1mportant aspects of manufacturlng activity. His

research is based on the Melbourne Metropolltan Area.

2. Methods
nernocs N _ o
Thompson used five criteria (total employed in
manufactu}ing, value added by,menﬂEacturing, salaries and
wages, total employed in all industry groups, and total
population) for the measurement of manufadturing magnitude
. and intensity.2
Magnitude, used to mean guantity of manufacturing,

is calculated from three criteria: (1) all efhployees in

manufacturihq, (ZY salaries and wages, and (3) value added

. 2For further detalled calculatlon see Thompson
(1955) pp. 418-433. ]
J’ o

o . b; e
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by manufacturing. Separate rdtinqs are calculated for
these three criteria of magnitude and are then averaged to
secure a multiple criﬁeria rating.

Intensipy refers to the importance of manufactur-
ing in the economy of leading standard metropolittin areas
in the United States, and is calculated from thrce cri-
teria: (ij the ratio of all employees in manufacturing to
the total employed in all industry groups, (2) the ratio
of all employees in manufagturing to the total population,
and (3) the ratio of value added by manufacturing to the
*t total population (value added per person). 'y

Ten classes of both magnitude and intensity are
established to classify 53 leading standard metropolitan
areas in the United States. These multiple - criteria
ratings of magnitude and intensity are transferred onto
two maps. Proportional circles are used on these maps to
represent magnitude, and the pattern within the circle in-
dicates the intensity.

Alexander and Lindberg use a different method in
their study of United States manufacturing. They use cor-
relation analysis, to compute coefficients of correlation
between thirteen criteria of manufacturing characteristics
varied from place to place within’the United States. The
result indicates that there are ggeat similarities among
various measures of manufacturing available at the county

level. ?heréforip\they conclude ﬁhat mapping'any‘oﬁe ofn

/
/'/ ‘
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the -characteristics of manufacturing will give an equally

15

valid indication of the nature of manufacturing activity.

" As noted above‘ +the same type of corfelation%pro-

«‘, ) cedure as used for the United States was appl:Led to:

8

Argentlna and New South Wales by Morris and Heller, the

result indicated low levels of correlatlon.

they conclude‘that the degree of correlation between manu-

F3

\erude and werghted re51dudl agd ratio maps are used to ill-

ustrate-in

.. , ' Another dttempt is made by Wong,

& 3

this artlcle.

Therefore

\

facturing chargcteristics varies from place to place.

using correlation

analy31s to assess the crlterla which would be useful in.

measuring spatial variations in manufacturlng in Melbourne.
: o i . I '

His analygis show that the original

_ . “into two groups.

ght criteria ,fall

Groule consists of persons employed,

value of wages and salaries paid, value-of production,

workers each.

capital. expenditure),

and .number of factories with over 100

i

~

GroupiII?consists of total number of fac-

ftories, nﬁmher of factories with 24-100 workers each, and

s
°

number of factories with less than 20 workers each. "Cri—

terla within each group are "of hlgh correlation, but cri-

. teria between the two groups are of low correlat;on.

o)

Hence Wong advises that only one driterion from each of

the groups, is needed to plot ‘the picture of manufacturing

activity.o

In his study, only one'map is compiled. He uses

e

B

the same 512e of proportlonal clrcles but w1th two dlfferent

I value scales tO‘ﬁhOW the hlgh correlatlon between

<

e



A

,

” 16

manufacturing information on persons. employed and value of

production.

3. Conclusions ' -

There had been a long~-standing dlspute over which
criteria can best portray manufacturing data 1n map form.
various types of measﬁrement have been applied but no firm
conclusions have been’reached. ' There are‘so many differ—
ences between the kinds of statlstlcs avallable, and ‘the.

stage and areal spread of manufacturing development varies

SO greagly, that it is hard'to'generalize and find one

method whlch is always approprlate.

Thé dec151on about which crlterla to use must be
based on thé/purpose of individual studies. For those in-
terested : .in certain aspects of manufacturing such as value

o

added or . number of employees, single-criterion measurement
will be edequate. o |
From the cartographlc p01nt of view, the most

efricient way which can show the 1nformatlon clearly to
the map user is to have each map portray only>one type of
informatioh. When sevefel'klnds of ihforﬁation are por-
trayed in the same map, the~time sPent referring to the
legend is 1ncreased Therefore for showing a comprehen—

51ve picture of the manufacturlng industry, a serles of

maps must be compiled.

C. Atlases Portraying Information on
Manufacturlng Industry

. o
.

Almost every economic gtlas is concerned with man-

ufactdrlng‘mapplng. t.should be stated that this revlew

)
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v

is limited to Canadian atlases and does not include all
i . - .

. atlases dealing with manufadturing. Since the cartographic

Py

treatments in these’Canadian provincial atlases vary some-—
what, ‘a review of each one will give a sufficient idea of
how experienced cartographers translate manufacturing data

into graphic form.,

Besides The National Atlas of Canada, only the
folioWinngrovinces in Canada produced provincial atlases:

.

British Columbia“Atlas of Resources . (1956), Atlas of -

Alberta (1969), Atlas of Saskatchewan (1969), Economic

) .

Atlas of Manitoba (1960),'Ecdnomic Atlas of Ontario (1969)

and Atlas de Quebec (1969).

' In these atlasesyxthe manufacturjng»seCtion is-of

varying propdrtions; .British Columbia Atlas of Resources

.contains 5 maps, Atlas of Alberta 32 maps, Atlas of Sask-

atchewan 10 maps, Economic Atlas of Ontario 58 maps and

Atlas de Quebec. 23 maps. In"the-National Atlas of Canada,
manufacturing data are compiled in tables and graphs, with

no maéping,

- Co * o

° @
c

1. Contents
/ .
There 'are some other variations between. the con-

tents of the atlases mentioned above. For example,’Atlaé
de Queébec is only concerngd about the number of employees
"in. each type of manufacturing industry. On the other hand

a more comprehensive picture of manufacturing industry can

be obtained from the Economic Atlas of Ontario -and Atlas

-4

o
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of Alberta.

In the Economic Atlas of Ontarlo, the maps involved

in the manufacturing section are: growth of manufacturing

employment<bybcounty 1871~1961, general characteristics of

manufacturing in urban centres, changes in manufacturing

ffharacteristics, dominant major manufacturing groups, loca-

tion quotient:of manufacturing 1965,‘ref1ned index of manu-
facturing diverSLty 1965, 1ndex of manufacturing plant dom—
inance 1965, location of new plants, location quotients on
manufacturing employment, and wage- structure 1957-1961.

" In thlS atlas, a wide range of cartographic desxgn
techniques have\peen applied. The numerous general charac-
teristics of manufacturing'are shown dynamically. For ex-
ample, the map showing degree of specialization of indus-
trial centres gives the reader a particularly clear pic—
ture of thevmanufacturing economy of'Ontario.; Further,

L. J Harris remarks that:
This atlas is encouraging both to geography and cartography.
The essence of geography is the study of the interaction be-
R tween the cefivironment and man. The satisfactory Presenta-
4 tion of the’ statistics of this interaction in an atlas re-
: quires a thorough knowledge of cartography. At the same
time, such an atlas helps to identify geography, to
strengthen its core, and, to demonstrate the interdependence
of geography and cartography.3
In the Atlas of Alberta manufacturing maps include

‘ / v . ¢
the growth of manufacturing, net value »f production, gross .

-

N

3L.J. Harris, 'Economic Atlas of Ontario -- Carte-

graphical Survey,' Geographical Journal, Vol. 136, part-3,
Sept. 1970, p. 486. . e
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value of production and types of manufacturing industry.

J.S. Keates remarks:

+

From this assembly of basic information a redl picture can.——
be obtained of the distribution, kind, size and trend of
- industry in the province.

a

2. Techniques

*

Various types of cartographic methods have been

appiied in these manufacturing maps, such as geometrical

-

- symbols (dot, square, trigngle, and so on), proportional

circles, pie graphs, choropleth, bar graphs and flow dia-"~

()

gram (see table l).
}r . o : ) . .
) In Atlas de Quebéc, -a large selection of propor-

© . -
tional geometrical symbols (diagram) is used .to portray

the number of eméloyees in different branches of manufac-
turing ind&stry; for example: square, rectangle, triangle,
trapeZius,‘penﬁagon, hexagon, diamond, oval, -half-oval,

circle and half-circle.

Inuthe Atlas'of Alberta,‘different merhods are |
cembinedrin the same map; f;r;exaﬁple,'the chOropleth
method was used to show- the percentage 1ncrease,1n
gross value and net value - with superimposed bar graphs

for gross and net value. Quarter—c1rcles are applied in

the map to show the breakdown in dlstrib tion of gross

o 4J.S. Keates, . 'Atlas of Albertal-Reviews,' The" -
Cartographic Journal, Vol. 7, No. 1, 1970, p. 53. ° .

B ‘ - “

! . Y
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value for administrative units for the years 1920, 1935 and

- 1965. " .

In the Economic Atlas of Ontario, especialky note-
worthy are the use'of‘new;(particularly mathematical)
methods of economic geographical analysis of the‘structure »

and dlstrlbutlon of the economy, the bold use of maps of fw
synthe51s, and concern for the representatlon of the dynaﬁld

interraction between the various aspects of manufacturlngﬂn

3. Conclusions

‘The primary function of a map ie thelpresentation
of information, but it has in addjtion a re5ponsibility'of
onVeying this information in a legible ano'pleasing form.
Therefore, various technlques are being applied.to the
statlstlcs.to convey a more pleasing effect. ‘And the addl—
tion of colour can present to’ the cartographer much broader.
scope for symbolization and to éjve the reader an aestheti-
cally plea51ng finished product. The aanntage of‘ueing‘a

a

~var1ety of colours and cartographlc methods becomes obvious

<

when one studles the manufacturlng sectlons of the above~

mentioned- atlases, all of which (except the Atlas de Quebéc)

T

are in colour.

<

In thls the51s, different types of cartographlc

methods are - applled to the avallable manufacturlng statls-

L3

-tlcs. . The mathematlcal method used 1n the Economic Atlas‘

-

- of Ontario for measuring manufacturlng statlstlcs, such as .
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location quotiéntiof manufacturing employmeﬁt, is applied

"in map 21 of this‘thesisu

”

&
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CHAPTER II

CARTOGRAPHIC METHOD AND MAP FUNCTION
J

I. The Application of Cartographic Method
4 o :
A map functions as a form of communication and as
] . ) ‘ ‘
an image of surface phenomena, and presents data spatially

organized in two or three dimensions for/visual ihspection..
The effectiveness of a map must be @Assessed by the choice

of scale and projection, the selegtion and generalization

"of data, and the manner of s Slization. All these ele-

“ments _affect the\content of the map..

E.L. Ullman sai/d, "The map's basic contribution is

to reduce reality to a)scale which can be comprehehded";l.

~ Therefore the employme t of a prOJectlon apd the use of

scale reduction enablgs the cartographer t0 preserve cer—’

tain aspects o spatial relatlonshlps ‘existing on the

~ globe. The selection of data on.the map provides a.cdr—

relation between the/map and that part of the'earth'é sur-
P

face which it represents. The symbolization is used to

qualify the subject and communicate the information to

=

the reader. o . oy

N

- . - o
I . e

lE.L. Ullman, 'Human Geography and Area Research,
A.A.A.G., Vol. 43, 1953, p. 218. e

o

23 .
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It is most important that when statistics are pre-
sented cartographically, the resultant map should be cap-
able of giving back to its user, after a minimum orwinspec—
tion and effort, a clear indication of the information it
was de51gned to carry and the main task it has to make.
For industrial .mapping the aim 1s to transfer the manufac-
turing statlstlcs into graphlc form to show, for example,
the present graphic distrlbutlon and development of indus-
try and indicate the productivity or importance of indus-
trial centres. Therefore, the rightAchodce of technique
will aid the effectiveness of the map as a communication ;

form.

o

Q

II. Mag Scale

7 The scale of a map is the ratio of distances meas-
“ured in‘units on the map to distanceé”measured in the same
unlts on the ground It 1s impossible to show phenomena
on a map w1thout using scale, since everything depicted - on
maps must be reduced in size to a varylng degree accordlng

2 v

%0 the scale of the map.
) Map scale ié one of the most important cartoéraphic
elements., The choice of sca1e$affects thercartographer's |
judgement 1n de51gn1ng the layout of the maps, handllng of
- 'data, ch0051ng the size of’ the symbols and the values they
represent. Thus the scale of a ‘map is an 1mportant factor
whlch affects the- detalls of the phenomena to be shown.

For example,.u51ng the repeated symbols on a large- -scale \

-, . '

S e .

/l



large. On the other hand, if we change the map to the
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]

map, there WOuld be .sufficient space for showing the dis-
tribution of phenomena in great detail, because the value

which each symbol represents can be small and its size

smaller scale without adjusting the size and value of the -
symbols accordingly, the symbols will be crowded together.
Therefore, an inappropriate‘relationship between map scale,
size and value of syhbols can cause"misinterpretation on
the part of the map reader. § . °

- No 51ngle map scale will satisfy all requlrements.
Therefore the scale must be chosen to su%t the purpose of'
the map. The éelection of a suitablejscele fs influenced
meinly by the amount of detall required, size of format
and size of area to be deplcted Generally speaklng, the»n
map scale> should be large enough to give -an 1mmed1ate vis-
ual 1mpre551qn of the patterns of distribution. At the
same”time, it should not be so small that qrowding of-sjm—
b;ls would result 1§.111eglb111tyh

The 1mportance of scale 1ndlcat10n is self-ev1—-'

~

dent, and 1deally ;; should be indicated on a map in~all

three ways: as a repreeentive fraction,oin words, and
graphically. At least the graphical scale should appear

on each map, and it would be to the Yadvantage of a.map

o

reader to have it shown in the metric as well as in the

a

na;ional'system of measurement, if such are different.
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The‘scale of a map showinp’manufacturing statia-
‘tics varies according to the importance and spatial con-
centration of the manufacturing ‘industry. If the manufac-
turing industry is centered in one'region of the country,
it is appropriate to restrict the ﬂap to this\region,
thereby enabling the scale to be increased or the fogmat
to be decreased. If the manufacturing industry is dis-
persed over the whole country but has one or two rggions'
of greatest concentration, these must be shown on a larger

L

scale in insets. -
: 3

_ For the Province of Alberta, the manufacturing in-

dustry is dispersed throughout all cen but

is predominantly co ated in Edmonton -and Calgary.
/ v

a2

ing the locations of industries ‘and overall development of

~ ~ each census division, all aspects.of the manufacturlng in-
| dustry of Alberta should be presented as comprehen31vely
as poss1b1e.‘ Therefore, the scale of the map should be\

able to portray the whole picture of Alberta.

III. Map Pro:ectlon

All maps are complled on the framework of a grid

system, which is a representation of the imaginary grati-
& \ K
cules of the curved surface of the earth.
Q
used governs the shape and qualltles of the| matrix upon

\The projection

which locations are establlshed. The aim of the employ-‘

ment of any progectlon is to SYStematlcal%ZIEEEE,#./-~—/*~"”’”/ﬁ
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loeétion of points from the earth's surface, a sphere, to
the map, a plane;

When a large segment of the earth's Burface must
be projeeted ‘onto the map plane,&there is a considerable
difference between the geqmetrical nature of the curved
surface of the earth and the flat surfece of the map.

Thus the transference between them will result in Ehe dig-

All prq;ect&oﬂs have distortions -- there is no
_,,,P«/~’mﬁifﬁﬁzgg/ean give an exact replica of the globe. The

amount of distortion depends upon the locatioﬁ, size, and
shape of the area to be mapped. Distortion is least in
the representation of a small, compact country and great-
est in maps of the whole world. The four variables --
dlrectlon, area, shape and distance -- usually determlne
the choice of origin, aspect, and class of a suitable pro-
jection. The primary aim of a logical choice is to select
a projectioh in which the extreme’distortioﬁs are smaller
than would occur in any other projectlon used to map the
same area, and which retains those characterlstlcs of geo—
metry and design most useful to the purposes of the map.
‘Azcareless choice of map projeétion often leads to misrép-
resentaé?on of the originel picture.

In havigation and surveyiﬁg maps, ehe mest impor-
tant requirement fg{¥::: cﬁoice of map projection ieione

+ ° which can provide a g indication of direction; while in
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population mapping, since the area of the map strongly
affeéts the picture of distribution and density of popula- -
tion, an equal-area projection is usually applied. For
industrial mapping, since information is seldom related to
direction or area, no specific proiectioq is required.

As it is very costly and time-consuming to create
a new map projection, it is wiser to use as a base map a
map already compiled with the best selection of projéction.

In this thesis, the base map, duplicated from the Atlas of

Alberta is based on a Lambert conformal conic: projection.

IV. Selection and Generalization of Data

Cartographic generalization is born of the necess-
ity £o communicate. It is_quite impossible to portray all
characteristics and detail of a particular subject without
tbem%arge reductions required for most maps. In order to
portray the important aspectspbf reality, generalization
a;d\selection of data té be mapped are necessary.

The cartographer must‘generalize both the content
. and the symbolization of the map. .Generalization in con-
tent is accomplished through-the elimination of unimpor-
tant information, thtough the classification of data, and
through the analysis of data for particular patterns.

¥

This piocedure belongs to thé;aspect of cartog?éphic

r

method termed 'intellectual generalization' by/
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Robinson.2 The generalization of information through the

use of symbols and. the generalization of symbols has been
termed fvfsﬁél géﬁeraligatioﬁ'. , -

-

Classification is a‘standard intellectual process

of generalization that seeks to sort phenomena into classes

w

: 0.0 /
in order to bring relative order and simplify the complex
differences or unmanageable information. It.is difficult

to imagfne‘éﬁy igtellectual5dﬁderstaﬁding, beyond'the,véry
elementary,‘that doég not involve class;ficétion;' For ex-—
ample, thematic caxtograpﬁ; is mainly concerned with dis-~
tribution maps, and a largeiproportion'of theseuﬁortray

quantitative data. Thevmajérity‘of these maps must separ-
e & ) . )

ate the data into a given number of classes so as to be .
ablelto-commﬁhicate the data through various patterns,

tones, and so on. The selection of class intervals. for

=Y 1]

use on such maps is a fundamental kind of generalization.
~The selec£ionjof dad&\%gvolves ﬁhe choice of infor-
mation-to-he used to'illpgtrate‘parﬁiCular phenbmena carto~
graphicaliy, If ;heacartograéher is required to select
and generalize the data in Varyihg degrees, sevéral con-.
sfderations mustlge taken into acecount: tﬁe subject of

the map, the availability of data, the reliability of the
data, the map SCale, and the amount of detailﬁgequired.
< . o . .

[
<

-
o

o
o

2A.&. Robinsbn, The Look,of-Maps, An Examination
of Cartographic Design, Madison, 1952, p. 12.

Id
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The caréogfapper'is often restricted in mis choice
of data ﬁo that which is available. If the data is availj
able but %ycgmplefe, the carto;rapher may be required to
substitute‘less effective eleménts to illustrate a subject.
Therefore, the lack of quantitative information”will affect
the method of symbolization, so the subject may be mépped
~wi£houf detail. Where;‘for»éxample, détéiled municipality
information for Alberta is lacking; form representation
. : &
R through shading or some simi}ar'means can bé used to indi-

cate the gé%f of manufacturing in each census

‘division.

~

&

V. Symbolization of Data .

All information on a map is presented by means of
symbolization, since the map is a symbolic image of real
phenomena. A symbolic image can be régarded as a visible
/reﬁreséntation of phé?omené to which meaning can be at-
tached. The infdrmétionrbn‘the‘map'is translated from
written-woids into graphic form, which can be perceived
visually.  . | |
Map §ymbbls can'be classified into two main cate-
. gories: (1) quant%ﬁative, and (2) qualitatiVe. The
former show the number of features present and‘tﬁe latﬁéi
thgir chafacLeristicsL It is easier to manipulaté the
gualitative §ymbpls than thé quantitative symbois.i To'maﬁ
phenomena of different kinds, the compiler needs éimgly to
choose the types of symbol which’have the best form.

v



.

q

31,

o a -

- . . . . . O
. association. But to show the degrees of variation in num—

'

" ber or guantities, the compiler has to use his judgement on

the changes of the size of the symbols‘propoﬁtionally to

o

the change in magnltgde of the quantltatlve values. He al-"~

4
so. has to consider espec1ally the abrupt changes or extreme

contrasts in the-data and has to de51gn the symbols to de-

lineate this sharp contrast w1th fldellty. OThisﬂis necess-

‘ary because the ablllty of‘the .map user to judge the 51g~

nificance of. the size or arrangement of the symbols is an

essential link in the process of transferring the map's

“ o

<

" message to its user. - ' ' i IR

The basic requirements of a good guantitative map
symbol. areasimplicity and effectiveness. The cartographer

has to take 1nto con51deration both v1sual and non-v1sua1

-characterlstlcs of the symbols.0 e )
cod
-~ The non—v1sua1 aspects’ 1nc1ude ‘the ease of conver—

~ S

510n of dataulnto'map symbols using uncompllcated calcula- .

cx

tlon“processes. The placement of the’ symbols on’ the map

o

-

should not be tlme—consumlng.

- » As far -as the v1sual attributes of maplsymbols are’

concerned, they should be effectlve in creatmng an 1mmed—

iate and 1ong-last1ng 1nte11ectual response, so that refer-

ence to the. legend can be. kept to a. mlnlmum And from the

clarlty and 31mple ‘form of the symbols, we should be able

B

_to assess the quantlty qulckly and w1th a falr degree of

accuracy.

a



2
<

<

Industrial data can be expreésed cartographically
! ~ ' . el

by means of various types of symbols, the choice depending

°

entlrely upon the map s purpose. For example,‘to present

dlfferent types of industry or the number of establlshments,

©

geometrica1 symbols are_the most suitable ones; while for
the ratio or intensity of industry, the choropleth:method
can be applied. Since industrial statistics usually in-

volve great'ranges of value, propertional symbmls have
often been used. in order to avoid clusters of symbols.
> o

Generally speaklng, of the dlfferent types of proportlonal

symb ls, proportional circles are most commonly used to =

a

©

sho maqnitude ofplndustry,.
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o .CHAPTER III
R ) ‘ : 2 \
¢ RTOGRAPHIC METHODS USED FOR INDUSTRIAL MAPS

" The major task of the map is to convey informa-
tion, ideas and concepts to the map reader convincingly

and accurately. If theémap is an attractiyely produced,
o . ,

wel\—balanced design,yit will be more informative and .sat~

1sfy1ng v1sually, and w1ll more easily capture and retaln

the’ reader s atég§tlon. Therefore, the cartographen must

utilize the most approprlate graphlc technigques to fac111—

tate understandlng of the subject mapped and to achleve
a hlgh standard of leglblllty and aesthetlc appeal.

' The functlon of thematlc maps - is changlng statis-~
‘tlcal data 1nto a form ln whlch patterns of dlstrlbutlon

and spatlaL relatlonshlps can be recognized at a glance.
‘ . s

The advantage of .this type-of presentation_lsfthat data

are not portrayed as crude statistics but in an ordered,

classified,lsynbolized and more readilyfnnderstandabie.
graphic‘form;tﬁ | | -‘ ‘ . gﬁ o : o
v.C. Finch'remarks that "No other of'the social
studies thanweconomlc ;eography J.ns:Lste upon so’'rich a
vsymbollzatlon of its facts and concepts in cartOgraphlc

33
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form".1 'For portraying manufacturing data on maps, several

cartographic methods are available, and the cartogrépher'
must be aware of ‘the effects of variations invhis choice of

methods.a

LN

I. Cartodlagrams

Cartodiagrams employ statistical graphs. and dia-

a

., grams to express the variation of a particular phenomenon
from one unit area or one specific ;cCation tc another. It
can use administrative  areas aélthe:basic units for which -
the .graphs or. diagiams are’produced, or it mey,rep%esent
the statlstlcal data\of a spec1flc p01nt.

Because there are many types of """ éiaphs and dlagrams,
there can be a large varlety of cartodlagrams. The follow-
ing dlscu851on is restrlcted to those whlch are most common
and suitable in. 1ndustr1al mapplng. Wlthln this general
group, the various types of graphs and dlagrams will be

ClaSSlfled 1nto three sectlons.

~ A. Repeated Symbols_ e,

Ehis method can be either of the simple or geomet-

, ric kind, or of a pictorial or descriptive_haturek Each

valueyis&represented‘by a number of small symbols arranged

.

to form a‘ composite pattern unit,

e _ 1V.C. Finch, 'Training for Research in Economic
Geography,' A.A.A.G., Vol. 34, 1944, p. 213.

- 3
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o

The advantage of using this method is that the value
) . ' .
of each repeated unit symbol is easily ascertained by count-

ing the small units of which it is composed and multiplying

~

by whatever unit value has been assigned. But in general

.pratticé, the use of repeated symbols demands comparatively .
more space on the mep than geonietrical symbolé, and hence

"their use is often thwarted by the map scale.

This method is usually. used when the’ range of num-
Pers is not too big, and is therefore best for portraying

manufacturing data such as number of establishments.

B. ‘Graphs I ‘ o » ;. (

1. Line Graphs : '

@

.The line graph is the simplest way of relating one
A :

varlable element w1th another. In such a graph one vari-

.able, . whlch is often related with’ time, is called the 1nde-

Q.

,pendent varlable and changes steadlly.  The other variable

1s termed the dependent variable and has markedly irregular
changes. The independent vaglable is, normally plgtteg
against a horizontal exis; while Several"dependent'vari—
ables may be plotted on the same graph against a verticali
axls. " ' < ' -

| »A series ?f values  are pldtted accordidg to the *

eppropriate values on each graduated. axis. In order to em-

-phasize the relationshipibétween-these plotted values} a

line is used to jein all these plotted points.
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The line attracts attention to such features as

‘maxlmum and mlnlmum values aLd particularly to the tendency .

of values to rise or fall in any part of the graph.

This method emphasizes the actual amounts by which

o

,values "increase and decrease over a period of time, and

|
g

mlght best be used to portray manufacturlng statistics such
as changes 1n value added in each census d1v151on, 1961—
1971; changes 1n_manufactpr§ng employees, 1961-1971; and

so on. | -

On other occasions it may be more'importantero eoa-

sider the rate of change rather than the amount. This can

_be done by plotting a logarithmic graph in which a loga-

rithmic vertical scale is. used 1n congunctlon with a normal

_horlzontaljscale. This method w1ll be dlscussed later.

©

2. Bar Graphs

*. . For this method the values are represented by a =

series of wvertical or horlzontal bars which run from the

plotted points to the ab301ssa. Usually each bar 1s kept

distinct from its peighbour,~but'this is not absoiﬁfely
necessary. ' - ’

The bars are simple o draw, and”the effect is
rather similar to the 11ne graph. ‘The topsrof rhe bars. tae
trace out any’ rise or fall within the dlstrlbutlon, and at
the same tlme the presence of the bars themselves attracts s
attention to the actual quantltles.‘ This method is partxqf

uiarly suitable when the data represent values which are '

a -



quite separate and distinct from .the preceding and succeed-
ing ‘pes, the break between the bars emphasizing this dis-
tinction. = “ b |

The disadvantage of this method is that rf‘there o
is a range’othuantities of any great extent, lt 1s very
difficult to design the ‘bars. * Por example,‘a quantlty 100
times larger than another needs a bar 100 tlmes as long.
The efore hére must be some bars so small that they are‘
almzét invi 1ble or so long that they have/to be broken up
into se\tt ns. ThlS 1nconven1ence can ‘be overcome by . apply—

9.

ing ‘the log scale dev;ce.a‘ B . T

3. Logarithmic_Graphs

. . ( ]
The logarithmic graph mentioned here only includes

the type‘Whose vertidal scale is lpgatithmic. As the num-

o

bers‘on the vertical scale are Spaoed according to the

I ©

differenoeAbetween(their logarighms; therefore this graph
can show the rate of’increase as well as amount. The log-
jxazgzt.thmlc graph is useful for\flgures whlch contaln a large
range whlch would be dlfflcalt td accommodate on the nor-x
mal line graph.. Howeverrult is true that 1ogar1¢hmlc {
zgraphs are not likely everttooﬁe“accepted po?ularly as 5

- 1ine graphs- are, therefore ar,e less frequently used.

© - . -
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" C. Diagrams ‘ "

1. ﬂgoportlonal Circles and D1v1ded Proportlonal
‘ Circles (Pie Graphs)

Proportional circles are used in manufacturing map-

(2]

ping to express the magnituHe of manufacturing by the size
of a‘circle. "As such circles, by their different sizes,

|
arouse an 1mm%glate visual and 1nte11ectual response on the

7

° part of the map. user, the proportional c1rcle is extremely
successful in Presenting an explicit picture of magnitude

of manufacturing. Information such as number of manufac-

turing employees, total value added and total value of

o

manufacturlng shipments, all of whlch are dlrectly related

‘to the lmportance of" manufacturlng centers, may be best
ﬁresented by proportlonal c1rcles.‘ . |

‘Proportional c1rcles: using different sizes of

¢ circle to represent the values proportionally, are very

commonly and widely employed.: Accérdlng to J.J. Flannery,2

proportlonal circles have demonstra

14

d the following ad-
vantages: . A
vert basic quantitative

o

(a) It is relatively eas

£

caté into symbolic,fotﬂx
(bf; Circles can be placedfon a map more rapidly than
< 'other types of podnt symbols.

(c) Clrcles use map space efficiently, at ieast when

2 ‘ .
J.J. Flannery, 'The Relative Effectlveness of Some
Common Graduated Point Symbols in the Presentation of Quan-
titative Data', The Canadlan Cartographer Vol. 8, December

° 1971, No. 2, p. 97



(@)

39

compared to bars.

\

Aesthetically, map users prefer circles (62%) over

bars (38%).

(e) Circles represent p?tterns‘of distribution reasonably
| well.

- There are sevéral different techniques fof design-—-

iné the scale of circles;»however, these can be mainly' #

L3

classified into two types:

(a)

In this technique, the area of the circles is propor-
tional to'the'vélue they represent. Since ‘the areé

of a éircle is nr2; and since 1 is"cpnétant, the method
of ponséruCtion is simply to extract the square roots
of the data énqkthen constructkfhe circleswﬁith radii
or diameters proéét#ional to the square roots. As‘
long as the radii are a linear function of the square

roots, the areas of the circles will be proportlonal

to the values they repre§ent




(b)

40 .

The weakness of this linear scale device becomes
apparent when the rangebof Maiues is very great. In
this case, the éartogrgpher cannot effectively ghow
both ends of the range using graduated circles.‘ Ifr
he allows for symbolsflarge enough to be differenti:
ated clearly in the lower end of the scale, then

those at the upper end will overshadow everything

else.,

The second technique for determining the radii of

| circles is most frequéntly used to portray informa-

tion with a great range inrvalue{ : : N
The square root of edch value is found qnd éiotted
oﬂ a line-scale measured from zero on the left. The
distance meésured iskpropdrtionalito the square root
of each value. An oblique line is then drawn through
the zero, the angle depending on how large the maximum
symbol is to be. A vertical line drawn ,from the line-
scélg.at any poinp tovmeet the obligue line will give

the_radius of a circle, the area of .which is propor-

‘tional to the value whose gquare root is represented

L)

at that point.

0 /I0OO  /I,000 /5,00 /10,000
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The size of the largest cifcle can be controlled

by the assigned angle, and the circles between the
minimum and maximum values are gradétionally increased.
Therefore the circlesbcan readily be deéigned so that
the largest one wiil not be too large while the small-
eét one will not be too small. This type of radius
design is thus more suitable for portraying statistics
with great range. (For detailed construction proced-
ure see Appendix D.)

Regardless of size, the proportional circle itself
is limited threpresenting total quantities. However, the
circle can be divided into propor;ional segments which in-
dicate the percentage of a total value represented by dif-
fe;ent components. This method is calléd ‘the divided pro-
portional circle or the pie graph method.- - |

¢

The pie graph method gives good results when com-

. N
: . . . ‘ . . %
parison of a few items is desired. For example, 1t 1is

suitable to show manufacturing information such as percent-
aée.of male and female employees, or percentage of types

;f establishment (food, chemical, textile,” and so on). Thél
pie graph permits comparison of propdrtional value§‘within
each diagram over the entire map. / '

. RN ¥
A disadvantage of this technique is that it may be

[}

very difficult to differentiate the relative valueé por-
trayed,  if too many items are included within each circle.

This. is especially so when several small sectors are of
A

g
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approximately the same size. In this situation magnifica-

tion of the small sector is necessary.

. 3y L
o g LT,

2. Div(}td Rectangles (Hundred Perdent Rectangles)

¢
The basic principle of this method is similar to
that of divided circles. This method has certain advagt

ages in the presentation of proportions and in making com-

parisons over the map area. Each rectangle is divided in-
to 100 equal units; therefore the components ofyt\:he ¥ec- :

" tangle indicate percentages mucﬂﬁbetter, or morempxecisé§%f
4 : )

!

and have greater visual impact than the segment;rof a -y *
circle. The components are readily measur%d; thug they can
express the absolute values as well. Consequently, the

comparison ‘of both‘proportionai;énd absolute values of

[

0 25 5 7 100%

o
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components among individual rectangles can be made. Be-

51des these advantages, "the method 1s superior to that of

d1v1ded c1rcles espec1ally when numerous subd1v1510ns of

° v

manufacturlng data have tq}be shown. N Such is the case, for
instance, in portraying types®of %Ftablishment’in manufac—
turing industry. o

The method can be simplified, as‘in the case of

divided circles, if only the percentages are of particular

interest. 1in zuch an instance the rectangles can be re-
-
plac-=4 k- uni: . -m squares divided into 100 equal parts.

Such simplificatior makes comparlsons of numerous 1tems

even easi~: .
On the whcle, for interpreting values diVided rec-

tangles have an advantage because. they can be d1v1ded into

equal units, making-an assessment of quantlty easier than

°

is possible with divided circles.

‘3.  Three-Dimensional Symbols

0 o

Three—dimenSional symbols may'be used When'an ex-
ceptionally wide range of data has to be dealt w1th. “&he
symbol can be a sphere or cube de51gn, and the volume of B ﬁ
the symbol is proport10nal to the cube of the radius (for

sphere symbols), or the cube of the Slde (for:cube symbols).c

In this Gase, a. symbol 10 tlmes 1arger thanianother will
now represent alvalue_,lo3 or lOOO_timés as great. There-

s . e : A
fore, within a given range of symbol size, a very much

; wider range of value can be accommodated. "o



Wéll—designed three4dimensiona1 symbols are very

//

pleasing visually,'but‘they do not serve the purpose of
effectively portraylng the exact numbers they are supposed
to represent. Most map readers evaluate the spheres,. not
on their volume comparlson, but rather on the ba51s of the
map areas covered by them. Estimation from spheres or
cubes is very difficultiand inaccurate; furthermore, draw-

ing of the symbols is far from easy.

I1T. Choropleth.Method-ﬁ

©

The choropleth is one of the 51mp1er methods for

translating statistical ratlos (e.g’, % change of value

added/unit time) into map form. Data'gathered by enumera:

tion areas, whlch also, serve as basic areal unlts for this- ’

o |
»method, are arranged for grouping 1nto classes and each

o

class is then ass1gned a graded colour value, u51ng elther
graduatlon in black and @hlte or another colour, in a cor—\

respondlng unit .area. - .

The data for the ohoropleth method of mapplng is

v

usually related tO‘admln;stratlve areas. Therefore this
method has one major%weakneSS’in that it'sho s a unlform
vdiStribution within each-area, taking no account of what -

may be 1mportant local variations and'also'giving the ad-
(]

mlnlstratlve boundarles themselves an importance completely

divorced from reallty.o o -

Fa

Nevertheless,‘manufacturlng 1nformatlou is differ—~

ent from data such as populatlon 1nformatlon, for wh%ch -
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o . "o

'therchoropleth method is weaki In populatioh'mapping{ ;né_,‘

. denslty of populatlon is the rat10>between numberoof people

e /\J 9

ahd area;,therefore the,31zes of the areas lnvolvedebecomes
sl o

important.' On the Gther handy manqﬁacturlng 1nformatron
& o

seldom relate§ to the area of a place. Fog eﬁample,'for o
h L4 ° .
. pergentage 1ncrease 1n va&ue "added or pércentage ‘increase

o o PO ¢ g oo o

1n prodhction,gthe fdcus of 1nterest is on the spe&lflc

o < °

G

. ratlo valueg at partlcular placesh i. e. gdmiglstratlvegor%“

o S gt
o > S o & 9 ° VQ e =0

ovenumeratlon areas. Therefore, @wsing an-administrative area,
o . -0 o .

s
2% ° ° o . . °

as a boundary to portray §uch(£atlosopn mapsnis the“oply@

@ v o @ a.

“‘: possible”’ way,; in these d%ses, the’choroﬁlpth method: lS°~

- a ! 3 . P - ! - . . '7 ’ <
most suitable. . T S . °.  »° ’
o [} " v 8 ’ ) ’ ’ % e %
[+

|
o S . . < The advantage of the choropleth methdd 1ies inr- lts re

o .

Y
S

9 o

- . : 51mp11c1ty as far as theoreaaer 1s concerned.° When weLl .

° N

- 9

applled and executed, ;t glves . cle;‘

@

G
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CHAPTER IV

o S . o

ILLUSTRATION OF CARTOGRAPHIC SOLUTION# _
SOME"INDUSTRIAL MAPS OF ALBERTA ’ o

4

Manufactur;ng data can be expressed cartographic—

© o

al}y by means of varlous technlques, the ch016e depending

<

entlrely upon the purpose.\ The'alm of thls chapter is to

a

explore the _applicability of various methods of the repre—

sentatlon of manufactﬂrlng data for which each particular

o ©

:method 1s the most suitable.

2

©

dataa C L R nﬁ( ' : o .

o ©
o

‘The maps that foIlow portray the manufacturlng in-
dustry 1n the Provrnce of Alberta. In thlS pr?v1nce, anb

exce551vely lar

e range of flgures occurs w1th1n eaéh cate~-

gory of manufa: urlng data, Such as value added, number of
employees, and sd on. oTherefore nAlberta is ldeal for
studying'the various technlques employed,to deplct suchjf

o o s
° °. o

AN
.0
s

Lo All statlstlcs used’fog tomplllng the maps have
been supplled by the Alberta Bureau of Statlstlcs. These

@

,’statastlcs contaln two sets of 1nformat10n-“ one conSLHers

el w &

fmanufacturlng act1v1ty within each census d1v1810n as a

o a a0

%whole;,and the other con51ders each maln center (wr;h 2500

[
c ]

populatlon and over) an thé prov1nce. Therefore, for the .

@

lnformatlon concernlng manufacturang 1n¢each census drv1-

51on, a base map w1th census d1v151onmboundar1es is used;

. . - - v
f . B . E . -
° : .

o . ) W B ) ) s
° S gl - . o 4 6 - 2
° . - . he ) ©
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X, Sample Maps Showing Number of Establishments

47

whilebfor the information concerning manufacturing actiuity

¥

in main centers, a base map with the locatlon of those cen—

ters 1s used o

The base maps are duplicated from the Atlas of

Alberta, on a scale of one inch to 31 5 mlles and one inch

.to 52.1 miles, as compiled 1ﬂ 1967 by the Government of

Alberta and the‘University of Alberta (Department of Geog-
raphy);. Ail the maps have been reduced photogxaphlcally
to a convenient size (scale- ‘one 1nch to 88.8 mlles). A
con51stent map scale is used in all the sample maps of the
study to ensure an easy comparlson of the size of map sym-.
bols and the effects they create. Two maps show1ng the
locatron of census lelSlonS and -centers with 2500 popula-
tion and over (Figures 1 and 2) have been prepared to ald ,
the orlentatlon of each census tract and location of each

center within the sample maps themselves. : : ,\“

o

leferent treatments are applied’ for these two sets

of data. They are dlscussed on the follow1ng pages.

I. Sample Maps Portraylng ﬁanufacturlng Informatlon
Based .On Census D1v1s1ons 3

Repeated symbols_method i.e. repeated squares is

[

. used in Flgures 3 and 4 to 111ustrate the ,available 1nfor-‘

matlon on number of manufacturlng establlshments.

‘In both maps each square represents 4 establlsh-

ments. For those census d1v151ons where the number of

e
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establishments is not'"a multiple of 4, the sguare unit has
to be subdivided into 4 parts (each nart representing one
establishment). The correct number of parts plus whole

* . squares is then used to represent the total figureL For
example, a census.division with 7‘establiShments is’repré-
sented by a sgyare plus 3 subd1v1ded-parts.

iIn Figure 3, the number of establlshments in each
i3

census division is represented by squares which are directly

proportional to the number represented. 'In order to give
T tT '

the map.reader a quick meansaof"counting the actual number

-

. of establlshments, espe01ally in those census lelSlonS

~with a large number, a different arrangement of squares 1s

used‘in Figure 4. Here eachublock is limited to 5 squares,
,and‘eachis bibcks ds'ﬁreated as a unit.- Tnia‘means that
each block represents 20 establishmentsvand eaeh unit rep-
'reSents 100 ;srablishments. This.treatmenf can give the
map reader a more lmmedlate 1mpre351on of the number of

g¢stablishments than Figure 3. Therefore the latter method°

is therefore more advisable for portraying this kind of in-

fefhatlon. o 3

°

-~ The advantage of: u51ng the repeated—square method

X

is that the map user, just by a glance, ‘can understand

w~.

wherq.the establlshments are concentra*ed and, at the‘same

time, he can work out accurately the actual number of

establlshments.

4
5 o=
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The weakness of this method is,that it heeds~1arge
spaces to accommodate squares. When ﬁhe numbex of estabe
lishments in a census di;ision is too 1large, it is impos-
sible to locate all the squares within the census boundgry;
In addition, the squares are too small for applying pat—‘
- . terhs ro differentiate between the various grouﬁs of manu-
facturing, and- colour differences within a subdivided;
square are also impossible to see C1early. Therefore, this
method is good for showing simply‘theunumber of establish-

ments, without detailed information.

=

B. Sample Maps Show1ng Manufacturlng Groups

P

When the range between number of establlshments is
great,'the larger flgures, hlch contain many. squares,

occupy lotsvof space and will tend to overlap adjacent cen-

2

'sus,d1v1s10ns; In this c1rcumstance, the repeated—squares
method is not efficient. A constant size of symbol, such
as 1004percent squares or constant circles, can then be

used to show the total number of es lishments in each
census division, and segméhtS’within the "symbol can be used

to indicate percentage differences between manufacturing

i
Wi
« e

groups. ‘ °

K
- N

In Flgure 5 the 100-percent squares method has been
used- each constant square is used to represent the tota%
" number of establlshments in each census lelSlon as 100
percent. The constant square is subd1v1ded,1nto 100 smaller

o

squares; each subdivided—square therefore represents one

o & ) . <
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percent of the total numbe€ of establlshments w1thin a cen-
sus division. 1In the study map (Flgure 5), the subdivided-
squares are so small that using different patterns to dif-
ferentiate;manufacturing groups §s impossible; therefore
colours have been applied in.place of patterns.

The 100-percent squares method can give the map
‘user a clear picture of the portion of manufacturing con-
tributed by each manufacturiné group (food, textiles, cnem—
'icals, and so on) in a census division.; At the same time, '
since éach'square is 5 constant sise, comparisons between“
squares are easy to make. |

Another’type of cartodiagram, the pie grapn method,
is applied in Figure 6 to show the same information as in
Figure 5. In this method,'constant circles are‘each sub-
divided into 100 -sectors. Each*manufacturing group is rep-
resented by a sector proportional to the percentage in-
volved Dlstlnctlve patterns are then applled to . the sec-
tors so that percentages can be compared v1sually over the
entire map. '

A conclusion can be drawn from these sample maps
using the iOO-percentvsquare and'pie graph methods to por-
tray inforﬁation,onvnanufactnring groups.d Both symools
~are of constant size; therefore‘they are equally suitable. *
for portraying data where thevnuyber of establishments var-
;ies greatly. vathe,actual number is placed beside each |
'symbol; it is more convenient for the map reader; so that

7



51

he may‘know the actual number of establishments in each
census division as well as the percentage of that total
flgure which each manufacturing group represents.

The 100-percent square and the pie graph are both
good‘for showing percentages. But the 100-percent square
can indicate the percentage more accurately tb the reader,
who can easily count the small one—percent squares. The
pie graph can give only a rough estimate unless the reader

AN
uses a protractor to measure each subdivision.

C. Sample Maps Showing value Added bnd
Percentage Changes 1n Value Added

>

TwO cartographlc methods: proportional circles and
choropleth are combined in Figures 7 and 8 to illustrate
the manufacturing information for Alberta of value added
and'pefcentage changes in value added.

The_proportional circle is essentially a carto-
graphic depiction of‘the distribution of absolute number
or other quantltatlve value. The value'portrayed is pro-
portlonal to the size of each c1rcle, therefore each
“c1rcle can represent a higher value. In the Province of
Alberta, the manufacturlng industry is concentrated ‘in
census Eav1510ns .6 and ll. The'total value added for these
two divisions is $230,228, 000 and $338 821,000 respectively
(see Appendix B). In contrast, total value added in census
division 4 is only $180,000. Such a great range of values
creates“difficulty in the design of symbols to reptesent‘

them.

The scale of the proportional circle has to be’

o
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chosen so that the smallest circle is not too small to be
eaéily seen and the biggest is not so big that it overlaps
too much of other ‘census divisions. = Each designed circle
bears a distinct proportional relationship to the quantity
represented. Two types of radius calculation are used in -
Figures 7 and 8 to show magnitude of value added in each
census division. In Figure 7,. the areas of the circles are
proportional to the values represented, which means that o
the length of the radius is proportional‘to the square root
of the value which a circle is intended to represent. As
the map shows, because‘of'the exceptional magnitude of value
added from the manufacturing industry in census divisions 6
and 11, c1rcles which are too large result.

In this map scale, the space available within the
‘corporate boundaries cannot possibly accommodate these two
large circles; therefore the circles have to be placed on
the epace at the side of the map. . In order to'use'space
more efficiently, these two circles are in half-circle form,
and are placed eide by side, so that a comparison~of magni=>
tude of value added can be obtained as well.

Another type‘of radiUS‘construction is used in Fig-
ure 8. The radii of the circles are controlled by the
height at wvaripus distances along ghe assigned angle line
(for more details onvthis method, see Iopendlx D). The
resulting map shows that the largest c1rc1e is; not as large
as in Figure 7, and can therefore be placed w1th1n the cor-

porate map boundary.v , ' ' o

KX
N
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Comparing Figures 7.and 8, it is evrdent (as men-
tioned above) that when the range petween vaiues is‘gfeat,
using square roots of the wvalues to consﬁruct the radii is
no mqre efficient.“The gradational circles method used in
Figure 8 allows all circles’'to be 1ocated within the appro-
ﬁriate cenaus division, so that only relarively small areas,
of adjacent censﬁSvdivisions-have to be overiapped. fhere~
fore, this fype of radius construction is more advisable.
Such -a map glves the map user a clear image of the relation-
ship between the value added which the circle represents and
the geographic locathn of the census division which it be—.
longs to. . | | o
. The choropleth method is used.in both maps (ngures
7 and 8) to portray the i&formation of percentage changes of
value added from 1961—1971\ The chorobleth method is ideal
‘for presenting data in the\form of ratlos, pexcentages or
proportléns.v Ratlos are average quantltles characterlzlng
the unit areas as a whole ayd thus are approprlate where one
quantltatlve ar%alhgymbols is-wanted to represent the whole
unlt area. Conventlonally, percentage changes of value
added are expressed in a ratio form, since the data of value
added are enumerated within census divisiqgs; Therefore,

these census division units are chosen #s the 'control

space' for symbolization. .
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Choropleth has already. gained some currency as the designation
for an areal symbol bounded by the limit of golitical or other
statistical subdivisions of the area mapped.

The conventional way for applying different classes
of tones or(patterns in the ohoropleth method is to oOnsider
the census d%vision bJ%hdary as the border. But there is a
difference bétween the use of the choropleth method for por-
traying 1nformatlon about manufacturing data and population
’density. PoéUlation density is expressed in a simple arith-
metic ratio éegoting a stated number of people per unit area
of land, while for information about percentage changes of
value added, there is no relationship between the valﬁe and
the area in each census lelSlon. The census div151on 13
ijust an arbitrary unit. Therefore, in Flgures 7 and 8, dlf'

-ant patterns are used to fill_in the proportlonal c1rcle,

-

rather than the ieqfus‘division itself. 'This'treatment'mine
imizes compllcatjﬁﬁ 3T the map as a whole. - >

The cube method is used in Flguree 9 ‘and 10 to°
portray the same information as §h9yn in Flguresx7 and 8 on
yalue dded by manufacturing. If\QAQy one cube is used, the
voiume s proportional to the cpbe of its _side. Therefore,
when a cube s ol is 10 times iarger {;;;S;;other, it rep-
resents a value 13000 times as great. for the untrained

human eye, this difference would not be properiy realized.

Therefore, in Figures and 10, blocks‘of accumulated cubes

L 15 .x. Wright, 'The Terminologyof Certain Ma?A
Symbols,' Geogr. Rev., Vol. 34, October, 1944, p. 653.
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are used. A block with more accumulated cubes thus repre-
sents, in a linear way, a hlgher value.

For Figures 9 and 10, each cube representa
1,000,000 dollars of value added. The total amount of value
added ;n each census division is shown by a block of accum-
ﬁlated cubes proportional to the value it represents. Each
cube can be devised-to represent a greater amount of value
Vadded therefore, all blocks on the map can be. fitted within
the boundary of census d1v1510n. Wlthln eaoh census divis-
ion, the area not covered by the block area is covered by a
distinctive tint (choropleth method) , which represenfs the
percentage of increase or decrease of the value added from
1961 ~-1971.

., Aall elements in Flgure 10 are exactly the same as
in Figure 9, except for the llght yellow colour superlmposed
on the chbe blocks. The purpose is to illustrate how the
small effOrt of adding colour can greatly.emphasize the in-

formatron on, yalue added of manufacturlng industry, because

\7«

,the cnbe blocks Ltandf%utrbetter fromxﬁhe background infor-

5

s

matlon (percentage changes“f‘value added)w

1

. N It can be cohgluded that whien the 51tuatlon allows

avet %, Ry

;or 1t,‘such addlilon of colour can present to the carto-

O P

grapher d much broader scope for symbollzatron and at the

fei

o

] tlﬁe glve the reader an aesthetlcally pleasing map.

.s
&

; J» B In cémparlson to the proportlonal circle method, we

E“:~concluded that cube symbols can be devised to represent
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a greater range of value addod, so that all blocks can be )
located within the related census division boundaries. In
addition, by counting the number of cubes, one can work out
a far more accufate“figure than by estimating the area of §
the circles. u |
Thrce—dimensioqpl cubg symbols arefsiso more pleas-—
ing visually than two-dimensional circles, but we have to
admit that drawing the cube symbols is much more time-con-
suming and involves morefﬁophisticated cartographic tech-
niques.
On the whole, using cube'symbols as in Figures 9
and 10 is not only more pleasing visually, but can provide
clearer quantitative as well as locational infofhation.

For the Province of Alberta, since there is such a range

within figures of value added, it seems advisable to use

cube symbols to portraya‘uch information." £

R

g X o
D. Sample Maps Showing Gross Value of Production
and Percentage Changes in Gross Value of

Production

Two different devices of cube symbdls are used in
Figures 11 and 12 to portray the information on gfoss value
of production. ’ ‘ R
: In figure 11, g;bgs value of production in each
census division is represented by acqumulated cubes. Each
cube represeﬁls $1;000,00050f gross value of productién,
therefore, the actual value will be”shown by aécumulating

@ ) - B
a certain amount of cubes which is proportional to it.
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;o

~ For countlng convenlence, each bar is llmlted to 10 cubes,

and each row is limited to 10 bars. - e T

The information on gross value of.producbion is ¢

a

51m11ar to the data on wvalue added just mentioned, "in that

‘

the range between values varles greatly. _For example, cen— ‘

sus lelSlon 4 contalns $288,000 of gross value of produc-

I3

tlon, whlle ‘census lelslon ll contalns $876 173, 000. In
3

Figure ll, each cube is a551gned a value of $1 000, 000 S0
that the smallestwcube in census division 4 can at least be

seen. At the same time, in census lelSlon ll which con- °

talns the greatest number of cubes can all

-~

fltted w1th1n - ) - K

the boundary.

Another cube-symbol device is used i Flgure 12 to
portray the same inférmation. - In thlS map total gross
of‘production in each census division is now represented by

only one:- cube. The volume of the cube is proportional to

the cube of one side. Therefqre,”eaoh cube is devised

]

accordingyto the'cube—roof“/of'therdata;"that is, by making
 the sides of the cube proportlonal to the roots, so that
the volume of the cube will be proportlonal to theDvalue
/represented

For thlS method, ‘a figure 1000 tlmes greater than
another_wlll only appear 10 tlmes larger in the volume Of f.
the cube. When map.readers“evaluatevthe cubes, they aret
not comparing on the basis of thezvdlumejof,the eube, but
on the basis of the map areas coveréd bv»them.= Therefore,
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they .would not realize that when the voluye of the cube
changes a bit, it means that the actual figures change quite

a lot. Therefore,°readers tend to underestimate the re-

‘sults. - g : 49 K

On the whole," u51n the proportlonal cube symbols,
N

more value can be portrayed d&th a much smaller range of

,space covered This, of course, makes it posslble to por—‘

tray graphlcally a 1arger range ‘of data. But it is a pity
that cube symbols do- not‘serve<the purpose of effectively_
portraylng the numbers they are. supposed to represent.

‘It is obvious that the advantages of the cube sym-=

i

/bol are a-“pleasing v1sual appearance’ and the larger range

of data whlch can be portrpyed ThlS method is most suit-

able when used for statlsflcs w1th a great range. On the

other hand, in order to av01d underestlmatlon from the sym—

bol, the accumulated—cube dev1ce is more adv1sable to use

&

»than the proportlonal c e d§v1ce, 51nce, by countlng the

/

number of constant accumulated-cubes,'a far more accurate

N

flgure can be worked out than by estimating the volumes of

<

various proportlonal cﬁbes.

The choropleth method is’ used inl both maps (Flgures
11 and 12) to show 1he lnformatlon on.percentage changes of
gross value of productlon from 1967 1971. Census division -
boundarles are used to deflne unit area, and six classes,
of tlnt have been chosen to ‘show the dlfference among

changes of gross value of production.w;thln these areas.

W3
\



~ E. Sample Maps Shéw1ng Total Number of EmpLoyees
' In Manufacturlng, Male and Female .

o

e The contrast between number of emplqyees lq

Alberta s census d1v1s1on is great; therefbre, proportlonal

ac1rcles ‘are used in- Flgure 13 to represent total number of

o ¢ . o

manufacturlng employees ih each census lelSlOH. The size © '

© a ° °©

of the - c1rcles is proportlonal to the value represented.
The c1rc1es are placed within- the census dlvi31onu

boundarles.n For _those areas where overLapplng of c1rcles"

a

oceurs, smaller dircles are superlmposed on the larger C e

. L .clrclesy as this will makKe the smaller one more clearly
© - identifiable on thé’map.O‘ . &ﬁﬁ S i .{
- - R : o B - N
- Pie graphs w1th two d;v1ded sectors are used to
"’

dlfferentiate percentages of. male and femalegemployees with- .

o ... in each circle. Throughout all census d1v151ons, male em-
o R 3 : <
ployees are much more numerous than female employees. VoL e

Therefore, the settor whlch represents female employees is-

3
° 3

filled with a denser tlnt. This means that more area in

c.,
\

the c1rc1e is” covered by a llghter tlnt, so that overshadow— o E

@ ' 1ng the boundary of a census d1v1slon can be a;oided.

‘ ' In Flgure 14, the bar graph method is used to rep-
resent the number of male ‘and female employees., The scale
of bar is 1n.11near form. Bqth male and. female employees
are represented by bars 6f the sdme scale, and are placed -w“u ‘
side by 81deJ/ . . ue - - R T ) - -

‘ Slnqe male employees are everywhere more numerous Y

than female mployees, the bar used to represent male

©
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o

_ employees cannot ‘be shown as clearly as in Flgure 13.

. “ e
o . . “ .
. 3 o « o N
4 . © o o ° . B 6 0
: o o . -
o g ‘w

employees tends to be"so long that it cannot be'. c0nta1ned

. within the censu5~d1v131on boundarles, and breaklng the bar

into parts is the.only solution. On the other}hand, some

bars used“to represent—female employees are so short that
they almost cannot be seen.

a

dFor countlng convenlence, each complete bar is

O -

a551gned to represent 1, 000 employees, soithe~actua1”num—q

ber of employees can be worked out by counting the "bars. = °

& o

. Comparlng Flguresﬁl3 and 14 we see that in Figure

©
©

'13 uS1ng proportlonal c1rcles, the magnltude of manufac—v

turlng employees is more effectlvely showu.'_Further, 51nce

_the c1rcles are d1v1ded into sectors, they cah give more °

detalled lnformatlon beyond the number of employees, such

as percentage difference of male and female employees. :

U o . . . o

Justﬂbyya glance at Figure 13, the map user can get a far -

o

clearer impression of these statistics.

&

In Figure 14, ‘the advantage of using the_ bar graph ’

- method is that quantltatlve information can be worked out

quite accurately by countlng the bars} ~But if theé range-of

&

values is’ 00 great, there are some extremely long bars

Whlch have to be broken 1nto parts, and some bars’ are.so

»short that they almost ‘cannot be seen. In addition, by

thls\method, percentage dlfference between male and female

From such comparlson, one may conclude that the

£}

: éartographlc treatment usedtln F;gure 13 (prOportlonal,

=)

y E | =

o

-
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I

c1rcle and pie graph method) 1s more sultable to portray

/
1nfprmatlon on number of manufacturlng employees and per-

! o

centage dlfference of male and female employees.

II. Sample Maps fortraying Manufacturing
Information Based on Centers. Wlth '
2,500 Population an&”bver

The manufacturlng 1nformatlon that follows is loca-
ted at those centers w1th 2, 500 populatlon and over. Cart~
odnagrams are placed at the center of the locations; except
for congested areas,. where the cartodlagrams are. ‘placed asr
near the center as p0551ble.

In order to avoid_congestion of cartodiagrams and

center names in areas with a concentration‘of centers, the

names of the centers are réplaced by Roman numerals. Fig-

ure 2, whlch gives complete names,of the centers, is used.

as a reference map.

A. Sample Maps ShOW1ng Number of Emgloyees
in Manufacturlng .

InaFlgure 15- proportlonal circles. are used to rep—

resent number of total manufacturlng employees in each pop-
“’H‘,

ulatlon center.' The ‘location of each center is used as

RS

the center of the circle. .-

o o e

o

In Alberta, centers w1th 2, 500° populatlon and over
are mainly distributed 1n the central and southern»parts
of the province. Therefore, overlapplng of clrcles in

these congested localltles 1s the only pOSSLble solutlon.

On the other hand, 51nce congestlon“attracts the eyes, 1t

.o
a
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is to some extent useful for emphasizing impqrtant areas

in the distribution.'~u' y , \
The proportlonal clrcles are further olv1ded into
two sectors to represent percentage of male and female em-
ployees. When overlapplng of'01rcles results, smaller e%if
circles are superimposed on the larger ones. Thus, when
part of the larger circle is OVErShadowe%_by a smaller
one, the quantity of both can still be estimated. If itl
were the other way wound, the smaller circle-nould be ob-

L

scured by the larger one.

In Figure 16, the bar graph method is used to rep-
resent number of employees. Since the cente&s with 2,500
population and over are clusterec-in the central and south-i
'ern parts of the prov1nce, if each bar graph is placed on
the exact center of each location, some graphs tend to
squeeze or even overlap each other. Therefore some bar
graphs have to be shlfted to be as near the centLr as pos-—
A51b1e and Stlll av01d overlap.,

Be51des, the number of emploYees er center varies
 so greatly that it is difficult to desigh the linear scale
for the bar. Eor example, the bar graphs used to represent
number_of employees in Edmonton and Calgary_are go long

that they must be broken into parts. 1In other centers (for

example, Coaldale and Walnwrlght) the bars are’ 'so- short

that they are nearly invisible.
.*‘W“



population centers. 3 ’ : _ I
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Considering the disadvantages of using bar graphs
( , » ) C
to portray information on number of employees, as evident

in Figure 16, we should employ the proportional circle in-

stead. The advantages of using proportional circles have

been mentioned before (see pages 59-60) ; in addition, it

should be pointed out that proportional’circles are easier
tobconstruct_and occupy space more effectively than bar
graphs. 'In éeneral, much higher values canpbe represented
by the circle Symbols. When overlapping of Circles occurs,'
the values represented by them can still be estlmated.

The desirability of presenting dlfferent kinds of informa-

tion\together, such as total number of employees, and per-

1centage difference of male and female employees, also makes

»

proportlonal circles the more preferred method.

s
3
T

B. . S 4ple'Map§ Showing Value Added

Accumulated cubes and proportional c1rcles are used

in- Figures 17 and 18 to show 1nformatlon<xlvalue added for

In Figure 17, cubes are placed at the locational
center of . the centers ;epresented, so that location. an
value added may be linked v1sually as qulckly as pOSSlble.
In Eamonton and Calgary, the blocks contain large numbers
of accumulated cubes whlch, if placed at the\center of the
" location, w1ll overlap adjacent cubes. Such overlapping

is by no méans deslrable for accumulated cubes, .as under-

estlmatlon W, ult for the overshadowed part.



To assist the calculation of ghe values which the
cubes represent, a scale of cubes has been derived. This
scale is represented in the map legend, as is the scale of
circles in Figure 18. .

Again, the accumulated-cube symbol is good for pdr-
traying values with a great range, and counting cube sym—

bols is far more accurate than estlmatlng proportlonal « .
\._/’/\/\

R

.c1rc1e size with reference to the size of circles in the
legend.

Ih Fidure 18, uSithproportional circles to repre-
sent'theWsame information, the }ocations of denters are

{

used as the centers of the circles. When overlapping of
circles occurs, smaller circles are superimposed on the
larger ones.

The chorqpleth method is used to indidate percent-

- age of value added in each ceénter compared to total value

added in the prov1nce. Five densities of tint have been

a

chosen to f£fill in the proportlonal c1rcle.

N

Comparing Figures 17 and 18, it appears that the

combination of the proportional—circle and choropleth'meth-

ods used in Figure 18 can portray efflclently both absolute
value added and pgrcentage of the total value added to the
province. However, as far as the. accuracy of the 1nforma—

tion received by the map reader_ls,concerned,‘the accumu- . e

PN

_lated;cubeléymbol is,definitely superior.
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C. Sample Maps Showing Gross Value of
Production .

The same t&pe of‘cartographic.tréatment used in
Figures 17 and 18 is applied to Figures 19 and 20 to por-
tray information on gross value ofkbroduction.
In Figure 19 proportional circles are uFed to rep-.
resent the gross value of produceion ipAeech#Center and ' the
« . : { .
choropieth‘method is used to represent the.peréentage of.v
~gross value of production for the province.P In Flgure 20,
accumulated cubes are used to represent the gross value of
production in each center. | ‘ -
The advantages and disadvantages of using these
methods are the seme as mentioned\for‘Figures 17 and 18
(see above, pages 63-64). | |

D. Sample Map Showing Total Number and Location
- Quotient of Emplovees 1n Manufacturing

The mathematlcii method used in the Ec0nom1c Atlas
2

of Ontario for measuring location quotient” of manufacturing

2Locatlon quotient measures the degree to which a
specific areal unit has more or less than its share of any
partlcular economigc activity. In technique, location quo-
tient is a ratio of ratios, and when mapped, absolute dis-
‘tributions of the activity are shown together with relatlve“
comparisons of the same distribution. '
' A location quotient of 1.0 means that a center has -
neither more nor less of the total manufacturlng employment
than its population would 1nd1cate., A quotient over 1.0 is
1nd1cat1ve of concentration in a particular centre relative
mo,;he ‘overall manufacturing employment. A quotient of
dess than 1.0 indicates that ‘manufacturing employment is
‘less in a particular centre than the population would lead
-wpne to expect. (Economic Atlas of Ontario,  The Unlver51ty
‘of Totonto Press, Toronto, 1969f~plate 36. ) .

2
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employees is applled in Figure 21.

{
Slnce the location quotlent is a ratio of two

ratios, comparing one center with all centers,3 the

3The location quotient of manufacturing employment
for urban centres is calculated as follows:

Xi = manufacturing employment in each centre
Yi = total population in each centre
where i = 1,2,¢00e0...0 urban centres ‘

(1) Manufacturing employment by place of work in 1971 for
all urban centres included in the study is summed.

(2) Manufacturing employment in each centre is expressed

’ as a percentage of the sum for all centres.

(3) Total p0pulatlon in 1971 for all urban centres is
summed.

. (4) The population of each centre is expressed as a per-

) centage of the total population for all centres.

. (5) The location quotient for each centre is then computed

" by §1v1d1ng the result of (2) by the result of (4).

To simplify, thls may be expressed ln algebralc
terms as follows:

(1) n ° o (2) Xi x 100
. 'Y Xi . n . '
\ i=1 ’ : Xi |
‘ i=1 AN

(3) n ‘ (4) 'Yi x 100

T Yi ' B n :

i=1 ) - . b Yi

. j_=

n : : n
/ I Xi Xi z Yi
| i=] = i=1 - °
¥i x 100 . n
n Yi Xi
‘ T Yi i=1
i-l B

(Economlc Atlas of Ontarlo, The Un1versxty of Toronto
Press, Toronto, 1969, plate 36 )
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choropleth method is the best technique for illustration
purposes. |

Proportional, circles are used to show the absolute
distribution of the manufagturing employees, and tﬁe chor-
opleth method with 5 classes of tint is applied within the
circles to show ref;tiVe ratios of manufacturing employees.

From the maps discussed above (Figures 13 and 15),
it was concluded that the proportional-circle method is
best to use for portraying number of manufacturing employ-—
ees and the choropleth method is best to ﬁse“for portray—
ing ratio information. Therefore the combination of these

two cartographic methods seems the best choice for repre-

senting these two kinds of information simultaneously.

\
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 CHAPTER V'

SUMMARY AND ‘CONCLUSIONS

tién, the cartographerﬂshould first thorOughly uhderstand
the ba51c problems involved; for example, map projection,

. map . scalei generallzatlon and symbollzatlon of data. . The

~study area ¢ould be. distorted through the poor choice of

a map_pro;gctloh. Furthermore, the details of,lnformation_ '

and symbol size or pattern ihtensity'to-be presented have

to be in harmohy with the. map scale.. A 'good'knoWledge of |

the ba51c design on the part ‘of the cartographer w11l lead

” . r

to a better understanding by the reader of the manufactur- J

e .

ing 1nformatlon portrayed 1n the map.

There is a strlklng dlver51ty of cartographlc tech—';

niques for mapplng manufacturlng data. For a single set *

'of data, maps of qulte different appearance can be made.: "

o

\ .
At the same tlme, due to the varylng character of manufac—
turlng data, the cartographer must carefully select d;ffer-

ent methods to represent dlfferent sets Of data, so’ as to

8

_stress the pecullar characteristlcs of the data involved.

-~

Desplte the dlverSLty of technlques avallable, it

is ohv1ous that there is very 11ttle research actually be—‘

1ng dornie on'manufacturlng mapping. In the studles which

89 .

To construct maps depicting manufacturiné informav-

Q
.



cartographic methods. None of these studies actually eval-

‘uates the different cartographlc méthgds for their suitabil-

ity to portray part;cular categories of manufacturing infor-

matlon. ‘Just ' as SOme of the methods may be more suitable

for show1ng statistlcs with a small range, others may be

more- suatable for portraylng statlstics of large range.
leferences 1n\the ch01ce of methods applied will" the;efore

resuug/{n/diﬁferent degrees - ofd;eflnement on, the map. -

.. The study‘presented ‘here uses different catographic

"methods to represent the same categorles ofvmanufacturing
. gtatlstlcs, 1n order to determine which partlcular method

1s most sultable in each case.' The evaluatlon of each

method is based upon 1og1cal con31deratlons of the lnherent

capa01ty of that method to show ‘the information in the
LY Q "
clearest manner. o .

A N

In the Provrnce of Alberta, manufacturlng act1v1— )

ties in each census lelSlon possess lmpopéant characterls-

tics of their own. The degree of contrast in their economic:

-

' impact is especially significant. Manufacturing industry

tends to be concentrated in census d1v1szons ‘6 and ll
speaklng, manufacturlng act1v1ty Ln other d1v131ons is con—
srderably less" important. To portray thls extreme dlstri-'
butlonal range on’ dlstrlbutlon maps, the methods used have

to be carefully chosen. - For example, repeated symbols are.

s : e - . .
> , , : ) L R o
. ~ R
. . . ] . -

. ‘ | . . .“ N ; . 4 . 90
are available, theré is \i@gﬂ){ only a ‘map using one .or two ;

where c%lgary and Edmonton are located Comparatlvely NS

°
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most suitable to represenx small quantities, especially

s

- when the range.of value is not too great. This is because

i

the repeated symbol method needs relatively more space,
This method was found to be the best to use for portraying

information on number of establishments.

W ﬁjﬂfeated symbols are less efficient
than otﬁéﬁﬁaf Lorit ot The proportional circle, where the
size of the circle is proportional to the number repre-

sentedj'is the most suitable method for‘indicating the num-

iber of employees. By comparing the size of the circles,

the map user. is able to gain'a quick understanding of the“
concentration of employment '

-For those data which have anrektremely large range,
theicube symbols is more efficient‘than the proportional

circle{_ In general, the weakpess of uSing three-dimenSional

'_cube symbols is that the value is represented according to

the volume of the cube and this is not always realized on

visual inspection. Still, 7t is pO‘SlblertQ take advantage

of the fact that cube symbols can portray much moge value

. than other symbols, by using cube symbols in an accumulated

manner to portray information which has an extremely large

' range. The accumulated cube device not only can‘portray
:‘~statistics much Qhre accurately than the one—cube device.

"-Consequently it can be" sugges@ed that this method should be

moreofrequently used to portray information with a great

(o

¢

P
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range; For example, in the province of Alberta, the dif-

ference between lowest and highest value of value added and

gross value of production is very large. The highest val-
) - ' v ‘ - “ ) .
ues can be nearly‘two thousand times as great as. the lowest

values. Besides the accumu ated cube symbol, there is no

W

other method which can efficiently and accurately. portray
this sort of‘quantitatiJe information in=a_locational frame- .

work.

"

Generally speaking, the cartographer tries to apply

a simple design of graj o6ls, and to maintain a good

sl
o Eor

grder to

9.

create. an aesthetlcally excellent map; whlle‘at the same
time enabllng the map user to extract qulckly the essential
Jpatterns ofninﬁormation beiné portrayed. The kind of tech—
nlque which the cartographer uses will depend to a large ’
extent on the purpdse of the:map, although the map scale
and the nature of the rstatistical data available are also

1mportant factors. These practical factors, as well as

theAartlstic goal of clear’, well-balanced designf must be

S -

‘considered simultaneously in order to produce a func-

" tional manufécturing map. - B :
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- . . .

. 1 n 23 412 . 98,760 117, 353 217, 338
7 587 87 e 833,930 2,864, 258 6,092,111 7,811, 838
®0 30 L] 37 258, 088 2,950, 618 4,310, 083

A . . " .
» s (1 e 2,901,900 078,011 17, 820, 850 10, 404, 878 38,913, 148
a2 12,319 3 om 32 3, 486, 519 €, 769, 533 248, 346, 738 134, 183, 997 409, 330, 387
u 3] 23 © 230, 03¢ 12,85 1,853, 441 2,175,768

3 . 1 - - , 84,639

. . 2 s [ TTY 43, 970 28,191 . 13, 881
4 733 L 168 638, 212 14,911, 554 10, 683, 199 26, 142, 037,

472 1,10 3,081 <18, 302 7,420,088 263, 414, 728 183, 132,338 437, 907, 102
N ’ : e .

. ko 0 s 100, 130 2,37 3b4, 470 <181, 878 176, 088
n . I s 163, 341 30, 308 1,307, 394 293, Y5 1,631, 748
2 ” » m 283,361 EXT 1,002, 384 a1, X, 408, 830

s “ . 87 112, 483 (X 800,391 330,140 _/ “, s0e

] . 3. - 96, 017 34, 907 543, 454 12,534 300, 533
(3] m 1 30 €38, 723 38, 410 3,467, 100 091, @31 €. 621,950
14 04 n s 845, 308 s, 503 410,004 1,231, 898 0,081, 343

H) ‘2 . Lad 87,113 4003 - 181, 784 53,980 - 220, 078
0 [ 2 4. 5,412,050 1,381, 840 13, 118, 130 13, 458,230 23,034, 310
" .y a m 3,409,172 1,186, 311 13,387, 34 13, $10, 197 26, 054, 293

. . . : .
1 23 [l “s3 1, 485,042 ; 300, 980 3,900, 313 3, 441, 103 - 7, 543, 377
s ' z o1 LI 108, 810 13, 894 406, 718 233, 842 13, 183
3 1,030 1 1,033 2, 389, 808 288, 967 6,399, 039 4,048, 408 10,812, 411
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Consus Divisjom No. 1 A

Foods & Gcvorages

Rubber § Plastic l'ruluen -
Wool Industries

Furniture § ¥ixtyre Industrics

Printing,” Publishing & Allicd Jwdustrios

“Metal Fabricating Industrics
Transportat lon fyuipment
Non-Nctallic Mincval Products

¢ Chemleal § Chesical Products

- Miscel lancous Manufacturing  tmdustrics

Total “All Industries °y

@ N N
Consus Division Mo, 2
 Foods & Boverages *
"a#bber & Plastic Produéts

Taxtile Industrics
Clothing & Knitting Industries
Wood Industrics

Fumniture § Pixture lulutrh-
Paper & Allled I

Printing, Mlhhlng‘ﬁ Aluod Industries

Primary Motal Industry -
Metal Febricating Industries
Nechinery Industries
Transportation Equipment
Electrical Products
Non-Metallic Mineral Products
Chemical & Cheaical Products .
mmnmn Manufacturing

“

Total All Industries

Census Division No. 3

Foods § Deverages
Textile Industries
¥Wood Industries

" Printing, Publishing & Anhd !ndnnrhl

Metal Fadbricating n&u
Transportatiop Equi
Electrical Products

Non-Netsllic Mineral ‘Pre'(vh‘u:n

Total All Industries

Census Division MN4

Foods & lcﬁnge:

<

i o
‘Estab-

Rrianting, Publishing § Allled Industries
Motal Fabricating Industries

"Total All Thdustries -

Cca;u blvhlou No. S N

Foods & Icvon;cs ! .

Rubber & Plastic Products

Printing, Publishing & Alllod Industries
Mctal Fsbricating Tndustries

Muchinery Industries

Mon-Motallic Mincral hﬁuu
Miscelliancous Manufacturing |

Total All Industries

o . .
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/LA
 Valuo of
Shipmeats of FEY
Goods of Own Valoe
Salaries Mamtfacture Addded
{3°000) - (3000} {8 000)
2,399 31,820 3,807
x % =
.. x x x
46 198 59
459 o 748
> 1,783 1,018
x R | PR
x X =
x x 2
St 7 62
11,776 H6,423 4,472
13,390 179,086 31,800
x x =
= x "
x x x
261 768 34s
4] 29 123
x x x
179 2,781 2,270
x x L%
€83 4,493 3,267
1,111 3,653 1,812
2,947 13, 1u 5,238 |
x x
x x x '
N x x
9% 713 539
272,158 "p16.818 0,175
308 2,406 458
x x x
1,222 6,824 2,787
i 24 138
x x =
x x x
x x x-
x x, x
2,877 21,895 6,913
™.
\\
™~ -
x x x
x \\ x x
x ’ \\‘\\\ .‘
104 ms 130
am 850 n4
x x [ 33
Lo 330 195
x z x
xy x x
x x x
= x x .
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Consus Division No. 6 |

Foodn § Bcverages

Rubber & Plastic Products

<leather fnduntrics

Text e industrics

Ctothing & Enitting Industries

Wood lmjustrics

Furmiture § Flature Industrics

Paper L Albicd Imhuntrics

Printing, Puhlinhing & Alticd Industrics
Primary Metal Induntry -
Metald Iuhrlcatlng Industrios -
Machinery Industrics .

Electrical Products
Nor-Mctallic Mincral Products
fetroleum & Coal Products
Chemical £ Chemicd) Products
Misccllancous Manufactyring

Total All Industries

Census Division No. 7 SR

Foods § Beverages .

Furniture § Fixture Industrics

Printing, Publishing § Allied Industries
Motal Febricating lndustrh:
Transportation Equi

Non-Metsllic Mincral Producu

Total All lnd?n.ric.s

Census Division No. 8

Foods § Beverages .
Wood Industries

Furniture § Fixture Industries
Printing, Publishing § Allied lndunﬂc:
Metal Fabricating Industries’
Machinery Industries
Transportation Equipment
Electrical Products
Non-Mcrsllic Nineral Products
Petroleus & Coal Products
Miscellaneous Manufacturing

Total All Industries -

- C;nlus Division No. 9

Foods § Bevcrages

¥ood Industrics

Furniture & Fixture lndunrlc;

Printing, Publishing & Allh.-d Induatries
Electrical Products .
Non-Metallic Mincral l‘roducn-

Tota! All Industrics

Consus Nivision No. |o

‘Foods § Beverages

Wood Industridy

Furniturc & Fiigpare lnduﬂriu
Paper & Allicd Industries
Printing, Publishing & Allicd Industries
Primary Metal (ndustry

Motal Fabricating ledustrics
Machincry [miustrics .
Non-Mctallic Mincral Products Vs
Petroleim & Coal Products .
Chemleal & Chemical Priducts
Hiscollancous MHanufacturing

Total All industries

> MANHFACTURING INDUSTRITS = AL

t

A - 197)

* -(Wy Consus Divinlon; By Major Industry Growp)

Estab.
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Cost of
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1000
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! x
X
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3,3

- x

8,174

x

26,614

6,153

15,457
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10,994 -

10, 957
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352,524

7,050

5,922
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x
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15,678
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OMMRHNN
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B Sudnnnd

HHNMNOM

=
]
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Male Femalc
3,013 ns
x x

so 12

x x

x x
1,039 139
“7 L2 1
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‘.:2: 418
oK

2; \6\ 185
- 20

1; ﬂ\! 127
201 88
[} ] 14
x o X
[0 ;
s 122
13,181 2,497
[ ] 18

] x

2 19

‘x =

= x

x x
112 23

g

454 69
(] 4

x Cox
109 36
x x

x. x

x x

“x x

x x

x x

12 7
995 193
17 13

x x

x x

14 7

x x

x x
704 53
180 47

N x x
‘x x

x X

4 25

x x

73 4

x x
38 27

x ° x

x x

x x
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21 a5
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(4]

Salarics

{3000y

20,137

7.60S

103

., . N
. Valuce of » R
Shipsonta of
Comls of Own Yahue
Manufacture Addod
(3'000) {8000
219,36 $9,620-
x x
760 38!
2 ox x
x x
31,586 11,903
6,858 X, 472
n b 3 N
30,0622 22,636
x x
63,082 36,010
10,628 4,124
26,298 10,652
12,459 5,351
25,658 14,221 .
x x
28,459 16,165
8,108 4,511 .
5$89,716 230,228
. =3
3,726 961
x ° x-
312 210
N x
x x
x x
4,478 1,344
70,966 9,185
1,49 774
x x
2,199 1,630
x I
x x -
x =
x x
x x
x x
209 142
99,798 23,654
°
569 242
x x
Xy x
2 200
x x
x x
21,868 13,132
B.a50 2,388
x x
sz z
x x
969 660
x " x
1,985 97
x x
as2 358
x x '
x X
x x
49,670 12,288
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&' gus Divisiolt No. 11

Foods & Bevorngos

Rubber & PMastic l'roﬁ-:u
leother Industrios

eatile. industrics

lothing's Knitting Industrios
Wood Tmdustrios

Furniture & Fixturo Industries
Paper ' § Alligd Industrios

Printing, Publishing § Allled Industyics

Primary Metal industry
Motal Fabrlcating Industries
Machinery lm!uptrlcl
Transportation  lgulpmont
flectrical Praducts

. Non-Mctallic Mincral Products

Petroleum § Coal Products
Chemical & Chomital Products -

Niscollancous Manufacturing -

Total Al] Industries

Census Division No.

Foods & Scverages
Wood Industrics

" Purniture § Fixturé Industries

Printing, Publishing & Allied Industries

Non-Netallic Minceral Products
Total All Industries .

Census Division No. 13

Foods & Imﬁrun
¥pod Industries

Printing, Publishing & ul}od lndu!tﬂ

Metal Fabricating Industries
Transportation Equipment
Non-Metallic Minersl Products
Chemical & Chemical Products

“Total All Industries

Census_Division No. 14

Foods & Boverages ¥
Rubber &§ Plsstic Mcx.
¥ood Industries

‘Paper & Allicd Industries

-

1

?,’

'

Printing, Publishing & Allicd Industries

Kon-Metallic Mineral Products
Total All Industries

Consus Division No. 15

Foods & Acvorages
Wood Industrics
Furniture § Fixture Industries

Printing, Publishing § A1EPOS Industries

Mctal Fabricating Industrics
Transportation Lguipment :
Non-Mctallic Mineral Products
Miscellancous Manufscturing

" Total A1l Iadustrics

GRAND TOTAL ALLL INDUSTRIES

x  Figurcs comfidontisl and nlthvl}l

-

Source:

Alberta Burvat of Statisties

“ Eatab-

Cost of
1ishacnts Mstorials
— {$*000)
116 - 216,827
17 3
x
13 -
14 13,506 *
48 14,488
4 »309
a x .
[ 7,486
L4 . x
120 "\ 25,341 2,422
1wt 11,70 753
5. 7,766 373
6 . 1,389 106
33 20,343 1,362
7 108,175 691
24 x ¢ x
70 2,581 31
642 522,726 21,594
x v N
18 - - 1,178 91
1s . 1,620 184
2 z x
2 | B x
2 x x
3% 3,081 ar2
=4
14 x x
 d 346 81 .
4 ~ T4 23
3 x x
1 x x
LI 323 3
1 x x
" 36 16,489 an
. S
&
4 ' x
N3 x x
18 x L
1 x z
3 x x
2 . x N x
29 15,740 701
° .
18 3,121 196
11 22,657 1,967
. 2 x x
s 240 . o -
2 B 3 ! z
2 x x
4 646 17
2 x x
219 27,182 2,297
1,983 1,282,117 fﬂ.lls 4
Q

17,557

151
1,923
x

37

17

2178

42,081

x
‘410

4,037

IR B T ]

‘ MMM NHN

45

122

8,084

Balaries .
£3:000)

‘44,632
x
=

.3
8,260
6,379
4,208

x
8,080

=
37,989
7,179
5,32
© 593
11,924

© 7,342

x
3,348
162,084

438

x
+ 467
100

l4r

a

3,684

Valus of N
Ehipmonts of
Goods of Own VYaluve .
Menufacture . © Adudod
{$:0ne) {$*000)
299,789 L
x o L 8
x . ‘ =
x
31,102 |1.s£:
. 28,377, 10,621
1, us: N 6,450
x
26,5!! ©OIR,0N)
x X
S8,620 29,799
. 20,467
. 17,461
2,213
62,705 =~ »562
llZ.MS‘ 32,475
x
“ 7."5 4,480
"a76,773 338,821
1,838 v 638
2,604 902
> x x
x x
I “ x
4,993 1.774
. -
x x
1,39 482
246 170
X X
x x
943 598
b 3 . 4
27,660 9,116
x x
x x
., X x
P x
x x
x x
31,163 14,043
5,114 1,860
36,226 12,57
‘X . ° x
716 aro
-X x
X z
s1é 149
x N
15,3%2
45,704 43y 304
2,057,252 142,558
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