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PREFACE

“Mars are drawn by men and not turned out automatically by
machines,” wrote the eminent American geographer, . K. Wright,
in his delightful essay ‘Map Makers are Human'.! But proficiency in
the art of drawing maps is not attained without some systematic train-
ing. The discipline necessary to attain this proficiency involves three
things: (1) the handling of raw material and data; (2) a critical know-
ledge of cartographical principles and techniques; and (3) actual draw-
ing practice to attain some degree of manual dexterity and skill in
the execution of maps.

Problems concerned with the methodology of the compilation of
data and with experiment in the technique of presentation constitute
vital aspects of cartogmphy; emphasis on these has perhaps figured
less prominently in text-books than, for example, on the history of
cartography, on practical surveying, and on map projections. The
scope of cartography is so vast that no apology is needed for a selective
approach, which omits consideration of these other aspects.

The map is the traditional medium of the geographer, and it s
with the training of geographers that this book is primarily concerned.
It must not be overlooked, however, that its contents should prove
usefit] to the historian, to the economist and in Biet 16 all who may
have reason o handle or produce maps.

The maps and diagrams which a geographer is required to produce
in the course of his training and development may be classified into
three groups. The first group comprises those maps drawn as a series
of formal cartographical exercises, to provide a course complete in
itsell, but maturally closely linked with the content of a particular
geography syllabus, whether at school, training-college or university,
At Liverpool, for example, all fisst-year students work through a sys-
tematic series of twenty-six exercises, with the object of replacing the
extremely varicd standards of school cartography by some general
level of attainment.

The second group involves those maps drawn to illustrate the more
it |ess elaborate dissertations and theses which form so important a
part of more advanced work in training-colleges and universities, Fre-
quently the disertation comprises some tvpe of regional survey, and
the maps pmdun:d to illustrate it are of great importance. In fact, in
some umniversities the dissertation presented for the first degree con-
sists basically of aset of angtnn] maps, with a brief explanatory text

\ ¢ The third group comprises maps which are drawn o be reproduced

d

v line-blocks for publication, Many hundreds of books and periodicals
1J. K. Wight, Geographicsl Riesing, vol. 32, p. 337 (New York, 1942).
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containing maps are published cvery vear. All too often the maps
they contain are poorly drawn, with inadequate lettering, either over-
reduced so that legibility has suffered or under-reduced so that they
are crude and empty in appearance, and frequently with heavy
obliterating stipples. As V. C. Finch wrote, A survey of geographic
publications shows all too clearly how ill-adapted many of the maps
and diagrammatic devices employed are to the purposes for which
they were intended, and how often only a few minor changes would
have improved their effectiveness had the authar been more familiar
with the range of devices and techniques at his disposal.’'t

The book has been divided into six chapters, The first is devoted o
a preliminary discussion of materials and techniques, while the remain-
ing five chapters deal with specific maps and diagrams which fall
within the purview and scope of the geographer’s interest.

The phrase ‘maps and diagrams’ has been interpreted in the broadest
possible sense, for geographical data lend themselves 1o many possi-
bilities and varieties of eartographical and diagrammatic treatment. In
addition to the accepted concept of a map—a conventionalized depiction
of spatial distributions viewed vertically—a wide range of diagrams
has been discussed, including graphs, block-diagrams, profiles and
landscape sketches. After all, a gradual transition can be traced from
a straightforwird topographical map, through various degrees of con-
ventionalization and selective emphasis, to a simple diagram.

An attempt has been made (o increase the value of this book by the
mclusion of references to source material and data for map compila-
tion, and to original articles, both those discussing the principles of
sume particular cartographical method, and also these illustrating the
successful application of the various techniques. Bibliographical refer-
ences are quoted fully in footnotes or in captions to maps and disgrams,
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CHAPTER I
MATERIALS AND TECHNIQUES

Drawmoe [NSTRUMENTS

It is essential for a siudent who desires 10 acquire a reasonable
cartographical technique to provide himself with an efficient sct of
drawing instruments, and to learn their use by systematic practice,

Pencils

Much preliminary work is necessarily carried out in pencil. A hex-
agonal pencil is better than a circular one, as it prevents rolling or
slipping. Leads are made of graphite compounds of varying degrees
of hardness; thus 8H or gH leads are of metallic hardness and will
scratch or cut the surfiace of the paper, while a 6B lead is extremely
soft, For most drafting work, either an HB or an H pencil is adequate.
A 6B or a solid carbon pencil may occasionally be used for such
operations as hill-shading, but such a map should be protected from
smudging with an overlay of trucing- or tissue-paper.

A pencil point must be kept really sharp. A mechanical sharpener
is useless, and the lead should be sharpened with a keen knife and
brought to a needle-point by rubhing it on a sand-paper block. For
ruling lines against a straight-edge, sharpen the pencil to a chisel point.

Pens

Many types of nib of specialized design are on the market; most of
these are chiefly of value to profesional draughtsmen. A broad
medium-sized stff steel nib, one or two double-pointed nibs which
will draw parallel lines (for roads and railways), and a ball-pointed
nib for dotting and stippling, will all be wseful to the student. A
mapping-pen ean be used for fine line-work, but it is cssential that
perfectly even pressure should be applied on up-and-down strokes, for
one of the main difficulties in its use is the varying. line thicknesses
produced, 1t can be employed for rivers, where a tapering line is
required.

The main problem of the ordinary cartographer is to obtain a uni-
form. thickness of line. One solution is to use & pen such as the Uhe,
which eonsiits esentially of a series of detachable cylinders of varying
diameter, numbered from o to 7, each of which produces a different
line thickness (Fig. 1), and is supplied with ink from an attached
conical reservoir, Each nib fits a wooden or plastic holder, A certain
amount of care with a /s is necessary to maintain an even flow of
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MATERIALS AND TECHNIQUES 3

ink. The pen must be held vertically, It must be kept absolutely clean,
and every time the ink in the reservoir is exhausted it should be dipped
in hot water, the wire in the cylinder carefully pulled up and down,
and the cylinder wiped off with a picce of lulfless material,

Ruling-Pens, A ruling-pen consists of a handle with two blades each
tapering to a point, the distance apart of which can be regulated by
a screw; some types have a hinged nib, which allows for easier clean-
ing. The blades should be kept sharpened on an oil-stone. The pen
must not be dipped in ink, for any ink on the outside of the blades
will produce blurring; the ink is inserted between the blades by a quill
or by an ordinary pen or brush, or from a tube. The student must
experiment with the various settings of the screw and the resulting
line-thicknesses, and it is advisable to rule a few trial lines before
starting on the map itself.

Ruling-pens which rotate an their handles, and so can be used to
draw curving lines, are available, but are not of any great value to
the cartographer. Double ruling-pens, which consist of two ruling-
pens fastened in a single holder, adjustable so that double lines can be
ruled of varying thickness and distance apart, are sometimes of con-
venience for inserting railway-lines, roads and canals (Fig. 2).

Ruling-pens need considerable practice. They should be held lightly
in a vertical position against a straight-edge, preferably of steel, and
bevelled to prevent the ink-lines from running; this edge must not be
so high that the line wavers. The pen must not be so full that the line
is blobbed, nor so dry that fine double lines are produced instead of
a single line of correct thickness. However, when the technique is
mastered, it enables clean-cut lines to be ruled, and it is of great value
for line-shading (see p. 37). Where a thick marginal line is required,
it is better to rule two paraliel lines and then fill in the intervening
space with a fine brush,

Quill-pens may be used, with practice, for lettering. "“"No one who
has learned to cut a quill will ever again be content with a steel
pen, , . "t Either a goose or turkey quill is used; the former are more
supple and wear longer, while the latter are much stiffer, For very
fine work a duck or crow quill may be used, while for large work,
such as wall-maps, a reed or cane is employed. The quill has to be
cut cleanly with a very sharp knife to the desired shape of nib; much
practice and experiment is necessary to do this successfully and to
find a shape which suits the individual draughtsman. Ink should be
put into the quill with a filler. The great advantage of quill-pens is
that lettering is speedy; only a single stroke is needed, for gradations
of thickness are easily produced by different pressures, and ‘building-
up' is unnecessary (see p. 45).

L G. Hewitt, Lettoring, p. 251 (London, nad.).
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The Fountoin-Pen Drawing Instrument. A continental drawing instri-
ment, known as the Graphos, has been recently introduced to this
country, and may well prove to be a great boon, particularly to the
studemt-draughtsman. It consists of a holder containing an ink-feed,
which is filled by means of & pipette from an ink cartridge. A feed-
duct, protected by a metal cylinder, projects from the holder; it is
slotted to take the tongue of a nib, which can be easily slid into
position. A wide variety of hard steel nibs is available, including fine
and broad ruling nibs, tubular nibs for stencil-lettering, slant nibs for
squarc-ended lines, round nibs for round-ended lines, and a fine
drawing-nib for free-hand work. This single instrument will enable
a dranghtsman 0 carry out virtually every form of line-work and
lettering with no more trouble than changing a nib,

Other Instruments

A variety of other drawing and geometrical instruments will at times
be found useful. Minimum requirements comprise a pair of compasses
(preferably fitted with both pencil and ruling-pen), dividers, a large
celluloid set-square with bevel-edges for ink-work, a protractor, a hard-
wood T-square for laying out margins, a steel straight-edge, hard-woaod
inch and centimetre scales, various celluloid curves or an adjustable
flexible curve, and parallel rulers for setting out parallel lines or for

The Drawing-Table

Drawing-paper can be rested wpon a hard-surfaced drawing-board,
tilted at a slight angle. More convenient, indeed essential for good
line-work and for copying, is a drawing-table, the top of which con-
sists of heavy glass, and can be illuminated from below, This will
enable maps to be copied easily on tracing-paper, and it is possible,
given a sufficiently brilliant illumination, to trace on to apparently
opaque drawing-paper. Lead weights, covered with baize, are better
than drawing-pins to keep the tracing from slipping over the onginal
or first drafl, or the tracing may be stuck down by strips of adhesive
tape over each corner.

Inxs axp Corouns

Indian Ink

Indian ink consisis of fine lamp-black suspended in a liquid medium,
It is deep black, waterproof, and photographs well, but it dries very
rapidly and the cartographer must keep his line-work moving. All
cartographic work, whether for the exercise book, the dissertation, or
for line-blocks, should be finished off in Indian ink, becauwse of its
clean, clearcut effect, When exposed to the air the ink in a hottle
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coagulates and dries out rapidly, and unless it is corked when not in
use, the ink soon deteriorates; it is economical to fill 2 small botile
periodically from a larger one. It is preferable for Une and ruling-pens
to use ink supplied in plastic tubes, which on being squeczed at the
base will exude from the nozzle the desired amount of ink of correct
fluidity.

Water-Colours

Water-colours can help, if used with discretion, to clarify maps for
the cartography note-book and for the dissertation, Ordinary water-
colours, made in tubes and cakes, or aniline powder-dyes, may be
emploved, Several sable brushes, broad ones for washes and a few
finer ones for detailed work, are needed. One brush should be kept
for painting with Indian ink, where considerable areas have to be
blackened, or double lines filled in. Another may be reserved for apply-
ing white paint to obliterate unnecessary lines on drawings for the
block-maker, and a third for tinting with coloured waterproof inks.
It is necessary to emphasize that brushes and paints should be kept
scrupulously clean by washing them thoroughly in warm water
after nse.

Other Colours

Crayons and coloured pencils are occasionally wseful to colour
exercises, but the results are generally cruder than if water-colours are
used, Coloured waterproof inks are helpful for line-work {(as, for
example, blue for rivers and red for railway-lines). Where the areas
concerned are small these Inks may be applied with a brush, but
it is difficult to obtain a smooth wash with ink over a large surface.

Drawing Mepia
Note-Books and Folders

Where a student is working through a systematic series of exercises,
it is obviously desirable that these should be arranged and presented
in some permanent form. There are three alternatives: a bound note-
book, a loose-leaf file, or a large envelope or folder. Each has it
advantages.

A note-book should have stiff covers, well guarded at the binding w0
allow drawings to be pasted in, and interleaved with graph- and
writing-paper. Written exercises, calculations, notes on methods, and
various graphs and diagrams can be written or drawn straight in,
while maps on drawing-paper may be carefully mounted with or with-
out ane or more guarded folds. A carefully compiled note-book, con-
taining a series of exercises executed week by week, will constitute
a most useful and attractive reference book of cartographical methods.
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A lsose-leaf file should have good stout covers and some efficient
binding system; it allows the convenient storage of work of different
dimensions on varying media, and is flexible in arrangement. Where
the course consists of a few major exercises, a large stout envelope is
probably meost useful. Alternatively, the maps may be kept in a folder
consisting of two sheets of cardboard hinged together by a strip of
adhesive linen, with the open ends secured by tapes.

Drawing- and Tracing-Papers

Drawing-paper should be used for all finished map-work, except where
it is to be reproduced (when racing-paper is adequate). Ordinary
cartridge-paper, or a matt-surfaced machine-pressed paper, or thin
card such as Bristol board, may be used for particular jobs. Obviously
the cheaper media will not stand much erasure, nor will they take
smooth colour-washes.

Tracing-paper is made in a wide range of qualities; a good paper is
tough, of a smooth matt surface with no gloss, and highly transparent.
Maps for the block-maker can be drawn directly on to tracing-paper
in Indian ink; copying by tracing, and any alterations and obliterations,
can be more easily done than on card. Tracing-papers, however,
expand very appreciably, particularly on damp days, and especial care
must be taken with the exact register where drawings are intended for
two-colour hlocks. Tests show that a change of 40 per cent relative
humidity may produce a distortion exceeding two per cent in either
direction, which with a sheet a foot square may amount to a quarter
of an inch. These papers tear easily, and tracings should have their

guarded by adhesive tape of some kind: a small machine may
be used to bind the edges with special linen tape.

Tracing-paper is also useful for overlays. For example, & tracing of
grological outcrops may be superimposed on a topographical map to
emphasize some significant relationship (see p. 108).

Various other media, such as vellum, cellophane, tracing-cloth, and
drawing-paper mounted on linen or muslin, are used by professional
draughtsmen for certain specialized work.

Plasti: Media. Various plastic materials are now available for carto-
graphical work. They have a high degree of dimensional stability, and
are especially useful for colour overlays to ensure a high fidelity of
register. Such a medium is Aodatrace, a grainless cellulose plastic
malerial, finished matt on one side to take pencil, ink or colour, and
tinted faint blue. It has a high degree of transparency, for it allows
74 per cent light transmission; it has an extremely smooth and uni-
form texture, yet is tough and flexible; it takes ink without cockling,
even when large areas are blocked in; and it i3 impervious to water.
It can be cleaned easily, using ammonia on cotton wool for removing
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ink, or a soft rubber or a damp cloth for pencil. Another very attrac-
tive medium is the Ethulon tracing-film. Several varieties of plastic
sheet are produced in America, such as Vinylite, Copyrite and Dyrite.
One variety consists of a sheet of plastic laminated with paper on
cither side. These plastics are almost dimensionally stable.

Graph-Fapers

Tt has been recommended that the cartography note-book be inter-
leaved with arithmetic graph-paper, preferably ruled in inches and
tenths of inches. This will enable a wide range of graphs 1o be drawn
straight into the note-book. Sometimes & larger sheet may have to be
mounted in the note-book with one, two or more folds,

Semi-logarithmic graph-paper, which combines a horizontal arith-
metic scale-ruling with a vertical logarithmic scale-ruling, may be
needed where it is desired to plot rates of change (see pp. 203,
273). This paper is available in a series of cycles, and can be
scaled a .desired in powers of 10. Thus with five-cyele paper, the
lowest cyvele may be 1 to 1o, the second 10 to 100, the third oo to
1,000, the fourth 000 to 10000, and the fifth 10,000 to 100,000.
Should larger numbers be needed, the lowest cyele might begin at
10,000 or 100,000, Sheets of two-way logarithmic paper (i.e. with both
horizontal and vertical logarithmic scales) may occasionally be required
for frequency grapha.

Circular graph-paper may prove very useful in drawing some projec-
tions, for wind-roses, and for diagrams showing seasonal distribution
of climate and of human activity. Percentage circular graph-paper, in which
the circle is divided into one hundred segments, facilitates accurate
and speedy plotting of divided circles (see pp. 153, 18g). Trimgular
graph-paper may be wsed when three varables have to be plotted, as
for example, three related aspects of climate. Another type of graph-
paper, iwmetric, enables three dimensional figures, such as block-
diagrams (Fig. 44), to be constructed withoul recourse to angular
measurement. Arithmetical probability graph-paper is invaluable for plot-
ting probability curves as, for example, of rainfall (sce p. 151)2

Mar CoMPrLATION
General Featires
Whether a 'map or diagram is drawn by a siudent as an exercise,
or by sn author to illustrate his monograph, it is essential in most
cases to compile a preliminary draft, The eartographer has to con-
sider the aim or purpose of his map, the source material from which
it is to be canstrueted, and the mest striking and cffective method to

LA varicty of hntrated in The Chartowll Lint of G Data Sheett,
pllﬂnhcdbrwm?ﬁcrmﬁu{amhd:ﬂ A
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be used. He selects carefully his base-outline, the scale, and the size of
the finished map or of the desired reduction. It often happens that
a map, clear and attractive in its ariginal form, is disappointing upon
reduction; it may be under-reduced, so that it is crude and empty-
looking, or (more frequently) over-reduced so that legibility has suf-
fered. As V. C. Finch wrote, *“The editorial staffs of the geographical
periodicals know to their sorrow how many good-looking manuscript
maps and diagrams present almost insoluble problems in printing
owing to failure of the authors to grasp the elements of scale and
proportion in drawing for reproduction.™ While it is possible to
standardize the size of lettering, line-thickness and density of shading
suitable for any degree of reduction, it is often necessary to make an
actual trial. A photographic reduction can be made, or when a
large series of maps is contemplated it may even be well worth having
a trial block made, It should be noted that the amount of reduction
is expressed in linear terms, not areal, ie. an original map of ten by
five inches will, for a half reduction, appear as five by two and a hall’
inches. The compiler must be careful, when concerned with an
awkwardly shaped map, to mark the correct controlling dimension;
thus an original map, 16 by 8-2 inches, marked for a reduction width
of 4-1 inches, would be too long for a page which measures 7 by
4-1 inches, In this case, the length should be marked as 7 inches, even
though the resulting block will be slightly narrow for the page. In
general practice, a block should be made less than the actual page-
size, in order to afford room for title and caption.®

The correct balance of the map is sometimes difficult to attain,
especially when an awkwardly shaped or irregular area is involved.
The most convenient positions are assigned to the key-panel, the
scale-line and the cartouche (see p. 17). The compiler chooses in the
light of his expericnce the correct line-thicknesses, stipples or line-
shadings, and symbols, and the character and size of the lettering.
Care has to be taken not to overload the map with detail which might
obscure the main theme of the map.

As a rule, a first pencil drafi should be carefully prepared, either to
be inked in or to serve as a precise copy from which a finished tracmg
may be made. When a pencil draft is to be inked-in, rub the map
lightly with a very soft ‘soapy’ eraser (such as “Arigum’), or with a
powdered erasing medium, so that the pencil lines, while still visible,
become as faint as possible, and dust the paper carefully. Indian ink
should never be applied over heavy pencil lines, as the suability and

1Y, C h, “Training for Research in Economic Geography', Ammals of the
.{sm&u‘; q:'-lrmﬂm Gll:ﬂl,lﬁfrr. vol. 34, p- 207 (lancaster, Pa, lgj!;;.;; o

% An interesting geneeal arvicle on this subject & by A B. C:Inglg he Preparation
of Mapd and | fior and Thes',

+ m 7= %ﬁmnm w:m Articles Groographival
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permanence of the inked lines is thereby impaired, It may be men-
tioned that when the map is being traced from a direct source, there
is no gain in preparing a preliminary pencil tracing. This not only
doubles the time taken, but increases the possibility of minor errom,
Instead, using a lighted tracing-table, draw the map straight away in
ink; the only pencil lines needed will be guide-lines for the lettering.

Base-Mapis

A base-map is an outline map used for plotting information. It may
consist of the coastline and frontier, or major or minor administrative
divisions, contours, field-boundaries, or natural drainage patterns.
These outlines may be extracted from topographical maps or from
atlases, and oecasionally they are provided by national Institutes of
Geography and other organizations.?

Duplicated outlines can be issued to a class as a basis for a specific
exercise, and can be used by a research worker who has to plot a
mumber of distributions on the same base.

Map-Checking

All maps should be minutely checked upon completion. The com-
piler should where possible secure the help of one or more critics to
whom the map is novel, for all 1o often he may miss the most obvious
errors because of his familiarity with the map. The checking should
be systematic; spelling, line-work, shading, key, scale-line, all must be
checked in turn. The caption should be checked at the same time for
correct title, source or acknowledgement, and explanatory comments.

Ko=-Maps

When a series of maps has been completed, cither for a dissertation
or a published monograph, the maps should he carefully numbered
in order of first reference in the text, and a list of their titles included
in the table of contents, A key-map, placed at either the beginning or
end of the text, is often useful to locate the various maps. Thus a series
of a dozen large-scale coast maps may be located on a small-scale
map of the whole coast, each map being shown by a rectangle drawn
to scale and numbered with the consecutive figure number. Similarly,
a series ol scattered village plans can be located on a map of the
whole county. This is particularly helpful to the general reader when
the monograph is of a detailed nature, and widely dispersed regional
examples arc used.

1 For ezample, 1 il National dr g Statisns Ecomomiques {AMfind
de r&m ﬁ':'fwi:i:m, %ryx:ﬂﬁlwﬂ I %ﬂm
Rigians mmﬁmm - 4 msp was specially prepared for use s o
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Scaves anp Scave-Lives
Dafinitions
Through usage the word ‘scale’ has come to be employed in two
distinct senses. In the first place, it denotes the relationship which the
distance between any two points on the map bears to the correspond-
ing distance on the ground, expressed ecither in words, as ‘one inch
to one mile’, or as a representative fraction (R.F.}, as 1 /6g,460.

Uszful R.F. Congersions

R.F. Miles to Inches to Km. to Cm. to
Ifto I inch r mila ¥ gm, 1 km,
Million 15-78 00634 10°0 01
633,600 | 10 01 6-33h o-1578
500,000 7-8q:1 0127 50 o2
253440 40 035 2534 0-395
12,720 20 u-g t-2b7 o-78q
100,000 1578 0-b336 L0 10
63,360 10 1°0 o-G356 1-578
50,000 o-78g 1-267 o5 20
25,000 0:345 2534 0-25 40
10,560 o-ih 6o o-1056 g468
10,000 0-153 G536 o1 100
2,500 00395 2534 0025 400
;250 00168 50-69 00125 Bo-0

Used in the second sense, the word scale denotes a linesscale which
enables distances on the map 1o be directly measured and read off
in terms of distances on the ground. All maps should bear a line-
scale,

When compiling a map, the first essential is to determine the scale
to be used. It is obviously necessary to take into account the extent of
ground to be depicted and the available size of the paper. The amount
of detail which can be included is clearly a function of the scale, in
that a large-scale map will show a smaller area in greater detail than
a smallscale map. Thus Fig. 4 is an enlargement of one portion of
Fig. 5, in an effort to clanfy the complexity of the intricate pattern
of state boundaries; the scale of the lower map is four times that of
the upper.

A further complication Is introduced if the original drawing is to
be reduced, either photographically for a dissertation, or to make a
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line-block. In cither case, the scale should be indicated on the face
of the map as a line-scale, and not expressed in words or as an R.F.;
the last two will obviously be invalid upon reduction. The line-scale
is of course redueed in the same proportion as the map.

There are two types of line-scale. The first is the long accurately
divided line, used for large maps, which enables direct measurements
with dividers to be made, The second is the short, inconspicuous line
drawn on a small map which gives merely a general idea of actual
distances invalved, but is unlikely to be used for more than a easual
measurement by eye.

Long ELine-Scales

The calculation and construction of a long line-scale, which should
as a rule be about six inches in length, forms a useful cartographical
exercise, and helps to drive home the principles involved. From
experience, it is incredible how confused many students become when
faced with an R.F, which they are requested to convert into a line-scale.

Suppose it Is necessary to draw a linescale, indicating miles, for
a continental map of R.F. 1[50,000.

On the continental map, 1 mile iy represented by

63,360 = [-2672 inches
50,000

-5 miles ir represented by a line of length :
12672 % 5=0-34 inches.

Draw this line accurately, then divide it into five, by setting-off similar
triangles. This is done by drawing any line five units in length, at
a reasonable angle from the left end of the line-scale. Join the end of
this line to the right end of the linescale and rule lines parallel to
this from the unit intersections on the upper line. This will give the
divisions on the line-scale itself. It has been calculated that one mile on
the ground would be represented by 1-2672 inches, and this distance
can be stepped off five times with dividers. It is clear, however, that
when a single line is drawn there is one possible error of measure-

Froe 3, 4. Exiancursy or Scue

Based on a contemparary , The German Confidernted Siates (London, 1839).

'ntmrplupmﬁmofmth?upwmpmﬂbr:wﬁdhm& on
the lvwer mup on @ scale four times a1 great, This enlargement enables some sate-
s o be isenied for reference.
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ment, which by division into five is distributed; when the five small
lengths are stepped off, the errors of measurement are cumulative and
may be quite appreciable. The division on the extreme left of the
line can be further divided into four or eight to show quarter-miles
or firrlongs; this is known as an open divided line-scale. If the whole
line is divided, it is kmown as a fully-divided line-scale, but this is
not usually necessary. When numbering the scale, zero should fall
one interval along from the left, so that the left-hand end of the line
will be numbered 1, and the divisions to the right of zero will be
numbered 1, 2, 3 and 4. When measuring a length with dividers,
place one leg on the nearest whole number on the right of zero, 50
that the fraction can be read off directly to the left of zero (Fig. 5,
example A).

ALl § & 9Miles | § 3 g
gl d i 3 OMiles i F 3 &
e bt 1 i OMiles 1 : ! :
J;'rn'rm‘ o 15111111 dkm 1= I:im:l
Hours
i Miles
p: LrFag £ 2 1 3
I o Thamad ym?d- 3 3 8 ’ " v
e i 0w : :
ha ¢ Kilgmetras I i _Tl
£ I.mile o © e 5 Iz
e— i e
Miiles Miles

Fia. 5. Love-Scaves

A Open divided lisescale; B. filled line-scale; C. time and progross linc-scale (the
timie-scale n 2 uniform speed of 3 miles howar] double linear-unit
ne-scales: ;.:hm L= ales, = = SN i

The line-scale should be drawn as a single clean line, marked with
neat ticks of uniform height. Double lines, with alternate spaces filled
black, are commonly used for effect, but should be avoided if exact
measurements are desired, since the black sections are actually longer
than the white by the thicknes of the bounding line at either end
(example B). A second scale can be placed on the underside of the
line i necessary; it might be a uniform time and progress scale
(example C), or a scale of different linear units, such as kilometres
or thousands of yards below a mile scale (examples D, E).
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" Diagonal-Seales

It 15 occasionally necessary, particularly on large-scale plans, to
be able to subdivide the first unit length with considerable precision,
and a diagonal scale may then be used (Fig. 6). Suppose that it
is necessary to draw a line-scale of R.F. 1/643,600 (i.e. 10 miles
to 1 inch) to show miles and furlongs; direct division to represent a
furlong on such a small scale would be out of the guestion; for it
would be only o-0125 inches in length.

{L+] 0 M ILES 20 e Le
| IEREEEEER D
a
=
1 fn
IEERERNENNS

NEENEEE >
JIJJ]) e

{[=] o o 20 30

Fro. 6. A DicoxaL Scare

‘This shows miles and fisrlongs. The upper arrow indicates s length of 32 miles, 4
fwlmw.ﬂu!nmufﬂmﬁjﬁulﬁnip:

Draw a line 4 inches long, dividing it into four portions of 1o miles
each by setting-off proportional triangles. The left-hand unit can be
divided into ten parts to indicate mile lengths, but these will only
be o1 inches long, and are obviously indivisible into eight further
portions to represent furlongs. To obtain these furlong divisions, con-
struct & diagonal scale, as shown in Fig. 6; here the distances repre-
sented by arrows marked are 22 miles, 4 furlongs and 37 miles,
7 furlengs respectively.

Short Line-Scales

These lines are used commonly on maps intended for reduction as
line-blocks; and are indicative, rather than for use in precise measure-
ment., They should be reasonably small; this a line one inch in length
it adequate for a map to be 4 inches wide on reduction, but if there
is a large blank area in one corner it may look better to have a longer
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line, Care must be taken to ensure that the vertical dividing ticks are
sufficiently large to appear when reduced. Choose carefully where to
place the line-scale; this is, of course, part of the general lay-out and
compilation of the draft. Avoid if possible a corner with crowded
detail; it may be necessary to cut out a narrow panel and inset the
line, or to put it inside the key panel or below the title, Each map
must be viewed on its own merits, and the scale placed where it inter-
feres least with the detail. Various alternative forms of line may be
used (Fig. 5, example F), but uniformity throughout a single series
must be maintained. Consider carefully the style and size of the letter-
ing and figures; O's especially are apt to look extremely ponderous.

100 50 G Miles 100 0.,
N ESSESscs : =
e .t A
ot : — %
ST : !
m‘LLI —F 1 T X 20"
Scale- 1/4M *

Fro. 5. A Vamnmasie Scais

This scale, comtructed for & Conical Orthemorphic Projection, with two standard
paralich a1 27° and 63° North Latitude, enables distances o be correctly measureed
llmp.rﬂkflh:lmm‘mﬁqn‘ﬂ.

Other Scales

On small-scale maps of extensive arcas, a scale may occasionally
be amitted if a graticule is drawn, or if meridian and parallel intervals
are indicated in the margin; in either case, the projection should be
stated, Otherwise a oariable scale (Fig. 7) should be used, or the average
scale for the central portion of the map stated.

The casiest way of giving the scale of a block-diagram is to state in
the caption the distance between two clearly identifiable points on the
diagram. A perspective scale, which decreases from the foreground 1o
a vanishing point on the horizon, can be used if required for a land-
scape drawing, but again a statement of the distance between two
puinuismunﬂyad:qmm.ﬂmbmimmgndmﬁufﬂdummarhd
on the base and left edge of sections and profiles, while the vertical
exzggeration should also be stated (see p. 69).

Using the word *scale’ in its broadest sense, it can also include dia-
grams which enable quantitative measurements to be read off: thus
there are horizontal and vertical scales on line-graphs and columnar
diagrams, scales which enable proportional sijuares, circles and spheres
ta be drawn or evaluated, and scales of slopes. Each is discussed below
in its relevant place,
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Fraues axp Paxeis

Margins

A map must have a margin or frame; detail, except on simply-drawn
sketch-maps, must not be left ‘hanging in mid-air’, but must be con-
tinued to the margin. Graphs and diagrams may or may not have a
frame, depending on their appearance. The margin, together with
a panel for the key and, if needed, another for the title, should be
ruled in as a preliminary to the inking-in of the pencil draft. The
position of these pancls depends on the lay-out of the detail on the
map, and should be carefully considered during the preliminary com-
pilation; usually they will be placed in empty corners, or centred on
the bottom margin. Sometimes they may be conveniently placed where
the detail is irrelevant to the main purpose of the map (Figs. 105-8),

Margins or frames should be as simple as possible. For a line-block,
a single bounding line, cleanly ruled with sharp carners, is quite
adequate. For larger manuscript maps, it is permissible (o have an
inmer margin, with an outer one of a heavier line, or with a double
line, either apen or filled black and white in alternate spaces, possibly
to show degrees or linear units. But elaborate scrolls, designs and
ornamental corners should be strictly avoided.

Cartouches

This avoidance of elaboration applies alo to the cartouche, a panel
in which the title is placed if one is needed on the map. Elaborately
decorated cartouches were the delight of the Dutch Renaissance cart-
ographers and the Elizabethan county map makers, but they are
usually out of place in a modern map (see Fig. 178). As a rule, the
title need not appear on the face of a map intended for a line-block,
but it can be set up below in type. On a large manuscript map, the
carefully lettered title is, however, an integral feature.

Kep-Panels

The key-panel should be carefully compiled so as to include a refer-
ence to all symbols, shading, stipples and special lines used an the map.
Normally a frontier or coastline need not be keyed, but if different
lines are selected for international, provincial and communal bound-
aries, they must be explained. All shading should be placed in small
detached rectangles, which are clearer than divided columns. For
relief map keys, put the darkest tint (highest land) at the wp of the
series; in geological maps put the stipple representing the youngest
formation at the top, The key panel must be carefully laid-oat to give
a balanced appearance, economizing in space, maintaining a strict
rectilinearity of arrangement, and using succinct definitions. A time-
and space-saving idea is to number the items and list the numbers,

e
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with their definitions, in the legend below (Fig. 12g); much fuller
explanations are of course possible than could be lettered on the map,
and moreover this saves valuable drawing time. Sometimes it is pre-
ferable, where a key is particularly involved, and when it is essential
for it to appear on the fiace of the map, to have the definitions set up
in a carefully chosen fount of type. These are cut out and pasted on
to the drawing in their correct position, and then a line-block is made
in the wsual way. Where there is a series of maps with a common
shading system, another economy is to use a single key on the first
map in the series, to which reference may be made in suceessive maps.

Legends

The legend or caption can be conveniently mentioned at this point.
A map, with its key and legend, should be complete in itself and self-
explanatory, although to maintain the strict essential liaison between
text and maps, the relevant places in the text should carry a reference,
as “(Fig. X)". The legend should be carefully compiled. It must state
the source of information; unless the map is wholly original, or give
the exact reference to the statistical data on which the map is based.
Any expansion of key definitions and any significant comments will
follow. On a manuscript map, this caption may be typed on white
paper and then stuck centrally below the map. A caption for a line-
block in & printed book should be set up in a smaller fount of type than
the body of the text.

The North Poing

As a rule, a north point is not necessary when a map is drawn
conventionally with the north at the top margin. But a point should
be inserted on port-plans, town-plans and the like, where frequent
references o directions are needed. The old map-makers lavished great
skill on highly ornamental north points and compass-roses (Fig. 178),
It & simple arrow, with a clean barb and a short eross-stroke mid-
way across the vertical shaft, discreetly placed near a side margin, is
quite adequare,

Lines of Latitude and Longitude

Many a good map has been spoiled by the superimposition of a
heavy graticule or network of lines of latitude and longitude. For
ordinary distribution maps, in which towns and coastlines are clearly
marked, lines of latitude and lengitude are unnecessary, although
sometimes, as in the case of ocean-route maps, or of maps where an
unusual projection has been used, the graticule must be drawn over
the face of the map in some detail. Occasionally it is sufficient to
mark off the degrees of Iatitude and longitude on the frame of the map.
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Grid. Lines
In the case of maps which are based on a topographical series with
a local or a national grid, reference lines marked on the map are
preferable to lines of latitude and longitude, Here again, grid lines
need not be drawn across the map, but grid references may be marked
off along the frame, or, in the case of small areas, at the four corners.

SyMBOLS

An immense variety of symbols can be used to specify distributions
at particular points; Fig. B illustrates a number of these, but many
others can be devised, They may consist of solid or outline geometrical
figures, placed as near as possible to the centre of the place each s
intended to indicate. They may be conventional,’ or they may be
chosen arbitrarily by the compiler to denote some specific feature.
Pictorial symbols may occasionally be used effectively, though with
discretion, particularly on the more graphic type of map;* thus bales,
sacks, sheaves or barrels may indicate with some relevance the dis-
tribution of certain commaodities. Litteral symbols (initial letters), pos-
sibly of a size more or less roughly proportional to the quantities
represented, may be used, but these tend to give a somewhat confused
appearance to the map, particularly when other lettering has to be
inseried. All symbals must of course be carefully keyed.

Quentitative Dot Maps
The simplest form of symbol is the dot, and a very useful form of
distribution map is one on which quantities or values are represented
by dots of uniform size, each dot having a specific value.* This form
of distribution map is especially useful when the values are distributed
unevenly and sporadically, a fact which might well be concealed by
some form of average density map. The dots are inserted within the
particular administrative units for which statistics are available; obvi-
ously the smaller the statistical unit, the more accurate is the map.
The first step is to examine the range of quantities involved, and then
to select a value to be represented by each dot. The success of the
map depends largely on the choice of this value; it should not be so
low that there will be difficulty in inserting all the dots in units where
the quantities are high, nor 2o high that there will be units with very
- exmple, the 1.5, Geological Survey Publication, Topographic M.
ﬁ(ﬁr& Yark, 1o50); llxt;l;lshl. Couzinet, *Te H:Hm:ﬁrl"uniﬁmﬂlﬂimdz
Couventionnels ur les Cartes Topographiques’, remcies du Coagprie Inder-
mﬁ‘w Lisbonae, 1949, Teme §, Actes da Comgrit. Travaus dr la Section 1

2 D. L Mumby, Iadustry and Planning in Skpacy (Onxford, oic., 1951) wes pictorial
symbold in = weries el maps to denote indutnal distributions. !

9;:;. St |. L. Winterbothan, ‘Dots and Distributicns’, Geagraphy, vol. 19 (Londan,
] .
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few dots. However carefully the value is chosen, it frequently

that there will be problems attached to the placing of the dots in the
units with very high or very low figures. In the former case, it may
be found that the dots will be so numerous as to coalesce. Some
cartographers, in fact, claim that this result should be aimed at; the
conirast between the white: (dotless) and solid black areas, with a
gradual transition hetween them as the dots increase in frequency, s
regarded as an ideal form of visual presentation. Other cartographers
insist that the dots should be countable and thercfore must not be
allowed to merge. In practice, dots are rarely counted, for obviously
the person in search of more precise information must retum to the
statistical source upon which the map s based; this, of course, should
always be siated under the dot map. Hu“nﬂ, if the high values do
produce merging, it may be preferable to fill the unit concerned in
solid black, and then insert the actual value represented in figures in
a white panel. In the case of units with very low figures, on the other
hand, even when the value attributed to the dot has been chosen with
discretion, a single dot may have to represent the total value within
the whole of a unit. The problem is where to put the dot; obviously
the map will here cease to hiave any precise locational value.

If dots are to be placed evenly and uniformly within each unit, as
in the absence of more precise imformation they must be, the bound-
aries of the units should, strictly speaking, be included on the map;
in practice, these are often removed after the dots-have been inserted.
But straight rows of dots should be avoided, and so should lines of dots
parallel to the boundary of each unit, which will produce patterns
and whorls in the finished map. The dots should be placed evenly by
eye, and some continuity attained with the dots in adjacent units,

The dots may be placed more precisely when detailed information
is available concerning the exact location of the values, derived from
field-work, such as a land utilization survey for a crop map, or from
larger scale maps, giving, for example, the actual position of hamlets
and faurms for a rural population map. But more generalized informa-
tion, such as is provided by relief or climatic maps, or even by vague
geographical preconceptions, must be avoided; “it is susceptible to
wishful thinking, with some loss of objectivity. Sheep are not always
found on uplands, nor barley in the drier parts™.} Occasionally an
assumption s warrantable: “in Arizona, alfalfa will be shown in the
irrigated valleys and not in the arid uplands"™.? But such an assump-
tion must be used with very great discretion (Fig. rog).

The actual size of the dots to be used presents a further problem.

1w, G V., Bulchin and W. V. Lewis, “The Comstruction of Distrilmtion Maps®,

Gengraphy, vol. 30, p. g1 (London, 1945).
2 E. Raixx, Gowral Cortagroply, p. 245 (101 edition, New York, 1938).
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Their size must depend on the scale of the base-map and on the num-
ber of dots to be inserted, but the dots must be neither so hig that a
coarse generalized effect is produced, nor so small that a blur is pro-
duced in areas of dense value.) A ball-pointed nib should be used to
make dots of uniform size. Gare must be taken when the drawn map
is to be reproduced by means of a line-block that the dots are drawn
sufficiently large to reduce, and the dots should be spaced rather more
widely than might seem necessary on the manuscript map.

Instead of & pen, some form of stamp or die, using printer’s ink, can
be employed, and if the scale is large and the dots can have a diameter
of one-tenth ol an inch or more, small rotating compasses can be used
to draw outlines which can be filled in with a pen or a fine brush.
Yet another method, even more tedious than these, is to stick black
dots, punched out of adhesive paper, directly on to the base-map.

Proportional Symbols

Some symbols can provide quantitative as well as locational informa-
tion if they are drawn to scale. Circles, spheres, squares, rectangles,
columns; triangles and cubes may be employed. The arcas of two-
dimensional figures such as squares or circles;, or the volumes of
three-dimensional figures such as cubes or spheres, are made propor-
tienal to the quantities they represent, A wide variety of these symbals
may be used either as diagrams in themselves, or located on maps 1o
illustrate population and economic distributions; it will be seen that
many of the methods discussed especially in chapters V and VI rely
on these devies. In addition to showing total quantities, they may
be divided proportionally to give further information,

The Caleulation of Propertional Symbols. If a quantity, say 10,000, is
to be represented by a circle, the square root of the number must
first be found, i.e. 100, The area of a circle is 772, but 7 is a constant
and may be ignored. A circle can then be drawn with a radius some
given length equivalent to 100 (e.g. o+t inch). If a second quantity,
say 50,000, has to be represented, its square root is 229-0, and so on
the same scale a radius of 0229 inch must be used. This will obviously
be a lengthy business iff many quantities are involved, although a slide-
rule will case maters.

The most convenient method is to employ some form of scale from
which radii of circles, or spheres, or sides of squares, triangles and cubes,
can be measured directly or stepped off with dividers.

One method is to rule an evenly graduated linear scale, asin Fig. g
(example A). Calculate the squure oot of several numbers (in this
example 1, 5, 10, 40 and 100 were wed), and draw from each of

. R : " s
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these points on the linear scale a perpendicular proportional in length
to these square roots. The ends of each perpendicular are joined by
a smoath curve, The diameter of a circle representing any intermediate
value can be measured immediately.

An alternative method is to rule a line-scale, the divisions of which,
measured from the zero on the left, are spaced at distances proportional
to the square roots of the values (example B). This line may be of any.
convenient length; obviously a longer line will give a finer gradation
between the values. Suppose that the maximum number to be repre-
sented is 100, then the length of the line is made proportional o the
square root, i.c. 10. Intermediate square roots will be placed propor-
tionally along the line, as shown in the following table, where the
scale-line representing the value 100 is ' made 20 centimetres in length.

Cireles Spheres
Number
Repre-
senfecd Distance Distance
Square Root i gm. Cube Root i om
[frem zevo [from zeva
5 2:2 448 171 342
10 §1 6-32 15 430
20 447 8-94 271 2-42
30 548 10-0b 311 s2g
40 6-93 12:66 343 B
50 7:07 L4 14 3{.3 7t
bo 7775 1550 I 7"
70 837 IE-’B(g 412 824
8o 804 17- 491 862
90 9'49 1808 448 8-96
100 10°00 2000 4bg 928

Draw an oblique line at any convenient angle through the zero, the
angle depending on how big the maximum symbal is to be (example B).
A vertical line drawn from the horizontal scale at any point to meet
the oblique line will give the radius of a circle, the area of which is
proportional to the number whose square root is represented at thar
point. Thus, briefly, using a table of square roots, put one leg of &
pair of compasses on the zero, the other the correct distance along the
scale-line (e.g. if the number was 35, distance on this scale=11-84 cm.},
then swing the first leg vertically to the oblique line. This distance
will be the radius of a circle proportional in area to the number it
represents,
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The same procedure may be followed to find the radii of propor-
tional spheres (example C), but cube-root values have to be plotted
on the base-line instead of square-root values, as shown in the table
above. This type of scale may easily be adapied to plot proportional
squares and cubes (examples D, E),

The Drawing of Symbols

Symbals must be carefully selected and drawn so that they are
readily distinguichable, and, particularly when intended for reduc-
tion, each must be sufficiently large to reproduce clearly. Sometimes
minute black squares, dises and diamonds are indistinguishable on
printed maps because of over-reduction. They must first be carefully
plotted in pencil, their outlines inked in with a ruling-pen or com-
passes, and then blacked in with a fine brush or broad Une pen, unless
outline symbals are required. It is preferable to ink in the symbols
before other line-work and lettering is compieted, so thar they may
be left clear 1o avoid blurring upon reduction. Figs. of and go
exemplify the use of varied symbols to illustrate particular distribu-
tional patierns.

It may be well worth the expense of having a celluloid stencil cut
to order with the ootlines of a number of the more common geo-
metrical symbals, in several sizes. A compiler should, of course, main-
tain consistency of symbols throughout a particular disertation or
monogmph, and a stencil is a great aid to this end,

Live-Girarps Axo Diacrasy

In its broadest sense the term g'raph' iz uwsed to denote divided
circles (*pie-graphs’ or ‘wheel-graphs’}, “unit-graphs', ‘bar-graphs' (i.e.
columnar diagrams), “star-graphs’ or ‘clock-graphs’, and dispersion
dingrams, as well as ordinary line-graphs, such as frequency graphs,
probability curves and so on. In this book & distinction i made for
convenience between line-graphs, in which a series of points is plotted
by means of co-ordinates and then joined by a line, and diagrams, in
which various graphical devices such as columns, rayz and sectors

arc employed.

The conventional Carfesian type of line-graph is that in which a
scries of points is plotted by means of rectangular co-ordinates, The
abscissae are measured on & horizontal and the ordinates on 2 vertical
seale, One scale may reprsent a serics of equal time divisions (inde-
pendent variables), the other a series of quantitative or percentage
values (dependent variables). Less conventional, but with a special
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application to certain geographical problems, are polar, or circular,
graphs in which the points are plotted by two co-ordinates, one an
angle or bearing (the vectorial angle), the other a distance from the
point of origin (the radius vector). A further type of line-graph is
that in which oblique co-ordinates are used for plotting points. Where
three oblique co-ordinates are employed, the graph is usually referred
to as triangular,

In each of these line-graphs, the line joining the points is referred
to as a curve. But this curve is frequently only a visual aid to averall
changes in value and is not coincident with the true locus. The prac-
tice of joining points by smooth curves should therefore be avoided
as far as possible. Curves can be smoothed by the employment of
statistical methods; such as curve-fitting, but unless such methods are
emploved points should be joined by a series of short straight lines.
Where continuous readings such as weather records yielded by thermo-
graphs and barographs are available, the resultant curves will, of
course, be true line-graphs.

A simple line-graph shows only a single series of values, connected by
one line. A polygraph or multiple line-graph (Fig. 76) includes several
scts of values connected by distinctive lines, usually involving some
direct comparison. A compound line-graph (Fig. 116) (known also as a
band-graph or an aggregale line-graph) shows trends of value in both the
total and its constituents by a series of lines on the same frame; the
arca between two successive lines may be shaded distinctively.

The Construction of Line-Graphs. The series of figures to be graphed
is examined, and the maximum value noted, for on this and on the
availahle size of paper depends the vertical scale to be adopted. The
top of the vertical scale should just exceed the maximum value. The
whole vertical range of values must be represented when zero is
significant, even at the cost of a considerable empty space at the
bottom of the graph, since a false impression of relative variability
in the trends of the lines may be given unless the whole range can
be appreciated. A vertical line is ruled on cither side of the horizontal
scale-line; and the equal intervals representing quantities are marked
by neat ticks.

The plotting of these various graphs must be carried out on accur-
ately ruled graph-paper. It is preferable, however, on completing the
plotting, to trace off the graph-lines, the frame and the scales, using
tracing-paper and a ruling-pen. This gives a cleaner finish and com-
bines the accuracy of plotting which graph-paper allows with the
clarity of white paper unobscured by the close and unnecessary grid
of the graph-paper. Moreover, graph-paper is rarely of sufficient quality
to take ink well, nor will it reduce clearly, particularly if it is ruled in
faint coloured lines. A more open grid of perhaps half<inch squares
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may occasionally be added to help the eye to follow the lines across
to estimate the values involved.

The frame and gnid of the graph must be ruled as lightly as possible.
while the graph-lines will be made considerably heavier. Several dif-
ferent varieties of lne (Fig. 2) can be used in drawing polygraphs.
Care must be taken in scaling the values on the graph not to over-
load the figures; strings of noughts should be avoided on the vertical
scale by, for example, lettering “Thousand tons® at the top of the scale
and numbering the units 1, 2, 3 and so6 on.

Diagrams

Columnar diagrams, sometimes known as bar-graphs, consist of a series
of columns or bars proportional in length to the quantities they repre-
sent. They may be nmpk when cach bar shows a total walue, or
compound, when ea.n:h bar is divided to show constituents as well as the
total value. The bars may be placed either vertically (Fig. 119) or
horizontally (Fig. 162), or in pyramidal form (Fig. 164}; the first is
usually most satisfactory when a time-scale is involved. After the scale
af values has been determined, the exact length of each bar is com-
puted and parallel lines are drawn; care should be taken not to make
the bar too wide, It is preferable to leave a space slightly less wide
than the bar itsell between each, although in some cases, particularly
for rainfall diagrams, there need not be any intervening space; these
are often descriptively known as ‘battleship-dingrams’ from their pro-
files (Fig. 61). When the outline of each bar has been drawn with
a ruling-pen, it can be filled, either in solid black or with diagonal
shading. In a compound bar-graph, several shadings and stipples may
be used (Figs. 162-5).

Divided Rectangles are akin to bar-graphs in that their lengths: are
directly proportional to the values they represent, but they are not
plotted in series. When the scale is linear they are often deliberately
widened in order to allow names and figures to be placed within the
constituent divisions. The scale may, on the other hand, be areal, in
which case the arca both of the m:hmgl: as & whole and of its divisions
are directly proportional to the quantities llu:y' represent.? Either abso-
lute values can be shown, or, for comparative purposes, the rectangles
may be of uniform size and divided on a percentage basis.

Divided Circles, sometimes termed ‘wheel-graphs’ or “pie-graphs’,
have much the same advantages as divided rectangles, in that they
can provide striking proportional effects and can carry considerable
information (Fig. 123). A circle is divided into sectors, each of which
is proportional to the value it represents. It is convenient to work

3 L ists ‘I i : ¥
THEE'YR;&;EWWW Creographical Reine, vol. 24
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with cireular percentage graph-paper (see p. 153), on which 100 angles
of §-6 degrees cach are set off from the centre of the circle. If only
two or three major divisions are required, proportions of 3607 may
be easily calculated. Care must be taken with residual quantities; it is
tempting to set off angles representing major divisions first, with the
result that the cumulative error is felt most in the smallest section.
Unless there is a composite category of ‘Others’, the small sectors must
be measured and demarcated first, so that the cumulative error will
be absorbed into the large sectors where its effect will be negligible.
Care should be taken in lettering a divided circle, so that it is not
necessary to turn the page around in order to read the names,

Star-Diagrams, sometimes called ‘clock-diagrams’, ‘roses’, or "vector-
diagrams’, are a form of graph in which values are plotted as radii
from a point of origin. This is especially useful where vector values
are involved, as in wind-roses (see p. 154 and Fig. 82).

Dispersion Diagrams are of value where it is required to analyse the
*spread’ or ‘scatter’ of a serics of values. The basic principle is that
a single dot to represent one value is plotted alongside a vertical scale.
The dispersion diagram has a special application to the analysis of
rainfall (see p. 158 and Fig. 84). In addition, it can be employed as
an aid in determining critical values of density ranges for choropleth
and isopleth maps.

CHoroCHROMATIC Mars

1t is possible to compile and draw a wide variety of maps which
illustrate spatial distributions. One group does not involve any con-
sideration of quantities and values; thus the United States’ cotton-
belt can be outlined and tinted, and British coalfields can be delineated
in solid black. Land utilization, soil and geological maps (Fig- 51)
form a big proportion of these maps. The term chorockromatic can be
applied 1o this category of map; in America it is often known as a
‘colour-patch’ map, the term colour being used in its widest inter-
pretation of ‘tint" or “shade’,

IorLemin Axp CHOROPLETIHS

Definitivns

There are two main groups of maps which involve some indication
of quantity as well as of spatial distribution, known as ‘quantitative
arcal maps’. The first group includes maps where quantities are in-
dicated by lines of equal value, such as contours and isotherms, The
second group consists of maps which depict average values per unit of
area over some administrative region for which statistics are available,
such as density of population per square mile, the percentage of
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land under cultivation, and the yield per acre of amable land.

It must be admitied that there is a considerable amount of con-
fusion concerning the multiplicity of terms which have been coined
to denote variants of these cartographical terms.! For example, to
cover all lines represeniting constant values on maps, the terms tropleth,
Srarithm, isoline, iobase, tiogram, isontic line and iromelric line have been
used at various times. J. K. Wright proposed that isogram be used for
all lines of quantity, with two subdivisions.® The first group he called
tsometric lines (Greek, metron—measurement), a line such as a contour,
an isotherm or an jsobar “representing a constant value or intensity
pertaining to every point through which it passes™. The second group
he called isoplethi® (Greek, plethos—a multitude or crowd), “a line
that represents a quantity or enumeration assumed to be constant,
pertaining (o certain areas through which it passes”, such as lines of
equal density of population.

Wright further suggested that the term chorogram be used to define
all guantitative areal symbols, with two main categories; choropleths
and chorisograms. He used the term choropleth to denote an areal
symbol applied to an administrative subdivision, such as an indica-
tion of the density of population in a parish or county,* while he
defined a chorisogram as a system of shading or colour applied for
distinctiveness between two successive isograms. A further complica.
tion was introduced by a distinction between two ather terms, choris-
ometérs, where graded shadings and colours are put between two iso-
metric lines, and cherisopleths, where these are put between two isopleths.
One also comes acros other formidable compound words, such as
chorisometrograms and chorisochores,

This terminology is not as yet recognized as standard usage. In
this book, the term isopleth is used in its broadest sense to embrace all
lines of quantity, and fzopleth maps will denote all maps on which iso-
pleths appear, with or without tinting, The category of choropleth map

’%ﬂyhm&ﬁrf;ﬂ%lu{’&gﬂmﬁuﬂ terma, with lhn;
onmces o syog sbsngar RoLdiyellost ny s b sereosrks s gt ey
Photomécanyme, imprecsion) {Pari, 1544)-

2K Wi t, “The Terminology of Certain Map Symbols”, Gagraphical Resiee,
vol. 34 (New York, 1544).

8 See alio * g 8 Generic Term', an umigned note jn ical Reviems
yol. 20, p. 343 (New York, 130 J. Ress Macksy, “Some Problems and Techniques
in nupmﬁff-ﬁm-, Exumemic Coography, vol. 27 (Worcester, Mass., 1951}, ubo e
the term fsople mmﬂu@mmmuwwwﬂhmn_lywmmﬂ
‘ratios for arems’, thms showing ratios ant almehite quantities. He defines
*quantity of an Bopleth’ a3 that of the areal strip through which it passes,

iﬂmwwmm. - (ot editlon, New York, 19358), i
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will be used for all quantitative areal maps, calculated on a basis of
average numbers per unit of aresa,

Isopleth Maps
The contour-map is perhaps the most common example of an isopleth
map, using the term as defined in its broadest sense. In addition, a wide
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range of maps can be drawn, the basis of each of which is the plotting
of values fur as many stations as possible, and the interpolation of iso-
pleths for specific values. These lines are cither drawn through stations
with identical values, or are interpolated proportionally between them
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{Figs. 10-13), Thus the 50°F isotherm may be assumed o pass mid-
way between two stations with average temperatures of 45°F and 55°F.
These isopleth maps can be used to depict climatic distributions (iso-
therms, isobars, ischyets and isonephs), salinity of the sea (ischalines),
and in fact any feature where figures are available and can be plotted
for a series of particular points.

When an isopleth is used for a density or ratio map, such as the
density of population or the percentage of arable land under a certain
crop, the problem is rather more difficult. Control points have to be
chosen as representatives of the various statistical divisions, the inter-
vals between successive isopleth values must be carefully selected, and
the isopleths must then be interpolated from the computed figure for
each control point. The reliability of the ratios used must also be
careflully considered.’ This type of isopleth is used occasionally for
various population elements, and the inherent problems are considered
on p. 256,

Gharapleth Maps

A wide variety of statistics may be used for the calculation and
compilation of areal density maps. The actual administrative unit
chosen as a basis depends upon the scale and upon the desired detail
of the map. Thus a small-scale map of Belgium might be based on
the average figures for the nine provinees, but a detailed large-scale
map must use the figures for the 2,670 communes, Where the shapes
of the administrative units are irregular, however, a misleading pat-
tern may result. The narrow parishes of many parts of England, the
long Canadian counties thrusting northwards into the Laurentian
Shield, the minute communes of the Brussels agglomeration, and the
large heathland communes of north-eastern Belgium, all may result in
curiously artificial patterns on density maps. Conversely, the remark-
ably uniform shapes and arcas of the French déparfements produce
quite effective maps (Figs. 102-3).

It must be realized that these density maps, related as they are to
the administrative units, reveal only average distributions over some-
times considerable arcas. That being so, the misconception commonly
arises that the grouping of a considerable unit under one average value
implies distributional uniformity. This is in fact far from being the
case, for the broad average may mask a vast range of local variations;
obviously, the more extensive the administrative unit used, the more
sweeping is the generalization presented in map form. Only occasion-
ally can the compiler depart from administrative boundaries, when,
by using detailed ground information, more accurate density bound-
aries ¢an be computed (see p. 237).

1 ¥, Roms Macksy, ap, 6it. See alo W, 1. *Ratios and Tsopleth Maps', dnnads
wfﬂ'-m:m- fd_-ti:ﬂww. ml.J::?i.m. Pa., 1990}, Mo
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The first step in the construction of a choropleth map is the cal-
culation of the average density for each administrative unit. Density
calculation is a laborious process, but it can be speeded up, either
with the help of a slide-rule or by inspection from a graph. If three
or more variables are involved, then a nomograph may be employed.t
This is a graphical method of solving the functions of three or more
variables (Fig. 14). The graph consists of three or more related scales,
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and values are read off by laying a straight-cdge across them. Thus,
if population densiies are being calenlated in terms of persons per
square mile for any administrative unit, and only totals of popula-
tion and acreages are available, thess a nomograph can be constructed.
This requires the use of semi-logarithmic graph-paper, otherwise the
graph will become o unwicldy. The acreages are plotted on the Jefi-
hand side of one-cycle logarithmic graph-paper, with values from top
o bottnm. The populations are plotted similarly on the right-hand
side of a second sheet, with valuss from bottom to top. On a thind
sheet of two-cycle semi-logarithmic graph-paper, a scale of persons
per square mile is plotted from bottom to top; this acts as a *dial’
which has to be set relative to the other two scales. In this particular

VF. T. Mivis, The Gomatructisn of Nomogrophis Gharts (Scrantom, Pa., 1948).
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case, the dial is moved until the 10 on it is aligned between 6,400
acres on the left scale and 100 persons on the right scale, because
100 persons per 6,400 acres is equal to 10 persons per square mile.
Once set, the nomograph may be uted to calculate densities and to
reduce acres (o square miles in one operation,
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In Fig. 5ﬂrbemﬂu1=nf&:n1mknumw.uniuu.pnwimhdznlmmhud
are shown in full, bit in Fig. 16 only those boundaries ane retamed which delimit
the wess of the wzme value.

The next problem i the choice of a scale of densities; it is possible
to obtain remarkably different impressions from the same statistics
by changing the scale. 'Ihunmybcm arithmetical progression (6~100,
100-200, 200-500 per unit and so on), in geometrical progresion
(o-64, 64-128, 128-256 and so on), or at irregular intervals, The
last is justifiable if it reveals significant features of distribution which
wnnlﬂhclauth}*myregtdarimle.&dhpcmondmgnmwdilwlp
o show where significant groupings occur,

The Drawing of Cheropleth Maps. The boundarics of the particular
administrative units which form the basis of the density values are
first drawn in pencil. A code number or letter (suchas1to5or Aw E

V7654
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in a five density scale) is inserted in each administrative unit. When
completed, it will be helpful to tint on the draft each category in
crayon. Then the final drawing is made, outlining by a thin line each
of the value-areas 1 to 5, and ignoring all other boundaries; as a rule,
their presence spoils the density impression of the shading (ef. Figs.
15, 16). Occasionally, however, it may be essential for the map to
show specific values for each administrative unir, in which case the
boundaries may be retained.

SHADING AND STIPPLES
Shading Ranges

Tints of shading must be carefully chosen to distinguish 2 specific
distribution on a non-quantitative map, or to bring out and emphasize
the isopleth intervals, or to distinguish the various density ranges on
4 choropleth map. It must be emphasized that it is much more logical
to shade uniformly on a choropleth map an area which has an average
density of say 100 to 200 units per average area, than to shade uni-
formly on an isopleth map the arca between the 10o- and 200-foot
contours, or between the 50°F and 60°F isotherms. In the first case,
it iz the actual area that matters, but in the second case the shaded
spaces may distract attention from the isopleths themselves, and pro-
duce an effect of stepped areal distribution which does nor exist.

To achieve a graphic effect, the density of the shading should be
mtensified with the increases in distributional values. Yet one fre-
quently sess on a map, for example, two different density values
represented by horizontal and vertical lines; each the same thickness
and distance apart. This gives to the eye an identical, instead of a
contrasting, shading density. Fig. 17 illustrates several alternative
graded density ranges (examples A 1o F), of four, five and six depths,
with and without black and white as eulminating densities.

It must be emphasized that it is not always possible to judge the
success of the map from the appearance of the shading range in a few
small panels, Tt is useful to shade one or two sample portions of the
actual map, choosing areas both of uniform and of diverse distribu-
tions. 1T a series of maps 18 to be construeted, it might well be worth
drawing one map as a trial, and if it is w0 be reduced either photo-
graph it down or have a trial block made, before embarking on the
series. The maps reproduced in this volume are intended to serve as
a guide 1o effective shading systems (see, for examples, Figs. 105-9).

Care should be taken to provide suffident shading contrast; a hal-
ance must be muaintained between dark and light tints, and any
suggestion of a monotonous grey uniformity over the whole map is to
be avoided, Solid black, used with discretion, helps to clarify a map,
but the chicf difficulty is to avoid the obliteration of line-wark, lettering
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and other detail. Panels may be cut in the black arcas or heavier
shadings in which essential lettering has to be placed, but if there is
much detail, line-shading must be replaced by some faint dot-stipple.
The lowest value is commonly represented by blank arcas. This is not
altogether satisfactory, for it does give an impression of no value at
all instead of a low density, and moreover it is often esential to leave
the sea unshaded (oceasionally the sea areas may be ruled horizantally
with effect, as in Fig. o8).

Two shading ranges on Fig. 17 have been devised to provide an
arithmetically correct proportion between the shading and the relative
value each represents. This relation can be used when the range of
wvalues is not too great. Thus on a four-grade range (say 0-100, 103-200,
200~900 and over §00), horizontal lines may be drawn 10 mm., 5 mm.,
2:5 mm, and 1-25 mm. apart (example G). Alternatively, the lines
may be at a uniform distance apart, but each successive line is ruled
twice as thickly as its predecessor (example H). However, as a general
rule the compiler is aiming primarily at a striking effect, and this can
be achieved without the finicky measuring necessitated by propor-
tional shading. If the compiler ensures that the visual impression of
each successive shading is approximately twice as dense as the pre-
ceding one, the result should be satisfactory. In addition, to ensure
a clear visual impression between two successive shades, change the
slope of the shading, Thus cross-hatching may be succeeded by closely
ruled diagonal lines, and then in turn by even more widely spaced
vertical lines. This will help encrmously in emphasizing the pattern
of the shaded areas. Care must be taken, when shading a map which
i1 to be reduced, that lines are not ruled too closely, because hlurring will
take place either due to halation from photographic reduction, or when
the line-block is inked; cross-hatching is particularly susceptible. For a
reduction of two and 2 half times, lines should never be ruled more
closely than at millimetre intervals. Double cross-hatching, such as a
diamond pattern superimposed over squares, should as a rule be
avoided for line-blocks; in any case, such elaborate shading usually
takes more time thun the results justify.

It is & moot point whether pecks and dots should be used in the
same density range as line-shading. The effect of patches of dots
between areas of lineshading may not always be pleasing; on the
other hand, used judiciously dots may take a useful place at the
lower end of a range (Fig. 157). Sometimes one series of lines and
another of dots may be used to differentiate between two distinct
features; thus on & map representing distribution changes over a period
of time, the scale of increases can be represented by lines of varying
thickness, of decreases by dots of varying size, and of little or no change
by white spaces (example J, and sec also Figs. 105-8). A few ungraded
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shading systems are included on Fig. 17 for use in such non-quantitative
distribution maps as land utilization and geological maps (example [,
and see also Fig. 51).

When the pencil draft is complete, showing the isolines or the limit-
ing administrative boundaries, and the range of tints has been chosen,
the final draft may be prepared in ink. First draw in the coast,
frontier and boundaries of shading. Then, using & ruling-pen set to the
exact line thickness, rule in each shade in turn. It i extremely difficult
to obtain absolute uniformity; lines must be strictly parallel, and the
ruling-pen should never be allowed to run dry. A single live, slightly
fainter or heavier than its neighbours, shows up most glaringly, especi-
ally upon reduction. A piece of graph-paper, over which the tracing
is pinned, will help to maintain parallelism if a large area has to be
shaded, or a parallel rule can be used. Different straight-line shadings
in adjaining aress should be ‘staggered’ and not ruled continuously
across the boundaries. Pecked lines may be drawn direct, but it is
often easier to rule a continuous line, and then either scratch out or
paint out with process white the blanks between the pecks.

Hand-Stippling Tecknigue

Uniformity is extremely difficult to attain when stippling s done
by hand. Where even shading should appear, one often gets the appear-
anee of closer ‘drifis’ and conversely of blank patches, or the eye may
pick out whorls and other patterns. Here again, the placing of the
tracing over graph-paper will help, for the dots can be inserted over
the exact points when the graph-lines intersect. On the other hand,
when skilfully done, a casual placing of the dots may give a more
even impression than would a strict alignment of the dots, but it needs
comsiderable practice to achieve this.

When a stippled map is to be reduced, care must be taken not 1o
make the dots too small. Minute dots are particularly vulnerable 1o
the acid-etching process of the block-maker, and often are found to
have vanished when the map is printed. Again, if the dots arc placed
o closely, blurring is likely, particularly if the printing paper is of
not too good a quality, Here again trial and error is essential to deter-
mine warking standards.

Mochanical Stipples

There are varioes methods by which shading and stippling may be
applied mechanically 1o a map which is to be reproduced as a line-
block. One method is to stick on tw the mamscript map pieces cut to
shape from a cellophane sheet, such as Jip-a-fonr, on which the various
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stipples are already printed. The disadvantage is that unless panels
are carefully cut, the heavier tints will obliterate other detail, par-
ticularly lettering.

More commonly used is the system of mechanical stipples applied
by the block-maker, Tint-books showing a wide range of stipples (known

Ne5a

Fro. 18, Meoasacan. Stivres
These examples are ken from Lascelles & Co. Lid. Tint-Card,

to the trade as ‘tints’') are available, each of which has a standard
number. The compiler of & map must complete all the line-work and
lettering, and then add a fine line surrounding the area to be stippled.
This area should be lightly shaded blue (which does not photograph),
an one side or other of the tracing, unless the areas concerned are
particularly complicated in shape, when a transparent ovetlay on
which the areas are separately shaded may be drawn, carefully ensuring
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an exact register with the original. The reference number of the tint
required must be added in the margin. If straight-line tints are desired,
the angle at which the shading is to be laid must be indicated in the
margin, either by ruling blue guide-lines or by specifying the exact
angle to the vertical margin. Occasionally a graded serics may be
required, as on a reliel map; this must be very carefully chosen from
the available tints. From the sample tints shown on Fig. 18, for
example, a reasonable series of four would be white, No. 506, No. 27,
and black, which would provide more or less equal gradations.

Care must be taken with line-work and letiening when it &5 known
that mechanical stipples are to be applied. In general, lines should be
considerably thicker and lettesing written more openly than usual.
Many stipples simply obliterate underlying detail.

As a rule, this mechanical stippling should be used only when abso-
lutely necessary. It is, of course, very expensive in proportion to the
cost of the block, and results are not always satisfctory, The most
successfil and commonly used mechanical stipple in the Lascelles series
is No. 526, which provides an even grey stipple, through which letter-
ing and line-work appear clearly; it uses some 10,000 dots per square
inch without blurring, even on quite poor paper. This admitiedly
could never be attained by hand.

The stipples are applied by the block-maker, after the photographic
reduction of the manuseript map, directly on to the block, but before
the etching process. It is therefore a highly skilled and expensive opera-
tion. The tint specified is cut out to the exact shape and applied to the
block, an acid-resisting ink is rolled through the tintsheet on to the
surface of the block, which thus applies the tint, and the block &
then etched in the usual way,

CovLovm

The Use of Colowr

The use of colour is of great advantage in map-making, since not
only does it add to the clarity and attractiveness of the map, but
unlike black line-shading or stippling it does not obscure names and
line-detail (Fig. 23). The printing and reproduction of colour-maps
(such as these in atlases), using half-tone tints, is outside the scope of
this work, but colour can be used in a limited way, on line-blocks,
either by stipple or by line. If colour stipple alone is required, a single
drawing is sufficient, on which the limits of the coloured areas are
indicated by black lines, whether contours or any other isopleths, or
the boundaries of administrative areas on a choropleth map. The areas
to be coloured arec marked with blue pendl, as for stipples an an
uncoloured map, and the various tints are specified in the margin,
with the name of the colour required (e.g. "Brown' for relief maps)
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placed beside them. The Mmk-mnhrprodtmmh!och.mmry
ing the line-work in black, the other the stipple to be printed m colour;
two printings are of course necessary.

If, however, it is desired to have in colour line-wark, lettering, or,
in fact, any other detail than a mechanical stipple, there are two pos-
sible methods. In the first, two or more drawings are needed, one for
black and one for each colour; from one is made the black block, from
the others the particilar colour blocks, and the separate drawings are
checked carefully for exact register. Alternatively, the map is drawn
in black and primary colours, and the several colours are
photographically by filter, thus enabling separate blocks to be made
with a high accuracy of register. The maps can of course be printed
in any colour,

These line-block colour-maps can appear in the text, This means
that the sheet (i.e. 16 pages of text) will be run twice through the
printing-press, once for each colour, so for economy as many as possible
of the intended colour-maps should be placed on the same sheet: The
method is obviously uneconomical for a single map. Alternatively, the
colour map can be printed on a single sheet of glossy art paper and
‘tipped in" (i.e. gummed in} by the binder. [t must be emphasized that
these colour maps are expensive luxuries, and should be used only
when merited. '

Colour, however, can be employed very effectively in the cartography
note-book or in dissertations where only two or three copies are required
and the maps can thercfore be hand-tinted. The use of colour must
not be overdone, however, as gaudiness can produce a most crude
effect, and a pastel shade, emphasizing but not obliterating the line-
work, should be aimed ar

Colour-Washes

The line-work must be finished in Indian ink, allowed to dry
tharoughly, any pencil lines removed, and the surface of the paper
dusted. Sufficient colour should be mixed for the whole map, and if
pessible a sample tint should be painted and allowed to dry for inspec-
tion, The chiel difficulty i in laying a uniform wash over a large
arca; small patches of colour arc comparatively easy to apply. The
map should be put on a sloping board, and the paint laid on from
the top downwards, brushed on in broad continuous free-flowing
sweeps. The paint should be applied as rapidiy as possible, consistent
with precision, so that the edge never dries out. When the lower
margin of the map is reached; remove the excess colour by running
‘a dry brush along it. One practical suggestion is to remember to paint
in the key-panel while using each particular colour; it is often mpos-
sible to match shades afterwards,
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Allow the paint to dry thoroughly befire applying an adjoining
different colour or a further coat of the same colour if relative density
layer-tinting is being atempted (see p. 61). One is frequently dis-
appointed with layer-tinting; the resull appears patchy and uneven,
and touching-up usually makes things worse. Poor paper, uneven
application, too heavy previous erasing which may have marred the
surface of the paper, poor quality colours (especially greens), all these
may account for the unsatisiactory results.

Lerresune

A considerable proportion of the information presented on & map
is conveyed by the lettered names. Moreover, the standard of appear-
ance of the finished map depends to a large extent on the quality of
the lettering; all too often: Ane line-work is marred by unpleasing
lettening, or essentinl detail is obscured. Lettering & a fine art, and o
attain real proficiency demands a long and patient training, so obvi-
ously a stndent canmot spend much of his limited time with the object
of becoming such an expert. His aim should be to produce simple,
quickly written, easily legible, yet reasonably attractive lettering. Using
varibus mids, mest students can achicve an adequate standard in &
relatively short time.

There are many works on lettering 25 a fine art,? A study of the
methods by which such topographical maps as the various Ordnance
Survey zeries or atlas maps are lettered, may be helpful, if only to
indicate the lofty standards at which to aim. But the problems of
lettering maps to be drawn a5 exercises or to lastrate dissertations
or cven for line-blocks, are of a different order. This section is:intended
to do no more than to summarize the simpler methods available, and w
give a few practical hints. Some of these principles, suitably developed,
have been used 10 letter the maps which illustrate this book.

The Lettermmg-Mark

Whatever method of lettering is employed, a number of general
points must be borne in mind. When the line-work has been com-
pleted on the preliminary pencil-draft, prepare a lettering-mask w fit

! Soene useful works on lettering are m follows:

J- G. Withycombe, *Lettering on Mapw', Gegraphicel Jownal, vol. 72 (London,

Lo
9?'& Fawcett, ‘Formul Writing on Mape®, Geogragbical Feermaf, vol, 95 (Lomdon,

1940). .
O Debentinm, Exmciies &4 Carigraphy, chapter 8 (Landon, 5537), which is frritten
especially for the student draughiteman. .

A very full treatise on lettering i G. Hewitt, Letlering (London, Bd), wrilten
primarily for craftemen and professional letterery Ivis, however, coplously illustrated,
mdthunﬂcmngg:n her can derive much benefil from it. |

A_ H. Robinson, Est:dhmigfmﬂawlnd&uh'.'mﬂm.
val, 1o (Washington, 1a50), ;
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over the draft {mark the corner angles to give an exact register), which
will indicate the positions of the various names. As far as possible,
lettering should be placed horizontally for ease of reading; it ought
to be peossible to read comfortably all names on a map without turn-
ing it about. River names should be curved to follow approximately
their courses; place each name on the north bank, unless the river s
Howing north-south, when it should be placed along the west. Examine
carefully the position of any larger names, such as those of countries;
they should interfere as little as possible with other names or line-
wark, but should be spread out sufficiently to occupy most of the area
to which they refer. Never allow names to interlace, nor space them
c0 widely that the map appears 1o be dotted with odd unrelated letters,
Make sure that it is absolutely clear to which feature or symbol a
particular name refers, It may be necessary b alter the position of
some names to avaad over-crowding; the location of 2 town-name,
for example, can be transferred to the other side of its symbol, as long
as it still clearly refers to it and to no other. When the mask is fully
lettered, examine critically the appearance of the lettering as a whole,
and see if a harmonious and balanced composition has been attained
relative to the line-work. I 100 many names are included, the clarity
of the map will suffer.

Mext analyse the names—countries; oceans, mountains, rivers and
towns—and decide om the form for each group, differentinting these
on the mask itsell. Thus countries can be shown by roman capitals,
towns by roman lower case, seas by italic capitals, and rivers and
lakes by italic lower case. Ttalics lend themselves surprisingly well o
the curving necrssary along rivers, although stencil italics are difficult
to place on curves. When a series of maps is to be lettered, these
contrasting forms should of course be standardized throughout.

Finally, the completed mask can be checked at this carly stage for
actual spelling mistakes, and also to ensure consistency with the text
and with the policy adopted where there are alternative place-name
forms.

Alignment, Size and Spacing of Letters

The next step is to draw thin guide-lines on the actual map for the
letters; these may be in pencil, and two pencils can be tied together
at the correct spacing. More conveniently, a eellulbid stencil may be
cut, providing several parallel lines at different intervals, and other
lines at right-angles and at various slopes. Yet another device is to
place a piece of blue carbon-paper, face up, under the tracing, and
draw the guide-lines with a pair of dividers; this will provide fine blue
parallel lines which will not photograph if the map s to be made into
a line-block. The beginner must draw three lines if he is using lower
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case letters, to delimit the base of the letters, the top of the lower case,
and the top of the capitals. If stencils are being used, guide-lines are
unnecessary except for the base-line of curved names. For horizongal
names, the stencil is slid along a T-square or straight-edge in order
to ensure perfect alignment, In addition to the horizontal guide-lines, it
is very helpful to draw vertical or obligue guides in order to maintain a
constant slope. With some experience, this will prove to be unnecesary,
except at the beginning and end of a name in sloping letters.

The actual widths apart of the horizontal lines (determining, of
course, the size of the lettering) is decided by a consideration of the
number of names to be inserted, by the scale and extent of the map,
i.e. the room available, and by the amount of reduction to be applied.
The last is most impaortant; frequently one can see a printed map, on
the original of which the lettering had obviously been drawn much
too small for the particular reduction, so that blurring and indistinct-
ness resulted. It must he appreciated that if the map is to be reduced,
the letters must be proportionally wider and more open, the spaces
between greater, and the fine lines less fine, than if no reduction is
intended. Italics especially must be made much rounder, and acute
angles widened.

When guide-lines have been drawn in for every name, and any
awkward or conflicting alipnmenis adjusted, the names may be pen-
cilled lightly in to obtain a correct spacing of the letters. This can
only be done by eye; the space occupied by the different letters varies
so much that mechanical spacing produces a displeasing effect.

Styles of Lettering

A style of lettering should be adopted which can be done naturally,
and which is appropriate to the specific purpose. Find the particular
nib which suits this style, and practise so that some degree of uni-
formity and speed is attained. Manuscript lettering may be divided
into two groups, The first is lettering built up by multiple strokes of
a broad stiff pen; the second is script lettering, in which each line
consists merely of a single stroke of a steel or quill pen. The first method
should be used only for titles and large names a3 it is a very slow
process. A number of alternative styles is shown n Fig. 19.

In all cases, the form of the letters should be kept simple, neither
distarted nor elaborated. T'oo severe and regular a style tends to make
slight discrepancies stand out glaringly, but highly decorative styles,
such as Old English (as conventionally used for antiquities) are hard
to draw and are not very legible, nor do they reduce well. 'The exten-
sive use of ‘serifs’ (the little ticks at the beginning and end of straight
lines in letters) is generally to be avoided, as being time-wasting, and,
maorcover, if they are 100 exaggerated, they may mar the distinctive
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forms of the letters themselves. Used with discretion they may heip
to draw attention from irregularities in a long straight line of letters.

lightmdtﬂwhnﬂnhmﬂdhehplmMEWlintﬂckmby
maintaining a constant angle at which the nib is held to the paper.
A stiff broad steel nib will be found most convenient; a springy nib
miakes uniform line thickness very difficult to attain. Some final hints
are to keep the nib elean by wiping it on a piece of linen at frequent
intervals, and to rest the hand on a piece of paper to keep the map
unsoiled. When finally inking-in the letters, insert them before the
line-work, so that it will not be necessary to erase any detail to clear
the lerters.

Quill-Lettering

A quill may be used very effectively instead of a steel nib for script
lettering, The general effect is pleasing, while irregularitics are not
obvious, and with some practice & fair speed can be attained. Tt is
possible for any student to produce quite passable results. It must be
admitted, however, that quill-lettering is most effective when not
intended for reduction. Often a beautifully lettered map, so attractive
in its original form, is most disappointing upon reduction, for angles
tend to blur, and the delicate differences in stroke-width are lost.

Stencil-Lettering

The use of stencils for lettering has much to commend it. Tt enables
complete uniformity to be obtained, and where reduction is intended
a little experience will readily show the exact size of lettering to be
used for that particular reduction. Stencils can be obtained in a range
of sizes, for upper and lower case, roman and italic styles, and also
for numerals. A Uns-type pen should be used, so that by keeping the
cylinder vertical the outlines of the letters can be followed exactly,
and moreover the line thicknes can be kept constant. Some stencils
specify the size of pen to be used; it has been found by experience
that for clarity and better proportions, especially with smaller letters,
a pen one size less than that specified should be used. The ruling of
a base-line and correct spacing by eye are as essential as for frechand
lettering, especially when the name i to be lettered on a curve.

Fiz, 1o Lerremiwa Stvies

The first four exasmples | tals and lower case, in roman snd iialic styles) were bailt-
“Pwi'lhlnmlnﬂ:;&t%ﬁllrmﬂﬂ#ﬁmnﬁhﬂmmaqﬂpﬂumm
t"‘lﬂlilwudmwwi!hﬂmh:lpofunu:ﬁl,uu[dhmlhcrnhnflhclgu:um
ﬁth:ruinnnu!aim.rwuqkw'ﬂhd-iﬂ‘m;qmn:h:mnﬂ,mlunum
amples were drawn with stencil, but using a fines nib than the makers specify.
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Stencil lettering tends to leave rounded, sometimes ‘blobby’, ends
to the strokes. This can be removed by ‘trimming’ the letters with
a keen blade after the ink has dried, so giving a clean-cut precise finish
tw the lettering. However, if vertical strokes are wimmed, they will
be shortened, thus throwing those letters out of alignment with the
rest; the corners must be filled-in with a fine nib to produce a straight-
edge base and so keep the correct height of each letter. If working on
a surface such as drawing-paper, all corners and ends must be squared
by filling-in, as trimming with a blade will spoil the surface of the paper.

The mechanical perfection of the guided letters, together with the
individual judgement and taste needed for effective alignment and
spacing, combine to make trimmed stencil-lettering a very convenieat,
legible and effective mode of lettering for maps intended to be repro-
duced as line-blocks.

Nemes in Type

For completeness, there must be mentioned the device of setting
up the names required in type by the printer, or even on a typewriter.
The names are then cut out and mounted on the map in their correct
positions. On the whole, this method cannot be advocated, for the
results seldom look pleasing or natural, as they present too rigid
and unpliable an effect.

Reovvcrion axp Exvancemext

Reduction and enlargement of maps can be carried out most
expeditiously by photographic means (see p. 50). However, various
graphical and instrumental methods are available, and their use forms
a valuable cartographical exercise.

Graphical Methods

The Method of Squares, The original map is covered with a grid of
unit squares, either by ruling faint lines on the map itself, or by laying
over it a suitably ruled piece of tracing-paper, or a celluloid grid can
be nsed. The closer the grid, obviously the more accurate will be the
result; a one-inch map could earry a quarter-inch grid. Rule another
network of squares, enlarged or reduced as desired, and copy the
detail, square by square, by cye on w0 the drawing-paper, uotmg par-
ticularly any important intersections of detail with the grid lines.

It 15, of course, the change of scale of the side of the square that
produces the desired amount of enlargement or reduction. To enlarge
three times, for example, the side of the square on the drawing-paper
will be increased three times, that is, the area will be enlarged nine

times.
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Care must be taken over the size of the conventional symbols. As
a rule, unless the enlargement is very great, road widths and most
symbaols such as churches should not be enlarged; on the One-inch
Ordnance Survey map most symbols are already exaggerated. Nor
should lettering be inereased proportionally. The finished enlargement
should have as much balance as the original. Conversely, some detail
on & reduction must be simplified, generalized, or even omitted.
Examples of enlargement and reduction by the method of squares is
shown in Fig. 20.

9;?

ORIGINAL

Fic. 21, Renvcnos ast ENtamaesest oy Suarar TRiavoiss

The Method of Similar Triangles, This may be used lor the reduction
ar enlargement of any narrow area, such as a length of road, railway
or river, which would otherwise present considerable difficulties: Rule
a straight line AB, across the line of the required portion, and rule
guide-lines to follow the major bends and curves. Choose any point
O at a convenient distance from the line; the further away O lies,
the more accurate will be the proportions obtained. Join each end of
the section and any other significant points to 0. If the desired reduc-
tion is, say, four-sevenths of the original, divide A0 into seven equal
parts, and find a point € which is four-sevenths of the distance from
0 to A, Draw CD parallel to AB, and also other lines parallel 10 the
guide-lines along the section. The pesition of all impartant bends and
other features will now be fixed along CD, and other detail can be
drawn in by eye (Fig. 21). If enlargement is desired, produce lines
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4 and OB proportionally, and find the position of EF, then draw
in detajl similarly.

Instrumental Methods

Proportional compasses can be used to simplify the copying of detail
by the methods of squares or similar triangles, It is an instrument
consisting of two bars, pointed at both ends, which act as dividers.
These bars fit diagonally across each other, and are held together by
a screw which slides in a groove down the centre of each bar. The
screw Is set to the proportion required, according to a scale-line on -
the top bar, and screwed down tight. If any distance is stepped off
with the dividers at one end of the compasses, the dividers 8t the other
end will give the same distance increased or decreased proportionally
according to the scale-setting. _

Two instruments are in common usester redrawing maps on a dif-
ferent scale, the pantograph and the camera lucida. The panlograph
(sometimes spelt pantagraph) consists in its simplest form of four metal
arms of equal length, loosely jointed at all corners but one, which is
fixed 1o a weighted stand. A pencil is inserted in the corner diagonally
away from the fixed corner. A cross-bar, the position of which can be
adjusted o determine the scale-factor, can be moved along parallel
to two of the sides. This cross-bar carries a second pencil held in a
marker, which, when the eross-bar has been moved to the correct
scale-factor, lies on the diagonal from the fixed corner. Thus if the
line-wark to be copied is traced carefully round by the marker on the
corner, the pencil on the centre of the diagonal will draw the same
pattern on the reduced scale. Conversely, if the centre marker is used
o trace the line-work, the pencil on the corner will reproduce the
same pattern on an enlarged scale. This instrument is quite useful for
reduction, but any enlargement tends to emphasize and exaggerate
INGCOUTRCICS,

More elaborate models are available, with little wheels for smooth
movement, or with refinements to guide the tracer-point more
smoothly, as in such patterns as the Coradi suspension model where
the comers are held by taut wires from an upright arm to reduce
friction. There is no point in describing the complications of these
models: il the student wishes to use them, some practice following
the maker’s instructions will scon familiarize him with their operation.
At one time, a pantograph was used very extensively by draughts-
men, but its use has declined since photographic methods have been
developed.

The Camera Lacida depends on optical principles. The map to be copied
is fixed in a vertical plane illuminated as brilliantly as possible, while
the drawing-paper is laid in 3 horizontal plane. A prism, mounted un



KO MAPS AND DIAGRAMS

an arm, is placed so that when the eye is put to it an image of the
map appears vertically below the prism over the drawing-paper. The
disadvantage of this is that if the eye is moved relative to the prism,
the image will move relative to the pencil, so that distortion is diffi-
cult to avoid. The method should only be used for the very approxi-
mate copying, enlarging or reducing of a simple map;  large wall-map,
for example, can be copied conveniently. To enlarge or reduce the
original, the position of map and drawing-paper relative to the prism
must be adjusted; if these distances are equal, the image will be the
same size as the original, while if the drawing-paper is nearer, the
imiige will be enlarged proportionally. Reduction is more satisfactory
than enlargement, since the latter obviously increases errors.

Photographic Methods

A copying camera is a mm'esential part of a studio equipment.
A half-plate camera, equipped with a ground-glass sereen, and having
at least a double extension and a 3- to B-inch lens, can be arranged
to move on runners about 12 feet long. By this means, maps up to
about 4 feet square can be copied, and printed to any reduction. An
enlarger capable of enlargements up to about 20 by 16 inches will
enable negatives of photographed maps to be enlarged to ascale con-
venient for fine-drawing. Field-work plotted on a series of large-scale
maps can be reduced photographically to transfer to the desired smaller-
scale map. Moreover, if a map has to be made into a much smaller
line-block, it is useful to have it photographed as an indication of the
clarity of the lettering and shading.

MeasunEMENT 0oF AREA AND Dmrasce

It is oceasionally useful during a course of cartographical exercises
to be able to measure the area of any unit on the map with a fair
degree of accuracy, OF course, when using administrative divisions as
a basis for computations, the exact areas can be read off from the
cadastral survey records, from large-scale maps on which areas are
printed, or from census volumes. But when the student is dealing with
A non-administrative unit, particularly in connection with land-forms,
it may be necessary to compute the area; for example, the area within
specific contours must be known in order to draw a hypsographic
curve (see p, 86), There are several graphical methods, of a greater
or less degree of aceuracy, and various instruments which may be used.

The Method of Squares

A somewhat tedious procedure is to cover the area with unit squarcs,
cither by tracing the outline on to graph-paper, or SUpermposing
the graph-paper on the map over a brilliantly lighted tracing-table.
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Count the large squares, then the small; where the outline crosses a
small square, include it if more than half its area lies within the out-
line. Apply the scale-factor to convert the area on the map into the
area on the ground. Areas ona One-inch map can be readily measured
on inch (and tenths) graph-paper (Fig. 22, example A).

The Strip Method

This is a more speedy method, but is not as accurate. Rule a series
of parallel lines a unit distance apart, cither upon the face of the map
or on tracing-paper. The smaller the unit, the more precise will be
the measurement, but it should be some convenient unit for the scale
of the map; on a large area of a One-inch map, place the lines an
inch apart. Rule vertical lines at each end of every strip to convert
them into rectangles; the vertical lines should be placed as ‘give and
take lines' across each portion of the boundary so as to exclude as
much area as they include (Fig. 22, example B). Add the lengths of
all the strips, which will give the total area in square units, and apply
the scale-factor, .

Geometrical Methods

When an area has a relatively simple outline, divide it into triangles
occupying as much of the figure as possible (Fig. 22, example C).
Their areas can be computed by either of the formulac:

Area=/s(s—a) (s=b) [1—¢) . . < . o« . (2)
a+b+c

where a, b, ¢ are the thrée sides, and 1= =

The problem remains of computing the area of the irregular portions
along the margins; there are three possible methods.

Mean Ordinate Rule. Draw equally spaced perpendiculars (offsets)
from the bounding lines of the various triangles to the margin of the
area; the closer the offscts, the more accurate, if more tedious, the
result. The area of the irregular portion can be computed from:

araa OOt - 0

where I ts the length of the line, O, O . . . Og are the lengths of each
offset, and n the mmber of offoets.

Trapesnidal Rule. 'This method computes the area of each division
bounded by two consecutive offiets, Its width is the length of the line
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divided by the number of offsets, ils length is the mean of the two
bounding offsets.
(O+04)

Area of the first two divisions— 0+ 02) 4 (O 0)

- 3
‘OH:‘ Dn-l.}_l_ (On-1+05)

Area of the last we= =

The first and last ordinates will be used once, the others twice. The
complete formula is therefore:

__ﬂ‘]"'!{ﬂl‘k“ﬂl‘l' -aw GI_I.]‘l‘n-“K{

Area
2 n

This method will leave a small picce to the right of the last offset; the
area of this can be estimated, or weighed against a similar piece
elsewhere.

Simpson's Rule. Without entéring into the geometrical complexities
of the principles involved, the application of this formula will give
a more accurate result than will the preceding methods. Divide up
the bounding line into an odd number of offsets, so that there will be
an even number of unit areas. The formula is:

dm=l[ﬂ+ﬂ|+2 (suem of odd ordinates)-+ 4 (sum of even ordinates}]
3

It is to be doubted whether the mathematical tedium of this method
is worth the slightly more accurate result.

Instrumental Methods

The most convenient instruments which can be used for the measure-
ment of arca include the computing-scale and several planimeters of
varying degrees of refinement.

Computing-Scale. The computing-scale is a simple instrument which
in effect applies cumulatively the strip method without the necessity
of ruling vertical bounding lines or of measuring separately the length
of each strip. It consistz of a hard-wood rule, calibrated on its four
edges (obverse and reverse sides) for the 1/2,500, 6-inch, 1-inch and
}-inch scales, with a cursor which can slide from one end of the scale
to the other. Rule a series of equidistant parallel lines over the area,
and place the scale along the first strip, with the index wire over the
position where the first vertical bounding line would fll, touching
the zero of the scale. Slide the cursor along to the right-hand edge of
the first strip, then move the rule to the second strip, and repeat this
operation. When the cursor arrives at or near the end of the scale,
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note down the reading and start at zero once more, When the cursor
arrives at the right-hand edge of the last strip, note the final reading,
and add it 1o all the previous ones. Some computing-scales are made
to read off the area in acres for a particular scale, while others give
an answer in square inches which must be converted into actual area
measurements by applying a scale-factor,

Planimeters. Several makes of planimeter are available, varying from
a simple form of tracer-bar, known asz a hatchet-planimeter, to delicate
instruments fitted with recording dials; known as wheel-planimeters. It
is not easy to describe the theory of these instruments, but if the maker’s
instructions are carefully followed, a short period of practice will scon
familiarize the student with their operation.? The principle of each
model is that a point is carefully traced round the perimeter of the
area to be measured. In the case of a wheel-planimeter, the dial records
the distance travelled while tracing the perimeter, and this hgure,
multiplied by a known constant for the instrument, gives the area.
Some models have a varable tracer-arm, which will allow direct
measurement in any unit, others have a fixed tracer-arm which will
give the area on the paper in square inches, and therefare a scale-
lactor must be applied.

Measurement of Distance

It is frequently necessary to measure the length of some irregular
line on & map, such as a road, railway or river, If the line is not too
irregular, & number of short straight portions can be stepped off suc-
cessively with dividers, and summated, Alternatively, the end of a
piece of fine thread is placed at the starting-point and then laid along
the line, carclully Iollowing each eurve, Again, a small toothed wheel
Fitted with a recording dial, known as an opiomeler, can be run care-
fully along the line, the total length given on a dial is read off in
inches or centimetres, and this is converted into actual lengths by
applying a scale-factor. In each of these cases, it is well 10 measure
the hine twice, once from each end, and calculate the mean of the two
resulis; this will balance “inside’ and ‘outside’ curves.

Each of these methods measures the length of the line as its projec-
tion on to a plane surface, which in hilly country will be considerably
shorter than its actual length. 1f for some special reason & very accurate
measurement is desired, it may be necessary to construct a profile of
the road with no vertical exaggeration, and then to measure the
actoal profile,

} The cleirest expeaition of the theory of these instrumerits is glven by F. Debenbam,
Exervises i Cariagrahy (Londan, 15537),



CHAPTER I

RELIEF MAPS AND DIAGRAMS

Ax accurate topographical map can be used as the basis of much
aphical work. The reading of a contour-map is not easy and
needs considerable practice to emable the lindscape to be visualized.
In fact, the representation, recognition and description of reliel
features from their contour patterns, ranging from simple examples
such as concave slopes, spurs and cols to complex land-forms, pro-
vides much of the content of map-work as generally understood. More
advanced interpretation of topographical maps will help the student
to examine and explain various geomorphological concepis. It is not
going too far to say that the large-scale topographical map is secondary
only to the ground itsell in such work, As Professor A. A. Miller has
gaid, T referred to the map as a tool; in reality it is a whole bag of
toels containing more ingenious devices than a boy scout’s knife, and
if properly used it will open almost any geographical problem, . . '
But it must also be emphasized that the map must never be divorced
from the ground. As W. M. Davis once somewhat ironically wrote,
the study of maps “seems to lead different investigators to different
results".# It is all too easy to read oo much into, and to deduce nunjusti-
fiably too much from the map, without careful ground corroboration.
A geographer should also be able to add to a published map
any further material he requires;? he “must supplement the map
information with his own measurement of valley profiles, hill-slopes,
etc., using levels, clinometers, aneroids, or field-sketching, acconding
to the individual problem and the degree of accuracy required”.*
A detailed topographical map provides, then, much definite and
exact information which can be used as a basis for various purposes,
“a starting point for further analysis".® Significant contours can be

1 A. A. Miller, “The Dissection smd Analysis of Maps', Presidential
to the Imtitute of Beitith Geographers, published in Trommetion of S
oo, 14, p. 2 (Landon, 1940).

24V, M. Davis, “The Poocplain', Grographical Esarr, p- 353 (Beston, 1910},

SR, F. Peel, ‘Geomorphalogical Ficldwork with the Aid of Onlnance Survey
Mapn', Geographical Jourma, vol. 114 (London, 1949). As 'F,*mu}ﬁ 17, “[- - Joven
the best [map] cannol provids more than a defmition of the ground, or one
nore sccurmte than its scale will permit™, The same writer n:riih'glg ilhmtrates hiy
iwm p in ‘A !‘;l'wﬂ}‘ of Two Northumberian Spillwayy”, Traswection sad Paper,
1945, the Fnstitute of Brtivh Geographen (London, rg&l};q He published a series of

and profiles, based on lamge-scale 0.5, maps, with additional decails surveyed

in the field: they bncliede twi contour-magpe, with s interval of 1o fest.

LAL A Miller, p 2, 0p- ail § AL A Miller, p. 4, o cil.

148,
e,
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extracted; outlines can be traced as a basis for plotting field informa-
tion; gradiems, slopes and relative relief can be calculated; and pro-
files can be drawn.

One word of caution should be noted, A strict copyright exists in
all official topographical and geological maps published by Govern-
ment agencies, whether British or foreign, Permission is required for
direct reproduction for publication of a portion of such a map; this
as a rule is readily forthcoming, with the proviso, in the case of the
British Ordnance Survey, that ‘Crown Copyright Reserved” must be
printed below. More doubtful is the common case when certain detail
is extracted to be used as a base for a newly-compiled map. Ifit bears
any resemblance to the original source, it is safer to consult the
Ordnance Survey or other agency responsible.

Tue Dericrios oF Rever

Since the earliest days of map-making, the depiction of relief has
been one of the major prohlems of cartographers, for it involves the
representation of three dimensions upon a plane surface. From the
primitive efforts, using crude pictorial symbols in profile or the so-
called *hairy caterpillars’, to modern colour-printing, which employs
several methods in ecareful conjunction, is a long story of trial and
experiment, and of increasing technical efficiency.?

It Is convenient to summarize in turn the main methods of relief
depiction, indicating at the same time their application to the work
of the geographer. It will be appreciated that the various methods,
each with some advantage and osually with some limitations as well,
may be combined with profit.

(a) Spot-Heights
At various points on the map, heights are marked which have been
carcfully computed relative to a chosen datum.® This datum for heights

1A very weful survey of modemn aspects of the problem is given in 'C
générales concernant la répresentatitm. du reliel an point de voe tlopigraphique cf
morphologique’, Compies Rendian ds Congros Inkernstionad de Géographie, Lesborar, 1945
Tome . Ackes du Comgris. Traveny 'de Le Section [ (Lishan, 1650),
£ The Old British Datum was based on & scrics of shori-term tidal oleervation
carried ot between the 9 and 161k March, 18y, at the Victoris Diock, Liverposl.
Tidal observations for the ten days were taken at five-minute intervabs for an hour
abiwt high and low water. Thus the Ordounee Survey obtained a datum, a Mean
Sea Level, which held until g2y, and indecd heights on some maps sre sl
gi;m{uurmnﬁh:ﬂ mm,ulmmhlnlim&mmma&

ided o 1911 to je-cxccute the prm level network ireat Britnin, it wos
also deci to obtain & new datam; ml‘dﬂ Observatory, on & pier prajoct-

ing kito the sea, had virteally ss open-ocean site. Frem May tat, 1915, to April 3&
121, the mean of bourly records was computed, and; aficr varioas crrmreetions
been applied, s New Datum was determined 2 the basin for all heights in Great



BELIEF MAPET AND DIAGRAMS 57

above the sea is determined from a series of tidal observations; pro-
viding a ‘mean sea level'. The datum for heights below the surface of
the sea is usually taken on British charis to be the lowest water springs,
i.e. the worst water conditions for navigation. The chief merit of spot-
heights is that they provide definite and precise information, their
chief defect is that distributed over the map they give little or no
visual impression of the general pattern of the relief.? Used in con-
junction with other methods, however, they provide that exactness
which is otherwise often lacking. Prominent summits should have their
heights marked, even on a small-scale map, and there should be a
few heights in lowland areas and valley bottoms, so often ignored.
Figures in areas of heavy shading should be inserted in white panels.

(b) Contour-Lines

Contour-lines or contours (sometimes known as tekypses) are drawn
on a map through all points which are at the same height above, or
depth below, a chosen datum. Some contours are surveyed in on the
ground, others are interpolated, partly from accurately determined
spot-heights, partly by the eye of a skilled surveyor in the field. These
interpolated contour-lines are commonly known as forme-lines, while the
surveyed contours are thickened or emphasized in some way, Modern
photogrammetric methods enable extremely accurate and rapid con-
touring 1o be carried out from air photographs, using complicated
sterea-plotting machines,

The Contour-Interval, Oceasionally a varinble contour-interval may
be used; it may be increased in mountainous areas above a certain height,
or extra contours may be inserted, thus decreasing the interval, in
lowland areas. Some authorities claim that this change of interval is
permissible only on small-scale maps® (such as the International
1: Million series), or on atlas maps. On large-scale topographical maps
the interval should if possible be maintained, even if the contours
become crowded in mountain regions; this crowding, in fact, precisely
indicates the stecpness of the relief with some visual effect akin to that
of hachuring. But such close contouring is seldom possible, or desir-
able, on manuscript maps. This problem of contour-interval is akin
to that of all isopleth or choropleth intervals (discussed on p. 31).

ILH.H@MWWITﬂIM:AWM;MF i
Mapazine, wol. 31 (Edinburglt, 1053), uses n form of spot-height very i in =n
effort to demarcate the Highlanids. Om a mag bearing emly the Boa foot contour, he
indicated with & dot each summit over 1,500 fect, to give 4 “cnade indication of the
degree of neliel™ (p. 209}

% One of the mst attractive amd informative relief roduced s that of

Ehﬂm.ﬂmmwmqim A. de Ghellinck, M. A, Leftvre
and . L. Michote, printed by i fane Alilitzive. It b tinted in eleven
shades, green, yellow and brown, a1 5, 20, 50, 100 Every 10 metrs b Too et
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Significant Contours. The topographical map provides detailed informa-
fion about the relief, for every contour, corresponding to the particular
contour interval, is included. Tn drawing a relicf map for some specific
purpose, it is usually necessary to sclect ceriain significant contours,
partly for clarity and emphasis, partly for easc of drawing and repro-
duction. The contours must be carcfully chosen; quite a different
impression can be given by using an alternative series.

Sametimes a single contour is in itself highly significant. The 200-foot
contour in the London Basin, the Jo-metre contour in north-eastern
Belgium, the Boo-foot contour in Scotland,! the 1,300-foot contour in
the Ingleborough district,® all these illustrate and emphasize some
interesting feature.

Generalized Contours, As a rule, contours should be very accurately
traced, Occasionally, however, a clearer picture can be obtained when
minor detail is ignored, Professor S. W. Wooldridge, for example, pro-
duced a map of the Chiltern dip-slope in which he carried the con-
tours, at 30-foot intervals, across the minor valleys which dissect the
dip-slope, 5o as to link up the interfluves,® Needless to say, this practice
should be used with great discretion.

Extrapolation of Contours. Under the guidance of an expericnced geo-
marphologist, it is sometimes possible to reconstruct cartographically
erosion surfaces or platforms which have been largely destroyed by
subsequent dissection, and to insert the ‘restored contours™ or enftypses.
Professor A. A. Miller* identified in the field the surviving portions
of the Goo-foot plateau in south-west Wales and plotted their marging
at the point of the break of slope. These surviving portions of the
platcau were stippled. He then extended the system of contours by
extrapolation to show the probable original extent of the platean.®

The Technique of Drawing Contowr-Maps, The usual practice is to make
a pencil draft of the contours which are to be shown, either deduced

1 K. H. Huggins, op. &l
’M.M,Swﬂm.‘&odmﬂytlﬁnﬂﬁmﬂmﬂmmd Inglchorough
Dintrict”, €& it Fmrnal, vnl:u_r,,.p:;ﬂ:l.umlmn. 1aso). Nmﬁ:mtpd
morphological i i rurtnn:g;

outlining & siriking erosion meana of the 1,300
OO,
l'minmnphlpndmhth:gmtlhmudbcmh.urﬁnm:&mbﬂmm uried
Giso-foot contouim, with & steeper slope behind, Profesor Wi e thia o

the marine sheagon of Fliccene times. See S, W, Wooldridge and R. S. Morgan,
The Phpsical Basiy of Geegraphy, p. 2lio (London, new impresion, o).

4'A, A, Miller, *The Gioo-Foot Platesu in Pembrokebire and Carmarthenshire’,
Geographical Jourmal, vol. 110 {Landn, 1537]-

¥ Striking examples of the e of comtour cxirapalation in the elucklation of
mxﬁl&glmlnl problems are given by H. Annaheim, “Studien n:rﬁ:nmqrphngmn:w
der Sidalpen und Al *, Gegragphia Heleetics, vol. 2, p. go [Bem, tgyfi); aod
by D. L Linton, "Some Aspects of the Evolution of the Rivers Farmn and Tay',
Stethich Gengropiical Mapizine, vol. 56 {Edintwrgh, 1040)-
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from photographs and models, surveyed on the land itself; interpolated
from spot-heights, or traced from an official topographical map. Con-
tours may be traced directly in ink from a glear topographical original.
Indian ink should be used for a map which has to be reduced photo-
graphically, but coloured waterproof ink (such as red or brown) lends
clarity to & manuscript map. A smoothly-flowing steady line is drawn,
avoiding tremors and minute bends, Sometimes it is preferable to trace
in the drainage first, so that the contour re-entrants can be exactly
placed. The contours are numbered on the upper side of each line,
which indicates at first sight uphill and downhill directions, placing
the figures in a row above one another. Alternatively, the figures may
be placed within breaks in each line, but the top of each must still be
on the uphill side. The contour-interval should be stated below the
map. When the map is to be reduced, the contour numbers and spot-
heights should be drawn sufficicotly large to reduce clearly.

(¢) Eluborations of the Contour-Method

Various efforts have been made to introduce refinements into the
representation of relief by contours. One experiment, tried by the
Ordnance Survey and published in 1866, sought to make contours
more striking by using white lines on north-western slopes and black
anes on south-eastern slopes, superimposed over layer-tinting in grey.
These contours were indeed so striking that they looked like a series
of terraces.

The student can try the effect of ‘illuminating’ contour-lines with
the aid of a tracing; go over the contours on the tracing, resting it on
drawing-paper on a sheet of glass, with a hard pencil, which will
make a slight indentation in the paper. Apply hill-shading (see p. 62)
with a soft carbon pencil, which will make the contour-lines stand out
in white. Finally, go over the contours on south-castern slopes in
Indian ink.

It s a criticism of contours that they give a somewhat smouth,
rounded and rolling effect 1o the relief, while sudden changes of slope,
sharp breaks or edges, and any interruption may be obscured, unless
it is craggy enough to be shown by rock-drawing (see p. B4). R.
Lucerna? superimposed heavy lines, known as ‘edge-lines’ or ‘break-
lines’, to indicate these Kamten or edges, hence the German name of
Kantograpkiz and the American form Kantography. Some of these lines,
indicating deeply cut lateral valleys, hanging-valleys or rock-steps, ran
across the contours, others indicating rock-crests or river terraces were
drawn parallel to the contours. The contour-lines were usually inter-
rupted or broken at these edge-lines.

% R. Lucerma, “Neus Methode der Kastendarstellung', in Petomune’s Afifli

vol. =4 (Gotha, : and “Kantographic', Conpies Rendur du Comgrés or
S etia 3 (Latdon 15®):



6o MAPSE AND DIAGRAMS

It is a useful field-exercizse for students to (ake an outline contour-
map into some arca of prominent relief, such as the Lake District.
Work systematically over the ground, fixing break-lines and plotting
them on the map; a major break can be shown by a heavier line than
that used for a minor one.

Tanzka Kitirfs Methods. Two original methods of relief depiction,
using contours as basic material, have been developed by Professor
Tanaka Kitirh in recent years. These methods and the mathematics
behind them are somewhat involved; they arc described and wery
strikingly illustrated in several detailed articles.? _

In the Orthographical Relizf method, devised in 1931, he used ‘inclined
contours' to delineate the exact intensity of light and shade on the
ground surface. These inclined contours, although mathematically
determined, can be drawn mechanically and with precision by a
draughtsman, and no judgement, estimation or artistic skill is neces-
sary. It emphasizes steep slopes and striking relief extremely well, but
the multiplicity of lines gives a heavy, even an obscuring effect, o
the map. This is shown very obviously in the example spedally drawn
by Ordnance Survey draughtsmen of the country round Perth.®

In rgs0, Kitird published in America his Relief Confour method,
which he devised in order to give the map an appearance of detailed
reliefl as produced by oblique lighting, while preserving the outlines
of ardinary contours. The exact thickness of each contour-line was
calculated, varying according to the degree of slope. Contours on
slopes away from the source of illumination were drawn in black,
those facing the source of illumination in white; these he called ‘refief
contours’, All other detail—rivers, roads, cities, spot-heights and names
—awere drawn in black over the reliel contours. The map can be
reproduced either by a single half-tone block; or by two printing plates,
one carrying the black contours and all other detail, the second with
a uniform neutral background on which the white contours alane
appear. The second process gives sharper line-detail than does the
half-tone.®

F'I[n}T:mllng.itirﬂ,Hﬂﬂ hiullfl:f!‘rhﬁndd i Hill
eatusTt o0 4 ', Geagraphieal Frursal, e | 1552,
(#) Tamaka Kitird, ol Gt .

Method of Representing T oty
Maps', Geogruphical Resine, vol. g0 (New York, h{_r,o}r. wM& B
member of the Fatulty of Engineering of Kyushu Imperial Univenity, Japan,

B H. 5t | L. Winterbothnm, "Note on Professor Kitiod's Method of Orthographical
Relief”, Gengropiical fournal, vol, 80 (Lendon, 1g3ai.

8 The student ehould exammne the seficf-contour wap of the Rirmhima volcanic
group near Kagoshims in the bslund of Kywhu, published in Kitinds article, and
compare it with the reproduction of the official fapancse topographical map, on
which the relicfcontour map waa based. The latter gives a curious appearance, &
if'it were built up of candboand layers, but the reliel effect, 25 applied to ue admittedly
striking area of voleanic topography, i extraordinarily vivid.
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(d) Layer-Shading and Tinting

It is possible to shade or colour each part of a map lying between
two particular contours in order that the distribution of high and
low land can be seen at a glance. This is known as layer-tinting, or
as hypsometric-shading. It is obviously more useful for country of
varied relicf, for there is little point in tinting with one colour the
whole of a map showing uniformly level country, whether on a plain
or a plateau, The principle of layer-tinting is in a sense misleading,
since a single shade between the 100- and 200-foot contours indicates
a uniform level, instead of & progressive change in height. Nevertheless
as in the case of all maps drawn on a similar principle (see pp- 34-7)
the process is helpful if used with discretion,

Line-Shading. As a yule, line-shading and hand-stippling should be
avoided for manuscript relief maps. It is slow to execute, a ‘stepped’
effect is unavoidable, and intermedinte contours, lettering and other
detail are often obliterated. Mechanical stipples, printed in black, may
occasionally be used (see p. 37), but a carefully graded series must
be chosen.

Colowr. Modern printing processes have enabled [ayer-colouring to
be employed very suceessfully on atlas and topographical maps, using
half-tone blocks; these are obviously outside the scope of this book.
Hand-tinting may, however, be used on manuscript maps, or by means
of mechanical stipples an line-blocks (see pp. 39—40); if the cost is
merited, a brown stipple can be extremely cffective (Fig. 23).

The range of colours for hand-tinting of relief maps must be care-
fully chosen. One alternative is to use a sequence of greess, yellows
and browns in ascending altitude, possibly culminating in red, purple
and even white in high country. The contour interval at which the
colour-change is made must be carcfully chosen. As many depths as
possible of each colour should be used to give a gradual sequence and
to avoid the stepped effect of sudden contrasts. A second method is
th use one calour only, ranging from the faintest to the darkest possible
density. A third method is to merge or grade the successive tints, so
that a stepped appearance is avolded; it lacks the absolute quantita-
tive nature of eolour used as contour-filling {(although it can be super-
i over contours), yet it is very effective, especially if combined
with light hill-shading. The eolours should be subdued in appearance,
almost as if & pale grey wash were superimposed, so that a serics might
range from greenish-grey to greyish-brown. The key-panel cansists of
a single column, with merging colours, and with significant heights
ticked off alongide.

r: include the layer-tinting on BLAF. the artractive grews
of Bl oot itk O Grest Brisasn, ‘and the greys of the British Coancil's
Afzp of the Middle Emt.
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A most revealing exercise is to tint two copies of an outline contour-
map, using two different colour systems; sometimes quite striking con-
trasts in the general appearance of the map will result.

(¢) Hachures

Hachures are lines drawn down the slope in the direction of the
steepest gradient; conventionally, they are drawn more closely together
where the slope is steeper. Another method employs the same number
of lines per inch, but each one is proportionally thicker, as in the
Lehmann system, where the exact thickness of the individual hachure
is determined according to the angle of slope. Another adapration is
where the hachuring is assumed to be obliquely lighted, usually from
the north-west, but this is only effective in regions of strong relief,
with sharply defined ridges, as in Switzerland, where the method was
developed on the Dufour map.

The chief disadvantages of hachuring are the lack of absolute
information (to meet which numerous spot-heights have to be inserted),
the difficulty of drawing hachures in the field unless one has a very
good eye for country, and the problem of distinguishing directions of
slope. Most hachuring on modern printed maps is in colour, usually
brown, purple or grey. This removes the grave disadvantage of the
obliterating effect of black hachures in hilly areas, shown, for example,
on the sheets of the first and second editions of the One-inch series of
the British Ordnance Survey. On the other hand, its chief advantage
is that it enables minor but important details, lost on a contour-map
within the contour interval, to be brought out, and sometimes it can
show country of striking relief in'a very dramatic manner (Fig. 24).!

(f) Hill-Shading

Hill-shading, known m the United States as plaauc-shadmg , Aims
at producing something of the effect of a relief model. It is imagined
that such a relief model is brightly illuminated, either by a vertical
source of light, or obliguely, usually from the mﬂ‘.h—wuturn corner.
With a vertical light, the steeper the slope the darker the shadow,
while ridge-crests, plateaux, valley-bottoms and plains remain in the
light. With an oblique lighting, north-western and western slopes are
unshiaded, while the eastern and south-castern slopes are in shadow.

1 Com the hacky on {d) the T Atles der Sehmeiz (Digfour
), Tpes e & ST i e
150,008 e
el g Edivions of the (ﬁuﬂ:h series, ﬂrdm.mﬂu-w:y. md {f) the ,‘:lh {Relief)
f.dn!u: ﬂmli;w Ofﬂt;amc Survey. The Lt of these, mmmmmg
n brows bres from cﬂaphﬂ:n Edditi
memmﬁmdﬂpﬂ mm&d uu, e
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Lighting from the south gives a curiously ‘photograph-negative’ appear-
ance, and is never used. Grades of grey are used for shading, but
occasionally in regions of striking reliefl solid black shading can be
used for the areas in shadow, producing a very effective, if somewhat,
stark, effect.? It is impossible, of course, to add any more detail or
lettering over such shading. Some of the disadvantages inherent in
this method are common o those of hachuring: lack of specific informa-
tion (unless there are many spot-heights); doubr about which is uphill
and downhill, spur or valley, plateau or plain; and confusion abour
the relative steepness of slopes, particularly with obligue lighting.

The printed topographical map can, however, make quite effective
use of hillshading, when it is applied in a subdued stipple in some
neutral tone, and used in conjunction with contours, hachures or hoth.®

In order to appreciate the problem of hill-shading, choose some
clear-cut reliel feature, such as & volcanic cons, or a fretted ridge,
draw a contour-map of it, and then try to produce a shaded map.
The shading may best be done by using a very soft graphite or carbon
pencil; apply light strokes on the slopes in shadow. The individual
strokes may be obliterated into & uniform tone by rubbing with a
stump of rolled paper, or even carcfully with the finger-tip, The student
may try the effect of a graduated eolour-wash in brown or grey, but
great care is needed to avoid patchiness, Damp the paper and before
it dries apply all the colour, leaving no sharp edges.

{g) Cliff- and Rock-Drawing

It is very useful to be able to indicate on a map the occurrence of
steep cliffs and rock-faces. This is done by wedge-shaped black lines,
with the thin ends pointing down the slope, but it is very diflicult o
do on a manuscript map without giving a “fringed’ or ‘tasselled’ effect.?

VE, Eiselen, "The Central Valley (of California) Project!, Eeomomis ﬁum
wol. 43 (Worcester, Mus., imr o lims four sueh mape, which show the reliel
state of California with ble clarity, emphasizing, of coure, the longitudinal

valley nnd the rungres on either side. Informuation canals, reservoiry and
irvigation projects, i lettered in panch oulside the arca; and located by
mieuns of arrows.

= The French Servive de " Armnde employed on the 12 ies, prube
lished in the decade before 1514, brown contours at. jo-metre int with a double
sywiemn of hill-shading. The shadow of & vertical Bghting was printed in bhrown, that
af an oblique lighting from the norh-west In gl o The Newelle Cartd de
Framee, on the same scale, published after 1922, wed for economy only oblique hill-
thading from the north-weat in heown

+The Lake District and Snewdonia sheets of the One-inch (Tournt Edition) of
the Ordnance Survey mﬂ&cﬂmﬂﬂmﬁﬂhﬁdﬁi%mmmm
detailed 135,000 sericy, thow crigs very effectively. Swiss maps wie besutifully
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(k) Physiographic Methods
American geographers, particularly E. Raisz, ! have devised methods
of showing physiographic features on small-scale maps by the system-
atic application of a standardized set of conventional pictorial symbols,
“based on the simplified appearance of the physical features they repre-
sent as viewed obliquely from the air at an angle of about 45 degroees.

Fuo, 25. Peveocesayac Srasols
Based on E. Raber, Gowml Carmprapdy, pp. 151-3 (New York, 1038).

Some American geographers call this a ‘morphographic’ or ‘morpho-
logic’ method. In principle, the method goes back to the primitive
concepts of early maps, whereby relief features were shown obliquely and
in some degree of perspective, instead of by vertical conventions. Many of
these physiographic symbols are derived from block-diagrams used by
such pioneers-as W. M. Davis. In the article quoted, Raisz standardized
the symbols to be used into a set of forty ‘morphologic types’, and added &
further ten, based mainly on natural vegetation, o diversify the category
of plains. A few of the more striking symbols arc ilhstrated in Fig. 25,
The advantages of this method are most readily appreciated when
1 - - ¥ i L]
Vicel s Eﬁ?ﬁﬁ“@fi'ﬁ.ﬁ St B Rols, ‘Devtiopaens ta the
mw?ﬂ ',mrmeT%mdch S-r:m:nt
Cartographie (Leiden, 1g98).

¥
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it iz used for semi-diagrammatic small-scale maps, such as military
maps to show a campaign, or for teaching purposes, for they do give
a good broad impression of the country. Some American regional
geographers, such as Preston E. James;! have made extensive use of
the method. The chief difficulty is to lay these symbols, which in
appearance are like block-dingrams and therefore are intended to be
viewed obliquely, on to & map which has to be viewed vertically. The
symbals can of course be superimposed on faint layer-tinting, or a
number of spot-heights can be added.

An interesting application of the principle consists of making a large-
scale geomorphological map of some striking piece of country, using
physiographic symbols. Trace a contoured base-map from a large-
scale topographical map., Then, with the help of geological maps,
oblique air photographs if available, and field observation, draw in
pictorial symbals, using the contours as a location guide. The symbols
need not be restricted to Raisz’s chosen forty; special symbals can be
devised for the particular land-forms, For example, a physiographic
map of Craven in the West Riding of Yorkshire would show scars,
gorges, dry-valleys, pot-holes and water-sinks, monadnocks, areas of
clint pavements, arcas of peat bog, millstone grit ‘edges’, and so on.
A physiographic map of Snowdonia would contain an immense variety
of striking phenomena—glaciated valleys, hanging valleys, cwms, llyns,
rock-steps, upland moors and arétes. The area chosen need not be
viewed so that the top of the map is in the north; for Craven this
might indeed be the most revealing aspect, but for Snowdonia a view
south-westwards across the Glyders towards Snowdon itself would be
preferable. This work has much of the nature and quality of landscape-
drawing and should peeferably be carried out in the Feld.

(1) Surface Configuration Maps

A useful method of indicating relief features in a broad and gener-
alized, yet striking way, akin to physiographic symbols, has been used
by a number of American geographers, notably by P, E. Jamss,* where

LP, E Jamos, Latts America (New York, 1 i and 4 Geagraph Man [Boston,
ool Nie particularly in the latter the s6iking dduwl&'qggnhy: (. .p;:
the Tari sa), South Africa (p. 56), {p=_ 102}, California Lp‘.rln.{. .
Gireeee (p. 193), lwaly [ uﬂ?. and eastern Nonh America (p. 235). Other very
lma:tiuuu.mphlml.t:.ml n articles by E. O, Teale and E Harvey, ‘A i

ical Map of T ika Territory', Gengraphical Reerm, vol, gt, p. 655 (New
ﬁ:r . 1og1); and by 11 e Terra, *"Component Factors of the Natural
Regions Mﬁhhm',fmﬂ:fﬁrmfmww. vol. 34, po 1
{Lancaater, 1)

¥ PE. James, A G &f Man (Baston, 10340). Nate the supplement of Reforence
Maps, pp. 583-618. P, E James mludnm:l.n previous work, “On the Treai-
ment of Susface Features in Regional Stodie’, dwmals of the Awweabion of Americon
Cesgraphers, vol. 27, p. 2ty {Laneuter; Pr., 3437), = suriace ion map of

confiurat
Rentucky, which bhe distingminhed f i (i) fin- Interibuves;
(i) ;nltmi:l”-h}pu; (i) rciﬂu:hpm ::d: {iv) mﬂﬂ w ' o
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a physical background was needed for economic or ecological surveys.
He divided the land surface of each continent into the following
categories:

Plain Hilly upland and plateau Low mountain
High mountain Hamada Erg
Mountain and balsan  Intermont basin lee-covered area

To each category he nscribed a stipple or line-shading, and so pro-
duced a series of clear ‘surface configuration’ maps of the continents.

A simple configuration map is shown in Fig. 26. It was required o
produce an outline reliel map as a locational basis for a regional study
of the Lotschenthal, a valley in the Bernese Oberland drained by the
river Lonza, a right-bank tributary of the Rlidne. The ocutline of the
snow-fields and glaciers was abstracted from the 1:50,000 Sieg fried map
of the area, and then the main crest-lines were defined by heavy
black lines.

Prorries

The drawing of a profile from a contour-map may be of very great
assistance in visualizing the relief, and in the description and explana-
tion of the land-forms. A geomorphologist in particular, seeking to
analyse the nature of relief, is interested in surfaces with different
slopes, corresponding to periods of peneplanation and of ageradation,
but contour-maps often fail to bring out these significant surfaces.

“Since the contoured map, while an indispensable aid to the geo-
morphologist, is incomplete in its indications, we may consider certain
methods by which its testimony can be mppi:mcmcd rendered clearer,
or translated into other terms. Such methods are, of course, no mb—
stitute for work in the field. They may, however, usefully precede
such work and can also assist in portraying its results”" Various
methods, often involving the drawing of some form of profile, may
therefore be employed.

The terms ‘section’ and 'profile’ are used with little precision and
much confusion. The literal meaning of a section is a cutting, or a
surface exposed byiunhncuttmg and the term is correctly used only
when the geological structure is shown. A profile, on the other hand,
is the outline produced where the plane of a section cuts the surface
of the ground. A profile of a river valley, for example, may be either
longitudinal or transverse; in the former case, it is the outline of the
valley on the surface from source to mouth, in the latter case it is
drawn across the valley at right-angles to its gl:ﬂl:ﬁ‘l.l- direction.

5. W. Woaid and R. S. Morgan, The Plysical Baiis
!mmmmm of Geography, p. 259
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The Drawing of Profiles
The first step in the drawing of an accurate profile is to lay a strasght-

edge of paper along the chosen line on the map, then mark accurately
with sharp elean ticks all contour intersections, spot-heights, rivers,
summits and other defined points Draw the base-line of the profile
on a sheer of graph-paper, and transfer the ticks carefully to this.
Rule vertical lines: at either end of the base-line, and mark off a
vertical scale, which should be carefully chosen, bearing in mind the
height range involved and the nature of the country. Allow 100 feet,
or some such exact figure, to each horizontal line on the graph-paper,
for ease of plotting. Number the vertical scale at suitable mtervals,
avoiding columns of noughts, Unless the horizontal scale is large and
the range of altitudes considerable, the vertical scale must be con-
siderably larger than the horizontal, otherwise the undulations along
the profile will hardly be perceptible. On the other hand, too large
a vertical scale will produce a ridiculously caricatured effect of the
land surface. This relation between the horizontal and vertical scales
is known as the vertical exaggeration. Thus if the horizontal scale is 1 inch
to 1 mile (i.e, R.F. 1:63,360) and the vertical scale is 1 inch to 1,000
fect (i.e. 1:12,000), the exagperation will be 5-28 times. Always state
the exaggeration below the profile. No exaggeration should be used
for accurate geological sections (see p. 110), which would otherwise
give an inaccurate dip to the strata. Either by following the vertical
graph-lines, or by ruling perpendiculars from the ticks on the base-
ine, mark the position of cach point according to the vertical scale,
with a fine accurate cross. When all points are plotted, join them by
a smooth line, not by a series of straight lines. To interpret the detail
between two widely spaced contours, use any other indications of the
relief, such as spot-heights near the line of profile, the position of
streams, and information from hachures. It may even be necessary,
if profiles are being used for advanced land-form study, 1o level
accurately each line of profile in the ficld, especially when the contour-
interval of the map is considernble. When drawing in the profile, care
must be taken (a) to start from the exact height at either end; (8) to
distinguish between dips and rises where there are two successive con-
tours numbered identically; and (¢} to draw carefully the outlines of
summits, wheilier peaked or flattened. '

- Finish off the line-work in ink, add significant place-names, lettered
in sideways above the point on the section to which they refer, together
with a title, and give the grid reference of either end. Unless a location-
map is included, indicating the plan of the profile, specify also the
orientation. If the prafile is originally drawn on graph-paper lor con-
venience, it may be traced on to drawing-paper, omitting the hori-
zontal graph-lines.
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Serial Profiles

A series of profiles, to illustrate the edge of a plateau? or the trans-
verse shape of a valley from the source of a river to its mouth,? or the
character of a coastline, may be drawn with effect, They can be
arranged in a vertical column, representing for example a series from
north to south, accompanied by a location map.

SUPERIMPOSED “‘é’é?“
o ]
L 2
I
SL
COMPOSITE

W:’

PROJECTED

5L

Fie, 7. Prowmes

D‘Su-p:rimpn-ed, camposite aml projecied profiles have been drawn of the same piece
country.

Lomgitudinal Profiles

The chiel problem involved in drawing longitudinal profiles is the
transference of points along a curved or winding road, railway or river
to the straight-edge which forms the base of the profile. The distance
between cach contour, spot-height or other Feature must be accurately

1 F. J. Monkhowss, The Belgian Kempoulend, p. 24 (Liverpool, 1948).

=5 Jone, “The Development of the Teifi Drainage System’;, Grography, val.
(Loudon, tg4). ﬂ
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determined by stepping it off with dividers, and then ticking it off
along the straight-edge. Railway profiles are difficult 1o draw, since
‘cutting and filling’, i.e. the grading of the track by cuttings and
embankments, may have removed or smoothed out minor changes of
slope, and contours often end abruptly at the edge of the cutting
symbol. Railway profiles as a rule can only be accurately drawn when
a large-scale map is available, showing numerous spot-heights along
the track itself. Information can be obtained from official track-
descriptions, or the actual gradients ¢an be read from the gradient
posts along the track.
Superimposed Profiles

It is a useful practice to compare and to correlate profiles spaced
at regular intervals across a piece of country, and then to plot them
on & single frame.! Each individual line should be carefully numbered
and located on an accompanying map. These are known as super-
imposed profiles (Fig, 27, top). Unless, however, the landforms
have some morphological unity, such as an erosion platform, which
will be shown up by the general uniformity of level of the various
profiles, the result is apt to look somewhat muddled, and the several
profiles should then be placed separately. Alternatively, the base can
be raised, as is done for the beach-profiles shown on Fig. 28. E. H.
Brown plotted the profiles of a series of valley-spurs, in order to bring
out breaks of slope which might not be apparent in the valley-sides.
He drew a profile along the crest-line of each spur, ‘pulling-ourt’ each
profile into a straight-line. The spur-profiles were then plotted on a
single diagram, but for clarity each was ‘staggered’, and lowered in
relation to the preceding one.?

Composite Profiles

A compesite profile is constructed o represent the surface of any
area of relief, as viewed in the horizontal plane of the summit-levels
from an infinite distance, and so including only the highest parts of
a series of parallel profiles (Fig. 27, middle). A number of closely
spaced equidistant parallel lines is ruled across the area; the orienta-
tion of these lines should be carefully chosen; in the Highlands of
Seotland they might run from north-west to south-east, Le. transverse
to the ‘grain’ of the country. Place a straight-edge of paper along the

"I'hfmmmmmmm#nnfn‘:fuuﬂgnnd' uapplhdlummﬂ:;'
logieal ek J. W, Wright, "The White Nile Plain and the Effect of
posedd Control Schemes', i {rﬂfﬂt%{mﬂm,:gg},h—mmh
Hmﬁu—iml;med bank ; O A M. King and W, W, Williarns, “The Formation
and Movement of Bars by Wave Action’, Gesgraphical JFoursal, vol, 113 (London,
lgﬁ},h}tmmﬂmimpﬂﬂ beach.profils, representing the same besch
oS Soth Caii’, Tt et P

i » A Ni 1 * - Tramsars: 2
1o The Tastitule gf British Geagraphers, no, 16 {London, 1552},
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outside parallel line, with a set-square at right-angles to it. Slide the
setsquare along the straight edge, reading off the highest point, on
whichever parallel line it occurs, and noting it on the straight-edge,
Transfer these points to a base-line on graph-paper, plot them and
join them with a smooth line, as for an ordinary profile, A lengthier
method is to draw a profile along each parallel line, super-impose
cach in pencil, and join up all summit lines.
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Fro. o8, Taawvmss Beack-Prories
Compiled by B. K. Gresswell, from data Iy ® on Southport beach.
The datum for each profile wia fixed at 1o mbcinrwﬂ letters refer o aucoes-
sive dates, vie. A 3n Okt 1 g&nlgjm. tﬂﬂﬁnﬂ.f.Mmh 1g3h; D. 13 May, 1935,
E. 55 July, 1936; and ¥, 28 The ve been in serics, cach
with & diffcrent base, in mﬁn‘umd ,nnd]rﬂtn itate ready come-
parisom.
Projected Profiles

It is possible to plot on a single diagram a series of profilss, including
only those features not obscured by higher intervening lorms. This
will give 2 panoramic effect, with a distant sky-line, a middle-ground
and a fore-ground; it is, in fact, an outline landscape drawing show-
ing only summit detail (Fig. 27, bottom). The profiles should be
spaced at equal intervals; but it s possible to add selected lines, run-
ning along, for example, a crest-line.t

l‘l‘hrr:m;ﬂuﬁmﬂumuz}luﬂlﬂx will suffice:
{a) Bnrrr_ll,“'l'h:hudm: erraces of the Northern Appalachiam’, Afwrice

af Scimur {yth series), vol {New Haven, Conn., 10u0),
(B} ﬂ,ﬂ,!hiﬁlrr,"l'lrl" Meanders of the Herefordahire Wye', Geographice
wol, By (London, 1945).

(t‘lﬂl memmnﬂlmmmhmm Scottish Glongr, nﬁmﬂ
Magpesine, vol. 67, p-gﬁ{ﬂdlnbm!h 1651}, wa & doublc pmjn:mr}

Tilt through-vallty in the Grampiam ina most effective manner, H:pmjtrh:dmp
heights of the bordering hills and valley walls as depicted on the Oue-inch map
“frum each side an 10 3 composite line made of stradght lengths following the
centre of the valley”™, sod dmew two projected ane on either side of & central
line oo which distances in miles and troe bearings in degress were mincked.
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Reconstructed Profiles

1t is sometimes useful in the elucidation of geomorphological prob-
lems to reconstruct a pre-existing profile, This is especially important
in the examination of the effects of rejuvenation of a drainage system
on the present form of a valley, when it is necessary to reconstruct the
original profile below the knick-point clearly visible on the present
profile. The latter is first drawn; obviously it is tempting to prolong
by eye the curve of the upper course, but this would be most unsatis-
factory. Various formulae have been devised, involving the height of
the source, length of stream, the distance of any point from the mouth,
and certain constants determined by trial.t Using such a formula, a
number of points can be plotied and the lower portion below the
knick-point reconstructed.

(GRADIENT AND SLopPr

The Significance of Slape Determination

The topographical map presents much precise information, “but it
has had the effect of elevating simple height to an unmerited emin-
ence”.® The geographer is concerned with many other features of the
landscape, particularly the slope (its amount and changes}, the mean
height, surface-levels and platforms, ‘breaks’ and ‘edges’, and the like.
The exact height of a point above sea-level is for some purposes much
less important than the relation of its altitude to that of surrounding
areas. Some of these considerations have been discussed already when
dealing with profiles,

The analysis of slope and its representation on a map has been the
subject of much research, particularly by American geomorphologists.
The calculation of average gradient, either along the steepest slope
(i.c. at right-angles to the contours) or along a road, is a simple matter.
But to work out some representation of azerage slope, particularly in
an area of camplicated relief, and to express this on 2 map to provide
a clear picture which may belp the geomorphologist to make important
deductions, is a much more complicated affair. The analysis of average
slope may be quite objective and arbitrary, using methods of random
sampling or of uniform grids as bases for calculations of each unit area.

10, T. Joues, “The U Towey Drainage Syvtem’, (uarterly Journal of the Goo-

¥

eagical Soarty, val. 8o [ .
F. N. Greent, "The River Llﬂjhmnﬁu: of the Geologint® Areeciatson, vol. 45
{Loodon, I[?Itr}' . .

A A Miller, *Atiainable Standands of Accuracy in the Détermination of Pre-
Glacial Sea-Levels by Physiographic Methods', Fauesal of Gematpholagy, vol. 4 (New

¥ 1041).
E%'F_gﬁ,j,‘ “Ihe North Tyne Valley', Gaygraphical Fourna, vol. off (London, 1941},
2 A. A Miller, "The Disscciion snd Analysis of Maps', Presidential Address, 1048
fo the Institete of British Gengraphers, pablished in Tramuctions of the Futitute, Publica-
tion No. 14, p. 4 (London, voya).
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A geomorphologist examining a specific problem, stich as the slope
of an erosion platform, may well choose to omit valleys produced in
this platform by subsequent erosion, which may have steep sides and
s0 would profoundly affect the figure for the whole area computed by
an arbitrary method. He wishes to find the slope of the original plat-
form and so omits the irrelevant slopes; this is analogous to the general-
ized contours discussed on p. 58. Moreover, the difference in value
between the arbitrary and the selective figures is in jtself an index of
the amount of subsequent disscetion, which can in fact be used as a
comparison with other morphological areas,

The Calenlation of Gradient

It is sometimes essential to be able 1o express exactly the steepness
of a uniform slope, If two points on a hillside are projected on to
a horizontal plane, as they are on a map, the distance between them
is known as the Horizontal Equiralent (H.E.). The difference in vertical
height between the two points is known as the Fertical Tnterval (V.1.).
The gradient is expressed as a proportion, V.I./H.E., with the V.1,
reduced to unity. Thus if the H.E. is 500 yards, and the V.I, is 150
feet, the gradient will be 150/1,500, or one in ten.

The gradient may be expressed as an angular measurement between
the horizontal plane and the line of slope. This can be given approxi-
mately by multiplying the gradient, expressed as a fraction, by 6o,
which is reasonably correct to a slope of about 7°.

Thus, a slope of 1°=gradient of 1 in 60 (actually 5714
a stlope of 2" =gradient of 1 in 30 (actually 23-55;
a dope of §"=gradient of 1 in 20 (actually 19-08)

The slope in degrees can be accuralely computed by expressing the
gradient as a fraction, reducing it to a decimal, and then locking the
angle up in a table of tangents, for the tangent of the angle of slope
equals V.I./H.E. This can obviously he used, given an angle of slope
(obrained, for example, by a clinometer) to find the H.E. for a given
comtour interval, or to find the V.1, for any given H.E.

To obtain maximum slopes on a hill-side, the H.E. is measured as
far as possible at right-angles to the contours. If an area has a uni-
form slope in a more or less constant direction, a series of equidistant
lines drawn down the steepest slope will be more or less parallel, The
slope is calculated along each line and the mean of the results obtained;
this will give an indication of the average slope of the ares as o whaole,
Where the land has slopes of differing degrees of stecpnes in various
directions, it will be necessary o divide the map into areas of broadly
similar slope, or ‘facets’, by inspection, and these units will be used
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as bases for caleulation. Facets with certain critical slopes may be
distinguished and mapped; this would be necessary in, for example,
a study of soil erosion, ‘sheetwash’, flood and run-off.!

If road gradiens are required, the HLE. must be carcfully measured
along each bend (see p. 54). Spot-heights should be used rather than
contour intersections, as far as possible. These road gradients can be
very misleading, since on a small-scale map, at any rate, minor dips
and rises are masked. The same caution should be noted when cal-
culating gradients of milway tracks, as when drawing track-profiles
(see p. 71). However, such calculations can be of practical value if
a road-profile in hilly country is to be comstructed; any striking
gradients can be expressed precisely in figures on the profile, and this
give much practical information to a motorist or cyelist, This is the
methed employed by compilers of Road-books,

Secales of Sloper

A useful graphical exercise in connection with contour-maps is the
construction of some form of line-scale of slopes. Examine the hori-
zontal scale and the contour-interval of the map in question. If the
V.L is 50 feet, then the H.E. will be 2,857 feet on the ground for a
slope of t° (as worked out from tangent tables); 1,435 feet on the
ground for a slope of 2% g54 feet for a slope of 3%, and, for example,
187 feet for 15°. Draw a horizontal line, and mark off along it these
and other horizontal equivalents according to the scale of the map.
Thus, on a six-inch map, when the contour-interval is 50 feet, a length
of 9+24 inches between two successive contours will represent a slope
of 1% and a line of 0-21 inch will represent a slope of 30°, Slopes can
be determined immediately by stepping off the distance on the map
between two successive contours, transferring this to the line-scale of
slopes, and reading off the degress of slope indicated.

Another simple way of constructing a scale of gradients is shown in
Fig. 29. It may be explained as follows:

seale o =1:69,360,
Pn“ﬂrﬂtk;: 1 mﬂfﬁiﬁﬁ' of 1 inch :ruthlmp{u 5,280 feel
on the ground) mﬂhnﬁrmudb: F:ﬁ:fzﬁ.;ﬁl,

H.E. 20 5280

IfaVl et is represented by v inch on the map, then a V.I.
ol T T el

12
264
1 Thiv was dome by AL T. A.lmmm:h."l’!:ﬂmd&d’ln!h.hqw, lgqﬂ.
South-cast Scotland” [circulated in manuscript form, 1951). He
the Lanumermuir Hills, on which facens with ul':ltnnﬂmﬂn.ndt
with gradients of from 1 in 2 to 1 in g were i

=0-047 i

ﬂ,E



jE MADPS AND DIAGRAMS

Draw a horizantal line AR any convenient length, and divide it into
twenty equal parts. Drop a perpendicular BC, 0-947 inch long, and
*oin AC. Drop perpendiculars from the upper line to pass through
each point on the lower line; the lengths of these perpendiculars serve
as a scale of horizontal equivalents. Slopes between 1 in 1, and 1 in 20,
are read [rom the base-line, using a contour-interval of 250 feet; those
between 1 in 20, and 1 in 100, are read from the upper line, using
a cantour-interval of 50 fect.

Gradient from X toY
| in I5
.-—-—"M
H_J."_‘E?ﬁﬁ Gradient from P o0
:wjzﬁ | inB85
= ——

2P

A 2 4 & 8 10 i2 14 X 16 P
Fre. 20. A Scatz oF GranumsTs

The gradient of slope X1 can be read off immediately from the lower scale-line AR
#a 1 in 15; the gradient of 0F can be read off from the upper scale-line AC as 1 in B,

For slopes steeper than 1 in 20, lay a straight-edge of paper as far
as possible at right-angles across the contours of the slope to be
measured, and mark the horizontal distance betweéen any contour-
imterval of 250 feet; alternatively, dividers may be used to step off this
distance. Move the straight-edge or the dividers along the base-line of
the scale until the distance coincides with a perpendicuiar between
AB and AC. The corresponding gradient can then be read off from
the AB scale-line,

For slopes gentler than 1 in 20, lay a straight-edge of paper at right-
angles across the contours of the slope to be measured, mark the hori-
zontal distance between a contour-interval of 50 feet. In the same
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way, determine the corresponding perpendicular, and read off the
gradient along the AC scale-line. Obviously, the distance BC repre-
sents a V.1 of 50 feet instead of 250 feet, as in the previous case; the
intervals along AC therefore represent gradients proportionally gentler
(i.e. five times as gentle, as the V.I. is five times smaller).

Wentworth’s Method of Average Slope Determination

A ‘general and random’ method of determining average slope over
an area from a map was devised by C. K. Wentworth.* He covered
the contour-map of the area with an east-west, north-south grid, then
counted all contour crossings, and tabulated them, so determining the
average numbers of contour crossings per mile. The procedure was
repeated using an oblique grid over the same area, and the two resulis
were averaged. He then applied the following formula:

Average number of confour crossings per mile > contour snteroal
F 9361 (constant)®

The result gave the average slope in terms of the tangent of the
average angle of slope, which can beconverted into degrees with tangent
es.

Smith's Method of Slope Analysis

It is often important to relate the altitude of the highest and lowest
points in any particular area, that is, to ascertain the amplitude of avail-
able relief.* This problem has been examined by G. H. Smith,* who
used the term ‘relative reliel” or ‘local relief”. This typ:nl"rclm!'amdﬁu
was developed mainly in Germany by such workers as N. Korebs,
H. Schrepfer, V. Paschinger, H. Kallner and others, and was applied

lc.i:.wauw:h,msmpmndmmdorncmm;:heﬁ Slope of
Land Surfuces’, Amoriam Fownal of Sciemer, hrwﬂﬂm.ﬁ.mn
Elﬂﬂﬂ‘plmuq;dﬂﬂ?hnmtﬁdlm m-mniu-.- describes the earlier
h-;mﬁmum.dmhnd,&wmmj L. Rich, and discusses their
piabona

®The constant figure 3961 in derived From a formuls which 4 explained fdly by
meunh |tupﬂnxwﬁaﬁﬁ which iz the mean of all possible values of
ﬂnl.w!'ﬂfﬂhthcmhhﬂmdt and the contours.

C;lﬁu:hhhr:]mfudcﬁncdh W. abla:hm'ﬁnﬂlhﬁlkdﬂnul?md‘
in the Profile of & Fn:m.f-ﬂm' Jﬂhﬂ 40, p- 74 (Chicagn,
1942}, as “the vertical distance from gh'l flat ppland down lo the initial
grade of the streams™,

4 G. H. Smith, "The Relative Relicf of Ohio", Geagraphical Reciesr, vol. 25(“#*
York, 1535). ﬁm:rhpm.&xuhhhm: ',rnl'ﬂumn,muhmdm

who deve method. Apart from mleru:mglnd:mquthtdmihﬂ.nu
mﬂﬁﬁhfﬂlh&nﬂymimﬂmhﬁuﬁﬁtﬂm and settlement in relation
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by K. H. Huggins to an analysis of the Highlands of Scotland. G. H.
Smith used the method to make an analysis of the surface of the state
of Ohio; his paper may be summarized briefly to illustrate the prin-
ciples involved. He took a contour-map of Ohio on a scale of 1:600,000
-and divided it into rectangles of 5 minutes each of longitude and lat-
tude, representing approximately 4-40 by 5:75 miles on the ground,
but, of course, varying slightly between the north and south of the
state. He then calculated the difference in height between the highest
and lowest points in each rectangle; obtaining about 2,000 values,
which were plotted in the centre of each square on the base-map. Iso-
pleths to indicate areas having the same amplitude in absolute altitude
(i.e, the same ‘local relief”) were interpolated for each 100 feet of
difference. The map was then shaded in eight tints, to indicate areas
with the same ‘local relief’. Further information was obtained by
measuring the area of each ‘relief provines® (i.e, from o—100 feet, from
100—200 feet, and so on), and then expresing each area as a per-
centage of the total land area of Ohio (41,263 square miles),

The resulting map brings out most strikingly the areas of high
relative reliel in the south and east (the outlines of the Alleghany
Plateau), and the areas of low relative relief in the north-west (the
Maumee Plain and the area south of Lake Erie}. Smith's method has
been applied to an analysis of the relative relief of the Dorking area
(Fig. 30).

One obvious shortcoming is that the map presents amplitudes of
maximum relief differences, which may be either between two points
on opposite ends of a diagenal of any square, or in the case of a per-
pendicular cliff, may have no horizontal equivalent at all. Smith
suggested that squares with ‘extreme points far apart should be sub-
divided, but this would destroy much of the symmetry of the map.
Miller® put furward the elaboration that the difference in height
between maximum and minimum points in each square might be
divided by the respective horizontal equivalent, the values plotted,
and isopleths drawn.

The Raisz and Henty Method of Average Slope Determination
Raiszz and Henry? applied Smith’s method of analysing ‘relative

¥ K. H. Huggim, "The Scottish Hightamds: A Regional Study’, Soaltich Gug:pﬁ;ﬂ

Mapazine, vol. 51 [Edinburgh, 1a35). In an effort tb delimit the Highlands, be ysed
the grid of = which it miperimposed on the Onc-ioch 0.5, Scries (Popular
Edition), and in all squares in which the difference in height between the

highest and lowsst squares sxeeeded so0 feer.
AL A, Miller, p. B, o sit.

*E. Haise and J. Henry, "An Average Slope Map of Southern New England’,
Creegrapiizel Resine, vol. 27 {New York, t937).
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relief” to New England, but concluoded that the results were not satis-
factory in this particular case. Here the narmmow valleys cut deeply
into the peneplain and so give a big relief amplitude, as do isolated
knolls projecting steeply from level surfaces, The relative relief figures
for most of the area, therefore, are high, and mask important features.
Raisz and Henry concluded that [, . .] the method applied by Smith
is good only on maturely dissected plateaux of horizontal sedimentary
rock structure with uniform slopes and a simple physiographic history.
In geologically complex regions, different methods must be applied.”
They then tried to bring out the detailed differences which were lost
in Smith’s large 5-minute rectangles by covering the state with a grid
of mile squares, but the result was “‘a complex patchwork™, unrepro-
ducable on a small-scale map of the whole state.

Their next refinement was to divide the topographical map, not
into equal rectangles, but into irregular areas with some physiographic
identity—monadnocks, incised valleys and so on. But the unequal arcas
proved unsatisfactory; thus an extensive though gently sloping plain
might have a higher relative relief value than a monadnock of small
extent.

Finally, Raisz and Henry divided the large-scale topographical map
into small regions, within each of which the contow-lins had the
same standard spacing, i.c. the same number of contour-lines per mile
of horizontal equivalent. The chosen categories were six in number,
representing slopes of under 50 feet per mile, 50 to 100 feet, at each
intermediate 100-foot interval to 500 feet, and above that figure.
A horizontal scale of standard contour-spacings was drawn, so that
the number of contours per mile on the map-scale could be checked
off with dividers, and the slope category ascertained by careful inspec-
tion. When the six categories had been demarcated on the large-scale
maps, their boundaries were transferred to the small-scale state map,
and tinted in six shades. The southern part of the map = reproduced
in the reference cited above.*

The student should try this method, using a One-inch or a 1:25,000
Ordnance Survey map of an area of not oo diversified relicf. This

| Two applications of this method may be cited:

Iomdmnuim. the results, in * u.md'T il:la-:  Reliet
i;l:hniquudmm{“nﬂ I.Hhm: w:nn A 51'&1:-#“ and
apgng, vol. 10 uh.uum 1950 mcb-mnnmudnd Puget's
l}ﬁtmdﬁe(dumh:l‘hmau Hechunﬂltluzhr
thhpmculum&mlh-m nsierd major landiorms—their extent, con-
tinuity and nter-relationhi devised byﬂm;udﬂcmmpmud
mndmfnlmhm:md:ull I.m tended to abwcure major relationaip.
{#;G B. Cremey, “The Land Form of Chekiang, China', Asslr of the Asreciation
Americen Geagraphers, vol. 28 (Lancsster, Pa., 3 Llul}m.lﬁmlhcnﬂ
of the Chincse General Staff serits, 1:100,000, with the aid of 2,500 miles of E
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has been done in Fig. 31, using the same area (the neighbourhood of

_Dorking) as was selected for Fig. g0. The map was first carcfully
examined, and areas which seemed to have more or less the same
density of contours were demarcated on superimposed tracing-paper;
a contour-scale;, similar to the one shown on Fig. 33, proved helpful.
Then the map was worked over in more detail, and the boundaries
of the areas were modified where necessary, Finally, the slope categories
were chosen, a system of density shading was selected, and the various
regions were tinted accordingly., Obvicusly; the arduous and critical
part of this method was the delimitation of the areas, and much
depended upon individual judgment.

Coefficient of Land Slope. Raisz developed s method of establishing an
exact ‘coefficient of land slope’; a process which, however, is laborious
in the extreme.! The map is covered with rectangles of some reason-
able size; the more uniform the slopes the larger they can be, Each
rectangle is divided into areas within each of which the slope is uni-
form (under 100 feet per mile, 100 to 200 feet per mile, and so on) by
counting contours as described above for average slope-maps, Then
the area of each category i measured with a planimeter. A line
drawn proportional in length to the total area of the rectangle, and
the areas plotted to scale for each category as points along this line,
with the zero on the left. Next a series of lines is drawn, each at the
angle of slope corresponding to & vertical rise of 100 feet, 200 feet,
and 50 on, to the maximum per mile; on Fig. 54 the maximum: slope
is 500 feet per mile. Each change of slope occurs perpendicularly above
the point on the horizontal scale representing that particular contour,
The area of the plane figure XY provides a coefficient of slope for
the rectangle for which it has been drawn. This is calculated by find-
ing through simple geometry the area of each plane quadrilateral
encloeed by the two adjacent perpendiculars, the horizontal line and
the line of the angle of slope, ¢ach of which is measured graphically,
and then by adding the five results, Obviously, completely Aat land
will hive a coefficient of zero, When the eoeflicient las heen established
for every rectangle on the map, plot each value at the geometrical
centre of cach rectangle, and draw isopleths through points with the
same coefficient, or interpolate between them in the usual way.

Rolurnson’s Method of Slape Arnalysiy

A method was devised by A. H, Robinson® to produce a quantita-
tively securate reliel map from areal slope dista. He covered his map with
a network of squares each 001 square miles in area. The average slope

1 E. Rules, General Cartograshs, p. 278 (und edition, New York, 1548).

T A, H. Robimson, *A Method for Prodocing Shaded Relief from Areal Slope Data®,
Swrrering and Mapping, vol. 8 (Washington, 1048},
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of each square was estimated, and one dot for each degree of average
slope was placed within it. The dots were not placed symmetrically .
within each square, but their positions were determined by reference
to the contours on the topographical map and to the dots in adjacent
squares to produce some appearance of continnity. In theory, there-
fore, the dots are countable, so as to give precise information, and at
the same time their density appearance gives a good visual impression.

Ang!es
of 5
Sl 4 Hundred feet
ope M per
2 mila
1 =00
6 o
I mile
VE 2I-2times

033 =
X Square miles

Fio. 44 Tur Corsrinnr or Lam Scors

The arm of the plane figure X¥.Z provides a coefficient of alope for that jon of

the map (arbitrarily selected 2 8 rectangle) for which it has been drawn. The upper

provides n convenient scale of angles of ilope correspanding to 100 fert, and
succeeding to0 feet, up to §oo feet per mile.

The size of the dot must be carefully chosen, in order to produce
cifective visual contrasts of light and shade. The chief problem is, of
course, to estimate the average slope of each square. Obviously, as
Robinson points out, the most accurate method is by levelling in the
field, following a traverse across the line of average slope. He quotes
a complicated formula produced by J. A. Barnes, from which a table
was prepared, enabling the computer to count the number of con-
tours in each square, read off an average angle of slope, and thercfore
determine the number of dots.

The student should try the effect of this dot method, without neces-
sarily going into details of slope calculation by elaborate formmulae.
Examine each squure, estimate by an inspection of the contours the
average gradient of the square, and convert this into degrees of slope
(see p. 74).
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This method has been carried out (Fig. 32), using the same region
as lor the two previous methods. The scale of the base-map was
1:25,000, and one dot was used for each hall’ degree,

Other Methods of Slope Analysis

Further refinements concerned with the slope of the land can be
developed. Any particular slope can be calculated for each square on
a gridded map and isopleths drawn. For exampie, what Raisz! calls
Matland-ratio maps can be comatructed by calculating the percentage
of each square occupied by land below any given crucial slope, plotting
these values, and then drawing isopleths. If a ratio map is thought 1o
be unnecessary, an absolute flatland map can easily be drawn by out-
lining all areas with slopes below any critical fipure, and then shading
them.

There is another elaborate method in which pictorial symbaols of
hills in. profile are used; their heights are made proportional to the
relative relief figure, their bases 10 the average slope. These symbols
are distributed over the map, and in the case of 2 country with a
strongly marked reliel they give quite a vivid impression.

Slopes may also be indicated simply on land-use maps by pecked
lines (marking change of slope) and arrows (giving direction of slope).
R. M. Glendinning.* for example, iupnr‘mlpmm these slope symbols
on a map, on which are also shown by tinting the effects of soil erosion
and by index figures the grades of land use. A figure representing the
:-lﬁp-r:mdcg'rmcaubcplnmdbmdn the arrow; this is analogous to
information conterning the dip of the strata on a geological map.

In a case where slope-categories have been determined, further
usefisl information can be derived by measuring the arca of each
category, and then expresing it as & percentage of the total area.
This ean be done for areas with some phyzical unity, such as a river
basin. I a series of graphs is drawn, the results may produce some
striking data to assist in an analyvsis of catchment areas, run-off, flood
regimes and the like (Fig. 45).

1 K Raise, Groersl wt::d:&mmhﬂ\ﬂ ?‘H).
1R, M. and Diirection 'y Al m
wmm Mmrnm‘fbw 5P Mickm Pepeos

Fm. 35 Cotvssas Disceas or Seores

' A. T. A. Lezrmanth, in "The Fleods of s ath Auguat, in South-ean
hﬁdﬁn&ﬂmmw 1951}, ! 1945

The bar represen dpam&md’lhemuiuulmtmufurhl.mm;ﬂ
Bl bmbaber :u-ﬂuu-nu the Tweed ::am-rﬂndm{l i 10, 890 20, ot a shown
an the verticale sale), snd = enabls the comfigumton of the two river basing to bo
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Hypsographic Curves

A hypsographic (sometimes known as a hypsometric) curve is used
to indicate the proportion of the area of the surface at various eleva-
tions above or depths below a given datum. If, for example, a hypso-
graphic curve is 10 be drawn of an island, calculate the total area,
the arca encloted within the 100-foot contour, and then those arcas

Thousand
_|!II'I-
1-
1
4
% oat
SL g - L i i ::2
] H : 3 4 H ;

Hundred sguote miles

Fm. 36. A Hyrsocrarmio CUnve

within successively higher contours, to the highest point. A less accurate
method is to cover the map with parallel lines drawn at equal distances,
and then to find the sums of the intercepts between each of the various
pairs of contours, which are proportional w the areas.

Choose a convenient horizontal scale to represent the areas in square
miles, putting zero on the left. Alternatively, express this measured
area between each particular pair of contours as a percentage of the
total area of the region in question, and draw a horizontal percen-
tage scale. Construct a vertical scale on the left side of the base-
line to represent height above sea level, at appropriate intervals,
Plot each arca against its corresponding contour interval, mark its
position with a cross, and join up each point with & smooth curve
(Fig. 36).

The hypsographic curve should be used for an area with some
physical unity, such as an island, which will bring out the relative
arca of coastal plain, plateau, and mountain range, or an crosion plat-
form. For example, S. W, Wooldridge drew a series of hypsographic
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curves for various parts of south-eastern England, caleulated from the
Ordnance Survey Halfvinch series, which show clearly the 200-foot
‘platform’ or planation surface.

h
AB B

R-r (in feet)
tan g =

R-r

e o5

Fio. 97 A Comoonarme Cunve
The contour-interval in this cisc i 50 fect.

Clinographic Curves

The clinographic curve secks to illusirate the average gradient
between any two contours, and to express a scries of these averages
in a single curve. Tts chief value, therefore, is that it indicates both
sudden changes and breaks in the gencral relief of any region, and
moreover it emphasizes uniform areas such as plateaus. It gives at
the same time average gradients, the percentage extent of each average
gradient, and exact breaks of slope. It is much more sensitive to small
changes than a hypsographic curve, and in some cases it Is less
misleading.

15 W. Weoldridge, *The 200-foot Platform in the London Baain', Preceadings of
ﬁrﬂﬂng:m‘m.\mt Laondon, tgal), and reproduced in 5. W. Wooldridge
and R, Mmﬁpmﬂlﬂlf {London, new impression, 1946}
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The area of land between two successive contours is measured. IF
the area enclosed by the sea-level contour is represented by x square
inches and the ared between the sea-level and the 100 foot contours
is y square inches, these areas can be represented by cireles of
equivalent area, with radii R and r, for *=mR* and y=mr. Find
R and r in inches, and convert these values by the scale-factor into
feet. If a right-angled triangle is drawn, with BC equal to the contour-
interval (k) and the base AB representing the difference in length
between the radii (R-r), the angle BAC (i.e. the angle of slope) can
be calculated, using the tangent formula. Similarly the angle of slope
between each suceeeding pair of contours is calculated. A clinographic
curve can then be drawn, using the contour-intervals as vertical com-
ponents and inserting each section of average slope between each two
contours with a protractor (Fig. 37). If the clinographic curve is of
gentle slopes, a vertical exaggeration can be introduced, by increasing
cach angle by a constant factor.

It is useful to draw the hypsographic and clinographic curves on
the same diagram for comparison; the former will show the area of
land involved, the latter the actual slope, between each successive pair
of contours. Hanson-Lowe illustrates this by superimposing the clino-
graphic curve of the island of Jersey (with an exaggeration of ten
times) and the hypsographic curve on the same diagram.! A very
striking application of the value of comparative hypsographic and
clinographic curves is shown by W, G. V. Balchin, who determined
them for four sub-regions of north Cormwall and for the area as a
whole.?

A different method was suggested by Prafessar F. Debenham.® He
measured the actual length of each contour, using an opisometer, and
plotted this on a horizontal scale against a vertical scale representing
the height of each contour.

Altimetric Frequency Graphs

Another method of analysing relicf, especially valuable when the
geomorphologist is seeking to recognize and correlate erosion surfaces,
is to compute the frequency of occurrence of heights above sea level,
and then to graph this frequency. H, Baulig made considerable use of
this method.e In sume cases he merely eounted spot-heights all over
the map, in others he covered the map of the area upon which he

% I. Hamon:Lowe, "The Clinographic Curve’, Goolagical Magazine, vol, 72, pp. 18—y
{London, 1!:33!- ] I y ; )
TW. GV, *“The Erowion Surfaces of Noeth Carmwall’, Geoprapdical Fourmal,
?ﬂl-l?‘-h p- 50 (London, 1937).
1 ¥, Debentham, Exvcles in Castagraphy, p. B0 (Loedon, 1937).
4. Baulig, *Sur une Méthode Altmétrique d"Aualyse mglﬁuﬁ'q;r Appliquée
3 K

& s Bertagne Péninsulaire’, Bullrtin de I Ausncsation de Gdographes Frangais, No. 10 (Paris,
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was working with a grid of small squares and noted the highest point
in cach square, cither from an acwmal spot-height or by estimation
from the contour pattern if no spot-height fell in a particular square.
The frequency of occurrence of each height or group of heights
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Complled from diin extracted from sheet 5;(;':1. 11 25,000 series, Ordnance Survey,
representing the districs south of , ineluding the North Dowm and Leith
Hll, (Compare Figs. g0-2, which cover the sume area)

(e.g. from 20 to g0 feet) was tabulated, and these frequencies were
graphed on a vertical scale against the actual altitudes represented on a
horizontal scale. S. E. Hollingworth used the same principle with minor
modifications.! Instead of using all spot-heights, he was concerned

1946); in this . b inclucdedd altimetric free curves for the Armodcan Massif
mlwh:lemmlh:mmhmdm:hmu a8 for Eéon, La Vendée and the

Parti Basin, .
Miﬂﬂh“h'ﬂhkhhﬁhﬂhﬂuuﬂﬂﬂﬂdi%ﬁmﬁmmbﬂﬂ-
Cemtral de fa Fromwe o 12 Bovdure sefifiterranfenne (Paris, 1 . aned “The Changing Sea-
Level’, Publicatian No. 7 of the Tnotilde of Britich (Lendon, 1943).

vol. g4 ww,lgﬁ.ﬂtmmﬂmﬁﬂqmthm
Corny the Lake 'mmw&mmmmymwdu,
and Sou t Wales. On Plate X1 he pots all these curves on & single chart, graph-
Mmﬂmw&ﬂh‘whﬂumm-ﬁqﬁpﬂwﬂﬂh
ia his Fig. 3 (p: 62), on which he compares twa aliimetne frequency curves
of Cormwall and hmmumdﬂhmmi-m' in a o-dfool group-
ing by a line<cunve, the other the mum d’mﬁulinwhpﬁmmm?m
sen lq:hiampnm.ln:dﬂilim.hﬁ:ludpd:mnfpmp:ﬂdpmﬁh the
wme regiom drawn on the same vertical scale.
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only with actual summit-levels, and he tabulated for each of the areas
with which he was concerned the number of summit-level spot-heights
pecurring within 1o, 20, 40 and 50-foot intervals. Obviously the broader
groupings smoothed out minor inequalities, but emphasized the major
features.

Fig. 38 depicts an altimetric frequency graph drawn for part of the
Dorking area of Surrey, using Baulig's method of a grid; this covers
exactly the same ares us that for which the three Figs. 302 were
produced.

IxTERVEmILITY
Intersisibility Exercises from Contour-Maps

Gradients are also involved in the determination either of inter-
visibility between two paints, or of the whole area of ‘dead-ground’
from any particular position. There s a number of methods of solving
intervisibility between two points, three of which may be briefly
summarized (Fig. ga).

In the first method, draw a cross-section and rule a line of sight
from the point of observation to the other point; if the line clears all
intervening rises, the points are visible from each other. It is not
necessary to draw a complete section; perpendiculars to scale repre-
senting any possible intervening eminences are sufficient. It must be
remembered that minor irregularities not revealed by the contour-
interval, as well as woods and hedgerows, may have to be allowed for.

A second method is to calculate the overall gradient of the line of
sight from the ohserver to the second point, and also the gradients
from any possible points of interference of view to the second point.
Clearly, if the gradient of the line of sight to the far point is gentler
than the gradients W any intervening points, then the two stations
are intervisible,

A thinl and more accurate method of determining intervisibility
employs the principle of similar triangles. Estimate the altitude above
Ordnance Datum of the two points, using the nearest contour or spot-
height, and by subtraction find the difference in height; thus, if 4 is
740 feet and B is 650 feet (Fig. 30), then the difference is 0o feet.
Diraw a line parallel 1o the line of view, a convenicnt distance away,
nine units in Jength, and mark off as in the diagram. Join each end
of the line of sight to the opposite end of the parallel line; these lines
will cross at .¥. From any point £ along the line of sight which would
seem 1o interrupt visibility, draw & line through X and produce it
to meet the parallel line at P, then read off the height indicated on this
fine, which aciually gives the height of the line of sight at the par-
ticular point. Olwioualy, if this height is greater than the height of P,
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The methods ilhmirated we a a Hoe of sight and & section, b & line of sight 2l
perpendiculirs from each possibie imerruption, and @ the principle of similar triangles.
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the line of sight will clear P, and the points will be intervisible.

Dead-Ground

Dead-ground may be plotied on a relief map with a fair degree of
accuracy, but the reservations already noted as to the interruption of
visibility by minar obstacles apply with equal force. Examine the map,
noting all irregularities. Obviously, every point higher than the view-
point will cause all the arca beyond this to be dead-ground. In other
cases, draw a profile and rule in a line of sight; this will show where
the line reaches the ground beyond the intervening obstacle, and
therefore the extent of dead-ground. Skirting profiles are necessary to
find the side limits of dead-ground round each obstacle. Plot the edge
of the dead-ground, and shade in the area thus delimited.

A useful method is to draw a series of radiating lines from the view-
point. Examine the points at which the lines of view are obviously
interrupted, and estimate their heights. By comparison with the height
of the point of observation, it can be seen at what rate the line of view
declines in altitude, Thus the height of the ray can be calenlated at
any point along it, and in fact the heights of the ray can be scaled
along it. Where the ground-level as shown by the contours is below
the height of the ray, the ground is ‘dead’.

Laxpscare Drawmo asp FlELD-SkeTcHisG

With the development of photography and of methods of repro-
ducing photographs by half~tone blocks, landscape drawing lins secmed
to have lost much of its fonner importance. In the past, such geographers
as G. K, Gilbert and W. M. Davis used simple yet most effective
sketches to illustrate their concept of land-forms.2 Recently, however,
both in Britain and America, there has been an increasing tendency
of geomorphologists 1o make use of clear bold sketches to help to clarify

1 An application and claberation of o inciple of plotting “dead-ground'
Wmm&:%.@.lmf'mgwmmmmm
ied

3 , vol a5 (New Yark, 1 , 2ned abo in “Imolation and

Rt R 5073 1 e Bid e L . S
nter ¥

mmiﬁrmﬁu%n:u';qm“d () the imcrsity of imalation

maps
sitlement in a mmhrrptliﬂa\.lpf.ne valleys,

TG K. Gilbert, the the Meamtoins ([fah) (W teu
18771, el W&mﬂm -:hﬂrwmdf wi'lh;‘Eck_-dilﬂmu and gml-ngt:’ﬂzfm:-l‘
tiom, fn & mwmt graphic and revealing manner, as did W. M. Dave, Gepraplical
Exgr (Baatom, 1910},
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geomorphological problems.! These drawings show economy of line,
and enable a geographer to select and emphasize salient features by
omitting minor foreground and other frrelevant details.

A geographer should practise sketching in the field, to amplify and

Fiox o9 Loomecare SxevcHES

near Coniston); Fig. 41 Is of the Grand Canvon of Colorado; Fig. 42 i a U=h
glaciased valley, with benches, cascartes and alluvial coues (Lauterbrunnen);
Fig. 43 shows a cove formed by mmrine crosion (Lidworth Cave, in Dovset),

illustrate his maps and text, This will help the development of an eye
for country, which is of first-rate importance, and will stimulate his
powers of observation and appreciation. In addition, a student can

1Sce D, L. Linton, "Watershed Beeaching by Toe in Scotiand’, Trenmctions and
Papers, oy, the Tratitute of British G {Lonclem, tg51); and R. ¥, Peel,
A Stody of Two Northumbeian Spillway’, ibid.; the Iatter e some balf-doren
sketches of remarkable clarity.

Fig. 40 depict & corrie, with tarn, sorees and (Do s W:I::l
and
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illustrate essays concerned with land-forms by means of rapidly-drawn
sketches. Figs., 40-3 show some examples of how simple sketches can
be used to illustrate various topographical features.?

Sketches from Contour-Maps

It is & usefil exercise in the interpretation of a contour-map to make
a simple sketch of one's concept of the landscape as it would appear
to an observer at some specific point. If the sketch is then compared
with a photograph taken from the same point, or better still with the
actual country, the results are sometimes very chastening, There are
various geometrical methods available, one of which is described by
D. Sylvester.® It is based on the projection of suitable points on
contour-map drawn within a cone, on to a plane surface placed at
right-angles to the median line of the cone. These points must be
chosen to delimit foreground, middle-ground and background hill pro-
files, and in addition *water-lines’ such as the coast and rivers, and
any other essential detail. These points are then joined to form a
line-drawing.

Another method is clearly demonstrated by Raisz.? Two lines are
drawn radiating from the point of chservation, enclosing an angle of
about 45 degrees, to represent the field of view; these can either be
ruled lightly in pencil on the actual contour-map, or on a sheet of
superimposed tracing-paper. A horizontal line is then ruled across the
map at right-angles to the line of sight of the observer. This line will
be placed according to the size of the panorama required; obviously
the nearer the line is placed to the viewpoint, the smaller will be the
area of the landscape shown. Then 8 number of significant points,
such as summit spot-heights, are projected on to this horizental line
by lines of sight from the point of observation drawn through the par-
ticular point on the map. This will locate the horizontal component
of each paint relative to the observer. The vertical component, which
will enable each point to be fixed on the panorama, is then obtained,
either by estimating a vertical scale which appears to give a reason-
able impression of height (usually invelving some exaggeration), or
by means of a hyperbolic vertical scale. On such a scale, the base-
line represents the height of the observer's horizon (i.e. it is at the same

F The trical relati i him:hth:dﬂw.lphmmlw nnd
n'uiui:-giq:rnmm’rdh'f i very cleasly ilhmtrated by E. and
Karie, p. 136 (Zdrich, 1 ). This example is reproduced in Geographics Hedodiza,
vol. 5, po 301 {Berny 19500,

£ 0. Sylvester, ‘A Method of Panoramm Comtruction from Contoured Mape',
Gregraphy, vel. o (Londom, 1943). This srticle fully explaing the procedure, with

® E. Raim, Gramal Carsography (New York, 1948).
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height above sea-level as the point of observation), while the. vertical
scale decreases in inverse proportion to the distance from the point
of observation.

Sketching in the Field

It is not necessary to have any artistic ability to be able w sketch
in the field, for it is posible to employ various ‘rule of thumb' prin-
ciples, Use a sketching-block with stff cardboard backing, an H pendil,
and a ruler or service protractor, From the view-point, examine care-
fully the country to be depicted, note the sky-line profile, then the
middle-ground detail, and finally the foreground. Decide on the extent
of the panorama to be included; a horizon arc of ahout thirty degrees
is usually sufficient.* Note any prominent point on the horizon about
the centre of the area to be sketched, and draw a vertical line on the
paper through it. Rule also a horizontal line across the middle of the
paper, following if possible some definite line on the country. The
sketch can then be drawn by eye alone; estimate the vertical and
horizontal positions relative to the guide-lines of main features such
as hill-tops, plot them on the paper, and then work from these to
minor features. To obtain greater precision, fix the positions of import-
ant features relative to the guide-lines with a ruler, and mark them
proportionally on the drawing. For greater exactness, but with more
tedium, cut a hole in a piece of card the size of the intended skech,
covered with a piece of celluloid ruled with a grid.® This is held at
a fixed distance from the eye, and detil is transferred, square by
square, to the paper.

Often a disappointingly fat impression of country is given by a
photograph; a landscape drawing must introduce a vertical exaggera-
tion to appear natural. A twofold cxaggeration is suitable, Le. the
height of a point from the bottom of the sketch should be increased
twice compared with the horizonial measurement This is especially
necessary for a sketch of country viewed from a hill-top.

Once the framewark of the sketch has been built up, detail can be
easily added. The rules of perspective should be oheyed, to convey
the impression of distance, and the scales of known objects such as
trees and houses must be curefully observed, Detail should be simpli-
fied and to some extent symbolized: woeds by 3 wavy outline, lghtly

L 70 War uﬁu:....:'?ru*.m, mm&dmmm' (HM.5.0.,
1g2g) states (p. 75) that if 3 Service oiractor i ; i i
will suibtend s angle of 257, Le. it wi ohscure the country with 3 horieon arc of 25°;
Thl:protm:inrcmbchcpcnnuuiﬂumdinmhruim:d.miuumch:hup
mm&uenniwﬂ:pmuuﬂnr,ﬂrmhﬂhﬂdhﬂxohtﬂu&mﬂh
_ *E. Imhol, Gelinde wnd Karte, p. 200 (Zilirich, 1550}, describes and lhustratey an
mqmlhawnu-m.hrwhidrunmdn tance relative 1o the obeerver
of point in a panorama can be accurately measursd,
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stippled; clumps of trees in outline; rivers by a double line in per-
spective with light longitudinal shading; and villages by a few rect-
angles, with such elaborations as a church-tower and chimneys. Draw
in the foreground detail by heavier lines, more distant detail by fine
ar even lightly pecked lines.

Annotation can add valuable information to a sketch.! Names and
spot-heights can be placed above hills, and names of villages, lakes
and s0 on lettered beside those particular features. Land utilization
and anything clse clearly visible may be indicated by capital letters
or symbols. The sketch should be orientated by a note in the caption,
as ‘view from X, looking south-east’, and an indication of scale by a
statement: ‘The distance between 4 and B is § miles” Ink in the
finished sketch, or make a new tracing in ink from the field-sketch.

Sketching from a Photograph

Often the only source of illustration for some theme is a poor photo-
graph, indistinctly showing the desired leature; this will appear even
warse on reproduction by means of & hali-tone block. It may be far
better to redraw the scene in ink for reproduction as a line-biock.
Place the photograph on a well-lighted tracing-table, with a piece of
tracing-paper over it, and outline the main features in pencil, picking
out tle essential elements and omitting minor foreground detail, as is
done in ficld-sketching. A small photograph can be covered with a
grid, and the detil then transerred on a larger scale in the same
manner as in map-enlarging (see p. 46). Ink in when the pencil
sketch is completed, adding any desired annotation. Obviously no ver-
tical exaggeration is involved, as mentioned above, and in some cases
the result may appear flat. It is possible 1o shorten these processes by
drawing in waterproofl Indian ink directly on to the surface of a
bromide print; details can be accurately followed, Then bleach away
the photograph in a suitable medium,® and rephotograph the line-work.

Broce-Thacrases
Block-diagrams are widely and effectively used to illustrate the

features of the geomorphology of a particular area, or of specific land-
forms. They are in effect sketches of relief models, rather than actual
3 Griffith Tuylor, "British Colmnbin: A Sudy m 'L Conrrol, Geegraphical
Rﬁ@.rﬂ.p{ﬁnYﬂt:w}.uﬂuhnmhﬂ simple yei cxceedingly clear
m:: HM’E&M“& Seattih Geegraphical Afagazine, vol i
i » X 8y it xrime, vk,
burgh, 1930), Imwmnmmum:l'dhgnnmﬁnﬂhn'mﬂuurmlﬁm
Lewis from southewest to norh-eat, Land uiilization on the diagram was shown in
coloasr, ta correspaned 10 an accompanying land utilization map.
£ See The Britith jownal Photegrophic Almosoe, 1950, p. 318 (London, 1g50), for
technical detils.
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pictures of sections of the earth’s crust. They have the added advantage
that geological sections can be appended to the sides of the block (see
pp. 107-8], thus enabling correlations to be made between structure
and surface (Figs. 51, 53). A series of such diagrams-enable the stages
of landscape development to be illustrated.

There are three main categories of block-diagram. These are, first,
sketch block-diagrams of imaginary land-forms, drawn merely by eye
or with the guidance of an outline of a simple geometrical figure;
second, sketch block-diagrams drawn from a contour-map, not strictly
in perspective, but giving the general appearance of a reliel model
viewed obliquely;t and third, block-diagramns, drawn from a contour-
map, cither with a one-point perspective, or with a two-paint, or true,
perspective.®

Sketch Block-Diagrams of Imaginary Land-Forms

For these hlock-diagrams it is best to begin with simple geometrical
figures, such as cylinders or cones, as a basis; draw a vertical plam,
next sketch a plan in one or two-point perspective, then the solid
figure based on the ground-plan; this will afford accurate guide lines
for the finished drawing. Thus a cone can be used as the basis for
volcanoes, fans and mountains generally, or for a series of diagrams to
show the growth of atolls by subsidence. Pyramids can be used for
mountain peaks and mesas; portions of spheres or spheroids for cirques,
drumlins and acid volcanoes; cylinders for fold mountains, glacial

’memmﬁﬂd:nhum:&uﬁnuhm.p.jﬂﬁm&m.lggﬂ,ulhﬁ
5 eeudo-mometric projection of the contsared map”,

d.:n;‘ kis A K. : ﬂmm m?«’ ;;T?d} G u.gﬂnbm,m
ic work ha A Mew 1 . G in
Rapart an the of the Henrs Messstaing {Utah) (US. neng;ffhi:.ﬂ and Geological

Survey of the R Mountain Region, Washington, t877), wis protably the poneee
n{thuu:.\\'.b.lhvhmd:rbcdmn I:I.I-ltl?: i m'amh‘iﬁ
diagrama in his many pa ; see hia ical Exeret {Boston, 19io), Atlas
Procticel Evaised is Pioncal ( :m.:?:ay.amu Pt
Lomgwell, A. Enopf, and R. F. Dullises of ;nuc‘-gﬁm
A, Cotton, Geonsrpbology of Newo Jecland [Wellmgton, 3 , amnid
by Normul Procesies Euﬁuwdli.ngm:d;c.hﬂingmﬂrmm
F. Sirecturs gad Serfay {London, 1g29); E. de Martorme, Trailf de

WFW{PHB.I;:E.
5 W W idge and K. 5. Morgan make abundant wse of simple skeich block-
dl?-mmim‘fh tad Basiy of Gengraphy (Lomdon, latest edition, 1946)-

. Debenha f2ég fn {London, 1937}, givel ten examples of the
mrmwlnthﬁurk ~diagramn of particular land-formia can be based an smple geo-
mietrical figures.

i drawn accurstely from large-scale contous-maps, can be used
effectively detailed regional studics. Two contrasting oamples are the block-
dugrndtheum Valley, in The Land uf Britain, part $8, Wercaprabire,
Fig. 25, by E. ML {London, |m},mﬂ an bfock-diagram, cot-
veying & yast amount of inforsiation, of the San José Vaﬂcytnthim.uﬂ.ﬁl
by E. N. Torbert, in “The Speci Commereial Agriculure of the N
Santa Clura Valley', Geographizal Resseso, vol. 26 (New York, 1536}
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valleys and fjords; and prismoidal blocks for cliffs, escarpments and
ridges. A minimum of construction lines should be used. With experi-
ence, complex land-forms can be built-up by adding 10 or cutting
out portions from one or more geometrical blocks. Isometric graph-
paper can be used quickly and effectively to produce simple block-
diagrams (Fig. 44).

Fio. 45: Tre Commavonion or 4 Buocs-Diacras oy Tz Mrrriree Secron MeTHOD
1. Coatour tracing, 'I#il]lg‘id: £, projection into a thombus, and plotting of contour

; 3, canutruction of scctions alony the harizontal grid-lines; 4. completion

:il'dugmm with shading.

All this construction work is of course carried out in pencil, Ink in
the edges of the block and the outlines of the relief, add light shading
as in a perspective sketch to bring out slopes and minor details, and
rule in vertical or horizontal shading to one or more sides of the block
to give the impression of depth.

Block-Diagrams drazen from a Contour-Map

Trace a plan-view square from the contour-map of the desired area,
showing only sclected contours and streams, and cover the plan with
a network of small squares. Examine carefully the contour-map, in
order to determine the most satisfactory pesition from which the
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observer may be asumed to be looking. Obviously a range of high
hills along one side will be placed in the background, a U-shaped
valley will be viewed more or less longitudinally, a cirque from a
point opposite its mouth. When the orientation of the block-diagram
has been decided, project the square and its grid into a rhombus;!
the sides of the square and of the grid square will remain their true
length (Fig. 46). The angle between the bate and side elearly deter-
mines the obliquity of the block. This angle should generally lie
between thirty and lorty-five degrees; a higher angle will give the
impression of a lofty view-point, a lower angle the converse. The reliel
details can now be transferred from the square to the rhombus, either
by the multiple-section method or by the layer method.

The Multiple-Section Method (Fig. 45). Mark off contour intersections,
spot-heights and summits, rivers and valleys, as for an ordinary section,
by placing a series of straight-edges along each side of the block and
along each line of the square grid in urn. Transfer these points to
the projected rhombus. Choose a vertical scale; the exaggeration com-
pared with the horizontal scale should not exceed ten times for a piece
of level land, and in mountainous country no exaggeration may be
necessary. Draw sections along the four edges of the block and along
the horizontal grid lines. It is not necessary to draw every section;
some may obviously lie in dead-ground, while others may be replaced
by occasional perpendiculars. It may happen that certain conspicuous
features are not adequatcly covered by the series of sections, 30 extra
sections and perpendiculars may be inserted as required. Rivers, crest-
lines, edges of escarpments and the like may be transferred directly
from the ground-plan to the rhombus, and sections drawn along them.

Shade in the topography, using the sections, streams and other detail
as guides, and carefully refer 1o the original map in order that minor
details not shown by the sections will be accurately represented on
the block. Take particular care over dead-ground. The representation
of such features as lakes and warns is difficult, for it is easy to make
their surfaces appear sloping.

When the pencil draft is complete, ink in the edges of the block, the
sky-line, the shading and other detail, and rub out construction lines.
It may be easier and cleaner to retrace directly in ink, putting in oaly
the required lines. Complete the block by shading the edge to give
depth, add a title, & horizontal and a vertical seale, selected spot-
heights, and any names of hills and streams. Put as much lettering as
possible outside the block-diagram itself to aveid confusing the line-

LW, A White, “Topographic Skeiches from Cantour Maps', Sarspying and Map-
Bow, vl 3, . (Walbogtoe, 1043) dewibe o iethodsofbreconon o

involves the use of , the other immolna parallel projection, using a
powerfil beam of light as the projecting sgent
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work. Rivers, lakes and their names can be inked in blue, spot-heighis
and hill-names in brown, railway lines in red and woods in green.
The Layer Method (Fig. 46). When the square and its grid have been
projecied into a rhombus, transfer on to it the contours and streams
from the map, using the grid-lines as guides; this will produce a pseudo-
perspective view of the contour-map, Choose a vertical scale, with
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{in hundreds of s A rcach comtour i drawn in at il correct seale-altinnde; &
completion of disgram with shading.

some exaggeration if necessary. Draw on tracing-paper an outline of
the rhombus, and drop perpendiculars ar each cormer of the base at
the chosen scale, say, o1 inch to 100 feet. Place this tracing over the
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pseudo-perspective plan, fitting exactly at the corners, then slide it
up the vertical scale until the highest contour lies in the same plane
as its height an the vertical scale, and trace in this contour. Slide
down the tracing until the next highest contour lies oppasite the same
figure on the vertical scale and trace that in, and so on. If a lower
contour cuts a higher there is no need to eontinue it, since it would
obviously be out of sight, Draw in streams and lakes at their correct
height. Complete the edges of the block, join the contour ends by
lines between each of the four corners, ie. by sections, taking care
not to insert any dead-ground. Then, using the contours, projected
to their scaled heights, and other detail such as streams as guides,
shade and finish off the drawing as described in the multiple-section
method.

Perspective Block-Diagrams

The block-diagrams produced by the methods already described will
give a good general effect akin to an oblique view of a relief model.
But it will be appreciated that the horizontal and vertical scales are
maintained uniformly over the diagram, since the sides of the square
and rhombus, and therefore of the grid, are kept identical. The dia-
gram, in other words, s not drawn in perspective. 1f desired, how-
ever, block-diagrams can be constructed in either one-point or two-
point perspective, with considerably more labour.

One-Foint Perspective

In this case the front of the diagram is a horizontal line, parallel
to the back edge, viewed square-on to the observer. The sides of the
diagram, and all vertical lines on the plan, converge towards a distant
vanishing point on the observer’s horizon. The diagram can be placed
in several ways to the observer; he may view it face on and see only
the front edge, or from one side, either right or left, and see the front
edge and a side (Fig. 47). In the latter case, the base angle opposite
the observer should be about forty-five degrees.

The base-plan, derived from the contour-map and its grid, has to
be projected into perspective. Fix the vanishing point some distance
away along a table with a pin. Draw the front edge its true size, and,

1 P. T. Dufour, 'Les Perspectives-Reliels’, in Riser Gsgraphiz Asmsclle, vol. 8 (Paris,
lﬂl;},chdhun#vh,n{mdﬁmwphm&l rod; eme end of

by alides in a groove, the other awum_;ﬂnim.udn the pesition of
which can be varied, near the centre of the rod. pencil is placed over the drmwing-
paper, the tracer over the map, and the contour-outlines are then followed round
with the tracer. The pencil reproduces the contours, at sy degree of tilt, The paper
is moved for cach succoesive contour, sa in the ondinary layer method, along
chmmtulk:lﬂk.m&mmﬂdhr' maps, but is difbicult 1o
mwmdmm ing and other are inserted 29 for any o
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using a long ruler, mark the side edges, the vertical grid-lines, and
the depth-line to converge at this vanishing point (Fig. 49). To pro-
ject the back edge of the hlock, draw lines of view back from the
corners of the base-plan to the observer's view-point. Clearly the hori-
zontal scale will decrease from the front to the back of the block;
this is naturally involved in the principle of perspective. What is not

- mm et f el
&4 e

Frot, 44, 50. A Oye-Poryr Persrecrve Buook-Duacran

Fig. 4t llustratey the method by which the tase-plan (shown by pecked lines) is
rojected inlo pn-.lp:mm solid limes),

F‘E 50 by the it determined for each perpeadienlar.

always appreciated i that the vertical scale also decreases. To find
this, rule a perpendicular at the front and back comers and also at
each intersection of a horizontal grid-line with the edge. Mark off the
contour interval on the front perpendicular according to the chosen
vertical seale and draw lines from each height to the vanishing point;
the correct vertical scale is thus projected upon cach perpendicular
(Fig. 50). Plot each horizontal section ling in the usual way from the
base-plan, and transfer the ticks to the projected horizontal. Draw
sections according to the particular vertical scale. When the sections
have been completed, shm:lmg and other detail can be added in the
usual way.

No scale should be stated, except in terms of the ffont edge. More
conveniently, under the block can be written: ““The distance between
X and ¥ (two prominent points) is 5 miles”, which is quite sufficient
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for a block-diagram, while an indication of vertical scale can be given
by a few spor-heights.

Tiwo-Point Perspective. In this case, the block-diagrams will present
one corner towards an observer and two edges inclined away. The
pairs of parallel sides when projected will meet at two vanishing points
on the horizon, to the left and right of the observer (Fig. 50). The
network of squares on the ground-plan is transferred to the perspective
block by ruling lines to these two vanishing points, and then trans-
ferring contour intersections with the help of these guide-lines. The
changing vertical scales are obtained as for the one-point perspective.
This block-diagram allows the geological sections to be shown (Fig. 52).

Perspective Approximations. Both these mechanical methods of attaining
perspective are somewhat laborious, and on a small-scale block-
diagram perhaps unnecessarily elaborate. When using simple sketch-
diagrams of imaginary land-forms, an impression of one-point per-
spective may be attained by making the back edge slightly shorter
than the front and so sloping the sides to it. An impression of wo-
point perspective can be obtained by making the angle at which the
two back edges of the block meet slightly larger than the angle at
the front.

Groroorcar Mars

Geological maps are of very great value to the geographer. From
the various geological maps available, the physical geographer can
obtain much essential data to help his study of land-forms.

The detailed interpretation of geological maps cannot be considered
here. The geography student should examine samples of maps pub-
lished by the British Geological Survey, and consider the detailed
schemes of calour, stipple, symbol and lettering used, and the arrange-
ment of the very detailed legends. He should familiarize himsell’ with
the method of lettering and numbering of the geological series in order
of age. The geographer who wishes to study geological maps in some
detail should read the references cited below.* In this briel section, it
is merely necessary to consider ways in which geological information
can be added to relief maps and diagrams.

Reproductions and Tracings

An outline geological map usually accompanies as a matter of course
the relief maps lustrating the physical basis of a regional monograph.
The main problem is how much detail to show and how to draw and

! (g} C. Barrington Brown mnd F. Debenhon, Seructure and Surface {London, 1029);
() R. M. Chalmers, Geological Maps; the Determination of Stracheral Detail (London,
1ga6); f:z A. R, Dwerryhotise, ical Maps, Their Interprelation a=d Use g]l;ndm.
:)?:m () K. W. Eatle, The ical Map (London, 1936); () G. E. Elles, The Sty

Gendogical Maps (Cambridge, 1521},
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reproduce it. Fig. 51 shows in outline the main features of Belgium,
drawn so as to emphasize specifically the great area of Pliocene sands
and gravels which underly the Kempenland. The complexities of the
Ardennes, which were not relevant to that study, are masked under
solid black, labelled *Pre-Tertiary Rocks’, Obviously all the details of
a large-scale printed map in colours cannot be included, nor would it

| Ouwoternary
Pliocene (A1)
Miocene
Qligacene (O |
Eccens
Pre-TerUary

Fio 51. Ax Qo Geocooicat Mar

Bascd on |, Halkin, Atlhes Cleoigme, Flate 16 (Namur, 1934).

be desirable. The geographer chooses what he needs, and extracts it;
examples include maps to show the chalklands of England, the Palaco-
zoic rocks of the Lakeland Dome, the granite massifs of the South-
west Peninsula, the loess of Central Europe, the limestone (karst) of
Jugoslavia, and the volcanic areas of the Central Massif of France.
These examples can be multiplied indefinitely, and few geography
text-books appear without a geological map, of however simplified
a natore. The detail must nevertheless be abstracted accurately.

A dissertation map can be hand-coloured, but for a line-block black
and white symbols (some of which are depicted on Fig. 17) must be
carcfully chosen. It should be noted that some symbals for geological
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series have become standardized by usage. A few guides to location,
such as rivers and one or two place-names, can be added, but it is
difficult to include much detail over close black and white symbols.
One useful deviee is to superimpose the outline geology on a detailed
relief map of the same scale, the former on transparent paper. For
example, trace an outline map of part of the Craven Uplands to the

Triossic Scndstone River Alluvium
[F27] crystaltine Rocks Teruary Rocks

Fio. 53 A Broc-Dhiagras, wirn DisckausaTic Grotooicar, Suorion
Based un A, Cholley, La Franet, po 110 (Paris, nad.).

north-west of Malham Tarn on to drawing-paper; extract contours
at a5o0-foot intervals, add streams; mark the pot-holes, and name the
main peaks. Then trace an outline map of the solid geology of exactly
the same arca, maintaining a careful register, from Geological Survey
maps; the main outcrops can be lightly tinted. The relationships
between relief and geology are most striking when the maps are super-
imposed; the high fells (the monadnocks of Pen-y-Ghent, Fountains
Fell and Ingleborough), the limestone plateau above the mid-Craven
fault, the relationship of surface streams and water-sinks to the bound-
ary between the Yoredale Series and the limestone, the position of
Malham Tarn, partly on the drift, partly on the exposed Silurian
basement of the Pennines, are all emphasized most graphically.

Gevlogieal Sections
1t is often practicable to add details of the underlying strata to a
topographical profile or to the edges of a block diagram, with very
great effect (Fig. 52).! The information can be cbtsined from the
1A m‘gnttmﬁvruthufhlgck-dhmmpt. with the ical detail added to
m ‘::Igimin'li Hagen, ‘Wimcaschaliliche Lufibili-Interpretation’, ?
. & (Bern, 1g930).
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geological map itself, or often more conveniently from sections given
in the margins of the geological map, from memoirs, or, for detailed
large-scale work, from actual observation in the field. The various
geological sections include disgrammatic, semi-diagrammatic, and
accurate sections.

Diagrammatic Sections. These are usually small-scale, generalized and

il o
Eu.. hnbigies i j=] 1 meied
Femba

Fio, 53 A Cexerauzen GroroGioas SgorioN

Bised on A. Briont, *Etode sur la Structure du Basin Houiller de Hainasit dana |
District du Centre', in Ansales de [s Swcidtd Géolagigue da Belge, vol. 21, p. 135 (Lidge,

i — sl
section illustrates, in simplified form, the ieal complexity of part of the
Sambre-Meuse coalfield of Be . The Grande Fai duu;&ii:nnn:um:uu-
fanh, along which some of the inin rocis of the Ardennes (o the south have been
driven: over the Coal Measures. The letters, A, B, € represent theee immense over-
fhzm“dgu,n:hnlshufhhuv:Eﬂmbcmﬁwmma:nml' Devorian
ntl hﬂ;l&:hmﬁmrﬂ: to reach the younger coal-bearing Upper Coal
Measures below.

with a considerable vertical exaggeration, but can be used very elfec-
tively to illustrate general concepts of physical geography. The geology
may be applied cither to a profile or to the edge of a block-diagram.
Familiar examples include sections of the Weald, the scarplands of
England, the Pennines, the Rhine Rift-Valley (Fig. 53), and the Her-
cynian folding of central Europe (Fig. 54). Various land-form dia-

salid geology is presented.

Semi-Diagrammatiz Sections. A topographical cross-section is first drawn
accurately, using as small a vertical exaggeration as possible. Plot on
this section the exact points of outcrop from the geological map; at
thﬂcpuinmﬂin&ipnfthn;muhdmminhypnrﬂdﬁmm
appraximation can only be used for a simple scarpland area, or where
the strata have a known dip. The One-inch Geological Survey maps
indicate inclined strata by arrows with numbers, showing the direction
and amount of dip. If the same stratum outcrops twice, as on oppesite



110 MAPS AND DIAGRAMS

sides of a valley, a line through these two points will give an indica-
tion of the dip. The aim of such a section in scarpland country is to
illustrate the superposition of the strata, and the dip can anly be
approximate. In any case, if there is a vertical exaggeration involved,
the dip cannot be shown accurately.

To illustrate this method, for example, a profile can be drawn using
the One-inch Ordnance Survey series, from Lower Seagry to the
Kennet-Og confluence at Marlborough. Then lay a straight edge along
the same line of profile transferred to the corresponding sheet of the
One-inch Geological Survey series, and mark carefully the outcrops.
There is a long succession of these, from the Oxford Clay to the Upper
Chalk, with complications of drift (which should be represented by
the thinnest possible superficial layer), and it is quite exacting to fit
the outcrops to the relief profile, But the result shows very clearly
the vales to the west, the various scarp faces, and the long south-
castern dip-slope. To complete the section, ink in the line-work, colour
the strata to correspond to a careful legend, add topographical names
above the section, and finish off the usual details of horizontal and
vertical scales, vertical exaggeration, orientation and title,

Aceurate Sections, These are used mainly by mining- or water-
engineers, and are constructed usually from direct information obtained
in the field. They must be drawn without any vertical exaggeration,
or the dip will be falsified. The actual drawing of accurate sections:
involves the determination of strike (the line of intersection of a bed-
ding surface with a horizontal plane), of trwe dip, which is at right-
angles 1o the strike, and of apparent dip, which is a direction of slope
at some angle between the strike and the true dip. Once the direction
and amount of the dip has been established, the topographical section
is drawn, the points of outcrop are plotted, and the strata are drawn
in at the correct angle. In the case of anticlines or synclines there will
be two oppesite directions of true dip with the axis of the fold between,
Faults introduce further complications.

The drawing of exact sections is somewhat outside the provinee of
the geographier, and it is impossible to go into this here. The student
is referred 1o the works cited on p. 105,



CHAPTER 11l
CLIMATIC MAPS AND DIAGRAMS

Data

Tue chiel primitice elements of climate inclhide radiation {rom sun and
sky, temperature, wind divection and velocity, humidity, evaporation,
cloud and sunshine, precipitation, snow-cover and atmaspheric pres-
sure. Each element is capable of further subdivision, for example, pre-
cipitation comprises hail, snow and rain; all may be measured by
direct observation. Combined elements are those which are usually eal-
culated by means of combining two or more elements, although some,
such as humidity, may be directly observed. Examples include equi-
valent temperature (temperature and water-vapour pressure), drying
power (saturation pressure, water-vapour pressure and wind velocity),
cooling power (temperature, wind velocity and humidity), and con-
tinentality (solar radiation and temperature). Finally, there are other
elements which may be referved to as derived elements? They include
the variabilities, ranges, frequencies, probabilities and intensities of
the various elements,

Published climatological data may include primitive, combined or
derived elements; classification of data is therefore complex and vari-
able. An infinite variety of information may be available for some
parts of the world, and comparatively little for others.® From the point
of view of the geographer, primarily interested in climate rather than
in weather, mean values for the various elements are of greater signific-
ance than actual measurements: Mean values are generally under-
stood to reflect *average weather’, i.e. climate, but abnormal weather
conditions cannot be overlooked. As W. G. Kendrew states: “The
abuormal weather conditions are very important, for the possibility
of abnormally long or severe frost, or of a prolonged drought in a
region which is usually well-watered, is the final consideration which
may override for practical affairs of life the value of the mean con-
ditions.”® ‘Tables of mean values therefore must be supplemented by
reference to actual weather conditions, information about which is
conveniently provided in synoptic charts. Not only do these charts
bring together the elements which the elimatologist is apt to separale

LV, Conrad, Methedr in Climatelagy (Harvard, 1544)-
ESee World Watthr Recods, Smithsonian Micellancous Collections, vols. 74, 9o,
105 (Washington, various dat=s), and International h‘:mml
Résezu Mowdinle, rori-3% (published by Beitish Metcoralogieal . 1o17-39).
IW. G. Kendrew, The Climats of the Comiinenty, p. 6 (Oxford, 1g27).
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one from another, but they also bring reality to his somewhat abstract
conception of climate.

Temperalure

Dgily Means. Where

able, true daily means can be caleulated.
twenty-four hourly observations; an examp

ph records of temperature are avail-
The mean is d i
le is given in the table below.
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temperature. But in addition 1o monthly means he must have details
of mean monthly maxima, mean monthly minima, the absolute
monthly maximum and the absolute monthly minimum temperatures. !

Amnua! Means. True annunl mean temperature is a weighted and cor-
rected average of true daily means for the year, but the asnuel mean
is obtained by averaging the monthly mean temperatures. A slight
inaccuracy results because each month is not of the same length.
Annual mean temperatures have a general comparative value, bus
they are used chiefly in the determination of long-term temperature.
trends.

Significant Means, Exiremes and Ranges. Mean and extreme diurnal
ranges in temperature can be obtained from a comparison of maxima
and mimima figures. In addition to these basic data, some tables con-
tmin information about significant temperatures and their avermge or
median dates of occurrence. For example, the highest and lowest tem-
peratires ever recorded and their dates of occurrence, the average
dates of the first and last killing frosts, the average dates of the rising
or the falling of mean daily temperatures through 52°F and through
42°F (the temperature above which most plants begin to grow). Such
information is particularly useful to the agricultural geographer.

Rainfall

Precipitation may be measured by a standard rain-gange which is
read daily, or, less usually, by a self-recording instrument. From these
measurements a nimber of recordy are compiled which are of interest
tix the geographer. .

Monthly Meant, For general purposes the monthly means of rainfall
are simply arithmetic means of the total rainfill for each month over
a period of years.® Sometimes, however, it is useful to reduce all months
to an equal length in order to avoid false deductions, as, for example,
if a comparison has to be made between February and August. This
reduction may be cffected in two ways: (a) The amounts for the g1-day
manths arc reduced by 3-2 per cent and the amount for February is
increased by 6-2 per cent. Hence each month is made equivalent to
30 days. (§) All months are altered to become months which are one-
twelfth of a year (i.e, 30°448 days}. Therelore, the amount for February
has to be multiplied by 1-077 (1-049 in leap vears), for 3o-day months
by 1015, and for §t1=day months by o-g82.

Manthly means of rainfall are useful for lllustrating the mean average
distribution of rainfall throughout the vear at any one station. Means,
however, give no indication of the nature of the rainfall, whether heavy

gamhwqf Temperatute for the British Tiles, for periods ending 1985 (MO 407,
L4 - v

: : the Beitish filev, 18680-t1%,
R o e ey et s

1
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or light, whether reliable from one year to another, whether effective
in eonnection with plant growth. A great deal of additional informa-
tion is therefore necessary to a proper understanding of this element
of climate.

Monthly and Tearly Totals. In many countries of the world details of
the rainfall are published year by year. 8ritish Ranfall, for example,
published by the Meteorological Office of the Air Ministry, incor-
porates information about total rainfall for each year for a number
of stations in the Britisk: Isles. Yearly summaries of the total monthly
rainfalls are also published.

The Number of Rain-days and Wet Days. British Rainfall also incor-
porates data concerning the number of rain-days in each year, i.c. days
having more than o-01 inch of rainfall, and the number of wet days,
i.e. davs having over 0-04 inch of rainfall. It should be noted that in
some other countries a ‘rain day' is considered to be a day with over
o-1 inch,

Rain Spells, Wet Spells, Droughts and Dry Spelis, In British Rainfall there
are tables giving information about rain-spellr, i.c. durations of at
least 15 consecutive rain-days, wet spells, i.e. durations of at least 15
comsecutive wet days, absolute droughts, i.e. durations of 15 or more
consecutive days none of which has 0-01 inch of rain or more, partial
drovghts, i.e. durations of 2g or more consecutive days, the mean rain-
fall of which does not exceed 001 inch, and dry spells, i.e. durations
of 15 consecutive days or more, none of which has 9-04 inch of rainfall
or over.

Intensity of Rainfall, The rate at which rain falls is obviously related
to problems of run-off, soil percolation, evaporation, soil erosion and
floed control. Information about intensity of rainfall is therefore just
as vital to an understanding of rainfall regimes as are mean values of
total rainfall, Unfortunately, data about rainfall intensities are not
very satisfactory, because there are few stations equipped with a reliable
pluviograph or with sufficient personnel to make eve chservations
during rain-spells.

Most climatic tables do, however, give some information about the
hourly duration of rain and about the amount of rainfall for a limited
number of stations. Where such information s available, mean hourly
or daily intensity of rainfall can be calenlated using the formula:

A

where A=total rainfall over a given period and
N=total number of hours of ruin, or mumber of rain-days.

Using this formula, the intensity of rain at Boston, Mass, is, for
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example, 0:36 compared with 4+17 at Cherrapunji. Hourly intensities
give better comparative results than do daily intensities.

Duration of Rainfull is compiled from pluviographic records. Tables
of duration give the annual and monthly values in hoors of rainfall for
individual stations.

Deviations _from Mean Ratnfell are vsually tmbulated in the form of
excess or deficiency of the total for any onc month or year over the
means; these data are of wse in the analysis of rainfall probability
(see p. 148).

Effectiveness of Rainfall is usually taken as the actual total rainfall
minus the total possible evaporation. There are numerous ways of
measuring possible evaporation none of which is entirely satisfactory.
The Piche evaporimeter s commonly used, in which water in a tube
is allowed to evaporate from a piece of porous paper, and the loss in
a given time is measured on a scale graduated an the tube. Some
evaporation statistics are calculated from measurements taken of the
level of water in large open tanks. Various experiments have been
made to measure evapo-transpiration, i.c, loss from evaporation plus
moisture lost by plant transpiration. Potential evapo-transpiration rates
are used in the caleulation of moisture requirements of the soil, and
in the determination of relative regional aridity (see p. 131).

Snawgfall and Hail are for record purposes usually measured by melt-
ing the solid precipitation and including it in the rainfall total as if it
were rain. In addition, records are kept of the number of days in the
vear on which snow and on which hail fall, the number of days per
year with snow lying, the duration of continuous snow-cover, mean
and greatest snow-depth, and intensity of snow or hail-fall.* In the
British Isles snowfall is so comparatively rare that records can be kept
of individual falls of particular intensity.

Wind

Wind force is measured at certain fixed hours by direct observation
of such an instrument as an air-meter or Robinson Cup Anemometer;
at the same time its direction is recorded from a well-exposed weather-
vane, The Dines Tube Anemometer produces an anemograph yielding
continupus records of both direction and force. Wind direction and
wind force are related and wind data can be analysed more cfficiently
by a consideration of both aspects at the same tme rather than
independently. Also duration of wind force and direction varies con-
siderably during the day and the most valuable statistics indicate the
time of observation. Because of all the messurements involved, wind
tables take up quite a lot of space and are, perhaps, the most difficult
of all weather data to express cartographically. Until 1949, when most

! See tables in, Meteorclogical Office, Thr Baltis Sex (London, 1947)-
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countries of the world agresd 1o adopt the recommendations of the
International Meteorological Organization, a variety of codes was in
use whereby wind direction and force were measured. In British
returns, for example, direction was usually expressed in terms of a
number of cardinal points of the compass, and force in terms of the
Beaufort Scale. Revised codes of foree have now been drawn up, and
returns of wind directions are made as true bearings in tens of degrees.?
Muost geographers, however, will find themselves working with average
data assembled previous to 1949, of which the more important are
summarized below.

Monthly Maans of Wind Force and Direction. The number of occasions
aut of a hundred on which particular winds may be expecied at dif-
Ferent times of day, in different months and from different directions,
are tabulated according to four, five, or more scales of wind force.
Unfortunately, such information is not available for many places over
a long period of years, but where it is available, it provides the bulk
of the evidence about local winds. _

Gust Leeels. It is necessary to realize thiat statistics concerning wind
yvelocity are usually expressed as a mean value for the period of observa-
tion, and ‘gustiness’ cannot be estimated from such figures. The Gusti-
nese Faclor (G) published for various stations provides some means of
calculating local gustines il mean wind velocity is known. For example,
if G is 0-5 for a mean wind velocity of 4o miles an bour, then gusts as
high 2% £o or as low as go miles an hour may be expected; if G is 140,
then gusts of bo miles an hour may oceur.

Mean Diurnal Variations of Wind Direction. Changes in wind direction
between day and mght are particularly important in certain’ coastal
regions, where land- and sea-breczes are expenienced.

Resultant Wind Direction and Foree,, The average wind [oree from a
given direction in miles per hour multiplied by the number of howrs
it blows from that direction in any given period is known as mean of
wind, expressed in miles per hour. I these data are available for any
station it is possible to calculate from them the average resultant wind
velocity, the average resultant wind direction, and the average ‘steadi-
ness’ of wind at that particular station.® Occasionally these data are
available in abulir form, and they are 6f e in plofting streamlines
by means of arrows [see pp. 165-7).

Sunshine and Cloud
Duration of sunshine is measured by the Campbell-Stokes recorder,
which produces & continuous record in the form of a line burmt upon

* Sce, Metcorological Office, Internatineal Meteorolagiail Code {Loodon, 1948,
E For details of tation, sce V. Conrad and L.W. Pollak, Afethads jn Climatalogy
gl eclition {Cambiri Mass., 1g50).
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a strip of cardboard. Tables of mean sunshine data are compiled upon
the basis of absolute duration in hours per day, or month, or upon
the basis of percentage of possible sunshine per day or month.!

Degree of Cloudiness, Cloudiness is related to sunshine, but discrep-
ancies in records occur partly because sunshine recording instruments
are not perfect, partly because the degree of cloudiness is observed
usuafly only three times a day, while its measurements is extremely
difficult because of the great variety of cloud. Tt is usually expressed
in tenths, for example, one-tenth of the sky clouded, two-tenths, and
s6 on. Tables are compiled of mean cloudiness upon daily, monthly
and yearly bases.

Humidity

Data concerning humidity are normally obtained from readings
of dry- and wet-bulb thermometess at fixed hours, but therme-
hygrographs do provide continuous readings.® There is a variety of
maodes of expression of the data, but relative humidity, which represents

Relative Humidity: Monthly Means and Duomal Ranges

Aberdeen Jam Feb. Mer. . May uns
% b T 4& % %a
Hghe it mozn hourly eli B Bi-6 L) "4 861 54
men . .| Boy | 796 liatd Eﬁ-a ?Bii 781
Fawwert mezn howrly medur | 78-0 731 721 7005 712
Dipreal ravgs . i 3-8 E 109 139 t4'g e
Aberdren Joly | Aug. | Sepr. | Oct. | Now. | De. | Yewr
Y b, e % % % T
Highestmuan fioarlyrafe | 854 | 8y 86 | 860 | 838 | Bag | B46
Dostymess .~ .| 785 | 79'5 | 8oy | Bayy | H2-r | Bay | 700
Losesimemhowbivalue | 713 | 709 | 709 | 752 | 785 Boo | 740
Dinraol range . i 51 16 144 18 neg 54 | b

Sowree: . G, Bilharn, The Ciimate of the fridish faley {Londow, 1938).

the percentage degree of saturation of the air, is of major interest 1o
the geagrapher because of its importance for human comfort and for
plant growth,

Diurnal Variation of Relatice Huwnidity is considerable, and mean daily
figures therefore have not any great significance. Mean manthly stat-
istics are compiled, but it is more usual to give monthly means for
a specific time during the day, or to give additional information about
mean diurnal ranges, as the above table illustrates.

L See dwropo of Bright Smdane fir the Britiah Ll (MO, 408, 1936,
% See Arerages of Humidipy for the British Ides (MLO. 421, 1998, repritted 1940).
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Fisthility

Visibility observations are usually taken several times a day accord-
ing to specified scales. Mean data are usually compiled upon the basis
of the old scale, but it should be noted that a new zcale has recently
been proposed by the International Meteorological Organization.!
These observations are compiled on a frequency percentage basis,
usually in the form of mean monthly visibility frequencies at o7, 13
and 18 hours respectively.? Occasionally tables are compiled which
give the frequency of different degrees of visibility, expressed as a
percentage of the total number of winds from each of several directions.

Synoptic Charts and Weather Summartes

Reference has already been made to the value of synoptic charts
and of weather summaries in providing an occasional salutary cor-
rective to the abstract concept of climate associated with the element-
by-clement analysis of mean data. Weather charts are valuable in
another way, in that they provide a time record of total weather con-
ditions; this can be analysed in much the same way as mean data
t provide a more comprehensive concept of average weather in
different places at different times.®

Aralysis of information about total weather conditions recorded in
weather charts since about 1goo for Great Britain, parts of Europe
and North America, undertaken in the first place by weather fore-
casters, has proved 1o be of great significance to the climatologist.
The relationship between pressure systems, direction of air-flow, and
types of weather can, it is true, be laboriously established by analyses
of mean data, but the problem is better dealt with by reference
to synoptic charts. The object of sach analyses is 1o establish the
‘ingredients’ of climate in the form of characteristic types of weather,
and to find the seasonal and annual incidence of such types of weather.

The Calendar of Singularities. Singularities in the weather which are
sufficiently regular in their occurrence from year to year can be tabu-
lated in the form of a calendar. Examples of such singularities in
British weather are as follows:

() Late Autumn Ratns—last week tn October and first fortmight in

November;
IFtn'lh:uH!mkltMﬁﬁm the Py of Weather Maps, with Tabler of
3 [imdm., :“ﬂm" :h: new scile ser, Metcorulogical
CIEEu:. fnirrmd 1950},

® Exam nl':w_-huhluurmu:in Meteerological Office, The By of Biscgy amd
b West of Spain med Portypal (Loodon, 1944].

3 Sce the followng publicatiom of the Metcorological Office: the Daily Wratker
Rupent; the Munthly Supplement 1o the Duily Weather Report; the Arsologics!
Record (contains information about upper air conditiom); and Mondhly Weadher Report
{coniains summaries from about 420 stations in the Brithh Tale).
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5) Early Spring Anticyclones—ihird week in March;
Ec]] NMWMM—-}EI’H forinight in Mt:;v.l

No completely reliable calendar of singularities has yet been com-
piled, but work already done does indicate the episodal changes in
our weather in contradistinction to broad seasonal changes,

Characteristic Types af Weather based on Pressure Systems. The frequency
with which certain types of weather s associated with specific isobaric
patterns suggests a profitable approach to the analysis of weather charts,
E. G. Bilham (op. cit.) has indicated how E. Gold’s classification of
pressure systems for forecasting® may be simplified for climatclogical
plrposes into seven categories of weather, the average seasonal fre-
quency of which can be determined by an examination of weather
charts,

Spells of Weather. Analyses of daily weather charts have been made
from time to time with the object of defining ‘natural seasons’ in terms
of the frequency of long spells of weather. A ‘natural season’ in this
sense is characterized by a high frequency of persistent weather, and
‘average natural seasons’ are demarcated by short spells of weather.
H. H. Lamb, on the basis of such an analysis, suggests a seasonal
division of the British lsles into five instead of four (sce p. 1537).

Data in daily and monthly weather charts may ultimately be utilized
for the purpose of delining climatic regions. For example, J. R.
Borchert has shown that such data might be applied to the definition
of the North American Grassland.? In his case, the data extracted
from the weather charts were used to determine the mean frequency
of air-flow from different directions over the interior of the North
American continent (see p. 166).

Tsorrernn Mars
Representation of elimatic data by isopleths is the most important
single cartographic method wused by dimatologists. It can be applied
almost equally effectively to any aspect of climate. Isopleths may be
interpolated (see p. 30) for places having the same mean values of
temperature (isotherms), of rainfall (isohyets), of pressure (isobars),
of sunshine (isohels), of frost (isocrymes), of clouds (isonephs), of

relative humidity, and so on (Figs: 55-7)-

1H. H. Lamb, T and Spefls of Weather in the Brtish Idey', wad
GWMJMM.MTE;;W}M!WL shenSs 0

* B Gold, "Alds to l‘m&i.u{. &m Mewdr, no. 16 (HM.S.0., London
?zn]. See abo two by R. B. ML d 'Flﬂ{mnf English Weather”, and
‘Filty Yean J&mm: Woather, vols. 4, 5 ( 1046 and 1950).

3 ]. R. Borchers, “The Climate of the North American (irasland', Asmals af the
dsseiation of American Geographres, vol. 4o, no. 1 (Lancaster, Pa, 1950).
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Trobars

In the case of isobars, interpolation of observed daily values requires
some appreciation of the structure of pressure systems, otherwise the
delineation of fronts is likely to be obscured by over-simplification.
The most practical manner of overcoming this particular difficulty
is to attempt to draw the isobars from the tabular observations given

CHESHIRE
YORKSHIRE
LANCASHIRE

Cistribution of Raonfal
=37

behpet peres Sn

Fio. 5B, Isopvems
Source of data: Meteorological Office, Britizh Rutnfill, 1997, pt. 3 (Loodon, nal.),

in daily weather summaries, afterwards comparing the result with
that given on the published weather map. Errors in interpolation
may then be corrected and gradually the art of interpolation can be
mastered

Isobars may also be drawn to depict mean pressure systemns, but
these are less valuable than those representing typical isobaric pat-
terns associated with certain weather conditions. Attention may be
drawn here to two maps showing the distribution of typical weather
conditions over the surfice of the earth at the time of the solstices.®

t For a full discussion of the problam of drwing soban, tor 5. Petterusen, Weather
Anudyris and Forecasting (New Yoek, 1040).

0. A, Garbell, Tropucal and Eppamrial Metrorslagy (London, 1og7).
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The conditions are shown by isobaric patterns, with their fronts also
delineated,

Isokyels

The interpolation of sohyets presents special problems. An example
with reference to a specific region will serve to exemplify some of these
problems. Fig. 58 shows the distribution of minfall in 1937 in Lanca-
shire, Yorkshire and Cheshire. The data were extracted from Britich
Rainfall, 1937; there are many hundreds of stations given in the tables, |
but only those which received daily means were selected, and less
reliable stations were ignored unless gaps had to be filled in the scatter
of stations. The total rainfall of each station selected was plotted in
pencil on a base-map on & scale of ten miles to one inch. V. Conrad
advocates the use of basc-maps on a smaller scale than this, bur if
they are used it becomes difficult to make allowances for modifications
due 1o relief factors.t

Selecting the isopleth interval presents something of a problem. The
interval to be selected depends on the range of rainfall totals to be
plotted, the character of the region under consideration, thatis, whether
coastal or interior, flat or mountainous, the scale of the base-map, and,
finally, the aim of the map, i.e, whether it is intended to show general
distribution or significant features of the distribution.

In Fig. 58 the general distribution of rainfall has been shown by
means of a progressive arithmetical interval of five inches, The iso-
hyets were carcfully drawn with reference not only to the plotted values
(see p. 90), but also to the localized effects of relief. For this reason,
the draft map was superimposed on a good reliel map and the following
tendencies, which apply generally in the British Isles, were allowed for:#

(2) Totel reinfall increases with height (average increase from one-and-a-
half to tiwo inches per hundred feet at the coast and rather less than
one-half to thres—quarters of an tek inland)

(&) Mmu:jmpumu normally occurs just beyond the crest on the
leeward side;

(¢) Increase in precipitation with height beging before the actual rire m
elevation and the rate of increase is more than proportiomal to the
increase of the gradimnis;

id} Valleys surrvunded by mountzing have kigh rainfalls;

e) In the case of @ valley running in the same direction as the prevailing
rain-bearing winds, a tmgue of looer rainfall will extend up the
valley;

1V, Conrad, ap. &t

T Ser |. Gluss Rainfall of Nocfllk®, Britick Rainfall, « Loodon, 1 i
and “The Ratefull of the Porth Valley and the Construation of &' B snfat fﬁ;
British Rainfall, rors (London, 1916).
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() In the case of a valley whick lies transverse to the rain-bearing winds,
rainfall will be heavier on the valley side facing the wind;
(g) In Britain the prevailing rain-bearing winds should be taken o be
west-iouth-westerly.

Shading and Tinting. Finally, the distribution of the isohyets may be
clarified if intervening areas are shaded. Layer tinting is effective, but

Vo

|

Fiz. =zg. Date Tsorcer por THE Usiren StaTes

Bated on United States Department of jeulvare, Ailar of Aswricen Apricaliuer,

Section I, ‘Frost and the Growing Season’ (Washington, 1918),
The isopleths are interpolated on the basis of average dates of the last killing frost
ing compiled from reconds of about 4,000 stations, of which about yoo cover the

in spring
full 2o-year period (tBags-1a14).

if a variety of colour tints is employed the range and sequence of
colaurs need careful consideration. An cffective scheme is one which
represents low rainfall in red and progressively heavier rainfall in
shades of brown, yellow, green, blue and white.! On the maps in
British Rainfall, 194345, four shades of red and four shades of bluec
are used, but unfortunately dark red is used for areas of lightest rain-
fall and light red for areas of heavier rainfall; the maps would have
been more effective had the representation been reversed.

Ia;llhlh:rﬁwﬁ!lm:p-inqlﬁni France, Camité Natianal de Géographie (Paris,
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fsopleths of Duration

Isopleths can be used effectively to show the distribution of places
experiencing a similar duration of particular mean weather conditions.
For example, the mean duration of a growing season can be illustrated
in this way, as revealed by the number of days when the average daily
temperature exceeds 42°F. The growing season of any particular erop
can be mapped in the same way, for example, cotton, where the
critical temperature is 63°F. Similarly, the mean duration of the scason
of killing frosts, the mean duration of snow cover,' the mean dura-
tion of special rainfall intensities, and the mean daily duration of
sunshine,® can also be illustrated by isopleths.

‘Date Isapleths

Duration and seasonal changes of mean weather conditions may
also be d.eplcn:d by isopleths which join places experiencing similar
changes in temperature, rainfall, etc., on the same date (Fig. 59).
Date isopleths of this kind are tﬂ'ctnvdy used in showing climatic
distributions and seasonal changes over the great land masses.? Date
isopleths are commonly used to show the progress of a monsoon in
terms of mean dates of arrival of the first rains, They may also be
jsed to delimit climatic zones* Again they ean be used on the basis of
median and percentile values o indicate probability of certain weather
conditions on particular dates, for example, a Gty per cent probability
of frost, etc,?

Frequency Iscpleths

These isopleths depict places which have the same mean frequency
af elimatie phenomena, expressed as the number of days or the number
of occasions per year, ar other period, on which they pecur. Some of
the more obviows examples include the mean number of wet days,
rain-days and dmughi!, and of days with fog® and snow.” Less obvious

1 See mmaps nl The el Athes apan (T
’Sﬁamlﬂ'm n.ihm,ﬁ ;Fll .D‘%Hi.ﬁmﬂ.mdm

3 Good examples murh:ﬁmm!mlh:llmlﬂlﬂuln]}:w
Mddmuw;\fammm Vo The Cireat Sociel Wﬂfi.ﬂhﬂ

16938) include many climatic maps of type; ono series, for the
mean datey of change of dally average emperature through—t "'l‘.':ud

n“Cmptﬂn&bulhnl'mnqndEuﬂ termperatures,

M. Jeffesson, ‘Stundard Semom’, d.ﬁfﬂmddﬂﬁnﬂnﬂr
wol. o8 um:uhlgaﬂ!.mnhﬂw::fmnnhthmﬁm ..'H
Kendall, "Notes on Climatic Boandarics in the Eastern United: Siaie’,

Reriere, ml 5 {(New York, Igg.s}
& See in this connection, E. I.M:&f ‘A vmm Sertes of Isocrymal- {Equal
Frost) Maps of Almka’, Gespraphical Recvee, vol, ol (New York, 1gg6).
‘Surmupml’..ﬂ Bllhnm.np.m’.p.ﬁﬁ
See exampled in Admiralty Geographical Hamdbooks, Franar, vol. 1, and Germany,

'm!. 1.
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examples include the mean number of days with ice-hound rivers,
the mean number of months per year with air-streams from specific
directions,! and the mean frequency of characteristic types of weather.

Iranomals

An example of the we of ‘method of differences’ in climatic studies
is the caleulation of anomalous temperatures and their plotting by
means of isanomals (isopleths of anomalies), In order to demonstrate
seasonal differences, mean monthly temperatures are generally used.
The aorm for any latitude is taken to be the average of the mean
monthly temperature experienced in that latitude. This is found in
practice by averaging the mean monthly temperature, reduced to sea-
level, for a number of well dispersed stations in the latitude. Tables
of standard distribution of temperatures with lautude are helpful.®
Standard temperatures may also be found by the formula,?

t=—17-8+44'9 ons® (8—6°5)°C;
where § is the latitude.

The temperature anomaly for any particular station is the amount
by which is mean monthly temperature departs from that of the norm.
The anomalies are plotted and isanomals (lines joining places with the
same anomaly) are interpolated, Regions of high pesitive anomaly are
known as pleions (thermapleions in the case of temperature) and regions
of high negative anomaly as meions or antipleions (thermomeions in the
case of temperature). Positive anomalies are sometimes tinted red for
effect, and negative tinted bluet
An application of this method is the plotting of isanomals to show

anomalies of temperature conditions in a mountainous country, par-
ticularly between northward- and southward-facing slopes. In this case
temperatures are not reduced to sea-level, but are related 1o the mean
temperatures of a number of selected stations dispersed over the
countryside at different elevations.®

. - oottt
o 1&:“&# lmﬂb&%ﬁﬁ? “The ngﬁ:ﬂ Eﬁudrmyl.;ur’;c:rmlhe Worid”;
fmm;drg“m Grographers, Transscions and Papers, 1949. Publication no. 15 (Lonson,

LA

2 Such a table i 1o be found in V. Conrad (gp, =i).

1 |. D, Forbes, *Inequiries about Terratrial Temperature', Tramastions of the Riyal
Sacirty of Edinburgh, vol. 22 (1830},

s See B, (. Wallis, “Grographical Aspects of Climatological lnvestigation”, Soottish
Geographizal Magazine, vel, yo (E& 1914), in W the ides of anomalics i
ihistrated by twebie y wotkd mags.

‘hlmmt'._wm%w.mﬁ.dnp:maﬁﬁﬂd'lm

of vegetative period in Switzerland'.
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Equipluves

Equipluves are lines joining places with the same pluviometric
cocfficients. The pluviometric coefficient for any month is arrived at
by expressing the mean monthly rainfall total for a given station as
a ratio of the hypothetical amount equivalent to each month’s rain-
fall were the total rainfall for that station to be equally distributed
throughout the year. For example, Ponta Delgada (37° 44’ N,
25° 40’ W.) has the following mean monthly rainfalls in inches:

F F M A M 7 7 4 8§ 0 N D Tod
30 29 2'5 2°1 271 13 08 14 2°5 33 374 32 285

Using the above values:
The plutiometric coefficient for jmm=%@—=:-¢
%)

The coefficients may be expressed as percentages in order to eliminaie
decimals,t

Equivariables

Isopleths may be used with effect in plotting the distribution of
places with smilar deviations from their average weather conditions.?
For example, the mean annual rainfall figures for any given station
do not reflect the reliability of rainfall at that station, for the figures
may represent the means of a number of actual totals widely dispersed
on either side of the mean. The exact degree of variability is difficult
to compute, and various statistical formulae have been derived 1w
represent it in the form of a coefficient of variability. One such formula
used in its calculation is as follows:

CP=3, (100)

where CV=coufficient of variability, c=standard deviation and M=the
miean calue,

Standard deviation is obtained by the formula,

o [T

tohere o=slanderd deviation, Xpe=devictions from the mean, and N=ihe
total number of observations upon which the mean is calailated.
'B. C. Wall, “The Rainfall of Java', Scattish Geagraphical Magasinr, vol. 33 (Edis
burgh, 1917}
% For an cxample, soe A V. Willizmson and K. G, T. Clark, "The Varialility af
the Annusl Ramfall of India’, Qwartrly Jownal of the Rupai Metsprological Society
yol. 53 (London, rea).
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A simple example is considered below.

Year Rainfall (inches) x x*
1920 . . 20 —a 4
tgat . - 40 o 0
1922 . ‘ 8o +4 16
1923 . ; 210 —q 4
1924 . “ 40 o o
Total 4 200 — 20

" Arithmetic mean=40 inches
- a= %fﬁ: +2-2 inches

gE CF’:(:%:) 100=55 per cmi

The cocflicient of variability is usually expressed as a percentage
as above. Generally speaking, it is found that places with low average
rainfall have a high coefficient of variability, although not necessarily so.

Median values of rainfall (see p. 158) can also be used to measure
variability. C. E. Hounam, in an analysis of Australian rainfall, uses

the formula:t
CV— (fnm-—qwuft

Median g2

Isopleths interpolated to join places with equal coefficients of vari-
ability might be termed equivariables.

In some cases it is of interest to show how the rainfall totals of one
particular year differ from the means of previous years. Coefficients
need not be worked out in this case, but the observed one-year totals
can be expressed simply as percentages of mean totals. Isopleths are
then interpolated.®

Equivariables can be drawn equally well o show variability of the
mean values of temperatures, variability of the mean date of killing
frost, variability of the mean length of growing season and so on.t
Such maps obviously have great value in their application to agri-
qnlmn!puhknn.andlhcymﬂmnfucinlh::kﬁnﬁmﬁmur
climatic regions.

! Cammonweal ia, Meteorological Bureau, Climate of the Wist Auitralia
uummmmmmmwimm 1945,

® A number of mags of this typeis to be Fouand in the British Ruimfall weries, putdished

by the Meteorological Office.
* Examplo of sach mags may be found in the Atlss of Awarican Agriculihes, op. cit.
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Eguicorrefatives

Isopleths indicating correlations of climatic data may be termed
equicorrelatives. Tt is often difficult to correlate two or more sets of
climatic data by inspection. For example, sets of annual totals of rain-
fall over a period of years for two siations might exhibit certain rels-
tionships, but such refated characteristics ¢an only be measured with
a fair degree of accuracy by statistical methods, If the degree of rela-
tionship between two sets of rainfall statistics can be expressed in the
form of a single index, then the distribution of places having similar
relationships can be easily plotted on a map. Statisticians refer to such
indices as correlation coefficients. They establish the degree to which two
sets of statistics are related, the inference being in the case of rainfall
statistics that some common cause is at work if the correlation is
relatively close. Thus correlations can be used as a basis for climatic
differentiation.

The Coefficient of Correlation. A short method of computing correlation
coeflicients for two or more sets of annual rainfall data is based on the
formula:

(o) —3y
N
oxay

twhere r=the coefficient of correlation, x=value of annual precipitation for
one station, y—value of precipitation for the weond station, ¥=mean
anmial value for the first station, J=mean annual value for the secomd
station, ox and oy=jtandard deviations {see p. 126), and N=number
of years of observations,

Isopleths may be interpolated to join places of equal correlation
cocfficient of rainfall after such coefficients have been plotted on the
map.! Coeflicients with a value approaching +1 may be considered
as having a close direct relationship; in the case of those approaching
—1, an inverie relationship & 1o be assumed, whilst values pear zero
indicate chance relationships only.

Tsomers

The term ‘isomeric’ is ofien used 1o describe & method of studying
regional variations in the relative proportions of rainfall falling in each
month of the year.® The mean monthly rainfalls for each station in
the region under comideration are ‘weighted' and expresed as per-
centages of the respective mean annual rainfalls. Twelve maps can

' of the application of this me ,*A Climatie
gL e el it o
Bullstin of the Americas Meteorolagical Sociaty, wol. 25 {1 , Moss . 1044).

*H. R. Mill snd €. Salter, “Tsomeric Rainfall Ma of the British Tales®, Quirtirly
Journal of the Ropal Afstemrological Society, vol. 41 :I-nw.[:n. 1915},

r=
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then be drawn to show the distribution of comparative propartions of
rainfall for each month by means of isopleths joining places with
similar percentages (see Fig. 57). The method is clearly capable of
wide applications in the case of other climatic data.

Lsopleths of Temperature Range

The isopleth method can be used most effectively to show the dis-
tribution of the mean range of annual temperature,! the mean range
of diurnal temperature,® and the range of extreme temperatures,
diurnal and annual, together with the highest and lowest extremes
recorded.

Lsopleths of Accumulated Temperature

Not a great deal of work has been done by climatologists on accu-
mulated temperatures, but they may have significance in schemes for
classification of climates, in the study of relationships between plant
activity and temperature conditions, and in the analysis of climatic
cycles. They are usually calculated from the mean daily temperatures
experienced at any one station over a period of time, The values above
or below significant thresholds, such as 52°F, 42°F or 65°F, are added
together for the period under consideration and expressed as a single
accumulated value usually in terms of day-degrees. Thus, if 42°F i
taken as the threshold and the mean daily temperature for January 1st
is 40°F, it would count as +7 day-degrees towards the final total. To
cut down the laborious calculations necessitated by the use of daily
means, estimates based on monthly means may be used. Thus if the
January monthly mean is 45°F, it would count as,

31X §=03 day-degrees

towards the final total.®

Distribution of accumulated temperatures may be shown by iso-
pleths interpolated in the usual manner (Fig. 60). They may be drawn
to indicate accumulations for specific months or seasons, or for the
whole year.

1 Ser in W. G. Kendrew, The Clissates of the Continents, p. 70 (Ondord, 1927,
and in E. . Biltham, op. sil., p- 151-

¥ See an interesting map in B, G. Billam, op. &k, p. 167

'Fﬂnmmuﬁmdmﬂhudurn]mhﬁmﬂmunududuﬂumm
Metearolcgical (ffice, Farm 1300, Table for the Evuluation of Deily V. Jdﬂlﬂ-'
Tated Temperature zhoer and below Fabrenhani from Daly Valure of Maxiemm Mz
Temperatere, Graphical uf caleulsting temperature Scoum mean
of an agise or cumulative temperature curve, are discussed by C. E. P, Brocks, Clismal
in Everpday Life, p. 238 (London, 1950). Data required foe cxact measurement com-
prise horirly mdmmm.humrmh*mthn&wrnqnmmuhmﬂ
means and cxtromnes.

K
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Isopleths of Aridity and Moisture

Various ingenious formulae have been devised both by climatologists
and botanists to give an indication of climatic aridity which might be
of use both in the rational delimitation of climatic regions and in
agricultural planning. Such indices have particular reference to the
study of relationships berween natural vegetation and climate, The
simplest index is perhaps that suggested by R. Lang:!

annual precipitation in millimetres
mean annual bemperature in °C

Rain Factor=

Slightly more complex is de Martonne's index,* which has been used
with great effect for the plotting of a series of pleasing maps in the
French National Atlas,? De Martonne's index is as follows:

P

e —

T4+10

where 1 is the index of aridity, T is the mean anmual temperature in °C,
and P is the mean annual rainfall in millimetres,

Monthly indices are given by the formula:

a EKI‘J
i+ 10

where t=mean monthly temperature and p=mean monthly rainfall,

The two formulae are made commensurate so that annual and monthly
maps may be compared.

C. W. Thornthwaite has made convincing use of empirical relation-
ships between rainfall, temperature and evaporation in the classifica-
tion of the climates of North America, and his methods are being

plied to the climates of other parts of the world. Thornthwaite's
formula for finding monthily precipitation-evaporation ratio, P/E, is:

f=1I1'% '%6 i

The summation of the twelve monthly values, multiplied by 1o to

‘%lﬂ:ﬁ.?ﬂﬁmdﬂdﬂhﬂﬂdxﬁﬁrﬂh&ﬂuﬁd—#ﬁmw.
1520},
tE. de Martome, ‘Ardisme et Indice d'Ariditd’, Compier Remdur de T leadions de
Scimes de Pasris, vel. 182 (Parls, 1926).

3 For another application see |. Gottman, ‘Une Cane de UAsidite en Palestine’,
Amsaler de Glagraphic, vol. 45 (Pars, 1536),
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avoid decimals, gives the value for the year.! The index values range
from o to about i50. They are divided into five categorics—wet,
humid, subhumid, semi-arid, and arid. Thormthwaite has alsa pro-
duced corresponding temperature categorics by devising a thermal
efficiency factor, calculated [rom the formula,

=3
4
where i=thermal efficiency factor and {—=mean monthly temperature.

Thornthwaite has further pointed out in one of his later papers
that evaporation and transpiration from plants (evapo-transpiration)
cannot be satisfactorily calculated from mean temperature fgures, but
that the potential rate of evapo-transpiration may be calculated with
the aid of specially devised formulae, The evapo-transpiration formula
is involved, and has to be solved with the aid of a nomograph. More-
over, there are certain adjustments to make to the result because of
variations in the duration of daylight and in the lengths of months.?
Once potential evapo-transpiration has been ascertained, it is com-
paratively easy to calculate the water surplus and deficiency for any
station during the course of the vear (see p. 144).

The various indices discussed above lend themselves readily w carto-
graphical expression by means of isopleths, and the completed maps
effectively demonstrate fundamental climatic differences from one
region (o another,

Covvunar Dhacraus
Columnar diagrams, because of their clarity and because of their
ease of construction, are particularly effective in the depiction of
certain aspects of climatic data. They can be used to show the rhythm
of diurnal and seasonal changes, the distribution of regional varia-
tions by superimposition upon locational base-maps (Fig, 61), and
the range and variability of various climatic clements.

Simple Columnar Diagrams

In its simplest form each vertical column represents a number of
units of rainfall, sunshine, etc., for & particular pericd of time, for
example, by monthly periods to show seasonal variation, by 24-hour

1 C. W. Thomthwaite, 'Climates of North America’, Gegraphioel Retas, ol 21
(New York, 1ag1).

& Formmlae, nomogragph and tables are to be foand in C. W, Thornthwalie, *An
mm;ﬁ?. Ratiomal Classification: of Climate”, Gagrapdica! Rmiar, vol. 48
i+ . | '
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periods to show daily varation. In the latier case, columns represent-
ing hours of darkness are sometimes shaded black, and those repre-
senting hours of daylight are left white.? For seasonal comparisons,
data relating to calendar months may be used, but where some detailed

FRAMCE
DISTRIBUTION OF RAINFALL ® wiksa ™
1851-1900 -
— —-;——corm -
¥ e 3

—_i'

EslafibViLLE
i

o
Finrinmas
iy
3

Fin. 6i. Locsten Cotomxan Diacmas or Raserats

Source of data: E Al "Klimakunde von Mittel-und-Sideu ' pts 1, vol, 3, P
306, W. Koippen and R. Geiger, Handhuch der Klmasolegie (Besims, 1538).

analysis of seasonal distribution of data is being attempted, it becomes
necessary (o make allowances for differences in the number of days
in each month (see p. 113).

Simple columnar disgrams may be comstructed to show total amounts
g;gf:‘cc cxamples in Sir Napicr Shaw, Drama ¢f thr Wealher (Cambridge, 2nd edition,
]
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of rainfall (Fig. 61}, of evaporation, of ran-off, and of sunshine, or they
may be adapted to show frequencies, for example, of the number of
days with fog, snowfall or hail, the number of wet days, rain-days,
and days with good visibility.! Accumulated temperatures are also
often depicted in this way.® Significant heights, such as the height o
freezing level, and the depth of frost penetration below ground, are
also suitably depicted by means of the simple columnar diagram.

Percentage Columnar Diagrams

Where it is required to compare inter-regional mean monthly varia-
tions of specific weather elements, percentages are more effective than
absolute totals, The vertical columns are made to represent, for example
in the case of rainfall, the percentage of the yearly precipitation for
each month, or, in the case of sunshine, the actual sunshine experienced
in each month, as a percentage of the possible sunshine for that month.

Stuperimposed Columnar Diagrams

Columnar diagrams of different stations may be superimposed for
direct comparison (Figs. 62—3). Superimpositions of various elements
can be made on the same diagram, for example, of mean rainfall,
evaporation, percolation and run-off.2

Compound Columnar Diagrams

Columnar diagrams may be used with effect to show the ‘make-up’
of eertain averages. Thus a eolumn showing precipitation for December
for & station in northerly latitudes may be subdivided to show the
relative importance of snowfall compared with rainfall. Similarly,
columns may be subdivided to show moderate and poor visibility, to
show wind direction, or to show the amount of rain falling at night
compared with that in the daytime.

Deviations from mean conditions may also be effectively depicted
by columnar devices. For example, columns may be constructed o
show the maximum, the mean and the minimum rainfall in each
month, and still further elaboration may be introduced by indicating
the standard deviation and the probable deviation of rainfall from the
accepted mean (Fig, 6y, and see p. 126). Such diagrams are known
as hyetopraphs, Some information about dispersion of rainfall may be

1 Numerogs cxamples of this type of columnar di are woed 1o illustrate the
regional on weather published by the Metcorological Office, such as
Weather o the Wert Coast of Tropical Africa (M.O., 402, 1945).

% See a good cxample in G. Manley, “The Range of Varation in the British Clirite’,
Goagragdical Jowrnmal, vol. 117 (London, 1951).

3 Seme good exmnpley are in F. Shieve, *R Run off and Soil Moisture
under: Devert Conditions’, Aamals of dhe Associsfion ¢f American Geographer, vol. 24
|Lancaster, Pa, 193¢}
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included by the indication of the position of median and quartile points
{see p. t158). Fig. 66 shows a pressure variation diagram based on
frequency of pressure conditions in which the maximum and mintmom
records are indicated, together with the median. A fair idea of the
more normal range of variation is given by the area in solid black
which covers the most centrally-placed 75 per cent of the ohservartions.
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P below the hovizen,
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Fioe. 66, by, Cotussiar Dhaomise or Presume axo Davoiors

Based on Meteaorological Ofhice, Waather in Flome Walers and the Novih-Easters Ailandic,
vol. 2 (Londan, 1544).

Fig. 66 in a componund diagram to show monthly varintions in pressure, and Fig.
67 is designed (o give an bopreston of the weekly variations in dayhight,

Yearly variations in monthly temperature conditions, although
usually depicted by line-graphs {see p. 138), may occasionally be more
effectively illustrated by columnar devices (Fig. 65). Columns depict-
ing extreme lemperatures tecorded in cach month, the absolute
maonthly maxima and minima, the daily maxima and minima, and
the monthly means give a fairly comprehensive idea of both the range
of tempernture [rom month to month and of the mnge of diurnal
temperature during each month.

Analyses of characteristic types of weather made from synoptic
records are sometimes capable of graphic presentation in columnar
form. It is possible, for example, to show average frequency of specific
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air-mass types in each month of the year by means of columns sub-
divided in accordance with the number of types selected for study.?
Again, the make-up of seasons in terms of weather types may be
shown by a compound columnar diagram (Fig. 68).

Special Columnar Diggrams

Columnar diagrams are useful in elucidating aspects of insolation
and climate, for example, latitudinal variations in the length of the
day, and in the angle of the sun’s rays relative to the surface of the
carth. A variety of diagrams of this type may be worked out with
the aid of almanacs. In Fig, 67 variations in the angle of the sun's
rays at different latitudes have been shown by columns made pro-
portionate to the angles,

Weather Integrals

An unusual use is made of the columnar diagram by Sir Napier
Shaw in an illustration entitled ‘Nature’s Integrals’.?2 It is a type of
cumulative polygraph in which the accumulated temperatures, the
amounts of sunshine, amounts of rainfall, amounts of evaporation and
amounts of daylight for each week in the year are all plotted, but
arranged cumulatively so that each amount is represented by columns
and successive columns are placed in steps (Fig: 6g). The whole dia-
gram summarizes admirably the average expectancy of the chiel
elements throughout the year,

Lixg-Grarnus

A wide variety of graphs is used in the illustration of different aspects
of climate, and the methods selected for discussion below have been
chosen largely with the idea of stimulating the ingenuity of the indi-
vidual student rather than of covering the whaole field. Once the
principles of graphic illustration have been mustered, special graphs
may be evolved for special purposes, and tried methods modified and
adapted to serve new ends,

Contimuous Tracings

Continuous records made by self-recording instruments constitute
one type of graph. Such graphs may be of use to the elimatologist in
illustrating characteristic sequences of weather conditions, for example,

LThass E. M. Frishy and F. H. W, Green flluminated & quantitative analysis of
ﬁmm&-pnhmﬂ:wtl:‘. and with the aid of the columnar technique in
‘Further Notes on Comparative i Climatolegy’, Jastitute of Britih Gegraphers,
Tranrastions and Papert, rogg, Publication oo, 15 (1 1a51l,

E Drama of the Weather, zoel eslition (Cambridgr, 15939),
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those associated with the passage of a depression, Relationships between
pressure, temperature, rainfall and wind are self-evident from such
graphical records. But continuous tracings are by their very nature of
more use in the illustration of weather than of climate.

Simple Line-Graphs

In the conventional type of Cartesian graph, amounts of tempera-
ture, humidity, evaporation, and so on are plotted as ordinates, and
months of the year, hours of the day, etc., as abscissar, to show seasonal
or diurnal variations, Regional variations in climate can be demon-
strated by comparing graphs which portray the conditions for selected
type-stations.

Sometimes comparisons of seasonal vadability are facilitated if
amounts of temperature and of other data are reduced to percentages
(see below). Direct comparisons of varying conditions may also be
shown on one graph—for example, by plotting amounts of mean
January wemperature as ordinates, and certain type stations, arranged
cither in order of magnitude or by geographical location, as abscissae.

Polygraphs

A series of multiple line-graphs, drawn on the zame chart to show
relationships between two sets of climatic statistics at one station, or
between sets of similar statistics for two or more stations, comprise
a polygraph.

Climatic type summaries constitute the most familiar type of polygraph.
These consist essentially of two line-graphs, to indicate temperature
and rainfall regimes respectively. In practice, however, to enable a
ready distinction 1o be made between the two, rainfall is shown by
a columnar diagram,}

Composite rainfall and relicf profiles comprise another type of polygraph
(Fig. 70); both rainfall and heights above sca-level are plotted as
ordinates, using a common horizontal scale.

Comparative Percentage Graphs. Where climatic elements for a number
of contrasting stations have 1o be compared, the mean annual totals
may be reduced to a percentage basis to facilitate comparison, and
plotted on the same graph.2

Durational graphs show variability in the duration of snowfall, length
of growing season, etc., at different stations on the same frame, This
technique may be applied, for example, to the study of seasonal dura-
tion of snow in an Alpine valley, Mean height of snow-lines for the

¥ Thie Great Societ World Atlas (Moseow, 1 hat & series ol such graphs, distincrively
coloured, and related to a ~map of s climatic regions,

EW. G. Kendrow {op, ait.) makes froquent we of this deviee.
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sunny (adret, Sommenseite) and for the shady (ubac, Schatinseite) sides of
the valley respectively, are plotted as ordinates, and months as
ahscisae,

Curve-parallels consist of superimposed graphs in series of related
phenomena, for example, of rainfall with wind-run, relative humidirty,
vapour pressure and evaporation; curve parallels are also used 1o
demonstrate similarities of climatic trends at different stations (Fig. 76).

1 !
A ! ; =

Fio. 0. Coupoarre Ranoars axp Reuer Prosmis
The distance from Workington Lo Stockton is 9o miles

Adjusted Profifes. Tt may be profitable when studying regional varia-
tions in time-lag and in temperature vatiahility to use temperalure
profiles, the shape of which is adjusted to make them directly com-
parable. One method of adjustment has been suggested by 5. B. Jones
in a study of the temperature regions of Hawaii.! This comsists in
reducing all temperature profiles to the same amplitude by adjusting
the mean annual ranges of temperature to an equal size, Monthly
and daily temperature profiles may be likewise reduced to the same
amplitude. The adjusted profiles can then be placed one above another
in a series or superimposed for comparative purposes [Fig. 71).

Diurnal and annual ranges of temperature may also be compared
with the aid of adjusted profiles. For example, the mean monthly
temperature curve of one station X can be made coincident with that
for another ¥, and the maxima and minima temperatures arc then
plotted; station X is plotted in the normal manner, bat station 1 in
terms of deviations from the adjusted curve (Fig. 72).

A further method of facilitating comparison of temperature curves
has been suggested by V. Conrad.* He made use of W. Kappen's
concept of relative temperatures to produce a temperature curve in which
the variations due to differences in the average temperatures and
amplitudes at any two stations could be climinated. The amounts by

15. R v Rangrs ‘emperature i Hawall', Amaly of the Arocelion
v Amun{mﬁﬂ 32 thg:fsw, Pa, 1942} ¥

2 V. Courad, Fundammials of Physical (limainlogy (Harvard, 1942}
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which the consecutive monthly averages at any station excecd the
temperature of the coldest month are expressed as percentages of the
differences in average temperatures between the coldest and the
warmest months. These values are then plotted as ordinates and the
months as abscissae. The horizontal scale is so graduated as to enable
the relative temperatures for the first six months of the year to be
compared directly with those for the last six (Fig. 73).

Water surplus graphs are line-graphs showing the superimposition of
the mean monthly evapo-transpiration and the mean monthly rain-
fall. Thus they constitute a valuable means of analysing local climate
in terms of seasonal moisture surplus and rainfall efficiency (Fig. 74,
and see also p. 131).

Sociographs. A number of ingenious graphical devices in the form of
polygraphs have been evolved for the purpose of relating the seasonal
rhythm of the climate to amount and nature of the work done in
particular regions. L. Garrard has called these graphs sociographs.®
Graps showing seasonal rhythm and cropping are of a similar nature.®
Circular graphs are sometimes better fitted to carry this type of
information (see pp. 204-3)-

Trend-Graphs

The accurate determination of trends of climate is dependent upon
the availability of reasonably complete and reliable records over @
long period of time. The data have to be scrutinized, and corrections
made for possible instrument error, for possible anomalies arising out
of the location of the recording stations, and for possible errar due to

! L. Gerrard, ‘Sociographs of the Kulymans, Andamanes, etc.’, Siudies in fonal
Conscionness and Encirsmment, edited by L. C. Peate (Oxford, 1930 The paper ine :
u hinuhinhmnpe:mnmimidnmafmw.ﬂmdu,pnhrn hi,
etc., are with referente 1o seasonal activities such 2 fishing, boat ng,
marriage festivals, forest activities, and so on.

% A, Geddes, *India: (i) The Chota Nagpur Plateau and its Bordering Plaios’,
EWMﬁMM#GW, wal. 2, 3¢ (Amaterdam, 1948).

Fuoe. 71-3. Apjustep Tesrmavums Proviizs

Fig. 1 Hﬂﬂmﬂlhmt:mpenmmadjumdmﬂrmtmpﬁuﬂmﬁmﬂﬂlu
m?' {nﬂ.hcu:m dagkne Birmingham and
- cenitre} shows temperature cotditions ot fwo stations, N
Mnl?ﬁf?ﬂd‘mlmmmn{m, i has been made coincident with
that of the Malin Head so that variability may better be compared, ;
Fj&‘ Ig t}lhpm‘r:hﬁvci:mpuaﬂmnumfwﬂixnnd.ﬂ.ﬂ.,lndnm
o, ¥y ) m&gwamp{mmd.:wn.mmnw
'ﬁkhﬂkmﬁnmmthly:wummmumd@cmmddm
colden mmhm:uhmndn.pﬂmnuFHIthmmm

average temperature of the warmest and coldest months.
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the faulty siting of mstruments. Unless data are duly corrected for
such errors the finished graphs will record variability in the observa-
tion of data rather than genuine trends,

Running Means, Trends in temperature and rainfall naturally atiract
the attention of the climatologist. Graphs, in which individual yearly
means are plotted chronologically, are sufficient to show well-marked
trends. Bit in order to smooth out Auctuations in the curves, running
{or moving)} means may be plotted, on either a three, a five, a ten or
a twenty-year basis (Figs. 75-6). A method of calculating running
means is given in the table below.

Caleulation of Three-Year Running Means for Temperature (*F)

Runring Means

Annual

Date Means
1 2 3

1860 %-1 g-t . 6
1861 '3 3 rb52 '3
1862 642 B2 54.--:!}63-4 642
1863 716 716 716 »65-1
1864 5074 59°4

The running means are plotted to represent the midpoint of the three
annual means, for example, 65-2 is plotted against 1861, 68-4 against
1862, 65-1 against 1864, and so on,
Curves to represent fluctuations in amplitudes of temperature over
a period of years can also be smoothed out in this manner (Fig. 76).
Demational Graphs. Cyclic fluctuations and rrends in temperature and
rainfall may be represented graphically by methods other than the

Fro. 76 Comve Pamatisis of TewresaTone

anl.k%ﬂ*ﬂmﬂm&hﬁmm*
Il.'h[: mM%hhwmﬂmmmfix.dm
bﬂmth:nﬂufulrumfﬂmmlﬂm:chh: ¥ q_lnm;ﬂ;ﬂmtc

indicates a tendency towards a decline in amplituce during
thtnhtmmmhwhﬂnmﬁndinunninmﬂ:.l:dmhﬁpnqﬂmﬂﬂm
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chronalogical plotting of mean values. Cumulative graphs are effective,
for example, in showing cvelic Auctuations in rainfall.? For this type
of graph, annual deviations from the mean annual rainfall or from
base are obtained by subtraction, and the accummilated deviations by
addition as follows:

Accurmulated Deviations {Rainfall in Inches)

Mean Rainfall for the Series 1860-1940
=230 incher

Year | Rainfall

Deviati ( lated Deviai
1860 250 +2'9 + 29
1841 904 +74 +io°g
1862 17-3 —5°1 4 g.,
1865 . +16 + b8
1864 252 +-2:2 + g0

The accumulated deviations are then plotted, +2-9 against 1860,
4103 against 1861, and so on Cyelic fluctuations in rinfall for
adjacent stations are easier to compare if the accumulated deviations
are capresed us pereentage (Fig, 75).

D. Brunt wed a form of deviational graph which he called a periads-
gram, in connection with the determination of climatic cycles.® In this
graph amplitudes of temperature in the form of deviations are plotted
as ordinates and various periods of time as abscissae. Thus a periodo-
gram for Stockholm derived from monthly temperature values for
100 years indicated a 19-month period as one with the largest ampli-
tode.

Frequency Graphs

Graphs in which the frequency of extreme temperatures, droughts,
spells of heavy rainfall, thunderstorms, churacteristic types of weather
and similar climatic phenomena is plotted are of great value to the

15& l-‘nr {a} C. B Saville, “Sonne Rairdall Vanatioms, England and
I'LT.SJL} m}-ﬂ% W&m '-d.ﬁu{l..nnﬂm.

1633}, fr of trewhs, rg-year serics, by secumulated suma of
from base; (b Lmnmmithlihnlﬁllk 'Burm: -ﬁ‘ﬁfﬂ

il the Infomd— Mytoorolgizs !.‘]hm:m-l:,l 1y for trends by
f;un:m deviation from Dwan; {fI K{\V %ﬁ: "r’ni.lhlllr Mean

Dhaily 1ﬂ1lprm.'l::lt’, Umarierly Jomrnzd -'i'lﬁl#.wi- 73 (Londaon,
1047 for graphs of

2 1L Brunt, "(Lmasic Cyrele’, Wﬂﬂhﬂm:m‘j,
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climatologist. They demonstrate aspects of climate which graphs all
mean values may conceal, and they are of particular use in the delimita-
tion of seasons.

A kistogram is a diagram in which the frequency percentage of
amounts of rain, for example, is plotted as ordinates and the amounis
of rainfall as sbscisae, and the peak of the curve represents the mean
frequency. In practice, partly owing to limited data and partly in

Berar Ahela
257 Mov-Jon Ramfall Annual Romnfall
1875-1924 1868-1932
15 is
Eln 0
5 5
—
ﬂoha_n °s b:bﬁm-babﬁhﬁ
HISTOGRAMS OF RAINFALL

Faa. T3

Basedd on Hﬁmthm;ﬂn Analysis of the Variatiom in Rainfull at Akola, Berar,
Central Tndin®, Gesgraphy, vol. 30, p. 70 [Lotdon, 16451

order to reduce the labour involved in their compilation, these graphs
are reduced to step-dingrams by grouping values together (Fig. 77).
Seasonal Frequencies. Seasonal variations in frequency may be shown
on a monthly as well as on an annual basis (Fig. 771~ Superimpsition of
January and June frequencies, for example, sufficss to show the contrast
between summer and winter exinfall frequencies. Seasonal frequencies
may also be shown by plotting the number of frequencies or percent-
age frequencies as ordinates and months as abscissae.! Frequency of
long spells of weather, for example, may be grouped in this way
(Fig. 68). It is sometimes useful when seasonal frequencies, for example,
of types of weather, are being computed to invert the frequency curve

“'thJ.Mlii.j.ﬁ&qm’mlmqwn:}'gthd
atnlall i Livorpeal o Badypom”, Ropal Mutswalspical
Sociefy, vol. 6o {London, 1934}, for analyss W&ﬂmﬁw&m
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for one station so that comparison of irregularities in the frequency
curves of both stations is facilitated (Fig. 78).

Use of Logarithmic and Probability Graph-Paper. Either because of a
very great range in frequency, or because of great ranges in the
climatic data being plotted, it is advisable to use logarithmic or semi-
logarithmic graph-paper for certain types of frequency graph. Par-
ticularly is this the case where pluviographic records of minfall are

SCOTLAND

g
E IRELAND
[+ 8

COMPARISON OF PERCENTAGE FREQUENCY
OF WESTERLY WEATHER FOR SCOTLAND AND
IRELAND, 1898-i947

Fic. 78, A Comrasanmis Freguesory Gaarn

Based on R, B. M. Levick, “Filty Years of Britith Weather', Weather, vol. 5, No:
7 P 247 (Londoa, 1a50).

being analysed upon a frequency basis (Fig. 7g). Probability graph-
paper also has its uses for this kind of work.

Circular Graphs

Circular graphs in which valies of temperature, rainfall, wind, or
of ather elements, are plotied fram a central 'origin along axes radiating
outwards in different directions, the plotted points then being joined
to form closed curves, have certain advantages over the conventional
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Cartesian graph.? In the depiction of seasonal changes they show con-
tinuity from the end of one year through to the beginning of the next
year which cannot be shown conventionally without duplication.
The division of a circle through 360° nearly coincides with the

w2t 2 Gardiner, Maine.
Frequency of Rain-doya
per yeor
e Probahility Scale
2 .
il ¢
s ' g
-1
g g ]
a [+ 2] Em
5 o
3 %
= &
E‘Uﬂl' E' ]
L -
‘ e
050 - : . rrot— —
o M . 2 KX KB W oW
Precipitation in nches Percentage of Feors Mo Cceurs
0
1 Kingston, -1
3 Frequency Distribetion of
5 Arrucl Precipitction
= Logarithmic ¥
= Probatility Scale
E I-
o I B0 & 1w Bm
Percentoge of Na of Aeindays

Fry 79, Vaurme or Raunracs Fregrency Grari

Based on graphs in E. E. Foster, Wﬂﬂfw (New York, 1044},
Nnmﬁrh: mse made of logarithmic and probability graph-paper.

division of a year into 365 days, and monthly data for most purposes
may be depicted by intervals of about §0°, For more exact work
monthly data have o be adjusted to represent o days. Circular
percentage  graph-paper may be sed for specific types of data,

; ibitis discussed by S, Frirdman, ‘Graphische Darstel}
dﬂ}w Tbmpcmf::; Ortes dmt‘,hgtn;urm Curven', ."ﬂh'lh'nmg
k.4 poognaphisches: Gesillschafl in Wim, vol. 6 [Viezma, 1862}
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Climatographs. The climatograph devised by E. N, Munns' -and
elaboraied by R. Hartshorne® provides a clear illustration of the wse
of circular graphs (Fig. 80). Mean mwonthly temperatures are plotted
from a centre with the aid of a graduated table. The distance from
the centre of the circle to 100°F is taken as ten times the distance from
the centre to o°F. If the latter difference is X, then the difference
for any temperature £F is given by the formula,

ye x{ﬂdﬂg. 1)
100

This formula is used in order that temperatures below zero can be
plotted, and it has the advantage of producing a remperawre curve
the slope of which correctly represents the degree of change in tempera-~
ture from month to month, The table given below allows values of
Colog. #/too to be interpolated with fair accuracy.

°F 1 105 10w 95 0 fig 8o 5
Coloy. tlioo . | 1259 ti=ya2" | oo | Bat ||9v04 | 708 | B30 | 562
*F o 65 | bo | 55 50| 40 g0 | =
Celog. df1to . | 3™ 47 | b8 | 855 | g0l | 2mt | 20 | 1ag
i 10 o [ —10 —20 —g0 | —fa — 100
Colsg. tjioo. o | 126 | 1-00 | (5] ! a-bg I [T i o'y 010

If the limiting temperatures of hot, warm, eool and cold seasons are
assumed to be 68°F, 50°F, and §2°F, then the length and number of
such seasons at any place may be read from the graph by noting
where the temperature curve cuts the lines representing the limiting
temperatures (Fig. 8o).

Other methods of constructing circular graphs are discussed at
length by J. B. Leighly.? Mention may be made of 4 compound cir-

1 A ' i b imati

E..I:I Mmmﬁ';ﬁ Wpﬁﬁ,&\w i‘urm:;::gfhm for  Climatic Phen-

£ R, Harshome, *Six Standard Seasoms of the Year’, dunali of the Assaciation of
Avrican Ceagraphees, vol. 28 {Lancaster, Pa., 1938},

*{;H«. Leighly, ‘Graphic Studiey in Clinsatologpy, Tl The Polar Form of Diagram
in the Plotting of the Annual Climatic Cycle’, {lniversi {formi "
ww.v:fw,m 3 {Buiﬂermﬁ‘w%& e
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cular graph devised by him in which the distribution of rainfall s
superimposed upon a temperature curve. The rainfall is depicted by
columns which radiate outwards from the centre of the diagram.

Liopleth Graphs
In a graph of this nature the hourly values of pressure, tempemature,
etc., are plotted as abscissae and their time of nccurrence in the month

o Warm

OCTOBRER

Fio, 8o, A Cusarocrars ran Broaresy

by ordinates, Similar values are then joined by bopleths. Sir Napier
Shaw refers to these graphs as ‘chrono-isopleth diagrams’.} The pro-
cediure is made clear in Fig. 81. Similar diagrams rather ponderously

t M of Meteerolagy, vol. 1 (Cambeidgr, 1926), Chapter & deal ith the develop:
ment of ll"l.'?{l.mﬂ.l.l:.ll .al.?ul - m.-u{pul:ﬁnutil of chmatic :uﬁ‘d?:m:. The method
is applied in, W. T.f.‘-r_hrﬁ. The Wind }MW‘.M#W.M{I
American G ¥, val. a4 (Lancaster, Pa., 1944} Fxiensive use s made of thiy
meihod in R. Geiger, The Clinmls Nor the \Hareard, 1950).
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termed  hypso-chrono-isopleths can be wed to show variations of
elements of the weather with both height and tinie,

Won-Rose Discrass
The wind-rose is a form of star-diagram which is peculiarly suited to
show the average frequency and direction of wind at one place, In

e A NS E N DR ENE T

e

Fro. Br. Isorpemn Grarms or Wisn Seoen

HmdnnS‘lr N;bpqmﬂuw, Mgl of J.Grumdl:r vol. 1, pe 267 (Cambridge, 1626).

wl speeds secand at twa stntions, Valencia,
!r:l.nn-d <hand) and Kew, hﬂnn[nﬁt&mﬂ}ﬂtmtﬂwﬂtmp}ﬂtk&ﬁr
hourly perbd.l, month terpolation of isopleths facilitates dircet

Fig. 82a smcty of types of wind-rose is dcpat:t:d Usually wind direc-
tion is defined in terms of the cardinal points, although ordinal points
may be used where greater detail is required. All wind is assumed
to come from the directions of the points selected, Calms are con-
sidered scparately.

Octagonal Wind-Rores

This diagram is designed 1o reflect the total mean monthly con-
ditions both of wind frequency and of direction at one station. Two
concentric octagons are constructed, so that the distance between the

Fig. 82, Tvres ov Won-Rosm aom Won-Srezn. Diatas

Particular examples have besn drawn from the fnllowing somrees: {l}lhmhmﬂl
Office, Weather tn Flome Walery and the Narth-rastern Atlastic, vol. @,
Jlﬂﬁ‘l.audml

{ London, L. G. Bilharn, Climais of the Br
ﬁ{“}ﬁ:?ﬁ ’W] E} G. Garbett, ! k"lw.‘.lmtufw;ﬂn.
Mﬂm wel. 59 (Laadon, 1033).
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corresponding sides of each octagon represents a frequency of 12] per
cent. Each side represents one of the eight cardinal wind directions,
and the twelve mean monthly frequencies of wind from each of these
directions are plotted as columns; so that if winds were equally frequent
from each direction, eight sets of twelve equal columns would result,

i = [ GERMANY
i - “| Obgervation Peried - 1881 =1910

v "thmlgi

100 milea i

Fio. 83. Locaren Wiin Rosss

Bawed on B Al, "Klimskunde von: Mittel-und-Sideuropa’;, ‘W, Kippen and R.
Geigrr, Haslbwd der K i, vol. E;Pr. 2o~y (Berlin, 1558).
Calma are represented in the centre of each octagmm.

each column having its base on the inner octagon and its apex on the
outer octagon, Thus frequencies greater than average will be shown
by columns extending over the outer polygon and vice versa. Calms
are represented disgrammatically within the centre of the inner
octagon (Fig. 83).
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Simple Wind-Roses

Octagonal wind-roses are difficult to interpret and the conditions
they represent may be shown more simply by wwelve diagrams, each
representing the conditions for one month. T'wo concentric circles,
the circumferences of which are set at a disiance representing 123 per
cent, are drawmn, and columns representing the percentage frequency
of wind from each of eight directions are plotted ppon this hasis; the
percentage frequency of calms is indicated by a number placed within
the smaller circle. Average annual frequencies of wind from each
direction may also be depicted by this method when seasonal varia-
tions are not required.

Compound  Wind-Roses
Wind-rose columns indicating frequency may be subdivided to show

the frequency of wind strengths associated with the particular direc-
tion represented (Fig: 82). Four divisions indicating the following
velocities respectively are usually sufficient for most purposes:

1. More than 24 m.p.h.

2,13 1o 24 m.p.h.

3- 4 fo 12 mp.h.

4. Less than 4 m.p.h.
Wind-roses of this type are frequently employed in the analysis of
upper winds, the velocities of which are much stronger than those of
surface winds.

Superimpased Wind-Rases

The idea of wind-roses may be adopted for the purpose of showing
unusual divrnal variations of wind. For example, to demonstrate
changing directions of wind between day and night at any place,
wind-roses, each representing mein conditions at different times of
observation during the day, may be superimposed (Fig. 82). In this
case, for the sake of clarity, frequencies are ploued from a central
point and joined to form irregular octagons:

Wind- and Visibility-Roses

Relationships between visibility and wind direction may be expressed
in the form of wind-roses. Observations are often made at the same
time, so that frequencies of bad and good visibilities may be correlated
with wind direction. The percentage frequency of bad visibility, for
example, may then be plotied for different wind directions to form
a rose (Fig. 82).
Wind-Stars

Wind-roses constructed to show monthly frequencies of wind from
the sixteen ordinal directions, together with mean velocities, have been
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termed wind-stars (Fig. 82).' These stars are ingeniously devised, but
they are rather laborious to construct. Moreover, they do not reduce
very well and they cannot be located on a base-map to show regional
variations.

Ranvrarn Dmpeasion Diaorass
In recent years rainfall dispersion diagrams have become an import-
ant tool in the analysis of rainfall distribution. The median and other
percentile values derived from the diagrams have greater significance in
some cases than mean values, or than coefficients derived from mean
values, in arriving at a more rational estimation of rainfall variability,
and af ¢lassilying rainfll regimes.®

Construction of the Diagram

Diagrams may be made of the dispersion of annual amounis of rain-
fall for any one station ll.'l!l!l[}l}' by plotting dots of suitable size, each of
which represents one year's rainfall, against a vertical scale uniformly
gﬂduamd s0 that the base is zero and the top is equivalent to the
maximum rainfall total (Fiz. 84)2 It is not advisable to attempt
analysis unless at least a thirty-five year record of minfall is available.

Annual dispersion graphs have only a limited value; of greater
significance are monthly diagrams. For these, the vertical scale is
graduated from zero to the highest monthly mmi'aﬂ in the serics,
Maonthly values are then plotted to give the individual rainfall disper-
sion for each month in the vear (Fig. 84).

Median and Percentile Values

The median or middle value of rainfall fior any dispersion diagram
is that which liss midway between the two extremes of rainfall at
either end of the diagram. Thus for a thirty-five year series the
cighteenth value reckoned from the minimum is the median value.
The lower quartile value is that which lies midway between the

icr Shaw and L. G. Garbeit, 'A MNew Sort of Wind Roee'; (perter(y Journz|
Mmdagmfs-up vol. 50 (Landon, 1o33).
letﬂmdtbcnhmdlh:mdmn an Gengraphical Unfon,
1640 Commit "R.:pmtnfﬂnmmltu:m Medinn v. .lmtln'n:uul Average’, Tram-
m;{ﬂrdmbapnphm'bm t (Washington, tag1]. See also an
interesting graphic mpuumnflhedmhmndmur:ﬂm mdhgrmum
if the m&iﬂtdwmbilimudu bé—rn perion diagram in
E E Lackey, ‘Annual Variability Rainfall of the t Plaios’, Gengraphicel
Reine, vol. uy{\m‘!’u&. 193%)-
'mﬂnurxppl &npﬁ_mmdi 4 to rainfall analyss was concrived by
1

P. R. Crawe, "The Probability’, Seapish G
wol. 4,5 (Edinburgh, 1933); and "The Rainfall of the Western an
Resiar, vol. 26 (New 1936). Ser aln H. AL Matthewa, "A New View of

Famihiar Indian R.lmﬁlh. Scottich Gropraphina Magagne, vol. 52 (Edinburgh, 1456).
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median and the minimum; Le. in the above ease it will lie halfway
between the ninth and tenth figures reckoned from the minimum on
the diagram. Similarly, the upper quartile value will lic between the
ninth and tenth value reckoned from the maximum on the diagram.
These values may be marked on the diagram by short horizental lines
(Fig. B4). Half the recorded values in the series will thus ke between
the upper and lower quartile values.

Major, Minor and Graded Breaks

Discontinuities in rainfall at any one station may be estimated from
an inapection of the relative positions of quartile and mean values for
adjacent months, If the interquartile band of one month is clear of
that for an adjacent month, a major break in rainfall is generally indi-
cated. The month with the upper band will on an average be wetter
than that with the lower band. The chances that the latter will be
wetter are only one in cight. Minor breaks which mark sermi-discons
timuitics are said to exist if the median and lower quartile of one month
lie above the upper quartile and the median respectively of an adjacent
month. If these conditions are satisfied for alternate instead of for
adjacent months, a graded break, major or minor as the case may be,
is said to exist. Discontinuitics in mainfall regimes, as indicated by
breaks, may be mapped with the sid of isopleths.

Merits anid Demeriis

Dispersion graphs are easy to construct. They show st a glance the
dispersion of rainfall for any one station; they give an indication of
seasanal’ distribution and actual variability without the necessity of
making lengthy statistical calculatioms, The median value, as far as
rainfall is concerned, has many advantages over the mean value, since
the latter may give a false impression. Particularly is this so for places
with a dry scason. On the other hand, some disadvantages of the
dispersion diagram have been pointed out by W. H. Hogg,? who drew
attention to the fact that discontinuities for the same pair of adjacent
months is not always a satisfctory criterion for distinguishing between
rainfall #ones, and that median values of minfall canmot be validly
used on a percentage basis because the twelve monthly medians of
any station do not add up to the annual median,

Crvnonapss
A climograph (or climogram) is a diagram in which the data for
elements of climate at any ane station are plotted against one another,
and the shape and pasition of the resuliant graph provides an index

}'W. H. Hogg, "Rainfall Dirpersion Diagrams®, Gegrashy, vol. 33 {London, 1948).
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w the general climatic character of the place.! Usually a sumber of
such diagrams is plotted on one chart for comparative purposes. The
diagrams may be used to summarize variations in world climatic con-
ditions, and they were used in this connection by W. Képpen.® He
devised a chart in which temperatures of the coldest month were
plotted as abscissae and temperatures of the warmest month as ordi-
nates. The framework of the chart was subdivided to indicate the
relative positions of tropical, mesothermal, boreal and tundra climates,
elc.

J- B. Leighly's Climographs

J- B. Leighly expanded on Kippen's ideas to produce a number of
climographs which could be vsed for comparison of the climates of
different parts of the world.? These included one based on Képpen
for analysing temperature. Another was specifically designed to record
critical values of temperature and rainfall with regard to soil moisture
conditions. The framework of this chart was graduated horizontally
in °F and vertically in inches of rainfall, so that mean annual tempera-
ture could be plotted as abscissae and mean annual rainfall as ordi-
nates. As a lurther refinement critical axes, derived from formuolas
which took into account various regimes of the distribution of rainfall
in the definition of dry climates, were added to the chart,

Further graphs were constructed 1o enable subdivision of rain or
forest climates to be made according to seasonal distribution of rain-
fall, In one of these graphs the rainfall of the driest month was plotted
against the annual rainfall 1o indicate the presence of a dry season, and
in a second, to illustrate seasonal contrasts in rainfall regime, maxi-
mum rainfall was plotted against minimum rainfall on an appropriate
axis according to seasan of oecurrence,

G- Taplor's Climographs
Climographs may be adapted to show the influence of climatic

conditions on human activity. G. Taylor, for example, has used climo-
graphs for this purpose. In one of his climographs he indicates the
physialogical effects of odimate on man by plotting relative-humidiry
values in relation to wet-bulb temperatures. The framework of the
chart consists of a graduated vertical side-scale showing wet-bully
temperatures from —10°F ta go°F, and a horizontal bottom-scale

’T!listﬁ:-e d:fumwuﬁmmnmiwdhj.ﬂ.ﬂL'ﬂium&uhlﬂiqﬂm',

‘ W j- I-.mlﬁk.:[ tm nach Ti Nied el
tica du-r o ﬁ:{mpﬂ:u::-,ql.aj erschlag us

B. Leighly, ‘Graphic Snali Ehmnuﬂm L. Graphic R fnns of

C-Lnﬁnnun E:Innam U.w:;qum Gegrapky, vol. 2,

hﬂ-ai&rﬂw tgabi).
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showing percentage relative humidity from 20 to 100 per cent. The
north-west corner of the chart he marked as Seorching (high wet-
bulb, low relative humidity), the north-cast corner as Mugzy (high
wet-bull, high relative humidity), the south-west as Keen (low wet-
bully, low relative humidity), and the south-cast as Rew (low wet-bulb,
high relative humidity). The mean monthly data are plotied on this
chart for a particular station, each month being marked by a letter,
and the plotting points are then joined.* For a vadation on this type
of climograph, sec Fig. 85,

The Hythergraph is another type of climograph used by G. Taylor,
in which mean monthly temperature values are plotted as ordinates
and mean monthly rainfall values as abscissae.® They are principally
used in summarizing broad climatic differences in relation to human
activity, more particularly with reference to scttlement.

E. E. Foster's Climograph

E. E. Foster has devised a climograph (Fig. 87) with the aid of
Thomthwaite's scheme of climatic classification (see p. 132).* This
consists of a chart formed by a grid system of rectangular co-ordinates,
The vertical side-scales are graduated from —20°F to 100°F, the hori-
zontal bottom-scale from o to 18 inches of rainfall. The chart consists
of six temperature zones, Frigid (—20°F to 0°F), Cold (0°F w 32°F),
Cool (32°F to 50°F), Mild (50°F to 65°F), Warm (65°F to 80°F) and
Hot (over 80°F). The Cool, Mild, Warm and Hot divisions are further
subdivided into Arid (limiting grid points, 32-4°F, o-32 inch of rain;
83-2°F, 1-03 inch of rain); Semi-arid (limiting grid points; 32-4°F,
o-59 inch; 8-2°F, 1-g3 inch); Subhumid (limiting grid points, 32-4°F,
t-10 inch; 83-2°F, 36 inch): Humid (limiting grid points, 32-4°F,
a-05 inch; 83-2°F, 6-73 inch).

Spectal Climagraphs

Climographs may be used to demonstrate special aspects of climatic
differentiation—for example, economic aspects by plotting length of
growing season in hours per month against effective rainfall. They
may even be adapted for showing the relationships between climale

and soil-type (Fig. 86).

ArRows
Arrows are used conventionally to show the horizontal movement of
air over the surface of the carth. They may be used either to show the

1 For an example, see Al AL Miller, Clirsalofogy (London, 1042).

% See examples in G. Taylor, Uren Gegrapiy (London, 1545),

¢ E. E. Fanter, ‘A Descriptive Graph of Climate’, Trousctioes of the Ammices G-
praphical Urdom, part T1 (Washington, 1944).
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trajectories® of air or, more frequently, wind direction and direction
of streams of air.

Wind systems, either planetary or local, can be depicted quite simply
by short arrows, ‘flying with the wind’, and indicating prevailing wind
directions at different times of the year. They may be drawn by
inference from mean isobars and are not necessarily based on tabulated
observations.®

Where observations are available, the frequency and force of such
winds may roughly be indicated by thickening the shaft of the arrows
according to average wind-force and by pecking the shaft of the arrow
to show frequency. Alternatively, a system of tail-feathers and of dif-
ferentinl shafis may be employed (Fig, 88).2

On synoptic charts, where wind conditions at a particular time have
to be plotted, frequency is not required. Wind direction, therefore, is
shown by point-tipped arrows, or arrows flving into the station symbols,
the tails of which indicate wind-force by means of the munber of
feathers they carry.t

Climate is associated more with the typical movement of various
types of air-mass from specific regions than with surface winds pure
and simple. The plotting of average surface winds by means of arrows
has its uses in the local differentintion of climate, but has little value
in the analysis of the fundamental causes of climatic phenomena.
A close study of the chronological sequence and average frequency of
isobaric patterns and their asodated weather conditions afords one
method of detcrmining the source and type of air-mass at any one
place. Such analyses are properly undertaken by the professional
weather forecaster, and findings are plotted by marking the hypo-
thetical source regions of chamcteristic air-masses and by using arrows
to indicate the generalized movement of air from such source regionse.*

The mean movement of air, representative of different seasons, can
be shown by streamlines, which take the form of elongated arrows curv-
ing to denote changes in direction (Fig. 8g). Streamlines are usually
drawn to resultant winds (see p. 116) at gradient level, which is at about
500 metres above the surface. Streamlines can be drawn to surface

! See a map after G. I, Taylor, in H. B, Byers, Gaeral Metemelogy (New York, ragg),
showing the computed trajectory ol airin the vicinity ul'tluﬂ:mdgim.h_lul}' :E:s.
1513

2 Given the pressure conditions, the computation of wind directiong and wind
znadlimohud;hm:En}mhﬁuudmundmgm:hnﬂeﬁwdlhmdmmin.

ule-pf-thumb formmlae may, however, be and these are discussed at
length in H. B. Byers, General Metroralagy (New York, 1944), and 5. Pettermen, of. st

* For an application, soe Mctcorologicel Office, 4 Borameter Manuel, plates 5 and 8
{11th edition, London, 1933).

& For seale of velocities, see Meteorological Office, The Weoather Map, 3nd edition
[Londan, reprinted, 1650).

& For such mapn, sec 5. Petterssen, o, rit.
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winds, but since turbulence at the surface due to friction is so great,
and also because direction of wind varies according to local obstruc-
tions, the findings are not likely to be significant, Streamlines for very
high altitudes can also be constructed, but they have not the same
significance, from the point of view of life and activity on the surface
as the 500-metre streamlines,! Also, pilot-balloon observations are fairly
frequent and reasonably accurate at about 500 metres, whereas above
that height both inaccuracy increases and observations are Iacking.

In Fig. 89 sireamlines based on resultant winds for January at
gradient level reveal a strong westerly circulation over the greater
part of the continent, but three distinctive air streams enter into is
compasition—a dry continental air stream from the base af the Rockies,
a warm moist airstream from the sub-tropical Atlantic, and a cold
one from the Aretic, The different origins of these air streams account
for many peculiarities in the climate of parts of the North American
continent. ®

As J. R. Borchert emphasizes in his paper, the drawing of stream-
lines to resultant winds is a most valuable method of climatic analysis,
but has been so far comparatively neglected. It must be pointed out,
however, that some of the pioneers in the fields of dynamic meteorology
advocated analyses along these lines many years ago.?

Ta illustrate relationships between streams of air at different alti-
tudes and the weather conditions on the surface, three-dimensional
sketches may serve a useful purpose, although, of course, it is necessary
to resort to simplification and generalization (Fig. go).

A further use of arrows is to depict the tracks of depressions and
storm-paths. These are marked usually by elongated arrows which
follow the average direction of movement of the centres of the depres-
sions under consideration. The data are extracted from a scrics of
synoptie charts covering the region concerned.4 The speed of move-
ment may also be indicated by dots placed along the arrows to repre-
sent intervals of time, and it is often the practice to plot a whole
series of tracks covering a season, or even a number of years (Fig. 91).
From such diagrams it is possible to produce gencralized tracks repre-
senting mean conditions of movement. Some idea of the frequency
with which cyclones follow particular paths may be given by elongated

! Ser o series of maps showing remitant wind directions at different altingdes in
H. E. Byer, op. cil.

3 |. K. Borchert, “The Climate of the Central North Americin Grassland’, Anmalr
of the Aswrsation of dmerican Gragraphers, vol. 40 (Lancaster, Pa, 1990).

* J. W. Sandatram, Dymmniz Meisoralogy and Hdragraphy, vol. 2 (Washingten, 1510},
for cample, discimses graphical methods of constnicting streamiines,

¢ M. A Garbell (#p, st} hmi an excellent srrow-map showing the general geo-
graphical datribution of tropica] cyelono,



AIR STREAMS AND DROUGHTY WEATHER
IN NORTH AMERICA

=y Movement of air at higher altitudes
snm®> Movement of surface gir

————— Surface outline of North America
—— Upper level outline of North America

Fra. o0, A Twmes-DiuexuoNal Sxercn o Am STaiass

Rased o0 1. R, Toannehill, Drought, ity Camees and Efects, p. 04 (London, 1947).

The diagram shows |he main components of air currents over North America doring
times of drought, On the left the short arrow, A, indicates slow movement of adr into
the continent due 1o the relative warmth of the continent. The long arrow, B, fmdi
rates Tapid movemnent of sir out of the continent towardy the relatively cool Atlantic,
ArTow Lh:m:urfmrniu-bu'ﬁnirﬂuwimhuutMnMﬁnHLuﬁmMu fur
the mequality of compooents & B. This surface air may normally bring
fnto the conitral plaim. I, however, the uality between .;hul B is too great, dry
surface air will be drawn janto the continent from the divection of the Mexican platcan
—arrow D, Air curvent @ will then be deflected north-castwards and the interior
g}i::dwlil suffer drought e & resull. There b little or no surfacs air coming in from

: & during this period. It is of interest o compare this diagram with Fig. Bg.
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arrows, the shaft-thicknesses of which are made proportional to the
number of occasions cyclones have taken the routes indicated,!

SyMBOLS

Symbols are used chiefly in the plotting of weather data on synoptic
charts.® They may alko be used to show the distnbution of various
types of weather-station, according to reliability, and according to the
nature of function.

Proportional symbals may be specially adapted to show distribu-
tions of weather and climate. Proportional squares, for example,
may be effectively employed to show the distribution of rainfall
associated with the passage of a d:cprmiun. The squares are made

1 Sev an ie 1 ¥ A 4. Crxfiord, =3Iﬂ
G:*F?c M:?hmw\}hcu!;ﬁ“;q AN o Si‘hl eteerolegizal

op. cit
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proportional to the amount of rainfall at the particular places, and
may be shaded according to the time, or duration of the fall.*

Propartional circles are occasionally used to show regional varia-
tipns in mean wind velocities. Uniform circles are drawn divided into
concentric cireles, so that circular bands of varying thickness are shaded
to represent percentage frequencies of winds of more than 24 m.p.h.,
12 10 24, 4 to 12, and under 4 m.p.h. (Fig. 82).

Symbols are also used 10 show distribution of freak weather over
a number of years—heavy thunderstorms, record rainfall intensities
and record droughts.®

lhuww_.&ﬂ.lﬁhnm’mrmmuﬂmﬂthnam?hmmﬂ
Gesgraphy, vol. 32 (London, 1047).

2 For a map utilizing such symbols, see 5. 8. Visher, "Regionalization of the United
Stairs on & Precipitation Baslby', Amnals of the Arsacition o Americon Geographers, vol. 32
{Lancaster, Pa., 1542).



CHAPTER IV

ECONOMIC MAPS AND DIAGRAMS

Tue economic geographer is concerned with the spacial distributiona
and inter-relations of various forms of economic activity, which involve
primarily a study of the production, distribution and consumption of
commaodities in their regional settings. The geographical relationships
of the distributions, forms and patterns thus invelved lend themselves
to a wide range of cartographical representation. As V. C. Finch wrote:
“No other of the social studies than economic geography insists upon
so rich a symbolization of its facts and concepts in cartographic form.™"!
Many of the methods used must of course conform to certain carto-
graphical conventions, but the economic geographer can frequently
devize modifications of method or even wholly original presentations
of his data. In view of the manifold possibilities, it must be realized
that the methods discussed in this chapter and the maps and diagrams
used in illustration are, perhaps even more than usual, merely examples
and suggestions,

Data

With the exception of maps of simple areal distributions, most
cconomic maps and diagrams involve some precise depiction of
amounts, values, arcas, ratios, distances and rates, and their com-
pilation necessitates the handling of much statistical material. In fact,
the economic geographer finds that such data form the major part of
his sources; from them he selects his factual information, presents his
analysis, and draws his conclusions. So he assembles and mbulates
his data, considers the cartographical method most suited to the
problem involved—whether isopleth map, choropleth map, dot map,
graph or diagram—and then converts his tables into the chosen
medium.

Availabe Source:

The available statistical sources may be described under four heads.
These comprise international publications, produced by such agencies
as the former League of Nations or the United Nations Organization,
official government publications, other published information, and a
vast amount of unpublished material.

International Publications. International agencies are able to collect,

‘V.ﬂﬂu:h.'TnininghrRmuthinEcmh:Gmgnphy’.Amh‘fnh
Association of American Geagraphers, vol. 34, p. 213 (Lancaster, Pa, 1944).
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compile and publish statistics in a very convenient form for the eco-
nomic geographer. Between the wars, the Economic Intelligence
Service of the League of Nations produced some very valuable statistical
summaries. Its base-volume was the Statistical Year-Book, which gave
figures for the most recent year available {and retrospectively for a
decade) of aress, population, employment and wages, production and
consumption, transport and trade, for almost every country in the
world, Countries were grouped alphabetically under their respective
cantinents, with text in both English and French, and with very useful
noles on sources, which could be followed up if greater detail were
required.

Sinee the beginning of 1947, the responsibility for the publication
of mtemational economic statistics has been assumed by the Statistical
Office of the United Nations, which is under the Department of
Economic Affairs, This agency collects information from the member
nations and from the U.N, Special Agencies. The basic publication is
the Monthly Bulletin of Statistics, which provides averages for each year
from 1937, and monthly figures for two years previous to the date of
issue: It is not confined to the member states of the U.N.O., but there
are some obvious gaps. Users of the Monthly Bulletin should have the
Suppldement: Defritions and Explanatory Terms, which provides a vist
amount of information concerning the statistics and their derivations,
and gives wseful leads to more detailed sources. This s epecially
essential when comparing figures for a number of countries, because
the bases and formulae from which the published statistics are denived
ofien differ appreciably from one country to another. In addition to
the Manthiy Bulletin, there appeared in 1949 the first Statistical Year-Book
ol the United Nations Organization, referring o 1948, and a second
volume appeared in the following year. The latter contains 166 tables,
providing in most cases retrospective annual figures from 1435 to 1940,
which are as nearly comparable as the statistical surveys of member
countries will permit. With a very full index and notes, it is an
indispensable source-book for an economic geographer.

The U.N. Statistical Office publishes also a wide range of other
economic summartes; these are too numerons 1o list here, but details
can be obtained from the varmous U.N. agents. Many other inter-
national agencics, for the most part directly or indirectly associated
with the U.N.O., publish statistical abstracts and year-books; these
agencies include the International Imstitute of Agriculture and the
International Labour Office,

Official Governmend Publications. Most countries publish statistics of

1 Other League ul'\nk-m puhllﬂﬂm'l.l incloded ijlmhbﬂfudﬂ‘;:;

dhurtion by Cowntrizs, 1o Intrrnatiomal Trade in GCoricin Rime
and Fi arf.?ﬂn—t

Gieney: W g Grnry, s
S e el o By e o, s e
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their national resources and economic activities, some in more detail
than others. The Supplement produced by the U.N. Statistical Office
has a most useful Bibliography which gives the main official statistical

jcations of sixty-six countries, Most of these countries have a single
annual publication, which takes the form of some kind of Abstract
or Year-Book.?

These national statistical year-books are extremely useful, as they
provide for the economic geographer the detailed information of pro-
duction and distribution of commeodities on a regional administrative
basis: by counties, départemmtr and provinees. Most countrics, oo,
produce statistical summaries at more frequent intervals than the
year-hooks.® Finally, the statistical offices of many countries issue a
range of more specialized publications.?

Other Published Statistical Information, A large amount of statistical
muaterial is issued by industrial concerns, both by individual firms and
by cartels, such as the British Iron and Steel Federation and Unilever.
Banks and commercial houses are also prolific sources.* Finally, men-
tion must be made of the various periodicals devoted to economic
surveys, which often provide most convenient and authorimatve data.*

The statistical sources already mentioned may appear overwhelm-
ing, especially as they represent only a few examples. The economic

rapher, however, selects only the material he requires for his par-
ticular work. If it be a general survey of the world output of some
commodity, he requires only summary figures, and these can be
obtained from some general international source. If it be a more
detailed study of some aspect of the economic life of a particular
country, he can begin with the relevant Year-Book, and as his work

L Theee cxamples are the Shativtieal Abatract, bilished by the United Kingdom
Ceentral Statistical Office: the Anauaire Statitigns de la France, published by the Inatitut
Natjomalr de la Swatiuique et des Etudes Econotniques foe the Ministére de |"Econortiie
Nationale; and the Feseiifrr voor Nederlomd, by the Centraal Bureau voor
Statiatick at The Hague.

I'mm&mm#mmmm,wufwb
nightly, and almost every country has 3 monthly Bulletin,

® The output of statistical information i the United King hmﬂji!n

such as those scer] for the Ministry of Ayricoloure and the b

Power: those fists are ismeed &t intervals H.M, Suﬁmxﬁﬁm i . Lhe
Institut National de la Seatistique of France has iswed no less 120 Etuder Speciales,
& For example, the Ragirdimsche Reviewe containg authoriative

MNetherlands.
directorios, such os the fadicatonr der Produits Belges, pabiished by the Fédration Natiomale
dv Chammbras dr Cownerre st o Induitrie d¢ Belgiqer, are indipenmable for a study of the
industry of mry country.

¥ S, for example, the mumerous Tndustrial of The Tome and the
chnmmmum#rm.ﬁ Econersiiges, published
at Leuven.
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develops he will have to consult more detailed and necssarly more
specialized sources.

Unpublished Statistical Information. For most research work it is often
essential to obtain access to unpublished statistical material. Thus to
construct the agricultural maps of porth-eastern Belgium (Figs. 106-g)
on a commune basis, it was necessary to consult many hundreds of
manuscript returns in the archives of the Institut Natonal de Stats-
tique in Brussels, and to draw the diagram of freight-movement along
the Juliana Canal (Fig. 122), the unpublished hgures were supplied
by the Centraal Bureau voor de Statistiek at The Hague. A study of
the Kempen coalfield and the construction of a series of maps to
illustrate the production and export of coal from that field entailed
visits to each of the seven collieries and to the coal-port at Genk on
the Albert Canal, The gradual tracking-down of this information as
the work proceeds is indeed onc of the fascinations of an enquiry into
some aspect of economic geography.

Agricultural Statistics

Swmtistics of agricultural arcas, vields and values are compiled, tabiu-
lated and published by the Ministry of Agriculture, or the equivalent
government department, for most countries. The raw material of these
summaries consists of the collated census forms, completed by each
farmer in every parish, commune or similar administrative umit,

For England and Wals and for Scotland;, summaries are pub-
lished on a county basis of the area of arable land, grassland, land
under each of the major crops, the vield per acre of each of these, the
numbers and categories of animals, and details about farm-labour.
The total areas of each county are also tabulated, so that densities
can be calculated. If more detailed figurs than on a county basis
are required, it is necessary to extract the information for each parish
from the files of the Ministry of Agnculture, but details for each
individual farm are confidential.

Belgium may be quoted 2= a second example, Agricultural censuses
have been held there at intervals since 1846; the results of each of
these censuses were published in several large volumes in immense
detail on a commune basis, and are invaluable source-books. To replace
these large-scale publications, which have become increasingly expen-
sive to produce, an annual summary has been brought out since 1939:
up to 1945 information was presented on & basis of cantons, but since
then the increasing need of economy has limited the publication to
a basis of arondissements only. The unpublished details for the indi-
vidual communes for each yvear are available in the fles of the Tnstitut
National de Statistique in Brussels.
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Industrial Stalistics

The range of industrial statistics includes the production and con-
sumption of fuel and power and of raw materials, and the output of
semi-finished and finished manufacrures. Returns vary enormously,
and if comparisons are being made between different countries, care
must be taken to examine the bases of the figures used. This problem
may be illustrated by the comsideration of one useful comparative
figure, the index of industrial production. An overall index is cal-
culated for each country, which can be used to measure changes in
the physical volume of industrial output, and is converted to relate
to the base of 100 for the year 1937. The index numbers are com-
puted according to the weighted aggregate method; the basic dam
used are the actual quantities produced by a select series of industries,
while the weighting may consist of the gross value of production, or of
the pumber of workers, or of man-hours.?

In some countries, notably in Great Britain, useful indications of
industrial activity are provided by the numbers of people cmployed
in a particular industry,® Thus the numbers of operatives in various
Lancashire textile mills; or the number of men employed in the col-
lieries of a particular coal-field, can be used as a basis for a detailed
distribution map of the textile industry or of the coal-field (Fig. 110).
The problems involved in handling these occupational statistics are
discussed on pp. 222-4.

Transport and Communication Statistics

“T'rade statistics; i.e. figures of imports and exports, which reflect so
much of the economic life of a country, are available for most countries
on a commodity basis in terms ol both weight and value, and of the
origin and destination of the commodities concerned. Various countries
use different classifications and groupings of items, and values are
subject to very intricate definitions because of Customs requirements,

An analysis of the activity of a port, which is a most interesting aspect
of economic geography, must necessarily include a close study of its
external trade.® In addition, the entrances and clearances of national
and foreign sea-going shipping in terms of net registered tonnage, and
of passenger traffic for the 'ferry parts’, are required. It is essential to

i See, for he Moathly Bullrtin Shﬁlﬁn'.w‘ * Deforitions awd Explins-
tory Neles (Statls bﬁmd&mﬂﬁuﬂrsumhw‘rﬂhmﬁl:wmw
a comparison is made between the inchnirial resurms of various countries, and the
differcnces are emphisized.

% See, for example, List of Miser, rogf [HLM5.0),, voqa).
'Sm;armph,.{nﬁﬁmflﬁfmﬁfﬁﬂﬂdrqh{wm
annually),
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examine the eriteris upon which the statistics of the ports of the par-
ticular country are based; thus French returns include deep-sea fish-
ing vessels; some couniries include vessels in ballast, while others
exclude them; some omit vessels below a certain minimum size; and
0 an,

The statistics available for a study of rail, road and water transport
vary enormotusly. Rail figures, including track- and route-length, num-
bers of locomotives and rolling-stock, and freight and passengers con-
veyed, are as a rule available for operating regions or districts, as in
France and Germany; in France, the returns are published for the
four regions of the Société Nationale des Chemins de Fer Frangais,
in Germany before 1939 retumns were available in somewhat mare
detail for the forty-one traffic districts. But for a country like Belginm
only total figures for the whole country can be obtained, which mukes
the analysis of freight-movement a difficult or even impossible task.

Few statistics are published relating to road-transport. Occasionally
trafficcensuses are taken; thus in Belgium three such censuses have
been held. in 1908, 1926 and 1934, when continuous observation was
maintained at a thousand points for twenty-four hours. Other sources
of information, such as the analysis of motor-bus time-tables, are
sometimes helpful (see pp. 285, 316).

The statistics referring to individual inland waterways are usually
published in considerable detail, especially for west European countrics,
‘since the numbers of vessels and the volume of freight can be casily
recorded at the locks; thus it is possible 1o find the total freight con-
veyed and the major freight categories, either in terms of tons absolute
or of ton-kilometres. The latter figure is derived from the product of
each load in tons and the actual distance it travels. It is thercfore
applicable to the whole length of the waterway, unlike figures of
absolute tonnage, which arc usually measured at a particular lock,
and so may include both short and long-distance loads, The figure of
ton-kilometres makes adjustments between the different distances
travelled, and so gives a reasonable impression of ‘work done’. To
compare activity between one waterway and another, an index of ton-
kilometres per kilometre of length can be ealculated, which represents
a value adjusted in proportion to the actual length of the route. Thus
a long waterway would have a large return of ton-kilometres because
of its length, but might be no more busy than a short waterway. Ton-
kilometres per kilometre, therefore, produces a strictly comparable
impression of the relative importance of each waterway.! Figures can

! Por a full discosion of this problem, with itulsr cxzmples of the mags which
can be drawn lrom the variou sinfisties available, see F. J. Monkhomse, “Conl Move-
ment o Belgium, with Special Reference (o the Kemnpen Field®, Psilication No, 17,
Transschions and Popers, rooo: The buiitus of Britiask Geographers (Landan, 1952).
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often be obtained of actual loadings and unloadings at ports along
each waterway in tons absolute.

Nox-Quastrative Mars
The Charockromatic Technique. The most obvious type of economic
map is that which shows areal distributions without any quantitative

Fie. g2 A Cucrocimosarm Mar or Woonzaxps

Boased oo the Atlar ¢ Fm:r.‘_ﬁ:ulc 48 (Paris, 1935).
This map refers to 1931, Fhe significancr of the Landes and the upland areas (note

upndil;yﬁ inulication of the escarpments boundimg the sastern Paris Busin] is broeght
ot ¢ .

indications. ‘These areal distributions may be ecither simpls, merely
showing the extent of a single element for definition purposes, or com-
pound, differentiating between a series of associated clements on the

M
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same map. Basically, this method implies the drawing of bounding
lines to delimit specific areas, within which is applied some distinctive
shading or colouring. These areal distribution maps can be drawn on
any scale, showing a single farm, or & parish, a county, a country or
even a continent: obviously the smaller the scale, the more generalized
and the less accurate must the map become, as small-scale maps in
economic atlases frequently show.

Land-utilization maps are probably the best-known and most com-
monly used of this type of agricultural map. The detail is surveyed
on the ground and plotted on a large-scale outline, field by field, 10
distinguish between arable land, temporary or permancnt pasiure,
orchards and so on, or even in more detail 10 show the arable land
under various crops, Such 4 map can be drawn on a six-inch scale
and then reduced photographically to a onc-inch or smaller scale.
Morcover, material can be extracted from a general land-use survey
to portray particular clements, such as the extent of woodland (Fig. g2},
or of heathland, or of irrigated lands.t At the other end of the scale
of generalization is the broad disiribution map, such as one showing
the extent of the American wheat, corn and cotton belts, which is of
value only in an elementary text-book.

Industrial maps can also be constructed on the same principle.
These will include maps of coal-fields, orc-fields and oil-fields, the
limits of which can be extracted cither from a geclogical map
(Fig. 111) or from a plan of the concessions (Fig. g3), and of maps of
land devoted to industrial uses, which can be plotted in the field.
Point symbols (see below) can be inserted over the chorochromatic
shading to locate the actual collieries, oil-wells and so on, as is done
on Fig. 93, thus producing what may be called a choraschematic map.

The outline of the distribution area is drawn in, and then shading
ot colour-tinting is applied. Solid black is preferable for widely
scattered small areas of a single clement (Fig. g2), particularly if any

L1, D. Stamyp, The Lond firitin, its Use and Mismse (London, 1948), proents
mumﬂndamﬂmfﬂrﬁmﬁmﬁmwﬂh&mw'

Fig. o3. A Cuoroscuzuaric Mar of Tan Sootit Lawmmn Coarrmrn
fﬁ:tdl.m!“.ILm:ﬂj.?.w,m.ﬁrﬁddhi.phmnﬂtﬁrm
m%m.: .

h%ﬁnmuﬂmﬁhm:ﬁ:mdhﬂi@_@ﬂm:n
Domaniale; E. : H. Hendriks T, ulia: L Lawra; ML Mauris; ON. 1, 2,3, 4
Oranje Massau 1, 2, §; 4 colleries; W, Vilbelmina; WA. Willemn and Sophia,

Bb& hacting (1o private and State cancessions) and point symbols {to
indicate colliercs, barrages and locks) are wtilized,
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reduction is intended, but if several forms of land-use appear on the
same map distinctive shading or tinting must be used (Fig. o4).

Delimitation of Hinberlands

A category of areal map of special interest to the economic geographer
is that which seeks to delimit an area of influence such as a port hither-
land, and this obviously involves a problem of some complexity. A
pattern-map can show railways and waterways converging upon a
port, a columnar diagram can depict the shipping and freight handled
by the port, while # map can be drawn an which appear concentric
circles to represent specific distances from port centres; the last is
useful when transport charges on a distance basis form a high pro-
portion in the selling costs of goods.®

F. W. Morgan produced a series of maps to depict the pre-1939
hinterlands of the major German ports.® He was able to draw these
maps because of the detailed nature of the German statistics. Thus
railway despatches and loadings were returned for forty-one traffic-
districts within Germany and for twenty-six outside, and returns of
traffic were available for each waterway. By studying the freight-fow
by rail and water ro and from the major ports, Morgan was able to
delineate ‘commodity hinterlands’. On his maps he indicated the
hinterland of cach port by a line bounding traffic-districts which
despatched 1o and received from the respective port at least 50,000
tons of freight; this figure was of course an arbitrary one, but it was
chosen as being of a significant and representative order of magnitude.
As a rule, statistics are not available for such a detailed depiction of
hinterlands.

Linear Patterns

The networks of road, railway and waterway systems can be
extracted by tracing from detailed topographical maps, The only
problem is the classification of specific categories, which may be indi-
cated by different types of line (Fig, 2) or thicknesses of line, Thus on
a railway map, it may be necssary to distinguish single, double, mul-
tiple and elecirified lines, or 1o differentiate between main-line and
light railways, between broad, standard and narrow-gauge tracks.

LA C. O'Dell, ‘Post Faciliies smad the Dispersal of Tmdustry: the Problem b
Seotliomd', rwa.r,;_.u,m.ﬁ m 1941}, shows on p. 115 the relation
of ports to the industnal areas of \Ialqomelhndhrdn-{ngdw
tinctive circles at distsnoes reproenting both 23 miles and 0 miles from & major
part, and 1o miles only from & minor port,

:F.iLMm'ﬁtﬁwnrHimﬂhuhdibe&rmm Nu?thm'.;'rﬁ
actisay Papers, rpgs: Frutitute of Britich no. 14 (Londos, & :
*The Pre-War !ﬁa':-'ﬁn:h:l the G{mmnﬁm.m.mnm
1540),
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Waiterways are usually classified on the basis of the size of vessel
accommodated, while road maps should show the various widths,
grades of surface, and official classifications, Compare, for example,
the road patierns in three parts of Jugeslavia (Figs. 95-7). The visual
impression of main and local road density derived from these patterns
is a striking reflection of the diverse geographical features of these
three parts of the country. In addition to these ‘system maps', detailed
plans can also be drawn of sidings and marshalling-yards, city ‘lay-
outs’, sea-ports and canal-ports.

The patterns of such route-ways as occan highways and airways
can be drawn by linking scheduled points en route. Care must be




184 MAPS AND DIAGRAMS

taken on the small-scale maps with the projection. The actual route
on many projections is not the shoriest line between two points; as
frequently happens on many smallscale maps in clementary text-
books. Frequently, however, such route-maps are made in a generalized
and diagrammatic form.

Non-gquantitative distributions centred at a point may be shown

Fio. g9, Tas Use or Syusows o [aotararat Locatmon
Based on F. J. Monkhouse, The Belgion Kepenland, p. 147 {Lirmnnl. (LT R
a I

For ease ol reference, the factonies have been: numbered, he seven collizries
indicated by their initin] letters. Main line railways are shown by barbed. lines,
navigahle waterways by solid lines,

quite clearly by symbols, whether geametrical, pictorial or litteral (i.e.
shown by an initial letter). Thus Fig. g8 gives some indication of the
distribution of the various branches of the Belgian twextile industry;
a black disc was placed over each wool-manufacturing centre; a black
triangle over a cotion centre, and 0 on. lts advaniage is limited in
that there is no indication of relative importance; thus the square at
Gent, the centre of the industry, is the same size as the one at Tielt
or Ronse, But it does show the concentration in the Lys and Scheldt
valleys, with the outstanding exeeption of the group of wodllen towns
near Verviers. Fig. 99 shows on a larger scale the precise location,
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with specific referénce to railways and waterways, of the seventeen
major factories and the seven collieries in north-eastern Belgium;
such a location map is indispensable for an analysis of the develop-
ment of the Kempenland in the twentieth century as a new major
industrial region. If the symbols are drawn proportionally to scale,
a quantitative element is introduced; these media are discused
below.

Isorrere Mars
? Tsopleths

I sufficiently detailed data are available, isopleths can be used with
effect to express ratios between associated agricultural phenomena.
Frequently, in fact, these quantitative ratios are much more reveal-
ing and significant than the absolute values of the related elements as
portrayed separately, The simplest application is when the ratio is
between the total area of a unit and that area under some specific
land-use, such as crop-acreage ratios, or the proportion under per-
manent pasture. Fig. 100 shows an isopleth map of the distribution of
heathland in north-eastern Belgium in 1866; it is uscful 10 compare
this with Fig. 101, which is a choropleth map construcied from the
same data. Other ratios include the number of animals per square
mile, or of livestock units per square mile, or of such interesting
correlations as the yield per unit and the rainfall total during the
growing season, the amount of milk produced compared with the
area under all crops expressed in gallons per annum per acre,! and
many more. In addition, climatic sopleths, such as isotherms,
isohyets, lines showing the length of the growing season or the
duration of freedom from killing frosts (Fig. 59), may be superimposed
with very great effect upon a choropleth or dot map of agricultural
distributions.

The Drawing of Agricultural Inopleth Maps, The method of drawing
these isopleths depends upon the nature of the statistics available and
the size of the units involved. Where the simple interpolation of iso-
pleths is desired, figures must be available for sufficiently small units
to allow & number of control poinis (see p. 30) to be plotted at the
centre of each unit, as in the case of Fig. 100, for which proportional
values were calculated for 666 communes. Similarly, W. D. Jonest
placed his plotted points in the geometrical centre of each township,

1W.D, = of Land in Tnadia’, fr,
wlj:rg ?Nk?mtﬂ%%m md‘?“‘“ c‘ﬁ‘up_ in ltc‘}im.al mmhy
of Agricultural ', Assals of the Association of American Gengraphers,
vol. 20 (Lancaster, Pa., to30). The very imtcresting map of milk-crop ratio appean
inthe second refrence, oo pe 193

2W. I, Jooes, ab. At






ECONOMIU MAPS AND DIAGRAMS lﬁ‘j

R. R. Rawson, on the other hand, dealing with mainly square admini-
strative units in the Dakotas, shaded those squares representing countics
with more than 15 per cent of the total farm-land under wheat, and
then somewhat arbitrarily smoothed off the square boundaries to form
isopleths.t A third technique was used by E. R. Payne, who first con-
structed a series of dot-maps, to show beef-cattle, dairy-catde, and
actual areas of arable land, and superimposed over each map a grid,
each square of which represented 4 square miles on the ground.® She
counted the number of dots falling in each square, next delimited
those particular squares containing certain critical quantities, and
finally smoothed out the square houndaries and replaced them with
generalized isopleths.

“Accessibility Iropleths

Isopleths can be used (o supplement linear-pattern maps of trans-
port systems. One type of ‘distance map’ can be comstructed where
isopleths represent values caleulated in terms of miles of road per
hundred square miles of arca. From an inspection of a road-pattern
map, the country is divided into areas within each of which the
density of the road network iz broadly uniform, and that density
is calculated in terms of miles per 100 square miles, by measuring
the length of road within each area with an opisometer and finding
the area with a planimeter. The values at the centre of each area
are plotted, and isopleths interpolated at various intervals,

As an alternative method, the routc-map may be gridded, the
length of route measured in each square, and an average figure
obtained, which is then placed in the centre of the square. Each of
these methods bring out the areas of high, average and low density,

{lm Rawmn,}' "The Agriculiural Geography of the Dakotas®, Gespraply, vol, 25
Tai).

I E R. Payne, "The Agricultural Regiom of the Market Harborough-Roghby Area’,
Guography, 5t (London, 1g46).

Fims 100, to1. Iserern asn Cmmorcers Maes or Bricias Heareasos, 1866

The data of heathland in each commmune were obtained from. dgrindisre:
Giefral [Bruxells, 1856), The boundaries of the communes were taken from the
Caria de {a Subdirinien Admimitratios do  Terriloire

2 F 0,
[Broeell=s, 1438). The aren of commune [from which the demito were caloo-
lated) taken; From the Recrmsement Géndred de la Pegralation 1308 (Bruxelles, 1870),

was taken
The figures in the key indicate the percentage of the wial area of cach commune
heath ss follows: 1. over 4o; 2 20 10 30; & 20 10 g0; & 1o to oo} B, 1 10 1]

?-

6. .
The towns are indicated by abbeeviations, an follows: A Antwerp; B, Husselt;
L. Legven; Ma. Masseik; M, s . Turmbeut,
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and so helps to correct the impression of even density which a pattern-
map might otherwise convey.

Another type of ‘distance-isopleth’ map was constructed by L. D.
Stamp, who drew lines to indicate areas more than five miles from a
railway and the same distance from an ‘A’ road respectively.! The
areas thus defined were filled in black for emphasis.

A group of ‘accessibility isopleth’ maps involve both time and dist-
ance: these are often known as ‘travel-speed’ maps, E. G. R. Taylor
used generalized isopleths (to which is given the name of Lckrone) to
divide England and Wales into four zones in respect of accessibility
by rail to and from London, Leeds, Liverpool, Newcastle, Manchester
and Birminglam.® A different application of this idea was used to
show the travel time in days from Boston in the years 17go-g8,% while
yet another depicted New York as a centre of travel in 1800, 1830,
1857 and 1430, stressing the progressive acceleration in travel.d 5. W,
Boggs eluborated this principle by drawing a series of tsofachic maps,
to lustrate the distances that may be feasibly travelled by surface
means in 1040, in all directions.* He delimited distances of 50 to 100,
106 to 250, and 250 to 500 miles per day in terms of available roads,
and also added a category of over 1,000 miles by rail. He assumed
that ravelling was carried out by the fastest possible means, whether
by horse, automobile or milway, but excluded aircraft, and he used
the positions of the roads and railways as “ribbons of land dedicated
to movement” to help to define his arcas. Four grades of shading were
added between the sotachs.

Isopleths and Economic Regions

The linear quality of isopleths lends itself readily 1o the delimitation
of a region, whether it be climatic, agricultural, or industrial. Isopleths
can be superimposed to give a quantitative impression of all the factors
bearing upon the definition of a particular region.

Agricultural Regiors. As Hartshorne and Dicken wrote in 1935, *the
great advance which Képpen made in the study of climatic regions
by the use of the statistical method can also be expected in the similar
study of agricultural regions based on statistical criteria, thercby put-

1 L. . Sump, e ol pe 909,

2 E G. R Taylor o al., ‘Discymion on the Geographical Distribution of Induatry',
Crangraphical Fowrmal, vol. g2 (Leodos, 1938).

3 E. Sialey, World Ecemowy in Transition (New York, 1939)-

* Edited . K. Weight, Alls of the Histrical Gegraphy of the Usitad States (New
Yook, 1532).

& 5. W. Boggy, “Mapping the Changing w-utmﬁ-nmdnmhmh y
Mfw&mﬂﬁ—r&-w&y i.ln:-tr.?quB'l'i-.H.F
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ting on & scientific basis a significant aspect of the study of the culwural
landscape”.! These geographers drew a series of maps of Europe and
the United States on which appeared a variety of sopleths based on
crop-acreage ratios, and then they chose the most significant of these
isopleths to delimit their regional types of agriculture.

Bl oven 2 B as-s0n B ovennoe £=1 00 300
A0 - E5% 1 umbER 25% spo=1000 [_] uspEA loo

Fios. 1oz, 103: Cunororezrs Mars or Frencs Acmouiromay Demsammross

md.numuhnrmm.ﬁdﬁﬁpgrhkd-ﬂr{hﬁl,l .
Fig. 108 represents the pereentage of arable land in cach , 18, Fig_ 109
wmm:im of wheat in quintals per 100 hectares of each dégartement,
1

Two further examples of this method deserve mention. Rawson®
constructed isopleth maps based on quuniities established for each
county in the two states of North and South Dakota, and a super-
impaosition of various isopleths enabled the agricultural divisions to
be delimited. E. R, Payne? superimposed isopleths upon maps of the
Market Harborough-Rugby area, and so delimited agricultural regions
by assessing the overlap, Thus one of her regions was defined as having
over 850 beel cattle, less than 400 acres of arable land, and less than
375 dairy cattle per unit of four square miles.

Industrial Regions. E. G. R. Taylor produced a map upon which all
areas in Great Britain unsuitable for industrial location were indicated

iR Haru . D i i i
o e s L
&f Gmgraphers, wol. 25 (Lancaster, Pa., 1535)-

TR, R. Rawson, op. cit, 3 E. R Payne, 9, cit.
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in solid black.! These areas were determined by superimposing iso-
pleths representing certain specific factors, such as contours, density
of population isopleths, distance isopleths from nodal cities, and 50 on,
This process was termed ‘sieving-out” and the resultant maps are some-
times referred to as ‘siece-maps’. b

CuororLeTH Mars

Agricultural Choropleths

Choropleth maps of economic distributions are of very wide usage.
Many statistics, particularly of agricultural returns, are published
on a basis of administrative divisions. Figures of areas, total yields,
average yield per unit of area, total values and the like are presented
in tabular form in agricultural censuses, From these, various ratics
and proportions for each administrative division can be calculated,
a scale of values chosen, and a graduated system of shading applied.
Such maps include the percentage of the wial area of each division
under arable (Fig. 102), the average size of holding in each, the average
yield per unit of area for each division (Fig. 103), the average number
of animals per unit of area for each division (Fig. ro4), the value of
farmland per unit of area, which gives a comparable impression of
agricultural prosperity, and many more.® An interesting variation
on a map showing the number of animals per unit of area is the shck-
index map, on which the average number of ‘stock units' per unit of
area for each administrative division are indicated.® Similar ratio
maps may be used to depict changes in land-use areas or yields over
a period of time, as in Figs. 105-8, which show on a comparable basis
the striking alteration in the proportions of arable land, permanent
pasture, heathland and woodland in north-eastern Belgium between
1866 and 1046. The total area of each of 666 communes, together
with the areas of the various land-use categories, were tabulated for

1E. G. K. Taylor, sp. a1,

£ 3. T. Trewastha, “Ratio Maps of China's Farms and Crope’, Gagraphical Reil
vol. 28 [(New York, |933}.muﬂhmnlhmmlmjudhglhmlmﬂcﬂm
to the total ares, erop screage por farm bouschold, total crop acreage in relation 1o
ﬂumhn&dmﬁchﬁgn&dhlhhulmud!htw“ﬂmw
arca uniler various chaps.

ac deviae). Siock-units are here defined in a index in
refation 1o/ the conditions of the area as follows: cows and in milk,
cows inocalf| 1; in call, }; other cattle, over 2 yenrs, |; other caiile, 1—3 yeam,
&mu!sm, i ewes with lambs, §; lowland yearding sheep, £; hill ewes with
h,ihiﬂlwmdnthul,lmu_‘i.bewmmtd&gﬁmimumul
d basia: § unit equals 1 horse, 1 mule, | cow, 7 sheep, 7 goaty, and 5 pige.
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the two dates, and the change over the period was expresed as a per-
centage of the total area for cach commune, Particular care had to
be taken in cases where the area of a commune had changed, or where
communes had been created or had been merged with others; separate
values had to be calculated for those pieces of land not comparable
for the two dates as whole communes.

Industrial Choropleths

Choropleth maps are infrequently used for industrial maps, since
‘quantity in area’ is rarely involved. However, one example of such
a map was compiled and drawn by R. E. Murphy and H. E. Spittal *
which was intended to show ‘coal-mining intensity’ in terms of tons
per square mile on a county basis. The average density was calculated
for each county in the Appalachian bituminous coal region, regard-
less of the fact that in many cases a portion of the county was known
to be non-producing. Obviously such an industrial map is of limited
value.

Transport Choropleths

Occasionally choropleth maps can be used for the maps showing
the density of transport systems, where official returns of the length
of routeway for each administrative unit are available. Such a map,
however, is less revealing than an isopleth map, constructed as
described above.

QUANTITATIVE SYMBOLS

Doty

Perhaps the most convenient method of illustranng the distribution
of some alsolute agricultural figures s by means of dots, each with
an identical value, placed within the boundaries of the administrative
areas to which they refer. The chief objection is that yields-and num-
bers per umit of area are not accurately shown, although a reasonable
visual impression of density of distribution is given for stock; thus if
two counties have the same number of catile, but one county is twice
as large, then the density of the dots will be half as great (Fig. 105).
Geographical factors can be allowed for when placing each dot to give
a subjective impression (see p. 21).0

DC;:I can be used w:r)'{ EIEEE*.'J}' when plotting values in detail on
a large scale. E. R. Payne, for example, drew a most detailed dot mnp

! R. E Murphy and H. E. Spittal, "A New Production Map of the A
h{m“ m.;h&#h.lﬂmﬂﬂ#h:mﬁm#u MH "
1
'Thug:m striking exumples o the various county volumes of the Land
Uhhlmmmﬂmlnﬂ Stamp (o nt.z , while the Agricaltmal Alla: of Engl and
mzﬂ; Survey (Southampton, to32), makes extens ive
s ol t
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of the Market Harborough-Rughy area, on which each dot represented
10 animals, based on the 1935 returns for each parish, and another
map to show the acreage of arable land, on which one dot represented
5 acres.!

‘Mille* Maps. L. D. Stamp used a variation of the dat pninciple to
emphasize changes in spacial distributions between two dates.® He
called these ‘mille’ maps, because each map bears 1,000 dots, each
dot therefore representing o-1 per cent of the total. Thus one pair of
maps compared the distribution of arable land in Britain in 1874 with
that in 1938; on the first map each of the thousand dots represented
o1 per cent of 18,089,000 acres, on the second each represented the
same proportion of 11,861,000 acres.

Proporiional Symbels

Proportional symbols are used very effectively to illustrate quan-
tities which can be located specifically at a point. The exact location
of the mine or factory can usually be found from a large-scale map
or by an actual visit. Then the symbol must be chesen, whether square,
rectangle, circle,® other geometrical figure, block-pile# litteral b or
pictorial symbol, and the size or arca of the symbol calculated in
proportion to the quantity which it represents. A scale of symbols
can be constructed, as shown in Fig. g. The relative importance of
the various mining areas in England and Wales in t8g:, for example,
is shown on Fig, 110 by means of open circles; it will be noticed that
the relative importance of the mining districts is indicated in terms
of the numbers of workers.

Quite apart from point locations, proportional symbols can be placed
on a map within the administrative region to which they refer. Fig. 112,
for example, denotes the output of French coal on a déparfemnt basis
by means of proportional squares; this should be compared with the
accompanying Fig. 111, which shows non-quantitatively the geological
extent of the several fields. Again, Figs. 113 and 114 use proportional
discs, together with arrows to show not the actual routes (which would
be virtually impossible) but the countries of origin and destination;

t E. R. Paync, of. al.

S 1. D. Stamp, op. vty The pain of represented anble land (p. 102), per-
manent gras (p. 103), wheat (p. lm}.mi;. 105, catile (p. 106) and {p. 107}

% 1. € Weaver, ‘United State’ Malting Barley Production', dracl xmm
af icom Geographers, vol. 39 (Lancaster, Pa, 1044), which dots and
e R A Eaeraphical Distribution of the Migeral Tndustry of the Urited

‘ i tribui 1

States', Miming end Metallorgy (New York, ‘1a41), in which he devotes six plates o

block-pile E3C .

5 For a striking example of this method, sec G. B. Cresscy, Chinas iz Fousd-
atians, p, 108 (New York, 1534), where minerals are denoted by initials which are
mwlrmmdmhqmmdmevmﬂrywn
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together they strikingly demonstrate the complicated interdependence
of European heavy industry.

Symbals are less valuable for agricultural distributions, since point
locations are rarely involved, except for such features as co-operative
dairies or beet-sugar refineries, which are really industrial distribu-
tions. Proportional symbols placed within an administrative unit can
be used for totals of animals, but should not as a rule be employed for
total crop yields, since yields per unit of area, which are more significant
than absolute totaly, are not indicated. Axel S6mme drew an interest-
ing map of the present importance and recent development of the
transhumance of milch-cows in southern Norway.! Two contrasting
symbals were used, one to represent an increase of 100 cattle on each
seter between 1go7 and 1938, a second to represent a similar decrease.

Live-Grarus

Line-graphs, cither simple, multiple or compound, may be used to
show absolute or percentage values of agricultural or industrial out-
put, freight transport, trade statistics and so on, over a period of time.
On Fig. 115, the absclute tonnages conveyed on the three sections of
the Albert Canal in Belgium are graphed over a number of years,
while on the right-hand graph the corresponding values in ton-
kilometres [see p. t76) are shown for comparison. Absolute and per-
centage figures of the quantities involved may be placed on the same
graph, using different weights of line and an absolute scale on the
left side of the graph, with a percentage scale on the right; thus a
graph of coal output of the southern and northern basins of Belginm
from 117 to 1946 is rendered all the more useful if the rapidly increas-
ing proportion of the total contributed by the northern field i
emphasized by a superimposed percentage graph. Fig. 116 is a com-
pound graph, used to analyse the total and individual outputs of the
seven collieries in northern Belgium from 1919; as each colliery came
into production, its output was added in the form of another graph-
line, and the section was shaded distinctively,

Semi-logaritkmic graph-paper can be used to show rates of change of

;gi. Simme, *Norwegian Agricultire and Food Supply’s Gesgraphy, vol. 35 (London,
1950).

Fics 111, 112, A Councimoaanc Mar ar Frmeon Coatrmios (anove) axo Ovreor
or Coar Mmoo ny Prorormmosat Seuansy (arLow)
The boundaries of the exposed coalficlds on the upper map were extracted from the
Atfar de France, Plate 7 {Patia, 1 .
The output ufm&mmhﬂw-dwuuhnﬁmn the Statistigus de [lmdctrie
Afinérale, rog6 (Paris, 1938).



Figares I thevsond toss

TOTAL IMPORT!
FRANCE
ITALY
METHERL ANDS
=
EWEDEN
=
GERMANY
=
HORWAY

L
ELW*LLDIE MBOLRG

16,615
a7
4054
1072
2137

L3865
urz

Fio. 113, A Syemsoruic uwar 1o Iotosteame e Soprcss axn Derroearons or Coan
2 Ismen-Fuporsas Tsape, 1044

Based on data supplied by the Britsh Tron and Stee]l Fedemtion.

00



Figures I thousond toms

From
Fronce

IMPORTS  INTO BELGO-LUXEMBIURG

-
-

-

L

- #"‘".-‘-

-

1
i 1

e W R/
*ﬂ aor0 b 2 Illl‘ ! 'l ! IROM ORE
LMITED: KINGDOM i
E——— 5 53T ‘1‘1 1] ;’ INTER-EUROPEAN TRADE
GERMANY - g f 1649
- 4379 FRENCH

THERLANDS MNORTH AFRICA
N..E iz TOTAL EXPORTS 200 miles

Fuo. 31 A Syumaosc Mar 1o lettoreame T Sotrces ane Dirrnorcss oF Inos
oni 1% Ixres-Euaoreax Trave, 1049

Brsed on dam supplied by the British Fron and Ste=l Federation.



waf - FREIGHT CARRIED, 1939-49 £
= | —
ot e v
' | o ne 4 f
Ly -
3
i 200
&
1l
"y [ F=)
I
]
. 0o
M spoceres
3
| g
r )
BN oa) & 43 4 44 @3 M I oM - i oar i o4O 49 44 @ 4 O a =

Fio, 115: Povvorarms or Cavar Trarmc

Based on datn supplicd by the Faofitat Notional de Sterdittipaer {(Brmacls). The Ggures
refer to the three sections of the Albert Canal, a3 shown on the inset map.

ren g

Miflian

o . . .
17 1520 Fio e 1945

Fro. 1160 A Courcvsn Gaars or Coax Ol.";‘ELT rmos T Keurspasn  Cooormes,
1917
Based om data obtained from succcmive volumes of the Annales dey Miner (Braxelies].
'l'h-e collieries are shown in chronalogical order of production, as fnllm A, Winter-
: B. Beringen-Koersel; Q. Eisden; D. Waterschei: E. Zwartbery; F. Helchteren-
Zn ;B Houthalen,
203



MILLION
TONS
70

60 G
50 72

; A
40 \’N‘_ / F *’:
30 Fat 4

—
P
™

SRt S
'.‘"“‘H‘_::
=
-

e S
-

W b bog@on
-

7

L]

L |yt
[
LS T ———

T —

ot

o i Ere O

2990595

—— COAL
------ |RON ORE

o
(=}

o
L

Q-
1843 1860 (870 1880 (890 (900 1910 1920 {930 1940 1949

Fio. 117, A SooLocsasminic Guars of Coat axp Inox Onp ProovcTios o
Frasce, tlyo-1940

Based on Asmssive Statistique, Rénesé if, 1946, nod sulweruent volumes {1047-0)
of the Aemssise Shatirtigue (Paris, k
203



- &
A e — —
. — e = e g m—
_ = e e
— . -
- — — "o
T — — #,
— — -
— = “a
—_ = [
— =1 23 " o
i = T — i
— — — s
— a:
e s
P p— = .
— Wiy
— — r
—— — .
o e —

l:] DOMESTIC WORK FOREST PURSUITS

E;j] ANIMAL HUSBANDRY E OTHER ACTIVITES
[[T1] reo acrvres  FEER  seese

Fra, 1:8; An Escocuars
Ggqﬁkdbyw. Rh{::d,frm piauistical dua derived from M. Sipild, Asaialomdo

Wj-mmﬂ{elﬁnﬂ. 14,
s di hax | d herw aof
hﬁ:ﬂwmpofuﬁnphnﬂi-F employment of working hours on & weekly



ECONOMIC MAFS AND DIAGRAMS 05

ontput, or where the range of absolute values to be represented is
considerable. Fig. 117 graphs on three-cycle paper the output of French
coal and fron ore for a century, from 1849 until 1049, The range
of absolute figures for coal production is from 4 million tons in 1849,
to a maximum of 55,057,000 tons in 1930. Not only are the widely

OUTPUT OF IRON ORE, COAL. STEEL 1949
P rencre ilicos 5] Row Steel

—aT
Ll : RETHS Flnm:a] €aan loerseany SWEDEN

ITALY

f
o
z

o &

b A

- 3%

e
e

wa

kAillimn tomy
o

e e e e e e, Ry S

i

LI L METHE  FREAMCE SARD GERMANY GNEDEN. TALY

R

Fio, 119 Tue Ocreur or Coar, Inox One ano STEEL &Y Corvasan DiaGmass,
yom N Evrorzan CoustRies, 1049

The staristics were ohtained from the Ststishcsl Year-Book of the United Nafour
Orgamization, roge (New York, 1950},

Auctuating trends of production accurately presented, but the result
is of manageable size; a graph of the same quantities on an arithmetic
scale, allowing one inch of vertical scale to 100,000 tong (i.e. the
lenigth of the lowest division of the log-scale used) would be over four
feet in length.

Ergographs :
Ergographs, or curves showing the amount of work done at various
times of the year, is a term coined by A. Geddes and uwsed by A. G.
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Ogilvie in a paper on regional techniques.! The information can be
plotted as a curve showing the amount and nature of work done each
month, either in the conventional Cartesian manner,* or more properly
in the form of a circular compound g'mph {Fig. 118). This circular

form is well adapted to show the continuous rhythm of seasonal
activities.

GREAT LAKE PORTS

uniced Beane
=eaeiiing over | Moo woy
L of Mgt
Clgwelang 45
A N ool

=W Ceperts
FO0 My

o | WU o0 donm

Fm. 120. Locaren Bar-Grarms oF Faemirr Haxoizn oy e Gaear Laxs Poros,
145

The duts were nbtained from Statisticel Abstract of the Ulnitnd Sates (Washington, 1645).

Corimnar Diacirass
Columnar diagrams, or bar-graphs, also have a wide use in repre-
senting economic statistics, and in fact are perhaps the most frequently
jzzedd economic diagram. Fig. 119 is a three-fold bar-graph, drawn to
LALG. ilvie, “The Techni of Regi ith 1l reference
India’ Jnu-f% of e Masiras wﬂiqu ical smmvm}:: fmu'pmﬂ 1a38). »

i Ser cxamples Demangeon, “France  Economigue et Hummine”®, 2
G-qmpHrUundmeLﬁ part = (Paris, 1046). a0
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summarize the output of iron-ore, coal and raw steel in 1949 for nine
European countries, which reveals the critical shortages in some of
these countries. A simple form of horizantal bar-graph, representing
merely a total figure, is used in the insets on Figs. 113, 114 o sup-
plement the information on the maps themselves. Bar-graphs may also
be placed conveniently on a location map; thus Fig. 120 summarizes
the freight handled by the Great Lake ports in 1045. The base of
each double column was placed as near as possible to the port it repre-
sents, and a distinction was made between imports, the column

Fio. 121, Divinen Recrasmies 10 Suow Laso Uruzanos v CUMBERLANG AND
KEst

Thie data were obtained from Ministry of Agriculture and Fisheries, dprindtiral
Statistics, g5 (H.MS.0,, 1040),

representing which was filled in black, and exports, represented by
a stippled column, One can see immediately the vast exports of Duluth
from the ore-ficlds of the Superior region, and the corresponding
imports of the ore by the Erie ports to serve the Lake-side and Penn-
sylvanian industrial areas.!

Divipep Recrancies anp Circres

Divided Rectangles

Divided rectangles may be drawn, like bar-graphs, proportional in
length to the values they represent, or, whete comparisons are invalved,
two or more identical rectangles may be divided on a percentage basis,
Fig. 121 compares the land utilization in two counties, Cumberland
and Kent, of nearly similar size; the diagrams bring out the striking
contrasts one would expect, but in addition there are some rather
unexpected similarities. Fig. 12¢ uses divided rectangles, analysing
e A0 R e S e s Gt L
u-d!::iaﬁmlah ﬁmﬂwﬁlﬂ}aui; 10 show shipments and
recripts.
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The data were obtained from the Cotraal Beress poor de Stasiatiok at The Hague.

mjuhmﬂmﬂmtmmimhy}mnﬁhumﬂmhhmnhbemﬂ
Maas, as shown in the inset map, belween Hmhu:ht.‘rh:pmnlnu
of Lock No. 1, at which the freight Rgure were

The north-bound totalled 4-8 mlllinn tom: in m& {d‘ 68 million tons in

Isr_-';m Ihtlzzuunne the canal in the exploitatbon Limbuirg enalfield
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north- and south-bound freight on the Juliana Canal in 1948, in con-
junction with a location map, which depicts the exact lock at which
the freight returns under consideration were recorded. There are many
published examples of divided rectangles. Hartshorne and Dicken
delimited! six type-regions based on crop and livestock associations.
For each region, they constructed divided rectangles to illustrate the

Fid. 129, AN Invaviouar Divioen Ciecrs 1o Suow oz Umnuzanos oF Frenon
Agmctrroras Laso, 14938

The duts wern obtained from the Statistigter Agricole Awmestlt (Paris, 1999)-

crop and livestock proportions. In the European examples, the crop
rectangles were made the same length and divided on a percentage
bitsis, while the livestock rectangles were made proportional 1o the
number of animal units per 100 acres of cropland. Tn the American
examples, the same principles were used, except that a wriple rectangle
wits ised 1o indicate the extent of arable, pasture and woodland, the
length of which was uniform for every example, but the width of each
was made proportional to the actual acreage involved. ey
i w » i = = lﬂ‘“’ll:’ =
of Bubope and Noris Armerica v 8 U e i ks af the s
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Dripided Circles

The utilization of agricultural land in France is analysed on Fig. 123
by means of an individual circle; no statistics have been added owing
to the crowded nature of the lettering, but even so the diagram is quite
revealing. Fig. 124 uses divided circles to show the utilization of the

Edwes [ESEER [ wrtee| s,
Fow  WlH BWE, | \F00/ fseoiowm

-I.'h::- Ebnhcr\h DGIHH

Fro: 12y Locarmp Conrskasce Dnvimn Cmocees 1o Snow AcsocouTukat. Laso
o0 AUNTRALIA, 1647

The duta were obtained from the Oficad Year-Book of the Commnmwalth of Australic

{Canberra, 1948).

The ;l‘.muu?m of wheat in every state but Queesnland is immedintely apparent,
while in that state sigsr-cane and maire are much mose important, Cne polot o
note i that the ‘Dﬁhnr&l'lppcmhﬂtr&:hfm(bmﬂnn&ohuth
abernt in the othen it actually secuples & greater alnolute arca) ils percentage
arca wai, however, 30 small in these siates It conld mot be separately distingulhed,
arel had i be included In the compaaite category of "Othery’,

arable land in each of the five Australian siates; no attempt has been
made to draw the circles proportional to the totals, which are lettered
below each. The difference between the smallest area invalved (ie.
Queensland) and the largest (Victoria) is so great that the eye would
find it difficult to compare the areas of the sectors in each, although
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it is relatively easy to compare the proportions when the circles are of
equal size. In Fig. 125, however, it was essential to indicate the total
numbers of workers at each colliery to represent the relative import-
ance of that colliery in the East Glamorgan coalfield; only two divisions

HUMBER OF WORKERS
Fsesme [Junidergeume
00

=naws SALE OF PEAMINT HEREY

i — gt cmmacon | CARQIEF
P - Wilea 4 2

Fia. 125. LocaTen Drvioen Cincies 1o Siow Prasoss Esrroven a7 e CoLtimums
¢ e Barr Grasomoax Coarrmin, 1548

The data were obtained from the Mininry of Fuoel and Power, Lisf of Mines in
Grest Britats and M Ide of Afan (London, 1940).

No differentintion i made between surface and ondergronnd worken where les
than 50 persous were employed s a colliery.
were necessary, between surfaice and underground workers, and it was
therefire permissible to use proportonal circles,

Three examples from the very large number available in publica-
tions will serve to illustrate the value of divided circles in illustrating
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distributions, L. 5. Wilson uses forty-five individual diagrams to show
the pature and direction of Latin-American foreign trade? L. DL
Stamp employs a series of threesector divided éircles superimposed
on a county map of Great Britain, to show the proportions of per-
manent grassland, tillage and temporary grasland in each county
and for Great Britain as a whole between 1937 and 1644.% The two

CHARLERDY

354

FERCENTACES
CTHERS

M |
DATENDE LA
(HERS Lo GRAMO DUCHY  n's Litee
2153

Fic. 126, Sran-Discnass o Coas Movessst mosn Two Rerciay Contieeres, 1948
The data were obtained from the duwiztion Charbeaniire de Basrin de la Camjitee in
Hiassel.

The owo collicries, Winlerslsg snd Ebelen, sre i the pew Kempen coalfield in
north-castern Belgiun.

maps summarize most effectively the reults of war-time ploughing.
A series of located divided cireles was used to show the output and
movement of coal from the Kempen field of north-castern Belgium,
analysing the amounts which moved from cach colliery by road, rail
and water as a proportion of the toral output of each.?

1L 5. Wibon, "Latin-Amencan Foreign Trade', Gagraphical Keslae, vol. g1 [New
York, 1951,

¥ L. Dn Siamp, of. aif.
¥ F. J. Monkhowse, “Coal Movement in Belgiom, - with Reference 1o the

Reompen Ficld', Tronusdions emd Papers, 19500 The Fnatitule of Gw-:,mlj
{Lomdan, 1952).
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Star-Discraus

FEconomic distributions may be illustmated by drawing lines, pro-
portional in length to the values they represent; radiating in the
approximate direction of movement, from the centre of output. Fig.
126, for example, illustrates the movement of coal from two of the
large Kempen collieries, in which the mdials indicate the approximate
direction of movement, while the length of each is proportional to the
amount involved. Such star-diagrams are of much less value, however,
on A map than is a line of proportional thickness (see Flow-line maps,
bielow).

Eeonographs

G. Taylor devised a type of star-diagrams, hased on what he considered
to be the four major controls of white settlement, namely, height above
sea-level, rainfall in inches, temperature in °F and estimated reserves
of coal in tons per square mile. From a central point iour axes were
drawn, each proportional in length to these four features; the wempera-
ture control scale was given double the weight of the rainfall. By join-
ing the ends of the four axes, a rectangular figure was produced, which
he called an ecomograph. By comparison with a hypothetical figure
representing ‘optimum habitability', the shape of the econograph for
any particular regions gives an immediate impression of the relative
suitability of an area for white settlement, based on these criteria.
The principle is akin to that of the climograph (see p. 163).

This type of econograph suffers from the fact that it takes into
account only four ¢ritena; in other arens, irmigation, hydro-electric
output or oil production may be of greater importance o the habit-
ability. 11 is possible to plot eight controls instead of four and so obtain
representative octagons.

Further, by assuming 1,000 units to occupy the arca of an ideal
econograph, it i possible to calculate a number to represent pro-
portionally the area of any other econograph. If the value of cach is
plotted, on an outline map in the geographical centre of the area it
represents, isopleths can be drawn, to which Taylor gave the name of
tepikefes {lines of habimbility],

Frow-Lixe Mars
Movement of commaodities may be represented by various forms of
'dynamic’ map. The uses of proportional circles, bars and star-graphs
have already been discussed,
The term *flow-line’ map is used of a movement map which shows

LG, Taylor, The Distribution of Future White Scttlement’, Geagraphical Revies,
vol, 12 [New York; 1g2a).
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the direction or route followed by means of a line representing the
railway or walerway concerned, while the quantitative impression is
conveyed by the width of the line. Thus Fig. 127 depicted the move-
ment of coal along Belgian waterways in 1948, expressed in terms of
ton-kilometres (see p. 176). Other values can be used, such as ton-
kilometres per kilometre of waterway (Fig. 128), or absolute tonnage
in terms of total loadings at points along each waterway or section of
each waterway.

As a rule, there is rarely the sufficiently detailed mformation avail-
able to construct rail or road raffic-flow maps (see p. 176). Occasion-
ally, however, unofficial figures for individual rail-routes can be
obtained by patient inquiry; a map was constructed illustrating coal
movemnent in 1940 by rail and water from the Kempen collieries,
using information supplied by the seven collieries themselves.t In
addition, service-frequency maps can be constructed; motor-bus® and
train time-tahles (including unofficial *working” time-tables) can be
analysed, and road-traffic censuses are occasionally available.

To construct a flow-line map, trace an outline in pencil of the actual
routeways, Examine the maximum and minimum quantities involved,
and, bearing in mind the complexity of the outline pattern, choose
a seale of line thicknesses which can be fitted into the map without
confusion. Thus, for example, 1 millimetre of line-width might repre-
sent t million ton-kilometres, and values would be represented for
each waterway by lines of proportional width. Generalizing where
necessary the sinuosities of the pattern, and using a pair of dividers,
deaw parallel lines on either side of the pencil ovutline, then fill in
with black (Fig. 128). Instead of filling in the flow-lines in black,
values may be more easily assessed at a glance by drawing a- scries
of parallel lines along each waterway (Fig. 127). Thus, if one line
represented 1 million tons, a value of 4-8 million would be shown by

1 F. J. Monkbiouse, gp. &l

*F. ‘Lﬂﬂ g Mnm;_ﬂm Centres in Sml.h-“mﬁu land’, in Tmﬂ
Pljnr.l.r ratitue of Brisish 7, o< L4, P L | | ownl

Country Services', in Gaography, .ppﬂg-gﬁ{l.und.m,:m]g

Fuos. 127, 128, Frow-Loce Mars or Berois Coal Movesssr, (048

The data were pbtained from the farfituf Natsonal dr irfiqgue in Brussels,

Fig. t27 (wop) shows eoal movement in too-kilometres. pingle solid linc
represents one million ton-kilometres (10 the nearest million), while a peched line
indicates an amount ess than thin figure.

Fig. 128 (bottoms) shows coal movement in ton-kilometres per kilometre.
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five parallel lines; values under hall a million tons could be repre-
sented by a pecked or dotted line,

A more claborate type of traffic-flow map may be constructed by
introducing refinements, such as a differentiation between upstrenm
and downsiream traffic! (for example, by a compound line in which
the upstream value is doted and the downstream wvalue lined), or
even between freight categories.

1 example, two Ormmby, Lemdon,
mB:l'r im (p- 4-—5)"‘1.5’;'53::! between m:n!l ﬁﬁﬁsﬁm 1}n

coml on the northern waterways, the other (p &}ihmmlwa&mmm
walerways.,



CQIAPTER V¥V
POPULATION MAPS AND DIAGRAMS

Data

Dara about population may be grouped for convenience into several
major categories. One categury comprises. pre-Ceisus Sources such as
the Domesday Book, Poll Tax and Hearth Tax records, and occasional
individual estimates of population such as that made by Gregory King
for England and Wales in 16g5.!

A second category consists of the various national censuses, which
constitute the chiel source of information on the distribution and com-
position of the world’s population, In Scandinavian countries and in
castern Canada, censuses were taken in the middle of the eighteenth
century, while In western Europe they originated for the most part
ahout the beginning of the nineteenth century.® But there are still
some parts of the world, for example, China, Abyssinia and Arabia,
where a full census has never been taken. Also, census returns vary
in form, in completeness and in accuracy from one country to another,*
For the most part, they are held only once in ten years.

A third category includes records of vital statistics which are avail-
able for western Europe and for the United States since the middle of
the nineteenth centory, and occasionally before, Standards of eli-
ability vary, and only comparatively recently has muel vital informa-
tion, now regarded as essential, begun to be recorded even in countries
with well organized demographic institutions.

Data returned by international organizations such as the United
Nations, 4 the International Labour Office and |'Institut International
de Statistique form a fourth category. These institutions are largely
dependent in the first instance upon national census offices for their
information, but they play an important part in compiling daw, in
standardizing them and in making them accessible and so improving
their comparahility.

Miscellaneous sources may be grouped together in a fifth category.

‘?Y.ﬁgg'ﬁmgﬂfﬂtg‘:ﬁﬂh{ﬂhﬂﬁhﬁpﬂlﬂmdwmwm
'ﬁgﬁ-PmMﬂ. wol. g (Cambridge, 1o40-50).
2 For a movicw of more rocent cemunn, e EL L Dubester, H‘m-ﬂ(hmd

Ladisbicd inm 3 ; and H.
o e O e

of Existing Censur Statatics for Hasic Recarch®, Population
Stadfiss, vol. g (Cambicidge, 1650).
2 United Nations, Population Crzmn Mirtheds (New York; 1951).
& See Upited Nations Organization, Demograpdic Teor-Book, rogh (New York, 194g).
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Government inquiries into population problems in connection with
planning for war and for peace yield imporiant supplementary dama
on population. These reports, for example, include those published
by the Royal Commissions on Population in Sweden and in Great
Britain, Data provided by State Planning Boards and by the National
Resources Committee in the United States, and by L'Institur National
d'Erndes Démographique in France also come into this categery.? The
British National Register of 1939 and the British Family Census of
1046 deserve special mention. Also of importance are occasional cen-
suses of production and distribution, returns of data based on National
Health registrations and on ration-book registrations, returns of
migrants made by the British Board of Trade, by the American Immi-
gration Commission and by similar institutions in other countries,
Sample surveys of population undertaken by individuals or state-
sponsored are becoming increasingly important in providing reason-
ably accurate data which formerly could only be obtained by means
of full-scale censuses.®

Mention should also be made here of regional monographs on popu-
lation which constitute important secondary sources: of information;
data from many scattered sources are made available in them on a
comprehensive basis.®

In spite of all the data available it must be pointed out that onr
knowledge of the history of the population of the world is still insuf-
ficient even for & full appreciation of general trends, which suffer
because the relative novelty of accurate census-taking allows no very
deep perspective. Nevertheless, in spite of certain deficiencies, the
data available to the geographer are sufficient for him to build up
a broad picture of the present population of the world, and more
detailed perspective sketches of the population of certain countries
like Britain, Belgium, France, Norway, Sweden and the United States.
Finally, he must be content to recognize that his finished maps cannot
be more accurate than are the data upon which they are based.

1 See P. George, Introduction a I'Etude Glagraphique de la Populutivn dy Munsde, Tnstitut
National de Enndes Démographique (Pasis, :gﬁ.tj,&r: Tist of research centres and for
tabliographical references.

% See F. Yares, Sempling Alethods for Comuers amd Swrneps {London, 1949), for &-die=
cumion, and for a good example, |. R. H. Shlullndﬂ.ﬁ.lul-l%w
Results of the Sample Survey of the African Population of Southemn 1548,
Potulats %

2 Outstanding examples of such are: (1] M. Hober, Lz Popudation. d¢

f-u France {’I’:.m 1g48); {ﬂ_]' . R itk Afedieral Population [&ang
i f3) H. Gﬂlr,"lh: ng-r-.pbum:muﬂhehwﬂwm

:III &mh&mm.mm val. g.ﬂ-
(3} D. Ennpt Populetion in the Iutre-Wior Teors ( nﬂgchw
graphizal pu scc Population Index, puhuih:dwuiyl;yth:
tiom Rﬂcn'l:'h Schml of Public Affwirs, Princeton University and the Pmuhunu
Association of America {ne.
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Totals and Areas

Population returns may be made on the basis of individual couniries,
of major adminisirative units such as states, provinces and counties;
andd of smaller units such as parishes, townships and communes. The
smaller the enomeration area for which population figures are avail-
able, the mare accurate is the mapping of the population likely to be
without recourse to guesswork. The area of each enumeration unit is
given in most census returmns. This information is necessary in order to
caleulate population density and also to check any changes which may
have taken place in the boundaries of enumeration units between
censuses, for both population totals and administrative areas have to
be related when trends in population growth are being considered.,
Some censuses contain base-maps showing the boundaries of the
variois enumeration units at the date when the census was taken,
The lack of such maps in many censis returns is a very serious handi-
cap; for example, the absence of parish maps in the successive censuses
of Enpland and Wales necessitates much research into changes of
parish boundaries before plotting can even begin (see p. 235).

Social Structure

Rural and Urban Populations, Largely hecause of environmental differ-
ences, tural society presents such a sharp contrast to urban society
that in their analyses of population demographers always seek o
differentiate between the two. Hence in modern censuses various
attempts are made to classify population returns upon this dual basis.

It is necessary to stress the fact that different criteria are used by
different census organizations to distinguish between rural and urban
populations, and this practice vitiates comparability of the published
statistics. In France, the United States and Japan the criterion is
numerical; all communities with a population below 2,000, 2,500 and
10,000 persons in those countries respectively are classihied as rural,
Thus a community of 9,000 in Japan is regurded ax rural, whereas in
France and the United States it would be classed as urban. More-
over, in the case of cach of these countries, the value of the classifica-
tion is seriously reduced because it makes no allowance for suburban
populations living on the fringe of big citics. In England and Wales
the eriterion for distinguishing between rural and urban populations
is based on the arbitrary assumption that all persons enumerated in
Rural Districts constitute the rural population.) In the USS.R.

I Moreover, as A, Stevems poiats out in "The Distribution of Rural Population in
Great Britnin®, Poblication no. 11, fustitute of Sribish Gengrapherr. Tramnartions and
Fapers {London, mﬁn. within the :mﬂsq:luh!mu itself there v 8 further dichotooyy,
Adhm}tmﬂt:a “d:;lu Letween rr;;lsmnuﬂ%mﬂ;ummm
mm%mam@mmmmhmﬂﬂmmdw
rural community™ (p. 28).
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the economic function of the community i used as a measure of its
tural character, but even this system has its disadvaniages. Probalily
the best solution of the problem to date is to be found in the Brazilian
Census of 1040, in which returns of rural, suburban and urban popu-
lations have been made upon the basis of regions specially mapped
for the purpose.

Education. Until recently the percentage of illiterate persons in the
pﬂpulauﬂn has been the only index of educational status to be found
in maost census returns. In pars of Eastern Europe, in Asia, India,
Africa and South America, returns of illiteracy are still important as
measures of the social characier of specific regions.! In the United
States' mmrmofrg.;n a question on the number of years' schooling
was included in the schedule, which yielded invaluable information
when the returns were cross-tabulated with those of mace, age, sex
and residence. A similay question was included in the Census schedule
for the 1951 Census in Britain.

Howsing Conditions, In certain of the censuses of England and Wales,
details are to be found of the number of houses in each parish, together
with information about the number of rooms per person. Similar data
are given in the case of a number of European censuses, for example,
that of Belgium. These data are likely to be enlarged in foture censuses,
s0 that these particalar sections should prove invaluable in the analysis
of inter-regional variations in living conditions,

Sex amd Age Shuctars

Regional differences in the sex and age structare of population are
very marked even within comparatively small regions like Lancashire,
while in the world at large they are very considerable. A map showing
the distribution of population, for example, may depict region X as
having precisely the same density as region T, but in region X the
population may consist largely of old people and in region ¥ of young
people. Similarly, region X may have many more women in its popu-
lation than region 1. These differences are obviously of great signific-
ance. They are pointers to the vigour of the population, to its potential
labour supply, to its powers of replacement and to its demographic
history, and, m fact, affect almost every human activity associated
with the region. Information about these differences is vital also in
the sphere of economic and social planning.

It is usual to give general information about the sex and age struc-
ture upan a quinguennial mther than upon an individual yearly basis.
In national census returns, information about sex and age s often

L An stiempe 1o deal sysemmically with thee dat on a

made in the work of |, ¥, Abel and N. J. Bond, Hiitemacy &Mtﬂf*
Weeld (Washingtom, 155), % >
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given for larger administrative divisions, but not always for the
smallest enumeration areas; for example, British retirrns provide data
for Urban and Rural Districts, but not for parishes,

Ethnie Struéture

Race. Data concerning the racial structure of population are to be
found in anthropological weatises rather than in censos returns. Racial
criteria as understood by anthropologists include: (a) certan physical
measurements,t deseribing the form of the head, commonly expressed
in the form of cephalic indices; {§) measuremenis of stature; (¢) pig-
mentation; (d) hair form; (¢) biometrical measurements, often expressed
in the form of indices, for example, Karl Pearson’s ‘coefficient of racial
likeness';= and (f) physiological charactenistics, in particular blood-
group composition,

In some parts of the world where racial admixture has proceeded
for thousands of years, canstituent “pure races’, if they ever did exist,
cannot be readily recognized, and racinl characteristics are accord-
ingly ignored in the census returns. This is the case for most of Europe.
In other parts of the world where diverse racial stocks have not mixed
to the same extent due to later settlement, some attempt is made to
classify returns of population totals upon the basis of ‘race’. For
example, in the first United States census of 1790 a distinction was
made between free whites' and ‘coloured slaves’, and in 1850 the
classification was expanded to cover ‘pative whites’, ‘foreign-born
whites’, ‘Negro® and ‘other races’. In 1040 the racial dichotomy
‘white’, and *non-white® was introduced, and ‘non-whites' were further
subdivided into Negro, American Indian, Chinese, Japanese, Filipmo,
Hindu, Korean, Polynesian and other Asian. Not all of these divisions
are truly racial; they might be better described as socio-racial group-
ings. The mbulation of data ymder such headings is vitally necessary
in countries where prohlems of fertility, social and economic status,
:Icll:l:ﬁi'tmimmimmdmm, are all related o "racial’ struciure of

Natinalities, In the many censuses taken in different parts of the
world, returns are to be found which deal with the national structure
of the population, The data they incorporate are not of equal merit,

1 For a further discussion, se= €L S, Coomn, Navr o Ewsode [New York, 1939).
’I'L:Fum:,"on the Cosfficient of Hacial Likeresw', Himeirils, vol, 17 (Cam-
ﬁ) md P. Raymond, Feiroduction fo Mﬂmﬂﬁﬁm{m.
Lmdon,lg‘n} rh:plerﬂu!whl:hud:wﬂndmmphmnl
mﬂﬁ]mprum

1 Sec A Davis, “The Blood Groups and the of Ruce’, T 1 and 11,
&rﬂqﬁadhnn.ml.zj[lm 51, and AJE. mm"l'l:tl."ud’ﬂhrﬂ
Groups in Anthropology”, Ji aof the Andbrapolagical Mstitute, vol. 77 (London,

1g50).
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Because ethnic groupings may in some cases have a particular social
or political significance, returns of the strengths of ethnic groups are
often weighted in favour of the group which finds itsell in power.
Moreover, the criteria used to measure national affinities vary from
one country to another. In some cases they may be based on ‘race’
or what are helieved to be racial characteristics, for mmpl:, skin-
colour. In other cases, country of birth, language, religion or ‘nation-
ality’ may be the test imposed for the purpose of classification. These
data afford some measure of group affinitics; as apart from any class
distinctions which exist in the population. Under certain circumstances
people speaking the same language, or of the same religion, or similar
in race, may act together or feel themselves bound in allegiance to
some common cause, Because ethnic differences cut across class dis-
tinctions, they have a regional significance which s of particular
interest to the geographer.

The greatest problem in the mapping of such data arises from the
unreliability and the complexity of the statistics which have to be
used. So much social and political prejudice enters into (their com-
pilation, particularly in the case of European countries, that special
mathods have o be adapted to give an impartial picture of the dis-
tributions in any one region. It is often necessary, for example, to
produce a series of maps to cover different viewpoints.? The geographer
can do no more than plot the statistics available, but he must make
sure that these are as complete as possible, and that all sources of
information have been duly explored.

Occupational and Industrial Structure

Before these statistics can be mapped the categories have to be
reduced to a2 manageable number. The fist problem in the geo-
graphical analysis of occupational statistics is the wide mange of occu-
pations which have to be dealt with, and the vanety of classifications
which have been adopted in various census returns, The problems of
classification and compilation of occupational and industrial popula-
tion statistics, which are common to all census remumns, are best
illustrated by reference to the Censuses of England and Wales,

In the first Census of 1801, anly three classes of occupations were
distiniguished. They were: (g} persons chiefly emploved in agriculture;
(#) persons chiefty employed in trade, manufacture or handicrait;
and (¢) O‘l‘.hl:'.l' persans not comprehended in the two ;m:ocdiug classes.
In 1841, 877 occupations were listed and grouped into sixteen classes.
This system was extended in 1851 to include 17 classes and g1 sub-
classes, These were redesignated Orders and Sub-orders in 1861, and

1 H. R, Wilkimson, Mags owd Politics (Liverpool, t951).
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this system of Orders has formed the basis of all subsequent Census
returis of Occupations.t

In the same year, 1861, it was explained in the Appendix to the
Report that in future it was by the nature of the products they created
that persons were to be clasified into occupations, Thus not the kind
of work a person did, but the end-product of the industry he worked
in was stressed. An example will make this distinction clear. Com-
mercial clerks may be associated with coal-mining, shipping, insurance
or with a hest of other activities. Under the scheme of 1861, clerks in
coal-mining were classified under coal-mining, clerks in shipping under
shipping, and so forth. This scheme was subsequently modified. In
1881, for example, all commercial clerks were extracted from the
various industries and tabulated under one heading—that of Com-
mercial Clerk. Such modifications seriously reduced the value of the
comparison between one set of census returns and another. By 1#ig1,
the 431 occupational divisions distinguished in 1861 had been com-
pressed to 347, but by 1go1 the number had risen again to 382, and
by 1911 to 472.

The Tunfold Classification. Before the Census of 1021, a decision was
made to separate the returns formerly designated as occupational into
two divisions, occupational and industrial, Thus in both that census
and that of 1931, all employed persons were classified twice, first
according to the type of work they did, i.e. their occupation, and
second, according to the end-product of the industry in which they
worked. In the Occupation Tables of 1921 about 30,000 occupations
were distinguished, which were classified into 32 orders and some 600
sub-orders, and in the Jadwitry Tablés about g,000 industries were dis-
tinguished, which were classified into 21 orders and some 400 sub-
orders. The decision to have two independent classifications removed
many of the anomalies to be found in the earlier occupational returns:
Even so, the new Occupation Tables were not entirely satisfactory.
The necessity of reducing §0,000 occupations to a limited number of
orders compelled the classifiers in spite of their professed aims to fall
back in the end on products rather than processes in their clasification.
This problem was recognized in the Report of 1451 which stated:
“In the absence of full recognition of the fundamental difference
between principles of grouping, classifications have been framed which
although described as occupational, prove on examination to be largely
industrial"

Place of Work and Place of Enumeration. A certain divergence between
place of work and place of enumeration must always be considered
when census returns of occupations and industries are being mapped.

L Sec H. R. Wilkinson, “The Mapping of Cetous Returm of Occupations and fn-
dustries’, Gragraply, vol. 37 (Lendon, 1952},
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Unfortunately, nearly all these are based on place of enumeration and
not on place of work. As A. Stevens suggesis: “The census, of course,
is essentially a fiscal provision for the more certain taxing of the fieges,
On sound predatory principle it traces the quarry to its lair. It would
be & more wseful demographic instrument in many ways if it located
man at his desk or bench.”® In the Census of England and Wales in
ige1, an attempt was made to give some regional detail of industries
based on place of work,® but in the Report of tggr it was stated:
"It is to be observed in regard to tables showing the areal distribution
of industry that the areal dassification s throughout based on the
individual's place of enumeration and that this may not be the same
as the area in which his place of business is situated, Information
regarding the latter was not obtained in 1931, and its inevitable dis-
regard may for some purposes introduce an element of incongruity.”
Great care is necessary therefore il these tables are to be used to
analyse Jocation of industry.

Sacto-Eeonomie Indices

Demagraphic Coefficients, In analysing tables of population data, indices
which are designed to give a measure of population pressure in different
regions are often found wseful. Probably the simplest index of this type
is obtained from: the formmuba,

C=dR

whete C represenis the demographic pressure or demographic coefficient,
d the density of population, and R the net reproduction rate.

This is a useful expression because it shows at a glance what future
population densities might develop in different regions providing there
were no migration, and were the current rates of mortality and fertlity
to remain unaltered. It helps to explain the building-up of popula-
tion pressure and migration trends, and is of we too in the study of
economic problems and of politcal relationships between states. In
Figs. 1389, for exsample, the actunl denmsity of population is com-
pared with the replacement demity st a distance of one generation,
i.e. about 25 years. I replacement densities a1 two or more generations
were employed, the differences in the build-up of the population would
be even more striking. The differences at two generations distant are:

C=dR®

Mertality and fentility do not, of course, remain constant for any
length of time, but the maps may be instructive nevertheles.

LA Seevens, o, dit., P34 % Jufustry Tabic, Table 4.
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A similar coefficient was devised by J. Smolenski as follows:?
C=di
where { represents the rafe of natural increase per thousand inhabitants.

Comparative Densify, Population pressure is not purely a fimetion of
density and replacement of population, because dersity of population
is obtained by a consideration of the total area of the population unit
This area may vary in its capacity 1o support population according
to iis geographical character. Hence more refined indices have been
designed 1o eliminate this anomaly and to illustrate comparatior dewily.
The simplest index of this type is expressed by the formula:

P

where D=comparative demsily, P=1the tolal population and S=the tolal
eultivable land.

But cultivable land in itself varies, sccording to position, soil and
other factors. To comsider all the implications and to expres them
satisfactorily in the form of & simple pumerical index is & formidable
undertaking, particularly as problems of optimum population remain
as vet umaolved. However, it is postible to refine further the above
index by weighting the figure for cultivable land.®

Natural Replacement

The rate at which a population replaces itself—the paturil increase—
is a central fact in population study. Regional differences in popula-
tion replacement have an obviows: geographical significance, because
even within unius of the size of an English county marked differences
vccur. To ascertain rates of natural increase, it is necessary to consult
vital statistical records as well a5 census returns. The keeping of these
records is now almost universal, but in relatively few countries arc
these sufficiently sccurate or complele to give more than a supes-
Beial view of the natural growth of the population. Tn England and
Wales, civil registration was introduced in 1897, although before this
date parish priests had kept records of murriages, hirths and deaths,
Even after registration was introduced, the returnd were not always
complete, Iegitimate births were often ignored altogether, and such
important details as the age of the mother have only recently begun
to be recorded.

lﬁyhmﬁhm wol o, sction A [Paris, 1838}

2 A method of d P. Vineent, ‘Pression Démeogra
Heouoarces %wﬁ. 'ari, i The MHmmﬂ
i e
in relation 1o the location of reral ppﬁ.nh: reat Britain by A. Stevem, . oL
2
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The Crude Birth-Rate is ususlly expressed as the number of children
born per thousand of the population, obtained from the formula:
Number of B&fﬁ:{x e
Total Population

The Crude Death-Rate is also expressed as an index—the number of
deaths per thousand of the population obtained from the formula:

Number of Deaths
Total Population ~ '00C

This is not a very refined measure of mortality because the age and
sex sinicture of the population is not taken into account in 'its cal-
culation,

Natural Intvease. Cryude birth- and deuath-rates may be used to find
the matural increase in the population. For example, the birth-rate
for 1948 in England and Wales was 17+8, the death-rate was 11; there-
fore the rate of nawral increase was:

17-8—11=6-8 per thousand of the population

The estimated population of England and Wales in 1948 was 42,750,000
and therefore the natural incrcase was:

42,750 % 6-8=2g0,700

Standordized Rater, The crude birth-rate i pot a very good index of
fertility because variations in the sex and age structure of the popula-
tion are not taken into account in its calculation, A standardized birth-
rate, in which age and sex anomalics arc smoothed out by comparison
with a hypothetical standard population, 38 a better gauge.? For

Population of U.5.4.; 1940
Crude Birth Rates | Standardized Buth Rates |
Urban . . 168 158 |

Rural | . 18+ 19°5

example, the crude birth-rates in the United States [or urban and
rural population in 1940 are inaccurate measures of fertility, because
the urban population contained a greater proportion of women than
did the rural population. It may be seen from the above table
that when allowances are made for this, the figures are very different.

1 Procedures for standardization arc discuscd in, l:mnpll:,TLSI:nith,
ton Analyrds (Mew York, 19:8)), and in P. R. Cmm'[ﬂlmhﬁm
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Fertility Ratios. Standardized rates are difficuit to compute, however,
and there is a more simple method of arriving at a good estimate of
fertility by relating the number of young children in the population
to the number of women of child-bearing age. This fertility ratio is
usually expressed as:

Number of Children under 5 Years Old
Number of Women aged 15-50

It provides a simple index to fertility which can easily be mapped,
The information necessary for the calculation is obtained directly from
the tabular data recorded in various census returns, and in the case
of Britain, from the Registrar General's Estimates of Ages and Sexes in the
Population. It can moreover be extracted [rom quinquennial tables,
which makes the calculation less laborious. Information about age and
sex groups dating back to about the middle of the nineteentl: century
are to be found in most European census retuwrns—in the case of
England and Wales from 1841, Hence it is possible to produce maps
showing distribution of fertility ratio for over a hundred years.

Net Reproduction Rate. A useful index to the rate at which a popula-
tion is replacing itsell is provided by the net reproduction rate, first
demonstrated by R. R. Kuczynski.' He pointed out that excess of
births over deaths was a deceptive measure of replacement, because
many countries with a surplus of births over deaths were not actually
replacing their populations. In other cases, the population increase
was being maintained merely because older people were surviving
longer. Kuczynski maintained that population replacement could only
be effectively measured if a whole generation were put to the follow-
ing test. Was the fertility and mortality in a population such that a
generation, permanently subject to them, could during its own life-
time produce enough children to replace itseli? Such a test could be
devised by considering only female births, If # generation of mothers
is successful in producing exactly the same number of mothers in the
second generation, then it could be said to be exactly replacing itselll
To take an example, the fertility tables for Australia, rgao—22, show
that an the average a thousand mothers gave birth, during the whole
span of child-bearing, to 1,517 female children. A reference o the
mortality tables indicates that of these, 1,318 could be expected 10
become mothers, Hence 1,000 mothers had given birth to 1,318 future
mothers. The population was replacing itsell in the ratio of:

21,000

1,000
1-318 being in this case the nel reproduction rate.
I R. R. Kuceymki, The Mearurement of Popslation Grouth (Lomelots, 1435).
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The beauty of the net reproduction rate is its simplicity as a measure
of replacement. If it & unity, the population is replacing itself; below
unity it is failing to do so, above unity it is succeeding in doing so.

Male and Female Reproduction Rates. R. R. Kuczynski’s concept of
replacement of population as measured by female net reproduction
rate only has been criticized recently, notably by P. H. Karnul.? He
points out that in any actual population, two measures are available—
female and male net reproduction rates respectively. An alteration of
sex-age distribution caused, for example, by war will cause fluctua-
tions in the male and lemale rates respectively, so that neither in jtself
may be considered as a sufficiently reliable index to population replace-
ment, but both must be considered together:

Marriage Standardized Reproduction Rates. Tt may be useful occasionally
to consider replacement rates-as ' measured in' the married population
without reference o the unmarried females.® The necessary calcula-
tions are somewhat laborious, but they are of value in the analysis of
the causes of differential fertility rates.

The Family Cenms of rog6. Regional variations in the size of the
family, where such information is available over a long period, affords
most important evidence on the replicement of population. In the
Royal Commission an Population the results of the Family Census of 146
were used as the basis of population projections rather than conven-
tional analysis by means ol age—specific fertility rates. Unfortunately,
nol much regional data on family formation and Eumily building are
at present svailable, but such data will probably be compiled in

fulire censuses.

Mipration and Movemen{

Growth of population is affected not only by natural replacement,
but alsa by migration of population. Not only permanent migration of
population has to be considered in the measurement of population
characteristics, but movement of the population also. Some popula-
tions are permanently on the move—the nomadic peoples of desert,
steppe and forest; itinerant groups, as the Viachs of the Balkan Pen-
insula whose movements are associated with the practice of trans-
humanee; seasonal workers, as the Ttalians who seek work in France
during the harvest period; daily workers who travel long distances
between their place of residence and their place of work. Mobility is

P H Kormil, “The Relntions between Male el Female Reproduction Rates',

Studier, vol. 1 (Londnn, 1047}, and *An Aualysis of the Sources and

indes of Incomistencies between Male and Female Net Reproduction Rutes [n Actual
Populations”, shid., vol. 2 [Landon, 1g48-).

% In the the Brpel Comomisrion on Population (Londan, method
Mﬁ%?fmmﬁunm&m
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a population characteristic no less than age structure, although con-
siderably more difficult to classify and measure.

Because there are so many types of movement of population, only
some of which are recorded by national authorities, information about
these movements is difficult to compile. These difficalties are discussed
at length in various demographic monographs, and it is not intended
to do more than summarize a few of the chief ones here, in order to
understand the nature of the problems involved in mapping the avail-
able statistics.

Comparisons of Vital Statistics and Population Totals, By adding the sur-
plus of births over deaths occurring during a particular decade to the
total population of a region at the beginning of the decade, and com-
paring this sum total with the actual total of enumerated population
at the end of the decade, the net migration which has taken place
during the period under review may be caleulated, by subtracting
ane total from another, A possible error in the calculation may arise
because the vital statistics themselves may not have been recorded
accurately and deficiencies in them may lead 10 the assumption of
a higher migration than has actually occurred. Generally, however,
the calculation of net migration by this method is sufficiently accurate
for most purposes. But this information dos not indicate how much
immigration and emigration have taken place. The net migration may
be nil, although great movements of the population have taken place
which counter-balance one another.! Net migration data are useful
for showing general trends in the movement of population, lor example,
movement from country to town, or the wider movement from eastern
ta western Europe which took place during the inter-war years.

Net migration data are available not only on a national basis, but
also sometimes for quite small local regions; so that they are of use in
determining internal trends in population as well as international and
intercontinental movemenis.

Place of Birtk and Place of Residence, This information is largely derived
from census returns and may be used to indicate both local and inter-
national movements. For example, place-of-birth statistics can be used
to illustrate overseas’ migration to the United States. They may abso
be used to show inter-county movements from decade to decade in
England. It is not, of course, possible to measure population migra-
tion accurately by place-ofbirth statistics. They reveal little of the
nature of the migrants, nor do they distinguish between permanent
and temporary migrants. For example, the Census of 1921 for England
and Wales was taken in June when large numbers of people were on

1 This point i stressed by M. P, Newton and | R_ Jefferey, Juternal Migration: Some
.Iqu:ug‘lﬁpu;g:h&n-b:rwmh Ew'hﬁm;.dmﬂnwnm
{Landon, 1951).
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holiday; place-of-hirth statistics for Blackpool in 1921 indicate a great
migration there which was naturally very temporary. Since place-of-
hirth statistics are recorded in most cases only when a census is taken,
it is impossible to find out the precise date when migration took place.

Another deficiency, in the case of certain British consuses, arises
from the divergence between ‘civil counties’ and ‘registration counties’,
for only pecasionally were the two coincident.! In the returns of the
censitses of England and Wales in 1851 and in 1861, the figures tabu-
lated show how persons born in geographical or civil counties were
distributed throughout the registration districts and counties. Apart
from these *'inconveniences and perplexities” arising out of the com-
plex regional basis of the returns, the place-of-birth statistics provide
valuable information on general population movement. They are of
great value, particularly to the historical geographer, who has no other
data available to provide that perspeetive so necessary for an under-
standing of long-term trends in migration,

Records of Passenger Statistics. Another source of information on migra-
tion and movement of population is to be found in a variety of records
of pasenger movements, These records are, for thie maost part, relatively
recent, and they vary immensely in their character, accuracy and com-
pleteness from one country to another. Largely owing 1o the efforts of
international organizations, such as the International Labour Office,
these records are being brought into uniformity.® They include port
statistics, frontier-control statistics, data compiled from registration
coupons which are issued by home and consular authorities, informa-
tion hased on tickets sold by transport agencies and passport statistics.
In some cases, local registration of population movements is customary,
and such records are available. These data are naturally of most use
in the measurement of international and intercontinental movement of
population.

There are numerous difficulties in compiling data relating to internal
movements of population. In some countries in Europe, an attempt is
made to keep local registers of persons making a permanent change
of address involving movement out of a given administrative district.

Daily Movement of Population. In the Census of England and Wales
for 1921, the place of work of the enumerated population, as well as
place of enumeration, was recorded. ‘The returns were published in
a separate volume entitled Workplaces, and provide useful data con-
cerning the daily movement of populstion between work and residence.

Sex and age structure of the population may also be used to reveal informa-
non on the movement of populations. IL for example, the balance

¥ For a full diocussion, see H. C. Darby, The Movemen| of Population

i ire ht::,n 15 and 186", Cregraphicel Fewraal, vol, :utom

*9’&: United Nations, Preblens of Migratise Statishics (New York, 1951).
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between the sexes becomes increasingly disproportionate with increas-
ing age, sex-sclected migration has probably been taking place, either
into or from the region under consideration.

Miscellaneous sources of information about population movement are
many. Local passenger services often keep records, road censuses are
held from time to time, and the railway companies issue returns of

rs carried. But these miscellaneous statistics are difficult to
compile and often only give an incomplete picture of movement at
any one time. An interesting source for histarical studies of popula-
tion movement exists in parish marriage registers, which provide a
reasonably random selection of movements between parishes about
which census returns give no information at all.*

Population. CGrowth

The growth or decline of the population of a region over a certain
length of time amounts to the sum of the natural replacement which
has taken place plus the net migration into the region during the
period under consideration. Regions which enjoy a high natural replace-
ment may experience an actual decline in population because emigra-
tion is heavy, and viee versa, The growth of population is often, but
not always, related 1o economic circumstances. Malthus’s original
theory of the cycle of population growth stated this relationship. The
theory has aroused more controversy than any other in the field of
demographic studies. The growth of population in any region, whether
it I8 positive or negative, undoubtedly does reflect the history of man's
response to the environmental possibilities present in the region. Muore-
over, future trends in population growth may only be estimated from
the evidence provided by the past behaviour of population growth,

The dynamics of population growth vary considerably from one
region 1o another. The growth may take the form of a steady, long-
continued increase, it may fluctuate widely from one decade to another,
it may exhibit an accelerated or a decelerated rate, it may reach a
peak and then decline. Providing that sufficient data are available,
and that the boundaries of emuneration units on which the returns
are based have not varied too widely from one census to another, the
growth and rates of growth of population can be plotted with tolerable

accuracy.

Nox-Quantranive Mars
Very few population maps are non-quantitative, but certain features
of the occupational and ethnic structure of population can be shown
1 A, Constant, *The Geographical Background of l.ﬂll‘_'l'-\-ullﬁ!: Population Move-

ments in Northam ire and Huntingdomhire, 1751-1043', Gaagraphy, vol. 3
s R ptonshire 731043 3
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in a non-quantitative manner. Two examples of such techniques of
mapping will be considered, with reference to the distribution of ethnic
structure.

The Chorochromatic Technigque

The most popular type of ethnographic map lound, for example,
in most atlases, is that which shows territory shaded according to the
major ethnic affinity of its population. The popularity of these maps
is the result of their application in the Geld of political geography.
Such maps do not usually convey population density, although
attempts have been made to overprint distributions on density maps.!
Nevertheless, they are clear, and the delimitation of ethnic divides is
distinctive, indeed much more so than it is in the field. But on such
maps admixture of population is difficult to depict, even with the aid
of ‘interdigitation’ (Fig. 129) and even with additional symbals to
show the population of towns. Moreover, these maps generally over-
simplify distributions; huge areas may be shaded to represent an ethnic
group with a population of less than one person per square kilometre,
while densely-populated districts shaded to represent another group
may be so small as to escape notice. It is also particularly difficult
for the eye to give equal weight to different types of shading, especially
if colour is used; red always gives an impression of & more intensive
distribution than would be the case if purple or yellow were used.

In the earliest ethnographic maps, such as that shown in Fig. 130,
the problem of showing distributions was solved in a erude but effective
manner. The names of the ethnic groups were inscribed over the terri-
tory with which they were associated; majority populations were shown
by capital letters and minorities by lower-case. This method is still

1A, Haberlandt, "Karie der Valker Europas mach Sprache und Volksdichic'
1:3,000,000 (Vienna, 1937):

Fio. 195, A Cacwocraosaric Mar or Emmvoaearme Disrsmomes
Based on H. R. Wilkinson, Maps snd Politics: A Revier of the Ethmgraphic Garlography

Macrdania 'tﬂE:l.l ik J
gmmlg;ﬂ dhéﬂjiﬁnn{cﬂmﬁwhlhmmhm
10 a map compiled by K- Sax in Eﬁa . , :

- 'Iﬁm&nﬂuﬂm}w arcas m:LW;& Ath%:milnwmnﬁ
maky: 5. Greskr; 8. Fxarch Bulgariams; 7. assians, [artan,
Turcomans; B. Groeco-Viachs: 8, &rh&-hlfgnil.m; 10. Grasco-Bulgarians; 1L
Grarco-Albanians, :
N*Mmd'wm'mmrmmﬁmﬂﬂ?ﬁ and
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in use wo-day, for example, to show tribal distributions in African terri-
tories. It does not convey density of population, although the names
may be inscribed over population density maps, nor does it give a
sufficiently accurate impression of complex ethnic structure when an
inter-mixture of groups has to be plotted. It does not allow com-
parative strengths of the component groups to be portrayed, and it
fails to convey any accurate impression of the limits of specific groups.

CuoroprETn Mars
If the isopleth is the chief tool of the climatologist, the choropleth
may be said to be the chief tool of the human geographer in his quanti-
tative treatment of the distributional aspects of population. Therefore
choropleth maps receive priority of treatment in this section, and they
are dealt with in more detail than other quantitative methods.

Population Density

To create an accurate impression of density, it is necessary to con-
sider the areas of enumeration districts as well as the totals of popula-
tion. Density is usually expressed as the ratio of a given number of
persons to a given area of land, as twenty persons per square mile.
It may for certain purposes be represented as the ratio of a given area
o a given number of persons, as four acres to one person (Fig. 135).

The problem of constructing density maps may be clarified by con-
sidering, as a specific example, the distribution of population in South-
west Lancashire in 1891 (Figs. 131-6), based on the Census of England
and Wales for that year, Areas present something of a problem in
that returns of parish areas are not accurate in early censuses, because
detailed cadastral survey was often lacking; frequent changes of parish
boundaries give rise to anomalies between recorded and actual areas
of parishes; and coastal-parish acreages often included areas of sea
and foreshore. By a careful scrutiny of the vensus acreages and a com-
parison with base-map data, major errors in the calculation of the
density of population in each parish may be avoided. Since the census
returns give the totals of population and acreage for each parish, it
was necessary to reduce these figures to persons pov square mile in
each parish, and a nomograph was used (sce p. 32).

When the densities had been calenlated, it became obvious that
because only a limited range of shading was practicable, only certain
categories of population density could be shown on the map. As they
were to be divided into some half-dozen categories, care had 1o be
exercised in the selection in order to ensure that the major density
valies were given full weight (Fig. 135). A dispersion diagram was
helpful in ensuring that important variations in density were not
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overlooked. It should be noted that certain aspects of the distribu-
tions of population are better illustrated by expressing regional differ-
ences in terms of deviations from average national density. This
method does not altogether solve the problem presented by great
ranges of density, but it has a special value in the portrayal of popula-
tion concentrations.!

Line-shading or colour-wash are the most effective methods of
depicting the densities once they have been decided; the problem of
shading is discused above (p. 34). In the case of population dis-
tributions, the conventional impression of increasing density conveyed
by the graduation from white to black is so firmly established that
there is little to be gained by using colour (Fig. 138).

The Dasymetric Technique, It may so happen that the data for any
given region may not be sufficiently complete to give a detailed picture
of the variations in density from one place to another, as is. the case
when the returns are made for very large administrative divisions
only. In this case, it may be necessary occasionally to ascertain
details of distribution on the map which are pet actually given in
the returns.# Or, even il returns arc made on = parish basis, it may
be desirable for certain purposes *to emancipate ourselves from undue
restraint of administrative boundaries [ . .] and so0 avoid the bizarre
sort of tartan pattern frequent in population distribution maps [. . .J".2
For such work it is necessary first, to consult topographical and land-
utilization maps of the region under consideration, and then to pick
out from these maps districts such as moorlind, marsh, heath, etc.,
on which no settlement occurs, and second, to delimit settlement zones
as denoted by the setthement patterns, These zones have to be super-
imposed upon the base-map. Their arcas must also be caleulated.
Suppose, for example, that for each administrative division the informa-
tian available were as follows:

¥ See A. Hoffeman, ‘India: Main Populition Concentrations’, Gesgraphisal Joursal,
voll r11 (London; 1948), o

21 K. Wn ‘A Metbod of M ing Demities of ti ith Cape &
"‘;!-“NP&EI::%‘“J;EMM, !-:Euﬁ{ﬁrw\l":'k, Im. "

3 A Stevers, . 46, o al.

Fios. 131-6. Commrarmnie Tectoigues oF sowixs Poputamos Derisvnoss

Emmufd-u:ﬂmgri.'qhdﬂﬂm,:ﬂpr.wl.l{Lanﬂm.:% -
‘The maps sthow the distribution of population in south-western Lancashire only.
Tn 1 dots and proportional circles are employed; in 8 proportional circles only are
employed and the form of key and proportional scale have been changed; in 8 pro-
portional spheres are : 4 is & modified dot map; sod §s & dmple choropleth
map. The dutn used for map are ideatical,
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Population Total Area

Districts without settlement . | Unknown 8o sq. km.
Intermediate districts . . | Unknown 6o sq. km.
Closely-setiled districts . .| Unknown 10 sq. km,
Administrative division : Bo,000 150 sq. km.

The mean density of population for the whole unit is 400 persons
per square kilometre. If, however, the districts without settiements are
regarded as unpopulated, then the intermediate and closely-=ettled
districts may be assumed to hdve a population density of:

60,
Borrro—"557 persons per sq. kem.

These new density values, 0 and 857 respectively, will give a reason-
ably accurate and more detailed picture of distribution of population
then the one uniform density of 400. The calculation may be carried
a stage further and reasoned guesses made of the population densities
for the intermediate and closely-settled districts,

A. Geddes used these methods in his analysis of the population of
Bengal,® in his case not because data for smaller units of enumeration
were not available, but because the labour involved in utilizing them
would have been enormous. He was also concerned with showing the
‘geographical’ distribution of population in relation to land utilization
rather than in relation o administrative houndaries, Hence he cor-
related statistical and topographical data to produce densities of popu-
lation for different categories of land, such as forest and cultivated
land. His final densities were directly related to the ‘anit area of daily
life’ of the persons making up the population. The formula used for
obtaining these densitics is worth noting. If for an administrative unit
of area 4 the population returned by the census is P, the statistical
density is P/A. If the population is to be redistributed between forest
and cultivated land, then a reasoned guess must be made of the num-
ber of forest dwellers (Py) and the area of forest calculated from land-
utilization maps (4,). The remaining population living in the culti-
vated lands will then be P—Py, and the area of cultivated land 4—A4,.
The density of population in the cultivated land will be:

(P—Py)

E"’ —A{)

This method has many applications, for example, it might be applied
! A, Geddes, "The ion of its Distribution aned Changes: A Contriba-
tion o anﬂmlm inl Femrmal, vol. 89 (Lewsdon, 19370
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to the distribution of population as between moorland and vale, or
between built-up areas of towns and scattered rural settlement.?

The dasymetric technigque can also be applied to the mapping of
indices of ‘mmpamiwc density’ (see p. 225), by the choropleth method,
where it is desired to show popldauml pressure in terms of availability

Fro. 138

m}mﬂiu—mpfrmﬂ Kirk, Europu’s Popolation in the Fuier-tear Years (Geneva,

of agricultural land. Referring to maps of this type, A. Stevems points
out that in Scotand the head-dvke miglt be used 16 limit “the ‘Geld’
of pressure on the land™.®

Sex and Age Distribution

A series of choropleth maps can be used to show the detailed dis-
tribution of population by ages. Anomalies arc more effectively illus-

4 Bee Greal Hritatn, Pepulaion Dessi . the Mimssiry of T) and
&nmuy['lmin;,u!m: 1~I5m5,my|!, Seds mw tﬂl:?l

= A. Stevens, . 51,09, al.
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trated if the percentages of persons in each group is plotted and not
the absalute totals. Regional deviations from the national nonm may
also be plotted with effect (Fig. 137). The regional deviations are
obtained by nofing the difference between local age-group percent-
ages and national age-group percentages. A cartographical analysis
of population structure along these lines has many wees. It aifords

EURDPE
Fagacamet of popiatioe, ¢ MUED
T ]
ot -

Fic. 139

Dats and base-map from D. Kirk (op. 5t} :
_ Figs, 1 are mtrnded to be comparative maps; wheress one shows the distriba-
tion of ion, the other gives some indication of the. trend of distribution,

information sbout the availability of male and female fabour in dif-
ferent localities; it is of help in the interpretation of differential ferulity
rates and trends; it gives many clues about long-term migration. Maps
of this type are indispensable to planners in economic and social
spheres.?
Ethnic and Qccupational Strueture
The choropleth technique is not eminently suited to depict camplex
1 The economic sgnificance of differences in the population has been analysed
i A, Saay, Rickows 4t Populatin (Bari, 1948).
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distributional features of the cthnic and occupational structure of
population but in certain casss it proves useful, IF two clements in the
ethnic structure are to be plotted, for example, Czechs and Germans
in Bohemia, a proportional scale of values to show the ratio of one
nationality to another can be devised and the distribution of ratios
shown by choropleths.* To show more than two elements, for example,
a number of nationalities, or a number of industrial employments,
colour has to be employed.®

Replacement Rates

Replacement of population, whether indicated in terms of gross and
net reproduction rates (Figs. 138-9), or by fertility ratios (Figs. 140-1),
or by crude birth (Fig. 142), death and natural replacement rates,
may be most conveniently mapped by means of choropleths. Changes
in replacement rates may also be effectively mapped in this manner,
but in this case a problem occurs; to show positive and negative rates
or positive and negative chianges, it is necessary to use special systems
of shading (see p. 36). Dudley Kirk (op. at.), in his map of the dis-
tribution of net reproduction rates in Europe, used two colours to
overcome this difficulty, black to represent positive and red negarive
Migrations

Out-migration, in-migration and balance of migration may be
shown by means of choropleth maps. The methods are best illustrated
by reference to a specific example, in this case out-migration from
Worcestershire in 1861 (Figs. 145-6). The data are based on birth-
places given in the census returns of England and Wales for 1861
for over six hundred registration districts. The number of persons born
in Worcestershire and enumerated outside the county for each registra-
tion district was first of all calculated. These totals were mapped in
four ways; (4) each total was expressed as a percentage of the otal
number of migrants from Woreestershire up to that year; (b) each
total was related to the area of its particular registration district and
expressed as a density in terms of persons per 10,000 acres ; (¢) each
total was expressed as a percentage of the total population in is
enumeration arca; and () absolute totals were considered per s,

® A pioneer of this method was E. Hochreiter, ‘Nationalititenkarte von Bohmen',
it 1,850,000, Poermann's Mittelunpes, vol_ 2q (Gothn 1883).

* Thih method was s in ‘Langery Materselln dami le Roywime S.H.5. pat
Comemmmer’, 1t 3 s00.000, I i#_ﬁh Directlon de la Sunitique d'Erat (Sarajeve,
ta24), which showed the distribution of languages in vin according 10 the

Census of I:g:t.:n: aho B V. Semienow—Tinn—5¢ 5 '!‘kai Fﬂd Ind:ﬂtr?
im Eurcgnche Runland', 12 750,060, Pasrmom’s Mithloge, 50 (Gotha, 1313),
inwhi:hﬂw:g-nmﬂ' groupings are shown sccording to the percentage of porsom
employed {0-207, 30-50% and over 50%),
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Growth of Population

Probably the most obvious method of showing population growth
is to prepare a series of maps in chronological order showing the past
and present distributions. Figs. 147-9 incorporate a series of such maps
for Lancashire between 1801 and 1931, Such a series gives a broad
picture, but it is a difficult task to measure and compare the growth
of population from one district to another without recourse to a very
close examination of the map.

Intercensal Changes in Population. To overcome this difficulty, inter-
censal changes in population can be shown direcily, usually in the
form of the percentage change in the increase or decrease of popula-
tion which has occurred between two censuses. These changes are best
plotted in the form of a choropleth map (Fig. 150). Some further
indication of absolute numerical changes may be given by super-
imposing proportional symbols on the chorapleths.? ]

There are three main difficulties in the preparation of choropleth
maps of this nature. In the first place, the dates of the two censuses
have to be chosen with care, For example, if the years 1801 and 1031
were chosen for Ireland, these would give no Indication of the real
nature of the growth and decline of Irish population in the interim
decades. In the second place, the map must be based on the enumera-
tion units given in the latest census to be used. Almost certainly
changes of unit boundaries will have taken place between the two
censuscs, and amalgamation or partition of various umits will alo
obscure the issue. In some parts of Britain, for example, in the Man-
chester and London areas, it is a most formidable task 1 equate the
regional bases of the returns between a census of the early nineteenth
century and another of more recent date. Intricate research into
changes in the boundaries of parishes, wards and boroughs is a neces-
sary prelude to the preparation of the base-map, Since many changes
are not even recarded, this task involves laboriows comparisons of
acreages. The third problem is one of presentation, Almost invariably
same parishes will have declined in population, others will have gained.
A two-fold division of shading i therefore pecessary o distinguish
hetween each categary; this problem has been discussed in chapter 1
(see p. 36). A simple solution is offered in Fig. 150.

Intercensal changes may be plotted also by means of indices show-
ing the rate of change as compared with the correspanding naticnal
rate. An index of the national change is arrived at by dividing the
national total of population for, say, 1031, by that for 1831, il these
two censuses are being considered. In the example given below:

1 Sew Groat Britsin, Populefien. Total (Hhaspes, 195139, compiled by the Minisry of
Tm and Country Planning, shest 2, t:625,000 (Ordmance Survey, Southamplon,
14 i
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National total, 1g31 5,000,000
Index qfﬂhlgf=_pﬁm fotal, 133:==,um.mu ==

Local indices are similarly calculated, and then plotted using the
choropleth method. Some distinction should be made between parishes
with an index of less than 2-5, i.e. below the national rate of growih,
and those above that figure.

30 milen
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Basel i Ho M. Kendall, ‘A Survey of Population Changes in' Belgium’,
.dndt? :&m&m of American Geagraphers, vol. 28, p: 152 I;I’.l.ncﬂm:rtnPa,. 1938}

Population Peaks, Line-graphs may show the behaviour of the growth
of population for individual localities Fairly well, but they arc hard
to use when hundreds of localities are under consideration. To analyse
geographically the evidence provided by the graphs some of the essen-
tial features have to be transferred to maps. For example, the dates
at which population peaks are attained are casily plotted on a map.*

LS. D, Dodge, "A Study of Population Regions in New England New Hais',
Annels of the Association u’drdmuu Gesgraphers, vol. 25, (Lancaster, Pas 1953).
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The distribution of the dates of peaks of population plotted in this
manner indicates those regions the population of which is in decline;
the earlicr the peak, the longer the period of decline, When contiguous
districts have roughly the same dates of peak population, same under-
lying regional economic cause, such as mineral exploitation, may be
Judged to be responsible.

Growth Calegories. 1t is possible to show the distribution of peak
populations according to the time when they occurred. S. D. Dodge
distinguished four categories of population trend based on a careful
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analysis of patterns of growth of population for parts of New England.
The categories were (a) continued growth, (8) decline of 25 per cent
from a peak, (¢} decline of 25-50 per cent from a peak, and (d) decline
of over 50 per cent from a peak.

These categories may, of course, be expanded to include various
degrees of irregularity in growth and decline, They may be efectively
illustrated by the choropleth technique, in which case they reveal long-
term changes in the population balance of various regions, They are
particularly useful in illustrating relative declines of populations (Fig.
151). H. M. Kendall used this method of analysis in his treatment of
the population of Belgium.?

Other types of growth categaries can be used. For example, G. F.
Kohn in his work on population trends-in the United States employed
the six categories given in Fig, 152.% These categories are best shown
by a series of maps, but they may be incorporated in one map with
the aid of an ungraded shading system (see pp. 46-7). Other population-

‘-I’LH;KEIML'AMH iy Belgtum’, dmmeals of the
Ausaciation of Aserican Geagraphers, vbl. 28 iLin ﬁ: 1936). ./
% G. F. Kohn, * tionn Trends in the United States since 1940", Geograpdiea!

Resiem, wol. 25 (Vew York, 1945}
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growth categories may be distinguished upen inspection of the data
relating to the growth of particular populations.?

Varighility. In a paper on population trends in India, A. Geddes
demonstrated that variability in the growth of population has a dis-
tinctive regional significance.® The normal type ofintercensal population-
growth map does not show variability. Two enumeration districts, for
example, might exhibit similar percentage growths of population, but
wherras one may have had a steady increase of population, the other
may have expericnced all kinds of population vicissitudes. The census
dates are purely arbitrary and may tend to cloak any variability in
the population growth (Fig. t53, top), Geddes showed distribution of
variability by means of a variability index. This was calculated by
comparing the actual curves of growth of population, in the case of
each enumeration district, with a theoretical normal curve of growth;
the mean percentage deviation between the two curves was taken as
an index (Fig. 153, bottom).

In practice it is not necessary to caleulate a hypothetical curve of
growth. A straight line drawn between the two Intercensal plottings
will provide a sufficiently accurate curve for the measurement of
variations. Alternatively, a curve may be sketched by reference
to the national figures. If 1801 and 1921 are taken as the intercensal
dates, an index of population variability may be calculated in the
following way. Superimpose the percentage growth of population,
decade by decade, for the enumeration district under considerntion,
upon the hypothetical curve of growth represented by a straight line
drawn between the plottings for 1801 and 1g21. The two curves will
deviate from one another at as many as ten points. These devia-
tions may be measured in terms of percentages by reference to the
scale used on the graph. All ten variations should be added, and

L Ser, for example, "Carte dvnamigue de la région jenne’, in AL Demangeon,
*France Economique ot Humaine', part o, (vagrapiir Damersellr, vol. & (Parks, 1o48),
2 A, Gerddes, “The Px jun of Indis. Varishility of Change 33 2 Regional Demo-

graphic Index”, € iral Rexieee, vol. 32 (New York, 1042),
Fio. 143
In the wp di 1th¢p¢~dn:tliin:[njimii:alnlhtmmurtbewﬂ:nf

tion the solid line [ 7) the curve =3 adjudged by reference 10 conmu peturms,
#::::I‘.mnliu.gr' I?hmﬁtﬁz?mt‘m} y “The Populstion of India’,
Gﬂﬁ wal Reciew, vol. 52, o 1542].
1 pm:hndiim-huml.lrﬁ Mation ourve skriched from cemas returme and from
dates of erisee. The solid line represents the theoretical curve of . The
two curves are known to deviate at fuue points, each marked by s eros. mrrpaztls
of deviation are calculated on a pererntage basis and the varishility coefficient (V)
found by Geddes' farmsula.
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the mean percentage deviation found by dividing by eleven; the
variability index so obtained can be plotted conventionally by means
of a choropleth map. A. Geddes found, for example, that a range of
six variability indices was practicable in the case of India.

QUANTITATIVE SYMBOLS
Dats

The dot technique may be employed to show the absolute total
distribution of population or the distribution of individual elements
within the population, such as Poles in Belgium or France. Technical
problems in the construction of dot maps have been referred to m
chapter 1 (see p. 19). In the case of population maps, if the value of
each dot is 100 big spamsely-populated districts will not be represented
at all, if too small the dots will coalesce in densely-populated districts.
The stratagem of dispensing with dots altegether in densely-populated
parishes and shading them black has been adopted in Fig. 135, but
this is hardly a true solution of the problem.

As a general rule, the dots have to be distributed evenly within
the boundaries of the area of the population which they represent,
but it is possible in the case of dots of small value 10 place them
according to the disrribution of dwellings. This involves, of course,
the consultation of topographical maps and plans. Dot maps of town
populations arc often shown in this way, one dot with a value of 5 or
more persons being placed over each house or each group of houses.!
Occasionally it may be useful to employ two sizes of dot for special
purposes (Fig- 154).

Proportional Sguares and Clircles

The wtal population of each enumeration umit may be represented
by a symbol of proportional size, either by a square or a circle. These
symbols are particularly suitable for showing distribution of popula-
tion by countries to demonstrate the political and economic signific-
ance of varying population resources. Rectangles proportional in size
o populstions of different regions, countries or states, for example,
may be grouped in their approximate geographical pasition for pur-
poses of comparison of populations and land areas. They can also
be used to show detailed distribution, bitt in this case the problem
arises of choosing & scale of symbols so that small populations may
be distinguished, and yvet large populations not obscure neighbouring
small populations (Figs. 132-3), The disadvantages attached to this
method are first, that the extreme range of population density w be

1 5ce such mape in W, Willixm-Olsen, “Stockholm’, Grographical Reves, vol. 30
(New York, 1940),
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found in many regions often leads to an overlap of symbols and causes
difficulty in the drawing and in the interpretation of the map, and
sccond, that the eye has difficulty in equating the symboal (o the area
it represents and the method does not readily convey density of
population,

Proportional squares and cireles may be effectively employed to show
ethnic structure of population (Fig. 155),! occupational structure
(Fig. 111), and also to show migration, especially in-migration to large
towns, and time changes in the totals of populations.®

Proportional Spheres and Cubes

To overcame the disadvantage of overlap, proportional spheres or
cubes may be used instead of circles and squares. The introduction
of the third dimension enables a greater range of densities to be more
elfectively shown (see pp. 24-4). The symbols have to be shaded 1o
create the illusion of sphericity (Fig. 133). A further refinement may be
introduced by tinting the spheres according 1o the major industrial
activity of the population in each centre; thus an additional indication
of economic structure is given.? Distributions of occupations may
also be shown by spherical symbals, because they can be grouped
together without difficulty, providing that the classification s not too
complex.

Dots and Circles

Two or more techniques in conjunction may profitably be employed
to overcome some of the disadvantages commaonly associated with a
single technique. Dots and circles can be used, for example, to depict
the distribution of population, particularly on a continental scale. Thus
the dots may show the scatter of rural population, the circles may
represent the population of towns (Fig. 131).4

In a composite map of this type, it is desirable that the symbols
should be related to one another, so that the size of the dot is com-
mensurate with the size of the circle. If a dot of one-tenth of an mch
in diameter represents, say, 10,000 persons, a city of a million should

tSer oxcellent of  matiomalities pmpm'u HI*H[III'I'!! m=thod i
l'ﬁudﬁi:iJ:Td:qu, .{lslu':::p# {2 Réyubligus Tﬁghm ﬂ’:mn 1935}

2 See, for example, Ministry of Town and Country Planning, Pepulation Maps,
op. ik,

% Ser, for eoumple, ! Karis frer Sveripe, 150,000,000 (based
lh::gqnguuu:mdmpnmdhr .\'l'ill.i.nt:ﬁhm,ﬁmktmrhllj. =

#W. Coulter, *A Dot Map of Distribution of Population in Japan', Gesgraphiced
Revins, vol. 16 (New York, 1gz6).
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be represented by acircle one inch in diameter. Expressed mathematic-
ally, the relationship is as follows:

Diameter of Cirele /1,000,000 _ 10

Diameter of Dot v 16,000 1

A dot value of 10,000 i often too high to portray rural population
distribution, even on a continental scale. 1f' a smaller value is used,
the circles representing urban population centres become correspond-
ingly bigger. Even if they are drawn as rings, in order not to obscure

i ing rural distributions, their size becomes impracticable. For
example, a dot value of one hundred could be usefully employed to
show the distribution of the rural population in Australia, but as some
of the great Australian cities have populations exceeding the million
mark, these would have to be represented by circles ten inches in
diameter.

Dots and Spheres

To make the symbols for rural and urban population commensurate
and yet practicable to draw, the urban populations may be shown in
three dimensions by means of cubes or spherss. In the cuse of the
Australian population distribution quoted above, the ‘million” cities
could each be represented by sphere, the diameter of which would he
/16 inches, a much more practicable size w draw, This method of
showing population distribution has many advantages, and conveys
a good impression of density. It was first used with effect by Sten de
Geer, the Swedish geographer.!

Grouped Siquares

Probably the most satisfactory manner of depicting a eomplex ethnic
structure s by means of symbals grouped in that locality where the
population is known to be densest. Information bas to be obtained by
reference ta the settlement pattern from large-scale topographical maps.

Sume care is needed in the choice of size of symbol for this type of
map. It depends on the range of density of population which oceurs
within the area under consideration. Tt is mot necessary to calenlate
the scale of symbol from the situation as it exists on the ground; it is
more simple to work directly from the base-map selected. If the area
on the map of the administrative unit which has the greatest density
is calculated to be 2-5 square centimetres and the population of the

V5 de Geer, ‘A Map of the Distritmtion of Population in Sweden: Method of
Preparation and General Results', Geagraphizal Resies, vol. 12 (New York, TEET).
ﬂmnﬁlth:nndm“repﬂﬁhhdhth:hmdmulu—ﬂmiw i
Flirdeining i Scerige diom 3 Famuari, 1957, 1:500,000, 13 plates (Stockholm, 1g19).
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unit is, say, 40,000, then the density on the map, ie. the scale of
symbol 1o be adopted, must not be more than:

-

persons per 5g. em.= 160 persanty per sq. mm.

40,000
25

If this scale of symbol were adopted, every 16o persons in each ethnic
group would be represented on the map by a shaded area one milli-
metre square, The millimetre squares are built up into shapes, or in
the case of towns incorporated into circles, and placed in position on
the map according to information gleaned from an examination of
topographical maps (Fig. 156). Thus the administrative unit with a
population of 40,000 mentioned above would be fairly well covered

NAR ghove unity I MR low uhi
MAR=20 MAR=C-T3
HAR-C-5
‘(_:Ly = S 38 o 5 e

hel- ]
Fie. 18 Ner Rersoouonos Rare Syumos

Circles with thin lines indieate sizes of sctual populations and circles with thick lines
indicate the quotient of population total multiplied by curreat net reproduction rate.
Ourward-facing points denote potentisl incrense and inward-facing points denote
potential decreass in the reapective sizes of populations.

with squares arranged in a pattem corresponding to its shape. A unit
with a population of anly 160, however, would have only one milli-
metre square placed in the vicinity of the largest village or habitation.
ﬁﬂ?mmﬂnlhnmmiimeWism[d:dm:hcpupuhﬁunofn
neighbouring unit, so that every person in each ethnic group is repre-
senited on the final map.
Gﬂﬂdifﬂnllwinﬂmchnictuf&ml:a[syrnbulislihlytuhe
encountered. Where very large cities have to be considered they will
inevitably dictate the scale to be adopted, with disastrous consequences
for the representation of rural populations. Accordingly, these cities
should be treated separately—represented perhaps by circular diagrams
on the margins of the map, or by proportional spheres grouped i situ. If
the former are wsed, care should be taken to adopt the same symbaol scale
as for the rest of the map, and to show the position of the towns by rings
on the map, the rings being propartional in size to the total population.
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baols
Special symbols mé’;:: be designed to show distribution of p:
features of population structure. For example, H. J. Fleure devised
special symbols 1o show the distribution of net reproduction rate in
Europe (Fig. 158).F The symbols in this case were devised to show
population totals and negative and positive net reproduction rates
according to their numerical values,

IsorieTns

The use of isopleths has only a limited application in the case of
population maps. They are used mainly to depict (a) population dis-
tributions on a continental scale, where it is desired to smooth out
locul variations in order to get a broad appreciation of popnhunn
density-zones; (§) population potential; and (¢) ethnographic distri
butions.

Population Density

The administrative unit has to be chosen with care for the con-
struction of maps showing density of population.? To use communes,
for example, in the case of France, or parishes in the case of Great
Britain, would lead to great difficulty in the interpolation of isopleths
because of the detail involved. Points for interpolation are arbitranly
fixed in the geographical centre of the administrative unit, or over
the bigegest centre of population within that unit, their value being
the mean density of the population in the unit concerned. Skill in
such interpolation only comes with practice. The spotting of key iso-
pleths enables the others to be quickly drawn. It is often necessary to
construct a dispersion graph to help decide the isopleth intervabs to
be selected.

It has been noted above that the chiel disadvantage of the isopleth
technique is its unsuitability for showing detmls of distibution.
In areas where great vanations in density oceur, key isopleths
are impossible o discern and the whole map becomes a series of con-
centric circles centred on the towns, This disadvantage can be offset
if the town populations are shown by spheres, and the rural popula-
tions are shown by isopleths; this method has been used effectively (o
depict distribution of populations in, for example, central Oklahoma.®

L H. 1. Fleure, Problomt of Population in Esrope (Manchesier, 1942},
# Techniques of comtraction are discussed in J. W, Aloxander and G. A

Population Desity Maps of the Unlted States; Techniques and Pattern', Gesge
Retes, v, 33 [‘\w York, 1943).

1
M;J{m Pnp-n.l.tum Map of Central Oklahoma®, Geygraphicsl Reuies,
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Population Potentials
Tsopleths may also be used with effect in the plotting of potentials of
population.? The word potential here is used in the same sense as in
physics; the gravitational influence of a planet on the earth, for
cxample, may be expressed as Md, where M is its mass and & the
distance away from the carth. The influence of any concentration of
population from one part of the earth to another may be expressed
as the number of people in that concentration multiplied by its dist-
ance to the spot at which its potential is being assessed. This potential

hias obviously great cultural, social, economic and even political signific-
ance. It may be mapped by means of isopleths with an interval
ﬂprﬁsadintcrmufptmmpumil:.lnlh::moillumpt,fur
example, the points for interpolation may be located in the centre of
administrative units of a size approximating to that of a county. The
potential of each of these points has then to be calculated by the
formula:

nd=P
where n is the number of persons, d is the disiance and P is the polential.

The population potential at each county centre will be the sum of
the influence of all other cenires upon it, plus its own influence upon
itsell. An example will make this clear. Consider Fig. 159, which

1}, Q. Stewart, *Empisical Matbematical Rules ing the Distribation and
Equilibrium of Population’, Geagraphicsl Reies, vol. 37 (New Yark, 1947).
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incorporates four concentrations of population at A, B, C and Z, The
potential in terms of persons per mile at Z will be as follows:

From A o £ 50X 10= 500 persoms per mile
From B o 72 1003 12=1,200 persons per mile
From Cio : 10X 5= 50 persons per mile

Oun () = B0 persons per mile
Potential at £ =1,830 persons per mile

POTENTIALS OF POPUL ATION
1940
lsopleth ktervel - SO000 fmile
O Miles 7900

Fir. 160, Povutanox Poreenaiz sy [sorcenn som v ULSA.

Based ou J. Q). Stewart, "Empirical Mathematical Rules concemning the Distributiom
and Equilibrinm of Population', Gegraphizal Retes, vol. 57, 0 475 (New Yok, 1047},

It may be appreciated that a considerable amount of labour is
necessary to caleulate potentials at each point when a large number
have to be considered. When the potentials have been computed and
plotted, the isopleths are interpolated in the wual manner. The com-
pleted maps ofien reveal extraordinary concentrations of potential at
one point within a land mass of continental size (Fig. 16a).

Evviwgraplae Dustribufions
Maps depicting the distribution of nationalities by isopleths have
certain advantages, for they show comparative concentrations of the
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various cthnic groups in zones, they indicate sharp divides between
one group and another, and they delimit mixed areas.! Duta for the
interpolation of isopleths are worked out separately for each ethnic
group. For example, the percentage of group X to the total popula-~
tion 8 obtained for all the administrative units under consideration.
The percentages are plotted in the centre of the unit concerned, and
then the isopleths are drawn at suitable intervals of 10, 20 or 25 per
cent, according to the detail required. Where a number of groups has
to be cousidered, isopleths must be drawn in colour in order to be

distinguishable (Fig. 157).

Divipen Cizcres

Divided circles (‘pie-graphs’) are widely used to illustrate features
of the population structure, The circles are divided to show constituent
elements in the population of any area. There are two varictics:
(@) proportional divided cireles, which vary in size according to the
respective totals of population under mnsidmﬁnn; and (#) com-
parable divided cireles, which are of standard size, and which are
usually employved where the population totals have such a wide range
that proportional circles would vary in size from a dot to a Jarge
circle. Both varieties may be used 1o show the ethnic, racial, social,
occupational, industrial and age structure of the population. Mast
useful are two-clement divided circles to show such himdamental pro-
portions as rural versus urban population, migrants versus native-born,
residential versus working population and ethnic minority (see pp. 214~
2-1.} versus majority. Another useful function of mmdmgrnm: is toshow
from one decade to another, for example, in population
totals or in the numbers of migrants, It is not intended 1o discuss all
these applications here, but the principles of construction of divided
circles may be illustrated with reference to the mapping of the indus-

trial structure of population in some twenty Lancashire towns.

Located Divided Circles

The data for this example are drawn from Table 4 of the fndusiry
Tables of the Census of England and Wales for 1921, in which details
are listed of the number of persons engaged in some 400 induostries,
based on place of work. There are many ways in which these indus-
trial data may be classified for the purpose of cartographical illiustra-
tion. In this case they have been grouped into seven categories on the
basis of ‘function’, and each category may be said to represent a
functional activity of the population. The total number of persons

IR C. Wallis, "The Distribution of Nationalities in Hungary”, Gaugrophical Joursal,
vol. 47 (London, 1616),
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engaged in each category has been calenlated as a percentage of the
total engaged in all seven and the results have been plotied (Fig. 161).

Covompar Diacrass
There are esentially three forms of columnar diagram which may
husedmdtmmpuptﬂnnnudata {a) simple columns o depict
quantitative data; (b)) compound, in which each column is subdivided

to show structural aspects; and () superimposed, in which departures
from normal distributions are shown to illustrate regional variations.!

Located Superimposed Colwnnar Diagrams

The location and superimposition of columnar diagrams deserves
fuller treatment, both ‘as an example of the principle of columnar
representation of population data, and as an example of how columnar
diagrams may be adapted to show regional variations. The example
taken illustrates data drawn [rom the Idwitry Tables of the Census of
England and Wales in rg21. The data are based an place of wark
and not on place of enumeration, so that they can be used to indicate
location of industry (see p.- 224). For the purposes of the illustration,
the total number of persons engaged in manufacturing of all types in
cach of the ten higgest towns in Cheshire in 1921 has been considered,
and these totals have been broken down into six major categories.
The number of workers in each category in each town has been
expressed as a percentage of the total workers in all six categories.
These percentages have been expressed in the form of colummns armanged
in a horizantal series to facilitate mapping. Thee columnar diagrams
have been superimpeosed, in each case, on another which depicts the
percentages for England and Wals as a whole (Fig. 162). By this
method the manufacturing structure of the population in each town
5 boldly depicted and the degree of localization ol the six categories
of industrial occupations may be quickly appreciated by inspection.

Pyrasams
Columns constructed to represent specific quantitative population
data may be arranged in the form of a pyramid, Pyramids of this type
are employed primarily in the analysis of population growth, and of
population composition.

Age ‘and Sex FPyramids
The simplest method of representing the sex and age structure of
a population is to represent it in the form of a pyramid built up in
1 A mumber of well-executerd columnar disgram b o be found in United States

of Hureau of Statiitical Atlas of the United Stutes
fﬁp‘zlmml lng;nmuu, u of Cenmm, o
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age groups, males on one side, females on the other, and with the
base representing the youngest group, the apex the oldest (Fig. 163).
These pyramids may take the form of groups for individual years, in
which case there may be as many as ninety or maore tiers in the pyra-
mids, or, more usually, of five-year or quinquennial groups. Pyramids
based on quingquennial groups provide the geographer with as sufficient

DISTRIBUTION OF MANUFACTURING
FUNCTIONS FOR 10 TOWNS IN
CHESHIRE IN 1921

>,
‘1
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Fiu, 162, Locaren Suremneossn Copuusian Distmass

Source of data: Censut of England and Wales, g2, Industry Tables (London, 1923}

information about sex and age structure as he is likely to need jor
most purposes. In any case, detailed local information for one-year
groups is difficult to obtain, whercas quinquennial data are i

in international returns, in individual census returns, and occasionally
in special returns of the Registrar General. There are slight variations
in the methods by which quinguennial data may be plotted in the
form of pyramids; these are compared in Fig. 163.

The Absolute Method. The data are plotted directly from the absolute
quinquennial totals given in the census returns, afier 2 suitable scale
has been chosen (example a). If a linear scale only is used, all the
pyramids will be the same height, the variation will be in their relative
widths. If the width of each tier in the pyramid is made proportional
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to its length, the relative heights of the pyramids will vary as well as
their widths {example §). The pyramids are then orthomorphic and
their shapes may be easily compared.! Even so, the pyramids will
vary enormously in size, from that of a large town, for example, to
that of a small rural community.

POPULATION PYRAMIDS FOR BLACKPOOL. 192|
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The Comparable Method. Much more practicable to the geographer
in his search for regional differences is the comparable method, whereby
all age groups are given percentage values. There are two possible
ways of carrving out this method. Either each male age group may
be expressed as percentages of the total male population in cach com-
munity, and similarly each female group (example ),® or, each male
and each female group may be expressed as percentages of the total
population of each community (example ¢). The latter method has

'Zm&hﬂurqmpmﬂnkwmhmmﬂh:mmh.m

'Foranlnﬂlr.nmmtmd in H. Gille, * History of
the Northern European Countries’, Studies, vol. 3 (Cam 14950
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0ﬁch tier hias been made proportional in length to the total of population for sach
census year, The ten arc then subdivided into rural and urhan elements o the
population according 1o the categories adopted in the various crmmuses, From 1759
to 1880 only two categoties were recognived and places with 8 populaton of over
B,000 were regarded as being urhan in charscter. From 1856 to 1910 there were three
divisiom when the urban category was extended to include places with a proguslatiorn

of over 2,500, From 1920 to 1540, the rural category was su ivided into rural farm
and rural nonfarm.
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the advantage of giving a realistic total view of sex and age variations
in each community considered (Fig. 166).

Compaund Pyramuls
Pyramids may be used to illustrate features other than sex and age
structure, For example, the ticrs in the pyramid may be made o

ENGLAND AND WALES
SEX AND AGE STRUCTURE

Females

PEACENTAGE PERCENTAGE

1841 ] 193l

Fuz. 165, SurEmmeronsn Pyraseod

Source of data: Ceus of Exgliond amd Walis, 1957, General Tables, p. 151 (Londan,

1933)-
Two comparahle pyramidy have been superimposed. to show changes in the sex

and sgre structors for fwio ceneus yoar.

represent decenninl totals of migrants into a country, with the apex
indicating the earliest, the base the latest returns. Each tier is then
subdivided to show ethnic structure, age sirocture, etc., of the migrant
stream. Decennial totals of population for a region or for a country
may also be portrayed in this way, the subdivisions in this case being
made to depict rural versus urban population. These pyramids are best
constructed with a space left between cach tier, across which lines
are drawn to join the component subdivisions (Fig. 164).
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Superimposed Pyramids

Age and sex pyramids may be superimposed o show structural
changcsin;hepupuiaﬁonofnnygiﬁnﬂgimtﬂulpuiodn{
time. Similarly, pyramids representing populations of different regions
may be superimposed for comparative Ppurpdases, or pyramid
mmpositions may be made of an actual population upan that of a hypo-
thetical *stationary’ population.’ The latter procedure has great valye
in the analysis of the rhythm of population growth. Comparable pyra-
mids must be used, of course, if such comparisons are to be made
(Fig. 165). Care must be taken, also, that the data utilized applies
to the same region, and it hnﬁcnnmarymmiduchangnh
enumeration arcas that may have been made in the interim between
the recording of the two sets of data employed.

The ‘projecting’ of populations—a form of forecasting future popu-
lations—is frequently illustrated by superimposing present and pro-
jected age and sex pyramids for a particular region.* Populations are
projected for a variety of reasons, principally for planning purposes.
Projections may be made on the assumption either that current rates
of fertility and mortality are likely to continue into the future, or that
they may decline, or that"they may behave in accordance with &
‘logistie curve’, that is, a curve continued according to logical expecta-
tions, It is patent that if age-sex specific birth- and deatherates are
available, the projection of a population presents no difficulty. But
hirth- and death-rates do not remain constant for any length of time,
and conscquently projections made on these assumptions serve only
a limited purpose.

Divinen Recrancres

Rectangles, the lengths of which are usually made to represent
100 per cent, and which are subdivided to show structural aspects
of population, are generally emploved where comparisons are required.
The comparisons may be between one population and another, either
for a specific region at different times, or for different regions at the
same time,®

The method serves well to show shifts in occupations from one decade
to another or changes in age structure. Individual rectangles may be
constructed to show the data for each decade, or all the data may
be plotied in one rectangle and related plottings joined to form con-

”‘_‘ur;tﬁa‘:um-plﬁml’,’r'iuﬂmt, "Retraitres et Immigration', Papulation, vol. 1
IEIIII,I i

2 See method illustrated in F. W, Notestei The Future Population of Eurnpe end the
.ﬁdﬂ{.&{ﬂmﬂrﬂ,:mf‘ o - o

¥ See examples in Statictical Atlas of the United States, op. cit.
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tinuous lines (Figs, 167-8). Such a diagram is, of course, a form of
campound graph. The distribution of changes in structure may be
shown by means of rectangles located on a suitable base-map. Thus
the changes in the ethnic structure of Greek Macedonia between 1912
and 1926 have been shown by a series of twin rectangles, one of the
structure in 1912 and the ather of the structure in 1526.1
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—— Agricuture

28%

e e | L B S B e

L |
820 1860 1300 1940 1850 1900 1350
Fica. 167-8. Divinen Recravoim or Occuraton ano Ace STRUCTURE

Based on W. 5. Th s 'La ion des Etnts-Ulnis o’ ique’, Populati
o t-mpu;:m :w Amérique’, Population,

méﬁ'?ﬁwchmuﬂ' he percentage of paid workers he age of 10 i
. aby shows in ¢ tage wir over the age of 10 in
the major tonal groups of the U5\, accordin to dnta derived from variows
cemsus returna. The compositc category n(*ﬂuun'isl:ﬁumhd:d.
Flg,lﬁﬂmmd\wquindueagcmur:uflhpupuhﬁmufU.ﬁ_h.mrdhq
bmhmmimumthnumdtnThm'umuﬁmrm-tgm-ﬁm

Divided Strips

The divided strip method of showing distributional aspects of popu-
lation structure is a variant of the divided rectangle method. It may
be exemplified with reference to the ethnie structure of population.
If the distribution of the relative proportions of various nationalities
in an ethnically complex population has to be depicted on the basis
of administrative units, the proportions of each nationality in each
unit are first of all calculated on a percentage basis. They are then

! 'Ethmographical Map of Greck Macedonia ing the proportion of the different
ethnographics) m‘[:p in 1912 and in 1g26, m&ﬂmﬁhm 1026).
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plotted on to the base-map, which consists of an outline of the admini-
strative units, but with each individual unit divided into oblique strips
of uniform width. Each adjacent strip represents 100 per cent, and
these are divided to depict the ethnic structure of an administrative

unit (Fig. 16g).

o

Bujgarians, 50% of the total population

Turks, 25% = = - -
Albanians, 20% - - = -
Viachs, 5% -~ - - -

Boundary of administrative unit given in
the census returns concerned

Fig. 16g. Divinen St Teonsngos
Based on H. B, Wilkinaony (b, eib).

STAar-IhaGrAMs

Star-disgrams may be used in population studies to illustrate affinitics
of race, age structure, cte., between diverse population groups. Affini-
tics arc often measured, for convenience in mapping, by means of
indices. Racial affinitics as measured by a blood-group index muay
be considered here as an example of these methods. A vanety of
blood-group indices have been devised. Four major variables have



POPULATION MAPS AND DIAGRAMS 2bg

to be considered—the proportions of 4, O, B and AB elements, respec-
tively, present in each population group. In the population of the
world in general, random tests suggest that these groups are present
in the average proportions of A: 48 per cent; 0: 37 per cent; 8: 18 per
cent; and AB: 7 per cent, although the proportions in local popula-
tions differ considerably from these averages.* N. Lahovary put for-
waril the idea that one way of establishing the affinity of race between
any two populations might be to compare their blood-group ratios
and express the results in the form of an index, as follows:

Population X | Population T | Differences

A . - q 40 i
0 - - 27 45 i 3
B - . 13 10 |
AR, . A 7 5 2
Talals . . 100 100 36

The 8fi-point difference acts as an index of racial affinily.

If a number of population groups is compared on this basis with
any one population group, the resultant indices may be plotted dia-
grammatically as in Fig. 170. Alternatively, local deviations from the
world average ratio may be calculated.

Scarrer-DhacaAms

Secatter-diagrams are used in population studies to give a graphic
indication of the amount of correlation between twao sets of statistical
data. If the exact degree of correlation were required it would, of
course, have to be computed mathemarically (see p. 128).

The first step in the construction of a scatter-diagram is to group
the valies under consideration into convenient classes arranged in
order of magnitude. One set of data is then plotied as ordinates and
the other as abscissae. 1 when the values are plotted they tend to be
grouped together along a diagonal line, some degree of correlation is
manifest. If the correlation is perfect, all pints would lie on one line,
but this condition is rarely achieved when dealing with human affairs.

To illustrate the construction of a scatter-diagram, ferdlity ratio
in Lancashire has been correlated with the proportion of males aged

1 N, Lahovary, Ler Proples Europdens (Paris, 1946).
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15-50 in the total population of the county (Fig. 171). Some degree
of correlation is to be observed from the diagonal scatter of the dots.
The fertility ratio tends to rise as the proportion of males in the
population increases,

Many examples of scatter-diagrams appear in demographic texts,
but an interesting application of their use in the field of population
geography is to be found in A. Stevens' paper on rural population
(op. cit.).

I
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ARROws

Arrows are used chiefly in population studies as a method of showing
the movement or migration of population, Only certain categories of
data can be ilustrated by this method because, o avoid confiusion,
only a limited number of arrows may be placed on any onc map.
They may be used to show: (¢} the main currents of movement of
seasonil workers, for example, in the case of the U.S.A., those of fruit
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and truck workers, berry-crop harvesters, and wheat harvesters;® ()
seasonal movements of nomadic or semi-nomadic communities;? (¢)
daily movement of workers from place of residence to place of work?
(d) the balance of migration between countries and between states:4
(¢) migration from countryside to town; and (f) generalized patterns
of direction of migrations.*
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Fio. 171. A Scarrer-Thanmas

Souree of data: Counr of Englasd and Wales, 1887, vol. 3 ( llﬂa}.

The fertility ratic in each administrative district in Lancashire in 1 t {34 measured
e el proporion o e U oo e ok fas rcamused 2y o of
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Where arrows proportional in thickness to totals of migrating popu-
lation are used, the map tends to become obseured by a few thick
arrows, To overcome this difficulty arrows and proportional symbols

I Differentisted arrows gre used by T. L Smith (op. at.) to show mch movements
h:mpmthimdenhmlemﬁ‘vﬁmlthummh

2 Ser guch movements shown ina "Formes de la Propri#té Rurale’, in ]. Ovijic,
Ea Phinssle Balkonige (Pari, :ng}w

3 A good cxample of such & map, using srrows of I thickness, is to be
foand in F. Longstreth Thomman, Mersgpaide Plas, 1944 TS

* Tllnstrated by a map in E. M, Kulischer, Eivope o the Mae (New York, 148,
& J, G, “Courants Métanastasiques dans le peuplement des Pays Serbe’ (p. at).
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may be combined. This method has been used to good effect in a
very full study of migration in the United States.!

Livg-Graphs _
Sa great is the variety of line-graph employed to illustrate popula-
tion data, that only a selected number can be discussed here. The
elemental principles of graphical analysis are summarized, and a few
rather special graphs are discussed in more detail,

Simple Line-Graphs

Absolute Growth Graphs. Probably the most familiar graph used in
population studies shows changes over a period of time. “Totals of popu-
lation are plotted as ordinates and time values, usually in decennial
periods, as abscissae (Fig. 172). Alter the points have been plotied,
they are conventionally joined by short straight lines, although
strictly speaking the implication of uniform growth during intercensal
periods to be inferred from such a procedure is erroneous.

Percentage Increase Graphs. Instead of plotting absolute totals of popu-
lation, percentage increase values are plotted as ordinates. The points
are joined and the resulting line is conventionally assumed to show
rates of growth, which may be cither negative or positive (Fig. 172).

Polygraphs

Trends in Birth-Rate, Death-Rate and Natural Replacersent. In all cases,
rites in values per thousand are plotted as ordinates and time values
as abscissae. Values may be plotted independently and points joined
w form simple line-graphs, but more usually birth- and death-rates
arc plotted on one diagram and natural replacement referred by
inspection (Fig. 173).

Birth, death and replacement rates may be broken down for further
amalysis into age-specific rates. The graphs are constructed in the same
way, but the values for different age and sex groups are plotted as ordin-
ates instead of general values. Age-sex specific rates may be still further
broken down to give racial values, such #s coloured and white.® It is
customary to show data from a complete generation on one graph,
so that some care is needed to differentiate between any multiple lines
which might crosm (see p. 4). Agesex specific rates are generally
plotted for quinguennial rather than for individual yearly values, but
an exception is often made in the case of infants under one year of
age, because of the relative frequency of deaths at this time of life
compared with other ages.

1 (. |. Galpin and T. B, o Enter-Stade Migrations ative I,
uauuji-iﬂiinhd‘ - mgfmammqﬂﬁf s
bused on the Consms, 18701550 (US. Dept. of Agriculture, Washington, 1934).

% For cxample, see graphs in T. L. Smith (o, e},
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Smoothed Curves

Where long-term trends in population growth or in fertility are being
analysed, running means may be employed tw smooth out curves (see
P 146). Curve-fitting is also occasionally used; the inherent problems
are too complex to discuss here, and in any case, the number of occa-
sions on which curve-fitting is a justifiable procedure arc very few
indeed.!

'ENGLAND AND WALES

> BIRTHRATES DEATH-RATES AND
. NATURAL INCREASE, 1876-|948

AR JOO0 . OF THE POPULATION

Fro. 173. A Porvumarn oF Bimrs- aso Dears-Rares

Source of data: The Registrar Gewral"s Statistical Review of England ansd Wales for the Year

1548 (Landon, ta50).
Note the effect on the carve produced by wing quinquenmial Tt o
compared with annual rates

Frequency Graph.

These are used more particularly in analyses of changes in mortality
and survival rates. For example, years of age from o-100 may be
plotted as abscissae, and the number of male or female survivors out
of 10,000 as ordinates. Using this framework, data may then be plotted
for a particular year, and points joined by a line to give a frequency
curve. On the same framework other dats may be plotted for

t Sec examples of curve-fitting in H. Gille (op. &),
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other years and the points joined by lines pecked or dotted for clarity.!

Any other population data can, of course, be analysed on a frequency
basis. Thus A. Stevens (0p. oit.) made liberal use of frequency curves
in his analysis of the rural population of Great Britain. Using the
percentages of panshes and rural districts as erdinates, and mean
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Fbpnhﬁu,wl.n-il‘uh, 1647)- The critical ages have been taken as 20 and 6o yoan,
and the graph to the year 1o40,

densitics per square mile as abscissac, he was able to establish modal
densities of population for England and Wales and for Scotland.
Tnangular Graphs

Triangular graphs are used where three variables in the composition
of population require analysis. They are useful, for example, in the
depiction of the young, the middle-aged and the old in any popula-
tion, The percentage proportions of all three elements are first cal-
culated; the percenmage of the young is plotted along one axis of the

1 See examples of these in L. Henry and |. Vioranger, 'La Situation Démo-
Wmﬂmﬂ% 1950).
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triangular graph, of the middle-aged along another axis, and of the
old along the third axis. Because the component values all add up to
100 per cent, all three values may be plotted on the graph by a single
point. The position of this point within the triangle gives an immediate
indication of the threefold age structure of the population. A number
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of points plotted in the same triangle enables comparisons to be made
between the age-structures of different populations (Fig. 174).

Projected Curver

A device for adjusting trend curves so that they might be compared
is portrayed in Fig. 175. Comparisons of this kind prove useful when
it 18 required to demonstrate that a particular trend which has existed
in the past in one population, i true at the present time for another
popalation. They are of help also in projecting curves into the future.

Semi-Logavithmic Scales
Graphs based on semi-logarithmic scales may be preferable for cor-
tain purposes 1o those in which arithmetic seales are employed.
Population Growth. 1F, for example, popuiation growth is to be graphed,
the time values are plotted as abscissae on an arithmetic scale, and
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population values as ordinates on a logarithmic seale. The points are
then joined. The resulting line gives not only an indication of total
growth, but also a visual impression of rates of growth because the
slope of the line is always proportional to the rate of growth (Fig.

172).!

?.ﬂ’hfarmﬁg and Swrvival Trends, Logarithmic scales are preferred to
arithmetic scales when details of mortality and survival trends are
being plotted, becanse Huctuntions in the rates for the first year of
life: are very important and they can be clearly plotted on a logarithmic
scale, wherens they tend to be compresed on an arithmetic scale.®

Deviational Graphs

Graphs which show deviations from average conditions help to eloci-
date regional variations in sex and age structure and in family structure.
For example, percentage deviations from the national norm may be
plotted in the form of & graph to give a picture of local variations in
age and sex structure (Fig. 176). Loeal variations are plotted for quin-
quennial age groups, for males and females respectively, about a straight
line which serves the dual function of representing national norms of
male and female percentages. The graph then shows not only age
variations, but also variations in the balance of the sexes from one
region to another.® The method does succesfully show important
varzations, For example, in Fig. 185 Lancashire a3 3 whole does not
differ greatly from the average figures for England and Wales, but in
the case of Blackpool both males and females in the younger age-
groups are very much under-represented; on the other hand, females
in the older age-groups form a much larger element in the population
than is normal in the country as a whole. The dispropartion between
the sexes is aldo much higher than average. Compare the population
ol Blackpool and that of Liverpool, where the balance of sexes is
abenit normal but where younger age-groups have over-average

representation,

Cumulative Graphs
The application of cumulative graphs to population studies might
be exemplified with reference to the problem of population distribution.

L H. F. Dickie, "The Use of Logurithmic Paper for Plotting Geographical Statistics',
medgmm.ml and A. Davies, ‘Logarithmsic Analysis and Popula-
Stuctiss’, Geagraphy, vol. aﬂl-miwmﬂ}
& Semi-logarithinic scales are n{tpm;ﬁ:lkthq:minmh.iu
E. Lesvol, ‘Mortality in New “waﬁd and Waler', .Flpdnu.i‘hnﬁn
ﬂst&mbudp,mﬁnl
hﬂpﬁh&lmﬂhﬂdhmdh}r‘r Lhim[qm}m&hn&rﬂdm
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Practically all the difficulties which face the cartographer in the
drawing of population. maps arise out of the great concentrations of
population which occur in the citics and conurbations of the world.
These concentrations themselves vary in size and statisticians have
gone so far as to postulate a law of population concentration, the
Rank-Size Rule for Cities.t Whether or not the law holds good in all
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cases, its application to the cities of the United States reveals useful
evidence about concentrations of population in relation to arca, These
concentrations of population in any region may be demonstrated by
means of cumulative graphs in which area is plotted against popu-
lation.®
The administrative areas within the region, the cities, towns and
rural districts, are first of all put in order of rank, according to the
size of their populations, Areas and populations are then plotted
cumulatively, If all the population lives in one place in hve per cent
of the total area of the region, the resultant curve would be an almost
vertical line X (Fig. 177). If the population is spread out in a uniform
manner, the resultant curve would be a straight line 1. The curve
shows a population mostly concentrated in big cities but with a thin
spread of rural population over the region as a whole. Cumulative
3 ; ; -
G. I-LZE Xmlddﬂt.ﬁu’p md Drinumity [mmuq;m Ind., :?;;gmsw‘;
ﬂt cnc.ng:ﬂhm of coefficients from such is discuecd by J. K. Wright,
Smr:Mmmﬂ'mmhlucm Ansizls of the of dAmmce Gagraphes,

vol, Lancaster, Pa,, 1gy3). He i his methods in *Certain Changes in
l.InﬂEl‘lﬂhﬂlﬂﬂlurh (o sﬂ,wm vol. 31 (INew York, 1o41).
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graphs of this type may be used, not only to show the uniformity
of the spread, i.e. the concentration of population within specific
regions, but also the trends of population concentration over 3
number of years; they may be adopted also to express in quantieative
terms the "‘degree of areal association of different distributions, Le.
the degree 1o which two distributions *fit together’ or tend to cccupy
different areas™.3

CENTROORAMS

Regional trends in the distribution of population can be graphed
by means of centrograms. A number of points is plotted on a map which
coincide as nearly as possible with the successive centres of gravity, or
with the median points, of the population of a particular country as
enumerated in decennial census returns, These points are then joined
by a line which reflects any tendency of the centre of gravity, or of the
median point, to shift from one decade to another, The centre of popu-
lation is defined as a point upon which the country concerned ““would
balance if it were a rigid plane without weight and the population were
distributed thereon, each individual being assumed to have equal
weight and to exert an influence on the central paint proportional to
his distance from the point”".? Where the median-point method is ysed,
distance need not be taken into account. Needless to say, either cal-
culation is laborious, but the results have significance for regional
planning.?

1 [ K. Wright, Some Measiures of Distributioes’, of. al,, po 78,

1 E. Raixz, &b al., p. 260,

3 For elaborations on the technique, see E. E. Siiutlonky and W. C. Eells, ‘The
%::ﬁ;?;um Method and Regioon] Analysis’, Géegraphical Revien, vol. 27 (New



CHAPTER VI

MAPS AND DIAGRAMS OF SETTLEMENTS

Data
Distribution and Forms
Tusrg is a vast range of data which relates to the distribution of
settlements and to their forms. As problems of distribution and forms
of modern settlement are bound up with problems of origins, a his-

torical as well as a geographical approach to settlement is imperative,
and this immeasurably widens the scope of inquiry. Sources can be
grouped into a number of categories,

Maps and Plans. Printed maps on a scale of 1:100,000 or larger
invariably portray all settlements, either by conventional symbals, or
by plan. For details of actual form, however, maps on a scale of about
1:25,000 or greater are necessary, In Britain the current One-inch
and Six-inch series serve admirably 1o show distribution and form of
settlements respectively. For field plotting, base-maps which give details
of individual buildings must be used and plans on a scale of about
zﬁmchﬁnrmngnlmhumumdcmmmryl

Past editions of topographical maps give some historical perspective.
For example, the first editions of the British Ordnance Survey One-
inch and Six-inch series are invaluable in the study of distributions
during the first and succeeding decades of the nintteenth century.
Tithe Award maps are also invaluable where available, as they sup-
plement and sametimes pre-date the data giwn in Ordnance Survey
maps. Often thicy are on a greater scale and give more detail of build-
ing plans, feld boundarics and place-names, as well as throwing light
upon coenditions of tenure and land utilization.®

In addition to these, other map sources include old county maps,#
printed town plans and manuscript maps of various kinds, in par-
ticular cstate maps. The Land Utilisation Survey Maps of Brtain
must not be overlooked, because they contain information about total
land taken up by settlements which cannot be found elsewhere. Geo-
logical maps, particularly drifi-maps, give invaluable details about
siting of settlement. The One-inch and Six-inch geological drift-maps

1 Ordniatice Survey is preparing arcas (1:3,250 and
tmmmﬁnurhmu];uqaumMnnmih ":f.um.,{ -

2 Copies of Tithe Award maps arc sometimes to be found in the local Parish
S P e e ke
Erormesan, (Chelnuford, 1547)-

¥ See R. E. Dickimon's we of Saxton’s maps in “The Dintribution and Functions
of Smaller Urbian Settlements of East Anglia’, Gegrapdy, vol 17 {London, 1532),
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of Britain should be consulted wherever available. Unfortunately these
maps are scarce to-day, but in cases of necessity the onginal manuscript
survey maps may be viewed at the Geological Office.

Adir Photographs. Air photographs provide the means of bringing
settlement patterns up to date, and they are of basic value in the study
of scttlement where cadastral survey is lacking altogether. They are
of use too for providing detailed supplementary information about
settlements which does not appear on maps, for example, relationships
of ‘ridge and furrow’ to settlement form, relationship of settlement to
land-use and to land forms,! and evidence of former settlements. ®

Doacumentory Sources. The origins of different forms of settlement are
frequently bound up with obsolete conditions of land tenure, with
former agricultural practices, with particular stages in the evolution
of the economic structure of a region, with original field systems, with
frontier functons, and so on. A particular form of settlement may be
purely accidental or its site fortuitous. Only its history affords an
explanation of the circumstances of its siting and form. The most
important single document affording evidence about medieval settle-
ment in Britain is the Domesday Book.*

Place-Names, Place-names are of paramount importance in the study
of the origins of the distribution and of the spread, as well as of the
character, of early settlements. Great care, however, must be exercised
in the use of place-names. The random plotting of any place-names
which happen to figure on ordinary topographical maps is to be depre-
cated, because many of the names plotted may not be genuine place-
names. Fortunately, the English Place-Name Society has published
a number of county volumes on English place-names, and they pro-
vide authentic lists of names.

Arehaenlogical Ewidence. The recomstruction of the distribution and
form of prehistoric settlements is dependent upon adequate archaeo-
logical evidence. This may be found in reporis of excavation of settle-
ments, for example, the excavation of Roman towns and of Iron Age
hill forts, The general distribution of prehistoric settlement may often
be inferred from plottings made of locations of archacological finds.
Cyril Fox's work still provides the best introduction to the general

1 Bee the semarkables serics of block e i
directly from air photographs in T. Imwwm%"m m&

Hdu-ﬂwwl. {Berm, 1ago),
= See for example the air photegraphs in W, G. Hoskine (od. ), Stisfier in Lelcesbersier

Hi.%hﬂ:rp:u],t
l:.t\ﬁd:mthnsgttﬂmlﬂulﬂuflﬂ.ﬂﬂﬂ]hrﬂ (L Duhy mmm:ul'l'ht

Eﬂlm pectanty have

a.lr:udjr published, for
of Norfolk and Suffolk’, Grgrophiral Fosraisl,
3‘nu:-':l!.": '1":: Conciir G:;ﬁd Ditticnsry of Mm (}xf'ga]

nd-hirm. 1540) is & wseful mpplementary source, mhﬁ-ﬂ
Ao Mawer and F. M. Stenton, feiroduties fe the Suroey (Cam-
bridge, 1924), should be read. o
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cartographical treatment of archaeological data as applied to settle-
ment distributions.!
Structure of Settlements

The geographer is interested not only in the distribution and arrange-
ment of settlements, but also in the fimctions which the settlements
perform, Information about the functional structure may be gained
from & number of sources.

Population Statistics. Details of the occupational and industrial strue-
ture of the population of different localities can be analysed to show
the functional character of the settlements (see p. 260).

Building-Use and Urban Land-Use Surveys. Detailed information about
the distribution of funetion in any settlement can only be obtained by
making a survey of the uses to which the component buildings are put.
Under the Ministry of Town and Country Planning Act, Local Authori-
ties are obliged to make such surveys for themselves in connection
with redevelopment plans, and occasionally information may be
obined from them. Surveys of this kind may be limited to the plot-
ting of the use of the buildings themselves, or they may extend to the
detailed plotting of land-use in built-up areas.

Directories. Apart from field observation, a great deal of information
about settlement structure can be gleaned from local direstories. Cur-
rent editions of local directories and of the Telephone Trade Directory
are useful, but just as important are earlier editions which constitute
histarical sources and give information about past conditions which
often cannot be obtained elsewhbere. Since setlement structure is
dynamic, an historical approach is esential to the appreciation of
changes and trends.

Invenlories of Property. Inventorics of property made by civic authon-
ties or by estate agents and landlords contain useful supplementary
data about building-use, A good example of such source material is
the inventory of property in New York made by ‘white collar’” unem-
ployed during the period of depression.®

Relationships of Settlements

Information about the relationships between various settlements is
drawn from miscellaneous sourees, but mention may be made of a
few of the more important.

The network of communications as portrayed on topographical maps is
an obvious reflection of relationships between settlements; but tele-
phonic communications are not to be neglected in this connection (sce
P- 304).

3 Q. Fox, The Persanslity of Britaiz, yih edition (Cardiff, 1943).

18ce J. K. Wright, ‘Divensity of New York Gity', Cmgraphined Reviw, vul. 26
(New York, 1936).
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Traffic Ceniuses, The communications’ network gives no information
about traffic density, but some indication is given in traffic censuses
which are held from time to time, conducted by government agencies,
or in the case of Britain, by the Automobile Association and the Royal
Auntomobile Club.,

Time-Tables. Apart from traffic censuses, local bus and train time-
tables give information about density of traffic, although such time-
tables are difficult to interprer.?

Population Statistics, Movement of population between settlements has
obviously to be considered in the study of their relationships. Migra-
tion statistics have already been referred w (see p. 228). Just as
significant is the information given in census returns about the daily
movement of population between place of work and place of residence.®

Newspaper Circalation. Data about the area served by local news-
papers are used in examining the relationships between small and large
settlements, especially in the determination of the limits of urban fields.

Details of Special Services. Details about settlements served by special
centralized retailing establishments such as the local Co-operative
Society, the local hospital, the local Defence Headquarters, are some-
times available to throw light on special problems of urban and
rural relationships.

Market Areas. The size of and the area served by local markets
reflect relationships between [arming settlements and urban centres.
Local Authorities often keep records of sales, and details concerning
them may also be obtained from auctioneers’ lists, ete.®

Questionnaires and Freld-Work, Details about loeal shopping habits,
about the extent of local hospital services, about local entertainment
facilities and so on, arc not casily come by, and some considerable
field investigation is necessary before sufficient data can be assembled
to allow aspects of the relationships between rural and urban settle-
ments lnbnmap‘an'leunmmethmmtuhttdmlnﬂl
organizations, such as women's clubs and schools, cin be successfully
utilized in this connection.*

1 For cletaile of the use of b time-tahies, see F. W, H. Groen, "Town and Country
lﬂ“f?"hﬂﬂ!ﬂiﬂﬂﬁm-ﬁﬂﬂrdumbwm | Gesgraphy, vol. 44 (Lendon,
Im
% The data are ocositsioed in the Warkplare volume of the Ceni of England and
Wales, 1e21 [HMS.0,, 1025).

w.;'] Hmhmn,;lrnhlml‘\mrpm A Geographical Shudy’, Brish Gasgraphy,
2

* R. E. Dickimon, "The Markets and Market Areas of East Anglis', Eomesi
Gremgrophy, vol. 18 (Worcester, Masa, 1943},

"Rchlkn.hipbﬂm“umlﬂ:ndu

ihis method. See |. ., Comly 1
mdhhﬁuﬁéﬂud mfmhmnﬁ’ﬂi dﬁ.&ﬁm:ﬁnh

At present invest ‘urhian Grlds® mlnuh.nﬂpuluukh:mgmuhﬂpumﬂ
questionnaires. See alwo H. E- Bracey, Socal Presizion sx Rural Wiltshire (London, 1932) .
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Faciiies

Since the distribution of buildings is shown on topographical maps
of various scales, as well as on plans and manuscript maps, it follows
that settlement problems can be directly illustrated as facsimiles taken
from such maps.! Moreover, facsimile reproductions have the advant-
age of authenticity (Fig. 178), particularly in the case of historical
records.®

But although facsimile reproductions of maps are often used, it does
not follow that facsimile reproductions are always either satisfactory
or suitable. Facsimile maps are expensive because they may necessitate
the use of colour or half-tanes and attempts made to reproduce coloured
maps in black and white are usually unsuccessful. More frequently re-
duction of scale is attempted with disastrous results as far as the
legibility of the map is concerned.

Facsimiles which are intended for reduction should usually be re-
drawn (Fig. t78). Problems of scale and technique to be employed
in the photographic reproduction of settlements from maps deserve
carcful consideration. A useful technigue in the case of town plans is
to superimpose a positive and a negative, emulsion to emulsion and
slightly out of register. When printed the shadow effect so obtained
creates an illusion of relief which adds to the clarity of the facsimile
(Fig. 179).

CrorocaroMatic Mars

Chorochromatic maps can be used to show the regional distribution
of various forms and types of settlement. They are of necessity gener-
alized; areas with contrasting types of settlement, for example, are
tinted to show major variations, or delimiting lines between seitlement
types are drawn and the areas so delimited labelled accordingly.®

Instead of tints or shading, symbols may be employed to show dis-
tributions. Maps of this type are sometimes termed charschematic. They
have the advantage in the case of settlement of showing admixture

aof types (Fig. 180).
Maps of this type employing pictorial symbols are used 1o portray
1 There are map of this. A. Demangeon’s maps based on the French

1:00,000 seres might be in “Types de peuplement rural en Franee’, dnsules do
Gagrglie, vol. 48 (Par, 1939, Facsmiles of the Six-inch serica are to be found
in H. Thorpe, ‘Some Arpects’ of Rural Settlement i County Durham’,
vol; 35 (London, 1940}, Numerom factimiles to ilhutrate sciilement
%uduncdhhi.h. e, Principer et Problimws de Glographie Humsine (
I '
=M. A Leftvre, 8. ¢it., for exzample, makes use of facsimiles from J. de Deven
&Hﬂ&:ﬁﬂnih%-lﬂ'm,milhmwmil morphology
o

3 Scr an cxample in M. A, Lifevre, 4. ot

i

a
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Free, 170, A PROTO-FACSHOLE

Bused on Atfas wpographigue de s Swine (Atlar Siegfried ), V25,000, sheet no, 451
[Berne, 1034

This hatf-ione shows part of the town of Geneva, but has been produced in such
o way os to emphosize the plan of the towsi
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the distribution of house-types and forms of buildings. For example,
the distributions of closed and open farm-buildings, of stone, wattle,
‘and timber houses, of roof-type, may be suitably depicted by symbols;
very often pictorial symbols are most effective to convey regional
variations in the plan or elevation of buildings, or to convey variations
in the building materials used.

Fia. 181, A Coorocnposare Mar or Usiax Laxo Uss

The relaies to eombitions in the county town of Chesicr in 1 Land used for
mmmhnmwumh:dg Dnumd:ﬁmdﬁgg-&lﬁnmqt

The chorochromatic technique has a special application in the
illustration of the differentiation of urban land-we (Fig. 181), These
maps are of particular value to the town-planner. They are usually
executed in colour and are compiled from field survevs.

Traces
It is often unnecessary to reproduce facsimile all the detail of specific
maps when seulement patterns are being considered. Indeed, the very
process of selecting only certain items on the map and extracting them
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for reproduction purposes by means of a trace may aid analysis by
shifiing the emphasis from the total map to certain distributions.

Building Patterns

The extraction of the building pattern to the exclusion of all other
“topographical detail serves to clarify the arrangement of the buildings,
and significant features of their arrangement may more easily be noted.
The extraction is readily accomplished by tracing off all buildings and
marhng them black (Fig. 182). Alternatively, it may be useful for
certain purpases to trace all the area mken op hy buildings, including
gardens, industrial yards and installations of various kinds. In the case
of British settlement, this can be accomplished by racing off the Land
Utilisation Survey maps all land marked in red and purple, and mark-
ing such areas black on the trace.* The procedure has special merit
in that reduction of the tracings can be effected without great loss of
detail, but it does not_serve always to show the forms of the settle-
menis.

The subsequent analysis of the causes and nature of regional differ-
ences in the settlement pattern may be aided if specific topographical
features arc added to the trace, in addition to the building pattern.
The inclusion of the road pattern may, for example, elucidate ribbon
development, or it may help to explain forms of rural setilement such
as the street-villages of northern Belgium,® the forest-villages ol northern
Germany (Fig. 183), and the round-villages of eastern Germany. Cer-
tain types of rural settlement, morcover, may themselves be associated
with distinctive road patterns (Fig. 184). In the case of towns, the
pattern of roads is often the most conservative feature of urban morph-
ology. A tracing of the road pattern of a town may be sufficient to
show details of its origin and form without the added labour of racing
the numerous buildings of the town. It must not be lorgotten, endier,
that railways constitute an important feature in the structure of towns,
and the tracing of the railway pattern has value in this connection.?

Forms of settlement in certain parts of the world have had their
origin in relation o various field svstens. Hence the inclusion of field
boundaries may sometimes help to illustrate the conditions of origin
of particular settlements (Fig. 185). Enclosures have, of counse, greatly
modified British field systems over a long period of years. Traces from

*P!‘:cnzof of thin techni be in the variow volumes of the
1ol _mpluﬁr 1 lechnique may be socn in
AL A Lafdvre, L'Habitst roral en Belgique. Evsde de Glographis Humoine (Litge,

1a36)
'E}ncmlpiinﬁ.ﬂ. Beaver, *Railways of Great Cine”’, Geprghy, vol. 23 (London,
1037).
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enclosure maps and old estate maps provide useful evidence where
enclosure of land has taken place relatively recently.t

The addition of parish, commune or township boundaries in the
case of rural settlement and of administrative boundaries in the case
of towns, may be necessary to clarify certain aspects of the distribu-
tion of settlements. Thus the addition of parish boundaries, for exampie;
serves 10 show the siting of villages in relation 1o the resources of the
parish. The parish is not always a unit of settlement in the British
Isles, but where there is reason to believe that the parish boundaries
do, or once did, delimit one parish economically from another, then
obviously these boundaries become significant features.

Natural vegetation, particularly the prevalence of marsh, heathland
and forest, often affects forms of regional settlement. For example,
the forest-villages of Silesia and the marsh-villages of the coastlands of
Northern Europe, are related to the colonization and exploitation of
different types of natural environment. Consequently, the inclusion
of details of natural vegetation and of land-utilization may add con-
siderably to an understanding of the settlement forms (Fig. 183),2

Tracings from geological maps, both solid and drift, help to illustrate
the location of villages. The distribution of spring-line villages, or vill-
ages on drift-free sites, is best explained by references to geological
maps. Marcover, geological distributions may exert some influenice,
directly or indirectly; on the form of villages. The lineal agglomera-
tions in the valleys of the chalklands of Dorset differ considerably in
form from the dispersed settlements of the neighbouring claylands of
the Vale of Blackmoor. P. L. Michotte's maps of Belgium which show
the distribution of settlements upon geological base-maps might be
cited as a good example of this type of illustration.* These maps are
coloured to show geological distributions, and settlements are shown
by enlarged and clarified symbols.

Significant geological distributions may often be shown by outlines
and by stipples, providing that such details do not olscure the settle-
ment symbaols,

The sitng and form of settlements may be related to land-forms.
Land-forms as reflected in the pattern of drainage and reliel may
therefore be depicted to show specific relationships. Meander-site

'&tﬂtfm-ﬂmmd in AL Blich, Lo Caractires i Jtﬂﬁlﬁ;
Rurals Frosgzine (Onlo, Loncdon, etc., 1031); M. A Pavies,
Settlements and Field Shape in Pq:mhmz.uh]n Mﬂmwmp

Pt 32 (Lomdonm, 1g39).

2 For further exam see E. H. G, Dobly, “Settlement Papterms in Malaya',
e Roeiow, vol. g3 (New York, 1 'tde..{.‘..Eén:ds,d-L. “The Nowy
Turg} in of the Polith Tatra’, Soatild Magazine, vol. 81 [Edinburgh,
1535

'P.L Michoter, Belpiger. Echantiilons-types de Rigions Géagraphigues. Collection
Brunhes, 1:20,000 (Pam, various dates), L
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towns, for example, settlements on river terraces, gap towns, towns
defensively placed on isolated hills, and dry-valley settlements, are
all ‘instances of such relationships. Usually the tracing. of certain
contour-lines and drainage channels suffices to summarize particular
land-forms. Hachures; it might be noted, are frequently more helpfil
than contours in demonstrating certain aspects of site.

Elements of the Settlement Pattern

So far the scttlement pattern has been considered without reference
to the varions kinds of buildings and installations which make up the
pattern. The buildings may be of different ages; they may perform
different functions, they may vary architecturally one from another,
Except for the information given by place-names, not much attempt
is made in topographical maps to differentiate between the variety
of elements in the building pattern. S}’mbﬂhmuﬂd to show churches,
and in the case of the Swedish 1 100,000 series, individual frms are
differentiated by symbols.t Different housing patterns are also shown
symbolically in specific editions of the British One-inch series,* and
much can be inferred about the residential character of different
neighbourhoods by an inspection of the building patterns given
on maps.

For a proper analysis of the elements in the building patterns, how-
ever, a certain amount of fiedld work is necessary. Elemients in the
building pattern which might come in for special study are age
clements, architectural elements, for example, height of buildings® or
style, and functional elements. The reatment of age elements-profiers
certain problems in the selection of dates to delimit age categorics
which are to have sigm.ﬁc:u.m;c. inguiry into the architectural elements
may prove of wse in the demonstration of the changing fimctions of
buildings, and in the reconstruction of historical functions performed
by a particular settlement. It is not intended to consider age or archi-
tectural analysis here, but something firther may be added about
functional analysis,

Functional Elements, Mention has already been made of building-use
surveys (see p. 283), Such surveys provide the data for functional
analyses of settlement pattern, The essence of the cartographical treat-
ment is to produce distribution maps of the functional elements. This
may be achieved by tracing the settlement pattern in detail and tint-
ing individual buildings and installations according to the nature of

1 s'h'ﬂi]lh
e LW Akimsany SThe Snly of Seriomis, Gaprapbieal Riebor vel. 18, (New

Yok, 1
ﬂwtm&m&mﬁwﬂm Patterma In Fd"lh md Sixth
of 1
Sce W. W. Atwood, * c:uﬂpauul li:.l:h‘luc'{ A—d:e"m
Jmﬂ" {I.m Pa., 1910).
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their functions, or as a more practicable method, particular elements
may be extracted from the pattern and considered separately (Figs.
186-7).

The fundamental problem is to show functional elements over a
wide area, without over-reducing the tracing so that isolated build-
ings are lost in the process. The following method is applicable in the
case of dispersed buildings such as farms. Suppose, for example, it is
required to show the distribution of the agricultural element in the
building pattern of a region in Britain. The data is compiled by ficld
survey on a Six-inch base-map. The symbols representing farm build-
ings may then be transferred on to 8 1:25,000 base-map, or even on
to a One-inch map, providing that care is taken to locate the symbols
accurately (Fig, 186), This method cannot be used for agglomerated
buildings, bt in this case the problems of reduction are not so acute.

A further difficulty in mapping functional clements in the building
pattern arises from the necessity of deeiding upon the function of a
building used for more than one purpose. In Fig. 187 a solution to
this problem is offered. The proportion of a specific function, residential
in this case, performed by each block of buildings has been estimated,
and the building symbals shaded accordingly.

Elemental functionsl analysis of scttlement pattern facilitates con-
sideration of the factors both determining the distribution of settle-
ments and the form of the settlement pattern. It is often a useful exercise
to compare the ammangements of & particular clement in the pattern;
for example, the central husiness district, in different towns* or to
compare the arrangement of agricultural buildings in different regions.
The principles of plotting elements in the settlement pattern may be
extended by considering the detailed composition of each element.
The residential clement, for example, is capable of subdivision into
various grades of property.

It must not be forgotten, however, that settlement pattern is an
organic whole. Elemental analysis should be employed as much to

L See, for example, G. W. Hartmann, *The Central Business District: A Study in
Urtmn Geography’, Eamamic Grography, vol. 26 (Worcsster, Mass,, 1950)+

Fro. 188, A Guowr Mar or Lypvmiass

Hased an A, Metik, “Rarvij Linbijane’, thi Vestnit, vols. 5-6 (Lj biE.u-,l 15
mﬁﬁmhhhiymuﬂnlm: the mndil:vllsmuirﬂ; 1!‘:9?:#
muicttulmth: tgﬁ&m;lﬁhmnmmmnﬂh%m:{
around the bishop's palace, at the beginning of the 14th cen lasers
the Em";:: qullmrluuhtd?mrhl:druthm ;i.th:l u%thtmw
to 18a5; B growih te gry; 7, gre o tguag; inal pocltd of merounding
rwﬂtukmu.tmrﬁv:]}'mnm. e
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demonstrate the relationships between its various points, as to analyse
the variety of ingredients in its make-up.

Growth Maps

Mention has been made of date-of-building traces. Such traces give
a rough guide to the growth of particular settlement units, but they
are not always completely satisfactory in this respect. Often much
rebivilding has taken place in the centre of a town, the age of which
is no guide to the growth of the town from a specific nucleus. With
the aid of a series of topographical maps, composite traces may be
constructed which provide a truer picture of the expansion of the town
-and of the rate of its growth (Fig. 188). One-inch maps which give
the limis of built-up areas are usually sufficiently detmiled to plot
growth by means of tracing the building pattern at successive decades.

SyumsoLs

Strictly speaking; even the tracing of settlement patterns from topo-
graphical maps, which s referred to above (p. 291), makes tse of
symbolic illustration, insomuch as the settlements on topographical
maps are sometimes conventionally depicted because of seale problems.
However, the symbols on these maps usually reflect the plan of the
original buildings where possible, The symbols dealt with in this sec-
tion lake the form of dots, proportional circles, or dilferentiated
unguantitative symbols such as stars and squares. These symbols are
used generally to depict the distribution of settlements over a wide
area, where traces would be impracticable, to depict elements within
the settlement pattern, to indicate different functions of setilements
and of individual buildings, 1o relate settlements to population, to
Hllustrate problems of siting; form and structure, and 1w show relation-
ships between settlements.

Indicidual Buildings

Symbols to show individual buildings have their uses, The distribu-
tion of habitations, or of furms, can be shown by dot maps where one
dot is equivalent to one unit.t

Differential symbols are useful for depicting the distribution of indi-
vidual buildings according to their function, in order to illustrate the
plan and structure of rural settlements. The dots may represent hotses,
churches, schools or administrative buildings. G. T. Trewartha used
this method 1o demonstrate varicties of hanilets in the United States.®

VSce Edgur Kant, Opelpues la Reprévemtation de la Desritd des
Hubigations Ruralss, p. 455, Apoplareis Tartnenria (Stockholin, 1949).
TG, T, Trewarths, “The U miﬂ:;mkl'.dm#'ﬂrd#ﬁﬁld'
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Urban Structure. Symbols are frequently emploved to show the dis-
tribution of offices, industrial undertakings, shops and banks in towns
(Fig. 189). Spheres proportional in size to the number of employees
in a firm cnable important differences in the size of undertakings to
be depicted.? Factory locations may be plotted according to the num-
ber of hands they employ or according to the amount of capital
invested in them.?

LIVERPOOL

# Boat builders
& Rapers

o Coopers
+ Saitmakers

Fro, 18y Locamon or Seezoren Isvtsmams o LiverrooL o 1966 oy Syunols

Source of data: Gore, The Liserpeal Dhrectory, :;lﬂER_.WEIﬁmm,.{Hnﬂ'ﬁﬂpnl
eeith the Dioeks, r765, wan wsed 25 2 hase-map for plotting the data.

Shap Rent Index. Typical of the problems which the urban geographer
encounters in his mapping of town structure is the difficulty of repre-
senting the distribution of the intensity of shopping within a particular
town. Proportional symbols have to be devised because duli maps o
show the distribution of shops do not reveal shopping intensity. Daa
on which to base the symbols are hard to come by, Amual turnover
is often inaccessible, the size of window is not a reliable guide, and

' s these methods in the ull
Py o oy gt oLl g .
*Stockholm’, Zq-q-w Revirw, vol. 30 {(New York, 1940)-

2. E. Orchard, ‘Shanghai’, Gengraphical Revicze, vol. 26 (New York, 1946).
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rents vary according to the size of the buildings. Even the number of
employees is misleading because of the different values of goods handled
by particular shops. In his analysis of Stockholm, Olssen offered one
solution of the problem. He devised a shop rent index which took into
account the total shop frontage in a particular street, together with
the rents paid by individual shops. He suggested the following formula:

Total Shop Rents in the Street Frontage

P Fiewt Jadoe= Length af Sireer Frontage

The shop rent index is thus the shop rent per umit of frontage. Pro-
portional symbols can be constructed on the basis of these data in the
form of rectangles, the depth of which vary according to the index
(Fig. 160). The rectangles may then be shaded according to the dif-
ferent activities of the shops. These maps may be simplified to show
shopping intemsity road by road throughout the town, by making the
;-ridlhl ::if cach road conform to the varying proportions of shop
ront index.

Town and Village Symbols

Population Tolals. The convention of representing the distribution of
towns and villages by dots, small circles, small squares, dots in squares
and similar symbaols has a wide application, These symbols are designed
to show the importance of each town as measured by the size of its
population, according to the totals enumerated within the civic bound-
aries. These totals may not be fully representative of a town’s regional
importance, because the built-up limits of towns are not coincident
with the civic administrative boundarics. Too ofien, also, a purely
arbitrary classification of population totals is employed, such as towns
with a population over one million, over 100,000, over 50,000 Or over
10,000 inhabitants.t

Ceriain significant population totals can serve to indicate the function
of particular settlements and to point to their place in the urban hier-
archy. For example, a study of settlements in the United States suggests
that purely rural centres usually have a population of about 25-400
and that market centres performing certain urban functions have a
population of about 4oo—4,000, Probably one of the most controversial
studies of the theory of the defmition and distribution of urban centres

. A ) - :
e S b b
a method i 10 be found in M. Jeflenon, *Some ideration of the Ceographical

Provinees of the United States’, Aasaly of the Aueciation of American vol. 7

{mm%:&;g'ﬂ'*w"h 4 md{&mm.@
towrs ¥ to represent populati e

mudywmmm&un:!?nr. -
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is that by W. Christaller for southern Germany, in which he suggested
the following classification:!

Settlemeni Average Population
Small Market Towns (Markforf) . .. 1,000
Market Towns {Mmg : z - 2,000
Local Centres (Kredsstadf) . - i 4,000
District Centres (Bezirkstadt) . - 10,000
Large District Centres (Ganefadl), d 40,000
Provincial Centres (Provincestads) . - 100,000
Regional Centres (Landstadt) 2 : 500,000

Centrality. ‘The size of its population is, however, only one indication
of the regional significance ol a town. Some towns with a large popu-
lation, such as the agricultural villages of parts of the Danubian plain,
have relatively under-developed regional functions. Urban geographers
have therefore devised many other methods of measuring the centrality
of a town, in addition to employing the size of its population. Christaller
devised an index of centrality based on telephone services as follows:

cwi-(2)

where C=index of centrality, t=number of telephones in a town, p=town's
population, T=number of lelephones in the whale vegion, P=population
of the whale region.

Hence a town with a telephone density equal 1o that for the region as
a whole would have an index equal to unity. Indices equal to and
above unity can be plotied as regional centres by means of propor-
tional symbols,

E. Neef has recently criticized this method on the grounds that
telephone ratios indicate only certain regiona! functions, and that
Chiristaller fails to take into account important geographical differences
between regions in his concept.®

Nature of Buildings, Trrespective of the nature and size of its popula-
tion, a town's huildings may afford an indication of i place in the
urban hicrarchy. The number of banks in a town, for example, is to
some extent & measure of jts regional importance relative to other

''W. Christaller. Die Zentralr Orte in Siddestcklond (Jena, 1935);

BE Neef, 'Das Problem der Zentrilen " P s Gangraphische Miticiliomgen,
vol. g4 (Gotha, 1950), S et
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towns. The presence or otherwise of specialized retail stores, of depart-
ment stores, of a newspaper, of a hospital, or of a university are other
features to be taken into consideration. Major cities, for example,
according to A. E. Smailes, should contain certain government depart-
ments, a stock exchange, and a main branch of the Bank of England;
th:r!hnuldhm.rca daily morning newspaper, a university or university
college, and a medical school. Main towns should incorporate three
or four banks, a grammar school, a cinema, a hospital and a weekly
newspaper. Sub-towns lack one or two of these services and urban
villages lack two or three.!

Functional Classification of Towns. Symbaols may be employed to show
the distribution of towns according to their major functions (Fig. 191).
These may be determined by a number of methods, Analysis of the
occupational and industrial structure of urban populations s the
method principally adopted to determing functional type. Functional
analysis along these lines has already been mentioned in chapter V
(pp. 259-61). It should be stressed here that one of the difficulties in
analysing ocoupational structure is the deficiency of population data
based on place of work.

England and Wales: Industrial Structure

Industry Percentage of Labour

Foree Employed
Manufaet
Servicing of nIE :ypu
Financial Services . .
Transport and C-amnnuucalmn
Administration and Defence
Mining . 3 B
Fishing and Agriculture .

=i m»h‘?r;
[# R E.]

The chief types of towns comprise manufaciuring centres, retail
centres;, wholesale centres, transport centres, mining centres, health
resorts, entertainment and residential centres, educational centres, ad-
ministrative centres, and large towns with divemified functions. Of
course, all towns do perform a diversity of functions in varying pro-
portions. The major function of the town is not necessarily that in which
the major part of its population is engaged, but that in which an un-
usually large proportion of its population is engaged (Fig. t61). In
considering the clasification of towns along these lines, the general
averages for England and Wales given above form a useful working basis.

b For demily of rﬂmﬁmm lamification, see A. E. Smmiles, *The Urban
Hirrarchy of Englund Gw#hrﬂ:f&mdm,:m}
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For fuller details of the classification of towns and cities by funetion
with the aid of occupational data, reference might be made to the
work of G. D. Harris.!

Variegated symbols may be employed to indicate the different
fimctional types of towns and cities. Because they stand for something
rather different from the conventional town symbols, functional sym-
bols might be given a rather different character. For this reason stars
and triangles are rather more effective than small dots and squares.

It might be noted that Olssen, in a map depicting the ecohomic
structure of Sweden, employed a series of propartional spheres 1o show
the distribution of settlements, coloured variously according to their
specific functions. This device enabled the size of settlements to be
indicited as well as their functions [see p. 253).

Forms of Seitlement. The form of a settlement often, though not always,
provides evidence of its origins, together with some indication of the
changes which have mken place in its function and character since
its foundation. Symbols may be effectively employed to show the forms
of settlement when the scale of the map is not sufficient to show the
actual street-plan and building patterns. The classification of forms
of settlement to be adopted may be based on traditional types such as
street-villages, green-villages, basfides, ‘checker-board’ towns and con-
centric towrns, More elaborate classifications may be employed for
specific purposes, such as that used by M. R. G. Gurnztn in his por-
trayal of the forms of settlement in North-east $

Site. The mapping of the distribution n!‘dsﬂ'tnml types of settlement
sites may be executed most easily and efficdently by symbols. Sites
which make use of the defensive possibilities of hill tops, of islands
and of meanders, which are at wet or dry peints, sites which exploit
the commercial possibilities of river crossings or route convergences,
are but a few instances of possible types. 5. H. Beaver makes use of
symbols in maps to show the distribution of hill-top, valley-bottom
and spring-line villages in Northamptonshire.?

Dates of Foundativn, The plotting of the dates of the foundation of
towns may afford useful evidence concerning the spread of settlement
and of economic organization in frontier lands. A map of this type
has been compiled by R. E. Dickinson.*

The Sphere of Influence of Touwms. Certain aspects of the sphere of

L D Harris, ‘A Functioml Clasification of Cities in the United Siates’, G-
praphivel. Betow, vol. 33 (New York, 1049):

M. R. G. Comzen, "Modern Settlement”, Hwﬂlmw
hdlh&uummhrﬂzﬁdimdgcwm [Nrm.ﬂi,

* 5. H. Beaver, The Land of Britzin, Fare 58 (London, 1043),

4 R. E Dickinson, “The Medieval Towm of Enstern German Lands’, Gegraghy,
vol. 27 (Loodon, 1042).
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influence of towns may be effectively portrayed by symbols. Varie-
gated symbals, for example, may be employed to show the distribution
of the sources of daily labour of neighbouring towns. The affinities of
villages to various regional centres, as shown by shuppmg habits; by
newspaper circulation, by the provision of special services such as

higher educational institutes and hospitals, can be shown by means of
symbaols (Fig. 192). The symbolic method has certain advantages over
the lineal delimitation of urban fields, because it reflects both the pyer-
lap and specialization of services provided by different regional centres.*

Place-Name Elements

The plotting of place-name elements by means of symbals is of con-
siderable help in the evolutionary study of settlement. Mention has
alteady been made (see p. 282) of the English Place-Name Society
and its series of county volumes, which may be used to plot the dis-
tribution of certain early place-name elements.? For example, Celtic,
Anglo-Saxon and Scandinavian elements have been plotted in Fig. 193.
One-inch or 1:25,000 topographical maps must be consulted in order
that certain place-names can be located. It should be borne in mind
that it is not always necessary to plot every variety of place-name ta
recanstruct the distribution of early settlement. One or two types are
often sufficient to give the broad distribution, and detailed plotting
serves only to emphasize this distribution. Interpretation of the pat-
terns of distributions in the light of geographical circumstances can be
facilitated by mapping distribution of relief, drift geology, soils and
drainage; on a scale similar 1o that of the distribution map.

CrororceTa Mars

Dispersion and Cencentration of Settlements

In the study of settlement over wide arcas, building traces become
cumbersome to use, and it is ofien impossible to analyse the scatter
of settlements by inspection alone. It becomes imperative to devise
some means of quantitative analysis of the settlement pattern, and
students of settlement have long concerned themselves with the prob-
lem of evolving formulae for this purpose. In considering dispersion
and concentration of settlements, for example, a number of variables
have to be considered. These include (4) the number of settlements,
(8 the number of hotses in each settlement; (&) the size of the popula-
tion in each settlement; (d) the area of the region served by each

‘!"l::lgmﬂmm;ﬂ:nfﬂurﬁ'mhmmenf:ymb:ﬂ!mmdwhhllﬂldm
tion, see H, E. Bracey, #b. @i. From a serics of symbolic ‘mapa hl:unhh: to derive
*mexdian’ lmmhri:lhctﬂtcnl]he rpﬁ:mdhﬂucmufm&hbn trwm, See
sho A. E. Smaila, The Anabnds and Irnumfmarmhmﬁ:hh Gengrapéy,
mﬂlmﬂy 1947)-

in H. C, Darhy (ed.), dn Histerical Geagraphy af Engpleed
:-Iaq,pu:Mggﬁ' (), 4s = v i
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settlement; and (¢) the distance apart of settlements. No one formula
has ever been satisfactorily devised which would take all these vari-
ables into consideration, but a number of indices, in which two or three
variables are involved, may be used 1o map certain distributional
aspects. A selection of these may be briefly considered.

Demangenn's Coefficient of Dispersion. This is obmined from the formula:

GEx.N
mj_—.-
where E= dearls (population of commune minus
chief place), N: —mg‘é’ajﬂ—l T—fmmm. b e

This calculation is only made possible because in French censuses,
returns of population for each commune give two totals—one for the
chief place in the commune and one for the population of the éarts
or isolated settlements, “This formula has been applied with excellent
results, in 3 map of the dispersion of scttlements in France in the
l*rr.nch National Atlas (ep. at.).

Simple Index of Dispersion. Unfortunately, British census l‘l:tu:m.t do
not differentiate between chiel places and isolated setilements in any
one parish, but some idea of settlement dispersion may be deduced
from the formmila:

)
ItH

uﬁm!uﬂsh&xq{duﬁwnu,&'lﬁsm&rquhm#mm
parish, and H the mumber of iselated houses.

A house which is situated a quarter of a mile from any other house
is conveniently taken to be Bsolated.

Berahard's Index of Concentration, Rather more elaborate and not
equally applicable to all regions is |. Bernhard's formula, which takes
into account the number of houses, the area under consideration and
the number of settlements, Bernhard argues that concentration of
settlement s a function of the number of hoiises in each settlement H|S
and of the number of settlements in a given area A/S.' Considering
both functions, he obtains the formula:

-(5)G6)-=

| Bernhand, *Une farmule pour de Ihabitat roral
ﬁ mﬂpuﬂnmtduﬁmm’,mﬁ'ﬁumwﬂ
y Pariz, rgye, vol. g (Paris, 1954}
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Pawlowski's Indices of Concentration. S, Pawlowski in a study of settle-
ment concentration in Poland® used the following formulae derived
from settlement traces which had been gridded with a network of
25 kilometre squares;

Meas value of Cancentration="5 * = * ()
where Ar=area occoupied by the settlements in km.® and S=mumber of
settlemenis.
This value will vary betrween o and 1,

A + (2)

Cosfficiensof Gomcentration=—. * *

where A=the area of one square (25 km.%) and A;—area occupied by
seltlements,

The area occupied by settlements includes the area of gardems, etc.,
and compares with arcas marked red and purple on the British Land
Utilisation Survey maps.

Nant's Index of Concentration. A most ingenious formula to show density
of rural settlements was devised by E. Kant (op. ait.) o illustrate settle-
ment in Esthonia. It was designed to be used to reduce a map showing
distribution of habitations by means of non-quantitative dot-symbols
to one in which dispersion and concentration of settlement was more

precisely reflected in terms of distance between the habitations, The

formula 1s:
1 A
X_HJ-

where X is the relative tnterval between two settlements, 1/M s the wcale
of the map, A is equal o the area under consideration, and D) the density
of habitations.

Sefilement Groupings
The size of settlements and the grouping of houses in settlements
may be indicated by adopting the following coefficient of grouping (C):

Number of Inhabitants in the Parich
The Number of Settlements in the Parish

Population totals in this case are yielded by census returns, and the
number of settlements in a parish have o be counted from con-
tﬂ:l_.p!m:r!r topographical maps. Another possible coefficient (C,) is
s follows:

15 Pawlowsdd, ‘Encore Mﬁhﬁe&kﬁ&mﬂm&rﬁw%:‘ Génerale
de 1"Habitat Rural’ G-;:M:ﬁ(‘:qﬁrﬁd:-ﬁ-ﬂi Cdographis, Amctrrdam,

=
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Cie Number of Houses in the Parish
" The Number of Settlements in the Parith
Infarmation about numbers of houses is also yielded by census returns.
LDensity of Housing
The density of housing in mydi:hiethmnmﬁumﬂyuprmﬂ
as the ratio of the number of houses per unit of area (Fig. 194). This

DENSITY OF HOUSES
IN BELGIUM

Humary pe VR oty

Ower 500
23 = 30D
)=z
L. -]
LI -1
=0

Fio. 194 A Catsorizmn Mar o Housmo Dessrry

Based an M. A. Leftvre, 'Carte de Densftés dey Mairors en Belgique®, L' Hubizer rersd
= Belgipee [Litge, 194906).
ratio, however, is not always reliable, because it is very often invali-
dated by the inclusion of extensive areas of parkland, land taken up
hyhdmﬁﬂﬁm,mmiumdmm}‘mmpwpmam
parative densnty of housing Is useful, which is expressed by the ratio of the
numbernfhnmupcrunitnfmn{hmtuscdﬁrrﬂidmﬁﬂpﬂb
poses only.
Residential Structure
mmmﬁ:rthcwth,hhrhdhﬂdhp,m'mu'nf
big cities provide data wherehy the social and residential structure
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of the city may be analysed geographically, largely by means of
choropleth maps based on certain indices. J. Mescheles, the Czech
geographer, has demonstrated how such analyses may be carried out.?
Significant indices comprize the percentage of males over 23, to give
an immediate indication of the distribution of sex-ratio in the town
and the number of domestic servanis per 100 housss, to give an indica-
tion of grades of residential property. Other indices include the per-
centage of the residential population gainfully employed, the number
of families per house, and so on.

IsorieTH Mars

Isopleths do not have a very wide application in the cartographieal
study of settlements. They are used largely as a means of simplifying
distributional aspects of settlements where generalization is required.®
Thus J. A. Barnes and A. H. Robinson devised a special formula 1o
obtain an index of dispersion of rural settlement which could be used
as a point-value for the interpolation of isopleths.® The best measure
of dispersion between farm houses, or for that matter between settle-
ments, is their distance apart, but to measure such distances involves
great labour. Barnes and Robinson demonstrated that the average
distance (D) between farms in any administrative unit closely approxi-

mALES (o
v
T o
n

where A is the area of the unit and n the number of firms.

Values of D are plowed in the centre of the unit and isopleths are
interpolated in tenths of a mile, or at any distance suitable to the
scale of the map (cf. Kant's formula, p. g11).

Polish geographers, who have tended rather 1o specialize in problems
of rural settlements, often combine isopleths with choropleths to show
the distribution of rural habitations.*

! J. Moncheles, ‘Prague’, Geographical Rasiaw, vol. 57 (New York, 1a37).
'hthcmpﬂth:dﬁlri!u&mal’hmhninUMW‘G.T.Tmm-.[‘q.cﬂ.I-
}Ljdmmuudimpﬁﬂhﬁnh:whmi&mphmfuudmm?mm1 -
].l;‘vmlh:.r o denae] mtupl{t}twnlhnwlhtgnﬁtﬁlﬁlhﬂﬂ?mltflhlzuﬂﬂ
ings i Valkynia), Proce Wylanan  Zeblatets Wﬁm Wildeskisge,
no. 1 {Viloo, 1636}

'-&Mm:ﬂdﬁ.ﬂl{m‘ ‘A New Methed for the Representation of
Eﬁg:rndhurﬂ&tﬂmm*,wm.mgnfﬁermi,:wj. =
t;a%'mmmanm'.mm
ATIEw, 1
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Isochrones

In the delimitation of the sphere of influence of cities, it is desirable
to know the time taken in travelling between the city and the country-
side. Times can be ascertained for a number of points and isopleths
then interpolated for intervals of an hour or so. Isopleths which join
places having the same travelling time to the centre of the city are
sometimes called [rachrones (see also p. 188).1

Isostades

The isopleth method may also be used to show spread of organized
settlement in frontier districts. Dates of foundation of particular towns
are plotted and isopleths interpolated for significant dates. These have
been called wrontades.®

Corvmyar Diacrams awp Divipen RecTaNovLes

Starting lrom the axiom that *a qualitative analysis of rural settle
menit has scientific value only if supported by a quantitative statistical
foundation",* Miss B. M. Swainson analysed the dispersion and
agglomeration of rural settlement in Somerset by means of columnar
diagrams, and it is principally in connection with such analyses that
these diagrams have so far been employed. But they are also of use
in the comparative study of the population structure of different settle-
ments and in the study of differential growth of urban and rural
population.

Population and H.

Miay Swainson devieed 2 system of eight columns to represent a
seried of house-groupings for contrasting blocks of rural parishes in
different parts of Somerset. The heights of the columns were made
propertional to the percentage of the total population in each block
of parishes. The method is demonstrated in Fig. 195, which has been
constructed 1o show features of the settiement-groupings in Kent.

The data about population and the number of dwellings in a parish
may be obtained from census returns, but the house-groupings have
to be ascertained by counting the number of houses in each settlement
from large-scale maps. There is often difficulty in doing this because
individual dwellings are not always distinguished separately on maps,
and it frequently happens that anomalics occur between the number

} For an e E. Kanl, a map entitled "Urban Hinterlands in Estomia
with Policentric [sachrones’, i Envitesmend and Populabion Problems v Estenis [Tart,

1934}
:g;i'nnﬂn,fhrf'rm Gr.dwvnl.gt‘r{lmlhm,tm]
Swalmon, “Thsperion -ﬁ“lnﬂhmllnnnfﬂ.mlﬁmlmlhﬁw
Geomgraghy, vol. 29 (Lowdon, 1944).
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of houses counted from the map and the number of houses returned
on the census. Some Reld-work, therefore, is necessary o smoath out
these anomalies, The census of 1951 should provide data which will
make possible analyses of house-groupings in rural areas which will
be of interest not only in the study of the evolution of settlement
patterns, but also in the classification of modern scttloments,
House-Groupings, Where it is not possible to obtain maps which are
contemporancous with census returns, columnar diagrams may be
constructed along similar lines to those outlined above, but with the
height of columns made proportional to the number of occasions on

which a particular grouping occurs (Fig. 18¢).

Compound Columnar Diagrams

Diagrams may be constructed proportional in height to the total
population of units of area at different periods, and subdivided to
show proportions of the population living in large towns, small towns
and villages. Some census returns lend themselves readily o such
analyses because they contain tables showing totals of enumerated
population living in communities of specific sizes, i.e. less than 2,500,
2,500-10,000, and so on.! Alternatively, columns may be constructed
to show numbers of howses, and divided to distinguish types of houses.®

Divided rectangles may be emploved in much the same way as
compound columnar diagrams to indicate changes in settlement struc-
ture as reflected in the urban and rural status of the population. In
Fig. 196, for example, comparable rectangles have been constructed
to show the state and progress of urbanization in sclected European
counitries between 1850 and 1450,

Seectar. Dhaorass

Flow-Line Maps

Traffic-low maps and the principles of their construction are fully
dealt with elsewhere (see p. 213). They deserve a sepamale mention
here, however, becaiuse of their use in the delimitation of town and
country by means of motor-bus services.® The delimitation has a
t See an application in Admiralty Geographical Handbook, Germsay, vol. 3, p- 80
(Lemdon, 1944).

'&enmdwidupmnrm;nﬂmhmﬂ: in K. Finley and

E. M. Scott, "A Great of Dispersed Diwelling Types', Grgraphizal

R G o G
ireen, T and Coun Northern Trelanad®,

{Lomloa, 1940); and * ‘Motor-bus &nm"rmm&m:h- mﬁhﬂd el

ﬂnnm!"npﬂ.mmmd F:ﬂlllmménﬂmf me
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Ewropa aul Grund eciner pruen Karte in Mane 134,000,000, fim‘f:rr Rrmdzs du

Comgris Intrrnatianal de Glographic, Amserdem, 1938, vol. 2, section 3a (Leiden, 1938).
The dizgrams show the relative proportions of the population of varina Evropean

countrics Living in places of e than 5,000 inhabitants or in larger places, & the case
might be. (hanges oocurring within the space of about sixty years are also shown,
to enable the progress of urbanization to be visually asessed.
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reconnaissance value in the determination of the average hinteriands
of towns, and in the evaluation of shopping facilities of urban centres..
All local services must be 1aken into consideraton. First of all, ‘motor-
bus centres', from which radiate at lgast some regular bus services
which serve no town larger than themselves, are ascertained from the
time-tables. The frequencics of buses employed on the various services
are plotted in the form of flow-lines. After an inspection of the dia-
grams, it i5 possible to decide where boundariess may be drawn (o
separate arcas within which one centre is mare accessible than any
other. Certain difficulties arise in the execution of the method. Double-
decker buses, for example, may be used on some routes and not on
others, and duplicate services are not shown on time-tables, Neverthe-
less, the compilation of these diagrams constitules a consiructive exer-
cise and paves the way for further analyses of urban hinterlands by
other methods.

Ray-Diagrams

Ray-diagrams are used to illustrate aspects of the sphere of influence
of towns. The affinities between town centres and villages in the sur-
rounding countryside may be indicated by a line joining the village
to the town centre. Thus if a town functions as the shopping centre
for a mumber of neighbouring villages, its function is reflected by a
number of rays radiating from the town to the villages. It is an advant-
age of this method in the delimitation of urban felds that it allows
overlap to be shown. It can also be adapted to show 4 great variety
of affinities in a simple but effective manner, for example, the circula-
tion of newspapen (Fig. 197).

Urban: Profiles

As a contribution to the study of the morphology of cities, E. van
Cleef has made use of ‘urban profiles’.! They take the form of shightly
exaggerated silhouettes of the profiles of citics, with the object of depict-
ing variations in their geographical character in a pictorial manner.

Sketch-Maps

The sketch-map has lang been an indispensable waol of the geographer
in his illustration of the position and siting of settlements. Tt also serves
to clarify analysis of the form and functions of settlements,® Basic data
for sketch-maps may be derived in the first instance from topographical
maps, for example, key contours, limits of built-up arcas, main lines

LE van "The 1,
L Clext, hﬂl.:;;;l’hﬂ: , Anmely of the Averiation o Americen Geagrapher

"l'htﬁmmtﬂtdlmtmmplnuﬂ H, K. Spate and E. Alupad, ‘Five Citics

of the Plain®, ,  aad N B
Dickinson, ‘Morphology ey e uummm'm*: ?‘ﬂmt’ "t‘w
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of communication and so on. Further details are added from other
sources, such as historical and geological maps, to illustrate specific
points. Griffith Taylor makes great use of the sketch-map. His use of
hachures, his selection of key phenomena, and his method of annota-
tion might be noted.?

Diagrammatic Sketci-Maps. Skerch-maps in which the scale is dis-
torted in order to demonstrate relationships between siting and surface
features, and in which at the same time space is conserved and an
orderly classification effected, have been termed dingrammatc. The
word cartogram is sometimes though not exclusively used to describe
such illusirations.® .

Generalized Sketch-Maps. A weful exercise in the analysis of the forms
of towns entails the construction of generalized diagrams, which incor-
porate distinctive features of the plan and structure of regional types
of towns.?

Sketch-Blocks

Block-diagrams (see p. 97) can be very effectively employed in
the portrayal of the siting of setilements, and in the analysis of geo-
graphical factors influencing their growth and structure.t The intro-
duction of the third dimensional aspect often throws light on the
operation of geographical factors which two-dimensional plans tend
to conceal altogether.

Stage-Diagrams

Sketch-blocks and sketch-maps may be arranged in tiers to demon-
strate the evolution of a settlement at different stages during its period
of growth (Fig. 198). These have been called stage-diagrams by Griffith
Taylor. In the construction of such diagrams it is of great help to
obtain as many historical maps of the settlement as possible and to
reduce these photostatically to the same scale in order to facilitate the
process of chronological analysis. The mere mechanical process of
reduction and arrangement reveals the operation of geographical
factons aflecting the growth of settlement which are otherwise easily
overlooked.

Lixe-Graras

Many problems concerned with the location, size, strocture and
function of settlements ean well be illuminated by graphical illustra-
tiog, but there are in fact singularly few examples of the application

1 G. Tayler, Urben Gography (London, 1 oga).

A good example of ita application to u classifieation of settlements in Susex & to
be fousal in The & Brilieca, Pares By-4, Sussen (Eaif and Wesd) (London, togs).

*H. J. Fleure makes a reference 1o the we of those sheich-maps in ‘A i
agram of & City in the Paris Basin', Gegraphy, vol. 25 (London, 1940,

* For numerous instances of their application, see G. Taylor (9. at.).



Fio, 198. A Staces Duiasaw or Woooune, BoxExszan

Based on |, E. Allison, The Mersey Esbhesry, p. 1g (Liverpool, 1o48).
The diagram suma up changey which have taken place in the landscape of this part
of Birkenhrad ducing the course of the nineteenth century.
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of graphical methods to settlement problems. Failure to apply graphical
methods is due in part to the generally unsuitable form in which raw
data about settlements are found. Reference might be made here 1o
the possibility, for example, of plotting the distribution of settlement
against altitude. H. W. Ahlmann has an interesting polygraph which
relates settlement and altitude in south-eastern Sicily.! He plotted
height in metres as ordinates, and area, number of inhabitants and
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Youth  |LateYouth | Eorly Bsturity Lake | Did Extreme
Mttty i Moturity | e Gt Age |
=  Valiey Boltoma = Slopes ®  |nterfiuve

Fua. 199. Crmves or Ssymizsewr Locaton v ketamon 7o Lasn-Fome

Bnndn:a]].Lchh. “Cultural Festures and the Physiographic Cycle', Gaagraphes!
Reineo, vol. g, p. 300 (New York, 1917).

The frequency with which bouss are sited on valley bottoms, slopey and interfioves
has been plotted on & percentage basis, and theoretical curves have been dmawn o
indieate the relationships which emerge.

density of population as abscissac. He thus produced three graphs on
the same chart to portray the concentrations of settlement at certain
altitudes. The method may have Fuithl results in the analysis of
settlements in relation to plains of erosion, termaces, northward and

southward Facing slopes, and so on.

Polygraphs
The relation between land-forms and siting of settlements was the
subject of a paper by J. L. Rich, in which he used graphical methods
w demanstrate his ideas.® He considered the percentage of sites of
settlements to be found on the valley bottoms, the slopes and the
interfluves respectively of rivers in the period of their youth, their
1 H "
Vo 18 (e Yk g0l T ey of Stoment, Gapmpiies e

2]. L. Rich, *Cultural Features and the Physiographical Cycle', Grograpifisal Radess,
u-nLJ.q. F{E:j‘:”nk, 1917, e !
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maturity and their old age, and plotted the results graphically
(Fig. 199).

Analysis of the Settlement Net, Another experiment with frequency
graphs is worth mentioning as a pointer to their further possibilities.s
To demonstrate variations in the size and character of setilements in
distinctive regions of New South Wales, J. Andrews plotied for each
region (a) the percentage of the total number of agglomerations as
ordinates against the population of each agglomeration as abscissae;
and (b) the percentage of total population as ordinates against the
population of each agglomeration as abscissae. He thus obtained two
supplementary sets of polygraphs, which revealed distinctive regional
variations in the characteristics of the settiements analysed.

1 ], Andrews, “The Seulement Net and the Regional Factor', Asstralies Geagrapher,
vol. 3 (Sydney, 1934).
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