"Patterns are Morphological Laws™

Fred K. Schoaeler

PATTERNS OF LOCATICH

William Bunge

Sohaefer's "morphological lawg" sme recelving increased attention by theo-

retical geographers. We explora the subject.

I. Introduction

This paper is intended to be a second supplement to the book, Theoretical
Geaqragh&.l In the basic book, geography was related to sclience after Christaller's
primary substantive example and Schaeler's primary methodology. The centrsl
problem of theoretiesl geography wos tentatively identified as '"the nearness
problem,' that is, "to located interacting objects as near to each other ss pos-
sible,"" The first supplement o the basic book is an article entitled "Spatial
Relatlons: The Subject of Thearetical G&ngruphy.“z Thers the focus waa sharpened
by a hard examination of the methodelogical commente of select contemporary
theoretical peopgraphers and by a systemoatic roview of egome of the mathematics

of Bpace as applied to geography.
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IT. Three Types of Location

Fredictive or theoretical geography has important old roota in geography;
certainly Davis and Ebppem were predictive geographers and s close historieal
examination might revaal much earlier antecedents. As in prospecting for oil,

o in history, we usually find traces of what we geek if we look hard ensugh.

But the main historical upthrust of the lmerican-Swedish school of predictive
peopraphy has been through Christaller. Schaefer crystallized the methodological
implications of Christsller's and related substantive work. Schaefer described
the esaence of predictive geography as the discovery of predictive patterns.
Schaefer's ineiatence on gpatial patterns (or the earth's geometry, or spatial
structure, or whatever term you prefer) seems to run head on into predictive
geggraphers' interest in movements (or eirculations or gpatial process of whnat-
ever term you proefer). The histery of this important methodological contribution
iz reported elsewhere.~ Tentalive conclusicns are that most locations on the
garth's surface are explained, which is logically eguivalent to predicted, on

the basis of optimal movements (or geodesics, or least effort pathe or whatever
term you favor). Earlier the author has identified this recurring theme as the
nearpess problem = the problem of locating interacting objects as near to each
other as possible. The catholie elaim made for this approach ls that it cuts
acrass all branches of traditional eystematic geography. Also, it is admitted
outright that the probabilistic aspects of predictive geography do not conform

to optimal arrangamﬂnts.#' With thia important odmiegsion behind us the remainder
of this paper will contain no further comment on location theory based on prob-
ebilities.

The "Schaefer wersus almost all others'" argument in favoer of patterns rather
than movements as the subject of theoretical geography dissolves to nothing when
it ig realized that particular optimal movemente result in particular patternasa,
that the geometry and movements are intertwined in spatial harmony. In this
paper, We wWill approach our subject from the point of wview of Schoefer's patterns
rather than interactions or movements of Ullman and nthﬂrsiﬁa In some ways
Schaefer's pattern approach to this dialectic is the more appealing of the two
gince the patterns are so easy to '"map." Of course, the "maps" are not true
geographic maps since they do not apply to any particulsr locations on the earth's
surface; rather, they are idealized "maps" such as Kbppan‘*a Hypothetical Con=
tinent.

Very recent substantive work, especinlly by Boyce and Clark, Dacey,
Wordbeck, and Tobler, is sharply in the spirdit of a Universal Systematic
Geography. f Dacey especially has been engaged in work on patterns. DBut the
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basic inspiration for this paper was received from Christaller and cne of Tebler's
favorite nongeographie teachers, Thnmpaﬂn.?

Christaller makes two isotrople mssumptions; (1) that the density of hia
base cbject is uniform (even distribution of rural population) and (2) that his
space is not twisted (uniform transportation in all directions). Thompson's
work, desling with the spatial bul nongeographic sspects of 1ife forms, contains

most suggestive material. The wery titls of Thompson's book, On Growth and Form,

can be paraphrased On Movement and Geometry without too much vielence to his

intended meaning.

Startling resemblances between geographic problems amd those in biclogy
might tempt readers to conclude, using our gwn argument of conservation of
academic effort; that a really efficient science of location would includes the
spatial aspects of biology, physics, and so forth, as a study in General Syatems.
I think nots The wvery range of spatial scsle between various solences intreduces
worlds so weird that spatial experts in one have little to say to spatial experts
in another. GSubatomic physics is at & scale so different from the earth's surface
as the home of man that the space is gqualitatively almost totally foreign. Sub-
atemic geometries have been superficially apposed to astronomical geometry by
comperisons beiween the orbits of planets and electrona. In spite of esrly and
orolonged attempts at such synthesiz; efforts have been unsuccessful and the
persistent experdience of failure has been codified as "reductionism.! However)
while grandiose comparisens have been gensral fallures some cross inspiraticn
can be expected. For instsnce, Higen walues obtained from the characteristics
of matrices have been used to explain ring jumpa of electron=. In geography we
might explore the characteristic of linsar transformobicns ss revealed in thelr
matrices to see if Chriastaller's settlements occur in rings. This exploration
in the geomeiry of symmetry might shed light on Christaller's crueial "fixed k"
assumption.

Electrical engineers, blelogists, econcodatz end sthere will learn puch
from us, and we from them, but this merely expresses the ultimate universality
and interconnection of all knowledge. The logical conclusion to be drawn from
guccessful berrowing of epatial motions in biolegy and elsewhere ias not neces-
Barily the horror of feeling compelled to claim all spatial problems are geography
eimply because all geegraphy seems to be spatial., Throughout this paper references -
are made to nongeographic subjects where geographera can expeoct both to learn
and to teach, but no wild territorial claims are made. 1
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Returning to the main point of Thompson's insights, he noticed that one
could accurately measura tha length of a given apecie of fish by measuring ita
weight. He assumed a ¢onstant density and shape to the fish. Thoe outline of an
object can be conaidered to be a property of demsity. Where the object ends ita
denaity suddenly drops to mero, & discontinuity to ite density. Therefore,
internal density and external density (shape) are in fact sssentially the single
element of density. To &8 modern geographer the resembalances and differences
to Christaller are immedimtely apparent. Christaller awvoided the problems that
the irregular density of shope introduce, that is; he avelded the boundary problem,
by the often used device of imagining an infinite plain, Both Thompaon and
Chrigtaller assuped uniform internal deneity, Christaller also assumed o uniforo
transportation surface while Thompson simply ignored the internal circulation of
his fish, Furthermore, cne of Lhe ways in which we have powerfully extended
Chrietaller's original work is in the direction of understanding the bosle
"dimensigcnal tensicn' involwved in the problem of trying to spread points over
BIlL BLB&E. 3 So thet while Christaller himeelf did not explors the dimensional
probvlems implicit im his work,; his intellectusl descendents were compelled too.
Thus, when Thempseon emphasized the dimensiconal aspects of hie Tish; another
correspondence to Christaller's work is established.

To translate biclogy into geography, consider the problem of predicting
the volume of water at & river's mouth {weight of fish). If the rainfall is
constant over the valley basins (fish are of uniform density) and the shapes of
the basins (fish) the same; then the lengths of the valleys (fish) are propor-
tional to the capacities (weights) of the rivers (fish), In addition, the
pattern of the river aystem (veins snd arteries) depends on the slope (internal
transportability) of the terrain (fisles body}., We now identify the spatial
elements involved as dimensicon, morphology and density. The three elements all
appear to be mathematical groupe and therefore highly independent of one anotheri®
At this speculative point in our understanding it alaso appears that there is an
order to their fundamentality. DMmensions seem to be the most hasic followed
by morphology and lastly density. Christaller, Thunen ol others exhibit a
tondency Lo want te reduce the problems to elemental dimensional form. Geog-
raphers are falrly skilled in shifting dimensions. A dot map of elevation or a
dot map of mean annual rainfall hasa every bit as much claim to legitimacy as
hidebound iscline representaticns, but these are transformations within the set
of dimensicns. The transformations between dimensiona and morpholegy and/or
denzity are much more vielent and more rare.

The truly elemental nature of our discussion strikes home when we notice

that the three elements are actually three fundamentally different ways of
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predicting location. Therefore, I believe, we are at the heart of theoretical
geography.
ke FPatterns of Dimensional Location

In this secetion of cur discussion only dimensions will be allowad to vary.
Morphology and density are aasumed to be uniform.

Te obtain more accuracy and ¢cover certain areas in classical climatology and
aceanography and new problems in political geography, we could deal with three
dimensions (volumes) as well as zero (peints), one (lines) and two (areas) but
it would merely clutter the argument so we will rot inelude fhree or higher space,

1. "Locate points on lines so that they are as near to the line as possiblel
The dual and equivalent statement is, "Arrange points on lines so that they are
as far from each other as passible,!

The pattern is & uniform distribution of points along a line. (Flgure L.)

*

Figure l. Points spoce uniformly along a line.

The scale of the spacing in this and subsequent examples depends on the raties of
the objects to each other and is trivial in terme of our discussion, HNotice that
if only one point is involved the median center is the solution; therefore, the
problem can be thought of as one of "multiple medians." The dual statement
sugreste an analogue computer based on mﬂgﬂ&t&;ll' IT small bar magnets are
skewered through corks and all the magnets turned the same way so as to mutually
repell each other and then the corked magnets are allewed to fleat in = long
narrow trough of water, they will form a uniform pattern along a line,

Une method of oblaining & grasp of the powsr of the pattern is te stare at
the unlabelled pattern and ask yourself "Of what is this = map?'"  Some posgsible
anewers include filling stations along & highway, major volcanie peaka along the
Caseades and the distribution of ice cream vendors along a beach. MNotice that
these suggested applications to the earth's surface are mere than shallow spatisl
coincidences, For instance, the total travel cost along a beach for the consumer
of ice cream is minimized by such a pattcrn.lz The voloanle pattern minimizes
the movement of magmn in the fissure, or put in enother way, the uniform dis-
tribution marks points of the greatest internal pressure,

Sinee we are approaching our subject this time from Schaefer's point of view

of patterns, in the remainder of the article we will not point out the rather
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obvicus examples of minimized wovements which each pattern representzi

2« '"Locate straight lipes in an area so that the linse are as pear to the
ares a8 possible.!  The dualy "Arraoge straight lines in an ares so that the lines
are as far from each other as possible." The pattern is one of straight parallel

linea evenly spaced. (Figure Z.)

N
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Figure 2. Ferallel lines evenly spaced.

Straight lines are implied since wa sre allowing no morphelogy in our
dimensiconal locations. Agein the problem might be thought of io terms of self=
repulsing floating magnets. This time the magnets are all tied together by
stringe to form self-repulsing lines. HNotice that & single line "trying to get
away from itsgelf" is a atraight line. The dusl statement of placing objects
as far from sach other as possible is becoming rather tedious and will be dropped
in most subsequent examples. It is well known that any extremum problem can be
stated as & maximum or a minimum but still the reader wmight gain insight by
gonducting the exercisze by himaelf,

Viewing the pabttern as o map, such obvious translations as ridge and valley
topography come to mind. I beliewve that the parallel line pattern ia the most
baegic line-in-ares pattern and that it is the fundamental river system, railroad
pattern, stcetera.

3« "Locate points in an area as near to the area as possible.! The pattern
iz the equilateral triangular distribution mpade so famous by Christaller. (Fig. 3a)
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Figure 3a. PBEguilatbteral trianpgular disgtribution of points.
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Fossible maps include a range of objects such as classical sottlement
patterns, distributions of wild animals end efficient arrangements of oil wells.
=0 far we have drawn attention to the dialectic between the geometry and
the movements but the dialectic can be even further sxpanded. Hotice that the
equilateral triapgular distribution formally implies a hexagonal net. (Figure 3b.)

I~ -

Figure 3b, Net of regula:‘ hexagone without pointa,

That is, we can establish the center of each cell in the net and thué generate
the equilateral friangular distribution, or we can ask for the locus of all points
halfway between the equilateral trisngular distribution and immediately generate
the net of hexagons. Stated in central place terms, the location of the central
places determines the trade area and vice versa. It is really redundant to give
coth. These geometric duals appear often and, in combination with the iomplied
movements, give a rich understanding from little. For instance, in Chrietsller's
theory, with the single exogenous variable of k, say equals seven, congider the
rich map we can draw. We can place settlements of various gizes, know their
range of goods, Lheir market boundaries, the movements to and from the centers
te their hinterlands and even a grest deml about the structure of their orices.
The richness of Christaller's theoretical concepts have thelr foundations in the
various formal mathematicsl dualities.

b. "Lecate (straight) lines as near to points uniformly (equilateral tri-
angularly) distributed in an area as possible," The pattern is, not too surpris-
ingly, a set of parallel evenly spaced lines. (Figure 4,) The points mist be

Farallel lines evenly spaced among an &quilat&ral.triauguinr
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Figure &,
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arrapged in a uniform pattern or they will teke on s variable density, Since
one can project a methematical surface into a demsity surface and conversely,
obviously, only & uniforo distribution of points will be "flat, "

If we consider just oms line notice how closely the problem resembles that
of regression. In the first example and in the immediately previcus example,
the problems cen be thought of as one of finding multiple medisns. Hare the
problem is one of multiple regression in the sense of simultaneously fitting
many lines to the "data."

This last example has introduced objects of three different dimensions at
pnce-=lines and points lecated in en erea. There is no reason te stop here, Ve
could have four different kinds of points, say representing farmatesds, villages,
towns and cities all simultanesously located as oear to each othor as poasible.
What is evidently needed ig some notation system for expressing the possible
dimenegional combinations. Often good notation systems are suggastive of mathamaticrl
relationehipa that further simplify and provide deeper insight, but s search for
notation would place us ahead of ourselves. Inatead, let us continue an infermal
exploration of the half seen theoretical landacape awirling out of the fog.

B. Patterns of Morphological Location

Points can net be shaped but both lines and areas can. Soms miet etill hangs
over what we mean by shaped space. An area of disuniform transport cost can be
thought of as stretched and puckered so that eircles of equal cost would not draw
en the area as circles of metric distance. These circles can be thought of as not
just Tizeojt'a circles which preserve circlea in the smell in conformel maps, tut
eireles in the large as well so that both =mall and large angles, and thus all
shapes, are preserved. A true "conlormality! in the broadest application of the
word, We refer to these space puckerings and stretchings as "internally shaped."
Hotice, sgain that lines as well as areas have the possibility of being internslly
shaped.

As an aside, we should be dissatisfied with our over reference to cost-miles
and time-milesz and even with Tobler's sophizticated utilﬂ—miles*tj Ferhaps our
almoat exclusive concern with such epace=Warperes is due to the disproportionate
influence of economic geograchy in current theoretical work. We need a priesly
"death-miles” distance to explain human migration of a groas planetary sort.

In climatology there exista the space twister of Coreclis acceleration, Coreclis—
miles are just as legitimate as cost-miles,

A11 the previously menticned patterns are seriously sffected if we intreduce
the twisting of space. Obviously, if two points are at half the resl miles as

compared to the earth miles, they are located twice as close as an aveal phota-
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graph would indicate. The reader can readily imagine many examples but soma are
gxplicated here becauss they ssem To shed genuine insight of a rather startling
s0rta.

l. "Locate finite areas of different real-miles &= near to & single point
as poesible." The pettern is one of concentrie circles whose radii increase in

urequal increments. (Figure 5) Treated as a map; Thinen rings of agriculture

Figure 5. Concentric circles whose radii increase in unequal
increments bo produce irregular ringsa.

immedistely come to mind. The rings suggpest ecological circles of onimals, from
frogs to camals arcund a desert water hole. Bings of volcanic debris are. caused

by varving transportability of expelled material,
2. "Locate finite areas of different real miles as near te a.straight line

Figure 6, Strips of unequal width parallel to a base lina,

sonbral 14ne, the most obvicus extension imaginable but to my knowladge completnly

neglactod, is apparent. Pesides the strips of agricultural land use along
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wilderness roads, perhaps litforal-using ccean animals are similarly arrangad
with 2 band of shert flight birds toward the inside and salwmon and seals in the
farthest band.

We have accepted that much of the movement on the earth's surface can be
explained by least-sffort paths. Thersiore, the shape of the space, the morpho=-
logical pettern to the space, can yield infinite patterns of objects. If the
space is symmetrically shaped, the objects often form beautiful patterns. Let
us examine some of the pstterns of flow due to fairly symmetric space twisting.
The brilliant Peckmann has produced several "maps" showing the flow of economic
goods with various twistings.l# (Figure 7.) Prager, in the Beckmann tradition

.

S

Figure 7. Beckmann patterns of flow., S&tippled region indicates area
of consumption.

has produced “maps“ of tclcphnne ar any-octher-type-of-network patterns. 5(F1g¢ 8.)
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Fieura B, Prager pattern of networks,
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There are seweral oxdanples that are svallable to geography frem cur traditieonal area
of interost in physical gecgraphys - Figure % shows the pattern of wind flow

Megure 9, Wind pattern in a high, while discounting earth's rotation.

discounting the effects of the earth's rotation. Figurm _E.{}a and 10 LFl’u:u'at a
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10a Contourse of Stresdm Valley Fattern 10b Velocity Vectors - Length of arrows
propertional to slope.

typical stream pattern literally flowing down the potential surface. Maybé it oc=
curred to traditionsl physical geographers that thelr slopes were merely apace—
twistera varying the transportability of water. Maybe it occeurred to them that
the flow of water over the terrain is a wvector [low over the potential map. Buf
ofter Lohmoan 4n % presented the geographie world with the hachure map, why i=s
it not generally koown among geopraphers alooat | & bundred years later that his
hachures were merely a crude vector represeutalbion of the potential (contour)
dual? Flow diagsmma such as streams, are density wvectors as oppossd to velocity
veotors. Actuslly the density wvectora can be computed. from the velocity wvectors
but not the other way around. That is, Figure 10a ia reproducible from Figure 10h
but pot from-Figare 1.





