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i CHAPTER 1

DIGITAL COMPUTERS AND THE TEACHING
OF COLLEGE GEOGRAPHY

Although the large digital computer represents a relatively recent innovation in
American universities, it is already established as a major tool for research
geographers There is, in geograplhic research as m other drsuplmes a definite
interaction between tools and problems. Some problem areas may he dormant for a
period of years or even decades because the necessary research tools are unavailablé.
When a new research tool becomes available, either through primary innovation or
through the transfer of knowledge from workers in other disciplines, there is
frequently a surge of interest in topics which had previously been set aside, as well
as development of new areas of investigation.

Anexample of this phenomenon within geography can be seen in the impact of the
high-speed, digital computer on problems of multivariate regionalization, The
approach to an optimal multivariate classification of areas based upon a comparison
of betwecn region and within region variances had been developed, but empirical
implementation was forced to wait until computing machinery capable of handling
the calculations became available. When 1t did, a strong upsurge of empirical
interest in this topic followed. These empirical investigations raised, in turn,
additional theoretical questions and the cycle advanced through another phase.

Parallel to the development of the computer as a rescarch tool in many
disciplines has been its use as an nstructional aid. Early applications of the digital .
computer in nstruction invélved the use of the machine to permit students to
handle problems of a size and scale of complexity that had hitherto been impossible
within the standard classroom situation. In engineering, for example, students
began to handle problems which, were considerably more realistic than the
traditional. hand-computed examples. This proved quite fruitful, and the intro-
duction o the computer as a laboratory tool proceeded rapidly in many
engineering disciplines and, 1n some schools, 1ts use has been firmly established for
well over a decade. An illummating discussion of this approach can be found in the
report of the Ford Foundation project at the College of Engineering of the
University “of Michigan [17]. Instructional use of the computer has lagged
considerably in most of the social sciences, though there have been some recent
attempts witfin geography and other social science disciplines to provide programs
of this nature. For example, see the work by Rushton [11] as well as the more
elaborate urban simulations such as that of Wirneryd [19].

Recent technolpgical developments have permitted the central computer to

handle a large number of users on a nearly simultaneous, real-time basis. Efficient
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time-sharing systems permit a number of users, equipped with remote terminals, to
utilize a central computer through the intermediate efforts of a complex supervisory
system whick examines the priorities and needs of each user and allocates to him
only that portion of the main computer's capacity required for his work, and for
only that period of time which is necessary to process the next step in his problem.
Much of the uapzy!.y of these time- shanng systems anses out of the great disparity
between the internal computation speeds of the central computer and the speed at
which information can be transmitted and received from the remote terminals. This
disparity can be seen in an examination of the relative printing rates of mast of the
commercially available remote terminals. These are very slow when compared with
the main computer’s dedicated peripheral printers and the speed factor is
frequently on the order of 250 or 300:1, if not ,more. Even with this speed
differential, the main computer is frequeatly bound by the capacity of its “high
speed” printers and will operate two or more of them simultaneously in order to
attain greater output volumes.

The introduction of time-sharing facilities m many universities has prompted the
development of computer assisted instruction (CAI). There has been a great deal of
nterest in CAI on all educational levels ranging from preschool children to college
graduates, and many of the CAl developments in college geography are discussed in
previous technical papers of the Conimission on College Geography. In the standard
CAl environment, the time-sharing computer interacts with one or more students
utilizing remote terminals. A series of quénes are presented by the computer, based
upon a program previously prepared by the instructor, with each query in the
program designed to iluminate a prreicular point relating to the topic under
discussion (e.g., map projections, water balance, etc.). After each query the student
presents a response which the computer checks against a series of stored answers
which have also been provided by the instructor, and then, depending upon the
nature of the student’s response, branches to another section of the program.
Internal loops are common 1n these programs so that the student can be gwen an
opportunity to re-examine material that is giving him difficulty. This “match,
branch and loop™ format is basic to most CAI programs. In many cases, the CAl
programs are not really computational ones since they utilize only a very small
portion of the avallable facilities of the central computer and are normally
restraned to “match, branch and loop™ operatlons Although many CAI programs
are run on large, third generation digital computers which provide the necessary
time-sharing environment, the “‘match, branch and loop” mode of these programs
does not really require the facilities of a computer of such power and some
universities have responded by installing smaller computers which handle only CAl
work. An mformal survey conducted in 1970 indicated that only a handful of U.S.
geography departments were currently utilizing CAl on erther an experimental or
operational basis, but that many'of the departments had a strong interest in future
uses of CAL “

It is possible to utihize the basic “match, branch and loop™ format of the CAI |
program 1n combimation with the major computational capacity of the”machine.

IC
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This could be done, for example,.in a CAl umt dealing with problems of spatial
optimization which, after providing instruction in the basic elements of hnear
programminy and its apphcation to spatial problems, would require the student to
set up a specific problem n;} linear programming format. The CAl program would

call upon a resident linear pfogramming routine to solve the student s problem and
then display the results of this computation®to the student togetherwith an
appropnate commentary. Because of tiie multi-processing nature of large modern
computers, the CAY program could continue the foreground conversation with the
student while the linear programming problem was running in the background. This
represents a rather sophisticated use of CAIL but one that will be increasingly
utilized. There are, however, several basic disadvantages to current CAl approaches
which arise largely out of the corﬁputing environment as it stands at the present
time. These include:

1) The lack of comparability of the programs. A great variety of CAl
programming languages are available, some of which can be utilized only on
specific machines, and sometimes only at specific installations. Other
languages which appear to have greater comparability, particularly the BASIC
language, suffer from a lack of standardization which inhibits the easy
transfer of CAl programs from one installation to another. .

2) The slow printing speed of mbst remote te*minals. An inexpensive terminal
tends to print so slowly that there is difficulty in retaining student attention,

—while terminals with higher printing speeds are, at present , unduly expensive.

3) The difficulty of producing any form of graphic output at a remote terminal.
This is an impediment which appears particularly critical foi geographic
applications since many geographic CAl applications would benefit greatly
from the output of simple graphics as well as maps. Available graphics
terminals are currently both specialized and expensive, while printing a one
page map at a Teletype terminal utilizing a printing area of, say| 50 rows by
70 columns would require the printing of 3,500 map elements|(characters)
and would take five minutes or more. As terminals with higher printing
speeds become available, this time will be cut to two minutes or und , but
even this is not adequate. At present, then, geographically based exercises
which require more than cxceedingly modest amounts of graphic output, or
which require map output, can be carried out only on expensive remote
terminal installations or by utilizing the batch processing capability of the

. central computer.
[ 4

It must bc;;mphasizcd that these problems will undoubtedly be overcome in the
next few eavs by rapid increases in the level of computer and cominunications
technology. It would appear that a profitable interim approach would be to develop
a series of more complex programs based on highly standardized languages, such as
FORTRAN, and oriented toward batch processing rather than time-sharing.

As technology improves, these programs could be converted to the *foreground-
background” CAl mode mentioned earlier. Experiments have shown that the
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program described in this paper, LANDUSE, can be run effectively in such a
configuration, but to do so at present requires the use of a high-speed terminal, a
specialized communications link and a 300 line/minute printer. This type of
installation has a rental rate significantly in excess of $1,000/month. Within a

period of four to six years, it should be possible to mcorporate these programs into

a CAIl environment in which such equipment configurations are less expensive and
much more common than they are today.
, e

The LANDUSE Program e

The program described 1n this p papu LANDUSE 1s designed as a laboratory tool
for use n economic geography courses at both the beginning and intermediate
levels. It is not a CAl program 1n the current sense of that term, since it does not
utilize the basic “match, brancl) and loop” structure. It is, rather, directly related to
the third type of instructional program termed “generative” by Huke, Fielding and
Rummage [6]. Programs of this nature permit students to enter parametric

information into a process model and to note the fashion in which the model - i

operates upon the information to produce the desired output. Studerts are
expected to nterpret the patterns produced with reference to the theoretical
concepts contained in the process model. The impact of changes in the system can
also ke explored through alterations of the parameter values qn successive runs of
the program. In this manner, the program assists the stud(%(nts in attaining an
understanding of some interrelatiqﬁships present in complex models of <cpatial
environments. A similar approach to industrial location iL embodied in the
computer model developed by Smith and Lee {13]. ,

LANDUSE deals with a simple model of agricultural land use (the. basic von
Thiinen model), which is relatively rich and capable of successive Lompllcauon The
program was developed after an examination of an early verann of the program
prepared by Rushton [11]. An entirely new program was prepared, rather than
modify the Rushton program, in order to provide a number of additional features
in an efficient fashion. These include: \

1) replication of the basic vase consisting of a single market cc\nter and simple
concentric rings, !

2) introduction of one or more space distorting transportation routes into the
system in a completely flexible form, and

3) an ability to change the scale of analysis\in a flexible bt siémplc fashion.

Chapter 11 p}ovidcs a summary of the process theory which underlies the
operation ot the program. The third chapter describes the structure of the program
and some of the problems encountered in classroom use. The final chapter presents
six selected cases winch demonstrate thc flexibility and scope of the #ANDUSE
program. i

4
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CHAPEER I .

AGRICULTURAL LAND USE:
A BRIEF THEORETICAL STATEMENT . "

The basic theory pertaining to the spatial structure of agricultural production
originated a century and a half ago in the work of a German economust, Johann
Heinrich von Thiinen. Since then, other rescagchers have produced morc complete
and coniplex statements of this theory but we are concerned here largely with the
simple case as originally presented n von Thiinen's classic book, The Isolated State
[18]. In this work von Thiinen attempted to discover those laws which 1nfluence
the prices of agricultural products and the way mn which price variations are
subsequently translated into patterns of agricultural land use. Basically, he was
concerned with competition between various agricultural products and farming
systems for the use of speuhq plots of land. A nrimary assumption of his model
was that on each piece of land, the activity which yielded the highest net return
from utilization of the parcel would be tound and that competing activities would
be displaced to locations where they, in turn, would yield the highest net return.

To facilitate discussion of this problem, von Thtinen utilized a hypothetical case
— his “1solated state™ - wherein he posited the existencg of a market center located
at the center of a large, fertile plajn which containeu no transportation routes. The
undifferentiated plain in which transfer costs are a simple function of distance, the
“isotropic plain,” appears as a starting point in many geographic theories. Von
Thiinen further assumed that throughout the plain the soil was equal in quality and
that the agricultural productivity of specific plots of land did not vary from one
location to another. At some great distance from the town the plain turned into an
uncultivated wilderness which effectively zut off all communication between the
“isolated state” and tihe outside world. In this isolated community, the central
town would supply the surrounding rural area with all manufactured products and,
in return, would obtan all of its agricultural inputs from enterprises located on the
plain. The problem as posed by von Thiinen was. what patterp of cultivation would
take shape, given the stated conditionts, and how would farming systems in different

portions of the plain bé affected by their distance .from the central town? An

explicit assumption in his work was that all agricultural entrepreneurs made
decisions in an economically rational fashion. That is, entrepreneurs responded. only
to profit maximization as an optimizing goal and were assumed to be in possession
of complete information pertaining t\o\all choices.

*\
\

Economic Rent and Location Rent

As the basis of his analysis. von Thunen introduced the concept of economic
rent. While he developed this notion independently, 1t had also been introduced a

\‘l
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few years earher by an Enghsh economist, David Ricardo, who was interested in the
way certamn factors conditioned agricultural production deeis_i‘gns He wak, however, -
concerned primarily with vanations i productivity rather than with the impact of
putely spatial factors. The Ricardian version ol economic rent, as contrasted to that
of von Thunen, 1s clearly set forth by Michgel Clusholm in Ins book, Rural
Settlement and Land Use [2]. b
"The concept of ecanomic rent ase Central to many questions of lapd use
competition and 1t 15 utilized in the voh Thunen model to provide a means whereby
this competttton is resolved in a rational fushion. The observed gap bctween
Y ravenues and costs represents economic rent in a technical sense. Von Thunen
observed that Ricardo had bas\c'd Iis discussion of the nature of economic fent upon
drfferehees in ttte inherent produattvrty of various parcels of, agricultuzal land, but
that the same phenomena would arise*1f pr)dllt.thIty were held constant and th.»
parcels wefé subjected to varying transportation charges based upon the
moving their produ;tlon over different distances to the central market. In»
case, dlfferentlal fertlhty of the plots influenced ‘the fevel of gross [cturns,wheueas
in von Thunen's model, gross returns remained constant, but the cust of
transportyﬂ)n varied with distance to’ the market. -
) The two cases \are quite similar. butirecenttiterature has tended to apply the
- term, “location rents to those economic rents arising solely out of differences in
loc tien. This serves to differentiate them from more general scarcity rents which_
_ may anse from facthrs such as simultaneous variations in productivity as well as
-location. It should be made clear, however, that location rents constitute a specially
defined subclass of general economic or scarcity rents and are identical to the latter
only in the case wherein, location i¢ thé only factor differentiating the parcels of
land.
Given the assumption that we are deahng with a finite group of activities (whlch .
,m themselves may consist of fixed bundles of subactjvities, e.g., crop rotation *'
schemes) it 1s then possible to view conlpetttton for the use of agncultural land as
, equivalent to the following process. each entrepreneur wishing to engage in an
actwvity evaluates the utility of a given parce! for carrying out a specific aetwrty and
determines the level of rent which can be expecteu. This figuré represents the
maximum amount that the operator will be willing to.bid for use of the parcel of
land. since any bid higher than this estimate would require that the activity in
question be operated at a loss. The bids for use of the parcel by various
gntrepreneurs desiring to undertake different activities may be ranked and the
_maximum identified. The activity associated with this maximum’ bid will then
Pecome the one which occhi:‘s that particular unit of land. This notion may be
extended to on-agncultural ivities, of course, and is roughly equivalent to the
“highest and\best use” notion which is frequently encountered in the urban land
economics literature. In fact, a srgmﬁcant proportion of the current theory dealing
with the internal spatial structure of the city rests upon the extension of this notion
of location rents to form a basis for land use competiticn in the city, &g.,

.

Alonso [1]. ) L
o ‘ o —
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A Mathe\matical Statement;of:the von Thiinen Model

In his' original work, von Thiinen_ was concerned with specific cases, but he did
produce a general statement relating Totation rent to distance from the market
center. Typically the basic von Thiinen model can be stgted as a simple linear
equation:

Ri=YiP, - Y,C,~Y,T,D=Y,[P; - C, - T\iDI =1,..n) ()

whs :2toa rént for the it activity na specific paicel of land
tal production/unit of land for tire 1/ activity
P = unit price at the market for-the i activity
C‘= unit production cost for the it activity
T, = transpcrt charge/umit/kilometer for the :!" activity
D = airline distance of the parcel of land from the market 1n km.,

This equation states that the bid rent for activity i at a specific parcel 1s equal to
the gross returns cn production from that parcel (Y,P,), less the total cost of
production (Y,C,), legs the cost of moving that production to the market (Y,P,D).
The simplest situati% obtained when we assume the existence of an isotropic
transport plain in wluch T, isa linear function of distance and is assumed to have an_
intercept of zero, i.e., there are no terminal chargé's in the system. It is also

normally assumed that productivity is constant over the plain. That s, Y, does not

vary locationally within the system and that a similar condition hoids with respect
to unit production costs thus yielding a constant value, C,, for every parcel. The,
unit price at the market is also assumed to be constant and the market will absorb,
at that price, any amount which is offered. .

For a specific activity, these assumptions leave us with 1dentical net returns (Y,P,
= Yi(,) excluding transport costs for every parcel on our hypothetical plain. The
only variations in rent are then introduced by variations in trapsfer costs (Y,T,D)
which are Lased entirgly upon differences in the value of D. That is, when the
parcel is located the market site the,thirq term in equation (1) is zero and
location rent is equal to gross feturns minus total cost of production. As parcels

\(further and further from the market are considered, the size of the third term

Y,PD) in the equatidn increases. At some distance from the market transport
charges will be equal to gross returns and the rent will.fall to zero. This distance
marks the limit of feasible cultivation for the activity since production beyond this
point would be unprofitable, The term relating to unit production costs, C,, is
defined in a somewhat unique fashion. It includes.not only 2& normal cost of
carrying out the activity but also includes a specific term representing a “normal”
profit for ths operator. This means, then, that location rents can be viewed as a
potential “excess” profit for the entrepreneur. : . ,
Since equation (1) is linear and continuous, it is easily represented in a graphic
form. In Figure 1, a bid rent curve for a specific activity has been plotted for
parcels of land located at successively increasing distances from the market center

-
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Figure 1. The Bid Rent Curve tor a Single Activaty
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at M. The rent K 1s the net return derived from a parcel located at the market place
and 1s equal to YP  YC since transport costs at that location are zero. The distance
MD represents the maximum distance at which a parcel can economically engage in
the actiity. For distances greater than MD either a subsidy‘must be provided or 1t
must be assumed that the operator 1s not behaving in an cconomically rational
tashion. The slope of the bid rent curve 1s obviously equal to the umt transfer cost in
the system and becomes increasingly stcep as umt transfer costs increase. Figure 2
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Figure 2. Bid Rent Curves for Two Competing Activities

displays a competitive situatipn where there are two activitics, A and B, whose
different bid rent curves reswlt from ditferences in unit market price, unit
'proc'iucuon costs, or unit transTer costs berween the two activities. In each case.
these values remain ¢onstant for the activity at any location, but they are pernitted
’to vary between activities. As in the previous example. Ka represents the rent at<
the market for a parcel utilized by activity A, while Ky represents the rent at the
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market for a parcel utihzed by activity B The slopes of the two bid rent curves
differ significantly reflecting higher unit transfer costs for A than for B If there
were no competition present in the system and each activity were considered singly,
then Dy would represent the maximum distance at which activity A could be
undertaken with Dg(Dy > D, ) representing the maximum limit of cultivation for
activity B. However, the two activities are in conipetition for use of the parcels and
within the distance MD* the bid rent of actiity A always exceeds that of activity
B, and hence activity A will then occupy all parcels of land between the market and
location D*. However at distances greater than D* activity B produces a higher bid
rent than activity A and activity B will occupy those parcels of land lying at
distances from the market greater than D* and less than Dg. An entreprengur
located on a parcel of land exactly D* kilometers from the market would be
indifferent between the two activities since both proﬂuce identical bid rents at that
point and no economic basis exists for differentiating between them.

The graphic analysis of the competitive situation shown in Figure 2 is only
one-dimensional and total rent in this case 1s equivalent to the area under the curve
KARDg. When translated to the two-dimensional case, two rings centered at M are
formed. The first, with radius MD* encloses the area of cultivaticn of activity A;
the second, starting at distance D* and extending to radius MDg encloses the area
of cultivation of crop B (sce Figure 3}. The resulting sp/gtial pattern js one which is

E

Figure 3 Simple Thunen Rings

commonly referred to as “Thunen Riugs.™ The total rent 1 the two-dimensional
case is then given by the volume of the <ohd of revolution formed by rotating
KA RDpg about KoM as an axis (see Apperdix A of Dunn |3] for aiaore detailed
discussion).

A great deal has been wntten on the vor Thinen model and for discussions of 1ts
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many complication;‘ar(d extensions, sce the works by Dunn [3], Isard [7], and

Alonso {1]. The utility of even the simple model in explaining the observed
patterns of land use has been noted by a number of researchers and much of this
latter work is admirably reviewed in Chisholm [2].

Extensions of the Simple Model

The basic von Thiinen model outhined above displays a number of important
factors relating to agricultural production location decisions, and does so in an
exceedingly simple fashion. While it may be characterized as oneé of the simplest
models’ of land use, it is exceedingly fertile since it is capable of ®xtension and
modification in a variety of ways. Two of these, the expansion to'm8itiple market
centers and the wntroduction of space distorting transport routes will be discussed

here.

Multiple Market Centers

Given the concept of land use competition, the extension of the basic von
Thiinen model to the case of multiple urban centers is relatively straightforward.
Basically, equaupn(l) is recast into the following form:

¢ v

Ri,- =Y,P, - YiC - Y, TyD, (= 1....n5j=1,...m) ()

where. Ry = rent produced by the ih actiity when it 1s onented toward the j'#
"market center .
Py, = unit price for activity i at the j' market center
T,y = transport rate/unit/km. for movement of output of activity 1 to
market center §
(the remaining terms are as previously defined)

Utihzation of this formulation results 1n the establishment of multiple bid rent
curves based upon the vanous market centers (see Figure 4). The structures arc as
defined in th. previous example except that, in this case, an cvajuation of the bid
rent curves shows that at certain locations, for example, L, three “different”
activities are bidding for the use of the land. At L we see positive bid rents derived
from activity A onented toward market | and activity B onented toward market 1,
as well as a bid rent derived from activity B oriented toward market center 2. At L,
activity A omented toward market center | produces the highest td rent and hence
occupies that location. However, at distances greater than M, P we sce that
orientations of the two activities, A and B. toward the second market center
produce higher bid rent levels than a continued onentation toward the original
market center. Thus, at distance M, L* from the onginal market center, it can be
seen that while actiity B onented toward marhet center 1 1s still making a positive
bid for use o} the land. this bid 1s exceeded by those made by activity A and activity
B when onented toward the second market center. In this particular case, activity
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Figure 4.‘ Bid Rent Curves for Competition Between Two Market Centers

~

A, with an oricnthﬁn toward the second market center, occupies the location.
Thus, along the hne from M, to M,, we see a succession of land uses, first A then B
and then A again However, within the area devoted to the cultivation of land use B
there is a breaking pomt, P, at which the land shifts from the tributary area of the
first market center to the tributary area of the second center.

An interesting problem involves the ‘exact determinatipn of the boundary
Between the tributary axeas of the two centers. The boundary is clearly defined in
the vne-dimensional case shown in Figure 4, and can be easily inferred in the
two-dimensional case where the parameter values for the two market centers are
identical and an overlap between the bid rent curves exists, the boundary n this
latcer case wili be a straight line perpendicular to the line joining the two centers.
However, as one of the centers becomes ‘‘dominant,” the boundary between the
tributary areas of the two .centers will gradually shift from a straight line to a
hyperbola to a parabola and finally to a closed elliptical form around the second
area with tite second (smaller) market center occupying the foci of tie ellipse
nearest to the larger market center. Demonstration of the development of the
spatial structure in these cases 1s usually very thfficult without resort to
comphicated mathematical dervations or an caborate, carefully plotted graphical

_display. [t 15, nevertheless, an interesting cxtension of the basic model.

System-Wide Transport Improvements

The introduction of system-wide transport improvements. such as those that
might oceur when a new and more efficicnt type of vehicle is introduced into all
parts of the transportation system can be handied within the model as given in
equations (1) and (2). The net effect § simply to reduce the value of T, or Ty,
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which, in turn, leads to a reduction in the slope of the bid rent curves. The benefits
of any system-wide improvement 1n transportation may be differentially distiibuted
between activities since, for example, the introduction of a specialized and more
efficient bulk carrier might favor certain commodities over others. Another
example of differential impact would be the introduction of refrigerated, milk
transports which would obviously influence T, for the activity of milk production,
but would have little direct impact upon the transport costs for commodities such
as grain.
|

Route-Specific Transport Improvements

A far more interesting, and theoreticallg complex, case 1s encountered when
transport improvements 1n the system differentially influence locations. This is
typically caused in the real world by the corstruction or improvement of an

existing transportation lirk. For example, a new highway linking two nodes in the

Q

system may be built or an existing road may be improved through resurfacing, thus
leading to lower vehicle opeiating ‘costs. Wlthm the context of the basic von
Thunen model, the introduction of specific transport routes can be viewed as a
distortion of the uniform plain since unit transfer costs over the improved routes
will generally be lower than transfer costs over the remainder of the area. Within
the context of equation (1), this change can be handled in one of two ways:
through variations in the values of the T, depending upon the type of route over
which the travel takes place or, somewhat more casily, by assuming that variations

.occur in D itself. This latter approach arisés out of a substitution of the notion of

effective distance for that of airline distance which was previously utilized in the
model. Effective distance is defined as follows: let D¢ be the minimum distance
fram the cell to the highway, Dy the minimum distance from the market center to
the highway, and D; the distance travelled along the highway. Then the effective
distance D is given by the formula:

Dg =D + a D, + Dy (3)

with « in this case representing the ratio of on-highway to off-highway movement
charges within the range 0 < a < 1. That 1s, for an « value of 0.5 travelling a unit
distance along the highway would cost exactly half as much as travelling the same
distance off the highway. The use of « as a scaling factor in the equation (or
effective distance compensates for the real differences in unit movement costs over
the different routes. This proves to be particularly useful-when the definition of
effective distance is expanded to include travel over a potential system of routes:

DE=DC+Q|D|+02D2+..-+anDn+Dt ‘ (4)

where there are a series of n different highway segments in the route each ofwhlch
has associated with it an unique value of a. \
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The distorting effect of low cost transportation routes was noted by von Thiinen
in his ‘original analysis in a discussion of the distorting effects of a nver which
would provide low cost transportation for agncultural commodities upon the limits
of the area undér cultivation. Derivation of the geometric impact of highway
improvemient upon land use patterns has been undertaken by several authers, but
the discussion that follows is adapted from that of Werner [20}. Werner was
«oncerned with the distortion of the shape of the hinterland area that occurred
after a new transportation route had been constructed. He defined hintedand as the
area accessible from a given point with a specific level of transportation effort,
where effort may be measured in terms of energy consumption, mileage, time or
other criteria. The analysis assw -es as given the isotropic transport plain, a point P
corresponding to a market cenier and a straight transportation route running
through the area with a cost per umt flow per kilometer of a, on the road and a,
off the road. This basic situation is illustrated in Figure 5.

In Figure 5, for convenience, the new transportation route 1s assumed to be
identical with the x-axis and P is a point on the y-axis with coordinates (0,b). The
situation as shown is a symmetric one so that the analysis nec d only be completed
for points lying to the right of the y-axis. The mmimum cost connection from an
arbitrary point Q, located sufficiently far from P and lying off the transportation
route is given by a direct movement from Q, towards the road entering with an
angle equal to arc cos a,/a;, then along the road itself to a point R, and then
directly to point P. The angle at which the minimum cost path leaves the road is
again equal to arc cos a,/a, . .

Werner demonstrates 1n his analysis that the half-space under consideration can
be divided into three regions, which are labeled 1, II, and IiI in Figure 5. Within
region I all points have a minimum effective cost path which consists of a direct
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Figure 5 Determination of the Sphere of Influence of a Transport Route
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movenient to point P with no movement over the road. For all points in region II,
such as the arbitrar)( point Q,, all minimum cost connections involve travel over the
road in the fashion outhned above. The situation in region 11 1s more complicated
. since for points arbitrarily close to the road, minimum effective cost paths will
involve a combination of direct travel and travel over the road. For points much
further from the road, direct travel will be more efticient. The boundary separating
the two parts of region I, is shown tc be a parabola with the point P lying in one
of its foci. The resulting situation is summarized in Figure 6 which displays the
areas of access via the new road versus the areas which retain direct access to point
P. The shaded portion in Figure 6 represents those pomnts in the hinterland of P that

/) // area of direct access
/

////// b /

/, 177, // % ’

, o

/7 //// ) ”/,/,” X
JI////J” 0 RS, ./ /. nex _road

///// //////// ////////,///,

//,,//////’/// )
', /////// / // #CCess via

new road

Figure 6. The Sphere of Influence of a Transport Route
Source: Werner [20]

have had their distance relationship changed by the ntrodaction of the new
transport facility, while pomts lying within the area of direct access retain the same
distance relationships as before. For those points i the shaded area, the effective
distance has been reduced by the introduction of the highway and this means that
they are, in a purely economic sense, closer to P than they were prior to the ¢
introguction ot the lughway. By this transformation the areas of cultivatton will be
extended along the road, and n the arcas immediately adjacent to it, in the fashion
shown in3Figure 7 wiich displays a sunple Thiinen ring structure for both the
before and after cases. Wemer goes on to show how the patterns of changed a cess’

are nfluenced when a vanety of pre-existing transport networks are assumed and

the interested reader 1s referred to s onginal exposttion for further details [20].

ERI

. .
)




new hinterland boundary

Figure 7. Ring Distortion Produced by a Transport Route
Source: Werner {20]

N

Summary

Material presented in this chapter has provided a summary of basic aspects of the
von Thiinen model and some of its more direct extensions, The reader interested in
a more detailed exploration of these problems is referred to the works by Alonso
(1], Chislolrh {2], Dunn {3}, Isard [7] and Lisch {9].
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. CHAPTER it

. THE LANDUSE PROGRAM

|

The objectives in using computer programs such as the one discussed here are sat
forth in the article by Huke, Fielding and Rushton [6]. and in the report of the
Engineering Education Project of the University of Michigan [17]. The selection of

- this specific process model was based upon several factors:

1) the von Thinen model is perhaps the simplest generative model for spatial
patterns of land use, but is rich &nough to permit a number of interesting
extensions,

2) the basic model is widely known and is discussed n most economic
geography courses, and

3) although the model 1s simple in structure, a number of operational
difficulties frequently arise among students in visualizing Tthe changes in
spatial structure resulting from parameter shifts in the model.

The program was developed to provide a means whereby the student could
develop a stronger feeling for the relationship between the abstract model and the
spatial structure which it represents through mampulation of selected portions of
the medel and observation of the subsequent impact upon the spatial structure of
land uses. The conventional “blackboard” approach utilizing one-dimensional
"cross-sections (such as those in Figures 1, 2 and 4) has not been proven tc be an
effective solution to this problem. Secondary development objectives included a
desire to acquaint the student with the complex spatial structures that can arise out
of even simple linear models (e.g., case V in the following chapter), and to provide a
large group of undergraduates with an introduction to the use of the high-speed,
digital computer as an analysis tool.

Program Structure b(\

N

The program presented here has been designed with flexibility of use in mind. It

has the capability of handhing exercises ranging from those that might be
appropriate for an introductory course emphasizing simple concepts to those
suitable for advanced courses dealing with more complex problems. Examples of

the former include generation of simple Thunen rings and the demonstration of the
development of a competitive boundary between two market venters. The latter
could involve any of the many complex cases of transport improvement and

. developmént. In all cases, the model relies upon the basic von Thiinen model for
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evaluation of competjtion among land uses. Competing market centers and crcps
are readily handled within this framework, and one or more distance distorting
transport routes can be introduced through the concept of effective distance
discussed in the previgus chaptert

The program assuimes the existence of an unbounded, 1sotropic plain upon which
an arbitrary (x,y) coordinate systeri has been established. It then isolates a
rectangular subregion from the plain and proceeds to develop the pattern of land
use according to the basic rent equation. Unless otherwise instructed, the program
assumes that the rectangular subregion is one whose lower left hand comner
cotresponds to the zero points of the coordinate system. For pragmatic reasons,
related to both ease of computation and ease of output, the program assumes that
this rectangular area is divided into a series of small areal units which form the basis
for all computations. There are 110 of these units along the horizontal axis and 90
of the units along the vertical or y-axis, producing a total of shghtly under 10,000
unit areas. All coordinates which locate features on the plain, such as market
centers, are specified as integer numbers in a read right-and-up coordinate system.
These integer numbers correspond to cell numbers. For example, the coordinates of
a market center located approximately in the center of the rectangular region
would be given as x = 55 and y = 45. Within the unbounded plain, the student is
permitted to locate up to a maximum of ten market centers through the simple
process of specifying their x and y coordinates. However, only those towns lying
within the rectangular area defined by 1 < x < 110 and 1 <y <90 will appear on
the output maps.

The student also spcuﬁes a series of parameters which define up to twelve
abstract crops, with each crop specified in terms of the following parameters:

1) Yield per unit area (assumed to remain constant for that crop over the entire
plan):

2) Unit price at each of the market centers;

3) Unit cost of production (assumed also to be invariant over the plain).

4) Unit cost of transport per umt distance (permitted to vary between markel
centers and between crops). :

With this information in hand, the program proceeds to evaluate the rent
equation for each unit area in turn beginning with the unit 1n phe upper teft hand
cormer. The distance from this umt to each of the definéd market centers is
calculated and the rent, according to the basic rent equation, that would be derived
at tins parcel from each crop and market center combination is obtained. For
example. 1n a system that had two market centers and two crops defined, each unst
area would have four possible bid rents based upon. crop A at market center 1,

. crop B at market center 1, crop A at market center 2 and crop B at market center

2. From this vector of four bid rent values, the program selects the maximum, and
thus 1dentifies the particular land use which 1s assigned to the parcel and determines
the assignment of the parcel to a specific lnbuldry area. If all bid rents dt that
location are negative, then the use assigned 1s “idle” and the parcel is not assngned
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to the tributary area of any urban center. For positive bid rents, the maximum
value is also stored so that subsequent summaries of total rents and total areas

. under cultivation can be provided by crop and by crop-market center combinations.
Transport routes are defined by the simple expedient of providing the x and y
coordinates of their points of vrigin and termination together with a value for a,
the ratio of on-highway to off-highway movement charges. Program operation
proceeds as described before except that the mimmum effective distance is
established for the computational cell prior to evaluation of the rent equation. The
information on minimum effective distance, when compared with direct access
distances, permuts definition of the sphere of influence of the transportation route.

Subroutines

The program is written entirely in FORTRAN 1V and consists of a main routine
and two specialized subroutines. The main routine, LANDUSE, is responsible for all
input and computational phases. The only exception occurs when highways are
present and the subroutine PROJCT 1s called to determine the shortest distance
between the analysis cell urider consideration and” a specific hjghway. It will be
recalled that Werner [20] demonstrated that entry into the transport route should
take place at an angle which is a function of the ratio of the two costs. PROJCT,
for reasons of computational simplicity, assumes that entry always takes place at 90
degrees. This introduces some distortion, but it is felt that this can be safely
disregarded in this particular case.

The subroutine REGION is responsible for all map output. 1t is designed to store
and output up to three one-page maps using the smallest possible amount of core
memory. In order to fall into the most favorable level of the priority system, the
program is wntten to load and go using only 14,000 words o1 core. Storage of the
three 54 x 110 maps would normally require nearly 18,000 words of computer
memory, but REGION reduces this storage requirement to under 1,700 words
through the use of masking statements. The amount of storage required by
REGION is dependerit upon the computer word length and since word length for
the CDC 6000 series machines is significantly greater than for c parable
computers, such as the IBM 360, the CDC version of REGION will not e on,
other machines. Versions of REGION have been prepared, however, for use on the
IBM 360 as well as on CDC 3000 series machines, both of which have different”
word lengths than the CDC 6000 series. These modified routines produce output
maps of slightly differént sizes than those described here (the 110 units in the
x-dimension of the analysis area represents eleven CDC words each holding ten

. characters), but the general structure is identical. i

Production of maps on the high-speed printer requires that all output be scaled
by a factor of 3/5 to produce identical vertical and horizontal scales. This results
from the size of the characters on the pnnt chain (10 per inch) and the spacing
between lines (6 per inch). This is why LANDUSE uses a 90 x 110 analysis region
and produces 54 x 110 maps If this scaling were not done, the Thiinen rings would
be siggificantly distorted. '
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Program Limits - -

The program allows maxima of ten market centiers. twelve abstract:crops and
nine transport routes. The number of computations reqmred in the maximum case
can be quite large)\ For example, i a problem with ten market centers and twelve
crops, the program must evaluate 120 rent values for each of nearly 10,000 cells.
The problem of determining patterns of land use in a system involving a relatively
large nunber of market centers and crops is not nearly as severe, however, as the
case where there are a large number of transportation routes with multiple
intersections. Since each transportation route is permitted to have an individual
value of a the determination of the minimum effective distance becomes quite
complex. It is possible, therefore, within the defined maxima of the program to
establish problems which cannot be economically solved even with a’large
high-speed computer. These rather high limits have been established to provide the
program with the maximum. amount of flexibility and not with the view thar all
will be reached at the same time. From a pragmatic standpeint, it is désirable to
have a lower set of limits for student Juse. Within the program, these lower limits are
established at four mﬁkm\centers four crops and ‘two highways and this is the
configuration which 1s utilized in the normal classroom situation. Access to the
larger capabilities of the program may be obtained by punching a singlé decoding
“password” on one of the problem control cards. If this password is absent, then
the lower set of maximas are in operation; 1fpresent access 1s permitted to "the full
capabilities of the program. '

P‘ .
Data Input

Data input to the program takes place via a sequence of control cards, the first
of which is a general probleq control card specifying the number of market centers,
the number of crops, the number of highways and the number of re-scale runs that
are lo be made. This card also carries basic title information which is reproduced to
ider*ify the output, as well as the password if one 1s entered. The re-scale option is
discussed in detail later, but basically a problem may be re-scaled through the
specification of a new origin and a new scale factor for the map. If a problem is to
be re-scaled, an indication of intent must be giveh on the problem control card.
Following the problem control card, ene or more data. cards gmng, the market
center coordinates are read and are followed by a third group of cards containing
information on the desired scaic of the map (given in terms of tle number of
distancé umits per inch) as well as yielu levels for each of the crops. The fourth
group of cards is called crop parameter cards, and specifes for each crop and market
combination: the unit market price, the unit production cost, and the unit
transportation cost per unit of distance. If transportation routes are specified in the
problem, then a fifth.group of cards tollows specifying the starting and ending
point of cach transportation rotte as well as its associated o value 1f the pioblem is
to be re-scaled one or more times, then the final group of cards consists of re-scale
cards specifying x and y wordmdtcs of the new origin as well as the new dfstance
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scale factor. S\ny fiumber of problems can be run in sequence by repeatmg the
above deck structure
Detailed mstruc.tlgns on the preparation of input cards are given in Appendix A,
2 # - };
Program Output :

- The output of the program consists of a series of maps as well as basic summary
statistics. The first output stage consists of an echo check of data inputs and
repeats, in tabular form, the information pertaiming to market centers, crops and

~highways that has been read from the data cards (see Figures 8 and 9). This permits

the student to check quickly for errorts in his control cards. Following the echo
theck, from one to four maps are produced depending upon the problem control
card parameters. The first map is always a general locatic.' map which displays the
location .of all-miarket centers and highways in the problem (see Figure 10). All
maps are identical in format with market center locations shown as “X” ’s, and all
carry small cresses at the corners of the rectangular analysis area to serve as
registration points should the student desire to overlay one or.more maps for
comparative purposes. If highways have been defined in the system, then the
second map is one showing the location of the market centers as well as those cells
which fall within thé *sphere:of influence™ of each of the highways (see Figure 11).

Highways are identified by the program by reference to the sequence in which

" the Mighway control. cards are read. That is, the first card is identified by the

program as being associated with highway number 1, the second card with highway
number 2, and so forth. A cell whose effective distauce to 2ny of the market
centers is reduced througn the existence of highway 1 has a “1” printed in it.
Similarly, any cell which is influenced by highway 2 has a “2” printed in it, etc.
Thiuse cells through which direct access still represents the minimu:. effective
distance are left blank. Thus, the area of the map which is filled with “1”’s
tzpresents the sphere of influence of highway 1, the area filled with “2" %

. represents the sphere of influence of highway 2, and so forth.
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mARKET CENTER LICATIONS

MARKET CENTER X CCTRUINVATE Y CIIROINATE

1
, 30 L

2 0 20

A O “

CHSP YIELDS
30,0000 UNITS

30,0000 UNITS

MuRXET/CRZP PANAMETIERS

MAORLT CENTE CRIP: MARKET PRICE PHZOUCTISN CIST TRANSPCRTATION CSST
A 3%,00000 5. 000000 1.500000
30.00000 5.0C0000 1.0000¢0
3%, 00000 5.000C00 1.500000
J0.0{OOOO \5.000000 1.0000CY
3%.00300 5.060009 1.5¢0000
30.00C00 7.0C0000 1.000000

~

HIGHWAY OATA

.
STARTING PJINT ENDING PCINT
HIGHwAY X CSSNOINATE Y COSHDINATE & CIZROINATE ¥ CSCHOINATE ALPNA

1 80 40 30 60 +5000000
H 40 20 89 40 +5000000
3 30 % 60 40 20 +5000000

Figure 9. Output Samplc ghs Check. 2
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Figure 10. Qutput Sample Location of Market Centers and Highways
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Figure 11. Output Sample--Sphere of Influence of Highway

, R

The next map produced is a general land use map (see” Figure 12). This map
shows the location of each of the market centeis as well as the pattern of land use.
The first control card read is associated with crop A, the second with B, etc. Any
cell for which crop A has the highest bid rent has an A printed in it on this map,
any cell with crop B having the highest bid rent has a B printed in it, etc. Cells for
which all bid rents are negative are left blank. For those cells for which two or more
bid rents are identical an “=" sign 1s printed indicating that a tie exists between
two or more land uses. The last map identifies the tributary areas of each market
center (see Figure 13). The first set of coordinates read is assumed to define market
center 1, the second set of coordinates market center 2, etc. A cell is assigned to
center | if the highest bid rent for that cell is one which is associated with sales at
market center 1, it is assigned to centeg 2 if the sales are associated with market
center 2. ejc. Ties are again ident:fied by printing of an “=" sign in the cell.

The final cutput section consists of a set of summary statistics relating to rent
and area under cultivation for each mau\ket center and crop combination (see Figure

: 14). Total rent and total area under cu]tivation are also given for each crop and the

. f
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Figure 12 Output Sample-Land Use .\

total area with zero rent level, that is, idle land, is also presented. The summary
statistics are useful in providing quantitative measures of impacts due to parametric

changes. | N

Intreductic 1 of Transportation Routes .

Transportation routes are defined within the study area through specification of
the coordinates of their points of origin and termination as well as the associated «
value. The « value represents the ratio of on-ighway to off-highway movement
charges and an « value of one implies that these are identical. Thus, an « value of
0.5 imphes that travel on the transportation route is onjy one-half as costly as travel
off the highway. Based upon empirical nvestigations of vehicle operating costs, it is |
possible to select & values which are at least roughly in accordance with reality. A
number of studies have examined the effect of transport improvements on vehicle
operating costs and tf the assumption 1s made that an « value of 1 is roughly
equivalent to the crudest of dirt roads, then relative values of @ may be established
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Figure 13. Qutput Sumple Trbutary Areas
for othicr common road surfaces as well as for different types of vehicles. Table
presents some suggested values for a which are based upon empirical investigations.
These values are only suggestive since many other factors influence the level of
opcrating costs. However the fact that they are based upon “real-world™ data tends
to make them more viable in the mind of the student.
The sphere of influence of a lnghway 1s defined as the set of all cells for which
~ the average effective distance from the cell to alf N market centers 1s less than the
dverage airline distance to the towns, or the average effective distance to the towns
using all other highways. A cell which falls within the sphere of influence of a given
" highway is identificd on the map with that highway's number, while those cells
whose minimum average distance is the average airline distance are left blank. If the
average effective distances are equal for any two highways with respect to a given
7/ . . . . .
cell, an **=" sign is then printed in the cell.
A transport route may be of any length and may run in any direction, but care
/ Q
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SuMMARY STATISTICS

MakRET CENTER cHSP WENT AREA
1- A 256310,4 42543343
1 8 331980.3 1523,333°
? A 2513332 16,6667
? ] IETV2.9 13004000
N 3, a 26921945 13,3333
3 8 37613.5 1583,333
!
TSTALS
“
CRCP TSTAL RENT TOTAL AnEa
A 756363.0 12584333
8 99058647 44064687

AJ

.
AREA wiTH ZFRZ HENT LEVEL = 4231.667 -

Figure 14. Ouiput Sample--Summary Statistics

must be ianen that, either through initial specification or subsequent re-scaling, the
effective length of the highway is not reduced to zero. If this should occur then an
error message is issued and the program terminates.

Changes in Origin and Scale

All points on the isotropic plain are assumed to be specified in terms of integer
coordinates so that a unit increment in either the horizontal or vertical direction
corresponds to a distance of one-tenth of an inch on the printed map. The factor
SCALE.is a non-negative, floating point number which assigns a physical distance to
this unit increment. The physical distance may be either abstractly defined or in
feet, miles, kilomete¥s, eic., and ten times the value of SCALE is the distance per
unit of the printed output maps. The distance scale which is in effect for a
particular problem is printed at the bottom of each map. In order to obtain maps
covering different regions within the plain, the coordinates of the defined market
centers and highways must be modificd and/o: the value of SCALE must be
changed leaving the remaining data the same. In this case, physical distances must
be regarded as invariant, that is modifications of the value of SCALE or shifting of
the origin must necessarily causc a consistent modification of the originally
specified integer coordinates which will preserve the “actual” distances in a spatial
system. Appendix A contains information on how these scale shifts and shifts of
the origin are computed by the program. ’

,The program contains an option which will automatically re-scale any specified
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Table 1

OPERATING COSTS AND-ALPHA VALUES FUR ROAD SURFACE
AND EQUIPMENT CLASSES IN A DEVELOPING NATION*

Road Surface
Equipment
Class Earth Gravel Paved
Small passenger car 3.26 2.55 1.98
(1.0) (0.78) 0.61)
Large passenger car . 532 ‘4.13 323
(1.0) (6.78) (0.61)
1-ton truck 6.7 4.78 . 3.56
(1.0) {0.70) (0.52)
3.5-ton truck 11.79 747 5.13
(1.0) (0.63) (0.44)
15-ton tractor 20.53 ) 12.19 792
semi-trailer
(1.0) (0.59) (0.38)

*Figures are cents/vehicle-kilometer; bracketed numbers are alpha valies assuming earth
surface to be equivalent toa = 1.0 .

Source Adapted from figufes given 1in United Nations. Transport Modes and Technologies for
Development. 1970. ’

-

problem. A problem which is specified by a data set immediately following a
problem control card is called the reference case. Each re-scale data card whick
follows a reference case may contain the coordinates of a new origin as well as a
new scale factor. The coordinates of a new origin on the re-scale card are assumed
to be given in terms of the original coordinate system. That is, the system may be
viewed by the student as taking the original rectangular analysis area (which the
program assumes to be located with its lower left hand cormner at the zero point of
the coordinate system) and moving its lower left hand corner to the new
coordinates specified on the re-scale card. If a scale change is also specified, the
relative size of the region and the analysis areas will be changed as well. The original
coordinates of the market centers and highways, as specified in the reference case,
are saved and new coordmates are computed relative to this reference problem for
ezch sutbsequent re- scahng Changes of origin may or may not be accompanied by
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subsequent changes in scale. In many complex problems, 1t has been found that
changes in ongin together with simultancous changes in scale produce useful results
in terms of clarifying the analysis. For e\anple a complex case may be deyeloped
and the student may desire to examine 1n greater detail some limited portion of it.
He may then request that the scale of the map be shifted to provide more ‘detail and
that the origin be translated to such a Iouanon that the area of greatest interest is
centered in the new map.

In the case of re-scale operations, the number of analy§|s cells defined in the
rectangular region remains the same whle their area is effectively changed. In the
present version of the program, this means that the summary siatistics in the
reference case and the re-scaled case will not be comparable. This problem will be
wiminated ir. a future version of the program.

[

Using LANDUSE .

The LANDUSE program was developed at the Department of Geography,
.‘lorlhw'estem Unuversity, over a three year period. The program was initially used in
an upper division course in economic geography having an enrollment of about 25
students, most of whom were graduate students from other disciplines. Problems
were assigned on an individual basis and were fairly complex in their structure since
the student group possessed a substantial background in felated areas such as
transportation engineering. The use of the program with this small group of mature
students posed a few problems.

During the next year, with the cooperation of Dr. lan Hamulton (Department of
Geography, London School of Economics) who was a visiting professor at that
time, the use of the program was extended to a larger, lower division course in
introductory economic geography. This course had a registration of about 70
studeuts and because of the larger class size, the students were “teamed” in groups
of two or three in order to reduce operating costs and the load on rather limited
keypunch facilities. Teaming in groups greater than three did not prove successful
because of the increasing remoteness of the individual student from the exercise.

At the present time, the program is used in both the lower division and upper
division economic geography courses. The types of problems assigned differ
significantly with the more complex problems in the upper division course
reflecting the more substantial background of these students, and their specific
interest 1n questions of transportation and its relationship to the spatial structure of
land use.

General experience with the program indicates that it has a high level of student
acceptance and that it does increase their level of knowledge in the desired areas.

Necessary Student Background -

Aside from a theoretical grounding in the notion of economic rents and location
rents, and 1n the general structure of the simple von Thiinen model, the student
must know how to prepare the data car's for the program, how fo submit the
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program to the computer and how to retrieve his output. In most cases, particularly
when dealing with lower division students, the mnstiuctor cannot assume student
familiarity with either computers or the operation of the keypunch. Qur experience
has shown that basic keypunch instruc*ion can be given in about 15 or 20 minutes
and that an introduction to the program, card layout and computer center
operation take; about an hour. In many universities, basic keypunch nstruction is
provided by the computer center through ejther direct demonstration or by student
access to video recordings. A sample of the keypunch reference material given to
Northwestern students can be seen in Appendix C.

The first exercise which is normally assigned at both class levels 1s a “set piece”
wherein all parameter values are given. This is designed to test the student’s
familianty with card preparation and system operation. Case ["in the following
chiapter 1s usually used for this purpose.

Operating Costs

The cost of operating the program is a function of the charge level established by
the local computer center, as wéjl as of the number and complexity of the problems
which are assigned by the instfuctor. In the ntroductory course at Northwestern,
where only 2 fow simple problems are assigned to teams of students, operating costs
are approximately $14.00 to $15 00 per student. More complex problems, although
not a greater number, are assigned in the upper division course on an individual
basis and here the cost per student rises to between $50.00 and $70.00. In many
cases these charges, partlculdrly those for the lower division class, reflect a level
which is related only to the number of job submissions made, since at Northwestern
a minimum charge of $1.00 per job 1s set by the computing center. In dealing with
simple problems. one of the major factors influencing total class cost 1s the number
of submissions per studént. This can be minimized by making use of the provision
within the program for stacking problems so that a number of different cases can be
run on the same submission. When used, this tends te reduce significantly the cost
per student.

The cost per student i also increased when students substitute repetitive tests on
the computer for thinking about the operation of the model. Prior to being given
the exercises, the students are mstructed to produce trial solutions utilizing
standard graphic methods, such as those shown i Figures 2 and 4. However, the
student finds that it is less work to change merely one or two numbers in his input
deck and resubmut the probler.a. This substantially increases the number of runs and
the total cust. Sume computer installations have monitor routines available that will
check the number of submussions made by an individual student and will either
prolbit access after a certain number of tnes or will call the situation to the
attention of the instructor. Such a pregram is not available at Northwestern, but a
comprehensive monttoring pregiam is being developed which should alleviate this
problem and permit th~ snstructor to identify those students who are having
difficulties with the operation of the program.

IC
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While the dollar figures cited here refer to a $7.00/minute compuier charge, it
must be kept in mind that at many schools the assignment of dollar values to
classroom use of the computer does not result in any actual transfer of funds. The
“charge” in these cases provides only a means of allocating a fixed resource (which
is paid for in the school’s annual budget) among competing users. Charge policies
vary widely amon_ schools and the prosepctive user should make local inquiries.

Program Availability -

Because LANDUSE is a large, complex routine which is undergoing continuing
development, a listing of the source deck 1s not included in tius technical paper.
However, machine-readable versions of the current distribution version may be
obtained from the Geography Program Exchange. The activities of the Exchange
and methods of obtaining programs are described in Appendix B. The GPE will
provide either CDC or IBM versions of the program and persons requesting
machine-recadable copies should specify the machine which will be used.

Persons using the program are requested to forward their comments to the
author.
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CHAPTER 1V

SOME APPLICATIONS OF THE LANDUSE PROGRAM
L !

' i

|

The following six cases have been chosen to deronstrate the versatility and
flexibility of the program. Parameter values were selected to reflect this goal.
Exercises featuring more “realistic” parameters can be developed casily within the
context of a particular course. The cases presented here begin with a simple
situation which reproduces the basic Thunen ring structure and then proceed
through sucessive complications to a complex case of transport impact combined
with a demonstration of the use of the re-scale option to provide a finer grain
examination of the results.

For ease of interpretation, boundaries and market center locations have been
emphasized through the addition of hand inserted symbols in most illustrations in
this chapter.

Case I — Simple Thiinen Rings

This case demonstrates the ability of the model to rephicate the formation of
simple Thiinen rings around a single market center. It is normally utilized as a “set
piece” in order to familiarize the student with card preparation, program
submission and interpretation of the output. The parameter values for generation of
this case are shown in Table 2. and Figures 15 and 16 display the resulting land use
pattern and market area structure,
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Case ll - Competmoﬁ Between Market Cer@ - 7

Thc case of compctltlon between two market centers can ve dealt with easily
within the context of the program. Case Il represents a somewhat arbitrary
selection of parameters leading to a situation where the first center is “*‘dominant”
with respect to the second. The land use pattern which results is displayed n Figure
17. An exammnation of this map shows that Thiinen rings develop around both
centers and that land use B merges between them. A more interesting pattern is
revealed when the tributary areas map, Figure 18, 1s examined. Here the dominance
of the first center is clearly evident and the boundary between the trade areas of
the two centers bends in the direction of the second center which occupies an
off-center location within its trade area. Through suitable adjustment of the
parameters, the boundary between the two trade areas may be bent even further to
the right and in the t.xtreme caused to close on the far nght thus embedding the
trade area of center 2 entirely within the trade area of center 1. Table 3 gives the
parameter values which will reproduce th:s case.

&
o

Table 3

B
(]

Moo

CASE 1l - PARAMETER VALUES

Market Center Locations

.

Market Center X Coordinate Y Coordinate
1 36 45
2 74- 45
~ Crop Yields
Ciop A 30.00 Units
Crop B 3000 Umts |

Market/Crop Parameters

Market Market Productian Trgnsportatlon
Center Price Cost Cost
45.00 "5.00 1.00
40.00 5.00 0.75
35.00 5.00 1.50
30.00 5.00 1.00
33 B
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This case is a replication of case | with the introdiction of an-east-west

transportation route runmng shghtly to the south of the market center as shown in

those cells containing a1’ having a minimum effective distance which involves use
of the transportation route. The thin vertical line of 1's immediately below the

Figure 19. Figure 20 gives the sphere of influence of the transportatioi route with
market cente: results from an anomalous condition wherein crossing of the

Case 11 - Transport Route Bypassir.;; a Market Center

-

transport route is counted as use of the route. This will be removed 1n a future .
version of the program. Figure 21 deronstrates the resultant patterns of land use
pattern of cultivation of land use ‘A, such as one might have expected from an
examination of Figure 7. The reason for the lack of distortion of the A rings can be

seen through a comparison of Figures 20 and 21. Superimposition of Figure 20 over
Figure 21 reveals that the sphere of influence of the highway does not extend into

the A ring and hence no change is recorded for those cells. Figure 22 displays the
resulting distortion of the trade area along the transport route and Table 4 gives the

and should be compared directly with Figure 15, Although there is an observed
extension of land use B along the transportation route, there is no impact upon the

parameter vaiues which will reproduce this case.
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Figure 20, Case H1 Spnere of Influence of Highway

Figure 19. Case H11-Market Center and Highw.
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Table 4
CASE 1l - PARAMETER VALUES

-

4

Market Center ¥ ocations

Market Center

X Coordmgte_
1

Y Coordinate

55 45
Crop Yields y
- Crop A 30.00 Units .
Crop B 30.00 Units
. Market/Crop Pa:ameter/sn/ N
Market Market Production Transportation
Center Crop . Price /. Cost Cost
4
1 A 35.00 L 5.00 1.50
1 B 30.00 5.00 1.00
Highway Data
Starting Point En&ing Pomnt

<

Highway X Coordinate Y Coordinate X(‘oordinz;tAe' Y Coordinate  Alpha
1 1

39 ’ 108 39 0.45
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Figure 23. Case 1V-Location of Market Centers and Highway
“igure 24, Case IV -Sphere of Influence of Highway

two market areas. Some very significant changes can be
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This case is a replication of case 1I_with the addition of a transport route

bypassing the two competing centers a short distance to the south. The spatial
, positioning of the two market centers and the transport route is shown in Figure

!

. Because of the existence of two'centers, a more complex pattern emerges when
the sphere of influence of the road is examined (see Figure 24). The u...act of the
transport route produces an extension of cultivation of both crops A and B to a
point where the new band of cultivation of crop A along the highway * arly joins

the two centers (see. Figure 25). There is, however, still a smal'
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the two trade areas has now bgen wrr -ped up and around center 2, so that its trade

area has become a parabola onented toward th

which replicate this case are given in Table §.
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many of the more interesting results of the insertion of the transp

production remaining at the edge of the A—B ring around the secor
be seen in the examination of Fi

Case IV — Market Center Competition and Transport Impact
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Table §

CASE IV - PARAMETER VALUES

Market Center Locat ons

Market Center X Coordinate Y Coordinate
| R 36 45
2 74 45
Crop Yields
Crop A 30.00 Units
Crop B 30.00 Units

Market/Crop Parameters .

Market Market Production Transportation
Center Crop Price Cost Cost
’ i A 45.00 5.00 1.00
1 B 40.00 5.00 0.75
2 A 35.00 5.00 1.50
2 B

30.00 5.00 1.00

Higliway Data
Starting Point _ Ending Pomt

Highway X Coordinate Y Coordinate X Coordinate Y Coordinate  Alpha

1 1 37 108 37 0.30
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Case V - Complex Transport Impact

This case is designed to demonstrate that the application of the simple linear
model can produce relatively complex spatial patterns i the presence of both
competing market centers and off-cen.er transportation routes. Figure 27, displays
the spatial situation of market centers with respect to the two transport routes, and
Figure 28 defines the relative spheres of influence of the two transport routes The

. operation of the model produces a very complex pattern of land use, as shown in
Figure 29, which nevertheless bears a resemblance to that seen in cases Il and IV.
Three Thunen rings form around the first market center while an incipient ring
structure seems to be forming baced upon the second and ihird market centers The

Figure 27 Cwe Vo Location of Market Centers and Hlighways

ERIC .
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border of cultivation is obviously distorted along each of the transport routes.
Turning to Figure 30. the tributary arcas map, we see that the particular parameter
structure adopted here has generated a discontinuous market area for center 2. A
northeast extension of the market area of center 1 Gccurs as a result of the effect of
the second highway and divides the market area of the second center in WO parts.
The market area of the third center displays some of the characteristics séen in the
market area of the second center in the previous case. Table € gives the paxameter
inputs for replication of this example.
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Table 6
CASE V - PARAMETER VALUES

Market Center Locations

t

Market Center X Coordinate Y Coordinate
1 46 50
2 55 50 |
3 64 50
Crop Yields
Crop A 10.00 Units
Crop B 10.00 Unuts
CropC 10.00 Units
Market/Crop Parameters
Market Market Production . Transportation ;
Center Crop Price Cost Cost
1 A 47.00 19.60 1.10
1 B 47.00 19.80 1.03
1 C 47.00 20.00 1.00
2 A 39.00 19.60 1.10
« 2 B 39.00 19.80 1.03
2 C 39.00 20.00 -1.00
3 A 31.00 19.60 1.10
3 B 31.00 19.80 1.03
3 C 3100 20.00 1.00

Highway Data

Starting Point Ending Point

Highway X Coordinate Y Coordinate X Coordinate

Y Coordinate  Alpha

1 S0
1 94

£ v
to &
9 to

90 0.40
90 0.30
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Case VI - Change of Scale and Origin

This final case is included to illustrate the manner in which changes of scale and
origin may be used to illuminate complex spatial patterus. Figure 29 displays a
relatively complex spatial land use pattern whose interpretation is greatly hindered
by the size of the printer elements. The insertion of a re-scale card at the end of the
previous example produces a more detailed map of a portion of the original area.
The origin was moved up and to the right, and the basc scale of the map was
changed from 10 units to the inch to 2.5 units to the inch, producing a fourfold
enlargement of the subarea. The resultant map shows all three market centers as well
as portions of the two roads, Figure 31, and the appropriate portions of the sphere
of influence map, Figure 32. The rescale operation produces, in Figure 33, a

Figute 31. Case VI -Location of Market Centers and Highways
£
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significantly enlarged version of a portiop of the original land use map. Here the
relationship between the vanous crops and market centers can be seen more clearly,
as can the impact of the two transport routes. Figure 34 shows the market area
boundaries in the subarea 1t a more detaled fashion than did Figure 30. Thus, the
change 1n scale and location of the origin leads to increased euse of 1~ terpretation
by the student. Tuble 7 shows the factors which were entered on the re-scale cards
to produce this case. : .

’ \
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Figure 33 Case VI Land Use

’ Table 7

CASE VI RESCALL DATA

New Ongin

X Coordiate Y Coordinate

45 40

New Distance Scale Factor

025
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Figure 34 Case VI-Trbuiary Areas

—_

Conclusion ' , . .

fhe examples presented here demonstrate the vanety ¢f ways 1 which
LANDUSE can provide a basis tor the development of compulter-based laboratory
exerases for cconomie geography courses, The flesibility of the program perants it
to be utilized m courses on nearly any level and the type of exercses developed can
be tailored to any group of students, .

LANDUSL s still undergoing development (e g . it will suon be pussible to study
the eifects af systematie, arcal vanations i productivity) and comments and
sggestions from users are welcomed.
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APPENDIX A

\\ DETAILED OPERATING INSTRUCTIONS
\\ \ / .

Vergian 2.0 Department of Geography
Northwgstern University

LANDUSE —__

.

Purpose: Development of land use and market area patterns according to
the basic Thunen model. N s

Description: Within a rectangular area this program develops the pattern
of land use according to the basic Thunen model: R = Y(P - C - TD),
. where R 1s the economic rent, Y is the yield per unit area, P is

the unit market price, C is the unit productiun cost, T is the

unit transportation cost per unit distance and D is the distance

to the market. The use producing the highest rent level is

assuned to occupy the unit of land. In addition to N market

centers and M crops, NROAD highways m.y be defined for a given

problem. Crop yields (Y) are assumed constant for each crop over
. the total area. °
In general, the addition of a highway will expand the amount of
usable land by reducing the effective distance from a cell to a
market center and, thereby, rcducing the transportation cost.
The restriction uf a, the ratio of on-highway to off-highway
movement charges, to 0 < a < 1 implies that the effective distance
along the highway is reduced by the factor a below the same 1
distance off the highway. As it is possible for a probler to have
multiple highways, it is necessary to consider all possible paths .
including the direct path from a given cell to each market center
and to select from these the minimum effective distance. Let

i iz, “ee % be subscripts which identify r highways té be

traveled in sequence from aicell to a market center, and assume
! further that this 1s the minimum effective distance path. Let -

DC be the minimum dissance from the cgll to highway 1;, Dy the

minimum distance from the market center to highway i, and

o

by

Di » Dis enes Di be the distances traveled along the r highways.
Then the effectxve distance D is given by the formula:

DzD.+a. D +a.D. + ... +a, D, +0D
C iy et T .
~

The rectangular area relevant to program computations is between

1 and 110 units horizontally and 1 and 90 umits vertically. This
. corresponds to the printed maps which are 547 lines at 110

P - characters per line. There are 10 characters per inch horizon-
tally but only 6 lines per inch vertically so that the computer
output must be scaled by a factor of 3/5 to accgmmodate the printer
and provide the same scale vertically and horizontelly. All
coordinates locating towns and roads are specified as arbitrary
1nteger numbers, however, only the towns and portions of highways
. lying-within‘ the rectangular drea defined by 1 <X < 110 and

. 1 < Y £ 90 will-appear on.the output maps.
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>
The program currently allows maxima of 10 market centers, 12
crops, .and 9 highways. Since the mininum distance must be
computed from each cell to each town, problens could be devised
using these maxima which might require a month or more of
copputer time. The loser set of maxima of 4 market: centers,
4 crops, and 2 highways has been included in the program for
student usage. Access to the expanded set of limits 1s pro-
vided by punching a decoding 'password" of up to 10 characters
in tolumnns 71 - 80 of the problem control card.

<.
Data input to the program is an arbitrary sequence of problems
each one begxnnxng with a problem control card. The problenm
control card contains, ameng other things, N, the number of market
centers, M, the number of crops, NROAD, the number of highways,
and NEWCASE, the number of re-scale runs to be made. A problem
is re-scaled by snecifying a new origin and a new scgle factor
for the maps. The original (reference) problem is then recomputed
with updated coordinates for the market certers and highways.
As N must be greater than zero, a data card giving the market
center coordinates always follows the problem control card. If
M > 0, the scale/crop-yield cards followed by the crop parameter
cards appear next in sequence. If NROAD > 0, the highway data
cards (onc per highway) are next. Finally, if NEWCASE > 0,
the re-scaling cards (one per re-scale for a total of NEHCASE)
are included. It should be noted that program execution will
be teminated and an error message will be printed out under the
following conditions of the input data:

1) N < 0 or N > MAXN, where MAXN is either 4 or 10;
Y
2) M > MAXM, where VAXM is eithe- 4 or 12;

3) NROAD > MaXR, where MAXR is either 2 or 9;

4) a highway of zero length is specified, i.e. the initial
and final coordinates are identical.

The program output consists of A] an echo check of data inputs,
Bj from one to four maps (depending upon the provlem controi
card parameters), and C] summary tables giving areas in cultiva-
tion and levels of economic rent (if M > 0). The maps are:

1) a location of market centers map; 2) a sphere of influence
of roads map; 3) a land use map; and 4) a market areas map.

The first wap always appears in the output, and the second
appears if NROAD > 0. Maps 3) and 4) are printcd 1f M > 0.

The market center location map contains an X at the posit}%n
of each town appearing within the previously defined rectangular
area. Each highway or portion of a highway (if any) within this




rectangular region is also displayed with identifying numbers

at the initial and final coordinates. An option exists for v
selecting the highway symbol. It may be either a dot (-), SN

an asterisk (*), or a plus (+). The default option is a lot.

The sphere of influence of a highway is the set of cells for
which the average effective distance from the cell to all N
market cénters is less than the average airline distance to
the towns or the average effective distance to the towns using
all other highways. A cell within the sphere of “influence

of a highway is identified on the map with the highway number.
Those cells whose minimun average distance is the average
airline distance arc left blank. If the average effective
distances are ecqual for two highwdys with respect to a given
cell, an equal (=) sign is printed in the cell.

// The land use map displays the regions of crop cultivations

with a letter symbol printed in each cell associated with a

crop. The market areas map indicates with a mumber symbol over
the same region the market where the crops are sold. An equal (=)
sign is printed in those cells where it is equally profitable

to grow either of two crops or sell the product at either of

two markets, respectively. Regions for which the rent is £ 0

are left blank.

If M>0, distances on the map may be sca'ed by a multiplying factor,
SCALE. This factor has meaning only if M>0 as a result of the
effect of distance on the rent computations. All points on or
off the: maps are specified in terms of integer coordinates so
that a unit increment in either the horizontal or vertical direction
corresponds to a distance of 1/10" on the printed output. The
factor SCALE is a non-negative floating point number (if SCALE

. = 0.0, it is reset to 1.0) which assigns a physical distance to
this unit increment. The physical distance may be either abstractly
defined or in feet, miles, etc.; and 10.0*SCALE is the distance
per inch of the printed output maps. This distance scale is .
printed at the bottom of each map if M>). To obtain maps of dif-
ferent regions within the same problem requirec the modification
of the coordinates of all market centers and highways and/or
SCALE leaving the remaining data the same. In this case physicai
distance must be inveriant, i.e. modifying the value of SCALE or
shifting the origin necessarily causes a consistent modification
of the integer ccordinates which will preserve actual distance.

Thus,
sd = ¢
where .
¢ = the physical distance and is constant
s = the scale factor
d = distance on the map
O 55
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Let us assume that data has been prepargd for a problem

which will produce output maps in a coordinate system (X,y)

and that maps of the same problem in a coordinate system (x',y')
are desired. Also, let s and s' represent the distance scales

in the uliprimed and primed systems; and let (x »Yn) be the
unprimed coordinates of the origin of the prxmed gystem.
(xl,yl) represerts an arbitrary point in the unprimed system,
its corresponding point in the primed system is (xi,yi) where,

xi = s/s' (xl- xo) .

yy = s/s' (yy-vy)

All coordinates of market centers and highways must be transformed
as above and rounded off to closest integer values. Note that
the new coordinate system is completely specified by Xy Yoo and s'.

The following example illustrates the salient points of the above
discussion. Assume that data has been prepared for a”problem
having a market center located off the maps at (x sY] ) = (120,-29)
with a scale of 4.0. For the same problem it is Aesxred to obtain
maps of the region surround:ng the market center and having a
scale of 3.0. Let (xo,yo) = (90,-40). 'Then

1i = 4/3.(120 - S0) =

y) = 4/3 (-20 - (-40)) = 26 2/3 = 27

and the new data would include the point

(40,27) as the location
of the mzrket center. //

any problem. The problem as specified by aca immediately
following the problem control card will be ealled the reference
case. Each re-scale data card which follows a reference case
contains the coordinates of a new origin and a new scale factor.
The coordinates of the market centers and highways in the reference
case are.saved and new coordinates are computed relative to the
reference problem for each re-scaling. Re-scaling may be done if
M = 0, in which case the reference scale factor 1s assumed 2 be
1.0. The nusber of the reference case is printed for each re-
scaling along with the x and y coordinates of the new origin. The
ezale ratro, i.e. the ratio of the reference scale factor to the
new scale factor (s/s') is .also pripted. Under’the existing input
data structure a problem may be vre-scaled as many as ninety-nine
times. The user is cautioned not to specify a scale_factor on a
re-scale card so large that a highway is effectively reduced to
zero length, i.e. the initial and final coordinates coincide. This
will cause execution to be terminated. 1

The program contains an option which wilk\g::omaticalk re-scale




Deck Make-Up:

C;zrd Format:

EKK?

Aruitoxt provided by Eic:

A) Basic structure {CDC 6400)

1) Systeas cards

2) EOR card r
3) Program decks

4) EOR card

S) Data deck

6) EOR card

7) EOI card

B) Data deck structure - The following sequence is repeated

once for each problem:

1) Problem control card

2) Market center location card(s)

3) Scaling and crop yield card(s) [if M > 0]
4) Crop parameter card(s) [if M > 0]

5) "Highway paramecter card(s) {if NROAD > 0]
6) Re-scale card(s) [if NEWCASE > 0]

Problen Control Card - FORVAT (512, 7A10)

Cols. 1 - 2 N = nunber centers [1 <N £ 10 if password
is used; 1 S\N < 4 otherwise]

Cols. 3 - 4 M = nunber of ¥ro Me< 12 1f password 1s used;

M < 4 otherwise .

Cols. 5 -6 NROAD = number of highways [NROAD £ 9 if password
is used; NROAD < 2 otherwise]

Cols. 7 - 8 ISYM < 0 if highways are to be disnlayed on all
maps; ISYM > O if highways are to Ye displayed on
the locat.on of market centers mapvonly. |[ISWM] =
if highway symbol is to ba an asterisk (*) and
JISYM| = 2 if the symbol is to be a plus (+). The
highway synbol will be a dot(+) for any otner value
of ISYM.

Cols. 9 - 10 NEWCASE = number of re-scale cards for the current
problem (if > 0). If NEWCASE < 0, the problem is
not to be re-scaled. ’

Cols. 11 - 70 Any title information

Cols. 71 - 80 Any word with up to 10 symbols. If this word is

Mark

the password, thg limits on the number of centers,
“ crops and highways are increased.

et Center Location Card(s) - FORMAT (8110)

The X and Y coordinates are specified pairwise in integer format

at f

1eld width increments of 10 in the following sequence:
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Xl. Yl’ the X and Y coordinates of center 1

.

Xz, YZ’ the X and Y coordinates gf center 2

XN’ Yk, the X and Y coordinates of center N

[N -1

Note that 3] * 1 cards are required.*

Scaling and Crop Yield Card(s) - FORMAT (8Ei0) t

Cols. - 10 SCALE = the distance scale factor. Ten times

this number is the scale printed belox each

output map. If SCALE = 0.0, it will be reset to 1.0.
Cols, 11 - (Y(I), I =1, M) = the crop yields per wunit

area for crops 1 through M, respectively, at
field width increments of 10.

Note that [M/8] +1 cards are required.*

Crop Parameter

Card(s) - FORMAT (3E10)%

Cols. 1 - 10
Cols, 11 - 20
Cols, 21 - 30

the unit market price
the unit production cost
the unit transportation cost per wunit distance

Note that there 1s one data card per crop per market center

for a total of (N) (M) cards. The crop parameters for crops

1 through M with respect to market center 1 are read first;
parameters of crops 1 through M with respect to market center 2 -
are read in next; etc.

Highway Parameter Card(s) - FORMAT (4110, F10)*

Cole, 1 - 10 X coordinate of starting point
Cols. 11 - 20 Y coordinate of starting point
Cols. 21 - 30 X coordinate of ending point
Cols. 31 - 40 Y coordinate of ending point
Cols. 41 - 50 ALPHA, the ratio of on-highway to

off-highway movement charges.
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Programmere :
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Note that there is one data card per highway for a total
of NROAD cards.

N

Re-scale Card(s) - FORMAT (2110, E10)+ N

Cols. 1 - 10 "X coordinate of ngw origin in reference system

Cols. 11 - 20 Y coordinate of new origin in reference system

Cols. 21 - 30 SCALE = the new distance scale factor. Ten times
this mmber is the scale printed below each

output map if M > 0, If SCALE = 0.0, it will be
reset to 1.0, '

[X] means the integer part of X. \

The E10 FORMAT allows the user to specify input data either in
For E form within a ficld width of 10 columns. The decimal
point nust be punched in any case.

[}

The program LANDUSE régtires the subroutines
PROJCT and REGIOY 2nd needs 500008 central memery locations

to compile. The program oaly requires 330008 locations to

load and go. It is written in FORTRAN IV for the CDC 6400
computer. Execution time is on the order of frem 5 to 20
seconds for problems having up to 2 highways, but increases
exponentially with an increase in the musber of highways
beyond 2. A stroag factor affecting the amount of running
time 1s the complexity, i.e. multiplicity of intersections,
of the highway network.

N

Bruce Anderson and Duane F. Marble, August 1970.
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APPENDIX B

THE GEOGRAPHY PROGRAM EXCHANGE

»

The Geography Program Exchange (GPE) hus been established to assist
universities and other non-profit orgamzations with the interchange of computer
software which relates to problems of a4 geographic nature. The GPE operates on a
self-sustaining basis with the assistance of a medest grant from the Mathematical
Social Sciences Board Its services are made available to quahfed users anywhere in
the world. ,

The GPE maintains a central file of specialized computer programs with
associated documentation and test data sets, and makes copies of all or part of this
material available to qualified users at cost. The programs held by the GPE
rcprcscnt speciahzed matenals developed for use n geographic research and
tealhing, 1 v attempt is made to duphcate standard statistical programs. Distnibu-
tion of available programs is in the form of punched cards or BCD tapes, and
associated doclimentation is also distributed 1n machine readable form. The GPE
also produces a bnef guide to its program holdings which is available without
charge. Current program holdings are based mainly upon the specialized program
libraries of the University of lowa, Michigan, Michigan State and Northwestern
University as well as individual programs from many other institutions. The GPE
actively solicits programs apd. 1f the program submitted appears to be of enough
general interest, it will be added to those distributed. All software handled by tae
GPE 15 obtained and distributed on a non.royalty basis.

In addition, the GPE also publishes an irregular newsletter which, at present, is
incorporated in Current Rescarch Notes in Quantitative and Theoretical Geography.

is is distributed without charge by the International Geographical Union
Commussion on Quantitative Methods and requests for copies should be directed to.

Professor Forrest R. Pitts *

Social Science Research Institute
Untversity of Hawaii
Honolulu, Hawaii 96822 U.S.A.

Although the GPE operates with hmited resources, it does attemps to provide
assistance to those departments and individuals who are beginning to make use of
the digital computer as a research and teaching tool.

Overall management of the GPE is provided by a board consisting of Professors
Duane F. Marble (Northwestern), Waldo R. Tobler (Michigan), Robert 1. Wittick
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(Michigan State), and Forrest R. Pitts (Hawan). Professor Wittick isn charge of
operations and all mquines relating to actmties of the GPE should be dirécted to
him at the following address.

Professor Robert Wittick

Computer Institute for Social Science Research
Miclngan State University

East Lansing. Miclngan 48823 US.A.
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APPENDIX C

KEYPUNCH INSTRUCTIONS

Vogelback Corputing Center
u Nor thwestern University
tvanston, Illinois

-

s I1BM 26 Pranting Card Punch

veneral Operation.

Information 1s punched in a card by operating a typewriter otyle heyboeaud,
which punches lecters, digits, or special characters into card wolumns., The
operator presses the "feed" button on- the keyboard which ruves a4 card down
from the hopper. When the "register” butten is depressed, the first coluwn of
the card 1is positioned under the punching station. The cards are punched fLiom
left to raight, one colunn at a time. After each card 1s punched, the card 1s
autbratically positioncd for the next column. After all 80 columns ar. punihed,
the card autormatically 1s reglstered under the reading station, threvgh which
it passed -- column by colurn -- in phase with the card fcllowing 1t at the
punching station, When the card at the punching station 1s relcased, the card
at the reading station mcves into the card stacker.

Because passage through the rcading station 1s an phase with passane
through the punching station, holes sensed at the read station can be Juplicated
into the following card pa:ssing under the punch station. The ability to dupli-
cate inforration from card to card reduces the amount of ranual punchiny needed. |
Data corron to a group of cards ruy be punched intu the first card of a group
and duplicated into the reraining ones. Depressing the "duplicate' hev can
agcerplish this, or it can be done automatically by the kueypunch opurating under
preplanned control (drum or program card).

Other functions that can be put under auvtomatic control are printing,
skippiny colurns, and ejecting and feeding cards. Accordirg to the requirements
of the card format, a patterr can be established so that the keypunch can shaip
columns, duplicate fields, or release the card when punchin, 1s finished but
before column 80 is reached, -

Instructing the keyspunch to skip, duplicate, or release upon reaching
certain colunn locatlons 1s known as programming. The operator program. thy
keypunch by punching a control card, wrapping the card around a cylindu: oz
drum, and inserting the drum on a spindle in the machine, The holes 1n the
card control the operation of the machine, causing 1t to perform specified
functions autormaticaily,

Operating Features

Card Hopper

The card hopper is located on the upper right side of the machine. The card-
are placed in the hopper face forward, 9's down, and are fed front card fir-t.
A card {s fed from the hopper to the card bed automatically or by depressien
of a card feed key. “The first two cards to be punched must be (¢d by key do-
pressqon, but all other cards in the hopper may be fud automativally . undet
switeh control,
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Punching Station

Punching 1s performed at the first of two stations in the card bed through whiich
the cards pass. To start an operation, two cards are fed into the caid bed at
the right of the punching station. As the seccond card 1s fed 1n, the first card
is autoratically registered for punching -- that is, it is positioned at the
punching station,

Reading Station

.
The readinyg station, where the cards are read for duplicating, 1s located appro<i-
mately the distance of one card to the left of the punching station. Each card
that has been punched passes through the read station as the next card 15 being
punched. The two cards rove in synchronism, colurmn by colura, and information
to be duplicated 1s transferred from the first card to the second. Reading from
onc card to another can be controlled, field by field, so that enl; the desired
information 1s duplicated,

This feature eliminates card Pandling for the duplication of information from
cards prepared durin, the punching operation., Card handling 1+ necessary only
when an operation requires duplication from prepunched maater cards.

Card Stacger

.
The card stacker 1s located on the upper left side of the machine on a level
with the hopper. After each card passes the 1d station, 1t 1s fed into the
sticker automatically or by key depression, wuacn the cards are reroved from
the stacker, they are in their original sequence. .

*
fackspace Key

This key 1s located below the card bed between the reag and punch statiens. As
long as 1t 1s held depressed, the cards at the punch and read stations are back-
spaced contifuously unt:il column ! 1s reached. At the same time, the progran
card, wh:ich controls sh.pping and duplicating, 1s also backspacad.

A

Program Unit

Automatic skipping, automatic duplicating, and shifting from numerical te alpha-
betic punching and vice versa are controlled by the program unit. Each ot these
operations is designated by a specific code recorded in a program card. (Sec
Program Card Codes) The program card 1s then fastened around a program drum

and inserted in the machine, where it is read by a sensing mechanism., The drum
revolves in step with the moverent of the cards past the punch and read stations
so that the program codes control the operations, column by columa.
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Program Control lLever

Operation of the program unit is controlled by the prograin control lever,

located below the program unit. When this lever is turned on, the program
sensing mect anism is lowered so that it rests on the prograrm drum, and the
codes punched in the program card control the various automatic operations.

Column Indicator N

The indicator, located at the base of the program drum holde , wndicates to
the operator the next column to be punched. Refer to this indicator as a gutde
for spacing or backspacing to a particular column,

Keyboards - Number 3 - Combination alphabetic and numerical keyvboard, plus L1
special characters.

The combination keyboards have the best features of both a typewriter and a
numerical key purch. 1he letter keys are arranged for operation by the stan-
dard typewriter touch system, while the digit keys are placed so that a rapid
three-finger touch system can be used. The usual runerical heys on a typewtitel
have been elirinated, instead, a group of dual-purpose heys at the ripzht seives
for dugit as well as letter punching. This permits ruvorical punching with the
right hand. The touch system for the ten Numer.cal heys 15. 1ndex finger to1
digits 1, 4, and 7, middle finger for digits 2, 5, and §, and ring finger tot
digits d, 3. 5, and 9. The punching of a digit or a letter with any of the
combinatior .eys depends upon the shift of the keyboard. For example, dJdeprus-
sion of the 4:J key punches a & when the keyboard 1is in numerical shift, but

a2 J when 1n alphabetic shift. This shifting 1s similar to upper or lower case
shifting on a standard typewriter and may be controlled automaticallr by the
program unit or manually by key depression. ,
The fourth row of keys contains four special character heys at the lott. lhese
keys punch eight characters as shown on the key tops, four 1in numerical and
four i1n alphabetic haifte,

Program Card
The program card controls the automatic operations for the corresponding volurmn
of the cards being punched. The control ,wnching required an the program card

depends on the functions to be controlled, e.g., skipping, duplicating, and
alphabctic punching.

Field befinition (12 punch "+")

A 12 punch (+) should be punched .n every column except the fivrst (left-liand

- position) of every field to be skipped, duplicated, or manually punched, Thewe
12's serve to continue to the end of a field any skip or duplication started
within that field.
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Avtomatic Skan (11 punch ™"y

An 11 punch in the first colurn of any field autoratically starts a skip,

which 1s cortinued over that field by the 12's punched in the tewatning columns
of the field. If a single column s tu be autoratically skhipped, 1t 1 punched
with an 11, This coding operates in conjunction with the automatic ship-
duplicate switch, whlch must be on to start the skipping automatically.

Autoratic  iplication (0)

A zero punched tn the first column of any field autonatically starts duplica-
. tion, which 1s continued over that field by the 12's punched in the remaining
columns o ficld., 1f a single colunn is to be aurtomatically duplicaced,

1t 1S pun. «th a zero,

Alphabetic Shift (1)

When the program card is in the machine, the combinat:on heybeard 1s normally
tn numerical shift, and depression of any one of the two-purpose heys cavscs
a figure to be punched. To punch a litter, the combinatior heyboard wust be
shifted for alphabetic punching. This shitcung 1s performed automatically
a 1 1n the program card in each column of the alphabet ¢ f.eld.

Prog:»~ Card Codes

Code Function
12 + Field Definition .
1 - Start Autoratic Skip
0 Start Automatic Duplication
1 Alphabetic Shife
2 left Zero Print
3 Print Suppression

Program Drum

Ihe program card is mounted on a program drum for insirtion in the machian, ”
the program drum has a clamping strap to hold the (aid, and a handle on the top
to tighten or release the strip. To fasten a card around the dium, take the
followinyg steps.

I. Hold the drum 1n a horizuntal position with the handle to the right. ‘Tutn
the handle away (coutte--clockwise) as far as it will go. This loosens the
smooth edge of the clamping strip.

2. Insert the column 80 edze of the card under the smooth edge of the clamping
strip. Two aligament check holes in the clamping strip make 1t possible to
see¢ that the card 1s flush with the metal edge under the strip. The card
should be positioned so that the 9's edge 15 agailnst the rim of the drum
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3. Turn the hundle to the center position. This tightens the smooth edge of
the clamping strip and ioosens the tootled edge. N

a3 -

4. Wrap the card tightly around tne drum and nsert the coluwn 1| edge under the

toothed edge of tie clamping strip. -

5. Turn the handle toward you (clockwise) as far as 1t wi1'l go. This fastens
the toothed edge of the clamping strip. The drum 1s ~ow ready to be fuserted
in the machine.

To remove a card from the drum, the above procedure should be followed 1u the
reverse order.

with the progran sensing mechanism ralsed, the drum is placed on the spindle
under the center cover of tie punch, positioned so that the aligming pin falls
in the aligning hole in the column indicator dial. The program cu trol lever
1s turned on to iower the reading star whieels onto the program card, and the
release kes is dxpressed to engage the reading mechanism fully. Wheneve: the
drum 18 to be removed, the program control leyer rust first be turned off to
rrise the star wheels.

Yhen the punch 1s operated without progrem confrol, the Leyboard is in alpha-
betic shift. When the program control lever 1is gturnmed on, the keyboard 1s in .
numerical shife for all columns except those punthed with the alphabetic [1cld

coding in the program card. If it is negessary to punch digits with the progiam S m
off or in an otherwise alphabetic field," the pumerical shift kev 1s held down
while the digit keys arc depressed. Similarly, when i1t 15 necessary to punch
some letters in an otherwisc numerical field, the alphabetac shift ke is held
down while the letter keys aire depressed. !

v
[

\
Skip Key

¢
\

Tie purpose of this key 1s to skip an; field that 1s coded with 12's in the =
program card. Depression of the key starts the skip and the 12's, 1n succeeding
columns of the field, continue the skip for the rest of the field.

»

Dash Sk:, (or) Dash Key

<,
When ,the keyboard 19Jin numerical shift, depress »f this key punched an U
hole and causes skipping fo the rest of the fiela .. determined by the sucies-
sive columns punched 12 1n the'pragram card. When the keyboard s ou alphabet
shift, depression of this key punches an 11 hole but does not cause ~hippius.

AN ~
Duplicate Key ‘ - 4

. /
Any rfiforrmation, manually, punched in one card and common to one or mulv succes-
sive cards, can be duplicated by use of thig key. Depresston of this hey at
the beginning of a field starts duplication, and the 12's punched 1n the prugram
card continue the duplication for the rest of the Fidld. , {
* I

b -
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Keyboard Su-.azy

Punchine ¥ey

Keys 1-18 can b

1
punch the letter
bo~rd 15 1o ru 2 , the ~achizce lock Operation can be resurv
d, or by ce wss.pg tne alphaletic shift key which will cruse
M A

R

releasing the ca Y
the letter to be punched.

Al
Combination keys 19-29 can be depressed when the kerboard s in either rurerical
or alphabetic shift to punch the characters controlled by that key. ‘

Keys ~0-43 purch multiple digits for eight spec:al characters. They can bo de-
presscd when the keyboard is in either numerical or alphabutic shift,

.

Space Bar

The space bar can be depressed at any time in a ranual field te dause spacing
over ecre colurn of the card

. .
Functional Kevs

30 NUM (nurevical shifr) shifts the cowbination k ybeard into nuneirical posti-

tion as long as 1t is held down. .

31 ALPH (alphibezic shift) shifts the vombiration ke;board into dlphabc}xr
position as long as 1t 1s held dewn. It 1s normally used to permit the punching
of letters in an otherwise nunerical field. '

32 DUP (duplicate) causes punching by readirg from tha preceding card.

34 REL (relea.s) causes the cards at the punch and riad statiens to be v rnced
completely past those stations. Fields progra~red fer autoratic duplication
beyond the point of release are punched in the card before release 1s corplo oy




35 FEFD (card feed) gausen g card feed cycle
1. Feeds a card from the hopper.

2. Regtsters the card, ac the punch anc read stations.
3. Stacks the card from the left of the card bed.

& oXIP causes skipping of the field for which 1t is depressed.

37 REG (card register) 1s used primarily when tnserting caids manually.

44 MULT PCi (nultiple punch) 1s held down to permit the punchiing ot nrote than
one digtt 1n a colurn, The Reyboard 1s in nurerical shift when this key s
depressed. ‘

(Hote*  An example f the use of the multiple punch hey 1s

- . T .
é END OF RECORD

& kD kN Y r ok ow ok kR % & RNk ok ok ok ok ok ok Yk w kY T e e ke % R T

(hote that "A" punch defines an R

alphanetic f1eld Jength.)

v

v

73 S0

/ +4 0 LAALLALUL CAAL L LA L UALAAALAAALLLLLLL L ALAAARA LLLALLY kLLLLkMxL\-++r‘»A}

rol 1-5 numeric (staterent number)
6 numeric (continuation
7-72 alphabetic (ro purch nureric inforratidn, depress NUM key)

* 73-80 automttic sk:ip and release of card

k % e %k ok f o+ ok ok ok Kk % o A ok Kk %k k% ok k A T % 7 AR S P I IR S T TR S

Sa~ple progran ¢a:d for dasa cards.

i ) it 13 3l 61 i

++++-‘o++-»r«+o¢f++-+br§,444+0rrrwrr+»kwror+4++r»»o»«*r+»4-+oo+t»4»Ata,A*»*'~J

o

col. 1= 5 1ID (numeric)

6-10 Skip
11-20  Nurmerie .
2830 Skap .

3i=60 Duplicate preceding card (numeric)
61-80 S:aip and release card

instructton Sheo o was ahtarc g troe the TIY polhiaoation
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CHAPTER |

DIGITAL COMPUTERS AND THE TEACHING
OF COLLEGE GEOGRAPHY

Although the large digital computer represents a relatively recent snnovation in
American umversities. it 1s already established as a major tool for research
geographers There 1s, in geographie research as i other drsciplines. a defimite
interaction between tools and problems, Some problem areas may hie dormant for a
period of years or even decades because the necessary research tools are unavailablé,
When a new research tool becomes available. either through primary mnovation or
through the transfer of knowledge from workers m other disciolines, there 1s
frequently a surge of interest i topics which had previously been set aside, as well
as development of new areas of investigation.

An example of this phenomenon within geography can be seen in the impact of the
high-speed. digital computer on problems of muttvanate regionalization. The
approach to an optimat multivaniate classification of areas based upon a comparison
of between regron and within region vartances had been developed, but empirical
implementation was forced to wait until computing machinery capable of handling
the calcutations became available When 1t did, a strong upsurge of empirical
interest 1 this topic followed These empirical mvestigations rased, m turn,
additional theoretical questions and the cycle advanced through another phase.

Parallel to the development of the computer as a research tool in many
disciphines has been its use as an instructional aid. Early applications of the digstal
computer i nstruction vdlved the use of the machme to pernit students to
handle problems of a size and scale of complexity that had hutherto been impossible
within the standard classroom situation. In engineening, for example, students
began to bkandle problems which. were considerably more realisic than the
traditional, hand-computed examples This proved quite fruitful, and the intro.
duction of the conputer as a4 laboratory tool proceeded rap.dly i many
enginegning disciphines and, in some schools, its use has been firmly estabhshed for
well over a decade  An illuminating discussion of this approach can be found in the
report of 'hc Ford Foundation project at the College of Engineering of the
Umversity “of Michigan [17]  Instructional use of the computer has lagged
considerably in most of ihe social sciences. though there have been some recent
attempts within geography and other soual scienee disuplines to provide programs
of this nature, For example, sec the work by Rushton [11] as well as the more
elaborate urban simulations such as that of Wirneryd [19].

Recent tcu.hnolug,u i developments have permitted the central computer to
handle a large number of users on 4 nearly simultancous, real-time basts Efficient
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time-sharing systems penmt a number of users, equipped with remote terminals, to
utilize a central computer through the mtermediate efforts of a complex supervisory
system which exammes the pnonties and needs of cach user and allocates to lum
only that portion of the mam computer's capacity required for his work, and for
only that period of time which 1s necessary to process the next step m lis problem.
Much of the capacity of these time-sharing systems anses out of the great disparity
between the mmternal computation spcéds of the central computer and the speed at
which information can be transnutted and received from the remote terminals. This
dispanty can be seen in an examination of the relative printing rates of most of the
commercially available remote terminals. These are very slow when compared with
the mam computer’s dedicated penipheral prnters and the speed factor is
frequently " on the order of 250 or 300.1, if not mors Even with this speed
differential, the mamn computer is frequently bound by the capacity of its *‘high
speed” printers and will operate two or more of them simultancously in order to
attain greater output volumes.

The mtroduction of tune-sharing facilities in many universitics has prompted the
development of computer assisted instruction (CAI). There has been a great deal of
mterest n CAl on all educational levels ranging from preschool children to college
graduates. and many ol the CAT developments in college geography are discussed 1n
previous technieal papers of the Conimission on College Geography. In the standard
CAI environment, the time-sharing computer interacts with one or more students
utilizing remote terminals. A series of quenes are presented by the computer, based
upon a program previously prepared by the instructor, with ecach query m the
program designed to illuminate a particular point relating to the topic under
discussion (e.g., map projections, water balance, etc.). After each query the student
presents a response which the computer checks against a series of stored answers
which have also been provided by the instructor, and then, depending upon the
nature of the student’s response, branches to another section of the program.
Internal loops are common in these programs so that the student can be given an
opportunity to re-examine matenal that s giving him difficulty. This “match,
branch and loop’™ tormat is basic to most CAl programs. In many cases, the CAl
programs are not really computational ones since they utilize only a very small
portion of the avalable facthties of the central computer and are normally
testrained to “match, branch and loop” operations. Although many CAl programs
are run on large, thurd generation digital computers which provide the necessary
time-sharing environment, the “match, branch and loop™ mode of these programs
does not really requure the facihties of a computer of such power and some
umversttics have responded by installing smaller computers which handle only CAl
work. An mformal survey conducted in 1970 indicated that only a handful of U.S.
geography departments were currently utihizing CAI on etther an experimental or
operational basts, but that many of the departments had a strong irterest in future
uses of CAl

It is possible to utilize the basic “match, branch and loop™ format of the CAl
program i combination with the major computational capacity of the machine.
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This could be done, for example, 1 a CAI unit dealing with problems of spatial
optimization which, after prowiding instruction in the basic elements of linear
progrm and its application to spatial problems, would require the student to
set up a speaific’problem ";,} linear programming for.aat. The CAI program would

call upon a resident hinear pfogramnung routine to solve the student’s problem and
then display the results of this computation® to the student together® with an
appropriate commentary Becaus¢ of the multi-processing nature of large modern
computers, the CAT program could continue the foreground conversation with the
student while the linear programming problem was running in the background. This
represents a rather sophisticated use of CAI, but one that will be increasingly
utilized. There are, however, several basic disadvantages to current CAl approaches
which arise largely out of the computing environment as 1t stands at the present
time. These mclude:

1) The lack of comparabilty of the programs. A great variety of CAI
programming languages are available, some of which can be utilized only on
specific machines, and sometimes only at specific installations. Other
languages which appear to have greater comparabihity, particularly the BASIC
language. suffer from a lack of standardization which nhibits the casy
transfer of C Al programs from one mstallation to another.

2) The slow printing speed of mpst remote terminals, An :nexpensive terminal

tends to print so slowly that there is difficulty 10 retaining student attention,

“while terminals with higher printing speeds are, at present . unduly expensive.

3) The difficulty of producing any form of graphic output at a remote terminal,
This 1s an impediment which appears particularly critical fo} geographic
applications since many geographic CAI applications would behefit greatly
from the output of simple graphics as well as maps. Available graphics
terminals are currently both specialized and expensive, while printing a one
page map at a Teletype terminal utihizing a printing area of, say 50 rows by
70 columns would require the printing of 3,500 map elements (characters)
and would take five minutes or more. As terminals with higher printing
speeds become available, this ime will be cut to two minutes or und®, but
even this 1s not adequate At present, then, geographically based exercises
which require more than exceedingly modest amounts of graphic output, or
which require map output, can be carried out only on expensive remote
terminal installations or by utilizing the batch processing capability of the
central computer

-

It must bc emphasized that these problems will unduuhtcdly be overcome 1n the
next few yedrs by rapid increases 1n the level of computer and communications
technology It would appear that a profitable interim approach would be to develop
a senes of more complex programs based on highly standardized languages, such as
FORTRAN, and oriented toward batch processing rather than time-sharing.

As technology ymproves, these programs could be converted to the “foreground-
background”™ CAI mode mentioned earlier. Experiments have shown that the
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program described in this paper, LANDUSE, can be run effectively i such a
configuration, but to do so at present requires the use of a tugh-speed terminal, a
speciaized commumcations link and a 300 line/minute printer. This type of
installation has a rental rate significantly n excess of $1,000/month. Within a

_period of four to six years, 1t should be posstble to incorporate these programs into

a CAl environment in which such equipment configurations are less expensive and
much more common than they are today.

-

The LANDUSE Program pd

The program described 1n this paper, LANDUSE, 1s designed as a laboratory tool
for use n economic geography courses at both the beginning and intermediate
levels. It 1s not a CAI program i the current sense of that term, since it does not
utihze the basic “match, branch and l op” structure. It is, rather, directly related to
the third type of instructional program termed “generative™ by Huke, Fielding and
Rummage [6]. Programs of this nature permit students to enter parametric
information into a process mode! and to note the fashion in which the model
vperates upon the mformation to produce the desired output. Students are
expected to mterpret the patterns produced with reference to the theoretical
concepts contained n the precess model, The impact of changes in the system can
also be explored through alterations of the parameter values N successive runs of
the program. In this manner, the program assists the students in attaming an
understanding of some interrelatiyfiships present 1n complc‘ models of spatial
environments. A similar approach to ndustnial location 15 embodied in the
computer model developed by Smith and Lee {13].

LANDUSE deals with a simple model of agricultural land use (the basic von
Thiinen model), which s relatwvely rich and capable of successive comphcation The
program was developed after an examination of an early version of the program
prepared by Rushton {11]. An entirely new program was prepared; rather than
modify the Rushton program, in order to provide a number of additional features
in an efficient fashion. These include

1) rephication of the basic case consisting of a single market center and simple
concentric rings,

2y mtroduction of one or more space distorting transportation routes into the
system in a completely flextble form, and \

3) an ability to change the scale of analysis in a flexible but simple fashion.

Chapter I prowvides a summary of e process theory which underlies the
operation of the program. The third chapter describes the s,ructure of the program
and some of the problems encountered in classroom use The final chapter presents
six selected cases which demonstrate the flexibility and scope of the LANDUSE
program.
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CHAPTER 11 .

AGRICULTURAL LAND USE: g
A BRIEF THEORETICAL STATEMENT

The basic theory pertaining to the spatial structure of agricultural prodaction
originated a century and a half ago in the work of a German economist, Johann .
Heinrich von Thiinen. Since then, other researchers have produced more vomplete
and coniplex statements of this theory but we are concerned here largely with the
simple case as originally presented in von Thiinen's classic book, The Isolated State
[18]. In tlus work von Thiinen attempted to discover those laws which influence
the prices of agricultural products and the way in which price variations are
subsequently trunslated mto pattetns of agncultural land use. Basically, he was
concerned with competition between vanous agricultural products and farming
systems for the use of speciti¢ plots of land. A primary assumption of his model
was that on each piece of land, the actvity which yieldea the highest net return
from utilization of the parcel would be found and that competing activities would
be displaced to locations where they, in turn, would yield the highest net return.

To facilitate discussion of thig problem, von Thtnen utilized a hypotheticar case
~ hys “isolated state™  wheren he posited the existence of a market center located
-at the center of a large, fertile plain which contained.no transgortation routes. The
undifferentiated plain 1in which transfer costs are a simple function of distance, the )
“isotropic plain,” appears as a starting point in many geographic theories. Von
Thiinen further xssumed that throughout the plain the soil was equal in quality and
that the agricultural productivity of specific plots of land did not vary from one
location to another. At some great distance from the town the plain turned 1nto an
uncultivated wilderness which effectively cut off all communication between the
“isolated stue” and the outside world. In this isolated community, the central
town would supply the surrounding rural area with all manufactured products and,
in return, would obtain all of its agricultural inputs from enterprises located on the
plain. The problem as posed by von Thiinen was what pattern of cultivation would
take shape. given the stated conditionss, and how would farming systems in clilffercm
portions of the plain be affected by thewr distance from the central town? An
explicit assumption in his work was that all agncultural entrepreneurs made
decisions in an econonucally rational fashnon. That 1s, entrepreneurs responded only
to profit maximization as an optinnzing goal and were assumed to be 1n possession
of complete information pertaining \tQ all choices.

N\

Economic Rent and Location Rent

As the basis of his analysis. von Thilnen ntraduced the concept of economic \
rent While he developed this notion independently, 1t had alsu been introduced a




few ycars earhier by an Enghsh cconomust, David Ricardo, who was interested in the
way certain factors conditioned agmultuml produc tion decigons. {e wis, however,
concerncd primanly with vanations in productvity rather than Wlth ihe impact of
purely spatial factors. The Ricardian version ut economic rent, as contrasted to that
of von Thunen, 1s cledrly set forth by Michael Chisholm m hls bouk, Rural
Sertlement and Land Use |2}. .

The concept of econonne rent s central to many questions of land use
comacfition and 1t 1s utdized n the voit Thunen modet to provide a means whereby
this competifion 15 resolved 0 a rational fashion The observed gap be'twécn

., revenucs and costs represents economie rent - a technical sense Von Thunen
vbserved that Ricardo had basdd his discussign of the nature ot cconomic rent upon
difterences in the mherent productivity of yarious parcels of ag]cultural land, but
that the same phenomena would ansehit produmvny were held constant and the
parcels were subjected to varying transportation charges based upon the cost of
moving their production over different distances to the central market. In Ricardo’s
case, differential !ertlhty of the plots mfluenced the level of gross returns.whereas
i von Thunen's model, gross returns remained constant, but the cost of

2 transportagon vanied with distance to the market.

The two cases’ are quite similar, but'recent-titerature has tended to apply the

, - term, "location rents” to those economie rents arising solely out of differences in
focation. This serves to differentiate theny from more general scarcity rents which
may ansc fro.. factors such as simultaneous variations n productivity as well as
focation. It should be made clear, however, that location rents constitute a specially
deflned subclass of general cconomie or scarcity rents and are 1dentical to the fatter
only n the case wherem. location 18 the only factor differentiating the parcels of
fand.

Given the assumption that we are dealing with a finite group of activities (wlmh

“in themselves may consist of fixed bundles of subactvities, e.... crop rotation"'

" schemes) it 1s then possible to view competition for the use of agmllltuml land as
equivalent to the following piocess. cach entrepreneur w.shing to engage i an
activity evaluates the utility of a given parcel for carrying out a spectfic activity and .
determines the level of renf which can be expected. This fi_are represents the
maximum amount that the operator will be willing to bid for use of the parcel of
fand. since any bid higher than this esimate would require that the activity n
question be operated at a loss. The bids for vse of the parcel by various

. éntrepreneurs desiriag to undertake different activities may be ranked and the

maximum 1dentified Tne activity ussociated with tins maximum bid will then
Become the one which o;uﬁales that particular umit of land. This notion may be
extended tognon agmultuml astivities, of course, an¢ is roughly equivalent to the
“highest and\best use” notion which is frequently encountered in the urban land -

-

economgs literature. In fact, a sngmﬁ;ant proportion of the current theory dealing
with the internal spatial structure of the city rests upon the extension of this notion
of location rents to torm a bams for fand use competition in the city, ¥.g.,

*

Alonso [1]. ‘ &
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A Mathematical Statement of ‘the von Thiinen Model

In tus ongmal work. von Thlmulwas coneerned with speafic cases, but he did
produce a general statement relating Totation rent to distance from the market
center. Typically the basic von Thiinen model can be stated as a sunple linear

r cquation-

. \
R=YP, Y, Y,.D=Y,|P, C, T;D].(=1. .n) (1

where. R, = loe "t fo, the ' activity on a specific parcel of land
Y, =t -tionfunit of land for the 1" acivity
P = w. pnee at the market for-the /1 activity
Ck unit production cost for the i activity
T, = transport charge/unit/kilometer for the it actwity
I = audine distance of the parcel of land from the market i km.

This equation states that the bid rent for activity i at a specific parcel is equal to
the gross rcturns on production from that parcel (Y,P,), less the total cost of
production (Y,Cy), legs ¢he cost of moving that production to the market (Y,P,D).
The simplest situation\yy obtaindd when we assume the existence of an isotiopic
transport plain in which T, isa linear function of distance and 1s assumed to have an
mtercept of zero, ix., there are no termmal charges in the system. It is also
normally assumed that productivity 1s constant over the plamn. That is, Y, does not
vary locationally within the system and that a similar condition holds with respect
to unit production costs thus yielding a constant value, C,, for every parcel. The

* unit price at the market 1s also assumed to be constant and the market will absorb,
at that price, any amount which is offered.

For a specific activity, these assumptions leave us w1th identical net returns (Y,P,

Y,C,) excluding transport costs for évery parcel on our hypothetical plain. The
only variations in rent are then introduced by variations in trapsfer costs (Y,T,D)
which are based entirgly upon differences in the value of D. That is, when the
parcel is located at”the market sitc the thlrd term in equation (1) 1s zero and
location rent 1s €qual te gross feturns minus total cost of production As parcels
further and further from the market arc considered, the size of the third term

\(YP D) in the 2quatibn increases. At some distance from the market transport
charges will be equal to gross returns and the rent will.fall to zero. This distance
marks the limit of feasible cultivation for the activity since production beyond this
point would be unprofitable. The term relatmg to unit production costs, C,, is
defined 1n a somewhat unique fashion. It includes.not only tie normal cost of
carrying out the activity but also includes a specific term representing a *“‘normal”
profit for the operatof This means, then, that location rents can be viewed as a
potential “excess™ profit for the entrepreneur. )

Since equation (1) 1s lincar and continuous, it is easily represented ina graphlc
form. In Figure 1. a bid rent curve for a specific activity has been plotted for
parcels of land located at successively increasing distances from the market center

ERIC 00014
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Figure 1. The Bid Rent Curve tor a Single Actvity

at M. The rent K s the net return denved from a parcel located at the market place

and s equal to YP YC since transport costs at that location are sero. The distance

v

MD represents the maximum distance at whicha parcel can economucally engage in
the actwvity. For distances greater than MD either a subsidy must be provided or it
must be assumed that the operator s not behaving i an economically rational
fashion. The slope uf the bid rent curve 1y obviously equal to the umt transfer cost in
the system and becomes mcreasingly steep as unit transfer costs increase. Figure 2

rent —y

M D* D D
A B

distance -

Fagure 2. Bid Rent Curves tor Two Competing Activities

displays a competitive situation where there are two actvities, A and B. whose
different bid rent curves result from differences 1 umt market price, unit
'pro{luctmn costs, or umt truns\&'r costs between the two activities. In cach case,
these values remain constant for the activity at any location, but they are permutted
.to vary between actwtties. Asan the previous example, K5 represents the rent at*
the market for a parcel utihzed by activity A, while Ky represents the rent at the
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marhet ﬂ)r a parcel utilized by activity B. The slopss of the two bid rent curves
differ sigmficantly reflecting higher unit transfer costs for A than for B If there
were no competition present in the system and each activity were constdered singly |
then Dy would represent the maximum distance at which actity A could be
undertaken with Dg(Dy > Da ) representing the masimum hnut of cultivation for
activity B However, the two activities are m compcetition for use of the pa:cels and
within the distance MD* the bid rent of actiity A always exceeds that of activity
B, and hence actvity A will then occupy all parcels of land between the market and
location D*. However at distances greater than D* activity B produces a higher bid
rent than activity A and activity B will occupy those parcels of land lying at
distances from the market greater than D* and less than Dg. An entreprengur
located on a parcel of land exactly D* kilometers from the market would be
indifferent between the two actities since both produce identical bid rents at that
point and no economic basis extsts for differentiating between them.

The graphic analysis of the competitive situation shown in Figure 2 15 only
one-dimensional and total rent in this case 1s equivalent to the area under the curve
KARDg. When translated to the two-dimensional case, two nings centered at M are
formed. The first, with radius MD* encloses thic arez of cultivation of activity A;
the second, startirg at distance D* and extending to rads MDg encloses the area
of cultivation of crop B (sec Figure 3). The resulting spatial pattern 1s one which is

Figure 3 Simple Thunen Rings

commonly referred to as “Thunen Rings ™ The total rent 1 the two-dimensional
¢ase 15 then gwven by the volume of the sobd of revolution formed by rotating
KA RDy about KoM as an axis (see Appendix A of Dunn {3} for a more detailed
discusston).

A great deal has been written on the von Thiinen mode' and for discussions of 1ts
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many complicatloné\ar{d extensions, sce the works by Dunn {3], Isard [7], and
Alonso [1]. The autihty of cven the simple model in explaming the observed
patterns of land use has been noted by a number of researchers and much of this
latter work is admirably reviewed in Chisholm [2].

Extensions of the Simple Model

The basic von Thiinen model outlined above displays a number of important
factors relating to agricultural production location decisions, and does so in an
exceedingly simple fashion. While 1t may be characterized as one of the simplest
models of land use, it is exceedingly fertile since it is capable of ®xtension and
modification in a vanety of ways. Two of these, the expansion to'm#ltiple market
centers and the introduction of space distorting transport routes will be discussed
here.

Multiple Market Centers

Given the concept of land use competition, the extension of the basic von
Thiinen model to the case of multiple urban centers 1s relatively straightforward.
Basically. equatipn (1) ts recast mto the following form:

* -

Ry=YPy Y,C - Y, IyD.0=1 . .mj=1...m )

where Ry = rent produced by the it actvity whea it 1s onented toward the jf#
"market center
Py, = umt price for activity 1 at the 37 market center
T,y = transport_rate/unit/km  for movement of output of actwty 1 to
market center |
(the remaining terms are as previously defined)

Utihzation of this formulation results m the estabhshment of multiple bid rent
curves based upon the vanous marhet centers (see Figure 4) The structures zre as
defined 1n the previous example eacept that, in this case, an evaluation of the bid
rent curves shows that at certam locations, for example, L. three “different”
activities are bidding for the use of the land. At L we sec positive bid rents denved
from activity A onen.. ) toward market | and activity B onented toward market 1,
as well as a bid rent derived from activity B oriented toward market center 2. At L,
activity A onented toward marhet center | produces the highest bid rent and hence
occupies ihat location. However, at distances greater than M P we sce that
onientations of the two activities, A and B, toward the second market center
produce Ingher bid rent levels than a contmued onentation toward the original
market wenter. Thus. at distance M, L* from the ongial market center, it can be
seen that while actiity B onented toward market center 1 is sull making a positive
bid tor use ot the Tand, this bid 1s excceded by those made by activity A and activity
B when onented toward the sceond market center. In this particular case, activity
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Figure 4 Bid Rent Curves for Competition Between Two Market Centers ~

A. with an unentagtsn toward the second market center, occupies the location.
Thus, along the line from M, toM,, we see i svccession of land uses, first A then B
and then A agamn. However, within the area devoted to the cultivation of land use B
there 15 a breaking pomnt, P, at which the land shifts from the tributary area of the
first market center to the tnbutary area of the second center.

An interesting pro{)lcm mvolves the exact determinatipn of the boundary
between the tributary ageas of the two centers. The boundary 1s clearly defined in
the one-dimensional case shown in Figure 4, and can ve easily inferred in the
two-dimensional case where the parameter values for the two market centers are
wentical and an overlap between the bid rent cusves exists, the boundary in this
latter vase will be a »irawght line perpendicular to the hine joining the two centers.
However, as one of the centers becomes “*dominant,” the boundary between the
tributary areas of the two centers will gradually shift from a straight line to a
hyperbola to a parabola and finally to a closed ethptical form around the second
area with the second (smaller) market center occupymg the foct of the ellipse
nedrest to the larger market wenter Demonstration of the development of the
spatial structure i these cases 15 usually very difficult without resort to
compheated mathematical denvations or an elaborate, _arefully plotted graphial
display. [t1s, nevertheless, an mteresting extension of the basic model.

System-Wide Transport Improvements

The mtroduction of system wide transport improvements, such as those that
might oceur when o new and more cffivent type of vehicle 15 introduced imto all
parts ot the transportation system can be handled within the model as given n
equations (1) and (2). The net etfect 1s sunply to reduce the value of T, or Ty, |
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which, in turn, leads to a reduction n the slope ot the bid rent curves. The benefits
of any system-wide improvement in transportation may be differentiatly distributed
between activities since, for example, the introduction of a specialized and more
efficient bulk carrier mght favor certain commodities over others. Another
example of difierential impact would be the introduction of refrigerated, milk
transports which would obviously influence T, for the activity of milk production,
but would have little direct impact upon the transport costs for commodities such
as grain.

Route-Specific Transport Improvements

A far more mteresting, and theoretically complex, case is encountered when
transport improvements i the system differentially influence locations. This is
typically caused in the real world by the coristruction or improvement of an

" existing transportation link. For example, a new highway linking two nodes in the

system may be built or an existing road may be improved through resurfacing, thus
leading to lower vehicle operating costs. Within the context of the basic von
Thunen mode!, the introduction of specific transport routes can be viewed as a
distortion of the uniform plain since unit transfer costs over the improved routes
will generally be lower than transfer costs over the remainder of the area. Within
the context of equation (1), this change ean be handled 1n one of two ways:
through vanations in the values of the T, depending upon the type of route over
which the travel takes place or, somewhat more easily, by assuming that variations
occur 1 D 1tself. This latter approach arises out of a substitution of the notion of
effective distance for that of airhne distance which was previously utilized in the
model. £ffective distance is defined as follows. let D¢ be the minimum distance
from the cell to the mghway, D, the minimum distance from the market center to
the highway, and D, the distance travelled along the highway. Then the effective
distance D 1s given by the formula:

Dg =D *a Dy + Dy (3)

with a 1 this case 1epresenting the ratio of on-highway to off-highway movement
charges within tie range 0 < & < 1. That 1s, for an & value of 05 travelling a unit
distance along the highway would cost exactly half as much as travelling the same
distance off the ghway. The use of a as a scaling factor in the equation for
effective distance compensates for the real differences in unit movement costs over
the different routes. This proves to be particularly useful when the definition of
effective distance 1s expanded to mnclude travel over a potential system of routes

D =De +ay Dy + oDy + .. +apDy + Dy ' (4

where there are a sertes of n different highway segments 1n the route, each of which
. 3y
has associated with 1t an umque value of a. :
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The distorting etfect of low cost transportaticn routes was noted by von Thunen
in his original analysis in a discussion of the distorting effects of a nver which
would provide low cost transportation for agncultural commodities upon the limits
of the area undér cultation. Denvation of the geometric mmpact of highway
improvement upon land use patierns has besn undertaken by several author, but
the Jiscussion that follows 1s adapted from that of Werner [20}. Werner was
concerne ' with the distortion of the shzpe of the hinterland area that occurred
after a new transportation route had been constructed. He defined hinterland as the
area accessible from a given point with a specific level of transportation effort,
where etfort may be measured in terms of energy consumption, mileage, time or
other cnteria. The analysis assumes as giv*a the 1sotropic transport plain, a pomnt P
corresponding to a market center and a straight transportation toute runmng
through the area with a cost per unit flow per kilometer of a, on the road and a,
off the road. This basic situation s illustrated in Figure 5.

In Figure S5, for convenience, the new transportation route is assumed to be
identical with the x-axis and P 15 a point on the y-axis with conrdinates (0,b). The

. situation as shown is a syinmetric one so that the analysis need only be completed
for points lying to the right of the y-axis. The minimum co$t connection from an
arbitrary point Q, focated sufficiently far from P and lying off the transportation
route is given by a direct movement from Q, towards the road entering with an
angle equal to arc cos a;/a;, then along the road itself to a point R, and then
directly to pomnt P. The angle at which the minimum cost path leaves the road 1s
again equal to arc cos a, /a, .

Werner demonstrates in his analysis that the half-space under consideration can
be divided into three regions, which are labeled 1, I, and Il in Figure 5. Within
region I all points have a minimum effective cost path which consists of a direct
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Frgure 5 Determination ot the Sphere of Influence of a Transport Route
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movement to pomt P with no movement over the road. For all pomts in region 11,
such as the arbitrary pont Q, . al! mmmmum cost connections 1avolve travel over the
road in the fashion outhned above. The situation m region Il 1s tnore complicated
since for pomnts arbitranly close to the road, nnmimum effective cost paths will
involve a combination of direct travel and travet over the road. For pomts much
further from the road, direct travel will be more ettfivient. The boundary separating
the two parts of region 1, 1s shown to be a pafabola with the point P lying in one
of ats foci. The resulting situation is summarized m Figure 6 which displays the
areas of access via the new road versus the areas which retain direct access to point
P. The shaded portion in Figure 6 represents those ponts in the hinterland of P that
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Frgure 6. The Sphere of Influence of a Transport Route
Source. Werner [20)

have had thetr distance relationship changed by the mtrodiction of the new
transport faclity . while pomnts lymg within the ared of direct aceess retan the same
distance relatidnships as before. For those pownts in the shaded arca. the etfective
distance has been reduced by the ntroduction of the highway and this means that
they are, 1in a purely economie sense, closer to P than they were prior to the
mtroduction ot the highway By this transformation the areas of cultwation will be
extended along the road, and m the arcas immediately adjacent to it in the fashion
shown méFigure 7 which displays a simple Thiinen ning structure for both the
before and after cases Werner goes on to show how the patterns of changed access’
are influenced when a variety of pre existing transport newworks are assumed and
the iterested reader 1s referred to his eniginal exposition for further detads [20].
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Figure 7 Ring Distortion Produced by a Transport Route
Source: Werner {20}, ,
Summary

Matenal presented in this chapter has provided a summary of basic aspects of the
von Thiinen model and some of its more direct extensions. The reader interested in
a more detailed exploration of these problems is referred to the works by Alonso
[l],?hislrolrh [2]. Dunn {3], Isard {7} and Lisch [9].
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. CHAPTER 11t

- THE LANDUSE PROGRAM

|

The objectives in using computer programs such as the one discussed here are set
forth 1n the article by Huke, Fielding and Rushton [6}, and m the report of the
Engineering Education Project of the Unwversity of Michigan [17]. The selection of

- this specific process model was based upon several factors:

1) the von Thunen model 1s perhaps the simplest generative model for spatial
patterns of land use, but is nch &nough to permit a number of interesting
extensions,

2) the basic model is widely known and 1s discussed mn most economic
geography courses, and

3) although the model is simple in structure, a number of operational
difficulties frequently arisc among students in visualizing ‘the changes in
spatial structure resulting from parameter shifts in the model.

The program was developed to provide a means whereby the student could
develop a stronger feehng for the relationship between the abstract model and the
spatial structure which it represents through manipulation of selected portions of
the model and observation of the subscquent impact upon the spatial structure of
land uses. The conventional *blackboard” approach utilizing one-dimensional
“cross-sections (such as those in Figures 1, 2 and 4) has not been proven to be an
effective solution to this problem. Secondary development objectives included a
desire to acquaint the student with the complex spatial structures that can arise out
of even simple lincar models (e.g., case V 1n the following chapter), and to provide a
large group of undergraduates with an introduction to the use of the high-speed,
digital computer as an analysis tool.

Program Structure b/\

N

The program presented here has been designed with flexibility of use n mind. It
has the capability of handling exercises ranging from those that might be
appropnate for an introductory course emphasizing simple concepts to those
suitable for advanced courses dealing with more complex problems. Examples of
the former include generation of simple Thunen nings and the demonstration of the
development of a competitive boundary between two market tenters. The latter
could involve any of the many complex cases of transport improvement and
development. In all cases, the model rehes upon the basic von Thinen model for
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evaluation of competition among land uses. Competing market centers and crops
are readily handled within this tramework, and one or more distance distorting
transport routes can be mtroduced through thc concept of effective distance
discussed 1 the prcvmus chaptet.

The program assumes the existence of an unbounded, 1sotropie plain upon which
an arbitrary (X.y) coordinate systeri has been established. It then 1solates a
rectangular subregion trom the plain and proceeds to develop the pattern of land
use according to the basic rent equation. Unless otherwise instructed, the program
assumes that the rectangular subregion is one whose lower left hand corner
corresponds to the zero pomts of the coordinate system. For pragmatic reasons,
related to both ease of computation and ease of output, the program assumes that
this rectangular area1s divided into a sertes of small areal units which form the basis
for all computations. There are 110 of these units along the horizontal axis and 90
of the units along the vertical or y-axis, producing a total of shightly under 10,000
unit areas All coordinates which focate features on the plan, such as market
centers, are specitied as integer numbers 1n a read nght-and-up coordinate system.
These integer numbers correspond to cell numbers. For example, the coordinates of
a market center located approximately in the center of the rectangular region
would be given as X = 55 and y = 45. Within the unbounded plain, thé student is
permutted to locate up to a maximum of ten market centers through the simple
process uf speaifying their x and y courdinates. However, only those towns lying
within the rectangular area defined by | < x < 110and | £y <90 will appear on
the output maps. |

The student also specifies a sertes of parameters which define up to twelve
abstract crops, with each crup specified 10 terms of the following parameters.

1) Yield per unit arca (assumed to remain constant for that crop over the entire
plain).

2) Umit price at each of the market centers,

3) Unit cost of preduction (assumed also to be invariant over the plain),

4) Umt cost of transport per umit distance (permitted to vary between markct
centers and between crops).

With this mformation in hand, the program proceeds to evaluate the rent
equation for cach umt arca n turn beginnng with the umt m’}hc upper left hand
corner, The distance from this unit to cach of the definéd market centers is
calculated and the rent, aceording to the basic rent equation, that would be derived
at this parcel from each crop and market center combmation 1s obtained. For
example, 10 a system that had two market centers and two crops defined, each umit
arca would have four possible bid rents based upon crop A at market center 1,

, crop B at market center 1, crop A at marhet center 2 and crop B at masket center

2. From this vector of tour bid rent values, the program selects the maximum, and
thus identtfies the particular land use wiich s assigned to the parcel and determunes
the assignment of the parcel to a spedific tnbutary arca. If all bid rents at that
location are negative, then the use assigned 1s “idle™ and thc parcel 1s not assigned

O ' . 18
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to the tributary area of any urban center. For positive bid rents, the maximum
value 1s also stored so that subsequent summaries of total rents and total areas

. under cultivation can be provided by crop and by crop-market center combinations.
Transport routes are defined by the simpic expedient of providing the x and y
coordinates of their points of ongin and termination together with a value for a,
the ratio of on-highway to off-highway movement charges. Program operation
proceeds as described before except that the mimmum effective distance is
established for the computational cell prior to evaluation of the rent equation. The
information on mimmum effective distance, when compared with direct access
distances, permits definition of the sphere of intluence of the transportation route.

Subroutines

The program 1s wntten entirely in FORTRAN IV and consists of a main routine
and two specialized subroutines The mam routine. LANDUSE, 1s responsible for all
input and computational phases. The only exception occurs when highways are
present and the subroutine PROJCT 15 called to determine the shortest distance
between the analysis cell wiider copsideration and a specific hjghway. It will be
recalled that Werner [20] demonstrated that entry into the transport route should
take piace at an angle which is a function of the ratio of the two costs. PROJCT, '
for reasons of computational simplicity, assumes that entry always takes p! ce at 90
degrees This introduces some distortion, but it 1s felt that this can be safely
disregarded in this particular case.

The subroutine REGION is responsible for all map output. 1t 1s designed to store
and output up tc three one-page maps using the smallest possible amount of core
memory. In order to fall into the most favorable level of the prionty system, the
program 1s written to load and go using only 14,000 words of core. Sto .ge of the
three 54 x 110 maps would normally require nearly 18,000 words of computer
memory, but REGION reduces this storage requirement to under 1,700 words
through the use of masking statements. The amount of storage required by
REGION s dependeiit upon the computer word length and since word length for ~
the CDC 6000 series machines 1s significantly greater than for ¢ pdl’dble
computers, such as the 1BM 360, the CDC version of REGION will not e on/$
other machines. Versions of REGION have been prepared. however, for use on the /
IBM 360 as well as on CDC 3000 series machines, both of which have different”
word lengths than the CDC 6000 series. These modified routines produce output
maps of shghtly differént sizes than those described here (the 110 units in the
x-dimenston of the analysis area represents eleven CDC words each holding ten
characters), but the general structure 1s identical. i

Production of maps on the high-speed printer requires that all output be scaled
by a factor of 3/5 to produce wdentical vertical and horizontal sdales. This results
from the sive of the characters on the print chamn (10 per tnch) and the spacing
between hnes (6 per inch) This 1s why LANDUSE uses 4 90 x 110 analysis region
and produces 54 x 110 maps I thi scaling were not done, the Thiinen rings would
be siggificantly distorted.

.
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Program Limits

The program allows maxima of ten market centers. twelve abstract-crops and
nine transport routes. The number of computations required 1n the maximum case
can be quite large} For example, in a problem with ten market centers and twelve
crops, the program must evaluate 120 rent valu , for each of nearly 10,000 cells.
The problem of determining patterns of land use 1n a system involving a relatively
large number of rrarket centers and crops is not nearly as severe, lowever, as the
case where there are a large number of transportation routes with multiple
intersections. Since each transportation route is permutted to have an individual
value of a the determination of the mimmum effective distance becomes quite
complex. It 1s possible, therefore, within the defined maxima of the progran. to
establish problems which cannot be economically solved even with a large
high-specd computer. These rather high limits have been established to provide the
program with the maximum, amount of flexibility and not with the view that all
will be reached at the same time. From a pragmatic standpoint, 1t is désirable to
have a lower set of limits for student use. Within the program, these lower limits are
established at four mt\centers four crops and two highways and this is the
configuration which is utilized in the normal classroom situation. Access to the
Iarger capabilities of the program may be obtained by punching a singlé decoding

“password” on one of the problem control cards. If this password 15 absent then
the lower set ¢f maximas are in operation; if present, access is permitted to the full
capabilities of the program.

&
.

Data Input

+ Data input to the program takes place via a sequence of control cards, the first

of which is a general problegn control card specifying the numbet of market centers,
the number of crops, the number of highways and the number of re-scale runs that
are to be made. This card also carnes basic title information which is reproduced to
identify the output, as well as the password if one is entered. The re-scale option is
discussed in detail later, but basically a problem may be re-scaled through the
specification of a new origin and a new scale factor for the map. Ifa problem s to
be re-scaled. an indication of intent must be giveh on the problem control card.
Following the problem control card. ene or more data cards giving, the market
center coordinates are read and are followed by a third group of cards containing
information on the desired scale of the map (given in terms of the number of
distance umts per inch) as well as yield levels fi - each of the crops. The fourth
group of cards 15 called crop parameter cards. and specifies for each crop and market
combination. the umt market price, the umt production cost, and the unit
transportation cost per unit of distance. If transportation routes are specified in the
problem, then a fitth .group of cards follows specitying the starting and ending
point of each transportation route as well as its associated a value 1f the problem 1s
to be re-scaled one or more times. then the final group of cards consists of re-scale
cards spectfymg x and y murdmales of the new angin as well as the new distance
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scale l'actuf.lf\ny fumber of problems can be run in sequence by repeating the
above deck structure

— Detailed mstrucu%ns on the preparation of input cards are given in Appendix A.
. A #

4

Program Output

The output of the program consists of a series of maps as well as basic summary
statistics. The first output stage consists of an echo check of data inputs and
repeats, n tabular form. the mformation pertaimng to market centers, crops and

—~"highways that has been read from the data cards {sce Figures 8 and 9). This permuts
the student to check quickly for errors in his control cards. Following th echo
theck, from one to tour maps are produced depending upon the problem control
card parameters. The first_map 1s always a general location map which displays the

< location.of all market centers and highways in the problem (see Figure 10). All
maps are 1dentical in format with market center locations shown as “X" s, and all
carry small crosses at the corners of the rectangular analysis area to serve as
registration points should ti.e student desire to overlay one or more maps for
comparative purposes. [f highways have been defined in the system, then the
secon” map 1s one showing the location of the market centers as well as those cells
which fall within the “sphere of influence™ of each of the highways (see Figure 11),

Highways are 1dentified by the program by reference to the sequence in which
the highway control. cards are read. That s, the first card 1s identified by the
program as being associated with high:way number 1, the second card with highway
number 2, and so forth. A cell whose effective distance to anv of the market

«  centers is reduced through the existence of highway 1 has a “1” pnnted m it.
Similarly, any cell which is influenced by highway 2 has a “2" printed n 1t, etc.
Thiose cells through which direct access still represents the minimum effective

? distance are left blank. Thus, the area of the map which 1s filled with “1" s
fepresents the sphere of mtluence of highway 1, the area filled with 2" ’s

represents the sphere of mfluence of highway 2. and so forth.
- .
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The next map produced is a general land use map (see Figure 12). This map
shows the location of each of the market centers as well as .. pattern of land usc.
The first control card read is associated with crop A, the second with B, etc. Any
cell for which crop A has the highest bid rent has an A printed in it on this map,
any cell with crop B having the highest bid rent has a B printed n 1t, etc. Cells for
which all bid rents are negative are left blank. For those cells for which two or more
bid rents are identical an “=" sign 1s printed indicating that a tie exists between
two or more land uses. The last map identifies the tributary areas of each market
center (see Figure 13). The first set of coordinates read is assumed to define market
center i, the second set of coordinates market center 2, etc. A cell is assigned to
center 1 if the highest bid rent for that cell is one which is associated with sales at
market center 1, it is assigned to centey 2 1f the sales are associated with market
center 2. ejc. Ties are agam identificd by printing of an “=" sign in the cell.

The final cutput section consists of a set of summary statistics relating to rent
and area under cultivation for each market center and crop combination (sce Figure
14). Total rent and total area under utltlvatlon are also given for each crop and the

Q 23

LRIC , 100029 |




PR - - [ e . Puang e

. \

- . - PR MRHMAR <Rt A RHRA .
PR . . e - S T (R L I T SRV IR VPR T
Vv e e e FE T S R R T
" v - FOA PPN P T R IV PSR TN YT
—— - P - faome - EEE P T R T LT L i
e b . T NES RN [ T T A R AL R RE I T ST R T
. . . - - R - A T W - R R TP
PP - \ . PR [ [T R Y
. - . “ L A A . IEEIE P ERELEE)
R [ . L R O I AR R T C O PR RN EE L)
rwt e Y e 1 P hadusas f Paea ald ReAA tanh m DA MG
e . e LN SR - Vaaemmn s mBand ot tmd VA Tud o Moo
oo . . o - P P Y T

‘ . N
- . . .
i . s vmnami AR A sV inae Y T 0 R N ey
Mot - Al PR e add A8 Ak nmandma o s b gl
en s LR B RTTY L R y e srl
EEEE - P LT T m e ey
- ) Ahd R pYy ey (U L
CEE wa be A s s hn g s
" - - v ot msmsaad LR RENRET R R R I R R UL L)
- i YT Y TICT Yo & BRI . PR v an e o b me T ok
N - o - F o T B L I I TR T PR TN AT
M E PERY RFTFaL T RN LR N e L R O L L IR L L)
3o PO P A L L " B TR P e
T . Aenanis wo [REEEE -
nHo SRY K LR . T
- P N LI IR [ *
. p
b iy
- -
, a B .
SCALE era 100000 DISTANCE UNITS PER [MCX
o R ,
Figure 12 Output Sample -Land Use \

total area with zero rent level. that is, idle land. is also presented. The summary
statistics are useful in providing quantitative measures of imnpacts due to parametric

changes.

Intrcduciion of Transrtation Routes

Transportation routes are defined within the study area through specification of
the coordinates of their points of origin and termination as well as the associated
value. The a value represents the ratio of on-highway to off-highway movement
charges and an a value of one implies that these are identical. Thus, an « value of
0.5 imphies that travel on the transportation route is only one-half as costly as travel
off the highway . Based upon empincal mvestigations of vehicle operating costs, itis
possible to select & values which are at least roughly in accordance with reality. A
number of studies have exammed the effect of transport improvements on vehicle
operating costs and 1f the assumption 15 made that an « value of | 15 roughly
equivalent tu the crudest of dirt roads, then relative values of a may be established
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common road surfaces as well as for different types of vehicles. Table |
presents some suggested values for o which are based upon empirical investigations.
These values are only suggestive since many other factors influence the level of
operating costs. However the fact that they are based upon “real-world" data tends
to make them more viable in the mind of the student.

The sphere of influence of a highway 1s defined as the sat of all cells for which
the average effective chstance from the cell to alf N market centers 1s less than the
dverige airline distance 1o the towns, or the average eftec tive distance to the towns
nsing all other highways A cell which falls within the sphere of influence of a given
highway 1s identified on the map with that highway's number, while those cells
whose mimimum average distance is the average airhne distance are left blank. If the
average effective distances are equal tor any two highways with respect to a given
sign is then printed in the celi.

A transport route may be of any length and may run mn any direction, but care
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A

SUMMARY STATISTICS

MARKET CEMTER HENT AREA
H 256310.4 42843333

1 331940,3 152343337
251333.1 4l6.b6067

310792.9 1300.000

2992195 13,3333

Je7613.5 1563.333

13TALS

ToTAL RENT TCTAL AREA
756363.0 1258,333
990586.7 440,667

A
‘

LREA wlTH 2FRC WENT LEVEL 3 4231.667

Figure 14. Output Sample Summary Statistics

must be iaken that, either through initial specification or subsequent re-scaling, the
effective length of the highway is not reduced to zero. If this should occur then an
error message is issued and the program terminates.

Changes in Origin and Scale

Al points on the isotropic plain are assumed to be specified in terms of integer
coordinates so that a unit increment in cither the horizontal or vertical direction
corresponds to a distance of one-tenth of an inch on the printed map. The factor
SCALE 1s a non-negative, floating point number which assigns a physical distance to
this unit increment. The physical distance may be either abstractly defined or in
feet, miles, kilometeYs. efc., and ten times the value of SCALE is the distance per
unit of the printed output maps. The distance scale which is 1n effect for a
particular problem is printed at the bottom of ¢ach map. In order to obtain maps
covening different regions within the plain, the coordinates of the defined market
centers and highways must be modified and/or the value of SCALE must be
changed leaving the remaining data the same. In this case, physical distances must
be regarded as invariant, that is modifications of the value of SCALF or shifting of
the origm must necessarily cause a consistent modification of the originally
specified integer coordinates which will preserve the “actual” distances in a spatial
system. Appendix A contains information on how these scale shifts and shufts of
the origin are computed by the program.

The program contans an option which will automatically re-scale any specified
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Table |

OPERATING COSTS AND ALPHA VALUES FOR ROAD SURFACE
AND EQUIPMENT CLASSES IN A DEVELOPING NATION*

Road Surface
Equipment

Class Earth Gravel Paved

Small passenger car 3.26 2.55 1.98
(1.0) (0.78) (0.61)

Large passenger car 532 '4.13 3.23
(1.0) (6.78) 0.61)

I-ton truck 6.79 4.78 3.5¢
(1.0) (0.70) (0.52)

3.5-ton truck 11.79 747 5.13
(1.0) (0.63) (0.44)

I5-ton tractor 2053 T 1219 7.92

semi-trailer

(1.0) {0.59) (0.38)

*Figutes are cents/vehicle-kilometer, bracketed numbets are alpha values aSsuming earth
surface to be cquivalent to o = 1.0 ,

Source Adapted from figutes given 1n Umited Nations. Transport Modes and Technologies for
Development, 1970 .

.

problem. A problem which is specified by a data set immediately following a
problem control card is called the reference case. Each re-scale data card whick
follows a reference case may contain the coordinates of a new origin as well as a
new scale facyor. The coordinates of a new origin on the re-scale card are assumed
to be given in terms of the original coordinate system. That is, the system may be
viewed by :he student as taking the original rectangular analysis area (which the
program assumes to be located with its lower left hand corner at the zero pemt of
the coordinate system) and moving its lower left hand corner to the new
coordinates specified on the re-scale card. If a scale change 1s also specified, the
relative size of the region and the analysis areas will be changed as well. The original
coordinates of the market centers and highways, as specified in the reference case,
are saved ard new coordinates are computed relative to this reference problem for
each subsequent re-scaling. Changes of ongin may or may not be accompanied by
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subsequent changes m scale. In many complex problems, it has been found that
changes in ongin together with simultancous changes i scale produce useful results
n terms of clarifying the analysis. For example. a complex case may be developed
and the student may desire to examune in greater detad some hmited portion of it
He may then request that the scale of the map be shifted to provide moie detail and
that the ongin be translated to such a location that the arca of greatest interest 1s
centered in the new map.

In the case of re-scale operations, the number of anuljisns cells defined n the
rectangular region remains the same while their area is effectively changed In the
present version of the program, this means that the summary suatistics in the
reference case and the re-scaled case will not be comparable. This problem will be
eliminated n a future version of the program.

Using LANDUSE

The LANDUSE program was develooed at the Department of Geography,
WNoithwestern Umversity, over a three year penod. The program was imitially used in
an upper division course 1n economic geography having an enrollment of about 25
stugents, most of whom were graduate students from other disciplines. Problems
were assigned on an individual basis and were fairly complex in their structure since
the student group possessed a substantial background in felated areas such as
transportation engineering. The use of the program with this small group of mature
students posed a few problems.

During the next year, with the cooperation of Dr. lan Hamilton (Department of
Geography, London School of Economics) who was a visiting professor at that
time, the use of the program was extended to a larger, lower division course in
troductory economic geography. This course had a registration of about 70
students and because of the larger class size, the students were *“teamed™ in groups
of two or three in order to reduce operating costs and the load on rather limited
keypunch facilitics. Tear.ing in groups greater than three did not prove successful
because of the increasing remoteness of the indiidual student from the exercise.

At the present cime, the program 1s used in both the fower division and upper
division economic geography courses. The types of problems assigned differ
significantly with the more complex problems in the upper division course
reflecting the more substantial background of these students, and their specific
interest 1 questions of transportation and its relationship to the spatial structure of
land use.

General expenence with the program indivates that 1 has a high level of student
acceptance and that 1t does increase their level of knowledge n the desired areas.

Necessary Student Backgrouna-

Aside trom a theoretical grounding 1in the notion of economic rents and location
rents, and m the general structure of the simple von Thiinen model, the student
must know how to prepare the data cards for the program, how to submit the

ERIC =
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program to the computer and how to retrieve Ius output. In most cases, particularly
when dealing with fower dvision students, the nstructor cannot assume student
famihiarity with either computers or the operation of the keypunch. Our experience
has shown that basic keypunch instruction can be given in about 15 or 20 minutes
and that an introduction to the program, card layout and computer center
operation take; about an hour. In many universities, basic keypunch nstruction 1s
provided by the computer center through ejther direct demonstration or by student
access to video recordings. A sample of the keypunch reference matenial given to
Northwestern'Students can be seen in Appendix C,

The first exercise which s normally assigned at both class levels is a “set prece”
wherein all parameter values are given This is designed to test the student's
familiarity with card preparation and system operation. Case { in the following
chapter is usually used for this purpose.

1
Operating Costs

The cost of operating the program is a function of the charge level established by
the local computer center, as well as of the number and complexaty of the problems
which are assigned by the mstﬁ:ctor. In the introductory course at Northwestern,
where only 2 few simple problems are assigned to teams of students, operating costs
are approximatzly $14 00 to $15.00 per student. More complex problems, although
not a greater number, are assigned in the upper division course on an individual
basis and here the cost per student nses to between $50.00 and $70.00. 1n many
cases these charges. particularly those for the lower division class, reflect a level
which is related only to the number uf job submussions made. since at Northwestern
a minimum charge of $1.00 per job is set by the computing center. In dealing with
simple problems. one of the major factors ntluencing total class cost 1s the number
of submissions per student. This can be mmimuized by making use of the provision
within the program for stacking problems so that a number of different cases can be
run on the same submission When used, thus tends to reduce sigmficantly the cost
perstudent.

The cost per student s also increased when students substitute repetitive tests on
the cumputer tor thinking about the operation of the model. Prior to being given
the exercises, the students are mstructed to produce tral solutions utilizing
standard graphic methods, such as those shown in Figures 2 and 4. However, the
student finds that 1t 15 less work to change merely one ur two numbers in his input
deck and resubmut the problem. This substantially increases the number of runs and
the total cost. Some computer installations have momtor routines available that wiil
check the number of submissions made by an individual student and will either
prohibit access after a certan number of tries or will call the situation to the
attention of the mstructor Such a program 1s not available at Northwestern, but a
comprehensive momtonng progiam 1 being developed which should alleviate this
problem and pernnt the instructor to dentity ihose students who are having
difficulties with the operation of the program.
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While the dollar figures cited here refer to a $7.00/minute computer charge, it
must be kept in mind that at many schools the assignment of dollar values to
classroom use of the computer does not result in any actual transfer of funds. The
“charge™ 1n these cases provides unly a means ot allocating a fixed resource (wh.h
1s paid for in the school's annual budget) among competing users. Charge policies
vary widely among schools nd the prosepctive user should make local inquiries.

Program Availability

Because LANDUSE 1s a large, complex routine which is undergoing continuing
development, a listing of the source deck is not included in this technical paper.
However, machine-readable versions of the current distnbution version may be
obtained from the Geography Program Exchange. The activities of the Exchange
and methods of obtaming programs are described in Appendix B. The GPE will
provide either CDC or IBM versions of the program and persons requesting
machine-readable copies should specify the machine which will be used.

Persons using the program are requested to forward their comments to the
author.
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CHAPTER IV

SOME APPLICATIONS OF THE LANDUSE PROGRAM
|

!

The following six cases have been chosen to demonstrate the versatility and
flexibility of the program. Parameter values were selected to reflect this goal.
Exercises featuring more “realistic™ parameters can be developed easily within the
context of a particular course. The cases presented here begin with a smple
situation which reproduces the basic Thunen ring structure and then proceed
through sucessive complications to a complex case of transport umpact combined
with a demonstration of the use of the re-scale option to provide a finer grain
examination of the results,

For case of interpretation, boundanes and market center locations have been
emphasized through the addition of hand inserted symbols 1n most 1tlustrations 1n
this chapter.

—

Case I — Simple Thiinen Rings

This case demonstrates the ability of the model to rephcate the formation of
simple Thiinen rings around a single market center. it 1s normally utilized as a “set
piece” in order to familiarize the student with card preparation, program
submission and mnterpretation of the output. The parameter values for generation of
this case are shown in Table 2. and Figures 15 and 16 display the resulting land use
pattern and market area structure.

w
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Case ll — Competition Be!weén Market Cen@ o *

Thc case of competition between two market centers can be dealt with easily
within the context ‘ot the program. Case H represents a somewhat arbitrary
selection of parameters leading to a situation where the first center is “dommant™
with respect to the second. The land use pattern which results is displayed in Figure
17. An examunation of this map shows that Thiinen rings develop around both
centers and that land use B merges between them. A more interesting pattern is
revealed when the tibutary areas map, Figure 18, is examined. Here the dominance
of the first center is clearly evident and the boundary between the trade arcas of
the two centers bends in the direction of the second center which occupies an
off-center location within 1ts trade area. Through suitable adjustment of the
parameters, the boundary between the two trade areas may be bent even further to
the right and m the éxtreme, caused to close on the far nght thus embedding the
trade area of center 2 entirely within the trade area of center 1. Table 3 gives the
parameter values which will reproduce this case.

LI

Table 3

CASE 11 PARAMETER VALUES

Market Center Locations

Market Center X Coordinate Y Coordinate
1 36 45
2 74 45
Crop Yields
Ciop A 30.00 Umits
Crop B 30 00 Units

Market/Crop Parameters

Macket Market Productian Transportation
Center Crop Price Cost Cost

| A 45.00 500 1.00

I B 4000 5.00 0.75

2 A 35.00 5.00 150

2 B 30.00 500 100
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Aruitoxt provided by Eic:

pooas

ST PEAL




B

B

© BBBY~sIVNEROLBSE0NIBLLE AARAAAAAAAAA

AAAAAAAKRAALAAAAAAAAA:

ABBBBBRABBAABLARRLAS AAAAAAAAAAAAAAAAAAAAAAAAA

ApB3uBHORNBABALABYLS lllllllllllllillllllllllllll

BBBBLLBBAANEALERB Y AAAAAAS AAAAAAAAAAAAAAAANAAAAAAA

ABBBBEBODEBBUNBORRAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAARREBABBBRBASAREE]

ARBEIBOANBESDHBLBERAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARDBUBBABBBBLS

ABBBBELOBRDBEBBARAAAAAAAAAAAAAAAARAAARAAAAAAAAAAAAAAAARBA BBAORRA] REARBBBABARGASAS
ABBBNULDABUABBBURAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANSBLRBBAB L0 LTI L L]
ARBBBUEBBBBEVNEAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAABRBBAAAS b LT LT
BBBBLUBEABUABBBERAAA AnnnnnnnnnnnnnAAAAAAAAAAAAAAAAAA BUBBDAANAAAAAAAAA AAAAAAAAANBBBBEBBBBAASBES
AMAA A LLELETLLLE LT
BBp3BLALEBABEEE AnnnnnnnAAAAAAAAAAAAAAiAAAAAAAAAAAAAA
ABOBUBAABALABEBERAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAANSBEBBEAR BBBBEEARALEAER
ABBABEEBABEBBBBHRAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARDBYBBBHA BB0MUBABBABARES
2888058888088 NRAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAASRNEBHBRBRAAD! JLITTTTELTTTTLET ]
RBBELEEBBEBOBABEBYAAAAAMAAAAAAAAAAAAAAAAAAAAAAAAAAAALBBBBBBBARRABAEY fbasais6esu8BEBBBBBE
ARBULEABBEBEELERNBRAAAAAAAAMAARAAAAAAAAAAAAAAAAAAAABBEBD 88
ABBBBLGENNBBABLABUANRAAAAAAAAAAAAAAAAAAAAAAAAAKIAA 88 88
BABBISBBOUBBEBUNEBEORURAAAAAAAAAAAAAA ARAAAAAAAAAL
ARBBANBB226ABLUABNBOUSTIRAAAAAAAAAAAAAAAAAAAAA 8
8 ARAAAALAAAAAAA 88| 8B
YYYYYYYY 100
88! []
.
rotH M
P
fryoyrrey -
BBBABEAA
Figure 17.Case Il Land Use
»
£
o 34 - '
ERIC N
A




12222222222222222

22222222222222222222222222
222:22222222222222222222222
222222222225552 222222222222%2z222

222222222222

el
Ix}
o
2
<
>
S
x4
=]
=
2
=
e
_
,
4
2
=
0
B
2
2
B

11111111111111110000 000000000
1§

1111111111
nininnun
1111111111111
111lann

111111111111

111111101
nnaia

i
1nunn
1nihmm

Q
IC
PAFulText provided by ERIC

E




s

2 EEZ22E87F
= 4 S w
2 Wdt.h..mmehmemoee
d P Pt > - O P e S . *
5 e 2 T2 by o EC ™ :
22 <=25%5"° 28 2§ E s = v s : , mmmmtmmaa
S5 =Z0% 3 o 92 & S SOV > v . - lunnllllnnn llllllll
- 3 > = = S e 82 . lllnnnlllllnnnlllln llllllllll
w220 ° s & S . i -TTEZEEEzEaziiiacanofiacias Zzzzsooos
= © = = o = o 2 b LI ......nnnn......nnu.n.......nnnn.... A-2ZZZzZszEsssn e
P o - E =225 es9%T = = % . ZISIEEaioamsiiEasEanasiascasiiiss
L= > 2 S 2 - x @ . 22555322553 5=55558 3233222222222 2 pepegepe
. 8253 272 2 L &SE 5@ 5 T : nnnnnn....nnnnnnnnnnnnxnnnnunmunuunmnun
. 52 £ 255 2 € 223 <iq < = : nunnnnn...nnu-:unhunnnununnn-nnnnunnuu
S2EE 22 S g2 w2 INE] : nn....nnnnnlnuunn---nunn---nnnn--h-
. c8s3v g = o E2y S ~N S : nnnnnnnmmnnnunmmnnnuumnnunnumnu|
2 = 8 S £ S 5552 g¢se - . nnnun......nnnnn....nnnnnxnnnnn....n
S AaY £ 3 = 2 ) 0 R
o2 2 2 £ 5 = a3 = Cc =832 ........nnunl..nnnu......nnnnn......nn..
EFER-E-E-B-N- S oo gow S ; nnnn......nunn....u“nnu..-..nnn....
g 3583522 E®e 2 eSS ok oo - nnnunnuunnmunnnunmmnnnnn
SE-Zz-3z23 e28%8F % i g -mmnnummmmnnnnmmnnuunm,
25 ed5=- _F3 o == 8 v = P8 S232533333332235257
= 2 = s 2 = T aZzZ = i3 EEEEEEEEaEaEEiiE
- s v = 2 5= = O = = Q s e ......lnnun....llnn llll
s EEZ 253,23 ¢ 2 E®E I 2233332333333%
2 o895 2 2-2 2 ES s = < P 3 ZZ5E552223223%° >
= 2 ° SEETER— St = 5 2T 32 5 : 2 EEEEEFEEEELEE z
e.l...he.cndT.h .3 Lo 2 3 L = mEZnzznnnzaT z
o S 2 Z = 5 S s 0235 2T c o P ZZZ25zzE=Ez z
S ES5S 2% g v = g © == & P F SZZ3g3EER E,
“« Z = @ R T I] =) wno= s [+ lepeyobelotodal Ed
h = 2 = g 5 Y = 2 o m X - B < E— ZZZZZZDT =
= < s - . ~Zzzz= -
£ 3 o F 3 223835% g4 8a S < g t 5 zzz7 K N
5 o 2 g S = = [T © DA === °
=5 E 5 o o= a0 =S P51 QD @ . ==
5 —_- E o > n - - o 9 =~ o . = - 2
=383 e 5K S5 2E538= 2 2 2
s L >35S _-g% g 523385 v - ’ 5 o)
o 27 o EE Z2-.5%259=55% - 1§ 2
oy - - = T 6% C 4 O M s &< ] =z
= ST R~ = - = [Pusd c o ~ . - ~ =
> - o v 2 = < I~ . - - = .
7 2=y =] cgo 2583 T = g
E s 2 Q = = g5 0 2 ~ 2 R =~
a IS.\......HS...lV...CSSUOSCl. : 3 = )
> d,evTau thuagelrd. P ; oY
& 5§ xS =2 A T o o 8¢ i . g .-
munt“mmamonwbmefmm@p . EE: © £ -
= = = s - == o u
umnm.lumdndohhoﬂ..mm - Z3Z. A e
2 2cz° wf.deMle 5 = = : 2 TZzzzs .
2 228 " 2T Bat 28 23 S EEEEEED = -
e 2 ognnummB 2=2£32 : 23333332z =
5 uZwmmmewmmat = 5 : 2 z2233222222 z
w.umem.mmsmomu.umon..mwo.m - PEEEEECLEEEEE v
g 25325 58 Sg S E= £ 53 - _5333333333333%. -
g S B 258 a2 =z S=2 8. H- JECEEEEECEEEE T S
20 = S =5 = - — . . v XHHHlllHnnHllllan .
E,58552328C0% 2 S5t 8 e _E3ZEZiEiiEiiiizi 2
|, 882 s 522 — 3 _.=1352 2 : ..unmnnnnnnmnunnnnmmnnu Z
S S= x5 ° w8 % 3 ¥ = 2 Z : ..nunnnnnnnnnnnnnnnn..nnnn 4
= 5—=3~ _5 S ¢ & 3 0o - : .ZZESS225Z2233332322323222 -
= 2 32 5 3 - 5 3 5 S35 ¢ o . . lnnnnnn.nlnnnnnnlnnnnnnuxnnl
2 = & 2 2 D & = = 3 e = = g ao 2 . Hnnnnnnnnnnunnnnmnnnnnunnnnnl
2 =3 2 m s X 2 3@ 25§ E= o £ : nnnnnnnnnunnnnnunnnnnnnnnnunun-
o Eg& s g SEw 32 Ec- 35<3 E : mmmnnmmm....m““mmm“nmmmnmmm-
s8S5255 85 % EX : ’ nnnnmmnnunnumnnnnnnmnnnnnnmmununnmn
Egxs e’ : “mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmmn

IC

r
Full Tt Provided by ERIC.

E




AR

853840088480 00808

munnnn
muannun
muannm

38

[SRRRREEREY
1
1
1
1
1
1
1
1

RAAAAAAAA

000000300 006RDAGRNE
*008A8BBHBBRBA

AAAAAAAAAAAAAAAA
BRRAAARAAAAAAAAA,

J

BuABLNSAALBLEBBLERRBAREY
1gure 21. Case [[1-Land Use

]
S
-
<
>
-
=
>
L
=
-
jojadefatatatodapobetotabadebotul R
-
=}
9
2
-3
o
)
~
)
-
=
%0

¥
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1
1
1
1
1
1
1
1
1
1
1
1
1
F

E800200000088000,
B854 0UERR 0000/
sssssvduLEsSRE.
B88UVB UONRR N
)
1
1

.
Aruitoxt provided by Eic:




Table 4

CASE Iif PARAMETER VALUES

Market Center

Market
Ce

1

1

Highway X Coourdinate

Market Center Locations

X Coordmate
55

Crop Yiclds
- Crop A 30 00 Units ;
Crop B 30.00 Umts  °

Market/Crop Paramete./:‘/

Y Coordinate

45 /

~

Transportation
Cost

Market Producuon
Crop Price S Cost
A 35.00 5.00
B 30.00 500

Highway Data
Starting Point

Y Coordinate X Coordinate

Enamg Pont

150
1.00

Y Coordinate Alpha

1 39 108

39 0.45




Case IV — Market Center Competition and Transport Impact

This case is a rephcation of case I with the addition of a transport route
bypassing the two competing centers a short distance to the south. The spatial
positioning of the two market centers and the transport route is shown in Figure
23. Because of the existence of two'centers, a more complex pattern emerges when
the sphere of influence of the road is exanuned (see Figure 24). The impact of *~
transport route produces an extension of cultivation of both crops A and B to a
pomt where the new band of . _Itivation of crop A along the highway nearly joins
the two centers (see Figure 25). There is, however, still a small island of
production remaining at the edge of the A—B ring around the second center. A .q,
many of the more interesting results of the insertion of the transportation rc . can
be seen in the examination of Figure 26 which displa: the configurat”  of the
two market areas. Some very significant changes can be observed b smparing
Figure 26 with Figure 18. The introduction of the transport route F.as extended the
trade area of center 1 far to the east of center 2 and the lower boundary between
the two trade areas has now bgen wrapped up and around center 2, so that 1ts trade
are2 has become a parabola oriented toward tne northeast. The parameter inputs
which replicate this case are given in Table 5.
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Figure 23. Case IV-Location of Market Centers and Highway
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Figure 24, Case IV Sphere of Influence of Highway
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Table 5

CASE IV - PARAMETER VALUES

Market
Center

t9 1w — —

Crop

[==lile- 2 v o 4

Market Center Locations

Market Ccnlcr X Coordinate Y Coordinaie
1 36 45
2 74 45
Crop Yields
Crop A 3000 Unuts
Crop B 30.00 Units

Market/Crop Pirameters

Market Production Transportation
Price Cost Cost
4500 500 1.00
40.00 5.00 0.75
35.00 5.00 150
3000 5.00 1.00
Highway Data
Starting Point Ending Pont

Highway X Coordinate Y Coordinate X Coordinate Y Coordinate  Alpha

1

37 108 37 0.30
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Case V — Complex Transport Impact

This case is designed to demonstrate that the application of the simple linear
model can produce relatively complex spatial patterns i the presence of both
competing market centers aind off-center transprrtation routes. Figure 27 displays
the spa‘tlal situation of market genters with respect to the two transport routes, and
Figure 28 defines the relative sp{nercs of influence of the two transport routes. The
operation of the model produces a very complea pattern of land use, as shown in
Figure 29, which nevertheless bears a resemblance to that seen in cases 1l and 1V.
Three Thunen nngs form around the first market center while an incipient ring
sti.cture seems to be forming based upon the second and third market centers. The

Figure 27 Case Vo Location of Market Centers and Highways
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\
border of cultivation 1s obviously distorted along each of the transport routes.

Turning to Figure 30. the tnbutary areas map. we sce that the parﬁ ular para,aeter
structure adopted here has generated a discontinuous market arca for center 2. A
northeast extension of the market area of center 1 becurs as a result of the effect of
the second highway and divides the market area of the second center in.wo parts,
The market area of the third center displays some of the characteristics seen in the
maiket area of the second center in the previous case. Table 6 gives the paxameter
inputs for replication of this example. \
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Table 6
CASE V. PARAMETER VALUES

Market Center Locations

Market Center X Coordimate Y Coordmate
] 46 50
2 55 50
3 64 50

Crop Yields

Crop A 10.00 Units
Crop B 10.00 Units
CropC 10.00 Units

Market/Crop Parameters

Market Market Production Transportation

Center Crop Price Cost Cost
1 A 47.00 1960 1.10
1 B 47.00 19.80 {03
1 C 47.00 20.00 1.00
2 A 39.00 19.60 1.10
2 B 39.00 19.50 1.03
2 C 3900 20.00 -1.00
3 A 31.00 19 60 1.10
3 B 3100 19.80 1.03
3 C 31.00 20.00 1.00

Highway Data
Starting Point Ending Point

Highway X Coordinate Y Coordinate X Coordinate Y Coordinate Alpha

! 62 l 50 90 0.40
2 22 1 94 90 0.30
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Case VI — Change of Scale and Origin
This final case 1s ncluded to illustrate the manner which changes of scale and

origin may be used to illuminate complex spatial pattems. Figure 19 displays a

relatively complex spatial land use pattern whose interpretation is greatly hindered

by the size of the printer elements. The insertion of a re-scale card at the end of the -~

previous example produces a more detalled map of a portion of the ongmnal aréa.

The ongin was moved up and to the nght, and the base scale of the map was

changed from 10 umts to the inch to 2.5 unts to the inch, producing a fourfold

enlargement of the subarea, The resultant map shows all three market centers as well

as portions of the two roads, Figure 31, and the appropnate portions of the sphere

of influence map. Figure 32. The re-scale operation produces. in Figure 33, a

—

2

Figure 31 Case VI Location of Market Centers and Highways
ve
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significantly enlarged verston ot a portiop of the ongiat land use map. Here the
relationship between thie various crops and marhet centers can be seen more clearly.
a5 can the impact oi the two transport routes. Figure 34 shows the market arca
boundartes i the subarea i a more detailed fashton than did Figure 30 Thus, the
change 1n scale and location of the ongin leads to inereased ease of mtespretation
by the student. Table 7 shows the factors which were entered on the re-scale cards

to produce this cuse. .
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Table 7

CASE VI RESCALE DATA

New Onigin

X Comdimnate Y Coordimnate

45 40

New Dintanee Scade Tacton

025

50
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DRIV bR da i Jopandbiibinadodd bilbbb i lab il
IE RN N R N R R RN N R S RN R PR RSN R RN R IR AN R Y OV
BRURVILGR v b b i bbb b b badd b be bbb i gt
(RN RSN R RN NN N S R RN AR R SRR NN RN Y]
Pebbb bbb i s bbsn bbb i i b by
IR R R N E N R E NN R R VR R PR RN RARRS
Phasbabitbobdbbhaalbaia bbb bbaaiiiaa i
PRLARLEOR R R il b ads bbb i i
Phlbadatibnebba bbb bbatidbedi b bdini b
IR RN RN RN NN I NS RE F RN RN R TYY
IHH\lHIlllllllllllllHHllHHHl

TR D i i e efrcicce?ed oo BIIILL b it ib b b R LI R Cccd c€lecdde 7ec2dr 0222822222232
VLRI b b b e bt i i e ereencléees Rt hidad Vi adads bl L LTI NG 802¢@82022082022000¢87¢04222222
VLRLL A R bbbt i Qecerccecese g LI Ll Tl LEERLII I L1111 R ed00cdRecddeddedededddod22az22z22”?
PIBRLLLE L s bbb add b et bl I €e02ccedRé22222282822272202222
Phadbiblnian bbbt thbbarbbbon 1y 111pe22¢¢ceedeec2222222822222220222
RN R R R PN PN R R RURN1 [RETESRSREAREANY! 22202¢02£¢2822222222222222222:2422
VLR B R e g Lot 002020¢0¢0¢¢ece282220222822222222
SLEEL LR R i b b Vibbai bbbt 20208¢8e82ee2R222220222222222222
PR LI e it b R RN R SR ST 28002e28828¢222282222222222£22222
PHLDD DD e Y RIS B RRY ANy 26 22ec2cdccee222d222420888222222
VIV bbbt e RV R i b 2£0€£202c¢880¢2002222202220222222422
RN R N N R RN S NN R R TR NN PR R VA 22088€28c2420222220222222222222222
[N REIR R R R N R N N SN N N S N N R R R R AR A AR R 228222822c¢8202¢202222222222222222222
PR B i T b el b L 2222820¢2¢822¢222222¢202422222222222
Driabibibiibinebbeblansbisadbaividettidaa i bt fiang 22£2822¢028¢222222222:222222282222222
LRV L e i b bl e b b b i 22228202.0822222228222222)22272222222:¢ 2
Vb i bbb b bbb b i b e i e 22222284¢822228222222222222222222222242
R R N N Ny N N N S NS R F RN R A YRS YR NN ENY 26¢22222222422222227 1222222222222,
PV Bl b e L s L 2280¢ed2802222£208222802222222220222222222222222
(1R} L YP26722288¢cR22222022¢22222222£2222222222222
1

222222002¢0022222022202244¢242222222222222222222222¢822

227¢ €00280082¢2220220€0048222002¢242220222282228222022022220022222222
€208€R¢8¢e84Lededel2222¢224202280220222024¢2222222222222202222222222
28¢c22028203¢282c2222222cR428222¢2228442022c42222222222222224222222222
2200208888200288¢72208222204422£222222402¢228222202222222222222222222222
2020282288048 ddR222420£82222222¢8022222£222222222222222222222222
€eQ28822082800¢020¢728¢807c 2828220288, £22222442222422222222222222¢2
QeeRéd0E0 422 2e20£e2222242¢8882¢22 2202202222222 22222222222

22222422002222020222

(RN RN TR N S NN RN RN NS N A R Y
[N R RN R N R RN RO U RN PR R Y
I FE RN N RN N R R NN RN R RN NN R R R NN FRY
BB b b bbb b g
YRR R R NN RN IR AR R AR NN R Y]
BLALLRLRILRRIEL BV BLARRE L b i LL i1 IRO2222222222¢222.2222222202222222222222222222222
RN R RN RN R R RN R R RN R RN SRR RN RN
IR R RN R R RN RN R RN R R R R R RN VRN R R R Y
R NN R RN N T R R N A R PR N AN R )
RN RN RN NN N RNy RN N RN AN NN R A R R RN N
Po bbb IULRR PR R R RN RN B b biiiiig
PARLBBRRALILRR e bl bbb bbb blining
LLMLERLLER R R bbb b bbb by
IR N NN R PR NN AR R SN RN RN NN
(RN R N N RN N R R NN R RN RN R R YN
IR RN R N R RN RN RN AR R RN RN
R R R RPN R RN PR R RN YRY RN Y]
IR e N R RN T R R NN RY N R RN RN RN Y
bbb et b b ki b
[T N NN e RN N R YRR N AR IR NI Y
IRy N RN S N RN RN RN A NN NN
RN NN RN NN N R RN RN RN R RO A

1
1
1
1t
i

I}
1
1

2222224222242 d2222222¢7242222202222202022222:2:2222222222222£ 222222
222222222222222222222220482¢+177222222022222222222222232232 72222222222
2222222222224222¢22222222022222222222:722222222222222222222222222222

22¢2222222222202222222222022202242222222%224 22 4222222222222 £ 2222222
22222222£4202222202222222222770¢€E222227 £0£2222£2222202220202 222222 )

Prgure 34 Case VI Trbutary Areas

LY

s )

Conclusion .

Ihe examples presented hiere demonstrate the vanety ¢f ways i which
LANDUSL can provide a basis o the develcpment of computer-based laboratory
awereses lor economie geography courses The Nexibility ol the program pemuts it
to be utilized i courses on nieatly any fevelb and the ty pe ot exciases developed car
be taored o any group of students ’

LANDUSE v ~stll undergoimg devdopment (e g it will soon be posable to study
the eltects ol svstematic, areal vanations e producavity ) and comments and

suggestions from users are welcomed

S
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APPENDIX A

h N DETAILED OPERATING INSTRUCTIONS

Version 2.0

Purpose:

Degcription:

ERIC -

Aruitoxt provided by Eic:

Department of Geography
/ Northwgstern University
/

LANDUSE

Development of land use and market area patterns according to
the basic Thunen model.

Within a rectangular area this program develops the pattern

of land use according to the basic Thunen model: R = Y(P - C - TD),
where R 1s the economic rent, Y is the yield per unit area, P 1s
the unit market price, C is the unit production cost, T 1s the
unit transportation cost per unit distance and D is the distance
to the market. The use producing the highest rent level 1s
assuned to occupy the umit of land. In addition to N market
centers and M crops, NROAD highways may be defined for a given
problem. Crop yields (Y) are assumed constant for each crop over
the total area. L

in general, the addition of a highway will e¢«pand the amount of
usable land by reducing the effective distance from a cell to a
market center and, thereby, reducing the transportation cost.

The restriction of a, the ratio of on-highway to off-highway
movement charges, to 0 < a < 1 implies that the effective distance
along the highway 15 reduced by the factor @ below the same
distance off the highway. As it is possible for a problen to have
nmultiple highways, 1t 15 necessary to consider all possible paths
including the direct path from a given cell to each market center
and to select from these the minimun effective distance. Let

xl, 12, cee %— be subscripts which i1dentify r highways to be

traveled in sequence from acell to a market center, and assume
further that this 1s the mmmnum effective distance path. Let

Dc be the mimimum drsiance from the cell to highway 15, Dp the

minimun distance from the market center to highway i, and

Dy » Dy, ..., Dj Dbe the distances traveled 5long the t highways.

T
Then the effective distance D 1s given by the formula:

D=D.+a, D +0o,D + ...4+a D, +0D
C iy 1,71, 101 T

The rectangular area relevant to program computations is between

1 and 110 units horizontally and 1 and 90 units vertically. This
corresponds to the printed maps which are 54 Jines at 110
characters per line. There are 10 characters per inch horizon-
tally but only 6 lines per inch vertically so that the computer
output must be scaled by a factor of 3/5 to accymmodate the printer
and provide the same scale vertically and horizontally. All
coordinatés locating towns and roads are specified as arbitrary
integer numbers, however, only the towns and portions of highways
lying within the rectangular area defined by ! < X < 110 and

1 £ Y & 90 will-appear on the output maps.
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Aruitoxt provided by Eic:

>
The progranm currently allows maxima of 10 market centers, 12
crops, and 9 highways. Since the minimun distance must be
computed from each cell to each town, problems could be devised
using these maxima which might require a month or more of
computer time. The lcwer set of maxima of 4 market centers,
4 crops, and 2 highways has been included 1n the program for
student usage. Access to the expanded set of limits 1s pro-
vided by punching a decoding "password™ of up to 10 characters
in tolumns 71 - 80 of the problem control card.

-

Data input to the program is an arbitrary sequence of problems
each one beginning with a problem control card. The problen
control card contains, ameng other things, N, the aumber of market
centers, M, the nmumber of crops, NROAD, the number of highways,
and NEWCASE, the number of re-scale runs to be made. A problem

is re-scaled by specifying a new origin and a new scgle factor
for the maps. The origina: (reference) problem is then recomputed
with updated coordinates for the market centers and highways.

As N must be greater than zero, a data card giving the market
center coordinates always follows the problem control card. If

M > 0, the scale/crop-yield cards followed by the crop parameter
cards appear next in sequence. If NROAD > 0O, the highway data
cards (one per highway) are next. Finally, if NEWCASE > 0,

the re-scaling cards (one per re-s-ale for a total of NEWCASE)

are included. It should be noted that program execution will

be terninated and an error message will be printed out under the
following conditions of the input data:

1) N < 0 or N > MAXN, where MAXN is either 4 or 10;

2) M > MAXM, where MAXM is either 4 or 12; o

3) NROAD > MAXR, where MAXR 1s either 2 or 9;

4) a highway of zero length 1s specified, 1.e. the initial

and final coordinates are 1dentical.,

The program output consisis of A] an echo check of data inputs,
5] €rom one to four maps (depending upon thec prevlen controil
card parameters), and C) summary tables giving areas in cultiva-

tion and levels of econonic rent (1f M > 0).

The maps are:

1) a location of market centers map; 2) a sphere of influence
of roads map; 3) a land use map; and 4) a market areas map.
The first tap always appears in the output, and the second

appears if NROAD > 0.

Maps 3) and 4) are printcd 1f M > 0.

The market center location map contains an X at the positibn
of each town appearing within the previously defined rectangular

area.

Each highway or portion of a highway (1f any) within this
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Aruitoxt provided by Eic:

ERIC

rectangular region is also displayed with identifying numbers
at the initial and final coordinates. An option exists for
selecting the highway symbol. It may be either a dot (),

an asterisk (*), or a plus (*). The default option 1s a dot.

The sphere of influence of a highway is the set of cells for
which the average effective distance from the cell to all N
market cénters is less than the average airline distance to
the towns or the average effective distance to the towns using
all other highways. A cell within the sphere of ‘influence .
of a highway is identified on the map with the highway nurber.
Those cells whose minimum average distance 1s the average
airline distance are left blank. If the average effective
distances are equal for two haghways with respect to a given
cell, an equal (=) sign 1s printed in the cell.

The land use map displays the regions of crop cultivations

with a letter symbol printed in each cell associated with a

crop. The market areas map indicates with a number symbol over
the same region the market where the crops are sold. An equal (=)
sign is printed in those cells where it 1s equally profitable

to grow either of two crops or sell the product at either of

two markets, respectively. Regions for which the rent is < 0

are left blank.

If M>0, distances on the map may be scaled by a multiplying factor,
SCALE. Thas factor has meaning only if M>0 as a result of the
effect of distance on the rent computations. All points on or

off the maps are specified in terms of integer coordinates so

that a unit increment in either the horizontal or vertical direction
corresponds to a distance of 1/10" on the printed output. The
factor SCALE 1s a non-negative floating point number (if SCALE

= 0.0, it is reset to 1.U) which assigns a physical distance to

chis unit increment. The physical distance may be either abstractly
d~fined or in feet, miles, etc.; and 10.0*SCALE is the distance

per inch of the printed output maps. This distance scale is

printed at the bottom of each map 1f M>. To obtain maps of dif-
ferent regions within the same problem requires the modification

of the coordinates of all marhet centers and highways and/or

SCALE leaving the renaAnzngrdata the same. In this case physical
distance must be invariant, i.c. moedifying the value of SCALE or
shifting the origin necessarily causes a consistent modification

of the integer cuordinates which will preserve actual distance.
Thus,

sd = ¢

where 3
¢ = the physical distance and 15 constant
s = the scale factor

distance on the map
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Let us assume that data has been prepared for a problem

which w11l produce output maps 1n a coordinate system (X,y)

and that maps of the same problem in a coordinate system (x',y')
are desired. Also, let s and s' represent the distance scales

in the uiprimed and primed systems; and let (xo,y ) be the

unprimed coordinates of the origin of the primed gystem. If

(x,,y,) represents an sihitrary point in the unprimed systenm,

its cOrresponding point 1n the primed system is (xi,yi) where, ‘

xi = s/s’ (xl- xo) .

yy = 8/s' vy~ vy)

All coordinates of market centers and highways must be transformed
as above and rounded off to closest integer values. Note that
the new coordinate system is completely specified by X0 Yo» and s'.

The following example illustrates the salient points of the above
discussion. Assume that data has been prepared for a’problem
having a market center located off the maps at (x ,yl) = (120,-29)
with a scale of 4.0. For the same problen it is 5e51red to obtain
maps of the re,ion surrounding the m ket center and having a
scale of 3.0. Let (xo,yo) = (90,-40). Then

xi = 4/3 (120 - 90) = 40

yy = 4/3 (-20 - (-40)) = 26 2/3 = 27

and the new data would include the point (40,27) as the location
of the market center.

The p-ogram contains an option which will autoratically re-scale
any problem. The problem as specified by the data 1mediately
following the problem control card will be called the reference
case. Each re-scale data card which follows a reference case
contains the coordinates of a new origin and a new scale factor.
The coordinates of the market centers and highways in the reference
case are saved and new coordinates are computed relative to the
reference problem for each re-scaling. Re-scaling may be done if
M = 0, in wnich case the reference scale factor is assumed to be
1.0. The number of the reference case is printed for each re- |
scaling along with the x and y coordinates of the new origin. The
ecale ratio, i.e. the ratio of the reference scale factor to the
new scale factor (s/s') is also pripted. Under'the existing 1nput
data structure a problem may be Te-scaled as many as ninety-nine
times. The user 1s cautioned not to specify a scale_ factor on a
re-scale card so large that a highway is effectively reduced to
zero length, i.e. the initial and final coordinates coincide. This
will cause execution to be terminated. !




Deck Make-Up:

Card Forrat:

O

ERIC

Aruitoxt provided by Eic:

A) Basic structure [CDC 6400}
1) Systems cards

2) EOR card H
3) Program decks

4) EOR card

S) Data deck

6) EOR card

7) EOI card

B) Data dec\ structure - The following sequence is repeated
once for cach problen:
1) Problem control curd
2} Market center location card(s)
3) Scaling and crop yield card(s) [if M > 0]
4) Crop parameter card(s) [if M > 0]
5) Highway parameter card(s) [if NROAD > 0]
6) Re-scale card(s) [:i1f NEWCASE > 0]

Problen Control Card - FORMAT (512, 7A10)
Cols. 1 - 2 N = nuaber centers {1 <N £ 10 1f password
is used; 1 <\N < 4 other,\gxse]

Cols.

(%]
[
&

M = nunber of grops-Td-< 12 1f password 1s ws.ed;
M < 4 otherw.se]

Cols. 5 - 6 NROAD = nuwber of Fighways {NROAD <9 1f password
is used; NROAD < 2 otherwise]

Cols. 7 - 8 ISYM < 0 »f highways are to be displayed on all
map,;  ISYM > 0 if highways are to be displayed on
the 1ncation of mariet centers mapronly, [IStM| = 1
1f aighway symbol 1s to be an asterisk (*) and
|1SYM| = 2 if the symbol is to be » plus (+). The
highway syubol will be a dot(+) for any otner value
of 1SYM.

Cois. 9 - 10 NEWCASE = number of re-scale cards for the current
problem (1f > 0). If NEWCASE < 0, the problem 1s
not to be re-scaled.

Cols. 11 - 70 Any title 1nfomation

Cols. 71 - 80 Any word with up tc 10 symbols. If this word 1s
the password, the limits on the number of centers,
crops and highways are increased.

Market Center Location Card(s) - FORMAT (8110)
The X and Y coordinates are specified pairwise in integer format
at field width i1ncrements of 10 1n the following sequence.
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Xl, Yl’ the X and Y coordinates of center 1

Xz, YZ’ the X and Y coordinates of center 2

.

.

XN’ Y&, the X and Y coordinates of center N

[N -1

Note that 3] * 1 cards are required.*

Scaling and Crop Yield Card(s) - FORMAT (8E10) *+
Cols. 1 - 10 SCALE = the distance scale factor. Ten times
this nunber is the scale printed below each
output map. If SCALE = 0.0; it will be reset to 1.0.

Cols. 11 - (Y(I), I =1, M) = the crop yields per umit
area for crops 1 through M, respectively, at
field width increments of 10.

Note that [M/8] +1 cards are required.*

Crop Parameter Card(s) - FORVMAT (3E10)+

Cols. 1 - 10 the unit market price

Cols. 11 - 20 the unit production cost

Cols. 21 - 30 the unit tzansportation cost per wunit distance

Note that there 1s one data card per crop per market center

for a total of (N) (M) cards. The crop parameters for crops

1 through M with respect to market center 1 are read first;
parameters of crops 1 through M with respect to market center 2
are read in next; etc.

Highway Parameter Card(s) - FORMAT (4110, E103*
Cole, 1 - 10 X coordinate of starting point
Cols. 11 - 20 Y coordinate of starting point
Cols. 21 - 30 X coordinate of ending point
- Cols. 31 - 40 Y coordinate of ending point
Cols. 41 - 50 ALPHA, the ratio of on-highway to
off-highway movement charges.
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Note:

ERIC

Aruitoxt provided by Eic:

Programmers:

Note that there is one data card per highway for a total
of NROAD cards.

N

Re-scale Card(s) - FORMAT (2110, E10)t N

Cols. 1 - 10 X coordinate of ngw origin in reference system

Cols. 11 - 20 Y cuordinate of new origin in reference system

Cols. 21 - 30 SCALE = the new distance scale factor. Ten times
this number is the scale printed below each
output map if M > 0. If SCALE = 0.0, it will be
reset to 1.0,

(X] neans the integer part of X. .

-+

The E10 FORMAT allows the user to specify input data either in
For E form within a field width of 10 columns. The decimal
point riust be punched in any case.

The program LANDUSE r;;:Yres the subroutines
PROJCT and REGION and needs 500008 ceniral memory locations

*0 compile. The progrem oily requires 330008 locations to

load and go. It is written ,n FORTRAN IV for the CBC 6400
computer. Execution tine is on the order of from 5 to 20
seconds for problens having up to 2 highways, but increases
exponentially with an increase in the muaber of highways
beyond 2. A strong factor affecting the amount of running
time is the complexity, 1.e. multiplicity of intersections,
of the highway network.

Bruce Anderson and Duane F. Marble, August 1970.
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APPENDIX B

THE GEOGRAPHY PROGRAM EXCHANGE

. .

The Geography Program Exchange (GPE) has been established to assist
universities and other non-profit organizations with the nterchange of computer
software which relates to problems of ¢ geograplie nature. The GPE operates on a
self-sustamning basis with the assistance of a medest grant from the Mathematical
Social Sciences Board Its services are made available to qualified users anywhere m
the world

The GPE mamtams a central file of specralized computer programs with
asswerated documentation and test data sets, and makes copies of all or part of this
matenal available to quahfied users at cost. The programs held by the GPE
represent spectalized matertals developed for use n geographic research and
tealhing. no attemp’ is made to duplicate standard statistical proérums. Distnbu-
tton of available programs 1s m the form of punched cards or BCD tapes, and
asovctated documentation s also distibuted 1in machiie readable form. The GPE
also produces a bnef gurde to its program holdings which 1s available without
charge. Current program holdings are based mainly upon the specialized program
libranies ot the Umversity of lowa, Michigan, Michigan State and Northwestern
Unwersity as well as individual programs from many other sttutions. The GPE
actively solicits programs and. if the program submitted appears to be of enough
general interest. it will be added to those distributed. All software handled by the
GPE 15 obtatned and distributed on a non-royalty basis.

In addition. the GPE also publishes an 1rregular newsletter which, at present, is
ncorpurited in Current Research Notes in Quantitative and Theoretical Geography.
This 15 distnbuted without charge by the International Geographical Union
Comnussion on Quantitative Methods and requests for cupies should be directed to

Professor Forrest R. Pitts

Social Science Research Institute
Uiversity of Hawan

Honolulu, Hawan 96822 U.S.A.

Although the GPE operates with himited resourees, 1t does attempt to provide
assitance to those departments and individuals who are beginning tu make use of
the digrtal computer as a research and teaching tool.

Overall management of the GPE is provided by a board consisting of Professors
Duane ¥ Marble (Northwestern). Waldo R. Tobler (M:chigan). Robert I. Wittick

. Q 6]
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(Michigan State), and Forrest R. Pitts (Hawaii). Professor wittick 1s in charge of
operations and all inquines relating to activities of the GPE should be directed to
him at the following address

Protessor Robert Wittick

Computer Institute for Soctal Science Research
Michigan State Umversity

East Lansing. Michigan 48823 U.S.A




APPENDIX C

KEYPUNCH INSTRUCTIONS

: Vogelback Co rutuing Centur
Northwuestern Univer .ty
Evanston, Illinois

f [BY 26 Printins Card Punch

General QOpe
Lencral Uper

lon.

Information 1s punched 1n a card by opurating a typrwriter otyle heyboard,
which punches letters, digits, or special chavacters inte ard colurme.  1he
operator presses the "feed” button 0'1 the keyboard which ruves a card dowt
from the hopper. When the "register” butten is depre abL‘d,l\ the first colurn of
the card 15 positioned under the punchiang station. The cards ate punched fiom
left to righe, ons colu-n at a time. After ecach cavrd 1s punched, the card is
autoratically position d for the nert colunn, After all 80 columns a:o _"m‘.d‘.cd,
the card autvmatically 1s relstered urder the reacing station, through thil!
1t passed =- colurn by coelurn -- in phise with the card fellosing 1t at :‘.m
punching statinn, When the card at the punching s*1tten 1s released, the card
at the reading station meves Into the card stecker

Because pansepe through the raading station 1s in phase with pass e
through the puuching staticn, heles sensed at the read stition can bo Juplicancd
tnto the following card pa.oing wnder the punch station. The ability to Jupli-
cate anforratien from card to cavd reduces the asount of ranual punching v.oded.
Data cormon to a group of cards ray be punched into the first card of a group
and duplicated 1nto the reraining ones. Depressing the "dunlicata™ Aoy un
accorplish this, or it ca be done autoratically by the kheypunch oparating under
preplanned cont rol (drum or program card).

Other functions that car be put urder automatic coattul are printing,
skipping colurns, and cjectirg and feeding cards. According to the ro ulver onts
of the card form.., a pattern can be established so that the keypunch can ~hip
columns, duplicate fields, or release the card when punchilng 1o fina-hied but
before column 80 {s reached,

Instructing the keypunch to skip, duplicate, or release upen reachiny
certain colura lovatlons 15 knowm as pregramring. The operator progia~- the
keypunch by punching a control card, wrapping the card arovnd a (ylinde: o:
drum, and inserting the drum on a spindle {n the nmachire.  The heles in tho
card control the operation of the machine, caustng it to perform spectfied
functions auteratrcally,

Operating Features

Card Honper

The card hopper 1s located on the upper right stde of the machine. The card-
are placed an the hopprer face forward, 9's down, and are fed front wund [irst,
A card i» fed from the hopper to the vard bed automitically ot by deprossien
of a card foeed key.  The first two cards to be punched rust be fed by hoy do-
pression, but all other cards in the bopprt ray be fod automatically, undo
switch control.
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Punching Jtation

Punching 1~ performed at the first of two stations in the cawd bed through which
the cards pass. To start an opuiation, two cards are fed into the card bed at
the right of the punching station. As the second card 1s fed in, the first card
15 autoratically registered for punching -- that us, 1t 15 positioned at the
punching station.

Read.ng STt

.
The readiny station, where the cards are read for duplicating, 1s located appro<i-
mately the distence of one card to the left of the punching station. Each card
that bas been punched paases through the read station as the next card 1s being
punched.  The twu cards rove in synchrunise, column by coluru, and infonaation
to be duplicated Lo tiacsferred from the first card to the seeond. Keading from
one card to anotier can be conirulled, field by field, so that only the deaired
inforration 1s duplicated.

This feature climinate . card handling for the duplication of anfocration from
cards pripared during the punchin, opurataon.  Card handlie s nece cary only
when an operation requites duplication fror prepunched raster cards.

card Stacxer

The card stacker tert side of the muchine on a level

with the hepper. the read staty =, 1t 1s fed 1ato the
stickoer automatically or by key depre n. When the d~ are receved fron

the =tacker, they are in their otigrnal sequence.

Zackopagre Key

This key 1s located below the card bed between the reagd and punch stations.  As
long as 1t 1s held dupiecsed, the cards at the punch and rrad stations are back-
spaced contiraously until columa | 1s reached. At the same tire, the pregran
card, whicn conirols Lh.prin, arl duplicating, 1s also back-paced.

Program Unit

Automatic skipping, automatic duplicating, and shifting from numerical te alpha-
betic punchinmy and vice versa ate coatrolled by the progran unit. Fadch ot theee
opcrations 1s designated by 4 specific code rocorded 1n a program card.  (Sev
Program Cacd Codes) The program c¢ard 15 then fastened around a proyram drun

and 1inserted 1n the machine, where 1t is read by a sensing mechamisme The drum
revolves in step with the movervat of the cards past the punch and read stations
so that the program codes control the operations, colurn by column.

ERI!
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Program Control lLever

Operation of the program unit is controlled by the prograa control lever,

located below the progrum unit. When this lever 1s turned on, the program
sensing mechanisnm 1s lowered so that it rests on the program drum, and the
codes punched 1in the program card control the various automatic operations,

Column Indicator ’

The indicator, located at the buse of the program drum holder, indicates to
the operator the next colu=n to be punched. Refer to this indicator s a putde
for spacing or backspacing to a particular column.

Keybuards_- Nurher 3 - Corbination alphabetic and numerical kesboard, plus il
LEYDUILAS - 1

The combinition heyboards have the best features of both a typewtiter and a
numerical key purch. The letter keys are arranged for operation by the sten-

dard typewriter touch system, while the digit keys are placed so that a rapid
three-finger tourt system can be used. The usual nurerical REY¥S O @ typeatitel

have bren eli- rotedd, 1nstead, a group of dual-purpuse keys at the rivht serves

for <igrt 1> well as letter punching. This permits su-orival puachine with the

right hand.  The touch system for the ten nume:ical Aoy s 1s, indes finaer (o

digies 1, 4, a~d 7, muddle finger for digits 2, 5, and 8. and ring fingfer Loy

digits 0, 3, 6, ard ©  The punching of a digit or a letter with any ot the
combination keys de, _uds upon the shift of the heyboard. For exanple, Jdepros-

sion of the 4-J k¢y punches a 4 when the keyboard 1s in numerical sh.tt, but

a J when 1n alphabetic shift. This sh:ifting 1s similar to upper or !lower casc
shifting un a standard typesriter and may be contiolled autesaticaliv by the .
progran unit or ranually by key depression.

,
d

The fourth row of keys contains four special character keys at the Lott. lhese
kiys punch erght characters as shown on the hey tops, four in nunerical aund
four 1n alphabetic shift

Program Card .

The progras card controls the automatic operations for the cortesponding colura
of the cards being punched. The control punching : ;utr.d
depends on the functions to be controlled, e.g., skippiny, !
alphabctie punching.

rotne progvan card
nplicating, and

Field Definition (i2 punch "+'%)

A 12 punch (+) should be punched 1n every column except the first (Lolt-hawd

- position) of every field to be skipped, duplicated, or ranually punched, These
12's serve to cuntinue to the end of a field any sxip or duplication started
within that field.

ERIC . i
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tie_S%in (11 puach -}

An 1l punch in the first column of any field au ~utically starts a skip,

which 15 counticued over that field by the 12's punchied 1o the teraiining columns
of the field. 1f a sirgle «olura 1> to be auto aticalyy skappod, 1t 1s prached
with an 1i. This coding oprrates 1n conjunction with the autirtic shap-
duplicate switch, which must be on to start the skhipping autoratically.

A zero punched 1n the first colurn of any field autoratically starts duplica-
tion, <hich 15 continued over that field by the 12's punched 10 the reraining
colurns of the fiel! ¢ oa sirgle culuna 1s to be autoratically duplicated,
1t 1s punched with

Alphatetyc Shafe (1)

When the program card 1s 1n the michine, the combinatior heyboard 1s noreally
i nuemorical sh€e, and depression of any one of the two-puipoac hevs causcs
a figure to be punched. To punch a letter, the corbination heyboard wust be
shifted for alphabotic punchiny. This shafting 1s p rforred autematvally
a 1 in the program card 1n each columa of the alphabetic field.

Progran Card Codes

Code Function

+ Field Definition
. Start Autormatic Skip
Start Autormatic Duplication
Alphadbetic Shaft
left Zero Prant
Print Suppression

Ihe program card s mounted un a progra= drum {or inscrtlon the macbhii .

the prosram drum has a clamping steip to hold the card, and a handle en the top
to tighten or release the strip. To fasten a card around the diue, take the
following steps.

I. Hold the drum 1n a horizontal position with the haudle to the right furn
the handle away (counter-clochwise) as far as 1t will go. Thas locsers the
smooth edge of the clamping strai-,

2. Insert the column 80 edee of the card under the smooth edge of the clamping
strip  iwo alignment check holes in the clarmping strip make it pussible to
<oe that the card is flush with the m:tal edge under the strip.  The card
should be posttioned v that the 9's edpe ts against the rim of the Jdrum
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3. Turn the handle to the center position.  This tightens the spooth edge of
the clamping strip and loosens the toothed edge. .
5 .
4, Wrap the card tigntly arcund the drum and iusert the colunn 1 edge under the
toothed edge of the clamping strip.

5. Turn the handle towdrd you (clockwise) as far as 1t will go. This fastens
the toothed edge of the clamping strip. The drum 1s.now ready to be inserted
in the machine.

To remove a card from the drum, the above procedure should be followed 1 the
reverse order.

With the p~ogran sensing mechanism raised, the drum 1s placed on the spindle
under the centsr cover of the punch, positioned so that tne aligning, pin falls
in the aligning hole in the column indicater dial. The program roatrol leve
1s turned on to lower the reading star wheels onto the program card, and the
release key is depressed to engage the reading rechanism fully. Whenever the
drum 15 to be reroved, the program control lever must first be turned off to
raise the star wheels,

When the purch :s operated without progra= contirol, the hevboard 1s in alpha-
betic shift, When the proyram control lever s turned on, the keyboard ts 1in
numerical shift for all colurmns except those punched with the alphabetic field
coding 1in the program card. If 1t 1s negessary to punch digits with the progiam
off or in an otherwise alphabetic field," the gumerical shift hev 1s held down
while the digit keys are depressed. ‘Similarly, when 1t 1s necessaiy to punch
some letters in an otherwise numerical field, the alphabetic shufe hey 1s hield
down whil: the letter keys are depressed. ’

Skip Key i

The purpose of this key 1s to skip any field that 1s coded with 12's 1n the =
program card. Depression of the key starts the skip and the 12's, 1n succeeding
columns of the field, continue the skip for the rest of the field.

0

Dash Skip (or) Dash Kev

When' the keyboard 1s=yn numerical shift, depression of thi y punched an Ll
hole and causes skipping for the rest of the field as dete, .d by the succes-
sive (ulumns punched 12 in the'pragram card. When the keyboard s o alphabeti
shift, depression of this key punches an 1l hole but dous not cause shipping.

-

n ~

Duplicate Key ° -

1 Y

3
Any fnforration, manually, punched 1n one card and €o™ion Lo one Of awte Sulies-
sive cards, can be duplicated by use of this key. Depression of this hey at
the begirning of a f121d starts duplication, and the 12's punched 1n the program
card continue the duplication for the rast of the fibld.

o " 67 \
ERIC . - \
~ . . 00070 - .




ERIC

Aruitoxt provided by Eic:

1] .
Keybostd Si - ary -
( wy MO @ ¥ 2 “3 j;w

Shaft
key (; ' Space Bar
¥
Punching . '

Keys 1-18 can oe depressed ond

v owhen the heyboard s anoalphatetic shft to
punch the lette tndicazed, If ore of these F2ys 10 deprissed wnile the roy-
board 1s 1o et cracal shift, the rachise locks. Operstion can be resum 4 by
releasing th: card, or by vepressiig t alphabetic shiit key which will crue

the letter to be puuched,

A\
Combination keys 19-29
tt

3 ard 15 1n etther surerical
or alphabatic sh.f v !

that hey.

Kevs L0-43 purch multiple dagits for eight speoial craracters. Thep can bo de-
pressed when the keyboard is in either nurerical or alphabetic shift.

Space Bar

The space bar car be depressced at any tire in a manual fleld te dause spacing
over or> colury of ¢

Functirnal hevs

30 MM (nurerical shift) shifts the corbination keyboard into nu wrical poste
tion as long as 1t is hald Jowm. - -
31 ALPH (alphabetic shift) shifts the rombination ke board into alphabeti
position as long as 1t 1s held desm. It is normally used to permit the punching
of letters in an othersise rurerical field. :

32 DUP (duplicate) causes punching by rerdiry from the preceding card.

34 REL (release)
completely past th

s the ¢ards at the punck and read stations o be rhvanced
o St
beyond the point of re

svtuns.  Frelds program od for autoratic duplicition
vase are punched in the card bofore reledse 1s corplotod,
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35 FERD (card feud) casses a4 card feed cycle

. Feeds a card from the hopper.
Registers the cards at the punch and read statious,
. Stacks the card frum the left of the card bed.

) P

36 SKI uses skapping of the field for which 1t 15 depressed,

37 Riu (eard regaster) 1= used primarily when insertaing cards manually.

44 MULT PCH (nultipls punch) 1s held down te permit the punching ot note than
one digit in a colurn. The keyboard 1s in nuaerical st ift when this key 1s
depressed. ’

(Note: An wxample of the use of the multiple punch hey 1s¢
§ ND OF RECORD ’

PR SR N 2 T B I R R B B N R TR BN AR S RV S TN S

o

Sample prore . card for Fortran state-.nts.  (Note that "A" punch defines an .
alphabetic field length.) .
7 3

/ 1 TAALAAAAL AL LLU LA LAA AAAAA AL LAAAL LA AAA LULLAALLALLAA LML -~ b e e s -

col 1-5 numer ¢ (staterent number)
6 numeric (continuation)
7-72 alphabetic (to punch nureric inforratien, deprass NUM key)

-

73-80 autordtic skip ard release of Lard

* %k k % F Yo+ ok Kok ok ¢ ok ok okox ok ok o ok ok AN % oA %y Y e kY R & LA

Sa~pla progra<« card for data cuxds.

1 A 1l 21 31 61 20

B R T (Y e e e R e R n s e ARt A S S RS R VR

col. =5 1D (numeric)

6-10 Skip
11-20 Numeri. .
. 21-30 Skip '

31-60 Duplicate pruceding card {nuneric)
61-80 Sxip and release card

.
* Ioflormatior for thi- instruction sheet was obtondd from the I prblicition
IEM Reference *anat! 24 Cawd Punch 2o Prainr -~ Card Punch, Fors A24-07010,

1950 "and " wdnr ta Jat oy Datd Proce,s iy, wot thwesteen Uaivaisits Puoas, fons,
pp. #8-51, "
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