ABSTRACT

A SPACE PREFERENCE APPROACH TO THE DETERMINATION
OF INDIVIDUAL CONTACT FIELDS IN THE SPATIAL
DIFFUSION OF HARVESTORE SYSTEMS
IN NORTHEAST IOWA

by David James DeTemple

The purpose of this research is to explore the im-
plications of hypothesized relationship between spatial
behavior and spatial diffusion of innovation processes.

The focus of the research is on (1) the derivation of a rule
of spatial behavior to account for movement from place to
place in the spatial diffusion of rural innovations and

(2) on the construction of a spatial diffusion simulation
model employing the empirically derived rule of spatial be-
havior.

A basic premise in the conceptualization of the spatial
diffusion of innovations is that adoption is primarily the
result of a learning process, where an individual adopts an
innovation as soon as he has accumulated sufficient infor-
mation to overcome resistance to adopt. This premise im-
plies that spatial diffusion theory should be concerned with
those factors which relate to the spatial pattern of informa-
tion flow. Thus, fundamental to modelling the spatial as-

pects of innovation-adoption has been the manner in which
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information movement from one location to another has been
explained.

There are two information sources identified as being
relevant to the learning-adoption process. The first source,
mass media, is considered important in the initial introduc-
tion of an innovation to an individual, but after awareness
of the innovation, this source becomes less significant in
persuading adoption. The second source, interpersonal con-
tact with others who have either (1) previously adopted the
innovation or who have (2) relevant information and are re-
garded as reliable sources, is considered more significant
in persuading final adoption. Thus, the research focuses
exclusively on the spatial mechanisms of interpersonal con-
tact.

The transition mechanisms accounting for information
movement from place to place have varied considerably from
model to model. The view taken by many is that the intensity
of information flow between individuals is a continuous func-
tion of intervening distance; however, it is shown statisti-
cally that for northeast Iowa distance is not as important a
factor as previously assumed.

The approach developed in this research is an attempt
to clarify the spatial interaction mechanism which controls
movement of innovation-adoption from one location to another.

Two movement factors are hypothesized as controlling the
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flow of relevant information. The first movement factor is
individual interaction with the central place system through
which diffusion occurs. A rule of spatial behavior to account
for individual interaction with the central place system is
empirically derived by employing the method of paired-compari-
sons. From consistent statements of choice by decision-
makers residing at different locations a probabilistic be-
havioral rule of preferred alternatives is obtained. This
rule of spatial behavior is defined such that when applied
to a distribution of central place alternatives it is capable
of generating the probability of individual contact with each
central place, or individual contact fields.

The second movement factor is interpersonal contact
within a central place. Not being able to discover the
explicit structure of interpersonal contact, a simple random
bias model is employed to model this movement factor. The
model regards every individual that interacts with a central
place as having an equal chance of contacting every other
individual who interacts with that place.

Thus, communication between individuals is hypothe-
sized as being dependent on the probability of individual
interaction with the central place system and on the prob-
ability of interpersonal contact within a central place.

Both movement factors are modelled separately, and linked
together to provide the transition mechanisms in the spatial

diffusion simulation model.
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The constructed simulation model is run and evaluated
against the actual diffusion of Harvestore Systems (silos) in
northeast Iowa. Visual and statistical analysis of actual
and simulated patterns of diffusion show that both patterns
could have been the result of the same real-world diffusion
process. Based on evaluation criteria for Jjudging the validity
of a simulation model, it is concluded that the model is a
plausible representation of the spatial diffusion process
studied.

The diffusion model is an improvement over previous
models in that (1) it is sensitive to the spatial structure
of the central place system through which diffusion occurs;
(2) distance is not regarded as an unchangeable force emanat-
ing from all points equally in all directions, but is con-
sidered as only one of several attributes of a spatial alter-
native evaluated by a decision-maker; and (3) the exact resi-
dential location of individual decision-makers is maintained.
The behavioral approach and the alternative representation
of the spatial diffusion process are the major contributions

of this research.
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CHAPTER I

CONTEXT OF THE RESEARCH PROBLEM

Introduction

One of the fundamental concerns of human geography has
been with the description and explanation of spatial patterns.
In efforts to provide adequate explanation for rather complex
spatial-temporal patterns, geographers have traditionally
considered the spatial behavior of aggregate populations,
and have regarded the spatial behavior of individuals as both

1 Some have felt that individual

unique and unpredictable.
variations in space and time preferences are so great as to
preclude any rationalization of individual spatial behavior.2
However, Hﬁgerstrand's work in migration and in spatial dif-
fusion of innovations has demonstrated the possibility of
focusing geographic research at the level of the individual.
His work has shown that even though the individual's exact
decisions may not be precisely determined, the probability of

5

making a range of decisions can be determined.

lRichard L. Morrill and Forrest R. Pitts, "Marriage,
Migration, and the Mean Information Field: A Study in
Uniqueness and Generality," Annals of the Association of
American Geographers, LVII (I967), p. 402.

2Walter Isard, Location and Space Economy (Cambridge,
Mass.: The M.I.T. Press, 1956), pp. 84-85.

5For the reader who is unacquainted with Hagerstrand's
spatial diffusion of innovation research, see Torsten
Hagerstrand, The Propagation of Innovation Waves, Lund Studies
in Geography: Series B, Human Geography No. 4 (Lund, Sweden:

1




Spatial diffusion has long been a subject of geographic
inquiry, but Hggerstrand's pioneering work in the early
1950's on spatial diffusion of innovations provided the ini-
tial stimulus for the development of a strong theoretical
research tradition.4 His spatial diffusion work was clearly
an attempt to capture in a diffusion model the spatial struc-
ture of the innovation-adoption process and characteristics
of individual behavior in space. Since the highly complex
processes preclude true analytic solutions, Monte Carlo simu-
lation techniques were selected to model the processes which

generate spatial patterns of innovation-adoption. The

Gleerup, 1952); Torsten Hggerstrand, "Migration and Area,"

in Migration in Sweden: A S osium, ed. by David Hannerberg,
Torsten Hagerstrand, and Bruno Odeving, Lund Studies in Geog-
raphy: Series B, Human Geography No. 13 (Lund, Sweden:
Gleerup, 1957), pp 25-158; Torsten Hagerstrand "A Monte
Carlo Approach to lefus1on " Archives of Europeennes De
Sociologie, VI (1965), pp. 45 67; Torsten Higerstrand, "Aspects
of the Spatial Structure of Soc1a1 Communication and the Dif-
fusion of Information," Papers of the Regional Science Associ-
ation, XVI (1966), pp. 27-42; Torsten H3gerstrand, "On Monte
Carlo Simulation of lefu81on," in Quantitative Geo raphy,
Part I: Economic and Cultural Topics, ed. by William L.
Garrison and Duane F. Marble, Northwestern Universit Depart-
ment of Geography, Studies in Geography No. 13 (l967§, Pp.
1-32; Torsten Hagerstrand Innovation Diffusion as a Spatial
Process, translated by Allan Pred (Chicago: University of
Chlcago Press, 1967); Torsten Hagerstrand "Quantitative
Techniques for Analys1s of the Spread of Information and
Technology," in Education and Economic Development, ed. by

C. A. Anderson and M. J. Bowman (Chicago: Aldine, 1965), pp.
244-280.

4Whenever the term "spatial diffusion" is used in this
study, unless otherwise noted, reference is specifically to
the "spatial diffusion of innovations". ZFor a general review
of spatial diffusion research in geography, see L. A. Brown
and E. G. Moore, "Diffusion Research in Geography: A Per-
spective," in Progress in Geography: International Reviews
of Current Research, Vol. 1, ed. by Christopher Board, et al.
(New York: OSt. Martln s Press, 1969), pp. 119-157.
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simulation model was designed as a pseudo-experiment in real

space, and an analog for abstract decision-making processes.5

As Hﬁgerstrand notes:6

"The simulation technique makes it possible to
create imagined societies of different structure,
to endow individuals with various behavior proba-
bilities and rules of action, and finally to let
random numbers infuse life into the system."

Conceptualization of the Spatial Diffusion
of Innovation Processes

Higerstrand's conceptualization of the spatial diffusion
processes are most explicit in his simulation models. These
models consider specific empirical examples--the spread of

agricultural innovations through a rural landscape.

Innovation Adoption as a Learning Process

The basic premise in Hagerstrand's conceptualization is
that the adoption of an innovation is primarily the result of

a learning process, where an individual adopts an innovation

as soon as he has accumulated sufficient information to over-
come resistance to adopt. This premise implies that spatial
diffusion theory should be concerned with those factors which
relate to the spatial pattern of information flow, e.g., the
characteristics which influence the spatial pattern of com-

munication and resistances to adopt and the relationship

. Wolpert an . Zillmann, e Sequential Expansion
2J. Wolpert and D. Zill "The S tial E '
of a Decision Model in a Spatial Context," Environment and

Planning, I (1969), p. 91.

6H§gerstrand, "Quantitative Techniques," p. 266.
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between exposure to relevant information and the reduction

7

of resistances to adopt.

Information Factors

Higerstrand identifies two information sources relevant
to the individual's learning-adoption process. The first

source, mass media, is considered significant in the initial

introduction of an innovation to an individual, but after
awareness of the innovation, this source becomes less signi-
ficant in persuading adoption. The second source, inter-

personal contact with others who have either (1) previously

adopted the innovation or who have (2) relevant information
and are regarded as reliable sources, is considered more
significant in persuading final adoption.8 Hence, Hﬁgerstrand
focuses his simulation model exclusively on the mechanisms of

interpersonal contact.

The Neighborhood Effect

Hagerstrand hypothesizes that the destination of personal
messages depends on the configuration of an individual's

network of interpersonal contact, and that this network is

7Lawrence A, Brown, "Diffusion Dynamics: A Review and
Revision of the Quantitative Theory of the Spatial Diffusion
of Innovation," (unpublished Ph.D. dissertation, Northwestern
University, 1966), pp. 7-10; Hagerstrand, Innovation Diffusion
as a Spatial Process, pp. 158 140.

8For a brief review of the significance of interpersonal
contact in the learning-adoption process, see Everett M.
Rogers, Diffusion of Innovation (New York: The Free Press,

1962), pp. 138-140.




dependent on the presence of various barriers. Initial
focus is primarily on the spatial ramification of physical
barriers which impede contact, such as lakes, rivers, and

mountains, and on geographical distance which separates

potential communicants. This distance factor plays a
major role in Hggerstrand's diffusion model and has been

termed the neighborhood effect.

A Hierarchy of Networks of
Communication

Hggerstrand, also, recognized the importance of hierarchy
of networks of communication:9
"As a demonstration and entirely arbitrary, we can

make three groups operating in international,

regional, and local ranges. Some individuals are

wholly bound to the local plane, others operate on

the regional and local plane, and still others

operate more or less on all three."
At the local level innovations spread through a communication
network linking individuals directly to one another through
interpersonal contact. However, at the regional level a
different network of communication comes into play, one tied
closely to the spatial pattern of linkages between central
places.

As Hagerstrand notes, diffusion over a landscape of
central places tends to follow the structure of the central

place hierarchy. Urban places tend to adopt certain

innovations before rural; and larger, relatively more

9Hé{gerstrand, "On the Monte Carlo Simulation of Dif-
fusion," p. 8.



important places at greater distances tend to adopt before

smaller places that are nearby. Hggerstrand observes that:lo

"The urban hierarchy canalizes the course of dif-

fusion. In addition to the influence from a

neighboring center on the neighboring districts

we find short circuits to more important places

at greater distance."
Brown has suggested that diffusion may be viewed at two levels,
local and regional, and that "these two levels may be super-
imposed to provide a more comprehensive picture of diffusion
within a large region--in other words, among central places

and then to individual farmers.”ll

Market Factors

In identifying patterns of diffusion of commercial and
manufactured items not adequately explained by spatial dif-
fusion theory, Brown postulated that the deviations may be
the result of (1) marketing decisions by distributors and
(2) the shopping trip behavior of potential adopters. These

additional factors have been termed market factors, as opposed
12

to the previously identified information factors.
Market factors are important in determining the hier-

archical pattern of diffusion through a central place land-

scape. In the case of a dispersed farm population, consumers

are not residing in central places. Therefore, their shopping

lOHﬁgerstrand, The Propagation of Innovation Waves;
Brown, "Diffusion Dynamics," pp. 33-42.

11

Brown and Moore, "Diffusion Research," p. 125.

12Brown, "Diffusion Dynamics," pp. 2-4, 42-49.






trip behavior strongly influences both the frequency and the
set of central places with which they interact. The type of
innovation and the distribution of the propagators of that
innovation determine the set of central places through which
relevant information circulates. Thus the central place sys-
tem is extremely important in focusing the spatial pattern

of innovation diffusion.

Modelling the Spatial Diffusion Process

One of the challenges for diffusion research has been
to combine individual behavior with the structure of the
spatial system to develop process theories from which spatial
diffusion patterns can be deduced. Hggerstrand's research
goal was to simulate the spatial diffusion process and
eventually make predictions achievable.15 Unfortunately,
even though information factors, market factors, and the
central place system were recognized as basic elements of
the spatial diffusion process, Hggerstrand was only able to
incorporate a portion of his conceptualization into a diffusion
model. In part, the reason the model included only a portion
of his conceptualization of the diffusion process was that |
the nature of many of the basic relationships, such as that
of the central place hierarchy, simply were not known.

Geographic diffusion studies following the Hagerstrand

approach are either concerned with refinements of the original

13Hé'tgerstrand, "On Monte Carlo Simulation of Diffusion,"
Pe 7o



simulation model14 or focus upon the processes which generate
the observed spatial pattern of innovation-adoption. These
latter studies have been successful in identifying critical
elements relevant to diffusion in a specific study area.
However, in modelling diffusion processes many of these
studies have applied the structure of Hggerstrand's simula-
tion model directly to their own problem without appropriate

modifications.15 The result has been that relatively little

lLLRefinements of Higerstrand's original Monte Carlo simu-
lation model have focused on (1) experimentation with various
mathematical distance-decay functions (see, Richard L. Morrill,
"The Distribution of Migration Distances," Papers of the
Regional Science Association, XI (1963%), pp. /5-84; Morrill
ané P1tts, "Uniqueness and Generality," pp. 401-422), (2)
derivation of both biased and unbiased mean information fields
(see, Duane F. Marble and John D. Nysteun, "An Approach to
the Direct Measurement of Community Mean Information Fields,"
Papers of the Regional Science Association, XI (1963), pp. 99-
109; Morrill and Pitts, "Uniqueness and Generality," pp. 401-
422; Lawrence A. Brown, Eric G. Moore, and William Moultrie,
TRANSMAP: A Program for Planar Transformation of Point Dis-
tributions, Ohio State University, Department of Geography,
Discussion Paper No. 3, pp. 26; Forrest R. Pitts, MIFCAL and
NONCEL: Two Computer Programs for the Generalization of the
Hagerstrand Model to an Irregular Lattice, Northwestern
University, Department of Geography, Technical Paper No. 23
(1967), pp. 33), and (3) the construction of computer programs
(see, Forrest R. Pitts, "Problems in Computer Simulation of
Diffusion," Papers of the Regional Science Association, XI
(1963), pp. 111-122; Forrest R. Pitts, HAGER I1l and HAGER IV:
Two Monte Carlo Computer Programs for the Study of Spatial
Diffusion Problems, Northwestern University, Department of
Geography, Research Report No. 12 (1965), pp. 42; Pitts
MIFCAL and NONCEL; Brown, Moore, and Moultrie, TRANSMAP).

15For examples where the Hagerstrand model has been
applied see, Leonard W. Bowden, Diffusion of the Decision to
Irrigate, University of Chicago, Department of Geography,
Research Paper No. 97 (1965), pp. 89-120; and Burton O.
Witthuhn, "The Spatial Integration of Uganda as Shown by
the Diffusion of Postal Agencies, 1900-1965," The East Lakes
Geographer, IV (1968), pp. 5-20.







insight has been gained in either understanding individual
spatial behavior or explaining general spatial diffusion

processes.16

A Behavioral Aspect of Spatial Diffusion Theory

Many existing theories in human geography, including
spatial diffusion theory, have at least implicit behavioral
assumptions in their structure. The spatial patterns of
the diffusion of phenomena, ideas, and techniques through
a region are spatial expression of many individual decisions.
The basic geographic elements of distance, direction, and
spatial variation are evident in diffusion patterns. But
if the processes which generate diffusion patterns are to
be explained, then notions of human decision-making must be
incorporated into geographic diffusion theory.17 As King
has noted:18

". « . existing theoretical statements in geog-

raphy appear weak on at least two accounts. First,

it usually is the case with statements that the
basic spatial structure appears as given, rather

than as a logical consequence of theory. . . . A
second weakness . . o is that the behavioral

16Brown and Moore, "Diffusion Research," pp. 143-144.

17David Harvey, "Conceptual and Measurement Problems in
the Cognitive-Behavioral Approach to Location Theory," in
Behavioral Problems in Geography: A Symposium, ed. by
Kevin R. Cox and Reginald G. Golledge, Northwestern Univer-
sity, Department of Geography, Studies in Geography No. 17
(1969), p. 35.

18

Leslie J. King, "The Analysis of Spatial Form and Its
Relation to Geographic Theory," Annals of the Association

of American Geographers, LIX 619695, pp. 59%-595.
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underpinnings of these statements have seldom been

made explicit . . . much of geographical analysis

has been pursued on highly aggregative levels with

considerable emphasis upon techniques and too little

attention upon possible behavioral mechanisms."

Thus, to understand processes that evolve spatial pat-
terns, concern should be for building geographic theory and
models on the basis of postulates regarding human behavior.
One approach to the search for relevant behavioral postulates
relates parameters describing actual behavior patterns in an
area to specified spatial structures in the same area. Hﬁger—
strand's use of the mean information field is an excellent
example of this type of approach. The parameters of the

information field are based upon interaction data for the

area under study. The parameters are place dependent, in

that they are tied directly to the spatial structure of the
system for which they are calibrated and say little about
the characteristics of parameters for different places or
spatial systems.19 This form of description of overt behavior
is no more a process type of explanation than is the descrip-
tion of the diffusion pattern itself.zo

A second approach to the search for relevant behavioral

postulates consists of a description of behavioral processes

irrespective of the spatial system in which the behaviors are

ngevin R. Cox and Reginald G. Golledge, "Editorial
Introduction: Behavioral Models in Geography," in Behavioral
Problems in Geography, pp. 2-3.

20Leslie Curry, "Central Places in the Random Spatial
Economy," Journal of Regional Science, VII (Supplement, 1967),
p. 219.
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found. This approach involves a search for postulates or
rules of spatial choice, movement, and interactions which

are place independent of the spatial system in which they

operate. In support of this type of approach Curry argues

that:ol

"A postulate on spatial behavior should not directly
describe the behavior occurring within a central
place system, since it is obvious that the system
can then be directly derived without providing any
insight. The behavior postulate must allow a
central place system to be erected on it in a suf-
ficiently indirect manner that a measure of initial
surprise is occasioned by the results, and this
postulate must still describe behavior after the
system has been derived."

Moreover, Rushton states that:22

" . . . the essential feature of a useful postulate
is that it should describe the rules by which alter-
native locations are evaluated and choices conse-
quently made. This procedure we may call spatial
behavior, reserving the term 'behavior in space' for
the description of the actual spatial choices made
in a particular system. ©Since behavior in space is
in part determined by the particular spatial system
in which it has been observed, it is not admissable
as a behavioral postulate in any theory. In short,
such behavior is not independent of the particular
system in which it has been studied. On the other
hand, a postulate which describes the rules of
spatial behavior is capable of generating a variety
of behavior patterns in space as the system . . .

to which the rules are applied, is allowed to
change."

Thus, postulates of spatial behavior should mirror individual
decisions and be able to deduce '"behavior in space'" where

each individual decision-maker, encompassed in his own

21Curry, "Central Places," p. 219.

22Gerard Rushton, "Analysis of Spatial Behavior by
Revealed Space Preferences," Annals of the Association of
American Geographers, LIX 81969§, p. 392.
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spatial environment, reaches decisions which maximize some

23

satisfaction or preference function.

Statement of the Research Problem

The primary purpose of this study is to pursue the
implications of the hypothesized relationships between
spatial behavior and spatial processes that appear to have
been present in virtually every conceptualization of spatial
diffusion processes. The focus of the research is on (1) the
derivation of a rule of spatial behavior to account for move-
ment from one location to another in the spatial diffusion of
rural innovations24 and (2) on the construction of a spatial
diffusion simulation model employing the empirically derived
rule of spatial behavior. The proposed model is an improve-
ment over previous diffusion models in that (1) it is sensi-
tive to the spatial structure of the central place system
through which diffusion occurs; (2) distance is not regarded
as an unchangeable force emanating from all points equally
in all directions, but is considered as one of several char-
acteristics of a spatial alternative to be evaluated by
decision-makers; and (3) the exact residential location of

the individual decision-maker is maintained.

25Harvey, "Conceptual and Measurement Problems," p. %6.

24A rule of spatial behavior is defined so as to
describe behavioral processes irrespective of the spatial
structure of the system in which behaviors are found.
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The first objective of this study (Chapter II) is to
clarify the role of movement in spatial diffusion of innova-
tion models. In this chapter a simple conceptual model is
proposed that offers an alternative to transition mechanisms25
proposed in previous diffusion models. The model considers
both individual interaction with the central place system
and interpersonel contact at the central place as important
determinants of the spatial pattern of innovation adoption.
Both determinants can be modelled separately and then linked
together to account for movement.

The next objective of the study (Chapter III) is to
model individual interaction with the central place system
by defining a procedure for deriving a rule of spatial
behavior. The spatial behavioral rule when applied against
a set of alternative central places will give the probability

of individual contact with each central place. This indi-

vidual contact field is defined such that, given the location

of a decision-maker and the locations of alternative central
places, the behavioral rule can generate the probability of
the decision-maker interacting with each central place.
Finally, the third objective is to incorporate aspects
of existing diffusion theory, central place theory, and
behaviorally determined individual contact fields into a

spatial diffusion of innovation model. In Chapter IV the

251n construction of spatial diffusion models the
transition mechanism is the modelling approach employed to
account for movement from one location to another.
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simulation model is constructed and in Chapter V it is run
and evaluated against the actual diffusion of Harvestore
Systems in northeast Iowa (See Map l).26 Chapter VI in-
cludes a brief summary and critique of the research and

proposals for future research.

26The Harvestore System, a special type of farm silo
manufactured by A. O. Smith Harvestore Products, Inc., is
a unique feed-crop storage innovation in that it does three
things of which no other silo is capable; (1) it resists
corrosion from feed acids, (2) it provides maximum protec-
tion from oxygen to preserve feed nutrients, and (3) it un-
loads from the bottom.



CHAPTER II
THE TRANSITION MECHANISM IN THE SPATIAL DIFFUSION
OF INNOVATION MODEL

The Neighborhood Effect

Fundamental to modelling the spatial aspects of the in-
novation-adoption processes has been the manner in which move-

ment from place to place has been explained. The transition

mechanisms accounting for movement have varied considerably
1

from model to model. The view taken by Hggerstrand is that
the intensity of movement is a continuous function of geog-
raphic distance. This particular transition mechanism has
been termed the neighborhood effect and has been widely ac-
cepted as a basic premise of geographic diffusion theory.

In empirical investigation Hagerstrand noted the spatial
cluster-like pattern of adopters of rural innovations. He
concluded that as information about an innovation spreads
these clusters of adopters tend to expand step-by-step in a
manner that suggests the probability of adopting an innovation
is higher among those potential adopters who reside near indi-
viduals having previously adopted the innovation than among
those potential adopters whose nearest neighbors have not yet
adopted the innovation. This observation based on visual

inspection has been widely accepted with little questioning

of either its validity or relevance. Yet, in extensive

lSee, Brown and Moore, "Diffusion Research," pp. 140-141.

15



16

sociological reviews of innovation diffusion, neither dis-
tance nor the neighborhood effect is mentioned as one of the
crucial elements in the analysis of innovation diffusion.2
This lack of recognition of the neighborhood effect suggests
that it may not be as relevant as hypothesized. If the
neighborhood effect is a dominant feature of the diffusion
process, then it seems apparent that with an appropriate
statistical test the relevance of this transition mechanism
can be evaluated.

Statistical Evaluation of
the Neighborhood Effect

To evaluate the neighborhood effect Barnard and Pearson's

2 x 2 Comparative Time Trial is selected as an appropriate

statistical model to determine whether the probability of
adoption is higher among those potential adopters who reside
near an individual who has previously adopted the innovation
than among those potential adopters whose nearest neighbors
have not adopted the innovation.3 This test is appropriate

because nearest neighbors can be measured as direct geographic

2Rogers, Diffusion of Imnovations, pp. 12-20; Elihu Katz,
"The Social Itinerary of Technical Change: Two Studies on
the Diffusion of Innovation," Human Organization, XX (1961),
pp . 72—80 [

3G. A. Barnard, "Significance Tests for 2 x 2 Tables,"
Biometrika, XXXIV (1947), pp. 123-138; E. S. Pearson, "The
Choice of Statistical Tests Illustrated on the Interpretation
of Data Classed in a 2 x 2 Table," Biometrika, XxXXIV (1947),
pp. 139-167; A. D. Cliff, "The Neighbourhood Effect in the
Diffusion of Innovations," Transaction of the Institute of
British Geographers, XLIV (I968), pp. 75-84.
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distance and does not depend upon an arbitrary lattice
structure.4

The 2 x 2 Comparative Time Trial is used to determine
whether non-adopters of an innovation who have some neigh-
bors who have adopted the innovation are more likely to
accept the new farm practice than those non-adopters whose
nearest neighbors are all non-adopters. Table 1 contains

the contingency table format to test this research hypothesis.

TABLE 1
2 x 2 COMPARATIVE TIME TRIAT CONTINGENCY TABLE

TO TEST THE NEIGHBORHOOD EFFEC’I‘5

Individuals at "t+1" who were
Neighbors at "t" non-adopters at "t"

Adopters Non-adopters Total

Some adopters c c m
All non-adopters d b n
Total S r

The statistic, u = ((cb-da)/N) + ((m n r s)/(Ng(N-l))%,
associated with the time trial is normally distributed with

unit variance. If "u" exceeds the established significance

4A number of statistical models have been used to evalu-
ate actual and simulated patterns of spatial diffusion, for a
short review of these models see Brown and Moore, "Diffusion
Research," pp. 128-13%0.

5A. D. Cliff, "The Neighbourhood Effect in the Diffusion
9

of Innovations," Transactions of the Institute of British

Geographers, XLIV (1968), p. /9.
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level the null hypothesis can be rejected and the research
hypothesis, the neighborhood effect, can with a certain risk
of error be accepted.

The neighborhood effect is empirically tested for the
diffusion of 2,4D weed spray among 148 farm operators re-
siding in the Collins, Iowa, trade area (See Map 1 in
Appendix A). This innovation was first available to the
Iowa farmer in 1945, and adoption by each farm operator in
the Collins area is recorded for each year through 1955.6

The test is repeated four times for every year, 1946
through 1955 inclusive, with the form of the time trial
varying such that neighbors at time "t" are defined as (1)
the first nearest neighbor only, (2) the first two nearest
neighbors, (3) the first three nearest neighbors, and finally
(4) the first four nearest neighbors. By varying the form of
the test and repeating over the 1946-1955 time span of 2,4D
adoption, precaution is taken to insure that if the neighbor-
hood effect was operating that it be detected.7

To reject the null hypothesis at the 0.05 level of

significance the calculated "u" statistics needs to exceed

6George M. Beal and Everett M. Rogers, The Adoption of
Two Farm Practices in a Central Iowa Community, Iowa State
University, Agricultural and Home Economics Experimental
Station, Special Report No. 26 (1960), pp. 20; For a listing
of Collins, Iowa 2,4D diffusion data see Appendix D.

7See Appendix C for a description and listing of com-
puter program TWOBY used to calculate this test, and Appendix
D for a listing of the Collins, Iowa 2,4D diffusion data.
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TABLE 2

RESULTS FROM THE 2 x 2 COMPARATIVE TIME TRIAL CONTINGENCY
TEST OF THE COLLINS, IOWA 2,4D DIFFUSION DATA

(1946-1955)

YEAR "u" STATISTIC FOR
NUMBER OF NEAREST NEIGHBORS

1 1,2 1,2,3 1,2,3,4
1946 -0.515 -0.566 -0.960 +0.080
1947 +0.847 +1.150 +1.709 +1.317
1948 +1.419 +0.432 +0.433 -0.134
1949 +1.254 -0.283 -0.644 -0.827
1950 -0.248 -0.063 -0.668 -0.766
1951 +0.949 -0.928 -0.595 +1.170
1952 -0.451 +0.310 +0.843 —_——
1953 -0.628 -0.820 +0.631 _——
1954 -0.670 _—— _—— _——
1955 +0.122

SOURCE: Calculated by the Author.
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¥1.96. 1In the 2,4D case the null hypothesis could not

be statistically rejected (See results in Table 2). There
is no evidence to indicate that the neighborhood effect was
operating as hypothesized. Therefore, the neighborhood
effect, as a relevant transition mechanism in the diffusion
of 2,4D weed spray must be rejected for the Collins, Iowa
area.

The results of the test are not entirely unexpected
since Cliff has previously tested the hypothesis using Hgger—
strand's original Asby, Sweden, data. Cliff's results, using
both a contiguity ratio test and the comparative time trial,
confirmed the results of the Collins, Iowa analysis. In
support of both of these studies, one of Hagerstrand's students
used '"nearest neighbor analysis" to test the same hypothesis
and concluded that he was unable to detect the neighborhood

effeot.8

If the results of these three separate analyzes
of spatial diffusion patterns are accepted, then the only
conclusion possible is that at the scale tested the simple
neighborhood effect is not as relevant a transition mechanism

as previously assumed.

A Socio-economic Bias

One reason the neighborhood effect proved invalid at

the scale tested is that geographic distance is biased by

8Cliff, "The Neighbourhood Effect," p. 80.






22

the socio-economic characteristics of the resident popu-
lation.9 Evidence indicates that continued interpersonal
contact between individuals is a function of perceived cul-
tural, social, economic, and political rewards associated
with interaction. These features tend to dominate the dis-

tance factor in determining the structure of an individual's

network of interpersonal contact.lo Tornqvist notes that:ll

"The probability of contact between different house-
holds did not depend on the physical distance between
them. The information was spread in a complicated
network of social relations which we were unable to
survey . . . we assume in conclusion that the factor
of distance is more or less inoperative in a small
region."

Thus, a more complex approach to modelling the transition
mechanism needs to include biases other than distance, e.g.,
acquaintanceship circle bilases, force field biases, and

reciprocity biases.12

9There is a large literature in the social sciences
which suggests that interpersonal contact is greatly influ-
enced by such variables as age, occupation, and educational
level; see, Cliff, "The Neighbourhood Effect," pp. 80-81;
and Georg Karlsson, Social Mechanisms: Studies in Sociologi-
cal Theory (New York: The Free Press, 1958), pp. 13-55.

loKevin R. Cox, "The Genesis of Acquaintance Field Spatial
Structures: A Conceptual Model and Empirical Tests," in Be-
havioral Problems in Geography: A Symposium, ed. by Kevin R.
Cox and Reginald G. Golledge (Evanston, lllinois: North-
western University, Department of Geography, Studies in Geog-
raphy No. 17, 19695, pp. l46-168.

llG Tornqvist, TV Agandets Utveckling I Sverige 1956-
1965 (Stockholm: Almqv1st and Wiksells, 1967), p. c22,
cited in Brown and Moore, "Diffusion Research," p. 145.

12

Brown and Moore, "Diffusion Research," pp. 140-141.
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A Random Bias

Another type of transition mechanism, found in the ran-
dom net model, logistic curve model, and a variety of other

diffusion models, treats movement as random without regard

13

for distance or any other variable. In a simple random

bias model every individual is regarded as having an equal

chance of interacting with every other individual. Intui-
tively, this type of transition mechanism is unattractive,
but when one is unable to discover the explicit structure of
movement in the diffusion process, it may be the only logi-

cal alternative.

A Conceptual Model

The neighborhood effect has been shown not to be as
relevant a factor of spatial diffusion as previously hypo-
thesized. However, as also noted, the structure of the
central place system is recognized as being important in
guiding the path of diffusion of rural innovations. Unfor-
tunately, no spatial diffusion transition mechanism has been
able to both maintain the location of the individual decision-
maker and account for the influence of the central place

14

system. If transition mechanisms are going to account for

13R. Solomonoff and A. Rapoport, "Connectivity of Ran-
dom Nets," Bulletin of Mathematical Biophysics, XIII (1951),
pp. 107-1185 The logistic curve model implies movement, but
it does not explicitly account for it. Thus, movement must
be considered random.

quoth Brown, "Diffusion Dynamics," and J. C. Hudson,
"Diffusion in a Central Place System," Geographical Analysis,
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movement, then it is necessary to include both interpersonal
contact and individual interaction with the central place
system in the same diffusion model.

Both influences can be included in a simulation model
by assuming that information flow is contingent upon both
the probability of individual interaction with a central
place and the probability of interpersonal contact within
the central place. For example, a potential adopter of an
innovation may interact with a central place, contact a
previous adopter, and adopt the innovationj; then, in the
next generation of the simulation interact with a different
central place, and contact a non-adopter, who then adopts.

Thus, for each generation of the simulation, individuals
that interact with each central place are grouped; then the
probability of interpersonal contact within each central
place group determines the spatial pattern of innovation-
adoption. The model allows the central place system to guide
the pattern of diffusion while retaining the permanent loca-
tion of the individual decision-maker. For each generation
an individual may interact with a completely different set
of potential contacts.

The conceptual model includes two components: one to
account for an individual's interaction with the central

place system and the other to account for that individual's

I (1969), pp. 45-68, focus on the diffusion of innovations
through a central place landscape, but neither operate at a
scale where the location of the individual decision-maker
is maintained.
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interpersonal contact at the central place. Modelling the
latter has been a major focus of spatial diffusion research,
but no simple transition mechanism has been found. The prob-
lem is that interpersonal contact is dependent on a variety of
socio-economic factors. To model interpersonal contact it
appears that a large amount of individual data are required.
But there is also a need for an operational diffusion model
which can generalize on the basis of a small amount of indi-
vidual data. Therefore, given the present state of under-
standing, a simple random bias model is used to represent
interpersonal contact.

The task in the remainder of this study is to model
individual interaction with the central place system (Chap-
ter III) and then link the two components together into a

spatial diffusion simulation model (Chapter IV).
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CHAPTER III

A SPACE PREFERENCE DETERMINATION
OF INDIVIDUAL CONTACT FIELDS

As noted in the previous chapter the central place sys-
tem has been excluded from the structure of transition
mechanisms accounting for movement from place to place in
the spatial diffusion of innovation models. The task in
this chapter is to define a procedure for deriving a rule
of spatial behavior such that, when applied to a distribu-
tion of central places, it is capable of generating unique,

individual contact fields.t

Revealed Space Preferences

Consumer spatial behavior has been identified as in-
fluencing the pattern of innovation diffusion. Therefore,
it is a logical surrogate for a dispersed rural population's
interactions with alternative central places. A consumer's
behavior over space implies that he makes a search among a
finite set of alternative opportunities and chooses those

which he expects will give the greatest satisfaction.2

lThe actual decision-making process as performed by each
individual is not duplicated. But it is possible to estab-
lish from the characteristics of preferred alternatives a be-
havioral rule which will permit the reproduction of decisions.

The individual contact field, as defined in Chapter I,
gives the probability of an individual interacting with
alternative central places.

2Gerard Rushton, "The Scaling of Locational Preferences,"”
in Behavioral Problems in Geography, pp. 198-201.
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It is known that consumers are drawn to those places
which offer a large variety of goods and services at the
expense of those places which offer only a few. Given two
central places with a similar number of goods and services
to offer, the consumer tends to patronize the closest or
most accessible central place. Thus, in making decisions
which are translated into overt behavior, consumers have
the problem of ordering in their minds all combinations of
distance and the number of goods and services offered; of
applying this ordering to actual alternative central places;
and of choosing that alternative which ranks highest in ex-
pected satisfaction.

The analysis of behavior by revealed space preference

has shown that it is possible, from consistent statements
of preferences by consumers residing at different locations,
to derive a description of the ordering of all conceivable

5

spatial alternatives. In order for individual comparison
of central place alternatives to be taken out of unique
spatial situations, central places are assigned to general
locational type categories which are based on both the popu-

lation size of the central place and distance from the

decision—maker.4 The locational types may be defined as in

5Gerard Rushton, "Analysis of Spatial Behavior by Re-
vealed Space Preference," Annals of the Association of Amer-
ican Geographers, LIX (1969), pp. 391-40I.

4Population size of the central place is used as a
surrogate for the number of goods and services offered.
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Figure 2. Here, all towns within forty-eight miles of a
farm household are assigned to one of forty-eight loca-
tional types. It is possible for any central place to be
assigned to different locational types for different farms.
For example, given two farms, one five miles and the other
10 miles from a central place with a population of 3,000;
the central place would be classified locational type "25"

for the first farm and "26" for the second farm.

A Rule of Spatial Behavior

A behavioral rule of preferred locational types can be
derived by employing the method of paired-comparisons. With
the method of paired-comparisons the locational type of a
chosen spatial alternative is considered preferred over the
locational types of all rejected alternatives. Also, choice
among alternatives is assumed equivalent to choice between
all paired combinations of the locational types6 to which
the alternatives belong.

In experimental situations, the method of paired-
comparisons presents to an individual all possible pairs
of n locational types for his choice. However, in non-
controlled situations the implicit paired-comparisons are

extracted from actual individual choice data. A consistent

5Rushton, "The Scaling of Locational Preferences,"

202-20%.

PP

6Given n locational types, there are n(n-1)/2 possible
paired combinations.
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space preference is revealed by replicating the procedure
over a large enough sample to reliably estimate the propor-
tion of times locational type i is chosen over j when the
choice is between i and j. Comparisons are summarized in
a n x n matrix of preference probabilities.7
The paired-comparison matrix of revealed space pre-
ferences is an empirically derived rule of spatial behavior.
Given two central place alternatives, the rule does not
directly describe behavior occurring in the system. The
preference probabilities are defined independent of the
spatial structure of the central place system. Therefore,
the rule is capable of generating a variety of behavior

patterns as the central place alternatives are allowed to

change.

Multiple Alternative Situations

The behavioral rule is a probabilistic statement for
spatial situations where the individual decision-maker is
confronted with a choice between two locational types. 1In
reality, spatial situations are more complex. The problem
is to extend the preference rule to the more complex situa-

tions where choice is from many alternatives.

7For an example of the paired-comparison matrix of re-
vealed space preferences, see Appendix F. The complementary
probabilities of the matrix sum to one P.. + P.. = 1; all
probabilities below the main diagonal oft¢he mdtrix can be
directly derived from the probabilities above the main
diagonal, and vice versa.
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Each decision-maker is located in a unique spatial
setting with many central place alternatives to evaluate.
The classification of central places by locational types
takes the alternatives out of their unique spatial context,
but individual choice is still complicated by the number
of alternatives available. The problem is to determine the
likelihood of choosing an alternative when three or more
central places are available. Direct empirical measurement
of all combinations of locational types for choice situations
where there are more than two central places to choose is
impossible.8

The solution to this problem is provided by R. D.
Luce's choice axiom. This axiom is a simple but powerful
statement which relates to the relationship among choice
probabilities as the number of alternatives change. The
basic assumption is that the ratio of the likelihood of
choosing one alternative to the likelihood of choosing
another is constant irrespective of the number and composi-

9

tion of other available alternatives.

8For 48 locational types there are 1128 possible paired
combinations; however, for spatial situations where there
are three, four, and five alternative locational types to
evaluate there are 17,296; 194,580; and 1,712,304 combina-
tions. An extremely large set of data would be required to
estimate probabilities by direct measurement for spatial
situations where there are more than paired combinations.

9R. D. Luce, Individual Choice Behavior (New York: John
Wiley, 1959); Richard C. Atkinson, Gordon H. Bower, and
Edward J. Crothers, "Choice Behavior," Chapter Four in An
Introduction to Mathematical Learning Theory (New York: John
Wiley, 1965), pp. 135-186.
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Thus, from Luce's axiom, given n-1 adjacent choice
probabilities, the entire array of n(n-1)/2 choice
probabilities in the paired-comparisons matrix can be pre-
dicted. Given the probability of locational type i being
chosen over locational type Jj and the probability of loca-
tional type J being preferred over locational type k, then
with the constant ratio assumption the probability of loca-
tional type 1 being chosen over locational type k can be de-
termined. More importantly, implicit in the axiom is the fact
that paired choices provide enough information to determine
choice probabilities when three or more alternatives are con-

sidered.1O

Therefore, the simple behavior rule o¢f space pref-
erences can be extended to situations where the individual

has more than two locational types from which to choose.

Given locational types i, j, and k, the probability of each
being selected can be determined.

Derivation of Individual Contact
Fields: An Ekxample

The individual contact field can be derived for any
spatial situation where there are more than two alternatives
to evaluate when the paired-comparisons matrix of revealed
space preferences, the location of decision-makers, and the
distribution of central place alternatives are given. As
an example, consider a sample household located two miles

south and four miles west of Nashua, Iowa, where the

lOAtkinson, Bower, and Crothers, Mathematical Learning
Theory, pp. 146-150.
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decision-maker perceives Nashua (N), Charles City (C), and
Waverly (W) as the only available central place alternatives.
The three alternatives and locational type categories are

shown in Table 3.

TABLE 3

Central Place Alternatives and
Locational Type Classification

Central Place Miles from Population Locational
Household (1960) Type
Nashua o 1740 17
Charles City 1% 9960 43
Waverly 21 6360 36

The likelihood of one locational type being chosen over
another for all possible pairs of the three locational types

17, 4%, and 36 is shown in Table 4,11

TABLE &4

Preference Data Matrix: Probability
That Column Location Type is
Preferred to Row Type

Locational Types

17 43 26
Nashua (N) 17 0.50 0.37 0.04
Charles City (C) 43 0.63 0.50 0.09
Waverly (W) 36 0.96 0.91 0.50

1lThe information in Table 4 was extracted from the
paired-comparisons matrix of revealed space preferences
listed in Appendix F.
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To predict the three-alternative probabilities from the
pair data, the relevant calculations are exhibited below.
The equation notation is simplified by letting the first
letter of each central place name represent the probability
of that alternative being chosen.

The probability of Nashua being chosen can be written
as

P(N) = N = 1

N + + W 1 +.§ + W
N N

Estimates of C/N and W/N may be obtained from the pair data

in Table 4; they are

¢ _0.37 _ 0.587%

N O.65 ~
and
W  0.04 _
W - m - 000416

When these values are substituted into the above equation for
P(N), the resulting prediction is
P(N) =

1 _ 1l __ _
T+ 0.5873 + 0.0016 - T.6289 - 0-61%9
The predicted probabilities of the other two alterna-

tives are readily obtained as follows:

P(C)

c ) C/N . 0.587% _
N T T W - T+ C/NTWN - Ifgﬁgg = 0.3606

N+C+W TI+C/N+W/N ™ T.6289
Thus, the individual contact field for the sample house-

hold is:
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Central Place Probability of Contact
Nashua 0.6139
Charles City 0.3606
Waverly 0.0255
1.0000

It is possible to derive individual contact fields for
as many alternatives as the decision-maker perceives. If
for the sample household the decision-maker had perceived
five central place alternatives then the individual contact

field would have been:12

Central Miles to Population Locational Probability
Place Household (1960) Type of Contact
Nashua 6 1740 17 0.565
Charles City 13 9960 43 0.305
Greene 12 1430 18 0.106
Waverly 21 6560 36 0.018
Clarksville 1% 1330 19 0.006
1.000
Summary

In this chapter a procedure has been outlined for deriv-
ing a rule of spatial behavior that is capable of generating
unique, individual contact fields. The behavioral rule is
based on revealed space preferences and is derived indepen-
dently of the unique structure of any central place system.
The uniqueness of both spatial choice and the characteristics
of central place alternatives is removed by defining loca-
tional types. Locational types, also, allow for the analyti-

cal separation of preference and distribution of alternatives.

12The individual contact field was calculated using
Fortran Program ALTERN on a CDC 6500 computer at Michigan
State University. Program ALTERN is listed in Appendix C.
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Thus, patterns of behavior in space can be predicted by tak-
ing the behavioral rule and applying it against any set of
central place alternatives.

The purpose of this chapter was to derive a behavioral
model of individual interaction with the central place sys-
tem that could be incorporated into a spatial diffusion model.
In Chapter IV the behaviorally derived individual contact
field is linked to a simple random bias model to simulate

the diffusion of a rural innovation in northeast Iowa.



CHAPTER IV

THE SPATIAL DIFFUSION OF HARVESTORE
SYSTEMS IN NORTHEAST IOWA: THE MODEL

The Diffusion Model

The conceptual model proposed in Chapter II assumed that
information flow in the innovation-adoption process is con-
tingent upon both individual interaction with the central
place system and interpersonal contact within a central place.
The individual contact field construct was derived as a sur-
rogate model for central place interaction and suggested as
an alternative representation of interpersonal contact was
a simple random bias model. By linking the individual contact
field construct together with the simple random bias model, a
spatial diffusion of innovation model is constructed which
accounts for both movement factors. The operating rules of
the model are:l

1. Individuals are either adopters or potential

adopters of an innovation: at the outset

there must be at least one adopter.

2. Each individual may accept the innovation but
once an adopter he remains one.

3. Acceptance occurs only upon communication
through interpersonal contact with an adopter.

lSome of the ?ules presented are similar to those of
Higerstrand, see, Higerstrand, "On Monte Carlo Simulation
of Diffusion," pp. 12-13.

37
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4., An innovation is accepted upon first contact
with an adopter; each communication contains
sufficient influence to persuade adoption.
5. Interpersonal contact takes place only at cer-
tain time intervals (called generations) when
every adopter contacts one other individual,
adopter or potential adopter.
6. Communication between individuals depends on
the probability of individual interaction with
the central place system and the probability
of interpersonal contact at the central place.
The model incorporates a probability distribution in
which the likelihood of interpersonal contact between any
two individuals is specified. Spatial patterns of innovation-
adoption are simulated for each generation by obtaining a set
of random numbers which are used to sample this probability
distribution. A sequence of such samplings simulates the
diffusion pattern through time. A range of different dif-
fusion patterns is generated by repeating the whole procedure.
To evaluate the model the correspondence between the simu-

lated diffusion patterns and the actual diffusion of Harvestore

Systems in northeast Iowa i1s examined.

The Study Area

The area chosen for this study includes the 26 counties
in northeastern Iowa that corresponds to the exclusive market
area of the Harvestore dealers located at Cedar Falls and
Nashua, Iowa (see Map 1. This study area was
selected primarily because of the availability of Harvestore

diffusion data that corresponds to the same general area as’
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the consumer behavior data (Iowa) and the 2,4D weed spray

data (Collins, Iowa).la

Harvestore Systems

The Harvestore System is a unique feed-crop storage
system that has a number of advantages over ordinary farm
silos. A serious problem with feed-crop storage in ordinary
silos is that up to one-fourth of the feed-crop is lost
through oxidation. Atmospheric temperature changes cause
gases inside silos to expand and contract. This action
exerts pressure on the silo structure which can not be
compensated for without allowing air to enter and contact the
feed-crop.

The major advantage of the Harvestore Systém is that
it can be sealed air-tight to reduce feed-crop loss through
oxidation. The Harvestore structure is constructed of glass-
fused-to-steel plates that are impervious to air. Inside
the structure pressure absorbing gas-bags vented to the out-
side compensate for changes in atmospheric temperature and
pressure. With a rise in outside temperature gases inside
the structure expand and push air out of the breather bags.
With a fall in outside temperature gases inside contract and
the breathef bags are filled with air. Thus, the system, by
controlling in-and-out air flow, compensates for pressure
changes inside the Harvestore structure without allowing air

to contact the feed-crop.

laSee Appendix H for a more complete description of
the study area.
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The obvious advantage to adopting a Harvestore System
is the significant reduction in feed-crop loss through oxi-
dation. DBut the system also gives the farmer greater flexi-
bility in cropping and harvesting, and allows him to increase
both the quantity and quality of animal feed. Feed-crops can
be harvested early when moisture and protein content are high
and stored in the Harvestore structure without the worry or
cost of drying. Double-cropping with a winter crop and an
early spring harvest is a possibility that allows the farmer
to get an extra crop per year off the same acreage.

Harvestore structures have automatic unloading from the
bottom, therefore it is not necessary to unload the structure
before refilling. Ordinary silos load and unload from the
top, thus they must be emptied before refilling.

With a Harvestore System a farmer can realize a savings
in labor costs since harvesting takes less time, much of the
heavy labor is eliminated with automatic equipment, and crops
need not all be harvested at once but may be harvested when
the farmer has the available labor.

The first Harvestore System recorded in northeast Iowa
was installed in 1949. The initial structure was located on
a farm ten miles southeast of Waterloo (see Maps 4 and 5 in
Appendix A). From 1950 through 1967 there was a general in-
crease in the number of systems adopted per year so that by
the end of 1967 there were Harvestore Systems on 395 farms

in northeast Iowa. The number of farms adopting and
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cumnulative number adopted from 1950 through 1967 are re-
corded in Table 5 (Also, see Maps 4-39 in Appendix A).2

The Harvestore System is an innovation in the produc-
tion of feed for dairy cattle, beef cattle, and hogs and might
have spread more rapidly in northeast Iowa, but the cost of
construction and the need for additional mechanized equipment
impeded adoption. The large scale financing needed to in-
stall a Harvestore System requires that a farmer make a sub-
stantial financial commitment in adopting a new system of

feed-crop production and storage.

The Diffusion Pattern

There are several observable trends in the spatial
pattern of acceptance of Harvestore Systems in the northeast
Iowa study area. The earliest trend is the development of a
cluster of adopters south of Waterloo (See Maps 4-21 in
Appendix A). The Waterloo cluster is most pronounced in the

early 1950's; in 1952 and 1953 nearly half of all systems in

2Each farm that adopted a Harvestore System and the
years of adoption is listed in Appendix D. This information
was obtained from Mr. Robert Lyons at A. O. Smith Harvestore
Products, Inc., Arlington Heights, Illinois. The exact lo-
cations of farms adopting the systems were verified by the
local dealers; Iowa Structures, Cedar Falls, Iowa, and Sky-
line Harvestore, Nashua, Iowa.

The diffusion of Harvestore Systems in northeast Iowa
is plotted on Maps 4-39 in Appendix A. The even numbered
maps record the location of each farm adopting the system in
a particular year and the odd numbered maps record the loca-
tion of all farms that have adopted the system up to the end
of a particular year.
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TABLE 5

NUMBER OF FARMS ADOPTING
HARVESTORE SYSTEMS

Year New Adopters
1950 6
1951 14
1952 21
195% 16
1954 18
1955 15
1956 9
1957 7/
1958 28
1959 25
1960 11
1961 42
1962 24
1963 12
1964 19
1965 22
1966 57
1967 50

Total

7
2l

42
58
76
89
98

105

133

158

169

211

235

o4

266

288

345

395

use were in this cluster.

By 1955 adoption had tended to

move away from this cluster.

A second trend is the development of a tight cluster

of adopters west of Dubuque (See Maps 16-31 in Appendix A).

Initial growth of this mode of adopters was slow until 1958.

From 1958 through 1960 nearly half of all new systems adopted

in the study area were installed in this cluster.

After 1960

acceptance of the innovation tended to expand away from the

Dubuque cluster.

A third identifiable pattern was the general tendency

for adoption of Harvestore Systems to move from south to
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north. Throughout the study period there had been scattered
growth in the number of systems adopted in the northern

half of the study area. In the early 1950's there were a
number of systems adopted in the northern half of the area,
but from 1957 through 1962 very few systems were installed
in the north area. However, after 1962 there has been a
tendency for the proportion of adopters to increase. By
1967 the majority of Harvestore Systems being adopted were
in the northern half of the study area (See maps 3%4-3%9 in
Appendix A).

The three trends identified account for a majority of
the Harvestore Systems adopted. The development of each of
the three trends corresponds to peak years in the number of
systems adopted. The Waterloo cluster developed early in
the study period and accounts for a large proportion of the
adoptions in the peak years of 1952 and 1953 (See Table 5).
In the late 1950's the Dubuque cluster accounts almost
totally for the number of adoptions in 1958 and 1959.
Finally, the general trend for adoption to move from south
to north corresponds with the increase in number of adop-
tions in 1966 and 1967.

In addition to the three previously identified trends
is an observed general diffusion of adoption of the innova-
tion into an area south of Mason City and west of Waterloo
along the western boundary of the northeast Iowa study area.

The pattern in the 1950's begins as a slow diffusion of
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acceptance of the innovation spreading from the east, but
from 1957 through 1959 a number of adoptions occur south
of Mason City which appear independent of the westward dif-
fusion pattern (See Maps 18-23).

What is apparent in the development of the spatial
diffusion pattern in northeast Iowa is that when a cluster
of adopters reaches some minimum threshold size, the adop-
tion rate increases. The adoption rate remains high in the
cluster until all of the most innovative potential adopters
have accepted Harvestore Systems, and then the rate decreases.
With both the Waterloo and Dubuque clusters the adoption rate

remained high for three or four years.

The Basic Data

Before the simulation may be run the diffusion model
needs the following information:

1. The number and location of all potential adopters.

2. The number and location of all initial adopters.

3. The behavioral rule used to derive individual con-
tact fields (paired-comparisons matrix of prefer-
red locational types).

4, The location and population of all central places

in the study area which decision-makers consider
as possible alternatives.

The Population of Initial
and Potential Adopters

To insure that simulation runs are not spatially biased
care must be taken in selecting the distribution of potential

adopters. In northeast Iowa there are over 40,000 farms.
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Thus assuming that the operator of each farm could adopt a
Harvestore System there are over 40,000 potential adopters

in the study area. Analytically, this number of potential
adopters is more than the diffusion model can handle. There-
fore, the number must be reduced to something less than the
total.

Both the number and the location of potential adopters
can bias simulation runs. It is obvious if the sample of
potential adopters considered in the diffusion model is not
an unbiased sample of the total population of potential
adopters that the resulting simulation patterns will be
spatially biased. Also, simulation patterns will be spati-
ally biased if the sample is not sufficiently large. For
example, if in a simulation run 999 out of 1000 potential
adopters accept an innovation, then the resulting spatial
pattern of adopters is highly predictable.3 In fact, the
results of the simulation are determined by the distribu-
tion of potential adopters; no other mechanism in the diffu-
sion model plays an important part in determining the spatial

pattern.

5When 999 out of a sample of 1000 potential adopters
accept in a simulation run it is clear that the sample is
not large enough. Only 1000 different spatial patterns can
occur:

N! 1000!
TT (-7 -~ 9997 1T - 1000

Each of the spatial patterns is almost exactly the same as
all the others.
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Since there are 395 adopters of the actual innova-
tion in the study area, the sample of potential adopters
must be significantly larger than this number. Arbitrarily,
a stratified random sample of 1000 farms is drawn as the set
of potential adopters for the diffusion simulation model
(see Map 2). By stratifying the sample an unbiased estimate
of the spatial distribution of the population of potential
adopters is obtained; and 1000 farms are considered a suffic-
iently large sample for the number of actual adopters.4 In
none of the twenty-six counties in the study area does the
number of Harvestore Systems accepted exceed the number of
sample potential adopters (see Figure 3).

The initial set of 21 adopters selected for the simu-
lation model correspond to the 1951 distribution of Harvestore
Systems (see Map 7 in Appendix A). This distribution allows
the model sufficient number of initial adopters to simulate
the spatial pattern of innovation-adoption in a minimum

number of generations.

4The possible number of different spatial patterns
that can result from a simulation where %95 out of 1000
potential adopters accept an innovation is almost infinite,

1000!
295T 6051
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RATIO OF ACTUAL TO POTENTIAL ADOPTERS
IN 26 COUNTY AREA OF NORTHEAST IOWA

Figure 3
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The Behavioral Rule

Two data sets are used to generate the paired-comparisons
matrix of preferred locational types.5 The first set of data
describes the consumer behavior for a random sample of dispersed
farm households in Iowa. Identified in the data are the central
places patronized and the total dollar value of expenditures on
selected household commodities.6 The second data set is the
location and 1960 population of all Iowa central places (see
Map 5).7 These two data sets form the basis from which the

behavioral rule is empirically calibrated.8

Available Spatial Alternatives

The distribution of central places within 48 miles of

an individual defines all of his alternative opportunities

SThe paired-comparison matrix of preferred locational
types is listed in Appendix F. The locational types used to
generate the matrix are the same as defined in Figure 1.

6The type and number of household commodities used to
define the behavioral rule is fundamental to the structure
of the probabilities. For a listing of the 20 commodities
selected and the reason for selections, see Appendix B.

7This data was collected in the Spring of 1961 as part
of a survey of expenditures and sales by persons living in
rural Iowa. The survey was conducted by the Iowa State
University Statistical Laboratory for the Iowa College-
Community Research Center. For further description of this
survey and the data collected, see Appendix A in Gerard
Rushton, Spatial Pattern of Grocery Purchases by the lowa
Rural Population, University of Iowa, Bureau of Business and
Lconomic Research, Studies in Business and Economics, New
Series No. 9 (1966), pp. 103-109.

8The behavioral rule was used to generate individual
contact fields for each household in the Iowa sample. The
individual contact fields were successful in predicting the
most preferred central place for greater than 65% of the
sample.
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9

for central place interaction. For every sample farm in the
study area there are well over 200 central places within 48
miles. Thus, it is obvious that a decision-maker is unable

to perceive all of his alternatives and to evaluate each one.

The farther away and the smaller the central place, the more

likely the individual is to ignore it as an alternative.

Preferred Locational Types

Theoretically the decision-maker has access to a broad
range of locational types; typically only some limited por-
tion of the alternatives are relevant and applicable to his
decision behavior.lo In Iowa greater than 99 per cent of all
dollars spent on the selected household commodities are spent
at five or fewer central places. In most cases the five cen-
tral places are the five with which the individual has the
highest probability of interacting according to the behav-
ioral rule. This tends to indicate that decision-makers
perceive their first five preferred locational type central
places as the complete set of relevant alternatives.

To model interaction with the central place system,
it is necessary to only consider a decision-makers first

five preferred alternatives. Thus, the individual contact

9The name, location, and 1960 population of all central
places in northeast Iowa are listed in Appendix H. Also,
see Map 2.

lOJulian Wolpert, "Behavioral Aspects of the Decision to
Migrate," Papers of the Regional Science Association, XV
(1965), p. 16l.




50

field need be defined for only five central places. Identi-
fication of preferred alternatives is accomplished first by
scaling the information contained in the paired-comparisons
matrix to obtain a one-dimensional ranking of all locational
types. Then by comparing the preference ranking to the list

of locational types available to the decision-maker, the five

preferred central places can be identified.
A ranking of locational types by preferences is found
by scaling the information contained in the paired-comparison

matrix of revealed space preferences.11

The scaling technique
used is an algorithm developed by Kruskal.12 Table 6 shows
the computed scale values and rankings on the first dimension.
The stress value for the first dimension equals 0.%34. In
Figure 4, locational types are plotted on one dimension.

The negative scale values are most preferred and the positive
scale values are least preferred. In Figure 5, the scale is
shown as isolines. The isolines represent a trade-off be-
tween population size and distance to a central place; the
same variables used to define locational types. This sur-
face is called an indifference surface of spatial choice and

infers that a decision-maker would be indifferent between any

two central places located along one of the isolines. The

llFor a more complete discussion of scaling of loca-
tional types, see Gerard Rushton, "The Scaling of Locational
Preferences," in Cox and Golledge, Behavioral Problems in
Geography, pp. 197-227.

12J. B. Kruskal, "Non-Metric Multi-Dimensional Scaling:
A Numerical Method," Psychometrika, XXIX (1964), pp. 115-129.
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preferred central place lies on the highest point on the

surface (upper left).

TABLE 6

SCALE VALUES FOR THE LOCATIONAL TYPES

Locational Scale Rank Locational Scale Rank
Types Value Types Value
1 -0.821 13 25 -1.522 3
2 -0.272 20 26 -1.026 9
3 0.285 29 27 -0.622 16
4 0.821 26 28 -0.204 22
5 0.819 35 29 0.3%66 30
6 1.221 4un 30 0.611 33
7 1.461 45 31 1.130 42
8 2.052 48 32 1.963 iy,
9 -1.181 7 33 -1.61% 2
10 -0.702 14 24 -1.341 5
11 -0.094 .24 35 -0.989 10
12 0.416 32 36 -0.521 17
13 0.928 38 37 -0.165 23
14 0.766 34 28 0.105 27
15 1.201 4yz 39 0.347 31
16 1.063% 40 40 0.894 37
17 -1.33%7 6 41 -1.762 1
18 -0.93%1 11 yp -1.465 4
19 -0.264 21 43 -1.153 8
20 -0.012 26 44 -0.895 12
21 0.204 28 45 -0.652 15
22 1.656 46 46 -0.384 19
2% 1.073 41 Ry -0.426 18

24 1.017 39 48 -0.070 25
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Summary

In this chapter a transition mechanism accounting
for both individual interaction with the central place
system and interpersonal contact within a central place has
been incorporated into the rules of a diffusion simulation
model. The transition mechanism links the individual contact
field construct with a simple random bias model to account
for place to place movement in the diffusion process.

The behavioral rule and the parameters of the model
have been defined so that the model can be run through a num-
ber of simulations. In the following chapter a number of
simulations are performed, and the diffusion model is evaluated

against the actual diffusion of Harvestore Systems.



CHAPTER V

THE SPATIAL DIFFUSION OF HARVESTORE
SYSTEMS IN NORTHEAST IOWA:
THE SIMULATION AND EVALUATION

The Simulation Runs

Ten simulation runs are performed to compare with the
actual diffusion of Harvestore Systems.l Each simulation
is run through seven generations. See Tables 7 and 8 for

the results of the ten simulation runs.2

Evaluation of the Diffusion Model

Validation is the process of determining how well a
model replicates the properties of the real-world system
under study. Evaluation of the validity of a Monte Carlo
diffusion model is a difficult process. Since the Monte
Carlo method depends on sampling from a probability distri-
bution, each run through the model may produce a wide range

of results even though the underlying spatial process is

l‘I‘he ten simulations are run using Program SPACDIF
listed in Appendix C. The number of simulations is restricted
to ten because of the time limitations on the CDC 6500 com-
puter.

2Simulation 2 is also mapped, see Maps 40-53. This
simulation was chosen to map because it corresponds closely
to the mean for all ten simulations and appears to be what
might be called an average simulation. If it had been pos-
sible all ten simulations would have been mapped.

It might be noted that on Maps 40, 42, 44, 46, 48, 50,
and 52 the location of previous adopters, new adopters, and
central place where interpersonal contact occurred is shown.

55
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constant. DMere correspondence between a single simulation
or an average of all simulations with the actual diffusion
of an innovation does not validate a model, but likewise

lack of correspondence does not necessarily invalidate the

5

model.

If a simulated pattern is similar to the real-world
diffusion pattern, one can conclude that the structure of
the simulation model is a plausible explanation of the real-

world process.4 As Morrill notes:

" the model was not intended to account for

the exact pattern . . . The proper test was whether

the simulated pattern of spread had the right ex-

tent . . . intensity . . . and solidarity . . .

This similarity, rather than conformance, indica-

ted that both the actual and the simulated patterns

could have occurred according to the operation of

the model. This is the crucial test of theory."

Simplification and abstraction in model building in-
creases uncertainty of a simulation's "representativeness"
and thus adds to the necessity of establishing validity.
The evaluation of a simulation model is subjective and ulti-
mately depends on the degree of satisfaction with the theoreti-
<al interpretation of the random variables. For hypothesis
and theory construction the final validity criteria are

defined in terms of the heuristic payoff. In this context,

—

5See, David Harvey, "Models of the Evolution of Spatial
Patterns in Human Geography," in Richard J. Chorley and Peter
Haggett (eds.), Models in Geography (London: Methuen, 1967),
Dp. 582-588, for a general discussion of the use of Monte
Carlo simulation in geographic research.

4Brown and Moore, "Diffusion Research," p. 143.

SRichard L. Morrill, "The Negro Ghetto: Problems and
Al ternatives," Geographical Review, LV (1965), p. 359.
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Hermann has suggested five criteria for judging the validity
of a simulation model: (1) event validity, (2) face validity,
(3) internal validity, (4) variable-parameter validity, and
(5) hypothesis validity.6 The validity of the spatial dif-
fusion model is discussed in terms of four of the five

7

criteria.

Event Validity

Comparing the simulated outcome with the actual dif-
fusion of an innovation is the basis for determining the
event validity of a diffusion simulation model. Checking
for event validity includes the comparison between aggre-
gate patterns of behavior in space and implies the notion
of goodness-of-fit between the simulated output and the

actual diffusion pattern.8

6Charles F. Hermann, "Validation Problems in Games and
Simulation with Special Reference to Models of International
Politics," Behavioral Science, XII (1967), pp. 216-231.

7No variable-parameter sensitivity analysis was run on
the diffusion model. Several simulation runs were performed
with different sets of initial and potential adopters, and
no obvious deviations from the expected results were noted.
One reason sensitivity analysis was not employed is that
the procedure is quite laborious and for a complex model
almost endless. Little insight could have been gained by
sSuch an analysis since there are no fixed-value parameters,
and an alteration of the theoretical Jjustification of the
Variables would have invalidated the deductive model before

analysis.

8Tom W. Carroll, SINDI 2: Simulation of Innovation
Diffusion in a Rural Community of Brazil, Michigan State
niversity, Project of the Diffusion of Innovations in
Rural Societies, Technical Report No. 8 (1969), p. 192;
Hermann, "Validation Problems," p. 222.
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The Diffusion Pattern9

There are three observable spatial trends in the pattern
of acceptance in Simulation 2. The first trend is the develop-
ment of a cluster of adopters south of Waterloo (see Maps 42-
49)., The Waterloo cluster is visually evident, but is not
as pronounced as in the actual diffusion of Harvestore Sys-
tems. Development of this cluster begins in the initial
generations and continues throughout the simulation, however,
in later generations it tends to appear rather obscured.

The second trend is the development of a cluster of
adopters in an area west of Dubuque (see Maps 44-51). This
trend becomes evident in the third generation. Spatially,
the cluster is similar to that which develops in the dif-
fusion of Harvestore Systems, but is neither as tightly
clustered nor contains as many adopters. Both the Waterloo
and Dubuque trends are visually similar to the actual dif-
fusion pattern.

The third trend evident is the lack of the spread of
innovation-adoption into a relatively large area south of
Mason City along the western boundary of the study area (see
Maps 50-53). Unlike the actual diffusion pattern, no adop-
tTion occurred in this area in Simulation 2. This trend indi-

Cates that there is a serious boundary problem. The model

—

9This discussion of the diffusion pattern is based
On Simulation 2. Visual inspection of Maps 40-53% provides
Mo st of the conclusions.
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does not account for interaction outside of the study area
and it is apparent that in the diffusion of Harvestore Sys-
tems that interaction to the west of the study area is
occurring.

A trend identified in the actual diffusion pattern and
not evident in the simulation is the tendency for innovation-
adoption to move from the southern to the northern half of
the study area. In the last generation of the simulation
there is a significant increase in the proportion of adoption
in the northern area. If the simulation run were allowed to
continue several more generations this south to north trend

may develop.

Chi-Square Analysis

Chi-square procedures are used to test whether both
the actual diffusion pattern and the simulated pattern,
Simulation 2, could have been the result of the same diffu-
sion process. The results of the chi-square analysis are
recorded in Table 9. The analysis of the twenty-six coun-
ties 1n the study area shows that three out of the four
computed chi-square values are significant at the .1 prob-
ability level or higher; two at the .7/ probability level or
higher; and one at the .9 probability level. The analysis
for Year 1967-Generation 7 with a chi-square value signifi-
cant at the .03 level is the only comparison to indicate
that the two spatial distributions may not be a result of

the same diffusion process.
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In identifying trends in the simulated pattern it
was noted that the model did not account for interaction along
the western boundary of the study area. Therefore, to eli-
minate the effect of the boundary problem the five western
counties are deleted and a second chi-square analysis is
performed. The computed chi-square values for the remain-
ing twenty-one counties are all significant at the .4 or
higher probability level. Thus, it is possible to conclude
that both spatial distributions may be the results of the
same diffusion process.

Even though there are some differences in the basic
geographic elements of distance, direction, and spatial
variation between the actual and simulated diffusion pat-
terns, based on both visual similarity and chi-square
analysis, there appears to be event validity to the dif-

fusion simulation model.

Face Validity

Face validity is the plausibility of the overall
structure of the simulation model.7 The question of face
validity rests on whether all important variables and pro-
cesses have been logically accounted for in the model.

The focus of the constructed diffusion model is on
the transition mechanism that accounts for movement from

DPlace to place in the innovation-adoption process. This

—

7Hermann, "Validation Problems," p. 221; Carroll,
SINDI 2, p. 185.
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transition mechanism is based on the space preference de-
termined individual contact fields and is designed such
that it (1) is sensitive to the spatial structure of the
central place system through which diffusion occurs; (2)
does not regard distance as an unchangeable force emanating
from all points equally in all directions, but as one of
several characteristics of a spatial alternative considered
by a decision-maker; and (3) maintains the exact location
of each individual decision-maker. On these characteris-
tics of the transition mechanism the spatial diffusion model
seems plausible.

Incorporated into the transition mechanism as a repre-
sentation of interpersonal contact within a central place is
a simple random bias model. The random bias model is a
simplification of a complex network of social communication,
but given the level of understanding of the explicit struc-
ture of interpersonal movement it seems to be a logical
alternative.

Both mass-media and interpersonal contact have been
identified as important information sources in the learning-
adoption process. However, where the transition mechanism
accounts for information circulation by interpersonal con-
tact, no mechanism is provided to account for the influence
of mass-media information. The model assumes that each
decision-maker has equal access to mass-media information.

There is some indication that in the late stages of adoption
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mass-media information has little influence on persuading
acceptance.8

The model meets the test of face validity to the ex-
tent that it simulates the most important subprocesses which
contribute to the spatial diffusion process. For the inno-
vation and study area to which it was applied, the model is

a plausible representation of the spatial diffusion process.

Internal Validity

The critical requirement for internal validity is
that between-run variations be accounted for by the identi-
fiable relationships in the simulation.9 If the between-
run variations cannot be rationalized, then internal validity
is low. However, given the complexity of the phenomenon
studied and the type of stochastic model, some variation
between simulation runs is expected. The means and stand-
ard deviations for new adopters and cummulative adopters by
generation for the ten simulation runs are listed in Tables
5 and 6.

Even though the between-runs variations are higher
than expected, the simulation runs compare favorably. There
appears to be no simulation event which is not a logical

consequence of the theoretical relationships incorporated

8Rogers, Diffusion of Innovations, pp. 138-140.

9Internal validity is also dependent on the internal
operations of the computer model. One check on internal
validity is the close inspection of the logic of the computer
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into the diffusion model. The infrequent anomalous gen-
erations, e.g., Simulation 1-Generation 3 (Sim 1-Gen 3),
Sim 5-Gen 4, Sim 6-Gen 2, and Sim 8-Gen 2, can be attri-
buted to the properties of the transition mechanism.

In Sim 1-Gen 3 the number of new adopters is below
that expected. During this generation the pattern of cen-
tral place interaction reduced the opportunity for inter-
personal contact between adopters and potential adopters.
Since the only manner in which an innovation diffuses is
through inter-personal contact, and the number of propaga-
tors of the innovation is less than expected, the diffusion
rate is slowed down. Because of this one generation the
simulation ran about one generation behind the average.

The same situation occurred in Sim 6-Gen 2.

In Sim 8-Gen 2 the number of new adopters exceeded
that expected. In fact, the maximum number possible accepted
the innovation. This development increased the diffusion
rate and the simulation ran at least one generation ahead
of the average for the rest of the run. A similar situation

occurred in Sim 5-Gen 4.

Hypothesis Validity

Hypothesis validity refers to the extent that hypothe-

sized relationships between variables in the real-world are

program SPACDIF. During the program testing several logic
errors were detected and corrected. Given the theoreti-
cal model the program is logically consistent.
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present in the simulation model. Hypothesized relation-
ships may either be explicitly programmed into the model
or manifest themselves as indirect results of the complex
interactions simulated by the model.lO
Past spatial diffusion research has shown that the
central place hierarchy plays an important function in

11 The

guiding the spatial pattern of innovation-adoption.
hypothesized relationships between individual interaction
with the central place system and interpersonal contact are
explicitly introduced into the simulation model. When the
model was applied to the diffusion of Harvestore Systems in
the study area, the output manifest these relationships. For
example, in Simulation 2 the cluster of adopters west of
Dubuque that was simulated was remarkably similar to the
actual diffusion pattern. The cluster developed as a
function of the hypothesized relationships programmed into
the model; neither the set of initial adopters nor the dis-
tribution of potential adopters directly determined this
event. Also, even though the short circuit phenomenon was

not explicitly introduced into the model, it was manifested

in the simulated outcome. On both of these counts the

lOCarroll SINDI 2, p. 196; Hermann, "Validation
Problems," pp. 225-

11Hagerstrand The Propagation of Innovation Waves;
Brown, "Diffusion Dynamlcs," Pp. 35-42; Hudson, "Diffusion
in a Central Place System," pp. 45- 68.
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hypothesized relationships operationalized in the simulation

model appear to be plausible representations of the real-world.

Summary

The spatial diffusion of innovation model has been
designed and applied to a real-world diffusion system. The
model appears to take into account the most important aspects
of the spatial diffusion process: the structure of the
central place system, the mechanism of interpersonal con-
tact, and the location and spatial choice behavior of
individual decision-makers. The simulation runs compare
favorably with the actual diffusion process. Based on the
criteria for Jjudging the validity of a simulation model,
this model is a plausible representation of the spatial

diffusion process.



CHAPTER VI

SUMMARY AND CONCLUSIONS

Summary

The goal of this research was to explore the impli-
cations of hypothesized relationships between spatial be-
havior and spatial diffusion processes. The focus of the
research was on (1) the derivation of a rule of spatial be-
havior to account for movement from place to place in the
spatial diffusion of rural innovations and (2) on the con-
struction of a spatial diffusion simulation model employing
an empirically derived rule of spatial behavior.

Fundamental to modelling the spatial aspects of
innovation-adoption has been the manner in which movement
from one location to another has been explained. The view
taken by many is that the intensity of movement is a con-
tinuous function of intervening distance; however, it was
shown statistically that for northeast Iowa, distance is
not as important a factor as previously assumed.

The approach developed was an attempt to clarify
the spatial interaction mechanism which controls movement
of innovation-adoption from one location to another. Two
movement factors were hypothesized as controlling the flow
of relevant information in the learning-adoption process.
The first movement factor was individual interaction with

the central place system through which diffusion occurs. A

69
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rule of spatial behavior to account for individual inter-
action with the central place system was empirically de-
rived by employing the method of paired-comparisons. From
consistent statements of choice by decision-makers residing
at different locations a probabilistic behavioral rule of
preferred central place alternatives was obtained. This
rule of spatial behavior when applied to a distribution of
central place alternatives is capable of generating unique
individual contact fields.

The second movement factor was interpersonal contact
at a central place. Not being able to discover the explicit
structure of interpersonal contact in the spatial diffusion
process, a simple random bias model was employed to account
for this movement factor in the simulation model. The model
regards every individual that interacts with a central place
as having an equal chance of contacting every other individual
who interacts with that place.

Thus, communication between individuals was hypothe-
sized as dependent on the probability of individual inter-
action with the central place system and on the probability
of interpersonal contact at a central place. Both movement
factors were modelled separately and linked together to pro-
vide the transition mechanism in the spatial diffusion sim-
ulation model.

The constructed simulation model was run and evaluated

against the actual diffusion of Harvestore Systems in north-
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east Iowa. Visual and statistical analysis of actual and
simulated patterns of spatial diffusion showed that both
patterns could have been the result of the same real-world
diffusion process. Based on evaluation criteria for Jjudg-
ing the validity of a simulation model, it was concluded
that the diffusion model is a plausible representation of
the spatial diffusion process studied.

The diffusion model is an improvement over previous
models in that (1) it is sensitive to the spatial structure
of the central place system through which diffusion occurs;
(2) distance is not regarded as an unchangeable force
emanating from all points equally in all directions, but
is considered as only one of several attributes of a spatial
alternative evaluated by a decision-maker; and (3) the exact
residential location of individual decision-makers is main-
tained. The behavioral approach and the alternative repre-
sentation of the spatial diffusion process are the major

contributions of this research.

Conclusions

The diffusion model was successful in simulating a
pattern that corresponded to the actual pattern of Harvestore
Systems, but there were a number of obvious differences.

Many of the differences between the simulated and actual
diffusion patterns were a consequence of an overly simpli-

fied conceptualization of the spatial diffusion process,
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operationalization of hypothesized relationships, and the
definition of the boundaries of the northeast Iowa study
area.

Most spatial diffusion models are attempts to dir-
ectly describe diffusion patterns within some spatial system
by estimating parameters and adding variables until obtain-
ing a good fit. This type of procedure is entirely unsatis-
factory, especially when the added variables are manipulated
by parameters until a good fit is obtained. Both the para-
meters and variables are tied directly to the spatial struc-
ture of the central place system for which they are calibrated
and say little about the characteristics of parameters and
variable for different places and spatial systems. It is
obvious that with such a procedure diffusion patterns can be
directly derived from the model without providing any in-
sight into diffusion processes.

In this research an attempt was made to construct a
spatial diffusion model that describes the rules by which
alternatives are evaluated and choices subsequently made.
Such a behavioral model is capable of generating a variety
of diffusion patterns as the central place system, to which
the model is applied, is allowed to change. Since there
are no fixed-value parameters and the variables are not
tied to the spatial structure of the central place system

for which they were empirically defined, the spatial



o

diffusion model can be applied equally well to other central
place systems or study regions. In this sense the model
is more general than previous diffusion models.

The model is sensitive to the spatial structure of
the central place system through which diffusion occurs
but physical barriers to movement, such as mountains, rivers,
and lakes, are not explicitly treated. Physical barriers
are relatively unimportant in the northeast Iowa study area
because of the homogeneous nature of the landscape; but in
a more heterogeneous landscape, physical barriers can play
an important function in determining the set of central
places with which an individual chooses to interact. For
example, a central place may be a preferred spatial alterna-
tive except for the intervening physical barrier which
greatly increases the travel distance to that central place.
The increased travel distance to the central place caused
by the intervening physical barrier redefines the attrac-
tiveness of the alternative. ©Physical barriers could be
accounted for with little restructuring of the simulation
model by merely redefining the measure of distance to a
central place alternative. If in assigning an alternative
to a locational type, distance were measured in actual
travel distance, cost, or time, the physical barriers
present would be implicitly considered.

The type of innovation and distribution policy of

the propagator of an innovation are important aspects of
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spatial diffusion that were not considered in the simula-
tion model. In the case of the diffusion of Harvestore
Systems the distribution policy of the local dealers did
not appear to have an effect on the spatial pattern of
acceptance,l but for many innovations (e.g., manufactured
goods) the distribution policy may be very important in de-
fining the size and locations of central places where the
item is available. Thus, further examination of the re-
lationships between the type of innovation, distribution
policy of the propagator, and the central place hierarchy
should prove worthwhile in extending our comprehension of
the spatial diffusion processes.

The simulation model provides an interface between
the spatial and rural sociological diffusion research tra-
dition which should prove to be a useful framework for future
research. Geographers and rural sociologists have been con-
cerned with different aspects of the diffusion of agricul-
tural innovations; geographers have focused on the spatial

dimensions of diffusion, and rural sociologists have tended

1Harvestore Systems dealers are located in Cedar
Falls and Nashua, Iowa. These two dealers have exclusive
sales and service rights to the northeast Iowa study area.
EBach dealer employes a number of salesmen to contact farmers
in a one or two county area. The salesmen make personal
contact with potential buyers, but it appears that the sales-
men have not been a significant factor in persuading final
adoption of the innovation. Salesmen function more as the
agents who finalize sales after the decision to adopt has
been made by the farmer.
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to concentrate on the sociological aspects of innovation-
adoption among small groups and residents of a single com-
munity. Unfortunately, spatial and sociological research
has not been linked together to account for diffusion of
agricultural innovations through a landscape of central
places. But, the simulation model does provide an oppor-
tunity to bring the two research traditions together. The
model, though adequate, would provide a fuller recognition
of the complexities of the real world if a sociological
model to simulate interpersonal contact could be substi-
tuted for the simple random bias model. The framework of
the simulation model provides the opportunity to integrate
the spatial with the aspatial sociological traditions in
diffusion research and to consider such aspatial aspects
as the influence of mass-media information, psychological
resistance to adoption, cultural perception, and the struc-
ture of acquaintanceship circles in a spatial diffusion
model.

This research has added to the body of knowledge on
individual spatial behavior and has contributed to the
further understanding of spatial diffusion processes. There
is still much work remaining before one fully understands
the spatial mechanisms in innovation diffusion, but this
Tesearch has indicated a possible approach and framework
for future investigation which should lead to a more complete

understanding of the spatial diffusion of innovation processes.
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APPENDIX A

MAPS OF THE ACTUAL AND SIMULATED
DIFFUSION OF HARVESTORE SYSTEMS
IN NORTHEAST IOWA, 1950-1967
The maps in this dissertation were produced using

Program MAPIT on a Calcomp Plotter in conjunction with a
C.D.C. computer at Michigan State University. To construct
the maps it was necessary to supply the population and co-
ordinates of the central places, the coordinates of indivi-
dual farms and the map outline, the title and labels with

coordinates, and the size of the map. For a more complete

discussion of Program MAPIT, see

Robert Kern and Gerard Rushton, MAPIT: A Computer
Program for Producing Flow Maps, Dot Maps, and
Graduated Symbol Maps, Research Report, Computer
Institute for Social Science Research, Michigan
State University, East Lansing, Michigan, April
1969; and

Robert Kern, MAPIT: Map Drawing on the Calcomp
Plotter, Technical Report No. 8/, Computer Insti-
tute for Social Science Research, Michigan State
University, East Lansing, Michigan, 1969.
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APPENDIX B
A CENTRAL PLACE HIERARCHY OF GOODS AND SERVICES

The similarity between any two locational types is
the degree to which one locational type is chosen by indi-
viduals who can choose either one. Rather than measure an
individual's choice as either accepting or rejecting an
alternative central place, the proportion of the individual's
household dollar expenditures is assumed to be a reliable
measure of his preferences. Therefore, the degree of simi-
larity between locational types can be computed from the
sample of household expenditures.

The variety of goods and services offered at a central
place varies and tends to be positively correlated with the
population size of the central place. Low-order goods, such
as grocery items, tend to be offered at all central places,
while higher-order goods, such as musical instruments, tend
to be offered only at larger central places. It is possible
to identify a hierarchy of central places based on the
number and variety of goods and services offered. If items
being diffused through a central place landscape are influ-
enced by the central place system, then it is reasonable to
assume that information pertaining to an innovation circu-
lates through certain levels of the hierarchy.

Certain types of consumer goods and services can be

associated with each level of the central place hierarchy.

151






132

A low-order good can be found at all levels of the hierarchy,
but higher order goods can be offered at only the relatively
larger central places. For single purpose shopping trips,
one would expect a consumer to patronize a slightly different
set of central places when purchasing grocery items than when
purchasing musical instruments. Musical instruments are not
likely to be found in relatively small central places which
offer only a few goods and services. However, a consumer
may reside near enough a higher-order central place so that
there are no intervening lower-order central places. Thus
he will probably make both low-order and high-order purchases
at the same central place.

The central place hierarchy is the result of common
behavior of consumers with respect to goods and services.
It is possible to identify levels of the central place
hierarchy by clustering goods and services according to con-
sumer expenditure behavior. To identify levels in Iowa it
is first necessary to find an index value measuring similarity
between commodities. This is done by considering that for
each household in the Iowa sample, two commodities are simi-
lar if maximum commodity purchases are in the same central
place. A symetrical matrix is constructed with a value of
1 entered if two commodities are similar, O is not similar,
and left blank if one or both of the commodities were not

purchased. By summing the values for all individuals in the
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sample and dividing by the total number of times the two
commodities were declared similar or not similar, an index
value can be obtained. By repeating the procedure for all
possible pairs of commodities a 70 x 70 similarity matrix
can be constructed. The similarity index varies from O to
1 for all possible pairs of commodities.1 The commodities
are clustered by levels corresponding to the central place
hierarchy by factor analyzing the similarity matrix (see
Table B-2).

The factors identify levels of the central place
hierarchy, and the commodities can be interpreted as being
offered at the level of the hierarchy associated with all
higher levels. The group of commodities having their high-
est loadings on the same factor can be considered as having
similar spatial attractiveness for consumers. Factor II
represents the lowest level of the central place hierarchy.
The goods and services which load highest on this factor
are convenience items that are found at all levels of the
hierarchy.

Factor I represents the third level of the hierarchy.
The goods and services associated with this factor will
also be offered at higher-order central places. Factor I
and II are the most consistent factors with very few com-
modities tending to switch factors with different rotated
solutions. These factors explain 41.94% of the variance

in the similarity matrix.

lSee Table B-1 for a list of the 70 household commodi-

ties.
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13
14
15
16
17

18
19

20
21

22
253
24
25
26
27

29

30
51
32
55
34
35
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TABLE B-1

70 HOUSEHOLD COMMODITIES

Commodity

Food Store

Deliveries, bulk
purchases, baked goods
milk

Food, given as gift

Food and beverages

away from home
Tobacco, non-food store
Beer, non-food store

Personal care items,
non-food store
Clothing, male adults
Clothing, female adults

Clothing, boys
Clothing, girls

Gifts and sewing needs
Major appliances
Minor appliances
Furniture

Household textiles
Glassware, silver

Combination other gifts
Combination furniture
and equipment

Electricity

Telephone

Fuel

Physician

Dental

Eye care

Combination 23%,24,25
Prescribed medicines
Other medical supplies

Medical supplies, e.g.,
wheel chair, crutches
Combination 28 & 29

Motives

Other paid admissions
Musical instruments
Sporting goods

Hobby equipment

No.

36
57

38

29

40
41

42

43
4l

45
46
47
48
49
50
51
52

53
54

2>
56

o7
58
59
60
6l
62
63
o4

65
66
67/
68
69
70

Commodity

Toys
Pets, pet care,
licenses

Social organization
dues
Gifts

Running costs of car
Public transport, school,
work

Newspaper

Books, school supplies
School expenses, tuition,
board and room

Church

Other organizational gifts
Other personal gifts

Household insurance

House insurance
Liability house insurance
Car insurance

Health and accident
insurance

Payment of interest

Payment of principal

Banking costs
Combination payment of
interest and principal

Personal property tax

Real estate tax

Car license

Beauty and barber shop
Dry cleaning

Shoe repair

Watch and jewelery

Food locker

Water softener

Laundry and laundromat

TV and appliance repair

Household tools

Attorney fees

Dues connected with
occupation
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TABLE B-2

FACTOR ANALYSIS OF COMMODITY SIMILARITY MATRIX
VARIMAX ROTATION-FIVE FACTOR SOLUTION

Factor I Factor II Factor III Factor IV

8 + 1+ 20 + 6
9 + 4 + (30)+ 28
10 + 5 + 48
11 + o+ 41 - 49
12 + 21 + 44 - 50
15 + 22 + 5% - 51
16 + 26 + 54 - 56
17 + 22 + 55 - 69
18 + 38 + 70 -
23 + 40 + 2
24 + 43 +
25 + 45 +
31 + 4o +
A4 + o0 +
25 + 6l +
36 + o4 +
37 + 65 +
39 + 66 +
47 + 67 +
57 + 68 +
58 +
59 +
62 +
63 +

(19)-

Proportion of Variance:

2233 .1961 .0824 .0848

Cumulative Proportion of Variance:
.2233 L4194 .5018 .5865
Central Place Rank of Factors:

5 1 5 2
Source: Calculated by the author.

+ + + + ++ ++

Factor

42
52

5
15
14
27
29
55

.0783%

.6648
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It is now possible to select a set of commodities
to use to construct a paired-comparison matrix of prefer-
ences between locational types. Unfortunately, since no
empirical research has dealt with the problem of associating
levels of the central place hierarchy with the type of
innovation diffused, a rather arbitrary decision to select
the 20 commodities associated with Factor II is made.
Factor II commodities represent the lowest level in the
central place hierarchy. Thus interaction can take place
with all higher levels. Since this is a rural innovation,

interaction with this level of the hierarchy can be expected.



APPENDIX C

COMPUTER PROGRAMS WITH NOTES ON PROGRAMS
Program TWOBY
Program ALTERN

Program SPACDIF
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COMPUTER PROGRAMS WITH
NOTES ON PROGRAMS

Program: TWOBY

Purpose: Computes 2 x 2 comparative time trial statistic
for 148 potential adopters. Neighbor at time "t"
is defined as first nearest neighbor for first
iteration, to the first four nearest neighbors
for the fourth iteration. Calculates statistic
for years 1946 through 1956.

Restrictions: Program is not generalized, but applies to

the Collins, Iowa, 2,4D diffusion data specifically.
With minor changes the program can be generalized
to analyze other data sets.

Data: Diffusion data with coordinate location of adopter and
time of initial adoption. For Collins, Iowa, 2,4D

diffusion data see Appendix D.

Program: ALTERN

Purpose: Computes probability of individuals interacting
with five ranking locational type towns defined
by space preferences.

Restrictions: Maximum number of towns = /50, locational

types - 48, central place size categories - 15.
Data: Central place data deck (See Appendix E), size and

number of distance categories, size and maximum

138
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of population categories, space preference
ranking of locational types, space preference
probability matrix (See Appendix F), location

corrdinates of each individual.

Program: SPACDIF

Purpose: Simulation of the spatial diffusion of an innova-
tion through a central place system, where the
probability of individual contact is determined
by the location of the individual, characteristics
of alternative central place to interact, and
revealed space preferences.

Restrictions: Maximum number of towns = 632, adopters =

1030. The number of alternative central places
to interact is five for each individual. This
program consumes a great deal of computer time
and core memory. Therefore, 1t has not been
generalized to analyze different data sets. It
is best to make adjustments in the program to
correspond to the problem being simulated and
the computing facilities available.

Data: Central place data deck, Individual data deck (Com-

puted results of Program Altern).
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PROGKAM T a0y (ThooT ey T

PHOEHANM [ anaY= T 0y iy [y O ATTYE T TRIAL FOR
T4 POTENTIAL 4R TF LS 0OF 2eb by SERAY T THE
COLLIMNSe 1WaS MAvhb T £k A,

NIVERNSTON ODATA(laAaln)e 15T (1ar)

TYPF REal N

N=]ax,

A=) g tH=0 g1 =0 g3x)=0) .

N 3 [=)elal

NN 1 K=Haelaed

KK=K+]

NATA(T &K =1,

NATA(T erkK)=(i,

READ 24 (DATH(T e ) e )=1e73)

FORMAT (P)XeFSQ N e?2F 14H5)

TFOATA(T al) eLFoal94q) DATO(Te]l) =} 95~

CONT T 0F

NO 7 T=1e14%

NN 4 J=laelan

NTIST( D) =SaRTIARSATA(Ta2)=Dnlr(Ja2)) +AS5 (NATA(Te ) =NATA(JeR)))

TF(TFOG ) DISTCO D =11,

CONT INUF

NO 7 M=HSel/ed

MArtd=v =]

NN A J=]e]anr
TEIST(Y) L ToDATA(T 1)) Sen
NDATA(TamM)=0LTST (L))

NATA(f M) =0)

CONTINIF
NTISTIDATA(T &:4M) ) =11,

CONT Ik

N 1A T=194~e1955

NN 26 kK=]lelar

NO 27 KK=43e] 3e

KKK=KK+/

TE(TaGTaATA(NATA(R eFK)al)) DATA(KakrEK) =1,
CONT [tk

PRINT P9e Ke (DATA(K e J)a)=]lelH)
FARMAT (TheXelWF&,,1)

CONT [tk

NN 16 JJ=hel15673

NN la J=1ls14a3
TFA(RATACI 1) =T) laerail

NN 9 M=Fkae JJe?}

TF(NATA(JeM) Fig1) 109
CONT INUIF

ND=p+|

GO T0 14






10

11

12

15

16

C=C+1

GO T 14

NO 172 Y=Aal)e?
TF(MNATA(JeM) b tiegl) 13a172
CONT [NUF

R=r+]

GO TO 14

A=A+

CONTINUIF
T=C+2a

V=N+Y

S=C+DP

K=A+K

N=Q +i¢

Pl ((CHtemDsep )y /1) /(ST ((TieyseQsen ) / (((nlsese )i (y=1))))

Jh=(JJ73)r =1

PQINT IR'I‘JK'(\"\OIQ').‘i.\/c\nw.l.
FORMAT(///720Xe?”15//73 (10X e 3F R ,0/)al0XeF1545)

A= g +R=04n(C=0,4N=0,
CONT [ NUF
END
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PrUGCHAM ALTERN (IwPUT=300sUUlPUI=s00s IAPEBU=INPUT s IAPELO=300

X 1AaPcl/=3uus lAFPELB=500)
FroORAY alLleERN = OLlVvEN DISTANCE CATEOGURIES ANV PURPULAIL LUN
CAltouxklibts LUCATLIUNAL TYPES AxE UEFINEUs ALSU GIVEWN THE KANK

Ul LulaltuiNal TyreS AnNu Int PruUBAciLllY OF Uk TYPE telwo CHUSEN
uveEr ANUIMERs fREN FROM Ihnt LUCATLUN OF InNUDIVIUUALS ANU NEARDY

luawino e PrUBAbILLTY Ul ThAal tNOLIVIVDUAL INTERACTING wliliH InE
Flve Kannlno LuCATLunAL TYPE Tuwns 1> CALCULAITEU USLINO LULE#S
CHulCE AAxluM,

DIMAEnN>Luy Liuwh(/S0ea) el il IS(LID)erMi(7)

COMMON IS 1urE(/Hueg) e IRANK(a8) e ALNU(2)y AM(4bBeas)

REwlhu 16

REalivnu Lo

KEAU JTuwn Deln

REAL Leneria|

FORMAL (Loe/AL0D)

NTUwn=1

READ(Kob M) (LTOwNI(NIUWNNGI) 9J=194)

IF(EUF (N)) 443

NTUWNSNITUNIv+ ]

6O lu ¢

NTUvN=vIuan=1

KEAD Ul>sIANLE UATA

REAL Se Lolsbol 1MLl

Furdaal (219)

KEAU rPUFULATLUN LLImdlS

READ oe NISlsbs (ILIMIIS(J)eu=leninlilE)

FurmAl (luls)

REAY LuLAlilunAL TYPeE RANKLINOS

REAL (ool ok Ml

FUORMAL (2159 /ALlU)

READ (Ko Mi) (IxkANN(J) oJ=10oL)

PRINT FMly (IRANAR(J) 9J=109L)

KEAD PrUSASILLITY AlIrlA

KEADU Loneotkmi

Du &8 1=l

REAU(Rorii1) (AM(Jdel) eu=1leL)

PRinl FMie (aMm(Jder) su=lel)

MAI~N LULP

KEAUL InulvivuaL ueln

lu=0

REAU Lerker Ml

KEaU(lbebmi) RZe (ALnu(Ll)ol=19c2)
IF (ELr tLln)) L/lelv
CALCULAILEYS UISTANCLES

LU=vU

DO 16 I=lesnnivwnN
VIst=aus(atnwull)=11uwa(leZ2))+Aus(Aln(g)=1Tuwn(le3))
IF(ulsti=Li1mMil) llellelo
CALCULAIES LISTANCE ORUUP

DO 12 M=lsllZesllImtlelslsE
IF(UlSI=M) 13e130l¢
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Cun i

Ivlst=/l1s5lzctE
CALCULAIE rUPULATLUN UkOUP

DU la rM=leni>lct

IF CLTuanCLled)=1LIlIS04)) 195elbelw
COw I LU

1iuwno=s
CALLULAIE LuCAlLUNAL | YPE
LOCTYPE=LULSO+ (Ll 1UwNL=1) *B)
Lu=Lu+i
STURKE LUCALTLUNAL TrPeES wilon tuwiv LU
ISTureE (LU L) =11uwv(1le1l)
ISTURE (LU ) =LUl Il YFE

COnN I Linute

IF(LUsEWev) GU Tu Y

ID=1lu~+1l
CALL >SUbskuul lab witlCH CALCULATES PruUbAgiLLTY UF
INTErACTLunw wllin KANKLING Tuwin ALTERNATLIVES
CALL PRuUp (LeLueln)

GO tu 9

Cun i linvte

Kewlivu 18

Kewlnb 1/

ENUD

Sunsuul Ine FRUs(LesLUs LD)
Disenslun Jrk(lu)eul (Lu)ea(tu) e (lu)eC(10)

InDLvViIvUALS

COMMUN I>51ukE(/D0el) s IxANK(40) s ALlNU(Z2)y AMi(4C8e438)

DU 1 n=1le
C(R)=Ue

DETERMINE wuUMBER OUF T 1HMES SAmE KANANLINO ALTERNATIVE AVvALLADLE AND

S HIuR KanAlno ALTERNATLVE LOCA]L LuivaL TYrES
N=Y

DO 3 R=1sL

DY 3 J=1eV

IF (IoTurE (Jel) ebde IKANKNIR) ) 293

N=w+ ]

JR(N)=[>iurt (Jeg)

JT(N)=1>5lure (Jsel)

IF (Netbwen) LU U 4

Coni Livute

Coni Iwutk
DETErRMINE PRUBABILLILIES AND PunCh
NN=U

DO Y 1=1len

A(ClL)=1

Alo)=1

DO 6 N=19n
IF(lebtwen) LU TU 9
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A(R)=aa(dx(l) edrxi(n))

CunNI Linut

IF (A(N) ebive U eURe A(R) ebtiel)
A(R)=(l=-Aa(n))/A(N)

Aln)=a(0) +A(K)

Cuiv ! Linue

VU [ n=1len

Bln)=A(nN)/A(H)

C(R)=C(R) +5(R)

FOxATL (IDecbSelUotS5(15etbe3)))
NI Ziviv+ ]

Cunliinut

DO 1y "=1ewv

Crn)=cn) /na

Clr/)=Cc(/)+C(n)

DO 11 n=1Leny

Cln)=Lin)/zur)

WRIITE(L/79a) lTuesALivU(L) sALlinU(c) 9 (JIIR) sC(K) on=19oN)

Ewu
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FrRuurAY SFaC)ll (Lanrul =1 30e0ulrul=1ls3UsiarElo=1svs lAPELY=1 30U
A lRAPECU=DO13s APt cLl=1su)

lu

11

le

COMMmUN Thowa(o32e09) e 1AallU3U)eiACLUSU) e flAVUPTLLUSU) 9 lUI
PIRUOKAS SPALUILE = SrAllac olbrdsSiun ub A LovivOVATLun
Chonv AL FPLALE DYoltivne olven luzrsS FUKR ALL LEnNIAL FLA
SluwYy artbAs Lol vivuaw UATA UN PruoasllLlly b AN vl
INTEFACTHLNG wlin taLr Ur Five ChEnvixAL PLACe>e [HE PhRU
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APPENDIX D

DIFFUSION DATA
2,4D Weed Spray in Collins, Iowa

Harvestore Systems in Northeast Iowa
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APPENDIX G

SIMULATION 2:
SPATIAL DIFFUSION OF HARVESTORE
SYSTEMS IN N.E. IOWA
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A BRIEF DESCRIPTION OF THE
NORTHEAST IOWA STUDY AREA



A BRIEF DESCRIPTION OF THE
NORTHEAST IOWA STUDY AREA

Northeast Iowa is located in the Corn Belt in the heart
of the American Midwest. The study area includes 26 counties
in the northeast corner of the State of Iowa and covers an
area of 15,236 square miles. The area extends from south of
Cedar Rapids 114 miles north to the Minnesota border and from
west of Ames 180 miles east to the Mississippi River (see
Map 1).

Even though in this study Northeast Iowa is considered to
be a homogeneous agricultural region with little variation in
either physical character or agricultural land use, diversity
does exist. Relative to variations in the physical and agri-
cultural landscape in other regions of the United States,
especially in contrast to the differences between arid moun-
tains and irrigated valleys in the West, the differences are
more subtle.l

Northeast Iowa is an agricultural region with rich soil,
good climate, and a favorable topography. The surface of the

area is an undulating plain dissected by several tributaries

of the Mississippi River that flow in broad parallel valleys

1Neil E. Salisbury, "Agricultural Productivity and the
Physical Resource Base of Iowa," Iowa Business Digest, XXXI

(1960), p. 27.
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bordered by valley bluffs with rock outcrops.2 The roughest
terrain in the area lies along the Mississippi River where
glacial deposits are thin or have long been stripped from
the hillsides by erosion.5

The soils in the area are the product of thick loess de-
posits which have been leached and are less fertile than the
prairie soils, but sufficiently good to produce high yields.
The best soils are in the southern portion of the area and as
one moves north, especially into the Driftless Area along the
Mississippi River, the so 1ls tend to be thinner, lighter, and
less fertile.4

In an area as small as Northeast Iowa the climate does
not vary significantly from one portion to another. The aver-
age annual precipitation varies from 30 to %6 inches with
most occuring during the growing season. The warmest month,
July, has a mean temperature of 74°F in the southern portion
of the area and 72°F in the northern portion. From north to
south there is less than a five day difference in the length
of the growing season.5 The variations in the heat and mois-
ture resource in Northeast Iowa are such that climatic condi-

tions do not place limits upon midlatitude grain (particularily

2John H. Garland (ed.), The North American Midwest (New
York: John Wiley, 1955), p. 105.

Salisbury, "Agricultural Productivity," p. 29.

“Garland, The North American Midwest, pp. 104-105, 147.

5U.S., Department of Agriculture, Yearbook of Agriculture,
1941 (Washington, D.C.: Government Printing Office, 1941).
pp. 862-872.
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corn) production.6

Agricultural productivity varies spatially from north
to south in Northeast Iowa. Higher productivity per acre
occurs in the southern portion of the region than in either
the north or the northeast. Climatic resources of heat and
moisture have little influence on the spatial pattern of
agricultural productivity. Topography apparently has the
greatest influence on agricultural productivity; flat land
generally being more conducive to high agricultural produc-
tivity than rough, dissected land. When soil characteris-
tics are taken into account with terrain differences, most
of the variation in agricultural productivity in Northeast
Iowa can be explained.7

Northeast Iowa 1s a dairy region with both hog and beef
cattle production being an important part of the rural economy.
Most of the crops harvested are feed crops which are largely
fed to livestock on the farm. The dominant crops are corn,
oats, and hay. Corn is the most important feed crop har-
vested in the region and is used as a grain to fatten both
hogs and beef cattle for meat production and as silage which

is a high quality, moist feed for dairy cattle.8

6Salisbury, "Agricultural Productivity," p. 28.

7Salisbury, "Agricultural Productivity," p. 31.

8Garland, The North American Midwest, p. 146.
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On most farms in the area livestock production is
diversified with varying emphasis on dairy cattle, hogs,
and beef cattle. Diversification in livestock production
allows a farmer to spread his work load over a period of
time and to reduce the risk as far as farm prices are con-
cerned. With agricultural productivity being greater in the
southern part of the area, particularly corn production, there
is a tendency for hog production to be relatively more im-
portant in diversified livestock operations in the south. The
difference in emphasis on hog production between the northern
and southern portions of the area is a matter of degree rather
than a difference in the type of farming.

The distribution of rural settlement, farm ownership,
and standard of living tend to correspond with variations in
agricultural productivity. Except for variations in rural
population density along river valleys, in the Driftless
Area along the eastern edge of the study area, and near
larger urban centers most of the area has from 25 to 35
persons per square mile. There is a general tendency for
rural population density and standard of living to be higher
in the south and to decrease towards the north.9 Farm size
varies very little throughout the area but because of the

high capital investment required in dairy operations the

9U.S. Department of Commerce, Bureau of the Census,

?
County and City Data Book, 1962 (Washington, D.C.: Govern-
ment Printing Office, 1962), pp. 112-131.
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proportion of farmers owning their own farm is slightly
higher in the northern area.lo
Even though the variation in agricultural productivity
is not very great in Northeast Iowa, it is the key to under-
standing most of the economic diversity of the region.
Relative to variation in physical and agricultural character

in other regions in the United States, Northeast Iowa is a

fairly homogeneous area.

lOCounty and City Data Book, 1962, pp. 112-131.










