N mesm]m:
e ras University of Nebraska at Omaha

Omaha Digital Commons@UNO

Student Work

5-1-1977

Great Plains-Rocky Mountain Camping: A spatial
analysis

Dennis E. Bussom
University of Nebraska at Omaha

Follow this and additional works at: https://digitalcommons.unomaha.edu/studentwork

Recommended Citation

Bussom, Dennis E., "Great Plains-Rocky Mountain Camping: A spatial analysis" (1977). Student Work. 614.
https://digitalcommons.unomaha.edu/studentwork/614

This Thesis is brought to you for free and open access by

Digital Commons@UNO. It has been accepted for inclusion in Student

{and Riabel L.
Work by an authorized administrator of Digital Commons@UNO. For 1

= Teinl BatVi

more information, please contact unodigitalcommons@unomaha.edu.


http://www.unomaha.edu/?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
http://www.unomaha.edu/?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unomaha.edu?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unomaha.edu/studentwork?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unomaha.edu/studentwork?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
https://digitalcommons.unomaha.edu/studentwork/614?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:unodigitalcommons@unomaha.edu
http://library.unomaha.edu/?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages
http://library.unomaha.edu/?utm_source=digitalcommons.unomaha.edu%2Fstudentwork%2F614&utm_medium=PDF&utm_campaign=PDFCoverPages

GREAT PLAINS - ROCKY MOUNTAIN CAMPING
A SPATIAL ANALYSIS

A Thesis
Presented to the
Department of Geography-Geology
and the
Faculty of the Graduate College

University of Nebraska

In Partial Fulfillment
of the Requirements for the Degree
Master of Arts

University of Nebraska at Omaha

by
Dennis E. Bussom

May, 1977



UMI Number: EP73254

Al rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that the author did not send a complete manuscript
and there are missing pages, these will be noted. Also, if material had to be removed,
a note will indicate the deletion.

™ Disssrtation Publishing

UMI EP73254
Published by ProQuest LLC (2015). Copyright in the Dissertation held by the Author.

Microform Edition © ProQuest LLC.
All rights reserved. This work is protected against
unauthorized copying under Title 17, United States Code

ProQuest LLC.

789 East Eisenhower Parkway
P.O. Box 1346

Ann Arbor, MI 48106 - 1346



THESIS ACCEPTANCE

Accépted for the faculty of the Graduate College,
University of Nebraska, in partial fulfillment of the

requirements for the degree Master of Arts, University

of Nebraska at Omaha.

Chairman




TABLE OF CONTENTS

IIST OF TABLES ¢ « o o o o o o o o o o o

LIST OF

Chapter
1.

2.

FI GURES * L ® * * L ] e . ® L ] . L] [ ]

INTRODUCTION o « o « o o o o o o

Definition of Terms e« o o ¢ o

Classification of Campground Units

Literature Review .« « ¢ o o &
Statement of Problem . « « &
Data Source Materials . . .
Data Collection « o« ¢ o &
Preliminary Data Organizatlon

L
L]
L ]

Preliminary Computer Manlpulatlon

POINT PATTERN ANALYSIS o o o o o

Nearest Neighbor Procedures
Mathematical Analysis .« « »
- Map Pattern Analysis « « o »
Colorado Pattern Analysis .
Towa Pattern Analysis o« « o
Kansas Pattern Analysis . .
Minnesota Pattern Analysis .
Missouri Pattern Analysis .
Montana Pattern Analysis . .
Nebraska Pattern Analysis .
North Dakota Pattern Analysis
South Dakota Pattern Analysis
Wyoming Pattern Analysis ¢« « &
Conclusions o« « o o o o o o o

® ® @ & & o o ¢ o o

ii

* & ¢ ¢ o o @ P 0 & ° v 0 o

.
.
-
.
.

S

® ¢ & ¢ 0 2 0 0 ¢ 0 0 o o o

o ¢ & o ¢ & ¢ 0 .

e o o o & 0 & o

¢ ¢ o & & & 0 0 0 ¢ 0 0 ¢ o

*

[ ]

e & -0 &6 & & 6 O 6 O o o o o

¢ O & @ o ¢ o [

® & © & ¢ o ¢ & & & 9 0 o

® o & 0 & 0 o L]

® o 6 & ¢ & & 0 ¢ O 0 O o o

Page
iv



Chapter Page’
3. CENTROGRAPHIC MEASURES ¢ o o ¢ o o o o o o . L9
Modifications to Program CENTRO .« o« ¢ o 50

Interpretation of Spatial Statistics « « & 51
Colorado Centrographic Statistic
Interpretation e ® o o o o o o o o‘0 PYS 58
Iowa Centrographic Statistic
Interpretatlon o o & o o o o o o o o o o 63
Kansas Centrographic Statistic
' Interpretathn e o o & o o o o o o o o o 68
Minnesota Centrographic Statlstlc
Interpretatlon ¢ o @ ¢ o o o o o o o o o 72
- Missouri Centrographic Statistic
Interpretation « « « « & e o o o o & 77
Montana Centrographic Statistlc :
Interpretation . . e o o o o 82
Nebraska Centrographic Statlstlc
Interpretation « « « * o o 86
North Dakota Centrographic Statlstic~
Interpretation . . . o o o 91
~South Dakota Centrographlc Statlstic
Interpretatlon ‘e ® o e & & s & o o o o o 95

Wyoming Centrographic Statistic
Interpretation e o o o o o o © o © o o o 100
Conclusions e o o o e o e o6 6 o6 o ¢ o o @ 105

L, DENSITY MEASURES ¢ « ¢ o o o o o o ¢ o o o o 107

DenSity Pattern AnalYSis e o 6 o o 6 o & o _107
Index of Contiguity Analysis « « o o o o o 110
Index of Concentration Analysis «+« « ¢ ¢ ¢ 121
Concluding Remarks . » o o o e o o o o 130
Recommendations for Future Studles e o o o 132

BIBLIOGRAPHY o o o o o ¢ o o o o ¢ o o o o o o o o o 133

iii



Table
1.

24

3-

6.
7o
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.

LIST OF TABLES

Commercial and_Public Campground Units

Commercial and Public Camping Sites .

Combined Campground Units‘Indices of
Randomness and Deviation Indices . .

Commercial Campground Units Indices of
Randomness and Deviation Indices .« .

Public Campground Units Indices of
Randomness and Deviation Indices « .

Reference Nodes o o o o o o o ¢ o o o

Colorado Centrographic Measures o+ «

Jowa Centrographic Measures o« « o o »-

Kansas.Cehtrographic Measures o « o« .
Minnesota Centrographic Measures « « o
Missouri Centrographic Measures .« o« o
Montana Centrographic Measures « o « o
Nebraska Centrographic Measures .« « e«

North Dakota Centrographic Measures .

South Dakota Centrographic Measures . .

Wyoming Centrographic Measures « « «
Indices of Contiguity o« o« o o o o o o

Indices of Concentration e o o o s o

iv

Page

10
‘25
26

27
52
59
6L,
69
73
78
83
88
92
96

101

112

128



‘LIST OF FIGURES

Graph Page
1. Colorado Index of Concentration .. « . « & 122
2. TIowa Index of Concentration '« « « o ¢ o o« &« 122
3. Kansas Index of Concentration . « o« ¢« « « « 123
L. Minnesota Index of Concentration « « « « « 123
5. Missouri Index of Concentration . . « « « « 124
6. ‘MOntana Index of Concentration « « ¢ o« « o o 124
7« Nebraska Index of Concentration . « « « « « 125
8. North Dakota Index of Concentration . « « « 125
9. South Dakota Index of Concentration .« . o » 126

10. Wyoming Index of Concentration « « « « « o« o 126

Map . Page

le Colorado Point Patterns: a. Commercial
Campgrounds b. Public Campgrounds . . . 30

2. Iowa Point Patterhs: a, Commercialv
Campgrounds b. Public Campgrounds . « . 32

3. Kansas Point Patterns: a. Commercial
Campgrounds b. Public Campgrounds . « & 33

L. Minnesota Point Patterns: a. Gommercial
Campgrounds b. Public Campgrounds .« « « 36

5. Missouri Point Patterns: a. Commercial
Campgrounds b. Public Campgrounds . « . 37

6. Montana Point Patterns: a. Commercial
Campgrounds b, Public Campgrounds . . . 39

v



Map

7o

9.

10.

11.

12.

13,

14.

15.

16.

Nébraska_Point Patterns: a. Commercial
Campgrounds b. Public Campgrounds .

North Dakota Point Patterns:

a. Commercial Campgrounds b. Public
Campgrounds ¢ ¢ o o o o e o B o o o o

South Dakota Point Patterns:
a. Commercial Campgrounds b. Public
Campgrounds e ¢ © o o o ¢ o o6 ® & ® o

Wyoming Point Patterns: a. Commercial
Campgrounds b. Public Campgrounds .

Colorado Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds . ¢. Combined Composite
Campgrounds ¢ o o o o o o o o o o o o

Iowa Centrographic Measures:

a. Commercial Campgrounds b. Public

Campgrounds c¢. Combined Composite
Campgrounds e & o © o o e o o o o o

Kansas Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
Campgrounds e o o o o ..9 e e -8 @ o o

Minnesota Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
Campgrounds ® © o o6 & & o o o & 8 o =

Missouri Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
CampgroundsS o« o o o o o o o o o o o o

Montana Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds ce. Combined Composite

Campgrounds e o o o 6 o o6 s o o o o o

vi

Page

L1
L2

L,

L5

62

66

71

76

80

85



Map

17.

18.

19.

20.

21.

22,
23.

2L

254
26,
27.
28.
29.
30,
31.

Nebraska Centrographic Measures: ,
a. GCommercial Campgrounds b. Public
Campgrounds c¢. Combined Composite’

Campgrounds ® o o o o o o o o o o o o

North Dakota Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
Ca.mpgrounds e o 5 ¢ @ ¢ 8 @ o o e o o

South Dakota Centrographic Measures:
a. Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
Campgro_unds.............

Wyoming Centrographic Measures:
‘a., Commercial Campgrounds b. Public
Campgrounds c¢. Combined Composite
CampgroundsS e« o o o o o o o o o o o o

Great Plains - Rocky Mountain Camping:
Number of Camping Sites e o o e e o e

Colorado Density Distribution =« « « o« &

Towa Density Distribution ® s o o o o o

Kansas Density Distribution . « « ¢ o &
Minnesota Density Distribution e o o o o
Missouri Density Distribution .« « ¢ « &
Montana Density Distribution « « ¢« « o o
Nebraska Density Distribution « ¢« « o &
North Dakota Density Distribution . . .

South Dakota Density Distribution .+ « &

waoming Density Distribution « « o« ¢ o o

vii

Page

90

oL

99

104

108
114
114
115
115
116
116
117
117
118
118



Chapter 1
INTRODUCTION

As our society becomes increasingly leisure-oriented
with the growth of disposable personal income and shorter
work periods, the need for recreation facilities'continues
to rise. Government agencies have attempted to meet this
demand By the expansion of public facilities within thé
total outdoor recreation resource complex. Similarly,
commercial entrepreneurs have recognized the profitv‘
potential of specific recreation elements with a resulting
increase in facilities such as cémmercial campgrounds.
Because of the difficulties in obtaining data, economic
demand and supply stﬁdies have been limited mostly to the
public sector. An early study (Merewitz, 1966) stated
that variables affecting public and commercial recreation
facilities were not interéhangeable in meeting the
recreation demand, howevér, it hgs recently been proven
(Hoffman and Romsa, 1972) that the variables controlling
- attendance are applicable to both facility types.

The demand for recreation facilities in an area is
dependent on the following elements: (1) the population
of the area; (2) the mobility of the population; (3) the

1



2
age and income structure of the population; (4) the
recreation activities desired by the population; and (5)
the availability of opportunities for the population to
engage in the desired recreation activities (Mbréér,-1970).
One récreation'activity is participafion in outdoor camping.
Commercial, private, and'public recreation fécilities exist
for this purpose, and differences in their respective
spatial patterns and density distributions do exist.

This thesis examines the spatial distribution
pattern'of the commercial and public sectors of‘the camping
market in the Great Plains - Rocky Mountain states.,
Commercial and public campgrounds are both defined as
recreation units that provide outdoor camping experiences
which attempt to satisfy the wants, needs, and desireé of
the general public.

Campground units within those Great Plains - Rocky
Mountain states that contain some portion of the Missouri
River tributary system have béenlstudied. This area was
chosen becaﬁSe of the great abundance and diversity of
cultural and physical landscape features, each purportedly
having some impact on the location of the individual units.
Specifically, campgrounds in the Statesbof Colorado, Iowa,
Kansas, Minnesota; Missouri, Montana, Nebraska, North

Dakota, South Dakota, énd Wyoming are included in the



context of the study.

Definition of Terms

A glossary of terms foundfto‘be useful and relevant

is presented to alleviate the necessity of defining a term

as presented in the body of the report. The terms are

defined in as simple a statement as possible while

attempting to'maintain a reasonable degree of accuracy.

. Term

AMENITIES CAPACITY

CAMPGROUND

CAMPGROUND
ATTRIBUTE

CAMPGROUND
CAPACITY

CAMPGROUND
FACILITY
AMENITIES

CAMPGROUND
FACILITY
AMENITIES
CAPACITY

Definition

See Campground Facility Amenities
Capacity.

:The basic data collection unit.

A single recreation facility

‘providing an outdoor camping

experience.

Specific data elements related

to the campground unit. Consists
of a variety of recreation
activities and campground faclllty
amenities.

Measurement of the number of
camping sites at a campground
multiplied by the length of
season for the campground.

Data elements within one mile of
a campground which serve to
attract users to the campground.

Measurement of the number of
camping sites at a campground
multiplied by the summation of

.the campground facility amenities.,



Term

CAMPGROUND SET

CAMPGROUND UNIT

CAMPGROUND UNIT
SET

DENSITY
DISTRIBUTION

DENSITY
DISTRIBUTION
PATTERN

DENSITY
PATTERN

DISTRIBUTION
PATTERN

FACILITY CAPACITY

MAXIMUM
ATTRACTION

MAXIMUM
CAMPGROUND
ATTRACTION

RECREATION
ACTIVITIES

RECREATION
ACTIVITIES
CAPACITY

Definition

One of the three aggregations

of campgrounds in a given state.

It may be the commercial campground
set, the public campground set, or
a comblnatlon of both sets.

See Campground.

See Campground Set.

See Spatial Density Dlstrlbutlon
Pattern.

See Spatial Density Distribution
Pattern.

See Spatial-Density Distribution
Pattern.

See Spatial Distribution Pattern.
Seé Campground Facility Amenities
Capacitye.

See Maximum Campground Attraction.
Measurement of the campground
capacity multiplied by the

summation of the campground
attributes.:

‘Data elements within five miles

of the campground which are
related to recreation and serve
to attract users to the campground.

Measurement of the number of
camping sites at a campground
multiplied by the summation of
the recreatlon activities,



Term

REFERENCE NODE

SPATIAL DENSITY
SPATIAL DENSITY
DISTRIBUTION
‘SPATIAL DENSITY

DISTRIBUTION
PATTERN

SPATTIAL
DISTRIBUTION

SPATIAL
DISTRIBUTION
PATTERN

SPATIAL PATTERN

UNIT

UNIT SET

WEIGHTED
ELEMENT

Definition

‘A major population center or a

major tourism attraction within
a given state,

See Spatial Density Distribution

. Patterne.:

See Spatial Density Distribution
Patterne.

The arrangement of the campground
data after aggregation of the
elements at the county level
within a given state.

See Spatial Distribution Pattern.
The arrangement of the point

pattern of the campground locations
within a given state.

See Spatial Distribution Pattern.

See Campground.
See Campground Set.

Cne of the five variables used in
the analysis of the campground
data. Includes the number of
camping sites, the campground
capacity, the campground facility -
amenities capacity, the maximum
campground attraction, and the
recreation activities capacity.

Classification of Campground Units

A campground is identified either by its orientation

towards the specific needs of a user-population, or by its
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~ownership and management philoéophy.’ User-population
studies have identified seven campground unit classes
(Wagar, 1963; Jubenville, 1976), called the transient or
:traveler, the central, the long-term, the forest, the
peak-load or overflow, the back-country, and the wilderness
campgrouhd ﬁnit. The ownership and management philosophy
approach'identifies three campground unit classes: '
commercial, private, and public campgrounds.

The transient, or traveler, campground unit,
oriented towards the most heavily—ﬁsed travel routes, is
generally designed for small areas of intensive uée. It
emphasizes minimal development with provision of only
those essential services/needed'to accommodate the:
overnight visitor.,

The central campgrouﬁd unit, oriented towards
major tourism attractions; generally provides maximum
services in large-scale developments, emphasizing its use
as a home~base for its clients, thus permitting them to
enjoy the nearby points of interest and to participate in
day-use activities away from-the-campground area.

The long-term campground unit is similar to the
central campground except that numerous day-use activities
are provided within the areal limits of the campground.

The forest campground unit provides services and
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facilities considered attractive to single-~family groups,
with an emphasis on the natural landscape features of é
region.

The peak-locad, or overflow, campground unit
_provides minimal services and short-term accommodations
| in locations served by forest or central campground units,
and is designed to protect the natural environment of the
area by providing additional facilities during peak usage
periods of the camping season. | |

| The back-country campground unit emphasizes
primitive‘facilities in roadless areas, whereas the
wilderness campground unit, also in the_roadless areas,
has no established facilities or 'services.

The commércial'campground unit is generally
"independently o&ned; although about one~fourth of these
campground units are affiliated with some national
franchise chain. The commercial campground unit is open
to any user-group that pays its facility-use fees, and
its operations are"strictly profit-oriented.

The private campground unit is usually operated
by some tax-exempt organization'serving a special interest
- group population, Minimal éharges may’Be levied forAuse
of the private campground facilities, and‘itsloperations

may or may not generate a profit.



8

The public campground unit is operated by a
government agency at the local, county, district, regional,
state, or nationalnlevel. It provides outdoor recreation
opportunities to the general public at little or no cost,
and may or may not operate at a profit.

Because both commercial and public campgrounds are
available to the general public, all of these units within
the Great Plains - Rocky Mountain study'area have'been
identified. The private campgrounds were not considered
fpr this report because their clientele is generélly
restricted to special interest groups.

Based on the various data sources used to obtain
material regarding campground units, there are 2,115
commercial»campgrounds with 106,335 individual camping
sites, ahd_2,861 public campgrounds with 97,252 individual
camping_sites within the study area. Table 1 shows the
division of the commercial and public campgrounds by
state.; Table 2 includes the division of the commercial

and public camping.sites by state.

Iiterature Review

This thesis is not intended as an economic analysis
of the campground market, but rather as a geographic study

of the spatial patterns of the campground units in a given



COMMERCIAL AND PUBLIC CAMPGROUND UNITS

9
TABIE 1

State Commercial Public Total Percent
of Total

Colorado 266 1,38 7OL 14,1
Towa 207 374 581 11.7
Kansas 113 350 L63 9.3
Minnesota 587 311 898 18.0
Missouri 260 142 402 8.1
Montana 238 419 657 13.2
Nebraska 82 166 248 5.0
North Dakota L7 219 266 53
South Dakota 126 176 302 6.1
Wyoming 189 266 L55 9.1
Total 2,115 2,861 Z:S;g

area. It was necessary to review many of the works

pertaining to the economics of campground operation.

However, only a small segment of this literature related

to spatial distribuﬁion studies. Thus, only a very small

portion of the economic literature was actually used in

the study.

The public agency sector, at all levels, was the

primary supplier of campground units at the beginning of

the 1960's (Outdoor Recreation Resources Review Commission,
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TABLE 2

COMMERCIAL AND PUBLIC CAMPING SITES

Percent

 State Commercial Public Total
of Total

Colorado 16,971 11,69 28,667  1h.1
Towa 9,910 20,613 30,523 15.0
Kansas 3,548 9,714 13,262 6.5
Minnesota 22,235 9,996 32,231 15.8
Missouri 16,607 9,452 26,059 12.8
Montana 11,995 7,621 19,616 9.6
Nebraska 3,695 74399 11,094 544
North Dakota 3,050 6,536 9,586 L.7
South Dakota 8,454 5,126 13,580. 6.7
Wyoming 9,870 9,099 18,969 9.3
Total , '16-6-3;5_ ;';,_2?2- 565','5?7" |

1962), but this situation, as shown by the data in Tables 1

and 2, is no

longer true. Commercial campgrounds now

comprise nearly half of the total campground market within

the study area.

It has been recommended (Lime, 197L) that the

“public agency sector form a cooperative arrangement with

the commercial campground operators for the purpose of

assigning responsibility for developmeht of specific

campground types in a given area.

This recommendation
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resulted from interpretation of findings showing that as
demand for specific outdoor camping experiences increase
and exceed the public agency sector capacity, the commercial
campground operators enter the market (Angus, Corssmit, and
Foster, 1971). In many cases these commercial facilities
are constrﬁcted without considering the desires of the
increasingly diverse camping population. In order for
such a cooperative arrangement to be successful}_some-idea
of the spatial distribution pattern of the existing‘.
commerciél and public campgrounds in a given area must be
available to both groups.

It has been suggested that commercial and public
“campground units appear to have different spatial
orientation biases (Deasy and Griess, 1966;‘Thompson,
1971), according to their ownership and management
philosophies, and that some of this difference is
associated with their relationship to urban population
centers and major tourist attractions.

In considering the attraptiveness of a given
campground location, its proximity to urban population
centers must be noted (Trotter, 1965), although other
items are also important. Some of these include the
physical attributes of the campground, the amenities at

the campground, the recreation opportunities available
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to the:uSers_of the campground, the size and age of the
campground, and the distance from the campground to nearby
scenicraptfactions (Bond,'1974; Hoffman and Romsa, 1972;
Linton, 1968; Schulman, 1964; Seneca and Cicchetti, 1969;
Ungar, 1967; VanDoren, 1965). Many of thése~items are.
treated as ihtegral'parts of this study.

.Measures of the capacity of a given campground
unit have Been difficult to develop because of the préblem
associated with identifying the effect of specific elements
-on the campground. However, direct measurement,of the
number of camping sites available at a campground unit
and the number of days that the campground unit is available
tokits user-population group has:béen suggeéted (Goldin,
1972) and used in conjunction with other campground
attributes to measure and study the attractive capacity
of a campground,unit. This procedure is used throughout

this report.

Statement of Problem

Three iﬁterrelated questions about different
aspects of the spatial distribution pattern of the
commercial and public campgrounds within the study area
have been considered. Three data arrangements are used

for each state. The commercial campground units and the
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public campground units are each considered as separate
data sets, and then both sets are combined to obtain a
thifd composite data set. During analysis the spatial
point4pattern"distribu£ions are considered first. This
is followed by an intensive study of the centrographic
measurements developed from the point patterns. Finally,
the analysis concludes with an examinaﬁion of the density
distributions after aggregation of the data according to
the counﬁies within each state.

The degree of departure from a theoretical
distribution pattern has been studied first, seeking
answers to the following questions for each unit set:

(1)'Whatvis the spatial?distribution pattern of
the given set of campground uniﬁs? (2) Does the same
pattern obtain for all sets of campground units within
the state? (3) Are there sighificant differences in the
patterns for the ten states? (4) Do the patterns readily
relate to identifiable cultural or.physical landscape
features?

Centrographic’measurements of dispersion and
spatial bias are examined second, to obtain answers to the
following questions:

(1) What is the mean center of the given campground

unit set? (2) What measurements of spatial directional
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bias, spatial distance bias, and spatial sectoral bias
are exhibited by the spatial distribution pattern of the
given campground unit sét in relation to the specifiéd
reference_node? (3) What degree of ellipsoidal tendency
is exhibited by the campground unit set? (%) Do the
elemehts,of’the spatial pattern reméin the same when the
weighted element factor is infroduced?

‘Spatial density distributions of selected variables
derived from the data for a given campground unit set are
then studied, after aggregation of the data to the county
level, seeking answers to the following:

(1) what is the density distribution pattern of
‘the number of camping-sites? (2) Does this density
pattern exhibit similarities to the density distribution
patterns for the campground capacity values of the
éampground units? for the recreation activities capacity
values of the campground units? for the campground facility
amenities capacity values of the campground units? for the
maximum campgrdund attraction values of the campground
units? (3) What level of concentration is exhibited by
eachAdf the density distributions? (h) What differences

exist for these items when the states are compared?
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Data Source Materials

Much of the;iﬁformation pertaining to the commercial
and public campground units has been taken from bublished
campground directories or promotional materials obtained
from governmental agencies within each state.

Essential data about the various recreation
~activitiesfassociéted.with individual campground units

were primarily compiled from the Rand McNally Campground

Directorx.VVCampground facility amenities werelgeneraily

compiled from the Woodall's Trailering Parks and Campgrounds

Directory, although portions were developed from a
combination of both directories.

Approximately fifteen percent of the total
commercial and public campground units within the study
area are identified solely from the:promotional.1iterature
obtained. (See the Data Source section of the Bibliography
for a complete listing of these promotional materials).

Two extensive field Camping trips were made in the
study area during the summers of 1975 and 1976‘to verify
the source data{collected; Visits, mostly during daylight
hours, were'made to about ten percent'of the total
commercial and public campground units within the study
area, Only minor discrepancies between the published and

actual on-site data were noted, with most involving
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campground attributes that had been added to the unit

after'publication of the data source material.

‘Data Collection:

For each commercial and public campground the
following items were collected: the name of the~campground,
directions for locating the campground, the nﬁmber of
camping sites, the opening and closing dates for the
campground, and a listing of campground attributes,

- identified as recreation'activities er campground facility
‘amenities.

Recreation activities include those items available
to the user-population within atfiveémile radius of the
campground unit. Specific items in this category are:
boating facilities, fishing facilities, golf courses, hiking
trails, playgrounds, riding trails, snowmobile trails, snow
ski slopes, swimming facilities, and water ski facilities.

Campground facility amenities include those items
available te the user-population, either within a one-mile
radius of the‘campgreund unit; er directly at the unit.
Specific items in this cetegory ares basketball courts,
cafes or snack bars, electrical hook-up facilities, flush
toilet facilities, grocery stores? hot water'showers, ice

skating rinks, laundry or laundromat facilities, picnic
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tablés, recreation halls, sanitary dump areas, separate opeh
fire areas, sewage hook-up facilities, shuffleboard areas,

swimming pools, tennis courts, and water hook-up facilities.

Preliminary Data Organization

All data items were made compatible to computer
manipulation during the data collection process. This
involved several procedural steps, each briefly described
in the following paragraphs.

The name of the campground unit and verbal
directions for its location were used, as an initial
control,'to eliminate the duplication of entries between
the various data sources.

As each commercial and public campground was
identified, values were encoded to identify the campground
‘unit set and state location. At the same time, a
‘sequential number was assigned to each campground unit.

The verbal directions for the campground locations
weré traced, using state highway road maps, to obtain an
approximate location of the uniﬁ. This was then plotted
on a set of Air Navigation Charts at a scale of 1:500,000
for the study region. This campground unit plot was then
used as a second check to eliminate duplication of entries.

The latitude and longitude of the unit were derived from
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the Air Navigation Charts to the nearest tenth of a minute
of arc. At the same time a value was encoded that
identified the specific county containing the campground.

The opehing and closing date for the campground
was converted to a numerical entry.

Each campground attribute was encoded as one if
the item met'thé availability criteria outlined,_or as
zero if the item was not available, Nd,attempt was made
to retain the quantities of eabh attribute available, such
as the number of picnic tables or electrical hook-up
facilities.

The total number of camping sites at each campground
was recorded, without distinguishing between tent camping

and recreation vehicle use sites.

Preliminary Computer Manipulations

After the data collection and organization steps,
certain preliminary computer manipulations were accomplished
before application of the analytical-level computer
programs. These lower-level procedures and programs were
used essentially to divide the data intolthe proper
aggregations or formats for use by the analytical programs.
The low-level techniques used included the following: |

l. A simple coﬁnting routine to tally the number
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of campgrounds within each unit set of each state, as well
as providing separate tallies for each county Withink
a state

2. Subtraction of the closing date from the
opening date for the unit was used to obtain the length
of its season

3. A simple maximum-minimum algorithm was used
to convert the latitude and longitude coordinates of the
campground to a rectangular Cartesian coordinate system;
‘when required by the analytical programs |

L. Assignment of a minimum value of one to a
campground when the number of separate camping sites
could not be defived from the daﬁa source material was
used to permit this element to be considered in the
analytical programs

5. A total recreation activities value was
obtained for each campground unit by summation of the
entries for each of the recreation activities

6. A total campground facility amenities value
was obtained for each campground unit by summation of
the entries for each of the campground facility amenities

7. A campground capacity value was obtained for
each campground by multiplying the number of camping

sites at the unit by the length of the season for the
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campground

8. A recreation activities capacity value was
obtained_for each campground‘by multiplication of the
number of'campingvsites at the unit by the total recreation
activities valﬁe of the unit

9. A campground facility'amenities capacity
value was obtained for each éampground unit by
multiplication of the number of camping sites at the
unit by the total campground facility amenities value
of the unit

10. A maximum campgrdund attraction value was
obtained for each‘campground by multiplying the éampground
capacity value for the unit by the summation of all the
campground attributes availablé with the unit.

After completion of these preliminary computer
procedures, the various analytical programs were applied
to the campground data. Chapter 2 describes the deviation
from theoretical distribution patterns as exhibited by
the spatial point patterns of the campground unit sets.

Chapter 3 details thé centrographic measures
obtained from the spatial point patterns, using both
weighted'and.non4Weighted data elements. Chapter 4
describes the spatial density distribution patterns after

aggregation of the campground information to the county
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level within each state. The final section of this
chapter contains a brief summarization of the analytical
results obtained. Recommendations are made concerning
future applications of the methodology used as part of

these concluding comments.



Chapter 2
'POINT‘PATTERN ANALYSIS

The spatial distribution of the individual
campground locations was the first element regarding
commerdial and public campgrounds in the thesis area to
be subjected to analysis. - The amount and degree of
clustering or dispersion of the campground‘units»in
relation,td‘major tourist or recreation éttractions
provided a fundamental understanding about thevspacing
of these recreationifécilities. The nearest neighbor
method of point pattern analysis was chosen to measure
the spatial distributions in eéchvstate because of the
availability of a computer program easily adapted for

use with the collected data.

Nearest Neighbor Procedures

The nearest neighbor concept provides a
quantitative definition of the degree of departure from
a theoretical spatial distribution pattern (Clark and
Evans, 195L; Dacey, 1960; Dacey, 1963; King, 1969).

The distance from each campground of a unit set to iis
nearest neighbor, irrespective of direction, was computed

22
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separately for each of the four nearest neighbors. The
areal extent of the uhit set was obtained by conversion
of the latitude and 1ongitude of the individual éampgrounds
to a rectangular Cartesian coordiﬁate system. The range
between the maximum and minimum values for each of the
coordinate sets.was then used to calculate the area of
the unit set. |

The distance values and the area of the unit set
were used to compute indices of randomness. An Index of
Randomness identifies the degree of departuie from a
theoretical pattern. The index‘was obtained for each of
the four nearest neighbor aggregations. A Total Randomness
Index was then constructed from the four separate iﬁdices
of randomness to explain the tbtal degree of departure
for the unit set. | |

Randomness index vélues between zero and one are
interpreted as meaning that the unit set distribution is
trending from a theoretical random pattern towards a
clustered pattern. Values between one and 2.1491 mean
the distribution is trending ffom the theoretical random
pattern towards a uniform pattern.

The spatial distribution pattern of the unit set
‘was derived by computation of total‘déviation indices for

clustering, randomness, and uniformity. The lowest value



24
obﬁained for the three deviation indices represents a
single word statement of the mathematical analysis of
the spatial distribution pattern.

The nearest neighbor computer program was used
to obtain these indices for each state‘in three parts,
the'commercial'campgrounds, the public‘campgrounds, and
both campground sets combined. The indices are
éomparaﬁively reviewed from a regional viewpoint,
fqllowed,by an analysis of the point patterns based
on their interface with tourist or recreation attractions

within the state.

Mathematical Analysis

| The results of the maﬁhematical analysis of the
combined campground units are shown in Table 3. No state
exhibits a uniform distribution pattern. All indices of
randomness indiéate varying degrees of trends froﬁ
randomness towards clustering, however, the deviation
indices indicate a dichotomy within the study area. Five
states,'Colorado, Minnesota, Missouri, South Dakota, and
Wyoming, represent spatial distributions ﬁhich are
clustered, and five states, Iowa, Kansés, Montana,
Nebraska, and North Dakota, represent spatial distributions

which are random.:
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TABLE 3

COMBINED CAMPGROUND UNITS
INDICES OF RANDOMNESS

Hearest Neighbor

State First Second ‘Third Fourth Total
Colorado <597 661 .688 711 676
Iowa o713 758 .822 849 .800
Kansas 757 .81L 871 .890 847
Minnesota 611 641 678 .702 667
Missouri 591 623 633 o643 .628
Montana <556 «636 706 o734 676
Nebraska . 708 . 797 8L .856 816
North Dakota .807 .868 .887 915 .880
South Dakota .528 .582 611 630 .598
Wyoming 528 <592 649 .680 628

DEVIATION INDICES

State Clustered Randomness Uniformity Pattern is
Colorado .072 .105 «215 ‘Clustered
Iowa .088 061 .172 Random
Kansas o1l .055 <194 Random
Minnesota .078 117 «233 Clustered
Missouri .098 .159 29k Clustered
Montana 159 151 314 Random
Nebraska «256 094 287 Random
North Dakota 252 .057 241 Random
South Dakota 143 .208 375 Clustered
Wyoming «290 Clustered

«104

.152
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TABLE 4
COMMERCIAL CAMPGROUND UNITS
INDICES OF RANDOMNES3

Nearest Neighbor

State First Second Third Fourth "Total
‘Colorado .552 631 .666 675 643
Iowa 696 777 <834 .871 812
Kansas 661 .856 971 '1.019 «91L
Minnesota .568 <596 «629 651 621
Missouri 560 655 .685 . 715 669
Montana «527 o545 .667 . 729 .639
Nebraska 67U o724 814 862 .788
North Dakota .708 915 .925 .978 «907
South Dakota 437 166 561 «573 525
Wyoming 419 .507 «585 <649 «563

DEVIATION INDICES

State Clustered Randomness Uniformity Pattern is
Colorado 154 176 341 ' Clustered
Iowa <243 .093 .281 Random
Kansas 511 .088 377 Random
Minnesota .103 «163 «302 Clustered
Missouri .187 172 .351 Random
Montana 338 _.275. «540 Random '
Nebraska o524 .181 - «501 Random
North Dakota .863 117 .561 Random
South Dakota 257 4376 .630 Clustered

Wyoming «205 o272 483 Clustered
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TABLE 5

PUBLIC CAMPGROUND UNITS
INDICES OF RANDOMNESS

Nearest Neighbor

«159

State First Second = Third Fourth Total
‘Colorado  .633 661 .710 o748 .700
Iowa .818 .853 .862 896 .865
Kansas .870 902 «937 943 .921
Minnesota 756 777 .782 .811 .787
Missouri 615 621 624 658 «639
Montana 676 o747 776 797 .761
Nebraska .819 .888 915 922 .890
North Dakota 860 .908 935 .980 .932
South Dakota 669 .756 . 756 .783 o752
Wyoming .600 693 713 o742 L7011

DEVIATION INDICES

State Clustered Randomness Uniformity Pattern is
Colorado .125 .123 265 Random
Iowa 252 .066 249 Random
Kansas .210 .033 «195 Random
Minnesota «293 127 W335 Random
Missouri «239 <240 Lb5 Clustered
‘Montana <280 .140 348 Random
Nebraska <393 .070 311 Random
North Dakota .323 .037 248 " Random
South Dakota .288 151 363 Random
Wyoming «209 L4 Random
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The results for thé commercial campgrdund,units‘
are shown in Table 4. One state, Kansas, exhibits a
trend tdwards»unifofmity, but only at the fourth nearest
neighbor aggregation. The remaining indices of randomness
show varying degrees of trend towards clustering. The
deviation indices identify patterns similar to the combined.
'campground units, except for Missouri, which is now
identified as being random in distribution.

The results for the public campground units are
given in Table 5. All indices of randomness show varying
~degrees of trend from randomness towards clustering.

Only Missouri can be classified as having a clustered
distribution pattern based on the deviation indices, with

all other states identified as being randomly distributed.

Map Pattern Analysis

The actual spatial distribution of the commercial
and public campgrounds is shown in a series of map sets.
The nearest neighbor mathematical indiceé'are analyzed
according to their explanation of the patterns displayéd
on the separate maps.

Each mép was prepared by approximating the actual
‘location of the campground units, with each symbol

representing‘a-single campground. The Standard
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Metropolitan Statistical Areas and urban areas over
100,000 population,_and the intersﬁate highway routes
within each state were added to provide ease of orientation
to ﬁhe maps.

‘Each state was considered separately for analysis.
The commercial and public campground maps have been
related to the mathematical indices derived, and then
each map is discussed as it either confirms or differs
from the indices. Points of clustering‘Or-distinctive
pattern arrangements have been identified for the various

maps.

Colorado Pattern Analysis

| Very few campgrounds are‘found in the eastern
third of the state. Commercial campgrounds have lower
indices of randomness values than public campgrounds,
indicating a greater trend towards clustering for the
commercial units. Deviation indices identify commercial
camps as being clustered, with public camps indicated as
random, however, this identification is based on an index
difference which becomes significant at the third decimal
positione. |

Map la reveals four commercial campground clusters.

‘The most obvious is near Colorado Springs, representing
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the attractive power of Pikes Peak and the Air Force
Academy. Another cluster near Boulder indicates the
approaches to the Rocky Mountain National Park. A third
cluster wesﬁ of Pueblo shows the drawing power of the
Royal Gorge and Cripple Creek areas. Finally, a cluster
in the southwestern part of the state is related to the
nearness of Mesa Verde National Park;

Map 1b directs attention to theée numerous clusters
of public campground'units, which may generally be
Aassociatedgwith~the many Napional Forests in the western
half of the state. This map would support a finding
that the spatiél distribution pattern for public
campgrounds is clustered, even though mathematically it
was found to be random when considering the pattern over

the entire state.

Towa Pattern Analysis

Commercial campgrounds have lbwer indices of
randomness than public campgrounds, indicating some degree
of clustering for the commercial units. Both unit sets
are identified as random by the deviation indices.

Map 2a shows the widely dispersed nature of the
commercial campgrounds in Iowa. The Lake Okoboji recreation

complex, in the northwestern part of the state, is the
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only identifiable'cluster;

‘Map 2b indicates that the public campgrounds
appear ﬁo be -evenly distributed throughout the state,
however, because of the non—uniformity of the distribution
therpattern is classified‘mathematicailyvas;random. No

distinctive clusters or patterns can be identified.

Kansas Pattern Analysis

There is a large range in thé,indices of
randomness for the commercial campgrounds, with the
fourth nearest neighbor aggregation startihg to trend
towards uniformity; In comparison the public campgrounds
exhibit a very small range of values in the indices of
rahdomnéés. Both campground sets are classified as
random aécording'to the deviation indices.

Map 3a points out that the commercial campgrounds
tend to align themselves along the interstate foutes
across the state. The linear string of commercial caﬁps
west of Wichita extending in a southwesterly direction
are following the major highways through that part of the
state.:

Map 3b displays the dispersion of the public
campgrounds in the-westérh half of the state. TFive

obvious clusters in eastern Kansas represent the north to
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south orientation of the five Corps of Engineers
reservoirs—-Council Grove, John Redmond, Milford, Pomona,
and Tuttle Creek--and their associated recreation

attractionse.

Minnesota Pattern Analysis

The indices of randomness have very narrow ranges
for both categories of camﬁground units, with the
commercial campgrounds showing the largest amount of
trend towards clustering. The deviation indices confirm
the tendency for commercial campgrounds to be clustered
and public campgrounds to be random in dispersion.

Map La directs attention to the many large
clusters of commercial campgrounds to the north and
northwest of Minneapolis. These are connected with the
large number of recreation lakes near Aitkin, Alexandria,
Brainerd, Detroit Lakes, Park Rapids, and Walker.

Map 4b shows that some clustering of public
campgrounds occurs in the northeastern pért of the state,
related to the Superior National Forest and Voyageur's

National Park areas.:

Missouri Pattern AnalYéis

Public campground indices of randomness all show
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evidences of trends towards clustering. The commercial
campgrounds have a stronger tendency towards clustering
at the first nearest neighbor, but by the fourth nearest
neighbor aggregation this tendency has weakened
considerébly. Public campgrounds are classed as clustered
based on~avdeviation index which distinguishes between
clustered and random at the third decimal position. The
commercial campgrounds are considered randomly distributed,
but there is very little difference between the clustered
and randomness deviation indices.

Map 5a points out the”scattefing'of commercial
campgrounds throughout the state, with three exceptions.
North and south of Springfield are two very largé
clusters, one representing the Léke‘of the Ozarks area,
and the other representing the Table Rock Reservoir area.
A distinctive linear pattern along the interstate from |
St. Louis towards Springfield is also evident. These
would, if considered separately from the rest of the
state, result in a high degree of clustering for
commercial campgrounds.

Map 5b distinctly displays the clustering of the
public campgrounds. The Table Rock Reservoir area south
of Springfield and the clusters in the National Forest

areas in the southeastern part of the state are the
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major clusters.

Montana Pattern Analysis

.There are very few campgrounds in the eastern
‘half of the state. Although all indices of randomness
indicate some tendency towards clustering, the deviation
'indices show a strong random spatial distribution pattern.

Map 6a shows the commercial campground cluster
in southWestern Montana, near the entrances to Yellowstone
National Park. Another cluster in the northwest represents
Glacier National Park. Additional clusters of three or
more commercial campgrounds are widely dispersed throughout
the remainder of the state.

Map 6b indicates that the public campgrounds are
strongly concentrated in the western half of the state,
in connection with the National Forests and National
Park areas. It is very possible that if onl& thg western
part of the state were considered the distribution pattern

for pubiic campgrounds would approach uniformity.

Nebraska Pattern Analysis

Commercial campgroundsAindicate a greater tendency
towards clustering than the public campgrounds,zhowever,

both sets are easily categorized as random distributions
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by the deviatidn indices.

Map 7a identifies a strong linear distribution
of commercial campgrounds. Most of them are parallel
to the'interstate highway crossing south central Nebraska
from east to west. |

Map 7b points out the wide dispersion of the
public campgrounds throughout the state. Only the cluster
around Harlan Reservoir in the south cehtral; and near
Lewis and Clark Lake in the noftheast,‘are easily

identifiable.

North Dakota‘Pattern_Analysis

| Both commercial and public campgrounds have .
‘indices of randbmneSS»which are strohgly indicative of
a random distribution pattern. The deviation indices
confirm these findings.

Map 8a shows that the few commercial campgrounds
are grouped two or three to a clﬁster, with some linearity
east to west across the state with the interstate highway.

Map 8b indicates the wide dispersion of the public
campgrounds:in.North Dakota. No identifiable clusters or.

patterns are evideht.



Ll

SOUTH

i

DAKOTA

COMMERCIAL CAMPS

MAP-9a.

-
1)
22"

PUBLIC CAMPS

MAP-9b,




L5

i

'

h

-k

R T

VO

4
h

f1 W tMap-i0s.  COMMERCIAL  CAMPS

TR RN

MAP-1OD. PUBLIC CAMPS

" RIS ¥




L6
South Dakota Pattern Analysis

Commercial campgrounds have the strongest
indicators of clusteriﬁg within the region. Bésed on
the indices ofkrandomness the public camps are trending
towards clustering, but according to the{déviation indices
they are randomly distributed.

Map 9a directs attention to the large cluster of
commercial campgrounds in southwestern South Dakota,
representing the attractive power of the Black Hills.
Additionally, a linear pattern parallel to the interstate
highway crosses the state from east to west.

Map 9b shows two groupings of pubiic campgrounds.
The Black Hills National Forest cluster is easily
identified'in the western half of the state. A strong
linear clustering pattern, from north to south, traces
the Missouri River thrdugh the various reservoirs in

the state.

VWiyvoming Pattern Analysis

large areas of the state have no campgfounds,
resulting in some distortion of the mathematical pattern
analysis. Indices of randomness for commercial campgrounds
indicate stronger clustering tendencies than for public

camps. The deviation indices indicate that public
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campgrounds are randomly distributed.

Map 10a highlightsnthe clustering of the commercial
campgrounds. The eastern and southern approaches to
Yellowstone National Park, in northwestern Wyoming, are
easily idenfified. In the southeast there is a large
cluster near Cheyenne. Also present is a linear pattern
of commercial campgrounds along the various interstate
highwayse |

Map 10b indicates that the public campgrounds
are randomly clustered throughout'the state. The clustering
in the north central and south central sections is related
to National Fbrest campgfounds. There is a strong linear
paﬁtern'associated with the major road approaches to the

Yellowstone National Park area.

Conclusions

For most states in the Great Plains - Rocky
Mountain study area, the nearest neighbor mathematical
analysis does provide an understandingbof the spatial
distribution of the campground units. Easy identification
of tourist attractions, based on the significant
‘clustering of commercial campgrounds, can be done in

Colorado, Minnesota, South Dakota, and Wyomihg.

Care must be exercised in the analysis of those
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states having large areas with few campgrounds. For
example, Montana campgrounds afe random according to
the de#iation index, but examination of the distributional
patterns on Map set 6 cleérly reveals the strong
clustering of campgrounds in the western part of the
state.

The close associationiof many commercial
campgrounds and the interstate highway system is pointed
out in the many linear patterns noted. Kansas, Missouri,
Nebraska, and North Dakota have strong linear dispersal
patterns which result in the commercial campgrounds in
these states being identified as having random
distributions. |

The second step in the analysis of the point
patterns of the various 6ampgrouhd.unit sets was
accomplished by'the;use of a centrographic measures
computer program. Chapter 3 details‘the procedures used
in conjunction with this program, and then indicates how
the ﬁathematical‘values.are interpreted. A complete
‘analysis of these values for the commercial and public
.éampgrouhd unit sets of each state is given, with special
attention to the interface between the gampgrbunds and

the recreation or tourist attractions of the state,



Chapter 3
CENTROGRAPHIC MEASURES

Centrographic measures derive frqm the spacing or
distance bétween the individual campgrouhds,of a given unit
set. Various manipuiationS'of the distance value are
accomplished as a first step. The spatial characteristics
of directional, distance, and sectoral bias are then
ascertained from the results. Ellipsoidal functions,
standard distance deviation spacing, and spatial density
values are also obtained to prdvide a visual interpretation
of the centrographic measurements. .Progfam CENTRO
(Hultquist, 1971) was used for this after slight
modifications‘to accommodate the campgréﬁnd data.

This program permits the use of weighted and
non-weighted elements. The non-weighted element of the
campground unit set consists of the individual campground
location éoordinates. These are combined separately with
the values for the number of camping sites, the campground
capacity, the recreation activities capacity, the
campground facility amenities'capacity,-and the maximum
campground attraction to form the_weighted_elements

L9
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for the unit set.

Outputrfrom program CENTRO is used to develop
answers to questions about the spatial distribution
pattern of the campground unit set. The centrographic
measurements 6btained are used to explain: (1) the
rélatave dispersal of the campground pattern about the
mean center or the reference node of the unit set;
(2)‘the directional spread of the pattefn; (3) the spatial
.directional bias exerted by the attraction or repulsion
force of the reference node; (4) the spatial distance
- bias of the pattern around the mean center; (5) the
degree of‘ellipsoidal tendency shown by the pattern; and

(6) the degree of spatial sectoral bias.

Modifications to Program CENTRO

Certain modificatiéns to program CENTRO were
necessitated by the manner used to encode the campground
unit data. Two short routines were placed at the'beginning 
of the program and the print output for the distribution
matrix was modified.

First; the routine to convert the latitude and
longitude coordinates to a rectangular Cartesian coordinate
sjstem was inserted. Second, after formation of the.

weighted elements, they were converted to logarithmic

/
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equivalents. This reduced their dimensions within the
individual matrix cells and permitted retention of the
readébility of the distribution matrix when it was printed.

Additionally, matrix output was altered by
replacement of certain features. The standard distance
deviation around the mean cehter was divided into fourths,
instead of tenths. The number of rows was reduced to
twenty~five from forty. Some externalvidentification
features of the-matrix were rearranged to assist in the.

.interpretation of:the,values.

Interpretatlon of Spatial Statlstlcs

The following guidelines’ for interpretation of
the centrographic summary and detailed level spatial
distribution statistics obtained from program CENTRO are
drawn from several sources (Bachi, 1962; Brown and Holmes,
1971; Cole and King, 1968; Duncan, Cuzzort, and Duncan,
1961; Lee, 1967; Lefever, 1926; Neft, 1966; Warntz and
Neft, 1960). Mathematical derivations forvthe'respective
statistics are not included herein, because they are
completely outlined in the above sources.

The relative dispersal of the spatial distributioﬂ
pattern for the campground unit set is derived from the

standard_distance deviations about the mean center and
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TABLE 6
REFERENCE NODES

‘State

North Dakota
South'Dakota

Wyoming

Reference Node
Colorado Denver
Iowa Des Moines
Kansas Kansas Ciﬁy
Minnesota Minneapolis-St. Paul
Missouri St. Louis
Montana Glacier National Park
Nebraska Omaha

Theodore Roosevelt National Park
The Badlands - Black Hills Area

Yellowstoné National Park

the reference node.

Values below 2.00 are identified as

an indication of a narrow dispersal pattern, between 2.01

~and'3.00 they represent a regular pattern, and above 3.00

they denote a wide dispersal pattern.

Reference nodes were pre-selected because of their.

probable influen¢e on campground‘locations within a state.

These nodes represent either the largest population center

of the state or the most significant tourist attraction of

the state.

Selection of the nodes was accomplished prior:

to completion of the data set compilation, and only one
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node was studied for each state. Iable 6 identifies the
reference node used for each state of the thesis study
area.

Aagenéral indication of the directionai spread
of the spatial distribution pattern of the campground
unit set is obtained from examination of the stahdard
deviations for the x-, or 1atitude, and the y=-, OTr
longitude coordinates. The lower of the'two valﬁes
represents the main direction of the unit set, that is,
the spread is either ea$t to west along the paralleIS‘of“
latitude, or north to south along the meridians of
longitude. Because of the difference in the length of
>degfees of latitude and longitude, the standard deviations
were converted to kilometric lengths. The smaller distance
is then interpreted as the main diréctional'spréad.
A vThe»spatial directional bias is summarized by
examination of the difference between the necessary
rotation angle and'90 degrees. If the necessary rotation
angle is between zero and 89.999_degrees’the'spatial
directional bias is trending towards the referénce node,
and if it is between 90.001 and 180 degrees the bias is
trending away from the reference node. The bias differences
‘have been converted to percentage values, which reflect the

amount of attractive or repulsive influence that the
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reference node represents'on,the individual campground
locations., |

A further refinement of the spatial directional
bias is made by using the distance displacement and angle
of displacement measurements. The distance displacement
was determined»by the difference between the x-coordinate
of fhe mean center and that of the,réference node. The
angle of displacement was determined by the difference
between the'y-coordinate of the mean center and that of
~the reference node.

Distance'displacement values,,based onvlatitﬁdinal
differences, are interpreted according to the following:
(1) from zero to 1.00 denotes a moderate repulsion by
the referénce node; (2) above 1.00 denotes a strong
repulsion; (3) from -0.,01 to -1.00 denotes a moderate
degree of attraction by the reference node; and (L) above
-1.00 denotes a strong attraction.

The angle of displacement values, based on
longitudinal differences, are interpreted according to
the following: (1) from zero to 2,00 denotes a strong
attraction by the reference node; (2)_above 2.00 denotes
a moderate level of attraction; (3) from -0.01 to -2.00
denotes a strong repulsive influence by the reference

node; and (4) above -2.00 denotes a moderate repulsion.
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Spatial sectoral bias is summarized by a Coefficient
of Circularity. This QXpresses the ratio of'the length of
the minor axis of the ellipsoidal function to the length
of the major axis. The coefficient has a range from zero
to one. A high degree of spatial sectoral bias is indicated
by a coefficient close to zero, whereas, a low degree of
bias is indicated when the value approaches one.
‘Ellipsoidal functions displaying‘a low degree of bias
are nearly circular in shape. Those showing high levels
of sectoral bias are'elongated and flaﬁtened.

Spatialrdistance bias is'measufed by use of the
standard distance deviation,representing the dispersal of
the individual campgrounds aboutfthe mean center of the
unit set. When the dispersal pattérn»of the values has a
wide range the standard distance deviation value is large,
and when the dispérsal pattern of the vélues is closely
grouped near the mean the standard distance deviation is
small. For normally distributed populations 66.67 percent
of>the total values can be expected to be within one
standard distance deviation of the mean center, and 95
percent of the total values should be within two standard
distance deviations of the mean center.

The distribution matrix produced by program CENTRO

contains a break-down of the spatial distribution pattern
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values by standard distance deviation and sector. This
matrix divides the pattern values into fOurths of a
standard distance deviation, in twelve sectors of thirty
degrees of arc. Density measurements as well as sector
and distance bias information are derived from the matrix.

Although program CENTRO provided many centrographic
measurements, only those essential to the analysis of the
problem questions have been examined in detail. These
items include: (1) standard deviations for the x- and
the y-coordinates; (2) the'necessary rotation angle;
(3) the coefficient of éircularity; and (4) the standard
distance deviations about the mean center and the reference
node. Other elements whiéh have been computed for purposes
of ihe analysis include: (1) fhe.kilometric length for
the latitudinal and longitudinal standard deviations;
(2) the percent of influence exerted by the reference
node on the distribution pattern; (3) the distance
displacement; (4) the angle of,displacement;~and (5) the
percent of the values contained within oné and two standard
distance deviations around the mean center. All of the
" above data elements have been tabulated for each state of
the thesis region. The non-weighted and the five weighted
elements are each included in these tabulations for the

-commercial, the public, and the composite combined
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campground unit sets. In addition, the mean for each data
element is provided.

The ellipsoidal function which condenses the
density arrangements .of the distribution pattern has been
presented on a series of maps, one for each campground unit
set of each state in the thesis region. Ellipse femplates
were used to construct the maps,,aéoording to the mean
coefficient of circulérity values. A fifteen degree
ellipse represented coefficient values from .00l to .200;
a thirty degree ellipse represented #alues from .201 to
« 4003 a‘forty-fi?e degree ellipse,represented values from
401 to .600; a sixty degree ellipse represented values
from .601 to..8OQ; and a ninety degree circular function
was used to represent values between .801 and one.

‘The maps were constructed as follows: (1) the
state outline was traced to form a base; (2) an ellipse
was drawvn for each of the standard distance deviations.
around the mean center which contained over four percent
of the vélues in one of the twelve sectors; (3) the
ellipses were constructed so that the entire function
would be contained within the state outline, using the
mean center of the state as the centroid of the ellipse;
(4) the reference node was marked by a large darkened

circle; (5) the mean center for the campground unit set
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was plotted; (6) a new horizontal axis was constructed
by extending a line through the mean center and the
referénbe node; (7) the ellipse function was rotated
from this new éxis to reflect its orientation towards
or away from the reference node; (8) the twelve sectors
were prepared for each standard distance deviation; and
(9) all sectors having over four percent of the values
within them were then shaded to'reflect‘increasing-density
distribution values.

Analysis of the tabulated e1ements and the
ellipsoidal function maps is accomplished for each state.
Each cahpground unit set is studied to derive responses

to the thesis problem questions.,

Colorado Centrographic Statistic Interpretation

Table 7 contains the centrographic measureménts
for the three unit sets, and Map series 11 displays the
orientation and density of the spatial distribution
pattern for the mean values of the weighted and non-weighted
data sets., After rotation, the'ellipsoidal functions of
the three unit éets extend outside the state outline,.an
indication of the positional shift of the mean
distributional centers from the state centroid.

Commercial campgrounds are narrowly dispersed
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TABLE 7
COLORADO CENTROGRAPHIC MEASURES

Commercial, Public, and Combined

Campground Units Data Sets

1 2 3 L 5 6 Mean
"Relative Dispersal |
Mean SDD 1.78  1.75  1.77 174 1.76  1.77  1.76
1.55 1.60 1.58 1,61 1.61 1.58 1.59
1,66 1.69 1.68 1.69 1.70 1,69 1.69
Reference 1.83 1.82 1.82 1.82 1.82 1.82 1.82
Node SDD 2,16 2,17 2,10 2.14 2.15 2.11 2.14
Directional Spread | |
SD of X 1,05 1.04 1,04 1,04 1,05 1.05 1.05
1,06 1.07 1.06 1,08 1,07 1,06 1.07
SD of Y 1ol 141 1e43  1.39  1.42  1.43 1442
1.14 1.18 1.17 . 1.19 1.19 1.17 1.17
1428 1,31 1.30  1.30  1.32  1.31 1.30
Latitude 232 232 232 232 232 232 232
Length 234 21,0 236 241 241 236 238
235 238 236 239 238 236 237
Longitude 256 251 255 247 252 25 252
Length 197 204, 203 206 206 203 203
| 225 229 229 229 233 230 229
Distance Bias |
Percent in 60.6 59.4 60.1 59.6 60.5 60.1 60.1
one SDD 6L .0 63 .0 63.6 62.7 62.8 63.8 63.3
Percent in 99.6 99.7 99.6 99.6 99.7 99.7 99.6
two SDD 97.3 96.8 97.0 96.6 96.8 97.0 96.9
98.0 98.1 97.8 97.8 98.6 97.9 97.9
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TABLE 7 Continued
COLORADO CENTROGRAPHICvMEASURES

1 2 3 L 5 6 Mean

Directional Bias
Rotation 115.9 117.4 116.2 118.1 117.0 115.3 116.8
Degrees 119.1 119.2 118.3 119..4 118.8 118.4. 118.9
Percent of =47 =49 ~4,7 -51 =19 =47 -48
Influence =67 -66 -6l =6l -65 -6l -65

=52 =53 -51 =53 ~52 =51 =52
Distance 1005 . 1005 1.05 1.01& 1.05 1005 1.05
Displace- .78 .76 .78 76 78 .78 77
‘ment .89 .89 .89 .89 .91 .90 .89
Angle of  =1,05 =1,02 =1,04 =1.,05 =1.03 =1.04 =1.04
Displace— —1050 "1 ol-l—7 "'1.15»8 -101&9 -l.hé -loh—g -1.11-8
ment : =1e33 =1e27 =130 =1,29 =1.,25 f1.29 -1.29
Sectoral Bias | .
Coefficient .581 05714' 0577 0580 0576 -578 0578
of o7l+2 . 7&-0 0737 .714—6 0728 0736 0738
Circularity .691 .680 .681 684 .666 .679  .680

Commercial campground values are
line of each entry.
on the second line of each entry.
values are presented on the third line of each entry.

SDD =
SD =

presented on the first
Public campground values are presented
The combined campground -

‘Standard Distance Deviation
Standard Deviation

Data sets are numbered as follows:

]

O\ \W
mouon o

Non-weighted location coordinates
Number of individual camping sites
Campground capacity
Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction
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-about‘the mean center or reference node. Two sectors
have over twelve percent. each of the total values. The
one north of Denver has 14.0 percent and‘the‘one south
of the mean center has 13.4 percent. The main directional
spread is east to west along the latitudinal parallels,
Directional Bias trends away from the reference nodé,
with the largest amount to the sbuthwest of Denvér.
Latitudinal and longitudinal movement away from the
reference node is strong, with up to forty—eight percent
of the location decisions having been made so as to
avoid}the Denver area. Sixty percent of the unit set
values are within one standard distance deviation ofw
the mean center, considerably below the norm. Sectoral
bias approaches an equilibrium point.
“ Publi¢ campgrounds are narrowly dispersed around
the mean center, although demonstrating regularity
around tﬁe'reference node. One sector to the west of
both the mean center and Denver has 13.2 percent of
the values. Directional spread, according to the standard
deviations of the coordinate system, is east to west,
however, the kilometric length function verifies the
spatial directional épread as being north to south.
There is a strong trend away from the reference node,

especially west of Denver. This is divided between a
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moderate latitudinal component and a strong longitudinal
component. Sixty-five percent of the public campgroﬁnd
location décisions have been made to avoid tﬁe Denver
area. Very little sectoral bias can be identified,
\indicative of the random distribution pattern of the
‘unit set.

- The composite campgroundlset is narrbwiy and
evenly”dispersed about the mean‘éenter‘and reference node,
with no sectors having ovér twelvé'percent of the values.
Directionai.spread is slightly north to south, with a
sﬁrong repulsiﬁe force being exerted by Denver. A
moderate negative latitudinal influence is complemented

by'a very strong longitudinal displacement.

Iowa Centrographic Statistic Interpretation

 Table 8 containé the centrogrgphic measurements
for the thréé-campground sets, and Map series 12 shows
"the spatial distribution pattern orientation and density.
. The position of the reference node to the southwest of
the mean distributional centers.combined with the
rotational requirements'of‘phe ellipsoids results in
some extension of the functions beyond the state outline.

’Commercial-campgrounds.are narrowly dispersed

around both;the'méan center and Des Moines. Two sectors
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TABLE 8

JOWA CENTROGRAPHIC MEASURES

“ Commercial, Public, and Combined

Campground Units Data Sets

100

1 2 3 L 5 6 Mean
Relative Dispersal | | '
Mean SDD 1.84 .87 1.85 .88 .86  1.85 .86
1.8, 1.81 1.83 1.81 1.81 1.83 1.82
1.85 1.83 1.84 .83 «83  1.84 1.84
Reference 1.89 «90 1.86 «90 .88 1.86 1.88
Node SDD 1.86 1.87 1.88 1.87 1.86 1.88 1.87.
1087 1087 1.87 087 1.86 1086 1.87
Directional Spread ‘ |
SD of X .82 .80 W81 .82 .81 .81 .81
’ 080 079 080 079 080 080 079
.81 .79 .81 80 .80 .81 .80
SD of Y 1665 1469 1466 1,69 1.67 1.66 1.67
1.66 1,63 1.65 1.62 1.62 1.64 1.64
1.66 1.65 1.66 1.65 1.6L 1,65 1.65
Latitude 182 177 180 182 180 181 180
Length 177 176 177 176 177 177 176
180 176 179 178 178 - 179 178
Longitude 273 280 275 281 277 275 277
Length 275 270 273 269 269 272 271
275 _74 27h 273 272 274 274
Distance Bias
‘Percent in 52.2 525 5247 51l 5343 52,6 52,5
one SDD 55,3 61,0 56,0 61.6 57.2 55,8 57.8
' 5L.8 58.2 56.6 58.0 58.1 56.9 57.1
Percent in 100 100 100 100 100 100 100
two SDD = 100 100 100 100 100 100 100
100 100 100 100 100 100
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TABLE 8 Continued
IOWA CENTROGRAPHIC MEASURES

1 2 3 L, 5 6 Mean
Directional Bias | |
Rotation 83.0 82,5 83.1 8l.5 82,5 82,8 82.6
Angle in 86,6 86,9 86.5 86,9 86.8 86.5 86.7
Degrees 85.0 85.2 85.0 84.9 84L.9 84L.9 85.0
Percent of 13 14 12 15 14 13 13
Influence 6 6 6 6 6 6 6

9 9 9 9 9 9 9

Distance "'o‘l-lf5 -050 "'OLI»5 "'053 -.Lp9 —qh6 '-oL|-8
Displace- —065 "‘059 "062 - 6 "‘060 "‘62 "‘061
ment ' "'058 "'055 "‘056 "'058 "055 ".57 -057

Angle of 39 W51 W42 W48 W47 b2 W45
Displace- 013 030 018 031 o22 018 022
ment 022 _ 037 027 037 032 027 030

Sectoral Bias

Coefficient .482 455 475 ﬁ.héOr 467 476 L69
of 01&77 .L;-83 QLI-8O .hBLp oLI-87 0480 .l+82
Circularity 481 474 479 477 480 480 479

Commercial campground values are presented on the first
-line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

-SDD Standard Distance Deviation
SD- ‘Standard Deviation

o

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
Campground capacity

Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction
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have over twelve percent of the values, the one in the
northeast with 13.2 percent and the one in the southwest
with 12.2 percent. Both sectors are two standard distance
deviations removed from the mean center., There is an
east to west directional spread with moderate latitudinal
and strong longitudinal attractions towards the reference
node. Only 52.5 percent of the values are within one
standard distance deviation of the mean center, but the
entire distribution is within twd standard distance
deviations. Sectoral bias to the northeast and southwest
almost completely balance the ellipsoidal function.

The public campground unit set and the composite
camp set have nearly the same centrographic measurements.,
They are narfowly dispersed around Des Moines, with no
sectors having tWelve;percentkof the distribution. Just
over fifty-seven percent of the values are within one
standard distance deviation of thé mean. A very small
attractive force is exerted by Des Moines on the
campground locations, with moderate latitudinal and
Strongerﬁlongitudinal[components contained in the east
to west directional spread. Sectoral bias is almost

completely balanced.
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Kansas Centrographic Statistic Interpretation

Table 9 contains the centrographic measurements
for the three'campground sets, and Map series 13 shows
the density and orientation of the spatial distribution
pattern. Because the new axis between thé distributional
mean center and the refefence node is only slightly
removed from the perpendicular, and because of the very
small amount of deviation from the horizontal as
represented by the necessary rotation angle, all
ellipsoidal functions are contained within the state
outline.

Commercial'campgrounds-are narrowly dispersed
around the mean distributional center. Since Kansas City
is in the extreme eastern part of the state, the dispersal
is very wide from this point. One sector to the southwest
of the mean center has 12.0 percent of the values.
Directional spread is east to west'with only a very
‘small degree of attractive force exerted by the reference
node, based on the necessary rotation angle. Refinement
of this spatial statistic indicates that moderate
latitudinal and longitudinal repulsion forces are actually
being exerted by Kansas.City. Only 60.8 percent of the
vélues are within one standard distance deviation of the

mean, which is below the norm. Some sectoral bias can be



69
TABLE 9
KANSAS CENTROGRAPHIC MEASURES

Commercial, Public, and Combined
Campground Units Data Sets

1 2 3 L 5
Relative Dispersal
Mean SDD 1.99 1.96 1.98 1.95 1.98 1.97
2015 1.87 2.10 1086 1099 2001
2.11 1,92 2,07 _1.91 2.00 2.01
Reference 372 3474 3472 369 3.74 3672
Node SDD. 3.8l 332 3.72 334 3.57 3.58
- 3.79 3014—8 3.72 3011—6 3-63 3063
Directional Spread
SD of X 79 77 .78 77 77 .78
-84 «73 .82 75 .78 79
BlL . W75 .82 .76 .78 «79
SD of Y. 1.82 1.81 1.81 1.79 1.82 1.81
1.94 1.77 1.90 1.75 1. 8h 1. 85
Latitude 175 171 174 171 171 172
Length 186 163 182 166 173 175
186 167 182 168 173 176
Longitude 320 317 319 315 320 318
Length 347 301 340 299 322 325
341 311 334 308 323 325
Distance Bias |
‘Percent in 61.0 61.0 60,5 61l.5 60.4 60.8
one SDD 61l.7 66.4 63,5 6643 6L.9 6L .k
62.0 67.3 63.2 67.3 6L.6 6l .6
Percent in 9703 9602 9700 96 l}- 96.14- 9607
two SDD 97.7 97.3 97.0 97 2 97 o &t 97.2
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TABLE 9 Continued
KANSAS CENTROGRAPHIC MEASURES
1 2 3 b5 6 Mean

Directional Bias

Rotation 89.4 89.3 89.4 89.5 90.3 89.8 89.6
Angle in 85.1 86.0 85.2 85.2 8L.8 85 0 85,2
Percent of 1 1 1 1 -1 None 1
Influence 9 7 9 9 9 -9 9

7 L 6 5 5 6 6

Distance .81 .70 .78 .67 .71 77 .74
Displace- 050 057 352 056 05@ 051 053

ment .58 062 059 060 061 059 .60

Angle of -3.,02 -3.08 -3,03 -=3,05 =3,10 =-3.05 =3.05
DlSpl&CG* “2.92 -2.53 ‘2085 “205h -2071 -Zosh “2073
ment -2095 -2075 -2090 -2.72 -2.86 -2.90 -2.85

Sectoral Bias

of 416 o422 416 432 w416 417 « 420
Circularity .426 422 426 430 G422 426 425

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

SDD = Standard Distance Devmatzon
SD = Standard Deviation

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
Campground capacity

Recreation activities capacity
Campground facility amenities capac1ty
Maximum campground attraction
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postulated from the cOefficieht of circularity.

Public campgrounds and the composite camp set
‘are just above the minimum value that identifies their
dispersal patterns as regular. Both are widely dispersed
around the reference node, with no sectors having twelve
percent of the values. The small degree ef attractive
force exerted by Kansas City, based on the rotation
angle, is corrected to a moderate repuleive force when
the refinement of the directional bias is developed.

Some degree of sectoral bias is evident for both sets.

Minnesota Centrographic Statistic Interpfetation

Table 10 contains thevceqtrographic measurements
for the three unit sets, with Map series 1A showing.
the distributional patterns. The ellipseidal functions
are smaller than for some of the states, because of
the narrowness'of'the state in an easﬁ to west direction
and the method used in preparation of the original
ellipsoidal function'prior to applicatien of the rotation_
angle to the new axis line. Circular forms are used
to display the function for each campground unit set
because of the high values for the respective coefficients
of circularity.

Commercial camps are narrowly dispersed around
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TABLE 10
MINNESOTA CENTROGRAPHIC MEASURES

Commercial, Public, and Combined
Campground Units Data Sets

1 2 3 4 5 6 Mean
Relative Dispersal |
Mean SDD  1.76 1.77 177 1.75 1.77 1.76 1.76
2422 2425 2423  2.22 2,26 2,23  2.23
1.95 1.95 1.95 1.92 1.94 1.94 1.9
Reference 2.57 2.99 2.78 2.90 2.88 2.73 2. 81
Directional Spread | |
SD of X = 122 1.23  1.23 1422 123 1.23 1.23
1.32  1.34 1.33  1.32  1.33 1.33  1.33
SD of Y 1.27 1627 1427 125 1427 1.27 1.27
1.68 1.67 1,67 1,65 1,69 1,68 1.67
1.43 141 1.42 1,40 1.41 1,42 1.42
Latitude 271 274 273 271 274 272 273
Length 322 333 328 330 333 327 329
2914 298 296 293 295 295 295
longitude 197 196 197 194 197 197 196
Length 260 259 259 256 262 260 259
| 222 219 221 216 218 220 219
Distance Bias
Percent in 66.1 64,5 65.6 65.9 65.1 65.9 65.5
one SDD 57.9 56.2 575 573 56.1 5647 57.0
Percent in 98.1 98.2 98.2 98.2 98.2 98.2 98.1
two SDD 100 100 100 100 100 18g X 100

98.6 98.5 98.5 98.3 98.3

98.4
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TABLE 10 Continued
 MINNESOTA CENTROGRAPHIC MEASURES

1 2 3 ’ h‘ 5 6 Mean
Directional Bias
Rotation 622 523 56,9 Skl 5447 57.9 5644
Angle in 107.8 111. 6 108.9 112.3 108.8 108.6 109.7
Degrees - 99.3 90.0 94.9 92.2 87.9 94.7 93.
Percent of 50 68 60 61, 61, 58 60
Influence =32 -38 =314 -40 =34 ~33 =35
~17. None =~ 9§ -4 4 - 8 - 6

Distance - =1.35 =1.28 =1.32 =1.32 =1.31 =1.33 =1.32
_Displace— “l 82 -1.69 —1076 "1070 -1068 -1.75 -1073

.ment -1, 52 -1.#1 “10A7 '—lohh -l.h2 -1.&7 -10h5
Angle of  =.85 =79 =.82 -.83 -.,81 -.82 -.82
Displace- '-062' -.57 —¢6l -.60 -oéh -.63 -.61
ment "'-77 "073 "'-75' "'076 "076 "076 -075

Sectoral Bias

Coefficient .926 903  .918  .911 .916 .922 .916
of T 831 .861  .851  .857  .857  .848  .851
Circularity .919 948  .936. .94 942  .93L4L  .937

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

SDD
SD

= Standard Distance Deviation

= Standard Deviation

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
Campground capacity

Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction
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the mean center, becomihg very regular in.their dispersion
about the reference node. Directional spread is north to
south even though the Cartesian coordinate system defines
a slight east to west spread. An extremely high degree
of attraction is shown by Minneapolis, with sixty percent
of the location decisions having been affected by the:
reference node. A strong latitudinal attraction is
contrasted by an equally strong longitudinal repulsion.
Sectoral bias is very limited and no sector has twelve
percent of’ihe values.

Pﬁblic campgrounds are regularly dispersed
around the mean center. Because of the northerly
position of the mean centroid, only fifty—seven percent
of the distribution is within one standard distance
deviation of the mean. The unit set is widely dispersed
around the'reference node. Directional spread is north
to south, based on the kilometric length function. A
thirty-five percent repulsion force from Minneapolis
is predominately a longitudinal force, because the
distance displacement indicates a strong latitudinal
attraction. Very little sectoral bias is evident.

The composite camp set is narrowly dispersed
about the mean center, and regularly about the reference

node. A large north to south directional spread is
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matched with a weak repulsion force. The strong
latitudinal attraction of Minneapqlis is offset by a
strong 1ongitudina1 repulsion. An extremely low degree
of sectoral bias prevails, and no sector contains twelve

percent of the total distributional values.

‘Missouri Centrographic Statistic Interpretation

Centrographic measures for the‘threé campground
unit sets are in Table 11, and Map series 15 dispiays
their ellipsoidal functions. The strong displaceménﬁ
of the public'campground centroid in the southwestern
part of the state causes this ellipsoid tb extend beyond
the state outline.

The commercial and composite campground.Sets
demonstrate similar characteristics. Both are narrowly
dispersed around their mean centers, and are widely
dispersed'about St. Louis. Both have east to west
directional spreads, with eighteen percent positive
influence being exerted from the reference node.
However, upon refinement, this attractive force is
idehtified as being composed of/counteracting moderate
latitudinal and longitudinal repulsions. Small sectoral
bias can be found, with no sectors having twelve percent

of the values. The clustering of these campground unit
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TABLE 11
MISSOURI CENTROGRAPHIC MEASURES

Commerc1al, Public, and Combined
Campground Units Data Sets

1 2 3 L 5 6 Mean -

Relative Dispersal

Mean SDD 1e6h  1.63 1464 1.61 1.63  1.63  1.63
1.60 1.62 1 61 1,62 1.63 1.61 1.61

Reference 3.21 3,04 3.13 2.99 3,06 3,12 3.09

Node SDD 2.98 2,98 2,98 3.07 3.05 3,01 3.01

| 3.27 3.07 3,17 3.06 3.11 3.18 3.14

Directional Spread

SD of X 1.01 .99 1.00 .99 1.00 1.00 1,00

<95 .96 «95 .96 .97 .96 .96
1.04. 1.02 1.03 1.02 1.03 1.03 1.03

SD of Y 1¢29  1.29 1.30 1.28 1.29 1.29 1.29
1.28 1.30 1.30 1.30 1.31 1.30 1.30
1.29 1.30 1.30 1,28 1.30 1.30 1.29

Latitude 224 220 222 219 221 222 221
Length 211 214 212 214 215 212 213
230 227 229 227 228 229 228

Longitude 227 227 228 224 226 227 227
Length 229 232 231 231 234 231 231

230 231 231 229 231 231 230

Distance Bias

Percent in 55.3 558  55.4  55.2 55.4  55.1  55.4
one SDD 7043 68.8 70.3 68,7 69.7 71.0 69.8
62.0 62.1 61.8 63,0 62.0 62,0 62,2
Percent in 98.8 99,0 98.9 98.7 99,0 98.9 98.8
two SDD 98.6 98.4, 98.5 98., 98.3 98, 5 98,4
99.0 99.0 99.0 99,0 98.9 99.0 99.0
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TABLE 11 Continued -
MISSOURIvCENTROGRAPHIC MEASURES
1 2 3 L 5 6  Mean

Directional Bias

Rotation 77.5 80.8 .79.1 82.1 80.5 79.3 79.9
Angle in  85.3 87.2 86.3 85.5 85.3 85.7 85.9
Degrees 76,7' 8l.9 79.2 82.4 80.8 79.2 80.0
Percent of 23 .17 20 14 17 19 18
Influence 8 5 7 8 8 8 7
24 15 19 14 17 19 18
Distance .63 .61 BL 66 6L 6L .64
Displace= 1.33 1.29 1.31 1.31 1.27 1.31 1.30
ment 090 089 089 092 087 089 ‘89

Angle of  =2.10 =2.04 =2.07 =2.04 =2.06 =2.07 =2.06
Displace— -1091 -2 001 -1 096 C g .OL} -2 .Ol -1096 "1098

Sectoral Bias

Coefficient «759 o755 o756  J763 o761 o759 4759
of 0736 .7[;'0 073[b 0714'1 0735 0734 0737
Circularity .781 .782 .781 .789 .781 .782  .783

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

SDD = Standard Distance Deviation
SD = Standard Deviation

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
Campground capacity

Recreation activities capacity.
Campground facility amenities capacity
Maximum campground attraction

B 1 T

oW H
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‘sets causes a low concentration of the values near the
mean centroid. Only fifty-five percent of the commercial
camps and sixty-two percent of the composite camp set
are within the first standard distance deviation of
the mean.

Public campgrounds are widely disperSed around
St. Louis, but,afe very narrowly dispersed about their
mean center. Nearly seventy percent of the distribution
is within one standard distance deviation of the centroid,
further indication of the narrowness of the dispersal
pattern. An east to west directional spread is matched
with a small attractive force from the‘reference node.
Refinement of'the‘spatial directional bias statistic
indicates the existence of strong latitudinal and
1ongitudina1 repulsive forces being exerted by St. Louis.
The low degree of sectoral bias indicated by the
coefficient of circularity is negated by ﬁhe presence
of three sectors having over twelve percent of the
total distfibutional values. A northeastern sector
has 13.8 percent, a southwestern'sector has 14.3 percent,
and the southeastern sector has 22,6 percent'of the

‘total.
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Montana Centrographic Statistic Interpretation
‘Centrographi¢ measures for the three campground
unit sets are containéd in Table 12, and Map series 16
shoWé the ellipsoidal functions representing the density
and orientation for the respective patterns. Montana
is the only state fequiring inclusion of three standard
distance deviations about'the mean center as part of
its ellipsoidal functions. The extreme westward
displacement of the distributional céntroid positions
each ellipsoid across the western half of the state,
leaving the'eaSt completely barren. Because of their
similarity, the three unit sets are discussed together.
All sets have wide dispefsal patﬁerns around
their mean center and reference node positions.
Directional spread is east to west, with some moderate
attractive fdrce being exerted by Glacier National
Park. VCOmmercial campgrounds have been 1ocated more
as a result of their attraction tb this reference point
than the other sets. Longitudinal attraction is more
dominant since the refinement provided by the distance
displacement indicates the existence of strong repulsive
fbrces east to west along the latitudinal parallels,
Montana has the largest cbncentration of distributional

values within one standard distance deviation of the
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- TABLE 12
MONTANA CENTROGRAPHIC MEASURES

Commercial, Public, and Combined

Campground Units Data Sets

, , 1 2 3 L 5 Mean
-Relative Dispersal
Mean SDD 3.16 3.11 3.15 3.07 3.13 3.15 3.13
3010 3 003 3011 3.06 3007 3011 3008
3.12 3.07 3.12 3.07 3.10 3.12 3.10
Reference_ Ltv098 4098 14498 5.01 ll-099 h098 11—099
Node SDD Le51 L.35 L.L9 Lo36 L.35 Lo48 Lol2
| Le68  L4e68 469  L.68 L7l 470 469
‘Directional Spread | '
SD of X 1l.25 1.25 l.24 1.25 1.24 1.24 1.24
' 1l.21 1.24 l.22 1.25 124 1.22 1.23
SD of Y 2,01 2.85 2,89 2.81 2.88 2.89 2.87
2.88 2.81 2.87 2e 80 2 8h 2.87 2.85
Latitude 277 277 275 277 276 275 276
Length 269 277 270 279 276 271 274
272 277 272 278 277 273 275
Longitude L50 LL2 L48 L35 L16 L48 LL5
Length LL3 427 L43 L33 L3L LL3 L37
LLS L35 LA5 ‘ L34 LL1 LL5 LA1
Distance Bias
Percent in 76.5  76.6 75+5 776 75.9  75.7 76.3
73 8 »75-3 7& 3. 75. 7 7562 The3 7h.8
Percent in 92.8  93.4 92.9 93.5 93.1 92.9 93.1
94.0 93.7 93. 9 _93.9 93.5 93.
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“TABLE 12 Continued
MONTANA CENTROGRAPHIC MEASURES

1 2 3 L 5 6 Mean

Directional Bias
‘Rotation 79.1 78.8 79.2 78.0 79.1 79.2 78.9
Degrees 82.2 81.5 82,2 8i.1 8i.6 82,0 81. .8
Percent of 20 20 19 22 20 19 20
Influence 11 10 10 10 8 10 10

14 15 14 16 15 14 15
Distance 1.81 1.83 1.83 1.83 1.84 1.83 1.83
Displace-~ 1.76 1.70  1.74 1.68 1.69 1.74 1.72
ment 1.78 1.77 - 1.78 1.75 1.77 1.78 1.77
Angle of  2.29 2.27 2.31 2.20 2.31 2.31 2.28
Displace- 2623 2.14 224 215 2.17 2623 2.20
Sectoral Bias 5 |
Coefficient .384  .391 .385 .,391 .388 .38, .387
of 410 L2 oLl 439 436 o416 4426
Circularity .403  .419 405 420 o413  .405  .411

Commercial campground values are presented on the first
Public campground values are presented
The combined campground

line of each entry.

on the second line of each entry.
values are presented on the third line of each entry.

SDD

= Standard Distance DeV1atlon
SD = Standard Deviation

Data sets are numbered as follows:

"

O\ W
munnn

. Non-weighted location coordinates
Number of individual camplng s1tes
Campground capacity
Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction




uAP-t8e. councncwf

war-ies.  PUBLIC  CAMPS

CC =. 411
RA »81.8°
wAp-ina -COMPOSITE  CAMP SET

oo 1o asew [T7TT)] e to isew
.0 10 7Te% [ITT) 0 TO iwmww [ i ]
80 ro wew ECXEIMY e00 TO 170N Teeisd




86
mean, with between seventy—two'and seventy-seven percent
of the unit sets in this regioh; There is a moderately
high degree of sector bias for each set.,

In the commercial campground unit set, one
sector to the southeast has 20.0 percent of the total,
and one sector to the southwest has 12.5 percent»of the
values. In thé'public campground set the same southeastern
sector,has 13.7 percent of thevtotal. The composite
campkset sector to the southeast contains 17.8 percent
of the values. This parﬁicular}sector is directly
related to the concentration of campgrounds along the
northern approaches to Yellowstone National Park, the
reference node for Wyoming, the state to the south.

Each campground set has arsector in the northwest
with over four percent of the values in the third standard
distance deviation from the mean. This particular sector
represents Glacier National Park, and contains 5.9
percent of the commercial camp valués,_h.9 percent of

the public values, and 5.5 percent of the composite values.

Nebraska Centrographic Statistic<Intefpretation
Table 13‘contains the various centrographic
measurements for the three campground unit sets, ang

Map series 17 displays their ellipsoidal functions.
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‘Two of the ellipsoids extend beyond the state outline,
because of the western displacement of the mean centroid
for the unit'sets. |

The commercial and composite campground sets
exhibit similar centrographic measures. Both are regulafly
dispersed around their mean centers, but widely dispersed
aboﬁt the reference node. Theretare‘strong east to west
directional spreads with some slight attractive tendency
towards Omaha. 'Bqth sets, upon refinement of the
directional bias,‘possess a moderate'degree of latitudinal
and longitudinal repulsion. Between sixty and sixty-two
percent of the values are within one standard distance
deviation of the mean.  A high degree of spatial sectoral
bias is efident, as the coefficient of circularity
values for both sets are approaching zero. -

The commercial camp set has one sector west of
the mean center that contains 18,0 percent of the
distribution. This same sector has 12.5 percent of the
composite camp values. In addition, énother western
sector; two standard distance deviations rémoved from
the mean, haé 12.2 percent of the commercial campground
distributional values.

‘Public campgrounds are'regularly dispersed about

the mean, but widely dispersed from Omaha. A strong
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‘TABLE 13
NEBRASKA CENTROGRAPHIC MEASURES

Commercial; Public, and Combined

Campground Units Data Sets

1 2 3 L 5 6 Mean
Relative Dispersal | -
Mean SDD - 2.49  2.46 2,47 244 2,47  2.48 247
2439 4 2.36 2.37 2.35 2,37  2.37 237
Reference 427 Le27 4426 4430 he27  Le27  L4.27
Node SDD  :3.99 3.89 3,96 3.90 3.91 3.95 3,93
' ’+.09 hooh L.,07 4,05 4007 L4 .07 LI—006
Directional Spread | |
SD Of X 7 .70 067 .69 .68 068 .69 .69
.89 .87 .89 .88 .88 .89 .88
8L .81 .83 .82 81 .82 .82
SD of Y 2,39  2.36  2.38 2,35 2,37 2,38 2.37
: 2.16 2.11 2.14 2.10 2.11 2.13 2.13
2.2l 2.21 2423 2420 2423 2423 2,22
Latitude 156 149 153 150 150 153 152
Length 198 194 197 195 196 197 196
186 = 179 18, 181 179 183 182
Longitude 402 = 398 400 395 LO0 40O 399
Length 363 355 360 354 356 359 358
377 373 - 375 370 375 375 374
Distance Bias '
Percent in 61.0 58.5 60.5 60,5 59.3 60.4 60.0
one SDD 6L.5 6745 6543 64.9 65.8 6L.6  65.4
| 62.9 62,5 62,8 6l.1 62,0 61.7 62.2
Percent in 100 100 100 100 = 100 100 100

99.6 99.6  99.6 99.7 99.7
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TABLE 13 Continued.

NEBRASKA CENTROGRAPHIC MEASURES

Mean

| 1 2 3 L 5 6
Directional Bias
Rotation 83,2 83.6 83.4 83.6 83.5 83.3 83 .4
Angle in 8L.5 85.4 8L.7 85.9 85.9 85.1 85.3
Degrees 8[&00 81&.7 8‘}.2 85 ol 81«&08 8ll'ol+ 8[&.5
Percent of 12 12 12 12 12 12 12
Influence 10 8 10 7 7 9 9

1 10 10 9 9 10 10

Distance .07 12 .09 .12 .12 .10 .10
Displace-’- ’-003' <01 -001 01l -o02 -.01 -o01
ment 001 005 003 QOI(- QOI& .O3 003
Angle of  =3.31 =3.35 =3.32 =3.39 =3.33 =3.32 <=3.34
Displace~ =3,11 =3.,04 =3.,08 -=3,07 -3,07 =3,09 -3,08
Sectoral Bias E |
Coefficient .270 «261 «266 <266 «261 266 265
of o 4,02 +L,06 « 405 o411 e 10 <407 « 407
Circularit.y «359 352 357 0361 349 357 0356

Commercial campgfound values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. 'The combined campground

values are presented on the third line of each entry.

SDD =‘Standérd Distance Deviation
SD = Standard Deviation

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
Campground capacity

Recreation activities capacity

| T I 1

onEwoR

Maximum campground attraction

Campground facility amenities capacity
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east to west directional spread is combined with a slight
attractive force exerted from the referénce node.
Refinement of the directional bias indicates that this
attractive force is a combination of.a moderate latitudinal
attraction and a low amount of longitudinal repulsion.
One sector, to the northwest of the mean, has 12.1 percent

of the values.’ A'moderaterdegree of sectoral bias existse.

North Dakota Centrographic Statistic Interpretation

Céntrographic measures for the three campground
sets are in Table 14, with Map series 18 displaying the
respective ellipsoidal functions. The small amount of
rotation from the horizontal axis, the location of the
reference node, and the position‘of the distributional
centroids, work together to retain the functions within
‘the state outline.

The three unit sets are similar, as described by
‘their centrographic statistics. Each set has a regular
dispersal aboﬁtlits mean center, and a wide dispersal
around the reference node. There are strong east to
west directional spread indications, with a slight
attraction.beiﬁg effected-from the Theodore Roosevelt‘
National ?ark”area.. Moderate iatitudinal and longitudinal

eléments of attraction are defined for the three



NORTH DAKOTA CENTROGRAPHIC MEASURES
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TABLE 14

Commercial, Public, and Combined

1

Campground Units Data Sets .

2 3 L 5 6 Mean
Relative Diépgrsal | -
2.23 2.30 2.25 2,27  2.29 2,25 2,26
Re2L 2,31 2.26  2.29 2,30 2.26 2.28
Reference  3.59 3455 3.59 3454 3.56 3.59 3.57
Node SDD 3.91  3.88 3.89 3.90 3.92 3.91 3.90
| 3485 3481 3.83 3.83 3.84 3.85 3.83
Directional Spread | .
SD of X .70 .70 e 71 .71 .70 .71 .70
089 086 088 087 087 088 088
.86 .83 85 8L .8L .85 .85
SD of Y 2.15 2.19 2.17 2.21 2.18 2.17 2.18
2.05 2.13 2.07 2,09 2,12 2.07 2.09
2,07 2,15 2,10 2.13 2,14 2.09 2,11
Latitude 157 155 157 158 155 157 156
Length 198 192 196 194, 194 196 195
192 185 190 188 186 190 188
Longitude 327 333 331 336 332 331 332
Length 312 321 315 319 322 314 318
- 315 327 319 324 326 319 322
Distance Bias ’ |
Percent in 55.4 574 5345 572 55.7 53.8 55.5
one SDD 60.8 57.2 59.6 58.4 58.2 59.7 59.0
59.0 56.4 58.0 56.8 57.6 58.0 57.6
Percent in 100 100 100 100 100 100 100
two SDD 100 100 100 100 100 100 100
' 100 100 100 100 100 100 100




NORTH DAKOTA CENTROGRAPHIC MEASURES

TABLE 14 Continued
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Circularity .414

1 2 3 " 5 6 Mean.

Diredtional Bias | _
‘Rotation 88,2 88,3 88,3 88.2 88.5 88,3 88.3
Angle in g8.6 86.8 88.0 87.0 87.0 88,0 87.6
Degrees 88.4 87.0 87.9 87.2 87.2 87.9 87.6
Percent of 3 3 3 3 3 | 3 3
Influence 3 6 L 5 5 L L

3 5 L 5 5 L L
Distance 2020 =427 =429 =426 =427 =28 -.28
Displace- =,15 -.15 -.15 -.15 -s14 =,15 -.15
ment -.17 “018 -017 “018 -.l? "017 -017
‘Angle of  2.83  2.75 2.81 2.71 2.76 2.80 2,78
Displace- 3.2[-} 3020 3.23 3025 3025 3025 3.21&
ment 3.17 3010 3015 30111' ' 3011+ 3016 » 301l+
Sectoral Bias ;
Coefficient .326 317 e323 320 .318 «323 «321
of 014»33 01-&01 .l.|.21+ oll'll-l' .Lp07 olp26 ohlg

.383 « 4,05 «393 «387 406

.398

Commercial campground values are presénted on the first
Public campground values are presented

line of each entry.
on the second line of each entry..
values are presented on the third line of each entry.

SDD.

= Standard Distance Deviation
SD .= Standard Deviation

Data sets are numbered as follows:

O EWNH
nunuwaunn

Non-weighted location coordinates
Number of individual camping sites
Campground capacity
Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction

The combined campground
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campground sets.

'High degrees of sectoral bias are identified,
and between fifty-five and fifty-seven percent of the
respective distributions are within one standard distance
deviation of the mean, well below the norme. The public
and composite camp sets have no sectors containihg'over
twelve percent oflthe values, but the commeréial'camp
set does. A northeastern sector has 17.7 pefcent‘of
- the values, and an eastern sector that is also two
standard distance deviations removed from the mean has

14.7 percent of the distributional values.

South Dakota Centrographic Statistic Interpretation

| Centrographic measures for the unit sets are
in Table 15, with Map series 19 displaying the spatial
density and orientation of the respeétive ellipsoidal
functions. The westward displacement of the commercial
unit set mean center and the narrowness of the ellipse
beéause of the large~sectoral bias results in extension
of this function beyond the state outline.

Commercial camps are regularly dispersed about

their mean, but widely dispersed around the reference
node. There is a strong.directional spread from east to

west, with a slight attraction to the Black Hills area
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TABLE 15

SOUTH DAKOTA CENTROGRAPHIC MEASURES

Commercial, Public, and Combined

Campground Units Data Sets

1 2 3 L 5 6 Mean
Relative Dispersal
Mean SDD 2,67 2,63 2,66 2,62 2,64 2,66 2.65
2,67 2.67 2.66 2.6 2.68 2.66 2.66
R.72° 2,72 2,72 2,72 2,73 272 2,72
Reference  3.33 3421 3431 320 3424 3431 327
Node SDD 4,10 L,13 Lo12 Lo2L Lel9 4,16 L.16
: 3.79  3.69  3.78  3.77 3.71  3.79 3.76
Directional Spread
SD of X 56 «50 54 50 51 Sh 52
<79 78 .79 «79 .78 .79 «79
W71 .66 .69 67 .65 <69 .68
SD of Y 2,61 2.58 2.60 2,58 2.59 2.60 2.59
2455 2,56 2454 2452 2457 2.54 2455
263 2.6L 2,63 2.64 2,65 2,63 2.6
Latitude 124 111 121 110 113 120 117
Length 177 173 176 177 173 176 175
157 146 154 149 145 153 151
Longitude 1418 L1k 418 413 415 418 416
Length LO9 410 408 LOL L12 1,07 L08
421 423 L21 423 425 4,22 423
Distance Bias |
Percent in 7h.7  75.5  The5  75.5  T5.h 7.7 75.1
one SDD L5.4 43.3 45,9  L47.5 LL.6 460  L5.5
5L 3 60,8 55l 5645 ,60,5 55.1 57.1
Percent in 100  98.2 100 98.2 99.2 100  99.3
two SDD 100 100 100 100 100 100 100
100 100 100 100 100 100

100
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TABLE 15 Continued
SOUTH DAKOTA CENTROGRAPHIC MEASURES
1 2 3 L 5 6 Mean

Directional Bias

Rotation 88.1 86.9 87.7 87.0 87.1 87.6 87 .4
Angle in - 88,8 90,0 -89.2 89.8 90.0 89,2 89.5
Degrees 8.6 88,7 88.7 88.8 88.8 88.7 88.7
Percent of 3 6 L 5 5 L 5
Influence 2 None 1 None None 1 1

3 2 2 2 2 2 2

Distance  =e32 =u26 =430 =426 =e26 =.29 =,28
Displace—= =436 =35 =,36 =37 =37 =.36 =.36
ment ~o3L --31} -e33 ~e32 -«31 -933 ~-e32

Angle of  2.06 1.94 2,05 1.92 1.97 2.04 2,00
Displace-= 3.12 3413  3.15 3,31 3.19 3.20 3.18
ment 2.68 2,53 2,66 2,64 2,55 2,67 2,62

Sectoral Bias

Coefficient <211 «186 «205 £.185 «190 «202 «197
of 311 304 311 315 «303 311 «309
Circularity .268 2L7 262 «253 RLE 261 256

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

SDD
SD

Standard Distance Deviation
Standard Deviation

Data sets are numbered as follows:
Non-weighted location coordinates
Number of individual camping sites
-Campground capacity

Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction

i
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noted from the rotational requirements. Refinement of
this attractive force indicates that-it consists of
moderate latiﬁudinal and strong longitudinal components.
- South Dakota commercial camps demonstrate_the highest
degree of sectoral bias in the thesis region. There
are 75.1 percent of the values within one standard
distance deviation of the mean center.

Two sectors in the eastern partHOf the first
standard distance deviation area have 20.2 and 38.2
percent,:respectiveiy, of the totai values.'lThese
sectors are related to the commercialization of the
approaches to the various Missouri River recreation
attractions in the large impoundment areas through
the central part of the state. in addition, a
southwestern sector in the second standard distance
deviation area has 17.8 percent of the values. This
sector is in close proximity to the position used for
the reference‘node, and does overlap the Badlands-Blaék
Hills area.

Public and composite unit sets are similarly
"described by the centrbgraphic measures. Both are
regularly dispersed around their centroids. Both are
widely dispersed about‘the reference node. Both have

strong east to west directional spreads, with only small
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degrees of attraction being exerted by the reference
node. Both have moderate laﬁitudinal and longitudinal
attractive components.,

Both public and composite sets have very high
degrees of sector bias, Public camps of South Dakota
have the lowest percentage of values in the first standard
distance deviation, only A45.5 percent. Only 57.1 percent
of the combined camps are within one deviation of the
mean center, Both sets have a western séctor_in the
‘second standard distance deviation with over twelve
percent, 13.4 percent for the public, and 16.0 percent
for the composite, These are representative of the
reference node area. Both:sets also have an eastern
sector with large totals. The-public camp set has a
sector in the second standard distance deviation with
22.6 percent, and the composite set has a sector>with'
26,1 percent. These represent;the extensive campground
developments along the Missouri River reservoir system

in the State.

Wyoming Centrographic Statistic Interpretation

Table 16 contains the unit set centrographic
measurements and Map series 20 displaysAtheir éllipSoidal

functions. The slight northward displacement of the mean



101
TABLE 16
WYOMING CENTROGRAPHIC MEASURES

Commercial, Public, and Combined
Campground Units Data Sets

1 2 3 L 5 6 Mean

Relative Dispersal

‘Mean SDD  2.49  2.46  2.48  2.45  2.47 2.48  2.47
2,40 2,45 2442 2444 244 2,42 243
znhlk 2-’4'7 20’4'6 20#5 20106 201{-5 201+5'

Reference  L4.07 3.97 L.06 3,92 3.97 L.04L 4.01

Node SDD 3.,98 3.96 3.98 3.92 3.96 3.98 3.96
3.99 3.95 L .00 -3.90_ 3.95 3.99 3.96

Directional Spread |

SD of X 1.,16° 1,17 1.17 1.,16 1.16 "1.16 1.16

1.28 1.27 1.27 1.26 1.27 1.27 1.27
1.23  1.23 1.23 1.21 1.22 1.22 1.23

SD of Y 2,20 2,17 2.19 2,16 2.18 2.19 2.18
2.03 2010 2.06 ‘2009 2.09 2.06 2.07
2,11  2.14 2.13  2.12 2,14 2.13 2.13

Latitude 257 259 259 257 257 = 258 258
Length 281, 283 283 279 282 282 282
2714, 273 273 270 271 272 272

Longitude 359 354 357 352 356 358 356
Length 330 3h2 336 34,1 341 336 338
344, 349 347 346 349 347 318

Distance Bias

Percent in 59.2  59.1 59.4  59.4  58.5 58.8  59.1
one SDD 527 5045 52.1 52.1 L8.8 51.9 51.4
56.8 5L.7 56.2 54,.8 55.5 56.1 55.7

Percent in 100 100 100 100 100 100 100
two SDD 100 100 100 100 100 - 100 100
100 100 100 100 100 100 100




TABLE 16 Continued
WYOMING CENTROGRAPHIC MEASURES
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1 2 3 N 5 6 Mean

Directional Bias |
Rotation 80.0 80.2 79.7 80.1 80.5 79.9 80.1
Degrees, 7603 7601 7602 7606  7605 7604 760h
Percent of 18 18 19 18 17 18 18
Influence 30 31 30 30 32 30 30

25 25 25 24 21, 21, 25
Distance  1.47 1eb5  1o48  1.43 145 147 146
Displace- 1,30 1.22 127 125 1.21 1.27 1.25
ment 1037 1033 1037 . 1033 1033 1036 1035
Angle of  2.66  2.5L 2464 246 2.55 2,62 2.58
Displace- 2436 226 2e35 2621 2429 234 2,30
Sectoral Bias ’ 1 »
Coefficient .496 511 .502 ' .510 505 501 504
of 0567 0530 0548“ 0530 0530 Q5h8. 0542
Circularity .538  .525  ,529 .524  .522  .527  .528

Commercial campground values are presented on the first
Public campground values are presented
The combined campground

line of each entry.

on the second line of each entry.
values are presented on the third line of each entry.

SDD
SD

Standard Distance Deviation
Standard Deviation

Data sets are numbered as follows:

oOVME W
mwnou

Non-weighted location coordinates
Number of individual camping sites
Campground capacity
Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction
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center combined with a new axis drawn from the reference
node in extreme’nofthwest Wyoming causes the ellipsoids
to extend slightly beyond the state outline. All three
unit sets hé§e similar centrographic measures.

They are regularly diSpersed.arqund‘their mean
centérs, with wide dispersal about the Yellowstone
National Park nodal area. There is a strong attractive
force exerted by the reference node, with an east to west
directional spréad. Between eighteen and thirty pércent
‘of the location decisions have been influenced by the -
YellowstonevPark area. Refinement of the difectional
bias indicates it is composed of a moderate longitudinal
attraction with some'latitudinal repulsion. Sectoral
bias is nearly balanced for all sets.

‘Public camps have 51.4 percent of their values
within one standard distance deviation of the mean, with
commercial camps having 59.1 percent in the same section.
Both are well below the norm. The commercial camp set
has the only sectors with over twelve percent of the
values. A central sector, to the northeast,'has 1442
percent; a southeastern sector, in the éecond distance
deviation, has 12.0 percent; and a northwestern sector,
also in the second distance deviation, has 13.0 percent

of the values.
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Conclusions

The many centrographic measurements derived
from the computer analysis of the'distance or spacing
' between campground units have provided some answers to
the thesisrquestion areas. Directional epread is
identified as east to west for most unit sets.
Essentially, this is releted to_the greater east to
west dimensions of the areas studied, The spatiel
directional bias, as measured in this sﬁudy, is the
least reliable centrographic procedure, As noted in
the individual state reviews, an attractive or repulsive
force generally consisted of conflicting latitudinal
and'longitudinai components. This leads to confusion
when the overall bias is identified as attractive,
yet each of the components is indicated as being
repulsive in their attractive force.

Dispersal patterns of the campgrounds are mostly
regular aroﬁnd the centroid, but wide in relation te
the selected reference nodes. Distance bias can be
inferred for most states'by noting thefﬁercentege of
campgrounds within the first standard diStance deviation
of the mean. Only Missouri public,camps,‘Seuth‘Dakota
commercial camps, and Montana.camps have higher than

normal groupings of units near their centroids..
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Coefficients of circularity can be compared to
‘some degree between the states, élthough most of the
other centrographic‘measurements do not easily.lend
themselves to comparison. South Dakota, Nebraska, and
North Dakota have elongated andAflattened‘ellipsOidal
functions with high levels of sectoral bias. These
states had strong linear patterns for most of their
campgfounds, and also represented the lésﬁ three states
in number of available camping sites. Minnesota,
Colorado, and Missouri display the greatest degree of
circularity. These states also rank first, third, and
fourth in the number of camping units available.

The various pieces of information about the
individual campgrounds were'aggregated at the cQunty
level for each state before commencing the next analytical
series. Chapter L directs attention to the density
_distributién patterns within and between the states.
Its main thrust is the analysis of the interface between
campgrounds and the recreation and tourist attractions
of the state. Chapter A4 then concludes with a
summarization of the major thesis findings and some

recommendations about future studies.



Chapter 4
DENSITY MEASURES

Having completed an analysis of the spatial
distribution pattern elements associated with the point
locations of the campground units, the data elements
have been aggregated at the county levei_tordetermine
spatial denéity'patterns. Most ‘of the followihg
analysis is accomplished by comparing the states on

a regional basis.

DenSity Pattern Analysis

The Great Plains-~Rocky Mountain camping environment
is described by Map 21. The number of commercial and
public camping éites, by county, has been standardized
and presented on this map. The 762 counties of the
thesis region have 203,587 individual camping sites,
an average of 2067 sites per county. There are 80 counties
that have no campgrounds, and 26Hcounties have over 1,000
individual camping sites. The 4,976 campgrounds in the
study area average 41 sites each. Examination of Map 21
provides ready identification of the major recreation

107
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complexes in the Great Plains—Rbcky Mbuntain study area.

.The large Rodky Mountain:attractiOns extend from
western Colorado through Wyoming into western Montana.

The heaviest concentrations include: (1) the Mesa Verde
National Park area of southwestern'C01orado; (2) the
commercial attractions near Colorado Springs; (3) the
extensive national forest camping sites in western and
northern Colorado; (4) the Rocky Mountéin National Park
in north central Colorado; (5) the Yellowétone National
‘Pafk area and its approaches in northwestern Wyoning

and southwestern Montana; and (6) the Glacier National
Park area in northwestern Montana.

The relative scarcity of camping sites in the
central states of the region is very obvious from Map'21.
Only 25.7 percent of the campgrounds and 23.6 percent
of the camping sites are in the states of Kansas, Nebraska,
North Dakota, and South Dakota. The Black Hills area of
western South Dakota is the only identifiablé concentration
of camping sites in the central portion of‘the study area.

The eastern states include several identifiable
concentrations: (1) the Ozarks area in central and
southern,Missouri;'(Z) the commerciai Six Flags over
Mid-Americg attraction near St. Louis:‘(B).ihree isolated

peaks in Iowa, related to”individual campgrounds;'and
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(4) the northern Mihnesota lake area and'national forest
camping sites. | '
Two mathematical indices of density pattern
analysis have béen used, one the index of cdntiguity,
and the other an index of concentration.‘ Fach is analyzed

separately as it provides an understanding of the data

elements associated with the campground unit sets.

Index of Céntiguity Analysis

The weighted data elements of each campground
unit set have been subjected to an index of contiguity
analysis (Anderson, 1965§-Cliff and Ord, 1975; Dacey,
1968; King, 1969). This index provides a measurement
"of the dispersion of the respective weighted elements
around their means. Each state is considered separately.

The index of contiguity for each weighted element
is_derived in the same manner. First, the values for the
element are summed, and the average value is determined.
Next, each county value is compared to this average.
Those with higher values are classified as black, or
numerically by two. Those with lower values are
identified as white, or numerically by one. The third
step is the determination of the linkages between the

counties, that'is, the manner in which the counties
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abut each other. From this linkage information the
number of black-black, black-white, andhwhite—white
joins can be determined. After completion of these
steps the formulas specified by Cliff and Ord are applied‘
to obtain the‘index.

Table 17 contains the indices of:contiguity for
each state, according to_campgroﬁnd,unit,set and weighted
data element. Additionally, a mean value is shown for
each unit set. Interpretation of the index value is
similar to nearest neighbor analysis, except that values
from zero to one denote a trend towards uniformity, and
that values from one to 2.1491 denote a trend. towards
cluéterihg. |

Maps 22,through-Bl have been prepared, one per
state, tb display the-mean'of the indices of contiguity
for each state. These maps have been deveioped from'a
combination of all indices obtained for a given state.
Preparation of the maps was accomplished in four shades,
thus providing an illustration of how the spatial density
distribution pattern of the state can be effectively used
to differentiéte cdntiguous and non-contiguous areas of
clustering.

Colorado, on Map 22, is trending toWards

clustering. Four highly concentrated areas can be
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TABLE 17
INDICES OF CONTIGUITY

Commercial, Public, and Combined

Campground Units Data Sets
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TABLE 17 Continued
INDICES OF CONTIGUITY

1 2 3 A 5 Mean

‘South Dakota 1.63  1.66  1.65  1.63  1.65  1.66
1.77 1.65 1.81 1.85 1.83 1.80
1.73 1.72  1.76  1.68  1.71  1.72

Wyoming «95 495 <84 <95 <95 .95
51 59 51 51 70 51
070 097 070 osll— 097 .86

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground.
values are presented on the third line of each entry.

Data sets are numbered as follows:

Number of individual camping sites
Campground capacity '

- Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction

VW
mnnonu

identified: the southwestern Mesa Verde area, the
western national forest sites, the north central Rocky
Mountain National Park area, and an area around Denver,
the state referenée node. Surprisingly, the Colorado
Springs area previously identified as a major cluster
area is not designated as such with this method of |
analysis.

IoWa, on Map 23, has a moderate trend towards
~clﬁstering¢ Ten separate areas, uniformly dispersed

throughout the state, are denoted as concentrated areas.
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Only the Des Moines segment in the center of Iowa consists
of more than one county.

Kansas, on Map 24, is trending towards clustering.
Five areas of concentration are identified. The two
segments in the northeastern section are associated with
 Corps'of Engineers reservoirs. The other three segments
reflect commercigl clusters along major highway réutes
in Kansas.

Minnesota, on Map 25, demonstrates a strong
tendency towards clustering according to'the”indices.qf
contiguity. There is a large contigudus concentration
ih the north, representative of the many recreation lakes
in the'area and the national foreSt sites. Three single
county segments identifj southerly exténsions of the
reéreationflakeiregion.

Missouri, on Map 26, has a tehdency towards
clustering. Six areas'of concéntration are denoted.
Three in the central and southern part of Missouri are
associaﬁed with the Ozarks. A southeastern segment
represents'national foreét sites. The two county segment
adjacent to St. Louis represents the pulling power bf'
the Six Flags over Mid-America commercial recreation
complex. The singie county segment near Kansas:City in

the western part of the state is associated with the
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Worlds of Fun commercial recreation complex.

Montana, on Map 27, displays a moderately strong
trend towards clustering. The large contiguous segment
in the west represents the attraction of Yellowstone |
National Park, Glacier(National'Park, and the several
national fdrests between the two. The single county
segment in the south central part is an extension of
the attraction from Yellowstone Nationai Park. The lone
segment in'easteranbntana is associated with facilities
near the Missouri River tributary system.

Nebraska, on Map 28, has a tendency towards
clustering. The four concentrated segments across
central Nebraska are related to the various public and
commercial recreation facilities in conjunction with
the major'highway route across the state. The ione
segment in northwestern Nebraska is associated with
the approaches to the Black Hills area of South Dakota,
to the north.

North Dakota, on Map 29, shows a very low trend
towards clustering. The large contiguous area of |
concentration in western_North Dakota'is the Theodore
Roosevelt National Park and its approaches. The other
three segments are clusters of campgrouhds around the

more populous portions of the state,
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South Dakota, on Map 30, has a moderately high
trend towards clustering. The large contiguous
concentration area in the west is the Badlands-Black
Hills reference node. The segment in the east is
locallzed around a populatlon center,

Wyomlng, on Map 31, is the only state of the
thesis study region to display a trend towards uniformity
according to the indices’of contiguity.\‘The only area
of high concentration is in the ndrthwest, the Yello%stone
Nationél’Park reference node. |

Overall, nine of the ten states in the study
area have some trending towards clustering. Interfaces
between the campground distribution density and the
recreation sites in the individual states are easily
identified by comparing the index of contiguity maps
“with any map which provides either physical or‘cultural

features.

Index of Concentration Analysis

A further refinement of the analysis of the
spatial density: pattern of the campground units in the
‘thesis study area is'accompliShed by use of é<measurement
‘known,as the index of concentration (Cole and King, 1968;

Hammond and MéCullagh,:l975).. This index measures how -an
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element deviates from a theoretical position, by relating
the spatial’density distribution to the areal extent
‘of the study region. In effect, it is a measure of the
displacemehtrof an element being tested,_taken‘in
conjunction with the“differences in areal extent of
sméller segmenﬁs of a region.

Lorenz-type curves, Graphs 1 through 10, have
been constructed to present the mean indices of i
concentration for each state, according to campground
unit set. Table 18 contains a listing of the.indices
according to unit set and weighted data element for
all states of the thesis region.

Interpretatibn of the index is as follows: (1)
the range of the index is from .50 to one; (2) values
between .50 and .67 indicate a random and non-concentrated
distribution; (3) values between .68 and .82 indicéte a
uniformly concentrated pattern; and (4) values between
.83 and one designate,increasing degrees of concentration
and cluéterihg.

Colorado commercial camps are clustered, with the
public and composite sets displaYing more .of a tendency
towards a uniqum concentrétion. Towa cdmmercial camps
have a high degree of clustering, but theipublic and

composite units are more unifdrmly.concentrated. All
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TABLE 18
INDICES OF CONCENTRATION

Commercial, Public, and Combined
~Campground Units Data Sets

1 2 3 I 5 Mean

Colorado JBLO  JBLL 4862  J8L7 854  .8L9
- | 813 .815  .84,3  .815  .835 .82
788 1793 816 .817  .820 .807

Iowa .876 <874 «900 «89L « 900 .889
o .786 <797 .815 .808 .821  .805
772 777 .801  .800 .807 791

Kansas 0899 0898 0921 ° 908 0910 0907
.896 .893 .908 «920 «915 906
«850 847 +866 867 « 865 «859
Minnesota .815  .812 .833 .82L .829  .823

.783 777 801 J79h 795 .790

Missouri 0876 0873 0887 0881 0882 0880
«925 «932 «937 «93L « 940 «934
857 .859 875  .865 . 869 865

Montana .857 .848 .880 .862 .858 .861
' « 795 788 <826 «816 .815 .808
.810  .804  .837  .8,0  .832  .825

Nebraska 09114' «921 0929 0921 0927 0922
863 .871  .888  .880 .89,  .881
«842 «850 «863 «863 .867 857

North Dakota .90k  .909 915  .912  .913  .911
- 808 .817 .25  .825  .830  .821
.80, .808  .820  .819  .827  .816
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TABLE 18 Continued
INDICES OF CONCENTRATION 7
1 2 3 L 5 Mean

South Dakota 947 945 949  .950  .948  .OL8
837 .828 <848 857 838  .842
882 1877 .877  .910  .898  .889

«833 o832 <824 .861 «851 .8L0
775 J767 L7197 77T J776 778

Commercial campground values are presented on the first
line of each entry. Public campground values are presented
on the second line of each entry. The combined campground
values are presented on the third line of each entry.

Data sets are numbered as follows:

Number of individual camping sites
Campground capacity

- Recreation activities capacity
Campground facility amenities capacity
Maximum campground attraction

TSIV Ry
nuonon

campgrounds in Kansas demonstrate high levels of clustered
concentration, although it is weakened somewhat in the
composite unit set.

Minnesota camps are uniformly concentrated
throughout thé state. Missouri camps are highly clustered,
especially the public camp set. Montana commercial camps
show a degree of clustering, although the public set ié
more uniformly distributed.

The three unit sets in Nebraska are highly

clustered, although the composite set does,display a
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Weakening»df the tendency. North Dakota commercial
campgrounds are élusteréd, but the public and compbsite
sets are more uniform,

South Dakota commercial camps have the highest
level of clustering in the thesis region. Its public
~and compbsite sets also demonstrate clustering trends.
Wyoming public campgrounds are somewhat clustered, but

the other two unit sets are uniformly distributed.

Concluding Remarks

Three analytical methods have been used in
;eXaminingdthe Spatial'distribution pattern of the
commercial and public campgrounds of the Great Plains -
Rocky Mountain area.

First, the nearest neighbor analysis in Chapter
2 attemptéd td define the basic point patterns and
their relationship to the cultural-and‘physical,landscape.
Five states are identified as having clustered campground
patterns, denoting the presence of major recreation or
tourist attractions. The othér states are designated.
as having randomiy distributed campground patterns.
This signifies either the absence of major attractions,
or the presence of several competing'attractions. None

of the states had a uniform pattern, which can be
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interpreted as confirmation of statements that campgrounds
need to have some attractive reason for their individual
locations. |

Second, the centrographic"measurements in Chapter
'3 provided a total analysis of each type‘of spatial bias.
Distance and sectoral bias explanations are easily
developed from the Statistics provided during the computer
analysis,‘however, directional bias statiétics prOvided
numerous conflicting results. Uée of the weighted data
elements did not affect the centrographic measures
obtained, indicating that the various attributes used
were aggregated in such a complementary fashion that
their individual influences were offset during the
analysis.

Third, the density distribution analysis in the
first sections of this chapter have shown how the
campground market relates quite readily to the presence
‘of cultural or natural phenomena. Contiguity and
‘concentration indices helped to indicate that some of
the thesis area is well supplied with camping |
opportunities, and that several states,'espécially
the central part of the region, have a distinct lack

of campgrounds.
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Recommendations for Future Studies

Céntrographic measures should only be developed
when the greatest detail is reqﬁired. There is a wealth of
information to be gleaned from them, however, the
difficulty of interpretation of directional bias creates a
major analytical pfoblem. Also, the computer program used
provided such a VOlumévof statistics that the
generalizations being sought were buried beneath the
multitude of.specifics.

Any future studies of campground distributions
should concentrate on the point patterﬁ analysis,used'in
‘Chapter 2 and the density distribution analysis used in
the earlier sections of this chapter. Combined, they
provide an easily understood explanation 6f'the cémpground
distributions within a state. Centrographic measures
should be undertaken only forla highly detailed énalysis,
and care must be employed in their interpretétion.

The method of regional comparison of the camping
-environment, as used in this thesis, should be applied to
other groupings of states. Such studies would then
provide the recreation planners the necessary background
to make better use of the available fundings, and they
~would permit better usage of the existing campground

facilities.
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