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ABSTRACT

RECREATIONAL ACTIVITY CHOICE AND WEATHER: THE
SIGNIFICANCE OF VARIOUS WEATHER PERCEPTIONS
IN INFLUENCING PREFERENCE FOR SELECTED
RECREATIONAL ACTIVITIES IN
MICHIGAN STATE PARKS
By

Douglas Melvin Crapo

This study was concerned with ascertaining the significance
of various weather variables in affecting recreational activity choice.
It did not consider the selection of the particular park to be visited,
but rather, was concerned with the choice of activities within the
previously -selected park.

A random sample of summer users at three representative
Michigan state parks provided data which indicated the respondents!’
revealed preference for the activities of sightseeing from the car,
walking to scenic points, picnicking and swimming. Three sets of

weather data were collected: daily park weather - - conditions at the

park; daily origin weather - - conditions at the user!'s origin; and fore -

cast origin weather - - the forecasted conditions as released on the
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previous day. Origin areas with relatively homogeneous weather
conditions were designated, and those respondents who indicated
origins within the designated areas (approximately 75 per cent of the
total respondents) were included in the analysis.

The selected weather characteristics together with park
user and use characteristics ({independent variables) were then related
to recreational activity preference (dependent variables) in an initial
statistical model. Analysis of the relationship was conducted by
means of a two-stage least squares procedure. Since four activities
were being considered at three different parks, twelve least squares
equations were tested.

Although numerous weather variables within the equations
were statistically significant at the . 90 level of confidence, they did
not account for a great deal of the variation around the mean of the
dependent variables. The coefficient of determination (Rz) for the
equations ranged between a low of . 0494 and a high of .2126. The
activity which appeared to possess the best goodness of fit was that
of swimming. Sightseeing from car equations generally had the
lowest R2 values, and those of picnicking and walking to scenic points
had intermediate R2 values. Waterloo State Recreation Area, repre -
senting intermediate -class parks, showed the least variation in

goodness of fit, e.g., R2 values ranged between . 1275 and . 1616.
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Activity equations from the other two parks exhibited a wider range
of R.2 values.

No major patterns of significant independent variables could
be discerned through examination of the composition of least squares
equations,

If the weather -recreational activity choice relationship
could be quantified and combined with accurate, long range weather
forecasts and other pertinent variables, forecasting models could
be formulated. The "'participation load' within activities could then
be forecasted, and managers of recreation areas could adjust their
operating schedule and staff coverage accordingly.

There is a need for further research into all aspects of the

weather -recreational behavior relationship.
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CHAPTER I

THE PROBLEM

Introduction

Weather influences human behavior - - this fact is self -evident.
However, the exact significance and limiting effects of weather have
not yet been determined. In fact, many attempts to model and
describe the relationship between man and his environment conve -
niently ignore the effects of weather. The National Science Foundation,
in its most recent Annual Report on Weather Modification, states:

Relatively little is known about the processes of decision-
making by which people respond to the normal variability of
weather. The techniques for investigation are available, but
the surface has scarcely been scratched with respect to what
needs to be done. As the practicality of meaningful weather
modification grows every day more promising, the social, eco-
nomic, legal, and ecological implications involved demand an
increasing share of attention. The human consequences of
deliberate or inadvertent modification of natural processes
must be understood and evaluated in advance. The extent and
complexity of potential effects on human life and the ecology are
only beginning to receive serious study by investigators in the
many disciplines involved.

lNational Science Foundation, Weather Modification-- Tenth
§hhmfteport—forvﬁ‘iseal—§ear Eng_t_ed June 30, 1068 1Washington,
D.C.: U.S. Government Printing Office, 1969), p. 141.




That aspect of human behavior in which the effects of
weather should be most evident is in recreational or free time
behavior, When an individual is free to choose his activities,
variables such as weather will exert more influence upon the choice
and corresponding behavior within the activity, than when the indi-
vidual is obligated to a certain behavioral pattern; i.e., work
activities are usually carried on regardless of weather whereas the
atmospheric environment appears to exert more influence upon
recreational participation. Weather influences should be even more
evident if the free time activity is a form of outdoor recreation and
is subject to disruption by atmospheric changes. Therefore, if one
wishes to examine the effects of weather on human behavior, it
seems reasonable that research concerned with the relationship
between recreational behavior and weather would be of considerable

importance.

Statement of the Problem

The problem is to ascertain the relationship which exists
between weather and recreational activity choice. Specifically, is
the choice of participation in selected outdoor recreation activities
at a sample of Michigan state parks and recreation areas influenced

by daily weather characteristica? If so, how much influence is



exerted by different weather perceptions? Is the preconceived
perception of the weather that is obtained from the previous day's
forecast more important in affecting recreational activity choice
than the actual weather at either the user' s origin or at the park
itsclf?

Many factors are thought to affect recreational activity
choice. Do daily weather characteristics exert a significant influ -
ence upon the revealed preference for selected outdoor recreation

activities?

Significance of the Problem

Human activities vary considerably in their sensitivity to
different weather characteristicse. While some activities can be
undertaken within a wide range of attmospheric conditions, others
are profoundly affected by the slightest change in weather.

Our knowledge of these gengitivities, however, is inprecise
and incomplete. . . . Much more work needs to be done before
precise estimates of effects of changes in various weather
parameters on given industries or activities can be developed,
and before the unpacg of such changes on the economy as a
whole can be traced.

In the case of those activities which are weather sensitive,

attempts have been made to accommodate to weather changes by

2National Science Foundation, Human Dimensions of the
Atmosphere (Washington, D.C.: U.S. Government Printing Office,
1968), p. 35.




reducing the uncertainty of their occurrence and by devising
techniques to offset adverse effects. Weather forecasting is an
attempt to reduce the uncertainty of weather events. Adverse
effects can be counterbalanced through the construction of shelters
and the creation of artificial atmospheres, e.g., picnic shelter,
swimming pool enclosures. For the most part, man has concen-
trated his attention on accommodating to the weather. There is,
however, a growing trend to attempt to modify the weather itself.

tiow do people decide which of several alternative means of
accommodating to different weather parameters is the most appro -
priate? Much depends upon how they perceive these parameters,
and on their perception of and attitudes towards various alternative
adjustments to the physical elements. Relatively little is known,
however, about such perceptions and attitudes. For example, what
factors condition the manner in which people interpret and respond
to information given in a weather forecast? In summary, little is
known about how people use weather information.

Man' s accommodation to his attmospheric environment
reflects his perception of the effects of weather elements and his
perception of the opportunities for adapting to them. The fact that

. 3 o
he rejects some climatic regions and accepts others indicates that

3Clirnate- is simply the prevailing or average weather con-

ditions of a place as determined by the meteorological conditions over
a period of years,



he finds it difficult or impossible to pursue certain activitiea where
temperatures are extreme, the precipitation is too sparse or too
heavy, or where winds are especially strong. Whether or not he
rejects these types of climates, or how he accommodates to them,
varies considerably from region to region, and reflects differing
cultural backgrounds, levels of technology, levels of economic
development, and so on.

Very little is known about the importance of weather in
influencing the choice of recreational activities and in governing
behavior within those activities, Despite the fact that most outdoor
recreation activities are directly subject to the weather, little
research has focused on this relationship. Clawson recognized the

problem when he stated:

I'’ven a modest acquaintance with outdoor recreation suggcests
that it is weather -gensitive - - anyone who has had a picnic
spoiled by a sudden downpour can testify to that. But we need

to explore in just what ways, and at what stages in the recrea -
tion experience, weather is most influential; and we need further
to consider the influence of climate, as well as that of weather,
on outdoor recreation. 2

If relationships between weather and recreational activity

choice could be quantified, the information would be of more value

Ybid., p. 35.

5Ma.rion Clawson, ''The Influence of Weather on Outdoor
Recreation, ' Human Dimensions of Weather Modification, Depart-
ment of Geography Research Paper Number 105 (Chicago: Univer-
sity of Chicago, 1966), p. 184.




than merely to aid in describing general recreational behavior.

Such information could be combined with that obtained from long
range weather forecasts to construct a forecasting model. Then,

the participation ''load" within activities could be forecasted, and
managers of recreation areas could adjust their operating schedule
and staff coverage accordingly. Thus, the quantification of the inter -
relation between weather and recreational activity choice could have
management and economic implications.

As the use of weather modification techniques increases,
more concern likely will be paid to the social and legal implications
of such manipulations. Knowledge of the ways and extent to which
normal weather characteristics affect recreational behavior will
better equip the decision -maker to deal with policy questions related
to the advantages and disadvantages of weather modification. Per -
haps in the future it might be possible to even regulate use of some
recreation areas through atmospheric manipulations.

Information about the influence of weather upon recreational
activity choice could also prove to be a useful input to models of
recreational behavior currently being formulated.

There is an increasing tendency to attempt to overcome the
effects of weather in everyday life, e.g., enclosed shopping malls,

improved all -weather clothing, air conditioning and improved



heating. Although the movement to take one!' s weather -impervious
living environment into the out-of -doors is gaining momentum (e.g.,
increase in sales and use of self -contained recreational vehicles),

it is unlikely that outdoor recreational activities will ever be com -

pletely isolated from atmospheric influences.

I.imitations of the Study

This study was conducted within the following limitations:

1. This study was limited to a few recreation areas, which are
thought to be representative of the Michigan state parks
system.

2. Only individuals whose recreational trips originated in
selected areas of the State and who indicated participation
in the following activities were considered in this study;

a) sightseeing from car

h) walking to scenic points
c) picnicking

d) swimming

3. The study was limited to recreational activity that took place
during the period July 1, 1968, to September 5, 1968.

4. It was concerned with only those individuals entering a

Michigan state park or recreation area by means of an



authorized entrance; specifically, an entrance that was

regularly supervised by Michigan state park staff.

Assumptions

The following assumptions were ﬁade in this study:

1. It was assumed that through analysis of recreational activity
participation records and weather records, it is possible
to determine the influence of atmospheric conditions upon
revealed pr‘efer-ence6 for selected recreational activities.
The theory of revealed preference was originally proposed
by Paul A. Samuelson to derive a consumer preference
structure from actual market data. 7 While it has not, as
yvet, fulfilled the initial goals of preference structure expla -
nation, the theory of revealed preference has "inspired
fruitiul research which finally showed how little of the
rationale of classical theory of choice is reflected by the

market behavior, n8 This study was not directly concerned

6A revealed preference is an overt consumer choice indi-
cating that the individual has selected a particular behavioral option.
No information about the consumer is required except the apparent
selective behavior.

7Paul A. Samuelson, "A Note on the Pure Theory of Con-
sumer' s Behavior," Fconomica, V (1938), 353-354.

_ 8Nicholas Georgescu-Roegen, '""Choice and Revealed Pref -
erence, '' Southern Economic Journal, XXI (1954), 129.




with formulating or testing a theoretical structure of
consumer preferences. It did, however, borrow a principle
from the revealed preference theory. That principle was
that through observation of market behavior and a knowledge
of the market conditions, it is possible to determine the
influence that market characterigtics exert upon consumers'
choice.

2. It was assumed that reliable, valid results were obtained
from a previous study entitled ""Recreation Area 'Day-Use!
Investigation Techniques: A Study of Survey Methodology
Within Michigan State Parks. 19

3. It was assumed that weather data obtained from the Michigan
Office of the State Climatologist, from a review of news -
papers issued during the period under study, and from
records kept by the staff in each of the sample parks are

valid.

9Douglaﬁ: Melvin Crapo, ""Recreation Area 'Day-Use!
Investigation Techniques: A Study of Survey Methodology Within
Michigan State Parks' (unpublished M. S. Thesis, Michigan State
University, 1969); and the expanded published version of that study:
Douglas M. Crapo and Michael Chubb, Recreation Area Day-Use
Investigation Techniques: Part 1, A Study of Survey Methodology,
Technical Report Number 6, Recreation Research and Planning Unit
(East Lansing, Michigan: Department of Park and Recreation
Resources, Michigan State University, 1969).
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Hypothesis

The specific hypothesis investigated in this study was that
selected weather characteristics do not exert a significant influence
upon the revealed preference for certain recreational activities at

three Michigan state parks and recreation areas.



CHAPTER 11

THE INFLUENCE OF WEATHER ON

RECREATIONAL BEHAVIOR

The amount of available information relating recreational
behavior to weather is extremely limited. Most of the existing
information is nothing more than conjecture - - and usually offered
as an "aside" to the main issue under deliberation. If one wishes
to hypothesize the form of a weather -recreational behavior relation-
ship, it is, therefore, necessary to search for appropriate informa -

tion in other fields of study.

General Behavioral Effects of Weather

It is generally recognized that weather and climate affect
human behavior in pervasive ways. Studies have shown that the
profitability of certain economic activities is very dependent upon
fluctuations in the weather. Other investigations have indicated that
some activity behavioral patterns are influenced by weather varia-

tions. Still others suggest that an individual' 8 performance and

11
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psychological mood are influenced by weather patterns. Weather
does have an effect upon our lives, but is the effect theoretically

predictable ?

Individual Variations in Response

A range of individual responses to atmospheric changes
within any group of persons must be anticipated. As one would
expect, there are many typical reactions. Perhaps a large number
of people in a group will experience the same reaction or sensation.
In contrast, a few may experience a completely different reaction.

In any event, it is important to realize that we are dealing with the
interactions of several very complex systems. Atmospheric fluc-
tuations, the complex responses of the human body and the even more
complex responses of a group of individuals combine in a complicated
relationship. Therefore, some responses can be established only in
a statistical sense; i.e., they apply validly to a large group of per-
sons, yet some individuals in that group may show very divergent
responses,

Although it has been proposed that divergent weather

responses can be attributed to different individual metabolic rates, 1

1H. E. Landsberg, Weather and Health (Garden City, New

York: Anchor Books, 1989), p. 34.
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there is some evidence that such a relationship does not exist.

Types of Behavioral Response

Weather and climate arouse three types of human response:
adaptation, movement, and adjustment. Man has adapted physio-
logically to wide ranges of temperature, precipitation, and wind.
The physiological adaptations have, in turn, created psychological
ones. Several studies relate energy levels and success of various
civilizations directly to climatic factors. 4

Movement may be a permanent or temporary response to

harsh climatic conditions. Temporary movement, for example,
may occur in response to severe weather events, or to extreme
winters or hot, humid summers.

Weather and climate have little or no perceptible effect on

the type of activity pursued or the rhythm of its pursuit for many

2A. P. Gagge, J. A. J. Stolwijk, and B. Saltin, "Comfort
and Thermal Sensations and Associated Physiological Responses
During Exercise at Various Ambient Temperatures,' Environmental
Research, II (April, 1969), 228,

3Nationa1 Science Foundation, Human Dimensions of the
Atmosphere, op. cit., p. 32.

4For instance: Clarence A. Mills, World Power and
Shifting Climates (Boston: Christopher Publishing House, 1963);
E. Huntington, Civilization and Climate (New Haven: Yale Uni-
versity Press, 1924); and C. E. P. Brooks, Climate Through the
Ages (New Haven: Yale University Press, 1928).
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types of human activity, and so no response is required. Some
activities, however, are affected in important ways by variations in
atmospheric conditions; and men try to adjust to these changes in
various ways. They may permanently insulate themselves from the
effects of weather, as in constructing stormproof buildings or
developing drought -resistant crops; or they may temporarily offset
the effects by wearing appropriate clothing or rescheduling an
activity, as in delaying a harvest or postponing a vacation trip.

With the recent improvements in technology, there is an
increasing interest in adjusting weather characteristics to the estab-
lished behavioral patterns of man. It has also been found that certain
human activities affect weather and climate., For example, large
urban areas are consistently a few degrees warmer in temperature
than the surrounding region. The drainage of wetlands and creation
of artilicial impoundments of water can bring about changes in the
weather and climatic conditions of adjacent areas.

Behavioral response to weather can be examined within the
framework of adaptation, movement and adjustment. However, the
question remains, ""How should the elements of weather be studied

in order to ascertain their effects upon behavior?"
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Methods of CombinixE_
Weather Elements for Stugl

Elements of weather usually combine in discernible patterns.
For instance, a low atmosapheric pressure generally occurs in com -
bination with high temperature and relative humidity, and with
general cloudiness and precipitation. Several attempts have been made
to devise a system of weather classifications within which human
behavior could be studied. S None of the proposed schemes has met
with overwhelming support, most likely due to the difficulty in
reducing the numerous combinations of weather elements to a rea-
sonable number of classifications.

Several indices have been developed for use in relating
combinations of weather elements to specified human reactions, e. g.,
comfort indices for "average' individuals and for those individuals
suffering from weather-sensitive disorders. Sargent and Zahari have
stated that considerable caution must be used when relating indices

derived from climatic chambers to the forecasting of man' s reaction

5See, for example: W. J. Maunder, "A Human Classifica -
tion of Climate,'" Weather, XVII, No. 1 (1962), 3-12; Robert L.
Hendrick, "An Outdoor Weather -Comfort Index for the Summer
Season in Hartford, Connecticut, ' Bulletin of the American Meteo -
rological Society, XL, No. 12 (1950), 620-623; and K. J. H.
Buettner, "Human Aspects of Bioclimatological Classification, "
Biometeorology: Volume 1 (New York: Macmillan Company, 1962),
pp. 128 -141.
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to the weather, 6 They implied that a medical -meteorological forecast
could not be explicitly stated in a mathematical formula; that it was,
in reality, a value judgment.

Most indices have been developed_for use in controlled
atmospheres, and the ones which could be used in an outdoor setting
appear to have been formulated using convenient, available weather
elements.

In summary, there is no generally accepted method of
combining weather elements which could be used in the analysis of

the weather -recreational behavior relationship.

Human Reactions to the Weather

Physiological Responses. -- The majority of the research

dealing with weather and its effects upon man has focused on the
physiological relationship. Since the time of Hippocrates the medical
profession has recognized that weather influences health. In turn,
health and comfort influence behavior and, hence, affect recreational
participation. The largest group of weather sufferers consists of
those persons afflicted by ailments grouped under the general head -

ing of rheumatiam. Atmospheric pulsations combined with falling

6F. Sargent and Daniel S. Zahari, "Medical Meteorological

Forecasting: An Application of Fundamental Bioclimatological Con-
cepts, " International Bioclimatological Congress: 1860 Proceedings
(New York: Permagon Press, 1962), p. 215.




ternperatures and rising humidity will generally cause discomfort to
those suffering from rheumatism., Weather also aggravates another
complex of diseases commonly referred to as asthma. The distri-
bution of pollen, a main causal factor in asthma disorders, is
directly influenced by the weather. Weather may also aggravate or
ameliorate the course of other chronic diseases, e.g., heart and

circulatory ailments. 7

Performance and Deviant Behavior Relationships. - - Little

research deals with the normal behavioral response to weather con-
ditions. In an early study of the influence of weather on deviant
behavioral occurrences, Dexter related public school absences, bank
clerical errors, arrests for agsault and murder, suicides, sickness,
and arrests for drunkenness to selected weather characteristics in
the cities of New York and Denver. He found the following relation-
ships:

1. As wind velocity increased there appeared to be an increasec

in the occurrence of all forms of deviant behavior examined.

7A complete, comprehensive summary of the physiological
consequences of weather may be found in Medical Biometeorology
by S. W. Tromp.

8E-::lvanrin Grant Dexter, Weather Influences (New York: Mac-
millan Company, 1904), p. 257.
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With an increase in temperature there was a corresponding
increase in arrests for assault. 9 Yet, during the same tem -
perature increases it was noted that the suicide rate and the
number of arrests for drunkenness decreased. An extreme
temperature, either hot or cold, was found to induce an in-
crease in public school absences and bank clerical errors. 10
Extreme deviations from the usual conditions of atmospheric
pressure and humidity appeared to elicit an increase in
extraordinary behavior. 11 An interesting exception to this
rule proved to be the suicide rate; contrary to general
opinion, the number of suicides decreased during extreme
weather conditions. 12

An increase in gsky cover, which refers to the proportion of
sky area covered by clouds, was associated with a decrease
in the number of most deviant behavior occurrences. Excep-

tions to this rule were bank clerical errors and the incidence

of sickness, both of which increased with cloudiness. 13

Ibid., p. 148.

10Ibi.d., p. 249.

11hid., p. 253.

121pid., p. 218.

13ipid., p. 262.
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5. Precipitation elicited identical responées to those previously

noted with sky cover. 14
The relationship between deviant behavior and weather was remarkably
similar in both New York and Denver. Differences between the two
cities were most evident in the reaction to relative himidity, wind
velocity and occurrence of low temperatures. Since these weather
characteristics were the ones for which New York and Denver showed
the greatest difference in day-to-day readings, the minor disparities
in weather influence were not unexpected.

Several recent studies have supported Dexter' s findings. Per-
formance studies have found that telegraphers make considerably more
mistakes when surrounding temperatures climb. 15 School children in
rooms with carefully controlled atmospheres make fewer mistakes in
their tests. 16 A study of reform school abscondings has linked the
number of escapes directly to the number of daily hours of sunshine.

Iiven motor skill reaction times are influenced by the weather. 18

14,114,

1
5Landsberg, op. cit., p. 93.

16Ibid.

1'7R. V. Clarke, ''Seasonal and Other Environmental Aspects

of Abscondings by Approved School Boys, " British Journal of Crimi -
nologz, VII, No. 2 (1967), 204.

18Larldsberg, op. cit., p. 95.
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Identification of a '"Neutral Zone"

Throughout the literature relating weather to human
behavior there is one similarity--a '"'neutral zone' exists within
which changes in the weather do not elicit a behavioral change.
Usually the "neutral zone' is not explicitly identified, but a few
recent studies have attempted to ascertain the limits of such a zone.
Gagge, Stolwijk and Hardy found that there is a temperature range
where man reacts in a neutral manner, 19 A "comfort zone' between
28" and 30° Centigrade was identified in which there were no tem -
perature regulatory efforts such as sweating, vasoconstriction, and
vasodilation. Also, the sense of discomfort to temperature increased
more rapidly with colder conditions than with warmer ones. The
authors stated in summary that man's immediate behavior can be
predicted through knowledge of changes in temperature. 20 Heating
and air conditioning engineers regularly use a predetermined neutral
comfort zone in assessing the amount of equipment required for

buildings. It has also been found that the child conception rate

lgA. P. Gagge, J. A. J. Stolwijk, and J. D, Hardy, '""Com -
fort and Thermal Sensations and Associated Physiological Responses
at Various Ambient Temperatures,'" Environmental Research, 1
(June, 1967), 19.

20lLbit:l., p. 20,
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increases during the generally '""neutral' temperature months of
Spring and Autumn. 21

To summarize, it is evident that the relationship between
weather and hurnan behavior is extremely complex. There has been
no systematic attempt to subject the relationship to intensive analysis.
Instead, the studies completed to date have generally considered
small, unrelated problems with little attention being given to
respective position within a larger system of relationships.

The Relationship of Weather
to Recreational Behavior

The factors which are believed to influence participation in
recreational activities are so numerous and interrelated that isola -
tion and examination is unlikely at the present time. Human behavior
in general is influenced by a composite of forces, and the relation-
ship between causal factors and eventual human behavior still basi-
cally remains an unknown quantity.

Assuming that an individual has free time available for
recreational participation, the choice of activities can be considered

to be influenced by three groups of factors: personal characteristics

of the individual, e,g., age, sex, previous recreation education and

21Elllsworth Huntington, Season of Birth (New York: John

Wiley and Sons, Inc., 13938), p. 130.
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experience; social environment, e.g., primary group memberships,

secondary group memberships, social mores; and the physical

environment, e. g., individual's life-space, recreational oppor -

tunities, and weather. It is probable that the factors within each of
thc three broad groups interact in varying combinations and degrees
of intensity to influence recreational activity choices.

Weather is merely one of the factors within the physical
environment grouping which might influence recreational activity
choice, In a year -long study of pleasure boat launchings on an Arkansas
reservoir, Dowell found that mean daily temperature and precipitation
were associated with 63. 69 per cent of the variation in boat launch -
ings. 22 When daily wind velocity and atmospheric pressure range
were added into the multiple linear regression equation, all four
meteorological factors had a combined coefficient of determination
(llz) of .6435H. 23 Various other authors mention that weather exerts
an important influence upon recreational behavior, but the relation -

ship has not received further quantitative investigation.

2ZCarroll Davis Dowell, '"The Relationship of Reservoir
Pleasure Boating to Selected Meteorological Factors' (unpublished
Ph.D, Dissertation, Texas A and M University, 1970), p. 49.

3The square of the multiple correlation coefficient, the
coefficient of determination (Rz), may be defined as the proportion
of the sum of the squared deviations from the mean of the dependent
variable accounted for by the independent variables.
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Atmospheric elements were found to exert a definite
influence upon pleasure boating in Arkansas. Does the extent of the
influence remain the same for other recreational activities and in

other regions of the country?

Activity and Regional Variation

Participation in outdoor recreation is thought to be depen-
dent upon a certain range of temperature, sunshine, humidity, wind
velocity, and other atmospheric factors, if it is to be tolerably enjoy -
able. This '""neutral zone" of tolerability varies from activity to
activity. For example, one would suspect that the ''neutral range"
of weather tolerance for participation in swimming is smaller than
the same neutral range for participation in walking for pleasure,
Dowell found that the majority of pleasure boating participation
occurred within certain broad meteorological ranges:

Approximately 90 per cent of the boat launchings occurred on
days with a daily mean temperature range between 56° and 86°
Fahrenheit; 81 per cent occurred on days with 45 miles or less
of daily total wind [velocity]: 80 per cent occurred on days with
less than 0. 50 of an inch of precipitation; and 87 per cent
occurred on days with liarometric pressure change between

-0. 10 and 0. 10 inches. %4

Dowell' 8 findings could be expanded 80 as to define a

'""neutral zone' of weather tolerance for the activity of pleasure

?41bid., pp. 48-49.
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boating. With detailed investigation, similar ranges could be
identified for other recreational activities.

One would also suspect that the weather -gensitivity of out-
door recreation participation varies from region to region. For
instance, rain occurring in a region which has only twenty rain-days
annually (e.g., in the southwestern section of the United States) will
likely have more influence upon human behavior than rain of the same
intensity and duration occurring in a region which has one hundred
rain-days annually (e.g., in the Pacific Northwest). Through
research, "weather -gensitivity regions" could be identified in which
the behavioral reaction of recreationists to atmospheric changes is
relatively homogeneous. A starting point for such a study might be
the identification of regions with relatively homogeneous climates.

Since weather and climate influence the distribution of natural
resources, they also define the types of recreational activities which
may be pursued together with the respective seasons for pursuing
those activities. Thus, the choice of outdoor recreation activities

within that climatic region is directly controlled by the weather.

Recreational Activity Choice

The recreation experience consists of several phases which
differ in weather -sgensitivity. Clawson has expressed the relation-

ship as follows:
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[The recreation experience] . . . consists of five
interrelated sequential stages: (1) anticipation or planning,
when the person or family considers what to do, where to go,
when, what to take, how much time and money to spend, and
the like,; (2) travel from home to the site; (3) on-sgite experi-
ences, which have typically had all the attention in the past;

(4) travel home again; and (5) recollection, when one relives

the earlier experiences, and perhaps reinterprets them dif-
ferently than he did at the time. The first phase (planning)
typically takes place in the recreationist!' s home or at least in
his home town, typically it is8 where he apends more than half

of all the money required for the whole experience, and is likely
to be largely indifferent to weather, except as he subconsciously
projects the weather then prevailing into the later experience.
The fifth phase (recollection) also takes place at home, or in
the home town, is likely to cost relatively little in money but
may consume a lot of time, and is highly weather -indifferent.
The second and fourth phases, the travel parts, take place over
a range of territory, sometimes a very wide one, cost con-
giderably in both time and money, and are modestly weather
sensitive --directly, to about the same degree as any travel,

but perhaps, at least during the going stage, psychologically
highly anticipatory of weather conditions expected to prevail at
the site. The third or on-site phase is the most highly weather
sensitive of all. 25

The majority of completed recreation research has been concerned
only with the on-site phase of the recreation experience. However,
when investigating recreational activity choice it is desirable to con-
sider additional recreational experience phases.

There is some question as to whether or not individuals are
conscious of the effects of weather on their behavior. There is a

definite possibility that weather may be regarded as unchangeable,

5Clawson, "Influence of Weather, " op. cit., p. 184,
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and even though an individual may adapt his behavior to existing
weather conditions, he may not be conscioua of the overall influence
of weather on his life. Therefore, it is likely that the use of direct
questioning (e.g., interview) about the influence of weather would
yield data of questionable validity. If a form of direct questioning
cannot be used validly, the only phase of the recreational experience
which could be investigated to obtain activity choice data would be
the on -site phase. The individual's actions on the site will reveal
his preferences among alternative recreational activities. Weather
elements could then be related to the revealed preferences and the
desgired information could be obtained without the risk of using
opinions instead of facts.

If evidence can be found to indicate that choice of outdoor
recreation activities is predetermined, and that the potential par -
ticipant waits in anticipation for the occurrence of that free time in
which he has planned the recreation activity, then a case may be
made for stating that the weather influence may not be great in any
phase, For the majority of the population, free time for recreation
is rigidly controlled as to timing; one must go when he has free time,
regardless of whether weather is favorable or not. 1f, however, it
can be shown that most outdoor recreation participation is impulsive
(spur -of -the -moment) with little preplanning, weather may play a

more important part in the activity choice.
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A major question relative to the issue of timing remainus
unanswered: Does the inability to indulge in a recreational activity
at the precise time one wishes to do so result in a lower annual par -

ticipation or merely in a deferred experience?



CHAPTER III1

DATA COLLECTION

In order to determine the importance of weather in
influencing recreational activity choice, two types of data are
required. The firsgt type is concerned with the recreation participant
--his revealed preference for various activities. Second, data are
needed about the various weather elements which might prove to be
influential. There is a possibility that a park user could be influ-
enced hy weather forecasts, weather conditions over his home, and
ultimatcly by the atmospheric conditions over the park. Therefore,
all thrce sources of data should be analyzed. The analysis should
not only delineate those weather elements which have a significant
effect upon recreational activity choice, but should also indicate how
much influence is exerted.

The possibility of a relationship between weather and
recreational behavior had been suspected by the author while con-

ducting a previous study for, and with the assistance of, the Parks

28
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Division of the Michigan Department of Natural Resources.

Although directly concerned with designing and testing a system for
collecting data about Michigan state park users, a result of the study
was the generation of user data. Among data collected were responses
indicating preferences for available recreation activities. In con-
junction with the collection of uger data at selected sample parks,

a daily record of weather at each of the parks was also maintained.
The origin of each of the respondents was among the user data col-
lected, and since the Weather Bureau of I:'JSSA2 records daily weather
forecasts and conditions throughout the United States, origin weather
data could be obtained. It was possible, therefore, to obtain all of
the data required for this study from secondary sources. On that
basis, data procurement and preparation were initiated.

Collection of Data Indicatigg Revealed
Preference for Recreation Activities

A detailed description of the design, implementation, and
results of the park -user data collection system is contained in

3 . . . : .
another source, and will merely be summarized in this section.

lCrapo, op. cit.

2
ESSA is the contraction commonly used for the Environ-

mental Science Services Administration, an agency within the U. S.
Department of Commerce, The Environmental Data Service and the
Weather Bureau are two divisions within ESSA.

3 .
Crapo, op. cit.
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Selection of Sample Parks

Limited research funds necessitated the selection of a
sample of parks to represent all Michigan state parks and recrea-
tion areas. 4 The stratification scheme proposed by Clawson based
upon park location, management philosophy and use -intensity was
used as the foundation for placing all Michigan state parks in one of
three different classifications. 5 A series of meetings were held
with representatives of the Division of State Parks, and the sample
parks outlined in Table 1 and Figure 1 were chosen as both repre-
sentative of the park system and ""administratively feasible' enough
to be included within the study.

TABLE 1, --Representative Michigan State Parks in Which User
Data Was Collected.

Class Park

1. User -oriented area Holland State Park

Waterloo State Recreation Area,

2. Intermediate area Portage Lake Unit

3. Resource-based area Tawas Point State Park

4For convenience, hereafter the term "park' will be used
to represent any outdoor recreation area or park.

5Marion Clawson, Land and Water for Recreation (Chicago:
Rand McNally and Company, 1963), pp. 13-16.
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An implicit assumption, carried over from the previously -conducted
""day -use' study, 6 was that the parks analyzed in this study were
representative of all Michigan state parks and recreation areas for
each particular class as proposed by Clawson.

The activities offered at each of the sample parks are
relatively similar, with the beach areas providing the focus for use.
The following descriptive information was obtained from Division of

State Parks publications and from visits to the parks by the author.

Holland State Park. -- This popular lakeshore park consists

of 142 acres located in Ottawa County, seven miles west of the town
of Holland. Against a backdrop of towering sand dunes, it features
an excellent one -quarter mile beach on Lake Michigan.

Day -use facilities are centered around the beach and include
a food concession, bathhouse, and numerous picnic tables. The
camping area is located in sparse woods and contains 334 sites, 278
of which have electrical connections. Showers, a laundry, a small
food store and a library are available to campers.

In 1968, approximately 1, 189, 200 vigits were made to this

park.

6Cr-apo, op. cit., p. 8.
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Waterloo State Recreation Area. -- L.ocated in Jackson and

Washtenaw Counties eight miles east of the City of Jackson, Water -
loo State Recreation Area is readily accessible from 1-94, U, S, 127,
M-52, and M-106.

The largest of Michigan's state recreation areas, Waterloo
contains 15, 987 acres of state -owned land. The state-owned land is
not one contiguous holding, but is scattered in various -sized units
throughout the large tract identified as Waterloo State Recreation
Area. Privately-owned inholdings constitute nearly one-half of the
total area within the boundaries of the Recreation Area.

Numerous day -use sites are located throughout the recrea-
tion area but the largest of these is the Portage Lake Unit. This
site contains a swimming beach on Big Portage Lake, bather's
changing facilities, food concession, boat launching ramp, modern
toilets, 150 picnic tables and 50 stoves.

The largest campground within Waterloo State Recreation
Area is also located at the Portage Lake Unit. This camping facility
contains 198 modern campsites with electricity, flush toilet facilities,
sanitation station, park store, library, and numerous nature and
hiking trails. Supervised nature study programs are offered to
visitors.

More than half of the 838, 734 visits to Waterloo State

Recreation Area in 1968 were recorded at the Portage Lake Unit.
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Tawas Point State Park. - - Tawas Point State Park is located

in Iosco County, three and a half miles southeast of the town of East
Tawas. The park fronts on both Lake Huron and Tawas Bay, with
the day -use area located on the Lake Huron shore.

The park is in the shape of a sandy hook which extends into
I.ake Huron and forms Tawas Bay. More than two miles of wide,
sandy beach that is continually cooled by lake breezes is available
to park users. Day-use facilities include a swimming beach, boat
launching ramps, hiking trails, picnic tables, and modern rest-
rooms. A children's playground is equipped with slides, swings,
and other apparatus, and a bather's change building is conveniently
located near the beach,

The 170 acre park also includes a 202 site campground
which is furnished with electricity, toilets, showers and a sanitation
station.

Approximately 150, 700 visits were made to this park in
1968.

Procurement and
Evaluation of Data

The self-enumerative questionnaire was selected as the
most appropriate data collection instrument. The questionnaire

shown in Figure 2 was designed to collect information in three
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general categories; socio-economic characteristics of the users,
user origin and travel characteristics, and activity participation
while in the park. Respondent sample size at each of the parks was
then calculated, taking into consideration the analysis requirements.

Questionnaire dispersal was through distribution by the
contact station ranger at the park entrance, A systematic sampling
procedure with random starts was employed to distribute question-
naires to the designated sample units. Retrieval of the completed
survey instruments was accomplished by means of voluntary deposit
into a collection box placed near the park exit.

Of the total number of questionnaires handed out, approxi-
mately 63 per cent were returned. However, only 39 per cent were
totally completed and were included in the analysis. Fach sample
park wuas then visited by interview teams and for a few days informa -
tion was obtained from a census of park users. The data collected
by voluntary deposit throughout the summer months was then com -
pared by means of chi square and analysis of variance tests to the
census data., 1t was found that at the 95 per cent confidence level
the ''voluntary deposit'' data and the ''census'' data were from the
same population, except for responses from questiona relating to
travel characteristics. Responses to the travel questions, which

were characterized by large standard deviations, were the only ones
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that showed a statistically significant deviation between ''voluntary

deposit' data and '""census'' data.

Activities Selected for
Analysis of Revealed Preference

Responses to Queation 23, '""Which of the activities listed
below did your group do while here?'  were used to indicate recrea -
tional activity preferences. The question contained twenty-five fixed -
category response possibilities, and the recreationists merely had
to indicate which of the listed activities were selected for participa -
tion.

In order to permit detailed sub -cell analysis, it was
decided that those activities which had the largest response rates
would be selected for further investigation. Other limitations such
as financial support and available computer time dictated that no
more than four individual activities were to be examined. A fre-
guency distribution of the responses to Question 23 revealed that the
following activities met the above criteria, and on that basis they
were selected for inclusion in the analysis:

a. sightseeing from car

b. walking to scenic points

c. picnicking

d. swimming
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The number of sample units which indicated a preference for the
selected activities at each of the sample parks is contained in Table 2.
Previously outlined limitations prohibited the analysis of combina -
tions of the four activities, but participation rates for combinations
are exhibited in Appendix A.

The four selected activities rank among the ten most popu-
lar outdoor recreation activities of Michigan reaidents. 7 The same
popularity is in evidence throughout the United States, 8 and is pre-

dicted through to the year 2000, 9

Compilation of Park Weather Data

Weather data at each of the sample parks were collected
daily, with separate records being kept for morning and afternoon-
evening conditions. Prior to study commencement, each sample
park was visited and the staff was given instruction in the methods

to be used in collecting data. The fixed -category form shown in

7Michigam Department of Conservation, Michigan Outdoor
Recreation Plan (Lansing: Recreation Resource Planning Division,
Michigan Department of Conservation, 1967), p. I1-K 210,

8U. S. Bureau of Outdoor Recreation, Outdoor Recreation
Trends (Washington, D, C.: Government Printing Office, 1967),

p. 8.

®Ibid., pp. 10-17.



TABLE 2. --Number of Sample Units Which Indicated Participation in Selected Activities .

Total Number Activities
of . .
Park Sample Units a. Sightseeing b. Walking to C . A
from Car . : c. Picnicking | d. Swimming
(N) Scenic Points
Only

Tawas Point
State Park 1158 403 562 3 644
Waterloo State
Recreation Area, 832 175 195 410 668
Portage Lake Unit
Holland State Park 950 228 286 289 548

a
Sample units may have indicated participation within one, two, three, or all four
selected activities. A summary of the number of respondents who indicated participation in
combinations of the selected activities is contained in Appendix A.

o¥
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Figure 3 was used to record weather conditions at the park.
Temperature readings within each park were obtained from Fahren-
heit thermometers located according to ESSA standards. Cloud
cover, precipitation, and wind conditions were obtained from sub -
jective ratings by the park staff.

The morning (A. M. ) weather recordings were to be the
average weather conditions over the park from sunrise until noon.
Since the parks do not begin normal operation until 8:00 a. m., it is
reasonable to assume that the morning weather data were the average
weather conditions over the park from 8:00 a. m. until noon. The
afternoon-evening (P. M.) weather data consisted of the average
weather conditions at the park from noon until sunset.

Determination of Weather Data at
the Park Usger's Origin

The origin of each sample unit could be identified through
the response to Question 6, "Where is your present home'?"10 As
one would expect, a perusal of the collected questionnaires revealed
that hundreds of different communities were represented by the

respondents. Staff and time limitations prohibited the collection of

10Sim'.:e the study focus was on the day-user, the gquestion
was worded in such a manner as to facilitate day -user response. It
is recognized that the question would not elicit the desired informa -
tion from those respondents who did not spend the previous evening
at their permanent residence.
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Weamier CONDITIONS

SAMPLE S1ZE

Temperature toth Cloud Record number of cards handed out
DAY nearest 5° Cover Precipitation Wind before noon and after noon.
l. Low-L___ 1. Clear 1. None 1. None
2. Bigh-H 2, Partly 2. Light Shower|2. Light Record number of cards received
3. Average-Avg___| Cloudy 3. Moderate " Breeze before noon and the cards re-
3. Overcast |4, Heavy * 3. Gustyv caived after noon.
4. Windstorm
MBS CARDS OUT___  CARDS IN___
hrn L__H_AVG CARDS OUT___ CARDS IN___
L H AVG CARDS OUT CARDS IN
- _ S
PM| L _H AVG ___ _
WED || L__E__Ave CARDS OUT___  CARDS IN__
L__H_AVG CARDS vut___ CARDE IN_
THUR || —F__AVC O S A
L__H__AVG CARDS OUT___ CARDS IN_
L — .. rm—— e —
PM| L__H__AVG_ CARDS OUT___  CARDS IN___
AT law] L_H__AVG__ CARDS OUT___ CARDS IN___
Pl L H AvVG CARDS OUT CARDS IN
e e == T
SUN |am] L—H__AVG CARDS OUT___  CARDE IN_ _
T PN L_E__X% CARDS OUT CARDS IN
B ..

PARK CLOSED (Give time and reason.)

OTHER EXPLANATION! (Use other side.)

FIGURE 3. -- Form Used to Record Daily Weather Conditions at the Sample Parks,

4 4
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weather data for more than a few different origin areas, so an

amalgamation scheme had to be devised.

Delineation of Origin Areas

Discussions with representatives 'from the Office of the
State Climatologist revealed that areas within the State of Michigan
could be identified within which weather characteristics were rela -
tively homogeneous. It is on the basis of homogeneous weather zones
that weather forecasts are formulated and issued by ESSA.

Since most Michigan counties usually have homogeneous
weather characteristics throughout the entire county, user origins
were classified according to counties. A 20 per cent sub-sample of
collected questionnaires revealed that approximately 80 per cent of
the total number of respondents at the sample parks came from
counties in Southern Michigan. The results of the sub-sample are
outlined in Tables 3, 4 and 5.

Using the state weather forecast zones, 11 associated
weather information, and respondent origin patterns, the origin areas
outlined in Figure 4 were formulated in consultation with the staff

at the Office of the State Climatologist. Those respondents who did

11A map of the weather forecast zones in the State of

Michigan is included in Appendix B.



TABLE 3. --Michigan Counties of Origin Obtained from a Sub-Sample of User Questionnaires
Collected at the Waterloo State Recreation Area, Portage Lake Unit,

Weekday Users Weekend Users Combined
Number Number Number
County of Users County of Users County of Users
Wayne 47 Wayne 39 Wayne 86
Jackson 30 Jackson 22 Jackson 52
Ingham 19 Ingham 12 Ingham 31
Washtenaw 10 Washtenaw 12 Washtenaw 22
TOTAL 106 TOTAL 85 TOTAL 191

Number of Users Within the Entire Origin Sub-Sample

113

93

205

Percentage of the Entire Sub-Sample Originating in the Counties Listed Above

93.8%

91. 4%

92. 7%

144



TABLE 4. --Michigan Counties of Origin Obtained from a Sub-Sample of User Questionnaires
Collected at Holland State Park.

Weekday Users Weekend Users Combined
Number Number Number
County of Users County of Users County of Users
Kent 37 Kent 48 Kent 85
Ottawa 34 Ottawa 34 Ottawa 68
Kalamazoo 8 Kalamazoo 10 Kalamazoo 18
Calhoun 7 Calhoun 8 Calhoun 15
TOTAL 86 TOTAL 100 TOTAL 186
Number of Users Within the Entire Origin Sub-Sample
110 114 224

Percentage of the Entire Sub -Sample Originating in the Counties Listed Above

78.2%

88.6%

83.0%

41 4



TABLE 5. --Michigan Counties of Origin Obtained from a Sub-Sample of User Questionnaires
Collected at Tawas Point State Park.

Weekday Users Weekend Users Combined
Number Number Number
County of Users County of Users County of Users
Genesee 42 Genesee 48 Genesee 90
Saginaw 32 Saginaw 45 Saginaw 73
Wayne 28 Wayne 26 Wayne 58
Jackson 10 Jackson 16 Jackson 26
TOTAL 112 TOTAL 135 TOTAL 247
Number of Users Within the Entire Origin Sub -Sample
141 166 307

Percentage of the Entire Sub-Sample Originating in the Counties Listed Above

79. 4%

81.3%

80.5%

] 4
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Origin Origin
Area Areo
No.® Name . i
-iiiT'ﬁ;rF' ‘raaar‘ia'.'nd&

Flint

Detroit .
Gd. Rapids \

Muskegon
Lansing
Jackson
Saginaw

O~NOONPWUN

FIGURE 4. --Origin Areas of Sample Park Respondents.

- %Due to data processing limitations, there was no '"Number
One' origin area designated.
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not list their origin as being within the seven delineated origin areas
were not considered in the analyasis.

In each of the delineated origin areas, the weather station
that collected the most detailed data was selected to provide the
daily origin weather data. 12 Origin areas were named after the

chogen weather stations.

Origin Area Daily Weather Data

The particular origin area daily weather factors which were
to be included in the analysis were determined from a survey of
recorded weather data, a review of literature, and past outdoor
recreation experiences. The selected variables are categorized
below and are listed in detail in the initial statistical model section
of Chapter IV.

The daily origin area weather data were obtained from
official ESSA Weather Bureau records. All weather data had been

collected according to specifications which are standard for all

12Weathet' Bureau Stations are rated according to the

extent of staff training, the amount of ESSA supervision, the range
of data collection equipment, and the hours of operation. The
highest order weather stations are termed 'first order." All

origin area weather data were obtained from first order weather
stations with two exceptions; data from second order stations, which
is equivalent in quality to data from first order stations, were used
for Jackson and Saginaw origin areas.
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weather stations throughout the United States. 13 Three general sets

of data were coded: daily meteorological conditions - - generally

consisting of the average conditions at that particular origin area

during the entire day; 7:00 A. M, weather conditions - - specific

e —

weather conditions which existed at 7:00 a. m. ; and the same weather

factors at 1:00 P. M.

Origin Area Forecast
Weather Data

Since the original forecasts, as issued, had been discarded
by ESSA, forecast weather data for each of the designated origin
areas were obtained from local newspapers. The newspaper with
the largest daily circulation throughout each respective origin area
was selected to provide forecast weather data, 14 Newspapers used
are listed in Table 6.

Chapter IV will deal with the analysis of the data and will

discuss the results of the investigation.

3Fox- an explanation of these specifications see: U.S.
Department of Commerce, Surface Observations: Federal Meteo-
rological Handbook No. 1 (Washington, D.C.: U.S. Government
Printing Office, 1970); or from the same source, Instructions for
Climt)gtological Obsaervers, Circular B, Eleventh Edition (January,
1982),

14Daily circulation information was obtained from Editor

and Publishert's Yearbook, 1969, Encyclopedia of the Newspaper
Industry (New York: Editor and Publisher Co., Inc., 1969).
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TABI.E 6. -- Newspapers Used to Provide Forecast Weather Data
for Each of the Designated Origin Areas.

Origin Newspaper with the Largest Daily
Origin Area Area Circulation within Each Origin
Number Area
Flint 2 Flint Journal
Detroit 3 Detroit News
Grand Rapids 4 Grand Rapids Press
Muskegon 5 Muskegon Chronicle
l.ansing 6 Lansing State Journal
Jackson 7 Jackson Citizen Patriot
Saginaw 8 Saginaw News




CHAPTER IV

ANALYSIS AND RESULTS

The method of analysis employed in this study was a
variation of multiple linear regression. The use of this technique
presented one major advantage over other analytical techniques: not
only could those weather characteristics (independent variables)
which exert a significant influence upon revealed preference for
recreation activities (dependent variable) be identified, but the extent
of that influence could also be estimated.

Caution must be exercised in the use of ordinary least
squares because of the dichotomous nature of the dependent variable.
Rather than the infinite number of values that the dependent variable
is normally assumed to take, only two values were possible. For
example, either a respondent chose to participate in swimming or
he did not, he participated in picnicking or he did not, and so forth.
Thus, the dependent variable y could only be written as:

1 if the respondent participated in the activity under
consideration.

0 if the respondent did not participate in the activity.

51
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A general linear regression model is of the form

y=B0+}91x1+)82x2. ..+)8ixi+€

where:

y represents the dependent variable

x x, are specified as independent variables

ll x2l

BO' Bl’ BZ’ .o 'ﬂi represgent unknown population
parameters that, in a sense,

measure the weight assigned to
the independent variables in
prediction of the random
response y

€ is a random component which explains the random fluc-

tuation in y for fixed settings of X0 Xg, . .. X

It is assumed that the random variable € has an expected value of

i g €
zero and constant variance , and that repeated values of are
independent of one another in repeated sampling.

Goldberger has shown that when y is dichotomous the
assumption of homogeneous variance is untenable, 1 In such cases,
it has been found that € values are heteroscedastic: they vary
systematically with estimated values of y and hence, with particular

values of the independent variables.

lArthur S. Goldberger, Econometric Theory (New York:
John Wiley and Sons, Inc., 1964), p. 249,
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In order to obtain the best linear unbiased estimators with
a dichotomous dependent variable, Goldberger has recommended a
two stage least squares procedure. 2 First, the calculated values of
y are obtained for each observation from an ordinary least squares
solution. The y values are then used to calculate the term y(1 -y),
an approximation of the variance of € for that particular observation.
Then values of the dependent and independent variables for each
observation are transformed by dividing them by the corresponding
v{(1 -y) term. The final step consists of analyzing the transformed
values by ordinary least squares to derive parameter estimates. By
means of this procedure, not only are better unbiased estimators
obtained, but the validity of the significance determination is
increased.

In view of the dichotommous dependent variable, the calcu-
lated value of y for any given x is interpreted as an estimate of the
conditional probability of y, given x. That is, if x changes by one
unit then the probability of y correspondingly changes by the esti-

mated parameter value associated with that x.

2Ibid. , PP. 250-255. A concise description of Goldberger's
procedure is outlined in J. Johnston, Econometric Methods (New
York: McGraw -Hill Book Company, 1963), p. 228,

3J.’:m Kmenta, Professor, Department of Economics,
Michigan State University. From discussions with the Author
during April, 1970,




Initial Statistical Model

The initial statistical model specified in this analysis was

as follows:

ij = b0 + bl}(1 + b2x2 C e bixi
where
P'k = conditional probability of participating in activity j
J at park k
( .
1 for sightseeing from car
2 for walking to scenic points
j =
3 for picnicking
\ 4 for swimming
1 for Tawas Point State Park
Kk = 2 for Waterloo State Recreation Aren,
} Portage Lake Unit
3 for Holland State Park
Characteristics of the Park User
and Park Use
Xl = total number of males in the vehicle

total number of females in the vehicle
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= total number of occupants in the vehicle, X1 + X2

3

X4 = time spent traveling from user' s origin to the park,
to the nearest 3 hour interval

X5 = number of miles, by the most direct route, from
user! 8 origin to the park, to the nearest mile

X6 = total income from the previous year for the family
of the driver of the vehicle, in 'ciollarss4

X7 = time of park entry, to the nearest two hour inter'val4

XB = total number of hours spent in the park, to the
nearest hour?:

X13 = total number of activities for which participation was
indicated

X14 = day of park entrance, 6 (weekend day park entrance -
weekday park entrance)

X15 = time of park entrance, (P. M, park entrance-A.M.

park entrance)

4Coding categories are shown in Figure 2, page 36.

5Identification numbers 9-12 were reserved for dependent
activity variables in the analysis.

6Pzau-entheses are used to indicate the specific coding cate -
gories being considered in that variable. This treatment is used to
ensure independence among categories, hence between variables, in
a non-continuous, multi-category response, and is outlined in STAT
Series Description No. 18 Analysis of Covariance and Analysis of
Variance with Unequal Frequencies Permitted in the Cells, Agri-
cultural Experiment Station, Michigan State University (November,
1969), pp. 4 and 28,
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x16 = time of park entrance if respondent was a camper,
(P.M. park entrance-A. M. park entrance)
Xl,7 = type of park user, (day usera-camper)

Park Weather Chara ctéristics

xl& = minimum A.M. temperature, in F°

X g = maximum A M. temperature, in F°

XZO = average A. M. temperature, in F°

X5, = A.M. temperature range, in F°

Xy5 = minimum P.M. temperature, in F°

X23 = maximum P, M. temperature, in F°

X24 = average P.M. temperature, in F°

X25 = P.M. temperature range, in F°

Xgg = A.M. sky cover, (clear-overcast)

X27 = A. M. sky cover, (partly cloudy-overcast)
Xog = A. M. precipitation, (none-heavy precipitation)

7'I'his one independent variable was found to be a linear
combination of other independent variables in the regression equa -
tion. Therefore, it was dropped from the analysis to prevent ratrix
singularity.

8An individual was considered to be a day user if he used a
park for recreational purposes and did not remain overnight within
that park.
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A.M, precipitation, (light showers-heavy precipitation)

A.M. precipitation, (moderate showers -heavy pre-
cipitation)

.M. wind velocity, (no wind - windstorm)
wind velocity, (light breeze-windstorm)
. wind velocity, (gusty-windstorm)

sky cover, (clear -overcast)

sky cover, (partly cloudy - overcast)

precipitation, (none-heavy precipitation)
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precipitation, (light showers-heavy precipitation)

LG S T

.M. precipitation, (moderate showers-heavy pre-
cipitation)

P.M. wind velocity, (none-windstorm)
P.M, wind velocity, (light breeze -windstorm)

P.M. wind velocity, (gusty-windstorm)

Origin Area Weather Characteristics

forecast maximum daily temperature, in F°
forecast minimum daily temperature, in F°
forecast daily precipitation probability, in per cent
maximum daily temperature, in F°

minimum daily temperature, in F°
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average daily temperature, in F°
total daily precipitation, in 1/100 inches of water

average daily atmospheric pressure, in 1/100 inches
of mercury

daily wind direction deviation from monthly average,
in degrees with a maximum variation of 18 degrees

average daily wind velocity, in miles per hour

average daily sky cover from sunrise to sunset, in
tenths

sky cover at 7:00 A. M., in tenths
temperature at 7:00 A. M., in F°

relative humidity at 7:00 A. M., in per cent
wind velocity at 7:00 A. M., in miles per hour
sky cover at 1:00 P. M., in tenths
temperature at 1:00 P. M., in F°

relative humidity at 1:00 P. M., in per cent
wind velocity at 1:00 P. M., in miles per hour
forecast daily temperature range, in F°

daily temperature range, in F°

forecast sky cover, (clear-completely overcast)

forecast sky cover, (scattered clouds- completely
overcast)

forecast sky cover, (partially overcast- completely
overcast)
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daily occurrence of fog, (none-heavy fog)
daily occurrence of fog, (fog-heavy fog)

daily occurrence of thunderstorms, (thunderstorm -
no thunderstorm)

precipitation occurrence at 7:00 A. M., (precipitation -
no precipitation)

precipitation occurrence at 1:00 P. M., (precipitation-
no precipitation)

weather during previous day, (poor -good)
weather during previous day, (fair-good)
weather during previous two days, (poor -good)

weather during previous two days, (fair-good)

Combinations

variables 18 X 26
variables 37 X 40
variables 34 X 45
variables 50 X 51
variables 42 X 51 X 52

variables 49 X 53 X 54 X 55

Confidence Level

The level of confidence specified for the analysis was 0. 90.

The rationale for selecting this level was as follows. First, the
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previously -collected respondent data had already been collected and
tested for accuracy using a 5 per cent significance level. Hence,

the maximum level of confidence which could be specified and used
with reasonable assurance in this study was 0. 95. Second, it was
known that one of the consequences of heteroscedasticity is that the
validity of significance determinations is reduced. In order to insure
that all variables which were actually significant at the 5 per cent
level were included in the final statistical models, it was necessary

to reduce the level of confidence to 0. 90.

Procedure and Results

Collected data were transferred to computer input cards. 9
Data on the newly -produced punched cards were then compared to
the original data in order to identify recording or keypunch errors.
The CDC 6500 Computing System was then used to prepare new data
decks in which, for independence in analysis, all non-continuous,
categorized responses were transformed into dummy variables.
Again, new decks were scrutinized for possible errors,

At this point, a linking procedure was followed. Thirteen

decks of punched cards were in existence: three decks of '"respondent"

9H.e-:;uired sample park respondent data were obtained from
previously -prepared punched cards. The production of the original
punch card decks has been described in Crapo and Chubb, op. cit.,
pp. 62 -64.
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data, one for each of the sample parks; a deck of ''daily park weather"
cards for each of the three sample parks; and seven decks of ''daily
origin weather'" cards, one for each of the origin areas. It was
necessary to link the appropriate daily origin and park weather data
to respondent data. For example, consider a respondent from
Washtenaw County who entered Tawas Point State Park on July 25,
1968. Desired data from the completed, returned questionnaire
(including recreational activity data) had been placed on one punched
"respondent'' card. The ''daily park weather' card which contained
the weather data for Tawas Point State Park on July 25 was then
joined to the '"'respondent” card. Finally, the ''"daily origin weather"
card, which contained the weather data (including forecast) from the
Detroit origin area for July 25, was also linked to the '"respondent'
card. The three -card combination was then recorded on magnetic
tape and filed under the name of the park, This procedure was
repeated until all of those respondents originating in the seven
specified origin areas were represented. Those sample respondents
who had indicated an origin outside of the seven included areas were
dropped from the analysis. The number of respondents indicating

origins within the specified origin areas is shown in Table 7.
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TABILE 7. -- Number of Respondents Originating in the Seven
Specified Origin Areas. a
Waterloo State
Tawas Point {Recreation Area, Holland
State Park Portage Lake State Park
Unit
Number of
respondents
in original 1158 832 950
sample of
park -users
Number of
respondents
indicating
origin in one 919 679 603
of seven
origin areas,
and included
in analysis
Per cent of
original
respondents 79.3% 81.6% 63. 4%
included in
analysis
T Refer to Figure 4 for outline of origin areas,.
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Reduction in the Number
of Independent Variables

In an attempt to reduce the large number of independent
variables in each of the twelve park -activitylo versions of the initial
gtatistical model, a "'least squares add'" computer program (LLSADD)
was used to eliminate those variables which were not significant at
the 0. 90 confidence level, 11 The LSADD routine is a multiple
regression program with automatic stepwise addition of variables
to form a least squares equation. Through the use of the LSADD
routine, a candidate for entering into an equation is selected from
among all those independent variables not presently in the equation.
The candidate selected is that independent variable which will rcduce
unexplained variance around the mean of the dependent variable the
most. Conversely, the selected independent variable is that one
which will raise the coefficient of determination (Rz) the most.
Restricting criteria which will terminate variable selection can be

specified when using this program, e.g., a predetermined significance

10“Park-activii:y" is used to denote a particular activity

which took place at a given park. Therefore, a total of twelve dif -
ferent park-activities were considered in this study.

11Thils program is described in detail in the publication
LSADD: Stepwise Addition of Variables to Form a Least Squares
Equation, STAT Series Description No. 9, Agricultural Experiment
Station, Michigan State University (November, 1969).
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level. If the candidate variable does not violate the preset restricting
criterin, it is added to the least squares equation, a new candidate

is selected for examination, and the procedure is continued. When
all remaining candidates violate the restricting criteria, the pro-
cedure is terminated.

The LSADD program, as were all computer programs sub -
sequently used, was run on the CDC 3600 computer and employed
double precision accuracy. By this means, approximately 23 digits
(excluding leading zeros) were carried along in the calculations at
every step.

The simple correlations, means, standard deviations and
other statistics relating to variables included in the original equa -
tions are shown in Appendices C, D, and E. Those independent
variables which were identified as significant are listed in Appen-
dix b,

One advantage of the LSADD routine is that conditions giving
rise to matrix singularity will cause no difficulty in the operation of
the program. This is due to the fact that a variable will not be
selected as a candidate if entering that variable into the equation
would cause the matrix to be singular. A disadvantage of the LSADD
routine is that partial regression coefficients and their associated

statistics are not calculated.
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First Stage Least Squares

In order to obtain the y values needed for the final stage of
the two-stage least squares technique, and to further test the sig -
nificance of independent variables, significant variables identified
by the LSADD routine were entered into a ''least squares delete"
computer program (LSDEL). 12 For example, independent variables
which had been significant in any of the four different "activity"
equations from a sample park, were combined into a '‘pool" for that
park. The LSDEL program then selected independent variables for
each of the four "activity' equations for that park from the ''pool" of
significant variables.

As one would suspect, independent variable 13 (''total
number of activities in which participation was indicated'') was one
of the most significant in every 1.SADD equation. As the number of
activities in which participation was indicated increased, the
greater was the probability that the activity posing as the dependent
variable would be included in the total. Because independent vari-
able 13 would have little value in a forecasting model, it was deleted

from further analysis at this stage.

12A detailed description of the LSDEL program is contained

in LSDEL: Stepwise Deletion of Varijables from a Least Squares
Equation, STAT Seriesa Description No. 8, Agricultural Experiment
Station, Michigan State University (November, 1969).
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With the 1.SDEL routine, an initial equation is obtained
using all independent variables. The particular independent variable
which reduces the variance around the mean of the dependent variable
the least, is then deleted from the equation. A new equation is then
estimated. A second variable is then deleted using the previously
described criteria and the procedure continues until a variable
selected as a candidate for deletion meets one or more of the gpeci-
fied stopping criteria.

Once the significant independent variables in each park -
activity equation had been identified, the § values for each respective
observation were calculated. Using these values, the term y(1 - y)
was then calculated. At this point, every respondent who had indi -
cated participation in the particular park -activity under investigation

had been asgigned a y(1 - y) value,

I'inal T.east Squares Stage

All of the observed values of the variables included in each
of the park -activity equations derived from the LSDEIL. program were
then divided by their respective y (1 - Sr) values. The resulting values
were then entered into a final analysis for each park -activity.

A brief description of the significant independent variables

in the final park -activity least squares equations is contained in
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Table 8. Regression coefficients and associated statistics applicable
to a given activity in each of the parks are shown in Tables 9, 10,

11, and 12.

Interpretation of Results

The null hypothesis of this study was that selected weather
characteristics do not exert a significant influence upon the revealed
preference for certain recreational activities at three Michigan state
parks and recreation areas. On the basis of the numerous indepen-
dent variables found to be significant in the different park-activity
least squares equations, the null hypothesis must be rejected.

Although many of the independent variables were identified
as being statistically significant within the park -activity equations,
they did not account for an appreciable amount of the variation in the
dependent variables. It is apparent that a model useful in forecast-
ing the choice of outdoor recreation activities will have to include
variables in addition to those relating to weather.

As one would expect, weather variablegs became more influ-
ential in affecting recreational activity choice as the amount of direct
atmospheric contact of participants within activities increased. The
activity which exhibited the smallest R2 values was ""sightseeing from

car.'" This activity can be pursued regardless of weather conditions,



68

TABLE 8. --Brief Description of Significant Independent Variables
Contained in the Final Park Activity Least Squares

Equations.

Identification Numbers and Brief Description

Characteristics of Park User
and Park Use

Origin Area
Weather Characteristics

1
2
3
4
5
6
7
8
14
15
17

Total males in car

Total females in car

Total occupants in car
Travel time to park

Miles from user' s origin
Income for driver's family
Park entry time

Hours in park

Park entrance day

A. M., or P.M. park entrance
Day -user or camper

42
43
44
45
46
47
49
50
51
52
53

Park Weather Characteristics

54
55

18
19
20
24
25
27
29
31
32
34
36
37
38
39
40
41

Min., A.M. temp.
Max. A.M. temp.
Avg. A .M. temp.
Avg. P.M. temp.
temp. range
. 8ky cover
precip.
wind vel,
wind vel.
sky cover
precip.
precip.
precip.
wind vel,
wind vel.
wind vel.

3

LOCRLBCRC RO i

RREERERREEER

56
57
59
60
63
64
67
68
70
71
73
74

Forecast max. temp.
Forecast min, temp.
Forecast precip. probability
Max. daily temp.

Min. daily temp.

Avg. daily temp.

. at. presgsure

. wind direction

wind vel,

sky cover

sky cover

temp.

rel. humidity
wind vel.

sky cover

rel. humidity
P.M, wind vel.
Forecast sky cover

Forecast sky cover
Occurrence of fog
Occurrence of thunderstorms
1:00 P. M. precip.

Previous day!s weather
Weather for previous two days
Weather for previous two days

REREEER

Combinations

17
78
79

Variableg 34 X 45
Variables 50 X 51
Variables 42 X 51 X 52
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TARBLLE 9, --Information from the Final Regression Equations for the
Activity ""Sightseeing from Car."

Park

Waterloo State

Tawas Point Recreation Area, Holland
State Park Portage Lake State Park
Unit
y Values . 34712 . 18851 .24378
B_ Values +.63589 +.04259 +29. 70827
17 . 09039 17 -. 14028 17 -.11924
;‘:e"ﬁﬁcati;’“ 7  +.01931 7 +.07066
g.“m.f?r:nf 8 -.01944 8  -.02462
‘Ilgm ‘cd . 3 -.00350 3  +.02088
ndependen 41 .. 03247 47  +.00967
Variables
Followed | = = — — = = == — o o = = = — b= — — — — — ~ — —
by Their 18 -.00580 | 24  +.01405 6  +.00936
R“"pe" ‘.‘”r’l 40  +.04356 46  +.02092 45  +.02522
o ot 53  +.01255 | 51  +.00238 49 +.00967
-oetlicients 56 +.00866 72 -. 08527 63 +.11569
73  +.07015 68  +.09931
78  +.00007 71 -. 07682
R? Values . 0494 . 1487 ., 1358
-2 a
R° Values . 0400 . 1398 1197
a—=2

R™ is the multiple correlation coefficient adjusted by
degrees of freedom.
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TABLE 10. - -Information from the Final Regression Equations for

the Activity '"Walking to Scenic Points. "

Park
Waterloo State
Tawas Point Recreation Area, Holland
State Park Portage Lake State Park
Unit
y Values . 49293 .22386 .28358
B0 Values -.48317 -5.92339 +.248613
17 -.04376 17 -. 09676
24 +,00424 24 -. 00945
42 +,01389 42 -, 01580
45 -.02159 45 +.01177
8 +.02436 8 +.02796
40 -.24857 40 -.09541
identification 41 +.22333 41 -. 05702
Numbers of 54 -. 00207 54 +.02888
Significant |-~ -"=—-"=-=--=|- "=~~~ == - - === - - -
Independent 4 +.03767 29 +.10873 46 -.02893
Variables 7 -.02654 39 -. 19961 51 +.00111
Followed 14 +.01791 44 +,00153 52 +.02396
by Their 18 -.01845 49 +.00246 59 -. 00394
Respective 20 +.00501 70 +.08794 71 -.09990
Regression 27 +.04805 74 +.07897
Coefficients 32 -.08919 7 +.00130
37 +.02561
47 +.03131
50 +.05404
57 -.00328
67 -. 02838
78 -. 00057
R2 Values 1302 .1816 . 0892
&2 values 1118 . 1439 . 0738




71

TABI.E 11. - -Information from the Final Regression Equations for

the Activity "Picnicking. "

Park

Waterloo State

Tawas Point Recreation Area, Holland
State Park Portage lL.ake State Park
Unit
y Values 32644 .51105 .30182
Bo Values +.66268 +1.31709 -.28916
(l +.02742 T -.08747 7 -.03080
8 +.10619 8 +.01461 8 +.02505
3 +.02742 3 +.05952
14 +.03114 14 +.05406
Identification 47 +.00581 47 +.01638
Numbers of 40 -.015786 40 +.31332
Ssignificant - —-=--—--—---—-|-—"=—-——=—— — + - — — - - - = -
[ndepend(gnt 2 +.02779 17 +.04109 31 +. 40576
Variables 4 +.00043 39 +.15362 36 -.07728
I'ollowed 5 -. 00002 44 +.00076 38 -. 19697
by Their 6 -.02089 45 -.013860 41 +.25160
Respective 20 -.01350 53 -.00937 46 -.01548
Regression 32 -.02743
Coefficients 34 -. 94540
43 -.00373
54 +.01047
55 -.00099
74 -.08310
77 +.01191
R2 Values 1052 . 1275 .1723
=2
R~ Values 0903 .1144 . 1569
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TABI.E 12, - -Information from the Final Regression kEquations for
the Activity "Swimming. "

Park
Waterloo State
Tawaga Point Recreation Area, Holland
State Park Portage Lake State Park
Unit
y Values .56148 . 82180 . 55721
Bo Values -14. 11037 -. 992866 +15, 13367
8 +.03857 8 +.00704 8 +.01155
17 -. 09412 17 -.00081 17 -. 08056
42 +.00736 42 +.01813
41 +.,06014 47 +.01554
52 -.01883 52 -.02216
7 -. 04165 7 -.02988
25 +.00401 25 +.00751
40 +.11079 40 +. 08080
49 +.00448 49 -. 00590
1 +.00481 3 +,03207 4 -.01959
2 +.03782 19 -.01218 31 +.21720
5 -.00017 39 -.20080 34 +, 10859
15 +., 05665 46 -.03657 38 +.190186
18 +.00410 51 +.00179
24 -.00198 58 -.01278
54 +.00889 63 -. 14578
55 +.00815
60 +.01643
64 -. 168185
R? Values 2126 . 1406 2014
R’ Values 1987 . 1238 . 1824
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as vehicle occupants are not directly in contact with the weather.
On the other hand, participants in the outdoor recreation activity
"swimming'' are directly exposed to the atmosphere, and ''swim -
ming" was found to have the highesat goodness of fit of the four
activities examined. ''Walking to scenic points' and "picnicking"
exhibited intermediate R2 values.

Nifferences in goodness of fit were noted also among the
three sample parks. Waterloo State Recreation Area, the sample
park which represented intermediate -class parks, showed little R2
variation among the four selected activities, e.g., R2 values ranged
between . 1616 and . 1275, The resource -based park, Tawas Point
State Park, exhibited the greatest variation, e.g., R2 for "swim -
ming' was .2126, whereas R2 for "usightaseeing from car only" was
.0494., Holland State Park, the user -oriented area, showed a good -
ness of fit similar to the resource -based park.

The vast majority of correlations between variables were
weak. It is interesting to note that none of the forecast weather
variables showed a high correlation with any daily weather variables.
The few high correlations generally occurred in groups consgisting
of interrelated temperature variables. This would suggest that in
the formulation of models to forecast the effects of weather on

recreational behavior, the most conveniently -collected daily
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temperature variable would adequately represent all daily
temperature variables.

To a considerable extent the number of significant indepen-
dent variables in each of the park -activity equations was a reflection
of the amount of data used. As the number of observations in a
given park -activity increased, there was an increase in the degrees
of freedom on which to base significance tests, thereby decreasing
the error term which is used to calculate significance. The result
was that an increase in the number of observations brought about a
corresponding increase in the number of significant independent
variables.

It appears that the individual' 8 choice of various recreation
activities is a complex process and is extremely difficult to forecast.
There was no major discernible pattern among the various park -
activity equations. Not one independent variable was identified as
being significant in all twelve park -activity equations. Several
independent variables occurred in at least one activity equation at
cach park, yet only four variables occurred in more than half of the
park -activity equations. On the basis of the information summarized
in Table 13, a general prediction model to forecast participation in
outdoor recreation activities at any type of park would include the

following varijables:
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TABLE 13. -- Summary of Significant Independent Variables Which
Occurred in at Least Three Different Park -Activity
Least Squares Equations.

Number of Different Activity Equations in
Which the Significant Independent Variables
Identification Occurred
Numbers and Brief o —
: - oo a
Description of g ¥ - oo - -
Significant ? o g < -3 2
Independent A A, 9§ o= o A s E
h u g Q% o ~ @ ° 3
Variables o = ol 8 e O = ﬁ
g $8 o @ L g E
w o w b
= é" g (o o
& =
8 Hours in
Park 3 3 4 10
17 Camper or
Day User 3 4 2 9
7 Park Entry
Time 4 1 3 8
40 Park P. M.
Wind Vel. 3 1 3 7
42 Forecast
Max. Temp. 1 2 1 4
14 Weekday or
Weekend Use 1 L 1 1 ] 3
47 Origin Ave. 1
Daily Temp. 3 3 6
3 Total in
Vehicle 3 2 5
24 Park Ave,.
P.M. Temp. 2 2 4
54 Origin 7:00
A .M. Temp. 3 1 4
41 Park P. M.
Wind Vel. 1 2 3
45 Origin Max.
Temp. 1 ’ 2 3
49 Origin At
Pressure 1 2 3
52 Origin Ave.
Sky Cover 1 2 3
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XB = total number of hours spent in the park

X17 = type of park user, (day user-camper)

X7 = time of park entry

X40 = park P.M. wind velocity, (light breeze - windstorm)

A further difficulty in formulating a forecast model arises because
of the character of the above variables. None of them are suitable
for inclusion in a long -range forecasting model. Data required for
the first three variables concerned with park -use are not usually
available in enough advance time to be of value. Data required for
the remaining variable dealing with wind velocity are not generally
issued in weather forecasts. In summary, there does not appear to
be a general model which could be formulated from the independent
variables tested, which could be used to forecast choice of outdoor
recreation activities,

That group of independent variables which contributed the
largest proportionate number of significant variables to each park -
activity equation was that concerned with the '""characteristics of the
park user and park use."

The particular weather perception which appeared to
apportion the greatest number of variables to each park -activity
equation was the daily origin weather,

The decline in R2 values between LSADD and corresponding

L.SDEL, equations was caused by the elimination of variable 13 ''total
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number of activities in which participation was indicated." A
comparison of the LSADD R2 values, presented in Appendix F, and
the LSDEL R2 measgures in Tables 9, 10, 11, and 12 revealed that
the deletion of this one variable generally resulted in R2 values
being halved. |

The slight difference in significant independent variables
as determined by the LSADD and LSDEIL. programs was probably
due to the differences between the two statistical methods. In using
the LLSDEL program, all variables were initially entered into the
least squares equation. Hence, the group effect of these variables
had a chance to exert itself from the start. The LSADD routine does
not have this characteristic; a group of variables which individually
account for little of the variation around the mean of the dependent
variable and that as a group explain much of the variation of the

dependent variable, may never be entered into the equation.

Example of Weather Sensitivity. -- Heteroscedasticity pre -

vented the use of most of the statistics normally generated in linear
regression programs. In an attempt to obtain further information
from the analytical results and to ascertain the sensitivity of recrea -
tional activity choice to weather variables, the following example

was calculated.
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Equations for "swimming' at Holland and Waterloo Parks
were selected because of all the park -activity equations, they had
the largest number of continuous weather variables in common. The
common weather variables in the two equations were:

[+]

X

42 ° forecast maximum daily temperature, in F
X 7 = nverage daily temperature, in F°
st = average daily sky cover from sunrise to sunset,

in tenths
To isolate the three identical weather variables for examination, the
effects of the other independent variables in each equation were
removed. This was accomplished by inserting the mean values of
those variables destined for removal into the equation, and then
multiplying the mean values by their respective coefficients. The
resulting values were then added to the B0 figures.

At this point, the only independent variables remaining in
each equation were the three common weather variables. The
common weather variables were then examined individually. The
effect of the two weather variables not under examination was
removed by the process described in the previous paragraph.
Maximum and minimum values of the remaining variable inserted
into the equation in turn, were multiplied by their respective coeffi-

cients, and the resulting values were solved to yield a value for y.
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An index of gensitivity, roughly equivalent to the elasticity
index used by economists, was then calculated. The index was a
measure of relative change and indicated how sensitive swimming
participation was to changes in the three wgather variables.

A summary of the calculations is shown in Table 14.

There appeared to be a wide range of sengitivities among
the variables. Little conaistency in variable sensitivity was noted

between the two parks.
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TABLE 14. --Summary of "Swimming'' Participation Sensitivity to
Selected Weather Variables at Two Sample Parks.

"Swimming"
I.east Squares Equation

Waterloo State
Recreation Area

Holland
State Park

X42 = KForecast

g‘:i’i;m“m Max. .8497 | Max. . 6258
Value of y Min, . 6289 Min. -.2088
After Temperature
. in F°
Inserting
Maximum -
and
Minimum X47 = Average
Values in Daily Max. 1.5213 Max, .5744
Each Temperature Min. -.2228 Min. . 1703
Common in F°
Weather
Variable
(Considered Xg9 = Average
One at a Daily Sky
Time) Cover from Max. .6642 Max. .5h214
Sunrise to Min. . 8525 Min. -.2998
Sunset, in
Tenths
X Max. .82 Max. 6.25
Sensitivity 42 Min. .76 Min. 2.57
Index
Values X Max. 3.36 Max. 5.38
AY xi 47 Min, -15.12 Min. 2.30
DX, Y
: X Max. -.28 Max. -.74
52 Min. - 0O Min. - OO




CHAPTER V

CONCLUSIONS AND RECOMMENDA TIONS

This study has attempted to ascertain the significance of
various weather variables in affecting recreational activity choice.
A sample of summer users at three representative Michigan state
parks provided data which indicated the respondents' revealed
preference for the activities of sightaseeing from car, walking to
scenic points, picnicking and swimming. Three sets of weather

data were collected: daily park weather -- conditions at the park:

daily origin weather - -conditions at the user's origin; and forecast

———

origin weather - - the forecasted conditions as released on the

previous day. The weather characteristics together with park user
and usc characteristics (independent variables) were then related to
recreational activity preference (dependent variables) by means of
a two-stage least squares procedure.

The conclusions of this study are outlined below.

81



82

M

Conclusions

The null hypothesis of this study was that selected weather
characteristics do not exert a significant influence upon the
revealed preference for certain recreational activities at
three Michigan state parks and recreation areas. On the
basis of the numerous independent weather variables found
to be significant in the different park -activity least squares
equations, the null hypothesis must be rejected.

Although numerous weather variables within the twelve final
park -activity equations were identified as being statistically
significant at the . 90 level of confidence, they did not
account for a great deal of the variation around the mean

of the dependent variables. The coefficient of determina -
tion (Rz) lor the equations ranged between a low of . 0494
and a high of .2126, It is evident that a model to accurately
forccast recreational activity choice within Michigan must
include other variables in addition to those of weather,
Weather became more important in influencing recreational
participation in activities as the amount of direct atmospheric
exposure of participants increased. "Swimming' equations
had the highest R2 values while "'sightseeing from car only"

equations exhibited the poorest fit to the data. The
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intermediate activities of "walking to scenic points'' and
"picnicking' had similar R2 values.

The goodness of fit of least squares equations also appeared
to vary among parks. The activity equations from Tawas
Point State Park respondents, répresentative of resource -
based park users, exhibited the greatest variation in the
coefficient of determination, e.g., R2 was .2126 for swim -
ming but only .0494 for sightseeing from car. The repre-
sentatives of intermediate -class park users, Waterloo State
Recreation Area respondents, had activity equations which
possessed little variation in R2 among the four selected
activities, e.g., R2 ranged between . 1616 and . 1275.
Respondents from Holland State Park, representing user -
oriented park visitors, exhibited a similar goodness of fit
to resource -based park respondents.

Of the three different sets of weather data tested, daily
origin weather characteristics constituted the largest pro-
portional representation within park -activity equations.

No major patterns of significant independent variables

could be discerned through examination of the composition
of park-activity equations. The following items were, how -

ever, observed:
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a. The group of independent variables which contributed
the largest proportion of significant variables to e¢ach
park -activity equation was that concerned with the
"characteristics of the park user and park use.'

b. The activity equations for ”plicnicking” appear to possess
a more deviant composition of independent variables
than those of the other selected activities.

¢, Only four independent variables appeared in more than

half of the different equations. They were:

XB = total number of hours spent in the park

X,q = type of park user, (day user-camper)

X7 - time of park entry

X40 = park P.M. wind velocity, (light breeze -windstorm)

Recommendations

The relationship between weather and recreational behavior
is in need of further investigation. Such a small amount of
research has been conducted in this subject area, that it is
virtually untouched. Many questions remain unanswered.
"How can we measure the sensitivity of recreational activities
to weather changes? How weather -sensitive are various

recreation activitiea? How does the activity weather -sensitivity
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vary from region to region? How does weather affect
behavior within the recreational activity?'" These questions
are but a few of the many that confront the recreation pro-
fession.

In order to determine how sensitivity of recreational par-
ticipation to weather varies among different types of parks,
it is first necessary to be able to identify homogeneous
groupings of parks. Further research needs to be under -
taken in order to devise methods of stratifying parks. What
types of stratification schemes would be most valuable to
the researcher? To the administrator? Does the basis for
stratification change over time? Does the basis for stratifi-
cation change depending upon the specific decision being con -
sidered?

An outdoor recreation weather index consisting of a few
categories should be developed for use in further weather-
recreational behavior study. The criteria for categorization
into one of the outlined classifications should be detailed
enough so that meaningful forecasting models can be
formulated using the classifications. Classification must

be simple enough, however, to permit managers of recrea -

tion areas to make category assignments and thus, to use
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the forecasting models. An appropriate weather index
would encourage weather sensitivity comparisons among
activities and among regions.

Accurate long -range weather forecasting would allow
people to plan their free time with more certainty than at
present. They could avoid attempting to do something
which unfavorable weather would make unpleasant or
impossible, and could take advantage of very favorable
weather conditions for particular kinds of outdoor recrea -
tion. If accurate long -range weather forecasts were
available, it is probable that the importance of forecasted
weather in influencing recreational activity choice would
increase. On a larger scale, it is even possible that
economic activities could be modified to permit more free
time when weather is likely to be favorat.ie for certain out-
door recreation activities. Fven today the economic
activities of some businesses are altered by people taking
advantage of favorable weather conditions, e.g., absence
of assembly line workers during weather -favorable hunting
days in the fall, but such absences are largely unplanned and

are costly as they disrupt production processes.
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Professionals in the field of recreation should be more
concerned with the uses and techniques of quantitative methods.
There is a trend in other professions towards an increased

use of quantification. To keep abreast of associated devel-
opments in other disciplines, and to permit the use of the

most modern research techniques, it is imperative that
increasing attention must be given to the interpretation and

use of more sophisticated methods. There should be more
effort directed towards the use of quantitative methods in
hypothesis testing, with an aim of expanding the existing

theoretical base.
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APPENDIX A

NUMBER OF SAMPLE UNITS WHO
INDICATED PARTICIPATION IN

COMBINATIONS OF THE SELECTED ACTIVITIES



Waterloo State
Recreation Area,

Holland State Park

Tawas Point

Activity Combinations Portage Lake Unit N = 950 St_ate Paf-k
. N = 1138
N = 832
a. Sight..seeing fron:z Car. 77 66 192
b. Walking to Scenic Points
a, Sightseeing from Car
8 112
c. Picnicking 6 44
a. ng'htsefemg from Car 137 85 198
d. Swimming
b. W.alk'mg. to Scenic Points 116 117 233
c. Picnicking
b. Wa‘lkxng- to Scenic Points 167 198 344
d. Swimming
¢. Picnicking 363 214 278
d. Swimming
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Waterloo State
Recreation Area,

Holland State Park

l

Tawas Point

Activity Combinations Portage Lake Unit N = 950 Sl?tf 113;1-;:
N - 832 =0
a. Sightseeing from Car
b. Walking to Scenic Points 46 22 76
c¢. Picnicking
a. Sightseeing from Car
b. Walking to Scenic Points 67 39 124
d. Swimming
a. Sightseeing from Car
¢. Picnicking 63 31 88
d. Swimming
b, Walking to Scenic Points
c. Picnicking 106 92 172
d. Swimming
a. Sightseeing from Car
b. W.allk.mg. to Scenic Points 43 13 61
¢. Picnicking
d. Swimming

G6



APPENDIX B

WEATHER FORECAST ZONES

IN THE STATE OF MICHIGAN



WEATHER BUREAU

LOCAL AND ZONE

PUBLIC AND AGRICULTURE

PORECAST AREAS
FOR

STATE OF MICHIGAN

NOVEMBER 1968




APPENDIX C

VARIOUS STATISTICS FOR VARIABLES
AND THEIR SIMPI.E CORRELATIONS

FOR TAWAS POINT STATE PARK DATA

Broken Line Signifies Simple Correlations Between . 800 and . 999

Solid Line Signifies Simple Correlations Between . 600 and . 799
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APPENDIX D

VARIOUS STATISTICS FOR VARIABLES
AND THEIR SIMPLE CORRELATIONS
FOR WATERLOO STATE RECREATION AREA,

PORTAGE LAKE UNIT DATA

Broken Line Signifies Simple Correlations Between . 800 and . 999

Solid Line Signifies Simple Correlations Between . 600 and . 799
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APPENDIX E

VARIOUS STATISTICS FOR VARIABLES
AND THEIR SIMPLE CORRELATIONS

FOR HOLLAND STATE PARK DATA

Broken Line Signifies Simple Correlations Between ., 800 and . 999

—-— s mee g

Solid Line Signifies Simple Correlations Between . 600 and . 799
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APPENDIX F

IDENTIFICATION NUMBERS OF INDEPENDENT VARIABLES
FOUND TO BE SIGNIFICANT
THROUGH USE OF THE

LLSADD PROGRAM
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d. swimming

40, 44, 45, 498,
51, 55, 56, 64

(R2

R . 4503)
(R2

. 4400)

o

42, 45, 48, 51,
52, 55, 56, 57,
63, 687%, 68%*,
74, 79

(R2
(R2

. 3058)
.2837)

Park
Activity Waterloo State
Tawas Point Recreation Area, Holland
State Park Portage Lake State Park
Unit
1, 4, 5, 1, 8, 3, 4, 6, 8, 13, {3, 4, 6, 7, 8,
_ 13, 17, 18, 24, | 14, 15, 17, 23*,| 13, 14, 17, 33,
a. sight- 27, 31, 49, 50, | 42, 47, 49, 51, | 35, 49, 51, 62
?ee‘“g 56, 59, 60, 67, | 55, 62*, 70, 72,| 63, 67, 68, T1,
rom car |42 73,179, 80 |74 76
only (RZ = .0819) (R2 - .2161) (R2 = . 1638)
(R% = .0604) (R2 = .1947) (R2 - .1381)
1, 4, 5, 7, 8, 1, 4, 6, 7, 8, 2, 4, 7, 13, 17,
13, 14, 18, 20 {13, 15, 17, 26, | 21, 22, 27, 38,
24, 27, 28, 29, |29, 34%, 35, 40,| 40, 42, 46, 52,
b. walking 32, 37, 38, 41, | 41*, 42, 44, 49, 54, 67, 68, 71
to scenic 42, 45, 47, 50, 56, 59, 60, 62*,
points 54, 55, 56, 57, | 63, 70, 74, 75,
59, 64, 78 77
(R® = .2949) (RZ = .2026) (R2 = .3223)
(R2 = .2719) (R% - .2644) (R2 - .3026)
2, 4, 5, 6, 1, 3, 7, 8, 13, 14,13, 6, 7, 8, 13,
8, 13, 17, 20, 17, 19, 24, 35, |14, 17, 18, 25,
32, 34, 40, 43, | 39, 43, 44, 46, | 27, 30, 31, 34,
c. picnick - 54, 55, 58, 60, |47, 53, 58*, 63,| 36, 38, 40, 41,
ing 74, 17, 18 65%, 66%, 67*, |52, 55, 59, 62,
73%, 80 64, 74, 16
(RZ = .2448) (R2 = .2703) (R2 = .2897)
(B2 = .2280) (R% - .2458) (R% = .2602)
2,5, 7,8, 13, (3, 13, 17, 19, 3, 7, 13, 18,
15, 18, 24, 25, |23*%, 26, 29, 39,| 25, 30, 42, 45,

47, 63, 71, 79

(RZ
(R2

. 4365)
. 4250)

*Variables identified with an asterisk were not added into
the LSDEL programs because they caused matrix singularity.




