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ABSTRACT

This is the secondl in a series of reports designed to develop methods,
models and guidelinés useful to lake managers as they seek to measure or pre-
dict capacity as a step toward optimizing the recreational output of lake
systems.

This report applies systems concepts to the problem of analyzing the
capacity of water-based recreation systems. The framework of a simulation
model and a number of explanatory models representing boating behavior are

presented.

lGordon A. Hammon, Harold K. Cordell, et al, "Capacity of Water-Based
Recreation Systems, Part I - The State of the Art," April 1974. Additional
reports will be issued describing methods for empirical observation of user
activities and interactions through ground observations, aerlial reconnaissance
and questionnaires; a system of computer programs to facilitate data analysis;
and finally, a summary of results.
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I. CAPACITY AND THE SYSTEM OBJECTIVE

Systems concepts are necessary for examination of the temporal, spatial,
and behavioral interaction among recreation visitors and their environment.l
The present state of the art does not permit accurate identification, quanti-
fication, or precise description of the many factors and their interactions
which act as determinants of the capacity of a water-based recreation complex.
Nevertheless, the mere exercise of organizing for the consideration of capacity
along systems lines focuses attention on the system objectives and dees much to
clarify the nature of the factors and interactions involved.

Once the system and its objectives are conceptualized, it is possible to
develop a model which reflects the functions and interrelationships between
component parts. If the components and interactive factors can be dimension-
alized and quantified,‘We have the basis for simulating the operation of a
system to test and explain the consequences of various management strategies.

This report reviews some of the prerequisite decisions and preliminary
considerations involved in developing a recreation lake system model, displays
a conceptual simulation model, and proposes some models to explain boating

behavior.

Preliminary Considerations

Model development is necessarily preceded by a comprehensive analysis of
management objectives, alternatives, and capabilities. Some of the basic con-

siderations are discussed in this section.

Relationship Between Capacity and System Objectives

Failure to properly describe the recreation and other objectives for which
a lake system 1s managed may account in large part for the lack of success in
developing viable concepts and measures of capacity. It is a simple fact that
the capacity of a recreation system cannot be specified, measured, or predicted

unless the objective(s) is quantitatively specified in the units of output

lA detailed discussion of the interactive features of general systems are
given in D. O. Ellis and F. J. Ludwig, Systems Philosophy (Englewood Cliffs,
N. J.: Prentice-Hall, Inc., 1962), p. 31. According to Ellis and Ludwig, "A
system is a device, procedure, or scheme which behaves according to some des-
cription, its function being to operate on information and/or energy and/or
matter . . ." The term "system" emphasizes that an overall operational process

is under consideration rather than a collection of pieces.
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sought. For example, the total number of user units which can be supported at
a specified level of quality on a lake where swimming, boating, water skiing
and fishing are permitted simultaneously will differ from the total use which
can be supported at the same quality level where only one of these activities
is permitted. The difference is due in part to the distinctive space require-
ments and tolerances of the respective activities and the competition or inter-
actions between them, Thus, the description of capacity and establishment of
capacity standards in any substantive fashion requires specification of the
system's recreational objectives. Such specifications will in turn dictate the
nature of necessary operational goals and will imply the management measures

or controls which are essential to achievement of the desired output. Goals
will generally appear as target levels of use to be supported, activities to

be permitted, priority accorded each activity, or maximum environmental impact
to be sustained. -

As such, it i1s readily observed that goals relate to capacity in the sense
that they generally specify the level of utilization at which public satis-
faction is maximized within the physical constraints of the lake system.

Given maximization of public satisfaction as the system objectivé, we can see
an intimate relationship between the system objective(s), intermediate goals
aimed at objective achievement, constraints within the system, and capacity.
Capacity is not itself an arbitrary standard as is commonly held. It is
unique to each lake system and the objective(s) that guide the operation of
that system.

The capacity in terms of number of use units at one time on a public lake
where maximum public satisfaction is the objective will in most cases be differ-
ent from capacity on a private lake where maximization of profit is the objective.
Also, the recreational capacity of a lake with multiple objectives of recrea-
tion, water, and fisheries production will be much different than if only a
recreational objective were specified. Furthermore, operational budgets,
political considerations, size of the water body, and other factors which are
constraints are as much determinants of capacity as is the objective of the
system. Capacity, therefore, is a much used and complex concept which deserves

special attention.




Quantitative Specification of Goals

The public recreation system administrator often has multiple goals, and
it is unlikely that these are ever entirely compatible or that any single
management strategy would have a positive effect on all. For instance, a goal
of lowering administrative costs per unit of use can be achieved by increasing
density. High density in turn increases the envirommental impact per unit of
area and may violate another goal. If the ultimate sbjective of a public
recreation system is the maximization of public benefit, system controls may
be required to achieve certain intermediate goals directly related to the aggre-
gate level of participant satisfaction. At the same time, other controls may
be necessary to hold environmental impacts of recreation use within tolerable
limits or to improve the efficiency of administration. Regardless of these other
controls and their independent targets, the key to their utility is the benefit

to users and theilr subsequent response to them. Thus, the manager/administrator

faces a dilemma where competing goals force the use of control measures which
may act positively toward achieving one goal at the expemnse of other goals,
Capacity, if measured as units of utilization over time, must at best be
a goal under the primary objective of providing an appropriate output of user
satisfaction. The question then arises whether the target for the level of
satisfaction should be conceptualized as an aggregate or as an average, It is
very likely that beyond a specific density of user units, the average satis-
faction among users begins to decline. The total or aggregate satisfaction,
however, may continue to increase as more users become active in the system
even though the additional users may reduce satisfaction to those already in
the system as conditions become more crowded. |
In the case of water skiing, for example, average aggregate satisfaction
may increase as a lone boat is joined on the water by a second, third, and
fourth boat. At some point, however, the presence of additional beoats may begin
to exert a negative influence; that is, the average level of satisfaction will
start tc decline even though the aggregate satisfaction may continue to rise
over a limited range of total use load but at a decreasing rate. This is because
the satisfaction gained by the additional users is greater than the aggregate
loss to all others. Finally, a point of decreasing satisfaction may be
reached where each added boat actually reduces total satisfaction (as an
aggregate of the reduced average or individual satisfaction levels) by an

amount greater than the satisfaction gained by the additional beating party.
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The same general theory applies to a mix of activities, such as fishing
and water skiing. An additional consideration in this case is that both the
average and aggregate satisfaction levels of the less tolerant population
(fishermen) likely react more sharply to the presence of water skiing boats
than vice versa. Thus, satisfaction among the fishing population could be
practically negated long before the peak of average or aggregate satisfaction
is reached by the water skiing population. (Fig. 1)

There is no intent here to suggest that either average or aggregate
satisfaction should be the goal of management or whether the goal should be a
single activity or a mix of activities. The purpose is simply to point out
that capacity cannot be measured or predicted until the system objective is
specified in terms which include these considerations. The literature does
not reveal means to directly measure either average or aggregate satisfaction.
However, it is the intent of this paper to explore the use of proxies which

can be helpful in dimensionalizing them.

The Need for Quality Indices

In systems which are intended to provide a service and where the ultimate
objective is clientele satisfaction, simulation cannot accurately reflect the
full consequences of alternative management strategies unless indices of the
quality of the recreational service being provided are available. Satisfaction
generally cannot be measured directly, and this means that indices or proxies
must be used to enable measurement of attainment of the system objective.

Recreation lake systems and other service systems are designed to support
specific loadings at a predetermined level of efficiency. If the system is
not supporting a load, it is not functioning (serving a purpose). When a load
is applied, the system goes into a state of tension which usually‘increases
with increasing load. Unlike a bridge which fails erratically (collapses)
when intolerably overloaded--but functions perfectly up to that point--a
recreational service system 1s unlikely to fail abruptly. Instead, it tends to
provide progressively less acceptable output as the overload increases. For
example, extreme loads represented by crowding will be marked by waiting lines
at the launching ramps, queues at the restroom doors, and generally decreased
satisfaction among visitors before chaos reigns. Capacity is reached when the
presence of one more person would breach the standards established for satis-

faction. To identify this point, however, quality indices are needed and may




Figure 1. Relationship of total, average and marginal satisfaction of lake

users under different levels of a management control variable.
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include length of waiting lines, number of complaints, density of use, boating
safety conditions or other indicators of satisfaction. If the relatiomship
between these indices and satisfaction can be established, then standard
values for these indices can be specified to guide the achievement of the

objective.

Capacity Standards

A service system may be said to reach its capacity when it no longer pro-
vides the desired outputs at the requiréd standards, Hence, it is implied
that the standards for capacity are defined in advance. The lake manager may
define capacity in terms of a standard and then simulate the tensions or loads
which are consistent with that standard. Alternatively, he may assume the
tensions and simulate a system which would support them at an acceptable
standard. In either case, the need for standards is inescapable.

Standards for the operation of system components must not be set in isola-
tion. Although standards are required for each system component, such as
launching ramps and parking, care must be exercised to avoid optimizing the
efficiency of one component at the expense of harmony in the total system. To
illustrate this principle, consider a hotel chain which relies on a computer
to locate and allocate available spaces with the broad objective of maximizing
the utilization of rooms and the limited goal of minimizing the unit cost of
computer operation. Efficiency of the computer is maximized when it is operat-
ing continuously at full load and the standard for computer capacity is set at
the rate required to process reservation requests over the average 24-hour
business day. Although the data processing component of the system subsequently
operates at optimum cost per unit, its effectiveness in promoting full occu-
pancy is diminished to the extent that potential guests tire of waiting for

reservations and take their business elsewhere.

Controls Required

Once the objectives and standards have been properly described and the
nature of the operative factors has been disclosed, it is necessary to identify
the management measures, controls or strategies which insure the operation of
the system within prescribed limits. Where the objective of a system is such
as to require control of factors which are locally uncontrollable, it will not
be possible to predict the capacity of the system in terms of the objective.
Simulation of the system operation under such conditions is an aimless exer-

cise, Weisselburg states that:




"The effectiveness of a system (E) is a function of the variables

subject to control (C,) and the variables not subject to control

v,)."2 '

J

To illustrate the importance of controls to the achievement of objectives
consider a recreation system, consisting of water, foreshore, beach and back-
shore, which is equally suitable for fishing, sailing, and water skiing. The |
management objective is to provide the maximum amount of high quality fishing
and sailing experience. Unless the manager can control the intrusion of water
skiing, the objective will be unattainable regardless of any other administra-
tive effort. This suggests the importance of analyzing the key factors requir-
ing control to distinguish between those which are subject to control and those
which must be taken as ''given' or uncontrollable. In the context of earlier

discussion, uncontrollable factors are, in fact, the system constraints.

Controllable Versus Uncontrollable Factors

Factors may be characterized by varying degrees of controllability and may
even be uncontrollable to the extent they become a constraint depending on
physical, political, and economic conditions; the abilities of the local mana-
ger; and the particular clientele involved. Likewise, factors differ in their
effects on objectives and with respect to the cost of manipulating them in
order to exert control.

In the case of water-based systems, factors not subject to control tend to
be numerous and vital to the capacity equation. For example, weather and cli-
mate manifested as wind, waves, precipitation, water and air temperatures, and
length of season are beyond the affordable realm of control. Nevertheless,
they separately or in combination may enhance, constrain or negate the real
capacity to suppert‘such activities as swimming, pleasure boating, sailing,
and water skiing. Given a system which is required to operate with no direct
fee to users and the fact that time-distance factors can be only slightly
modified once the reservoir is comstructed, cost to the user must be placed in

the category of '"not subject to control."

Certain factors, although not controllable, may be predictable, and these

predictions should influence the manager's decision-making with respect to the
g 2

‘2Robert C. Weisselburg, and Joseph G. Cowley, The Executive Strategist,
(McGraw-Hill, 1969), pp. 15-16.
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manipulation of controllable factors. Local weather, for instance, is reason-
ably predictable over short periocds of time. The astute manager will take local
forecasts into consideration as he allocates his manpower and other resources

to periods when weather is likely to be most suitable for high attendance
levels. Reservoir drawdown is likely in this same category. Although a
recreation manager may not have control over water-release intervals and rates,
advance information will enable him to predict drawdown, anticipate its con-
sequences and modify his action plans accerdingly.

Other factors which can be manipulated or subjected to indirect long-term
control may have to be taken as 'given' because the time, cost, or risk
involved make the control politically or physically impractical., In this
category may be variables such as the design, performance characteristics,
and operating requirements of equipment such as boats, motors, water skis,
trailers and automotive units. In the same category are the physical character-
istics, skills, preferences, attitudes and values of the users. The enforce-
ment of traffic laws along access routes is an externality not subject to
direct control by the system manager, but lack of enforcement may be a factor
in the behavior and attitudes of the users.

Factors such as visitcr numbers, size of boat, and length of stay are
normally controllable. Frequently, however, the fiscal, pelitical, and opera-
tional constraints which are characteristic of public agencies engaged in man-
agement of water resources for recreation will limit the applicability of such

options.

Utility of Contrel Options

Having isolated the available control optiomns, their utility must be
examined. Utility in this sense is a function of the controllability of each
factor and its effectiveness with respect to goal accomplishment. Thus, a
highly controllable factor with a low coefficient of effectiveness would have
little utility and vice versa. Potentially inefficient and exratic systems will

be marked by the apparent need to apply controls having low utility.

Complex Objectives Require Complicated Control Measures

There is a direct and positive relationship between the complexity of the
management objective, the number of factors and variable relationships intro-

duced and, thus, the number cf factors which must be controlled if 'a recreation
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system is to operate within prescribed limits. In short, inCréasingly compli-
cated objectives require increasingly complicated controls.

To illustrate, a system which seeks to maximize the recreational benefit
from fishing as the sole recreation use, need but exert control over the acti-
vities permitted (exclude all activities except recreational fishing) and then
deal with the internal variables which directly affect fishing activity. On
the other hand, a system targeted toward maximized recreation benefit through
a mix of activities, e.g., swimming, boating, fishing, and water skiing, must
deal with the activity-specific and the intraspecific variables. Consider, for
instance, the added factors introduced when the single activity objective,
fishing, is expanded to include water skiing.

Fishing from shore or boat does not usually require the use of motors,
and motors could be prohibited to optimize fishing quality., The rate of space
consumption by fishing boats is low, and at speeds ranging from zero to about
three miles per hour they are not likely to produce waves or wakes of any con-
sequence. Friction among fishermen tends to be minimal; random travel is
acceptable and does not generate the need for traffic control to limit the
possibility of collisions., The presence of submerged objects and surface
vegetation may be a positive factor, and the configuration of small lakes has
little bearing on the area of the lake which can be effectively utilized,
Exclusive of factors invelving the taking of fish (type of gear and bait;
seasons, sizes, and catch limits) the manager's concern with regulation, as it
affects capacity, is almost entirely limited to a question of level; e.g., the
number of fishermen in the system at one time and the associated rates such as
number of fisherman hours per day and days per year.

In the case of water skiing, fairly high-powered engines are requires to
sustain the minimum 15 or 16 miles per hour (MPH) speed which is essential to
the activity. The range of boat and engine size runs from about a 12-foot
length with a 12 horsepower (HP) engine to houseboats over 30 feet long powered
by multiple engines aggregating several hundred horsepower. Noise levels
tend to be high, Speed typically ranges from 16 to 35 MPH; the resultant waves
and wakes are sufficient to require some maneuvering on the part of other ski
boats to prevent swamping or an excessively rough ride., There may be appre-
ciable friction among participating skiers because of the broad range of boat

size and speed. Shoals and weedbeds constitute hazards or nuisances to be
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avoided by water skiers and the effective area of a lake is usually substan-—
tially less than the area of total water surface.

These circumstances require that the manager be concerned with the
friction and competition among water skiing participants. In the interest of
harmony and order, he must take action to limit skiers' impact on one another
and to modify their interaction with physical factors such as shoreline,
facilities, and submerged hazards. The necessary regulations can involve not
only levels and rates of participation, as described for fishing, but also rate
of speed, pattern of travel, equipment specifications, and zoning to isolate
phases of the activity which have widely differing rate and space requirements.,

In the case of fishing or water skiing opportunity provided in separate
systems, or alternately in the same system, rate and level controls can be
conceptualized and applied to stay within the acceptable tolerance ranges of
typical participants. When provided simultaneously in the same system, the
disparity between the physical, social, and biological tolerances of the two
activities is so great as to require substantial reconciliation by modifying
the participation and use rates for each activity to arrive at collective
rates and levels which are different than those which would be acceptable for
either activity practiced separately. The following hypothetical example
serves to illustrate this point., Assume a typical, elongated, 100-acre
Piedmont lake, managed to produce recreation fishing opportunity and providing
satisfactory fishing experience at a level of 50 units (boats) at one time.
Administrative control is applied only to the admission rate (50 per day, plus
turnover). The decision is made to allow one unit of water skiing activity
simultaneously with fishing use. The size of the minimal space requirement of
the one water—~ski unit immediately displaces three fishing units. In addition,
the sensitivity of fishing boats to waves, wakes, and noise requires the main-
tenance of a buffer zone which moves with the water-ski unit. If the lake is
about one-half mile long and three-tenths of a mile wide, a ski unit moving at
20 MPH will circle the lake and interact with every fishing boat no less than
once every three minutes. The ski unit, having a space consumption rate which
is about twenty times that of the average fishing unit, may eventually displace
twenty fishing units. The initially sustained "capacity' of one fishing unit
per two acres has been reduced to about one unit per 3.7 acres. The capacity

for water skiing is one per 100 acres, the combined capacity is less than one

per 3.6 acres, and the total capacity has been reduced from fifty to twenty-eight
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units. Meanwhile, the number of factors which must be controlled, if even
this capacity is to be realized, has been increased to include size of boat
and/or engine, rate of speed, and size of territory as represented by the

required minimum distance between fishing and skiing units.

Summary of Preliminary Considerations

The system objective must be expressed in terms which permit quantifica-
tion of the output supported by standards by which the quality of output also
can be judged. The nature of the objectives suggest the separate and collective
processing requirements for the system components. Given the processing require-
ments, it is possible to specify the required dimensions and other character-
istics of individual components.

The need for control over certain factors and variables will be implied
by a fully specified objective. Factors of concern will range from controllable
at reasonable cost to uncontrollable at any cost. The need for controls will
increase as objectives become more complex and the difficulty of predicting
output or capacity in terms of the objective will increase in proportion to the
collective significance of the factors which are not subject to control.
Objectives are unrealistic if they suggest the need for controls which manage-
ment is unable or unwilling to assert.

Given an objective in terms of user satisfaction and assuming that satis-
faction is based on some aggregate stemming from an activity mix, rates and
levels of concern to the manager can be measured. From this a system of pro-
grams can be developed which will allow analysis of the relationships among
hypothesized system factors. Upon detection of significant relationships
which affect efficiency in reaching goals, identity of the components of the
lake system has been achieved and the resultant model can be ﬁsed to simulate
some of the more important interactions. The following sections of this report
provide a basis for modeling as a step toward identifying and quantifying these

factors and their relationships,
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II. INTRODUCTION TO MODELING

Simple flow diagrams (Fig. 2) serve as a point of beginning in the modeling
process. Typically, flow diagrams trace activities such as patron or equip-
ment movement thrdugh various compartments of the recreation system. They also
" reflect the location of critical points or constraints where the flow is regu-
lated by intentional controls or by inherent limiting factors such as number of
launching vamps. (Fig. 3)

Generally conceived, a recreation system receives a flow of users from
external sources. The activity of users within the system may be described in
terms of levels and rates, each of which is dependent on the other. The aggre-
gate level of occupancy, a measure of system state, may be described and is
determined by two rates, arrival and departure. Internally, the levels of use
for various activities such as boating, fishing, and picnicking are dependent
on one or more rates. For example, the number of boats per hour which can be
launched and retrieved and the number of beat rentals which can be serviced‘per

hour affect the level of boating activity on the water at any point in time.

Rates and Levels Related to Satisfaction and Quality of Experience

Disparities between the system's capacity to accommodate rates and levels
of activity teﬁd to be self-regulating over time, but the equilibrium states or
series of states may not represent the quality or mix of activity products set
as the system objective. For instance, as the level of use on the water surface
(boats per acre) approaches or exceeds some threshold of tolerance or "capacity,'
the rate of migration (boat landings per hour) may increase or the rate of
mutation (boaters deciding to shore fish or swim) may advance or the rate of
tfavel (boat miles per hour) may be altered. If crowding in a given lake zone
results in reduction in speed to less than the critical 15 MPH physically
required to support water skiing, the level of water skiing use in that zone
may decline as the participants either continue the same activity in another
zone of the lake, change activity, or leave the system. It may safely be’
assumed that this adjustment is at least accompanied by temporarily diminished

satisfaction among water skiers.

Defining Components of the Model
The development of a practical system model requires careful identifica-

tion and definition of its components. Generally, components can be described




Figure 2. Recreational Lake System-flow Diagram
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Figure 3. Simple flow diagram illustrating the movement of patrons, autos,
and boats between compartments.
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as the physical plant, management controls, and users; but these must be more
specifically defined to provide a basis for quantification and analysis. The
objectives and standards for the operation of the system must be expressed in
terms such as design and dimemsion which influence or determine the performance
characteristics of individual components as well as the system as a whole.
Furthermore, the components must be arrayed in the model to display the nature
of their independent and interactive relationships.
One apprcach might be to consider the "horizontal" and "vertical" aspects
of the model as we seek to define components. The horizontal aspect focuses
on the several matural administrative units of the lake and their enviroms.
The parking lot, the ramp area, the admissions area, the shore-based recrea-
tion area, and the various water zones would be examples of such units, In
the vertical aspect, each unit management task is broken into several steps
the first of which may be the set of decisions made by the lake manager. The
last step may be the flow and assimilation of a set of feedback statistics
regarding the state of affairs within the unit.
The intersection of each vertical step with each horizontal unit can be
conceptualized as a model compoment. Ultimately, after the full analysis of
the several components and the use of the model to obtain all the outputs for
the’feasible inputs, we might discover some simple function that describes the
relationship between the Inputs and the outputs. Let us say that, for practical
cases, the relationship is almost linear. Rather than run a complex, costly,
and time—consuming program on the computer involving a model of the full system

(assuming it is that), we could substitute an equation of the general class
y =mx + b

where y is the desired response or output and x is an input factor to be
manipulated. This, however, would cause us to lese our ability to amnalyze the
model when new conditions arise, to repair it as needed, and in genexral, to under-

stand and anticipate outcomes under a variety of conditions.

Approach to Quantification

It seems advisable to use a step-wise approach to quantification rather
k4 .
than to use algorithms as a shortcut. These steps might successively treat
manager decisions, lake conditions, and resultant user states, Consider the

first step in which D, = (di ; 1= l,eoanij) denotes the set of lake manager

] 3’
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decisions and other factors that lead to a set of lake conditioms, C,, in the

j’
administrative unit j. Transformations between D, and Cj are required to take

]

into account (a) the degree of control the lake manager has over the factors
with which he chooses to exert control, and (b) the relative effect of the
factors on lake conditions independent of controllability.

The lake conditiomns,

CJ = (cij; i= l,...nj),
in turn affect a set of user states,
Sj = (sij; is= l,..,nj),

which we ultimately measure. Each user and lake-condition state is part of a
semi-Markovian chain process in that some of its determining factors may be
among the set of immediately preceding states. Of course, piot all states are
determined ultimately and only by the decisions of the lake manager. Among
the states of set D are not only lake manager decisions but also the uncon-
trollable environmental, political, economic, medical, and other factors which
cannot be ignored. While uncontrollable, they may still be measurable; but if
not this, they at least must be quantifiable,

By having several steps and retaining them in the model even when there is
temptation to substitute elegant algorithms that compute results in half the
time that it would otherwise take, an understanding is maintained of what is
happening at all times and this facilitates communication of understandings.
Second, the model can be repaired and its precision tested at intermediate
steps along the way in seeking improvements or new tests for it.

A given state, for example, that of a user, can generally be represented

as

Sij = f(xl,ossxn)>

in which each X, is a factor that may come from state set C or D. It may be
one of the levels or rates discussed earlier or simply a yes-no situation. The
analyses necessary to test the hypothesized relationships in the following
section of this report will indicate a legitimate set of factors for a given

state as an element in the overall system model,
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III. PROPOSED MODEL

The nature, form, and usefulness of simulation models as an aid to lake
managers in the decision-making process are explored in this chapter. The
framework of a model is provided which displays certain of'the more critical
factors for which quantification is needed. A point of departure for the
explanatory models of boating behavior discussed in the concluding section of
this report i1s also provided.

The typical recreation system 1s conceptualized as consisting of five

compartments (Cl...C Fig. 4) and five exchange components (El 2 E4,5
° 3

59
Fig., 4). The compartments serve to hold, store, or support user-units

(patrons, equipment and/or activity); the exchange components function simply
to transfer user-units from one compartment to another. Exchange components

may be viewed as regulators which can limit the rate of exchange.

Rate and Level Relationships

In order to optimize the operation of the total system, the manager must
have an understanding of (and on occasion take action to modify) the rates at
which user-units flow through the system per unit of time and the levels of
use in terms of using units occupying a compartment of the system at an instant

in time. The terms rate and level are defined as:

Level (L): The number of units of use (boats, autos, people)
occupying any compartment of the system at an
instant in time.

Rate (R): The number of units of use flowing through the
system per unit of time.

Rates and levels are interdependent. A change in the net rate of exchange

between compartments (land to water, for instance) through an exchange compon-

ent such as a launching ramp must result in a change in the level of use in
both the receiving compartment and the transmitting compartment, assuming all
other rates of exchange and levels of use remain unchanged. The net rate of
exchange between compartments may be defined as:

Net Rate of Exchange (RE): Rate of transfer between compartments

where inbound units to one of the compartments selected
as the principal compartment are counted as positive

and the outbound units are counted as negative.




Figure 4.

A CONCEPTUAL STMULATION OF RATE AND LEVEL RELATYIONSHIPS IN A HYPOTHETICAL RECREATION LAKE SYSTEM
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where i = 1,2,3, or 4

and j = 1,2,3, oxr 4 and indicates compartments adjacent

to compartment "i"

is a vector of internal characteristics of compartment "i"

is a vector of managerial controls of compartment "i"

is a vector of characteristics of Users in compartment "

(the bar (-) indicates that they are assumed non-varying)

is the net rate of exchange between compartment "i"
(as the major compartment) and compartment "j"

which is an adjacent compartment

is a vector of internal characteristics of the exchange
component i.j

is the level of use of the exchange compartment

ir

Determinants of Input Level (Xi)

X. = Entrance fee and on-site costs
KQ = Promotional effort

F3 = Available opportunity (activity/
experience mix)

k = Temporal availability (open hours,
b
dates, seasons)

IX. = Accessibility (travel time, dis-
tance, mode)
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Input Level Determinants

For purposes of this discussion, the level of input is conceptualized to
be a function of a set of determinants, the general nature of which is illus-
trated below:

Determinants of Input Level (Xi)

P
]

1 Entrance fee and on-site costs

e
]

2 Promotional effort

>
it

3 Available opportunity (activity/experience mix)

>
I

4 Temporal availability (open hours, dates, seasons)

>
]

5 Accessibility (travel time, distance, mode)

Factors Influencing Internal Rates and Levels

Rates and levels internal to the system are influenced by management
practices or controls (Mi) internal physical dimensions and characteristics
(Ii), and user characteristics and preferences (Ui)° It is evident that any
of the determinants listed as '"dimensional" could actually result from deci-
sions made by management at some stage of the systems design and development.
Simulation of the development stage would treat the dimensional set as "given'
and simulation in the design phase would begin with assumptions as to the
management set.

The general nature of the management set is as follows:

Management Controls Affecting Levels and Rates (Mi)

=
]

1 Supervision

=
1

9 Regulation (traffic management, boat size limitatiomns, use

zoning, admissible number at one time)

=
i

Activity mix permitted
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It should be noted that the choice of activity mix permitted (M3 in the
Management Controls set) introduces several activity variables (Ai) for which

values must ultimately be specified:

Activity Variables (Ai)

g
n

1 Velocity (typical and/or critical)

hd
]

2 Space requirements

b
]

3 Facility requirements

b
]

4 Equipment requirements

The physical set includes such factors as dimension, distribution, assort-
ment and arrangement., For a given component, the general composition of this

set is as follows:

Internal Physical Characteristics Affecting Levels and Rates (Ii)

|
[}

1 Physical dimensions and configuration

H
]

9 Design (criteria and standards)

H
L]

3 Distribution (number and density of facilities per unit of area)

—
]

4 Facility array (kinds of facilitating improvements)

H oo

The third set of factors which must be included in the model represents
the characteristics of the users which will differ with the kind, location and
objectives of the system being modeled. On the other hand, changes in the user
population may occur over time as a result of extermal forces, and these will
likely cause a change in use patterns, levels, and rates. At any point in time,
however, the population characteristics can be taken as ''given" and treated as

a constant (ﬁi), Some of the more readily describable user characteristics
include the following:
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User Characteristics Cﬁi Constant Over Short Periods of Time)

[}
[}

Physical abilities

1
U2 = Socio-economic characteristics
U3 = Tolerance (to noise, crowding, regulation)
U4 = Expectations (kind and quality of activity/experience)
U6 = Perception
U

n

Relationships Expressed by Level and Rate Determination Functions

To illustrate the relationships expressed by the level and rate determi-
nation functions (Fig. 4), consider compartment‘CA (the water area) as an
example., The functional relationship between level of use in C4 and the determi~

nants of use are as follows:

E E

L Mps Uy Ryiss Rylp)

4 =
14 and M4 are actually vectors of factors as discussed earlier. They
include factors such as degree of supervision (Ml), degree of regulation (Mz),
physical dimensions of the water area (Il), and others{ The above functional
relationship thus indicates that L4 is actually determined by each of the

factors in the vectors I, and M, .

! 4 4

U4 represents user characteristics which stand as proxies for preferences

but which are assumed to be comstant over relatively short periods of time.

Thus, Ez

not act to determine variation in level,

L

acts only to determine the general magnitude of the level and does

4 is also a function of the rate of exchange between compartments 4 and 5
(RE°5) and compartments 2 and 4 (R%°4), Looking at R§05 as an example, it is

shown that it also is a function of several factors. The function is:

E _ ‘ —_
Ryos = £(Lgs Lys Iy 50 Upiss Lyls)
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Consequently, RicS is determined partially by the level of use in C4kand
in CS' It is also partially determined by the internal characteristics of E4°5
and by the level of exchange activity in EL”5 (L4=5)°

Therefore, to completely solve the function determining L4, the factors
which in turn affect R%o5 and REGA must be substituted for RE'S and R%aa in
the L4 equation. The result is a much longer, more complex but more defini-
tive functional statement which shows L4 to be dependent on much more than the
internal characteristics of C4 alone, Unfortunately, management of compartments
in isolation is the rule of actual practice rather tham the exception.

Looking further, however, it is obvious that L5, which is a determinant of
RE°5 is also functionally related to several additional fagtors. By substitu-

E

tion for L. with the factors which determine L5, into the slot of the R4-5

5

function now occupied by L., and working back through substitution to the

b
original function which deiermined L4, it is apparent that the lake area is
indeed a system and that its components are complex but essentially inter-
related. Upon finélly resolving the L4 function into its most basic elements
through substitution of level and rate determinant functions for their respective
rates and levels, we are likely to find, for example, that L4 is not only
dependent on the internal characteristics and management

More specifically, L4 will be shown to be a partial function of entrance

fees (X or promotional effort <X2)’ L, will also be shown to be a function

l) 4
of the dimensions of the parking area, the design of the parking area, and
regulation and management of parking.

It is the function of the scientist to empirically quantify and interpret
the actual relationships that exist. In all likelihood, several factors deter- .
mining use in compartments other than 04 will prove to be only weakly related
to L4 and may be omitted from further consideration as determinants of L4, Others
will more strongly relate and cannot and must not be ignored. These relation-
ships must be determined so that lake managers and planners may predict the
full consequences over the entire lake of actions they take in only one part

of the lake.

Refining the System Model

There are two stages of model development that can help the lake manager
to improve the frequency of good decisions regarding the recreational use of

his lake. In the first stage the model, developed with statistics obtained
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through trained observation and surveys, acts out the consequences of experi-
mental decisions and reports back the state of affairs likely to exist in terms
such as user satisfaction, degradation of the water quality and unit costs.
Goals are not built into the model so the lake manager must take these expected
values and draw his own conclusions as to whether any given experimental deci-
sion approached his goals more closely than some other experimental decisions.
Other inputs to the model (besides decisions) would be in many cases major
factors over which he would have little control, such as the weather, number

of people showing up, water quality or volume, and the kinds of boaters seek-
ing use of the lake.

In the second stage, the goals of the lake manager would be built into
the model. The model would then determine what decisions should be made--
perhaps offer alternatives with goal-satisfaction weights assigned to them.
While the manager then might not select the alternative with the highest
weight, there could be justification for such a course. After all, the model
would not be perfect because either the inputs allowed were not all that should
have been or because the routines within the model which transform input values
to a set of output values could have been developed originally from a set of
observations that themselves were random so that the statistics derived there-
from would be subject to statistical error.

Whether or not the manager is able to provide the model with exact
knowledge of the imputs it requires, he may choose to allow the values to vary
over a range of possible wvalues and see how the expectations change for each
given input set. If the ranges are reasonable and represent the realm of
possibility for a given day, for instance, he may, by this technique, learn a
good deal about the relative "robustness" of alternative decisions (strategies).

To improve the imperfect models, they should be able to "learn" from
experience. That is, the coefficients of transformation should be changed to
the dégree to which they were inaccurate in estimating the effects of a given
decision., Our present efforts serve not only to provide the basis for develop-
ing the model initially but to provide insights into how a reporting system
should be developed tc provide feedback on a continucus basis.

A model can be indeterministic and ignore the real-life variances in res-
ponse of different lake users to the same decision under the same uncontrollable
factors. On the other hand, it can be stochastic and allow for these varia-

tions. In the first case, the model will give exactly the same answer for a
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given set of inputs no matter how often it is run. In the second case, it will
vary; but if the cutputs are averaged over a large number of trial rums, it

will be found that the averages converge. In each trial rum, wherever a parameter
is required, it is not retrieved for use as a fixed number but as a variate
randomly selected from a population of such variates. The population statistics,
such as the mean and variance, would be the fixed numbers used in conjunction
with a random number generator to produce the random parameter. Of course, the
smaller the variance, the neaver we get to the deterministic model. Each trial
run could be considered as an individual recreationist with the ability to gen-
erate several outcomes. One outcome could, for example, be the recreationist's
speed of travel in his boat; another could be his location on the water or

ghore, or perhaps his level of desire to return to shore. The many outcomes of
a given type form a distribution for which a mean, variance, and other statis-
tics can be calculated. These statistics can help in estimating, with a certain
degree of risk, the range within which the true average--the one we would get
were we to have obtained an infinite number of trial-run outcomes--would occur,

In the stage-two model the statistics, whether obtained deterministically
or stochastically, are reported to the decision-making routine now in the
model, rather than in the lake manager's mind. If goals are simple such that
only individual statistics have to be examined, the decision-making task is
straightforward and such a capability in the model is not really called for.
1f, however, the goal is a set of statistics, we must then match the set of
outcome statistics against the set of goal statistics. Mathematically, we
might consider the goal as one point in a multidimensional space and the out-
come another point. The task would be to compute the distance between them,

The distances for the variocus outcomes would be the goal-satisfaction weights.
The task would be a complex one and suitable for a computer.

It can be expected that distinctively different system states (simultane-
ous levels in all compartments) will occur during the course of a recreation
day. It is prcbable that a range of rates and levels can be identified as
typical of such stztes and that these will occur during fairly predictable
time pericds of the day. If so, the model might be refined to reflect any
special situations or problems occurring within such time spans and these
could be the targets of separate simulations,

Three typiecal states which might be identified are illustrated in Figure 5.

The first of these is represented by the periods or occasions when the user
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traffic is predominantly "inbound"; most of the pressure is on the exchange
components and the net rate of exchange is "plus." The second state, perhaps
typified by the mid-portions of the day, finds most of the users actually par-
ticipating in activities such as boating or picnicking. During this period,
pressure on the exchange components is low and the inbound rate about equals
the outbound rate. Finally, during the closing hours the tide turns, outbound
traffic dominates and intense pressure is again focused on the exchange

compenents.

Usefulness of the Proposed Model

Modeling along the lines suggested here is helpful in conceptualizing and
quantifying the factors which determine the system output. In a xresearch
effort, the model becomes a network of vectors with target questions displayed
at the nodes. The questions are framed in terms of equations which express
hypothesized relationships between the internal characteristics of each com-
ponent, the forces acting upon it, and its processing requirements. This dis-
closure of the factors requiring quantification ds the first step in the
explanatory effort and points the way to the type of data which should be gen-
erated and analyzed.

Lake managers should find such modeling useful in achieving a better
understanding of the systems for which they are respomsible. By following the
general format presented in Figure 4, the factors likely to be important can be
assembled in a logical manner and their hypothetical relationship showmn, The
simple knowledge of these relationships can be put to practical use without
necessarily testing the model implications by the scientific method.

Explanatory models for some of the hypothesized behavioral relationships
are presented in the following section entitled, "Empirical Testing of Intra-
model Relationships.'" Pending quantification of the relationships examined in
the Lake Burlington Study,4 this 1s a step toward development of a working
model to simulate some of the boater interactions which are critical to the

measurement of capacity.

4Empixical examination of the relationships noted in the following section
were begun in 1969 on the Burlington Reservoir near Burlington, N. C. This
project was sponsored by the Water Resources Research Institute of The Univevsity
of North Carolina
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IV, EMPIRICAL TESTING CF INTRA-MODEL RELATIONSHIPS:
VARIABLES AND EXPLANATORY MODELS OF BOATING BEHAVIOR

The models described here are designed to represent recreation participant
behavicr under different rates or levels of competing use, particularly in the
lake-surface component of the system. Hypotheses and variables are defined in
an attempt to describe and explain participant behavior under different levels
of crowding and intensity of use. The implicit underlying proposition is that
compartments of the total lake system may become "overloaded" at some level of
use density or intensity., Milgram in studying life in modern cities defines
overload as '"a system's inability to process inputs from the environment
because there are toc many inputs for the system to cope with or successive

; 5
inputs come so fast that input A cannot be processed when input B is presented.”

Manifestations of Boater Interaction

For purposes of this research, six major manifestations of boater inter-
action and behavicral response are recognized: (1) Satisfaction and Per-
ception, (2) Participation Time, (3) Distance Relationships, (4) Level of Acti-
vity, (5) Distribution of Participants, and (6) Displacement. Several wdfking
hypotheses probe wvariocus aspects of each of these major categories.

Table 1 displays these six primary manifestations of boater interaction.
With respect to the first three, emphasis is on individual boater behavicr, and
models to explain variation in behavior among boaters are formulated for each
of the principal study variables. Manifestations four, five, and six apply
more commonly to the group behavior of boaters ard models are formulated
accordingly.

Table 1 describes the behavioral variables for which explanatory mcdels are
formulated, shows the classification of these variables acccrding to. the mani-
festation of boat interaction represented, and indicates whether individual or

group boater statistics are examined.

5Stanley Milgram, "The Experience of Living in Cities,'" Science (March,
1970), pp. 1461-1468,

6Gordon A, Hammon, Harold K. Cordell, et al, "Definition of Variables,"
Appendix VII-2, Capacity of Water-Based Recreation Systems, Part III, Procedures
for Empirical Observation and Testing of System Relationships (To be published
as a Research Report by the Water Rescurces Research Institute of The University
of North Carolina, Summer 1974), includes a detailed listing and description of
all variables specified and an exact specification of each of the explanatory
models and their wariants.




Table 1. Behavioral Variables for Which Explanatory Models are Formulated
(Variables as numbered within the table are described beneath)
Individual Behavior Group Behavior
Parts
Obserxrved Stated Entire Lake of the lake
Manifestations Behavior Reaction (all zones) (specified zones)
of Each All Each All Each All Each All
Boater Activity Activities Activity Activities Activity { Activities Activity | Activities
Interaction Separately | Combined |Separately Combined |Separately Combined | Separately Combined
Satisfaction/
Perception 1,2,3 1,2,3
Participation Time 5 4 4,6
Distance
Relationships 7 7,8
Level of Acgzvity
(Velocity &
Intensity) 10 11,12 11
Distribution of
Participants 14 13,20 15
Displacement 18 9 16 19 17
Variable No. Variable Description
1 Stated reasons for terminating a trip on the water. Reasons included "fatigue," "rough water,” and "crowdedness.'
2 Opinion that boating activity is or is not sufficiently regulated.
3 Perception of crowdedness relative to other days in the past.
4 Average amount of time on the water per boat among those active at selected times during the day.
5 Average time per trip on the water per registered boat in the system.
6 Average amount of time spent at the lake by all boating parties during a single day.
7 Smallest distance between the path of a boat and the nearest shoreline, excluding shoreline used for landing boats.
8 Average distance between the path of a boat and the nearest shoreline, excluding shoreline used for landing boats.
9 Degree of deviation of boat path from a straight line.
10 Velocity of a boat in miles per hour.
11 Average velocity of boats active at selected times during a single day.
12 Intensity of boating activity. (Intensity equals the summed velocity of active boats times the number of active boats divided
by the amount of water area in which the boats are operating.)
13 Number of boats active on the lake at selected times during the day.
14 Number of boats actively engaged in fishing in areas zoned for fishing, relative to the number of boats registered to fish at
selected times during the day.
15 Number of boats in specified areas of the lake at selected times.
16 Percentage of active boats which are towing skiers at selected times.
17 Same as No. 16 except that observations are restricted to specified areas.
18 Percentage of boats which are water skiing within 333, 667, and 1000 feet of an individual boat which is active on the water.
19 Ratio of the aggregated horsepower of active boats to the horsepower of landed boats at specified times during a day.
20 Ratio of active boats or people on the lake at specified times, relative to the total number of boats or people registered to

use the lake.

0¢
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Variables and Explanatory Models

Twenty separate study variasbles are identified to represent different
aspects of the behavior and attitudes of boaters. Each of these variables is
associated with one of the six basic manifestations of boater interaction cited
above. Analysis of these 20 varisbles is designed to accomplish two objectives:
first, examine and describe boating behavior; second, identify or explain
variation in behgvior from cone day or time of day to another and among differ-
ent boating individuals or groups.

To accomplish this second objective, an explanatory model is formulated
for each of the 20 variables. The model is in the form of a3 mathematical
representation of hypothesized cause-effect relationships between sz variable
representing boater behavior and wariables affecting their behawviocz. For
example, the amount of time a boating party devotes to water skiing may depend
on water surface conditions, number of other boats operating at the same time,
the skill of the skiers, and weather conditions. To the extent that these
factors "explain" skiing time, we have formulated a legitimate explanatory
model. '

The explanatory model for each behavioral variable is formulated to
include the major factors suspected to affect the particular aspect of behavior
being examined. In additicn, several alternative specifications of each of
these models are created to include additional factors, to substitute with
other factors, -and generally to compare different model formulations so that
the better explanatory model can be isclated.

Basically;‘tﬁis study deals with two sets of data involving a total of 102
variables created from cbservational, questionnaire/interview, uger registra-
tion, and aerial photographic souxceso7 The first involves observation of the
behavior of individual boaters; the second involves observation of group
behavior. Individual data include records of actual behavicr observed at
selected locations on the lake and recorded by means of serial phetography.

The individual-boater data set also includes attitudinal and reasction statements
based on a boater's perception of conditions for boating or perceptions of the

physical, socisal, or managerial influences on boating.

7Gordon A. Hammon, Harcld K. Cordell, et al, Capacity of Water-Based
Recreation Systems, Part III - Procedures for Empirical Observation and Test-
ing of System Relationships, {to be published as a2 Research Report by the Water
Resources Research Institute of The University of North Carolina, Summer 1974),
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Group behavior data include observations of boating density, intensity,
and types of activity as specific descriptors of boating activity and the inter-
action of boaters over the gemeral lake area. Also included are observations
of boating activity in specific areas or 'zones' of the lake, each of which have
distinctive regulations, configuration, size, or activity mixes.

As specified, the 20 models represent attempts to explain particular
aspects of both individual and group boating behavior. One of the general
variants of these models looks specifically at behavior of participants in
each of four major boating activities: pleasure boating, skiing, sailing
(including canoceing and kayaking), and fishing. This is done for both the
individual behavioral models and for the group behavioral models with the
objective of detecting differences in the behavior between these activity
categories,

Several variants of each of the twenty general models were specified to
test different combinations of explanatory variables. These models and their
variants were expressed as functional equations to facilitate setting up
multiple regression analyses for model testing. The following is an example

of the set of variants of model #2, which involves 13 of the 102 variables.,

Example--Model #2

Dependent variable = X,g = smallest distance between shore and an
. 8
active boat

Variants of Model #2

(1) Xy = £ (Xu7, X17, X195, X23ay> X23ax»> X23av + X23ay, X59)
(2) ZXyg = £ (Xy7, X185 X205 X23aw> X23ax»> X23av + X23ay, Xs59)

(3) Xug = £ (Xy7, Xugs Xug, X23aw> X23axs X23av + X23ays Xs59)

O s20aoc0o0aas

—~

[\™]

<

>
=
o
!

= f (Xy7, X185 X23ay> X23ax, X23avs + X23ay, Xs59)

8The term "active boat" refers to one of a sample of boats successively
selected as the focus of intensive observation in the development and testing
of the 20 explanatory models.
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Description of Variables in Model #2

X197 Average velocity of other boats within 333' of the active boat
X1g Average velocity of other boats within 667' of the active boat
Xig Number of boats per acre of water surface within 333' of the

active boat.

X5p Number of boats per acre of water surface within 667' of the

active boat.

Xp3gy Activity type of boati: if the activity of the boat is sailing,

then Xp3ay = 15 X335y = 0 otherwise,

Xp3ay Activity of boat if the activity is water skiing, then Xp3,,

T
= 1; Xp3ay = O otherwise.

Xp3gx Activity of boati: if the activity is boating, then X,354 = 1;
Xp3ax = O otherwise.

X23gy Activity of boati: if the boat is non-moving, then X23ay = 1;

X23ay = 0 otherwise.

Xug Minimum distance in feet to shore as measured from the active
boat. This includes only those boats for which the minimum

distance is measured to a shore point not designated for landing.

Xy7 Velocity of boati. Calculated as the total distance traveled

in a known time interval.
Xug Average velocity of boats within 1000' of the active boat.

Xu9 Number of boats per acre of water surface within 1000' of the

active boat.

Xs5q Distance in feet between the active boat and next closest boat.

The six manifestations of boater interaction described in Table 1 and a
verbal description cf the explanatory models formulated to explain the study
variables, such as Model #2 given as an example above, are discussed separately

below.

Satisfaction and Perception

The satisfaction derived by users from their experience is difficult to

measure or express., Because of the variability among individual preferences,
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the amount of satisfaction which one person derives from an experiemce at a
given place and time under a giveh set of circumstances may be altogether
different from the reaction of another person in the same situation. This
creates problems for the social scientist who is searching for uniformities
and regularities of behavior related to specified stimuli.

A second difficulty is the apparent volatility of satisfactiom. An
individual may be experiencing a high level of satisfaction only to have it
depreciated or supplanted by an unpleasant incident., For example, a family
might be engaged in one or several recreational activities at a lake during
an afterncon. If asked to evaluate their experience at 4:00 p.m., the 'evalu-
ation might be positive and complimentary. However, if a reckless boater were
to endanger them through careless or malicious action an instant later, their
evaluation of the entire day, the lake management, and of the general clientele
might become negative and quite uncomplimentary.

A third problem in measuring user satisfaction is the difficulty of iso-
lating the various elements of an experience which synthesize to create the
overall impression of the experience., Even when such elements are correctly
identified and isolated, there remains the problem of measuring the contribu-
tion of individual elements to the overall experience.

Finally, it must be recognized that individual levels of satisfaction
are not subject to aggregation in more than a generalized and ordinal fashiom.
Notwithstanding the problemé outlined here, this research attempts to measure
user satisfaction in at least rough and approximate terms and to correlate
satisfaction with objective, descriptive variables such as intensity of lake
use as observed, recorded, and measured in the study. ’

The first reaction studied is the reason given for teryminating a trip on
the water (Variable No. 1, Table 1). The amount of time which boaters and
water skiers spend on water (per trip from shore) is expected to decrease as
crowding or other stresses increase. Assuming that on-site interviews with
returning boat drivers can be structured to disclose the underlying reason for
terminating the trip on water, the first set of models is formulated to help
account for stress as a factor in trip time.

The selected indicators of lake crowding stresses are cumulative wvelocity
of boats on the lake; number of boats on the lake; aggregate velocity of boats,
as a proxy for intensity of activity; and the mix of activities during the

period of exposure. Indicators of the ability to endure or tolerate crowding
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stresses include the activity of the boat under study, the horsepower of the
boat, age of the boat driver, and the length of time the bogting party has been
at the lake. This last set of factors recognizes that individual boating
parties differ in tolerance of crowding stress and in the amount of time they
would stay on the water under optimal conditions.

Several different specifications of this basic model are made in order to
test hypothesis of a more specific nature. The first variant is formulated to
test the hypothesis that the amount and intensity of boating activity in the
area where boats launch and land is the principal component of a boater's
perception of crowding pressure. This considers the possibility that an
encounter with heavy cx fast boat traffic upon launching may well establish the
attitude of boaters for the entire trip.

The second specification hypothesizes that the reason given by a boatex
for coming off the water is dependent on the amount and intensity of use that
the boater cbserves at the time he is being interviewed, even though he is not
at that moment engaged in bcating. To test this hypethesis, information on
number of boats and their velocities was obtained at the time of the interview.
Numbexr and velecity of boats in the previous variants of this model were
obtained ten minutes priocrx to the interview at a time when boaters were on
the water. Interviews were conducted only with boaters just returning to shore.

The final specification of the model is designed to determine whether
reasons given for coming off the water could be better explained for boaters
engaged in one activity than for another. Using the mocdel representing crowd-
ing pressure and boater tolerance, water skiers and pleasure boaters were
separately studied.

Next studied are cpinions of boaters concerning the adequacy cr suffi-
ciency of boating activity regulation (Variable No. 2, Table 1). The basic
model specification and variants of the model are identical to those specified
to explain reasons. for returning to shore. The objective of the tests of this
model is to ascertain whether the regulations imposed on boating activity at
the lake are sufficient under different conditions of use pressure (crowding).
It is expected that dissatisfaction will be expressed by more boaters at times
when use pressures are highest.

Boatexs were alsc asked to evaluate the crowdedness of the lake on the day
of the interview relative to crowding they had experienced on other days at

the lake., Our expectation is that perceived crowding is different than actual
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crowding (density of boats) when the type or intensity of activity differs,
even though actual density be held constant. (Fifty fast-traveling, large

boats may make the lake appear to be more crowded than fifty slow-traveling
boats of smaller size.)

Identical variants of the basic model are also used to explain perception
of crowding. First, perception is specified to be a function of actual con-
ditions encountered on the water by the boater just prior to the interview.
Second, the model is altered to reflect conditions on the water immediately
surrcunding the launch area at the time the boater was on the water. Finally,
a test is formulated to detect whether the conditions of use observable at the
time of interview influence (or are related to) a boater's stated perception

of crowding.

Participation Time

Time as a relevant dimension involves two specific considerations., First,
the average length of stay at the lake on any given day may vary in relation
to the intensity of use of the lake for that day. If it does, then the turn-
over rate could furnish an indication of the level of tolerance which users
have for "crowding."

Second, the average amount of time per trip on the water and the frequency
of activity exchange between water and land may be a function of the use con-
ditions prevailing. If they are related, then the magnitude of the relation-
ship sheculd be measurable given the methods utilized in this research.

The first participation-time variable is the average time spent at the
lake by all boating parties during a single day. Included in the explanatory
model is total crowding pressure during the day as indicated by total number
of boats which use the water area during the day. Greater total use pressure
is expected to result in a shorter average stay at the lake.

The second variable representing participation time is the average time
spent on the water by boats which were active at selected times during the day.
For each time selected, active boats were identified together with the times
of their departure from and return toc shore. The resulting time-on-the-water
data are averaged to get a time-per-boat value. This variable can be related
to the reasons for boaters coming back to shore. If the reason for returning
was excessive crowding, for example, then a shorter average time on the water

would be expected.




37

Included in the model to explain wvariation in average time among observa-
tions are the average of the velocities of boats active on the water at the
time of observation, total number of boats active, and the average horsepowexr
of the active boats. Average velocity and number of boats represent the amount
of use pressure or crowding; factors expected to result in a shortened trip.
Average horsepower is an indicator of the ability of boats to cope with use
pressure either by outdistancing it or by providing additional maneuverability
within the crowded zone.

Several variants of this model are specified., First, density of boats
is substituted for number of boats to determine whether density was more
important than number. Second, study is restricted to only the parts of the
lake where boating and skiing were allowed; parts where only fishing was
allowed were excluded. Third, rather than lock at average time on the water
for all boaters, study is isolated to water skiers exclusively and then to
pleasure boaters exclusively, Thie last variant of the model assumes that
boaters and skiers spend different amounts of time on the water. This assump-
tion will be tested.

The final varisble representing participation time is the average time
per trip onto the water for each boat in the period during which the boating
party was at the lake. The single factor included in the explanatory model is
the horsepower of the boat. The hypothesis is that larger horsepower boats are
better suited tc heavy use conditions because of their maneuverability and can
better cope with other boating activity. If true, the expected finding is that

time per trip onto the water increases as horsepower increases.

Distance Relationships

Through the use of aerial photography, infermation is available fer
analysis to determine whether there are discernible patterns of boat travel
under various conditions of intensity. The questions being asked are:

a. As the intensity of lake surface use increases, is there a

tendency for boat paths to move closer to shore or closer
to the center of the lske or are there discernible differences?

b. As intensity increases, do boat travel paths tend to become

organized as straight lines or do the patterns of the paths

take on a more wvariable character?
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c. As intensity increases, do boats maneuver to optimize distribu-

tioen or is there a greater tendency for the boats to '"bunch"
together or are there discernible differences?

If distinct patterns are evident under different conditions of intensity,
then it may be possible to roughly identify some of the attributes of '"capacity."

The matter of spatial relationships is complementary to the boat pattern
questions posed above, Traffic patterns for boats engaged in various recrea-
tion activities may be imposed by management (1) as a means to accommodate more
boats on a water body, (2) to add an element of predictability to the behavior
of boats thus reducing friction and hazard levels. As a practical matter,
these goals may be in conflict if the additional boats react to the orderly
pattern by increasing their average speed. The incidence of unsafe acts such
as high speed "tail-gating" could adversely affect the incidence and severity
of accidents. Boats which do not comply with the established pattern tend to
have an almost traumatic effect on the level of predictability. In any event,
it seems likely that boaters (boats) respond not only to the proximity of
other boats but to their course and speed.

An ancillary study conducted by Crysda1e9 probes some of the relationships
suggested above. Through the use of aerial photography and mail-ocut question-
naires, information is available for analysis to determine the departing and
impinging distances which water ski boaters perceive to be safe and the depart-
ing and impinging distances which are actually maintained. Such an analysis
may provide insight to the distance relationship phenomena and identify areas

"crowding'" on a water body.

of sensitivity that contribute to the sensation of
Increasing boating activity is expected to have an effect on the distance
that boaters maintain between themselves and cother physical objects. Of pri-
mary concern here is the relatiocnship between a single boat and the shoreline
when different conditions exist. These conditions include type of boat, type
of activity, location on the lake, and the level of other boating activity sur-

rounding the bost. Two measures of the boat/shoreline distance were cbtained:

9Richard A. Crysdale, "An Analysis of Spatial Behavior of Water Ski Boats,
Appendix VIII-10," Capacity of Water-Based Recreation Systems, Part III -
Procedures for Empirical Observation and Testing of System Relationships, (To
be published as a Research Report by the Water Resources Research Institute of
The University of North Cerclina, Summer 1974).
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1. smallest distance from boat to shore along that portion of

the boat path observed through aerial reconnaissance, and

2. average distance from boat to shore along that portion of

the boat path observed through aerial reconnaissance.

The two different measures of the shore/boat relationship were specified
so that a total picture of the reaction of a boat to crowding by other boats
could be obtained. Of major concern is the relative safety of boat operation
under different conditions of use. Greater competition for watexr space by
boats proceeding on common or opposing courses is expected to create pressure
resulting in more use of water space close to shore. This is of special'con»
cern where the water area is constricted as illustrated in Figure 6,

The basic model associated with the shortest distance to shore includes
velocity and activity of the principal boat, distance to the nearest boat,
and the average velocity and number of other boats operating near the princi-
pal boat, Three different radii are tested to determine which is more nearly
representative of the circle within which a boatexr perceives and reacts to
other boats, the shoreline, or other physical obstructions. The radii were
333, 667, and 1000 feet. The water area of concern is considered in two ways:
total water area (including bays) and effective water area.10 Effective water
excludes areas of shallow, close~to-shore water and small or narrow bays which
are rarely used by fast-moving boats. The 333, 667, and 1000-foot radii are
applied to both total and effective water areas, In addition, all of these
variations In the consideration of the basic model are applied separately to

skiing boats and to pleasure boats.

Level of Activity

Level of activity refers to the rate and amount of boat movement. Twenty
boats averaging 15 miles per hour, for example, represent a higher level than
20 boats moving 5 miles per hour. The behavioral variables of principal inter-
est here include the velocity at which boats are moving and the intensity of

activity (defined later). A number of hypotheses are formulated on the premise

loA specific definition of effective water area is: the water area within
which 90 percent of the boats in a particular boating activity and velocity
class operate or are inferred to operate on the basis of (1) samples taken at
transects across the water and (2) use of the algorithm normally employed to
compute 90 percent confidence intervals for population means aleng those
transects,
























