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Abstract

This is the third of a series of publications reporting on research to

develop methods, models, and guidelines for planning and managing water-based

recreation systems. The previous reportsbare: Capacity of Water-Based Recreation

Systems; Part i, The State of the Art - Gordon A, Hammen, Harold K, Cordell,

et al, (April 1974) and Capacity of Water-Based Recreation Systems: Part II,

A Systems Approach tOECapacity Analysis - Gordon A. Hammon, Harold K, Cordell,
et al, (July 1974). |

In this report, methods conceptualized and tested for collecting and
processing data describing recreational boating behavior are presented. The
test site was Lake Burlington in the Piedmont of North Carolina. Means for
data collection included questionnaires, interviewing, shoreline~based observa-
tion, and aerial photography.

Based on an analysis of the interview and on-site observation data, a
major finding is that capacity, measured as number of boats which should use
a lake system at the same time, probably should not be fixed by the managing
authority. Boaters at the study site appeared to have acclimatized themselves
to the frequently heavy use conditions which sometimes exceeded 1 boat per 6
acres of water surface., Thus managers and planners' continual search for the
magic number called capacity, which if found and used is believed to be the

solution te many management problems, appears to be an unnecessary pursuit.,
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Summary, Conclusicns, and Recommendations

This is the third of three reports concerned with the capacity of water-
based recreation systems, The first report (Part I) recognizes the complex and
dynamic nature of the capacity concept and presents discussion of capacity
through a review of relevant literature. A major outcome of this review is
identification of an obvious void in quantitative research aimed at generating.
capacity-oriented guidelines for recreational mansgement of water resources.

The accomplished research that has been reviewed has been classified by the

type of factors with which it primarily deals. The five sets of factors include
(1) administrative, (2) biological, (3) physical, (4) social, and (5) temporal
considerations. Most of the published reports deal with physical and social
factors, Physical factors include dimensions of the recreational land and:water
complex, speed of boats, and climate, Social factors or considerations include
behavior under stress, territoriality and migration, and mutation of behavioral
characteristics.,

The second report (Part II) conceptualizes a systems approach to capacity
analysis., A thorough discussion of the importance of specifying the recreational
and other objectives of water-based system as a necessary preliminary step to
capacity analysis. Attention is given to objectives specified in terms of
maximizing user satisfaction given various biologicagl, physical, social, and
temporal constraints. A systematic approach to medelling and eventually
quantifying important relationships within a water-based recreation system is
presented, = Strongly emphasized is the need tec quantify levels of recreational
activity within system components and to account for variations in rates of
exchange among and rates of activity within these components. - Specific factors
expected to affect rates and levels of activity and thus expected to affect
recreational capacity are identified. The general pattern of interrelationships
among these factors is explained.

This third report (Part I1I) emphasizes the methods and findings of a
research project conducted at Lake Burlington in North Carolina. One of the
principal data collection methods used was interviewing lake users combined
with registration of entering boaters as a means for identifving attitudes
and perceptions of the system, its utilization, and its management. As a
method, interviewing appeared to be very effective in generating certain types

of information not otherwise attainable. These types of information include




user characteristics, perceptions of use conditions, range of activities partici-
pated in by various classes of users, and seasonal pattern of water recreation
participation,

A second principal method involved utilization of a team of on-site observers
to measure and record (1) amount and type of use, (2) distribution of use over the
water-based system, and (3) emount of time boaters were active on the water during
their stay at the lake site, On-site observation provides continuous records of
boating activity plus a much more detailed and descriptive account of general
patterns of use and interactions among boaters. A basic disadvantage of obser-
vation is that it provides only general description of the spatial distribution
of boating activity., This is an important measurement aid for capacity consider~
ation. The observation methods tested and utilized for the Lake Burlington
project are described as a guide for others undertaking similar research.

The third method developed and implemented involved use of aerial photo-
graphic techniques for measuring amount, spatial distribution, and rates of
boating, skiing, and sailing activity., Aerial photography provides comprehensive
and near instantaneous views of the use-loading situation throughout the system.,
In addition, aerial photography is unobtrusive in that it does not impact the
users or their patterns of activity. A major disadvantage found is the complexity
of efficiently abstracting density and rate-of-activity information where large
numbers of aerial photographs are involved., A unique process for obtaining
needed data from the photography using overhead projection of negative images
overlaid with a grid coordinate system was developed and found effective. By
recording these data as a series of grid coordinates, electronic processing
was made feasible, A major problem which served as an obstacle to timely and
complete testing of hypotheses specified for this study was the rectification
of the photographic imagery recorded as grid coordinates to true-scale spaftial
distributions, It is concluded that recent innovations on ortho-photography
provide the means for overcoming this last obstacle to effective utilization
of aerial photography.

A comprehensive data processing system was devised, implemented, and
brought to 95 percent operational phase. The data from on-site observation
and interviewing were analyzed to produce the following major conclusions
concerning recreational capacity of water systems:

(1) Based on verbal and behavioral reactions to heavy use
conditions, it generally appears that use densities as
great as 1 boat per 6 acres of total water area is still
below the upper recreational capacity limit for boating.
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(2)

(3

(%)

The dominant adverse reaction to dense beating is
from fishermen and sail boaters, indicating a need
for lake surface use zoning.

There seemed to be a desire among pleasurs boaters
and skiers to participate in their respective
activities during times of heavy use.

Setting capacity in terms of number of boats at one
time does not appear to be a viable and valid concern
of management,

Three specific recommendations are evident based on the above findings.,

1,

3¢

Managers should not attempt to establish capacity limits as a
management objective. Users of a lake system seem to automatically
accommodate themselves to existing conditions. In this respect,
the design capacity of developed sites and facilities within the
lake system should not be allowed to act as a limiting factor.
Overall recreation satisfaction of users is likely to be limited
if capacity limits are imposed either directly or indirectly.

The water surface of a lake system should be zoned to accommodate
slower and smaller boats and sail boats. These boats and their
operators cannot compete effectively for space with larger, more
powerful boats.

Further research needs to be conducted to assess the impact of
heavy use loads on potential users' decisions to use or not use

a lake system., This research has not considered the non-user.
Such a consideration could alter somewhat the conclusions reached

and recommendations made,
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1. Behavioral Study of Water-Based Recreation Sysiems

Accurate identificétion, description, and measurement of the effects of
the many factors and their interactions which are hypothesized determinants
of the capacity of a water~based recreation area generally are not possible
given the present state of the art. Models based on real-world data are
needed which quantify the relationships between important resource, mana-
gerial, and behavioral factors. Such models ensble prediction of the conse-~
quences of alternative courses of action so that these can be evaluated in
light of the recreation objective(s) and goals of water-based areas.

This report (Part III of a three-part series) examines methods for col-
lecting some of the data needed in building predictive system mcdels and pre-
sents results of hypothesis testing using empirical data. The methods
described should prove to be extremely valuable to lake planners and managers
for generating participation and behavioral data on boating needed for making
site-specific decisions. For testing proposed data collectionvmethods and
for generating data for hypothesis testing, a study was conducted in 1969 on
Lake Burlington in the Piedmont of North Carolina.*® The general purpose of
the research was to examine ''capacity' as a viable management concept. Sev-
eral approaches were employed in collecting descriptions of the resource, the
users, their behavior, and impinging environmental factors. Experiences with
accumulating, handling, and processing this data have provided valuable insights

for the development of methods for water resouxces recreation research.

Modeling Recreation Systems and Capacity Analysis

Before a recreation system can be modeled or its capacity can be described
and quantified, the objective(s) of the system must be clearly defined in terms
of preferred outputs. These objectives must, of course, be consistent with the
overall goals of the public or private agency which has ownership or charge of
the water resource areas., Hopefully, these goals are consistent with the soci~
etal preferences. For the public agency, the general recreation objective is

to maximize the flow of recreaticnal benefits from the water resource base.

* Members of the original research team for this project, cther than those
listed as authors, include Lewis W. Moncrief, Associate Professor and Director,
Recreation Research, Michigan State University, and Richard A. Crysdale,
Environmental Specislist, Bureau of Reclamation, USDI, Denver, Colorado.
Their contributions to this project were invaluable.




For the private agency, the implied objective is to maximize net monetary
returns for each dollar expended in providing the recreation service.

Subsumed in each of these general objectives are multiple intermediate
goals or standards which lend a more quantitative inﬁerpretétion to the
agency objectives. These standards should be expressed in units of desired
output and the level of output desired must be specified. Without this degree
of specificity, it is doubtful that success in achieving the objective(s) can
be measured, and modeling of the recreation system becomes an aimless exercise
of attempting to measure factor relationships without a rationale for judging
their importance. In the absence of clearly defined objectives, measurement
of the relationships among water recreation system factofs can at best be used
to predict partial comsequences of alternative courses of management action,

 Assuming its measurement is a desirable end, clear definition of recrea-

tion objectives makes it possible to zonceptualize and to measure the capacity
of a water-based recreation system. If capacity can be expressed simply as
the optimum number of boats or persons per acre of water surface at one time,
a very wide range of capacity limits is likely to exist, depending on the
stated objective. Obvious differences, for example, in capacity occur where
maximization of recreation benefits through water skiing or sailingvor‘boat
and bank fishing are alternative objectives. o

Once the definition of cbjectives has been accomplished, models developed
to explain the relationships among environmental factors, user inputs, and |
managerial actions become an essential part of the management and planning pro;
cess, Ideally, management and policy decisions should be prefaced by a com- '
prehensive analysis of the consequences of the alternative actions possible
as they affect achievement of the objective(s). Unless the decision maker is
unusually perceptive and analytical in his thought process, reasonably accurate
prediction of the consequences of alternative actions or unplanned occurrences
is unlikely. Conceptually evolved and empirically tested models can éid |
immensely in directing decisions toward courses of action and policies which
contribute most to achievement of the objective while minimizing the undesir-

able secondary consequences.

Categories of Information Needed for Decistion-Making

Ultimately, we would like tc be able to express or measure capacity in
precisely the same units by which the desired public benefits specified in the

management objective(s) are measured. But in the absence of ability, given
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the present state of the art, to quantitatively measure public benefits or
satisfaction outputs from recreation, proxies must be used, Commonly used
proxies of recreétion‘output include amount of use and number of use occasions
at one time, per unit of area. (Sometimes number of different visitors is
used, but this statistic is generally much more difficult and costly to
obtain.)

These measures of capacity (or output) by themselves have the obvious
deficiency of offering no direct evidence of level of public satisfaction. To
account for this problem, manifestations which seem to yield evidence of sat-
isfaction (at least on an ordinal scale) must be observed.

There are several different, generally accepted manifestations of capa-
city which focus on water recreation users' interactioms and behavioral
responses toc both controllable and uncontrollable influences. Among these are
(1) verbal respdnses by users to questions pertaining to satisfaction and per-
ception, (2) time spent in recreation participation, (3) spatial relationships
ameng users and between users and physical objects, (4) level or intemsity of
recreation activity, (5) spatial distyibution of recreationists, and (6) dis-
placement of one user group by another, These descriptions or manifestations
of satisfaction are explored in greater depth in Section IV of Part II of this
report seriesol In that section, the behavioral manifestations of capacity as
determined by satisfaction levels are described, and hypothetical models are
presented to explain vaviation in chavacteristics selected to represent them,
The focus on behavior in this study assumes that actions and reactions of
recreation users will change as progressively higher levels of recreation
utilization occur and as perceived modes of satisfaction attainment change.
Given ability to identify deviatioms from behavioral patterns which can be
expected under stress or moderate stress conditions, it was expected (by
observing capacity manifestations) that use loads could be detected which sug-
gest the approximate use capacity of the studied water recreation system.

Information on manifestations of capacity and on the factors affecting
them were thought to be needed for improved plamning and managing water-based
recreation areas beyond the intuitive level at which it now exists. A prob-

lem arises, however, in identifying suitable and efficient means for obtaining

1Hammon, Gordon A., Harold K. Coxdell , et al, Copacity of Water-Based
Recreation Systems - Pavrt II: A Systems Approach to Capacity Analysis, Water
Resources Research Institute of The University of North Carolina, Report No. 90,

July 1974, A




and processing data. Sections IT, III and IV of this report address this
problem by presenting methods for data collection which have been field tried
as a part of a larger research project aimed at in-depth investigation of the
capacity of water-based recreation systems.

Section V reports success and failures of a system devised to process and
manage the water resource recreation data. Section VI presents results of

using part of the collected data to test specific behavioral hypotheses.

A General Deseription of the Study Methods and Site

It was necessary to use several different methods for generating the data
describing the manifestations of capacity identified earlier. Basic tools
used included on-site interviewing, registering lake users, on-site observation
of water-use activity, mail-out questionnaires, and aerial photography of the
lgke while in use. The aerial photography seemed to be the best and most
objective source of data; but because of technical problems of processing by
computer, it was the least successful.

On-site interviewing was necessary to obtain measurement of lake users'
perceptions and satisfactions relating to the type and intensity of total lake
use, Amount of time spent at the lake site and information relating to boat-
ing party structure, boat type, and mailing address were obtained as informa-
tion required from the registration procedure. On-site observation of boating
activity provided data on time spemt in each recreational activity type by
individual boating parties, distribution of water recreational use, and move-
ment of boating activity within the lake system, Aerial photography was. to
provide a check of the information obtained through observation and in addi-
tion enable measurement of spatial relationships and rates of movement of
water-surface users. Mail-out questionnaires were used to supplement the
above data, especially aerial photographs, and to secure more accurate descrip-
tions of the water craft used at the site. A summary of the schedule followed
for collecting data using each of these methods is presented in Table 1.

An attempt was made to maintain linkages between all of the data col-
lected by the above methods, The principal linkages were maintained by time
and place correlation of cobsexvations., Through these linkages it was possi-
ble, for example, to associate intensities of activity (obtained from aerial
photographs) and place distribution of boating activity (on-site observation)

with perception of crowding or satisfaction (from interviews of water users),
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Although the above described techniques of data collection themselves
are notvnew, the ways they were applied and modified for this research do
provide methodological innovations for study of water-based recreation systems.
This is particularly true of the aerisl photography and on-site cobservation

phases of data collection.

Table 1
SUMMARY OF DATA COLLECTION SCHEDULE FOR LAKE BURLINGTON STUDY, SUMMER 1969

[ Aerial
Shoreline-based On-site ;photography
Lake hours observation interviewing. j missions
Date Open Closed Start Stop iStart | Stop ; (Number)
6-21 (Sat) {6:00 a.m.] 8:30 p.m. | 11:00 5:30 1:30 { 6:30 6
(Dxy run) | (2030)
6~29 (Sun) | 1:00 p.m.j 8:30 p.m. 1:00 6:00 § 1:30 { 6:30 5
(2030)
7-4  (Fri) | 6:00 a.m.} 8:30 p.m. | 11:00 5:30 | 1:30 | 5:30 7
(2030) ‘
7-5 (Sat) | 6:00 a.m.{ 8:30 p.m. 11:00 5:30 1:30 5:30 7
(2030)
7-6  (Sun) | 1:00 p.m.{ 8:30 p.m. 1:00 6:00 }2:00 }6:00 5
(2030)
7-13 (Sun) {1:00 p.m.}8:30 p.m. 1:00 6:00 |2:00 }6:00 5
(2030)
7-19 (Sat) }6:00 a.m.|8:30 p.m. - - - - 3
(2030)
7-20 (Sun) §1:00 p.m.}8:30 p.m. 1:00 6:00 |2:00 }6:00 5
(2030)
7-27 (Sun) | 1:00 p.m.{8:30 p.m. 1:00 5:30 2:00 6:00 3
= 1(2030)
8~2 (Sat) §6:30 a.m.!8:00 p.m. - - - - 3
) | (2000)

Criteria for Site Selection

Lake Burlington in Alamance County in the Piedmont of North Carolina was
selected as the study site for several reasoms. One of the major reasons was
the cooperative attitude and interest displayed by the City of Burlington
Recreation Department which has jurisdiction over recreational management of
the reservoir.

The City of Burlington had a population of about 35,000 in 1969. Its

economy is strongly oriented toward the textile industry and light manufacturing.
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Greensboro (1969 population of 141,000) is located about twenty-five miles
southwest; Durham (population of 94,000) is about thirty-five miles southeast.
The total population in 1969 within a thirty-five-mile radius numbered about
250,000 persons.

The major criteria for selection of the study site included the degree of
access control, type of management and use facilities provided, and size of
water area.

Application of study procedures required an area on which access control
could be established. This was necessary so that cbservations of use could
be made within the limits of available funds and manpower and so that unde-
tected leakage across the perimeter of the system and between subsystems would
be small enough to be unimportant. It was also necessary to select a lake
with a high incidence of concentrated, intensive use and with management which
was stable and positive but at a low enough level to permit observation of free
interactions between persons engaged in fishing, boating, and water skiing,
Substantial fluctuation of the water level during the study period was also
undesirable because it would introduce variables which could not be con-
trolled through analysis. At Lake Burlington there was small risk of unaccept-
able draw-down.

It was desirable that shore-based facilities, such as launching ramps and
parking spaces, be available in sufficient size and number to allow use of the
water surface to reach a saturation point without being limited by on-shore
crowding. A criterion for lake size was also established and stated as a
range from 400 to 4000 acres. The 400-acre lower limit was based on an assump-
tion that lakes smaller than this do not provide sufficient opportunity for
the display of behavioral responses to various conditions of use density and
intensity. The 4000-acre upper limit was based on estimates of the maximum
area feasible to study under the constraints of time and funds.

Lake Burlington seemed to f£it the above criteria better than any other

reservolr or lake in North Carolina.

Description of Lake Burlington

Lake Burlington is a Y-shaped lake of just over 300 acres. It was
created in 1960 and is typical of other impoundments on the Piedmont Plateau
in that it is long and relatively narrow with a highly irregular shoreline,
Figure 1. The central basin is slightly less than two miles in length if

measured along the centerliine. The left and right forks of the Y measure
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3.0 and 2.8 miles, respectively, for an aggregate centerline measurement of

approximately 7.8 miles.

Lake Burlington Dimensions

Lengthf. s e e e ,‘. . .« o . 7.80 miles
Width (widest point) « . . . . . . & 0.27 miles
i (gpproximaté’aVeragé: | .
7“ central basin) . . . . « . . 0.20 miles
(approximate average:
upper arms) . . . ¢ . o . . 0.10 miles
Shoreline, length . .'. . . C e 50 miles
Area, water surface . . . . . . . . 500 acres
Depth, maximum . . . . . . « . . . . 35 feet

Water dépth is not § 1imitingffactor for most types and sizes of boats
except in the upper extremes of theaarms,‘ At ‘a general distance of twenty to
thirty feet from shore when the_lake is at br near spillway level, boaters
can safely assume that depth is sufficient for boating and water skiing
purposes.

The lake's waters are usually clear, and(discoloration‘following heavy
rains is slight. The type and occurrence of aquatic growtﬁ do not impose
constraints on boating activities. . Summer water temperatﬁre varies in a
small and non-critical range above and below 72°F,

The city owns the entire shoreline for a vertical distance of nine feet
above spiliway elevation. Additional acreage at boat access points is owned
and managed by the city solely for recreation purposes. Adjoining landowners
do not have shoreline access to the water and are prohibited from installing
private boat ramps and piers. Consequently, there is little incentive for
residential development bordering the lake, and no more than two or three
residences are visible from the lake surface.

The lake was opened to public use in 1962 and has since been operated by
the City of Burlington Department of Recreation and Parks. Public ingress
and egress is permitted only at two locations--the fishing pier and the marina.
A daily or seasonal charge and registration are required for boat launching
or fishing, Spectators and picnickers are not required to register or pay a
fee. ; | f )

Space and activity zoning that were in effect during thé stﬁdy period

are summarized on the following page. Zone designations A through E
8




(Figure 1) were established for study purposes only and are used here for

convenience in describing locational relationships.

Summary of Space and Activity Zonming

a. Fishing from boats - permitted on the entire lake.

b. TFishing from shore - permitted only on a strip extending
about 100 yards from the fishing
pler into Zone C.

¢. Water skiing - prohibited in areas C and D; permitted
elsewhere.

d. Power boating, sailing - permitted on entire lake but
speed restricted in Areas C and D.

e. Swimming and bathing = except for swimming incidental to
water skiing, permitted only from
small protected beaches near the
marina and the fishing pier in Zone B.

f. Boat launching and retrieval - boats permitted to enter and
leave the water only at the marina and
fishing pier in Zone B.

g. Boat landing (contacting shore) - as distinct from launching
and retrieval, boats permitted to con-
tact shore to embark or debark passen-
gers, only along frontage developed for
picnicking in Zone B,

Facilities and services include a regiatration station, a modest snack-
bar operation, and restrooms. Adequate parking area, a gas pump, a floating
dock, boat rental complex, and several launching ramps are also provided.

A review of Lake Burlington registration records indicated that most of
the patronage originated from withina fifteen to twenty-mile radius., Water sur-
face activity involved a variety of boat and motor sizes and configurations
ranging from sail to twin-screw cabin cruisers and including jets, inboards,
outboards, inboard-ocutboards, pontoon boats, runabouts, and cances. Boat
travel speeds ranged from less than 1 mph to more than 50 mph, producing wakes

ranging from ripples to substantial waves capable of swamping smaller boats.




IT. Methods fon Coflecting Data: Registration,
Interviews, and Quesitionnaires

As indicated in Chaopter I, one of the most importaﬁt reascons for selecting
Lake Burlington as the study site was the degree of access control, The two
entrance locations at Lake Burlington allowed complete control cver boats dur-—
ing periods of study. This chapter describes the boat registration procedure
which provided the basis for overall system contrcl. Also discussed is the
interviewing administered to boaters at the site to cbtain data on subjective
response to prevailing lake use conditions. In addition, a mail questionnaire
distributed to Lake Burlington water skiers and an interview questionnaire used
to determine management practices being utilized on Noxrth Carolina lakes are

discussed,

Entrance Registration and Interviews ‘

The visitor registration procedure used by the Burlington Department of
Recreation and Parks provided the basis for overall system control. Data
describing the boating party, boating equipment, and length of stay at the
lake were obtained through a brief interview of registrants. The administra-
tive procedure included completion of a daily permit for each beating party
entering the system for purposes of fishing, boating, or water skiing. A num-
bered, two-part permit (dppendix A) served to record the registrant's name and
address, boat number and make, number of persons in the party, time in, time
out, and date. Each party was required to pay a one-dollar deposit at regis-
tration so that the party would have incentive to return to the registration
desk before leaving. This step was necessary for determining the time the party
left the site. A summary of rules and regulations appeared on the section of
the permit to be retained by the boater as a receipt., This receipt had to be
returned for refund of the deposit upon exiting the system. The primary‘reason
for recording time in and time out for each boat was to enable determination of
length of stay at the lake. ‘

The permit was supplemented to include informaticn on group type (family,
social, church, other) and composition by sex and age. Age classes included
0-12, 13-20, 21-30, 31-40, 41-50, and 50 or more years. Also included was
information on boat length, horsepower rating, and type (cance, rowboat, out=~

board, inboard, inboard-ocutboard or sail).
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The information obtained proved to be inadequate for positive identifica-
tion of specific boats from aerial photographs as explained in Chapter IV. For
this reason, a supplemental questionnaire (dppendix B) was sent in the fall
after the summer data collection period. The purpose of the questionnaire was
to obtain a more precise description of individual boats used at the lake.

This information could have been easily obtained during the entrance interview
ofbeadh boat operator, ;

Certain exceptions to routine procedure were occasioned by the on-site
storage of a few boats under season permit and by the absence of Coast Guard
registration numbers on boats powered by less than 10 horsepower motors.

Approximately eighteen boats covered by seasonal permits were moored at a
floating dock. Although the owners were subject to daily registration, few of
them complied. At the outset of the study, a record was made of the boats
stored at the lake. On any day that these were observed in use on the water,

a dummy record, based on the information compiled in advance, was inserted in
the registration file,

Rental boats at the lake and boats powered by engines rated less than 10
horsepower were not required to obtain and display a Coast Guard registration
number. In order to assure identification of these in the course of later
observations, a pair of distinct black on yellow decals bearing two-digit
numbers were affixed to the bow of each boat. Permission was requested of
private beoat owners to affix the decals to each unnumbered boat that éntéred
the system. Although cooperation was generally good, a few boats were launched
without numbers. A special effort was made to identify these by means of color

or other distinctive features.

Interview of Boaters

A ten-minute interview was administered to a random sample of the boating
population. Interviews were time/place/activity associated in an effort to
relate behavior to perceptions of conditions prevailing at the time.

The rationale for conducting the interview phase of the research was (1)
to determine user perception of boating use conditions for which detailed,
descriptive data had been obtained through aerial photography and on-site
observations, and (2) to obtain information which might explain differences in

behavior of the various user groups under these different conditions.,
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In order to get a repreéentative sample of boaters, it was necessarylto
sample various landing areas along the shore. Interviews were conducted just
as the selected users came off the water so that their appraisal of fecreation
conditions and their experiences would be fresh.

There are only two areas along the Lake Burlington shoreline where boaters
may land their boats. The shoreline of these two areas was segmented for
administration of interviews such that an eQual number of landings was expected
among the segments at all times during the interview period. Assurance of
equal numbers of landings provided equal probability sampling at each segment.
Figure 3 is an example of a sampling schedule for one day. The schedule con~-
sists of a 10 x 10 grid with time periods vertical and sample locations hori-
zontal, The letter entries, A, B, C, D, designate interviewers., The inter-
viewing array for each day was derived by random assignment of interviewers
among the shoreline segments. The only restriction on assignment was that no
individual shoreline segment was designated for interviewing more than two

periods per day. Each period for each segment was one-half hour long.

SAMPLE FRAME FOR: Sunday, 29th June

%‘1 2 I3 |4 |5 Je |7 |8 j9 J10
Time !

1:30 - 2:00 A B

2:00 - 2:30 c |

2:30 - 3:00 B J A

3:00 - 3:30 c IR
3:30 - 4:00 B ‘ A

4:00 - 4:30 | ' C ID

4:30 - 5:00 lA |B

3:00 - 5:30 i D C

5:30 - 6:00 | B A
6:00 - 6:30 L c - Jp
Figure 3.  Sampling frame used to designate interviever, time,

and place on one of the study days.
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As originally conceived, the plan was to interview all boat drivers every
time they landed at -a given segment during the two half—hour periods of theday
each segment was sampled, Howeverﬁ as a result of a pretest it was dec1ded
that each respondent should be 1nterv1ewed no moxre than one time per day. B
This minimized disruptions in the respondent's reoreational experience and
helped to maintain goodwill toward the research progect. '

Each interview took about ten minutes to administer. Questlons can be
grouped into the following classes: (l) user and equlpment data, (2) types
of use of the lake on the day of 1nterv1ew, (3) general data on the respond~ )
ent's use of Lake Burlington, (4) general perceptlon of lake management and
use, (5) user perception of condltlons on the lake for that day and for the
trip out on the water just prior to administration of the 1nterv1ew, and (6)
factors 1nfluenc1ng the use of the lake on the trip just prlor to 1nterv1ew.: .
The interview instrument is shown in Appendix C. ' o

LR IR

Approx1mately 200 usable interviews were obtained over the eight days

(including the dry run day) that interviews were conducted This is a 41. 6w:
percent sample of total number of boats which used the lake during the study;{
days. Research staff members were the primary interviewers for the study.

The written instructions given to each interviewer are shown below.

Instructions for Interviewing

B

"All interviewers will familiarize themselves with the areas of the
marina corresponding'to the different location numbers indicated in the sam-
pling format. .

"Each interviewer, at the beginning of each sampling day, will be desig-
nated a letter--A, B, C, or D. He will also receive a plan of the sampling
format for that day and will proceed to conduct his interviews throughout the
day as indicated by his letter in the formata For example, at precisely
3:00 p.m. on Sunday, June 15, 1969, Interviewer A should be in a position to
monitor Location 7. During the one-half hour, 3:00-3:30, "A" will interview
everyone that is deemed interviewable in the assigried area (see below for
definition). If someone is available for interyiew as late as’3:29, this
person must be interviewed even though the interview will run past 3:30.

"The sampling plan is arranged so that there will be one-half-hour wait-
ing periods for each interviewer between each consecutive interviewing period,
This allows for: d4nterviews which commence toward the end of an interviewing

period and run over into the next half hour; food breaks; helping out with
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interviewing where needed; attending to clerical work in connection with the
previous interviewing period.

"On first arriving at your assigned location, do not interview anyone
who may have lénded just prior to your arrival at the specified half-hour |
interval., Interview only people who you see land within the interviewing
pericd. Should you find that you are unable to cope with the volume of inter-

views, get in contact with central control for assistance,

Who should be interviewed? The driver of the boat on the last trip
is the respondent who should be inter-
viewed,

Definition of an interview target: A driver is deemed interviewable
when the driver during the previous trip

steps from the boat to the shore,"

Interview of Lake Managers

In order to be gble to apply the findings of the on-site study at Lake
Burlingten to other lakes and to identify possible management strategies, a
study of North Carclina lake management was designed and executed. This part
of the investigation was conducted by a member2 of the study team who was
concurrently collecting related data on recreation management practices for
his doctoral dissertation.

The purpose of the management aspect of the study was to determine how
North Carolina lakes of 500 or moie surface acres were being managed and to
identify perceptions of capacity by different managers. Knowledge of exist-
ing management practices was essential to the study in order to consider how
capacity would be affected by a variety of management practices. It was also
felt that lake managers who have been involved with management of lakes could
give practical insight into the concept of capacity. The objectives of this
portion of the study were:

1. to describe the management policies and practices being util-

'izedaoﬁ North Carolina lakes of 500 surface acres or more,

2. to obtain estimates of the level of lake use during the past

season as recorded in lake use data or as perceived by the

lake manager, and

2M. Roger Warren, Jr., Management Guidelines for Water-Oriented Recrea-
tion, Unpublished Doctoral Dissertation, Indiana University, Bloomington, Ind.,

1970 . 222,
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3. to probe perceptions of capacityibyﬁgake manﬁgéfgﬂ ‘

There are 47 lakes of 500 acres or more‘in_North Catrolina. Seven of
these were rejected for study purposes because of public“inécﬁéssibility or
because preliminary investigation indicated virtually no"recreationLuse.
Managing authorities representing 38 of the 40 remaining lakes agreed to par—
ticipate in this portion of the study, B

Management practices were determined by personal interviews with the
responsible official(s) of each lake studied. The interview instrument con-
sidered management practices in seven general categories,

Specific questions were developed to explore management practices within
each category. The interview outline (dppendix D) was designed with enough
flexibility to allow discovery of those practices that could not be anticipated.

During the actual interview, the investigator used an expanded outline to

serve as a reminder of areas he wished to explore under each of the listed

.

questions.

In some instances the person(s) interviewed wés responsible for:mahaging
~several lakes. When this occurred, differences in management practices and
problems related to capacity wére explored for each lake. In some cases dif-
ferences were significant, but in most instances management practices were
similar. The interviews averaged two and one-half hours in length.

In addition to interviewing lake managing authorities, the investigator
talked with several people connected with the North Carolina‘Board of Health
and the North Carolina Wildlife Resources Commission to obtain a description
of management practices and regulations on the state level.

An attempt was made to study all management policies and practices that
affect the recreation user and might tend to alter his behavioral pattefn. No
concern was given to management praétices such as office procedures or account—

ing methods that would not normally affect the user.

Mall Questionnaire on Spacing Preference of Water Skiers

A second auxiliary study was completed by Richaxd A, Crysdale as part of
his doctoral research at Texas A&M University. The data were collected as a

basis for analyzing users' perceptions of spatial relationships. Particular

3Categories were: (1) Land and Water Use Policies, (2) Lake Regulation and
Zoning, (3) Fees and Charges, (4) Personnel, (5) Public Relations and Educa-
tion Programs, (6) Facilities, and (7) Capacity.
16




reference was made to the minimum inter-boat distances which boat drivers and
water skiers would willingly tdlgrate under various conditions of interaction
and speed. These data were derived by means of a mail questionnaire dis-
tributed to the water skiing component of the Lake Burlington use population.
Water skiing was selected for in-depth study of willingness to tolerate crowding.
. Aerial photogxaphs vevealed many possible combinations of spatial inter-
actions which could contribute to the crowding semsation reported by some |
skiers and boaters. These combinations involved differentials in speed,
direction, and type of activity, Also imvolved were locations with respect
to the shore and other objects, either stationary or in motion. The most
obvious evidence of interaction appeared in directional (impinging and depart- |
ing) relationships.

A mail-out ques;ionnaire4 was designed to investigate the spatial inter-
actions and relationships as perceived by the water skiing population and to
provide a basis for interpreting these in conjunction with the relationships
observed on the aerial photographs (see Chapter IV). The questionnaire was
sent during January 1970 to the 320 registrants who used Lake Burlington on
study days and who used motors of 20 or more horsepower (i.e., having the-
potential to tow water skiers), A total of 186 questionnaires were returned

(58 percent).

4A copy of the questionnaire is available through the Department of
Recreation Resources Administration, North Carolina State University, Raleigh,
N. C. 27607,
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ITT. Methods gor Collecting Data:' On-Site Obsesrvation

In addition to 1nterv1ew and reglstratlon procedures for collectlng data,
a system of on-site observation was used to describe the dlstrlbutlon, flow, v
and type of boating activity at Lake Burllngtonn The ultimate obgectlve for’
collectlng these data was to obtaln information on (1) total amount and type
of water-based recreational use throughout the day, (2) dlstrlbutlon of recrea-
tional use over the lake, and (3) amount of time boats were actlve on the
water durlng their stay at the lake site. Observers were statloned at stra-
teglc p01nts around the lake shoreline. Part of the observation team was‘
ass1gned to keeplng records of landings and departures from shore.‘ The
remainder of the observation team ‘kept records of boatlng act1v1ty within and
between different parts of the lake. The observatlon reeords were obtalned
contlnuously from 11:00 a.m. ‘or 1 00 p.m. to 6:00 p.m. durlng each of the
selected data collection days, ' | -

' Use of observers stationed around the shorellne of a water body has
several advantages (as well as some disadvantages) over photography for ’
obtaining boatlng activity and distribution data. Flrst observers can pro-
vide continuous records of boat movement rather than p01nt 1n—t1me samples.
Continuous aerial photographlc coverage would be prohlbltlvely costlyo Con~f
tinuous data provides an inventory of events and numbers pertaining to‘boat—(
ing activity. This, of course, greatly enhances the reliagbility and wvalidity
of conclusions derived from analysis of such data. Additionally, continuous
coverage data provide a much more detailed and descriptive account of the
general patterns of use and interactions among boaters.

Observers also have an advantage over mechanical recording (including
photography) in that they can provide supplemental information on events which
may deviate greatly from the norm. For example, a sudden and drastic devia-
tion from the normagl pattern of boating activity could be observed on aerial
photographs without amy apparent explanation. Actually, the deviation may be
due to a boating accident which could be recorded as such by an cbserver.

This additional insight can guide the researchey to omit observations which
are one-time occurrences so that statistical results will not be biased.
Observers can also provide supplemental information that can agid immensely in
explaining even the typical events.

Finally, observers may aid the researcher by providing feedback on tﬁe

adequacy and accuracy of the observational data collection procedure. Such
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feedback early in the life of a study has often resulted in modifications of
the data collection procedure which later meant large savings in time and
money while increasing the reliability of the data collected.

The basjc disadvantage of observation as a means for studying boating
activity is that it provides no information on spatial‘relationships or rates
of movement. The observer's view is horizontal and allows only general
description of location of actiwvity. Aerial photography, as explained in
the following chapter, has the capability of supplying detailed accounting
of spatial and rate relationships.

The Observaiion Procedure Used at Lake Burlington

Day-long observation of the type, amount, and general distribution of
boating adtivity was conducted on eight of the days during the summer use
season. - A team of thirteen observers was stationed at strategic locations
on each of these days and was in place before the major boating traffic
began, Usually, the pleasure boating and skiing activity did not begin
until about 11:00 a.m. Observers were in place at 11:00 a.m. and concludedv
recording at 6:00 p.m. at which time the majority of activity had subsided..
On Sundays when the lake did not open until afternoon, observation began at
1:00 p.m.

To assure efficiency of operation and continuity of the data collection,
training, briefings, and an actual dry run of the procedures were conducted,
Early in the summer, prior to beginning data collection, an entire day was
spent at the lake site to instruct observers on their duties and to test the
observation procedure under actual conditions. After g two-hour training
session during which verbal instructions and a detailed manual of instructions
were supplied, observers were taken to their assigned stations. Boating
activity was moderately heavy at times and provided a good test of the pro-
cedures and personnel assignments. Observers recorded the activity as
instructed and project researchers circulated among them to answer questions
and to check the degree of compliance with procedures. As a result, some per-
sonnel were reassigned according to capability; number of observers at certain
stations was increased, and procedures were modified as necessary. During
the actual data collection, the procedure of checking the accuracy of data
recording and compliance with procedures was continued. In addition, brief-
ings were held each sample day prior to dispersal of the observers to their

stations. Every observer was asked to make sure that he or she had a copy of
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manual of instructions and that their specific instructions were reread
before time to start recording boating activity.

Two basic types of data were collected by the observers. The first type
dealt exclusively with boats landing on or departing from shore. This was
recorded on Field Form #1, shown as Exhibi# 1. Station number, observer(s)
name(s), and date were recorded on each form. Then, for each boat landing or
departure, the time of day to the nearest minute, boat registration number,‘5 |
number of persons in the boat, type of activity in which engagéd,'whether the
boat was inbound or outbound, and supplemental identification data for the
boat if needed were recorded. Activity codes‘appeared‘in the upper iight
corner so that errors in coding could be minimized,

The observers were stationed along the two stretches of shoreline to
which boat landings were restricted by lake regulations., Walkie-talkie com-
munication was maintained between adjacent observers so that duplication of
event recording or missing of event recording could be avoided. This was
especially important for boat landings or departures occurring at or near the
dividing line between observation statioms,

The second type of information dealt with movement of boats between the
five zones identified at Lake Burlington for study purposes. The data recorded
indicated whether a boat was moving into or out of a particular zone, time of
day, boat registration number, number of persons in the boat, and activity in
which engaged (see Exhibit 2, Field Form #2). In those cases where the regis-
tration number on the front of the boat could not be read, supplemental iden-
tification information was recorded such as boat color, engine type, or other
special characteristics.

In locating the observation stations, care was taken to assure that full
vigibility of water/shore movement or zone-to-zone movement was afforded.
Observers responsible for recording the shore-to-water movement were stationed
so that expected volume of landings and departures could be handled efficiently
by one person during heavy use periods and so that complete visual coverage

was afforded of the shoreline where landing was allowed. Figure 6 is a sketch

‘SIn North Caroclina, as in other states, all boats with engines rated 10
or more horsepower are required to register, They are then assigned a perma-
nent registration number which must be displayed on each side of the boat.
This number was used to identify individual boats. For non-registered boats,
black on yellow numbered stickers were applied as the boat entered the lgke
system, This number was used as a substitute for an official registration
number. 29




Station .

_Time

EXHIBIT 1

FIELD FORM #1
ACTIVITY RECORD

Observer Date
INCOMING QUTBOUND
No. Water Water

of Ski-} Other | Ski~|Other

Project B-013-NC
Lake Burlington

.Sailing S

Activity Code

Canoeing C

Water Tobagganing E&
Administrative _AD
Other Boating _OB

Per-| ing | {code) | ing | (code)|{Remarks & Supplemental

Boat No. sons | (v) W) Identification

Record time to nearest minute,
Do not use same line to record incoming and outbound times for a single boat.
Record "incoming" time at moment any part of the boat or any occupant of the
boat touches any physical feature of the shore.
Record "outbound'" time when contact between boat (or boat occupant) and shore
is broken and boat begins forward motion.

EXHIBIT 2

FIELD FORM #2
DISTRIBUTION RECORD

Project B-013-NC
lake Burlington

Activity Code

Station Observer Date Sailing S
' Canoceing C
Water Tobagganing WT
QUT OF | Administrative AD
INTO AREA AREA Other Boating 0B
No. Water Water
Boat of Skiing | Other || Skiing | Other |[Remarks & Supplemental

Time Number Per, | (Check)| (Code)|{ (Check)| (Code)|Identification
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of the larger of the two areas where boat landings were allowed. The posi-
tioning of the observers is shown. ' |

Chservers responsible for zone-to-zone ﬁovement were placed so that a
clear view was afforded straight across the zone boundary and so that on-
coming boats could be seen before they reached the boundary. This lead time
was rneeded so the observer had sufficient time to focus binoculars on a boat
in order to resd the registration number on its side, At two of the three
zone-to-zone observation staticrs, an additional persoﬁ*was'assigned’for the
singular purpose of recording cbserved boat movement. At these stations the
flow of boating was so heavy at timés that two persons could not observe and
record at the same time, and a separate recorder was necessary. The location
and number of persomnzl used for zone-to-zone observation and recordings are
bdiagrame& in Pigure 7. At the boundary between Zones A and B, observers were
placed on opposite sides of the lake to be near both directions of travel. A
recorder was stationed on only one side, however; and communication of the
descriptions of observed events to the recorder were relayed from the other
side by walkie-talkie, At the station at the boundary between Zonés B and E,
two observers and a recorder were used to accouﬁt for both the B to E and
the E to D traffic. One observer was responsible for all traffic entering
Zone E from B and for that enterinz Zone D from E. The other observer was
responsible for all traffic exiting these same zcnes In the opposite direction.
All observations were verbally relayed to the recorder. Both bouﬁ&aries
could be seen from the single vantage point as is illustrated in Figure 7
which shows the lLocation of all cbservation stations.

The key tc the success of the observation procedure was accurate iden-
tification of individual boats. This was essential’so that (1) amount of
water-based recreation use, {2} distrzibution of recreational use over the lake,
and (3) amount of time beats were active on the water during single outings
could be measured.  {(Use in this study refevs to aggregate amount of recrea-
tional time rathex than a simple count of number of occasions of participa-
tion.) To assﬁre that boat registration numbers were read for all boats
with recorded events, a back-up procedure was conceptualized. When only a
part of the boat number could be read, the known digits were filled in and
‘blanks were left for the unidentified digits. For example, NC-2773-B may
have been recorded as NC-2_73-3 because the entire number could not be read.
The back-up system involved computerized searching through the entire file of

observation data after the field data collection was completed and data had
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been transferred to an EDP input device. The basic approach was to trace
through the events and times of occurrences for each boat involved with water
activity during the time that the misrecorded boat number was observed.
Through elimination of boats that could not have been active near that sta-
tion at the time recorded and by looking for boat numbers similar to the
partial number recorded, missing digits were filled in., It was important that
observers were asked to record only that portion of the number which they
could positively identify. (The procedure for filling in missing digits of
boat numbers is explained in more detail in Chapter V.)

The three principal obstacles faced by the observers in recording boat
numbers were distance, speed, and angle of the boats relative to the observers.
Boats passing by relatively close to the observers posed no problem in reading
the registration number unless the angle or speed was too acute or too fast,
respectively, for reading. (To aid in dvercoming the distance problem, all
observers were issued binoculars.) These problems had to be recognized in
locating observation stations and in dispersing personmel according to

capability,

Pointers for Future Users of Observation Procedures

Several things were learned as a result of the experience with applica-
tion of observation procedures at the Lake Burlington site. Some of these are
listed below:

1. Develop a form(s) which enables observers to record quickly and
accurately the events they observe, Make maximum use of check
marks as a means for describing an event, especially at sta-
tions where boating traffic is likely to be heavy at times.

This can be done by providing check columns foxr Specific events
known to occur repetitively a largé number of times. (See the
water skiing column in Field Form #1, Exhibit 1.) The

forms should also be of heavy paper so that tearing or wrinkling
will not impair rapid recording.

2, Make sure that observers have large-dial, easily read watches
if time associations with events are desired., The watéhes
should be thoroughly checked for accuracy and should be water-
proof if the site is water based.

3. Prior to starting the actual data collection there should be a

full-scale dry run of the procedures under actual, heavy-use
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conditions. During this time the project administrator(s) and
scientists should eirculate among observation stations to check
compliance with procedures, to receive comments concerning via-
bility of procedures, and to actually try the techniques

specified,

Make sure that trained back-up personnel are available to

~replace observers unable to work on a given day; to replace an

observer who may become ill, etc, during the day; or to use as
substitutes during a day so that rest periods can be given to

observers expected towork long periods.

Check the eyesight of personnel to avoid placement of persons

without strong eyesight at stations where distance viewing is

required, This is critical where boat number reading or other

detailed descriptions of events or objects is necessary.

Nﬁmbers of observers should be placed at each observation
station adequate to handle the heaviest amounts of use or
greatest number of expected events per unit of time, One per-
son solely responsible for recording verbally communicated
sightings of events may be needed where two or more observers
are required at a single station. Two observers and one
recorder can do as well or better than four observers doing
their own recording under heavy-use conditions,

Observers should be given responsibility for observing a
limited number of events which are similar in nature. A larger
number of very different events can be observed more effi-
ciently than the same number of similar events because the
attention of the observer is better captured by dissimilar
éventso If possible, a single observer should be assigned

to record boating events that are occurring in only one direc-
tion, Two or three-directipn traffic can become confusing.,
Observers should be placed so that a clear unobstructed view
of on-coming boat traffic is possible, This is especially
true where fast-moving traffic must be viewed through binocu-
lars, It takes a critical amount of time to focus and hold

binoculars on a moving object,
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10.

11,

12,

13.

The lake water surface and shoreline should be zoned for study
purposes (not necessarily for boat activity regulation). Zon-
ing of the water surface should differentiate major compart-
ments of the lake which are different because of size, config-
uration, distance from shoreline access, dominate activity
(allowed or naturally occurring), or other characteristics of
interest to management. Water surface zone boundaries are best
established at narrowed portions of the long axis of the water
body. This puts observers closer to boating activity. The
shoreline should be zoned according to type of access, activities
occurring, volume of use, etc, Adequate numbers of observers
should be used at each zone boundary or shoreline access area
so that a full description of numbers and types of boats, activi-
ties, and other characteristics of the boating use can be
obtained.
Radio (two-way) communication can provide important links between
observers, project administrators, and cbservers and recorders.
This can eliminate much double-counting and unnecessary leg work.
Where aerial reconnaissance is used in combination with ground-
level observation, the observers should be required to record
the exact time the plane flew over. This enables relatively
precise time correlation between aerial and ground observations
and among ground observers using the plane Zime as the control.
Observers should be kept as unobtrusive as possible so that
interference with activity patterns can be avoided., A few
boaters objected to being spied upon, and this attitude can
be reduced by hiding observers to the degree possible without
obstructing their view. Also, large signs informing users that
a study is underway can help remove suspicion.
Equipment and supplies for observers can vary from station to
station. Some of the basic needs include:

Binoeulars (7 x 35 or 7 x 50)

Radic transceiver

Clip board

Pens

Watch

Water cooler

Chaix

Umbrella
Recording forms
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V. Methods for Co!c&ec/tking Data: Aenial Photoghaphy

One of the basic problems facing researchers or administrators interested
in collecting data describing the dynamics of a water-based recreation system
is the size of the water bodies involved. The larger the water body, the more
difficult it is to get point-in-time evaluations and measurements of its use.
Other unique problems involve the usually numerous access points from which
users may enter or leave the water site, the wide dispersal of uses, the high
degree of mobility of users, and the large number of bays and inlets which
tend to obséure users from view when observation iéwfrom ground level,

Because of these problems, obtaining data which characterize the amount,
type, spatial distribution, and behavioral interactions of water recreational
use can be a difficult and costly task. Aerial photographic sampling of lake
use conditions can provide a means for overcoming many of these problems. The
altitude and speed of an airplane enable near instantaneous views of the
total water surface. The comprehensiveness of photographic records of the
actual situation and the possibility of time-series imagery provide capability
of obtaining detailed accounts of events including the rates at which the
events occur. In addition, aerial photographs provide a permanent record of
the water‘surface activity at the time of observation. This allows more time
to study the phenomena thus recorded than would be provided by on-site obser-
vation, and it provides opportunity to repeat study of the phenomena as many
times as are necessary.

Another advantage of aerial photography is that it is unobtrusive; that
is, aerial observation is almost completely without impact on the use patterns
being observed. This is an important characteristic where unbiased observa-
tions are sought through empirical observation. If vecreationists are aware
that they are being observed, there is always the possibility that their
behavior may be altered.

Another advantage of aerial observation is that it allocates most of the
time to the office for manually recording what is observed rather than to the
field., The office envirvonment is more controllable, and this contributes to
greater consistency in application of data recording procedures.

The objective of the aerial reconnaissance for the Lake Burlington
research was to generate data sufficient for testing hypotheses pertaining to
the relationships between behavioral patterns of boaters and amount, type,

and location of boating use both over the entire lake and in the
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immediate vicinity of selected boaters. The experience gained with this
project concerning écheduling, contracting, product specifications, and tech-
niques provides useful information for guiding others' decisions regarding use
of aerial photography.

A total of fifty-two photographic missions were flown in coordination
with ground observations at the Lake Burlington site, The photographic
product of these misslons was controlled to the degree possible in terms of
ground scale to photo scale and in terms of time sequencing. Both of these
contrels are explained in more detaill later,

The aerial photography phase of this research was only partially success-
ful. The success was realized through the development of the data collection
and processing techniques with the exception that the technique for rectify-
ing the aerial photographic images back to a known scale was not perfected.

In the planning stages of this research, a decision was made not to use ortho-
photography for obtaining scale rectifications of the azerial imagery.6 This
was decided because orthophotography was a relatively primitive and very
expensive technique at that time. Instead, a computerized system for process-
ing records denoting object locations in the form of grid coordinates was used.
For a number of reasons described later, this system never became fully opera-
tional. This resulted in inability to use the aerial photographic data for
the hypothesis testing rgported in Chapter VI. With the current state of the
art in orthophotography, the obstacle of obtaining accurate rectifications

has largely been removed since fully rectified photographs result from that
process. The procedures reported in the remainder of this and in the follow-
ing Chapter V are those used to accommodate photo rectification without use

of the orthophotographic process. The type of photographs reqﬁired and -

resultant data, however, are the same with or without orthophotography.

The Mechanics: ‘FZight Scheduling, Contracting, Specifications

The first and most basic step in the use of gerial photography to gather
information describing the use of a water-based system is to define in very
precise terms the intended use of the data. This determines the timing and

number of flights to be scheduled, the type of imasery to be produced, the

60. D. Bockes, 1970, "Orthophoto Mapping," paper presented at the Ameri-

can Congress on Surveying and Mapping, Salt Lake City, Utah, November 6, 1970,
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altitude at which flights occur, and other factors. TFor example, if a lake
manager wishes to know where the most rapid bank erosion is occurring, two
or three photographic flight missions at one-month intervals, under similar
use loads, and at a four-to-six~thousand-foot altitude will likely be suffi-
cient. On the other hand, a researcher needing data describing patterns of
boating activity sufficient for development of a time-related predictive
model will likely need numerous flight missions at a 3000-foot altitude and
representing a wide range of use-load conditions.

Scheduling the over-flights of a water body for photographing the activity
occurring on it is highly dependent on weather. This is particularly important
vhere coordination with ground data collection is necessary. Observers or
interviewers are costly and should be called upon only when there is relative
assurance that the aerial missions can be accomplished; Therefore, flight
scheduling requires accurate information on expected weather and probability
that photographs can be obtained. Best conditions are a totally clear sky or
a solid but light overcast, These conditions give better photographs because
lighting is more constant. Expectations of rain will definitely call for '
flight cancellation. Because it is very likely that some scheduled flights
will have to be cancelled, it is desirable to have a flexible flight schedule
including alternative dates and times,

Flight scheduling used for the Lake Burlington project is shown below:

leriol Missions in 1969

Number of Number of

Date Missions Exposures
June 21 6 138
June 29 5 107
July 4 7 173
July 5 7 177
July 6 5 121
July 13 5 126
July 19 3 88
July 20 5 130
July 27 5 122
August 30 3 86
TOTAL 51 1268

The objective of the aexrial photography was to record boating activity
under use conditions expected to be heavy enough that activity patterns would

be changed from that which is nowmal. TFor this reason, emphasis in the flight
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scheduling on heavy-use days including weekends and holidays. In the

eveﬁt one of the originally scheduled days could not be used, the sample plan
called for a random draw of another weekend or holiday day from the pool of
non—selected days remaining within the study period (summer 1969).

Multlple flights, spaced two hours apart, were scheduled during each
sample day so that the effects of use load variation during the day could be
detected as well as the effects of variation among days. In addition, use
patterns and behavior were expected to be partially affected by the water
system state; i.e., whether most of the overall water site activity was
inbound into the site, engaged in recreation participation, or outbound (see
Figure 5, p. 26, Part II, of this report series). Because multiple flights
were plenned for each day and because it was highly desirable not to station
observers and interviewers and to get the overall data collection process
going unless there was a relatively good chance that a full day of data col-
lection would be accomplished, the flight scheduling was further complicated.
Weather and cloudiness had to be forecast for the entire day, and it was
necessary to reach a decision on whether to go or not go on the night preceding
each scheduled data collection day. This enabled saving effort and expense
in transporting personnel and equipment to the site for the non~photographic
phases of the data collection procedure. It was necessary to reschedule only
one day during the data collection phase of the Lake Burlington study.

The aerial photographic services were provided under contract with a
local firm with sufficient flexibility to cope with the scheduling problems
and time constraints noted sbove, The conditions of conventional contracts
for aerial photography normally allow considerable latitude for choice of
flight times and dates, but the necessary short notice of cancellation for
this project made it somewhat more important. In this case it was necessary
for the contractor te furnish services on demand with only twelve to eighteen
hours' advance notice. All flights were subject to cancellation due to
weather conditions at almost any time before the airplane left the ground.

The contractor used a Falrehild camera Type T-5, which was mounted in a
small, single-engine aircraft. Although the small plane produced acceptable
results, a larger plane is more desirable because there is less likelihood
of air current effects. Three passes were required to include the extreme
upper reaches of the reservoir. ‘

Under the terms of the comtract, the contractor produced and delivered

all negative film in roll form, one print of each exposure at contact scale,
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a photographic composite of an aerial mosaic covering the entire lake at a
scale of 1" = 400', and a set of transparent grids of squares for photo
interpretive purposes. The mosaic was assembled from contact prints matched
on previously established ground control points and other clearly identi~
fiable objects (Figure 9)., The mosaic was then photographed and printed to
sexve as a base for the permament grid system (described later in this
chapter) which was established over the entire study area as the standard
frame”pf reference for all locational relationships. Minor adjustments “in
the:printing process were made to reduce scale discrepancies and distortion
Entroduced at this stage. Negative film was left uncut for easé of manipula-
tion and storage and to facilitate some of the interpretive techniques also
described later.

For test purposes, contact prints.were prbceséed both in glossy finish
and matte finish. Although image resolutionm on thé glossy finish was judged
somewhat superior to that on the matte finish, the latter was preferred
because of the comparafive ease with which the fine:lines and notations could
be made. Grease peﬁcils were required only on the glossy surface. Since
most of the critical measurements were made on the film negatives, the slight
difference in resolution was immaterial and ability to make notations on the
matte finish was féirly important. A clock diai, an altimeter dial, the
flight number, photo number, and the date appeared in the margin of every
print,

Because the water area of most lakes and reservoirs does not lie in a
straight line, it will likely be necessary to make more than one pass over
the water surface so that different portions are photographed each time,
Three passes were necessary for Lakeé Burlington (flight pattern is evident in
Figure 9). Care was taken to fly the same direction and same sequence of
flight paths each time. Paths taking the least amount of total time were
selected so that all photographs of a single mission were taken as near to
the same time as possible., This meant that tufﬁing radii and number of passes

had to be minimized to the degree feasible.

Scale and Time Control

Scale and time controls are essential in obtaining accurate measurements
of rates of travel and distances and in coordinating aerial and ground obser-
vations. Time control was established by synchronizing at the beginning of

each day the time shown by the watches of all observers and interviewers with
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that shown by the clock dial on the aerial camera. This method did not prove
entirely satisfactory, however, because the watches ran at slightly different
rates. A better method would have been to have the observers record the
exact time at which the plane flew over their location during each photo-
graphic mission, By this means, an almost exact correlation of time asso-
ciated with events recorded by the aerial camera and those recorded by ground
observers could have been obtained. (The necessity of merging ground and
aerial observations is explored in Chapter V.)

In addition to the comtrol through synchronization of ground observer and
aerial observer times, the time interval between sequential film exposures was
also controlled. This was dccomplished by fixing the interval at which
individual photographs in a single flight line were taken. To obtain a 60
percent end lap of photographs (30 percent overlap of successive photographs
in the same flight line), the time Interval was targeted for nine seconds.
This interval depends on shutter speed, plane speed, and amount of overlap
desired. By obtaining image overlap, movement of boats can be détected and
their velocities measured., In Figure 10, the movement of a boat as recorded
by two successive photographs taken a fixed number of seconds apart is illus-
trated. Image #1 of the boat is recorded by Photo #1 and Image #2 is recorded
by Photo #2. The distance the boat traveled during the nine-second interval
between exposures can be converted to velocity. In most cases, three separate
images of the same boat were available because of the amount of bverlap
specified.”” This proved to be a correct choice even though less overlap would
have been cheaper and still would have provided two images of the same boat.
Three images (and sometimes four) provided more detailed and accurate informa-
tion on boat movement,

Scale control was accomblished by flying at about 2300 feet above the
local terrain (slightly more than 3000 feet above sea level) which produced
an average and approximate photographic scale of 1:4800 (1" - 400').

Because the photographic scale determined by plane altitude and contact
print size is only approximate, it was necessary to establish the relation-
ship to ground measurements s0 that scale variation from exposure to exposure
and on the photographic mosaic could be corrected to a common, known scale.
The following procedure was used: Prior to the first photographic mission,
black plastic targets measuring 8' x 10' were staked at intervisible points
along the shoreline, and a white "X" was painted on each. In addition to

these, other permanent and aerially distinguishable points were located.
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Figure 10. Illustration of 2 imagee of a single boat
. recorded on two 8successive, overlapping
photographs (with a known time interval

between photographs)
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These served as fiducial points for the photogrammetric process which will be
described. The number and location of the fiducial points should be suffi-
cient to assure that at least four triangularly related points will be included
and visible on each exposure made, = The angles and distances between these
points as shown on individual photographs were checked against angles and
distances between these same points as they appeared on the photographic
mosalc., The mosaic served as the standard or base reference for checking and
correcting scale of all individual photographs. The aerial photographic
mosaic scale relative to ground measure was checked by measufing the dam,
three bridges, and several buildings with a steel tape for later comparison
with the dimensions of their photographic images. As closely as could be
determined, the discrepancy between scaled and measured distances were recon-—
ciled to within plus or minus one percent, As later became evident, inability
to completely rectify the mosaic was a serious source of error in attempting
to rectify individual prints.

For further verification of the scale of the composite photographic
mosaic of Lake Burlington, -an open traverse was made between points on one

of the bridges and the dam using a theodolite and the mini—barrtechnique.7

7A theodolite was set up over the center of the east edge of the north-
east wingwall of the south bridge over Lake Burlington, This point was called
Point A and is a reference point given the arbitrary coordinates (0,0)., A
transit was set up over a hub called Point B, which was visible from Point A,
The transit was backsighted on Point A and a 90° angle was turned off. Along
this line which was perpendicular to AB, two targets were set up a convenient
distance apart (called the subtense distance)e The theodolite was sighted to
the edge of the southeast wingwall of the bridge, called Point 1, and this
line was used as an arbitrary line due south. The angle between Point 1 and
Point B was then turned twice with the telescope direct and inverted and
recorded. - This established the bearing of AB. Sighting on Point B, the angle
between the two targets was turned with the telescope both direct and inverted.

The theodolite was now moved to Point B and the transit to Point A,

Using the transit and steel tape, the two targets were again set up perpendi-
cular to AB. With the theodolite the subtense angle was again recorded twice
giving four readings for the line.

The transit was next set up over a hub, called Point C, which was visible
from Point B, and the targets set out perpendicular to BC. The theodolite was
backsighted on Point A and the telescope plunged and the deflection angle to
Point C was turned twice, Next, the angle between targets was read.

This process was repeated with the final point being the northwest corner
of the north dam abutment, called Point E.

Using the table of natural tangents in the fourth edition of Hickerson's
Route Surveying and Degign, the average length of each line can be computed.
With these lengths and the bearings of the lines known, the coordinates of
Point E can be found. With these coordinates the distance AE can be found by
simple trigonometry.
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The distance so established and ground truth measurements of features such

as bridges and paved walks were compared to the scaled distance between the
same points as they appeared on the photographic mosaic. A constant correc-
tion factor of 2.35 percent was subsequently incorporated into the photo-
graphic scale calculations in addition to scale corrections applied to photo-
graphs on an individual basis. Even with orthophotography, some ground level

scale control is needed.

Extraction of Data from the Photographs

From this stage of the procedure on, the techniques developed during this
research are needed whether or not orthophotography is used. Using these
techniques an attempt was made to derive several types of key data needed
for hypothesis testing. These data included: (1) lake configuration, (2)
water area by zomes, (3) number and distribution of boats on the water, (4)
location of each boat with respect to the shore and with respect to other
boats, and (5) speed, course, and activity state of each boat,

With the field measurements and aerial photography accomplished, the
time-consuming process of extracting the needed data was initiated. During
the research procedure planning phase, it became obvious ﬁhat two options
existed. First, the data or measurements could be taken from the photographs
in the form and units of measure in which they would finally be used. In
other words, all distances, velocities, densities, and so forth could be
directly measured from the photographs. The second option involved taking the
data from the photographs in a much more raw form, but in one that would
enable EDP to arrive at the desired units of measure. Because over 1200
photographs, nearly 5000 images of different boats, and thousands of separate
distance and angle relationships were sought, the second option was selected,
and personnel time was traded for programming and computer run time.

Measurements and interpretations taken from photographs must be as pre-
cise as possible within the limitations imposed by time, funds, and other
practical considerations. Stereoscopic techniques were shown to be of very
limited usefulness in obtaining the type of data needed for this research.
Boats on the water surface were the objects of primary interest, And since
most of the boats are in motion, they appear as split images when overlapping
photographs are viewed stereoscopically. Although the distance between the
two images of the same boat on sequential photos with a known time interval

forms a basis for calculating the speed of the boat, manual measurement of
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this distance is fraught with technical and mechanical problems which intro-
duce high costs and probability of substantial error. Because of the diffi-
culties with stereoscopic interpretation and other manual means of data
extraction, the basic tool selected for taking the data from the photographs
and for inputting a description of the water body from the composite mosaic
as the scale-control vehicle was a toordinate grid system.

The grid-coordinate system eliminated the need to take measurements
directly from photographs and made it possible to use non~technical personnel
for photo reading. Area, distance, and course measurements required from the
aerial photographs were established as a series of coordinate points. Then,
using specially programmed geometric transformations, the grid-coordinate data
were later compiled and transformed by computer to the relevant spatial and
rate-of-activity relationships.

The Coordinate Grid System. The first phase of data extraction involved
conversion of the locations of the lake shoreline, lake zone boundaries, and
fiducial points (ground located points cobservable on the photographs and
mosalc) into a file of grid coordinates. This file describes the imagery of
the composite photographic mosaic and served -as the base reference for recti-
fying the scale of each of the 1268 individual photographs. It alsoc served
as the base for final recording of the locations of all boat and shoreline
feature images observed on the photographs. The ultimate target was to record
the location, amount of motion, pattern of motion, and activity of each boat
photographed as a series of grid coordinates (or a single coordinate if the
boat was not moving) within the matrix of coordinates enclosed by the lake
shoreline. To do this required careful reading of the shoreline location on
the coordinate grid system, Because the scale of the photograph of the com-
posite mosaic (hereafter called mosaie) of the lake had been checked through
the series of ground measurements described earlier, the grid coordinate
system tied to the mosaic enabled assessment of spatial relationships on the
water surface without having to manually take measurements.

It was initially necessary to preserve the known scale of the mosaic by
gluing it to a 4' x 6' cut of 3/8-inch plywood. This was done to reduce
shrinkage and swelling of the mosaic due to air humidity changes and to pre-
vent damage or tearing., Any of these events during use would have produced
measurements of inaccurate scale. ’

Next, a grid of 1" x 1" squares was laid over the mosaic and pinned to a
permanent location so that the sdme grid-location-to-mosaic-location relation-

ship could be established any number of times ewven though the grid may have
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been removed. The one-inch~wide columns and rows formed by the vertical and
horizontal lines of the grid were numbered from zero to N all along the length
and width of the lake image. The one-inch-square cells formed by the inter-
secting perpendicular lines were referred to as MACRO units. of measure (see
Step A of Figure 11).

To obtain greater definition of the location of images of objects on
the mosaic, smaller transparent grids of MICRO units (with ten divisions per
inch) and with MINI-MICRO units (100 divisions per inch) were prepared photo-
graphically. On the mini scale, the ten divisions per inch were numbered
vertically and horizontally from zero through nine (Step B). Columns and
rows on the mini-micro scale were not numbered or drawn in, but were counted
and recorded in the same manner as for the mini scale (Step C). This turned
out to be an efficient and accurate process., The mini-micro grid series was
not printed on the overlay grids because the number of lines required would
have obscured visibility of the imagery underneath,

Using the fixed-position master grid overlay (macro scale) in combina-
tion with the non-fixed, mini-scale grid (which was aligned over the master
grid), the locations of the total lske shoreline; boundary end points estab-
lished to separate major, different areas of the lake; and shore-based fiducial
point locations were recorded as a series of six-digit coordinates;. three
digits for the vertical location, three for the horizontal location. Each
fiducial point was numbered for positive identification. Shoreline, zone
boundary, and fiducial point coordinates were recorded separately on specially
prepared forms which were arranged to facilitate keypunch transfer of the data
for later EDP (for example, see Exhibit 3). The format of the keypunching
required that each of the above three sets of coordinates be coded for posi-
tive identification., It was not necessary to maintain a specific ordering of
the coordinates within each of these sets since plotting procedures using
the computer produces an ordered placement of all points regardless of point
read-in sequence.

Standardization of Scale and Image Locations on Individual Photographs.
The next phase of the photographic data extraction procedure involved record-
ing the observations of boating activity preserved on each of the 1268 indi-
vidual photographs. The creation of the file of coordinates describing
fiducial point and shoreline locations provided the means for greatly speeding
up the data take~off and, given that orthophotography was not used, for cor-
recting scale variation of individual photographs relative to actual ground

scale.,
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Figure 11. Illustration of Coordinate Grid System.

43




Ezhibit 3. Foxm used to record shoreline and fiduetal po'r'ﬁn# voordinates.
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As indicated earlier, fiducial points around the lake shoreline were
located such that any single photograph taken of any portion of the lake at
the established flight altitude would include at least four of these points.,
By referring to the numbered fiducial points as they occurred on both the
mosaic (with a known scale) and on the individual photograph and by knowing
the angles and distances between these points on the mosaic, it was possible
to rectify the scale and to estimate the Zrue location on the mosaic of any
image shown on a photograph. This procedure was designed to correct scale
error whether produced by roll, pitch, or altitude deviations of the plane
during the phot&éraphic mission.

Data. take-ocff was accomplished by recording grid coordinates for image
locations of fiducial points and boats on the photographs. Rectification of
the distances and angles between fiducial points, as shown on the photo-
graphs, to fit the distances and angles shown on the mosaic also rectified
the relative positions of boat images. By using this simple principle, it
was not necessary to orient the transparent overlay grid over the photo-
graphs in any particular manner for obtaining the grid coordinate readings.
In fact, the overlay could be oriented at random and still obtain accurate
rectifications. The overall data take-off process, therefore, involved
obtaining coordinate readings of images of fiducial points and boats from
individual photographs (with unknown scale) and then relating these back to
the coordinate readings of the fiducial point and shoreline images from the
mosaic (with known scale).

Steps in Photograph Reading. Eight categories of data were extracted
from the photographs taken of the Lake Burlington water surface while boat-
ing activity was occurring. For each boat photographed, these included:

1. date and time to the nearest one-half second,

2, wvertical and horizontal coordinate locations of fiducial
point images,

. serial and image numbers of the boat,

3
4. characteristics and type of activity of the boat,
5. coordinate location of the boat bow,

6

.  coordinate location of an estimated direction of boat
motion,

7. coordinate{s) of location{(s) of skier(s) in tow behind
the boat, and

8. «coordinate readings along the path which the boat had
followed.

o
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These data were recorded on a standardized form shown as Exhibit 4 on
page 47.

The first step in the procedure for obtaining the above information was
to transfer the locations of fiducial points, as shown on the mosaic, onto two
extra sets of photographs. Each set represented complete photographic cover-
age of the lake site and was selected for quality of the imagery. These two
sets were prepared because the mosaic was too large and cumbersome to use for
certain purposes and because this would enable two different persons to work
independently and, thus, simultaneously from each set, This reduced the num-
ber of days required to complete the aerial photograph reading.

The exact location of each fiducial point was marked on the photograph in
each set on which it could be most clearly distinguished. A pattern of four
converging lines as shown below was used to pinpoint location:

Marking procedure = >.< 13 (See Figure 12),
The number assigned to each point on the mosaic was listed beside its location
marked on the photograph.

The second step involved locating and numbering all images of boats found
on each of the 1268 photographs, including the two sets on which fiducial
points were marked. The process involved numbering every boat image in red
pencil in sequential numbers from 1 (one) through n. Exceptions included (1)
non~moving boats within fifteen feet of shore at an area designated for
beaching, (2) boats being loaded or unloaded from a trailer at a boat-
launching ramp, or (3) boats within a harbor area. These were not numbered
because they were not considered to be qetive at the time of observatiom,

All numbering occurred on the photographic prints so that the amount of
information that had to be written on the negatives for a subsequent step
could be minimized. Numbers were kept small to minimize the amount of the
exposure obscured. Numbering was applied lightly with erasable red pencil
on the mat prints or with sharpened, red grease pencil on glossy prints.

This was done so that erasures could be made if necessary. The number was
placed in front of the image of the boat at about 1/4 to 3/8 inches (photo-

scale) in front of the bow of the boat8 image (Figure 13). Numbering was

8Care should be exercised in distinguishing between the image of a boat
and a flaw in the photographic print. As a general rule, a flaw will not be
repeated on the overlap portion of a successive print, whereas a boat image
will be repeated. 46
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started at the bottom of the print and went serially toward the top and into
successi@e photographs. Images of the same boat occurring in two or more
successive photographs received the same serial number in each photo. Dif-
ferent flight lines within the same photographic mission were numbered inde-
pendently because gf the amount of time lapse between flights. This time
lapse made reidentification of the image of a specific boat extremely diffi-
cult. Additionally, the boat may have landed during the interim period.

Each boat numbered as described above was also scrutinized to determine
the general type of recreation. (macro activity) in which it appeared to be
engaged and the characteristics of its observable movement (micro activity).
5 Eﬁperienbe and observation were brought to bear on the‘problem of extrapolat-
ing photographic evidence of its macro or micro activity. Code numbers
représenting activity-state were entered on the contact prints beside (rather
than in front of) the boat image, and activity codes were made in blue pencil
to distinguish them from the boat numbers made in red.

Macro and micro activities were coded according to the descriptions

below:
Macro Activity
Number
Code Activity Class Criteria for Identifying Activity
1 Water skiing One skier in tow
2 Boating, power Boat proceeding under power
3 Sailing Sail visible
4 Other Activity class other than 1,2,3, or 5
5

Water skiing, multiple Two or more skiers in tow

Micro Activity

1 Accelerating Aft ending of wake distinct and visible
only for a short distance, Bow wave
often distinct. Boat gaining speed.

2 Decelerating Evident broadening of angle formed by
wake; i.,e,, angle of wake immediately
behind boat less acute than the angle
at a greater distance from the stern.

At rest No visible wake,

Constant speed Moving at approximately constant speed.
Consistent wake pattern on all photo-
graphs.

Typical examples of the above activity states are shown in Figure 14.
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/
Boatiné at constant | ‘ Boating,
forward speed decelerating
lb.e o 14

\ distinct end
<— of wake .

Boating, = o Skiing, two
accelerating skiers

Figure 14. Examples of images of boats in various activity states.
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The wake of a boat known to be traveling at relatively constant speed
persists as an angle of relatively consistent acuteness all along the path it
has followed. This path is visible from the air for a distance varying from
a few hundred feet to more than one-fourth mile. Turbulence immediately
astern appears as a white streak which persists for distances u? to about
fifty feet, depending on hull configuration, type of motive power, and speed
(Figure 14a). 1In the case of a decelerating boat, the wake angle is defi-
nitely and observably less acute, while the turbulent streak is diminished
or non-existent (Figure I14b). A distinct break in the wake pattern is evi-
dent when boats are accelerating rapidly; either the visible wake terminates
at a relatively short distance (usually less than 100 feét)ffrom the stern
or two different wake angles appear, with that nearer the boat being sub-
stantially more acute (Figure I4c). Boats at rest are typified by complete
absence of turbulence and wake immediately astern.

As a minimum, the presence of skier in tow is evidenced by a small
secondary area of turbulence located in or near the boat's wake at a distance
of not more than iOO'feet from the stern. The skier's body is often visible
as a small dot and signs of the tow-line are sometimes in evidence (Figure 14d).

Little difficulty was encountered in training the photo readers to inter-
pret the evidence. With frequent cross-checking it appeared that this type of
extrapolation could be done with at least 95 percent confidence. Tube magni-
fiers provedvto Be the only optical aid required.

After boat numbering and activity identification on the contact prints,
the next step was té prepare the rolls of negatives for final data extraction,
Each roll of negatives was displayed across a long light table with the
illuminated part of the table‘theAsame width (nine inches) as the negative
strip (Figure 15). By referring to the fiducial point locations as shown on
the sets of marked:photégéaphs, described earlier, the locations of the
points appearing on each negative exposure were identified. The locations on
the negatives were then circled with red grease pencil (for visibility) and a
small pin hole was punched into the negative at the exact place of the fiducial
point image. These locations were also numbered using the same numbers used
to identify locations on the mosaic,

At the same time, pin holes were punched into the negatives to show
exact location of the bow of boats which would not project a clear, distinct
image; to show a projection of the path a boat would follow if it proceeded in

a straight line, and to show the travel path the boat had been following. In
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