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Upper Wabash Basin which includes five potential reservolrs.
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although couched in envircnmental arguments, centexrs on the

type of recreational use of the reservoir areas with land
ownere and hikers opposed to what iz desired by boating énd
swimmin enthusiasts.

The ultimate purpose in constructing the simulation
model was its possible use for evaluation purposes of bene-~
fits from different types of water resource development.
The two main project benefits are flood control and recrea-
tion. An evaluation of the recreation benefits requires an
estimate of the expected future visitation based on Indiana
data. This estimation method iz the smbﬁect of this report.
The method is an improvement over existing models in that a
network approach was followed. Further work is neaded to
adjuat the model, however. The absence of some constraints

for the selection of which data are not yet available, re-
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We would like to acknowledge the help and encouragement
extendsd by the staff of & number of State and Federal Agen-
cieg. In particular we would like to thank Mr. John T.
Costello, Acting Deputy Director, Indiana Department of
Natural Resources; Mr. Thomas Huck, Asst. Chief, Division
of Reservoirs, Indiana Department of Natural Resources;
Mesers. Bill Walters, Clay McDermiott, and Tom Huck, Divi-
sion of Outdoor Recrsation, Indiana D@@axtmﬁﬁt of Natural
Resources, Dave Griffith, Division of State Parks, Indiana
Dept. of Matural Resources; William H. Allaway, Jr., Bcono-
mist, Fconomics and Water Reguirements Divigion, Texas
water Development Board; Mr. John R. Gleldt, Chief, and
Mz, Gl@mﬁ Bayes, Operations Division, Louisville District,
Corps of Engineers.

The inputs by Professors D. M. Knudson, W. L. Millex,
and H, L. Michael, all members of Mr. K. K. Wolka's gra-
duate committes, and all of Purdus University, are grate-
fully acknowledged. The text of this report is largely
identical to Mr. Wolka's thesis.

The project was administered by the Purdue Water Re-
BOULCes R@saaxeh Center, Dr. Dan Wiersma, Director: Dr.

5. H. Toebes served as principle investigator.

=ii=




II.

iTl.

TABLE OF CONTENTS

PREFACE AND ACKNOWLEDGMENT i
TABLE OF CONTENTS iii
LIST OF FIGURES . vi
LIST OF TABLES wiid
ABSTRACT ix

THE DEVELOPMENT OF MODELE FOR ESTIMATING RESERVOIR
VEISITATION '

&. Introduction 1
B. The Recreation Standards Method 2
C. The Statistical Correlation Model 2
D. The Network Model 4
CAUSAL MODEL FOR ESTIMATING RECREATIONAL VISITS
A, FPorecasting Models vs. Caugal Models &
B. Network Model for Reservoir Recreation 7
C. & Listing of Soma Variables which Reservoir
Recreation Visits Depend 9
D. Origin-Degtination Model
i. Travsel Time 15
2. Behavioral Travel Time Parameter i8
3. Source Attributes 18
4. Sink Attributes 21
5. Modified Origin-Destination Model 23
E. Constraints on Reservoir Recreation
1. 8ink Constraint ‘ 23
2. Source Constralnt 24
3. Systems Model 25
SELECTED SYSTEM AND 'THE DATA UEBED FOR MODEL
CALIBRATION
A; Selected System
" 1. Sinks (reservoirs) 26
2. HNetwork Boundary ‘ 28
3. Bources (population centers) 29
4. Links {(highways} 29
B, Available Data 30

wiiim




Iv.

Vi,

VIL.
VIII.

iX.

Discussion of Data

1. Visits

2. Weskend Surveys

3, Corps of Engineers’ Estimates
4, Source and Sink Attributes

5. Links

CALIBRATION OF THE MODEL

AB‘

_Mﬂael Parameters

Modified Origin-Destination Model
Consumption Model

Consumption Model Calibration Results
Annual Per Capits Visitation Rates

MODEL USE IN FORECASTING VISITATION

B
B.
Ce
D.
E.

Additional Reservolirs
Facility Investment Policies
Population

Exogenous Constraints
Forecasting Results

FURTHER WORK

A.

B.
L

De

A "Better” Elemental Origin-Destination

Mode l

'Crew&ing Constraints for Reservoirs
visitation Constraints for Population

Canters .
Work Toward an Extended Algorithm

CONCLUSIONS AND RECOMMENDATIONS

BIBLIOGRAPHY

APPENDICES

A

B,

Weekend Samples

‘Population Centers
i. Corps of Engineers’ Reservolirs in

Indiana
3., COE Apnual Visitation Data

'3, Capital Investments

4, Cost Indices

mivm

30
32
32
i3
33

34
34
41
43
47

51
52
56
56
58

68
70

71
71
74

75

17
78

7%
80
81
82




5, Deflation Factor

Behavioral Travel Time Parameter
1. Weaekend Weather

Forecasting Data

Computer Program snd Documentation

me-

82

83
84
83
86




FIGURE II-1

1i-2
Ii-3
II-4

ix-5%

11I=1

Iv=1

V-2

V-3
V-4
IV-5
V-6
IY=7
V-1

V=2

V=3
V=4

LIST OF FIGURES

Reservolir Recreation Network
{Closed Model)

Origin-Destination Model
Effects of Travel Time Change

Fffects of Pehavioral Travel Time
Paraneter Change

pffacts of Attractiveness Index
Changs

indiana Population Centers and U. 8.
hrmy Corp of Engineers Reservoirs
(Bee Appendix B for reservoir and
county designations.)

Behavioral Travel Time Parameber vs.
Correlation Cosfficient

Bahavicoral Travel Time Paramebar vs.
Regresgion Parameter Containing
Quality Coefficlent

Deflation Factor Curve

Quality Coefficlents

Per Capita Visitation Rates for 1961
Per Capita Visitation Rates for 1966
Per Capita Visitation Rates for 1971
Reservolr Investment Policies

Extrapolated Reserxrvolr Investment
Policles

Population Forecasts

Per Capita Visitation Rates for 1980
Without Lafayette and Big Pine Resexr-
voirs _

Per Capita Visitation Rates for 1980
With Lafavette and Big Pine Reservoirs

Par Capita Visitation Rates for 2000
Without Lafayette and Big Pine Reser-
voirs

Per Capita Visitation Rates for 2000
With Lafayette and Big Pine Reservoirs

Per Capita Visitation Rates for 2020
Without Lafayetts and Blg Pine Reser-
voire

wpd =

Page

i4
17

19

22

27
39
40
44
45
48
49

50
53

55
57

59

&0

61

62

63




Vi-1

Vi=2

Per Capita Visitation Rates for 2020
With Lafayette and Blg Pine Reservoirs 64

Twe Representations of Reservoir Recrea-
tion Visitation Levels as Function

of Travel Digtance 69
Par Capita Visitation Rates and Simu-
lations for & Particular Year T2

wipd e




TABLE II-1
Ii-2
IX-3
II~-4
II~5
IIi-1

LIST OF TABLES

Used Subscripts

Flow Variables

Source Variables

Link Variables

Sink Variables

Avallable Data (for definitions of
symbols gsee Tables IL-1 through 5)
Reservoir-Weekend Regressions

Comparison of Visitation Estimates

-yiii-

Page
10
10
11
il
12

3l
27
67




ABSTRACT
A prediction model was ﬁavelop@& to estimate the ex-
pected number of recreational visits to federal reservoirs
in Indiana. Tértﬁis.@nﬁ the alement&ryvnriginw@@stinaticﬁ
model was amended in several ways. The elementary origin-
destination model reads:

[visits

e % mile %1 (1)

» mi®] P, [pecple] Dy

Uiﬁgvisits] = Aj

where i = index of population center; j = index for reser-
voir; A = attractiveness coefficient; P, = population in
center i; Dij = distance from i to the reservoir j.

The Bg. 1l was amended in two stages, using two types
of visitation data that were available. The first type of
dgga were essentially Vijwtcars} = pumnber aﬁ_cars from i,
visiting j, on weekend w, where: w= 1, 2, ..., 53 in the
1956~57 summer period; i = 1, 2, ..., 48 (representing the

numbex of couﬁties in Indiana), j = 1, 2, 3. This data

was used Lo aatimata aj It turned out that the variation

W
in oy, was sufficiently small to adopt an average a = 1.67.
The second type of data were annual visitation data
without regard to origin, i.e. % Uijy.& ij{visits] where
42 1, 2, oouy 63 ¥ m 1, 2, coes Yjs Yj = nunber of yearly
datas‘tj varied from 3 o 1l1. In using the data the model

~ of Eq. 1 was modified to read: '

mix-.
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where @Fﬁ = adjustment factor to only count visits from

within Indiana; B = multiplier to derive annual data from
waékand‘d&t&g ﬁjy = gstimated annual visits to reservoir 3j;

@j = patural guality coefficient; IN = adjusted capital

iy
investment for recreational facilities around reservoir 3

in year y: ly = buying power multiplier; T {hr]l = actual

i3y
travel time from i to 4§ along various roads in the year ¥y.

Tt will be recognized that Bg. 2 is formulated to ex~
tract all likely causal variation for which data were ob-
tainable.

Using the Bg. 2 after calibration wf.the empirical Qjm
parameter the model was used to compute for a network of
population centra and of reservoirs the estimated distri-
bution of reservolir recreationists. The results have been
shown by ﬁeams of contour plote.

The absoclute numerical values for ij appear too high
for smail_rij as a result of the basic hyperbolic fitting
equation that was selected in BEg. 1. However, selecting
a model that is more constrained for small T,

. ]
additional model parameters. For the calibration of the

reguires

additional parameter there are insufficieat data. The same
effort may be achieved with a rec&eatien demand constraint.
Iin the continuation of this study the imposition of a recrea-
tion demand constraint will be taken up. Only then will

the method become & true network model.

mxm




ESTIMATING RESERVOIR RECREATIONAL
VISITS IN INDIANA

PROGRESE REPORT ON OWRR~A~(26=IWD

I. THE DEVELOPMENT OF MODELS FOR ESTIMATING

RESERVOIR RECREATION VISITATION

A, Introduction

The emergence of recreation as & significant benefit
of multi-purposze reservolrs accompanied the construction
of TVA reservoirs in the 1930's. &As m@fe'persona continued
to recreate at reservoirs, it became desirable to estimate
the number of visitors using the recreation facllities.
Planners and managers of these recreation facilities needed
visitation estimates to make knowledgeable decisions con~
cerning their design and operation. Congress desired
nvisitation estimates to help facilitate the evaluation of
reservoirs for the authorization of Federal funding. Today,
extensive efforts are being made to assign dollar values
to recréation visits ae a measure of economic benefit.

The meth@da of estimating reservoir recreation vigi-
tation have evolved over the yearsg. Three types of me-
thode can be used to summarize this development: (1) the
recreation standards method, (2) the statistical correlation

model, and (3) the network, or systems model.




‘%@“Th@‘ﬁﬁﬁreati@n Standards Mathod

This £irst and‘@&mliﬁﬁt mwethod of estiwmating recreation
vigite incorporates speclified recreation wisitation rates,
or stendards. This method uses for a particular
recreational activity, an equation for estimating visits, U.
The eguation usually includss the pepulation of the region,
P: the nuwmber of recreation facility units for a ﬁarti@uiax.
recraation activity around the reservoir, &; and the

standard, S§. The general form of these equations is:

Ulvigitse)] = s[visits/persen/facility unit] * Plpersons] *

Alfacility unita] {(1-1}

The value of the recrsation standard iz determined by past
ex@exience'&nd the eaxpected intensity of use. Methods
adopted f@f the Wabash River Basin Compyehensive Study(1971)
and for the North Atlantic Regional Water Resources Study

{1972) are of this type.

B. The Statisticel Correlation Model

The development of the digital computer caused the
gtatistical correlation model for estimation of recreation
visitation to gain popularity with ra&aaxéhers in the early
16607, The fast computational apeed and large m@m@ry
storage of thase c@mput@ra'greaﬁly increased the efficlency

associated with calibrating statistical models.




A l&gge number of independent {explanatory) variables
could be guickly correlated with the dependent variable
{usually visits), resulting in a "best £it" eguation.

If one calls the dependent variasble Y (representing
either visitor days,user days, or activity days, etec.),
and the independent variables %'s (i.e., X = pepulation,
Ly = facility units, ...), the selected model is either

additive and lineayr:
Y = bc + blxi % bzXz 4+ sse * hnxn + B (1”2}

or purely multiplicativas

ot b b

b
l Kz 2 XB 3 R Xn 1 E (1“3}

(o

which reduces, after taking logorithms to Equation 1-2.
Because Eguation 1-2 is a linear model it is possible to
use multiple correlation procedures for optimizing the
gelections for the model parameters b@,blg,u,bne The E is a
regsidual term that represents the effect of all independent
variables not considered in the model.

Many governmental agencies which manage recreational
facilities, a8 well as recreation researchers, have and
are now using statistical correlation models. Examples are
the Texas HWater Development Board (1968), and the U.S.

Army Corps of Engineers (1%6%).




Cu_ The Network Model

The two previcusly digcussed methods for estimating
visitation at reservoirs usually congider each regservoir
separately, and neglect the competitive effects of
recreational opportunities at nearby rés&rvwirge As more
recreational facilities were being built in the 1950's and
1860's in response to rapidly increasing demands for
recreation, these effects, hitherto neglected, became
more pronounced.

Systems analysis, which became popular in the middle .
1960's, provides technigues by which these neglected inter-
active effects may be considered, provided that
the postulated model is correct and the avallable data
justify the refinement. Two attempis at usinq the aystems
concept, i.e. the notion that reservolrs effect each others
visitation levels, are those by Ellis (1967, 1969) and by
Tadros and Ealter (1971). Ellis constructed a linear
electrical network for camping areas in Ontario, Canada.
Kalter built a linear programming model of New York State
recreational areas.

A more detaliled and thorough review of recreation
visitation estimation methods can be found in a survey by
Kalter {1871}).

The objsctive of this thesis is to construct a
recreation visitation model of the systems type and to apply

this model to the solution of a particular, real-life




estimation problem, namely the estimation of recreation

visitation of planned reservoirs, whose realization is baing

actively cooposed by environmental groups.




HAPTER II

CAUSAL MODEL FOR ESTIMATING RECREATIONAL VISITS

A. Forecasting Models vs. Causal Models

A forecasting model @xtr&p@lateﬁg for a selected set
of related yariables, the behavioral or data patterns ob-
served in the past (deNeufville and Stafford, 1871). The
variables affecting behavior may often be identified by
statigtical correlation procedures. These procedures
determine the degree of correlation between variables within
the limited time span over which the data were collected.

It is commonly assumed that the observed behavioral patterns
are part of a long~term trend. The accuracy of forecasts

of the future depend on the veracity of this assumption.
However, statistical accuracy only measures the degree of
relation betwaen variables values (Ostle, 1963); it does

not imply causality (Draper and Smith, 1966).

Causal models are based upon previous knowledge of
behaviotal patterns and variable relationships. Causal
models are noﬁ statements of absolute truth; they merely
try to repregent the effects on some variables caused by an
heretofore not manifested change in others. In other woxds,
they imply an understanding of how past an& present

environmental variables have and will affect systems behavior.




(The term systems is used here as a synonym of model.) The
consequences of proposed changes may then be predicted
{deNeufville and Stafford, 1971), rather than forecasted.

Praediction is unigque to causal models.

"B, HNetwork Model for Reservoly Recreation

A reservoir recreation model will be of the network
type. Such a network model is portrayed by the simple
graph of Figure II-1. It portrays a network of "visit®
flows from sources to sinks. Population centers are the
sources of the visits (participation in recreation at a
reservolr by one person will be referred to as a wvisit).
Recreational reservoirs are the sinks to whiéh the above
visits "flow®. (The inevitable return flow is irrelevant
to the model; furthermore, visits from reservoir to
reservoir will be neglected.} The natwokk links are the
highways (éravel other than by cars ig virtually non-
existant).

This network has a boundary. Only the variables of
the network inside the boundary are assumed to influence
systems behavior. It is also assumed that the network model
is cloged, i.e., inputs, outputs, and external constraints

are either absent or nsglected.




- Population centers (sources)

A, ~  Recreation reservoirs (sinks)

e -~  Highways (links)

w - Visits from source to sink (flow)

U -~ Systems Boundary

FIGURE II-1 RESERVOIR RECREATION NETWORK (CLOSED MODEL)




C. A Listing of Some Variables on Which Reservoir
" Reocreation Visits Depend

fables TI-L through 5 provide a listing of some
regervolir recreation vaviables. The listing provides
notation, definitions, as well as the units for the
variables. |

It is not clalwed that this set of variables is com-
plete. It is hoped, but not claimed, that they can
represent most of the ilmportant factors of reservoir
recreation. Essantially, the selection is largely cir-

cumscribed by data availability.

D. Origin-bDeatination Model

The above term is used to deslignate the elementary
case of one population center and one reservoir connected
by one link of varying length.

In a2 network model the guantity or guality conveyed by
the network links is usually of main concern. In the
present case this guantity is "flow of visgits". The
gquantity of wvisits (i.e. arrivals at a site) to a reservoir
i from a population center i is obtained from the product
of the number of recreationists' cars which traveled ovex
the link h and the average number of occupants per car.
Herein h relates to travel time. The "flow"” symbols are
and U

U » where the subscripts w and y represent

iiw iiy
visitation counting periods of a weekend and of a ysar,
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Table II-1. Used Subscripts

Notation Pefinition
i i=l,2,0000k index for population center
d; d=1,2,...,3 index for recreational reservoirs
(system components)
Vi ¥=1,2,000,% index for year
V. ‘ subscript for initial year of
10 reservolr operation
wp; wol, 2,500 W index for weekend
h; h=street,state road, index for type of link (links are

federal road, interstate part of the systems structure}

m; m=l,2,...,M index for weekend having "accurate"
: results (based on ¢correlation
coefficients > 0.73)

Table Ii-2., Flow Variables

Notation Definition : Units
Vssw recreation trips {cars) from
+J population center i, to reservoir
j., on weekend w ‘ [trips]
N average number of visits (people) Evisits]
per trip {(car) trip
P visits flowing from systems pop-
J ulation center i, to reservoir
j, on weekend w : {visits]
U, s visits flowing from systems pop-
L3¥ ulation center i, to reservoir
3, Guring vear y . [visits]
DFj deflation factor to determine the
portion of the total visits to
reservoir 4 originating from
systems population centers [ -1
B blow-up factor to convert measured

waekend data inte estimates of
annual visitation data [ -1




Table II-3.

Notation

EBI
CPIy
Y

Table 11-4.

Notation
Py4x

SPh

Tij

a

Source Variables

Dafinition

effective buylng income in year y

ratio of consumer price index in
year ¥ to consumer price index
in 1960

annual rate of chance of adjusted
affective buving income in year y

increase iln recreation demand
{ag it is assumed to depend on
EEIy) multiplier for year y

total population of population
center 1

"rocreation propensity” of
population center i

Link Variables

" Definition

total or partial length of
highway type h between pop-
ulation center i and reservoir j

average vehicle speed on link h

travel time from population
center i to reservoir i

behavioral or constraint para-
meter related to time spent in
travel between population
centers and reservoirg {also a
regression coefficient of the
calibrated model)

beginning year of interstate
oparation

11

Units

{§1]

[ -1
[people]

[people]

Units

imilesg]
[miles/hour]

{hours]




Table II-5.

Notation

I,
J

BCI

Sink Variables

" Definition

capital investment for the
recreational facilities of
reservolr 3j

ratio of Engineering News
Racord Building Cost Index
in year y to ENRBCI in 1960

~cumulative adjusted capital

investment for the recreational
facilities of reservoir i

gquality coefficient of reservoir
i {also a regression coefficient
of the calibrated model}

attractivensss index for
reservoir 9

12

" Units

[ 5]

[ =1

[ 81

{visits
peopie

[visits
peocple
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respectively. . The model for the magnitude of the "visit®
flow, i.e. a statement of the relationships between the
factors @m.whieh Uijw or viﬁy depend in the "one population
canter - one regservoir" case, will be called the "Origin-
Degtination Model®™. It forms the basis for the network
model.

The variables assumed to be involved in the elementary
origin-destination model were listed in Section II~C. The
mathematical structure that has been emploved in much
previous work (Ullman, 1264; Knetsch, 1964; Tussey, 1967;
among many) to represent this relationship is some specific
form of:

Uy = Aiyiam“’“ (2-1)
{for notations please see Tables II~1 through 5). Figure
I1I-2 illustrates this relation when using Dij as the
vertical axis and Uij/bi as the horizontal axis. This
choice of axes is usually made because, when interpreting
Dij ag proportional to travel price (which is taken as a
proxy for the willingness to pay), then the Figure II-2
would repr@gemt a common demand curve.

The variables in Equation 2-1 are time-dependent. For
the purpose of statistically fitting the model to actual

data, the data were corrected for time trends. The present

study alse attempts to refine the variables by subtracting




1

" FIGURE H-2

ORIGIN - DESTINATION MODEL
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out other presumed dependencies. For example, the highway
lenqth‘nij was replaced by the average travel time,Tij@
needed to drive frem 1 to j. This was done on the
assumption that systems constraints wili as likely, if not
more likely, apply to time, rather than to out-of-pocket
expenses.

In addition, the atitractiveness index Aj of the
reservoir has been split inte an investment factor and a
natural guality factor. Finally, the population magnitudes
were modified in order to model assumed changes in
recreation demand (or “propensity to recreate") as it
dapends on effective buying (or disposable) income. The
imposition of a systems constraint on the maximum number
of vigits flowing from each source is discussed but has not

yet been implemented.

1. Travel Time

Road &istance or air distance is the attribute of the
link which is typically used to represent the magnitude of
the link length. In turn, this is commonly used as a
measure of recreation costs. These costs would presumably
be the major determinant of or constraint on the link flows.
Howevey, using recreation cost as the major attribute of
the link neglects the importance of time constraints and
route appreciation in determining which reservolr, among

other competitors, a recreationist would choose to visit.
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In view of the travel facilitating effects of the inter-
gtate higﬁways constructed in Indiana during the period for
which recreational travel data were collected, it was
decided to replace Diﬂ by Tijg i.e. by estimates of travel

duration.

Equation 2-2 shows how travel time has been calculated.

o . = D 8treet D state road D federal road ,D interstate
19 8P street SP state road SP federal road 5P interstate

(2-2)

From egquation 2-2, it is obvious that construction of
a new road vhich permits faster vehicle speeds could
decrease the travel time between a reserxrvoir and a population
center.  On the other hand, deterioration of an existing
road or the imposition of lower speed limits could lengthen
travel timé, The effects on visitation duve to changing
travel t;mEa, according to the Originﬁnestination Model are
shown in Figure II-3, which is the same type of curve
illustrated in Figure II-2.

A decrease in travel time increases the per capita
visitation from a population center. The opposite effect

is obtained from an increase in travel time.



if

. FIGURE II-3 EFFECTS OF TRAVEL TIME CHANGE
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2. Behavioral Travel Time Parameter
the effect of the parameter o, called the "behavioral

travel time parameter”, and used in
=1
@ii Ajpimiﬁ (2“1}

ig illustrated in Figure II-4.

An increasing u-value would denote a relative incre ase
in a recreationistis unwilliingness to travel to more
distant reservoirz. The parameter values obtained by
previous workers have typleally been gre'ater than unity.
alsc, different values have been suggested for particularx
regional (geographical anﬁfcf cultural) arveas (James and

Lee, 1971).

3. Source Attributes

The attributes, or properties, of the sources that are
of interest here are those that would affect the demand for
recreation. Demand for recreation has definitely grown in
the past two decades (Clawson and Enetsch, 19%66). Some
attribute of the sources, which represents the propensity
to recreate {2 term implying a measure of the gize of the
demand} should be contained in the model. Since purs
demand is nearly impossible to isclate and measure, a
proxy for the growth of the propensity to recreate is used
in the model. It is assumed that the propensity to

recreate is x@léted to the relative amount of income which
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1.0

FIGURE I1I-4 EFFECTS OF BEHAVIORAL TRAVEL
‘ TIME PARAMETER CHANGE
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individuals might have available for recreation. The
parameter v in Bguatlon 2-3 is a measure for the average
individual‘'s growth in real income. It was derived froms:
A{EBL_/CBX - (BRI .,/CPI__
; wIiEE y/ 3 (§_ ywif P ymlj (2-3)
¥ (EBI,_,/CPT, ]

This growth in individual income parameter used in a

recreation demand multiplier, Iygis as follows:
+ ¥ {2-4)

where v = index for calendar year.

The year 1960 was chosen as the base year €x1960m1n60)
becaugse that is the first year for which visitation
egtimates became available. In sssence, Equations 2-3.4
represent a steadily increasing recreatioﬁ demand multiplier.
This multiplier alsc has the ability to measure minor
fluctuations in the annual rate of growth.

The product of demand multiplier and population will
be called tha "recreation propensity” of population center
i:

RPi = [ ® Pi (2-5}

vVariations in disposable income are thus introduced into

the model as an axplanatory varisble.
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4. 8Bink Attributes
Sink attributes are properties of the supply of
reservolr recreation. A guantitative value for the level
of development and the availability of recreation facilities
at a reservolr ig incorporated in the model. The
curilative adjusted capital investment, Ciﬁyg was used for
this purpose. Eguation 2-6 shows how it is calculat&d@
vty

. j o
ﬂij it £ {IN

/BCT ) (26}
¥ ¥
3 [7]

3y

A measure for the gqualitative value of the unigueness,
gcenic beauty, and assthetics of a resérvoir ig also
desived. A "guality coefficient”, Q.. is vsed as a sink
attrib ntitative value of
the guality coefficlent can either be arbitrarily chosen
or statiatically estimated from the postulated model.

The model variable which would represent the supply
of recreation at a reservolr is Aja It will be called the

pelling, or attractiveness index. It is taken to be the

product of cumulative investment and the quality coefficient:
A, = CI {2=7
379 5y :

Figure II-5 shows that an increase in the attractiveness
index would proporticnately increase the per capita

visitation.




T,..
1

FIGURE II-5 .

EFFECTS OF ATTRACTIVENESS INDEX CHANGE
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5. Modified Origin-Destination Model
The inclusion of the above atitributes into the base
model creates & "Modified Origin-Destination Model®:

==

Uij %_€Qj # @IjE * (EﬁPi} * le

o

U,, m A, * Rp, ® g ~O

i 14 (2-8)

This model states that vigitation to a reservoir from a
population center is directly related to changes in either
the supply or demand variables and that it is inversely

related to travel time,

E, Constraints on Reservoir Recrsabion
The number of potential r@ar@atiénists and the amount
of time which they have available for recreation
participation is limited. The number of recreation
resexvoirs and the size of their facilities is also limited.
These t&@ conditions constrain reservoir recreation, in
effect imposing one flow constraint at each source (ecity)

and another flow constraint at each sink (reservoir).

1. 8ink Constraint
Previous studies on “"sink® constraints have hypothesized
that visits to a reservoir are constrained by psycheological,
as well as physical effects of crowding {(Clawson and

Enetsch, 1%66; Sirles, 1868). Recreation areas often are
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degigned and expanded with this in mind. A ztandard
recreational visitatlon constraint is "carrving capacity”,
i.e. the limit to the use of recdreational facilities for a
given time period. This constraint sometimes ls applied
in the operation of reservolr recreation areas which are
very small in gize and located very close to large
metropalitan areas {e.g. by closing the entrance gate when
vigitation exceeds somwe limit}.

No such sink constraints have been adopted for the
model. HNone of the reservoirs of the selected system fit
the description just presented. Recreation specialists®
in the Indiana Department of Natural Resources have ex-
pressed the opinion that reservoir recreation visits in
Indiana have not yet been significantly constrained by

crowding.

| 2. Source Constraint
A wellwaccepted economic empericism is that increased
consumption of a good decreases the marginal utility of
each aﬁ@itimnal unit. Acccrdinglyg one may expect that
there will be a demand congtraint operative at each source,
i.e. each population center. This would constrain
vigitation from sources if they become surrounded increasingly

by sinks (i.e. reservoirsz}. .

] i .

Interview with Mr. Jack Costello, Mr, Bill Walters, and

Mr, Tom Huck of the Indiana Department of Natural Rasources
on June 30, 1973,
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Although an effort was made to formulate a source
constraint, it was not incorporated in the model. WNo
satisfactory basis for selecting the congtraint was
found. Further comments on iﬁc@rp@rating a source con~

straint are discugssed in more detall in Chapter VI.

3. Bystems Model

The modified orligin-destination model discussed up to
this point ig only a forecasting model. Even though the
formulated model has a causal basis for the selection of
variables and relationships, it is not truly a systens
model because no systems constraints have been incorporated.
Application of systems constraints is a key feature (also,
the feature often neglected in recreation visitation
astimation‘work) in constructing a successful prediction

model,
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CHAPTER IIL

SELECTED SYSTEM AND THE DATA USED FOR MODEL CALIBRATION

A. Selected System

1. Sinks (reserveirs])

The selected sinks of the recreation reservoir network
used for model calibration are the six Corps of Engineers
reservmixg.in tndiana which were in operation during all
or part of the 1960-1872 time period. They were Cagles
Mill Reservoly {(operation began in 1953}, Mansfield
Reservoir (1960), Monroe Reservolr (1965}, Salamonie
Reservoir (1967), Mississinewa Reservoir (1968), and
Huntington Reservoir (1969). Two other Corps of Engineers
reservoirs, Brookville and Patoka, are presently under
construction. Lafayette and Blg Pine, two proposed Corps
of Engineers reservoirs for which realization is presently
stalled, are also located in Indiana. Figure III-1 shows
the geographical location of these Indiana reservoirs.

The sets of reservoirs that were in operation during
each of the vears between the 1964-1%72 time period were
chosen as the model sinks. No reservoirs in Illinois,
Michigan, Chioc, or Kentucky were made part of the network.

The six reservoirs included in the sets are relatively
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isolated from other similar Pedersal recreation opportunities.
Neglecting reservoivre in neighboring states permitted a
 simplification resulting in a finite~sized network mwodel.
Heglect of Lake Michigan and the Ohlio River in the model

are less defensible; howaver, visitatilon data for thesme

areas wera not avallable. The selacted aix.reaarvmirs have
iﬁ common that during the time period of interest, the
recreation f&éiiiti@g of sach of these was operated by the

Indiana Department of Natural Resources.

2., Network Boundary
In keeping with the above limitation on network
components , a corresponding geographic limitation on the
population centra, or number of sources ig introduced. This

iimitation ig that recreationists are assumed to live in

Indiana.,

However, not all wvisitors to the slx selected reservoirs
originated their trips in Indiana. Mansfield and Huntington
Reservoirs are each less than fifty miles from the Indiana
border. Yeit, a majority of the visits to the six reservoirs
can be expected to have originated from indiana sources,
considering the location of the reservoirs and the
population distribution around them. Initial results of
weekend sample surveys (Appendix A) confirmed that 85-95%
of visits came from Indlana sources. This percentage was

considered large enough to obtain accurate resulte from the
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netwoxk sample. The Indiana visits wexe estimated by
subtracting out the out-of-state vieitation (multiplying
vigitation data by a deflation factor, DFj§ and by adopting
the Indiana state line as the network boundary, i1.e. as
being impervicus to incoming reservoir recreationists.

Note that this sssumes nothing about the effliux of Indiana
reservoir recrestionists, which may well be a substantial

amount.

3. Sources (population centers)

Population centers in Indiana are the sources of the
network. The designated location of svery population
center was the largest city of each Indiana county. The
total county population was considered to originate its
visite from that population center. Figure III-1 shows

the location of Indiana's ninety-two population centers.

4, Links (highways)

The connector links of the network are the Indiana
Highways. Average vehicle speeds were differentiated for
four highway types - interstate (60 mph), federal (50 mph),
state (45 mph)g and city streets (25 mph)l*®*. In calculating

travel times, visits were taken to originate from the

E : .

The average vehicle speeds were chosen after discussion
with Ffaculty of the Transportation Department, School of
Civil Engineering, Purdue University.
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Indiana population centers, and arrive via the shortest
travel time route, entering the reservoir property at the
closest sccess point. If an interstate anﬁ an alternative
route had nearly egual times, the interstate route was
chosen. Any cowbination of the above types of highways

could feorm the shoriest route.

B, Avallable Data

Tablae III-1 presents the data available for the
selacted system. Sources ave referenced and listed below
the Table. Definitions for the symbols are found in Tables

' II-1 through 5. Appendix B contains the raw data values.

C. Dismcusslon of Data

1. Visits

The initial modeling attempte considered segregating
visits by type of recreation activity {e.g. boating,
picknicking, camping, hiking, etc.), but this procedure
was eventually abandoned. Although standard units for
participation in specific recreation activities have been
adopted by some recreation specialists (Outdoor Recreation
Resources Review Commission, 1962; %abash.River Basin
Comprehensive Study, 1971}, the process for commensuration
of these unite is ilil-defined (U.S5. Water Resources Council
Special Task Force, 1870). Purthermore, good estimates of

the durations of the different types of recreation
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Table IIXi-1. Available Data (for definitions of symbols
‘See Tables II-1 through 5)

Time Pariod
HWeaskend Annual
Variable {63 in 1965-1967} {1960~-1972)
3
ja] 13y
Sources : B, , BRI 4
=y b'g
1,2%
Sinks N, '
‘ : 1y
2
ij
&
BCI
¥
. 7
Links | Qh
B
SPh,Yh

*Capital investments for Cagles Mill Reservoir were not
available from 1953-1859.

SOURCES OF AVAILABLE DATA

1. Indiana Department of Natural Resources

2, U.85. Army Corps of Engineers, Louisville District

3. Joint Highway Research Project, Purdue University and
Indiana State Highway Commission

4, Sales Management

5. T.5. Turéau of Labor Statistics

6. Engineering News Record

7. I872-1973 Indiana Official Highway Map, Indiana State
Highway Commission

8. Purdue University, School of Civil Engineering,
Transportation Department
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participation were not available from the visitation data,

none of which contained the duration of the wvisits.

2. Weekend Surveys®

The weakend surveys vielded the Vijw@ N, and ij data
in Table IIT-1. A% three reservoirs (Cegles Mill, Mansfleld,
and Monroe! and during a number of weekends inﬁﬁ necessarily
the same ones for each of the resexvoirs), a 25% gample of
cars entering at access points had been made. A total of
fifty-three sets of such reservoir-weekend data sets was
ecollected in a period covering the 1965-67 recreation
seasons. For Indiana license plates, the county number of
each car and the number of persons in each car was noted.
Cars from states other than Indlana were also counted. The
weekend survevs consisted of approximately 18,000 samples.

Sinte these survevs ldentified both the source and
the sink of the sample visit, they were used for

calibration of the origin-destination model.

3. Corps of Engineers’ Eﬁtimates
Total annual visit estimates for each Federal recrgation
reservoir in Indiana were avallable from the Corps of
Engineers. These estimates did not specify the sources of
the visits: therefore, the data were used to calibrate the
"Consumption Model®™ for individual reservoirs (see Section

wv-h).

*Data provided by J@int Highway Research Project.
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4. Source and Sink Attributes

The source and sink data listed in Table III-1 except
for the investments are for calendar veayr periods. The
investm@nﬁﬁ were compuited on a fiscal ysar basis. Also,
sach annual capital investment at & reservolir was the sum
of Corps of Engineers and Indiana Department of Natural
Regources investments. Maintenance costs were neglected
assuming that these would be proportional to investment
and would not have an Iindependent effect.

Some transformations of the raw data were made to
adijust for inflation. These adjustments are discussed in

detail in Chapter II.

5. DLinks
The interstate highway system in Indliana was under
construction during the 1960~1972 time period. Since
completion of a section of interstate could and did change
travel patterns and trip durations, travel times were
adjusted from year to year, as interstate comstruction was
completed. The better overall condition of Indiana roads
and the ﬂévelopment of faster automobilez also caused the

estimated travel times to be sh@réeneﬁ slightly each year.
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CHAPTER IV

CALIBRATION OF THE MODEL

" A,  Model Parameters

There were two sets of model parameters to be calibrated.
The first parameter was the average behavioral travel time
parameter, ¢, in the origin-destination model. The second

.. fFor

parameter was the recreation gquality coefficient, Qj

each of the reservoirs.

The first parameter, o, was constrained to be an
averaged constant throughout the sampling period considered
haerein. A compelling reason for selecting aga (£} is that
the data avalilable for calibrating, i.e. fixing the value
of o, only covered a period of three years, which is too
short to establish a trend. By contrast, the parvameters

Qj were assumed to be time dependent.

"B. Modified Origin-Destination Model

A calibration of the modified origin-destination model
was performed so that the value of the behavioral travel
time patameter o for the "one population center - one
reservolir® case micht be estimated. As explained in
Chapter IiI, the weekend sample surveys made for the JHRP
under the direction of Dr. William Grecco were used for

the calibratione
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In order to use linear regression analysis, a rear-
ranged and transformed version of the modified origin-
destination model was used, namely Eguation 4-2. The

original asguation from which e was derived is:

. & {2-8)

% % -
RPi Tij
When expanding the various terms using the definitions in

the Tables II-1 through 5, one can obtains

. ‘ =4
Wigy @) = (@4 ¥ CIy) * (T % Py) ¢ (Tyy)

-0
vijwfpi = (Qj * Cij * I/H) * Tiﬂ

letg
K = Qu CI I N

then:

=04

ViijPi = K % Tij (4-1)

Taking logarithme ona obtaine the linear medel or regression

equation:

log (V fPi) m log K-~a log Tiﬁ : {42}

idjw
Other transformations were suggested to eliminate posszible
heteroscadasticity in the visition data, but none of them

significantly improved the results (Matthias, 1967;

Robinson, 1970}.
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The cumulative iﬂvestment;ﬁlﬁ, the demand multiplier,
I, and the average visits per trip N, were found to be insigni-
ficant variables because they are constant for particular
reservoir-weackand regression eguations. In other words,
for a given weekend,the I, ng Cij§ and N variables do not
depend on the links associated with each vijwfyi - Tij
set., Regressions were made on the transformed Fguation
4-1 because it best represented the most basic, causal
model structure (ses Section II-D). The behavioral travel
parameter o is one of the regression parameters of the
origin-destination model. The other regression parvameter,
K, contains the mniy other unknown model parameter, namely
the guality c@efficiemtgﬁjg

Talkle IV-1 shows the resulis of the reservoir-weekend
regressions. The behavioral travel time parameter ig seen
to vary from 0.14 to 2.01 and the K-values range from |
0.308 x 107% to 2.76 x 1074, 7The correlation coefficients
of the regressions have values from 0.117 to 0.880, where
1,000 signifies complete correlation.

The Figures IV-1l, 2 show the existance of weak trends
of @ with R, the correlation coefficient value and with
K, the other regression pavametexr containing the guality
coefficienﬁ@ Larger a-valuss gave better correlation
{(higher Rz}, as shown in Figure IV-1. The larger g-values
came from bigger sample aizes (larger K's), as shown in

Figure IV-2, rossible dependencies on other proposed
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varisbles, such as weather or season of the year, were
investigated but found to be imsignificant (see Appendix
cy. |

‘Since the resulting a-values were ocbserved to be
independent of both reservoir and year (see Table IV-1),
it was decided to use one average a-value for further
calibration of the consumption model (see Section IV=B).
The amvalﬁes from those regressions that had correlation
coefficiente larger than a selected value, -namely R>0.730,

were averaged as shown in Equation 4-3:

M .
Ga= ( I al/M | (4-3)
m=1
This average& g~value was caleulated to be 1.67, which
compares faverably to other previcus estimates (Schulmann

and Grecco, 1964; James and Lee, 1971).

C. Consumption Model

Usinﬁ the estimated behavioral travel time parameter
value, &, resulting from the modified origin-destination
model calibration, the consumption model for reservoir-year
‘combinations WAS calibtatad. The consumption model is
similar in structure to the modified origin-destination
model, but does have a few differences.

Tcﬂpérmit calibration of an annual vigitation model
using the a-value obtained from weekend data calibration,

& scaling or "blow-up" factor, B, is introduced. Its use
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impiies that the annual yisitation patterns and causes
are the same as the weekend-visitation patterns and
causes. dJames and Lee (1971) ascertained that behavioral
patterns on weekends are similar in nature to behavioral
patterns over an annual time base. Adopting this finding,
waekend visits were converted to annual visits by a blow-

up factor B according to Eguation 4-4:

Ui = B * Uiy {4-4}

Then, by applying the averaged behavioral travel time
parameter to the modified origin-destination model with

an annual time base, Equation 4-5 is obtained:

U.. = * ¢ 1 wp,, wxm "G -
idy = %y " Py T Ty 7 iy T Tagy | (4=5
The annual visitation estimates made available by

the Corps of Engineers consiet of annual reservoir atten-~

dances. These are: ; Uijy«values. They cannot be used
i

directly in Equation 4~5. Rather, Eguation 4-5 must first
be transformed into an asggregated origin-destination model,
called a "Consumption Model". This is done by summing
Equation 4-5 over all network population centers for each
reservoir. This gives the consumption model, Eguation
§=6:

I I -

pX " * & % )
ol Lidy Qy * g " Iy iﬁl (Pyg * Tigy ) (4-6)
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Because the Corps of Engineers visitation estimates give
visitation from all population centers and not just the
network population centers in Indiana {the only ones
congidered herein; see Section II-C),the annual visita-
tion date were multiplied by a deflation factor. The
deflation factorg i.e. the network percentage of total
visits must be applied to the Corps of Engineers aggre-
gated astimates te factor out the visits originating from
outside the selected network boundary. Thié iz defined
as s

I

ii o,

= DF
iml lﬁy '

3 izl Uiﬁy {4-7}
where QFj m.defiatién factor for reservoir ij.

Each of the six reservoirs has its own deflation
factor. The deflation factors for Cagles Mill, Mansfield,
and Monroe Resérvoirs were determined from the weekend
sample surveys. The deflation factors for Salamonie,
Mississinewa, and Huntington Reservoirs (for which no
weekend data are available) were interpolated from a graph
showing the deflation factor versus distance from the

Indiana state line, Figure IV-3.

D. Consumption Model Calibration Results

The yvearly guality coefficients ij, can now be com-
puted for the six reserveoirs during the 1960-1%72 time
period from a computer program containing the consumption

model (see Appendix E)}. PFigure IV-4 presents these results.




(network percentage of total visits)

DEFLATION FACTOR

44

100 &
MISSi\S\Si Monroe
95 |
Huntington
90 |
\Mansfield
85 | . . : :
o 25 50 75 160

MILES FROM INDIANA STATE LINE

'FIGURE IV-3  DEFLATION FACTOR CURVE




45

SINAIDIAJF0D ALIIVAO

7961

2961
[}

p-Al 3HADIA

0961

NOLDNIINOH

YMIANISSISSIN |

JINOWYTIYS
TOUNON
QTILISNYN
TIA STTOVD

Al

00t

009

006

00¢1 .

0051

Al
X 01 ) 0

SIISTA

ajdoad

S x
sIy

Y



46

Before discussing these results, it should be noted
that the quality coefficient is supposed to be a measure
of the "patural quality® of a reservoir (Section II-D}.
These estimates reflect a reservoir's appeal to r@craaticnw
ists, based on subjective factors such as unigqueness and
natural bsauty-and more objective factors, such as invest-
ments made for site development. The trends observed in
Figure IV-4 might indicate preferences and fashion among
reéxeationistac They alsc contain variations which asso-
ciate with all the factors not considered herein.

A first cbeervation from Figure IV-4 is that calibra-
tions for all of the resexrvoirs, except for Cagles Mill,
yield fairly stable and consistent quality coefficient
estimates. No explanation is offered for the extraordi-
narily large value for Cagles Mill in 1963, It guite
possibly could have been some external influence. The
overall downward trend of the Cagles Mill quality co-
efficienﬁ, and to a lesser extent, a downward trend for
Mansfleld and Monroe Reservoirs, might have been due to
the introduction of competitive opportunities over the
years in question.

A cgnclmsion that Huntington Reservoir had less re-
cre&tioﬁ appeal during these years than the other reservoirs
could be 5upp@rt@ﬁ by the fact that motorboats were not

allowed there during that time periocd.
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Monroe reservoir showed a gradually increasing guality
coefficient for its £first three years, then fell off for
the next four., During the last year for which its quality
coefficient increased, Monroe Reservoir had the largest
annual attendance ever estimated for an Indiana Federal
reservolr. It may have been that some recreationists
have stayed away from Monree szince that time to aveid ob-
served and well-known heavy traffic and long lines at |

public boat ramps during periods of peak use.

" E. Annual Per Capita Visitation Rates

Using the gualiiy coefficients obtained in Section
IV-p, total annual per capita visitation rates for each

J
population center, & Uijyfpiy’ can be calculated in the

ET7Y
computer program. J-§igure@ IV-5, &, and 7 present esti-
mated rates for 1961, 1966, and 1971, respectively.
Visitation rates are contoured on an Indiana map 80 that
the intensity of recreation use by geographical area might
be shown. The shifting of these use intensities after
the introduction of new reservoirs into the network is
apparent. Comparison of the 1961 and 1966 map patterns
clearly shows the influence of Monroe Reservoir on re-
creation use, The effects on recreation use from the
operation of the Upper Wabash River reservoirs, Salamonie,

Mississinewa, and Huntington, is evident by comparing the

contour patterns of the 1966 and 1871 maps.
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CHAPTER V¥

MODEL USE IN FORECASTING VISITATION

The reaults of the calibration of the annual con-
sumption‘modal in Chapter IV may now be used to forecast
reservoir visitation. The origin-destination model can be
used to forecast the consequences to reservolr recreation
visitation from changes in systems features, such as:

a. addlitional resarvoirs

b. relative changes in the attractiveness of

regarvolrs due to facility investment pelicies

¢. c¢hanges in population

d. changes in axogenous constraints, e.g. speed

limits and road capacities that become binding.
These possible changes will first be described (Sections A
through D). Following this the computed model response to

these changes will be presented and discussed.

A, additional Peservolrs

The network of Indiana Federal reservoirs now includes
Cagles Mill, Mansfield, Monroe, Salamonie, Mississinewa,
and Buntington Regervolirs. There are also two reservoirs
under congtruction, Brockville and Patocka. They are

certain to be operative in the future. Two reservoirs in
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northwestern Indiana, Big Pine and Lafayette, seam to have
the best chance of being bullt, if one estimates the
likelihood of construction of all proposed Indiana
reservolrsg. The construction of Big Pine and Lafavette

is presently delayed. There is opposition to their con-
struction, and the present model can contribute to an
assessment éf the impact on vecreation of their being, or
not being, built. EBven if their construction were to begin
now, they could not be operated much before 1980,

The network configurations that have been used with
the forecasting model to obtain reservoir recreation
estimates are the following:

1. An Eight Reservolr Network - thig includes the
existing six reservoirs plus those now under
congtruction

2. A Ten Reservelr Network - this includes Big Pine

and Lafayette Reservoirs

B. Facility Investment Policies

The past facility investment policies for the six
existing Indiana reservoirs is presented in Figure V-1.
Cumulative capital investments versug year of operation are
graphed. As shown in the figure, more or less identical
capital investment rates (CI§ per yvear) occurved at the six
reservoirs., Cagles Mill Reservoir is probably an exception
because it is the oldest lake and a capital investment

policy was vet being developed. Aftexy three or four years,
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the rate 6£ capital investment at & reserxrvolr begins to
decline: consequently, the cumulative capital investment
levels affa The total investment at a reservoir may be
expected to be dependent on reservoir characteristics and
proximity teo large metropolitan areas. In orxder to better
estimate the final "level of development”, as it might be
estimated from the leveling-off of facility investments

at a regservoir, it was decided to account for regervoir
characteristics in terms of the length of shoreline. This
characteristic is taken to represent a reservoir's potential
for development. ‘Therefore Figure V-2 shows for the six
existing lakes the cumulative capital investments per mile
of a particular raserv&ir’s\shoraiine versus year of
operation of that reservoir. It appears that each
regervoir has its own "level of development”. From this
information, some extrapolated investment patterns for the
existing ressrveirs are shaﬁn in Plgure V-2. How c¢lose
the extrapolations are o &he actual , future investment
patterns depends upon what investment policles are adopted
in the coming years. For the reservoirs under construction
or only proposed, it will be assumed that they follow
investment patterns of “"similar" reservoirs. Similarity
is judged in terms of proximity to metyopolitan areas and
topography (flat land or rolling hills). The assumed

gimilarities are:
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1. Ex@@k?ill@mﬁiaaisaimewamgal&m@ni@
2., Patoka-Monroe
3. Big Pine-Huntington

4, 'Lafay@tt@wb@tWQen Monroe and Salamonie

C. Population

.Papulatimn predictions for Indlana are presented in
Figure V-3. BSeries B represents an increasing birthrate
and inward migration for Indiana. Sari@g € shows the
effect of a slight increase in birthrate and no inward
migration. Series A contains a declining birthrate and no
inward oxr outward migration for Indiana. Series A best
'r@preﬁ@nts today's situation. The ratios of Indiana
p@pul&ti@n_iﬁ\lgﬁﬁg 2600, and 2020 to the 2963 Indiana
population may be used to estimate the future sizes of
Indiana @opuiati@n centers. The 1960 population of each
center was multiplied by the appropriate ratio to obtain

a partiauiar forecasted population.

D, Exogenous Constraints

The origin-destination model developed in Chapter II
deseribed recreation visitation for a closed system. In.
real life there are very few closed asystems. Even now, an
ex@g@naﬁs'aonatraint has just been put on recreation. The
55 mph maximum speed limit imposed throughout the country
will l@ngthen travel times. This will probably constrain

recreational travel.
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Inaﬁffici@nt access road capacity to handle larger
future tx&ffi@ volumes could becoms a binding constraint
that limits visiﬁation to reservoirs. ‘The model does not
incorporate this constraint. External constraints are
difficult to predict far inte the future. Thus none have

been incorporated in the model.

¥. Forecasting Remults

A cowmparison between the eight reservolr network and
ten reservolr network per capita visitation maps for 1980,
2000, and 2020, found in Figures V~4 through 8, shows the
increasing and the possibly large effects which construction
of Lafayette Reservolr might have on Indlana reservoir
visitation.

The model Fforecasts show that by 2020 Lafayette
Reservoir would be second in recreation attendance only to
Monroe Reservolr and that Tippecance County would have the
largest per capita visitation rate in the State, It also
is estim&t&d that in 2020, 6,300,000 more water related
recreation davs would be enjoyed in Indiana if Lafayette
Regervoir was constructed by 1980, than if it was not
constructed at all.

Recreation visitation that would be generated by the
Big Pine Reservoir, if built, does not appear to be
significantly important. Its 2020 estimated visitation from
Indiana is only 225,000, about 3% of the Lafayestte Reservoir

vigsitation.
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The Wabash River Basin Comprehensive Study (1971) made
projections of future visitation for the gix Indiana Federal
reservoirs @pérating in 1672, ‘These are compared to the
estimates from the forecasting wodel in Table V-1.

lTh@ forecasting model estimates compare well to the
1871 Wabaszh River Basin C@m@rehengive Study, or WRBCE for
short, estimates for all reservoirs except for Monroe
Reservolr. The present model, for example, predicts
3,000,000 more visits for Monrxoe in 2020 than the WRBCS
estimates. The long shoreline of Monroe is the basic
factor in the difference for the estimates. Because
Monroe Reservoir is ﬁniqué in the State in that aspect, it
is gquite conceivable that private development will provide
much stimulation for visits to Monroe. At present a high
rise hotel is being planned near the lake front.

The Figure V-2 actually shows a lesser vate of invest-
ment in Monroe than the other reservoirs. However this is
observed when shoreline length is taken as a normalizing
parameter. The actual investment policy has been to give
Monroe about as much investment per year as other reservoirs,
disregarding Monroe's larger size. In addition, a presently
apparent access road capacity constraint, and possibly also
an expressed desire for policy makers to leave large éreas
around Monroe Reservoir free from development, are possible
explanatiéns for the lower Monroe investment rates shown in

Figure V-2.
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The presence of an existing external constraint on
Huntington Reservoir, namely the banning of large motor

boats, could cause the model visitation forecasts for the

reservoir to be too high.
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CHAPTER VI

PURTHER WORK

Moré work is needed to improve the reservoir visitation
model that was formulated and applied in Chapters II-V.
Possible model improvements are: {(a) the construction of
a "hetter® elemental origin-destination model; (b} the use
of crowéing'constraints for resexrvoirs; (¢} the use of

visitation constraints for population centers.

A. A "Better® Elemental Origin-Destination Model

In Figure VI-l, the curve A represents the elemental
origin-destination model on which the model formulated in
this thesis, as well as many previoué studies, has been
based. The curve B represents a type of curve for
visitation levels that might more logically represent actual
demand curves ocutside of the I1"12 portion. The shape of Curve
B was suggesteé by Clawson and Knetsch (1966).

A typical approach to creating such an improveé model
would be to formulate a new elemental model which more
closely resembles curve B than the curve A resembles it.
uUnfortunately, any mathematical model which is a gignificant
improvement over curve A will require at least two more

parametérs beyond the two which define a cuxrve of type A.
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Since there are usually only four or five p@ints

(population centers close to reservoirs] from which one
would have to determine point L, i.e. the Uiiij cut~-off

of curve B and sinee there must be two parameters associated
with this portien, an accurate determination of L is not
feasible. In addition, an examination of the residuals

of the weakend-reservolr regressions of Chapter IV indicates
that the portion of the origin-destination wodel near L

has a weaker dependency on travel time than the upper
portion does. For these reasons, calibrating a model
representing curve B i8 not a very suitable approach. The

search for an improved model continues.

B. Crowding Constraints for Reservoirs

The need for a conatraint that would reflect crowding,
i.e. the degree of overuse {(or underinvestment, depending
on one's point of view) which would tend to constrict
reservoir.attenﬁanca or decrease its attractiveness, was
discussed in Section II-E.

Because there wag no evideﬁce of crowding, no such
constraint was applied to the formulated model. Yet there
iz evidence that crowding exists at small reservoirs in
high population density areas (Sirles, 1968). Increases
in future population, coupled with lagging investments in
site development could well lead to crowding at large,
isolated reservoirs also. Kaltey (1971} considered this

situation.
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It might prove useful to study the effects of crowding
using hypothesized constraints. This would require an

extension of the visitation algorithm.

¢. Visitation Constrazints for Population Centers

The need for a constraint that would reflect that
potential recrsation visits from a given population center
are limited was discusszed in Section II-E.

The available data again precluded finding emperical
evidence of this constraint, but it may not be realistic
to ignore the possibility of its existance. Recreation
visitation models which do not consider téis constraint
risk forecasting more visltors at some reservoirs than
actually will be registered. BAn extended visitation
algorithm might also be useful in studying the effects of

this constraint.

D. Work Toward an Extended Algorithm

Within-the thick border lines of Figure VI-2 are
illustrated the typical results that may be obtained with
the present recreation visitation algorithm. Consider
summing the_Uij/Pi’s in the rows. This gives the total
per capita visitation rate of a population center.
Multiplying each Uijfpi by its agsociated Pi and then
summing this product over the columns gives total visits

to each reservoir.
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An extended algorithm may include the performing of
adjustments such as to redistribute visits throughout the
model when per éapita visitation rates or the reservolr
visitation level exceeded some maximum, or constraint
value. "Cravity variables” have been used in some
recreation models (Schulmann and Grecco; 1964; Texas Water
Development Board, 1968) to accomplish this purpose. The
axtended algorithm might include a uniform, regional
constraint or a variable, functional constraint.

Investigati@ns were made of various structural forms
of these constraints, but lacking data to define the exact
form of such constraints, it seemed f&iriy pointless to

adopt any particular one.
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CHAPTER VII

CONCLUSIONS AND RECOMMENDATIONS

Conclusions obtained from the reservoir visitation

model results follow:

{1} B2 reservoir visitation model was designed that
can show the comparative effects of different
management decisions.

{2} Lafavette Reservoir could become the second
largest Indiana-Corps of Engineers reservoir in
attendance; drawing over 6,000,000 visitors per
year by the year 2020.

{(3) Annual attendance at Big Pine Reservoir was
astimated to be about 3% of the Lafayvette
Reservolir vearly vislts. |

The recommendations for additional study on this

subject are as follows:

(1} Run the formulated wodel with 1972 and 1973 data.

{2) Determine the effects of likely external constraints
(highway speed limits, road capacities, etc.}.

(3) Make an effort to construct systems constrainte.
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Table B~l1. Population Centers in Indiana
No. County Name No. County Name N, County Name
1 Adams 32 Hendricks 63 Pike

2 Allen 33 Henry - G4 Porter

3 Bartholomew 34 Howard 65 Posey

4 Benton 35 Huntington 66 Pulaski

5 Blackford. 36 Jackson 67 Putnam

5 Boone a7 Tagper 68 Randolph
7 Brown 38 Tay €9 Ripley

8 Carroll 38 Jefferson 70 Rush

g Cass 40 Jennings 71 St. Joseph
10 Clark 41 Tohnson 72 Scott

11 Clay 42 Knox 73 Shelby

12 Clinton 43 Kosciusko 74 Spencer

13 Crawford 44 La Grange 75 Starke

14 Daviess 45 Lake 76 Steuben

15 Dearborn 46 La Porte 77 Sullivan

16 Decatur 47 Lawrence 78 Switzerland
17 Dekalb 48 Madison 79 Tippecance
18 Delaware 44 Marion 80 Tipton

19 Dubois 50 Marshall 81 Union

20 Elkhart 51 Martin 82 Vanderburg
21 Faveite 52 Miami 83 Vermillion
22 Floyd 53 Monroe 84 | Vigo

23 Fountain 54 Montgomery - 85 Wabash

24 Franklin 55 Morgan 86 Warren

25 Fulton 56 Newton B7 Warrick

26 Gibson 57 Noble 88 Washington
27 Grant 58 Chio 89 Wayne

28 Greene 59 Orange 90 Wells

29 Hamilton 60 Owen 91 White

30 Hancock 61 Parke 92 Whitley

31 Harrison 62 Perry
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Regervoliy
Cagles ﬁill
Mansfield
Monroe
Salamonie
Mississinewa
Huntington
Brookville
Patoka
Lafayette

Big Pine

Operation Began

Juiy, 1953
December, 1960
January, 1966
April, 1967

April, 1968
October, 1970
Under Constrﬁation
Under Construction
Proposed

Proposed
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Corps of Engineers Reservoirs in Indiana

Shoreline {miles)

37

35
159

47

59

18

30 (est.)
60 {est.)
50 (est.)

25 {est.)
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Table B-~5. Other Variable Values

Consumeyr Building
Year Price Indax Cost Indexn
L9460 1.00 1.00
1981 1.01 1.02
1962 1.02 1.03
1963 1.03 1.08
1964 1.05 1.09
1565 1.067 1.11
1966 1.10 1.18
1967 S Ll.13 1.16
i968 i.18 1.25
1969 1.24 1.39
1970 1.31 1.44
171 1.37 1.66
Tabhle B-6. Deflation Factors
Reservolir

Cagles Mill
Mansfield
Monroe
Salamonie
Mississinewa
Huntington

Deflation Pactor

#2

Effective Buying
Income {(166$)

9,18

9.17

9.74
10.3
i1.0

11.8

13.6
14.2
i5.0
16.0
15.4
8.2

(%)

94
86
g6
95
%6

93

Aest.)
{est.)
(est.)
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Table C-1. Weekend Weather

Numbers in boxes represent number of weekends.

Weathear
" Reservolir Clear-Hot " Cloudy~Cool Rain Cloudy
- Mansfield 8 7 2 )
Cagles Mill 8 5 0 4
Monroe € L g 1
Weather
Year Clear-Hot Cloudy-Cool Rain Cloudy
1965 4 13 | 1 1
1966 12 4 1 8
1967 | ) 1 0 2




Table D-1.

Forecasting Data

85

Cumulative Capital Investments

{in thousands of dollars)

Quality
Coefficients

(}ng x Visits *hrsa

Regervoir 1980 2000 2020 people §
Cagles Mill 740 850 890 206
Mansfield 950 1030 1150 151
Monroe 4370 77%0 8500 i66
Salamonie 1200 2060 2170 88
Mississinewa 2110 2280 2340 63
Huntington 1179 12960 1320 37
Brookville 260 114¢ 1200 100
Patoka 540 1800 25060 178
Lafayette 1200 1500 1200 150
Big Pine 900 16540 1100 37
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E. DOCUMENTATION FOR COMPUTER PROGRAM

—- RESREC -~

Subject Description

This computer program was developed at the Hydraulice Department, School
of Civil Engineering, Purdue University. It is a result of research conducted
under the direction of Dr. G. H. Toehes. Kevin Wolka, gradusted research

assistant, was the author and programmer.

Two reservoirs in Indiana for which funding has been authorized, Big Pine
and Lafayette, have had their construction delayed by environmental groups. An
estimate of the number of recreationists that would visit these reservoirs, if they
were built, should be‘ nelpful to policy-makers in deciding the worth of the
reservoirs. Both reservoirs have recreation listed as a primar‘y economic benefit

by the Corps of Engineers.

The computer program can calibrate reservolr recreation network parameters
from past data or forecast visits using the model with estimated future data values.
Sensitivity of the model to included parameters can also be observed. The parti-
cular case for which the model was used was a system of reservoirs in Indiana.

It could be used for other reservolr systems and is also applicable io other types

recreational facility systems.

Technical Features

This compuier program coniains nc use of sophisticated techniques. The
computations could have just as easily been performed by hand methods. The
computer was chosen because of its computational efficiency and ease in outputting

results in a format.

Fortran IV language was used. It ls a common language and can be inputted
into most computers. The only technical restriction which might be encountered
is memory storage requirements. Since the program contains subscripted
variables, considerable storage for a large program may be required. Storage
capacity for the computer and the estimated storage requirements of the program
should be compared before siarting.

Program Description {(See Table 1 for listing of variables.}

As was stated above, calibration or forecasting visits can be accomplished

by the program. 'Two main equations are incorporated.
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The first is the Yone population center - one reservoir" case. It is:

VISITS,, = @ x CI, x XIN x POP; x Txmgﬁ‘AwHA (1)

] ]

The second is & "consumption or aggregated" case for a reservoir. It is:

VISIND, = Qj X C‘Ij X PTSUMi (2}

i
Table 2 contains the program listing with comment siatements inserted.
Pigure 1 is a flow diagram of the computational process. Figure 2

contains a description of the input data deck.

Figures 3, 4 and § show the typical output from the program. This
includes quality coefficients from the calibration model; reservoir attendances
from the forecasting model; and contour maps of population center per capita

visitation rates output In the shape of the state of Indiana.




Notation
ipi=1,2,....1
j;jml,z, LR l]

k;k=1,2,...,K

M=} or 2

KYEAR

VISITS,,
i

DF,
)

V'ISTOTj

VISIND}.
VISPOPi
VRA’I‘Ei
EBIk

CPIk

GAMMA

XIN

POP,
i

REGF‘OPi

- TABLE 1 PROGRAM VARIABRLES

Definition
index for population center
tndex for recreational reservolrs

index for vear

designation for either calibration (=1}

or forecasting {=Z)

the vear for which calibration or
forecasting is desired

annual visits flowing from systems
population center i, 10 reservolr j

deflation factor to determine the
portion of the total visits to
reservolr § originating from sysiems
population centers

total annual visits at reservoir j

network portion of total annual
vigits at reservoir i

total annual visits from populatioh
center i

total annual per capita visitatiori
rate for population center i

sifective buyving income in
Vear

ratio of consumer price index
in yvear k to consumer price
index in 1960

annual rate of change of adjusted
effective buying income in vear k

increase in recreation demand ( as
it is assumed to depend on LDEI)
multiplier of XYEAR

total population of population
center i

"recreaiion propensity” of
population center i

88

Units

{visits)

(-3

(visits)}
{visiis)
{vigits)

{visits)
{person)

{$)

(people}

(people)
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Notation Definition Units
PTSUM, temporary variable - the sum (people)
: of the products of RECFOP and alpha
~ALPHA (hrs. )
TIME
TIME i travel time from population
t center 0 reservolr j {hours)
ALPHA . behavicoral or constraint

parameter related io time spent
in travel between population

centers and reservoirs { — )
JRES the number of reservoirs in
the system { -1}
XINV K ' capital investment for the
j recreational facilities of
reservolir j for year k {$}
BCIk ratio of Engineering News Record
Building Cost Index in vear k fo
ENRBCI in 1960 { -}
CI, cumulative adjusted capital
} investment for the recreational
facilities of reservoir j {§)
Q. - quality coefficient of reservoir j alpha
] {also a regression coefficient of - (visits _ hrs )
the calibrated model)} ‘ {peoplex S )
Aj attractiveness index for {visits % hrsalpha

reservoir j {people )
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Figure 1. Resrec =~ Flow of Computations




| End

' /[ Behavioral travel time. parvameter

[ Quality coefficients
-

[Estimated reservolr visiis

} Effective buying incomes

Consumer price indexss

[Buildincz cost indexes

{Deflation factors

pr
| Investments

£

rTra\f@}, time for reservoirs

I_Ponulations

( Year. Reservolr

[O Data deck

/ .

; C Program deck

C Conirol cards

FIGURE 2 - INPUT DATA DECK

31
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RESERVOTIR™I TQUALTTY COEFFICTENT 2. 000000206 '
RESERVOTR 2 QUALTITY COEFFICIENT =o000000751

HESERVOTR3———QUALTTY COEFFTCTENT =+ 000000 THE "
HESERVOTR &~ QUALTTY COEFFICIENT = 00C0VI0RE o

RESERYOTH S gUALITY TOEFFICTENT = 00000007

———— RESERVOTH 6 QUALTTY COEFFICIENT =5 000000037

TOTAC NETWCRK 3818900V TISITS

FIGURE 3 - CALIBRATION MODEL REBULIS




. RESERVOIR__L_ 1095658 _YISITS
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. PESERVOIR_.2 1057367 VISITS

RESERVOIR 3. 7434216 MISITS

e RESERVOIR & 1727260 VISITS -

RESERVOIR 5 1265048 VISITS

e _RESERVOIR & 915784 VISITS

RESERVOIR ¥ 828876  VISITS

RESERVOIR & 1883154 VISITS

RESERVOIR 9 6301415 WISITS

_RESERYOIR 16 226335 VISITS

TOTAL NETHWORK _22705081VISITS

FIGURE & ~ PREDICTION MODEL RESULTS
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Table E-l. Lisﬁing of C@mputer Program

B
& @ﬁLEBR&?ION AND FORECAST FOR RESERVOIR RECREATION WISITS
G
PROGREM-REGRES T NPUTT oW TEOTF TAPE S e~ THpU Ty TRPE S = QUTPUT)
C Q002 SIMENSTON VISTOT(LO), VIGITSI100: 108 VISIND(LID) e VISPOP(LIO0)
099002 DIMENSION POP{EG&)s RECPOP{LICG s VRATE{100)
UeUrE DTMENSTON ATRV LUV 20T CITIOT Y 310y AT
G00G2 DIMENSION GAMMALZNY s BCEL20}s LPI{EG)@E&{(?G?@ DFAD)
Goon0e DIMENSION TIME(LOOol0te PTSUM{IO0)
[
€ INPUT YEAR AND NUMBER OF RESERVOIRS
¢
[# anER“WHﬁTﬁEﬁ“ﬁﬁETHWETTUNWUW"FUﬁﬂﬂKST*TSWUESIREU
[
Qa0002 READ (5:900) M, KYEAR, JRES
% . '
G INPUT COUNTY POPULATION ESTIMAYES
G
GootTe 1R S
g0gpié READ (5+208) POP(L}
Go0023 5 CONTINUE
LM
G zwwur TRAVEL TIMES
G
GEGEs oLy R JRES
GoueRY 50 16 [ = lso92
goo030 READ (509081 TiME(Led) -
ARV R T CUNTIUE
G
G INPUT ANNUAL TNVESTMENTS
b e
08044 . po s 4 om §¢JRE$
000148 READ (55901 (XINV{JyKls K = §oKYEAR)
HLAVAVES I UGS TR TR LT RYERR
GeooTl NINyiJeKiKY & 1006, # {iNv{JeRK}
000072 15 CONTINUE
"
c INPUT DE?LA?ION fACTGRS
. ¢ .
GoUUTE READ TSy S0Py JETTJREST
G
c INPUT HUILDING COST INDEXES
L
000186 READ (5:206) (BCI(R),; K = 1 KYEAR)
c
[ THNPUT CONSUMERPRITEITNUEXES
G
gooild READ {B:908) (CPI(KIy K = B¢ KYERR)
o 4
G INPUT EFFECTIVE BUYING INCOMES
& )
VIUTRE REAT oy YO 1ERITRT K E By KYEART
¢
G INPUT COE ESTIMATED RESERVOIR vISITS FOR CALIBRATING
b .
000613} Do 20 J = 1sJRES
060133 HEAD {50907) VISToriy
DA CISTUT IV (000, ¥ Visioi{Ji




| TOOOTSIT 20 CONTINGE —
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tTable E-1. (Continued)

- G TRPUT RUALITY QGEFFXCKEN?S FOR FORECASTING
1
00045 DO 25 J = leJHES
goglae READ (Se908) Qi)
—geHLEd FECONTINGE
<
C ‘INPUT BEHAVIORAL TRAVEL PARAMETER
[ .
000156 READIB: 90451 ALPHA
<
C COMPUTECUMULATIVE TRVESTHMENTS
"
GoC1ed DD 30 J = Ly JRES
O LEs ST RN VI ABUT T
guoLet DO 30 K = BerypAR
GoCGLTY crtJy = GIddy ¢ ERINV e K) FBOILIRTD
—OUE0t IO CONTIRNUE S
c .
C DETERMINE RECREATION DEMAND MULTIPLIERS
*
QU0E0S XIN = 1.8
0002806 IF (KYEAR = 9} %8. 35 3n
—B0oE L - NE A TN T T BT TIT7CP T IO =T EB iy yeP sy rAEs ey CPIeYY YT
QuGeLv GO TG 44 :
oozl ? 18 Do 3% R = 9y KyEAmR
—GEEEEE GNP e R R Y O T TR T VS TE BT TR L 7 CF IR T T 7 (ER T {RS E T 7P TTR= 17T
QUoESL Xin = KIN + GAMMA(K}
000233 39 CONTINUE
—Fo0e3% T UONTINGE
[ .
c _CALCUL&?E RECREATION PROPENSITIES
G
000234 DO 41 1T = 1998
goozae RECPUS{LI} = RKIN ® POPII}
“POTEET &1 CONTINUE
<
¥ CHECK WHETHER CALIRRATION OR FORECAST 15 DESIREQ
. T -
000244 IF (M.ERell GO TO 8¢
G
c CELTRRATION
c
G
T rOMPUTE WAL T TY COEFFTCTENTS FRUN CUNSURPTTUN MOUEL
C ) .
D004 no 4% J = 1 JRES
~Go0Ew3d VISTHDTIY = OF VY % VIsTOY (J7
Go0254 6% COMTINUE
00025% UG 50 J 5 1y JRES
TGOUIGE FTSOMTIY = Uy
GOOZST B0 50 I = le%2
Qo0z27¢ IF (TIME{IeJ)sEQeD.} GO TO B0
“Bﬁﬂ27T‘“”“f—““WPTSUHTJT”§“FT§Gﬁ(J) 7 IRECPOPTIIFTTIME T e JTREALPHAT Y
GuozTs 50 CONTINUE
goo301 Do B8 J = 1o JRES
TUTITE F{PFTSUMTITY 52952953
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Table E-l. {Continuad)l .
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YOEITE SE WTIT E Ve
. 003068 GO TO 55
480386 5% G{Jy = VEISINOLJ) Z(CT(Jy»PTSUMESD )
(o
< SUTPUT RESEAVOIn QUALITY COEFFICIENTS
o
FO0ITe WRITETSySUYT s QTJT
906321 58 CONTINUE
¢
# CRLCUTRTE AT TRRCTTVERESS T TNULRES
o
G332 pg B0 J s 1eJRES
~HOTIIT RTTF = ROy E LTV
fogl3z &0 CONTINUE
C .
& FETIMATE VISTTS FROM MOUIFTEU URIGIN = DESTINATTUN HUDEL
G
400333 DO T0 I om 1:92
FUoIa% DO T YV IRES
00G33S CIF (TIME(LsJdyy 67,67,68
a0034t 67 VISITS(led) = G0
L EY] BT Ty
000345 68 VISITS{Ieui » RECPOP(I)wAqJy/(TIME{L, ) #eALPHA)
000360 70 CONTINUE
Q‘ .
¢ DETERMINE SUM of VISITS FROM EACH POPULATION CENTER
c -
TOUT3INS DU TS 1T & f¢v¥<
B00366 VISPOPII) #® D
000367 ng 7% J = 1o JRAES
~gUTITE T SPOR T T E TV TEPUR LT % VISTISTIvVY
b R 78 COMTINUE
000604 Go 7O 106
r .
¢ FORECASY
¢
h -
€ CALCULATE ATTRACTIVENESS INDEXES
¢
AR ER L] BTG B JET Ly JHES
go0el2 ALJ) = QIJF » CILY
U041 BS CONTINUE
|
¢ ESTIMATE vigIT¥s FROM MODIFIED ORIGIN = DESTINATION MODEL
i+
S Dot F I URES
go00415% DO 90 [ = 1,92
000418 1€ (TIME(IsJy} B7,87,088
Goowed BT VISITSTIv & e
Q40426 66 TG S0
0G0e32 B8 VISITSileut = RECPOPII}#ACIIZ(TIME(T,J) @2 ALPHA)
¥
< ESTIMATE ReSERyOIR VISITS
¢
~FEoeIT ISTOT T yIeTOTTIT " VISITS T J7
G00sel 90 CONTINUE
c .

| GETERMTNESUM~OF VST TS FRUN ERCH PUOFULATION "CENTER
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Table E-1., (Continued)
i

€3

_J“M,OOOQQé po 95 1 o= 1:9%
Y 0604t VISPOP(L} = 0e
VR ERFE AT OSSRV IRE
_ QU460 VISPORII] = vISPORLY) o VISITS(IeQ)
- GU0661 55 LONTEINUE
¢
: [ QUTPUT RESERYOIR VISITS
N ¢ _ ;
TOUTES TR T E IV IRES
‘ 000466 WRITELG6:918) Jdv VISTOTIH
) GUOSsTS 58 CONTINUE
™
; c ESTIMATE POPULATION CENTER PER CAPITA VISITATION RATES
o
LB TEO U0 TeE 1 & Ly e
' fO0s06 CWRATELL) = VISPOP(II/POPLY)
R 13- 105 CONTINUE
T
< C QUTPUT TOTaL RECREATION RESERVQIR VISITS
" c
(R EV RS Vis 2 0g
pousLl B 10 J o= 1le JRES
QG%1G ¥is = VIS ¢ wigTOTLN
TRUEBLT U9 CONTTRUE
RGOBE0 w&I?EZ&y@§§B ¥Is
¢
[ CUTPGT PERCRPTTA VISTTETION RETES
00526 WHRETE (L 9GS0 VRATE (46 s VRATE(T 11 v YRATE(RUY s VRATE {44 o VRATE( 75}
GUTESHE FTTE TGy oS T TVRA TE T4 Sy p VRATE (BT s VA YE LTS s VRATE (SUT s VRATL T# 3T
a GYRATE (ST JVHATE (LT}
N gooused HEITE L6+ Ba2 I VRATE (S8} o VRATE{ZTI s VRATE(Gb) s VRATE {23 o YRATE (92} 5
EYFATETET
GoasaLE WRITE (G WD VRATE (1) VRATE (D) s VRATE(S2) JYRATEB5) «VRATE(35) 5
- HYRATE (90} s VRATEL LY
TOOEIY RITE By ISy VRATE (R T VRATE (BT VRATE (38 S VRATERZTY S VRATE IS s VRATE
A @g33} . ,
e 000es5g Wﬁ:?ﬁ(ﬁa955!VRATEI86)9VRﬁTE{7@)sVRATEtiaiyURATE{BG)eVRATEtiﬂis
- FUWLTL {BE] * . m——
: COo6TH WQITEé&!@S%)VQATE{E3IsVRATE(ﬁ#iﬂVRATEtﬁﬁaVRATE(ZG)eVRA?E[@B}a
> eyRATE {333 .
AL ) BT TETE TS T rURATE N E AT, VRATE T Yy VRATE (o 7)Y s VRATE {3 ST  VREATE (99T
’ SYRATE {30« VRATE (89
o gepT3e WRITE (6,950 VRATE (55 VRATE (41) 9 VRATE (T3) sVRATE (701 o VRATE121)
FYRBETETELY
- pogvEe HRITE(E PO I YRATE (B4 o VRATELL LI sYRATE (S0 o VRATE (16 s VRATE (24}
K QO0TT4 WHRITELS S80I VRATE (T (VRATE (28] VRATE (03 ,VRATE(7) JVRATE ¢ 30
FYRATE (1) T
gginlio EQI?E(ésgélavﬁﬂTﬁqﬁ?;wVRATE(36)wVRATE(#U;,VRATE(&?},VRA?E(%S:
- 00t026 WEIITE (6e9B2 YRATE(42) s VRATE {16} s VRATE (S ]) s VRATE (59) e VRATE (BR) »
WYRETETTE vy VRETETIGY s VRATE T TH] o
GOL052 HRITE (6963 VpaTE (26} (VRATE(63) sVRATE(19) (VRATE (13) 4VRATEL22) ,
h #yRATE (10U} ;
COTUTE WRTTETE e Y VRATE 6B s YRATE (B vVRATE TS T v VRATE (TR S VRATET62Y 5 -
: RYRATE (DL} :
- agllie 00 FORMAT (313}

UUETIE G FORMET TI0FE, 17
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Table E-1. {Continued)

TeiITeE U FURHE T TTEFY T
- Guitia g3 FORMAT (L0FG. 20
GOLLILE Goe FORMAT [F1Ge%)
“WLTTEE RSP URYAT TR IV &Y
goiii2 06 FORMAT (zhﬁb&la
goliie onT FORMAT (BX«FE,2)
CTBUY TR YR FORRET VESASFS LT :
galila B0 FORRATIS{/) s o Xs FHRESERVOTRL13eSRs 21n0URLTTY COEFFICIENY BeFlQeD}
goLlie gia FORMAT I/ /s 0N ORRESERVOIR: [3eF10e Do 2Xe OMVISITS)
GUITiE Yy RTER R T A I UR ST I UTAL NETWORK Y F 1T 0w BHVISTTY)
golile G50 FORMATIIMI6(/)s3ThetFb.2:6XeFbeBes/)
golLLe 6%y FORMAT (Z5Xe6FE,2+8XeFBu80//)
~EEIT e YRR FORMAT B SN F B, 2B F B, 2y BAT b 20/ /) —
GOL1L2 953 FORMATIZIXe TG 2e//)
guliiz 954 FORMAT (P5Xeb 6, 230X, BFb,BBN o IF6.8s//)
TEEITIE YR P ORMET e SRV OF G T LT AT Er Do 8/ 7 |
0gliiéd 966 FORMATIILXBFBEs//2)
goiiie GRT FORMAT(ESKsbFB 26X FhaBs//}
LY TET P ORRET I T TEF 6 E 77
Goilie 956 FORMAT(ZEX s 3F0, 20 180,2Fb,257/)
06iile @6@'FORMAT(23%@5F6.2e12X»F6e29/i3
g e Y TR GRMAT IR IV BFETET A )
onL11E 946z FORMAT (ESX 8F0al, /)
0ULLlE G6T FORMATIZSXsbFbeBs /)
“UUTITE GEGT FORMET TR OF e ETITAT S
GoLil® 965 FORMATIZ0AsSORFIGURE V= ESTIMATED INDIANA POPULATION CENTER:
#/4 354 IZHPER CAPITA YISITATION RATES-FOR 514) -
rEITiE ENDT
PROGRAM LENGTH INCLUDINMG I/0 BUFFERS
DEeU%e ,
UNUSED COMPILER SRACE
TUSTTUY ‘













	Purdue University
	Purdue e-Pubs
	6-1-1974

	Estimating Reservoir Recreational Visits In Indiana
	K. K. Wolka
	G. H. Toebes


