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FOREWORD

A. Purpose

With respect to our scarce coastal resources, different viewpoints.
exist related to their development or conservatibn.‘ In addition, in
case of development,-plans for recreaﬁional use of coastal resources
almost invariably conflict with other possible and proposed development
goals. -in the investigator's oéinién, these conflicés'should be address-
ed in the process of developing recreation plahs if they are to be re-
solved and if the recreation plans afe'to be implemented ultimately.

The primafy.purpose of this . study, therefore, is to céntribute towards
a solution to this decision-making dilemma by deveiopingvand demonstrat-

ing an analysis capability for examining the quantitative implications

of alternative viewpoints and for clarifying conflict situations. In

meeting this objective, it became apparent that recreational planning is
not simply a calcuiation of deficiencies and development of an asscciated
plan to meet such deficiencies. A more flexible approach is called for.

It is hoped that the approach presented in this report will improve
the recreation planner's ability to present the public with information
on the basis of which a clear choice can be made regarding the recrea-

tional use of coastal resources.

B. This Research in Perspective

Various recreation research studies and recreation planning efforts

have been undertaken over the years thch are documented in the literature.

 Examples of research studies include behavorial studies --'e.g., why

people recreate, and the more general area of water resources development ,.
studies -- e.g., the Hotelling-Clawson approach for assessing the economic
benefits of a recreation groject. In the latter case, the multiplicity of
research>efforts directed towards economic benefit evaluation of multipur-

pose reservoirs may be due to the requirement that recreation be evaluated



in-a manner similar to that used for other projéctvpgrposeé such as
flood control. This type of research has resulted in'methodologicel
developments included in"propqsed planning procedures such as tﬁe one
adopted by the U.S. Army Corps of Engineers. ' _ ._

Turning to recreation planning for a mpment, the iocal agencies
responsible for recreation planning regularly propose and publish plans
which indicate how, when and where capital resoufces are to be committed
for providing recreation opportunities within their-areaeyof jurisdic-
tion. These agenc1es frequently rely on the State Comprehen31ve Outdoor
Recreation Plan (SCORP), which, if adopted, serves as the coordlnatlng ,
umbrella for local planning efforts because these must be consistent with
the SCORP plan in order to quallfy for Federal- fundlng.

Although both the research studies and planning efforts‘deel with
the provision of recreation opportunities, it is the.inVestigetox’s
opinion that it is frequently difficult to discern how they contribute
to informed deeision making. - It is also difficult to see how research

results have helped to shape recreation plans or how plannlng needs have

“oriented the direction for research The study reported herein attempts,

to bridge this gap in one planning situation: planning for ceastal rec—~
reation oppoftunities neer large urban areas. The cehtral'theme was to
determine what type of information should be developed by the plénner dur-
ing the planning process in order to arrive at plans that include the

issues of concern to people who will ultimately accept or reject a plan.

A sensitivity approach is proposed to develop information on level
and geographic distribution of recreational visitation, a key input toward
determining the final -implications associated with recreation plans. Thus

the research was oriented toward modeling the accessibility to‘reqreation

reSOurcesﬂas a function of the demand for activities, supply of opportun-

. ities and the highway network_connecﬁing demand centers and supply zones.

C. . Outline of this Report

. Chapter 1l: presents project summary, conclusions and recommendations.

. Chapter 2: discusses comprehensive recreation planning and in-
o formation needs, and focuses on accegsibility a€ one
of the key concerns in arriving at recreation plaps.
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Chapter 3:

Chapter 4:

Appendix A:

Appendix B:

. develops a methodology for joint consideration of

demand for recreation activities, supply of recreation
opportunities and alternative transportation networks.

presents an application of the developed methodology
in a case study related to the provision of coastal
recreation opportunities along the California Central
Coast ZOne.

presents technical 1nformatlon regardlng the proposed
accessibility model., '

presents a simplified description of the computer pro-
gram developed in this effort.
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Chapter I

PROJECT SUMMARY

A; Background

On Janumary 9, 1973 INTASA's proposél IRP 73-02 “Analysis and
Evaluation of Recreation Opportunities Provided by Urban Water Re-
source Projects” was submitted to the Office 6f Water Resources and
Technology (OWRT) pursuant to Title II of the Water Resources Reséarch
Act of 1964. The initial intent of the proposed-research was to in-
vestigate the relevancy of various recreation evaluatiop techniques
to planning water-oriented urban recreation. The proposed research
was based on the fact that there is a vast difference between recre-
ation in an urban setting and recreation at reéervoirs outside urban
areas; traditionally the latter has received more emphasis in the
literature. On September 10, 1973 OWRT informed INTASA that although

‘the proposed research was considered favorably, the priority assigned

to the proposal was not sufficient to quélify for funding.

Subsequent involvement with the California Centrél‘Coastal Zone
Commission during the latter part of 1973 motivated INTASA to request
that OWRT reconsider their decision. In a letter dated October 15,
1973, INTASA indicated an intent to redirect the previously submitted
proposal towards the development and demonstration of an analysis
capability dealing with coastal recreation opportunities near large
urbaﬁ areas. This type of analysis and evaluation is an important
concern in the National Coastal Zone Management Program whose activi-
ties‘are ofbinterest to various agencies within the Department of the
Interior. In addition the subject is of prime condern to the Califor-
nia Central Coastal Zone Commission whose members are charged with
planning for coastal areas in close proximity to the San Francisco.
metropolitan area. Therefore,’recognizing an opportunity to combine

needed research related to coastal zone management with practical



application in a real planning environment, OWRT accepted INTASA's
proposal, and on May'9, 1974 contracted the company to investigate
the subject. This final report describes the results of that inves-

tigation, undertaken under Contract No. 14-31-0001-4234.

B. Scope
Specific objectives of the research effort are stated as:
" Expand and, if deemed useful, modify current methodology for

determining effective part1c1pat10n rates of . SOClOECOnOMlC
populations in water-based recreation.

Improve current procedures for determining the value of re-
creational opportunities in metropolitan areas."

In meeting the aboVe objectiVes, INTASA saw an opportunity to develop
an operational procedure which advances the state-of-the-art towaids
a comprehensive methodology for urban recreation planning.;>The need

for a methodology to assess, measure and evaluate the social, economic

and environmental impacts ‘associated with the recreational use of water-

related resources in urbanized areas has been establiéhed. It is also
clear that in addition to evaluating recreational benefits of proposed
water resources projects, such e methodology:must be useful for plan-
ning urban water resource recreation development as well. That is, it
should allow the recreation planner to identify the scope end‘direc-
tion that his plans must include in order to deVise a set of recrea-
tion opportunities which are optimal with regafd to the social well
being, environmental quality, and regional development objectives in
addition to national economic development. In responsevto’this need
and to the study objectives, the Scope of Work included the following

tasks:.
Identify spatial units relevant to.recreation.J

‘Devise a means for eeparating the urban population into com-
munity groups having- homogeneous behavior in recreational
activities.

Identify recreational resources which need to be analyzed
and characterize their attraction for potential users.
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. Determine factors involved in the "cost" of urban recrea-
tional participation as well as other pertinent components
‘which may be deemed significant.

. Review previous studies and examine statistical models em-
ployed as -well as assessing operational usefulness of re-
sults obtained. :

.  Identify the key variables which most consistently explaln
variation in site demand.

. Formulate functional relationships among cost, key variables
and site demand in order to analyze the consistency of a
general framework for development of the functional trans-
formations which yield demand estimates. ‘

. Review studies dealing with estimation of recreation needs
in terms of desired leisure-time spending.

. Develop a medel to show the relationship between recreational
resources availability and satisfaction of needs with long-
term socioeconomic implications.

. Synthesize a set of methodological principles.

Thé abéve tasks were undertaken from the’perspectiVe'of'(l) plan-
ning for coastal recreation opportunities near a large urban area, and
(2) demonstrating and applying-ﬁhe research within the context of the
California Centrai Coastal Zone Commission's planning problem. With

regard to the latter, work elements within some tasks have been con-

- siderably expanded in order to address the practical problems in

coastal recreation planning; the basic intent has been to develop and
applyva methodology that is transferable to other planning situations
with similar problems. Specifically, Chapter II of this report deals

with those tasks that are oriented towards further defihing and focus-

ing the coastal recreation planning process. . Chapter III then synthe-
sizes the results of those tasks wﬁich are oriented towardé methodology
and develops a model to assess the satisfaction of recreational demand
in terms of the visitation that can be expected to occur at the avail-

able resources. Finally, Chapter IV provides a demonstration of the

. applicability of the methodology to the case study.



C. Project Organization

1.. Project Personnel

Dr. N.V. Arvanitidis and Mr. D.P. Lijesen were principal inves-
tigators for this research effort. While various iNTASA staff mem-
bers were involved in this team effort -- including Drs. L.T. Brekka,
C.H. Jolissaint, and J. Rosing, Messrs. W.R. Seelbach, Y. Snir, M.
Hilleary, and Ms. M. Daniels and K. Skurski -- Messrs. D.P. Lijesen
and Y. Snir, Dr. J. Rosing and Ms. K. Skurski were primarily respon-

sible for the work.

2. | Project Activities
The project was monitored until January 1975 by Dr. S. Ware,
Water Resource 5c1entlst of OWRT, and after that date by Mr. T.G.
Rgefs of OWRT. Regular progress reports were submltted and on March 25,
1974 a meetinngas‘held in Washlngton attended by Dr. S. Ware and Mr.
L. Brown ef OWRT, and Mr. D.P. Lijesen of INTASA. The objective of

this meetihg was to present OWRT staff members with information re-

'gardlng the spec1f1c orientation of the present research effort in

" terms of the individual tasks in the Scope of Work and the case study

to be conducted in order to reach agreement on the content. A brief
review'meeting was held in San Francisco on April 22;°1975, attended
by_Mr. T.G. Roefs of OWRT, and Drs. N.V. Arvanitidis and C.H. Jolissaint
and Mr. D.P. Lijesen of INTASA. The objective of the meeting was to
report progress on preparation of the final report.

During the course of the project, there was extensive interaction
with various local and State recreation and planning agencies, and
with individuals knowledgeable about recreation and other planning as-
pects related to the California Central Coastal Zone. The objectives
of this interaction were (1) to gain insight into the practical aspects
of coastal recreation planning through meetings and correspondence,

(2) to collect as many locally relevant reports as possible, and (3)
to collect the necessary data on participation, preferences, recrea-
tion resource supplies, etc. Information was requested‘from‘over 30

local agencies as part of the effort. It is impractical to list each

- . P p? ,, . . N L _
| - s S8 W8 " " o .
" . / o 2] v /3 " . o/ Y "

i - ’-‘ ‘- ,. -
b § ;
-/ - , ' 2. 2 L " ’



!.l. " l-ll. \ - b L , ! L X d -

d

{ A g o 3 e i v
- es . 9N A& W
i - L L _ & ‘ L

incidence of interaction; however the following list indicates the

agencies which made the most significant contribution:

ing,

California Central Coastal Zone Commission, Planning Commit-
tee, Santa Cruz. ' '

California State,Department of Parks and Recreation, Sacra-
mento. -

California Department of Transportation, San Francisco Dis-
trict. : '

California Deﬁartment of:Transpor;ation, Monterey District.
Mariﬁ County Department of Public Woiks.

Santa Clara Couhty Parks and Recreation Department,

San Mateo County Plénning Department.

San Mateo Cqunty Harbor»ﬁistrict;

Santa Cruz Parks and Recreation Department.

v Santa Cruz Port District.

Sunhyvalé Department of Parks and Recreation.
East Bay Regional Park District, Oakland.
Metropolitan Transportation Commission, Berkeley.

Golden Gate Bridge Highway and Transportation District, San
Francisco. :

Association of Bay Area Governments,.Berkeley.‘

Report Summary

The key issues addressed in this final report relate to identify-

developing and demonstrating the type of information that the

recreation planner must generate in the recreation planning process

in order to be able to (1) analyze and e&aluate recreation oppor-

tunities provided by coastal resources, and (2) account for the fact

that recreation planning is but one facet of comprehensive planning

"which interfaces with planning efforts in other functional areas

(transportation, housing, etc.). The latter is particularly relevant



~in the'case'of coastal zone management where recreation competes with
other uses for the same scarce and valuable resources. This final ré-
port is Organized on the basis of the above~mentioned key issues:
Chapter 11 identifies the type of information that must be generated,
Chapter III addresses how this information can be developed by means
of a struqtu:ed methodelogy, and Chapter IV demonStrates the use of
this information in recreation planning and rel&tes it to other plan-
ning.effoits. Each chapter is briefly summarized in the following

subsections.

1. Chapter IT

‘ Chapter‘iI begins by reviewing the need for coastal recreation
‘plénning.and by discussing'the problems in comprehensive recreation
~ 'pPlanning. A key observation made is that comprehensive recreation
plans generally do not contain sufficientrihformation‘to assess im-
_pédts and tradeoffs between recreational use and other uses of the
samé'reSOﬁrcés. It is contended that analysis and evaluatidn‘of re-
creation opportunities provided by specific resources should.be'focused
- on these impacts and cbnflicts; hoﬁever a "colored map"'indicéting
where ‘open spaces or recreation facilities are planned is hbt'Sﬁffi-
cient for this type of assessment. It is further bostulated that im-
pacts occur as a result df-visiﬁation to a site, and that information
regarding fhe level and distribution of this visitation is needéd to
display the impacts' significance. In other words, in order to anal-
yze whether a recreation plan for coastal resources is "good", "bad",
"sufficient", "adequate“,’of anything else, the planner needs to deter-
mine what its effect will be on the environment, the local economy,
and qthgr impact categories of importance to people. Providing the
planner with an insighﬁ into how many people will use the recreation
resources is an elementary, bﬁt»crucial, first step.

Subsequently, Chapter II briefly discusses the type of infbrmation,
commonly available to the planner, related to surveys on existing par-
ticipation and people's preferences and to facility design. In most.

cases this information is sketchy and incomplete./ It is asserted_that,'
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im all likelihood, it will remain sketchy and incomplete for years to
come because the state-of-the~art in behavioral research of the re-
creation market is not at the same level as similar research of mar-
kets for other goqu or services, and also because initiating this
type of recreation research is generally quite costly. If it can be
assumed that it is close to impossible to accurately assess the re-
creation market, in particular with respect to the future, a viéble
aiternative is to postulate a set of asSumptions that will.allow the
recreation planner to calculate and hypothesize‘vaiious visitation
levels which then allow for an assessment of impacts. For example,
rather than attempting to outguess the future in terms of how many
swimmers will be at location X in 1990, it is desirable to concentrate
on the underlying assumptions and to orient the analysis towards de-
termining the sensitivity‘in'the level of visitation as a result of
varying basic .assumptions. The results of this type of sensitivity
analysis, when presented to thé.public, may prove to be more ihsight—
ful and conducive to actual decision making. ‘

Following the discussions on the rgquired orientation for an ef-
fective recreation analysis and the type of . information needed for such
an analysis, Chapter II then-addresses the problem‘of.determining the
level of use. of resources. That is, in order to determine the level
and gedgraphic distribution of visitation it is necessary.to explicitiy
establish the link between demand generated by people and supply pro-
vided by resources. This link can be established by focusing on the
transportation network that connects demand cenﬁers'and supply zones.
Thus, central to determining visitation is recognition thét accessibil-

ity to the resources is a key determinant in the recreation analysis.

2. Chapter III

Chapter III develops a methédology to calculate an expected daily
level of visitation (i.e., level of use) within individual_recrgation
supply zones as a function of:. (1) a set of assumptions regarding re-
creation demand for certain activities that are generated at various

population centers, (2) a set of assumptions regarding the capacity of



the supply zone to accommodate recreationers, and (3) a set of assump-
tions related to capacity characteristics of the connecting highway
network. In order to tie the three sets of assumptions together in
an. operational procedure to assess visitation, the concepts of 'a trip
demand curve and a trip supply curve are introduced in a similar man-
ner as the traditional demaad and supply concepts in economic theory.

In a simplified'version, the basic idea can be described as fol-
lows. Since the network is the first impediment to recreational visi-
tation, the network can‘ be considered as silpplying trips to those who
demandvthem. The trip demand curve establishes tﬁe‘relationship be-
tween the number of trips that people fromvspecific geographic areas .
(i.e., demand centers) demand as a function of the average travel time
needed to reach a particular recreation facility (i.e., supply zone).
Generally it is assumed that the longer it takes, the fewervpeople are
willing to drive to the facility and vice versa. The trip supply curve
is determined completely by the hlghway network it establlshes the
relationship. between number of trips on the network as a functlon of
the average travel time necessary to reach trip destlnatlon. Gener-
ally, the hlgher the total load on the network, the longer 1t'will
take to reach the recreation destination. The iﬁtersection of the
trip demand and trip supply curves, for a particula:'demand center- .
supply zone combination, determines'the‘expected level of visitation
at the supply éone'and provides an indication of the average trawel
time from demand center to supply zone. '

Trip demand curves generally are based on modellng recreatlon be-
havior of people. This type of sophisticated modeling is not further
pursued in this report. Instead, the simplified model proposed ;s'de—
signed to identify the maximum demand generated in.a demand oenter that
can be'expected on a peak summer Sunday. Although the model is based
on an analysis of observed participation, it is noted that application
of‘the model is not a stfaightforward extrapolation of observed parti-
cipation "numbers" but requires judgment from the planner. It is fur-
ther noted that the model is not used to determine the exact demand

but rather the sensitivity of visitation to variations in demand.
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In order to determine the trip supply curves for a particular
highway network and a set of demand centers and supply zones, a com-
puter program (RECTRIP) is presented which calculates points on the
trip supply curve using essentially gravity-flow concepts but modified
to incorporate necessary changes due to overloading and saturation of
network links. Program input. includes information with respect to (1)
demand for recreation activities at the demand centers, (2) effective
supply to satisfy visitation withvrespect to these activities in the |
supply zones, and (3) network characteristics such as highway capacity
and speed limit. Given the above information the following steps are
needed to calculate points on the trip supply curve: kl) choose a
trip production level at the demand centers corresponding to some
level of demand; (2) determine routes to be used from demand center to
supply zones accounting for the saturation effects of highways when
the trip producfion levél increases; (3) calculate the average travel
time from each demand center to each supply zone, by activity, as a
function of the trip production level; and- (4) combine individual
average ﬁravel times to arrive at aggregate aﬁérage travel time.

Finally, the range of planning information. that the model is cap-

able of generating-is indicated. This includes the ability to deter-

mine the sensitivity:of visitation with respect to the .following para-

meters: (1) changes in the carrying capacity in the supply zone; (2)

changes in demand by activity type; (3) improvements in the transpor-

 tation network. It is noted that the ability to conduct sensitivity

analyses of these parameters is the most important use of the model
because the information provided allows the planner to further inves-

tigate the implications associated with prdpqsed piané,

3. Chapter IV
‘The purpose of Chapter IV is to apply the accessibility model and

the RECTRIP program to recreation planning aiong the California Central

" Coastal Zone. The key objective is to show what type of information

the recreation planner must generate in order to clarify and seek re-

solution for several controversial issues related to proposed and



contested changes. These changes relate to planned improvements in
the transportation network affecting access to the coast and to con-
cerns for preserving the coastal environment. 7

Based on alternative planning scenarios, two alternative highway
networks are formulated which connect the San Francisco-Oakland-San
Jose and Fresno metropolitan areas to the Caiifornia Central Coastal
Zone. The preservation scenario emphasizes "minimal" highway develop-
ment, thereby implying limited growth and limitéd destruction of the
environment. In contrast, the development scenario emphasizes "maxi-
mum" highway development to accommodate anticipated and desired growth
in the residential, recreational and tourism industries in the Calif-
ornia Central Coastal Zone. It is noted that the rationale for assum-
ing a particular future for the coastal area under consideration is
directly related to assumptions regarding access. ‘

Results of appljing the RECTRIP program td each highway network
are described as a function of increases in demand at 14 demand centers
to be satisfied by the effective carryiné capacity of_ll supply zones
on the coast. Four resource-oriented recreation activities are con-
sidered: (1) beach use, (2) boating and fishing, (3) park use, and
(4) sightseeing and driving for pleasure. »

bThe results relate to four different subjects: (1) aggregate an-
‘alysis of demand and supply where the objective is to consider all de-
ménd centers and all supply zones as two "super-nodes", and to investi-
gate what level of visitation may be expected under each highway al-
ternative; (2) congestion analysis where the objective is to consider
individual elements of the network in an effort to discern where the
most critical access problems can be expected;'(3)-trib supply curves
where the objective is to indicate the specific information that can
be defived from thesé curves; (4) level and geographic distributioh of
visitation where the objective is to»investigate whéfher different
forms of access will lead to a change in visitation by activity and/or
whether it will lead to changes in recreation-travel patterns by people

visiting the coast.
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Finally, interpretation of tﬁe results of the model and the REC-~
TRIP program in light of the previously developed scenarios is dis=-
cussed. - The key point is to ascertain whether or not the visitation
associated with a particular transportation network cohtributes to-

wards or detracts from achieving the essential goals embedded in each

_scenarioQ For example, based-on interpreting the results it is pos-

sible to see whether the visitation  that can be expected under a mini-
mal highway network will indeed lead to impfoved preservétioq of the
environment or whether the résultinq levels of visitation indicate
that additidnéi safeéuardérare necessary beéause people are still

overcrowding the beaches.

E. Conclusions and Recammendations

The research documented in this report touches on maﬁy subjects
dealt with theoretically in recreation literature and concretely in
actual planning efforts; as such, it is quite broad in scope. Based
on the éXperience gained, it would be possible to formulate many gen-
eral conclusions énd reconmendations for future efforts. However, it
is felt that advancing the state-of-the-art towards development of a
comprehensive methodology for urban recreation planning, in particular
as related to planning for coastal‘recreation‘near'ﬁrban areas, is the
priority issue. Therefore the conclusions and recommendations made are
specifically addressed towards this need. '

The following conclusions are drawn based on the results of the
present effort. : »

. The current trend in_cbmprehensive recreation planning is to
‘focus primarily on acquisition of resources, delineation of
institutional arrangements, and preparation of "colored maps”.
‘This is understandable given that there is no proven norma-
tive methodology for recreation planning, and recreation
"plans" are frequently drawn up in response to a statutory
requirement rather than developed in their own right. The
emphasis is in general more on deriving some “"plan" than on
providing the rationale behind a particula: recreation pro-
posal. However, it is concluded that understandable though
the current situation might be, it is no longer sufficient

to perform recreation planning without better substantiation
of the conclusions. In order to provide the basis for informed
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decision making, the recreation planner should make the pub-
lic aware of issues surrounding a plan, for example: - Why:
should the investment be made in acquiring land for recrea-
tional use?  How can scarce resources, including capital, be
best allocated to satisfy recreation needs? What are the:
implications of a plan in terms of actual concerns that the
ordinary citizen has in contrast to an abstract formulation
of community goals? A clear exposition of concerns such as
the above is elementary when decisions are to be made com-
mitting valuable natural resources and capital for recrea-
tional development.

A lack of precise information regarding people's desires,
preferences and needs to engage in recreation activities is
frequently cited as the major stumbling block for more effi-
cient and effective recreation planning. While granting that
more behavioral research is needed to investigate recreational
patterns, it is concluded that results of such studies have
limited value in practical planning efforts, and further that
this situation will probably remain unchanged for some time
to come. For example, in order to accurately predict recre-
ation demands, phenomena such as the impact of the energy
crisis and recession on recreational patterns must be taken
into account. Research is ongoing to seek answers to these
and other questions, but it is in the infancy stage.

Obviously recreation planning must proceed and commitments
for the future recreational use of resources must be made
before the above problems are resolved. As the situation
stands, these decisions will be based on insufficient infor-
mation which adds to the uncertainty of their future outcome.
Based on the results of this research effort, it is concluded
that the uncertainty and complexity of recreation planning
can be reduced by using a sensitivity analysis approach to
' gain insight into expected levels of visitation. That is,

by shifting away from an attempt to merely outguess the
' future -- and towards an analysis of the sensitivity of visi-
tation to various assumptions regarding recreation demand,
- effective supply, and access -- the recreation planner's un-
derstanding of the feasibility of future situations will be
enhanced. For example, the California State Department of
Parks and Recreation estimates that approximately 236,000
people will demand recreation activities at the California
Central Coastal Zone on a peak day in 1990.  The analysis
cited in this report indicates that this level of visitation
can be met by the available supply. However, it is also "
shown that the capacity of existing highway alternatives for
1990 will not be sufficient to accommodate the traffic gen-
erated by that many people, and therefore the validity of the
- projections is guestionable. While this interpretation can-
not be taken as exact because of the probability of improved
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public transit to provide additional access in 1990, it il-
luminates the need for recreation planners to consider is-'
sues related to access in their plan formulation efforts.

In addition to formulating plans, .the recreation planﬁer
must be able to communicate the implications that these
plans have in terms that resolve questions in the public's
mind. For example, to simply state a level of visitation
does not convey much information. Rather the public would
like to know what this level of visitation means in terms
of disruption of the environment, impact on the local eco-
nomy, and other important concerns. It is concluded that
an information base regarding level and geographlc distri-
bution of visitation as a function of access is a valuable
first step not only towards improving the planner's under-
standing of a plan's implications but also towards explain-
ing major issues to the public. '

Based on the above conclusions, and guided by the research re-

sults documented in this report, the fbllowing is recommended.

' A key issue raised in this report is that in contrast to

planning in isolation, recreation planning should be related
to other types of planning efforts for resource use such as
second home development, industrial development, and environ-
mental quality planning. Therefore, it is recommended that
the sensitivity approach presented herein be further devel-
oped and formalized in order to improve coastal recreation
planning by specifically addre351ng conflicts between varl—

' Ous resource uses.

A second issue discussed in this report relates to the desir-
ability of improving the planning efforts of agencies respon-
sible for developing recreation proposals. Therefore it is
recommended that the sensitivity approach be further devel-
oped by using case studies of ongoing recreation planning
efforts in which all major issues are examined in terms of -
their sensitivities. This will identify where application
of sensitivity analysis can be most helpful to the plannex
in contrast to a research-oriented study which touches on
only certain parts of the problem.

Finally, this report postulates that recreation planning must
be improved in order to respond to the concerns of people.

It is assumed that in order to conduct a successful public
participation program the planner has to communicate with a
generally well-educated and informed public and that he must
therefore provide the type of information that the public can
respond to. (This report provides an example of one type of

- information that could serve as a basis for effective

13~
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communication.) Therefore, it is recommended that a separ-
ate investigation be undertaken aimed at soliciting the
views of various groups of people regarding their concerns
for the implications associated with recreation plans, and
identifying the vested interest of each group. The study
should not be focused on identifying obvious concerns such -
as the desire to spend more available leisure time in recre-
ation activities; rather the intent should be to determine
what people are willing to give up such as an undisrupted
coastal environment in order to gain recreation opportuni-
ties. C
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Chapter II

ACCESSIBILITY: A KEY DETERMINANT IN ANALYZING AND EVALUATING
COASTAL RECREATION OPPORTUNITIES NEAR LARGE URBAN AREAS

A. Introduction

This chapter focuses on the planning process for coastal recrea-

tion opportunities near large urban areas, accounting for the fact

that coastal resources in such areas constitute a’scarce commodity for

which, generally, there are conflicting development objectiVes._ The

emphasis here is on isolating the type of info:métion that the recre-

~ation planner must generate in order to systematically proceed with

-the development, analysis, evaluation and impiementation of particular

plans.

One main point is advanced in this chapter: in order to be able
to assess and evaluate the implications of a particular recreation
plan in terms of beneficial and adversé effects, it will be necessary
to consider several factors simultaneously. These include:' the de-
mand for coastal fecreation opportunities, the supply of opportunities
provided by the resources and facilities, and, thestransportation net-
work connecting areas where demand originates with areas where demand
is satisfied. This simultaneous consideration is necessary to recog-
nize and account for the factbthat the level and geographic distribu—
tion of ex?edted participation in various recreation activities -- the
driving force behind adverse and beneficial effects -- depends on (1)
size, location and availability of resources and facilities, and (2)
public preferences for, and accessibility to, these resources and facil-

ities. In the next chapter a méthodology is formulated for simultane-~

- ously approaching demand, supply and accessibility, and for assessing

expected participation as a-: function of these main elements. Chapter
IV then demonétrates the methodology in a case study dealing with the

provision of recreation opportunities along the Célifo:nia_Central
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Coastal Zone near the San Francisco-Oakland-San Jose and Fresno metro-
politan areas. A comparative analysis is presented, analyzing the
differences in participation and the associated implications resulting
from differences in accessibility to coastal resources.

Simply stated, coastal recreation planning is performed in order
to arrive at policies and decisions regarding the recreational use of
coastal resources. To put this problem in petspective,_Section B ad-
dresses fhe coastal recreation planning problem in the context of
~comprehensive recreation pianning and introduces the California Central
Coastal Zone case study. Subsequently, Section C briefly evaluates the
type of information commonly available to recreation planners.. Fin-
ally, Section D isolates the quantification of level and distribution
of expected visitation as the most important input to policy-making,

and delineates the basic requirements for the methodology developed in
" Chapter III.

B. Coastal Recreation Planning

1. The Need for Planning

The widespread concern for wisely using and developing)the nation's
coastal resources has led to legislation enacted by State and Federal
governments to initiate more orderly and'plahned development. Coastal
areas in close prokimity to urban areas are under particularly heavy
pressure to develop; this coupled with the fact that coastal land ih
such areas is a scarce commodity which must be carefully managed under-
scores.the urgent need for more effective planning. It can be con-
cluded that coastal resources generally are regarded as possessing
unique aesthetic, recreational, and ecological characteristics which
have a value to people from far away as well as to residents close by, -
and have a great potential value to future generations. Future devel-
opment plans including recreation plans, must account for these values
and must balance conflicting objectives. 1

In the first nationwide Outdoor Recreation Plan -- "Outdoor Recre-
ation, A Legacy for America" -- prepared by the Bureau of Outdoor Recre-

ation (BOR) of the Department of the Interior, the need for recreation
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planning of coastal resources is clearly recognized (Ref. 1). It

states:

Shorelines, Beaches, and Estuaries: Recreational
opportunities at the water's edge offer popular
and rewarding experiences. The Nation's ocean

and Great Lakes shoreline and beaches are capable
of providing many of these recreation opportuni-

" ties. However, population within 50 miles of sea-

shores is increasing rapidly, and natural shore-
lines are being lost to development and exclusive
private interests.

Many estuaries in and adjacent to major metropoli-
tan areas have remained undeveloped and constitute
great opén space resources. These estuary systems
can be the settings for urban outdoor experiences
and can influence urban growth. ‘

Individual States have initiated comprehensive
studies and inventories of their shoreline and
coastal areas. Several have also enacted legis-
lation limiting development until detailed studies
and plans can be completed.

Concentration of human activity, combined with
the distinctive natural qualities of shorelines
and estuaries; intensifies use -conflicts and .
magnifies adverse impacts on the environment.
Fishing and other recreational uses, when not
excessive, have the least damaging effect on the
natural environment and on other uses.

There is a tremendous opportunity for conserva-
tion organizations, States, and the Federal
Government to cooperate in the protection of.

- the, Nation's remaining shorelines and estuaries

for the benefit of all citizens. Shoreline pro-
tection depends primarily on State and local gov-
ernment land use controls. Instead of ribbon
development sprawling along the water's edge,
shoreline conservation calls for concentration
of commercial and residential development in -
limited areas.

It requires upland conservation measures to pro-
tect beach access and scenic visats; it requires
area-wide management; and it requires policies

to open beaches tc the public for their use and
enjoyment. Also necessary are strong intergov-

-17-



ernmental relationships, because the benefits of
shoreline conservation go beyond Jurisdlctlonal
boundaries.

In order to take full advantage of the recrea-
tion and fish and wildlife opportunities afforded
by shoreline resources, Federal agencies are
called upon to accelerate the evaluation of their
holdings in the coastal zone to determine which
beaches and shorelines can be made avallable for
increased public recreation use.

States can complement this Federal action by
evaluating present laws. relating to ownership
and access and, where necessary, taking steps
to provide public access to beaches and shore-
lines.

State and local governments also should develop
plans and programs to utilize Land and Water Con-
servation Fund monies for acquisition of beaches,
shorelines, and estuaries with recreation values,
and should encourage and assist conservation or-
ganizations in.purchasing and obtalnlng donations -
of key parcels of shorellnes

Although it is recognized that: (1) the Nat10na1 Outdoor Recrea-
tion Plan possibly is de51gned as a policy statement regardlng future
coastal recreation planning, and (2) various interpretations of what
constitutes a plan are possible, the above quotation'allowé for the fol-
lowing. observations considered relevant to thé problem of coastal recre-
ation planning:

There appears to be a general feeling that more and more
areas are "lost to development and exclusive private inter-

ests". It is difficult to escape the impression that recre-
ation planners are putting themselves in an adversary role

against other "bad" types of development; moratoria are often

placed on all development, as is the case with coastal devel-
opment in California. It is clear that there is a need to

" address recreation planning more constructively; i.e., .re-
cognizing that there are tradeoffs between various types of
development (e.g., recreational, residential, industrial).
Given the validity of that judgment, the recreation planner
must provide more detailed information regarding desired and
expected recreational use of coastal resources so that deci-
'sion makers understand the melications of various possible
uses of a scarce resource.

-18-
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. Not uncommon to most recreation planning, the quotation from
" the BOR plan emphasizes acquiring particular areas. This is
probably based on the premise that it is better to "grab up"
the resources now, irrespective of how they will be devel-.
oped, before they can be used for other purposes. However,
merely stating that a resource should be acquired does not
constitute a plan; the recreation planner needs to provide
information on why certain areas should be acquired and how
they should be developed before decisions can be made. Again
the emphasis is on attempting to delineate more precisely the

desired and expected recreational use of the resources in-
volved so- that the decision makers understand the plan's im-
plications.

2. The Problem in Comprehensive Recreation Planning

On the basis of the previous section it can be concluded that if
recreation planning is to become compatible with, and receive a prior-
ity status similar tb, plahning efforts in other functional areas (é.g.,
transportation planning, residential developméntkplanhing), it(is impor—
tént.tb first develop a clear rationale fdr.allocating resources to re-
creational uses with full consideration of both the beneficial and ad-
versé effeéts associated with such uses. Instead of merely developing
general plans (i.e.,.the traditional "colored maps"™ with accdmpanying
descriptive material), uncertainties inherent in such plans should be
resolved so that the decision maker has abclear picture of the effecﬁs
associated with the plan. This would provide the setting for making a
rational choice between using a particular geographic area as a recrea-

tion park or, for example, as a nuclear power plant site. In this re-

' spect private users of resources are generally better prepared to argue

their case than are the proponents of public uses (e.g., recreation,
preservation, conservation). A recourse frequently followed by the
latfer group is to involve the political process in order to delay,
correct or stop actions considered to be not in the public interest.

A Iack of information regarding expécted partiéipation is the
problem frequently perceived as inhibiting the develobhent of recreation

plans which then can be analyzed for their effects. For example, if the

‘number of swimmers or campers who could be'expected at a particular lo-

cation and at a particular time could be determined, then recreation
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considered as a resource to augment urban recreation qpportunities; (3)
pressures to develop coastal strips for recreational and other_uses is
supported by local communities on the coast as a result of increases in
recieation visitation; (4) public concern regarding orderly development
of.the area was expressed by passage of Proposition 20 on Novembef 7,
1972 which resulted in the California Coastal Zone Conservation Act,

and cfeation of the California Central Coastal Zone Commission and other
commissions covering other zones; (5) the Commission expressed interest
in analyzing and evalﬁating the recreation 6pportunities provided by the
resources within their jurisdiction.

The California Central Coastal Zone coveré over 200 miles of ocean
coastline from San Francisco in the north to the Monterey—cérmel Penin-
sula in the south. It includes four urban development areas: the
Cities of Pacifica, Half Moon Bay and Santa Cruz, and the Monterey-
Carmel Peninsula. It also inéludes parts of four California Counties:
San Ffancisco, San Mateo, Santa Cruz, and Monterey. As access to»the
coastal areas is provided by relatively few and frequently narrow passes
through the Santa Cruz Mountains, there is a severe congestion p;oblem
on summer days. »

A principal declaration of the aforementioned California anstal
Zone Conservation Act establishes the California Central Coaétal Zdne,
as a "distinct and valuable natural resource" for which it is necessary
to preserve the ecological balance of the resources and to provide fo:
the enjoyment of the coastal resources for current and succeeding gener-—
ations.

The Commission is charged wifh preparing, adopting, and submit-
ting a California Coastal Zone Conservation Plan to the Legislature fqr
implementation. The bkoadly-stéted goals of this conservation plan re-
late to: '

. The maintenance, restoration, and enhancement of the overall

quality of the coastal zone environment, including, but not
limited to, its amenities and aesthetic values. '

. The continued existence of optimum populations of all species
of living organisms.
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.  The orderly, balanced utilization and preservation, consis-
tent with sound conservation pr1nc191es, of all living and
nonliving coastal resources.

. Avoidance of 1rrever51ble and irretrievable commltments of’
coastal zone resources.

The Act specifies that ceftain specific‘elements are to be in-

cluded in the Conservation Plan. For example:

. A comprehensive definition of the publlc interest in the
coastal zone.

. -Ecological planning principles and assumptions to be used in

determining the suitability and extent of allowable develop-
" ment.
. Designation of specific land and water areas in the coastal

zone for certain uses, or the pIOhlbltlon of - certaln uses in
spe01f1c areas. : ‘

. Recommendatlons for the governmental policies and powers re—
qulred to lmplement the coastal zone plan.

Thevgoalsﬂand'planning considerations of the Conservation Plan apply to
the.many uses of the coastal zone, e.g., residential and commercial'de-
véidpment, oil broduction, portAdevelopment,'reoreation,and‘agriculﬁure.-
Any pﬁblio or private developerkﬁust apply for a pe#mit and receive apf
proQal from the CoastalfCommission_before development can take place.
In principle, approval is granted if it can be demonstrated that the
proposed development agrees with and is part'of'the comprehehsive plah
developed by the Commission. ‘

The Commission’s general orientation in developing a comprehensive
plan is to consider four major plah elements and to ahelyze'the major
interactions among‘these. The elements include:

. Transportation: this element addresses the type and form of
allowable and desired transportation networks.:

. Recreation: this element addresses the extent to which the
coastal zone can and should be used for recreation..

. Public Access: this element addresses what areas are to be
designated for maximum visual and physical use and enjoyment
of the coastal zone by the public. ' :
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. Public Services and Facilities: this element addresses gen-
eral location, scale and provision of public services and
facilities in the coastal zone (housing, industry, power
plants, harxbors, etc.) in a manner that is least destructive
to the environment. ‘

A key problem in developing the plan is to account for the relaj
tionships between the various elements. For example, in studying and
planning for recreation, it isvapparent that both transporfation and
recreation are closely interrelated since the level of use of recrea-
tional facilitiee is a function of both the size of the faeility and the
public's accessibility to it. This relationship is also importaht in
planning for coastal transportation since the major demand on.the net-
work is due to people outside the coastal area coming to the coast for 7
recreation., A recent public issue related to this relationship is the.
widening of one of the major highways (i.e., Highway 17) toxthe ceast.-
Widening would most likely reduce travel time and safety hazards. On
the other hand recreational.visitation would increase with ﬁhe eesoci—
ated effects of congestion at existing facilities and strain on the

local economies. It is also not clear whether the existing resources

have the carrylng capacity for the development of addltlonal facilities.

This example lllustrates the lmportance of determining the relatlonshlp
between accessibility and recreational use levels when developing a com-
prehensive plan for the recreation element; i.e., the recreation planner
must‘go beyond censidering only the demand for recreation opportunities
and the supply provided by resourees and facilities and must include .
acceseibility. Thus, transportation routes, planned for or in exis-
tence, and their capacity are important considerations when planning

and designing recreation facilities. If facilities are located in an
area without adequate highway and in-road access or without capacity'to
carry a corresponding number of users to the site, resources ‘have been
mlsallocated. As a result of this type of planning, recreatlon facili-
ties will be unused (due to no access), highway networks will be satur-
ated (due to lack of capacity), or facilities which have not planned for

such levels of use will be overcrowded.
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The methodology and case study developed in this report is speci-

‘fically directed to address the interface between transportation and

recreation and to identify the type of information that is needed to
focus on issues such as those discussed in the previous paragraph.
The perspective is taken that the recreation planner chafged with de-
veloping a comprehensive coastal recreation plan needs to explicitly
address accessibility to recreation resources and facilities in order
to be able to analyze the implications associated with recreational -
visitation to the coast,

C. Synopsis of Existing Information for
Comprehensive Recreation Planning

The purpose of this section is to illustrate the type of quantita-
tive and qualitative infbrmation commonly used by the reqreation plan~
ner in order to investigate the relevancy of this information to com-
prehensive recreation plénning. It is noted that the emphasis . is on
information actually used in practice, in contrast to theoretical in-

formation (e.g., narratives on recreation research results).

1. Quantitative Information

Information in this group is characterized by the fact that it
can be recorded, collected and transmitted in some quantifiable form.

Examples include estimates of demand and supply, records of visitation

~at particular recreation sites, visitor preferences for certain activi-

ties and locations, and a continuum of values assigned to different_re-
creation activities. The case of coastal zone recreation illustrates -
how this class of quantitative information is usedvby recreation plan-
ners. Initially, the need for recreation planning is‘justified on the
basis of the number of "recreation days" spent at the coast as a per-
centage of the total number of recreation days in the Staté; e.g., 25
percent of the 1969 total repreation days in California were spent at
the coast. Based on these estimates of parficiéation and on popula-
tion estimates, demand is projected‘for the number of recreation days
per year that will be needed at some future time. Surveys of visitor

preferences and values for the attractiveness and desirability of the
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coastal ‘zone ranking this area as a prime attraction are used to. fur- -

ther support any projections made. ' _

‘When special recreational activities are considered, further quan-
titative information is used by reereation planners.b For.example, one
prominent recreational use of the‘coast takes place iﬁ,beach_parks.

An analysis to determine a demand, supply and subsequent Qalue esti-
mate for parks may take the following form. Beginning with an exist-.
ing park, both total acres and beach acres are identified and total
visitor days are determined from attendance records. Additional items
frequently used are the number of deys that the capaciey of a park is
exceeded, national standards for acreage per capita, and number of
picnic tables, beach houses, etc. This array of available information
is then transformed by recreation planners into some measure of the
potential number of visitor deys per acre. When thie'measure'ie‘com—
- bined with population»projections, the future demand for recreational
activities is estimated. Normative values may then be applied to vari-
ous -activities (e.g., a park is valued at $1.00 per day) to arrive at
an estimate of the "income" provided per acre of park. Likewise for

" determining supply, recreation planners use national design standards
and figures for acreage availability to calculate the available supply
and to design facilities. Similar procedures u31ng quantitative data

can be applied to recreational activities other than beach perk use,

“for example:

. Boating: number of registered boats, dock facilities, people-

per boat trip, etc.

. - Fishing: number of licenses, party boat trips, number of

fish caught, etc.

Quantitative information of the variety described above is used to
calculate deficiencies in supply and to provide the rationale for ac-
quiring additional resources and designing new facilities. However, it
should be noted that first, while measured participetion may.provide
some indication of future demand, it certainly is not sufficienf to ac-'
curately estimate demand for facilities or resources in the future.

Second, because visitation records are quite expensive to collect, the
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general situation is that records are kept for only a small fraction
of total recreation visitation, and therefore, a large portion of the
recreational pattern is undetected. And third, the use of design
standards in planning has serious flaws which are best illustrated by
the wide spread in existing design standards. Clearly the above re-
marks imply that quantitative information of the sort described may
provide a starting point for planning but it should.not be relied on
in absolute terms or as a sole source. That is, it can be used to

scope the planning problem but not to solve it.

2. Qualitative Information or Frequently Held Assumptions

Information in this categbry is not as neatly coded as in the first
but nevertheless it is relied on heavily in practicé. This category
consists of common truisms that have penetrated the planning field,
such as: "If you provide access, visitation will come aufomatically".
Whether this is a valid assumption depends completely on the pariicu-
lar planning context. For example, narrow winding roads, although in-
existence and providinq access to a site, often deter many potential
recreation users. Another example 6f.this Qecond group of information"
is:» "Whatever supply is available will be used“.”.This may be correct
in situations where there is a serious recreation supply deficiency as
might be the case when an urban regional park is very crowded on peak
days, while the available recreation supply of coastal parks still has

remaining capacity. However, until existing or planned supply is actu-.

ally accessible_to the public, the level of use cannot be easily pre-

dicted. A supply cost (e.g;; travel'time, quality of .access road, etc.)
for planned facilities must be considered to give the planner an in-
sight into the tradeoffs perceived by the publié. One:final example of
qualitative information used by planners is: "The consumption pattern
for particular recreation activities measures the corresponding demand
for those activities". This Etatement takes the recognition, and well-
known and available'experience factors, as expressioné of preferences.
However, becausé alfernative outdoof recreation opportunities are lack-

ing, it does ndt follow that different and'unfémiliar recreation
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_activities should not be provided. Until people have mbre'information

regarding the types of recreation opportunities‘that could be provided,

the cost of providing them, and their other 1mp11cations in terms of
jbeneflts and costs, it is impossible to predict the public response. to
innovative recreation plans.
ASsumptions such as those indicated above héve frequently been

used to circumvent the need to. analyze and determine whether certain
‘ aspects of recreation plans are justified based on "expected use” as
currently derived. It is contended that qualitative 1nformation must
be used carefully and in conjunction with further analysis to deter-
mine the validity of acceptingiohe of these assumpﬁions as a basis for
planning; used alone, decisions based on-eommon truisms ean lead to

poorly.planned'recreation resources. -

D. Conclusion: Focus of the Report

The purpose of this section is to further examine the generel

trend in recreation planning, and to isolate the key factors needed to

improve comprehensive recreation planning. In regard to general trends,

the BOR ] National Outdoor Recreation Plan (Ref. 1) notes:

Due primarily to certain peculiarities asscciated
with the outdoor recreation market and the limited
availability of useful data, there are numerous
difficulties associated with an analysis of:

1. . The amount of additional capacity
required to meet future demands;

2. The amount of investment (public and
. private) which will be required to
meet the projected capacity needs;
and :

3. Where the additional capacmty w111
be regquired.

It is precisely this type of information that can be
of most use to those who are responsible for planning
for and meeting the outdoor recreation requirements of
the public. Thus, in the Appendix mentioned earlier,
. a model is developed which is used to analyze these
three aspects of supply, from a nationwide frame of
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reference, as they relate only to the outdoor recre-
ation activities of golf and developed camping.- The
basic concepts of the model and the results of the
analyses are reported in the Appendix submitted in
conjunction with this Nationwide Plan, entitled "Out-
door Recreation: An Economic Analysis".

The Plan then presents a set of findings based on extensive interviews

regarding current recreation trends in America. The results are quan-

~ titative statements related to activity rates and participation fig-

ures, for example:

. People swim more than they parficipate in any other outdoor
recreation activity. (744 million activity days of swimming
occurred in 1972).

. The majority of the participation in outdoor recreation takes
place on the weekends. s

.  People with family income less than $8,000 make up 44.6 per-
cent of the adult population but do not account for as much
as 44 percent of the participation in any . outdoor recreation
activity.

Using‘this type of information, projections based on perceived
trends are made t§ create a future outdoor recreation scenarioc. This
overview of present and future outdoor recreation activity is interest-
ing information; however, its'va;ue, or better its use to the recrea-
tion planner as a tool for making planning decisions has not been dem-
onstrated.

In the appendix to the report, demand and supply estimates are
made using visitation rates and capacity standards. Subsequently a
distribution model based on distance travelled (expressed in 1972
prices) for the populations of 171 BEA economic areas is used, and
capacity requirements are calculated for each of the areas and related.
to-a naticnal norm. M

The above summary is a simplicatioh of the techniques and amount

‘of analysis conducted in one example of national outdoor recreation

planning. While much work goes into the development and calculation
of these efforts, it is concluded that although elaborate techniques

are prgsénted to actually calculate the magnitude of future outdoor
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reereation_deficiencies ét_yarious parts of thefceuﬁtry, there is not
a clear tie fo other types of planning or to thevimplications associ-
ated with recreationiplans as these are perceiVed”by peopie. The value
of this type of planning in isolation is questiohable.

The discussion above addreéses recreation planning; with .regard
to recreation research Jim Tang of the u.s. Army Corps of Englneer s

Instltute for Water Resources Research notes:

It is'significant to note that in its proposed
Principles and Standards, the WRC (Water Resources
Council) does not recommend any one methodology

for the evaluation of recreation use and benefits,

Instead, it suggests several alternatives with the

remark that these alternatives are of an interim

nature pending the development of improved method-
ology. When one carefully reads through .Dr. Kalter's
rather comprehensive state-of-the-art review, one
cannot help but get the feeling that recreation re-
search is still in its infancy and that all the ex-
isting methods are imperfect in some respects.

(Ref. 2) They are either conceptually defective or
_are inadequate for implementation. While innovative
~ research is needed, the economist perhaps‘can contri-
- bute to the pressing problem of evaluation in the
. interim by applying some of the basic principles of

comprehensive planning. This would mean that the
' economist will have to examine any plan .in the con-

text of comprehensive planning for a community or a

region. He would have to go beyond the benefit/cost
~analysis to evaluate all possible alternatives best

suited to the people and the community. He would
have to study not only the recreation supply and de4
mand per se, but evaluate the recreation plan as one
element of a larger master plan including plans for
urban development, utility expansion, transportation,
school, sanitation, and other functions. The ulti-
mate paycff of this approach would be greater than
concentratlng exclusively on economic issues. (Ref.
3y

Accepting the above orientation, that recreation analysis and
thereby recreation planning should be directed to&ards beiﬁg respensive
fto-peoplefs_needs in relation to many functional areas,'it becomes ap-
parent that‘recreation plaﬁning is not simply a calculation of deficien-

cies and development of an associated plan to meet such deficiencies.
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Rather, in contrast to the general trend, it is nebessary to adopt a
ﬁore flexible approach which allows for modifying the recreation plan
based on the fact that a plan's iﬁplications may run counter to desired
achievements in other aréas of a total community plan. Of a host of

possible variables in a recreation plan, the approach developed in this

‘ieport concentrates on analyzing differences in the expected recrea-

tional use of resources (i.e., visitation) as a function of assumptions

tegarding demand for and access to opportunities, and on supply of op-

‘portunities as provided by resources and facilities. Thus the inter-

face between two functional planning areas are examined: recreation
planning and transportation planning.

. The key variébles in such an approach are lével and geographic
distribution of recreatidnél visitation which aré’functions of demand,
access and supply. Where demand and supply appear as pseudé indepen-
dent variables, the access variable ties the twb together and allows
for mddeling the level and geographid distribution,of.visitation. '
Thus it can be seen that accessibility to recreation resources for pér—
ticipants from different demand cénters becomes a critical factor in
this modeling effort. Chapter III develops this methodology in detail
for a number of demand centers and a set.of.supply zones .connected by
a particular transportation‘network. It is emphasized that the method-

ology is not designed to generate g_plan'but rather to generate infor-

.mation on level and geographic distribution of visitation as a function

Aof basicvrecreation system variables: demand, access, and supply. If

under particular assumptions regarding these variables it is possible

to éstimate the number of people who can be expected to overuse or un-

" deruse thé resources and facilities, it will then be possible to relate

recreation planning to other types of planning.
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Chapter III

THE ACCESSIBILITY MODEL FOR RECREATIONAL USE

A. - Introduction

This>chapter presénts the methodolegy usedlin'aha;yzing levél
and . geographic distribution of récréational visitation as a function
. of the demand for opportunities and the access to recreational supply_'
résources. The,methodélogy centers around a mpdéling effort which in- -
corporétes accessibility of recreation resources for participéhts from .
different demand centers into a more traditional demand/supply tYpe of -
analysié. The key concept introduced is the notion of a trip supply
curvé which, for a particular transportation network, rép;esents the
number of tripé as a function of time for each combination of récrea—
tional activity, demand center and supply zoné. These can then be com-
bined into aggregate trip supply curves from all deﬁand cehters to tbe
coaétal zone, fromba pafticular_demﬁnd céhtéivto the'coéstél zone, or .
from all demand'centefs to a parficular suppiy éone.‘ The‘Célifornia-
Central Coastal Zone planning problems, presented in fhe previous chap-
tef, are used to illustrate the reasoning behind the choice of approach
as well as iﬁs application. _ ‘ ‘.

. Section B introduces some basic terminology used in the remainaer:
of the report. 1In Section C the use of trip demand and trip supply
curves for studying the accessibility of recreational reéources is
discussed from a conceptual point of view. Section D then discusses
thg main elements of the accessibility aéproach presente@, and indiéates

the main assumptions using the California Central Coastal Zone planning

problem as an example. Section E discusses how trip supply curves can be

used to provide information for comprehensive recreation planning.

-Additional assumptions as well as the computational procedures followed in

deriving trip supply curves and the computer program used are described

in Appendices A and B.
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Description of Terms

Table III-1 indicates the general relationship between the terms

. briefly defined below and further explained in the remaining text.

Study Area: geographic area encompassing the demand and
supply areas. ‘

Supply Area: geographic area covering the recreation re-
sources of the California Central Coastal Zone,

Demand Area: geographic area outside the supply area where
the majority of the demand for recreation in the supply area
originates. ' :

Demand Zone, Supply Zone, Supply Subarea: geographic subdi-
visions of the demand area and supply area, respectively.

Demand Center, Supply Center: centers of gravity for the
demand zone and supply zone, respectively.

Visitor Day Demand: expression of total number of visitor
days that is assumed to originate within a demand zone on a
particular day for a recreational activity. '

Visitbr'Day Supply: expression of total number of visitor
days that can be accommodated on a particular day by a spe-
cific supply source for a recreational activity.

Trip Demand and Trip Supply: . derived by converting visitor
days into an equivalent number of trips demanded or supplied.

Trip Demand Curve, Trip Supply Curve: expression of trips
demanded by people and trips supplied by the network respec-
tively, as a function of time for each combination of activ-
ity, demand center and supply center.

Expected Visitation: number of visitor days expected during
a particular day at various resources.

c. Recreational Use and Accessibility

The purpose of this section is to conceptually disguss recreation de-
mand, supply and accessibility as a point of departure for the methodology
presented. ' '

The use of a recreational.site(supply zone) depends on its accessibil-~

ity which can be expressed as an aveiage of travel times from different

demand centers. A hypothetical set of trip demand and supply curves

is presented in Figure 3.1, for the simple case of one aggregate demand

center and one aggregate supply zone. As shown, the demand for recre-

ation trips decreases as travel time increases. In the trip demand
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Table ITI-1

RELATIONSHIP BETWEEN TERMS

_——— Demand g Demand —_——— — Visitor Day
 Area Zone Center Demand

Related through
the
Transportation
Network

Suwpply . Supply __ Supply _ Supply
Area Subarea Zone ™ Center

Visitor Day

— " w—

Supply
(2) Geographic Delineations
' ' . Trip Demand
: ‘ - ',;—f,,—af"’,' - Curve
Visitor Day. Trip :
Demand Demand ' Egpgcte?
_ Visitation
‘Transportation , _ Trip Supply ’ Visitor Day
, - _— —
Ne twork Curves Supply

(b) Demand-Supply Delineations
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Figure 3.1 TRIP DEMAND AND SUPPLY CURVES FOR RECREATION TRIPS
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curve a close to llnear decrease lS assumed 1n1t1ally, whlle a sharp
decrease is assumed when time becomes excessive in comparison to time
remalnlng for recreation; above a certain travel time no demand for
recreatlon trips is expected. In regard to the trip supply curve, it
is shown that up,toya certain traffic volume the number of recreation
trips does not influence”travel time because there is no congestion.
Once congestion starts to act, the supply of recreatlon trips w111 in-
crease only w1th increased travel time; this marglnal increase in trips
will decrease with 1ncreased travel ‘time which results from heavier use
of access roads, and will approach zero as access roads become satur-
ated. In the set of curves presented in Figure 3,1;'assuming no con-
straints on the capacity ofdthe recreation site, the demand and supply
are in equilibrium when the recreation trips to the site are Do and
the average travel time is-t'.'_ '

If the demand and supply curves descrlbed above were avallable, they
could be used to study aCC6551blllty problems of recreatlonal resources

and to study resulting visitation. As an example, three different situa-

tions correspOnding to alternative recreation resource capacities are
presented in Figure 3.2. First, if the demand D_ at equilibrium is
larger than the capacity C there will be overcrowding at the recrea-
tion site.: In other words, the capacity of the recreatlon site is
below that of the transportatlon network, and. the problem is not one
of accessibility but rather one of capacity of recreation resources.
On the other hand, if the capacity C2 is larger than the demand Dy
there is an accessibility problem. The capacity would be used if
- either the transportation network is improved, or if the demand shifts
upward in the future, or if both occurvsimultaneously; the latter is
indicated in the figure by the dotted curves. Finally, if the capacity
: C3-ls much. larger than the demand Do, the total available capacity will
only be used if both the demand increases and the transportation,network
is 1mproved

' There are several problems assoclated with 1mp1ement1ng the above
_ approach in order to analyze recreat10na1 acce551b111ty. First, esti-

mates. of present or future trlp demand as a functlon of travel time are
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Figure 3.2 CAPACITY OF RECREATION SITE AND DEMAND-SUPPLY CURVES
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‘not available.because there are no existing procedures for estiméting
demand as a function of travel time. Second, an aggregate trip supply
curve is based on individual supply curves from demand centers. and supply
zones. Sinqe the allocation of recreation trips from demand centers to
supply zones is not unique, several assumptions are required in order to

derive these supply curves. . Third, demand and supply curves can only be

, compared in the aggregate, because supply curves depend on the demand at

all centers as a result of common usage of the transportation network,

and also because demands are- generally satisfied by more than one supply

~zone. These and other aspects are discussed in more detail in the next

section in formulating_the accessibility model.

D.  The Accessibility Model

The purpose of this section is to discuss the main elements of a
recreation System as these,relate to accessibility:’ (1)Ithe recrea-
tidnal demand at the demand centers,'(2) the recreational supply.at
supply zones, (3) the cohnecting transportation nefworks, and (4) the
trip supply curves. A simplified version of the California Centxal
Coastal Zone planning problem is used for illustration purposes; the

main elements, shown in Figure 3.3, include three demand centers Dl'
sz and D

3t two supply zones Sl and Sz' and a transportation network
with eight links (I in the fidure represents a node in the network) .

Two recreation activities are considered: park use and beach use.

"Table III-2 provides the supporting data for the transportation net-

work.
1. Demand

Definitions of "outdoor recreation activities" and an "activity
visitor day" are important in studying accessibility and recreation
use. Various recreation agencies list up to 30 detailed outdoor re-

creation activities (Refs. 4, 5, 6 and 7). For purposes of facility

" planning, estimates of demand for these outdoor recreation activities

are obtained as the sum of every period of participation in the activ-
ity. If the interest is in visitation this may result in double-~ -
counting because during one trip a person may be involved in several

recreational activities. An approach that combines activities
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Link

SAMPLE DATA FOR TRANSPORTATION NETWORK

Distance

Table III-2

’ ] Max. Speed Travel Time Carrying Capacity
(Either Direction) (Miles) (MPH) {Minutes) (Cars/Hour)

D1 - Sl' 30 40 45.0 1,500
D, - D, 25 55 27.3 8,000
D2 - D3 25 55 27.3 8,000
D, - S 15 35 25.7 800
2 1 :

D, - I 35 30 70.0 800
D3 - 52 ,35 45 46.7 1,800
s, - T - 10 45 13.3 1,000
s, -1 50 45 66.7 1,000
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requiring only one round trip is more relevant for the purpose here.
This aggregation of various individual activities results in four re-
source use categories: (1) beach use, (2) boating and fishing, (3) park
use, and (4) pleaéufe driving. The compésition of each use category is
presented in Table III-3, These uses are typically planned for a single
day which requires round trip transportation.

As previously discussed, procedures for obtaining demand as a function
of travel time-are nonexistent at this ;ime.-AAlthough effofts to obtain
demand functions including such factors as sex,'level.of income, education
and age (Refs. 6 and 7) have been made, these have not resulted in reliable
procedures for demand estimétion in the sense discussed in the previous
section. iFrequently, the only information avai;able on the demand side is
an estimate of expected visitétion based on empirical data.on the use of
recreational facilities. For practical reasons, this data is~used to es-
timate the expectedbaﬁnual demand as the product of the population in the
demand gzone, the participation rate of the population in the outdoor rec-
reation activity, and the éverage number of aﬁnual participation days per
participant. Déily demands are then obtained as a percentage of the annual
demand. In Table IiI—4 the expected peak day demand is shown for the sam-
ple recreation system; these estimates were derived using the above proced-
ureé. (The detailed estimation formula used for this study is presented
in Appendix A.l.) It is emphasized that this simple representation can~
not be used to predict demand per se or to construct the.demand curve.
Rather the information on demand is used to‘ariive,at trip supply curves
for a particular network configuration as explained in Part 4 of this sec-
fion} The.important implication of the above with respect'to the previous
section is that no "equilibrium” points between demand and supply can be

established.

2. Supply

Carrying capacity for various uses at a recreation site is related
to the characteristics of the site, in particular to its intensive use
area. A site's carrying capacity for_a_particular use is determined
by the size of the intensive use area designed to‘support that use, ‘
and by the number of trips that an intensive use acre can accommodate
per day. (The detailed formula used in this study for the carrying

capacity calculation is presented in Appendix A.2.)
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Table III-3

COMPOSITION OF RESOURCE USE CATEGORIES

Resource-~Use Outdoor Recreation Activity

' Beach Use

' Boating and Fishing

Park Use

Pleasure Driving

-42-

Swimming

Sunbathing

© Scuba Diving

Beach Picnics and Games

Sailboating
Power Bbating
Water Skiing
Fishing

Picnicking
Nature Walks
Sightseeing
Hiking

Horseback Riding

Bicycling

Pleasure Driving

- Sightseeing

™ -

-l

- e W =

- o .



ost'zor S96* LE . 000/0SS‘T S £ 154

osL’se . _€8L'é o . 000005 o €a

000'6T - 0OL8’S S 000/0S2 . za

000’ ¥S gzle6’1Z 000*008 - 1a .

. - - . _
®sn JyIeq x0d - 950 Yyoeeg Io0d ' . uwotaeindog Io93us) puewsq

sdTal o I9quMi UT
puewsqg Ae@ Yeag sbeasay

gSN MAV4 ANY HOVAE Y04 XYd MVId HOVEHAY NO ANVWAQ qaLOdaxd .

y-I11 ST9elL

e . L N IR R



-In converting intensive use acres into carrying capacity the re-
commgnded designvsténdards presented in Table III-5 are used. These
standards,‘selected based on a.comparison of various agencies stand-
ards (Ref. 9); give the unit densities, average group size and turn-
over rate for each-éctivity. The intehsive use acreage and resulting
carrying capacity of the supply zones in the sample recreation system

are shown in Table III-6 for beach use and park use.

3. Transportation Network

o The transportation network is.chérécterized by links of approxi-
mdtely uniform characteristics. These links connect demand centers
and supply zones where more than one link may be needed for one con-
nection. The distance, maximum travei speed, associated travei time,
and carrying capécity in cars per hour are needed for each link. In |
addition, a relationship between reduced'travel speed as a result of
increased traffic volume is required. The relationship used is pre-
sented in Figure_3.4,'where the travel speed is givén as a function of
thé'ratio of traffic volume over carrying capacity. It is_noted ﬁhat
when traffic volume approaches thé road carrying capacity, £raffic speed
approaches zero or traffic comes to a standstill. For the simplified
recreation sygtem and the netwoik,.the associated data are presented in

Figure‘3f3 and Table III-1, fespectively.

4. Trip/Supply Curves

Given the above information on demand, supply and'transportation
networks, points on the trip supply curve are determined by presenting
the network with different trip production levels. The following steps

are needed to determiné each point on the trip supply curve:

a. Choose Trip Production Level: for this purpose, the total
trip production assumed at all demand centers for each re-
creation activity is divided among the individual centers in
proportion to the expected peak day demands.. Thus, in the
simplified recreation system, if the total level of trips
for beach use is 8,000 these are allocated among D., D_, and
‘D3 in proportion to the average peak day demands. ~The“results
are presented in Table III-7.

b. . Decide On Routes Used: routes from demand centers to supply’
-zones for each activity are chosen, accounting for saturation
of links. This distribution of trips over the netwdrk is not
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Tabie III-5

RECOMMENDED DESIGN STANDARDS

" .
parking lot/

car
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. ‘ Recreation’ ‘Inverse
_ Average Turn Over ' Design Recreation
Activity . Unit Density Group Size  Rate Standard Design Standard
Y l/Y
(Unit Density (Average
: Per _ ~Number of
Participant Participants
Per Day Per Day
Per Unit)

Beach Use .0092 1 2 .0046 217 par./acre

‘acres/group '
Boating _ . , _

" and Fishing .0080 _ 3.5 ’ 2 .0011 . 875 par./ramp
: launching person/ ‘ .

ramps/boat boat
Park Use .0625 4 2 - .0078 . 128 par./acre

acres/group person/ ' ‘

' group
Pleasure S . . » ‘
Driving .0133 . 3.9 30 - .0001 8797 par./mile
-miles/car ' ' ’ '
) 1 . 3.9 10 - .0256 39 par./lot
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——®» (Traffic Volume/Road Carrying Capacity)

Source: TRANS-CAL (Ref.10) and Highway Capacity Manual (Ref. 1] )

Figure 3.4 SPEED VS. VOLUME/CAPACITY RATIO CURVE
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unique and requires modeling: the relative attractiveness

of different routes to the user, the decreased desirability

resulting from reduced speed as traffic volume increases,

and ultimately the limitations imposed by the carrying capa-
- city of the links. .

c. Calculate Average Travel Time: this is performed from de-
mand .centers. to supply zones for each activity. This is a
straightforward calculation based on traffic volumes for the
different routes between demand center and supply zone, the
traffic volume on each link, and the curve in Figure 3.4 '
that gives speed as a function of traffic volume.

d. Combine Individual Average Travel Times to Get Average Travel
Time: this is performed for each activity from the demand
Centers to the supply zones. This is a straightforward cal-
culation based on the average travel time between demand cen-

. ter and supply zone and the number of trips between each de-
mand center and supply zone. Similarly, the average travel
time from a demand center to the coastal area, and the aver-

. age travel time to a supply zone from all demand centers can

' be calculated. ' '

Further details on the assumptions‘of the accessibility model are

summarized in Appendix A.3, while a simplified description of the proced-

- ures. and computer program used to derive trip supply curves is included

'ln Appendlx B.

" E. . Program Application

~"The methodology and associated program described in the previous sec-
tlons and in the appendices has ‘several appllcatlons, one of which is fur-
ther discussed in the next chapter. 1In this case a comparative analysis
is performed of the two highway networks connecting the demand area with
the sgpply area. The level of trip demand is ihcrementally increased and
the changes in level and geographic distribution of recreation visitation
by SpelelC activity are 1nvestlgated as a function of the dlfference in
highway network as well as the increases in demand. This comparative analy-
sis is motivated by the desire to.gain insight into (1) how many people
can be expected to visit different parts of the California Central Coastal

Zone if access at particular points is improved assuming a particular

~level of trip demand in the metropolitan demand center, and (2) the impli-

cations on coastal environments and local economies resulting indirectly

from highway network or access changes and directly from visitation- changes.
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_In addition to a comparative analysis, the methodology and pro-
gram can assist the recreation planner with answers to questions such

as the following:

. Where do visitors to a pérticular supply 2zone originate?

. How will the origin of visitors to a supply zone change in
case of development of new sites in the area, improvement of
sites or changes in facilities?

»  Which activities along the California Central Coastal Zone
are oversupplied or undersupplied and at what locations?

. What will it cost. at a particular location to absorb an in-
crease in visitation?

.' _Hdw will visitation change if public transit becomes a viable
option? Will it increase, decrease or merely cause a change
in geographic distribution?

It is noted that such questions are difficult to answer unless demand
and supply are tied together through the transportation network. It
'is ‘also emphasized that in answering the above questions it is not the
absoiute magnitude of the change that is of interest; it is the sensi-
tivity of changes in visitation with respect to basic parametefs in
the regfeation'System that is important. In general the sensitivity

to the following parameters can be investigated with the model:

. Increased carrying capacity of a supply zone for a particular‘

activity or addition of new supply zones. This will result
in a change in the routing of trips from demand center to
supply zones, and depending on the location of the zone, may
result in an upward and/or downward shift of the trip supply
curves.,

. Change in demand for activity type. This will result in
routing changes, and if demand increases, in an upward shift
of the trip supply curve.

. . Improvement of transportation network, either by increasing
capacity of certain links, adding new highways, or providing
public transportation. This will result in rerouting of
trips and a downward shift of the trip supply curves, where
the shift differs for different combinations of act1v1ty
type/demand center/supply zone.
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In conclusion, it is emphasized that changes in visitation are,
except for their inpit to recreation facility planning, not important

in and by themselves. Rather they present the first step in linking

‘recreation to concerns and values that people may have in other areas.

For example, the burden of cleaning and maintaining public recreation

areas is sometimes a concern to the general taxpayer in local communi-

ties along coastal areas. No general solution exists unless some in-

dication as to who recreates at these areas can be presented. It is
one of the purposes of the methodology developed in this chapter to
find solutions for such a situation without'extensive interviews, but

rather by careful modeling of the recreation and transportation .systems.
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Chapter IV

COMPARATIVE ANALYSIS OF TRANSPORTATION NETWORKS
WITH RESPECT TO COASTAL RECREATION: A CASE STUDY

.

A. Introduction

In this chapter the accessibility model described in Chapter III
is applied and demonsﬁrated in a case study which addresses planning
for recre#tion along the California Centfal Coastal Zone. The objec-
tive is to show-what type of information the recreation planner must
generate in order to clarify and seek resolution for éeveral controver-
sial issues associated with proposed and contested changes. These
changes relate to: (1) planned improvements in the tiansportation net-
work leading to improved access to the coast, and (2) providing more

' recreational visitation along the coaét while simultaneously preserv-
ing the natural characteristics of the area aé much as possible. The
basic premise underlying the analysis presented is that unless éontro—
versial issues aré addressed early, and as an integral part of the
overall process of recreatioﬁ planning and facilities design, follow-on
effgrts will probébly be contested. As a result, the chances for im-
plementing policy recommendations for recreational use of the coast will
be se:iously impeded.

. The basic controversy addressed in the case study can be polarized
as follows. If access to the coast improves, local communities will be
in a better position for future growth. Not only will improved access
accelerate the development of coastal communities because of easier ac-
cess to employment centers in the San Francisco-Oakland-San Jose metro-
politan area, but alsb, and probably more important, it will increase
recreational visitation providing the economic stimulus for sustaining
future growth because of the associated recreation-type development.

On the oiher hand, concern is widespread that accelerated development
of local coﬁmunities fed by an increase in the already heavy visitation

to the coast will cause environmental stress beyond the capacity of
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existing_natural resources. This will léad to irreversible deteriora-
tion of the unique and irreplaceable coééﬁal environment. The problem
in attempting to resolve this controversy is that there is no existing
information base that can be used to clarify the tradeoffs involveé,'
thereby providing a mechanism for informed dec181on making; thus the
issues continue to be heav1ly debated. The needed 1nformatlon base
can be developed by applylng the accessibility model Whlch ties the
important aspects of coastal zone management together -- i.e., trans-
portation and recreation -- thus illuminating the choices that people
have with regard to development along the central coast

Section B describes the case study in terms of geographic deline-

ations, and presents two planning scenarios which represent the above

'polar situations. A specific transportation network describing the

envisioned access is associated with each scenario. Subsequently,
Section C describes the data aspects related to recreation demand #nd
supply, and to the transportation networks. Thé results of applying
the accessibility model are contained in Section D. Finally, Section
E addresses the implications of changes in access and visitation,in

terms of the two scenarios,based on the results of Section D.

" B, Case Study Description

1. Geographic Delineations

Figure 4.1 depicts the general location of the study area in rela-
tion to the major California metropolitan centers.  Using the terms de-
fined in Chapter III, Section B, the study area encompasses the demand

and supply areas. The supply area consists of coastal areas in the

. counties of San Francisco, San Mateo, Santa Cruz and Monterey. These

coastal strips are bounded to the east by the Santa Cruz Mountains.
The demand area consists of the greater San Francisco-Oakland-San Jose
and the Fresno metropolitan areés; the pbpulation in the supply area
is.excluded. It is assumed for analysis purposes that demand for re-
creation activities, to be satisfied along the California Central
Coastal Zone, originates exclusively in these areas. This assumption

recognizes that while other areas will also contribute to the total
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-demand, their proportionate share will be significantly smaller due to

alternative recreation opportunities in closer proximity.

Figure 4.2 provides a further delineation of the study area and
indicates: (1) boundaries of demand and supply areas; (2) boundaries
of demand and supply zones; (3) boundaries of supply subareas; (4) de-
mand and supply centers; (5) the main existing (1974) transportatfion

network providing access to the supply area; and (6) major coastal

N

cities. The following is noted:

. The demand area is divided into 14 demand zones; the supply
area is divided into 11 supply zones. . Table IV-1 lists these
zones and indicates the recreation activities presently tak-
ing place in each supply zone. (Recreation activities are
defined according to resource-use characteristics as discussed
in Chapter III.) 1In addition, Table IV-1l provides informa-
tion on type and capacity of .individual elements in the main
transportation network.

. Based on the transportation network's specific configuration
and on geographic characteristics, the supply area is divided
into the following three relatively independent subareas:

- . Northern Subarea: includes the Pacifica and Half Moon Bay
supply zones, It covers the coastline from the San Fran-
cisco County line to the southern edge of developments
in Half Moon Bay including the Cities of Pacifica and
Half Moon Bay. Currently this subarea is connected to
the population centers of San Mateo Count§ and San Fran-
cisco with three roads: - Highway 92 from Half Moon Bay
to San Mateo; Highway 1 to San Francisco via Devil's
slide; Sharp Park Road from Pacifica to San Mateo.

- Central subarea: includes the San Mateo Beaches, North
Santa Cruz County, Santa Cruz, and Big Basin supply Zzones.
It contains the large urbanized area in the vicinity of
Santa Cruz. Highways 1 and 84 connect the northern por-
tions of the subarea to Bay Area communities; Santa Cruz
is connected with the Bay Area and the Fresno area via
Highways 17 and 9. ‘

- Southern Subarea: includes the Southern Santa Cruz
County, North Monterey Bay, Fort Ord and Monterey supply
zones. It contains ocean frontage from Santa Cruz to
Monterey. Although mostly agricultural, this subarea

- includes a large urbanized area in the vicinity of Mon-
- terey and Carmel. Recreational trips to this area come
mostly via Highway 101 and then via one of the following
east-west connectors: Highways 156, 152, 129 or 68.
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C 2. Planning Scenarios and Alternative Transportation Networks

This subsectionrdescribes the two planning scenarios used in the
case study and indicates the transportation networks that are assumed
for each scenario. It is noted that there is not neceséarily a one-
to-éne relationship between a paiticular planning scenaric and a‘par-
ticular transportation network; rather the transportation networks are
chosen on the basis of their contribution towards the basic objective

of the scenario.

a. Preservation Scenario

Protection, restoration and,enhancement of the natural en-
vironment in the coastal areas is a major force behind the California
Coastal Zone Cbnservation Act. Protection and enhancement may be
achieved by: (1) limiting the growth of coastal communitiés, (2) mini-
mizing destruction of the environment by road construction or urban
development} and (3) developing the existing recreational sites in har-
mony with the natural environment, that is without complete destrﬁction
of existing resburdes. The emphasis in this scenario is on improving
the exiSting recreation sites in an envifonmentally acceptable manner.
From this viewpoint, recreational facilities may contribute towards
environmental enhancement as long as there are safeguards against their
overuse or overcrowding by visitors. Thus in this scenario, the basic
chérterbof the California Coastal Zone Conservation Act to protect the
coastal area'for "present and future residents df the state and the
nation"_is interpreted as: (1) increasing the effective recreation
supply to meet. the recreation demand by careful development of exist-
ing sités, and (2) limiting urbanization of coastal communities.

' It is assumed that a transportation policy responsive to the
above-stated objectives calls for minimal future development and con-
struction of highways in the area by limiting planning efforts primarily
to safety improvements in the existing network-without_the development
of major additions to the network. For the purpose of the case study,
this pqlicy-is assumed to mean that: (1) highways currently urider con-

struction will be completed; and (2) those parts of current transportation

~58-

P I . .

- N =



N

: . )
N OB a0 ) A e

ay

plans which are approved by all agencies concerned will be implemented.
A schematic Qf the 1990 transportation network following this policy,

labeled as Alternative 1, is depicted in Figure 4.3,

b. Develcopment Scenario

The previous scenario r%flects a particular bias based on in-
terpretation of the California Coastal Zone Conservation Act -- an in-
terpretation which is not uncontested.‘ Several local communities which
rely on recreation as a main source of income expect and plan for con-
siderable growth. From this viewpoint, recréational'use of the coastal
zone by the "present and future residents of the state and the nation”
implies the development of recreational facilities on the coast to sup-
ply the needs of as many visitors as possible under "acceptable" envir-
onmental constraints. Devélopment possibilities include construction |
of second homes, restaurants, stores and other types of business to at-

tract and sﬁpport tourism and recreation. A key consideration here is

‘the tax base of local communities which could be significantly broad-

ened by the recreation and tourism indqstries. For the case study,
this scenario is based on the assumption that full development of the
coast will occur in ofder to benefit local communities.

_ It is assumed that a transportation policy associated with
this scenarie calls for making every possible effort to increase access
to the coastal area so as to attract visitors and recreation-type in-
vestments. For the case study, this policy is interpreted as meaning

that all road construction which has realistically been proposed will

. occur, in contrast to the transportation pblicy in the previous scen-

ario which essentially calls for no major changes. Figure 4.3 provides

‘a schematic for the associated transportation network, labeled as Alter- .

native 2, which assumes the construction or improvement in the carrying

capacity of the following roads in the study area.

. Road Improvements in the Northern Supply Subarea

- Extension of Interstate 380 (I-380) from the inter—‘
section with I-280 to Pacifica as a four-lane free-
way. This would replace- Highway 162.
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- Construction of Highway 1 from Pacifica to Half
Moon Bay as a four-lane expressway.

- Wideninq of Highway 92 from the intersection with
I-280 to Half Moon Bay to a four-lane freeway.

- Construction of a bypass on Highway 1 to avoid con-
gestion at Devil's Slide. -

. Road Improvements in.the Southern Supply Area

. = - Widening of Highway 156 from the intersection with
Highway 101 to Highway 1 at Castroville to a four-
lane freeway. . :

- Construction of Highway 1 ‘from Castroville to Wat-
sonville as a four-lane expressway. -

c. Transportation Network Carrying Capacities

" Based solely on characteristics of the alternative transpor-
tation networks, expressed by their carrying capacity in Vehicles Per
Hour (VPH), the following observations are made regarding the maximum
number of trips that can entex'the sﬁpply area and subareas under each

alternative:

. - Table IV-2 lists the carrying capacity in VPH of the
main entrance roads from the demand area to the supply
area under both alternatives. It is shown that under
Alternative 1 17,380 vehicles can enter the supply area
during any one hour. The corresponding carrying capa-
city under Alternative 2 is 28,600 vehicles, an increase
of 65 percent. As these figures can be interpreted as
estimates of upper-~bounds on the traffic that can enter
the supply area, they provide a benchmark for the con-
straints imposed by the network on visitation to the
supply area. :

. Similar to the above, Table IV-3 shows the maximum num-
ber of trips that can enter each supply subarea under
the two alternatives. It is noted that no adjustments
have been made for the relationship between supply sub-
areas, which results in a larger total carrying capacity
to the three subareas than the carrying capacity to the
supply area shown in Table IV-2. However, Table IV-3
provides insight -into.the differences between the two
alternatives, indicating that the carrying capacity to
the northern, central and southern subareas increases by
177, 49 and 43 percent, respectively, under Alternative 2.
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Table IV~2

MAXIMUM NUMBER OF TRIPS PER HOUR FOR
ALTERNATIVE TRANSPORTATION NETWORKS

FROM THE DEMAND AREA' TO THE SUPPLY AREA .

Transportation _ ’ '
Alternative _ ~ Alternative 1 Alternative 2
. Maximum Number of Trips Maximum Number of Trips

Transportation i )
Entrance to the (V.P.H. in Onhe Direction) (V.P.H. in One Direction)
Supply Area ' :
California Highway 1 . 2,400 4,000
Sharp Park Road (S) ‘ 1,200 1,200
California Highway 162 5,000
california Highway 92 ' 880 4,000
California Highway 84 800 800
Pescadero Road (P) ' ) 800 800
California Highway 9 » - 1,000 1,000
California Highway 17 1,500 1,500
California Highway 152 1,300 1,300
California Highway 129 : : 2,500 2,500
California Highway 156 2,500 4,000
California Highway 68 2,500 2,500

Total Carrying Capacity 17,380 - 28,600
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Table IV-3

MAXIMUM NUMBER OF TRIPS PER HOUR INTO SUPPLY SUBAREAS FOR
ALTERNATIVE TRANSPORTATION NETWORKS

Transportation
Alternative
Trans-
portation

" No. 1

Maximum Number of Trips

No. 2

Maximum Number of Trips

Subareaa Entrance to (V.P.H. in One Direction) (V.P.H. in One Direction)
Supply Subarea '

Northern | Calif. Hwy. 1 (North) 2,400 4,000

Subarea | o .yp Park Road 1,200 ) 1,200
Calif. Hwy. 162 i 5,000
Calif. Hwy. 92 880 4,000
Calif. Hwy. 1 (South) 1,000 1,000
TOTAL CARRYING CAPACITY 5,480 15,200

Central

Subarea Calif. Hwy. 1 (North) 1,000 1,000
Calif. Hwy. 84 800 800
Pescaderc Road 800 800
Calif. Hwy. 9 1,000 1,000

Calif. Hwy. 17 1,500 1,500
Calif. Hwy. 1 (South) 1,000 4,000
i

TOTAL CARRYING CAPACITY 6,100 9,100

Northern

Subarea "Calif. Hwy. 1 (Noxth) 1,000 4,000
calif. Hwy. 152 1,300 1,300
Calif. Hwy. 129 2,500 2,500
Calif. Hwy.. 156 2,500 4,000
Calif. Hwy. 68 2,500 2,500
Calif. Hwy. 1 (South) 600 600
TOTAL CARRYING CAPACITY 10,400 14,900
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In order to relate the maximum number of trips into the
supply area and subareas to maximum daily visitation to
these areas, the following assumptions are made: (1)
traffic during the peak hour constitutes 20 percent of
total daily traffic, (2) the average number of people
per car (i.e., the car pooling factor) is 3.5, and (3)
during the peak hour all entrance roads are used to
capacity. Table IV-4 shows the results of converting
the information in Tables IV-2 and IV-3 into maximum
daily visitation using these assumptions. It is empha-
sized that the numbers presented are estimates of the
upperbounds on visitation based only upon transporta-
tion network characteristics. As such they provide in-
sight, but they do hot represent the maximum visitation
that may result in reality. The latter results from
the interaction between the recreation demand in demand
centers, the supply of opportunities in supply 2zones,
and the specific network configuration.

3. Objective of Case Study

The obﬁective of the case study is to demonstrate g;d develop the
type of information that the recreation planner ﬁhst generate in the
process of formulating policies and plans for recreational usé'of the
California Central Coastal Zone. As stated in Chapters Ii and III, the
essence of this information base consists of the level and geographic
distribution of recreational visitation to the coast uhder certain as-
sumptions regarding demand, supply and access. Both number of people
and the specific locations where théy recreate are needed to evaluate
the impliéations associated with recreational use of the coast. Re-
sults of this evaluation will allow for more informed decision making
regarding récreational policies and plans.

The above information allows for quantitatively addressing the re-
creational implications of each scenario and associated»set of assump-
tions previously described. This type of assessment provides insight
into the desirability and feasibility of attempting to achieve the ob-
jectives underlying each scenario. In this way the rationale underly-
ing the basic controversies regarding level of use of coastal resources
is illuminated. |

Assessing the level and geographic distribution of redreational

visitation is accomplished by applying the accessibility model and
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devéloping a set of trip supply curves for each demand center/supply
zone combination described in Subsection 1, and for each highway al-
ternative described in Subsection 2.‘ In addition several other re-
sults can be obtained in the process of éppiying the RECTRIP program.,
Illustrated in Section D for the case study these relate to'the pro-
gram's intermediate outputs; e.g., the sequence in which various sub-
areas become closed for recreational traffic when loading on the net-
work is increased as a result of an increase in demand at the demand
‘céhters. To summarize, the objective of the case study is to dévelop
an information base consisting of level and geographic distribution of
recreational visitation and other information, designed to identify

acceptable recreation policies which can lead to implementable recrea-

tion plans because basic controversies are addressed early in the pro-

cess versus once plans have been formulated.

C. Data Specification

The analysis addressed in the case study deals with compariﬁgvthe
two previously described highway alternatives for the year.1990; underxr
varying levels of trip production at the demand centers. Data used in

the RECTRIP program is specified in the following_subsectidns.

1. Demand

‘Table IV-5 illustrates the demand estimétion brocedure déscribed-
in Chapter ITII and Appendix A. The table indicates the expected 1990
visitor day demand for the aggregate coastal recreation activities by »
demand center for a peak summex day. Variousllevels of trip production
(i.e., demand) input to the RECTRIP program are developed by scaling
the 1990 expected visitor demand in the demand centers in the same pro-'
portions. This is indicated in Figure 4.4, which illustrates that total
1990 demand emanating from the demand area corresponds to 39,340 VPH
during the peak hour and that alternative inputs are éhoseh‘correspond—
ing to a total of 20,000 VPH, 15,000 VPH, 10,000 VPH, and 6,000 VPH re-
spectively. | ' ’

The following is noted with respect to the estimations in Table IV-5.

Figures chosen for the participation rate and the annual avérage
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Trip Production Level of 39,340 V.P.H.

Corresponding to Expected 1990 Visitor-
Day Demand for a Peak Summer Sunday
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Figure 4.4 TRIP PRODUCTION FOR ALL DEMAND CENTERS
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participation days per participant are based on interpreting the re-
sults of National Surveys performed by BOR (Refs. 4 and 5) and on a

local survey performed in one cdunty in the study area (Ref. 12). It

“is emphasized that the numbers generated by the above surveys are in-

terpreted and not merely used; that is, the judgment of local planners
has been incorporated to arrive at the 1990 estimates. Percentages

derived expressing peak day participation as a percentage of annual

participation are based on investigating the visitation characteristics

at existing parks. 'The Parks and Recreation Information System (PARIS)
of the California State Park and Recreation Department maintains a com-
puterized data base of daily visitation to most 6f the state parks in
the study area; these daily visitation’chaits are used to calculate the
percentage of annual participafion days that will occur in a peak sum-
mer Sunday. ‘ _ _

The peak summer Sunday demand for coastal recreation, as contrasted
to elsewhere is computed by applying a ceﬁtral coastal zone attractive-
ness rate (Ref. 14). .This factor represents the portion of total num-
ber of trips, originating in a particular demand center, that has the
California Central Coastal Zone as a destination. Specific origin-
destination studies performed by local transportation planners as well
as origination surveys in state parks are used to compute this factor

(Refs, 15, 16 and 17). Finally, the number of visitor days is trans-

.lated into a number of trips using car pooling factors established for

each specific activity. The source used is the eighth Trip End Genera-
tion Report published by the California Department.of Transportation
(Ref. 18). Using these car pooling factors the total 1990 number of
viéitor days -- 646,966 -~ traﬁslates into a peak hour loading on the
network of 39,340 vehicles. To compute the latter it is assumed that

the peak hour traffic constitutes 20 percent of thé_total daily traffic.

2. Supply
The 1990 carrying capacity of recreation resources in the supply
area in terms of visitor day supply is calculated using the procedure

described in Appendix A. Table IV-6 illustrates the results of the
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procedure for each supply zone. The following is noted. Physical
capécity within each of the zones in 1990 is based on an evaluation of
the 1969 Recreational Site Inventory performed by the California State
Depértment of Parks and Recreation, and plans and ideas of various re-
cfeation agencies (Refs. 19, 20, 21, 22, 23 and 24). The total effec-
tive area within each supply zone is based on an evaluation of the in-
tensive use areas at particular sites in the zones which support the
specific recreation activity. Finally, the 1990 carrying capacities
are calculated by applying recommended design standards to the effec-
tive area in each zone (Ref. 9). Carrying capacities can either be
expressed in number of trips that can be accommodated using a car

pooling factor or number of visitor days that can be accommodated.

3. Transportation

Elements of highways in the study area that are identified by their
two junctions, or terminal nodes, are called links: A set of all high-
way links completely describes the highway network.  Link information,
such as traffic direction, speed, length, travel time and road carrying
capacity are input to the RECTRIP program. Specifications of the two
highway alternatives are baéed upon information from the California De-
partment of Transportation with respect to highway plans as well as on
interviews and other sources (Refs. 22 and 23).

D. Results

This section discusses the results of applying the accessibility
model in the case study. Results relate to four subjects: (1) aggre-
gate analysis of demand and supply under two highway alternatives, (2)
congestion analysis, (3) trip supply curves, and (4) level and geo-
graphic distribution of visitation. Before p;gsenting the results it
is desirable to further exemplify the program in order to facilitate
undefstanding of these results. In executing the RECTRIP program, dif-
ferent levels of total.trip production (i.e., démand) were used which
correspond to the total trip production ievels indicated in Figure 4.4.
For a particular trip productién level during the peak hour of 15,000

vehicles originating in the demand area and destined for the supply area,
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Flgure 4 5 lndlcates, in schematlc form, the 1nputs and partlal outputs

p
l )

" of the RECTRIP. program. The follow1ng is noted: . =~ . . - o

v

Flgure 4.5 (a) provides the 1nput data prescribing how the
total number of 15,000 trips is divided over the individual
demand centers and recreation activities. For example, in
- peak hour traffic to the coast there are 692 trips coming

. from San Francisco for beach use. It is emphasized that this
particular 1990 trip demand is a fraction of the.total trip
demand on a peak summer Sunday. Furthermore the demand indi-
cated réepresents demand on the network during the peak hour
which constltutes 20 percent of total daily traffic.

Flgure 4 5 (b) prov1des results of the RECTRIP program and
 indicates the' final loadlng of the two alternative highway
‘networks. As 1nd1cated in Chapter III, Sectlon E, the pro-
gram- iterates until all 15,000 trips are assigned to a par-
ticular road and it is assured that a trip reaches a supply
zone. Of particular interest is the comparison between the
two alternatives, which shows that a different highway-use
pattern emerges under Alternative 2 in terms. of total number
of vehlcles uSLng a partlcular road.

Figure 4 5 (c) prov1des both ‘input and. partlal output data of

the program,  First, ‘the carrying capacity by activity is in-
dicated for 'each supply zone in terms of the number of trips
that can be accommodated. - Second, level and geographic dis-
.trlbutlon of ithe expected visitation under each highway al—
ternatlve ‘is. 1ndlcated- e.g., in Supply Zone ‘1, San FranCLSco,
3, 770 trlps can ‘be accommodated for beach use. Under' Alter-
native 1 visitation to San Fran01sco con51sts of 379 tIlpS,
and under Alternative 2 of 390 trips. It is noted that as a
result of congestion in the network under Alternative 1,
trips originally . scheduled for ‘beach use, ‘boating and fish<=
ing, and driving for pleasure are diverted to park use be-
cause 'destinations cannot be reached w1th1n a bound set on
access tlme.” : :

In Lnterpretlng the results in Flgure 4 5 the structure of
the acce531b111ty model” should be kept 1n mln“.a -For example,
: of the total trlps for beach use leav1ng Saanranc1sco some

in other zones.‘ By the Same token, some trlps to the San
Francisco -supply: zone come from ‘places other than San Fran-
cisco. After all’ trips have goné ‘through- the’ network, a dis-
tribution results which has ;ncorporated the influence of
‘access on visitation to the various' supply zones.
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Figure 4.5 1990 RECREATION-TRIP DISTRIBUTION
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Demand
Center
. ‘f)
Activity DL D2 D3 D4 D5 D6 D7 D8 D9 D10 D1l |*p12 D13 D14 | Total
X
Beach Use 892 125 129 82 136 265 105 .88 130 40 75 155 50 127 2,199
Boating and
Fishing 371 . 126 130 85 166 324 141 100 190 58 85 204 116 143 2,239
Park Use 950 | 286 294 191 377 817 319 296 486 150 252 292 149 18l | 5,040 (a) 1990 Trip Demand
Driving for . '
Pleasure [1,082 306 315 204 403 930 342 ].316 553 170 270 281 143 207 | 5,522
Total 3,095 843 868 562 |1,082 |2,336 907 80O | 1,359 418 €82 932 458 658 |15,000
LEGEND
DEMAND CENTERS
Alterna~ - b1 .
tives Alternative 1 Alternative 2 San Francisco
D2 San Mateo
D3 Redwood City
Network Capacity Loading "% Cap. Capacity Loading % Cap. D4 Palo Alto
Roads . Used Used - D5 Sunnyvale
- PN D6 San Jose
. - - D7 Fremont
Highway 1 2,400 2,400 100 4,000 530 13 . D8 Hayward
Park 1,200 1,200 ‘ 100 1,200 0 + 0 D9 Oakland
Sharp Pa ' ' D10 Berkeley
Highway 162 0 -0 5,000 400 8 D1l Richmond
Highway 92 880 B8O 100 “4,000 2,170 54 (b) Final D12 Concord
R . - Network D13 San Rafael
Highway 84 800 800 100 200 800 100 Toading P14 Fresno
Pescadero 800 800 100 800 800 100 o
SUPPLY ZONES
Highway.9 1,000 1,000 100 1,000 1,000 100
! Highway 17 1,500 1,500 100 1,500 1,500 100 Sl ' San Francisco
82 Pacifica
Highway 152 1,300 1,200 92 1,300 1,300 100 $3 Half Moon Bay
Highway 129 2,500 2,500 100 - 2,500 2,500 100 S4 San Mateo Beaches
. S5 North Santa Cruz Co.
Highway 156 2,500 2,500 100 4,000 4,000 100 S6 Santa Cruz
Highway 68 2,500 220 9 2,500 3} 0 S? 5. Santa Cruz Co.
S8 North Monterey Bay
89 Fort Ord
. 510 Monterey
Total 17,380 15,000 86 28,600 15,000 .52 511 Big Basin
408 fag——Capacity in Trips
191 |—— visitation in Trips Under Alt, 1
196 pef—— Visitation in Trips Under Alt. 2
Supply
2one
Activity S1 s2 s3 54 §5 56 87 s8 59 s10 S§11 Total
3,770 |1,681 |1,952 |2,244| 122 | 4,076 [2,207] 408 510 | 2,446 0 19,416
Beach Use 379 59 273 | 162 57 480 137 191 51 287 - 2,076
390 59 280 | 210 . 70 504 140 | 196 56 294 - 2,199
Boating and 25 25 100 Q 25 { 150 150 75 [¢] 225 [¢] 775
Fishing 81 81| 325 - 60 476 | 48s| 243 - 404 - 2,155
83 84 333 - 83 497 497 248 - 414 - 2,239
Park Use [+ 291 252 [1,965 67 100 420 180 [} 120 460 3,855 (c) 1990 Supply Capacity
- 607 | 449 | 23] 663 656 | 176| 35 - 211 |1,660 5,416 2nd Visitation
- 624 460 676 | 676 676 180 | 360 - 216 1,172 5,040
Driving for (1,263 902 902 |2.526 B46 5,000 451 451 (o] 6,000 {1,128 19,469
Pleasure s6 | 116 69 146 69 | 2,627 21| 27 - | 2,102 28 5,353
57 119 71 133 71 2,703 24 33 - 2,252 59 5,522
Total 5,058 | 2,809 3,206 {6,735]1,060 9,326 [3,2281,114 £10 8,791 |1,588 43,515
516 863 11,116 931| 869 | 4,239 ‘819 | 812 51 | 3,096 |1,688 15,000
530 886 | 1,144 |1,019] 900 | 4,380 841) 837 56 | 3,176 1,231 15,000




1. Aggregate Ana1y51s of Demand and Supply Under the
Two Highway Alternatives

Figure 4.6 provides an aggregate reéresentation of the study area
in which both the demand and supply areas are represented by a "super-
node" connected by the transportation network. The maximum level of
demand, in terms of VPH generated in the demand centers during the peak
hour, is indicated with horizontal lines to provide a benchmark; the
level of supply that corresponds to‘20 percent of the total supply is
also indicated. It can be observed that both 1970 and 1990 supplies
exceed the corresponding demands. .

Of particular interest is the horizontal line corresponding to
the upper bound on the nuﬁber of trips that can enter the sﬁpply area
during the peak hour. Tt is seen that irrespective of the alternative.
the network eannot accommodate the maximum‘peak hour flow on a peak
summer day. Both the maximum 1970 and’ 1990 demand exceed the upper

bounds of the network_as calculated in Table IV-2.

Figure 4.6 also indicates the aggregate trip supply curves for Al-
ternatives 1 and 2 provided by the RECTRIP program. Following the dis-
cussion in Section C of Chapter III and based on the assumption that the

trip demand decreases as travel time increases, a sample trip demand

curve is drawn to illustrate the likely implication of the above results.

At Point A in Figure 4.6 the trip demand and trip supply curves inter-
sect. This point indicates that the network allows'for satisfying only
60 percent of the maximum demand, and that the average trip to the coast
would take more than 150 minutes. Clearly Alternative 1 would not be
able to handle the 1990 peak day demand in any possible way. It is em~
phasized thét the demand curve drawn has no empirical basis; a different
trip demand curve.would obviously change these implications, and there-

fore the results are illustrative rather than exact.

2. Congestion

The previous subsection concluded that under each alternative it
would not be possible to satisfy the total demand for coastal recreation
activities generated at the demand centers, and that approximately 50

~or 60 percent of the total demand would result in visitation to the
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Trips ' 90,000
=% During ' ] _ _ 1990 Supply (87,040 VPH)
Peak Hour

‘ ' (VPH)

' 80,000 <
70,000
. €0 000 “1970 Supply (59,580 VPH)
! .
! 50,000 <
| — — » _ PARIS 1990 Demand (47,320 VPH)
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coast. In order to evaluate the recreation system in more detail and
to find ways by which the average travel time for recreationers reach-
ing the supply zones can be improved, it is necessary to investigate
where congestion appears and to identify bottlenecks in highways during
peak hour traffic. '

As previously indicated, traffic loading volume is increased in
steps corresponding to increases in demand. The increase in loading
volume and the distribution of these trips over the different network
links causes saturation of links when link-traffic volume reaches its
carrying capacity. The order in which links become saturated identi-
fies a sequence of troublesome links that create bottlenecks leading
to congestion. When all main routes to a supply zone are saturated
the relative attractiveness of recreation sites in the zone is dimin-
ished. As a result it is assumed that potential visitors to the par-
ticular supply zone will consider more accessible sites in other zones
as better alternatives. Figure 4.7 synthesizes the analysis results
in terms of the relative accessibility to the three supply subareas
under each alternative as a function of the traffic loading volume or
trip production imposed on the network. It indicates the residual
carrying capacity allowing for entry into the three supply subareas
and the loading level at which the supply subarea is closed. The resi-
dual carrying capacity consists of those roads which generally have a
much longer travel time between demand center and supply zone. The
following is noted:

. The maximum loading volume for Alternative 1 is 15,000 VPH.

At this volume level the northern supply subarea (Pacifica
and Half Moon Bay) and the central supply subarea (San Mateo
Beaches and Santa Cruz) are closed while the southern supply
subarea (Monterey) has a small residual carrying capacity.
This maximum loading level is approximately 2,000 VPH less
than the upper bound for this alternative established in
Table IV-2. ' Corresponding to a peak hour loading level of
15,000 VPH is a daily visitation of app:oximately'262,000
visitors. Thus it can be concluded that the maximum visita<-

tion to the supply area on a peak summer Sunday under Alterna-
tive 1 is approximately 262,000. ’
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. Where the above estimate establishes the level at which all
subareas are considered closed, it can be observed from Fig-
ure 4.7 that the residual capacities to the northern and cen-
tral supply subareas at lower loading volumes are reélatively
small. This indicates that for all practical purposes these
subareas will not receive many more visitors than would be

. expected with total loading volumes corresponding to between
6,000 VPH and 10,000 VPH, or 105,000 and 175,000 visitors re-’
spectively. The practical implication is that the transpor-
tation network becomes a major bottleneck in reaching these
two subareas when more than 175,000 people leave the demand
area heading for the California Central Coastal Zone. It is
noted that this level of demand constitutes only 27 percent
of the maximum demand expected to be generated on peak sum-
mer Sundays ({see Table IV-5).

. Examination of the network loading volumes under Alternative
2 shows a significaht difference for the northern supply sub-
area. At 20,000 VPH the residual carrying capacity is large
and visitation to the Pacifica-Half Moon Bay area can be in-
creased by over 175,000 people per day. However, accessibil-
ity to the central supply subarea under Alternative 2 does
not significantly change as compared to Alternative 1. Under
both alternatives, this subarea will be closed at a loading
level of approximately 10,000 VPH or- when approximately
175,000 people leave the demand area and head for the Calif-
ornia Central Coastal Zone.

3. Trip Supply Curves

The trip supply curves generated by applying the acce551b111ty
'model discussed in Chapter III to the case study are a key result. Us-
ing 14 demand centers, 11 supply zones, four aggregate recreation acti-
vities and two highway altefnatives, 1,232 individual trip supply curves
were generated. For a specific highwayvalterpative and a specific ac-
tivity, each trip supply curve indicates the relationship between the
number of trips originating in a specific demand center and the associ-
‘ated aferage travel time to reach a specific supply zone. For obvious
reasons, it is neither possible or de51rable to display each trip supply

curve in this report. Thus the empha31s in thls subsection is on high-

. lighting and illustrating the type of information that can be ascertained

from trip supply curves.
Close‘examination of the trip supply curves reveals that there are

a few basic forms as represented in Figures 4.8, 4.9 and 4.10; all
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other curves are similar to these, although specifics are different.
Figure 4.8, depicting the trip supply curve for beach'uée from San
Francisco to Half Moon Bay, is representative of the trip supply curves
connecting any demand center to a supply 2zone in the northern supply
subarea. Figu:e 4.9, depicting the trip supply curve fbr boating‘and'
fishing from San Jose to Monterey-Carmel, is representative of the trip
supply curves connecting any of the demand centers to éupply zones in
the southern supply subarea.‘ Figure 4,10 represenﬁs_a slightly differ-
ent shape, depibting the trip supply curve for beach use and driving
for pleasure from San Francisco to Santa Cruz. It represents a number
of trip supply curves associated with trips into the central supply
subarea. The difference between this and the previoﬁs curves can be
observed for beach use where the number of txips to Santa Cruz decreases
while the total network loading increases. (Note: as explainea.in
Chapter III, trip supply curves are derived by generating individual
- points on the curves thaﬁ correspond to different-total nétwork load-
ing volume. These individual points are represented in Figures 4.8,
4.9 and 4.10 by heavy dots.) | ,
Using the trip supply curves presented in the figurés the follow-

ing type of information can be derived:

. The dotted line in Figure 4.8 illustrates that under Alter-
native 2, with the same number of people leaving San Fran-
cisco and headed for beach use in Half Moon Bay as under Al=
ternative 1, it will take approximately 14 percent less travel
time to reach the destination under peak hour conditions.

This type of information allows for specific quantification
of the advantage of opening up the northern supply subarea in
terms of savings in travel time to people from different de~
mand centers. '

. Similarly, the dotted line in Figure 4.9 illustrates that
within a specified travel time of 120 minutes, Alternative 2
allows for an increase of 30 percent more people coming from
San Jose who desire to engage in boating and fishing in the
Monterey-Carmel supply zone. It is noted that this type of
information cannot always be provided as is illustrated in
Figure 4.8 In this case, an increase in the number of trips
having the same average travel time from San Francisco is not
shown due to the large residual road carrying capacity at the
loading level at which the RECTRIP program was terminated under
Alternative 2. : : ‘
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. Based on Figure 4.10 it can be expected that Alternative 2

' will lead to a shift in the usage of recreation facilities
in the central supply subarea, in particular in the San Mateo
Beaches and Santa Cruz supply zones. Because of the relative
disadvantage of the central supply subarea in terms of addi-
tional road capacity under Alternative 2 as compared to the
other subareas (as discussed in the previous subsection), it
can be expected that the total number of trips for beach use,
park use and boating decreases .as the main routes are satur-
ated and the average travel time increases. A decrease in
these activities can be expected to result from an upsurge
in driving for pleasure which apparently motivates the major-
ity of trips to Santa Cruz, for example. Specific results
from the program indicate that under Alternative 1 driving
for pleasure to Santa Cruz accounts for 62 percent of all
trips and 75 percent under Alternative 2, or a net increase
of 8,000 visitors per day. The practical implication of the
above observation is that the emphasis in recreation planning
for this subarea shifts from providing facilities for beach
use, etc. to accommodating the desires to drive for pleasure.
Therefore, facility planning in this area should consider
this shift in ordexr to set up the proper priorities for con-
struction of facilities.

4. Level and Geggraphic Distribution of Visitation

Results of the RECTRIP program illustrate the flow of recreational
traffic from the metropolitan areas to the California Central Coastal
Zone supply area and hence the geographic distributioﬁ and level of
visitation. Information on the distfibution of visitation is relevant
for locating additional recreation sites or for recommending road im-
provement, while information on the le&el of viéitation can be used to
improve sité development plans or to plan and construct facilities
needed to prevent overcrowding and overuse. _

Similar to the situation described in the previous subsection, the
RECTRIP program generates a wealth of information related to level and
distribution of visitation depending on the specific activity and high-
way alternative considered. Tables IV-7 and IV-8 contain a selection
of this information to demonstrate its use, ahd, more importantly, to
illustrate its implications for recreation planning. Table IV-7 pro-
vides the level of visitation, in number of visitors, to‘sele;ted supply
zones for the aggregate recreation activities. A total network loading

volume is chosen for each alternative that corresponds to the situation
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when specific supply subareas are closed due to saturation of particu-

lar roads; as discussed in the previous subsection, these volumes are

15,000 VPH and 20,000 VPH, or 262,000 and 250,000 visitors respectively.

Table IV-8 provides insight into where visitors to'specific supply

zones originate under each alternative in order to discern possible

changes in recreation patterns as a result of changes in access. Based

on Tables IV-7 and IV-8 the folloWihg is_noted:

Based on the column related to total visitation in Table IV-7,
it can be observed that Santa Cruz attracts by far the larg-
est number of people. However, it is noted that the total

‘number of people to Santa Cruz and San Mateo Beaches decreases

under Alternative 2, in spite of the larger number of people
who leave the demand area under this alternative; i.e.,. under
Alternative 1, 262,000 people head for the supply area versus
365,000 under Alternative 2. In addition, based on the acti-
vity-oriented columns in Table IV-7 it can be observed that
except for San Mateo Beaches and Santa Cruz no significant
shifts occur in the distribution of visitors over the various
activities under the two alternatives. With respect to Santa
Cruz, the numbers presented provide further justification for
the phenomenon depicted in Figure IV-10: the decrease in beach

use, park use, and boating and fishing in favor of an increase’

in driving for pleasure. An additional observation relates
to San Mateo Beaches where it is shown that under Alternative
2, a larger percentage of the total visitors to this zone en-
gage in park use than under Alternative 1. The implication
is that the Santa Cruz Mountain sites in the Big Basin area
become more attractive when the roads to the coast become
saturated.

Changes in access as represented by the two highway alterna-
tives lead to changes in the distribution of trips if trip
origination is taken into account, as is illustrated in Table
Iv-8. That is, changes in access or average travel time will
result in people changing their point of destination at the
coast. For example, under Alternative 1, 24 percent of all
visitors to the northern supply subarea came from San Fran-
cisco, and 10 percent from San Jose. Under Alternative 2,
these percentages change to 16 percent from San Francisco

and 16 percent from San Jose. It-is concluded that under Al-
ternative 2 distance is less of a hindrance to visiting a
particular site, and that the attractiveness of the site be-~
comes more dominant. That is, people drive farther if cer-
tain network constraints are relieved. For example, the
percent of trips that originate in San Francisco and termin-
ate in Santa Cruz increases from 17 percent to 22 percent,
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while the percent of trips that originate in San Francisco
and terminate in Half Moon Bay decreases from 24 percent to
16 percent under Alternative 2.

E. Interpretation of Results

This section ihdicates how the information generated by épplying
the accessibiiity model to the California Central Coastal Zone relates
to the two planning scenarios and associated highway alternatives pre-
sented in Section B. In practice this interpretation of results is the
most important part of the initial planning process.. That is, after

establishing level and geographic distribution of recreational visita-

tion under a set of assumptions regarding demand, supply and access,

the objectives_are (1) to invéstigate whether the findings generated
furthei enhance or conflict with the basic objectives 6f the planning
scenarios, and (2) to isolate areas of conflict which subsequently must
be resolved; It is noted that the recreation planner is better equip=-
ped to deal with such situations at this pointlbecause he can pro&ide
an indication of the level and geographic disfribution of visitation
that can be expected. This type of information is a prerequisite for
determining whether in fact a conflict exists and for relating recrea-
tion planning to other planning efforts. o

The northern supply subarea is used for interpreting the results

- of the accessibility model in relation to the preservation and develop-

ment scenarios. It is noted that many areas of possible conflict could

" be further investigated using results of the case study. For example:

will the expected level of visitation accelerate second home building
thereby affecting housing planning efforts along the coastline, or how
will the expected level of visitation affect capital budgeting by local
communities, and so forth. Acknowledging that a broad range of subjects
related to level and geographic distribution of recreation visitation
to the coast could be investigated, for the illustration purposes the
fbllowing discussion emphasizes (1) priorities in recreation planning,
(2) evaluation of existing recreation programs, and (3) the relation

between recreation planning and growth,
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l. Preservation Scenario

The preservation scenario for the northern supply subarea can be
characterized as embodying a "No Growth" policy for the Pacifica and
Half Moon Bay communities. The associated transportation network, Al-
ternative 1, hot only limits the number of visitors from the total de-
mand area to this supply subarea, but also the ability'of both places
to function as bedréom communities for the metropolitan area. With
respect to recreation visitation, Table IV-9 indicates that the north-
ern supply subarea éan exped£ 35,000 visitors or 13 percent of all
‘visitors to the ccast from a total network loading of 265,000 visitors.
It is noted that when the network is totally loaded the.northern and
central supply subareas are closed; thus 35,000 visitors is a reason-
able estimate of actual visitation, although it certainly is not repre-
sentative of what could be expected if the network were not a constraint.

With respect to the subarea's ability to function as a bedroom
‘community, Table IV-3 indicates that the carrying capacity of the road
leading in and out of the area is approximately 5,500 VPH during a peak
hour. Thus during a two-hour rush period, approximately 11,000 trips,
or 38,500 persons could reach the employment centers of San Francisco
and San Mateo. Using crude aésumptiéns, the above road carrying cépa—_
city serves as a basis for making population projections for Pacifica
and Half Moon Bay illustrated in Tablé IV-9 under the heading "No Growth".
It is noted that the indicated growth rate for this policy of 3.7 and
8.0 percent in 1975 respectively is still larger than what is éxpeéted
for the county and the region as a whole. '

Based on expected visitation to the subarea, and prqjections of
its population, it is possible to address deficiencies in aggregate
recreation opportunities. Table IV-10 displays the level of visitation
for each activity under each alternative and provides'ihformation on
the existing and planned carrying capacities of the supply for these
activities. It can be observed thatvthe total level of.visitation is
smaller than the existing carrying capacity of the facilities; thus
even if heavy participation from the local population is assumed, there

does not appear to be an overall defiéiency problem.
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However, deficiencies in specific activities, in particular boat-
ing, fishing and park use, are expected. Deficiencies in boating and
fishing activities require construction of additional marinas, piers
and boat launching ramps in the Pacifica and Half Moon Bay areas to
obtain a total capacity 10 times greater than thevexisting capacity.

It is expected that even if the total carrying capacity is increased
by expanding Pillar Point Harbor in Half Moon Bay (planned for 1990)
and constructing a new marina in Pacifica, the supply will meét no more
than 20 percent of the projected visitation to the area. Deficiencies
in park use activities are of smaller magnitude than those for boating.
The expected ievel of visitation shows that there will be a 20 percent
deficiency over the planned carrying capacity. Using standards for in-—
tensive use areas developed by BOR, this deficiency amounts to 51 in-
tensive use acres (Ref. 9). The needed carrying capacity could be
achieved by constructing additional facilities in already existing
parks, thereby increasing the effective supply provided by the present
system. Thé San Mateo County Parks and Open Space Pian, however, em-
phasizes setﬁing large portions of the hillsides and creeks in the
Pacifica and Half Moon Bay areasg aside for parks and wiiderness areaé
({Ref. 22). As these areas would have to be acquired and some type of'
development planned, the cost implications far exceed the costs of in-
creasing the effective supply in'existiné park areas. Finally, it is
noted that the existing beach use and sightéeeing facilities have a
sufficient carrying capacity to satisfy the expected visitation asso-
ciated with the no growth alternative.

In comparing alternatives it is concluded that with the preserva-
tion scenario and the limited capacity of associated highway network,

the number of visitors to this supply subarea would be reduced and it

would be possible to protect the environment by better utilizing exist
ing facilities. In addition, limiting the population of the two larg-
est communities through a lack of road construction implies that devel-
opment of the less accessible hillsides and creeks in the area will not
occur, thus allowing these to remain as open space in their natural

staté. Based on the findings of the case study, it appears that

~-9]1-



recreation planning efforts sHouldi(l) regard the provision of boating.
and fishing facilities as a top priority need, (2) reconsider the de-
velopment of beach resources for beach use, and (3) expedite'the de-

velopment of paik facilities .in existing parks.

2. Development Scenario

The "City Plan" population projections for Pacifica and Half Moon
Bay in Table IV-9 are based upon construction of Highway Alternative 2.
Pacifica's City Plan uses the future construction of Highway 168 (ex-
pansion of Interstate 380) from Interstate 280 to Pacifica, and therex—
pansion of Highway 1 to meet freeway standards from San Francisco
through Pacifica as a base for their population projections (Ref. 23).
Constructing a new Highway 92 and improving Highway 1 at'the‘Devil's
Slide'by-pass; in order to increase visitation of recreationers to
planned recreation facilities in the area and to improve the economy
of the eoastal communities, are supported by Half Moon Bay and San Mateo
County (Refs. 19 and 22). As indicated in Table IV-7, the construction
of these roads will increase visitation to the northern supply subarea -
by at least 30 percent as compared to Alternative 1. In addition to
the increase in recreational trips coming from the demand area, it is
noted‘that the local dehand generated by the projected population of
122,000 people in Pacifica and Half Moon Bay may become a sizeable lead
on the recreation facilities. _ _

If the coastal zone is urbanized and over 10,000 dwelling units in
Pacifica and Half Moon Baybare developed over the next two decades, a
large portion of open space in the vicinity of‘these cities will be
consumed. Pressure to develop‘recreational resofts, summex homes and
'iecreétienal facilities on presently undeveloped mountainsides will in-—
crease and additional sections of the coast may be closed to the public.
In addition to urbanization of the northern supply subarea, the increase
in visitation can be expected to further pressure the development of
areas south of Half Moon Bay as additional sections of Highway 1l are

recommended for improvement to freeway status.
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It is obsei&ed that the total costs associated with implementation
of this scenario are rather high. Based on the recreation deficiencies
iﬁdicated in Table IV-10, rather large-scale recreation development will
be necessary. Along with road and recreation facility construction
costs, the cost and availability of land acquisition must be considered.
OnlY‘limited portions of the coastal strip and the Santa Cruz mountain-
side are publicly owned, and the price of land will most likely increase
very rapidly in this area once road construction begins, Damages to
the environment, resulting from construction of roads, and development
of housing and access roads on the hillsides must also be included in’
calculating cost. In addition cost will be incurred due to the increase
in solid waste and sewage from urbanized areas and recreation accommo-
dations. For the above reasons, iﬁ can be concluded that while the ob-~
jective of the development scenario is most likely well served by Al-
ternative 1, the costs associated with accommodating the increases in
recreational visitation and local population may well be beyond what

the communities and the public at large can afford.

~g3-—
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Appendix A

TECHNICAL INFORMATION FOR THE ACCESSIBILITY MODEL

1. Procedure to Calculate Trip Demand for a Recreation Activity

The procedures used to calculate the trip demand for a particular

recreational activity is presented as follows:

where

TDixe

Z o= &

Yk

TDikR = ‘NiUka) WZ ak / Zk ; (A{l)

is trip demand from demand center on day li for recreation

activity k.

is demand center,
is recreation activity.

is day.

is population of demand center i.

is % of the population that participates in recreation ac-
tivity k.
is average annual participation days for activity k per

participant.

(NiUka) is annual participation days from demand center i for

L)

%

%

activity k.
is % of participation on day £.

is % of demand for recreation activity k that goes to the
central coastline.

is car pooling factor for recreation activity k.

The above procedure is illustrated in Chapter 1IV.



2. Procedure to Calculate the Supply for Recreation Trips for a

Recreation Activity

The procedure used to calculate the trip supply for a particular

activity and

supply zone is presented as follows:

(A.2)

number of recreation trips for activity k that can be ac-

commodated by supply zone j.

supply. center.
recreation activity.

total area of supply zone j.
effectiveness factor for activity k.

activity-unit density (e.g., the average acreage required
a swimmer).

standard group size.

turnover rate (e.g., the average number of swimmers using

the same area during the day).

where
5k is
3 is
k is
C. is
J
Yy is
01 is
by
g is
2 .
03 is
is
zk

car pooling factor.

The above procedure is illustrated in Chapter IV.

3. Assumptions of Accessibility Model

The following assumptions underly the model:

. The population of the demand area is homogeneous; therefore,
- the recreation trips emanating from a demand center are pro-

portional to the expected peak day demand for an activity in

the center.

. All of the demand will be satisfied; i.e., the supply is as-
sumed equal to or greater than the demand.

1 X
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The shortest travel time route is used to get to a destina-
tion.

When the shortest route is congested, the next "best” way is
used. ' '

‘The carrying capacity of a saturated link is allocated using

the following formula:

Bigk T ;iik-c | .  (a.3)
1]
where
i is the demand center.
3 'is the supply zone.
X is the activity.
Aijk is the number’of tripsbto use the saturated link
on route from demand center i to supply zone j
~for activity k.
Tijk is the number of trips assigned to the route from
demand center i1 to supply zone j for activity k.
C is the road carrying capécity of the saturated
Link. ' |
'diﬁ is the travel time in minutes from demand center

i to supply center j.

Highway link cannot carry more than its road carrying capa-
city. '

Traffic speed reduces as traffic volume reaches the road

carrying capacity, using the following formula (Ref. 11):

for V/c< .25 S =8
- 1 o
.25 < V/C < .85 S = (53-6.4 VL) S_/55 (a.4)
.85 < V/C £ 1.00 S = (<180 (V/C)? + 160 V/C + 40) §_/55
a-3



where

V/C is the ratio of traffic volume over road carrying capacity.

Sé is the maximum speed.

s; is the speed as a function of traffic volume.

. Peak hour volume is 20% of the average daily volume.

4. Technical Description of the RECTRIP Program

a. Program Overview

Thée RECTRIP program operates at three iterative levels: the net-

work level, the network loading volume level which is referred to as a

"run", and the model iterative level which is referred to as an "iter-
ation". The network level reéuires the preparation of a network de-
scription for the various transportation models which are_incorporated
in the program. The network description for each network alternative
under investigation is prepared by the link subprogram. Every run of
ﬁhevprogram produces a set of points on the RECTRIP curve fér all com-
binations of demand center, supply_zones and recreation activity. 1In
each succeeding run the network. is loadédlwith a larger'volumé of
trips. Under the first assuﬁption the network loading volume is dis-
v_ tributed in Subprogram DEMAND to all demand centers proportionally to
“the maximum rééreation activity demand estimation that is derived us-
' ing formula A.1. The RECTRIP program uses the network description and
the trip generation data as its only input. In each iteration the
"highway network is loaded.and the links that are assigned more trips

":thah their carrying capacity are identified as s&turated_
' b, Input

Input for the program consists of two elements:  the highway net-
“work description and the trip production attraction factors. The high-
way network description consists of one record for each directional
link. The link is identified by its two terminal nodes, or by its

junctions with other links. The order in which the nodes are written

describes the direction of travel through the link. Additional informa=

tion on the link includes the following:

A-4
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. Length in miles.
. Speed limit in miles per hour.
. Travel time in minutes.

. Carryiné capacity of the link in vehicles per hour.

The trip production is assigned to each demand center for every recre-
ation activity. The attraction of the supply zone is the estimated
carrying capacity of the outdoor recreation facilities for the same

activity.

c. RECTRIP Program Iteration

The RECTRIP program iteration is composed of five steps, four of
which are widely used transportation models, and the fifth is a rerout-

ing procedure. . The following is a stepwise description pf the program.

Step 1: Shortest Tree. Under the third assumption travelers will use

‘the shortest route available to get to their destination point. In

this step, the program identifies the shortest travel time routes that
exist from all demand éenters to all supply =zones.

In each iteration except the last, at least one additional high-
way link bécomes saturated. Before searching for the_shortest route,

the program closes all saturated links by setting their travel time to

“infinity and adjusting the travel time through the partially loaded

link using formula A.3. Due to closure of saturated links and increase
of loading on the network the shortest travel time routes in each iter=- .

ation are longer, or not shorter, than in the previous iterations.

Step 2: Terminal Time. A starting and terminating time is added to

travel time through the shortest route. The starting time represents

the time it takes the recreationer to get from home to the highway
through the local streets. The terminating time represents the time it
takes to get from the highway to the recreational site and to park the

car.

Step 3: Trip Distribution. Trip distribﬁtion, made for one outdoor
recreation activity at a time, is accomplished by the widely-used grav-

ity flow distribution model that uses trip production, trip attraction,



and travel time. $Since the demand for recreation activities. changes
from one aCtivity tb the other, and froh one demand centér to the
other, the distribution is done by activity. _'

' Trips from the démand centers to the suppiy zones a;e‘distributed

vusing a gravity flow typé formula, as follows:

TR, = D, x_Sj X R

ij iJ

(A.5)

¥ oo |e

{S. x R,.)
J 13

j=1

where

TR, . -is the number of trips'betwéen deménd center i and supply

1]
' zone i,
:Di is the number of trips that are demanded at center i.
sj ' is the number of trips that can be accommodated at supply
~ zone j. ‘ -
n is the total number of supply zones.
Rij is the resistance to travel between i and j.
14 is cdmputed according to the "gravity" type formula as fol-
lows: '
1
R,. =
ij X
ij
‘where
tij is the travel time from i to j in minutes.
X is an exponent to be selected'énd calibrated.

The gravity flow distribution model is calibrated by éelecting the value

of x, the travel time exponent, that will match the model results to

"~ A~6
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actual data results. The assumption that the travel time factors of
the preéent will remain in the future is stated in Reference 1l. Thus,
once the model is calibrated for the current data, travel time factors

are used for future trip distribution.

Step 4: Loading the Network. Identification of saturated links is

done when the peak houx loading volume on the link is more than 95
percent of its road carrying capacity. After the trip distribution,
trips are loaded on the shortest routes from the demand centers to the

supply centers.and the saturated links are ideéntified and closed.

Step 5: Closing a Saturated Link. Closing a saturated link involved

two operations: allocation of the usage of the link to the demand

centers and supply zone, and rerouting the excess trips that are as-

signed to the link over the highway network. Allocation of the road
carrying capacity which limits the use of the link is accomplished
using the formula stated in the previous section. The assumption is
that the usage of a road isvnormalized directly propgrtional to the-
activity trips using the link, and inversely proportional to the travel
time of the corresponding shortest route. This allocation of trips is

accomplishediin the following steps:

(1.) Calculation of the normalized factor §:

: Ti'k

. t..
6 = ijelL "ij
RCl

where

is allocation normalizing factor.

8
i is demand center.

j. is supply zone.

k is recreation activity.
1 is the saturated link.



where

ijk

t..
1]

RC

(2.)

RV,

ijk

ijk

t..
1]

(3.)

(4.)

is the set of demand centers and supply zones with short-
est travel time routes passing thrqugh the saturated link 1.
is ﬁhe number of activity trips from demand center i to
supply zone j for activity‘k.

is the existing shortest travel time route from demand cen-
ter i to supply zone j. |

is the road carrying capacity of the saturated link 1.

Allocation of trips to these demand centers and supply zone
with a road usage factor greater than §, the allocation
normalizing factor is:

is the road usage factor for trips from demand center i to
supply zone j for activity k.

is as above.

- 1s as above.

Allocated trips are deducted from the road carrying capa-
city of the saturated link, from the activity trips produc-

" tion at the demand center and the activity trips attraction

at the supply zone.

'The'residual of the road carrying capacity of the saturated

link is divided by the rest of the users using the follow-
ing formula:

T, ..
Tijk Tl)k

PCijk = ) ; 1)
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where

Pcijk is the partial capacity of the residual road carrying capa-
¢ity of the saturated link that is allocated to the activ-
ity trips from the demand center i to supply zone’j for
outdoor activity k.

Tijk is activity trips, as above.

tij is travel time, as above.

§ is the allocation normalizing factor.

(5.) The partiél’capacity trips are deducted from the activity
trips production at the demand centers and the activity
trlps attractlon of the supply zZone.

The new adjusted values of the activity trips production and at-
traction are used in the following iteration of the model.  The
saturated link is closed. The program accumulates the informa-
tion of the activity trips that are assigned to the saturated
_llnk for calculatlon of the average travel time.

4. Termination. of a Run

A run terminates under one of two conditiéns: either all the net-
work loading volume is loaded on the network and no link saturation
occurs, or ail the links connecting at least one supply zone are satur-
ated. At termination the point on the RECTRIP curve for the corres-
ponding network loading volume_is ca}culated from the accumulated trips

and their travel time.

e. Termination of Analysis for a Network

Drawing” of the RECTRIP curve for all combinations of demand cen-
ters, supply zones and recreation activities is the output of the high-
way network analysis. The results of each run, a set of poiﬁts on the

RECTRIP curves, are uséd to draw the complete set of RECTRIP curves.

a-9
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Appendix B

SIMPLIFIED DESCRIPTION OF THE ACCESSIBILITY PROGRAM

1. General Description of Pfogram

The procedure for determining the trip supply curve, presented in
Figure B.l, is repeated for each trip production level as can be seen
frqm the flowchart. For a giveﬁ production level, the RECTRIP program
initially determines what routes and supply zones would be used by the
different recreetional activities assmnihg that the capacity of the

network links is unlimited. The program then provides information to

" the planner on what links in the network are used above capacity. The

planner specifies these links in the input data for the next iteration
of the program. As a result the program changes the network, and re-
duces the trip production of the demand centers and the capacity of
the supply zones by the capacityvof the oversaturated links. Subse-
quently, the RECTRIP program is again executed and the reduced trip
production is allocated over the avallable capacxty of the network and
supply zones. This 1terat1ve process is contlnued untll no links are
oversaturated, or until the-access to one of the supply zones is com-
pletely saturated. At that point the information on the trip supply
curve is eonsidered complete and the program prints the following output:
ovetsaturated, or until the access to one.of the supply zones is com~
pletely saturated. At that point the information on the trlp supply
curve is con51dered complete and the program prints the following out-
put:
; List of saturated links and the order in which they reached
their capacity. :
.. - Number of trips and average travel time for:
- Each combination of demand center, supply zone and re-
creation activity.

- . Each demand center and recreatlon activity.

- Each supply zone and recreation act1v1ty.

B-1



Input: Expected Demand,
Supply Data, Transpor-
tation Network Informa-
tion.

Choose
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Production
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Adjust Trip Production,
Supply Capacity and
Transportation Network
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Zone/Activity
Type Combination

- . Any
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Figure B.l PROCEDURE FOR DETERMINING TRIP SUPPLY CURVES
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After the above procedure is completed for all desired trip production
levels the OUTPUT program plots trip supply curves for each combination
of demand center, supply zone and recreational activity. .

The elements‘of the aboVé.procedure that require additional ex-
planation are (1) the process for ailocating trip,prqduction over the
nefwork and supply zones for.specific recreational activities, and (2)
the method used for reducing the trip production at demand centers and
capacity of supply_zones to reflect removal of saturated links. These

are discussed in the next section.

2. Distribution of Trip Production Over Network and Supply Zones

Distribution of trips over the network and to the supply zones,
without considering the capacities of the network links, is based on
the following assumptions:

. The shortest available route between demand center and supply
' zone always is used. o ' ‘ '

.. For each recreational activity, trips from a demand center
" are allocated to supply zones using a gravity flow model;
this model distributes trips in proportion to the capacity
of the associated recreational facilities in the supply zones
and inversely proportional to the travel time of the shortest
available route to the supply zone. A more detailed discus-
sion of this assumption is presented in Appendix A.3.

The procedure for distributing trips over the network is pre-
sented in Figure B.2. The first stép is to construct the shortest
route travel time tables based on ‘information regarding the ‘transpor-
tation network and the traffic volume. The travel time table for
shortest routes will differ from iteration to iteration as network
links are deleted and as the traffic volumes on the links increaée.
For example, no traffic load is assumed in calculating travel times
for the first iteration; subsequently the traffic associated with sat-‘
urated links is aséumed. The program uses a sﬁandard shortest path
algorithm which searches for the shortest travel routes between each
demand center and supply zone. The travel times of the shortest paths
are augmented with an initial traVel time which'represenfs the time
that is needed to get to the freeway, and with a terminal travel time

which répresents the time that is needed to get to the recreation site

B-3



RECTRIP PROGRAM
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Figure B.2 TRIP DISTRIBUTION PROCEDURE
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through’ the local road system. The initial and terminal.travel times
are the same for ail routes between a demand center and a sup@ly zone.
For the sampleirecreation system discussed in Chépter III, the initial
shortest routs and their travel time are shown in Table B.1l, )

In the second step the program uses the gravity flow model for
each recreational activity to distribute the associated activity trips
from the demand center over the supply zones. Thevprogram distributes
one recreational activity type at a time. After the initial iteration
the distribution of the reduced trip production depends on the reduced
capacity of the supply zones and the updated travei times of the short-
est routes from the demand centers to the supply zones. |

In the third step the total trips over each link are determined by
adding the trips from each demand center for all activities. The total
number of trips are then compared to the cépacity of the link'in order
td identify links that would be usedbabove capacity.

In the fourth step the distribution pfoblem is reformulated by
deleting the saturated links as well as the trips that can be carried
by those links. These trips are assumed‘proportional to total number
of trips calculéted in the iteration for ﬁhe particular activity type/
demand center/supply zone combination, andlinversely proportional to
the travel time given in the shortest route lime table. Based on an
allocation of the use of the séturated 1inké, the production trips gt
fhe'demand center and the capacities at the supply zones are reduced.

A more detailed description of the above procedures is provided in Ap-
pendix A.4. ) ) |

In the fifth step the travel time for the shortest route time
table is updated, where the ohly traffic present is that carried by
the saturated links as determined in the above step. The ;rayel times
on each link are obtained using the speed changes given in Figure 3.4
as a function of.the traffic volume/capacity ratio. ' ‘

Subsequently the above process is repeated until no links are used
above capacity, or until all routes to a particular supply zoné are used
to capacity. This completes the distribution of trips for a particular

production level.
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