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CHAPTER I

INTRODUCTION -~ STUDY DESIGN

Introduction - Review of Study Design

This report summarizes the work completed during the period January
1, 1977 through Decémber 31, 1977 on NASA Grant No. NSG-2170 "Benefit-Cost
Evaiuation of an Intra-Regional Air Service in the Bay Area." As preyiously
stated in the Summary Progress report of January 3, 1977, the objective of
the research is to execute an analysis of benefits and costs that would result
from an intra-regional air service operation in the San Francisco Bay Area.l
A simplified study methodology of the vesearch effort is illustrated in
Figure 1. Essentially, the study utilizes an iterative statistical decision
model to evaluate combinations of commuter airport sites and surface trans-
portation facilities in conjunction with service by a given commuter aircraft
type in light of Bay Area regional growth alternatives and peak and off-peak
regional travel patterns. The model evaluates such transportation options
with respect to criteria of airline profitability, public acceptance, and
public and private non-user costs. In so deing, it incorporates information
on ﬁodal split, peak and off-peak use of the air commuter fleet, terminal
and airport costs, development costs and uses of land in proximity to the
airport sites, regional population shifts, and induced zonal shifts in travel
demand. The model is multimodal in its analytic capability, and performs
exhaustive sensitivity analysis.

Objectives of Research

Several specific objectives were accomplished during the research period.

They include: -

1.) The development of a more refined evaluation of regional commuter

air alternatives, using completely updated land use forecasts and
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travel projection modelling output, which were made available
after January 1, 1977. This refined data insures accurate and
realistic model calibration, exhaustive sensitivity_analysis,
and a more meaningful interpretation of the model resulis.

2.) The testing of evaluation techmiques previously developed at the
level of locating, siting, and operation of indiviéual air
commuter terminals.2 In addition, cost, envirommental, and’
socio-economic analyses of the specific placemént of air
commuter terminal sites, plane and fleet size, and scheduling
within the alternative policies previously developed were
undertaken.3

3.) The development of a study'format for assessing citizen reaction
to the presence of air commuter facilities and their consequences,
through the assessment pf public acceptance of noise and the
construction of citizen participation preference processes in the
evaluation scenarios.

4.) The assessment in a reasl world case study situation of the validity
of the evaluation models and structures used in the study of
regional air commuter facilities problems, and conclusions as
to the ultimate transferability and generaliza?ion of these tech-
niques to other regions and situations.

Detailed Research Work Plan

The detailed work plan for processing the above research cbjectives is
shown in Figure 2. It consisted of seven phases, with some phases having
component tasks within them. Phase 1 had two component tasks, related to

incorporation of the revised PLUM land use forecasts and the refined MTC
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travel deamnd projections. Task 1.l collected and reviewed the latest

PLUM land use forecasts for 20 years hence; likewise, Task 1.2 collected

and reviewed-the‘refined BART-MTC ground transport travel demand model output'

recently completed at MTC. Phase 2 consisted of one Task 2.i, which incor-

porated refined inputs into the statistical decision model structure
formulated in the previous grant effort,4 and revised the evalustion and
related sensitivity analysis, noting alternations in optimal policies for
regional air commuter transportation alternatives.

The above phases yielded a framework of accuracy and relevance for pro-
cessing the remaining research phases. Phase 3 consisted of four component
tasks. Task 3.1 delineated site specific options for locating commuter
agir terminals which accomplished a variety of regional growth and planning
objectives, and compatibly linked them with the regional ground trans-
portation alternatives. Three generic types of sites were considered within
the envelope.ofggglicies studied: .
1.) Fringe regional .sites offering opportunities for regional

expansion and viable interconnection intce other regions.

2.) Specific CBD core sites, particularly as they related to VTOL/
STOL and interlinkage of core related transportation interchanges;
for example, the Bay Ferry Service and downtown BART service.

3.) Critical loci of regional travel interchange on the BART System,
and specific BART-bhus station interchanges i.e. the Fremont
Station, Southern Pacific commuter termini, etec.

Tasks 3.2 and 3.3 modified historical and previocusly gathered direct, indirect,

and user travel costs and benefits, in order to properly develop cost scenarios

for the carrier, the user, and the site operation for the above site location



alternatives studied. Task 3.4 developed reasonably rigorous site non-
user and environmental analyses, as inputs to the forthcoming evaluation
tasks and citizen-participation/citizen-acceptance study formats. The
previously developed regional information, in conjunction with detailed site
mapping and analysis, yielded a catalogue of impacts with respect to:

NMoige, including NEF contours

Tmpact on mobile source Air Quality

Localized impact on surrounding land values, economic base
and value added and the relationship of such to PLUM growth
states

Altered patterns of energy consumption and the relaticnship to
region wide energy consumption

Phase 4 consisted of one task, Task 4.1, which employed the developed

‘'statlstical decision theory model at a site specific’ level in the city of
Fremont, California. Incorporztion of the above user and non-user infor-
‘mation yielded a site evaluation for Fremont which £it the optimal policy

of regional air commuting previously formulated.

Phase 5, developed interactively with other phases, and used to modify
the evaiuation strucfure,-dealt with citizen participation in the evaluation
of facility location and design. There were two component tasks within iz.
Task 5.1, in conjunction with NASA-Ames, other associated researchers, and
literature searches developed in NAS2-832L, reviewed the status of public
acceptance programs for short haul commuter aircraft and airport site
selection in metropolitan areas. Task 5.2 developed an appropriate citizen
participation-public acceptance study design, incorporating information in
Chapter 5 of NASA CR-187771, and dealt with the problem in a modified public
works analysis format. This format was then incorporated into the evaluation

Task 4.1, reflected in Fremont and the modification of alternmatives in



task 2.1, resulting in a variety of modified policy and site-alternatives,
state space modification, and/or different weights used in the environmental
value matrices, all reflecting citizen viewpoimts, value structure, and
regional political implications of implementing diffevent sets of alter-
natives.

Phase 6 had the Task 6.1 of continual sensitivity analysis over
parameters deemed appropriate at that juncture of the study. Based on
findings during the research effort, continual alteration in state prob-
abilities, monetary costs, environmental consequences, site locations, flest
alternatives, and citizen value weighting were studied. Appropriate feed-
back, re-analysis, and interpretation of the above were executed with respact .

to activities in Tasks 2.1, 3.1, 3.2, 3.3, 3.4, and the evaluation model

and citizen acceptance-participation study design in 4.1, 5.1, and 5.2,
respectively. -

Given completion of the sensitivity analysis in Task 6.1, the final

phase, (Phase 7) comsisting of Task 7.1, was the development of this final
report, yielding a written narative of the twelve months of study activity.
The thrust of the report documented herein is to illustrate the capability
of the model appropriately structured for application in the Bay Area. The
synthesis of the above into the following final written report includes
appropriate wri%ten, graphical, and computer software documentation.

Overview of Final Report Structiure

As was stated in the begimning of this chapter, the objective of the
research is to develop an evaluation model of benefits and costs that would
result from an intra-regional air commuter system in the San Francisco Bay

Area. The analysis and evaluation.of such an air transportation system was



undertaken by using a Markovian Decision Model, discussed in Chapter I;,
which used three growth states output from the PLUM model (Projective Land
Use Model), discussed in Chapter III, to form the Markovian State Space.
Subseguently, in Chapters IV thru VIil, appropriate analysis of regiocnal
travel demand modelling, the air commuter alternatives, impact analysis,
.and growth state transition probability ﬁatri&es are develcped and
discussed. Chapter IX discusses the sgite SPecifﬁ.c evaluatrion methodology
employed at Fremont, California. Finally, Chapter X, discusses the conclusions
derived from the research with respect to inter-regionzl air service in the
San Francisco Bay Region over the coming 20 years, the validity and +trans-
ferability of such evaluation modelling approaches, and potential areas for

further research.



Footnotas

lBenefit—Cost Evaluation of an Intra-Regicnal Air Service in the Bay Ares,
NASA Grant NSG-2170, Period of July 1, 1976 - December 31, 1976, January
3, 1977, Dr. Lonnie E. Haefner, Principal Investigator, Washington University.

2A State-of-the-Art Review of Transportation Systems Evaluation Technigues
Relevant to Air Transportation Volume I, Contract No. NAS2-8324, Dr. Lonnie
E. Haefner, Principal Investigator, Washington University, August 1975.

31bid.

op. cit.
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CHAPTER IT

OVERVIEW OF EVALUATION MODELLING APPROACH

Brief Review of Relsvant Markovian Decisicon Theory Structure

This chapter reviews the significant elements of the evaluation
modelling structure. The analysis and evaluation of the benefits and
costs that will ?asult from intra-regional air service operation in the
San Francisco Bay Area can be undertaken by a Markovian Decision Theory
appfoach. This approach involves the formulation of a state space, del-
ineation of transportation alternatives, state transition probabilities, and
reward matrices for the system under study as illustrated in Figure 3.

In an analysis of an existing or proposed system from a Markovian frame-
work, the basic concern lies with the trajectory of the process, i.e. the
sequence of system states, rather than in the time interval between successive
states (although this sequence of time intervals can also be considered a
random variable).- More directly, a system can be described in terms of its
state transitions given discrete time intervals. The state variable descrip-
tors, such as land use, populaticn, and econcmic forecasts, themselves capture
the dynamics of the system.

The basic assumption of a Markov process lies in its relationship between
the successive states of the system.; The composition of the states used in
this research project are further developed and elaborated on in Chapter IIT.
The notation for the formulation of the state space is:

s{n) state at time interval n, n =1, 2, . .
i, j, k, - . .m any sequence of states 1, 2, . . .N,
The actual Markovian assumption has the following formulation:
Pls(n + 1) = jls(n) = i,s(n-1) = k, . . .s(0)=m}= P{s(n+l)=j|s(n)=i}

where P is a probabllity measure.
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The Markovian property is equivalent to the conditional probability of any
future "event," given any past "event." In addition, the future state

of the system is independent of the past events and depends upen only the
present state of the process:l In esgence, the system's being in state j

at time n + 1 has only to do with the previous state i, and not all previous
states of the system from time zero. For the postulated Markov Process
previously defined, a significant assumption concerns the ergedic property.
This property asserts that the final long run steady state probabilities are
independent of the initial starting state.

The next step in the modelling formulation is the development of
k alternatives for future regional air commuter activity. These k alter-
natives are formulated in conjunction with different assumptions affecting
the region under study. These assumptions may relate to the potential
for transportation service in the region, as well as the locale of possible
sites available.__These are discussed in detail in Chapter V.

The state transition probabilities, which are developed in Chapter VII,
are the probabilities Pij of a system in state i going to state j in the
next time interval. Several assumptions are made with respect to the trans-
ition probabilities, in order to maintain accuracy, and remove some of the
modelling complexity. These are: 1.) There is a finite set of states
1,2, . . .N of the system which may be occupied at any time. 2.) The time
interval spacing is assumed to be constant. 3.) The Pij measures are in-
dependent of time and therefore do not change with time.

The;e a;;.e;; co;;traints on the probability measures:

Firsf, for all i, j,

OiPﬁil'


http:process'.In

-713 -

Second, the probabilities are normalized,

Pe. =1 i=1,2, .. .N
1

1] Mlz

i
As a vesult, the matrix of the transition probabilities, N x N, is referred
to as a stationary matrix.

The stochastic inputs for this evaluation methodology conzist of the
single step transition probabilities for the Markov process. The determina-
tion of these probabilities are critical to the analysis, and reflect pro-
fessional evaluation of the land use and transportation issues in the Bay
area.

In studying the dymamics of a transportation sysfem, our Cconcern 1is
with the future state of the system given its present state. The matrix
of the transition probabilities, developed completely in Chapter VII,

P.., is composed of the probabilities of the system (the region's land use

13

and socio-economic patterns), currently in state i, moving to state j

(the same or different land use or socio-economic patterns) in the next
transition. The transition time period will be a time span which allows
the land use and socio-economic patterns to develop recognizable shifts
representing regional growth implications. In addition, for each trans-
portation alternative there is a Pij matrix which is a stochastic matrix.

This results in:

where k equals the number of transportation alternatives under study, and
i and j correspond to the different growth states. This property reflects
the inherent degree of association of changes of regional growth patterns

by wvirtue of employment of particular types of transportation investment,
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and demonstrates the classic land use transportation feedback mechanism.
The values in the Pij matrix reflect historical and researched know%edge
of the effect a particular transportation alternative has on land use and
socio—ecénomic patterns, as well as prevailing and likely future trends in
regional growth patterns.

The remaining component of the evaluation structure is the reward
matrix, jo reflecting gains to the system of a state transition from 1
to j when alternative k is employed. The transition reward matrices are
formulated on the basis of the regional value added due to the state-
transition, and the cost of the appropriate transpértation alternative,
and/or the related environmental impact of the transportation alternative,
The: formulation of the réward matrices is developed in detail in Chapters
VI through VIII. The matrix of rewards generated by the Markov process is
a random variable with the same probabilistic relations of the Markov process.
Thus, there are k matrices of itransition probabilities, each referred to as

Pk, and k reward matrices, Rk, each associated with the kth ternative.

The relatiyve total expected reward or relation value, vi(n) is the expec-
ted totzl earnings or gain of the next n transitions, given the system is
initially in state i. The mathematical relation is as follows, where the

terms have been previously explained,

N

= - i = ] e . .

vi(n) j§1 pij (rij + vj(n })) i=1, 2, N
N
=q, + L p,. v, {n=1)
i 521 T4 3
where
N

9 :.fl Pij Tis

is the expected immediate reward for state 1.
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The above equation on s is manipulated through a simultaneocus
equation solution approach, termed the Policy Iteration Technique, which
uses a Markovian solution to find:

n

K% = max {q? + . I P?. v.}
k jer
where
q: = the expected reward from the next stage transition, given
the starting growth state i, for transportation alternative k,
Pij = single step transition probabilities, growth staée ito
growth state 4§, for transportation alternative k,
Vj = relative total expected reward o£ relative value accruing
to the system under the previous policy,
N = the maximum number of states

For each state i, the alternative, k%, is found which maximizes the
test quantity and is the optimal alternative for that particular gtate.
A composite of these k* for each state of the system is termed the optimal

decision or policy vector

|l 2

5

v}

which delineates a complete strategy for all possible states of the system.
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The test quantity kﬁ represents the selection criteria by which
one altermative is considered optimal in relation to the other transpor-
tation alternatives for each land use-socio-economic system state.
Symbolically, this maximiéed test quantity for each transition represents
* the alternative to be selected for each state, based on a set of rewards
and values relative to all alternatives. As.such, this test gquantity is
not an absolute measure of benefits for the selected transportation alter-
natives, but rather a means of relative ordering of their worth, given the
stochastic properties of the entire system. For complete coverage of the
mathematics, see Howard? and/or Appendix A .

Markovian Decision Theory is a highly relevant tool in emerging trans-
portation systems evaluation research. It allows an optimum seeking approach
to be pursued in light of the inherent uncertainty of the real world process,
and in the envivonments, termed states, under which the decisions may be
obtained.

Past historigglistudies, or experimentation, may allow the probability
distributions of the states and their transitions to be built, along with
cataloging the rewards with respect to the impacts of an alternative on a
particular state. If one reads the above closely, it is apparent this
method closely simulates the real-world process of placing transportation
system alternatives in an uncertaln set of environments, and probilistically
accruing several societal, environmental and user impacts each with associated
costs, gains, and the propensities for altering the state structure. Chapter
ITI will begin this process by describing and sﬁructuring the state space from
appropriate population, land use and socio-economic data and computational

forecasts in the Bay Region.
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Footnotes

lOperations Research by Frederick §. Hillier and Gerald J. Lieberman,
Holden-Day, Inc. 1974,

2Howard, Ronald A., Dynamic Programming and Markov Processes, M.I.T. Press,
Cambridge, Mass., 1960.
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CHAPTER IIT

FUTURE GROWTH PROJECTIONS

Review of Computations and Profile of Future Growth Projections

This chapter will discuss the future growth ‘projecti’ons for the San
Francisco Bay Area with regpect to long run planning objectives and the
assoclated land use, population, and economic forecasts of relevance to
the research effort, and the structuring of computational models discussed
in this report. The PLUM (Projective Land Use Model) modgll was used by the
Association of Bay Area Governments and the Metropolitan Transportation
Commission to develop forecasts for the metropolitan area. Such model
output has been used by the research team to structure the Markovian state
space of the research evaluatioﬂ models.

The PLUM Model is designed to yield projections of future zonal dis-
tribution of population, employment and urban land use within a region.

The model is based on two fundamental concepts which were derived from

the Lowry-Model. The first concept involves a distinction between "basic"
and "local serving" employment. The second concept involves the notion of
an allocation function. The model iterates to a single forecast for the
year desired based on a balancing between the projected location of the
basic employment, the distribution of the local-serving employment, and
the set of households asscciated with both employment categories. The
output of the PLUM model is a set of projections of employment, population,
and land use per zone of the rvegion under study for a given target year.
This model and its associated output on future growth states was used by
the Association of Bay Area Govermments (ABAG) and the Metropolitan Trans-
portation Commission (MTC) in a joint study conducted in 1876-1977 and

adopted by the ABAG Regional Planning Committee on March 2, 1877.
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For the purposes of this report, this output will be referenced as
the "PLUM" Series 3 pr'ojections.“2 These Series 3 projections are the third
set In a series of projections produced jointly by ABAG and MIC since the
original PLUM Series 1 study in 1970. The Series 3 projections reflect
modelling improvements, additional technical and policy consiéerations,
refined land use and employment data, and information on future trans-
portation systems in the region not possessed in the Beries 1 and 2 data.
The projections are also based on a more comprehensive review of regional
plénning issues developed during the succeeding stages in the PLUM modelling
process. They project such growth and distribution of population, employ-
ment, housing, and. land use for the nine county San Francisco Bay Region
through the year 2000. The assumptions that underlie the Series 3 pro-

jections include:

1. At the regional level, alternative sets of plausible assumptions
are made regarding national and regional demographic and economic
trends.

2. At the subregional level, the projections reflect the