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ABSTRACT

THE IMPLEMENTATION OF A JOINT DISAGGREGATE DEMAND MODEL IN AN URBAN SIMULATION.

by
VINCENT R. WORMS

Submitted to the Department of Civil Engineering on May, 1976
in partial fulfillment of the requirements for the degree of
Master of Scilence

This work is an attempt to construct a new urban
simulation model through a synthesls of two previously
developed approaches:

1) An exlsting Land Use Model, the "NBER urban simu-
lation model", characterized by a high level of disaggreg-
ation in 1ts descriptions, the exlistence of an explliclt
demand/supply equilibrium mechanism and of a time-dynamic
adjustment process,

2) A disaggregate joint cholce demand model which
achleves a behavioral representation of households' loca-
tion, automoblle ownership and mode-to-work preferences.

While synthesizing the two approaches, a number of
conceptually appealing features have been deslgned.

1) A failr degree of behaviorality is achieved by the
use of the Jjoint disaggregate description of the consumers'
cholces,

2) A good deal of realism is gained from a "new" mar-
ket-oriented process of matching the demand and the supply,
which primarily relies on a price-adjustment mechanism,

3) Numerous urban phenomena are expliciltly taken 1lnto
account. This gives the model added potential as an eval-
vwation tool for a fair number of public policies. Special
emphasis was placed on accounting for the impact of the
transportation policies; the way 1s open to a further 1in-
tegration of the simulation into a comprehensive transport-
ation and Land Use Model.

A case study has been implemented. It consists of a
four years simulation of the development of Washington, D.C.
urban area. The purpose was not as much to develcp fore-
casts per se, as to develop an evaluation of the feaslblli-
ty of the model.

The quantitative results are not fully satisfactory
because of some inaccurate initial data, and a probable
misspecification of the demand model, leading to a lack of
sensitivity to price-adjustments.,
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However, 1t has been proven that the model satisfactor-
11y reflects the behaviors of the suppliers, the preferences
of the consumers and the trends of the market.

Furthermore, the computational recuilrements are rea-
sonable, Improvements have been suggested in order to as-
sess the model's reliability, and to improve 1t to the
level of an actual public policy-evaluation tool.

Thesls Supervisor: Steven Lerman

Title: Assistant Professor of Civil Engineering
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Chapter I - Introduction
e

The title of this thesis highlights the fact that it
is one step in the widely studied field of urban simulation.
Within that framework, the contribution has been determined
by the desire to focus on the way such models can be de-
veloped for the analysis of urban transportation policy
questlons: the impact-orientation as well as the modeling
tools that have been introduced reflect the emphasis which
has been put on a "transportation type approach".

However the study remains basically an urban simula-
tion. Therefore, 1t 1s desirable to spend some time in the
latroductory chapter summarizing what the purposes are of
such simulations, and which basic issues are to be addressed
in thelr 1lmplementations., The remainder of the chapter con-
slsts of an overview of the study and a brief summary of
the followlng chapters.

1l.1. Purpose of an urban simulation

The concept of "urban simulation" is identified with
the ldea of utilizlng the processing capacity of a computer
to represent varlous and interconnected urban phenomena:
change and growth of the housing stock, modification of the
structure of employment, moving and migrations, modifica-
tions of the transportation network, etc...

The complexity of these interconnections explains the
contributions of the computer: three objectives are stated

1n order of 1ncreasing ambition.
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1) to syntheslze the understanding of the urban de-
velopment., A large number of studles have focussed on the
behavior of the various actors and submarkets that consti-
tute a city. These analyses are useful to the clty-planner
only to the extent that the interrelationships between them
are also represented., This effort to synthesize 1s manda-
tory: an example among others is the impact of a new trans-
it line on the housing stock of a zone serviced by the line.
A primary impact would be the choice of that resldentlal
zone by a non-auto-owner, but a counter-effect could be
the migration out from the zone by inhabitants discouraged
by the lncreased density and congestion. Both effects
should be represented, Because of the multiplicity of such
interconnections, it is impossible to have a complete analy-
tical knowledge of the phenomena, The only alternatlve 1s
to "teach" the computer the "rules of the game" played by
the various actors, and to have it simulate thelr behaviors

in a given environment.

2) to forecast the pattern of the city development,
gilven all necessary exogenous data, Thlis 1s achleved by
the use of an iterative process. The outcome of each period
is the initialization framework for the next iteration. It
should be noted that the word "exogenous" has no meaning per
se, but rather depends upon the level of sophistication of
the model. For example, the growth of population-serving

employment can be gilven exogenously, or internally generated
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in connection with the increase of population.

3) the last purpose deals with policy evaluation.
Since the model can forecast the impact of a number of
policies (housing, prices, transportation, etc...), a com=-
parative snalysls of these policles can be performed., In
order to be given a value, the criteria of evaluatlon must
be defined as functlons of expliclt attributes. Hence, as
far as some cuantltative tools can be defined to evaluate
a program, the urban simulation potentially provides a
powerful tool for the city-planner,

There 1s no need to underline the harm of a model
which misleads the decislon-maker because of its poor val-

idity, Two conditions of validity deserve speclal interest:

- the representation should be reproductible, in lo-
cation,to take advantage of other studies, but essentlally
in time so that the model keeps 1lts validity throughout
the lterative process. This argument advocates strongly
in favor of a behavioral representation as opposed to a

non-causal model structure,

- the model should not forego or understate any impor-
tant relationship. In particular, one should avold any ap=
proximation that would make ilnaccurate the description of a
phenomendon, This has been a constant concern in the present
study. For example, 1t has been attempted to describe

falthfully the transportation impacts: the demand model does
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take them into account 1n the process of generating the
consumer's cholces.

These requirements necessitate the addressing of some

Important issues in the designing of an urban simulation.

1.2, Three basic 1ssues in the designiang of an urban sim-

ulation:

1) A cruclal poist is to appreciate whether a model
relles on a correlative approach (such as the consideration
of trends), or reflects the very nature of the observed phen-

omena by usliag a behavioral description of them, As dis-

cussed above, this issue is at the root of the reliability
of the model. If the model comprises a demand sector, a
supply and an equilibrium routine, this issue of behavioral-

1ty should be present in all three of them:

e "Supply" in a city is a generic term which covers
as well the supply of total employment, the existence of
population-serving employment, the network and means of
transportation, the supply of housing stock, etc... The
modellng of employment in a behavioral way 1s difficult
because the decislons deopend on a lot of exogenous factors
which are not yet satisfactorily known.,

The supply of houslng is probably easler to represent.
It requires the understanding of the economic behavior of
landlords and developers, It 1s also the most important

component in describing the physical evolution of the city.
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e The demand-modelling involves a lot of issues: it
must conslder a vast number of types of decision-makers,
a great number of cholces (such as residential location,
auto ownership, means of transportation...) with several
alternatives for each choice. Moreover, those choices are
fundamentally interconnected, so that each of them cannot be
considered individually without losing some accuracy. They

should rather be generated jointly.

o Finally, the "market clearing" 1s the equilibration
of the suppllies and demands, basically through the deter-
ming tion of eguilibrium prices (salaries for the market
of employment, rentals for the housing-market...)

Very different approaches have been followed by pre-
vious researchers in this fleld. One important issue is
the choice between an optimization technique (i.e. the op-
timization of an aggregated utility) and a dynamic adjust-
ment mechanism., Again, the essentlal criterion to choose
among these approaches 1s the expected reliabllity of the
model, In that respect, chapter three explains the cholces

that have been made in this study.

2) The preceding remark apply in fact to all demand/
supply models; an urban simulation deals with specific

phenomena, among which are the impacts of the transporta-

tlon network., Everybody recognizes 1ts close interconnec-

tlon with city-planning. In M.L. Manheim's terminology,
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this involves "type III" but primarily "type II" relation-
ships. Type III relatlonships describe the modlfications
of the network declded by the policy-makers to ilmprove the
level of services. Type II applies to the 1mpact of the
transportation system on the structure of the city: for
example, it explains comparative growth of various zones
having different levels of service, Therefore, 1t is es-
sentlal that this latter type of relationshlp can be bullt
in a model of urban simulation. This raises a dilfficulty
that has been mentloned about the second condition of valid-
1ty of the model: if Type II relationships are most of the
time present in the exlisting models, thelr lmpacts are often

underrepresented in the formulatlon.

3) The third and last issue that will be pointed out

here is the problem of computational capaclty. Desplite the

huge improvements which have been achleved with respect to
the size and efficlency of the big computers, an urban sim-
ulation remains a very large problem to handle: this 1s
because of the great number of parameters involved, Some
baslic dimensions are the geographical zonlng, the inter-
zonal transportation data, the stock of housing and corres-
ponding prices, the types of households and the character-
i1stics of their choices, etc... The search for greater ac-
curacy induces one to use a highly disaggregate description,
which means a multiplication of the dimensions: storage and

computation problems get out of hand very fast, Therefore,
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the modellers who meet this problem have to find methods
to keep the model under control., Since such methods al-
ways include some sort of approximation, attentlon must be
pald not to lose here the accuracy that has been galned

elsewhere,

1.3. Overview of the study and remaining chapters

All the preceding remarks are central issues in the
present study: thls study is an attempt to bulld a new
urban simulation characterized by what was thought to be
the best trade-off between exhaustliveness, behavioral
validity, and feasibility.

Two basic components of the model have not been cre-

ated, but are borrowed from two sources:

- the supply sector and several other linked formula-
tions are derived from a simulatlion currently implemented
by the National Bureau of Bconomlic Research (NBER). Thils

simulation i1s discussed in chapter two.

- the demand sector relies on a study by S. Lerman,
"A disaggregate behavioral Model of Urban Mobility Decl-

sions", 1975.

On the basis of those two works, the purpose of the
study nas been to prove the feasiblillity of a model bene-
fiting from the two contributions. Thils has caused some
problems, because of the large differences between the two

approaches: the demand model was based on an entirely dis-
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aggregate approach and the conslderation of Jjoint cholces,
while developers of the NBER simulatlon adopted a more
global point of view (e.g. the market clearing process 1is
the maximization of an aggregate wvutility), and seguential
choices.

Thus, the study has basically consisted of putting

together these two approaches:

« first, conceptually, in addressing the important
1ssues which have been discussed in section 1l.2. (these

developments are the content of chapter three)

. second, practically, by formulating the model it-
self.

Since the purpose of the study was to undertake a
feasibillity study, 1t was necessary to implement the model
on an example problem, The goal however 1s not to develop
the model at a level of detall suitable for application in
a specific clty, but rather to appreclate whether or not
the objectives have been met (computational feasibllity,
strong behavioral orientation, sensitivity to transportation
impacts, convergence of the process, meaningfulness of the
results). Therefore the case study is a computationally
simplified form of the model, implemented for the city of
Washington D.C. , Chapter four describes the characteristlcs
of thls case study.

Finally, Chapter five draws conclusions about the model,



1ts strengths and weaknesses. It adaresses thne lmprove-
ments which should be achieved and indicates the author's

polnt of view about the potentlial of thls new urban model.
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Chapter 2: Relatlionship wlth other existing land use
b o T

_models

The art of urban modeling 1s still in an early enough
stage so that no single approach has prevailed. There 1is
a plurality of models which differ more or less widely, and
when designing a new formulation, 1t is useful to compare it
to the alternative formulations, It clarifies the funda-
mental choices that have been made.

Because of the relationshlp with the NBER model, the
followling review of existing land use models addresses two
issues: How does the NBER formulation compare to other
models? What 1s the relationshlip between the NBER and the
‘new model% Therefore, this review does not pretend to be
comprehensive: more complete ones can be found in several

papers which are referenced at the end of section 2.1.

2.1, The National Bureau of Economic Research Urban Simu-

lation and the other land use models

Several 1ssues differentiate the existing models: the
degree of behaviorality, the level of disaggregation, and

several other basic characteristics.

2.1.1. Causal versus correlative models:

The concept of behavioral modeling means obtaining a
reliable description of the spatial allocation by capturing
the resldential location behavior in quantitative terms.

In opposition to that, the statistical models rely
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only on a number of correlations between sgeveral
urban attributes: the rationale 1s that these relations
are stable enough to allow thelr extrapolation and hence,
to generate predictlons.

The most notlceable in that category is the "Empiric"
model, which assumes an additive linear construct. Several
characteristics make 1ts usefulness questlonable: the house-
holds make theilr decisions according to a general accessl-
bility criterion, instead of a known workplace, the prices
of housing do not influence thelr choices significantly.
Several other weaknesses are connected with a lack of Dbe-
havioral content: they finally encompass the whole applic~-
ability of the model,

In general, 1t seems that future development of the

art will favor the behaviorally oriented approach.

2.1.2, The level of . aggregation

Another trend has appeared in favor of capturing the

individual behavior and then aggregating the forecasts

to obtaln macro-descriptions: this is to be opposed to the
classical aggregate prediction=~models.

This latter category includes the ploneering "Lowry
model“which has been at the root of a number of lmportant
developments, The Lowry location of residences is a func-
tion of the location of employment and the transportatlion

behavior of workers. This allocation relles on a non-
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origin/destination-oriented measure: the accessibility of

each residential zone to its surrounding employment. The
expected residential density in the zone 1is derived from
it., Implemented in 1964, the Lowry model has been followed

by a sequence of so-called "Lowry-derivatives! among them

is the "Time Oriented Metropolitan Model" (TOMM). As op-
posed to the Lowry model, this one achieves some dlsaggrega-
tion of the locating population: first, a total number of
households is assigned to each zone, then this number is
distributed among household types.

The NBER model has performed a much higher level of
disaggregation., It has a number of other characteristics
which are viewed as improvements in the state of the art,

and are now discussed,

2,1.3. Other characteristics

Three other issues provide the opportunity to compare
the NBER formulation with some of its predecessors: the
time-orientation, the consideration of supply,and the

so-called "Monocentric assumption".

The time-orilentation

Another factor limits the usefulness of the Lowry
Model for the purpose of forecasting: the model generates
an instant city. It does not consider the path of adjust-
ment between the current status and the forecast eguili-
brium, In terms of urban phenomena, this means that it

does not take into account the existing housing stocks,
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and does not describe how those stocks will be mcdified,
Because of the importance of that foregone issue, the
models which generate only a long-run egullibrium cannot
actually be relled upon as forecasting tools and guldes to
public policy.
This problem is solved by using a behavioral descrip-

tion under an incremental form as opposed to 2 static per-

spective: the modificatlons are described period by period.
To reflect a realistlic adjJustment, only a portion of the
households or employment are moving in each period: the
description of the housing stock and residential distribu-
tion 1s progressively evolving. In fact, the city is viewed
in a constant dynamic disequilibrium which is modified by
the current perlod decisions of demanders and supplliers of
urban goods.

The TOMM model, which has already been referenced, has
that time-orientation as opposed to the Lowry Model from
which 1t 1s derived.

The NBER formulation does conslder the lssue of tlme-
adjustment. It incorporates an expliclt description of
the current housing-stock. A speclal "filtering" submodel
describes its evolution over time: a decline in quallity in
the case of under maintenance; an improvement of quality
when the unit is rehabilitated. The supply sector itself
generates the modifications of the structures and the new
constructions, according to "market signals" computed in

each perilod.
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Quoting the authors of the models, thls lmprovement
of 8 time~-dynamic description obviates that embarrassing
issue of "destroying citlies every night and rebuilding

them the next morning"!

Conslderation of the supply:

A considerable improvement has taken place with another
Lowry-derivative, the "Bay Area Simulation Study" (BASS).
Until then, the models were basically demand-oriented; sup-
ply consilderations were often limited to the available stock
of developable land. In reality, the supply activity has
a significant impact on the shape of the urban develop-
ment. The cholces of landlords and developers influence
the demands, and hence the physlcal changes in the city. A
typical example is the discouraging of an over-demand in a
zone through a process of price lncrease.,

Some models, like the Herbert and Steven's "Penn-
Jersey Transportation Study", include the housing supply
but only as one factor among others orienting the demand
of housing. The BASS model was the first one to estimate
the supply activity internally, and match 1t with the de-
mand to predict the locational declsions.

As stated before, the NBER modellers have dealt ex-
plicitly with that 1ssue, There 1s an endogenous supply
activity which 1s described in section 2.2,

The monocentric assumption
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The concept of a "center of the city" has always had a role
in the attempts to describe the urban spatial structure.

An underlying factor 1s the higher price of land for zones
easlly accessible to the center: there is a trade-off be-
tween a larger amount of residential land and reduced com-
muting tlmes for people working in the center,

This 1s at the root of the monocentric urban land use
models: they have provided valld descriptions of such phen-
omena as the central-city decllines 1in population,

The most famous 1s the Alonso's formulation: he appliesa
consumner=theory to the housing-demander. ZEach household

maximizes 1ts utility by choosing among three goods:

- employment accessibility in terms of distance from
a theoretical central workplace so-called "Central Business

District" (CBD).
- the amount of residential land

- a composite of all other commodities consumed by

the household,

The trade-off between housing costs and transportatlon
costs depends on the residential space consumed, and charac-
teristics of the household (essentially the income).

FPurther developments of Alonso's work have proved to
be useful tools to analyze a number of urban phenomena. The

"pid rent" curves Alonso derives show the greatest rent a
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household wishes to pay for land, as a function of the dis-
tance of that lot of land from the CBD, for a fixed value
of the utility. Extensions of that approach permit such
factors as congestion, pollution, tax-impacts, etc,, to be
analyzed., They allow one to relax the monocentric assump-
tion by the consideration of non-CBD workplaces. However,
such changes typlcally lead to the loss of a direct analy-
tical solutlon for the land market equilibrium in the city.
Even so, there 1s a serious loss of reallsm in viewlng
the employment as concentrated in a very small portion of
the urban space. The more promlising land use models have
totally departed from thls assumption; they represent the
employment as spread over the total surface; then, work-
trip-based models locate the families in relationshlp with
thelr workplace: work-trip data, such as travel-time and

cost, are assoclated with the choice of a resldence.

An illustrative example is another Lowry derlvatlve:
the "Projective land use model" (PLUM). In this model,
the probabilities of a trip to each destination, starting
from one given zone, are calculated by the conslderation of
the radial length of the trip, and comparative attractive-
ness of zones associated to the same length. That luter-
zonal probability matrix is applied to the distributlon of
employment to forecast the residential location.

The NBER approach, too, relies on a spatial distribu-

tion of households with workplace in a given zone, Thls
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ibution is generated by application of the "consumer

theory", under the form of the minimization of a "gross-

price

did not pretend at 211 to be comprehensive: the few mentloned

model

", as explalned below.

This brief overview of some existing land use models

s have been chosen to highlight the affiliations and

origins of the NBER simulation, A more complete review

¢an b

and £

e found in different papers such as:

. "Seven models of urban development" by I.S. Lowry

. "Quantitative models of Urban development' by B.

Harris.

. "Urban land use and Transportation Models: a state=

of-the-art summary" by S.T. Putnam.

« Chapter 3 of S. Lerman's PhD. thesis.
Documentatlon about the NBER model, for the preceding

ollowing issues, is avallable in:

. "The Detroit Prototype of the NBER Urban Simulation
Model" by G. Ingram, J. XKain and R. Ginn,
« Progress reports are also published by the Bureau to
acknowledge the changes occurring.

» Recent lssues are discussed 1n a presentation by J.

Kain and W. Apgar to the "Committee on Urban Economics

Conference", Santa-Fe 1976.
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2.2, The NBER simul=tion and the "new model"

The NBER urban simulation program has been inltiated
in 1968 and the first calibration was based on a study of
the city of Detrolt. Then, 1t appeared that more encourag-
ing results would come out with the representation of Pitts-
burgh: "Pittsburgh I" was implemented in 1971, The current
version, "Pittsburgh II" is far more sophisticated, In
1974, the U.S. Department of Housing and Urban Development
had provided funding for the followlng research: to explore
the lmpact on housing prices and quality of a direct cash
assistance program for low income families,

The present section provides a rather brief overview
of the NBER specificatlons which have been maintained in
developing the new model, and a more detalled one of those
which have been slgnificantly changed.

Finally, an evaluation of the NBER strengths and weak-
nesses 1s made, and some future developments of the model
are discussed, In the next three sectlions, the "new model"

1s referenced, but the descriptions apply to the NBER sim-

ulation primarily,

2,241, Specifications which are maintained

The followlng components are these portions of the NBER
model for which no structural changes are implemented. How=-

ever, two kinds of differences remain:

- the capacity constraint: as far as avallable data

and computational means were concerned, the "new model"
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could not compete with the NBER implementation., For exam-
ple, a seven times smaller number of housling types and a

six times smaller number of household types has been used,

- the emphasis 1s not put on the same issues. The
NBER, mostly because of its being currently funded by the
"US Department of Housing and Urban Development" (HUD), 1is
concentrating on ahousing program evaluation: in particular,
this Justifies the conslderation of many housing types. The
new model,as stated in the lntroductlon, ls more transport-
atlon-oriented and focuses on level-of-service variables.
Phree submodels of the new formulation have that character-

istic of not differing signiflcantly from the NBER approach:

The Employment Location and Population submodels:

These provide exogenous data about

- the change of employment, for each of nine basilc
industries, and per zone. (the distinction of various in-
dustries is dropped in the new model).

- the consecutive changes of population, per work-
place, income and education class of the primary worker,
(the classification of households by education, as well as
age of the head, is not maintained). The passage between
the two steps relies on an empirically estimated matrix of

job turnover and retlrement.

The Mover and vacancy submodel:

It generates the households' moving decisions in the
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period, and finds the total number of housing demanders

and vacant units. Those data are input into the demand
allocation routine which in turn provides informatlon to
the supply sectors, For reasons largely developed 1in the
next chapter, this sequential order as well as the demand
allocatlion 1tself are entirely modified in the new version:
the content of the mover and vacancy submodel however, 1s

unchanged.

Filltering and Supply submodels:

These two processes represent the renovation and new
construction activities of the suppliers, who are assumed
to follow a profit-maximization behavior. For that purpose
the income expected from any housing-stock change 1s com-
pared to the costs or/and loss of future revenues attached.
to the change. A profit maximizing integer-programming
technique could have been used; for reasons of simplicity,
a ranking and enumeration procedure has been preferred:
each operation is assigned a "profit-rate", the form of
which assumes that the risk involved and capital commltted
are proportional to the total cost of the activity.

The supply is subject to various constraints which
have been initially or progressively established: they are
zonlng constraints, activity constraints, and one constraint
of not exceeding the expected needs for the periocd: in the

NBER model, these needs are estimated per housing-market,

as opposed to the new model where there 1g a total sub-
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stituta bility between the types,and one unlgue demand
constraint.

Another plece of information needed by the supply
sector 1s the expected rentals. These are determined by
the market clearing and price-ad justment process of the
last period (thls procedure has been changed in the new
model; this issue 1s discussed in the next section).

In the early version of the NBER, these prices were
indicated to both suppliers and demanders of the next per-
lod;in the latter verslon, namely "Pittsburgh II", the price-
prediction 1s more sophisticated: the supply sector takes
into account expected changes in neighborhood quality.
This factor 1is thought to be of a consliderable importance

in the determination of prices in the medium-long run.

2.2.2. Demand Allocation and Market-Clearing submodels

The essentlial modifications brought to the NBER per-
spective amount to respecifying these two submodels. As
explained in the next chapter, these two lssues underlie
the averall phllosophy of the model.

The Demand Allocation

One role of the silmulation is to assign the housing=-
demanders to the various markets: this regulres generating
the demands, then matching them with the avallabllities per
markxet. In the NBER simulation, since such a "market'" is
defined by one of the 44 residence-zonesand 27 housing-

bundles (50 in Pittsburgh II), the demand allocation would



2 P
be a formidable task if a demand estimation procedure was
to be calibrated for each "market".

Alternatively, the demand is first allocated to the
various housing-types; then it is directly assigned to the
different zones through a market-clearing process performed
housing-type per housing type. (This order has been chosen
because the type of housling is a more easlly discretized
dimension than is the location).

The assignment of households to housing-types is prob-
abilistic: probabllities are generated, and 1lnterpreted
as the proportions assigned to each type. The crlterlon
which determines the choice of a type 1s called the "gross—
Erice“: it 1s a measure, aggregated all over the zones, of
the houslng and transportation costs, for the considered
housing bundle. (The aggregation procedure 1is at the root
of a major criticlsm encountered by the NBER formulatlon:
this issue 1s largely discussed in the next chapter.)

On the basls of the gross-prices, the allocation is
performed through a procedure which has been modified over
time:

- initially, in the Detroit Prototype of the NBER,
l}near demand functions were used.

- XIn Pittsburgh II, the choice-theory 1s applied with
a Logit formulation. Thls happens to be also the tool used
in the new model to specify the demand (but in addition,
the seguentlal process 1s dropped in favor of a joint=-

cholce model).



The Market-Clearling and price adjustment

The market clearing 1s an assignment to resldential
zones of households having done the preceding cholice of a
bundle. An optimizing technique is used, and consists of
a linear programming. The objective function 1s a total
transportation cost to be minimized, subject to the avall-
ability-constraint in each zone.

This procedure assumes an individual behavlior that
attempts to optimize a collective aggregate: this assumptlon
is grounded only in the case of a perfect market (this has
rooted the choice of an alternative technigue 1n the new
model: a household makes 1ts decision according to its 1ln-
dividual preferences and the market data, primarily the
prices).

At the same time that demand is assigned to zones, in-
formation 1s generated to modify the rentals which will be in
effect in the next period. The dual variables of the pro-
gram are the market-signals that cause a price to increase
or not. The adjustment procedure itself is sophlisticated:

. each zone is assigned a locational rent for the

considered submarket, by a manipulation of its shadow-price.
. the "one-period price" is defined in the marginal
zones, that is, a zone where an oversupply 1ls observed.
« the "one-period price" in 2 non-marginal zone is ob-
tained as the sum of the value in the marginal zone plus the
locational rent of the zone,

. the "expected prices" are the result of an exponen-
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tial smoothing between the one-period price and its pre-
vious value, so that only persistent trends can have an im-
pact on the final prices,
Before undertaking the description of the new model
in the next chapter, the followlng section summarizes the
characteristics of the NBER simulation, and glves an insight

into the future of 1ts implementation.

2.2.3. Characteristics and implementation of the NBER simul-

ation

The first part of this chapter has highlighted the
way the NBER model has benefited from most of the recent
lmprovements in the art of urban simulation:

- 1t is basically a work-trip oriented model: the
workplaces are determined prior to the locatlional declision:
the multiplicity of the employment-locations 1s recognized.

- 1t 1s a dynamic-adjustment model, which explicitly
takes into account the existing housing-stocks and the pro=-
cess of their evolution.

- 1t involves a supply sector and matches the demand
with 1t to assign the population to residentlal zones, and
to modify the current prices.

- 1t performs a hlgh lLevel of disaggregation 1in the
classification of the housing demanders, as well as in the
screening of theilr alternative choices.

Besldes, it is thought that the behavliorality of the

model could be improved in two respects:
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« another specificatlion of the demand allocation,
grounded on more attributes than the sole gross-price :
many other factors play a role in the consumer-preferences,
(the convenience of shopping in the zone, the proportion
of non-whnite residents, etc....). Above all, a Joint choice
of zone and housing-type is recommended,

« Another assignment process and price adjustment
might be more reallstic in reflecting an imperfect market.
This modifies profoundly the meaning itself of the market-
clearing. It 1s thought to gain more behavior ality thanks
to a more market-oriented description.

The following potentlial modificatlons are considered
by the designers of the model:

- the consideration of a non-unigue price of land, to
take into account the imperfect substitut ability of the
construction activity all over the surface of a zone.

- making endégenous the employment location process,
essentially the population - serving employment.

- some sophistication of the profitability forecast:
the expected rental could be respecified as a function de-
creasing with the number of supplied units (instead of belng
held constant in each perlod, like 1t currently 1is).

- a modification of the demand allocation: people
would choose first a kind of "macrolocation", that 1s one
out of a small number of parts of the city; then, they would
choose Jolntly a housing-type and theilr precise residential

location,
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Chapter 3: Theoretical Issues in the Adopted Permulation

The introductory chapter has pointed out the existence
of several factors which do characterize a model because
they relate to important choices of formulation. The cur-
rent chapter addresses four of these basic issues:

- the capacity problem

= the Jolnt disaggregate demand model

= the supply sector

- the market clearing process

3.1, The capacity problem

3¢lel. Introduction

Once the framework of a model is defined,there is the
problem of the computational capaclty needed to implement
i1t., Whatever are the performances of the most recent com-
puters, an urban simulation 1s an extremely complex process,
which raises the problem of capaclty.

This study does not include an implementation of the
designed model at a full scale, It should rather be under=-
stood as a "feasibility study", which involves a simplified
number of alternatives as well as declsion-makers, However,
1t 1s desirable to address here the problem, for two rea-
sons:

- Slince the resources avallable for the study were at

the same reduced-scale as the complexity of the description,
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the issue of capacity was still meaningful.

- For the potentlal users of such technlques - wlth
the resources of a large clty-administration - the costs
involved by the model are more acceptable, but there 1s
still the i1ssue of not exceeding the capaclty of even
larger avallable computers.

This is why the adopted formulatlion trles to solve
the difficulty at the reduced scale, The purpose 1s that
the model could be implemented at full scale with no struc-
tural modification.

At the implemented level the problem is posed 1n the
following terms. As 1t will be explained in sectlon 3.2.,
the demand sector comprises

# 288 types of users

« 12 types of households

e« 24 possible work-places

# up to 480 alternatives

« 4 types of housing

o« 24 possible residential locations

« 2 modal cholces

. 3 levels of auto-ownership (exclusive of the zero
auto alternative if "car-to-work" is the modal choice.)

Therefore, if one would keep track of the distribution
of all users among all avallable alternatives, this would
require:

288 x 480 = 138,240 pleces of information
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Several of these arrays (distributlion of all inhabitants,

of movers, of current house-seekers...) would be necessary
to 1mplement the various submodels,

That size was clearly out of reach at the level of the
study; the same problem would be worse at the full scale.,
For a comparison, the NBER Detroit Prototype involves

T2 household classes, instead of 12

27 housing types, instead of 4
which, by itself, multiplies by 40 the number of pleces of
information. No further evidence 1s needed to Justify the
use of approximation methods, both in the feasibility study
and the potential level of utilization. The method des=-
cribed now sults both cases. It alms at reducing the amount

of storage needed.

3.1.2. Reducing the amcunt of stored information
The method utilized in several parts of the model 1s

based on the following ldea: to decrease the size of the
matrix to be stored, one should try to decrease the number
of dimensions handled at the same time, and store a larger
number of smaller matrices.

This can be clarified with the case of a two-dimen-
sional matrix: all other manipulations are only a recurrent
process of this first one, as it will be shown,

Therefore, considering a two-dimensions matrix (Aij)
where :

P 1s the number of values related to the first dimension
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g is the number of values related to the second dimension.
The purpose 1s to decrease the p ® q numbers to be stored:

instead, (p + q) numbers will be stored, the p horizontal

sums S1, and g vertical sums TJ.

"‘A;j ...... Si

T; v
The problem is: having stored the S1 and Tj), how to create
an "acceptable" value of A13)%? All that can be done is clear-
ly an approximation, since (p # q - (p 4+ q)) pieces of in-
formatlion have been lost in the process,

But this was the whole point!

In mathematical terms, a system of (p 4 g) equations
with p % q unknowns is to be solved, which means (p *# q) =
(p + q) degrees of freedom. The best that can be done is
to point out one acceptable particular solutilon.

The system is:

Arl +¢.-*111 +Ot*llq = 31

p equations+
Lpl *""+AP1 *co*qu = Sp

q equationsa All *"‘**31 +oodd

n
=3
o]

Pl
-&1 *. .+A = T

+'O.*qu pq q

q
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in reality, there are only p + ¢ - 1 equations and (p # q)
- (p + q) - 1 degrees of freedom, since there is the com-
pulsary relationship:

S +...+Sp =Ty -l-...-l-Tq S sum V of all elements in the
matrix,

Fortunately, there is a simple form of a particular

solution, which 1is:

A'ij = Si ‘a: | (1)

It 1s straight forward to check that this solutlon satisfiles
! - -~ -
i v 1
and 2 _A'y,=SiL 2 Tj=si
3 YT 5

Though the value defined by (1) cannot be taken as
the actual value of Aij’ one can have an estimation of the
validity of the approximation, If the A4 3 in each gilven line
(respectively colum) are constant, the formula (1) gives
the actual value Aij' As a matter of fact;

% Aij = 81 for each 1 and J,then the formula (1) gives
aq

A'yg =St = 1) = Ay (S13awdyy,
Vve T, +--+Tq = axl),
since all TJ are equal.)
In the general case, the validity of the formula (1)
is related to the variability of the element aij in the line
i and column j: this variability can be reflected by the

ratlio of the varlance oy in line i (or oy in column J) to
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the mean value S1 of that line (or Tj of that columm).
q P
The valildity of the formula (1) can therefore be qualitative-

ly appreclated by the criterion:

ag (-4 7
L 8l = pq T %

Si/q T3/p $i Tj

A typical satlsfactory value would be .20
This method is not applied in the case of a two-dimen-
slon matrix (which is usually easily stored), but in the
case of a multidimensional matrix, An example 1s borrowed
for the model: it is the matrix RES (j,H,K,1) of the num-
ber of households
- with workplace in Zone }J
- of household type H
=living in a housing of type K
- with residential Zone 1
The full information would involve
4% 12% 4% 24 = 27,648 cells,which is too large.
The alternative has been to.store the matrix RES(H,K,1)
(1152 cells) and the matrix RES (J,1) (576 cells),and to
apply the formula (1) by stating

RES (j, H, K, 1) = RES (H,K%;l ?1§ES (1,1)
ES

This saves 27,648 - 1,152 - 576 = 25,920 cells!

In practical terms, the approximation consists in conslder-
ing that the propo rtion of inhabltants of zone 1 who work

in zone J 1s not dependent on their household characteristics,
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nor their type of housing. The cholce of the overlapped
subscript 1 is extremely important: it must reflect the
simplification which makes the most sense, The fact of
overlapping decreases the blas introduced by the approxi-
mation., In each case, the approximations have been deslgned

for the best trade-off between storage-saving and accuracy.

3.2. The jolnt disaggregate demand model:

In the introduction chapter, 1t has been polnted out
how critical 1s the attempt to build a true behavioral
model to insure the validity of the simulation. In the
light of the other approaches reviewed briefly 1n the pre-
ceding chapter, the reader will be in position to appreei-

ate the attempt to construct the model on as causal as

possible description of the urban phenomena.

e This 1s true for the suppty sector. The adopted
NBER approach, as 1t has been seen, has a strong economic
orientation: this reflects the profit maximization behavior

of landlords and developers.

e This effort has to be still more emphaslzed on the
demand side: the demand involves a large number of cholces
and decision-makers. The final choices interact not only
with the characteristics of the households, but also be-
tween themselves in a complex process of allocation of time
and money.resources, Therefore, it does require a certain

level of sophistication for a demand model to reflect the



preferences of the consumers.

This 1s the crucial point where the model departs
from the NBER perspective, and borrows the approach devel-
oped by S, Lerman in "A Disaggregate Behaviorial Model of
Urban Mobllity Decisions." His thesis includes an exhaus-
tive description of the characteristics of the model,and
the reader 1s referred to 1t for a complete understanding
of the approach. In the present paper, only the most basic
points will be @iscussed, These can be grouped according
to three issues:

- the cholce model: a multinomial Loglt

- A disaggregate model

- A joint-cholce model

3¢2¢el. The cholce model: A multinomial Logilt

The soclo-economic behavior of the consumers of urban
goods and services 1s captured by a utility-orlented ap-
proach. The consumer is assumed to be rational and to max-
imize his utility. On that basis, two objectives must be

achieved:

-a) the utility must be specified to take into account
all relevant factors in the preferencesof the consumers, in-

cluding thelr soclo-economic characteristics.

-b) Assuming that the utilities are correctly speci-

fled, the entire process of forecasting the aggregated



choices must be defined. The inherent uncertalnties in
the description of the utilities have an important result,

namely, the probabilistlic nature of the cholce predlictions.

a) Specification of the utilities:

The next paragraph explains the use of a "cholice the-

"set

ory" according to which the consumer chooses among a
of alternatives", each alternative being characterized by
a list of attributes. On that basis, "specifying a utility"
means to determine the 1list of relevant attributes, whlle

keeping two 1lmportant remarks in mind.

1) According to the mathematical form described in
the next paragraph, an attribute having the same value for
all alternatives must be made "alternative specific": its
specification or 1ts parameter must be differentiated as
to which alternative is chosen., Otherwise 1t has no in-
fluence at all on the choice prediction. (The utility is
specifled under an additive form but is not an absolute
value index: such an attribute would alter all utlillities by

the same amount, but the differences would remain unchanged).

2) A choice has been made between two possibilities:

+ calibrate one utility (i.e. find out the parameters
of 1its attributes) for each individual household type.

. calibrate only one utility, but take into account
the characteristics of the consumer by some so-called

"soclo-economic variables" such as income, family size, etc..
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the second option has been selected and has the advantage
of belng more simple. The other alternative 1ls describing
more accurately the differences between the various consumers.

With the chosen option, the same remark as the above
applies: the soclo-economic variables should not appear
as such, but 1its influence must be differentiated as to
which alternative 1s chosen. This should be achleved in
a way that reflects the behavior of the choice-maker. For
example, it is assumed that the income of the household 1s
influencing the cholice of housing, auto-ownership, and mode
of transportation, by the intermedlary of the "remaining
income" after taxes, transportation and housing expenses.
This "remaining income" represents the money resources which
are available for general living expenses, lelsure, luxury
items... Hence, the choice of an alternative &s opposed to
another is modifying the impact of the soclo-economic 1n-

come-variable in the utlility.

This chapter includes a brief review of the demand
attributes: since they should be considered in connectilon
with the set of alternatives, i.e. the "mobility bundle",

their description belongs to section 3.2.3.

b) Forecasting the aggregate cholces:

Beside the specification of the utilities, the demand
modeler is facing several other cholces of formulation., In

the present case, three decisions are to be described to
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fully characterize the demand model:
-~ the use of the "choice theory"
- the use of a random utility model

- the use of a Logit formulation

1) "Choice theory" versus "consumer theory":

The latter is at the heart of the classical "micro-
economic theory": the consumerwchoosing among a variety of
goods and services, and 1s maximizing hls utlillty by de-
ciding the optimal amounts of each consumptlon,under an in-
come constraint., The basic characteristic of that approach
1s the assumed contlnulty of cholces. It 1s appropriate to
describe the consumption of infinitely divisible goods.

When the cholces are inherently discrete, the concern of
behaviorallty leads toapreference of a discontinuous approach
which reflects more faithfully the nature of these individual
choices. These are represented by a set of discrete al-
ternatives. An example where the consumer 1s faced with
discritized a2lternatives, would be the following cholce be-
tween:

- living in a walk-up apartment near workplace and
owning no car, or

- living in a suburban area, in a single family dwell-
ing and ownlng a2 car used for work-trips. 1In this case,

a household is clearly confronted wilth discontinuous cholces

which cannot be described by the "consumer theory".
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Hence, the definition of the choices 1s twofold:

- the dimensions of the alternatlives are to be des-
cribed,

- the alternatives are discr@tized to form the "choice
set" avallable to each comsumer.

The first issue 1s addressed in section 3.2.3. where
the "mobility bundle" is defined; the second step refers to

the issue of aggregation, developed in sectlon 3.2.2.

2) The use of a random utility model:

For practical reasons, the number of attributes repre-
senting an alternative is limited; hence, this cannoct be
expected to reflect exhaustively the ratlonale of the con-
sumers. Confronted with the same alternative , two differ-
ent households may choose differently, for reasons not taken
into account by the utility function. In order to maintaln

validity, the forecasts made on the basis of the utlllitles
cannot be deterministic: only the probabillty of choosing an
alternative can be inferpred., That is the root of using what

i1s called a "random utility model",

Then, to generate aggregate forecasts, the probabllity
of a given alternative is interpreted as the expected share
of the total group whichwill choose that alternative.

Practically the randomness 1s introduced by adding a
"disturbance term" to the deterministic utility. The sum of
the two 1s the "random utility" on the basis of which the

cholice 1s made deterministically - in that respect the
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choice is the one which maximizes the random utillty.
This approach allows one to take into account fac-
tors that cannot be captured expliclitly.

3) The Logit formulation

The use of a random utility model necessitates one
more step: Some assumptions about the form of the distur-
bance term. The abundant literature on that taplc 1s not
discussed here; only the basic components of the adopted
formulation are referenced., A first assumption 1s the
independence of the disturbance across individuals; this

excludes imitation or leadership effects.

Another essential assumption is the independence of
the disturbances attached to different alternatives.
This simplifies a lot the utilization of the model and makes
1t feasible to use the method for practical purposes. The
assumption is grounded if much attention 1s paild to speclify-
ing properly the choice set, while avolding any pair of
correlated alternatives. Some attention must be pald 1in
specifying the utilities: thelr deterministic part should
capture as much as possible the similarities between two

alternatives.

The last step i1s to assume an 1dentical distribution
of the random terms, according to a "Weibull distribution".

This justifies the use of the logit formulation, according

to which the probability of choosing the alternatlive 1 in

the cholce-set S is determined by the following fundamental
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formula:

Vi
P(1 : 8) = e

=

where V 1s the deterministic part of the utility function,

This formulatlon has been adopted, and 1s quite easy to mani-
pulate. It has a further important characteristic known as
"independence of irrelevant alternatives": the ratio of the
probabilities of two alternatives taken in a subset 1s the
same as when they are taken in the total set.

This provides a lot of flexibility. The model can
be callbrated on a subset, Then, without changing 1ts
specification, 1t can be applied to the entire set of alter-

natives.

The loglt formulation has been used successfully
for an increasing number of studles: a proportion of them
deal with transportation, like the work by T. Adler and M,
Ben-Akiva, "A Joint Frequency, Destination and Mode to

Work Model for Shopping Trips".
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3.2.2, The 1issue of aggregation

The concept of aggregatlion applies to both consumers
and alternatives.,

Level of aggregation of the cholce-makers

The model 1s a dlisaggregate choice model, which means
that the aforementioned cholice theory applies to the in-
dividual decilsion-maker; aggregated forecasts are then ob-
tained by summation.

The use of disaggregate models has 1lncreased in the
recent years due to the qualitles of that approach. 1In
the present case, these qualities are basically a higher
statistical valldity, but it is not true that the dlsag-
gregation improves the behavioriality of the model, The
improved validity comes from the fact that no aggregation-
bilas 1s introduced prior to the application of the cholce
theory. However, thls perspective 1s only theoretlcal,
because 1t assumes that the model 1s applied separately
to each individual characterized by his own set of soclo-
economlc variables, That would be obviously unmanageable
in most situations. Therefore, there is a need for some
aggregation, which necessitates the definition of the
following two:

- the appropriate declsion-level

- the suiltable grouping of these decisional units.
The decision level that has been chosen as the most real-

istic is the household defined as "a group of persons
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living in the same dwelling and sharing the same economic
declisions",

The sultable groupling of households i1s an important
issue, and must be such to avoid any important "within-
variances" inside the groups. This leads one to define a
greater number of household types, but 1t heavily lncreases
the capacity requirements: the chosen number should be con-
slstent with the overall size of the model.

In the present model, 1t was chosen as 12 instead of
the 72 types of the NBER formulation. However, one dimen-
slon has been added: 1t 1s the race of the people in the
household., The figure of“12"is the result of the cross-
classificatlion of:

# 3 income groups: below $8000 of annual income, be-
tween #8000 and $14,000, and above $14,000,.

# 2 ranges of household sizes: two or less persons in
the household, or more than two.

# white or non-white household.

In fact, the disaggregation of the decision-units
goes much further than that., Each household type 1s also
classifled according to "its" workplace: this will be dis-
cussed in the description of the "mobility bundle" of sec-
tion 3.2.3. What must be said here is that the model gen-
erates the cholce of households satisfying two conditions:

.1) the household has one breadwinner: this excludes

the case of the non-working, but not the multiworker families?®

thelr cholces are made considering the "porimary worker".



-49-

~2) The breadwinner currently has a job in a given
workplace, The choice of his residence, described in the
model, is heavily dependent on the consideration of time
and cost of hls trips to work,

Since the workplace is chosen prior to the model, it
has to be an input for the mobility decision-making. As

a consequence, the decisional unit is defined by
- one of the 12 household types.

- one of the 24 workplaces. (the city is divided in
that number of zones, for both purposes of workplace and

residential zoning).

This provides guite a disaggregate description of the
population, but it implies an increased computational cost.
It is thought that an accurate representation of the be-
haviors is achleved that way.

Furthermore, the model escapes a serious source of
error which often deteriorates disaggregate predictlons:
once the probabllities of choice for each decision-maker
are forecast, the distribution of those has to be known
in order to reach aggregate results; thlis distribution 1is
often not avallable, and some blas takes place.

On the contrary, this model keeps track of that dis-
tribution throughout, and the problem of aggregation 1s

solved by a simple addition: no error 1is introduced,



=50~
there is only an initial aggregation-blas coming from the
consideration of segments of population instead of indiv-
iduals., Because a fair level of disaggregation is achleved,
this blas is presumably quite small: this is documented in
F. Xoppelman's paper "Travel predictions with Disaggregate
Choice Models",

Aggregation of the alternatives

The multldimensional nature of the alternatives is
addressed in the next sectlon. For the same reasons as
before, each dimension cannot be described by a huge num-
ber of values of its attributes. For example, the avail-
able choice of residentlal location and housing cannet
take into account every vacant unlt in the city. Instead,
each dimension is discrétized.,

For the preceding example, the discretization amounts

to a cholce between:
- 24 residential zones (the same as before)

- 4 housing types: single-family dwellings (with the
option to own or rent), garden-style units, or walk-up

apartments.

Thls poses a problem of consistency. Since the de=-
mand model forecasts the probabilities of choosling each
alternative, the grouping of these alternatives should be
taken into account: in other words, if 1t 1s decided to

group two zones into one, the probability attached to this
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new zone mugt be the sum of the two previous probabilities.
This requirement is easily satisfied with the Loglt form-
ulation (a detalled development of that topic is in S.
Lerman's thesis,in chapter five):a "size-variable" 1s added

to the utility of the alternative.

- The parameter of that variable has to be "1"

- Its definition necessitates the knowledge of what

is perceived as the "size of the alternative”. The area

of the zone is in a sense a size=-variable, but it is not a
good measure of the attractiveness of the zone for people
wllling to live in a given housling type. It makes more
sense to consider some volume of the stock of that housing

type in the zone:

#1f one uses the number of vacant units, 1t does re-
flect the slze of the avallable alternatives, However
because of the mathematical form of the model, this would
implicitly amount to subjecting the demand to supply lim-
itations., In particular, no demand could be generated in
a submarket where the supply itself 1s equal to zero. That
would destroy the very meaning of the overall formmilatlon:

the demand submodel should generate demands ex-ante, that

is reflecting the actual preferences of consumers, Then,
it 1s the role of the market-clearing to match that de-
mand with the supply: this i1s done by an expliclt procedure

which essentially causes an adjustment of prices.
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# Therefore, the adopted size-variable is the sum of
the currently occupled plus the avallable stock of the
given housing-type in the zone. Involving the total stock
obviates the problem of the preceding page., The introduc-
tion of the available units - including new constructlons
- allows the demand to be generated in a zZone where that

housing-type was not existing previously.

3.2.3. The Joint choice model

The last important characteristic of the demand 1s
to be represented by a joint choice model. The alternatlves
are multidimensional and the decision is assumed to be made
jointly: this can imply making some concessions like "liw-
ing in a single-family dwelling, but far away from the work-
place".

Choice between a Joint and a "sequential" formulation:

These are constant options of choice-modelling. (This

1ssue must not be confused with the possibility of using or

not using a sequential estimation of a Jointly structured

model!) The sequential form assumes that decisions at one

gtep are contingent upon the decislons of a previous step;

for instance, the comprehensive set of decisions made by
2 household 1s an example of sequential cholces. As a mat-

ter of fact:

- 1t has been discussed that the initial declslon re-

lates to the employmenmt 1location. This takes place for
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the long run, like several years.

- Conditional on it, the "mobility bundle" 1s a
medium-term consideration: its description is at the root

of the studied model.

- Depending on that step, the so-called "travel
choices" are made by the households: they deal with fre-
quency, destination, mode, time of day and route of non-
work trips. They are clearly sequential to the preceding
step: ag a matter of fact, the selectlion of a mode to go
shopping 1s heavily dependent on the number of autos avall-
able., The auto ownership declision is made earlier in con-
nection with "strategical" choices such as "allocating

money to buy a car versus living in a more expensive house".

For some other cases, the true behavior is a sin-
ultaneous cholce of several ltems which interact in a com-
plex way, and cannot be considered as hierarchically
ranked., Here, the use of sequential formulation is a mis-
speclfication; 1t cannot reflect the true behaviliorality.
It is thought to be the case of the moblility bundle, the
description of whlch points out now the interconnection of

1ts various components.

"PThe mobility bundle"

The contents of thls section have been referenced

several times before; 1t describes the components which
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underlie the Joint choice demand model. Since thls model
i1s utilized as it has been calibrated in S. Lerman's
thesls,the reader should refer to that study to get a
more detailed description.

The mobility bundle comprises four elements which

are all medilum-term decisions, and closely interact:

-~ The residential location has been described as a

choice between 24 zones.

- Related to that choice 1s the one of the housing-
type. For instance, living 1in the center 1s assoclated
with a smaller probability of staying in a single-family
structure, Furthermore, the same housing-type corresponds
to different lot-sizes in the different zones. The set of
a housing type and a residential zone will be referenced

as a "market".

- The declislion of auto-ownership is linked to the
previous cholces: primarily, there 1s less rationale
(because of a better transit network), and more drawbacks
(vecause of higher costs and congestion) to wwn cars in
the central zones. As opposed to a number of other at-
tributes of that dimension (like quality, price...), only

the number of cars determines different alternatives:zero,

one, or more than two cars are the levels used., The cost
is the same for all kind of cars, but 1is taken into account

in the demand process through a fixed annual charge per car,
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- Finally, the "mode-to-work" depends heavily on the

preceding choice; it belongs to the mobility bundle as
opposed to other purpose-trips which belong to the subordi-
nate level of "travel choices". The rationale is that it
influences the most other decislons such as the location
of residence., An 1llustrative example is the zones not
serviced by transit, where only car-owners can declde to
live., Only two alternatives, car-to-work and transit,
were consldered, since they cover a very large proportion

of the cases.

Sensiltivity to Transportation impacts:

This 1ssue has been at the root of the essential
modification brought to the NBER formulation, that 1s
adopting the Joint choice demand model. This point illus-
trates the advantage of Jolntly representing decisions
when they are thought to be simultaneous., For the purpose
of comparison, a brief summary of the NBER perspective is
useful:

The theory 1s that consumers make a sequential choice
of the housing type, then of the residential zone.

The first step 1s performed essentially by comparison
of the "gross-prices" of the various types. These include
the rental and a comprehensive transportation cost. For
one household and its gilven workplace, one gross price is
computed for each housing type X, and each residential

zonej then, one unique gross-price 1s assoclated to each
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type K: 1t underlies the probabllity of choosing that type.
This unicity necessitates some method to aggregate over
the varlious zones., In the Detrolt Prototype, that was
achieved by a welghted averaging of gross prices., In the
latter version, the measure 1s the gross price of the unit
at the lowest fifth percentile.

Whatever 1s the method, it decreases the sensitivity
of the model to transportation 1lmpacts, because local phen-
omena are not well represented. Since the documentation
of this fact involves the entire model, 1t is easler to
clarify it through an example:

Assume that the authorities want to subsidize a high-
rise housing program for low income families, with work-
places in the central zones, Transit Line, connected to
the center, 1s extended to a close suburb: it 1s expected
to 1implement there the construction program. Most of the
families in the segment have no car; they are Transit cap-
tives, and the Translt line offers to them a new possibility

of residential location:

- In the NBER perspective, the attraction effect of
that market 1n that zone will be diluted by the aggrega-
tion of the gross prices. Hence, the high-rise structure
market as a whole will capture only a fraction of the seg-
ment which it would actually capture. As a matter of fact,
more people in the reallty would choose this housing-type

because they would have simultaneously selected the new
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Zone,

- In the new model, there is no a priori subdivision
into housing markets: the housing-type and locatlion are
declded Jjointly. In the example, the true fraction of the
segment will choose the new opportunity. It willl generate
the supply through a price effect (compensated by the sub-
sidies): finally, the physical prediction of the model will
differ from the NBER.

Therefore, the model offers more possibilities to ap-
preciate the effect of various transportation policies.

Because of that, some emphasis has been put on the Transporta-

tion.related data:

- In the inputs, several types of information are
given for all origin/destination pairs: the distance, in-
vehiele and total travel times, and the costs for car and
transit; all of them play a role 1n the demand process;
they can easlly be modified to reflect any transportation

policy.

- Several outputs are related to transportation
issues:

#the auto ownershlp per zone and household type or
housing type.

# the share of transit ridership per residential zone.

# the share of car-to=-work trips per zone and house=

hold type or housing type.
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# for auto-trips, the total V¥ehicle-Mile-Travelled
for work-trips per day (V.M.T.) 1s a relevant measure: it
1s used to evaluate several policles such as energy-saving
or anti-pollution policies,

# one measure of satisfactlon of the people 1s tested:

the "generalized speed", reflecting the velocity with

which the population of one zone is, on the average, trans=
ported to work. The measure seems more useful than the
existing "isochronic lines" (a set of points from which
the center of the city can be reached within a certain
time): these are too center-oriented, instead of consider-
ing the actual work-destinations, which can be circumferen=-
tial, The "generalized speed" is the average over all des-
tinatlons and the two modes of all speeds (defined as the
ratlio of physical distance over actual total travel time).
The averaging is welghted by the corresponding flows. The
criterion can easily be modified to take into account differ-
ences of perception of out-of-vehicle and in-webicle tra-
vel tlmes, The present definition was chosen to reflect
true figures of speed.

It is expected that the speed &g higher for long diss
tance trips ( the influence of access-time being propor-
tionally lesser):the comparison should bé made between
zones of the same ¢ategory, like central, close-suburbs
far-suburbs,

Such criteria may be useful to document a transport=-
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ation planning: an 1llustrated view of the problem is
provided by drawing maps which reflect the information

(some examples are included in chapter four).

3.3. The supply sector:

This section is briefer since,on the supply side,
there are not so many differences with the NBER formu-
lation. It addresses the method of generatlon of the
demand (as opposed to its allocation precedingly described),
the supply process itself, and some issues of price and

profitability.

3¢3e1ls Generation of the demand:

The supplies of housing are assumed to anticlpate what
wlll be the demand for housing in the next period. This
1s generated in the "mover submodel", then input in the

supply routine itself. It comprises four sources;

- demographlic changes result in the creation of new
households in search of a dwelling. They also cause the
dissolution of house