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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 Sclence

This work is an attempt to construct a new urban

simulation model through a synthesis of two previously

developed approaches:
1) An existing Land Use Model, the "NBER urban simu-

lation model", characterized by a high level of disaggreg-
ation in its descriptions, the existence of an explicit

demand /supply equilibrium mechanism and of a time-dynamic

adjustment process.
2) A disaggregate joint choice demand model which

achieves a behavioral representation of households' loca-

tion, automobile ownership and mode-to-work preferences.

While synthesizing the two approaches, a number of

conceptually appealing features have been designed.
1) A fair degree of behaviorallity is achieved by the

use of the joint 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 explicitly taken into

account. This gives the model added potential as an eval-

uation 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 in-

tegration of the simulation into a comprehensive transporti-

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.
arban area. The purpose was not as much to develop 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

nisspecification 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 reculrements are rea-

sonable, Improvements have been suggested in order to as-

sess the model's reliability, and to improve it to the

level of an actual public policy-evaluation tool.

Thesls Supervisor:

Title:

Steven Lerman

Assistant ~~ Professor of Civil Engineering
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Chapter I - Introduction
 ee

The title of this thesis highlights the fact that it

1s 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

questions: 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

Introductory 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-

sists of an overview of the study and a brief summary of

the following chapters.

1.1. Purpose of an urban simulation

The concept of "urban simulation" is identified with

the ldea of utilizing the processing capacity of a computer

to represent various 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 lnterconnections explains the

contributions of the computer: three objectives are stated

in order of increasing ambition.
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1) to synthesize the understanding of the urban de-

velopment. A large number of studies have focussed on the

behavior of the various actors and submarkets that constl-

tute a city. These analyses are useful to the cltiy-planner

only to the extent that the interrelatlonships between them

are also represented. This effort to synthesize 1s manda-

tory: an example among others is the impact of a new trans-

1t line on the housing stock of a zone serviced by the line.

A primary impact would be the choice of that residential

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 alternative ls

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,

given all necessary exogenous data. This is achieved 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 given 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 analysis of these policles can be performed, In

order to be given a value, the criteria of evaluation must

be defined as functions of explicit attributes. Hence, as

far as some cuantitative tools can be defined to evaluate

a program, the urban simulation potentially provides a

powerful tool for the city-planner,

There is no need to underline the harm of a model

which misleads the decision-maker because of its poor wval-

idity., Two conditions of validity deserve special interest:

the representation should be reproductible, in lo-

cation,to take advantage of other studies, but essentlally

in time so that the model keeps 1ts 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 avoid any ap~

proximation that would make inaccurate the description of a

phenomendn, This has been a constant concern ln the present

study. For example, 1t has been attempted to describe

faithfully the transportation impacts: the demand model does
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take them into account 1n the process of generating the

consuner's choices.

nese requirements necessitate the addressing of some

Lmportant issues in the designing of an urban simulation.

1.2, Three baslc issues in the designing of an urban sim-

ulation:

1) A crucial point is to appreciate whether a model

relies on a correlative approach (such as the consideration

of trends), or reflects the very nature of the observed phen-

omena by usluag a behavioral description of them. As dis-

cussed above, thls 1ssue 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-

Llty should be present in all three of them:

» "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

modeling of employment in a behavioral way is difficult

because the decisions depend on a lot of exogenous factors

which are not yet satisfactorily known.

The supply of houslng is probably easier 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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eo The demand-modeling involves a lot of issues: it

must consider a vast number of types of decision-makers,

a great number of choices (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

consldered individually without losing some accuracy. They

should rather be generated jointly.

Finally, the "market clearing" is the equilibration

of the supplies and demands, basically through the deter-

ming tion of equilibrium prices (salaries for the market

of employment, rentals for the housing-market...)

Very different approaches have been followed by pre-

vious researchers in this field. One important issue 1s

the choice between an optimization technique (i.e. the op-

timization of an aggregated utility) and a dynamic adjust-

ment mechanism. Again, the essential criterion to choose

among these approaches 1s the expected reliabllity of the

model, In that respect, chapter three explains the choices

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 its close interconnec-

tion with city-planning. In M.L. Manheim's terminology,
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this lnvolves "type III" but primarily "type II" relation-

ships. Type III relationships describe the modifications

of the network decided by the policy-makers to lmprove the

level of services. Type II applies to the impact 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-

sential that this latter type of relationship can be bullt

in a model of urban simulation. This raises a difficulty

that has been mentioned about the second condition of valid-

1ty of the model: if Type II relationships are most of the

t ime present in the existing models, thelr impacts are often

underrepresented in the formulation.

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

here is the problem of computational capaclty. Despite the

huge improvements which have been achleved with respect to

the size and efficiency 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

baslc dimensions are the geographical zoning, the inter-

zonal transportation data, the stock of housing and corres-

ponding prices, the types of households and the character-

1stics 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,



1,

-1-

the modellers who meet this problem have to find methods

to keep the model under control. Since such methods al-

ways lnclude some sort of approximation, attention 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 lssues ln the

present study: this study is an attempt to bulld a new

urban simulation characterized by what was thought to be

the best trade-off between exhaustiveness, behavioral

validity, and feasibility.

Two basic components of the model have not been Crom

ated, but are borrowed from two sources:

- the supply sector and several other linked formula-

tions are derived from a simulation currently implemented

by the National Bureau of Economic Research (NBER). This

simulation is 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 has been to prove the feasiblllity of a model bene-

fiting from the two contributions. This has caused some

problems, because of the large differences between the two

og pproaches: the demand model was based on an entirely dis-
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aggregate approach and the consideration of joint choilces,

while developers of the NBER simulation adopted a more

zlobal point of view (e.g. the market clearing process 1s

the maximization of an aggregate utility), and sequential

cholces.

Thus, the study has basically consisted of ousting

together these two approaches:

Bh first, conceptually, in addressing the lmportant

{ ssues which have been discussed in section 1.2. (these

developments are the content of chapter three)

4 acond, practically, by formulating the model it=-

321 F.

Since the purpose of the study was to undertake a

feasibility study, it 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 city, but rather to appreclate whether or not

the objectives have been met (computational feasibility,

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 characteristics

of thls case study.

Finally, Chapter five draws conclusions about the model,



wlBw

its strengths and weaknesses. It addresses tine lmprove-

ments which should be achieved and indicates the author's

point of view about the potential of thls new urban model,
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Chapter 2: Relationship with other existing land use

models

The art of urban modelling 1s stlll in an early enough

stage so that no single approach has prevailed. There 1s

a plurality of models which differ more or less widely, and

when designing a new formulation, it is useful to compare it

to the alternative formulations. It clarifies the funda-

mental choices that have been made.

Because of the relationship with the NBER model, the

following review of existing land use models addresses two

1ssues: How does the NBER formulation compare to other

models? What 1s the relationship between the NBER and the

bow 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.

2els The National Bureau of Economic Research Urban Slmu-

lation and the other land use models

Several 1lssues differentiate the existing models: the

degree of behaviorality, the level of disaggregation, and

several other basic characteristics.

2el.1. Causal versus correlative models:

The concept of behavioral modeling means obtalning a

reliable description of the spatial allocation by capturing

the residential location behavior in quantitative terms.

In opposition to that, the statistical models rely
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only on a number of correlations between several

urban attributes: the rationale 1s that these relations

are stable enough to allow thelr extrapolation and hence,

to generate predictions,

The most noticeable in that category is the "Empiric"

model, which assumes an additive linear construct. Several

characteristics make its usefulness questionable: the house-

holds make their 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 be-

havioral content: they finally encompass the whole appllic-

ability of the model,

In general, it 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 obtain macro-descriptions: this is to be opposed to the

classical aggregate prediction~models.

This latter category includes the pioneering "Lowry

"

model which has been at the root of a number of important

developments. The Lowry location of residences is a func-

tion of the location of employment and the transportation

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

axpected residential density in the zone 1s 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 disaggrega-

tion of the locating population: first, a total number of

households 1s 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.

2el.3. Other characteristics

Three other lssues provide the opportunity to compare

the NBER formulation with some of 1ts predecessors: the

time-orientation, the consideration of supply, and the

so-called "Monocentric assumption"

The time-orlientation

Another factor limits the usefulness of the Lowry

Model for the purpose of forecasting: the model generates

an instant clty., It does not consider the path of adjust-

ment between the current status and the forecast equili-

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 modified,

Because of the importance of that foregone issue, the

models which generate only a long-run egullibrium cannot

actually be relied upon as forecasting tools and guldes to

public policy.

This problem 1s solved by using a behavioral descrip-

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

spective: the modifications are described period by period.

To reflect a realistic adjustment, only a portion of the

households or employment are moving in each period: the

description of the housing stock and residential distribu-

tlon is progressively evolving. In fact, the city is viewed

in a constant dynamic disequilibrium which 1s modified by

the current period decisions of demanders and suppliers of

urban goods.

The TOMM model, which has already been referenced, has

that time-orlientation as opposed to the Lowry Model from

which 1t 1s derlved,

The NBER formulation does consider the issue of time-

adjustment. It incorporates an explicit description of

the current housing-stock. A special "filtering" submodel

describes its evolution over time: a decline in quality 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

2gach period.
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Quoting the authors of the models, this improvement

of a time~dynamlc description obviates that embarrassing

Lssue of "destroying cities every night and rebuilding

them the next morning"!

Consideration of the supply:

A considerable improvement has taken place wlth another

Lowry-derivative, the "Bay Area Simulation Study" (BASS).

Until then, the models were basically demand-orlented; sup-

ply considerations 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 choices of landlords and developers influence

the demands, and hence the physical changes in the city. A

typical example is the discouraging of an over-demand 1in 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 it with the de-

mand to predict the locational declslons.,

As stated before, the NBER modellers have dealt ex-

plicitly with that issue. There is an endogenous supply

activity which is 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

easily accessible to the center: there is a trade-off be-

tween a larger amount of residential land and reduced com-

muting times for people working in the center.

This is at the root of the monocentric urban land use

models: they have provided valid descriptions of such phen-

omeng as the central-city declines in population.

The most famous is the Alonso's formulation: he applies a

consumer~theory to the housing-demander. Each household

maximizes its utility by choosing among three goods:

employment accessibility in terms of dlstance from

2 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 transportation

costs depends on the residential space consumed, and charac-

teristics of the household (essentially the income).

Further developments of Alonso's work have proved to

be useful tools to analyze a number of urban phenomena. The

"bid 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 typically lead to the loss of a direct analy-

tical solution for the land market equilibrium in the city.

Even so, there 1s a serious loss of realism in viewing

the employment as concentrated in a very small portion of

the urban space. The more promising land use models have

totally departed from this assumption; they represent the

employment as spread over the total surface; then, work-

trip-based models locate the families in relationship with

thelr workplace: work-trip data, such as travel-time and

cost, are associated with the choice of a residence.

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 consideration of

the radial length of the trip, and comparative attractive-

ness of zones associated to the same length. That inter-

zonal probability matrix is applied to the distributlon of

employment to forecast the residential location.

The NBER approach, too, relles on a spatial distrlibu-

tion of households with workplace in a given zone. This
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distribution is generated by application of the "consumer

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

orice", as explained below.

This brief overview of some existing land use models

did not pretend at all to be comprehensive: the few mentioned

models have been chosen to highlight the affiliations and

origins of the NBER simulation. A more complete review

gan be found in different papers such as:

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

"Quantitative models of Urban development" oy B.

Harrie

"Urban land use and Transportation Models: a state-

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

» Chapter 3 of S. Lerman's PhD, thesis.

and

Documentation about the NBER model, for the preceding

following issues, is avallable in:

"The Detroit Prototype of the NBER Urban Simulation

Model" by G. Ingram, J. Kain and R. Ginn,

Progress reports are also published by the Bureau to

acknowledge the changes occurring.

Recent lssues are discussed in 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 initiated

in 1968 and the first calibration was based on a study of

the city of Detroit. Then, it 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 following research: to explore

the impact 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 specifications which have been maintained in

developing the new model, and a more detailed one of those

which have been significantly 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 sections, the "new model"

ls referenced, but the descriptions apply to the NBER sim-

ulation primarily.

2e2e1le Specifications which are maintained

The following components are these portions of the NBER

nodel 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 houslng types and a

six times smaller number of household types has been used.

- the emphasis is not put on the same 1lssues. The

NBER, mostly because of its being currently funded by the

"US Department of Housing and Urban Development" (HUD), is

concentrating on a housing program evaluation: in particular,

this justifies the consideration of many housing types. The

new model,as stated in the introduction, 1s more transport-

atlon-oriented and focuses on level-of-service variables.

Ihree submodels of the new formulation have that character-

istic of not differing significantly from the NBER approach:

Ihe Employment Location and Population submodels:

These provide exogenous data about

- the change of employment, for each of nine basic

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 retirement

I'he Mover and vacancy submodel:

[t generates the households' moving declsions 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 information to

the supply sectors, For reasons largely developed in the

next chapter, this sequential order as well as the demand

allocation itself are entirely modified in the new version:

the content of the mover and vacancy submodel however, 1s

unchanged.

Flltering 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 housling-stock change ls 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 simpliclty,

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 1s subject to various constraints which

have been initially or progressively established: they are

zoning constraints, activity constraints, and one constraint

of not exceeding the expected needs for the period: in the

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

as opposed to the new model where there is a total sube
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stituta bility between the types,and one unicue 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 (this procedure has been changed in the new

model; this issue is 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 version, namely "Pittsburgh II", the price-

prediction 1s more sophisticated: the supply sector takes

into account expected changes in neighborhood quality.

This factor is thought to be of a considerable importance

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

2e2e2e Demand Allocation and Market-Clearing submodels

The essential modifications brought to the NBER per-

spective amount to respecifyling these two submodels. As

explained in the next chapter, these two issues underlie

the averall philosophy of the model.

The Demand Allocation

One role of the simulation 1s to assign the housing-

demanders to the various markets: thls requires generating

the demands, then matching them with the availabilities per

market. 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
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be a formidable task if a demand estimation procedure was

to be calibrated for each "market".

Alternatively, the demand 1s 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 housing is a more easily discretized

dimension than is the location).

The assignment of households to housing-types is prob-

abllistic: probabilities are generated, and interpreted

as the proportions assigned to each type. The criterion

which determines the choice of a type 1s called the "eross-

price": it is a measure, aggregated all over the zones, of

the housing and transportation costs, for the considered

housing bundle. (The aggregation procedure is at the root

of a major criticism encountered by the NBER formulation:

this issue 1s largely discussed in the next chapter.)

On the basls of the gross-prices, the z2llocation is

serformed through a procedure which has been modified over

Sime:

- initially, in the Detroit Prototype of the NBER,

linear demand functions were used.

- In Pittsburgh II, the choice-theory 1s applied with

a Logit formulation. This happens to be also the tool used

in the new model to specify the demand (but in addition,

the secuentlal process 1s dropped in favor of a joint-

choice model),
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The Market-Clearing and price adjustment

The market clearing is an assignment to resldentilal

zones of households having done the preceding cholce 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 behavior that

attempts to optimize a collective aggregate: thls assumption

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 its decision according to 1ts 1n-

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-

cram are the market-signals that cause a prlce to increase

or not. The adjustment procedure itself is sophisticated:

. each zone 1s 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 1s observed.

. the "one-period price" in a non-marginal zone is ob-

tained as the sum of the value in the marginal zone plus the

locational rent of the zone,

che "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 enly persistent trends can have an im-

pact on the final prices.

Before undertaking the description of the new model

in the next chapter, the following section summarizes the

characteristics of the NBER simulation, and gives 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

l mprovements in the art of urban simulation:

- it is basically a work-trip oriented model: the

workplaces are determined prior to the locational decision:

the multiplicity of the employment-locatlions 1s recognized,

- 1t 1s a dynamlc-adjustment model, which explicitly

takes into account the existing housing-stocks and the pro=-

cess of thelr evolution.

- 1t involves a supply sector and matches the demand

with it to assign the population to residentlal zones, and

to modify the current prices.

- it performs a high level of disaggregation in the

classification of the housing demanders, as well as in the

screening of thelr alternative choices.

Besldes, it is thought that the behaviorality of the

model could be improved in two resoects:
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« another specification of the demand allocation,

grounded on more attributes than the sole gross-price
&lt;$
a

many other factors play a role in the consumer-preferences,

(the convenience of shopping in the zone, the proportion

of non-white residents, etce...). Above all, a Joint choice

of zone and houslng-type is recommended,

» Another assignment process and price adjustment

might be more realistic 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 potential modifications are considered

by the designers of the model:

- the consideration of a non-unique 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 being

neld constant in each period, like it currently is).

- a modification of the demand allocatlon: 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 their precise residential

location.
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Chapter 3: Theoretical Issues in the Adopted Permulation
CTeT - -_— a J : TT—————

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 joint dlsaggregate demand model

the supply sector

the market clearing process

5.1. The capacity problem

3«1e1l. Introduction

Once the framework of a model is defined,there 1s the

problem of the computational capaclty needed to implement

it. Whatever are the performances of the most recent com-

puters, an urban simulation 1s an extremely complex process,

which raises the problem of capacity.

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 decision-makers. However,

it 1s desirable to address here the problem, for two rea-

sons s

- Since 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 potential users of such techniques = with

the resources of a large clity-administration = the costs

involved by the model are more acceptable, but there 1s

still the 1ssue of not exceeding the capaclty of even

larger available computers.

This is why the adopted formulation tries 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 in the

following terms. As it will be explained in section 3.2.,

the demand sector comprises

# 288 types of users

*

n 12 types of households

24 possible work-places

up to 480 alternatives

4 types of housing

24 possible residential locations

2 mod®l1l choices

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 available alternatives, this would

reguire:

288 x 480 = 138,240 pleces of information
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Several of these arrays (distribution 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 lnvolves

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 aims at reducing the amount

of storage needed.

5.1.2. Reducing the amount of stored information

The method utilized in several parts of the model 1s

based on the following ideas: 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.

wher wl
oo

lherefore, considering a two-dimensions matrix (A131)

PD ia the number of values related to the first dimension
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Q@ 1s the number of values related to the second dimension.

The purpose 1s to decrease the p m q numbers to be stored:

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

sums S1, and gq vertical sums TJ.

A od

5 = Si

—

L

J

fo
-

»  vy

The problem 1s: having stored the Si and Tj, how to create

an "acceptable" value of A1J? All that can be done is clear-

ly an approximation, since (p #= q = (p + q)) pleces of in-

formation have been lost in the process.

But this was the whole point!

In mathematical terms, a system of (p 4 Q) 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 solution.

The svstem is:

Asay =e os +44 +o Hd, = Sq

Dp equations

Ay1 Feoooth 4 *e ¥A = Sy

7 equations A11 +ooathyy +o. 4d, = I,

Aq ¥eeoth, teodA = Ty
L.
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in reality, there are only p + q@ = 1 equations and (p # q)

- (p + q) - 1 degrees of freedom, since there is the com-

pulsary relationship:

- 3 Poo o#S, = Ty doaodT Z sum V of all elements in the

matrix.

fortunately, there is a simple form of a particular

solution, which 1s:

Alyy = _Si= 1]
1 |

[t 1s straight forward to check that this solution satisfies

2 A's = 132.5, = 1,
v

and 2_A'y, = 512 Tj = si
3 Vv J

Though the value defined by (1) cannot be taken as

the actual value of Aygs one can have an estimation of the

validity of the approximation. If the Ag 4 in each given line

(respectively column) are constant, the formula (1) gives

the actual value Ay ge As a matter of fact;

if Ay = 5 for each i and j,then the formula (1) gives

A'yg = Sim T) mA, (S1Fawdyy,

Ve T4 +o. 4T = axl),

since all TJ are equal.)

In the general case, the validity of the formula (1)

1s related to the variability of the element 8494 in the line

i and column J: this variability can be reflected by the

ratlo of the variance oy in Line 1 (or oy in column J) to
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the mean value Si of that line (or TJ] of that columm).

a p
The validity of the formula (1) can therefore be gualitative-

ly appreciated by the criterion:

o
1 3 —d = pq

Si/q T3/p

di dj

Si T4

A typical satisfactory value would be .20

This method is not applied in the case of a two-dimen-

sion matrix (which is usually easily stored), but in the

case of a multidimensional matrix. An example 1s borrowed

for the model: it 1s the matrix RES (j,H,K,1) of the num-

ber of households

with workplace in Zone J

of household type H

-1living in a housing of type K

- with residential Zone i

The full information would involve

24% 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 (3, H, kK, 1) = RES (HK, 1) # RES (4,1)
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 designed

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

5.2. The joint disaggregate demand model:

In the introduction chapter, 1t has been pointed out

how critical is 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.

» This 1s true for the supply 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.

This effort has to be still more emphasized on the

demand side: the demand involves a large number of cholces

and decision-makers. The final cholces 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 certaln

level of sophistication for a demand model to reflect the
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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 giscussed. These can be grouped according

to three l1lssues:

- the choice model: a multinomlal Logit

A disaggregate model

- A joint-cholce model

5¢2¢1es The choice model: A multinomial Loglt

The socio-economic behavior of the consumers of urban

coods and services 1s captured by a utility-orlented ap-

oroach. The consumer is assumed to be rational and to max-

imize his utility. On that basis, two objectives must be

schleved:

-a) the utility must be specified to take into account

211 relevant factors in the preferencesof the consumers, in-

cluding their socio-economic characteristics.

-b) Assuming that the utilities are correctly speci-

fied, the entire process of forecasting the aggregated



choices must be defined. The inherent uncertainties in

the description of the utilities have an lmportant result,

namely, the probabilistic nature of the cholce predlictlons.

a) Specification of the utilities:

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

ory" according to which the consumer chooses among a "set

of alternatives", each alternative being characterized by

a list of attributes. On that basis, "specifying a utility"

means to determine the list of relevant attributes, while

keeping two lmportant 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 its parameter must be differentiated as

to which alternative is chosen. Otherwise it has no in-

fluence at all on the cholce prediction. (The utility is

specified under an additive form but is not an absolute

value index: such an attribute would alter all utilities by

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

2) A cholce has been made between two possibilities:

calibrate one utility (i.e. find out the parameters

of its 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 being more simple. The other alternative 1s describing

more accurately the differences between the various consumers.

With the chosen option, the same remark as the above

applies: the socio-economic variables should not appear

as such, but its influence must be differentiated as to

which alternative 1s chosen. This should be achieved in

a way that reflects the behavior of the cholce-maker. For

example, it is assumed that the income of the household is

influencing the choice of housing, auto-ownership, and mode

of transportation, by the intermediary of the "remaining

income" after taxes, transportation and houslng expenses.

This "remaining income" represents the money resources which

are available for general living expenses, lelsure, luxury

items... Hence, the choice of an alternative as opposed to

another is modifying the impact of the soclo-economic in-

come-variable in the utility.

This chapter includes a brief review of the demand

attributes: since they should be considered in connection

sith the set of alternatives, i.e. the "mobility bundle",

thelr description belongs to section 3.2.3.

b) Forecasting the aggregate choices:

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 "cholce 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 consumerischoosing among a variety of

goods and services, and 1s maximizing hls utility by de-

clding the optimal amounts of each consumptlion,under an in-

come constraint. The basic characteristic of that approach

1s the assumed continuity of cholces. It is 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 falthfillly the nature of these individual

choices. These are represented by a set of discrete al-

ternatives. An example where the consumer is faced with

discritized alternatives, would be the following choice be-

tween:

living in a walk-up apartment near workplace and

owning no car, or

- living in a suburban area, in a single famlly dwell-

ing and owning a car used for work-trips. In thls case,

a household 1s clearly confronted with discontinuous choices

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

- the dimensions of the alternatives are to be des-

cribed

the alternatives are discrétized to form

set" avallable to each comsumer.

the “"echolce

The first issue is addressed in section 3.2.3. where

the "mobility bundle" is defined; the second step refers to

the issue of aggregation, developed in section 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, thls cannot be

expected to reflect exhaustively the rationale 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 maintain

validity, the forecasts made on the basis of the utilities

cannot be deterministic: only the probability of choosing an

alternative can be inferred, That 1s the root of using what

is called a "random utility model".

Then, to generate aggregate forecasts, the probability

of a given alternative is interpreted as the expected share

of the total group whichwilll 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

cholce 1s made deterministically - in that respect the



choice is the one which maximizes the random utility.

This approach allows one to take into account fac-

tors that cannot be captured explicitly.

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 tapic 1s not

discussed here; only the basic components of the adopted

formulation are referenced, A first assumption is the

independence of the disturbance across individuals; thls

excludes imitation or leadership effects.

Another essential assumption 1s 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 pald to speclfy-

ing properly the choice set, while avoiding any pair of

correlated alternatives. Some attention must be pald in

specifying the utilities: thelr deterministic part should

capture as much as possible the similarities between two

alternatives.

The last step is to assume an identical 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 alternative 1 in

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

Ty

2(1 . Ss) - or,

slg

where V is the deterministic part of the utility function.

This formulation has been adopted, and is 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 calibrated 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 studies: 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 issue of aggregation

The concept of aggregation applies to both consumers

and alternatives.

Level of aggregation of the cholce-makers

The model is a disaggregate choice model, which means

that the aforementioned choice theory applies to the in-

dividual decision-maker; aggregated forecasts are then ob-

tained by summation.

The use of disaggregate models has increased 1ln the

recent years due to the qualitles of that approach. In

the present case, these qualities are basically a higher

statistical validity, but it is not true that the dlsag-

cregation improves the behavioriality of the model. The

improved validity comes from the fact that no aggregation-

bias is introduced prior to the application of the choice

theory. However, thls perspective 1s only theoretical,

because 1t assumes that the model 1s applied separately

to each individual characterized by his own set of socio-

economic 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 declslion-level

- the suitable 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

decisions".

The sultable grouping of households 1s 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 1lncreases

the capacity requirements: the chosen number should be con-

sistent with the overall size of the model.

In the present model, it was chosen as 12 instead of

the 72 types of the NBER formulation. However, one dimen-

slon has been added: it 1s the race of the people in the

 «- u
household, The figure of 12 1s the result of the cross-

classification 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 decislion-units

goes much further than that, Each household type 1s also

classified 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 1s that the model gen-

erates the choice 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 choices are made considering the "primary worker"



 4 Qu

~2) The breadwinner currently has a Job in a given

workplace. The choice of his residence, described in the

model, 1s heavily dependent on the consideration of time

and cost of hls trips to work,

Since the workplace 1s chosen prior to the model, 1t

has to be an input for the mobllity 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 gulte a disaggregate description of the

population, but it implies an increased computational cost,

It is thought that an accurate representation of the be-

havdors is achieved that way.

Furthermore, the model escapes a serlous source of

error which often deteriorates disaggregate predictions:

once the probabllities of cholce for each decision-maker

are forecast, the distribution of those has to be known

in order to reach aggregate results; this distribution 1s

often not avallable, and some blas takes place.

On the contrary, this model keeps track of that dlis-

tribution throughout, and the problem of aggregation 1s

solved by a simple addition: no error is introduced,
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there 1s only an initial aggregation-blas coming from the

consideration of segments of population instead of indiv-

iduals. Because a falr level of disaggregation is achieved,

this blas 1s presumably quite small: thls is documented in

PF. Koppelman's paper "Travel predictions with Disaggregate

Choice Models".

Aggregation of the alternatives

The multidimensional nature of the alternatives is

addressed in the next section. 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 cholce of residentlal location and housing cannét

take into account every vacant unlit in the city. Instead,

each dimension 1s discretized.

For the preceding example, the dicscr-.tization amounts

 oO a choice 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.

This poses a problem of consistency. Since the de=-

mand model forecasts the probabllities of choosing each

alternative, the grouping of these alternatives should be

taken into account: in other words, if it 1s decided to

group two zones into one, the probability attached to this
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new zone must be the sum of the two previous probabilities.

This requirement is easily satisfied with the Logit 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
n~ ¥

x

- 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-varlable, but it is not a

good measure of the attractiveness of the zone for people

willing to live in a given housing type. It makes more

sense to consider some volume of the stock of that housing

type in the zone:

#if one uses the number of vacant units, it 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 formmiatlon:

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: thls is done by an expliclt procedure

which essentially causes an adjustment of prices.
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# Therefore, the adopted slze-variable is the sum of

the currently occupled plus the available stock of the

glven housing-type in the zone. Involving the total stock

obviates the problem of the preceding pages The introduc-

tion of the available units - including new constructlons

- allows the demand to be generated in a zone where that

housinec-type was not existing previously.

3¢2¢3. The Joint cholce model

The last important characteristic of the demand 1s

to be represented by a Joint choice model. The alternatives

are multidimensional and the decision 1s 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

l1ssue must not be confused with the possibllity of using or

not using a sequential estimation of a Jointly structured

modell) The sequential form assumes that declsions at one

step are contingent upon the declsions of a previous step;

for instance, the comprehensive set of declslions made by

8 household 1s an example of sequential cholces. As a mat-

ter of fact:

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

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

Conditional on it, the "mobility bundle" is 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 selection of a mode to go

shopping 1s heavily dependent on the number of autos avail-

able, The auto ownership decision 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 1s a sim=-

ultaneous choice of several items which interact in a com=-

plex way, and cannot be considered as hierarchically

ranked, Here, the use of sequential formulation is a mis=-

specification; 1t cannot reflect the true behaviorality.

It 1s thought to be the case of the mobility bundle, the

description of which points out now the interconnection of

its various components.

"The mobility bundle"

The contents of this section have been referenced

several times before: it describes the components which
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underlie the Jjolnt choice demand model. Since this model

is utilized as it has been calibrated in S. Lerman's

thesis,the reader should refer to that study to get a

more detailed description.

The mobllity bundle comprises four elements which

are all medium-term declsions, and closely interact:

The residential locatlon has been described as a

choice between 24 Zones.

- Related to that choice is the one of the housing

type. For instance, living in the center 1s associated

with a smaller probability of staying in a single-family

structure, Furthermore, the same houslng-type corresponds

to different lot-sizes in the different zones. The set of

a housing type and a residential zone wlll be referenced

as a "market",

- The decision of auto-ownershlip is linked to the

previous choices: primarily, there 1s less rationale

(because of a better transit network), and more drawbacks

(because of higher costs and congestion) to own 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 is 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 1s that it

influences the most other decislons such as the Location

of residence. An illustrative example 1s the zones not

serviced by transit, where only car-owners can decide to

live. Only two alternatives, car-to-work and transit,

were consldered, since they cover a very large proportion

of the cases.

Sensitivity to Transportation impacts:

This issue has been at the root of the essential

modification brought to the NBER formulation, that is

adopting the Joint choice demand model. This point 1illus-

trates the advantage of Jointly representing decisions

when they are thought to be simultaneous. For the purpose

of comparlson, 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 is 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 given workplace, one gross price is

computed for each housing type XK, and each residential

zone then, one unique gross-price is associated to each
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type K: it underlies the probability of choosing that type.

This uniclity necessitates some method to aggregate over

the various zones. In the Detroit Prototype, that was

achieved by a welghted averaging of gross prices. In the

latter version, the measure is the gross price of the unit

at the lowest fifth percentile.

Whatever is the method, it decreases the sensitivity

of the model to transportation 1lmpacts, because local phen-

omena are not well represented, Since the documentation

of thls fact 1involves the entire model, it 1s easier 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, is extended to a close suburb: it 1s expected

to implement there the construction program, Most of the

familles in the segment have no car; they are Transit cap-

tives, and the Transit line offers to them a new possibility

of residential location:

- In the NBER perspective, the attraction effect of

that market in 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 1t would actually capture. As a matter of fact,

more people in the reality would choose this housing-type

because they would have simultaneously selected the new
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- In the new model, there is no a priori subdivision

into housing markets: the houslng-type and location are

declded jointly. In the example, the true fraction of the

segment will choose the new opportunity. It wlll generate

the supply through a price effect (compensated by the sub-

sidies): finally, the physical prediction of the model will

ilffer from the NBER.

Therefore, the model offers more possibllities to ap-

preclate 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

translit; all of them play a role in the demand process;

they can easily be modified to reflect any transportation

policy.

Several outputs are related to transportation

1ssues:

#the auto ownership per zone and household

housing type.

tvpe or

# 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 ¥ehlcle-Mile-Travelled

for work-trips per day (V.M.T.) 1s a relevant measure: it

ls used to evaluate several policles such as energy-saving

or anti-pollutlion policies,

# one measure of satisfaction 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-

tinations and the two modes of all speeds (defined as the

ratio 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-webiclae tra-

vel times, The present definition was chosen to reflect

true figures of speed,

It is expected that the speed ie higher for long diss

tance trips ( the influence of access-time being propor-

tionally lesser)ithe comparison should be made between

zones of the same category, like central, close-suburbs

far-suburbs.

Such criterla may be useful to document a transporte
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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 slde,

there are not so many differences with the NBER formu-

lation. It addresses the method of generation of the

demand (as opposed to its allocation precedingly described),

the supply process 1tself, and some issues of price and

profitability.

5¢Je1l. Generation of the demand:

The supplies of housing are assumed to antlclpate what

wlll be the demand for housing in the next period. This

is generated in the "mover submodel", then input in the

supply routine itself. It comprises four sources;

demographic changes result ln the creation of new

households in search of a dwelling. They also cause the

dissolution of households because of the mortality or

other reasons, The latter process generates available

units, but no addition to the demand.

- The intrametropollitan moving (for which statistics

are avallable by economic group , essentially the age

of the head), It increases both the demand and the number

nf vacant unite.
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- The in-and-out-migration to and from the city,

the balance of the two, together with the balance of the

demographic changes, explains the population growth of the

city.

All the preceding data are avallable in the form

of rates, Applied to the population figures per house=-

hold type and workplace, they give the mobility forecasts

for the next period.

They are added to the residues of the last period

to form the total demand: these residues and the "non

located people", that is, the people who have not found

the housing they wished to. At the same time, there are

some "vacant units" which have met no demand in the last

period, The existence of these two eategorlies was the

chosen formulation, as opposed to a "forced allocation"

of non-located people to some vacant units. The latter

is what happens in the real world, followed by a new at-

tempt to move in the next perlod: the formulation has the

same effect in all respects, except that theoretical

view of provisional "hotel residents": this criterion

1s one way to evaluate the degree of convergence of demand

and supplyey as 1s discussed in chapter five.

5¢3«2. The supply process

A percentage 1s added to those forecasts to take

into account the imperfection of the market: it can be
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termed the "dynamic vacancy rate" since it reflects the

needed oversupply to locate all the housing-demanders.

The total indicates to the suppliers a maximum, but not a

minimum, number of units to provide. It 1s called "total

demand",

The behavior of the supply sector 1s now explained:

The supply 1s a medium-term lssue, as opposed to the

demand, Bulldling a new housing unit takes more time then

searching for a sultable dwelling. This 1s basically why

the supply process takes place only once per period, while

the demand and market clearing are iterated to reflect a

short-term equilibrium, (A "period" is any medium-term

lapse of time, which 1s chosen in relationship with the

horizon of the simulation, The implemented case is a four

years simulation, and the period is equal to one year).

The description of the supply relies on the assump-

tion of Proflt-maximization; this determlnes:

-i)the maximum number of operations, which is the pre-

viously introduced "total demand". This departs from the

NBER formulation, since there 1s one overall constraint

instead of one per housing-type: therefore, it assumes a

substlitut.abilityofhousling-typesinthepreferences

of the consumers, This assumption is linked to the

Jointness of the cholce process: because the type and

the location are two dimensions at the same level of the

mobility bundle, an alternative can be substituted for



-61 =
_=.

“y

another, even if they differ in the two characteristics.

In that light, the suppllers do not segment their predic-

tions of demand; they only rely on the information of the

last period, communicated by the prices.

This l1ssue 1s discussed further in chapter five.

-2) the order in which they are undertaken, which is

the order of their profitability: the latter is reflected

by the ratio of the future inflows (that 1s the stream

of rentals) over the current and future outflows:

|*3 the current outflows are the construction or modl-

fication costs.

# the future outflows are the foregone rentals if a

unit is transformed into another; if the construction 1s

made from scratch, they are the price of land, made equal

to the present value of theoretical "land rentals" for

computation convenience. That issue invelves a considera-

tion of prices and capitalization factor which is addressed

in the next section.

Finally, the supply activity is subject to various

constraints which reflect the real-world situation: they

have been elaborated to take care of some unrealistic

outcomes, in particular by the designers of the NBER

simulation.

There are three of then:
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-1) One input constraint; in the case of a transformas:

tion, 1t is obvious that the number of new units is lim=-

ited by the number of vacant lnput units, It is not a

one-to-one correspondance 1f the lot-slzes are différent

for the two structures,

If the activity 1s construction from land, a constraint

i= imposed to reflect the reasonable amount of activity

tolerable within a period. Only 10% of the remaining de=-

velopable land can be bullt in each year.

=2) Another limitation reflects the same concern of a

maximum construction activity. Since one type of struc-

ture can be built from several inputs, it is also imposed

that the total stock of each type in each zone must not

increase by more than a given "market absorption factor"

of 104%.

-3) Finally, there 1s a constraint to perform a real=-

istic distribution of the activity all over the city. No

more than 20% of the total output of one type can be built

in one given zone. The results show that all those con-

straints are operating. For example, the first limits

the amount of new construction in the center; the third

regulates the bullding of single-family dwellings in the

suburbs.

5343. Some issues of price:
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The rationale of landlords and developers 1s based

on the prices they expect for the rentals, or selling

prices expressed as the present value of future rentals.

This point 1s the basic link between the market-process

and the physical development of the city. The prices are

the vectors of information between the short-run variations

of the demand and the medium to long-run modificatlons of

the city. Several difficulties are raised from the attempt

to use prices which at the same time:

are those vectors of information

- gare realistic representations of the true market-

prices. Some of these difficulties are explained below.

Rental prices:

The rentals are the outcome of the market clearing,

as explained in the next section. Baslcally, the prices

decrease or increase accordingly to an over- or undersupply:

this latter case can be generated by two situations:

- there is no supply in the considered market due to

a lack of profitability. The demand wlll put a pressure

to increase the price until the operation becomes proflt-

able. The market-clearing 1s designed to reflect that in-

crease realistically in timing and magnitude,

there is a pesitive but insufficlent supply, be-

rause of one of the constraints: here the real-world con-
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sequence 1s not the same price increase as before: this

would not increase the supply, but only discourage the

demand until the equilibrium is reached at some unreal-

istic high price. In reality, the price would level

somewhere, and the market would provide some other type

of information than the price to discourage the demand,

Several remedies have been thought of:

# A control can be placedon the prices to avold sharp

increases. For instance, it can be smoothed with the pre-

ceding values. However, that would be at the expense of

the market-equilibrium, which is at the core of the model.

# In opposition to the aforementioned choice of take

ing a"size-variable”equal to a total number of units,

thls variable can be taken as the number of available

units: thls would carry the information and discourage

the demand wlthout increasing the price to an exaggerated

degree. However, for the reason stated in section 3.2.2.,

it destroys the meaning of the market-clearing in the gen-

eral case, That 1s why that alternative has not been

adopted, Therefore, the determination of the price has

not been changed: the success of the convergence process

has been preferred to the realism of price. Therefore,

in some cases, the price may be over-estimated because

of the very nature of the model (however, 1t does not af-

fect the validity of the prediction for the physical stocks):
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furthermore, the more sensitive the demand 1s to a price-

Increase, the less disturbing it is.

In that respect, the current formulation of the choice

model can probably be improved: all costs are influencing

the demand through one variable "remaining income". It

1s the after-tax revenue of the household less the trans-

portation and housing costs. The variable itself is the

logarithm of the remaining income: this probably causes a

too small sensitivity to prices. The elasticity should

be blgger, especlally for small values of the remaining

income. An alternative is to use an harmonic function of

the remaining income y:

where

A (1-B(H))
y

B(H) is a "base remaining income" for the households

of type H,

»n

A 1s the utllity of an infinitely cheap alternative.
&amp;

A

 ?
or

_”

7

remaining income y

In the Logit formulation, this would be the same as using

the simple variable B(H)/remalning income.

because the additive constant A has no impact on the DPQ

babllities of choice
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Price of Land:

Another difficulty arose with the determination of

the price of land. The theory is as follows:

Two units of the same housing-type but in two differ-

ent zones have different values (practically, their rental

prices are not the same)The difference 1s a locational rent

which can be described as the variationofthepriceof

land under that housing type (this defines the surface of

land price within an additive constant which is the lend

price at the fringe of the clty: the latter can be taken

equal to the agricultural land price).

The price of land in a zone 1s defined as the weighted

average of the price of land under the various housing-

types.

The difficulty 1s thatitgenerates unrealistic high

values. Two explanations are available:

- the difference of rental is also due to a differ-

entlal of quality. By attributing it solely to locational

rent, one overestimates the price of land,

- 1t may be relevant to consider the various prices

of land under one housing-type rather than the averaged

value. One reason is that all lots are not usable for all

houslng-types, because of possible zoning constraints.

The unique price was assuming a total substitut ability

of land ,which is not realistic.
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The initial formulation has been empirically

manipulated to reduce the land prices to reasonable values:

an exhaustive study of the problem seems necessary to come

out with a more adequate representation.

The capitalization factor:

This 1s needed to transform a capital expense into

a stream of future values, or vice-versa. It takes place

when computing the profitability ratios of the suppliers

of housing. It has been seen that the denominator may

include a capltal expense such as a purchase of land, a

construction or transformation cost. This expense is made

homogeneous to an annual rental by applying a rate which

1s the time-preference rate of landlords and suppliers.

This rate has been estimated as follows:

L 4% of pure profit rate before income tax (3% after)

2% as a risk-premium for the non-licuidity of the

investment

44 of depreciation cost, assuming that the mainten-

ance 1s supported by the landlord.

B 1.5% for the charges to be pald by him (heating,

electricity...)

fac.

1 2% for property taxes

™is amounts to a 132% rate, or a 7.7 capitalization§

pe P=
: JL
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For owners, there 1s a saving of 1% income tax, so that

the rate is 12% and the factor 8.3. For the land, there

1s no depreciation nor charge: the rate is 7.5% and the

factor 13.3.

It seems a posteriorl that those rates may have been

overestimated by something like 1% to 2%.

3.4, The Market-Clearing:

This part again departs entirely from the NBER

approach, The theoretical basis is different, a consid-

eration of convergence is added and the equilibrium prices

have another meaning than in the NBER model.

5.4.1. The theoretical basis

The fundamental choice is to use a dynamic price

adjustment mechanism as opposed to an optimizing tech-

nigue, like the NBER linear programming approach. In the

theoretical case of a perfect market, the two methods are

equivalent. Two reasons have been thought of to prefer

dynamic adjustment:

- If the optimization technique had been chosen,

the NBER minimization of an aggregate gross price would

not have been chosen. The demand choices involve many

other conslderations that the prices (as many as there are

components in the utility function). Therefore, an aggre-

cate utility would have been maximized.
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This would have posed a major problem: the available

utilities are only the deterministic parts of the true

"random utilities"; only these latter represent the actual

preferences of the consumers (the first ones are intermed-

aries to compute the probabilities of the different

choices). Unfortunately, they are unknown, which is the

least one can expect from disturbance terms!

- In reality, the market is not perfect. Basically,

there are time-lags and viscosities, It 1s then more real-

lstic to model the true interactive assignment, and to

represent those imperfections, than to rely on an optiml-

zing technique.

The key-factor in the chosen approach 1s the confron-

tation of demand and supply on each "market", that is in

each zone and for each housing type. This process 1s a

short-term one. Furthermore, there is a continuous pres-

sure on prices reflecting the every-moment preferences of

houslng-seekers, A model cannot capture that continuity.

It was thought that a satisfactory description 1s to im-

plement several market-clearings in one period in order to

reach the equilibrium, In each step, the prices are modi-

fied according to the excess supply or excess demand; then,

the demand allocation model is 1lterated and the demand pro-

gressively adjusts to the supply situation. It is impor-

tant to underline that this does not involve the supply
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activity which 1s implemented only once per period.

These 1terations have g high computational cost.

In fact they comprise the major cost of the simulation.

However, it is desirable to maintain that repetition for

two reasons:

-1) If no iteration takes place and the modification

of prices 1s merely input in the next period, the model

falls its major objective; there will be no equilibration

at all in the short-run, and a weak trend of convergence

in the long-run, That is an unacceptable departure from

the reality where there 1s an ecuilibrium, within a small

range of market-friction.

~2) If the demand is iterated only once to meet the

supply, the convergence will be improved, but still be

quite vmperfect. Furthermore, to have some efficiency,

the model would require an abrupt manipulation of the

pricess this can lead to excessive housing values. A

bigger number of smaller iterations enjoys more realism,

wf

The adopted formulation is to iterate until either

the two occurna-

- the convergence-test, explained in the next SEQ=

tion, is met, or

- the number of three iterations is reached, which

means four implementations of the demand allocation.
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In each lteration, the prices react to the under-

or oversupply, expressed as a percentage p. Furthermore:

point of

the market reacts only beyond a dilsequil 1

aw a

£2

Eo rium

» After 5%, the adjustment takes place with a de-

creasing elasticity when the disequilibrium increases,

For extreme values, there 1s a maximum changeBdepending

on the sense of the adjustment.

- 1t is equal to 20% Jer iteration when the price

Increases, This means a maximum of 73% increase within

a period, if the disecuilibrium pertains despite the mar-

ret mechaniesm.

- In the case of an oversupply, it 1s thought that

the prices do not decrease with the same elasticity.

Landlords and developers "protect" somehow the market

against noticeable collapse, Per iteration, the maxi-

mum is 10%, or 33% for three consecutive iterations.

The response curve has the following form.that

lles on a summary empirical calibration.

Tre-—

% change = BE # (1 - 17/612 + p))

vhere
E 1s the maximum percentage of response.

Pp 1s the percentage of disequilibrium.
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3.4,2., The convergence test:

Whatever is the efficiency of the market mechanlsm,

1t cannot be expected to realize a formal equilibrium.

This would require an infinite number of 1iteratlons;

besides, there is in the real world some friction which

prevents the market from being in a perfect state of equi-

librium, Consequently, there must be a range ln which the

convergence 1s considered as realized, When this test 1s

satisfied, no further market-clearing iteration 1s required

(otherwise, they take place up to the maximum number of

three). The test is defined as follows:

First is computed an "average rate of undersupply" for

the entire city: it has been seen that the supply activity

1s limited by the number of "total demanders", but is not

required to reach that number, Therefore, the ratio of

final avallabilities to "total demanders" is less or equal

to one: its complement to one 1s the average rate noted

n AVELY
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In that light, the eculllbrium means that the pressure

exerted by the excess demand 1s equally spread over all

the "markets"; 1t should not be a zone 1 and housing type

k for which the demand is satisfied while a large under-

supply takes place elsewhere. Each market should absorb

a portion of the total undersupply, proportional to its

slze, that 1s the size of its supply.

In mathematical terms:

DEMD (k,1i)
are the|demand on the "market" (k,1)

AVAL (k,1) supply

TDEM

are the average

TAVL

valu=sLo)

At the equilibrium:

DEMD(k,1) - AVAL(k,1) = AVAL(k,1)(TDEM - TAVL)

ATT,

DEMD(k,1) - AVAL(k,1) = TDEM - TAVL

RA AVAL(%,T[bind “=tr

The left hand side is the local rate of disequilibrium p(k,i)

The right hand side is the average rate AVED

That 1s for the perfect equilibrium. The convergence

test Ls met when the two figures do not differ by more than

3,

| p(x,1) ” avED |&lt; .03

That 1s not quite yet the formulation of the conver-

gence test; instead of implementing it for each "market"

(k,1), some substitution is allowed: the test has to be

met only for each housing market k. The four figures which
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are submitted to the test are averaged over the Zones,

The weights that have been chosen are the slze of the

supply in each zone: it makes the test easler to meet

since the "hard" zones are usually undersupplied and their

rate 1s affected by a small weight.

A more demanding test would be to welght according to

the demand in each zone. As 1t is, the test is:

24

Y  AVAL(k,1) | p(k,1) =- avep| &lt; .03
1=]1 TAVL =

for each houslng-type Kk.

3.4.3, Characteristics of the equilibrium

The equilibrium is now explicitly defined. Within

the test of convergence, the allocation of demanders to

sach "market" is known; two issues have not been addressed;

at what prices is the equilibrium met? How are the various

types of housing-demanders distributed? The cholce of a

market-clearing process 1s not neutral in those respects:

Existence of equilibrium prices

Since the mechanism relles on a price adjustment, 1t

ls important to know whether they are one,or more than one,

vector of prices that allow supply and demand to balance.

This necessitates some mathematical development about the

impact of rentals upon the probabilities of cholce:

A "market" (k,l) is represented by a unique subscript 1.
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A decisional unit (a household of type H with workplace

ln J) 1s represented by m.

34

pl

nt
1

p

total supply of 1 (1t exists

total demand of m

: demand of the market L by m

3

total supply

is "markets" in total)

D : total demand

The equilibrium defined in the preceding section 1s written:

D - D2 =es os0eses =

55°F a= 2
tT. OS 1)

since that is equivalent to the equalization of the pres-

sures on the different markets, which 1s written:

Dg -51 D2=52

Ca

 ~~ ewe J
 )

The logit formulation implies:

pt m

1 = e VL

mT
(2)

where ut is the deterministic utility of the alternative

1: the rental Ry aggocliated with it plays a role through

the sole variable "logarithm of remaining income", with a

parameter aj it is written:

a
m

Ln(Y, Rq }
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rf includeg all other revenues and expenses, among which

the Transportation costs (the Transportation subalternatlves

are not considered in (2); there is no loss of generallty

for the current development; it suffices to consider that

the suscript m designates a decisional unit and one Trans-

portation alternative. This simplifies the following cal-

culations),

If VB 1s the exponential of the sum of all other

rariables., then:

ind

LU}1

(2) becomes:

m _ pmo
DI =D |

- Ry)peTR (

yi mTf -Ry)°
2 vm, (yn" wo

|T 1 By
.

(3)

“4
i

Since Dy = 2_Do, the condition of equilibrium (1) becomes:
— 7 wm wen[J] w=

Do
m

gI ym 2

SVM(YT-R.,)*
| T1 SRS

- Sp * 3» for each 1
(5)

For the purpose of analyzing the prices Ry, (5) is

to be viewed as a system cf L equations to the L unknowns

R, »

In reality, the system comprises only (L - 1) inde-

pendent equations: the L equations are linked by a trivial

equality obtained by summations of left and right hand

gid: [=
» =
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2 Dm *4 =2_s *D
m 1 S

which 1s nothing else than:

D Dw
-

8

Therefore, there 1s one degree of freedom in the system,

and the vector of prices 1s known only when one of them 1s

fixed.

In other words, when the market clearing iterations

lead to equilibrium, this can be performed by a non-unique

modification of rentals. It is of importance to analyze

what reality reflects that non-unicity of a solution. For

that purpose, some knowledge is useful about the following

lssue: howdtwo vectors of rentals compare,which realize

the same equilibrium?

It 1s provable that all prices move in the same sense.

If R and P are two solution - vectors:

R £ P, for all 1, or R. &gt; P, for all 1.
1

demonstration:

The situation R, &gt; Py and Ry &lt; Py is now proved impossible.

for
all m: DI' (R) (v7 - nL (YD - 2) DI (P)

DE (R) (YP - Ry)* (YP - p.)* DZ (P)

by summation, that would 1mply:

ZL? (R) 3 DF (2)
m + &lt; m

z DT (R) z pin (®)
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which is illogical since, according to (1), both sides

are equal to D¥Py

Consequently, one solution-vector 1s derived from

any other by an increase or a decrease of all rentals

in the vector (it can also be shown that the higher ren-

tals in the vector 1ncrease = or decrease - less than the

lower: the demonstration involves a differentiation of

the system (5) and is somehow long to report here).

Interpretation of the non-unicity of prices:

A market-clearling interation 1s a price adjustment

to respond to a lack of balance between demand and supply:

since the process itself leads to a new equilibrium, it

also determines which solution-vector will be reached.

It is essentially in the response-curve of section 3.4.3.

that that information is burled.,

What reallty should reflect this formulation? The

market has some viscosity: the house-seekers do not have

a perfect information: it takes time - or forever - for

them to discover all the alternatives; the eculllbra tion

between under- and over-supply does not function perfectly:

this viscosity puts more or less pressure on the markets,

and causes the prices to increase accordingly. Conse-

guently, the market will reach an equilibrium at one level

of prices, or at a higher one, according to its level of

imperfection.

That reality is to be captured adequately by the
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market clearing process. Thls is important because not

only the level of prices will depend on the mechanism of

orice adjustment: the allocation of "markets" to housing-

demanders will also be modified, and hence the physical

evolution of the city.

As a matter of fact, if the general level of prilce

is modified upwards, the weight of the rental will be heav=-

fier for the lower-income family who will shift progressively

to cheaper housing-markets: in other words, the income-

segregation 1s relnforced,

In conclusion, the designing of the market-clearing

process 1s of much importance to capture the true behavior

of the market. The exposed formulation 1s thought to be

qualitatively sound: it is, in no way, supposed that the

figures used are accurate: there is still a serious need

for a statistical work to improve the representation of the

real-world phenomena. This is true for the price-deter-

mination and several other "innovative" issues that have

been exposed in that chapter. It 1s recalled that this

work 1s a feasibllity study rather than a true-prediction

effort: the next chapter documents that lssue of feaslbllity

with the implementation of a case-study.
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Chapter 4 - The implementation of a case-study

Thus far, the theoretical grounds for a new formula-

tion of urban simulation have been exposed. This chapter

consists of a feasibility study and describes the results

that have been obtained.

4,1. The Case - Study:

This section includes the description of the modeled

city and of the data needed to initiate the simulation.

4,1.1. The modeled city

The city of Washington has been chosen: in fact, the

entire "Statistical Metropolitan Standard Area® (SMsSA) is

considered as the urban field of experimentation.

This cholce has been made on several grounds:

- It 1s a large city where all relevant urban factors

are represented, In particular, there is an important

transit network which services more than half of the res-

identlal zones. The remainder of the zones are avallable

alternatives only for car owners.

- A falr amount of data are avallable. The two most

useful sources have been various Census tables, and the

1968 "Washington home interview survey". This latter pro-

vides a lot of information about the housing and transport-
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atlon decisions of the households. Since a large portlon

of the initial data comes from that source, the implemented

simulation 1s starting in 1968.

The most important reason by far is the avallablllity

of the demand-model discussed in the preceding chapter:

the logit formulation requires a large calibration effort

which would have been out of the reach of this thesis. For-

tunately, S. Lerman, who has bullt this demand specifica-

tion, has 1lmplemented 1t on the same example as Washington,

D.C., 1968, The behavioral structure of thls model allows

some transference, but rather in time than in space, Fur-

thermore, certain variables apply exclusively to Washington:

an example 1s provided by the per-pupll school-expenses var-

lable, which take positive values only outside the District

of Columbia, Hence, it was recommended to start from the

same case study, in order to use the calibrated model as

it was.

The issue of aggregation of locational alternatives

has been addressed in chapter threes twenty-four zones have

been used, They respect the existence of circumferential

rings: three of these rings are located inside the square

of the District of Columbia, two of them are outside the

D.C. area and delineate a close and a far suburban area.

Bach ring is divided in several zones which have been

designed in a trade-off between two objlectlves:



-
—

r

J.2

- the zones should be of a comparable size of popula-

tion.

aan they should be as compact as possible to lnsure the

meaningfulness of the transportation data aggregated in

each zone.

The map on the next page illustrates the selected zones,

4.1.2, The initial data:

It 1s recalled that the model represents a tlme-re-

current process; starting with the data of the last period,

the model performs the followlng operations:

-1t generates the moving households and

vacated units

stock of

-1t describes the supply  oc ~
Ehwr  &gt; ty= ty on the basis of the

last perlod prices

-1it predicts the demands and matches it with the

supply in a market clearing iterative process, until a

convergence test 1s met (or a maximum number of iteratlons

performed).

-it finally assigns the households to vacant units,

and operates a book-keeping function: all the classiflcations

of the residents are updated, vacant units and "non-located

people" figures are ready for the next period iteration,

together with prices.

This clearly indicates that the amount of information

desired at the time-horizon requires an equivalent amount

of initial data; this has implied a substantial data- col-
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lection effort.

The simulation requires another kind of information

to perform the time-recurrente: this consists of demogra-

phic and employment-modification data per period,

The implemented simulation has a four year time horizon:

this was thought to be adequate to observe some of the rel-

svant transportation impacts.

4,2, Results of the implementation

Before describing the results, the form of the outputs

is briefly discussed.

4.2.1, Form of the outputs:

They are of two types:

The model keeps track of the distribution of the

households among a large number of categories: housing type,

workplace, residence zone, level of auto ownerhilp, mode-to=-

work, and a number of cross classifications of the preced=-

ing. The storage requirement is multiplled by three, since

these classifications apply at three stages in each perlod:

the initial number of families, the number of movers and

the number of relocating people in the category. This a-

mounts to a huge qunatity of information: it would not be

appropriate to print all those results.

- A selection of the forecasts 1s effectively printed;

it has been chosen to allow a simple interpretation. They
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include some information provided in each period, and time-

horizon predictions.

¥ In each period, a table reflects the results of the

consecutive submodels: these are a distribution of housing

demanders by household type and workplace, a count of the

constructions and transformations per zone and types, a ma-

trix of available units per zone and type, the results of

the convergence-test achleved in the market-clearing iter=

ations, the final distribution of the demand per zone and

type, the classification of "non-located people" per work-

place and household-type: and the important evolution of

rentals and price of land per zone, Some of these tables

are enclosed to illustrate the results interpreted in the

next section.

# At the end of the simulation, the important varil-

ables which describe the urban areas' evolution are repre-

sented by a series of zonal distributions. These include:

population data, like the density in the total pop-

ulation, the proportion of black households

rentals and the price of land data

transportation data: modal split, auto-ownershilp,

and the ériterion introduced of "generalized speed". This

Information is provided by both tables of values and an

11llustrative format of output: a mapplng of the city where

2 lighter or darker shading represents higher or lower
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values of the measure.

Some mapping for the four year time horizon are in-

cluded to allow the reader to make his own opinion about

the informational content of that format.(see Figs. 4.2-4,6)

4,2,2, Interpretation of the results:

It must be clarified that the purpose of this section

1s not at all to draw clty-planning oriented conclusions

about the city of Washington. An actual utilization of

the model for 1ts final forecasting purpose would require

anyway the previous definition of an explicit policy-test-

ing program.

Alternatively, the objective of this section 1s to

describe the time-recurrent implementation and to analyze

the behavior of the various submodels.

In the first period, the mover submodel generates

the number of movers which amounts to a proportion of 23%

of the total number of households. This high value 1llus-

trates the U.S. high rate of mobility; since this is the

source of the modeled urban evolution, it can be expected

that within five years, the model will be significantly

modifying the shape of the city; however, thls is in ac-

cordance with the reality, and still avoids the criticism

of an instantaneous relocation of all inhabitants. (see Tab.4.7)

The supply activity takes two forms;

the construction of new units from landjowner oc-
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cupled single family dwellings are bullt in the suburban

zones, The construction of garden-style housing and high-

rise structures takes place both inside the District of

Columbia (the small lot-size per unit compensates for the

high price of land and makes the operation profitable), and

2lso in some suburbs.

= the transformation of single family dwellings for

the purpose of changing thelr tenure: a proportion of the

tenant-occupled units become owner-occupied. The magnitude

of that transformation is surprising: it 1s thought that

this prediction is unreliable and caused by lnaccurate

initial data (the selling price of the owner-occupled

houses being overestimated).

After the supply, the total number of avallable unlts

1s slightly smaller than the number of housing-demanders:

there will be an inherent undersupply during the perlod.

This latter is larger if one conslders the buffer stock

necessary to locate all the housing-demanders ln the con-

text of a non-perfect market (this 1s the meaning of the

aforementioned "dynamic vacancy rate"). In that perspec~

kive, the "percentage of supply" rate indicates that only

27.3% of the total needs before construction are met by the

supply sector in perlod one.

Then, the demand allocation and market clearing pro-

cess are iterated. The "rates of disecuilibrium" of the
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four housing-markets are as high as 20%, which indicates

that demands and vacancies do not balance very well. This

ls particularly true for the high rise structure market.

Again, this surprising disequilibrium of the market

is due to inaccurate initial data which blases the distrib-

ution of forecast demands. The comparison of the two tables

"Total Avallabilities" and "Demand in period 1" allows to

find out for which housing-types and zones there 1s the

least balance between supply and demand,

As a consequence, there is a large number of "non-

located people": it has been explained before that 1f peo-

ple who cannot locate in the zone and type of housing they

wished, become "non-located", they will try to relocate

in the next period. (The rationale of that formulatlon 1s

largely discussed in chapter five). Because of the disequl-

librium, the "convergence-test" developed in section 3.4.2.

1s not met: the demand and market-clearing lteratlions are

performed up to the maximum number of three. In that pro-

cess, significant price adjustments take place. The demand

reacts and tends to match better and better the availabili-

ties: this is clearly documented by the fact that the "rates

of disequilibrium" are decreasing iteration after 1teration.

Since the supply generation is not iterated within a

period, only half of the distance to be covered to reach

the equilibrium is actually covered. Therefore it 1s not

surprising that the rates after the third iteration are

still high, in the order of 10% to 16%.
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The undersupply in period 1 results in a general

increase of the rentals for period 2: more supply activities

are profitable. In particular, there are much more new

land constructions; the change of tenure for single-family

dwellings has practically ceased: the operations of the last

period have led to an oversupply of owner-occupied units;

their selling-price in several zones has decreased and most

of the transformation from tenant-occupied to owner-occupied

are no more profitable in period 2. In that respect, it is

interesting to note here what happens in period 3: some

transformations back from owner-occupied to tenant-occupled

units are observed. It means that the adjustment of prices

between the two types has gone a little too far in some

zones. This documents the necessity to iterate the market-

clearing process, as discussed in section 3.4.1.: the lower

the number of 1terations there are, the higher the probabili-

ty of overshooting the equilibrium.

The results of the Demand/Market Clearing iterations

in period two are interesting: they prove that the whole

model is reflecting the trend of the market to be in equil-

librium. Two criteria show that the necessary adjustments

have taken place between period 1 and period 2:

- the market clearing rates of disequlllibrium are

significantly lower, in the range of 10% to 16% for the

first iteration, 6% to 12% for the third. This still ex-

ceeds the 3% convergence-test, but the model is clearly



G6=

self correcting the initial misspecification of data.

go the number of non-located people has decreased by

25%

However, such adjustments have necessltated some

modifications of prices which deserve attention: the sin-

gle-family dwellings in zones 15, 16, and 22 for example,

or the garden-style apartments in zones 8, 13 and 14 have

been in a continuous state of undersupply: the prices have

increased as much as they were free to do, which amounts

to a tripling of prices within two years: This is unrealls-

tic, and due to a misspecification of the demand, as eX=-

plained in the next chapter. (see table 4.8)

In period three, the supply is still more active:

the bulk of new construction takes place for the garden-

style apartments, in the District of Columbia and in the

first outside ring. The total number of availabillitles

now exceeds the number of movers, but not the "total needs"

which include a buffer stock. The rates of disequilibrium

are again significantly decreased: 4Zto 12% in the first

iteration, 2% to 10% in the third. Two of the four markets

already meet the "test of convergence". The number of "non-

located people" 1s divided by two. As in the previous per-

iods, there is no subsidy, which means that all the house-

holds have been able to find at least one housing such that

their "remaining income" after taxes, housing and transport-
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ation costs, lg positive, (See table 4.9)

Tre situation in period 4 is not very different from

period 3, The rates of disequilibrium are smaller and,

except for the high-rise apartment market, very close to

meeting the convergence-test. However, it should be noted

that, because the simulation is incremental instead of cre-

ating an instant-city, the model takes some time to absorb

any disequilibrium. This 1s a quite realistic characteris-

tic of the market. (see table 4.10)

Since period 4 is the last in the implemented simula-

tion, the corresponding maps and tables of data are printed

( see figures 4.2 to 4.6 )e The map of "generalized

speed" 1s particularly explicit: it shows that the transport-

ation level of service, by car, transit or both, 1s better

in the west belt of the urban area than in the eastern one.

The North-East corridor has particularly low figures of

"generalized speed". It is interesting to note that this

map has some resemblance to the map of rentals: high rents

seem to have some correlation with good transportation

levels of service.

The map of rentals and the map of prices of land are

very different-looking: though the rentals are higher in

the suburban areas, the price of land is still higher in

the central zones, because of a more dense utilization of

the land. It 1s the map of residential density which shows

resemblance to the map of prices of land.
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Finally, the map of auto-ownership shows the strong

disincentive which exists for owning cars inslde the Dis-

trict of Columbia.

The implementation of the case-study has pointed out

several conclusions:

two kinds of improvements are to be made. The col-

lection of more accurate initial data is rather simple as

opposed to the respecification of the demand model, which

is a conslderable task.

. The imperfection of the quantitative results does

not encumber the validity of the model. It has been proven

that this model very satisfactorily represents the behavior

of the suppliers, the preferences of the consumers, and the

trends of the market. The sample of results that has been

discussed shows the richness of the interpretation which

1s made feasible by the avallable forecasts. ¥lnally, the

computational requirement for the implementation 1s rea-

sonable: 11.6 minutes of execution on IBM 260-270 , for

a cost of $77. Purthermore, for the purpose of larger im-

plementation, the author is convinced that the computa-

tional efficiency of the simulation can be improved.
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Chapter 5 = Conclusions and Recommendations

The first conclusion is clear to the author of this

paper: constructing 2 new type of urban simulation is a

large task. It was beyond the scope of a master's thesis

to design a formulation which would have all the gualities

required for an operational policy-evaluation tool. The

author ls perfectly aware that there remains a lot of work

to do in order to improve the reliability of the predictions.

However, this study has proven that the simulation is tech-

nically working, and that all the market reactions are re-

presented qualitatively, if not also quantitatively. Fur-

thermore, 1t 1s thought that the approach is very promising

for its final purpose, that 1s, to be a forecast and evalu-

ation tool for urban and transportation planners. Its

strong market-orientation and the comprehensiveness of its

description should insure both 1ts reliability and useful-

ness.

At the present point of its construction, it is

thought that this chapter of conclusions should be restric-

ted to two kinds of issues: what conclusions can be drawn

and what recommendations can be made concerning the imple-

mentation of the method? In the long run, what 1s its po-

tential usefulness?

5.1. Conclusions concerning the model-implementation.

For the purpose of future improvements of the model,

it 1s useful to highlight the main difficulties that have
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been met, and to make some recommendations about possible

| mprovements.

5.1.1. The "internal coherence-test':

This issue 1s at the same time a cause of difficulty

and one of the biggest assets of the model: it deals with

1ts market-orientation, as 1s explained below:

The model relies entirely on the representation of a

market mechanism, as opposed to what can be called a "forced

allocation”, This latter approach characterizes most of the

operating models, lncluding the NBER in some respects:

- 1) A fair proportion of the existing models are pure-

Ly demand-oriented: they forecast the preferences of the

consumers, but do not match them with some supply data.

Therefore, they escape the lssue of assigning the households

to a vacant stock which a priorl does not meet perfectly

the demands. The accuracy of thelr predictions 1s still

to be proven.

= 2) The NBER simulation does include a supply sector,

but stlll does not have what 1s referenced below as an

"intermal coherence-test": in practical terms, the for-

mulation does not allow the results to show large inconsis-

tencles, even 1f these lnconsistencles were to disclose

some sort of misspecification. Three remarks support

this gtatement:

-3 Yo There 1s indeed a demand submodel which indicates
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the choices of the consumers among the different housing

types. However, the total demand for housing of a glven

type cannot be smaller than the corresponding supply: this

supply 1s generated subject to the constraint of not ex-

ceeding the expected demand. This is one of the constralnts

of the supply-submodel, as it was mentlonned in chapter two.

This "safety" seems to be somehow at the expense of

realism, The supply 1s clearly a longer term activity

than the demand, and it is not likely that the suppliers

could wait for the current demand to orient thelr construc-

tion and transformation activities. At best, they obtain an

aggregate forecast of the needs and an approximate predic-

tion of the shares of the various housing-types. Thelr

main indicator remains the market prices: these both deter-

mine the profitability of thelr undertaking and reflect

the preferences of the consumers. For the concern of be-

haviorality the prices should be the essential determinants

of the content and magnitude of the supply activity. In

the NBER simulation, the worst that can happen 1s an under-

supply for certain submarkets: this results ln an lncrease

of price which lasts until the profitabllity is sufficient

to generate a supply. But there 1s no possibility to observe

a shift of the demand that would result in a large oversup-

ply in one market and undersupply in another. However, it

is thought that the aforementioned constraint has been mod-

{ fled in the current NBER version, in the sense recommended

a bovea.
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-b). Once the households are assigned to houslng-types,

there is no matching of thelr locational preferences with

the stock of availabilities per zone: in the NBER model,

these preferences are just not disclosed! As explained in

section 2.2., the market-clearing operatés what can be called

a "forced assignment" to existing availabilities. That is

quite different fromgenerating the demands ex-ante, then

matching them with the number of vacant units. This is

clearly documented by the fact that the linear-programming

optimization is performed subject to the constraints that

the allocation to each zone does not exceed the dorrespond-

ing supply. This approach fails to faithfully reflect the

reality, for the following reason:

the optimization does capture the pressures that the

market ls exerting. The shadow prices generate a modifica-

tion of the rentals accordingly. However, this adjustment

1s well represented only if the market-pressures are SO,

which in turn assumes that the optimization algorithm cap-

tures the true behaviors of people. This assumption is, at

least, not obvious because the market is not perfect,and it

1s likely that the optimization will assign some households

to some locations which differ from their optimal individual

cholce., In the new model, such households which cannot sat-

1sfy this choice become "non located" (this amounts to re-

flecting the likelihood that they will try to relocate in

the coming perlods), In the NBER approach, they are assigned

to a place; the only wav people can be "non located" 1s be-
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cause of the overall undersupply, but not because of the

zonal undersupply in the location of thelr choice. What

1s somehow misleading is not only that the behavior of such

unsatisfied households is foregone: there 1s also no crit-

erlon for warning the user of that issue. On the contrary,

the new model provides an estimate-of the convergence: if

the total number of "non-located people" increases signifi-

cantly over the total undersupply, the convergence 1s not

achieved. The market-clearing "rates of disequilibrium"

provide a cross-checking.

~c), In the NBER approach, since the balance of supply

and demand is insured by the preceding mechanism, it 1s

feasible to manipulate the prices 1n order to keep them

in realistic ranges. It 1s the case of the rentals which

are exponentially smoothed with the previous values,

order to avold abrupt changes.

in

3) The new model does not have those safeguards:

since the prices are the unicue factors of equilibrium,

they must be free to move as much as 1t 1s necessary to

achieve the ecullibrium., If thelr variations were exog-

enously constrained, the model would not make sense any-

more: therefore, the convergence-ablility of the model 1s

preferred to the realism of prices. However, the two are

achieved at the same time 1f the specification 1s correct.

If 1t 1s not the case, the prices wlll presumably depart

from reasonable ranges to attempt to realize the equili-
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brium: this is therefore a way to check the validity of the

model, referenced as an "internal coherence test". In the

implementation, described in chapter 4, this criterion has

indicated that there is some misspecification, presumably

in the demand sector. Sectlon ¥.l.2. addresses the possi-

ble improvements to be made, Once the coherence test gives

satisfactory results, the model gains a falr amount of re-

11ability: there 1s then a fair probability that the mar-

ket mechanism 1s well reflected. Indeed, 1t does not mean

that no misspecification remains, but a first type of serious

misprediction is avolded.

&gt;e«l.2, Recommendations

In thls section, conclusions are drawn by analyzing

what 1s unsatisfactory in the result of chapter 4, in the

Light of the preceding considerations.

The first observation to be made 1s 2 low convergence

in the initial period: this can be checked with the too

high rates of disequilibrium of the market-clearing, or

the excessive number of "non-located people.

It is thought that this 1s due to the initial data:

1f some of these depart from thelr actual values, it is

expected that the same will happen with the demand or the

supply, and no convergence can be achieved in the initial

deriods., After a few years, the equilibrium process will

nave brought back the system to a new ecuilibrium: this can
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be blased by the initial misspecification.

Some data have been obtained through an averaging over

large zones of wide-spread values: those figures are inher-

ently unreliable estimates at the disaggregate level, In

the model developed, thls 1s particularly the case for the

initial values of the owner-occupled single family dwellings.

The second observation lnvolves the coherence test-issue:

the aforementioned lack of convergence ls progressively sup-

pressed because of the ecualizing trend of the model. How-

ever, 1t was observed that some prices have to be ralsed un-

reasonably in order for the equllibrium to be achieved. As

1t was largely developed in the preceding section, this dis-

closes a misspecification: it is thought that this deals

wlth the insufficient sensitivity to prices. The unique

variable taklng prices into account is the logarithm of

remalning income: it has been seen in chapter three that

this formulation presumably is inadequate. One alternative

was proposed In that chapter to improve the sensitivity to

prices.

Another possibility would be to introduce a new vari-

able reflecting how a rental compares with what the house-

hold is willing to pay in average for housing expenses. It

can take the form of a ratio such as the actual rental over

that average housing expense, specified per household type.

However, that new formulation departs from the under-

Lying idea that all the "primary expenses" (taxes, housing,

transportation) are substitut able, and that only the re-
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maining income is a relevant factor.

Finally, it 1s recommended that the formation process

for the price of land be revised: it has been seen that the

locational rent concept alone leads to excessively high

values, In the lmplementatlion, the values were exogenously

maintained within reasonable bounds. It 1s desirable to

design a reliable Internal price-generation mechanism: the

1ssue 1s important because the price of land 1s a cruclal

factor of the supply, and hence influences the whole process

of ecullibration.

52. Potential of the model

These long-term considerations rely upon the hope that

the model can be improved soon so as to reach the twofold

objective of realism and convergence. Thereafter, its re=-

liability as a forecasting tool would be proven. In that

expectation, two comments can be made about its usefulness:

-1) The first comment does not address the general ques-

tion of appreciating the usefulness of urban land use mod-

els: the model shares with all its predecessors the big

hopes and major criticisms which they alternatively gen-

erate. The comment deals with its original features.

One characteristic of the model 1s the comprehensiveness

of 1ts description, Because of the several elements of the

mobilitybundle, the model generates predictions about a
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number of dimensions;

For example, the knowledge of auto ownership and

mode-to~work makes possilbe a number of analyses:

- one has been discussed in chapter 4: it 1s the

number of vehlele-miles travelled per day for work trips

(VMI). This criterion is linked with a number of phenomena

that the policy-maker is Interested in analyzing. The pol-

lution level 1s one example, the consumption of gasoline

1s another. Therefore, the model is useful to evaluaté the

impact of public policles upon those two important issues,

In a multidimensional analysis, it can be sought to op~-

timize an aspect of the performance of the transportation

system, subject to the constraint that the total VMT re-

mains within a glven range.

- some other analyses nave not been explicitly form

ulated, but can very easily be on the basis of the inform-

ation generated by the model.

Since the magnitude and price of several consumptions

of urban goods and services 1s described, one can appreci-

ate various policies by comparing the increased utility

of the consumers, and the public cost involved.

This can apply to housing programs and the impact

of public subsidies on the demand; it also allows various

transportation policies to be evaluated: the interzonal

work-trip matrix amé model splits being available, it is
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possible to evaluate the lmpacts of

» a change in translit fares.

Tn an increase of auto-costs (for example through an

increased gas tax).

NC’k
-

8 the improvement of nar+e ~ f
be

pa LO rransportation net-

-2) As stated in the introduction, it is clear that most

of the potential of the model is transportation-oriented:

the second comment about its usefulness also deals with

transportation. More precisely, it addresses the poten-

tial integration of urban transportation network models

with urban simulations. As referenced in Putnam's paper,

this has been already attempted, with the following compo-

nents:

the urban simulation was the Lowry derivative

which has been described in chapter two.

iy PLUM

~- The chosen transportation package was developed

by the Planning Sciences Group of the University of Penn-

sylvania, 1973. Several results have been obtained and

would not have come out from the implementation of one of

the two models alone. This 1s particularly true in sub-

areas experiencing rapld development.

Because of its strong transportation orientation, the new

model is suitable to take place in an integrated package.
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- The network equilibrium model would generate the

flows and levels of service in each period: this would re-

flect the dynamic congestion effects which are currently

foregone by the urban simulation.

The latter would forecast the distribution of

activity which results from the status of a transportation

system. These relationships are typically ignored by the

transportation flows - equilibration models,

~ A last step would be necessary to insure the comn-

pletion of the simulation: the status of the transportation

network itself 1s subject to changes. These so-called

"type III" relationships are rooted by public policy-makers,

in consideration of the following two:

the current level of service

the predicted distribution of activity

The usefulness of the model 1s to forecast the effect

of alternative policies for the purpose of comparing them,

Therefore, the very exogenous factor is the description of

the policles to be tested.

However, for several=-years simulation, the initial

plan can be followed by a number of linked policies which

depend on the observed evolution: these cannot be initial

inputs and could perhaps be internally generated by the

integrated model. For instance, the model could auto-
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matically react to the level of service signals,

The following illustration deals with the implement-

ation of a new subway line: the initial decision would be

exogenously input. The extension of the line to a fast

developing subarea could be internally generated according

to the growth of the population in the area.

This field of research will presumably raise a lot

&gt;f difficulties but is thought to be very promising: the

simultaneous use of models addressing complementary lssues

of the urban development is certainly the appropriate way

to galn a robust knowledge of the whole process.

The author expresses his hope that the "new model"

will recelve further consideration, and maybe take place

one day in the ambitious construction of an integrated

Land Use Model.
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