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Maurice Kilbridge, Jon Didrichsen

ABSTRACTION, VERIFICATION AND VALIDATION IN
URBAN SIMULATION

The term "simulation", when used with reference to abstract models, has come to have two meanings. One has
to do with the way in which the model is used as a substitute or imitation of reality, while the other has to do
with the structure of the model itself. When the latter
meaning is taken, as it is in this paper, it serves to

distinguish analytic models from simulation models on the
basis of mathematical structure and tractability. Analytic
models contain precise mathematical statements that can
be solved - at least theoretically - by standard mathe-

essential. In urban simulation abstraction is achieved

mostly through aggregation and by assumptions that narrow
the range of situations. Aggregation is the grouping of
particular phenomena which share an essential common
characteristic into a single uniform set which is thereafter
considered and used as an entity. In the illustrative simu-

lation model presented later in this paper, the population
of an urban area is aggregated into five classes, employment into two, and land-use into six, thus reducing an
uncountable number of possible combinations to a manage-

matical operations, while simulation models usually include statements about relationships between elements
which, though sufficiently clear and well structured for

able set. Abstraction by assumptions is achieved by

conversion to a computer program, may have no mathe-

system.

matical solution.

constraining the real world system in order to eliminate
uninteresting, irrelevant, or non-essential states of the
With increasing abstraction the model becomes a more

A simulation model is a formalized abstract system with
approximate rules that enables one to predict or describe

and more structured and manipulable way of thinking

reality within certain limits. The power of simulation

applicable, in that it can no longer pertain to all cases
at all times and under all circumstances. At some point

rests in its ability to accept weak and inelegant theory a class into which most urban theory now falls. Descriptive statements that can be reduced to the logic of a
computer program can constitute the model. A realistic
simulation model is one that comes as near to the system

of reality as we can get; that is, the theories built into
the model are valid assertions about the way in which

about real world phenomena, but it also becomes less

the gain in managability will no longer outweigh the loss
in applicability.
The process of abstraction in the development of a simulation model forms a continuum with the real world at one
&amp;nd and a computer program at the other. To provide a

reality behaves.

systematic way of thinking about the process we will

Unlike the laboratory scientist, the urban planner can
seldom manipulate the objects of his study to find their

finable and clearly conceived level of abstraction. Figure

best arrangement or discover their natural properties or
laws. The scales of cost and time are usually too large

to allow experimentation with the physical elements of
planning, and controlled experimentation with the social
elements is rarely possible. By making a simulation model

divide this continuum into four sections. Each is a de-

] depicts these levels as a staircase starting from the real
world at the ground level, abstracting to a general conceptual scheme, a manageable set of relationships, a
model and finally a computer program. We will now
examine each of these levels in detail.

to represent urban functions, the planner can create an

artificial envirönment for experimentation in which he
can test hypotheses or try out alternative public policies
and programs.

From the Real World to a General Conceptual Scheme

The general conceptual scheme is the total theory about
how that sector of reality being modeled seems to behave,
It contains both systematic and intuitional knowledge

LEVELS OF ABSTRACTION IN SIMULATION

about relationships among elements of the city and tends
to be somewhat vague, qualitative and comprehensive. In

The development of a simulation model is an exercise in

the illustrative simulation model to be described in the
next section, the general conceptual scheme is based on
the concept of gravity, the notion, deriving from an anal ogy with Newtonian physics that people and economic

abstraction, the removal from the real world of those
elements and relationships that are considered non-essen-

tial to the.theory of the model and the retention of the
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From a Manageable Set of Relationships to the Model
The model is a formalization of the manageable set of

©) Se

Figure 1: Four Levels of
Abstraction in Development
of a Simulation Model

3)

(Z)

A)

Model

relationships, a stylistic interpretation of the propositions
contained in them. All relationships in the abstract system
must be made explicit and symbolic, and those which
cannot be are not included in the model.

Manageable

The model is made operational by determining the par-

Set of

ticular parameters and decision rules that pertain to the
specific context in which the relationships are to be
tested. The fitting of parameters for the model is in itself

Relationships

General

Cohceptual
Scheme

a process of abstraction. From an array of possible measures the analyst chooses one or a few to represent them

Real World

———+
Higher degree of abstraction
Less applicability
More structured representation

Higher degree of aggregation
More explicit assumptions

all: the mean, or mode, or the value "most likely" to

give a satisfactory relationship. Again using an illustration from the simulation model presented in the following
section, in structuring an equation for the attractiveness
of a tract of land, the parameters were set as trip-distribution functions and were fitted independently, based on
data gathered by a traffic survey.
With the simulation model we now have a formalized ab-

stract system represented symbolically by equations, flow
charts and diagrams, and logical statements of relation-

ships, that is capable, of reproducing phenomena likely
activity are attracted to each other by some force that
can be measured by mass, or size, of population and
distance from the center of activity. The general conceptual scheme can be structured to some extent and

to occur in the real world system. It can be used, under
test conditions, to generate a state of that system. But

until programmed for a computer it has limited practical
value,

presented as a set of statements or even as flow charts or

diagrams, but it is too vague and comprehensive to be

used for meaningful explanatory or predictive statements
about the urban environment. Elements of the general
scheme can be ranked according to perceived degree of
resemblance to real world phenomena, certainty of occurrence, or relevance and importance to the purpose of
the model, and such a ranking can assist in the next step

of abstraction.

From the Model to the Computer Program
The staircase of abstraction in Figure 1 shows that in
going from the model to the computer program we achieve
the final abstraction in system simulation. Abstraction is
involved in this step because of constraints in programm-

ing languages and techniques, limitations in the capacity
and speed of the computer itself, and the cost of pro-

gramming and running the model.
From a General Conceptual Scheme to a Manageable Set

of Relationships
The general conceptual scheme is not directly useful in a
simulation model; it must be further refined and abstracted
to a manageable set of relationships. Statements are re-

quired that observe not only the existence of the relationships but also their form.
The manageable set of relationships is narrower in scope

than the general conceptual scheme. Irrationality,
chance and individual behavior usually are set aside and

only relationships that demonstrate known or assumed
logical connections are retained. Quantitative or meas-

urable statements take precedence over qualitative
statements. Care is taken to exclude relationships re-

quiring data that do not exist, or that cannot be collected
or analyzed, or data that are incomplete, biased or

error-ridden.

The language in which the program is written sometimes
tends to limit the type and form of relationships that the
model can contain. That is, the method of modeling may
to some extent depend on the language that will be used
to program it. Some languages are well suited for pro-

gramming time series and probability models, for example,
while others are more suited for describing cross-section

and deterministic relationships. Since a full choice of
programming languages sometimes is not available to the
analyst, the need frequently exists to design the model to
fit that which is available, and this may result in a further distortion of realitv

Limitations of capacity and speed of the available comouter tend to limit the number of variables, parameters
and statements of relationship and their complexity, that
the model can contain. This limitation may be absolute,
in physical terms, or it may be felt as a cost constraint.

The ideal and unabridged program may simply take too

The manageable set of relationships can be visualized

Jong and cost too much to run.

and presented in much the same way as was the general

After all this abstraction one may well wonder whether

conceptual scheme, the difference being that the statements are fewer, more precise, simple and clear. They
are less true and descriptive of the real world than the
general scheme, but they are statements on which a
model can be based.
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the computer output still has meaning and validity in
terms of the real world system ‚it is supposed to represent.
One may ask, since the simulation model is to be used as
an experimental laboratory, how much faith can be put in

the experiments.

Before going into these questions of verification and
validity we will describe very briefly a typical urban

categories of industrial, commercial, residential and
vacant.

simulation model. By reference to it some of the more

abstruse aspects of abstraction, verification and validation can be discussed in a specific context. The mode!

is not presented in its entirety; only the essential relationships and those pertinent to the discussion of this
paper are included.

Functions of the TOMM Model
TOMM is an equilibrium model. It does not forecast or

project, since it has no mechanism for causing employment or population to change from year to year. Its

THE TOMM URBAN MODEL
TOMM is a simulation model designed to forecast land

use, population and employment in Pittsburgh and

Allegheny County, Pennsylvania. Its original formulation
is due to Lowry (1), a revised version was developed by

Crecine (2), and a second revision by Teplitz (3). Through
this process of evolution the initial letters "T.O.M.M. Pe

functions are to derive from externally prepared projections of basic employment the corresponding levels of

population and secondary employment and to allocate
these to 160 land tracts. The value of the TOMM model
Tes in its ability to show how a given amount of assumed
growth will be distributed among the land tracts of the
region. The function of the model is thus to determine the
patterns of growth rather than the amount of growth.

standing for "Time Oriented Metropolitan Model", have
lost their descriptive meaning as a title. In its latest form

it has finally reached the stage of practical usefulness.
Nothing in the model’s structure is unique to Pittsburgh;
with some adaptation it can be applied to other cities as

well.

Theory of the TOMM Model
To allocate households throughout the metropolitan area
TOMM must contain a theory of why people locate where
they do. The theory used is simply that people locate so

We will describe the TOMM model in terms of a concep-

as to be near, or have accessible to them, a center of

tual framework and paradigm developed for this purpose

employment. This accessibility concept is expressed as
the gravitational law that the residential attractiveness

in an earlier paper (4). According to this framework, the
basic elements of a planning model are its subject, func-

of a tract of land varies inversely with its distance from

of the model is the entity or activity that is projected,
allocated or manipulated by the model. The model’s

an employment center. The over-all attractiveness, then,
of any land tract is the weighted average of its distances
from all centers of employment. In mathematical terms

function is to project or allocate the subject, or to

this becomes:

tion, theory and method. Roughly speaking, the subject

derive new subjects. The theory of the model is the
set of relationships, stated or implied, that is assumed to

60

prevail between the subject and the larger environment.

i=]

The method is the mathematical form used to carry out
the projection, allocation or derivation.

E.
——

(1)

D..
!

A. is the attractiveness of tract j,

Subject of the TOMM Model

where

E.! is the total employment in tract i,
D'.. is the distance between tract i and tract {,
a '!is an exponent fitted from empirical data.

The subjects of the TOMM model are land use, population and employment. The model divides the Pittsburgh
metropolitan area into 160 land tracts. For each tract

TOMM considers the population, measured by number of
households, in each of five categories: high status, older
couples, lower-middle class, transitional, and low status
These categories derive from a factor-analysis grouping
of census variables.

TOMM recognizes two types of employment, roughly defined as "basic" and "secondary". All employment in

manufacturing, plus corporate staffs, universities, and

Having established the number of households allocated to
each tract, the model now divides them into the five
household types. Each type of household is assumed to
have a preference value for each of the other types, so
that its total preference for a tract is the weighted sum of

its preferences for the households already living there, as
given in the following equation:

N = ak Wp HH2

other "export" industries is considered basic. The product
of this employment is assumed to leave the model area.

N; „ is the number of households of type 1
7 in tract I

All other employment, mostly commerce and trade, is
considered secondary and is assumed to serve only the
model area. The model assumes that basic employment is
the driving force of population growth. The user of the

model! provides externally derived projections of basic

N’ 1 is the number NJ, j during the previous
where

7 kime period,

is the preference of household type 1, for
household type k, fitted from historical

employment for each land tract. The model then calculates the corresponding number of households by the five

data,

categories and projects secondary employment levels to

to tract |.

give a balance between population and the two classes
of employment. As the model adds or removes households

and secondary employment tract by tract, it continvally
makes proportional adjustments in land use under the

is the total number of households allocated
After adding or removing households in a tract, TOMM
updates the residential land use in that tract. If vacant
land is available, it is converted to residential use at
;he same average density as the existing residential land.
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If vacant land is unavailable, the residential density in
that tract will be increased, up to the limit allowed by
the zoning regulations. Beyond that no further households
will be added.

TOMM applies several stability constraints, or rate-ofchange limitations, when shifting households and land
use. The model assumes that it would be unreasonable to

have more than a certain fraction of the population
move, or a certain percentage of the land converted from
one use to another in a single time period. If the popu-

Method of the TOMM Model
The method of the model is the iterative solution of the
above set of nonlinear equations with their constraints.
The model cycles through the program distributing and re-

distributing secondary employment and households until
equilibrium is reached. Using the paradigm developed in
the paper previously referred to (4), the operation of the
model is shown in Figure 2

lation or land use changes exceed these stability limits,

they will be stopped.
With all the households now in place, TOMM next adds
the secondary employment needed to serve them. Agravi-

Figure 2

tational rule, somewhat similar to that used in placing

TOMM Model Diagram

households, allocates secondary employment to each
tract based on its distance from centers of population and

employment. Each type of household has a different need
for retail and other services, so the requirements of a
tract will vary with its population size and type. The
relationship is given as:

i=1

5

Total households

dB. + ie)

=

Basic employment for
each of 160 tracts
Equation 5

160

160
5

External
Projections

17 Ni

(3)

a

Equations 1,2 and 3

P+P.-D +P. +0.
1

a

On

a

Recycle
Internally

Output

Househelds for each
of 160 tracts

is the secondary employment required by

where

C,

tract ],
is the employment (secondary + basic) in
tract i,

Equations 4 and 6

is the secondary employment required of
household type 1,

Secondary employment
for each of 160 tracts

-low

MG is the number of households of type 1 in
””

D..

tract i,

Land use equations

International
Information

I

is the distance between tract i and tract j,

Pr P, are constants fitted from empirical data,
Land use by type for

P_’d

Output

each of 1l60o t+racts

A clustering requirement is imposed on the number of
secondary employees allocated to a tract. If the tract’s

secondary employment falls below the number needed for
a cluster, those employees are moved elsewhere, preventing the model from generating too diffuse adistribution

of employment.
Finally, TOMM seeks to maintain a balance between

employment and population. The retail employment must
be large enough to serve the population adequately, and
the total population must be large enough to supply the
specified number of basic and secondary workers. For this
balance two conditions must be satisfied:
HH

=

E

+

FC

E=EB+HH

BB

(4)
5)

Equation (4) is the requirement that the total number of
households (HH) equal the total employment (E) times the

LEVELS OF ABSTRACTION: ILLUSTRATIONS FROM THE
TOMM MODEL
We may now look back at our earlier discussion of the
levels of abstraction and examine the process once more

number of households needed to supply one member of the

in the specific context of the TOMM model. The first step

labor force (FC). Equation (5) says simply that the total

of abstraction is from the real world to a general concep-

employment (E) equals basic employment (EB) plus the

tual scheme.

number of households (HH) times the number of secondary
employees (B) needed to serve one household.
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The General Conceptual Scheme

centroids, as though the total population and employment
of a tract were concentrated at a single point.

At the heart of the TOMM model is a theory of human

interaction, a general conceptual scheme used to explain
why households locate where they do. This theory is
based on the concept of social and economic gravity, the
notion that an employment and population center has
some sort of attractive force that pulls people to it depending on its mass, or size, and distance away. The

analogy is with Newtonian physics, in which the force
of gravitational attraction between two bodies isdirectly
proportional to the product of their masses and inversely
proportional to the square of the distance between them.

The Computer Program
When programming for a large and fast computer, espe-

cially given the specifically designed simulation languages
now available, this step of abstraction involves far less
violence to reality than the previous ones. TOMM is

programmed in FORTRAN IV, the language considered
most suitable to its form. Minor concessions to programming

can be mentioned. The distance function 1/r2, in the

One can conceive of many different forms this relation-

model is approximated by a 150-segment piecewise linear

ship can take in explaining forces of social attraction.
The force itself, as measured by human interactions, can

curve instead of a continuous curve. Time, although con-

take both physical and non-physical forms. Travel between
the places, shipment of goods and services, reciprocal
commercial transactions, and exchange of newspapers
and letters, are all forms of physical interaction, while
telephone calls and television and radio are forms of
non-physical interaction. The concept of urban concentration, or mass, is also multi-factored, consisting of all
those economic, social and cultural activities that make
a city attractive. The concept of distance, in its full
meaning, must include the notion of accessibility, or the
time and cost involved in overcoming distance for the
purpose of human interaction.

tinuous, is grouped into discrete intervals of one or five
years. An error of 1/2 % is allowed in the convergence

of iterative solutions.
An overview of the abstraction process in TOMM can be

given with reference to the concept of accessibility, or
the time and cost of overcoming distance in human interaction, as shown in Figure 3.
We return now to our general discussion of verification

and validation of simulation models.

Airline Distance
Between Tract
Centers Rounded to

The general conceptual scheme underlying the TOMM
model, then, postulates an attractive force influencing,
and thus measured by, all forms of interaction, and it
explains this force by urban concentration, or mass, and
the time-cost distance separating the centers of mass.
This is obviously too complex a scheme to serve directly
as the basis of a modeling effort. It must be reduced first

Airline2
Nearest 1/2 Mile

Distance

Distance

Accessibility
General

Model

(Computer

Program)

(Manageable

Relationship)

Scheme)
Real World

to a manageable set of relationships.

A Manageable Set of Relationships
In the TOMM model physical travel is taken as the surrogate for all forms of human interaction and its means is
limited to the automobile. Since accessibility cannot be
measured directly, air-line distance is used as a poor but

Figure 3: Levels of Abstraction in Applying the
Concept of Accessibility in the TOMM Model

measurable substitute. Basic employment and population
together are made to serve as the proxy for all economic,

social and cultural activity.

Population is aggregated into five classes, and employment into basic or secondary. All usable land isassumed

to be classifiable into four categories. The quality of the

assumptions underlying these aggregations will determine
their relevance. Without tests it is not really possible to
tell whether the process renders the study of these important characteristics invalid. With these feats of abstraction the system to be modeled, although becoming rather

VERIFICATION AND VALIDATION OF URBAN

SIMULATION

remote from reality, approaches manageability .

Verification means the process of checking the abstract

The Model

To achieve the model represented by the five equations
of the previous section it was found practically necessary
to restrict the measure of automobile travel to trips from
home to work and back and from home to shopping and
back. Air-line distance was defined as that between tract

system we have created for internal consistency to be sure
that no logical errors have been made in its structure and
that no essential relationships have been omitted or dis-

torted. This can be done by first examining each concept
or proposition and following it through the levels of abstraction, as we have done for accessibility in the preceding example of Figure 3, to see that the initial sense
has not been garbled or twisted. Next one can assemble

various combinations of related concepts and repeat the
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process to see that their relationships remain intact. In

verifying the model itself a special check should be made

VERIFICATION

on all fitted parameters and on the method of selecting

typical values.

Model L

Validation is the trying out or testing of the abstract

Computer
Program

system of a model to see if it yields reasonable and satis-

Manageable

factory approximations to the real world. The validity of
an abstract system is determined by its ability to predict

Set of

General

the behavior of the real world system, and this can best

Conceptual

be done by comparing its output with real world data.
Since no model can be perfectly valid, the essential

Relationships

=

Scheme

VALIDATION

Real World

question becomes how close to reality must the output be
to have practical usefulness in planning.
The output of an urban simulation model usually is in the
form either of time-series data, that is developments
over time, or patterned data, which is the distribution of
a phenomenon at a point in time. For the validation of
time-series data the analysts can apply various statistical

tests directly, focusing on the number of turning points
and their timing and direction, and the characteristics
of the distribution of output data, their amplitude, var-

Figure 4: Verification and Validation
Work Down the Levels of Abstraction

and by its nature can never be complete. There is no such

iation about the mean, and other distinctive features.

thing as a perfectly valid model, and every model be-

Appropriate statistical methods include the chi-square
test, analysis of variance, regression, factor and spectral

comes less valid with the passage of time, as the structure

analysis and nonparametric tests.

and pheonomena of the real world change. What follows
below, then, are partial and illustrative examples of

More elaborate procedures are required for the validation

verification and validation, with reference to the TOMM
model.

of patterned data. A technique for describing spatial
phenomena must be worked out before the analyst can

apply statistical techniques. The fields of animal and
plant ecology suggest some methods for this. A typical
approach is to plot the phenomena as a series of dots on
a map, both the simulated and the corresponding real
world data, and to superimpose a regular grid over the

map. Three basic techniques can then be used todescribe

the distribution of phenomena. Counting the number of
data points in a bounded area is the simplest one. The

nearest-neighbor technique and contiguity analysis are
more sophisticated methods. After the distributions are

described by one of these methods, the statistical tests
listed in the previous paragraph can be applied.

The following diagram illustrates the steps or points at
which verification and validation theoretically can take
place. At least in principle, verification can be attempted between each and every level of abstraction,
working from the top down, as it were, while validation
is essentially a comparison of the final product with the
real world.

Verification
The process of verification can be conceived of aswalk-

ing down the staircase of abstraction and comparing each
level for veracity with the one below. We start by debugging the model. One may look first for errors in the

computer program itself, such as variables that might be
added twice, or the use of improper subscripts. Most such
errors reveal themselves during the program run, when it
attempts to divide by zero, or generates obviously un-

realistic numbers, or simply falters and stops.
More subtle errors may have been made in translating the
model to a program. Failing to place limiting conditions
to prevent the number of households from becoming ne-

gative, failing to distinguish between continuous and
discrete variables, or forgetting to establish initial conditions for a variable, are examples of such errors. These

are oversights, details the analyst normally takes as given
in his own thinking, but that the unimaginative computer

Together verification and validation tell the analyst how
well designed and useful the simulation model is. Only

does not understand. It cannot appreciate the ridiculous-

after knowing this can it be properly used as a pseudo-

households.

ness of a tract of land populated by a negative number of

laboratory for urban experiments.
Coming down the levels of abstraction, we next look for
errors in the logic of the modeling process itself. When

ILLUSTRATIONS OF VERIFICATION AND VALIDATION
OF THE TOMM MODEL

the manageable theory, or set of reldtionships, was converted to a model the analyst may have failed to capture
a subtle or apparently minor but essential aspect of the

It is practically impossible, of course, to document a
complete verification and validation of a simulation

system. Such errors may reveal themselves only in special

model representing so complex a system of population,

variables, and thus pass undetected through many runs of
the model that appear reasonable. Such a logical error
was found in the TOMM model only after it had been run

employment and land use as does TOMM. The process of

verification goes on continuvously from the inception of

cases, or for a very few combinations of values of the

the modeling effort, through each step of abstraction,

repeatedly. The relationship of population density to

and throughout the time of the model’s use. Validation

distance from the city’s center had not been properly incorporated into the model, and, under certain circum-

usually is attempted only after the model is programmed

ARCH+ 2 (1969) H.&amp;

stances, the model tended to force people out into the

year 1967, a less than rigorous procedure, to say the least

suburbs, creating a wholly unrealistic population distribution.

A regression analysis yielded:

Unfortunately for the process of verification, logical
errors tend to be the hardest to find and their searching

out forces the analyst to rethink theoretical relationships
about which he may feel unsure. Less critical programming errors, on the other hand, tend to pop up for
attention immediately when the program is run. To overcome this perversity and get down to the heart of the
verification, the only recourse is a long series of runs

with a working model. The analyst experiments with the
model through repeated runs until he is confident he can
anticipate its behavior. He then introduces a carefully
selected and measureable change and compares the output with that of previous test runs. When he is sure he
understands the behavior of the model under the first
modification, he adds a second and reruns, and then a

third, and so on. Should the model prove inadequate in

any of these comparison tests, it is changed accordingly,
and in this way it is possible for a model to emerge from
a prolonged process of verification as a quite different

model from that which started.

Validation
The validity of an urban simulation model is determined
by the accuracy with which it can predict the future.
Only the passage of time can tell this. But even com-

paring the model’s forecast with eventual reality is not
a true test of validity. Conditions may arise over time,

that are not included in the original theory of the model
to make its forecasts inaccurate, although in its first
conception the model was valid. Or, conversely, a
poorIly conceived model may give an accurate forecast
by accident. It may, as it were, do the right thing for
the wrong reason. We approach the process of validation

with feelings of inadeauacy.

TOMM-Pprojected households for 1966 = ‚8235 Actual

1967 households, with an R2 of ‚7354.
This is a reasonably good projection of the distribution. A

T-test yielded .2905, again a reasonably good figure,
considering the nature and use of the model.
When we run the chi-square test for goodness of fit we

discover the relative inappropriateness of such statistical
methods for testing urban models. With 160 degrees of
freedom (N-1, or 161-1. There are 160 individual pro-

jections and one external TOMM projection), the result
is approximately 21, a figure indicating so good a fit that
it is outside the range of most tables. Since we know that

there are discrepancies between the two distributions, the
reason for the apparently good fit must be found in a mistaken notion about the character of the distributions

themselves. A little reflection reveals that the gravityattractiveness theory underlying the TOMM model makes
all allocations of households to tracts interdependent.
The concept of degrees of freedom has thus been errone-

ously applied and the chi-square test really is not applicable.
It is unfortunate that the statistical methods available for
testing the validity of urban simulation models seem to be
inappropriate to some extent. Most urban relationships
tend to be qualitative, interdependent, and somewhat

unclear. On such marshy ground statisticians had best
tread carefully.
When all is said and done, simulation models are the only
practical kind of models for use in urban planning efforts
of any size or complexity. Analytic models are limited by

lack of theory and Ey difficulties of formulation and
solution either to research applications or very narrow

applied problems. If we are going to model urban systems,
it must continue to be, for some time, with simulation

models, despite their limitations.

Perhaps the most common method of validation is retro-

spective prediction. In most cases of large simulations
this is possible only for the years 1950 and 1960 for which
adequate U.S. Census data are available. The method
is to insert historical data for any earlier year and to

(1) Lowry, Ira, "A Model of Metropolis", Rand, August
1964
(2) Crecine, John P., "A Time - Oriented Metropolitan

predict the 1950 data, comparing the results with the

Model", University of Michigan, paper No.

1950 Census. The process is repeated with a 1960 prediction. When the results of the two tests are compared
some insight can be gained into the validity of the mode

March 1969

In validating the TOMM model this procedure could not
be used because the Census data of 1950 were not ade-

quate. The earliest employment base data available were
for 1960. An inter-Census prediction was therefore nec-

Teplitz, Paul, Urban Analysis for Corporate Planning:
A Model of Banking Potential, unpublished DBA
Thesis, Harvard Business School, Boston, June 1969
Kilbridge, O’ Block and Teplitz, "A Conceptual
Framework for Urban Planning Models", Management
Science, February 1969

essary. TOMM accepts as its major input externally pre-

pared projections of basic employment. Fortunately such
projections were available for the period 1960 to 1966.
Using these data as inputs a projection was made of the
number and location of households among the 160 land
tracts for the year 1966. Lacking actual data on house-

(Appreciation is expressed to Richard Corbin of the
Harvard Business School for his help in formulating the
content of this paper.)

holds for the year 1966, it was necessary to use substitute

data that happened to be available for the year 1967.

These had been collected through a sampling procedure
by a market research agency for quite different purposes.
It was therefore necessary to base the validation test on

a comparison of the model’s projections from 1960 to
1966 with sample-based data of actual households for the

0
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