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ABSTRACT

A REVIEW AND EVALUATION OF THE
TRI-COUNTY REGIONAL PLANNING COMMISS ION

By James Remle Verougstraete

"From its very beglinning, early in this century,
urban planning In the United States has become progressively
more "quantative" through growing uses of numerical data and
introduction of large scale informatlon-handling procedures
and mathematlically formulated analytical techniques. In the
past few years significant new needs and capabllitles have
quickened that trend to the polnt of a methodologlical revo-
lution,"!

As planners become more aware of the complexitles
of the urban reglional environment, an ever Increasing nced
will be felt to better quantify, analyze and understand the
Intricate components of urban change and thelr causal rclation-
ships., Planners In recent years have found that by using elec-
tronic digital computers they can greatly enhance thelr under=-
standing of the environment. Moreover, the data handling capa-
bllitles of the computer can free the planners to perform more
Important functlons eand undertake tasks whlch before were phys-

ically Impossible.

Freund, Eric C. and Goodman, Willlam I., Principles
end Practices of Urban Planning, Municlpal Managemunt Serles,
ashington, +» dnternational Clty Managers Assoclation,
1968, p. 227,
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Comprehensive plan preparation is one of the most
important areas of planning to which the computer has been
applied. Various modeling techniques have been formulated
which take advantage of the data handling capabilities and
speed of the computer to improve the quality and utility of
the comprehensive plan. These techniques have enabled the
planner to objectively view the community, identify its com-
ponents, develop and test his theories, and formulate future
development schemes based on realistic controls and policies.

In 1963, the Tri-County Regional Planning Commission
undertook an extensive land use -- natural resource -- trans-
portation study which culminated in a Comprehensive Regional
Development Plan. Several transportation and land use models
were developed for this purpose which relied on the extensive
use of computers. These models formed the core of the study
and were devices that were used to generate the basic ingred-
ients of the comprehensive plan.

The overall purpose of this thesis will be to review
and evaluate the household distribution model which was devel-
oped and used by the Tri-County Regional Planning Commission.
In so doing, attention will be given to the technical, theore-
tical and operational aspects of the model as well as the role
it played in the planning process.

Background material for this study was obtained from
various published and unpublished reports as well as the per-

sonal involvement in the study on the part of the author. Much
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of the data and information contained herein were derived
from various inventories and interviews conducted by the
Commission.

The scope of this thesis was limited to a case
study of the household distribution model. Consideration
was given in this review and evaluation to a description of
the area under study, highlighting the major features which
influenced the models! design; a review of the procedures,
considerations, and techniques used to create the model; and
an evaluation of the model concerning its theoretical base,
the variables which were used, and its technical and opera-

tional features.
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CHAPTER 1

INTRODUCT ICON

DESCRIPTION OF THE STUDY AREA

The study area, Lansing Tri-County Region, consists
of three counties, Ingham, Eaton, and Clinton (Figures 1 and 2).
This region is located in the south-central part of Michigan's
lower peninsula and contains the capital city of Michigan. The
neighboring cities of Lansing and East Lansing are the two
largest urban communities in this region. In total there are
75 cities, villages and townships in this tri-county area and
when combined, they form a total land area of 1,?00l square
miles.

There are three main components of the region's
economy which are largely responsible for the historical growth
and development of the area. The first of these components to
come to the Lansing area was the capitol of the State of Michi-
gan in 18&7.2 In 1855, Michigan Agricultural College was estab-

lished in East Lansing and later became Michigan State University.3

lTri—County Regional Planning Commission. Mass Trans-
portation in the Tri-County Region. Lansing, Michigan: Tri-
County Regional Planning Commission, April, 1969, p. 3.

2Bureau of Business and Economic Research, College of
Business and Public Service. Economic and Population Base Study
of the Lansing Tri-County Area. East Lansing, Michigan: Michi-
gan State University, July, 1958, p. 6.

3Tri-County Regional Planning Commission. "History of
the Tri-County Region; Information Report #7". Lansing, Michi-
gan: Tri-County Regional Planning Commission, 1966, p. 25.
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h
Lastly, the Oldsmobile Corporation located its primary base
of operations in the City of Lansing in 1886.1 Each of these
ma jor employers has experienced large scale growth and there-
by provided the catalysis for dramatic change in the develop-

ment of the region.

Bureau of Business and Economic Research, College
of Business and Public Service, op. cit., p. 7
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The following table provides a general indication
of the relative historical growth rates for ingham, Eaton and
Clinton Counties from 1900 through 1960.1 The population fore-
casts for 1965 through 19902 are considered to be rather con-
servative estimates of the regions growth potential.

TOTAL POPULAT ION

Clinton Eaton Ingham Total
Year County County County Region
1900 254136 31,668 39,818 96,622
1910 23,129 30,499 53,310 106,938
1920 23,110 29,377 81,554 134,041
1930 al, 174 31,728 116, 587 172,489
1940 26,671 34,124 130,616 191,411
1950 31,195 40,023 172,941 2hl, 159
1960 37,969 49,68l 211,296 298,949
1965 L2,175 57,725 22,325 342,225
1970 48,565 66,595 278,610 393,770
1975 5L, 360 75,605 309,765 439,730
1980 58, 5,40 87,800 341,530 487,870
1985 70,100 102,480 366,820 539,400
1990 77,825 113,175 399,650 590,650

As mentioned earlier, the region consists of 75
separate but related functional governmental units all of

which vary in size, levels of activity and areas of influence.

lU.S. Bureau of the Census. Census of Population and
Housing: 1840-1960. Washington, D.C.: U.S. Government Print-
ing Office, Department of Commerce.

°The population forecast from 1965 through 1990 were
obtained from the Tri-County Regional Planning Commission
Cohort Survival Model.
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In order to establish a logical framework for analysis and
description of the region and its characteristics, each com-
munity has been classified according to four major community
types. The criteria used to establish this classification
scheme was based on various measures which define the level
of influence and role of each community. Included in this
analysis are different measures of population, employment,
levels of urban services, areas served by local newspapers,
local trade areas, school districts and residential densities.1
The following four major categories of community types were
developed:

1. Urbanized Core Area

2. Ma jor Urban Communities

3. Urban-Rural Centers

L. Agricultural Areas

The study area consists of a single dominate urban
core (Central Urbanized Area), six Major Urban Communities,
eighteen Urban-Rural Centers, and a large unincorporated Agri-
cultural Area. The following is a brief description of the
study area in terms of these community types and their char-

acteristics, roles and level of influence.

1Tri-County Regional Planning Commission. The House
We Live In; A Comprehensive Growth Plan. Lansing, Michigan:
Tri-County Regional Planning Commission, September, 1968, p. LL.




THE URBANIZED CORE AREA

The urbanized core area, as shown in Figure 3, con-
sists of the Cities of Lansing and East Lansing as well as
Meridian, Delta and Dewitt townships. The relative together-
ness of this area is in part reflected by the fact that this
was the only portion of the entire region which was tracted
by the Bureau of Census in 1960.

The most notable characteristic of this area is
that it contains 85 percent of the region's employment base.1
As mentioned earlier, this is due largely-to the presence of
Michigan State University, Michigan State Government, and
the Oldsmobile Corporation. However, there are many other
large employers in this area which have assisted in estab-
lishing this fact.

There are more jobs, with a wider range of diversi-
fication, available in the Urbanized Core Area than anywhere
else in the region. Moreover, the level of educational attain-
ment of the area's residents is much greater than elsewhere in
the region. The presence of many students at Michigan State
University and the highly-trained personnel that are attracted
to the State Government employment base contribute heavily to

the phenomenon.

Tri-County Regional Planning Commission. Regional
Data Book; Information Summary by Metro Center Type by Juris-
diction. Lansing, Michigan: Tri-County Regional Planning
Commission, May, 1969.
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Although the Urbanized Core Area is relatively
small in total area, when compared to the entire region, it
contains 701 percent of the total regional population. More-
over, 722 percent of the total households in the region can
be found in this area. Although the residential density of
this area is significantly higher than all other sub-units
within the region when compared to other urbanized areas of
comparable size, it is quite low.

Historical development patterns throughout the
region have tended to be compact and centralized because
past development has concentrated around existing urban
centers. In recent years, however, there has been a shift
away from this trend. With the advent of improved access
made available by recent interstate and other freeway con-
struction, development has shifted towards a more decentral-
ized pattern. The fringe townships have experienced a much
more rapid rate of growth in recent years. For example,

Delta, Delhi, Meridian and Dewitt townships have increased in

1The above population data was obtained from popu-
lation estimates derived from the Tri-County Regional Plan-
ning Commission data files. These estimates were provided
by updated household counts by census tract and household
size estimates from a 1965 Home Interview Survey.

2Tri-County Regional Planning Commission. Regional
Data Book; Information Summary by Metro Center Type by Juris-
diction, op. cit.
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total population by 321 percent from 1960 to 1965 as compared
to an increase of only 162 percent from 1955 to 1960.

The racial composition of the Central Urbanized Area
varies quite significantly from the balance of the region. For
example, of the region's total non-white population in 1965,

97 percent lived within the Central Urbanized Area.3 Moreover,
80 percent of the non-whites live within the corporate limits
of Lansing City.LL The general economic status of the non-white
is significantly less desirable than that of the white popu-
lation. For example, the median family income of a non-white
in the central Lansing area is $5950, whereas the balance of
the community enjoys a median income of $7382.5

Single-family detached homes, on large lots, are
the predominate housing style of the Urbanized Core Area. It
was not until the early 1960s that any significant level of
apartment development became known to the area. Michigan State

University has maintained a policy of providing all the neces-

lThe above population data was obtained from popu-
lation estimates derived from the Tri-County Regional Plan-
ning Commission data files. These estimates were provided
by updated household counts by census tract and household
size estimates from a 1965 Home Interview Survey.

2Ibid
3

uTri-County Regional Planning Commission. Regional
Data Book; Information Summary by Metro Center Type by Juris-
diction, op. cit.

Ibid

ST.C.R.P.C. 1965 Home Interview Survey.
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sary housing facilities for both married and single students
on the campus. However, in the early 1960s, private developers
began an ambitious program of building off-campus apartment
units in large quantities. From 1960 to 1965, 3547 new apart-
ment units were added to the housing stock of East Lansing as
compared to a total of 7607 units that were available prior to

1 This trend has since been carried over into the

that time.
City of Lansing.

The Urbanized Core Area is the financial and trade
center of the region. This area has a complete set of both
public and private urban services. For example, nearly all of
the City of Lansing and East Lansing are presently served with
both public sewer and water facilities. The central business
district, located in the City of Lansing, is the only facility
in the entire region which can be considered a regional-type
shopping facility.

Due to the rapid growth rates in the fringe areas
and the inability of these townships to meet the demangs of
this increased urbanization, serious development problems are
beginning to become apparent. These townships are not finan-

cially capable of meeting the demand for such services as sewer

and water facilities. As a result, they are characterized by

1
Mason, Jackson, and Kane, Inc. Housing in Lansing.
Lansing, Michigan: Mason, Jackson, and Kane, Inc., Architects,

1968.
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over-taxed sewer systems, inadequate streets, and the general

lack of coordinated and sound development control practices.

MAJOR URBAN COMMUNITIES

As illustrated in Figure 3, there are a total of
six communities which are classified as "Major Urban Com-
munities;" Williamston City, Mason City, Eaton Rapids City,
Charlotte City, Grand Ledge City, and St. John's City. The
most distinguishing feature that sets these communities apart
from the rest of the region is simply that each has a major
and independent economic base. Although it is not comparable
in terms of size and diversity to that of the Central Urban-
ized Area, it is nevertheless self-sufficient. For example,
three of these communities are the seat of their respective
county governments. Also, each has some measure of industry
which provides a local demand for various job skills.

The retail services provided by these communities
are relatively large in proportion to the size of the com-
munities themselves. The primary reason for the disproportion-
ate size is that the rural areas which surround each of these
communities are highly dependent upon them to satisfy many of
their basic retail and service needs. The type of retail facil-
ities that are located in these communities are oriented towards
convenience-type goods. Although some comparison goods are

offered, it is not of the scale that would seriously compete
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with the central business district of the Urbanized Core Area.
Therefore, these communities rely very strongly on the City of
Lansing to provide comparison goods and supply special regional-
type services.

Another form of the reliance of these communities
upon the Central Urbanized Area is for employment opportunities.
Many of these residents find it desirable to live in the out-
lying communities and work in the Urbanized Core Area because
of excellent transportation linkages.1 Thus, they are able to
enjoy the pleasures associated with small town living and at
the same time, avail themselves of the employment advantages
offered by the larger city.

In summary, these communities represent very pleasant
and quiet satellite communities with their own economic base
which enables them to be somewhat independent of the Urbanized
Core Area's influence. They range in population size from 2325
to 8&25.2 The predominate housing types consist of single-

family dwellings at a very low density with a notable lack of

multi-family units. These communities have little or no racial

1
Tri-County Regional Planning Commission 1965 Land-
Use, Natural Resource, Transportation Study.

2Tri-County Regional Planning Commission data files,
updated household counts by census tract and household size
estimates from a 1965 Home Interview Survey.
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mix. The median family income is $6523 as compared to the

1
regional median of $7047.

URBAN-RURAL CENTERS

Throughout the region there is a total of eighteen
small incorporated places which are referred to as "Urban-
Rural Centers." The population of these communities range
from 100 to 2,000 people.2 The most distinguished feature
of these centers, which separates them from all others, is
the strong orientation toward the rural element of the region.
Most of the communities are rather isolated from the other
ma jor centers as they are scattered throughout the fringe of
the regions. Secondary roads are their only transportation
link with other major urban areas.

From 19663to 19659 the total population of these
communities grew by 2032 persons as compared to a 28115p0pu-

lation increase for the "Major Urban Communities™ and a 32,3336

Lipia
2

Ibid
3U.S. Bureau of the Census. U.S., Census of Housing
and Population: 1960. Washington, D.C.: U.S. Government
Printing Office, Department of Commerce, February, 1962,

pp. 13-L2.

uT.C.R.P.C. Data Files, op. cit.
5

6T.C.R.P.C. Data Files, op. cit.

U.S. Bureau of the Census, op. cit.
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population increase for the "Urbanized Core Area" for the
same period. (Most of this change has been a direct result
of natural increase--births exceeding deaths.) The younger-
age groups have found it more advantageous to establish resi-
dence in the larger cities because of better employment oppor-
tunities. As a result of this out-migration, many of these
communities have experienced very low growth rates and some
even a net loss of population.

In these areas there is a general lack of all types
of urban services; for example, most of these communities
cannot afford full-time police or fire department personnel.
Also, some of the communities do not have any public sewer
facilities.

The retail base of these centers is limited to a
very small number of establishments which offer strictly
convenience-type goods. For example, the average number of
retail employees in 1965 for an Urban Rural Center was 4l.

It is obvious that the residents must depend on other larger

communities to fulfill their needs.

1Tri-County Regional Planning Commission. Regional

Data Book; Information Summary by Metro Center Type by Juris-
diction, op. cit.
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AGRICULTURAL AREAS

The balance of the region consists largely of agri-
cultural and undeveloped land. This portion of the study area
is composed of approximately 966,000 acres or 87 percent of
the total regional land area.l The total population of this
area is 17,695 or 5 percent of the regional total.2 Twenty-
four percent of the people who live in this area are employed
in agricultural and related jobs.3 The remaining 76 percent
of those employed have jobs in the cities throughout the region.
The median family income in 1965 was $64,00, which is substan-

Y

tially lower than the regional average.

DESCRIPTION OF THE TRI-COUNTY REGIONAL PLANNING COMMISSION

LAND-USE, NATURAL RESOURCE, TRANSPORTATION STUDY

Following is a brief distussion of the Tri-County
Regional Planning Commission's program. This discussion is
intended to set the stage for a more detailed description of
the household distribution model which was developed as a
part of this study. It is hoped that this will be accomplished

by placing the model in the c¢ontext of an ongoing organization

1Tri-County Regional Planning Commission 1962 Land
Use Inventory.

2T.C.R.P.C. Data Files, op. cit.
3T.C.R.P.C. 1965 Home Interview Survey

ulbid
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and focusing on specific studies that have particular im-
portance to the model.

In 1964, the Tri-County Regional Planning Commis-
sion began a rather extensive land-use, natural resource,
transportation study, which was to culminate in a well-organized
comprehensive regional development plan. The study consisted of
six major phases.l The initial phase of the program was the
undertaking of several inventories. The purpose of these in-
ventories would provide a sound basis for estimating future
changes by identifying and quantifying various trends, relation-
ships, standards and problems. The data produced from these in-

ventories were to become the statistical base for the models.

The analysis phase of the study was intended to examine the in-
ventory data to determine which variables were best suited to
describe the region in terms of change, travel, and land-use
activity. The analysis was also to be used to formulate goals
and objectives concerning regional development policies.3 The
forecasting portion of the study was intended to provide real-

istic estimates of future growth and its characteristics and to

Tri-County Regional Planning Commission. Tri-County
Regional Land-Use, Natural Resource, Transportation Study;
Study Design. Lansing, Michigan: Tri-County Regional Plan-
ning Commission, November, 1964, p. llL.

Ibid., p. 8

Ibid., p. 11
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provide an opportunity to relate desired goals to expected
development.1

The policy plan formulation phase provided a well-
defined set of goals and objectives. These would be presented
to the community leaders for their opinions and recommendations
in order to reach a general agreement on future growth proposals
for the region.2 The plan preparation phase was designed to
provide an opportunity to test the models which were developed
concerning the limits and effects of policy decisions on the
development patterns of the region. The product of this phase
was to be a short and long-range comprehensive plan which repre-
sented a realistic and desirable set of policy decisions and
assumptions.3 The plan implementation phase of the program pro-
posed to develop and use techniques to secure public awareness,
acceptance and understanding of the plan. This plan was to be
related to existing financial and legal capabilities of local
governmental units.)4

It was recognized throughout this study that a great
share of the data being collected would eventually be used in
either the transportation model or the household distribution

model which would be developed later. Therefore, a serious

1
Ibid., p. 13.

2Ibido, po 150
BIbido’ po 160'
ulbid., p. 18.
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effort was made to store these data on machine-readable cards
or magnetic tapes to facilitate quick and accurate utilization.

The Commission, upon recognizing the relative im-
portance of the transportation system in shaping the economic
and physical characteristics of the region, chose to use the
most sophisticated tools available for dealing with this ele-
ment of the plan. Essentially, this meant the use of modeling
techniques at a level that was within the economic grasp of
the program. The services of Allan Voorhees and Associates
were obtained as consultants to assist in the performance of
this task.

The Transportation Model used in this study consisted
of four major elements: trip generation; trip distribution;
traffic assignment; and modal split analysis.

The trip generation model was designed to establish
a mathematical relationship via the regression analysis tech-
nique, between the number of trips produced in or attracted to
a specific traffic zone and the characteristics of that zone.
Generally, the characteristics used to estimate trip generations
were such elements as median family income, total households,
residential densities, auto ownership, and employment types.
Once a correlation was derived between trips and characteristics,
this model was used to forecast future trips based on expected,

programmed, or projected characteristics of each zone.

1
1bid,, p. 13.
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The trip distribution model was used to determine
the exchange of these trips between Lll1 different traffic
zones in the region. This model was essentially a gravity
model which determined future trip distributions based on
the types of activities performed in each zone and the spa-
tial distance from each zone to all other zones. This dis-
tance is a function of time and is expressed as an accessi-
bility factor.l The traffic assignment model was used to
assign all the trips among zones to available transportation
routes. All trips were assigned to the network along those
routes which would require the least travel time.

The modal split analysis was used to divide all the
trips between auto and transit travel modes. This division
was accomplished by factors which described the demands for
transit, using costs, travel time, convenience, and various
other factors which influence the choise between the private
automobile and mass transit.

The household distribution model, as will be dis-
cussed in much more detail in Chapter 11, was based on the
same principles as the transportation model. That is, the
distribution model was essentially a regression model which
produced population distribution allocations based on a mathe-
matical relationship between the number of households attracted
to an area and the physical, social and economic characteris-

tics of that area. These characteristics included such variables

1Tri-County Regional Planning Commission 1965 Home
Interview Survey.
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as levels of community services, elementary schools, residential
densities, median family incomes, holding capacities, accessi-
bility to employment centers and shopping facilities, and types
of land-use activities., 1In addition to providing many of the
inputs required by the transportation models, this model was
intended to be a guide to decision-makers in evaluating the

impact that certain policies have upon the social and economic

character of the study area.
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CHAPTER 11

REVIEW OF THE TRI-COUNTY REGIONAL PLANNING COMMISS ION
HOUSEHOLD DISTRIBUTION MODEL

INITIAL DESIGN CONS IDERAT IONS

The initial task in preparing the household distri-
bution model was to determine its function and role within
the total planning process of the commission. First, it was
decided that the model should yield household allocations for
relatively small geographic units in order to satisfy the data
needs of the transportation models, and more importantly, pro-
vide data at a level of detail required to prepare a compre-
hensive development plan. As the size of the geographic area
for which forecasts are made decreases, the probability of
error increases significantly. Therefore, it was felt that
there was an urgent need to develop a regional population fore-
cast which would serve as realistic regional control totals of
population in order to maintain control over any errors that
might result from the model's small area allocations. Prior
to the preparation of a houéehold distribution model, popu-
lation forecasts were prepared for the total region using the
Cohort Survival technique.1 The output from this model there-

by became the control total for the household distribution model.

The second phase was to undertake an extensive review

lA Cohort Survival model was written for the IBM
1401 computer and used to generate forecasts of total popula-
tion by five-year age-sex groups and five-year increments
from 1960 through 1990.

22
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of existing modeling techniques. These techniques will be
discussed in more detail in Chapter I1Il. At the conclusion
of the review, it was determined that the regression analysis
techniques were best suited to the needs and financial re-
sources of the study. Given the framework, limitations and
constraints of this technique, a series of initial design
decisions were made which influenced the content and form
of the model., The initial task was to define the dependent
variable; that characteristic or element that is to be fore-
casted. Although the output from the cohort survival model
was to be used as the forecast variable, it was determined
that it would be more desirable to allocate households rather
than individual persons. Since location decisions are made
collectively as a group of persons which constitute a house-
hold, it is more logically correct to allocate households
rather than individuals.l

The model was further designed to produce allo-
cations of households for relatively short periods of time;
five-year increments. It was felt that a five-year span of
time would best suit both long-range and short-range planning
needs. Under this type of system, the output from each period
would become, in part, the input for the next forecasting per-

iod. There are two basic advantages to this type of short

lTri-County Regional Planning Commission. Small
Area Population Forecasting Models. Lansing, Michigan:
Tri-County Regional Planning Commission, March 1, 1966, p. 1l1.
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cycle system--first, it is possible to better update the
characteristics (inputs) of the region as close as possible
to the time when these events or programs are expected to
occur. The programs and events referred to include such ac-
tivities as highway plans and programs, urban renewal pro-
Jjects, sewer and water extensions, and public land acquisi-
tion programs. Secondly, it is also easier to calibrate the
model because the patterns of development and growth are
clearer and more obvious.

It was also decided to use the model as a tool for
evaluating various policy decisions concerning their impact
on development patterns. Therefore, it was necessary to in-
corporate various forms of these policies into the model as
independent variables. These policy variables included such
land use controls as zoning constraints, which influence
residential densities and land uses, as well as measures of
public services such as transportation facilities, schools,
and sewers.2 In order to achieve desirable development pat-
terns, the planner, by including variables which are effected
by public policy, would be able to determine the types and
extent of various policies.

In selecting a time period upon which to formulate
the model, it was felt that a current period would be most

desirable. In an effort to make the initial regression per-

llbidQ’ p. 12.

°Ibid., p. 12.
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iod as current as possible, the time interval from 1960 to
1965 was selected. Although this placed serious demands on
data gathering aspects of the study, benefits far exceeded

the added costs. A regression analysis model assumes that

the relationships that are determined from the period on which
the regression analysis was performed will remain constant
throughout the forecast period. 1In order to achieve a re-
gression equation which is representative of current develop-
ment influences, it iIs both logical and necessary to perform

that regression on as recent a time period as possible.

CENTRAL HYPOTHESIS OF THE DISTRIBUTION MODEL

In its simplest form, this distribution model is
built on the hypothesis that each sub-area in the region has
a set of identifiable and measurable characteristics which
have a significant influence on collective household location
decisions. In other words, the model assumes that households
are attracted to various areas within the region because these
areas have specific amenability characteristics which directly
or indirectly exert an influence on where they will locate.
These characteristics included some measure of the physical
and social environment such as total vacant land and existing
developed acreage, policy characteristics of urban services
such as the level of sewer and water services, and an indi-
cation of the functional relationships between areas such as

accessibility to work and shopping. It was felt that there
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are several types of characteristics within each of these
categories that have influenced development in the past and
will continue to influence residential development patterns
in the future.

Planners have maintained for many years that the
social, economic and physical characteristics of an area is
greatly responsible for the way in which an area grows ahd
develops. In an attempt to encompass some of these planning
principles in the model, various environmental characteristics
were selected as factors which influence household location
decisions. For example, it was felt that median age of hous-
ing and the percent of dilapidated houses would provide a
measure of the attractiveness of an area for future develop-
ment; whereas such measures as housing value, median family
income, and average historical lot size would provide some
indication of the prestige and attractiveness associated with
an area. Various types of non-residential development such as
industry in an area may indicate the undesirable qualities
which would repel the future development. Lastly, the holding
capacity of an area which is a function of the amount of vacant
land and the lot size controls placed on that land will have a
direct impact on the amount and character of future development.

Planners have maintained that levels of urban ser-
vices such as public sewer and water facilities have a signifi-

cant impact on future development rates. Moreover, the amount
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and quality of elementary school facilities has always been
regarded as an important location factor. Therefore, various
measures of these variables were incorporated into the regres-
sion analysis in an effort to test and measure their actual
influence,

Transportation facilities have been held to not
only serve but also shape land use pétterns. A measure of
accessibility was incorporated in the regression analysis in
order to include and test this principle. The primary trans-
portation system was used to determine accessibility factors
for each census tract to all other census tracts. Two types
of accessibility were used--accessibility to work to reflect
a person's desire to locate within a reasonable distance from
his placé of employment, and accessibility to retail employ-
ment facilities to indicate a householders need to be conven-
iently close to shopping facilities. Accessibility is defined
here as a function of travel time and a particular set of
friction factors which are associated with a person's toler-

ance level to travel certain distances for various purposes.1

DEFINITION OF DEPENDENT AND INDEPENDENT VARIABLES

DEPENDENT VARIABLE

The final definition of the dependent variable was
expressed as the total change in households from time T to
T&5. (AQS’households 1960-1965). Although many other combi-

nations of definitions were tested in the regression analysis,

lt.c.Rr.P.C. 1965 Land-Use, Natural Resource Trans-
portation Study.
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it was found that this was the most logical and representa-
tive definition. For example, a regression analysis was per-
formed with the dependent variable defined as the absolute
number of households in T&5 (total 1965 households)., It was
found that the regression analysis could not account for the
total historical growth of each tract with any degree of ac-
curacy. In essence, by defining the dependent variable as
total households rather than the change in households, the
assumption i{s made that a measure of the independent variables
at some point in time could account for all the historical
development that had occurred in that census tract, This as-
sumption is illogical for many reasons, among which is the
fact that past growth is not a function of current land develop-
ment. For example, a park that was added to a particular area
in 1955 obviously could not have effected the household growth
in that treact, say in 1940.

INDEPENDENT VARIABLES

The initial effort in selecting a set of independent
variables was to prepare an extensive listing of all possible
variables which may have some influence on household location
decisions. This list was generated without regard for the
availability of this data or the costs associated with data
collection. Moreover, it was éenerally understood that it
would be impossible to use all of these data in a regression
analysis and that it would be too costly to collect or develop

many of these items. This listing was to serve-as a summary
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of all the different variable types which would be considered
as candidates for further consideration based on their avail-
ability and relevance to the problem.

Upon undertaking an extensive review of the possible
sources for these data, it was found that many of these items
had to be discarded for one or more of the following reasons:

1. Data was simply not available.

2. Data was aggregated to geographic units which

were not compatible with Census tracts.

3. Data was available only for portions of the

total study area.

L. Data was defined and/or collected in a manner

which either made it unusable or inaccurate.

5. Data was available but too costly and time

consuming to gather.

Upon reviewing all the available data and sources,
the list of candidate variables was modified and trimmed con-
siderably. The final independent variables which were tested
in the regression analysis consisted of well-defined and logical
inputs. It was generally felt that it would be better to con-
centrate on fewer variables and allocate more effort to accurate
data measurement than to collect all the possible variables
which may be remotely usable and helpful in the model. Serious
consideration was also given to the fact that each independent
variable which was found to correlate well with the dependent
variable and, thereby, remain in the equation would have to be

estimated for each census tract and for each forecasting per-
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iod. Therefore, serious attention was given to those inde-
pendents variables which were of obvious intuitive importance
and would lend themselves to rational methods of forecasting.
A complete listing of the independent variables
which were tested in the regression analysis is provided in

Appendix A.

MODEL FORMULAT ION

REGRESS ION ANALYSIS

The regression analysis was used as a tool to deter-
mine which of these variables were significant indicators of
growth and to establish a mathematical relationship between
these variableé and the dependent variable. Once each of these
characteristics were defined and measured for each census tract
in the region in 1960, they were introduced to the regression
analysis as independent variables. The regression analysis
attempts to explain the dependent variable for each tract
(household growth from 1960 to 1965) using a single equation
which includes these independent variables in various combi-
nations. The extent to which it is successful in explaining
the dependent variable is, in part, expressed by the corre-
lation coefficient. A high correlation coefficient implies
that these independent variables do correlate well with the
change in households from 1960 to 1965. Moreover, the mathe-
matical equation derived from the regression analysis contains
each of the significant variables and a corresponding coeffic-

ient, all of which form the central core of the model. In
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other words, given a measure of each of these variables for
any census tract at any future point in time, it is possible
to forecast the change in households for that tract of the
next five-year period via the regression equation. As will
be discussed in more detail in Chapter IIl, this assumes that
the relationship that existed between the dependent variable
and the independent variables will remain constant throughout
the entire forecasting period. Generally, it is this assump-
tion which is most frequently attacked in evaluating any re-
gression model of this type.

The first phase in the development of the household
distribution model was to perform a series of regression analy-
sis on the pre-defined independent variables (see Appendix A).
Several regressions were performed using different combinations
and various definitions of variables in order to determine
which would best correlate with household growth.

All the regression analysis were performed on the
Control Data Corporation (C.D.C.) 3600 computer at the Michi-
gan State University Computer Center. The regression program
that was used performs multiple regression analysis by a method

of least squar‘es.l

An important feature of this program is that
it automatically deletes independent variables from the regres-

sion equation until all equation coefficients are determined to

Loy, . . .

e multiple regression analysis program used the

LSDEL routine which was prepared by the Agricultural Experi-
mentation Station at Michigan State University as part of a

statistical program series.
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be significantly different from zero by the F test at some
pre-specified significance level.1 This feature enables the
model builder to include a large number of independent varia-
bles and allows the computer to determine which combination of

variables will yield the most desirable results.

DISAGGREGAT ION

The basic approach used in the earlier regression
analysis was to perform this test on all of the 124 census
tracts. Moreover, all the independent variables listed in
Appendix A were included in the analysis in order to deter-
mine those which'were most productive. It was found, however,
that the best correlation attainable under this arrangement

was a multiple correlation coefficient of (RZ) at .42 and with
all independent variables at the 0.005 level or better. After

further investigation it was decided that the reason for this
poor correlation was that the range of characteristics (values
for independent variables) for each observation (each census

tract) in combination with the tremendous variation of values

for the dependent variable (change in household 1960-1965) was
too great to be accurately explained by a single equation. In
other words, there was a significant variation in the relative
values for each dependent variable and their corresponding in-
dependent variables for each ind;vldual census tract. As men-

tioned in Chapter I, there is a significant difference in the

1The pre-specified level of significance used was
0.005. '
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historical growth rates from one community type to another
within the Region. For example, the Urbanized Core Area has
received large scale development whereas the Urban-Rural
Centers have grown at a very moderate and gradual rate. More-
over, the type and amount of employment, public facilities,
vacant land, and transportation facilities vary substantially
from one to another., It is also quite apparent that the at-
titudes and values of the residents of these various areas
vary considerably.

It was with this added perspective of the region
and its communities that measures were taken to proceed with
the regression analysis. In order to more accurately account
for the various differences between sub-areas of the region,
the total 124 observations (census tracts) were disaggregated
into two groups, "Rural Areas" and "Urban Areas". Essentially,
the Urbanized Core Area and the Major Urban Communities were
grouped to the Developed Area. This meant combining all the
census tracts that comprised the five township areas with the
Cities of St. Johns, Eaton Rapids, Mason, Grand Ledge, Char-
lotte and Williamston. Likewise, the Urban-Rural Centers and
Agricultural Areas were combined to form the Rural Area. This
disaggregation of observations enabled the model builder to
perform two separate regression analysis on two independent
sets of data. In effect, this step constituted the formula-
tion of two separate models; one for the rapidly growing areas

(Urban Areas) having 60 observations, and the other for the
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rural-oriented areas (Rural Areas) having 6l observations.
The initial results of this disaggregation was
very encouraging. The Rural Area produced a multiple cor-
relation coefficient (R2) of 0.86 while the Developed Area
generated an (R2) of 0.80 each at 0.005 significance. (See

Rural Area regression analysis in Appendix B.)

DELETION OF SELECTED OBSERVATIONS

Although an (R®) value of 0.80 is considerably better
than that achieved prior to disaggregation of the data, it was
felt that improvements were still required in the Development
Area. Upon comparing the values which were estimated for
each individual census tract via the regression bqgation to
the known change in household from 1960 to 1965, it was f&;nd
that the equation was consistently inaccurate in dealing with
certain census tracts. Certain census tracts in central Lansing
and East Lansing Cities were consistently over or under allo-
cated. Moreover, it was obvious that these tracts, for one
reason or another, were unique to the rest of the region in
terms of development practices, land ownership, types of land
uses and economic pressures for development. These specific
tracts either make up the CBD's of Lansing, Michigan State
University, or large industrial areas which are surrounded by
older residential areas.

In the case of central Lansing, the model seriously

over-estimated the residential growth potential of this area.
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The particular tracts in question make up what 1s presently
the Central Business District and surrounding areas. The
general character of this area Is essentially non-residential.
It was felt that the model did not adequately account for the
land values associated with available vacant acreage in this
area. Moreover, because of recent urban renewal plans in
these areas, rather unusual development and change has occurred.
There were two Census Tracts in the City of East
Lansing which combined to form the Michigan State University
campus., The campus area is unquestionably a unique situation
in that all the development in this area is totally controlled
by the University., The only household development that has
taken place in this area during the study period has been in
the form of married housing units which were built by the Uni-
versity. Moreover, the University has acquired a substantial
amount of land which, under the present land use classifi-
cation system, has been defined as vacant. By including these
two tracts in the regression analysis, the regression equation
was being asked to explain the development of households in
this area which was a function of the University's policlies
and the number of married students and not a matier of free
choice as in the case with the rest of the Developed Area., lIn
summary, the regression equation over-estimated the household
growth in these areas simply because the independent variables

indicated there was a substantial amount of vacant land avail-
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able and many of the other desirable characteristics which
would normally indicate a significant growth rate. More-
over, the model was being designed to reflect private house-
hold location decisions and not the University's policies
regarding the supply of on=-campus married housing.

The presence of several large industries immediately
ad jacent to the CBD of Lansing also represents a rather unique
situation., Over the past few years many of these industries
have felt the urgent need to expand their facilities. However,
they have found that they are completely surrounded by residen-
tial development., The Oldsmobile Corporation as well as several
others have decided that it is better to expand in their present
location rather than to relocate outside the developed area. As
a result, several acres of residential land has been converted
to either new industrial and related buildings or parking facil-
ities for employees which has resulted in a net decrease in the
number of households in these areas from 1960 to 1965. Here
again, the regression equation was not suited for this type of
situation. This was not regarded as a serious problem, how-
ever, because the model was not designed to anticipate overall
residential development patterns.

In an effort to improve upon the multiple regression
coefficient for the Developed Area, several of these unique
tracts were removed from the observations to be considered by
the regression analysis. It was felt that this would be a

better approach to the formulation of a regression equation as
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opposed to option of introducing adjustment factors which
are applied to individual tracts to artificially compensate
for their unique characteristics. The deletion of selected
observations is a statistically valid undertaking provided
that there is sound reason for doing so. Given the unusual
characteristics of this limited number of select tracts, it
was felt that this course of action was justified.

As shown in Appendix C, by reducing the total num-
ber of observations for the Developed Area, it was possible
to improve the multiple correlation coefficient (R2) to 0.97
with all independent variables having a significance of 0.005
or better. The primary reason for this improvement was that
the regression equation was no longer being asked to account
for several unusual dependent and independent variables which

were a result of unique characteristics in certain tracts.

REGRESSION EQUAT IONS

The following is a complete listing of each inde-
pendent variable and its definition finally used in the Devel-
oped Area model and the Rural Area model:

DEVELOPED AREA MODEL

A. Environmental Independent Variables

(1) Median Family Income (i) — (Median Family Income (i))

(2) Median Family Income (1)2 = (Med. Family Income Li)\?
/

(3) Median Family Income (i)3 — (Med. Family Income (1)

(4) % of Total Area Industrlal(i)2 Industrial Acres Li)€
Total Acres (1)
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(5) Average Net Residential 3
Density (i)3 = ( Households (1) >'
T

otal Residzsntial Acres(i)

(6) Residential Holding
3

(Average Net Rasidential
Density(i)) x (Vacant De-
velopable Land (I1))3

Capacity

(7) Total Households (1) Total Number of Hoitseholds(i)

(Total No. of Households(i))2

(8) Total Househclds (i)2

NOTE: All vuriables were measured at time "t" (1960
(i) = Census Tract

B. Public Service Variables

2

(1) Water Service Area(i)2= (Total Acres Served by Water(l))

Total Developed Acres (i)

(2) Water Service Area(i)3= (Same)3
Pl

(3) Sewer Service Area(i)@= (Total Acres Served by Sewers (i)h

Total Developed Acres (i)

(4) Elementary School = [ Total Grade Schocl Classrooms(i)ﬂ
Service Density (i)° Total Households (i)

(5) Elementary School

Service Density (i):3 (Same as Above)3

(6) Total School
Services (i) = Total Number of Schools (i)

(7) Total School .

Services (i)d (Same as Above)2

(8) Total School

Services (i)3 (Same as Above)3

(9) Park Services (i) Total Number of Parks (i)

1]

(10) Park Services (i)2 (Same as Above)2

(11) Park Services (i)3 (Same as Above)3
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(12) Golf Course
Services (i) = Total Number of Golf Courses (i)

(13) Golf Course

Services (1) (Same as Above)2

(14) Golf Course
Services (i)

3

(Same as Above)3

C. Functional Relationships Variables

(1) Accessibility to Re- § [Retail Employ.(_ x Shopping Trip

tail Employment(i)= J J) Friction Factor
(i to j)
Jz(Above_)
(2) Accessibility to Re-
tail Employment(i)2= (Same)?
(3) Accessibility to Re-
tail Employment(i)3= (Same)3

RURAL AREA REGRESSION

Dependent Variable

(1) Change in Households (i) (Total Households (i) 1965-(To-
(t to t+5) = tal households (i) 1960)

Independent Variables

(A) Environmental Variables

(1) % of Total Area
Industrial (1) = Industrial Acres (i)
Total Acres (i)

(2) % of Total Area
Industrial (1)2 = (Same as Above)2

(3) Average Net Resi-
dential Density(i)3 Households (1)3
Total Residential Acres (i)
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(L4) Vacant Developable Land (i) = Total Useable Vacant
Acres (1)

(5) Vacant Developable Land (i)2= (Same as Above)2

(6) Total Households (i)3 = Total Number of
Households (i)3

The following is the final regression equation for the devel-

oped area portion of the region:

(A HH) =

2754089 + 6250.6670 (X,) -61423.3531 (xl)2 + 210696.82SS(X1)3
-9739.6367 (x2) = 13892.2649 (x2)2 -6318.2269 (x2)3 +20.025) (x3)
212 (x3)2 + 0007 (X3)3f L0068 (X )2+32377.8862 (X_)

N 5
-5uL772. 4467 (x5)2 + 11873.0669 (x6)2 -88l- 2492 (X,)

+292.2136 (x7)2 -25.7260 (x7)3 -267.3199 (Xg) - 198.9417 (Xg)?
-28.0618 (x8)3 + 190.6626 (X5)-336.7L0L (X, )+20.4101 (X10)2
-.2029 (X10)3 + .375.0658 (x11)3 + 6583.1332 (X, ,)

2
-18470.0699 (XIZ)

Where:
( A HH) = Change in Households from T to T & §

(X.) = Accessibility to retail employment at time T

(X2) = Median family income at time T
(X3) = Water service area at time T
(X ) = Sewer service area at time T
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Elementary school services at time T
Percent industrial at time T

Total school services at time T

Park services at time T

Golfing services at time T

Average net residential density at time T
Holding capacity at time T

Total households at time T

The following is the final regression equation for the rural

area portion of the region:

(dHH)

20.1554 + L2.8L468 (X;) + 1860.6113 (X,)-63987.1537 (X,)?
2552l. 2582 (x3)2 ¢ L.2812.6878 (x3)3 + 3856.2989 (X))

15488.7101 (X))@ -.1467 (X5)3 + 80.5945 (X,)-32.7948 (X4)2

+ 21491.4862 (x7) - 14606L4.4196 ()(7)2

Where:
@)
(x,)
(x,)
(Xy)
W)
(Xg)

(x

Change in households between T and T - 1

Accessibility to total employment at time T
Accessibility to retail employment at time T
Elementary school services at time T

Percent industrial at time T

Average net residential density at time T
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Vacant developable land at time T

(Xg)

(X7) Total households at time T

B. Public Service Variables

(1) Elementary School Total Grade School Classrooms (i
Service Density (i)c=|\Total Households (i)

(2) Elementary School 3 3
Service Density (i)-= (Same as Above)

C. PFunctional Relationship
Variables

Work Trip
(1) Accessibility to 2 Total Employ., .,Friction Factor
Total Employment(i)=}]J (J5) (i to j

))2

)

? (Same as Above)

(2) Accessibility to Re-
tail Employment(i)?@= (Same as Above)

MODEL COMPONENTS

The equations which were derived from the regression
analysis actually represent a portion of and not the total dis-
tribution model. These equations are, in fact, the mathemati-
cal core of the model. 1In the total algorithim for the model,
these equations are fitted into a set of operational procedures
which enable the model to perform logical and useful alloca-
tions. The bulk of the computer program in terms of program
statements and computation time, is actually taken up by book-
keeping operations.

The first portion of the model is devoted to the man-

ipulation of raw data inputs. It was intended that the model be

so designed as to allow easy and efficient use with a minimum
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amount of involvement of the planner in manual preparation
of data inputs. The initial portion of the model performs
several mathematical operations on the incoming raw data to
get it into a form which is required by the regression equa-
tions. These calculations include such operations as con-
verting vacant land acreage and gross residential densities
into a form representing holding capacities (households per
acre)., It is in this manner that the model user is saved
the responsibility of manually calculating all the independ-
ent variables. Moreover, the input data could be expressed
in a form which more closely resembles existing data files
and thereby eases the problem of data preparation.

In addition to the raw data inputs required for
the independent variables, the model required a pre-defined
set of household control totals for both the Development Area
and the Rural Area equations. These consisted of two separ-
ate figures which were expressed as the total change in house-
holds that could be expected to occur in each of these areas
over the next five-year period. These controls were derived
from the cohort survival model and represent total household
forecasts for the entire "Developed Area" and "Rural Area".
Each of these data are stored in memory for future use.

The procedure used by the model to generate a house-
hold distribution begins with the insertion of each independent
variable for an individual census tract into the appropriate

regression equation (Developed or Rural Area equation). The
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regression equation is solved for that particular set of
values which results in an initial estimate of the house-
hold growth for that specific tract. This process is con-
tinued until a household forecast is achieved for each in-
dividual census tract. Upon reaching this point, these
household estimates are summarized and compared to the ap-
propriate household control (Developed or Rural). If the
sum of the individual forecasts exceeds or falls short of
the pre-established control, each tract is adjusted propor-
tionately. The individual allocations for each tract are
then printed out as "attempted change in households" as
shown in an example of the model output provided in Appen-
dix D, This is not, however, the final household forecast.
Due to the nature of the regression equation, account is not
taken of the fact that there may not be sufficient vacant
land in each of the tracts to accommodate the indicated
household growth. Therefore, the "attempted change in house-
holds" listing only represents the potential of each tract
for development based on the assumption that sufficient land
is available.

In the next step, the model compares the holding
capacity of each census tract to the amount of household
growth it has been allocated. If a particular tract has re-
ceived more development than it can support, then the allo-

cation is set equal to the holding capacity and the excess
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households are set aside for general allocation in the next
cycle. A re-allocation of excess households is made via the
regression equations in the following model cycle to all those
tracts which have sufficient land to support additional de-
velopment. This process is continued until all conditions are
satisfied at which time the final household allocation to each

tract is printed out.

MODEL CALIBRATION AND TESTING

Once the algorithim had been developed and the com-
puter program written, it was necessary to test the model to
eliminate all procedural or internal programming errors. 1In
order to facilitate quick and efficient de-bugging, the pro-
gram was written in FORTRAN and in a direct and simple manner.
As a result, many of the early operational programming diffi-
culties were overcome with relative ease.

A test deck of input data was prepared for use in
de-bugging. The deck consisted of sample independent var-
iables from eight census tracts; four from the Developed Area
and four from the Rural Area. These tracts were selected so
as to provide the widest range of possible values. The initial
test of the program was to compare the model's output for these
tracts to that derived from manual calculations using the same
equations, procedures, and 1960 inputs. Secondly, the values
for the independent variables were altered to test the system's

reaction to fluctuations in inputs.
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MOLEL CALIBRATICN

Model calibration ropresented scemething of a pro-
blem in trat the most current statistical pericd has been
used to develop the regression ecqgquaticns. Being that the
periocd from 1960 to 1965 was used in the regression analysis,
it would have made little sens< to calibrate it basced on this
same time period. The mcdel, however, was not completely de-
veloped until early 1948. It was felt that it would be logi-
cal to use the period from 1965 to 1970 for calibration.
Being that the commissicn had already collected a great deal
of data on the residential development from 1965 to 1968 and
the time span between 1968 and 1970 was relatively short, it
was felt that sufficiently accurate 1970 houschold estimates
could be prepared.

All the important data dealing with zoning peti-
tions, sukbkdivision plats, building permits, local population
estimates, and major development proposals were giickly as-
sembled and a 1970 household estimate was prepared., The
household distribution model was then used to gencrate a
1970 household allcocation which was compared to the 1970
estimate derived from local developmsnt trends and preoposals.
As a result of this comparison, it was found that the model
allocation was surprisingly close to the probakle houschold
distribation. With the cxception of two censuas tracts, the
mudel's allocations wore within ¥ 2% ¢f the actnal change of

households for any given tract.
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MODEL APPLICATION

MODEL USE AND POLICY DECISION

"Planning is oriented towards ensuring a better
future. The process of pursuing this objective involves
three basic problems. The first of these is predicting the
outcomes of alternative actions so as to determine what kind
of future will eventuate on the basis of available possible
planning decisions. The second problem is that of determin-
ing an operational definition of "better"; such a definition
should not only reflect community values so as to facilitate
acceptance of a plan, but should also provide guidelines in
the planning process itself, The third problem is that of
end reduction--finding amongst the very large number of pos-
sible combinations of factors those which give some promise
of being the most effective in providing a better future."l

In other words, the planning process that is used
to generate a plan involves the statement of community goals,
objectives, and desires; the development of alternative plans
which could meet these goals and objectives; the selection of
an alternative plan based on an evaluation of how well it
meets the broad objectives, lends itself to implementation,
is likely to be received by the community as a whole.

The household distribution model was intended to

provide the means for evaluating alternative policy plans and

'Britton Harris. "Organizing the Use of Models in
Metropolitan Planning". This paper was prepared for a sem-
inar on Metropolitan Land Use Models at Berkeley, California,
March 19, 1965, p. 2.
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to assist in determining which set of policies would be most
effective in achieving a desirable land use configuration.

To this end, the Commission undertook an extensive program
directed at identifying community goals and objectives. An
extensive set of broad regional goals were established as a
result of this study. With these goals in mind, a set of al-
ternative policies and design principles were formulated which
represented alternative approaches to achieving the goals.
Three alternative sketch plans were prepared which represented
different types of population and employment distributions
that could be achieved within the framework set by the alter-
native policies of principles.

It was at this point that the household distribution
model and the transportation model were to evaluate these al-
ternative plans. The basis upon which these alternatives were
to be evaluated rested on a judgment of how effectively the
alternative policies of each plan could be used to effect a
desirable distribution of population. That is, the models
were to attempt to develop a land use pattern which was called
for in each alternative plan by varying the policy inputs
(residential densities, holding capacities, transportation
system plans, urban renewal plans, policies regarding public
acquisition of land, etc.). Each alternative would then be
evaluated based on the final land use configuration, the types
of policies used in achieving that pattern, and the extent to

which these policies had to be enforced or pressured in order
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to adequately direct future development patterns.

Unfortunately, neither the transportation model
nor the household distribution model were ready in time to
undertake this evaluation task. As a result, it was neces-
sary to undertake this evaluation in the traditional manner.
That is, "to look at variation in the physical arrangements
which express the planner's understanding of what conditions
are best apt to satisfy aﬁ imperfectly defined set of goals."l

These three alternatives (Satellite Cities, Corridor
Towns, and Contained Growth) were published and widely circu-
lated throughout the region.2 Local planners and interested
agencies were contacted and asked to comment on each alter-
native. Moreover, questionnaires were distributed as widely
as possible, which, in effect, asked that the respondent
select a particular alternative which he felt best fit his
interests, Based on the comments and suggestions which were
received, the Commission felt that none of these alternatives
really provided the type of plan that best suited the entire
region. It is for this reason that a fourth policy plan was
developed which attempted to incorporate the most desirable
features of the other three alternatives. This policy plan

most closely represented the "Contained Growth" concept. It

libid., p. L

2Tri-County Regional Planning Commission. The Tri-
County Regional Planning Commission Policy Plan - A Prelude
to the Regional Development Plan. Lansing, Michigan: Tri-
County Regional Planning Commission, 1967, p. 2.
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was intuitively felt that this "Metro Center Concept" would
most easily lend itself to both implementation and public
acceptance. The Metro-Center policy plan became the general
policy guideline needed to run the household distribution
model. That is, for each model forecast, the policy inputs
such as residential densities, distribution of employment,
the types and location of major transportation arteries, and
the timing of public acquisition of land were geared to re-
flect the overall development guidelines set forth by the
Metro-Center policy plan. Each five-year forecast consisted
of several model runs. Policy variables were altered several
times during each forecast period in order to better approxi-
mate the development patterns invisioned by the policy plan.

There were two primary household allocation targets;
1975 for the short-range plan, and 1990 for the long-range
comprehensive development plan. The intermediate years 1970,
1980, and 1985 were used as convenient points at which to up-
date the independent variables concerning development policies
and physical land uses.

The general approach used in preparing the model
inputs for the short and long-range plans were significantly
different. It was felt that there was relatively little that
could be done to drastically alter the major capital improve-
ments that were presently scheduled or underway since the tar-
get year 1975 was only eight years away. For example, most of

the freeway construction plans that were to be undertaken for
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this period had already been approved and most of the land
had been purchased. The general process used to prepare
the inputs for the 1965-1970 and 1970-1975 model allocation
periods was to collect as much information as possible con-
cerning the approved and scheduled capital improvements and
to introduce them into the model where appropriate., With
this data on committed plans and programs as a base, a reallis-
tic 1970 and 1975 household distribution was accomplished.

The degree of flexibility was far greater for the
period from 1975 to 1990, This is primarily due to the fact
that there are very few public or private agencles which
undertake long-range planning of this magnitude. Therefore,
it was during this period that the policy plan could most
directly influence the household distribution pattern. The
emphasis during this period was taken off of existing plans
and programs and put on the policy decisions as called for
by the policy plan. Sewer and water extension programs were
more strongly geared to containing development in and around
already existing urban centers, Residential densities became
more restrictive in the fringe areas of the region in order
to discourage residential development through large lot zon-
ing which limited the holding capacities of these areas. The
transportation pattern was geared to interconnect major urban
centers In order to Increase their accessibility to each
other and thereby make them more desirable for future develop-

ment. In general, it was during this 15-year period that
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policy input decisions were heavily geared towards the
achievement of policy plan objectives.

Many of the model input variables and other data
items necessary for the preparation of a comprehensive
Regional Development Plan were derived through the traditional
methods of applying general standards. For example, the amount
of land consumed by non-residential uses was, in part, deter-
mined by applying a ratio of employees per acre by type of
land use. A comparative table was prepared which related
gross residential densities to net residential densities. This
table was used to determine the amount of land that would be
required per household for such local uses as residential street
right-of-way, churches, elementary schools, neighborhood parks,
and local retail facilities.

Special attention was given to the problem of es-
timating the distribution of different categories of employ-
ment, by place of work. Attempts were made to develop a crude
regression model which would allocate regional employment or
larger dgeographic areas. All efforts in this direction were
totally unsuccessful. It was found that the best possible
correlation coefficient attainable was (R2) at 0.28. The con-
clusion drawn from this analysis was that there was no appar-
ent direct or indirect pattern to the distribution of employ-
ment in the region. Therefore, an alternative approach was
used to deal with this matter. The approach used to allocate

regional employment was first to determine the most logical
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and desirable locations for these various types of employ-
ment activities. Various local planners as well as the
Lansing Metropolitan Development Authority were contacted
to collectively analyze potential locations for industrial
and commercial facilities, As a result of a series of meet-
ings on this topic, several specific sites began to emerge
as having the highest potential for development. Regional
control totals for employment were derived, in part, from
the cohort survival population forecast. This employment
was allocated to these sites based on employees per popu-
lation and employees per acre for commercial and industrial
uses respectively.

A second supplementary model was also attempted
with considerably more success. In light of the relative
difficulties and complexities in estimating median family
incomes, a regression model was developed to provide this
independent variable required by the household distribution
model. The independent variables used in this model include
such items as past income levels, total change in households
over the past five-year period, and indicators of historical
net residential densities, The model was based on an aggre-
gation of data at the analyzes area level; a combination of
two or more census tracts. A correlation coefficient of
(R%) at 0.72 was achieved with all variables significant at
.04 or better. Rather than prepare a computer program to
house this simple model, all calculations were performed man-

ually cn a desk calculator.
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MODEL DISTRIBUTION RESULTS

It is generally felt that the household distribu-
tion model was successful in that it accomplished nearly all
of its objectives. Although minor difficulties were incurred
in specific tracts throughout the region, the overall distri-
bution of households appears to be well within the confines of
reasonableness. DMoreover, the configuration of development
very closely resembles that called for by the Metro-Center
policy plan. It is important to note that this configuration
of households was, in fact, accomplished without the need to
over-emphasize any policy variables or development constraints.

The household distribution model was used as a tool
to assist the planner rather than control him. Output from
the model was regarded as a general indication of the develop-
ment potential of a particular census tract and not the final
estimate of growth. The planner was at all times free to man-
ually change the distribution of households if for some reason
he felt that the model was over or under emphasizing certain
areas. DMoreover, the output from the model was expressed in
terms of households. It was the planner's responsibility to
transform households into population. This was accomplished
with the use of household size forecasts (population per house-
hold) which were derived independently from the model and

applied manually.
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CHAPTER 111

A CRITICAL EVALUATION

TRADITIONAL PLANNING VS. MODELING

One of the first issues which must be investi-
gated in order to properly evaluate the Tri-County Regional
Planning Commission's model is one which strikes at the
heart of their program. That is, "why pursue the formu-
lation of a plan via modeling techniques as opposed to the
traditional planning approach?" It is only through con-
sidering this question that progress can be made towards a
more detailed and technical evaluation of the model itself.

It is commonly agreed that "planning is oriented
toward ensuring a better future."1 In pursuing this plan-
ning, the world will continue to change and develop. How-
ever, without some coordinative and cooperative attention,
some of this development and change may be generally undesir-
able. According to Britton Harris, "the planner, therefore,
attempts to devise policies which will influence the develop-
ment in desired directions, by means and at costs which are

acceptable to the community as a whole."

1Br‘itton Harris, op. cit., p. 2.

2Britton Harris. "New Tools for Planning", Journal
of %he American Institute of Planners, Vol. XXXI, No. 2, (May
1965), p. 91.
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If we are willing to accept this general descrip-

tion of planning, then the planning process will involve the

following steps:

"l.

2.

The projection of probable future development.
The identification of objectionable and undesir-
able features of this development.

The identification of desirable alternative pat-
terns and directions of development.

The invention of policies and public actions
which may influence development in desirable
directions.

The generation of plans reflecting various com-
binations of these policies and actions.

Testing these plans for effectiveness, feasi-
bility and costs.

Choosing, or assisting in the choice, among al-
ternative sets of policies, and initiating still

further improvements.,"

There are basically two different views as to the

manner of following through this planning process in crder

to arrive at a "better" future state. This discussion is

commonly referred to as "traditional planning" and the other

"growth models". Each of these methods encompass the same

'1pid., p. 91.
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objectives and agree on the same basic processes in achiev-
ing these objectives. The difference between these two ap-
proaches is apparent in the specific techniques used to pro-
gress through each of the steps outlined above.

It is pointed out by Harris that, "the traditional
planning method has been to look for variations in the phy-
sical arrangements which express the planner's understanding
of what conditions are best apt to satisfy aﬁ imperfectly de-
fined set of goals. Much of this planning in its most general
form has been what might be termed configurational. That is,
considerable emphasis has been laid on the overall shape and
form of the metropolitan area and the major transportation
elements which are believed to help determine this form."
Although scmewhat brief, this description of traditional plan-
ning methods strikes at the basic approach and considerations
involved. The main point is that traditional planning is
concerned with the physical arrangements of land use activi-
ties to the extent that they influence the future state of
the region. Essentially, this approach states that the

future shape and form of the area is controlled by the trans-

portation systems and open space policies. According to Harris,

an inherent weakness of this approach is that, "the definition

of a desirable future state is not related to the predication

lgritton Harris. "Organizing the Use of Models in
Metropolitan Planning.", op. cit., p. 3.

~r
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of the effectuation of any policies except for certain direct
controls over development."1 That is to say, outside of such
measures as zoning, subdivision regulations, and urban renewal
programs, this method does not take into account the far
reaching impact of other important factors which will also in-
fluence the over-all development pattern. As a result of this
feature, "it cannot be known whether the future state hypothe-
sized is in fact on a feasible line of development from the
present. Equally serious, even if it is feasible, the process
of reaching such a state may involve costs of implementation
which react seriously on the evaluation of the plans desir-
ability."?

The basic weakness of the traditional planning
method of plan preparation is that it is conducted on an in-
tuitive basis. That is, the planner uses his expert know-
ledge to transform policies into physical land use arrange-
ments which hopefully reflect a "better" future state. The
traditional planner can call on little more than "expert
judgment" to know how costly or realistic his plan is to
effectuate.

There are a number of reasons why the traditional
planning method experiences serious difficulties in prepar-

ing an objective and realistic plan. Among these are:

lbid., p. 3
°Ibid., p. 3
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"1. The metropolitan area is a complex functional
entity in which people, business, and institu-
tions interact vigorously. Much development
takes place under private initiative, not com-
pletely subject to direct public control, and
in response to influences which are not fully
understood.

2. The range of policies with which planners at
various levels are able to influence develop-
ment is growing. It includes not only tradi-
tional direct controls, but indirect influences,
such as transportation development, urban re-
newal, taxation, and many other programs.
Coordinating the effects of related policies
in all these fields over an entire metropolitan
area strains both the competence of the planning
professional and existing administrative and
governmental arrangements."l

By virtue of the physical limitations of the human

mind, man is capable of considering a relatively small number
of different elements simultaneously. Upon looking realisti-
cally at the total metropolitan environment, the number of

interrelationships among and between activities and the space

which they occupy becomes overbearing. Even though the plan-

'Britton Harris. "New Tools for Planning", op. cit.,

p. 91.
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ner is becoming more and more sophisticated at understand-
ing these interrelationships, he does not have the capacity
to study and understand them all in any degree of detail.

Modeling techniques are, in essence, an alternative
approach to assist in the preparation of alternative compre-
hensive plans. Stuart Chapin defines a model as "a mathe-
matical representation of a phenomenon previously conceptual-
ized in verbal and logical form of theory."1 Growth models,
as discussed here, are simply mathematical abstractions which
describe the metropolitan area. In particular, growth models
address themselves to the complexities and interrelationships
of change or growth.

In contrast to the traditional planning method,
"this approach to planning examines the consequences of policy
determinations by simulating directly the effects which these
determinations will have upon the growth of the metropolitan
area."2 It is this simulation which is expressed as a single
or series of mathematical relationships which enables the
model to deal with an astronomical number of factors in a
relatively short period of time. It is pointed out by Harris
that "Most of the problems of comprehensive planning involve

in the first instance very large amounts of detailed infor-

1Freund, Eric C., Goodman, William I., Principles
and Practices of Urban Planning, Municipal Management Ser-
ies; International City Manager's Association; Washington,
D.C., 1968, p. 475.

®Britton Harris. "Organizing the Use of Models in
Metropolitan Planning", op. cit., p. 3.
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mation regarding land, buildings, public services, and
activities. This information must be handled and proces-
sed quickly, accurately, and consistently."

As pointed out earlier, the traditional planner
would quickly become overwhelmed by the amount and detail
of this information. Moreover, his ability to study and
analyze this data is seriously limited by conventional means.
It is only with the advent of the electrical computer that
planners have been able to maximize the use of this data and
apply it accurately and quickly to the matter at hand. More-
over, because of the speed and accuracy of the computer,
planners have been able to devise methods (models) to both
test their theories and account for more of the complexities
of the urban environment.

Donald M. Hill points out that: "The essence of
the model's development is the scientific method comprising
theoreticél reasoning and emperical observations. The
rationale of the model is premised on the following obser-
vations:

1. That the logical preferences of population,
employment, and other activities are highly
interrelated;

2. That the development of land for various uses
is influenced by numerous exogenous factors.

A model in this context is a mathematical technique capable

lBritton Harris. "New Tools for Planning", op. cit.,
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of predicting detailed subregional development patterns of
urban activities based on existing urban development, on
externally forecasted regional growth, and on exogenous
policy considerations concerning transportation, open space,
zoning policies, public utilities and regional growth."

It is considered to be standard procedure to first
determine a broad set of goals and objectives. From these
goals, alternative sets of policies are established which
reflect different ways of attaining these goals. Moreover,
these policies are formulated hand-in-hand with design prin-
ciples which ultimately effect the character and form of the
urban environment. As a general rule, from these goals, ob-
jectives, policies and design principles, alternative develop-
ment plans are created which are a graphic representation of
what the metropolitan area would be provided these rules were
followed. A basic criticism of the sketch planning technique
outlined above is pointed out by Harris as follows: "The
search in this case is, in the first instance, for optimal
future arrangements of the metropolitan area without regard
to the possibility of reaching this future state from present
conditions by a combination of normal growth processes with

feasible choices."2

IDonald M. Hill. MA Growth Allocation Model for
the Boston Region", Journal of the American Institute of
Planners, Vol. XXXI, No. 2, (May 1965), p. 112.

2Britton Harris. "Organizing the Use of Models
in Metropolitan Planning", op. cit., p. L.
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As a result, it is extremely difficult to attempt
to evaluate alternatives which are prepared under this type
of process. The basic problem is that there is no direct
way to know if in fact the urban form proposed by any one
of these alternatives is, in reality, achieveable. DMore-
over, the costs involved remain a mystery because of the ne-
glect of the planner to specify in any detail the difficulties
incurred in effectuating a plan of this type. As a result,
the evaluation of alternative sketch plans is, at best, sub-
Jective and intuitive.

The amount of time that is required to prepare a
comprehensive regional development plan under the process
outlined above is indeed enormous. It is further pointed out
by Harris that: "So long as the generation and spelling out
of plans remained an arduous and slow process, opportunities
to compare alternative plans were extremely limited. In this
case, the evaluation of plans became largely subjective and
the subjective nature of the evaluations led to many diffi-
culties in achieving a consensus."

One of the most important advantages offered by
the modeling techniques is that once the initial investment
in model development is made, it is possible to generate
large numbers of alternative development schemes, logically,
objectively, quickly, and at a relatively low cost. The

basic vehicle for accomplishing this is through the model and

lBritton Harris. "New Tools for Planning", op. cit.,
p. 92.
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its inputs. Different policies and design standards in
effect are transformed into specific inputs to the model.
As mentioned earlier, the model is so designed as to react
differently to changes in the input data. Thus, by alter-
ing the allocation of utilities as an input, for example,
one can objectively determine the impact that this constraint
has on the overall development pattern of the metropolitan
area. It is through reiterations of this type that one is
able to generate large numbers of alternative plans.

Both the process of designing alternative plans
as well as understanding and evaluating these alternatives
depends very heavily on an intimate understanding of how a
metropolitan area functions and grows. Harris supports this
argument by stating that: "This is necessarily so because
the consequence, direct and indirect, of planning decisions
are the most direct elements entering into an evaluation,
while changing these consequences by changing proposed poli-
cies is the central aim of planning design."1

There are two basic benefits which are a direct
result of modeling techniques which have an effect on plan
design and evaluation. First, through using the modeling
approach, one gains a better understanding of the consequence
of alternative policies and assumptions. Consequently this

improved understanding ultimately effects the design of the

'1bid., p. 92.
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plan. Secondly, by better understanding how the system
functions and reacts, the planner can formulate new re-
straints to be imposed on the design problem. This again
only leads to an improvement in results.

In summarizing the basic advantages and dis-
advantages of traditional planning vs. modeling, one must
recognize that each approach has certain qualities which
make it desirable. Harris points out that: "The use of
the growth model offers the greatest advantage of realism
and provides output which may be presumed to be feasible
in terms of locational behavior as it influences urban
development over time. Future state "traditional" planning
provides the planner with an opportunity to experiment with
arrangements which might conceivably have much higher levels
of performance than those which would ordinarily be dis-
covered by planning through the use of growth models. With
the growth model, the planner has to filter his intuitions
about future desirable configurations through the process of
trying to reach these configurations by the application of
policy and then evaluating the result. In future state plan-
ning, the planner may go directly to an expression of his
intuition and determine immediately how effective that in-
tuition is, but he will then be very much up in the air as
to the possibility of achieving this state by normal means

or as to the cost of achieving it through added controls and
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incentives."!

Although not stated directly above, one of the most
important benefits to the planner as a professional is that
of education. By undertaking a program which calls for the
use of models, one will become far more deeply acquainted
with the metropolitan area and its functional relationships
simply because he will be forced to "think through" these
processes and relationships. As stated by Ira S. Lowry:
"Above all, the process of model-building is educational. The
participants invariably find their perceptions sharpened,
their horizons expanded, their professional skills augmented.
The mere necessity of framing questions carefully does much
to dispel the fog of sloppy thinking that surrounds our ef-

forts at civic betterment."2

REGRESSION VS, OTHER MODELING APPRQACHES

The single most important element which must be
considered in an evaluation of any model concerns the par-
ticular modeling technique used. In order to properly
evaluate the model, therefore, attention will be given here
to a comparison of the regression model used in the creation

of the Tri-County Regional Planning Commission (TCRPC) house-

'Britton Harris. "Organizing the Use of Models in
Metropolitan Planning", op. cit., p. 5.

°Ira S. Lowry. M"A Short Course in Model Design",
Journal of the American Institute of Planners, Vol. XXXI,
No. 2, (May 1965), p. 165.
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hold distribution model and the other modeling alternatives
that are available.

The criteria used by the Commission to select a
particular modeling technique consisted of the following
considerations.1

1. Model accuracy as a forecasting tool.

2. System understanding.

3. Equipment and data processing requirements

of each alternative.

. Data Requirements of each method.

5. Development costs in terms of overall time

and professional staff skills.

In light of the Commission's limited budget and
staff, each of these factors had to 58 carefully considered
prior to committing a substantial amount of money and time
to the project.

Upon reviewing various approaches that had been or
were currently being used in the planning field, it was found
that there were three basic types or categories of models --
regression, opomization, and simulation. Although these are
often referred to by different names, such as analouge, sym-

bolic, deterministic, stocastic, descriptive, predictive,

1Tri-County Regional Planning Commission., Small
Area Population Forecasting Models, op. cit., pp. 8-10.
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heuristic, and recursive,l they can generally be reduced to
these three basic types.

According to Michael Stigman, "there is the deter-
ministic model (regression model) which is commonly, but not
always, based on correlation analysis and, in general, in-
cludes one dependent variable and one or more independent

"2 These models, in which class the TCRPC model

variables.
falls, are based on a definite knowledge of past trends and
relationships and on the assumption of their continuation
into the future.3 It is quite obvious, therefore, that the
validity of this technique is based on the accuracy and
stability of the relationships investigated and used.
Optimization models are firmly based on a tech-
nique of analysis known as linear progr‘amming.)4 This process
involves the definition of a mathematically definable ob-
Jjective or goal which the linear program will seek to maxi-

mize. An optimization model, according to Robert Boguslaw,

"calculates the best plan for achieving stated objectives in

IMichael Allen Stegman. "An Analysis and Eval-
uation of Urban Residential Models and Their Potential
Role in City Planning", A Dissertation in City Planning,
University of Pennsylvania, 1966, pp. 1-2.

2Donald M. Hill, op. cit., p. 11.

3Penn Jersey Transportation Study. An Introduction
to Mathematical Models, PJ Paper #8, 196l4, p. 5.

uDonald M. Hill, op. cit., p. 1l1.
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' Linear pro-

a situation in which resources are limited."
gramming models have received rather widespread application
in the private sectors of our economy. This is particularly
true in single firms where linear programming techniques are
used to economize a specific operation or process. Urban
planners have found this tool useful in model building where
specific goals can be defined and maximized. Examples of
this application in the planning environment include such
problems as minimizing total travel time or maximizing the
amount of services received per unit of income. When ap-
plied to urban problems, optimization models have diffi-
culty relating to an imperfect social environment. For ex-
ample, the urban system differs from the clear-cut physical
sciences in that human error and free choice are the basis
upon which the system functions. A linear programming solu-
tion to a particular urban problem is based on the assumption
that the human components of that system have perfect know-
ledge of the environment. Moreover, linear programming has
often been used to achieve an equilibrium where, in fact, no
equilibrium exists. The essential problem is that the human
component of the urban system is not perfect; acts, on oc-
casion, in an irrational manner; and under a democratic

society, cannot be forced to follow an optimum course of

action.

1Robert Boguslaw. The New Utopians, Englewood
Cliffs, Prentice Hall, Inc., 1965, p. 52.
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Harris defines a simulation model as "one in
which real world processes are imitated."1 In other words,
a simulation model is one which is designed to resemble the
system under study. The emphasis of this model is not in
providing realistic and highly accurate forecasts or output
about the system, but rather to act as the system would re-
act to various exogeneous and indogenous stimuli. The pri-
mary use of a simulation model is to gain insights into the
interrelationships of the system via building the model and
taking part in its use to test different system reactions.
An example of a simulation model is one which employs the
"monte carlo" technique by, in effect, rolling dice to deter-
mine a course of action or make a decision on a matter which
is purely random or is based on the law of probability or
chance.

It appears that the optimization model has poten-
tially the greatest assurance of accuracy. This is true
because the system is dependent upon defining what the goals
of the system are and not necessarily the mechanics by which
these goals are achieved.® It is logical to assume, there-
fore, that the optimization model will continue to provide
realistic results even though technology may alter the mech-

anics by which these goals are achieved. The major problem

lpritton Harris. "A Gloss of Lacklustre Terms",
Journal of the American Institute of Planners, Vol. XXXI,
No. 2, (May, 1965), p. 94.

2Tri-County Regional Planning Commission. Small
Area Population Forecasting Models, op. cit., p. 8.




71
that faces optimization when this technique is applied to
urban problems is that the goals of society are not easily
definable. Moreover, optimization models have difficulty
in satisfying all goals especailly when these goals are in
conflict with each other. It was concluded, therefore, that
the optimization model represented a high-risk return al-
ternative.

It also appears that the simulation technique
would seriously compete with the regression model for over-
all accuracy, especially for long-term forecasts. The
essential reason for this is that the system interactions
are represented individually rather than collectively which
is the case in the regression model. It is assumed here
that elemental representations will be more stable over long-
time periods.2 According to Keith Crane, "The technique
(simulation) is more sensitive to error, because errors com-
pound through succeeding steps in each simulated chain of

3

events."
It appears that the simulation model is a far

superior teaching tool than are either of the other tech-

niques. This is due to the fact that it provides insights

into "how" the system reacts to various stimuli. The optimi-

llbid., p' 8.

°Ibid., p. 8.

31bid’, p. 8.
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zation model, on the other hand, tends to resemble a
"black box" to anyone who was not deeply involved in its
creation. The regression approach is a useful tool for
providing insights into the historical relationship be-
tween its variables. It is important to note, however,
that the regression technique does nothing to define what
in fact these casual relationships are. It is important,
therefore, to exert caution in selecting variables as it
is possible to encounter meaningless correlations between
variables.l

All three models require rather large capacity
computers and are large consumers of data. Generally, the
regression model's data requirements are less demanding
than that of the simulation model. On the other hand, op-
timization models require a different type of data than the
other two. That is, optimization requires data on the
"attitude of the system" whereas the other needs data which
describes the "state of the system".

The most serious consideration in selecting
between alternative techniques was that of developmental
costs. It was this characteristic of the regression model
which was most impressive and outstanding above the other

alternative approaches. It was found that regression models

l1bid., p. 9.

°Ibid., p. 9.
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required less of an investment for development both in
terms of manpower and computer costs.

Upon reviewing all of the advantages and dis-
advantages of each alternative modeling technique as well
as the data and financial resources available to the Com-
mission, the regression analysis model technique was selected
as the basis upon which to develop this model. It is quite
obvious that the prime concern was not to select a technique
which was of mathematical or theoretical elegance; for the
regression model is lacking in both. The two most limiting
and important forces which came to play were that of time
and money.

The Commission had access to a relatively large
computer (CDC-3600) as well as very detailed and accurate
data derived from inventories of land use, population, recre-
ation, transportation and natural resources. These facil-
ities and data were probably sufficient to support the develop-
ment of either an optimization or simulation model. However,
it became particularly clear quite early in the program that
the available funds were insufficient to support even a token
development of either the optimization or simulation approach.
Moreover, this is especially clear in that the primary ob-
jective of the Commission's program was to prepare an operat-
ing and accurate model and not to foster a research effort

directed at "advancing the state of the art."
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AN EVALUATION OF VARIABLES USED IN THE MODEL

The choise of variables, both dependent and in-
dependent, can greatly influence the theoretical and logi-
cal core of the model. Attention, therefore, must be given
to the criteria used in variable selection, the way they
are defined and measured, and the rationale for including
certain variables and excluding others. Included in this
discussion will be detailed review of the results of both
a sensitivity and performance test which were applied to
the model. Important points will also be raised concerning
the model's consistency and the relationship of the dependent

variable to the independent variable.

AN EVALUATION OF THE DEPENDENT VARIABLE

The most obvious consideration involving variables
centers around the selection of a dependent variable. As
mentioned in Chapter 2, the dependent variable was defined
as the total change in households from t to t&5. It is the
author's opinion that the basic decision to use households
as a dependent variable was a wise choice. Britton Harris
supports this opinion in his statement that there are two
basic reasons for using households as a lowest common denom-
inator of urban growth. "First, residential land is the main
space consumer in any metropolitan area, and it seems likely
that the market for residential land in most instances is

the price-setting market which therefore indirectly influences
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all other locations."!
It is also important to realize that a larger
percentage of all vehicle miles traveled in our urban areas
are home-based trips. Therefore, it is logical to assume
that one of the most important ways to understand and plan
for future transportation needs is by accurately defining
the distribution of households to be served. "Second, in .
a very general sense, perhaps the most important criterion
in plan making is some measure of the differences in welfare
levels for the resident population which may somehow be ob-
served or measured as between two different plans."
A more basic characteristic of the household

which makes it suited for use as a dependent variable is
that it can readily serve as the basic unit of population
movement. People, for example, do not usually migrate as
individuals. That is, the vast majority of overall pépu-
lation growth is a result of people who migrate as a family
unit and not as a group of unrelated individuals. House-
holds are increasingly more attractive as a basic unit of
measurement because it is quite simple to determine residen-
tial land consumption given some measure of the number of
households. Chapin and Weiss point out that "Land use can
be derived or inferred from such predications (households).

Social status however, cannot easily be inferred from a land

lpritton Harris. "Organizing the Use of Models in
Metropolitan Planning", op. cit., p. 17.

°Ibid., p. 17.
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use prediction."1

Even though the definition of the dependent variable
is such that it addresses the most Important single aspect of
metropolitan growth, this all-inclusive definition, in itself,
is a serious weakness of the model. That is, one basic weak-
ness of this model is that all households are grouped into a
single category. It is quite evident that there are a wide
range of different types of households which are best defined
by the social-economic status of its members. For example,
younger families tend to have children who are living at home
that are of school age; therefore, they tend to place a high
value on the availability and quality of schools and parks.
Moreover, because of their relative position in the family
cycle, their needs for living space are quite different from
that of older, more established famillies.

Household income levels are another important char-
acteristic which influences household location preferences.
Higher income famillies are better able to absorb various
costs that are associated with different residential loca-
tions. For example, families of higher income status do not
need to rely on public transit as a means to get to and from
work as do lower income groups. Moreover, higher income
groups tend to place more value on prestige as a locational

consideration.

1stuart Chapin, Jr.f Shirley F, Weiss., "Factors
Influencing Land Development™, Journal of the American
Institute of Planners, Vol. XXXI, No. 2, (May, 1965), p. 176.
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The level of educational attainment and the type
of job in which the household head is employed will also
greatly influence the value system of the household. Higher
education groups, for example, tend to seek residential loca-
tions in areas where it is possible to associate with persons
of similar backgrounds and interests.

An obvious weakness of the TCRPC distribution model
is that all of these different types of households of varying
value systems and preferences were grouped into a single cate-
gory in the dependent variable. This problem has a solution
through the stratification of households by type. That is,
the general category of "households" would be divided into
several sub-categories based on different measures of income,
family size, racial composition, type of employment, education
level, and age groupings. Britton Harris points out that
"Hopefully, such a stratification would reflect the dimensions
of variation between households which influence residential
choice."l By stratification, one would simply categorize
households based on a set of characteristics which apparently
will have some influence on household behavior patterns re-
garding locational preferences. In effect, in place of a
single regression equation which encompasses all households,

several equations would be generated for each household type.

lgritton Harris. "Organizing the Use of Models in
Metropolitan Planning", op. cit., p. 17.
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In this manner, households would be allocated to sub-areas
within the study area based on their own particular prefer-
ence.

There are several problems associated with this
approach, however, which warrant attention. As sighted by
Harris, "Any complete stratification on these dimensions
would, however, create a generally unmanageable number of
household location groups. Paralleled with this problem
there exists the problem of stratifying housing types so
that the number of areas dealt with in the model will not
be unmaneageable, yet will remain relatively homogenous."1

Although the possibility of stratification was
considered in the early development of the TCRPC distribu-
tion model, it was decided that it would be better to avoid
household typologies. The primary reason for this decision
was two-fold. First, the associated problems of complexity
of model design and use would have been too difficult under
a stratified household condition. More importantly, however,
the obvious lack of data made this approach unquestionably
prohibitive. The 1960 Census was the primary data source for
model development. To obtain stratified household types via
special Census tabulations would have been exceedingly costly
and time consuming in that there is considerable time delay
between the submission of a special request and the actual

delivery of this data from the Bureau of the Census.

llbidO’ p‘ 180
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It is recommended that if any further modeling
is undertaken by the Commission, serious consideration
should be given to the possibility of using household types
rather than a single household category. The U. S. Bureau
of the Census will be undertaking a significantly different
approach in the 1970 Census than has been taken in previous
Census of population and housing. The most important
change, with regard to the availability of 1970 Census data,
is that the Bureau will provide any local user with a machine
readable copy of detailed 1970 data summaries. This data
will be available at cost and upon request shortly after the
Census is taken. These tapes will contain a wide range of
detailed Census data which is aggregated to geographic areas
which range in size from Census blocks to Census tracts and
minor civil divisions. The model builder, therefore, will
be given maximum flexibility to allow him to obtain data on
household types from the 1970 Census without having to pur-

chase these data and services from the Bureau.

AN EVALUATION OF THE INDEPENDENT VARIABLES

"In today's computer technology, this technique
(multiple regression analysis) is a handy "filter"™ through

which one can toss into a pot all kinds of factors which

lu.s. Department of Commerce/Bureau of the Census.
1970 Census User Guide, Government Printing Office. Wash-
ington, D.C., April, 1962.
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might be remotely connected with urban development. The
multiple regression analysis will very neatly separate
the wheat from the chaff and serve up only those which are
in statisticians terms, "significant"."1

If one were to undertake the building of a re-
gression model under this philosophy, the odds are that
certain factors would come out of the regression analysis
with a high correlation to the dependent variable, even
though there is no direct or indirect relationship between
the two.

In pursuing a regression model, one does not sim-
ply generate a list of variables that he feels may somehow
influence household location decisions and test them via a
regression analysis. The process, in order to be valid,
must stem from some source of theory or logic. The approach
taken in this study was to assume that households tend to
locate in various areas because these areas have some measur-
able quality which renders them desirable or attractive to
residential development. Likewise, certain characteristics
have the reverse effect on households (repulsion). Based
on this assumption, independent variables were identified,

defined, measured and tested. Each variable was selected

1Thomas G. Donnelly, F. Stuart Chapin, Jr., Shir-
ley F. Weiss. "A Probabilistic Model for Residential
Growth", Journal of the American Institute of Planners,
Vol. XXXI1, No. 2, (May, 1965), p. 177.
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because of its expected influence on the potential of an
area for attracting or repelling development. This expec-
tation was based on the region's characteristics and
intuitive judgment, and supported by previous theories.

The criteria which was used in selecting each
variable was in harmony with most of the basic planning
theories and principles regarding locational needs, stan-
dards, and preferences. In the following statement, Stuart
Chapin sights a convenient example of some traditional
planning principle concerning residential location pre-
ferences which are considered to be basic to all plan-
ning practices. "Living area should be located in con-
venient proximity to the work and lelsure time areas where
there are nearby transit and thoroughfare routes to insure
easy access back and forth. They should be in convenient
proximity to large open spaces and should include smaller
open spaces to insure an open-order character of develop-
ment. They should be located in easy walking distance to
accessory community facilities. They should be located in
areas protected from traffic and incompatible uses, and in
areas where desirable residential densities with a range

of cholice can be insured."1

1Freund, Eric C., Goodman, William I., op. cit.,

p. 372.
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Of course there are many more basic principles
which have been and are presently held to be important
factors regarding the location of residential areas. The
important point here is that, in a modeling situation,
one Is forced to specify these principles in a manner which
will allow them to be measured and analyzed in order to
test their validity and simulate the urban environment.
Another example of this is provided by the commonly held
principle that the availability, quality, and location of
school facilities is an important consideration to the indi-
vidual householder upon selecting an area in which to locate.
In order to use this as a variable in the model, it must be
clearly defined and measured. In the case of the TCRPC
model, this principle was introduced and tested in several
different ways. For example, the total number of elementary
school buildings in each census tract was used as a specific
independent variable. Other measures included such definitions
as the total number of classrooms, a ratio of classrooms per
school-age child, and a ratio of classrooms per household.
It was in this manner that it was possible to test the
validity and applicability of this principle using several
different definitions.

Another principle which is close to the heart of
accepted planning practices is that public utilities and
services both serve and shape urban development. Water and

sewer facilities are held to be two of the most important
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public services which influence residential growth. How-
ever, it has long been difficult to determine how important
these variables really are. Again, these two variables were
introduced as independent variables into the regression an-
alysis using several different definitions for each.

Chapin points out that "Transportation is essen-
tially a service which enables people, firms, and various
other entities to carry on activities at sites selected for
these purposes in separated locations. Just as sanitation
systems with their water supply and waste disposal facilit-
ies represent another necessary service, thoroughfares and
transit systems and their terminal facilities exist to make
it possible for connections of people, firms, and other human
institutions to carry on their activities in different loca-
tions in space."

It is commonly known that a major consideration in
location decisions center around the matter of accessibility.
As pointed out by Harris, "the pattern of land uses 1Is thus
a large dependent system in which choice of location of an
establishment is made in terms of spatial distributions of
others with which it interacts."2 The individual household

is by no means excluded from this behavorial characteristic.

'1bid., p. 339.

®Britton Harris. Preliminary Note on Aspects of
Equilibrium in Urban Growth Models, Philadelphia, Pennsyl-
vania, Institute for Environmental Studies, August, 1966,
p. 17.
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It has been well established that the vast majority of
trips which have their origin or destination at a house-
hold are to or from either places of work or shopping
facilities. In other words, the two most important move-
ment variables which influence household location decisions
are concerned with accessibility to work and accessibility
to shopping facilities. If this is accepted as basically
a sound assumption, then the problem becomes one of defini-
tion. The Tri-County Regional Planning Commission chose to
incorporate the measure of accessibility as provided by the
standard gravity modeling approach. It is stated by the
Bureau of Public Roads that "In essence, the gravity model
says that trip interchange (accessibility) between zones is
directly proportional to the relative attraction of each
zone and inversely proportional to some function of the
spatial separation between zones. This function of spatial
separation adjusts to the relative attraction of each zone
for the ability, desire, or necessity of the trip maker to
overcome the spatial separation involved."1 Mathematically,

the gravity model equation is expressed as follows:

P A F K
T = 103 i3 ij
1] NA F K .
J o ij 1ij

Jj=1

1U.S. Department of Transportation/Bureau of Public
Roads. Calibrating and Testing A Gravity Model for Any Size
Urban Area, U.S. Government Printing Office, November, 1968,
ppo 1-20
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"Where:

T = trips produced in zone and attracted to zone
P = trips produced by zone
AJ ®= trips attracted to zone

F = emperically derived travel time factor which
expresses the average area-wide effect of
spatial separation on trip interchange between
zones which are apart

Kij = a special zone-to-zone adjustment factor
(friction factor) to allow for the incorpor-
ation of the effects on travel of defined

social or economic linkages not otherwise ac-

counted for in the gravity model formulation."1

Another important variable which exerts influence
on household location decisions is concerned with the holding
capacity of the area. Holding capacity, as defined here, is
a function of available developable vacant land and the cur-
rent gross residential density. In other words, it is a mea-
sure of the total number of households that can ultimately
locate in a census tract given a specific density restraint.
The support for using this as an independent variable is
varied and overwhelming. Some measure of holding capacity

has been used in one form or another in nearly every major

lIbid., pp. 1-3.
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distribution model throughout the country. Imperically,
holding capacity serves as both a policy constraint and

an indication of the potential of an area to accept develop-
ment. In other words, the planner can alter the holding
capacity of an area both in the real world and in the model
sense through the adjustment of residential density. More-
over, the distribution of developable vacant land in a
metropolitan area has definite impact on development pat-
terns. An example of this influence can be found in or
near the core of most metropolitan centers. As the amount
of vacant land decreases, the cost of that land increases.
At some point in time, land values increase to the point
where it is no longer economically feasible to consider
residential development. At the same time, an abundance

of vacant land generally indicates that an area is too far
removed from the residential land market and, therefore,
has a reverse effect on the desirability of that area to
attract new development.

Median family income measures have enjoyed wide-
spread applications in many urban models to date. Income
data has many qualities which reveal pertinent information
about the characteristics of the urban systems and its com-
ponents. For example, median family income can provide
many key insights into such complex issues as consumer pre-

ferences for housing types, locational preferences, and con-
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sumption rates. Moreover, different levels of Income are
directly related to varying auto ownership, trip productions
and attractions, and household mobility rates.

Median family income, as used in the TCRPC dis-
tribution model, was found to be one of the most important
variables in terms of its net impact on the dependent var-
iable. Because of its relative iImportance in this equation,
a separate model was formulated which simply addressed itself
to the problem of forecasting future income levels throughout
the study area. Thls income forecasting model, like the
household distribution model, was based on a multiple re-
gression analysis.

As mentioned in Chapter 2, an extensive listing of
potential independent variables was prepared without regard
for the problems of collecting these data from the various
Federal, State and local sources. This list included a wide
range of possible independent variables and was based on
common planning principles and theories. As the study pro-
gressed and various data sources were identified, this
initial list was trimmed and modified considerably. It was
generally felt that the initial list included an excessive
number of variables; many of which were either not available
or were too costly to obtain. It was also felt that it was
beyond the financial limitations of the Commission to ob-

tain all the data listed. Moreover, many of the variables
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initially considered were deemed unnecessary or as having
a low probability of exerting serious influence on the
dependent variable. Lastly, the Commission felt that it
would be more desirable to concentrate on developing very
accurate measures of a limited number of very important
variables rather than crude measures of a large number of
variables. That is, they did not want to sacrifice quality
in measurement for quantity in variables.

It is the author's opinion that the decision to
reduce the total number of independent variables in favor
of increasing the accuracy of input measurement may have
had an undesirable effect on the model. Modeling techniques
in general, and specifically regression analysis techniques
are, at best, crude approximations of the "real world". That
is, the inherent weaknesses in the basic theory underlying a
regression model, the assumption and generalizations which
must be made in order to formulate a model of this type, and
the logical inconsistencies which exist, provide little as-
surance that the model will be a highly accurate allocation
tool. That is not to suggest that regression models are
useless tools because they are grossly inaccurate. Rather,
while regression models are among the best techniques avail-
able, they have several weaknesses for which accurate measure-
ment of data inputs will do little to correct or eliminate.

A more important criticism of the Commission's

decision to emphasize accurate input measurement at the
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expense of the number of variables used concerns the pur-
pose for which these inputs are intended. In any regres-
sion analysis, the independent variables are used to describe
the changes in the dependent variable. In the case of the
household distribution model under discussion, the independ-
ent variables are intended to describe various characteris-
tics of a census tract that will have an influence upon house-
hold location decisions. That is, they represent some measure
of a specific quality of an area that will either attract or
repel households. Most of these variables represent some
sort of physical property of the tract which local house-
holders value as being desirable or undesirable. For ex-
ample, the more accessible an area is to various employment
centers throughout the region, the more theoretically desir-
able that area becomes. Accessibility to work, therefore,
is introduced into the model as an independent variable and
defined in such a manner as to approximate the collective
attitude of all types of households. Although accessibility
to employment is defined very specifically in terms of an
equation, in reality it is nothing more than a crude approx-
imation. First of all, it approximates the collective at-
titudes of all the households regarding the importance that
is placed on accessibility, while in reality, different
households of varying size, income, and social status view

accessibility with varying importance., Secondly, since
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accessibility is a physical measure of a social value, it
is by definition an approximation.

In summary, it is the author's opinion that it
makes little sense to stress the importance of obtaining
accurate measurements of the independent variables in a
regression equation. This is clearly evident from the fact
that these precise measurements are to be used in a very
general and un-precise model. Moreover, there is no point
in obtaining exceedingly accurate measures of the independent
variables when the variables themselves are nothing more than
approximations of what a householder deems important. It is
suggested that it would have been more worthwhile to focus
on the inclusion of additional independent variables. 1In
so doing, the model would have been greatly enhanced by in-
cluding more variables which deal with a wider range of
social and economic characteristics. It is further suggested
that this list of independent variables could have been ex-
panded through the use of "proxy" variables rather than pre-

cise measurements and without any loss of model accuracy.

MODEL TESTING

There were two different methods which were used
to test the model to determine its accuracy and utility: a
performance and sensitivity test. 1Ira S. Lowery points out

that "The appropriate test of a predictive model is to run
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a prediction and verify the details of its outcome."l He
further points out that the basic procedure for undertak-
ing a performance test is to "take the state of the world
in 1950 as a starting point and apply the model by fore-
casting for 1960, then compare the forecast values to the

observed values for 1960."2

PERFORMANCE TEST

The TCRPC model was formulated with data from the
period from 1960 to 1965. The initial model allocation of
households, therefore, was from 1965 to 1970. With the
target date (1970) only two years away, there was a wealth
of data upon which a fairly sound independent estimate of
1970's household distribution was developed. Once the model
was used to generate a 1970 household allocation, the results
were compared to this independent estimate of 1970 population.
As mentioned in Chapter 2, it was found that the model approx-
imated the probable 1970 distribution pattern with consider-
able accuracy.

It is the author's opinion, however, that this
approach is not totally acceptable. Since these independent
estimates were based on the planner's knowledge of the area,
known and anticipated development plans, and traditional

population forecasting techniques, the end product may be

llra S. Lowery, op. cit., p. 164.

2Ibid., p. lél.
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sub ject to considerable error. The ideal procedure is to
compare the model's allocation to an existing statistical
base where more exact measures of the household distri-
bution is known. Although this was impossible in the case
of the TCRPC model, it is recommended that model's 1970
household allocations by Census tract are compared to the
1970 Census data once it becomes available to obtain a

clearer measure of the model's performance.

SENSITIVITY TEST

After completing the performance test, the model
was given an extensive sensitivity test. It is pointed
out by Lowery that sensitivity tests have several advantages
which are not provided by performance tests: "Sensitivity
testing is sometimes urged as a more accessible substitute
for the performance test; although it is easy to perform,
and applicable to a wide variety of models, sensitivity
testing elicits indications of the "strength" of a model
design rather than of a descriptive on predictive or eval-
uative accuracy."l

Lowery goes on to point out that the procedures
involved in sensitivity testing are as follows: "By vary-
ing the value of a single parameter (or even an input var-

iable) in successive runs of the model, one can measure

lipid., p. 1¢5.
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the difference in outcome associated with a given parametric
change. If the model's response to wide differences in the
parametric values is insignificant, this may be an indication
that the parameter - and the associated network of functional
relationships - is superfluous. On the other hand, extreme
sensitivity of outcomes to parametric changes indicates
either that the parameter in question had better be fit
with great care, or that some further elaboration of this
component of the model is in order."l The procedure used
to test the TCRPC household distribution model was to hold
the correlation coefficients constant and vary the values
for each independent variable. In this manner, it was pos-
sible to observe the fluxuations in the dependent variable
which were caused by variations in each individual independent
variable. The following three pages (Plates L4, 5, and 6)
provide a graphic analysis and summary of the results of this
sensitivity testing on both the Developed Area and Rural Area
models.

For purposes of analysis, the "y" axis of these
graphs are expressed in terms of actual change in households.
The "x" axis is always expressed as a unit change in the
relative value for the independent variable. This unit
change is expressed as a reasonable range in values for
each independent variable, beginning with the smallest value

and progressing to the largest reasonable value for that

lipid., p. 16l.
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GRAPHIC ANALYSIS OF SENSITIVITY TESTS ON THE INDEPENDENT

VARIABLE IN THE DEVELOPED AREA REGRESSION MODEL
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variable.

The following table consists of a ranking of in-
dependent variables based on their partial correlation co-
efficients., From this ranking, it is possible to determine
which of the independent variables correlated most highly

with the dependent variable.

Developed Area Model Independent Variables

Rank Independent Variable

1 Residential density

Number of schools

Area served by water

Elementary school classrooms per household
Number of parks

Number of golf courses

1960 households

Median family income

Percent developed industrial

O v oo N o0 o wun FEFow o

Percent of area served by sewers
11 Vacant land acreage

12 Accessibility to retail employment
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Rural Area Model Independent Variables

Rank Independent Variable

1 Accessibility to retail employment
Accessibility to total employment
Vacant land acreage

1960 households

Percent developed industrial

Number of elementary school classrooms

~N oo vl F o ow o

Current net residential density

Lowery has suggested that a model must not be
insensitive nor overly-sensitive to changes in values of
the independent variables. It is suggested that model
sensitivity is a matter of balance wherein rational shifts
in parameters cause rational changes in household distri-
butions.

As a result of these sensitivity tests, two in-
dependent variables were found to be overly-sensitive to
small changes in values. Both of these variables appear
in the Developed Area model; the number of schools and the
number of parks. Although it does not clearly appear in
the graphic analysis of these variables, very minor changes
in either variable will cause serious changes in the house-
hold distribution patterns. Fortunately, the sensitivity
of these variables was discovered prior to the model's

application. As a result, the necessary adjustments were
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made to reduce the undesirable unfluence of these variables
on the distribution of households., It should be pointed out,
however, that this problem was not dealt with in a satisfac-
tory manner. It is the author's opinion that, upon discovering
that there were two overly-senéitive independent variables, a
new regression analysis should have been performed on the De-
veloped Area, excluding both the total number of parks and
schools. The basis for this opinion stems from the fact that,
whenever an independent variable is either added or removed
from a regression analysis, there is a resultant change in
the regression coefficients for the remaining variables. That
is, the relative importance of the remaining independent var-
iables, concerning their impact upon the dependent variable,
is altered.

The approach that was taken by the Commission, how-
ever, was to eliminate any undesirable influence that these
two variables might have had on the distribution of house-
holds by holding them constant. In effect, neither of these
variables were used throughout the allocation period. It is
the author's contention that, if in fact these two variables
should have been excluded from the equation, a new regression
equation should have been obtained which was based on the
actual exclusion of these variables. Without becoming deeply
involved in a detailed discussion regarding the relative

impact and correlations of these variables, it should be
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mentioned that a high correlation between an independent
variable and the dependent variable does not always mean
that the independent variable will be important in terms
of its relative influence. A case in point is that con-
cerning the independent variables in the Developed Area
model which involve the "area served by water" and "med-
ian family income". Area served by water is ranked third
in correlation with household change, whereas median fam-
ily income ranks eighth. However, the influence of the
income variable far exceeds that of water service variable
in effecting the dependent variable.

It is also possible to begin to draw some con-
clusionsregarding various pre-conceived theoretical notions
about the independent variables and their effect on the de-
pendent variable. As mentioned earlier, the selection of
variables was, in part, based on criteria provided by basic
planning principles regarding household location preferences.
The testing and ranking of these variables should provide
some insights as to how realistic these principles and as-
sumptions actually are, in relation to the study area.

One of the most obvious findings strikes at the
basic planning principles which state that transportation
facilities exert a heavy influence upon household location
decisions in the metropolitan area. It was found that ac-

cessibility to work in fact was not an important variable
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in the developed area. In fact, this variable was com-
pletely deleted from the equation because of its poor
correlation with the dependent variable.

It may be concluded that accessibility to work
is not an important determinant of household growth in
the Lansing area. Although this statement may be diffi-
cult to accept, there are several valid reasons which
support this conclusion. It should first be realized
that the developed area model addressed itself to what is
considered the urbanized and urbanizing areas of the
region. Moreover, it is within this area that one can
find the greatest number of available jobs as well as the
widest choice of residential sites. In addition, this
area constitutes a very small percent of the total area
of the region. As a result, a person can live virtually
anywhere within this area and travel to any other point
with relative ease and within a very short period of time.
It has been determined from the transportation study that
a person can drive from any remote point in the fringe of
this area to any other point within a total travel time
of 10 to 20 minutes.l It may be concluded, therefore, that
accessibility to work is not a serious consideration. More-
over, it is logical to assume that other factors are con-

siderably more important to local householders.

lrcrpc 1965 Land-Use, Natural Resource Trans-
portation Study.
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In the case of the Rural Area Model, accessi-
bility to work emerges as a very significant variable.

This is totally consistent with the theoretical constructs
of this model. The rural component of the region con-
stitutes a very large geographic area which is generally
lacking in high speed transportation facilities. Moreover,
the employment base is limited and scattered. The relation-
ship of the household to place of work becomes increasingly
more important because the factors of time and distance are
far greater.

It is this author's opinion that the selection of
all variables, not only those of accessibility, should be
heavily influenced by the characteristics of the particular
area under study. As has been pointed out in the discussion
of work trip accessibilities, this variable has limited
importance in the Lansing area. This is not to suggest that
accessibility is not an important variable in other situa-
tions and studies. It is suggested, however, that the size,
scale, form and social-economic character of the local area
will, for the most part, determine whether or not a parti-
cular factor is important. For example, accessibility to
work would logically become a very important factor in
household location decisions in a metropolitan area such
as Detroit or Cleveland. It is in metropolitan areas of
this size where travel time, traffic congestion during peak

hours, as well as trip distance, increase to the point where
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the local householder is forced to limit his range of pos-
sible residential locations to those areas which are reason-
ably close to his place of employment. It is possible to
further broaden this statement by stating that each community
has a different set of conditions, values, or circumstances
which will have varying effects on the relative importance
of different basic planning principles. It is the model
builder's first responsibility to educate himself concerning
the unique qualities of his area prior to identifying specific
independent variables.

Another important criticism of the model concerns
the matter of disaggregating observations (census tracts).
Although the techniques that were used by the Commission
to disaggregate the Region into a "Developed Area" and a
"Rural Area" for modeling purposes were well thought out
and factually based, the overall approach was somewhat sub-
Jjective and largely traditional in nature. It is the
author's opinion that several measures could have been em-
ployed to provide a more rational basis for disaggregation.
Specifically, much of the community attitude data which was
obtained in the 1965 Home Interview Survey would have been
useful to determine various geographic aggregates of house-
holds based on similarities in their particular values re-

garding location factors.
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There are three general categories of independent

variables in both the Developed and Rural Area models; those

which have a significant positive impact on the dependent

variables, those which have little or no influence, and those

which have a major negative influence on the change in house-

holds. As indicated on Plates l, 5, and 6, these variables

are listed as follows:

Developed Area Model Rural Area Model

A. Variables with a positive influence

Accessibility to retail 1. Accessibility to
employment total employment
Total number of golf courses

Total historical households
Classrooms per household

% of total area in industrial uses

B. Variables which have little or no impact

Residential holding capacity 1. % industrial

% of area served by sewers 2. Total vacant acres

% of area served by water 3. Classrooms per
household

C. Variables with a serious negative influence

Total number of parks 1. Net residential
density
Total number of schools 2. Accessibility to

retail employment
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Many of the relationships that are apparent from
this type of graphic analysis can be explained by common
planning theories or beliefs, Others are more difficult
to justify in the absence of a thorough and detailed analy-
sis. Unfortunately, any attempt to either defend or attack
any one of these relationships must be based on intuitive
Jjudgment or theoretically-based arguments. For example,
total households, as shown on Plate 5, indicate that the
greater the number of households that already exist in a
census tract, the more attractive that tract becomes. How-
ever, once a certain point is reached, there is a marked
shift in this relationship. That is, once the total number
of existing households reaches a certain level, that tract
becomes less desirable to new households. This relationship
can be supported by several observable and theoretical argu-
ments. For example, once an area reaches a certain level of
development, a number of factors come into play which can
influence the attractiveness of the area. The holding capa-
city may be reduced to the level where little or no vacant
land is available to support additional residential develop-
ment. Land values may have reached a point where residential
development is no longer a feasible use for the remaining
available land. Lastly, the area may become less attractive
to new development because of a large number of older homes.

At the other end of the scale, median family in-

come (Plate 6) indicates that as incomes increase, the fewer
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number of households are attracted to the area. Once median
family income reaches the upper middle class level, however,
there is a noticeable downward shift in this trend. This
can be explained by the economic principle that higher in-
come families tend to seek the more desirable and expensive
residential sites in the area. Moreover, the prestige that
is associated with higher income reslidential areas tends to
inflate the development and land costs. Finally, most in-
come distribution curves indicate that there is a generally
small number of households in the higher income categories
relative to the total distribution of incomes. There are
very few households, therefore, that can afford to locate
in these prestige areas.

In summary, it should be pointed out that the
relationship of each independent variable to the dependent
variable appears to be logical and consistent. That is,
since there 1s a logical explanation for most of these
relationships, the model itself is generally consistent
with existing planning theories and principles.

As a final note, attention should be drawn to the
fact that there are two independent variables in the Developed
Area model which, although intuitively felt to have a great
degl of Importance, In fact have little or no effect on the
distribution of households. These variables are the "% of

the area served by sewers" and the "% of the area served by
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water". As illustrated on Plate L, these variables have
very little impact on the dependent variable. Moreover,
each of these variables were completely deleted from the
regression analysis for the Rural Area. This can be partly
explained by the fact that, except for a few tracts, nearly
all of the Developed Area is directly or indirectly served
by water and sewer facilities. In the Rural Area, however,
public water and sewer facilities are nearly non-existent.
Moreover, since past development control practices have
placed little or no emphasis on either of these two ser-
vices as a control, past development has not been responsive
to the availability of these facilities. It is the author's
opinion that the unimportance of these variables may be con-
sidered to be a serious weakness of the model. It is felt
that public water and sewer facilities will become increas-
ingly more important as controls over future development.
With the advent of increased development pressures and the
resultant problems of water pollution due to poor sewer facil-
ities, more legislative and social emphasis is being placed
on the importance of this problem. As a result, planning
policies regarding the extension of sewer and water facilities
will become among the most crucial and powerful development
control measures available to the planners.

Unfortunately, no attempt was made to account for

this trend in the TCRPC model. That is, the coefficients for
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sewer and water variables were held constant, as were all
others, throughout the allocation period. It is the author's
opinion that these coefficients could have been changed at
each allocation interval to approximate the increased impor-

tance of these variables.

OPERATIONAL CONS IDERATIONS:

Another important area which is equally deserving
of consideration concerns the area of operational and ad-
ministrative problems that are directly related to the type
and scope of the study. To undertake a modeling approach
to comprehensive planning without giving attention to such
matters as personnel, technical skills, consultant services
and special equipment and facilities is not only foolhardy
but potentially disasterous.

One of the most important matters which warrants
immediate consideration deals with the type and training of
personnel that are required to undertake this job. An
important facet of this problem centers around the issues
of whether or not highly skilled and technically competent
personnel should be secured as part of the regular planning
staff or acquired through the services of a consultant. Al-
though this problem faces any agency, regardless of the ap-
proach they are taking, the complexities and seriousness
become far greater when computer programming and models are

involved.
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There are relatively few planners available that
have the necessary skills and background to perform the
kinds of services needed to successfully complete a model-
ing effort of this type. Moreover, the salaries demanded
by these people are often times greater than the budgetary
limitations of the planning agency. However, it is usually
quite costly to acquire the services of a qualified consult-
ant for a project of this nature and usually the time loss
because of coordinative problems is considerable., Harris
points out that "Many consultants are highly skilled on the
technical side but lack substantive knowledge of planning
and urban problems, and consequently must to some extent be
educated as to the content of the work. On the other hand,
traditionally trained planners and urban analysts are familiar
with the problem but not in the techniques and must be educated
in them."l It has been found that a technical person is more
flexible to adapting to social problems than the planner is
capable of obtaining the technical skills. Either way, how-
ever, considerable time is lost with a resultant increase in
overall project costs.

In the case with the Tri-County Regional Planning
Commission, the work was performed by agency staff members
who worked closely with the Community Systems Foundation,
through which technical consultant services were obtained.

In order to minimize the problems of coordination which re-

1Britton Harris. "Organizing the Use of Models in
Metropolitan Planning", op. cit., p. 19.
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sult from this type of arrangement, CSF personnel were given
office space at the Commission. In this manner the regular
staff and the consultants were better able to exchange ideas
and develop the model with a minimum lack of coordination.

The type, quality and amount of data that is re-
quired to support a study of this type is another important
consideration. In a traditional planning office, data demands
are of a general, standard, and of an obvious nature. That
is, the program does not require that extensive, fine-grained
information be acquired. More general types of data are us-
ually required which describe the overall physical, natural,
social, and economic characteristics of the metropolitan area.
The model, however, will demand detailed information aggre-
gated to very small geographic areas. As a result, the time
and effort that is needed to collect, store, and analyze this
data is considerable. Britton Harris points out that "The
early establishment of policies and determinations of methods
with regard to data collection and data file management is
absolutely essential for any large study. Delay and in-
decision in this field will involve the study staff in a
ma jor emergency measure at a later date and result in over-
whelming attribution of the staff capability of dealing with

1
more substantive problems." The primary reason for Harris!

1
1bid., p. 20.
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concern over the early establishment of data collection
programs stems from the fact that much of the information
that will be required 1s extremely difficult to obtain.
It is very easy to underestimate the size of the task be-
cause it requires a great deal of foresight to anticipate
all the operational problems that could result.

This is not to suggest that an agency should
immediately run out and begin to gather data. It is still
a good rule to wait on data collection activities until
the study design, program objectives and model components
have been well established. In fact, this rule is somewhat
more important In this type of program. In addition to
general purpose type of data that is gathered by most plan-
ning agencies, the model usually calls for a class of data
which may be titled "special purpose data".! That is, data
which will have a specific role or place in the model pro-
gram. Included in this category are data on such items as
origins-destinations, household typologies and type of
employment by place of work. Data to be used in the model
should be identified and defined at as early a date as pos-
sible. Moreover, procedures should be established for col-
lecting, storing and using this iInformation as efficiently

as possible., Due to the large volumes of data that are

1
Ibid., p. 21.
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required, new and better data processing techniques should
be employed to assure that this information is handled ac-
curately, quickly and consistently. That is, electronic
data processing equipment is a necessity for insuring a well-
organized and functional system for information storage,

manipulation and retrieval.

RECOMMENDATIONS FOR MODEL IMPROVEMENT

Based on the experience gained from formulating,
designing and applying this model, it has become quite
clear that a number of improvements could be made to en-
hance its theoretical base as well as its applications. The
following is a summary of recommendations for improving the
model and its use:

(A) Given all the pros and cons of various model-
ing techniques, it is recommended that the Commission again
use the regression technique as the theoretical base of the
model. It is felt, however, that several changes should be
made to wherein the feasibility and utility of the model
would be greatly enhanced.

(B) As mentioned in the previous evaluation, the
fact that the model grouped all households into one single
category was a serious weakness. It iIs recommended, there-
fore, that an effort be made to incorporate household typo-
logies into the model based on such variables as income,

school years completed, employment types and age composition.
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This approach will be much more feasible after 1970 when
summary tapes and special tabulations will be available
from the Census Bureau at substantially lower costs and
with less time delays.

(C) The basic geographic unit of aggregation
which was used in the original distribution model con-
sisted of 1960 Census tracts. It is felt that these areas,
being arbitrarily defined for purposes of conducting a cen-
sus, did not adequately define homogenious areas having
like socio-economic characteristics. With the advent of
the 1970 Census, it will be possible to ignore tract
boundaries and formulate special purpose geographic areas
for model use. Moreover, local areas will be given copies
of 1970 Census summary data containing information which is
aggregated to the block level. It is recommended, there-
fore, that special areas be defined which bear a closer
relationship to the model's needs and better approximate
areas having similar social-economic characteristics.

(D) It is further recommended that the Commis-
sion undertake the development of an information system
wherein the Dual Independent Map Encoding (DIME) file to
be developed by the Census Bureau would serve as the key
for preparing various local data. This would facilitate
the quick and efficient geographic identification of data

in a manner which would be compatible with both Census and
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locally defined areas. Moreover, this system would aid
in the development of a data base for the model as well
as other studies.l

(E) A serious effort should be made to expand
upon the independent variables used in the model. That
is, more variables should be included in the regression
equation. Among other things, these variables should be
directed at measuring the economic influences of the
Region. Included should be such measures as land values,
housing costs, rental rates, and tax rates.

(F) It is recommended that various supporting
models be developed for providing estimates of the in-
dependent variables wherever feasible. These models should
be interfaced with the household distribution model in or-
der to achieve an interactive system for allocating growth.

(G) The distribution model should be further
developed to include the ability to automatically convert
households to total population. A supplementary model
should be prepared which estimates family size given data
on household types and various local and national trends.
Moreover, the model should be capable of generating es-
timates of non-residential land consumption given such
measures as household growth, employment by type and place
of work, and standards which indicate the land area needs

for such neighborhood facilities as streets, parks, schools

1George Farnsworth. Dual Independent Map Encoding,
A Geographic Base File. This is an internal staff paper pre-
pared for the Census Use Study.




115
and local shopping facilities.

(H) A more obvious recommendation is that the
model serve as a device for both formulating and evaluat-
ing alternative development schemes. That is, the model
should be used to assist the planner in formulating policies,
testing the policies relative to their influence on develop-
ment patterns, and selecting a specific set of policies
which are most feasible and desirable to insure a better
future state.

(I) Another recommendation which is directly
related to Point G mentioned above concerns the involve-
ment of the Commission staff and local decision makers in
plan formulation and evaluation. The local and Regional
planners as well as various decision and policy makers from
the public and private sectors should be encouraged to par-
ticipate in setting goals, formulating specific policies,
translating these policies into values for the independent
variables, and reviewing the outcome of these decisions
as provided by the model. There is a significant educational
value to this approach to plan formulation as well as an op-
portunity to secure the local support and understanding that
is necessary for better and later implementation of the
final plan.

(J) Lastly, it is recommended that the household

distribution model be better interfaced with the transpor-



116
tation models. This could be accomplished by using com-
patible geographic areas in both models rather than Census
tracts in one and unrelated traffic zones in the other.
Moreover, both models should be allowed to interact with

one another.
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APPENDIX A

The following is a general listing of all the potential in-
dependent variables that were tested in the regression

analysis:

A. 1960 Accessibility (functional relationship variables)

1. Work trip accessibility to total employment.
2. Shopping trip accessibility to total employment.
3. Shopping trip accessibility to retail employment.

L. Shopping trip accessibility to households.

B. 1960 Environmental Variables

1. Developed land acreage.

2. Vacant developable land acreage.

3. Historical net residential density.

L. Historical gross residential density.

5. Current net residential density.

6. Holding capacity (1960)
a. Vacant developable land x current density.
b. Vacant developable land X historical net density.
c. Vacant developable land x historical gross density.
d. Adjusted vacant land acreages.

e. Adjusted vacant land x historical net residential
density.

f. Adjusted vacant land x current net residential
density.

7. Total industrial acres.

8. Percent of total area developed industrial.



C. Public Service Variables (1960)

1.

Sewer service area.

a-
b.
c.

d.

Total land area serviced.
Percent of total land area served,
Percent of developed land area served.

Percent of undeveloped land area served.

Water service area (1960)

a.
b.
C.

d-

Total land area served.
Percent of total land area served,
Percent of developed land area served.

Percent of undeveloped land area served.

School service area (1960)

a.

b.

C.

d.

Total number of elementary schools,
Ratio of households per school.
Total number of elementary school classrooms (1960).

Ratio of households per elementary school class-
rooms (1960).

Recreation Service Levels (1960)

a.
b.
C.
d.

€.

Total recreational land.

Percent of total area in recreational land.
Households per acre of recreational land.
Total number of parks.

Total number of golf courses.
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