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Introduction

In times of great economic uncertainty, the ability of
municipalities to meet the ever increasing demands of its
residents has become one of the major concerns of local gov-
ernment. Local government hears the demands for more and
better schools, better police and fire protection, have bet-
ter local services, yet have to face a great reluctance
from residents to pay a higher tax for these improvements.
Municipalities are addressing this dilemma by suggesting
ways to limit or slow the growth of their residential sector.

This study suggests a method in which the average plan-
ning department can evaluate selected basic indicators of
growth in their own municipality by using a multiple regres-
sion technique. Utilizing the regression equation, the plan-
ner can then infer the outcomes of different limited or non-
growth strategies.

Information that is most readily available to planning
departments was identified and used. The regression equa-
tion calculations were performed on a widely available com-
puter statistical package called Statistical Package For The

Social Sciences (SPSS). This package is available at most
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computer installations (i.e. state computer installations,
Universities, Colleges, and computer vendors). The purpose
was to show that the methods described in this study are
readily available to planners.

This document is in two parts. The first is the "Model
Design" section. This section discusses the purpose of the
model, the actual theories and techniques used and data
availability. In genersal, it describes the work necessary
to formulate a model.

The second section is the "User's Manual." This re-
views the assumptions, applications and limitations of the
model, Then a step by step list of instructions on how to
set up, run, and analyze the model is provided. The last

part presents a way of using the results of the model,



CHAPTER I



Existing Growth Models: A Review of the Literature

Most people realize that when a town or city grows,
the local government must provide additional services to
those new residents. The question which arises is that of
the cost to the local government and the ability to pay the
increased costs from future tax revenues. The response to
this question was attempted by Walter Isard in his book

Municipal Costs and Revenues Resulting From Community

Growthl. In Isard's book he tabulates all municipal expen-
ses and revenues for the major local government functions.
By comparing the costs to the revenues he determined if the
municipality should go through with the project.

Today, this procedure is not possible with the dynamic
state of economic and political affairs., Isard's figures
applied well in the late 1950's and early 1960's because
growth was at a regular and predictable rate as was the
economy.

Today people are very mobile, they tend to move when
there are better living conditions and/or better employ-

ment opportunities. Currently, there are numerous residen-
I
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tial location models that try to predict where residential
communities will locate,
One such model 1s discussed by Benjamin Zycher in Mun-

icipal Service Pricing: Impact on the Growth of Residential

Developmente. Zycher discusses the impacts on residential

locations when municipal service prices change. His focus

is from the developers point of view, therefore he tries to
determine where the developer will most likely build resi-

dential developments with the minimum expense (minimum mun-
icipal service charge).

Another model 1s A Model of Residential Values3 by

E. F. Brigham. This model determines the value of residen-
tial land as determined by the distance away from the Cen-
tral Business District (CBD). It assumes that land located
closer to the CBD 1s more valuable,

Stanislaw Czamanski takes a different approach to ur-
ban growth, He developed a model that calculates the poten-
tial for economic growthu. By knowing what economic poten-
tial an  area has and assuming that residential communities
will locate near economic centers (employment centers) then
one can predict where, and to what extent residential growth
will take place.

These depict the types of models that are currently
available which deal with residential growth. These models
either predict where residential communities will 1ocate or

to what degree the residential growth will be.
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"The subject matter of the nongrowth issue is
rather poorly defined and largely unexplored in any
comprehensive manner, Much more systematic field
work is needed at the local level to build upon the
emergence of nongrowth sentiment."5

These words of Earl Finkler in 1974 are still true. The
issue of slowing or stopping growth has not been studied
sufficiently to permit local governments to make rational
decisions on this matter,

The only method that is currently available which ad-
dresses the nongrowth issue is the Fiscal Impact Analysis.

"Figscal impact analysis is a projection of the

direct, current, public costs and revenues associ-

ated with residential or nonresidential growth to

the local jurisdiction(s) in which the growth is

taking place."

This is very similar to the system set up by Isard in 1957.
The major differences are the step by step procedures which
are explained and quantified, and the information which is

more complete and up-to-date.

The procedure that is followed in addressing nongrowth
issues first determines the fiscal impact of continued
growth., Then a second analysis of nongrowth is made, finally
a comparison of the two analyses is made.

A good example of this comparison method was done by
Gruen Gruen & Associates in 1972.7 The study area was
Santa Clara County, California. The study is very detailed
and comprehensive, it evaluated everything from public
school enrollment to the revenues generated through the

county water supply.

The major problem with the Gruen Gruen study that most
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planners would have with this method is one of the study's
best assests, it's comprehensiveness. The average planning
department does not have the personnel or the budget to eval-
uate growth versus nongrowth on such a detailed scale as

done by Gruen Gruen & Associates,

In addition to the above limitations, additional prob-
lems have surfaced in recent literature., Richard B. Stern
of Barton-Ashman Associates points out that "danger lurks in
the underlying assumptions [@f impact analysi:L Not all
pitfealls Ele describes eight pitfalls] lie in wait for every
fiscal impact analyst, but most analysts will encounter at
least one."8 These pitfalls cover areas of overestimation
of figures, not knowing when to use other approaches, and
insufficient amount of time devoted to the presentation of
the conclusions.

This review of the literature about growth models in-
dicates most small and mid-size planning departments have
little professional support to draw upon when it is faced
with decisions concerning growth and nongrowth. This study
will explore and test a method of analyzing growth indicators
as a suggested way to assist planning departments in evalu-

ating the effects of nongrowth strategies.
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Model Design

Introduction

The method of model design utilized in this study was
based upon the work of A. G. Wilson.l Wilson set up nine
rules for model design. These rules are stated in question
form (see table II-1l). One can design an appropriate model

by answering these questions.
Purpose

To construct a method that the smsll to middle size
planning department can use to evaluate the implementation
of nongrowth (or limited growth) strategies.

The major constraints of a planning department are time
and money. Therefore, the evaluation method must not re-
gquire the purchase of sophisticated equipment or the special
talents that only a few large planning departments have,
such as a computer programmer. It cannot require large
commitments by the staff, or the expenses of hiring a con-

sultant to set up the system., Instead, the model must be
10
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understandable to a person who has a reasonable higher ed-

ucation (Bachelor's degree is a minimum).
TABLE II-1

RULES FOR MODEL DESIGN

1, What is the purpose behind the particular
model bullding exercise?

2. What should be represented as guantifiable
variables within the model?

3. Which of these variables are under the con-
trol of the Elanner?

li. How aggregated a view can be taken?

5. How should the concept of time be treated?

6. What theories are we trying to represent in
the model®

7. What techniques are available for building
the model?

8. What relevant data are available?

9, What methods can be used for the calibration
and testing of the model?

SOURCE: A. G. Wilson, Urban and Regional
Models in Geography and Planning, John Wiley &
Sons, Ltd., Bristol, England, 1974, pg. 31.

NOTE: The keywords in each rule are un-
derlined by the author.

The method developed for this project requires a plan-
ner with the knowledge of basic statistics, the ability to
follow very rigid procedures listed in this report along
with understanding the regression section in the Statistical
Package For The Social Sciences (SPSS3) manual.2 The time

requirement necessary to set up this model is as follows:
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TABLE II-2

TIME REQUIREMENTS TO IMPLEMENT NONGROWTH ANALYSIS MODEL

Activity Time
Comprehension of model
and techniques 1 Week
Data selection 1 Week
Data collection 2=3 Weeks

Prepare data for
input to model 1 Week

Run model until the
model is statistically
significant 2 Weeks

Interpretation of results 1 Week

Final conclusions and
preparation for pre-
sentation 2 Weeks

Total time required 10-11 Weeks

NOTE: These time requirements are based on
the actual time that this project took. These fig-
ures take into consideration unforeseen delays which
always accompany this type of project. One week
equals a forty hour work week.

Quantifiable Variables

In determining what quantifiable variables should be
used, constant attention was paid to their availability
(which will be discussed in the "Data Availability" section).
By examining other growth models and asking the questions,

what indicators change when growth changes? or what causes

growth? the following group of variables were selected.
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TABLE II-3

QUANTIFIABLE VARIABLES INITIALLY CHOSEN

1. Number of privately owned housing units authorized
by permit

. School enrollment by residence for grades K-12

« Cost of local educational agencies

2
3
4. Cost of public safety
S. Municipal crime rate
6. Equalized tax rate

7

. Percent of residential property tax collected to
the total tax collected

8. Cost of housing
9. Per capita income

10. Conventional mortgage rate

As will be seen in the "Data Availability" section,
this list of ten variables was refined to six independent
variables and one dependent variable.

The purpose of this model is to evaluate the implemen-
tation of different forms of growth strategies, and there-
fore, one of these variables must represent growth. The

variable representing growth is the number of new privately

owned housing units authorized by permit. This variable

will be the dependent variable, while all other are the in-

dependent variables.

Variables Under Control of Planner

The only variable that could be considered as under
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the control of the planner is the measure of growth, which
is the number of new building permits. However, the plan-
ner's control begins and ends with zoning and subdivision
approval, after that stage he is not in control. The plan-
ner may control the total number of residential units, but
he cannot control when they will be ready for inhabitance.

The planner can control growth through a number of
techniques. The most caommon techniques are moratoriums,
downzoning, batching of development applications, interim
zoning, timing and phasing strategies and developer exac-
tions.3

A moratorium is when the town decides that it will no
longer be able to provide essential services to its resi-
dents if the number of residents increase., Moratoriums are
only legal if the health, safety, and welfare of the pres-
ent residents would be placed in jeopardy if a moratorium
was not instituted. One example would be that the capacity
of the local sewage treatment plant had been reached. There-
fore, now new housing would be allowed until the capacity
was increased, or satisfactory individusal septic systems
could be installed.

Downzoning is when land is rezoned to a less intensive
use, This growth control method only works if the present
use of the land is less than or equal to the intensity of
use perscribed in the newly downzoned district.

Interim zoning is used quite frequently. It is when

a town realizes that it needs to make a formal growth pol-
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icy and set up measures to implement them, but needs time
to create and adopt such a plan. By setting up interim
zones, which only last for a specified amount of time, it
makes it easy to rezone when the formal growth policies
have been adopted.

Batching development applications helps the planner
establish when the bulk of the new housing will be ready
for inhabitance. Therefore, the planner is controlling
when the growth will occur.

Timing and phasing strategies are very similiar to
batching. The major difference is that timing and phasing
splits up a single development and establishes when the
units will be ready to live in, where batching combines
many development projects together so that all the units
can be controlled as to when people can move in,

Finally, developer exactions are dedications of land to
the town for park or schools or for other public facilities,
This method provides the town with land needed to provide

local services to those new residents.

Aggregation

Aggregation 1s the process by which information is as-
sembled together so that different types of information may
be compared., The common base that was chosen is time in
years. Therefore, all data had to be aggregated into an-

nual form,
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If the information was available by month then the mean
was taken as the annual figure. If there were just a few
(less than three) data points missing then a simple linear
interpolation was performed, otherwise they were left blank,
(A1l missing data will be statistically interpolated inter-
nally by the regression program in SPSS.)

In the more general sense, all data should be disaggre-
gated for each municipality, unless a variable that specifi=-
cally is not describing its locality can be applied. An ex-
ample of this special situation would be when a regional or
national mortgage rate is used because the specific rate is
not available, yet this is still a good indicator because
the actual rate in its locality may only be slightly differ-

ent.,

Time

The concept of time is similiar to the process of ag-
gregation, All of the data will be presented in a "time
series" format. A time series shows all of the data for one
study (or one municipality) listed according to some segment
of time. As specified in the aggregation section, the time

segment will be one year,

Theories
(Hypothesis)

The hypothesis of this study is: when a municipality
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changes its growth policy, an impact will occur on the

amount of personal property taxes, housing costs, provisions

of public services, and the percent of taxes collected from

the residential sector,

As an illustration, when a municipality implements a
nongrowth or limited growth strategy then personal property
taxes will increase. This is thought to be true because the
cost ¢f current services will probably continue to rise.
Since no new residents will move in to help defray these in-
creased costs, the current residents will have to absorb the
higher costs in the form of higher taxes. However, this will
not be the case if new industrial and commercial activities
are allowed in the municipality. But, for this analysis,
these factors are generally considered exogenous.

The cost of housing is expected to rise over the cur-
rent rate of appreciation. This is because the supply of
housing is now limited, while the demand is less limited,
This statement assumes that the area is a desirable place
to live.

The provision of public services, such as police and
fire protection, road maintenance, and quality of education
are expected to decline., This is due to the similiar argu-
ment as explained above, which is that the costs of current
services will continue to rise, yet there will only be a
limited increase in the number of people who could cover
the increased costs.

As for the percent of taxes received from the residen-
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tial sector, it is expected to rise unless there is an in-
crease in industrial and commercial activities. However,
this scenario is unlikely. An effort to increase industrial
activity could create more jobs which in turn could mean a
demand to build more housing. When a locsality decides to
limit growth then the market itself will limit the growth of
commercial activities. Therefore, the contention that the

percent of residential taxes will rise seems firm,
Techniques

Using residential growth rate (determined by the num-
ber of new private building permits that were issued for
each year) as the dependent variable, a regression analysis
will be performed using the remaining variables as independ-
ent variables (for a final list of the variables see the
"Data Availability" section). The adjustment of data and
variables in order to show an acceptable linear correlation
between the independent variables and the dependent variable
is the next step. (A complete procedural description can
be found in the "Statistical Analysis" section of the User's
Manual chapter).

By definition the calculated coefficients (Bi) in equa-
tion (1) of each of the independent variables (Xi) in the
regression explain how that independent affects the depend-

ent variable (Y).

Y = Bo + B1X1 + B2X2 + eeo Ban (1)
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As presented in equation (2), the assesgssed valuation
of residential property (ASSESSVA) affects the number of
new residential building permits (BUILDPER) by a factor of
+ 0.51L and the public safety expenditures (SAFETYEX) affect

on building permits is - 0.1266.

BUILDPER = 0.514(ASSESSVA) - 0.162(SCHLENOL)
+ 0.04l (SCHOOLEX) + 0,254 (SCHLDEBT)
- 0.126(SAFETYEX) + 428.9 (2)

These regression coefficients show the effects of each
independent variable impacting together on new building per-
mits,

At this point, most regression models evolve into fore-
casting models, They extrapolate future values for each of
the independent variables, then insert those predicted val-
ues into the regression equation and predict a new depend-
ent variable.

The major underlying assumption with traditional fore-
casting procedure is that each of the future calculated
independent variables will continue to behave in a similiar
fashion as its past history indicates. This, however, is
not the behavior of the independent variables in this study.
Specifically, the past history is consistant, but the future
independent variable value cannot be determined by tradi-
tional methods, This is due to the current day dynamics of

the economy, and thus is reflected in the growth indicators
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that are identified for this study. Given this present
state of change, the planner may only be able to predict on
a one year interval, Planners must be in close communica=-
tion with the local agencies responsible for the policies
and decisions that will affect these variables, For example,
the planner must keep in communication with the tax assessor,
(so that a "valid value" for next years tax assessment will
be used in the model). The planner must be aware of any
new assessment policies, such as a reassessment or a new
mill rate, All of these policies will directly affect the
amount of tax collected (which is an independent variable)
and indirectly affects the growth in the residential sector

(as described in the regression equation).

Data Availability

While developing a new theory or testing a hypothesis
an important aspect is "thinking the problem through," and
determining the pitfalls and its limitations. But, the
most significant step in the success of designing a model is
the availability of data., If one can locate data which is
already aggregated which meets the needs of the model it
will substantially establish its validity.

Lack of available data has been a major constraint
throughout this study. The most recurring availability
problem is that the data needed, such as housing costs, are

available in highly aggregated forms, for example, listed by
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state, region, county or Standard Metropolitan Statistical
Area (SMSA) instead of locality. A similiar problem was the
actual publishing of material. Many state and federal agen-
cies collect local information but they do not publish for
each separate locality, instead it is pooled with other
similiar localities,

However, if an agency collects dats, usually a back cat-
alog is kept on microfilm or microfiche. This information
can be requested by a simple phone call to the appropriate
agency., T e following discussion will review the process
and problems which led to the 1ist shown in table II-l of

Actual Quantifiable Variables Used, along with their source.

The number of new privately owned housing units that
were authorized by local building permits still remains the
surrogate indicator for residential growth. The best source

for the building permits is the annual Construction Reports,

C-40 Series, Table lj, from the Bureau of the Census. It
should be pointed out that the government publication cata-
logs have changed three times in the past thirty years. If
there are still problems in locating complete information,
the Census Bureau staff for the Construction Reports are
available to research the needed information.

The public school enrollment, the net residential ex-
penditures for schools as well as the debt service payments
for schools are available either in the local budgets or in
a state report by the Department of Education. The title of

such a report in Rhode Island is the Statistical Tables pub-
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lished by the Rhode Island Department of Education, Division

of Research and Planning.
TABLE II-L

ACTUAL QUANTIFIABLE VARIABLES USED WITH THEIR SOURCE

1. New privately owned housing units authorized by
permit--Construction Reports, Bureau of the Cen-
sus

2. Public school enrollment for local educational
agencies by residence for grades K-12--Statis-
tical Tables, R.I. Department of Education

3. Net residential expenditures for local educa-
tional agencies--Statistical Tables, R.I.
Department of Education

L. Total debt service payments for local educa-
tional agencies--Statistical Tables, R.I.
Department of Education

5. Municipal expenditures for public safety--
Annual State Report on Local Government
Finances and Tax Equalization, R.I. Depart-
ment of Community Affairs

6. Full Assessed valuation contributed by the
residential sector--Annual State Report on
Local Government Finances and Tax Equaliza-
tion, R.1. Department of Community Affairs

7. Annual mean of monthly convential mortgage
rates--New England Economic Indicators,
Federal Reserve Bank Boston

Originally, there was an effort to collect data on all
school age children, (public, parochial, and independent).
The reason that nonpublic enrollments were discontinued was
that these enrollments were not broken down by residence
prior to 1965, Also, there were no records of nonpublic
school expenses to compare with the enrollment. The debt
service payments for schools were added, since it would show

the total municipal expense for local education., Also, if
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one were to track the debt payments one could determine when
new school or additions were made, thus showing an increase
of residential growth.

Municipal expenditures for public safety were used to
indicate the commitment the local government had toward ser=-
ving and protecting its residents. This data may be found
in the local operating budgets, or in an annual report on
local government finances.

The report in Rhode Island is titled the Annual State

Report on Local Government Finances and Tax Equalization,

compiled by the Rhode Island Department of Community Affairs.
The local crime index was identified to be used, but a

lack of complete information and a revised definition of the

index prevented its use. This information is often avail-

able through the local or state police department. But, in

Rhode Island, uniform crime reporting only began in 1970.

The Federal Bureau of Investigation (FBI), collected infor-

mation on crime indices for its annual Uniform Crime Report.

The full title of the report is Crime in the United States.

This report is not useful for this model because most muni-
cipal indices are aggregated together and not listed separ-
ately. The FBI does have a ten year back catalog of all of
the crime indices that were reported, available on microfilm.
This information is available by phone.

The information on the cost of housing is only avail=-
able by state or listed by locality every ten years in the

United States Census of Population and Housing. It was de-
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cided to use the full assessed valuation of personal prop-
erty that was contributed by the residential sector instead.
This also replaced the initial variable of equalized tax
rate. These figures are available in the local operating
budget or a state report on local finances. In Rhode Island,

such a report is the Annual State Report on Local Government

Finances and Tax Equalization published by the Rhode Island

Department of Community Affairs. Careful attention must be
paid to the valuation data. For instance, the 1979 annual
report lists the land valuation for 1977 tax roll, which was
based on the market value of the land in 1976. It is impor=-
tant to read the footnotes so that one can determine the ac-
tual market values. 1In order to determine the amount of
personal property valuation that is contributed by the res-
idential sector, a simple multiplication is made to the full

assessed value as explained in equation (3).

Full Assessed Valuation Contributed by Residen-
tial Sector = Full Assessed Value x Percent of

Taxes Collected from the Residential Sector (3)

The conventional mortgage rates that were used in this
study are a mean of the twelve monthly rates collected for
Boston, Massachusetts. The reason that Boston was chosen
was that it was the only nearby city with the most complete
data back to 1970 that was available. Between 1960 and 1969,
a national average had to be used. More specific information
is available at the Federal Reserve Banks, The Federal Re-

gserve Bank in Boston needs special approval to release such
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information, because it necessitates a special computer run.

Otherwise, in the New England area, the New England Economic

Indicators, which began in 1969, contain area conventional
mortgage rates which are published by the Federal Reserve
Bank in Boston.

The last variable that was deleted due to a lack of in-
formation and inappropriate aggregation is per capita income.
The problem with per capita income is that it is taken from
the United States Census of Population and Housing, which 1is
updated each decade, therefore, it cannot be used as an an-
nual indicator.

This discussion concludes that data availability is
the major factor in model design and a critical element in

testing the model.

Methods of Calibration and Testing

Calibration will be done by the use of the statistical
test of significance for the following statistics: F for
the entire regression equation, F for each independent var-
iable which tests the ratio of the explained variance over
the unexplained variance, therefore the higher the F statis-
tic, the better the regression equation. The Durbin-Watson
statistic will also use the test of significance. This sta-
tistic checks for autocorrelation which is the case when
each residual (the difference between the actual dependent

variable and the calculated dependent variable) is related
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by some arithmetic function. In simpler terms, the resid-
uals are related, which can cause inappropriate results,
This happens when the regression equation is not linear, but
a polynomial (quadratic, cubiec, quertic, etc.) or, when an
additional and important independent variable is missing.
The optimum Durbin-Watson statistic has a value of 2.0.

The other general statistics which help to calibrate
the model are the correlation coefficient "r" and the coef-
ficient of determination "r2". By maximizing these coeffi-
cients, one will yield the best regression equation, while
the standard error of the estimate should be minimized.

The testing prodedure is as follows:

l. run the SPSS regression subprogram with all of the

independent variables.,

2. note all of the pertinent statistics

3. 1locate the lowest F statistic for the variable in

the equation. Then remove that variable from the
regression equation.

k. run the SPSS regression subprogram

5. repeat steps 2, 3, and l; until the F statistic for

this entire regression equation is maximized while
the standard error is minimized and Durbin-Watson
statistic is close to a ratio of 2.0. After run-
ning all combinations of independent variables, if
not one of the regression results is acceptable
statistically, then the model does not apply.

6. In order to determine the best regression equation,
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one should insert variables that have been previously
removed to form new combinations of variables which

have not yet been tried.

Summary

By answering the questions set up by A. G. Wilson (see
table II-1), as presented above, the major steps and proce-
dures have been identified and explained.

A few key points should be remembered. One is that
one's hypothesis may not always be proven true. Another
key point is the limitations that the availability of data
can have on the development of a model. Finally, one must
realize that the final model must make logical sense in
terms of the affects that the independent variables have

toward the dependent variable,
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CHAPTER III



User's Manual

Assumptions

The basic assumptions behind this study are: (1) new
housing building permits are an indication of the localities'
residential growth; (2) public school enrollment, public
school expenditures, public school debt service payments,
full assessed value of residential property and conventional
mortgage rates are related in a linear fashion to the local-
ities' residential growth,

These assumptions structure the list of factors (vari-
ables) which determine the number of new building permits
issued for the next year.

This determination is accomplished through a multiple
regression analysis. The regression coefficients show the
actual magnitude and direction of influence that each sig-
nificant independent variable has toward the dependent vari-
able (new building permits).

The goal of this study is not to determine a general

equation that applies to all localities, Instead, it at-

30
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tempts to set up a general procedure for local planning
agencies to produce their own specific and unique growth
equation. The independent variables that were chosen ini-
tially are by no means exhaustive, (this will be discussed
in the "Limitations" section of this chapter) but are a
representative list which represent a starting point for
most agencies.

All previous discussions have focused on the residen-
tial growth of a locality. Residential growth infers an in-
crease in the number of housing units and people living in
the area. The reason that growth is discussed, is that it
is assumed that nongrowth is a reaction to over growth.
When growth is understood and numerically explained, then

one can begin to understand and explain nongrowth.
Application

The development of this model included the objective of
creating a replicable model which applies to any locality in
the United States. It 1s limited to the United States since
other nations have different tax structures and educational
systems,

The use of this model on a broader scale than originally
developed for 1s also possible., A regional or state model
could be developed because more data of a higher quality is
évailable at that level of aggregation. However, the inter-

pretation of such & model becomes very complicated., For
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example, if one major town in a region changed its property
tax policy in such a way as to increase the full assessed
value of that property, this may result in a dramatic in-
crease in the predicted growth. The problem is in deter-
mining where the actual growth will occur, and where policy
changes result in predicted growth (which may not be actual
growth).

This model can be used when a locality has a need to
determine what will be the realized growth of the next year
and in broader terms, what the major indications are of that
growth, This study was set up to specifically evaluate the
influences of nongrowth planning strategies through the as-
sessment of indirect change of certain growth indicators.
This study looks at the projected growth indicators and the
independent variables for one year ahead and applies them
to the growth equation which results in a predicted growth
for the next year., The determination of the values of the
growth indicator must consider all of the communities' growth
and/or nongrowth policies that will influence these indica-
tors. The actions of nongrowth policies are thus reflected

in the growth equation in an indirect but meaningful manner,

Uses of Model

When a locality decides to compare the differences in
building permits resulting from present growth policies

with the results of future nongrowth policies, it must fol-
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low these procedures: (1) determine the present and future
values of all significant growth indicators; (2) run a re-
gression equation with these values which determine a pre-
dicted number of new building permits to be issued; (3) re-
place the future value of the significant growth indicator
With values that will result when nongrowth policies will be
in effect; (4) make a second run of the regression equation
using the new future data; (5) compare the two different
predicted amounts of new building permits.,

This model was developed for the use of any locality
who wished to develop its own growth equation., Nonetheless,
there are some limitations which will be discussed in the

next section,

Limitations

In the development of a general concept applied to spe=-
cific locations, unique cases which do not fit the stated
assumptions exist.

A case in point is when the majority of the independent
variables do not explain the dependent variable., This can
be recognized when all of the F statistics for each individ-
ual independent variable are insignificant, (test of signif=-
icance is described in the "Statistical Analysis" section of
this chapter) as well as the F statistic for the entire equa-
tion. It is important to try all possible combinations of

variables before making such a determination,
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This model is currently limited to a maximum of s8ix
independent variables. This limitation is the result of the
decision to only use data which is widely available to most
planners. At the same time the data must represent appro-
priate indicators of residential growth.

Implicit in this model is that the model does not di-
rectly evaluate the effects of nongrowth policies. All of
the nongrowth effects are done outside the model and the
resulting variable changes are entered into the model.

This is because the three cases in this study have insti-
tuted some informal nongrowth policies within the last year.
For example, North Kingstown has instituted interim zoning,

until revised and formal growth policies can be developed.

Alternative Method

If the situation exists where & locality has instituted

a formal growth policy at least five to six years prior to

a nongrowth study, then a different evaluation method may

be used, This would entail the use of a "dummy variable"

in the regression equation. The steps for the alternative
method are as follows: (1) A value of one (1) would be

used for each year that the limited growth policy was in
effect for the dummy variable; (2) For all the years that

it was not in effect, a value of zero (0) should be used;
(3) Subsequent to this the same procedure listed in the

"Technique" section of chapter II should be followed;



35

(L) Test the significance of the dummy variable by using its
F statistic, if it is significant then the regression coef-
ficient (B) will explain how it affects the residential
growth of an area.

It is very important to realize that there must be a
sufficient number of years prior to the actual testing. (A
good rule would be a minimum of one quarter of the entire

study period).
Findings
This study finds that the methods described in the
"Technique" section of chapter II can produce a specific

growth equation for a locality.

South Kingstown

South Kingstown, Rhode Island used the greatest number of
independent variables in its equation. The new residentisal
building permits were described positively by the full as-
sessed evaluation of residential property, the public school
expenditures, and the public school debt service payments.
Negative indications came from public school enrollment and
public safety expense (see table A-7, page 3). The actual

equation for South Kingstown is shown in equation (1).
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BUILDPER = 0,514 (ASSESSVA) - 0.162(SCHLENOCL)

+ 0.047(SCHOOLEX) + 0,254 (SCHLDERT)

- 0.126(SAFETYEX) + 428.9 (1)

The only problem statistically is whether to use pub-
lic school debt service payments. The minimum F statistic
for debt service should be at least 1.761 (df=14, =0.05)
(see table A-11) but the actual F statistic is 1.273. An-
other run was made dropping debt service from the equation.
However, this lowered the F statistic for the entire equa-
tion from 9.785 to 7.081, so debt payments were reinserted
into the regression equation. The Durbin-Watson statistic

is also an acceptable value of 2.028 (see table A-12)

North Kingstown

North Kingstown, Rhode Island has the highest F statis-
tic for the entire equation, which is 17.045. But only half
of the independent variables were found to be significant.
Nonetheless, those that were significant were so to a very
high degree.

The only questionable statistic in the case of North
Kingstown 1is the test for autocorrelation.using the Durbin-
Watson statistic. This statistic has a value, in North
Kingstown's case, of 1,286. According to table A-12, (n=16,
k=3) this statistic should be above the upper limit which
is 1.73. 1Instead, it is between the upper (1.73) and the

lower (0.86) values which mean that the test is inconclusive
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(see graph in table A-12), There may be some nonlinear ex-
pression that will explain the relationship between the de-
pendent variable and independent variables in a better fash-
ion. The actual equation used for North Kingstown is

shown below in equation (2) and table A-8, page 3.

BUILDPER = -1,208(ASSESSVA) - 0,017 (SCHOOLEX)

+0.302(SCHLDEBT) + 228.90 (2)

Jamestown

The Town of Jamestown, Rhode Island is a case where
the model did not apply. The F statistic for the entire
equation was only 2.283 instead of being greater than 3.59
(daf =2, df2=1?) in table A-11l., This means that more of the
varience of the entire equation is left unexplained than
explained, therefore, the equation is not valid,

The unapplicability of this case is explained in the
"Limitations" section of this chapter, which is that the
independent variables increased annually while the new res-
idential permits (dependent variable) remained constant,
around a mean of L2. Simply, the independent variables did

not explain the dependent variable,

Summarx

In summary, all three different towns showed different

levels of reliability in using the model presented in this
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study. It should also be noted that although some variables
were contained in two different town models, none were con-
tained in all three. PFurther, these common variables affect-
ed the dependent variable in entirely different manners.
For example, in South Kingstown, the assessed valuation af-
fected the new building permit by -1.207, while in North
Kingstown the factor is +0.514, and in Jamestown it was in-
significant.

From this one can conclude that the concept of deter-
mining a locality's future growth due to specific policies
by the methods presented in this study is valid. However,
each locality must modify the general equation and determine
its own separate and unique equation and reasoning to jus-

tify the use of each variable,

Explaination of Algorithm

An algorithm is a procedure in order to solve a prob-
lem in a finite amount of steps. The algorithm for this
model is expressed in graphic forms as a system flow chart
as seen in table III-1,

The first step is to read in the annual data for a
specified study period. Then this data is used as input to
the SPSS regression subprogram. The regression analysis is
broken down into six major steps which are listed on the
right of table III-1. The method of "least squares" is

used to determine the regression coefficients.
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TABLE III-?

SIMULATION OF A CHANGE IN A TOWN'S GROWTH POLICY

SYSTEM FLOW CHART

( START )

y, — —— —+REGRESSION
READ | COEFFICIENT
INPUT | BY LEAST

| SQUARES
i
REGRESSION |- — -
ANALYSTIS Y =
~——— RESIDENTIAL
l GROWTH
|
EVALUATE |
REGRESSION CHECK
COEFFICIENT | F, T, 12, &
(B;) | D.W. STATIS
I ¢S
|
|
|
L_YES_
- NO
MODEL EROVE
DOES LEAST
NOT SIGNIFICANT
APPLY VARIABLE
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The regression equation, which explains residential
growth is then printed out. A good check of the listed sta-
tistics must be performed after each run. If the statistics
are acceptable then the regression segment of the algorithm
is complete, If there are insignificant variables still re-
maining in the equation, then the least significant variable
should be removed and new coefficients should be calculated.
This process should be repeated until an acceptable equation
is created or all combinations of variables have been tried,
in which case the model does not apply.

Once the regression analysis is completed, the coef-
ficients must be evaluated. If the equation is accepted as
a means to approximate the next years' residential growth,
then the algorithm ends, and final conclusions can be made.
However, if the model does not apply, then it must be deter-
mined, whether it was incorrect data or whether the model
cannot explain those sets of circumstances that have led to

that specific localities' growth (or nongrowth).
Input Data

The data that is used for input for this study is lis-
ted in tables A-1 through A-6, in the appendix., It is lis-
ted there by subject heading, however, to be used by SPSS
regression it must be by locality. The format for the SPSS
input data is described in the SPSS User's Manual1 in chap=

ter four., An example of the final outcome is listed in



Iy

All input data should be at the same level of aggrega-
tion and time sequence, This means that each run must rep-
resent one specific locality and should be all annual, or
monthly, or some other convient time period that all data
is available, (Statistically, it is better if the smallest

amount of time could be used).

Missing Data

If there is missing data the following guides should
be used, If one or two non-contiguous data points are mis-
sing a simple linear interpolation is allowed. If more than
two data points are missing, then leave them blank., The
SPSS regression package will assign appropriate values con-
gsistant with the available data., However, it will not use
any data from the same time period as the missing data when
calculating all of its statistics.

All other details should follow the examples listed in
the appendix (see tables A-7 through A-9). For an explana-
tion, see the "Regression Subprogram" chapter in the SPSS

Manual.2

How to Run the Program

Once the data and the input format are set up, the

program must be run., Appendix F3 in the SPSS Manual has a
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good description of the basic steps to run any SPSS package,
however, most computer facilities have modified and simpli-
fied these procedures. Therefore, the first step would be
to check with the user service group at the computer instal-
lation where you will be performing the SPSS runs. Remember
that almost every installation has different procedures for

the same packages.

What To Look For in the Output

The signals to look for first are error messages,

These messages may not be very helpful or lead you to the
cause of the problem, therefore one should consult an SPSS
expert,

The next area of difficulty is in the statistical in-
terpretation, to determine what is significant and what 1s
not. This will be discussed in the next section.

The rest of what to look for is rather simple. First,
make sure that what has been set up as the SP3SS program is
actually what the computer read. Incorrect information in
the SPSS program may greatly misinterpret your data. It
cannot be emphasized enough how important it is to make sure
that one's input data is being read from the correct columns
and that the decimal place (if any) is also correctly locat-
ed.

If a statistic has a value of all nines (9999.99), then

it could not be calculated. This is a signal to the user
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that there is a mistake and one should rerun the input data

and the input format,
Statistical Analysis

In order to understand the following discussion, one
must be familiar with basic statistical concepts, such as
hypothesis testing, in particular, the test of significance}‘L
and regression analysis,

The first statistic listed (see table A-7, page 2) is
the correlation coefficient r. This explains how well the
independent variables are correlated to the dependent vari-
able, It has a value between zero and one, one being per-
fectly correlated.

The coefficient of determination, r2, measures the ratio
of the explained sum of squares to the total sum of squares.
It indicates the proportion of the total variation in vari-
able Y (dependent variable) that is explained by its linear
relationship with X (independent variable). It also has
values between zero and one,

In SPSS, the regression coefficients are labeled as B,
The significance test for B is by evaluating the F ratio.

By using the F value (see table A-7, page 2) with degrees
of freedom in the numerator (dfl) called regression degrees
of freedom and degrees of freedom in the denominator (df2)
called residual degrees of freedom, one can locate the mini-

mum value of the F ratio. Compare this table value to the
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calculated, if the calculated is equal or greater than the
coefficient B is significant. Note, if there are less than
thirty data points than the table value should be located in
the student's T-table (see table A-10).

The other important statistic for this model is the
Durbin-Watson statistic. This statistic checks the rela-
tionship of the residuals. A plot of the standardized re-
siduals is located in table A-7, page 5).

TABLE III-2 |
RESIDUAL PATTERNS

(a)

{0 (€]}

If, for example, all of the residuals were clustered in a
linear pattern like (c¢) in table III-2 above, then this
would indicate a lineer relationship between residuals and

the variable on the horizontal axis. Other patterns which
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may occur are shown in (b) and (d). Pattern (a) shows rela-

tive freedom from abnormalities, when this occurs the Durbin-
Watson has a value close to 2.0. For acceptable values, use

table A-12.

If the Durbin-wWatson statistic is at an unacceptable
level, then the assumption of a linear relationship between
the independent and dependent variables is false. Complete
treatment of residual analysis is provided by N. Draper and
H. Smith (1966)5. The previous discussion of the residual

analysis was condensed from the SPSS Manualé.

How To Use the Results

This final section will summarize how to take the re-
gression equation and apply it to a growth or nongrowth pol=-
icy analysis.,

As explained in the "Application" section of this chap-
ter, the input of the regression equation reflects all
growth or nongrowth policies in effect during the study
period. Therefore, most of the analysis of the policy
changes will already have been performed, This model will
take all changes into account and then calculate a result-
ing indicator of residential growth (new residential build-
ing permits).

When evaluating the regression coefficients, one should
take interest in the sign of each coefficient. Using North

Kingstown for example, (see equation 3) the coefficients for
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assessed valuation is -1.207. This means that when there

is an increase in the assessed valuation of residential prop-
erty in North Kingstown the number of new residential build-
ing permits will decrease by 1.207 times the total new dol-
lar amount of assessed valuation. An increased in public
school debt service payments, will result in an increase in
the number of new building permits by 0.302 times the new
debt service payment.

As a last note, valid predictions are only for one year
ahead., This is due to the large fluctuation in the different
political and economic arenas of today. If there are any
major changes that affect one's independent variables,

whether used or not, a new model must be run.

Summary

The ability for small and mid-size planning agencies
to help evaluate the results of limited or nongrowth pol-
icies 1in a simple fashion has been the goal behind this
study.

The goal has been reached through the use of the model
developed in this study. In a period of ten to eleven weeks
a planner should be able to collect six different growth in-
dicators, set up the model, run the regression, and evaluate
the output.

The important limitations of this study are the prob-

lems with data availability and aggregation, and whether
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the chosen indicators do indeed have a linear relation to
the locality's growth. Another important point is that the
input data (the independent variables) must reflect any
changes in growth policies. This model will not calculate
the changes occuring for each growth indicator, but will
only evaluate the effect that each growth indicator has
towards growth when taken together.

Finally, after developing a statistically acceptable
growth model, one must be confident that the model makes
logical sense, This is because many variables can be re-

lated, but this does not mean that one can predict the other.
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TABLE A-1

NEW PRIVATELY QOWNEL HOUSING UNITS AUTHCRIZED BY PERNIT
Municipality

Year Jamestown North Kingstown South Kingstown
1960 35 102 83
1961 28 153 74
1962 27 136G 88
196 31 156 G2
196 34 238 139
1965 L2 2k s 106
1966 33 182 75
1967 29 198 69
1968 80 160 124
1969 36 163 73
1970 35 197 93
1971 L2 346 159
1972 8L 200 236
197 69 102 181
197 31 88 126
1675 28 81. 190
1976 39 108 265
1577 36 371 115
1978 59 316 2622
1979 32P 282 409

SOURCE: U.S. LDepartment of Commerce, Bureau of the
Census, Construction Reports, C - 40 Series, Table No. 4.

8jpctual figure not available, therefore a linear
interpolation was made.

bOnly nine (9) months of data was collected, there-
fore the actual figure of 24 new permits was adjusted for
twelve months, thus yielding 32 new permits for the year.
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TABLE A-2

PUBLIC SCHCOL ENROLILMENT FOR LOCAL EDUCATICNAL AGENCY BY
RESIDENCE

Municipality

Year Jamestown North Kingstown South Kingstown
1960 Lk 3,387 2,378
1961 431 3,736 2,338
1962 409 3,500 2,430
19€3 Lk s 2.999 2,557
1964 LL7 H23 2,612
1965 bl 5 b,561 2,747
1966 470 5,010 2,806
1967 Li6 54394 2,929
1968 Lé66 5,642 2,964
1969 473 6,157 2,974
1970 531 6,483 2,970
1971 533 7475 3,084
1972 529 7,734 3,080
1973 551 71985 24977
1974 527 €,696 3,011
1975 529 54734 34080
1976 523 5221 2,909
1977 509 5,206 2,840
1978 Lgg 5,240 2,809
1979 LhL7 5,145 2,781

SOURCE: State of Rhode Island TCepartment of Education,
Division of Research and Planning, Statistical Tables.
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TABLE A=3

NET RESIDENTIAI SXPENDITURES FOR LOCAL ZLUCATICNAL AGENCIES
(Money Amounts in Thousands of LCollars)

Municipality

Year Jamestown [forth Kingstown South Xingstown
1960 197 1,147 687
1961 212 1,284 794
1962 233 1,451 g8h1
1963 261 1,683 967
1964 281 1,855 1,080
1965 257 1,984 1,244
1966 324 2,247 1,417
1967 312 2,684 1,662
1968 356 3,075 1,887
1969 381 3,739 2,270
1970 L6 4,388 2,476
1971 549 5,045 2,686
1972 635 5,851 3,078
1973 727 §.596 2,523
1974 763 6,869 3,767
1975 848 6,756 L,329
1976 888 6,665 L,888
1977 1,003 74373 5.361
1978 1,092 7,329 5,803
1979 1,153 8,612 6,486

SOURCE: State of Rhode Island Cepartment of Education,
Division of Research and Flanning, Statistical Tables.

NOTE:s Residential Expenditures is the cost to run the
Local Educational Agencies after all non-resident tuition
and expenses have been removed. State and Federal contrib-
utions are included.
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TABLE A-lt

TOTAL CEBT SERVICE PAYMZNTS FCR LOCAL ELUCATICNAL AGENCIES
(i’loney Amounts in Thousands of Dollars)

vunicipality

Year Jamestown North Kingstown South xingstown
1960 e . e . o
1961 « o s e e .
1962 . v e o e . e e
1963 23 259 S7
196 23 251 113
1965 22 253 241
1966 22 248 237
1967 21 356 233
1968 21 364 233
1969 20 344 228
1970 20 329 223
1971 19 990 219
1972 27 962 164
1973 39 934 160
1974 75 897 156
1975 67 864 127
1976 55 832 124
1977 52 8035 205
1978 51 773 h17
1979 50 687 hos

SCURCE: State of Rhode Island Lepartment of Zducation,
Division of Research and Planning, Statistical Tabtles.

NOTE: Total Lebt Service Payments = Frincipal Payments
+ Interest Payments. State reimbursements have been re-
moved.
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TARLE A=5

MUNICIPAL pXPENDITURES FOR FUZRLIC SAFETY
(¥oney Amounts in Thousands of Lollars)

Municipality

Year Jamestown North Kingstown South XKingstown
19602 37 154 95
1961 L2 191 117
1962 L7 247 140
1963 50 265 138
15964 52 280 174
1965 58 312 190
196¢€ 59 394 212
1967 66 396 218
1968 80 462 245
1969 ok 557 275
1970 107 6273 318
1971 131 677 389
1972 127 807 433
1973 148 861 Lé3
1974 174 1,039 513
1975 200 1,196 653
1976 206 1,288 769
1977 233 1,424 814
1978a 248 1,559 898
1979 269 1,695 963

SOURCE: State of Rhode Island Department of Community
Affairs, Annual State Report on local Government Finances
and Tax Equalization.

a . . . .
Actual figures were not available, therefore a linear
interpolation was made.
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TABLE A-6

FULL ASSESSED VALUATICN CONTRIBUTED BY RESIDENTIAL CLASS
(Money Amounts in iillions of Dollars)

Municlrality
Year Jamestown North Kingstown South Kingstown
1960 13.9 28.4 23.5
1961 15.5 Le.6 43.7
1962 15.5 L7.2 L=2,5
1963 16.2 51.8 43.8
1964 17.3 64.9 4bz,g
1965 18.7 61.7 50.5
1966 20.9 69.0 54.9
1967 22.2 . 81.7 60.9
1968 23.9 87.5 73.0
1969 26.3 104.8 88.3
1970 31.9 118.3 99.1
1971 35.8 128.1 114.4
1972 52.3 164.5 130.7
1973 71.5 188.7 164.5
1974 76.0 216.2 187.8
1975 82.1 235.6 201.0
1976 87.7 - 240.4 240. b4
1977 o e e . e e e e
1978 v .o . e
1979 . . . o e e e

SOURCE: State of Rhode Island Cepartment of Community
Affairs, Annual State Report on Local Government Finances
and Tax Equalization.

NOTE: Full Assessed Valuation by Residerntial Class is
the percent of Total Tax on Kkeal and Tangible Property
Contributed by Residential Class applied to the Full
Assessed Value. The Full Assessed Value is based on the
previous year's market value.

21973's data was adjusted in the 1976 Annual Report.
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TABLE A-7
SOUTH KINGSTOWN

SPSS BATCH SISTER ve/29/80 PACE 1
SPSS FOP 05/360, YERSTON H, RELEASE 8.0, OCTOBER 15, 1979
DEPACLT SPACE ALLOCATION.. ALLOSS FOR.. 102 TRANSFORNATIONS
YORKSPACE 71680 BYTPS 409 RAFCODP? YALUES ¢ LAG VARIABLES
TRASSPACE 10260 BYTES 1681 IP/CONPUTE OPEFATIONS
1 ROM NAME NOULTIPLE REGRESSION RUN FOR ROWICIPAL GPOVTR
2 PILE HARE BUNICIPAL GROWTA SOUTH KINGSTONN
3 VARTABLE LIST BUILDPER,SCELEWOL,SCROOLEX,SCHLDEBT,SAPSTYPY,
4 ASSESSYA,AORTAGE, YEAR
S VAR LABELS POILDFER N2% PRIVATE ROUSING UNIT PERAITS/
[ SCHLEMOL PUPLIC SCROOL EWROLLABNT AT RPSIDENCE/
? SCAOOLEX NET RESIDENTIAL PIPENDITOPES POR SCAOOL3/
] SCHLPERT TOTAL DEBT SERVICE PATAENTS fOR SCAOOLS/
9 SAPPTIEX ROWICIPAL EXPEVDITONES POR POPLIC SAPETT/
10 ASSESSYA FOLL ASSPSSED YALUATION BY AESIDERTIAL/
1 MORTAGE CONVENTIAL NORTAGE RATES/
12 INPOT HEDIUA  CARD
13 IRPOT FOPAAT  PIXZD (5(2%,Pe.0},2%,P8.1,2X,P8.2,2K,F0.0)
ACCORDING TO YOUR INPUT FORAAT, VARTABLES ARE 7O BE READ AS FOLLO¥S
TARIABLE PORMAT RECORD coLones
BUILDPER P 0 1 - s
SCHLENOL P [ 1 9- 12
SCROOLEY P [ 1 15- 18
SCHLDEST P 0 1 21-
SAPETTEY P ] 1 27- 30
ASSESSYA P 1 1 33- 36
HORTAGE P 2 1 39- a2
TEAP r ° 1 as- a9
TAZ INPNT PORAAT PROVIDES FOR 8 VARIABLES, 8 WILL PT READ
IT PANVIDES POR 1 RECORDS (CARDS’) PER CASE. A RAXIRUR OF &8 'COLUAPS® ARE NSEO OR A PPCORD.
19 PRINT PORAAT  SUILDPER TO SAPETTEX(0) ,ASSESSYA (1) ,AORTAGT (23, TEAR (0)
15 ¥ CP CASES
16 RAS OUTPOT ONITY
17 PEGRESSION YARIABLESSSNILOPPR, SCHLENOL,SCHOOLEY, SCRLDERY ,SAPETYRY,
19 ASSTSSTA
19 REGPESSTON=BUILDPER WITH SCALENOL TO ASSESSYA(2)
20 BES TD=0
21 oerions
22 STATISTICS %,5,6
eetes RPGAZSSION PRORL™A RPQUIPES 960 BYTES FOPKSPACE, NOT INCLODING PESINOALS ¢vess
23 RPAD INPOT DATA _ . o
NOLTIPLE RECRESSTION POW POR ROUWICIPAL GROSTR on /29780 PGP 2

PILE RAONICIPA (CREATION DATE = 08/29/80) GROSTH

A I A I AP S B B N R B A R EE B A B

NETERDERT YAAIABLE., BOILDPER

YAPIABLE(S) ENTERED OW STEP NUMBER 1.. ASSESSYM
SCHLEROL
SCROOLEZX
scnLopreT
SATETYRX

AULTIPLY R 0.88177 ANR

F SQUARE 0,777%52 e

ADJUSTED 8 SQUARE 0. 69806 RS

STANDARD ERFOR %8, 19669

cmececececmesme== VARTABLES 1IN TRE EQUATION ~===-==

YARIABLE ] 2ETA STD ERROR B
ASSESSTA 0.5148961 9.39996 0.3¢097
scalemoL  -0. 1628471 -0.43785 0.10901
SCHOOLEX 0.87372920-01 0.992689 0.01086
SCHLDESNT 0. 2588700 7. 32703 0.22556
SAPETIEY  -0.1265911 -9.37628 2. 05992
(CONSTART)  ©29,9275

RULTIPLE REGRESSION PURN POR AOWICIPAL GROWTH

PIL®  HOWICIPA (CREATION DATZ = 084/29/60) GROWTA

4 6 % s 0 48 0 e G s LS e e es e ee AN

DEPENDENT YARIABLE., BOILDPER NE® PRIVATE HOUS

YARIABLE

ASSESS VA POLL ASSESSED YALUATION BY BRESIDENTTAL
scaLERoL PUELIC SCROCL EWROLIRENT EY RESIDENCE
SCHOOLEX SET RESIDENTIAL ZXPENDITURES POR SCHONLS
SCHLGEBT TOTAL DEBT SERVICL FATNENTS PCGR SCHOOLS
SAFETTEX HGNICIPAL EXYPENDITORES POR PUBLIC SAPETI
{CONSTABT)

nTLrieLE

SOUTE KIRGSTOYN

” o e 0 ® s st L e e

YAPIABLE 1157
PPGF2SSTION LIST

TRESSION

WEW PRIVATE AOUSING OWIT PPRATTS

POLL ASSESSED VALOATIOR BY RESIDANTIAL
PUBLIC SCIOOL EWPOLLAEZAT BT RYSIDFNCE
NET REUSIDENTIAL EZIPESDITOAES POR SCHOOLS
TOTAL DPBT SERVICE PAYAENTYS POR SCRONLS
HONICIPAL EXPERDITORES POR PUBLIC SAPEYY

AZAW SQUART

LISIS OF TARIANCE or SOR OF SQUARES r
®ESSIOW Se 113659,0513% 22730, 81027 a,785480
IDDAL AL N 32520.89086% 2322.92133

ccceccanccacs FTARIABLES WOT IW TRE EQUATION ----

r YARIABLE seTA IN PAPTIML TOLERANCT

2.117
2,188
19. 768

1. 273
8,063

08 /29780 erge 3

SOUTR XINGSTOWNM

LrTrIetLz REGPESSTON

LR I S R I B

YAPTABLZ LISY

REGRTSST108 LIST
ING UNIT PERNITS

SUBBARY TABLE
BOLTIPLE R

® SQOARE RSQ CHARGE

SIAPLE B ] BETA
0.12211 0.01891 0.01891 0.12211 0.5188961 0.39996
0.29825 0.38658 0.07167 0.28770 ~0. 1528871 -0.49378%
0,808u40 0, 65351 0.56693 0.79539 0.37372920-01 0. 98289
0.8h0%9 0. 70660 0.05308 0.52182 9. 2544700 0. 327013
0.82177 0.17152 0.67092 N, 25898 ~0.126%91) -0. 37628

$28,9275



57
TABLE A-7 (CONTINUED)

AOLTIPLE BEGRESSTION RO¥ POR MUNICIFAL GROWTHN 0a/29/80 PAGE s
riee BUNICIPA (CREATIUS DATE = 0&/29/R0) GHOWTA SOUTH KINGSTOWN

® % 8 0 s s L0 e st st s e e R YULTIPLE BEGRESSTON % 8 ¢ 9 8 6666 % 66 08¢ 8 988068 e

DEPENDENT VARIABLE: DOILDPER rROR YARIABLE LIST 1
GPGRESSION LIST
. .

JBSTRYED PRPEDICT2D PLOT OF STANDARDIZED RESIDUAL
stQuun BUTLDPER SGILDPER RESIDUAL -2.0 -1.0 0.0 1.0 2.0
1 83.00000 75. 23805 T.761981 I
2 78.00000 98, 51268 -20. 81264 o
3 8a.000C0 78.67955 9,320845 I*
a 92,00000 89,10887 2.891118 .
5 139.0000 86, 12210 52.87798 1 hd
6 106 .0000 108, 678] 1.125696 .
7 75. 00000 101. 9863 ~26,99632 e I
8 69.00000 94, 868126 =~25.88126 * I
9 124,0000 102, 6620 21, 13803 1 e
10 73.00000 121.9830 -48, 98300 A 1
n 93. 00000 1312328 -38,23239 . 1
12 159.0000 120.5277 38.87231 1 .
1 236.0000 128.5681 107,8319 1 *
. 181.0000 219. 7625 -30. 76253 . 1
15 126, 0000 189, 6831% ~63.63152 - 1
16 190.0000 184, 2985 5.70150 ¢ I
17 265.0000 236, 9689 28, 03107 1 =
18 115.0000 170, 6651 -55. 66510 . 1
19 262.0000 233.9537 22.00622 I »
20 409.0000 87,8832 21, 51666 T

DORBIN-#ATSOW TEST OF PESIDUAL DIPPRRENCES COMPARED EY CASE ORDER (SEQAUN).

VAKNIABLE LIST 4, REGRESSIOW LIST 1. DURBIN-WATSON TEST 2.02011%

NULTIPLE REGRESSION kUN POR MUNICIPAL GROWTH 08/29/80 PAGE 6
PlLE BUNICIPA (CAEATION DATE = 08/29/80) GROYTA SOUTR KINGSTOWR
¢ v e 6o e PLOT: STABDAFRDIZED RESIDOAL (DO9N) -- PREDICTED STARDABRDIZED DPPENDERT VAPTARLE (ACFOSS) * ¢ # & v o o

OZPEMDENT VARIABLE: BUILDPER YAPIARLE LIST ¢
REGRESSTION LIST 1

-2.0 -1.0 0.0 1.0 2.0
«IIbecovcanane Rt -=eIY.
1 I Y
I I }
2.0 ¢ 1 .
I 1 I
I 1 1
1 1 bs
1 1 I
1 1 1
1 1 1
1 1 1
I .1 I
1 1 1
1.0 + 1 L3
1 1 1
I 1 1
I 1 T
1 . 1 1
1 1 1
1 LI ¢ 1
1 I 2 1
1 . 1 *1
1 2 1 . I
<0.0 ¢+---- - 1 *
I 1 1
1 . 1 1
1 LA 1 1
1 1 . 1
1 1 1
I ¢ 1 o 1
1 1 . 1
1 1 1
I 1 I
~1.,0 » 1 *
1 1 1
T 1 I
1 1 I
T I 1
1 1 1
I I I
I 1 T
1 T I
1 1 I
-2.0 + 1 .
I T s
A 1 Y
PR 2 L e bbbl il Sed bbb el R s & M
-2.0 -t.0 0.0 .o 2.0

KOWS ,COLURYNS Y: YALNES QOTSIDE (~3.0,3.0) 095, COLOMNS X:  VALUBS TN (-3.,0,-2.035) rR ¢2.05,3.0
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TABLE A-8
NORTH KINGSTOWN

SPS3 FATCA SYSTER 7 ’ °R /29780 PAGE 1

SCSS POR 0S/363, 7RRSICW R, RELEASE 8.0, NCTOREK 1%, 1979

DEFAOLT SPACE ALLOCATION, . ALLOWS POR.. 102 TRANSPORAATIONS
WOFKZPACE 71680 BYTES 409 RPCODE VALUES ¢ LAG VARIABLES
TRANGPACE 11280 BYTES 1681 I1P/COMPUTE OPEHATLIONS
1 ROW wAWE BULTIPLE RCGRESSTION RUF FOR NOWICIPAL GRO¥TH
2 PILE MARE HONICIFAL GROWTA WORTR KINGSTOEW
3 VYARIABLE LIST BUTLDPPR, SCHLENOL ,SCROOLPI,SCHLDEST,SAPETYEY,
L] ASSESSYL, HORTAGE, TERR
S VAR LABELS BTUILDPER REW PRIVATE ROUSING UNTT PERATIS/
6 SCHIEROL PUBLIC SCHOOL ENROLLAENT RY RESIDENCY/
7 SCROOLEX NPT RRSIDEWTIAL EYPENDITURES TOR SCROOLS/
8 SCHLDEAT TOTAL DPRT SYRVICY PAYMENTS FOR SCROOLS/
9 SAFETYEX RONICIPAL TICENDITURES POR PUBLIC SAPPTY/
10 ASSESSYA FOLL ASSFSSED VYALUATION DY RPESIDERTIAL/
1 TORTAGE CORVENTLAL MORTAGEZ RATES/

12 ISPUT MEDIOR CARD
13 INRPUT PORMAT PIXED (5 (2X,P8.0),2X,70.1,2%,P8,.2,2%,P8,0)

ACCPRDING TO YQOP INPAT PORMAT, VARTABRLES ARE TO BE PEAD AS FOLLOWS

VARIABLE PORHAT RECORD COLURNS

BUILDPER P Q A 3- [
SCHIEWOL Fr 0 1 e- 12
SCRCOLEY P 4] 1 15- 18
JcuLoEstr P 0 1 21- 28
SAPTTYEX P 0 1 27- 30
ASSESSYA T 1 1 13- 36
MORTAGE 4 2 1 319- a2
TEAD F ] 1 as5- a8
TAE IWPUT PORNAT PROYIDES POR 8 varigBtes. 8 SILL RE READ

IT PROVIDES FOR 1 RECORDS (*CARDS®} PER CASE. A RAIYANA OF 48 'COLORB3* AR® OSTD 38 A RPCORD.

78 PRINT PORMAT BUILDPER TO SAPETYEX(0) ,ASSESSYA (1) ,AORTAGE (2}, TRAR (0)

1S W OP CASES 20
16 RA® OUTPUT UWITO
17 REGRESSION YARUABLES=BUILDPPR, SCHCOLEX,SCHLDERT,
19 AS3ESSTA
19 REGRESSTOB=BUILDPER ¥ITH SCHOOLEX TO ASSESSVA(2)
20 RESID=0
21 OFPTIONS ]
22 STATISTICS 8,5.6
eees¢ RPGHESSION PROBIER REQUIRES S12 PYTZS GORKSPACP, NOT INCLOTTRG RESINHALS sesss

23 SEAD IRPUT DA™A

ANLTIPLE REGARSSIOW RUOW POR MUNICIPAL GROUTE ns/29/80 TAGE 2

rILe AONICIPA (CREATION DATE v 08/29/80) GROWTR XORTH XINGSTOUN

LI E REGHRESSION *ececsessoecce YAPIABLE LIST
e st a P s BB ELOEOEROEOS TS . sULTIPL ppadrrAsLE LIST
DEPENDE®T VARIABLE.. BUILDPER ¥PW PRIVATE 1lQUSING OWIT PERNITS
YARIABLE(S) BNETERED ON STEP WOMBER 1,. ASSESSYA PULL ASSPSSED YALDATION BRY RPSIDERTIAL

SCEOOLYY RET RESIDENTIAL BIPEWDITOPES POR SCHOOLS
SCHLDRBT TOTAL DEBT SERVICE PAYRERTS POFP SCHOOLS

0.8727s ABALYISYS OP VARIANCE or SON OP SQUARES BEAN SQUARE r
:“;;;::: ' 0.26368 REGRESSTOR 3 105304.6013) 35102, 86778 17.0%583
ADJUSTED R SQUABE 0. 71699 BRESIDUAL 16. 32949, 94667 20%9.37167
STAFDARD ZRROR 85,38030
ewes-~cecsce-c-e~ FARTADLES ID THE EQUATIOP ---v---=evccccccos esewcewe—ecew YARIABLES HOT IN THE EQOATION ~~-vo-wceccca-
YARIABLE B BETA STD BRROR 3 4 YAPIARLE BETR 1M PARTIAL TOLERANCE \4
ASSBSSYA -1, 207772 ~1.08612 0. 17640 86,878
sCHoOL2X -0, 16996670-01 ~0,.50343 0. 009356 3. 160
SCHLDEBT 0.302a287 1.28179 0.0777% 15. 130

(CONSTRET) 228.9017

ALL VABIABLBES ARE IN THE 2Q0ATION

AYLTIPLE REGRESSICN RUN POR NURICIPAL GRORTYH 0r 2970 PAGE a
Frne AUNICIPA (CREATIUN DATE = 08/29/80) GROWTH NNRTH KINGSTORN
% % 8 0 e e e s e s e e ey JULTIPLY B 2GR TS STON & 508 66 68 62 609 YARIABLE LT
RECTESSTON LISP
DYPENDENT YARIARLE, ., BUTLDPEP HEW PATYATE WONSTHRG UNTT PERAITS
SUNAARY TAPLE

VARTARLE SULTTPLE R 1 “QUAPE PSQ CHAKGE SYMPLE R R BREA

ASSESSVA FOLL ASSESSFD VALUATTZN WY PESTDPNTIAL J,57u62 0. 33018 0. 3301R -0.37482 -t.297172 -1, 04e 13
SCHOOLEX NET PESTDENTIAL BYIPENDITURES FOP SCHONIS (0, 72224 0.53632 C. 2061 0,2%11% -0, 16996670-01 =0.50 3013
LDERT TOTAL UEBT SERVICE PATHENYS rOR SCAOOLS 0,87274 0. 7618 U.2257% N.212610 4, 302247 1.28170

€ ONSTART) 12m, 9017

1
1
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TABLE A-8 (CONTINUED)

MULTIPLE REGRESSION RUN FOR RNHICTPAL GROMTH G4 r2a/u9 [t 4 s
PILE AUNICIPA (CREATION DAT? = 04/29/80) GROYTH NORTH KINGSTOWN

¢ & ¥ & 4 e s 9% e s e s s ee et s e e NOLTIDPLP REBEGCGF 2S5 ST ON ® % 8 0 6 8 6 « 5 ¢ 3 & 666613 ¢06 35 %5 2 ¢

DEPENDENT VARIABLE: BUILDPRP FRON YARIABLE LIST 1
REGRESSIQM LIST %
OBSERVYED PFFOICTED PLOT OF STANPAADTZIED FFSTNUAL
SEQAUn SUTLDPER ANTLDPPER RESTRARL -2.0 -1.0 0.0 1.0 2.0

1 102.0000 175, 1058 -173. 10582 . 1

2 153, 0000 150, 7954 2.208771 .

3 1349.0000 w7, 2327 -8,212712 7

" 156. 0000 216.0617 -60,06172 . 1

S 238.0000 194, 8971 43.10291 I .

6 245.0000 197. 1792 47,82576 I .

? 182.0000 182, 3752 -0, 37521398 .

L] 198.0000 192,2708 S.729%7 Te

9 160.0000 1A1.039% =21.03946 * T
10 161.0000 182.8107 20.19925% 7.

1 197.0000 110, 9386 86. 06139 M .
12 3u6,0000 247.8381 58, 16168 1 .
13 200.0000 221, 7082 -21.70818 * 1

AL 102.0000 167, 6500 -67.65002 . 1

15 84, 00000 122, 3062 -38, 30618 - 1
o 81.00000 90.8160¢% -9.815989 °I
17 108.0000 77. 00080 30.95913 I .
18 371.0000 3e7.0369 23,96289 1 »
19 316. 0000 329.6089 ~13,60908 eI
20 282.0000 290. 2920 -8.292119 T

DOEBIN-EATSOR TEST OF BESIDUAL DIYPERERCES COBPARED BY CASE ORDER ({SEQRUM).

YARIABLE LIST 1, REGRECSION LISY 1, DORBIN-WATSON TEST 1.28618

BULTIPLE REPGRESIION RON POR MURICIPAL GROWTR o8 /29780 PAGE 6
PILE S0NICIPA (CREATIOB DATE ~ 08/29/80) GEOWTH WORTHE KIFGSTOUN
# s v e 50 ¢ PLOT: STANDARDIZED RESIDUAL (DOUS} <~ PRPDICTED STARDARDIZED DEPEEPEWNT VARIABLE (ACRO3SS} ® & » o » » &«

DEPENDENT VARIABLE: BOILDPER VARIABLE 1IST
REGRESSION LIST ¢

2.0 -0

Qo
h
-]

1.0 2.0

ta— 1.

-

2l
-
i

0.0

P TR L R R R e R N o e R N
]
]
‘'
)
3
* o
I L L o e e e e L ]

P O L L L L L L L R R e IR )

I 2 L T R L L LT DEETE Y §

-2.0 1.0 0.0 1.0 2.0

00US,COLUANS Y: VALUES OUTSIDE (-).0,3.0) ROWS,COLUMNS X: YALUES TN ¢-3.0,-2.05) OR (2.05,).0)
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TABLE A-9
JAMESTOWN

5PSS BATCO SYSTFA M /729/30 PAGY 1

<psSS PNR NS/360, YERSION A, RELPASE 7.0, ocroper 15, 1979

DEPAULT SPACE ALLOCATION.. ALLOWS POR,. 102 TRANSPORNATIONS
FORKSPACE 71680 BYTES 809 RECODE YALUES ¢ LAG VARIADBLES
TEMESPACE 10240 BYTES 1681 IP/CONPUTE NDPERATIONS
1 ROW WAp? ANLTIPLEZ REGRESSIOW RUN FOR AONICIPAL GROWTH
2 PILR RMABE BONICIPAL GROYTRA JARRSTOWN
3 YARIABLE LIST BOILDPER,SCALENOL,SCHOOLEX,SCHLDEBT,SAPETYEX,
L} ASSESSVA,RORTAGE, TEAR
5 YAR LADELS BUILDFPER HEW PRIVATE HOUSING ORIT PERNITS/
6 SCHLEZROL PUBLIC SCROOL EWNROLLAERT BY PESIDENCR/
7 SCHAOOLEX WET RESIDEWTIAL BXPERDITORES FOR SCROOL3/
8 SCRLDEBT TOTAL DPET SERVICE PAYWENTS POR SCROOLS/
9 SAPETYEX BURICIPAL BIPEBEDITURES POR PUBLIC SAFETY/
10 ASSESSYA PFOLL ASSESSED VALUATIOR BY RESIDENTIAL/
1" AORTAGE CONYENTIAL NOBTAGE RATES/
12 1T9PUT AEDIOA cied
13 R OF CASES 20
16 INPUT PORHAT FIXED (S{2X,P%.0),2X,P8.1,2X,PN.2,2X,F49.00

ACCORDING TO YOOR IWPOT PORMAT, VARTABLES ARE TO BE PEAD AS FOLLO®S

VARIABLE PORBAAT RECORD COLOMNS

soILDPER P [} 1 3- 6
SCHLE®NOL P o \) 9- 12
SCROOLEX P o 1 15- 18
SCHLDEBT P L 1 21- 2%
SAPETYEX P e 1 27- 30
ASSESSYA P 1 1 33~ 36
AORTASE r 2 1 39~ a2
TEAR r L] 1 5~ 88
TH2 INPUT PORAAT PRCYTDES rPOR 8 VARIADLES. 8 WILL BE READ

IT PROTIDES MRt RECORDS (*CARDS') PER CASE. A RAIINUR OF 48 ‘COLDEWS® ARE 0NSPD °R A RECORD.

15 PRINT PORAAT BGILDPPR TO SAPETYEX(0) ,ASSESSYA (1) ,AORTAGE (2),TEAR(0)
16 RAW OOTPOT ONITY

17 BEGRESSTION ¥ARIABLEPS=BOILOPER,SCALENOL, SCALDEDT
kL) ALGRESSION=BUILDPER WITH SCHLEWROL TO SCRLDEBT(2)
19 RESID=0
20 OPTIONS
21 STATISTICS R,5,6
«sses REGRESSIOR PROBLE® PREQUIRES 336 BYTES ®OPKSPACP, WOT TACLADING RESTIDUALS evece

22 READ IRPUT DATA

AOLTLPLE eCLGRESSIOR RUF POR RONICIPRL GROVTE 08 /29/80 PAGE 2

PILE HOBICIPA (CREATION DATE = 08/,/29/80) 6ROTTN JABESTOUN

%489 50030000000 eee o0 FNOLTIPLE B2GRESSIONE o+ % 00668 ¢0% 08¢ YAPIABLE LIST 1

REBGRPSSTON LI
DEPENDEWT VARIABLE,, BUILDPER WEF PRIVATE ROUSING OWIT PERBITS S
VABIABLE(S) BUNTERED OB STPP NDARREF 1., SCHLDEBT TOTAL OPBT SERVICE PAYRENTS POR ICHOOLS

SCRLEROL POBLIC SCHOOL EWROLLHENT BY RESIDENCE

AOLTIPLE X 0.86013 AWALYSIS OF ViRTIANCE or SOn OF SQUAPRES FEAW SQUARE r

I SQUANE 0.21172 PEGRESIION 2. 1201. 06730 600,53365 2.28292
ADINSTED ® 3QUARE 0. 11898 BBSIDUAL 17, a871.93270 263, 05086

STANDARD EBRROD 16.21897

s=eeeeecceccsswes VAAIABLES I8 THE EQUATIOR --v~eveccccmac—cas weeescerecces VARIABLES ROT I¥ THE EQUATIOR --cvecevocooco-~
YARIABLS B BETA STD ERROR B r VARIABLE B‘!'.I'l e | PARTIAL TOLEBANCE [ 4
SCRLORBT ~0. 2507631 -0.31308 0.21650 1. )82

SCHRLESOL 0,2323641 0.57%84 0.10906 a, 580

CONSTARNTY ~63.09796

ALL YARIABLES ARE IW THE BQUATION

STATISTICS WAICH CAMSOT AE COMPUTED ARS PRINTED AS ALL NINES,

MOLTIPLE 2BGRESSION NOW POR BUAICIPAL GROVTH 08 /29780 PAGE J

PILE BURICIPA {CAEBATION ODATE = 0€/.9/80) GROWTH JANESTOUR

®© & 806 8 60 959 000609 ee e sse e NILTIPLTE AR ZGRESSION % 6808 ¢ 880 s 5 68 YARTABLE LIST

REGRESSTON LTS 1
DFPENDENT 7ARIABLE.. BOILDPPR MEW PRIVATE ROOSIRG NRIT PERAITS

SONAARY TABLE

VABIABLE AULTIPLE X A SQUARE BRSQ CHANGE SINPLE R a 8Erk
SCHLDEBT TOTAL DEBT SERYICE PATYNENTS FOR SCHOOLS 0.01349% 2.900122 0.00122 0.03109% -0.2507631y -0, 21308
SCELPPOL POBLIC SCROOL ENROLLMENT FY RESIDENCE 3. 86012 0.211722 0.21050 0,38667 0.2323681 0.57%84

(CONST ART) -63.0979%
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TABLE A-9 (CONTINUED)

BOLTIPLE REGRESSINR RON PON ROWICIPAL GRONTA 09 /29/80 PAGE S
PILE NONICIP2 (CREATION DATE = 04/29/60) GHOWTA JARPSTOUN
0 % 2 590 00 00 e e s s e e s FULTIPLE RZGRESCIOHN ® % 65 85 68 0 ¢ ¢ 665 %0 66866600

DEPENDENT VARIABLE: BUILDPER PAON YARIABLE LIST %
REGRESSION LIST 1

OBSERYED PREDICTED PLOT OF STAMDARDIZED RESIDUAL
SEQNUN BOILOPER BUILDPER AESIDUAL ~2.0 -1.0 0.0 1.0 2.0
1 35. 00000 81,2335 ~6.2335148 . 1
2 28. 00000 37,05095 ~9.,050963 b4 T
3 27.00000 31.93895 -8.930895) * I
L) 31, 00000 38,53850 -3.536510 L4
5 38 .00000 35.00128 =-1.001218 1
6 42, 00000 3n, 70726 7.212727 T .
7 33.00000 80.59637 =7.59637S i I
a 29.00000 35.27039 =6.270800 . I
9 80.00000 39.91768 40, 00231 4 b 4
10 36, 00000 41, 79898 ~$,794933 e I
1" 35.00000 55, 27209 =20.27211 . I
12 42, 00000 55.98759 ~13.98760 . 1
1 3%,.00000 53,05203 30.98795 I hd
AL 69,00000 55, 15489 13.80511% I -
15 31.00000 80.535067 ~-9.550683 . 1
16 28. 00000 83,0215 =15. 02152 - T
17 39.00000 44,63687 -5.636889 eI
18 36.00000 842,13568 ~6.135681 . 1
19 59.00000 39.83083 19. 16956 T .
20 32. 00000 28.23062 31.769365 I

DI RBIN-WATSON TEST OP RESIDUAL DIFFERENCES COMPARED BY C#SE ORDER (SEQNOM).

WARIRBLE LIST 1, RECRESSION LIST 1, DURBIR-SATSUN TRST 1.98078

RULTIPLE NEGRESSION RUN POR AURICIPAL GROGTH 08 /29,80 PAGE 6
FILE BCWICIPA (CREATION DATE = 08/29/80) GAONTH JANESTOWN
s & s ¢ a8 PLOT: STASDARDIZED RESIDUAL (DOUN) -~ PREDICTED STANDARDIZED DEPENDENT VARTABLE (ACROSS} o & & ¢ s & o

DEPENDENT YARIABLE: BYILDPER VAIRIABLE LIST 1
REGRESSIOF LIST !

~2.0 -1.0 0.0 1.0 2.0
B R D e i d 2%
I

*1

[ L L L L R L R T e
.
e L L L L O e e e L L )

-0. 0

-
[P T L R L L L L L L L IR )

B B L L L DT RRRSE PP PRI & 5

-2.0 - =1,0 0.0 1.9 2.0

ROWS,COLUNRS Y: VALUFS CUTSIOE (-3.0,3%.9) ROWS, COLUMNS X: VALUES I® (-1.0,-2.0% OR (2.0%,3.0y



Entries in the table are critical vaiues of t
for which area in tail of the distribution is a.
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TABLE A-10

Student’s t-Distribution

Number Value of o
of Degrees

of Freedom 0.25 0.10 0.050 0.025 0.010 0.005
1 1.000 3.078 6.314 12.706 31.821 63.657
2 0.816 1.886 2.920 4.303 6.965 9.925
3 0.765 1.638 2.353 3.182 4.541 5.841
4 0.741 1.533 2.132 _2.776 3.747 4.604
5 0.727 1.476 2.015 2.571 3.365 4.032
6 0.718 1.440 1.943 2.447 3.143 3.707
7 0.711 1.415 1.895 2.365 2.998 3.499
8 0.706 1.397 1.860 2.306 2.896 3.355
9 0.703 1.383 1.833 2.262 2.821 3.250
10 0.700 1.372 1.812 2.228 2.764 3.169
11 0.697 1.363 1.798 2.201 2.718 3.106
12 0.695 1.356 1.782 2.179 2.681 3.055
13 0.694 1.350 1.771 2.160 2.650 3.012
14 0.692 1.345 1.761 2.145 2.624 2.977
15 0.691 1.341 1.753 2.131 2.602 2.947
18 0.690 1.337 1.746 2.120 2.583 2.921
17 0.689 1.333 1.740 2.110 2.567 2.898
18 0.688 1.330 1.734 2.101 2.552 2.878
19 0.688 1.328 1.729 2.093 2.539 2.861
20 0.687 1.325 1.725 2.086 2.528 2.845
21 0.688 1.323 1.721 2.080 2.518 2.831
22 0.686 1.321 1.717 2.074 2.508 2.819
23 0.685 1.319 1.714 2.062 2.500 2.807
24 0.685 1.318 1.711 2.064 2.492 2.797
25 0.684 1.316 1.708 2.060 2.485 2.787
26 0.684 1.315 1.706 2.056 2.479 2.779
27 0.684 1.314 1.703 2.052 2.473 2.771
28 0.683 1.313 1.701 2.048 2.467 2.762
29 0.683 1.311 1.699 2.045 2.462 2.756
30 0.683 1.310 1.697 2.042 2.457 2.750
® 0.674 1.282 1.645 1.960 2.326 2.576

Source: Adapted from R. A. Fisher, Statistical Methods /or Research Workers, 15th ed. (New York: Hafner,

1970), Table (V.
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TABLE A-11

Five percentage points of the F distribution

0 Fo.05 Part |
Degrees of
freedom for Degrees of freedom for numerator, df,
denominator,
df, 1 2 3 4 5 6 7 8 9

161.45 199.50 215.71 224.58 230.16 233.99 236.77 238.88 240.54
18.51 19.00 19.16 19.25 19.30 19.33 19.35 19.37 19.38
10.13 9.55 9.28 9.12 9.01 8.94 8.89 8.85 8.81

7.71 6.94 6.59 6.39 6.26 6.16 6.09 6.04 6.00

1
2
3
4
5 6.61 5.79 5.41 5.19 5.05 4.85 4.88 4.82 4.77
6 5.99 5.14 4.76 4.53 4.39 4.28 4.21 4.15 4.10
7 5.59 4.74 4.35 4.12 3.97 3.87 3.79 3.73 3.68
8 5.32 4.46 4.07 3.84 3.69 3.58 3.50 3.44 3.39

9 5.12 4.26 3.86 3.63 3.48 3.37 3.29. 3.23 3.18
10 4.96 4.10 3.7 3.48 3.33 3.22 3.14 3.07 3.02
11 4.84 3.98 3.59 3.36 3.20 3.09 3.01 2,95 2.90
12 4.75 3.89 3.49 3.26 3.1 3.00 2.91 2.85 2.80
13 4.67 3.81 3.41 3.18 3.03 2.82 2.83 2.77 2.7
14 4.60 3.74 3.34 3.1 2.96 2.85 2.76 2.70 2.65
15 4.54 3.68 3.29 3.06 2.90 2.79 2.7 2.64 2.59
16 4.49 3.63 3.24 3.01 2.85 2.74 2.66 2.59 2.54
17 4.45 3.59 3.20 2,96 2.81 2.70 2.61 2.55 2.49
18 4.41 3.55 3.16 2.93 2.77 2.66 2.58 2.51 2.46
19 4.38 3.52 3.13 2.90 2.74 2.63 2.54 2.48 2.42
20 4.35 3.49 3.10 2.87 2.7 2.60 2.51 2.45 2.39
21 4.32 3.47 3.07 2.84 2.68 2.57 2.49 2.42 2.37
22 4.30 3.44 3.08 2.82 2.66 2.55 2.46 2.40 2.34
23 4.28 3.42 3.03 2.80 2.64 2,53 2.44 2.37 2.32
24 4.26 3.40 3.01 2.78 2.62 2.51 2.42 2.36 2.30
25 4.24 3.39 2.99 2.76 2.60 2.49 2.40 2.34 2.28
26 4.23 3.37 2.98 2.74 2.59 2.47 2.39 2.32 2.27
27 4.21 3.35 2.96 2,73 2.57 2.48 2.37 2.3 2.25
28 4.20 3.34 2.95 2.7 2.56 2.45 2.36 2.29 2.24
29 4.18 3.33 2.93 2.70 2.55 2.43 2.35 228 2.22
30 4.17 3.32 2.92 2.69 2.53 2.42 2.33 2.27 2.21
40 4.08 3.23 2.84 2.61 2.45 2.34 2.25 2.18 2.12
60 4.00 3.16 2.76 2.53 2.37 2.25 2.17 2.10 2.04

120 3.92 3.07 2.68 2.45 2.29 2.17 2.09 2.02 1.96

© 3.84 3.00 2.60 2.37 2.21 2.10 2,01 1.94 1.88
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TABLE A-11 (CONTINUED)

Five percentage points of the £ distribution (conunued) Part
Degrees of
Degrees of freedom for the numerator, df, freedom for
denominator
10 12 18 20 24 30 40 60 120 0 df,
241.88 243.91 245.95 248.01 249.05 250.10 251.14 252.20 253.25 254.31 1
19.40 19.41 19.43 19.45 19.45 19.46 19.47 19.48 19.49 19.50 2
8.79 8.74 8.70 8.66 8.64 8.62 8.59 8.57 8.55 8.53 3
5.96 5.91 5.86 5.80 5.77 5.75 5.72 5.69 5.66 5.63 4
474 468 462 456 453 450 446 443 440 4.36 5
406 400 394 3.87 3.84 381 3.77 3.74 3.70 3.67 6
3.64 3.57 3.51 3.44 3.41 3.38 334 330 3.27 3.23 7
3.35 328 322 3.15 3.12 3.08 3.04 3.01 2.97 293 8
3.14 3.07 3.01 294 290 2.86 2.83 279 2.75 271 9
298 291 2.85 277 274 270 2.66 262 258 2.54 10
2.85 279 272 2.65 2.61 2.57 2.53 2.49 2.45 2.40 1
275 269 262 254 251 247 243 2.38 234 230 12
2.87 260 253 246 242 238 234 230 226 221 13
260 253 246 239 235 2.3 2.27 2.22 2.18 2.13 14
254 248 240 233 2.29 225 220 216 2.1 2.07 16
249 242 235 228 224 2.19 2.15 2.1 2.06 2.01 16
245 238 231 2,23 2,19 2.15 2.10 206 2.01 1.96 17
2.41 2,34 227 2.19 2.15 2.1 206 2.02 1.97 1.92 18
2.38 2.31 223 216 2.1 2.07 2.03 1.98 1.93 1.88 19
2.35 228 220 2,12 2.08 204 1.99 1.95 1.90 1.84 20
232 225 218 210 205 201 1.96 1.92 1.87 1.81 21
230 223 215 207 2.03 1.98 1.94 1.89 1.84 1.78 22
227 220 213 205 201 1.96 1.91 1.88 1.81 1.76 23
225 218 2.1 2.03 1.98 1.94 1.89 1.84 1.79 1.73 24
2.24 2.16 2,09 2.01 1.96 1.92 1.87 1.82 1.77 1.71 25
222 215 2.07 1.99 1.95 1.90 1.85 1.80 1.75 1.69 26
2.20 213 2.06 1.97 1.93 1.88 1.84 1.79 1.73 1.67 27
219 2,12 204 1.96 1.91 1.87 1.82 1.77 1.71 1.65 28
2.18 210 2.03 1.94 1.90 1.85 1.81 1.75 1.70 1.64 29
2.16 2.09 2.01 1.93 1.89 1.84 1.79 1.74 1.68 1.62 30
2.08 2.00 1.92 1.84 1.79 1.74 1.69 1.64 1.58 1.51 40
1.99 1.92 1.84 1.75 1.70 1.65 1.59 1.53 1.47 1.39 60
1.91 1.83 1.75 1.66 1.61 1.55 1.50 1.43 1.36 1.25 120
1.83 1.75 1.87 1.57 1.52 1.46 1.39 1.32 1.22 1.00 o

Adapted from E. S. Pearson and H. O. Hartley, Biometnika Tables for Statisticians, Volume il. New

York: Cambridge University Press, 178, 1972.
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TABLE A-12

" Durbin-Watson Statistic

i(er —&-_,)?
d=2

n

Ser

Entries in the table are approximations to the
critical value of d for which area in lower tail
is 0.05. Area to left of d, is not more than
0.05; area to left of d, is at least 0.05.

Number of k=1 k=2 k=3 k=4 k=5
Observations
(n) a dy d, dy d dy a, dy d dy
18 1.08 | 1.36 | 095 | 1.54 {082 | 1.75 | 0.69 | 1.97 | 0.56 | 2.21
16 110 {137 1098 | 154 {086 | 1.73 |1 0.74 { 193 { 0.62 | 2.15
17 113 [ 1.38 | 1.02 | 1.54 | 090 { 1.71 | 0.78 | 1.90 | 0.67 | 2.10
18 116 | 1.39 | 105 | 1.53 {093 | 1.69 { 0.82 { 1.87 | 0.71 | 2.06
19 118 | 1.40 {1.08 | 1.53 | 097 | 168 | 0.86 | 1.85 | 0.75 | 2.02
20 1.20 [ 141 {110 | 154 [ 1.00 | 1.68 | 090 | 1.83 | 0.79 | 1.99
21 122 [ 142 | 113 | 1.54 | 1.03 | 167 | 0.93 | 1.81 | 0.83 | 1.96
22 124 {143 1115 ) 154 | 105 | 1.66 | 096 | 1.80 | 0.86 | 1.34
23 126 | 1.44 | 117 | 154 {1.08 | 1.66 | 0.99 | 1.79 | 0.90 | 1.92
24 127 {145 {119 {155 {110 | 1.66 | 1.01 | 1.78 | 0.93 | 1.90
25 1.29 1 145 { 1.21 | 1.65 [ 1.12 | 1.66 { 1.04 | 1.77 | 0.95 | 1.89
30 135149 {128 | 157 | 121 | 165 | 1.14 | 1.74 | 1.07 | 1.83
35 140 | 152 | 1.34 | 158 | 128 | 165 | 1.22 | 1.73 | 1.16 | 1.80
40 144 1 154 1 139 1160 | 134 | 166 129 | 1.72 {123 } 1.79
50 150 1 1569 { 146 | 163 | 142 | 167 | 1.38 | 1.72 | 1.34 | 1.77
60 155 | 162 { 151 | 165 {148 | 1.69 | 1.44 | 1.73 | 1.41 | 1.77
70 1.58 { 164 | 155 | 167 (152 { 1,70 | 1.49 | 1.74 | 1.46 | 1.77
80 161 | 166 { 1.59 | 169 | 1.56 | 1.72 | 1.53 | 1.74 | 1.51 | 1.77
90 163 | 168 | 161 | 1.70 | 159 | 1.73 | 1.57 | 1.75 | 1.54 | 1.78
100 165|169 | 163 {172 161 | 174 | 159 ; 1.76 | 1.57 | 1.78

Source: Adapted from J. Durbin and G. S. Watson, "“Testing for Seriat Correlation i Least Squares

Regression,” Biometriks, 38(June 1851):173, Table 4,

Note: k d tes the r per of | D variables in the regression.

reject : : accept
nonautocorrelation nonautocorreiation

——test inconclusive

Durbin-Watson test: critical vaiue d, lies between d, and d,.
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