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Abstract

MODELLING NEW ONE-FAMILY HOUSE CONSTRUCTION
AT THE STATE AND COUNTY LEVEL
by
Jonah Otelsberg

Adviser: Professor Georgios Sphicas

The purpose of the study was to develop models for new one-
family house construction at the state and county level. Construction
in general, and one-family houses in particular, have long been re-
cognized as important leading indicators of economic activity. They
are used in almost all econometric models concerned with predicting
the state of the economy on a national level. However, many decision
makers need data for smaller geographic units in order to be able to
make and evaluate marketing decisions such as: forecasting future
sales of their product, determining sales quotas, designing sales
territories, and evaluating the sales organization's performance. It
is the needs of middle management, involved with this kind of decisions,
that the models developed are aimed to satisfy.

The procedure employed in developing the models was to pro-
ceed from establishing the theoretical foundations for the model
building effort, evaluation of the state of the art in housing models

iv
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and methods of small area estimating, to building of the models them-
selves.

Box-Jenkins' iterative approach was utilized in building the
models.

The hypotheses set forth in terms of coefficients of determin-
ation postulated that estimates based on a concurrent sample of per-
mits are superior to estimates based on concurrent measures of ex-
planatory variables, these in turn are superior to estimates utilizing
lagged measurements of the explanatory variables.

To test these hypotheses, two types of models were presented:
the county model, in which estimates are based on direct measurement of
activity in the largest permit issuing jurisdictions; and the state
model, which utilized explanatory variables in obtaining estimates.

Two basic principles underlie the building of the state model:

in selecting variables to be included in the model, those
for which direct measurement is available are to be pre-
ferred to those which represent estimates made by other
researchers

the principle of parsimony -- use the smallest possible
number of parameters for adequate presentation.

Nineteen variables were selected for consideration in the model.
They were assumed to represent the demand and supply of one-family
houses. In general, they represented the socio-economic conditions,
availability and cost of mortgage funds, and measures of construction
activity.

The number of observations used for the variables selected

v
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depended on availability of data on a state level. An attempt was
made to balance stability over time with corssectional analysis.

Observations made in the period 1968-1973 were used in the
analysis. Factor analysis and regression analysis were performed on
the data. The hypotheses postulated were supported by the analysis.

During the analysis, it became apparent that a single variable --
-- square feet of non-residential floor area -- explained 86% of the
variance of one-family house construction. Since for this variable
timely measurements are available by county, it is a most desirable
estimator of one-family house construction activity. Thus, all the
final equations were computed using this variable alone.

The purpose of the county model is to provide a measure of one-
family house construction activity by month, by county.

The performance of the two models was tested by comparing estimates
for 1973 obtained utilizing them, to reports received by the Bureau of
the Census. The best estimate with R® = .96 was obtained by using
the county model. The hypotheses that the county model will provide
better estimates than the state model was supported by the comparison.
In addition to providing better annual estimates by state, the county
model provides monthly estimates by county.

Both the state and the county model provided adequate state
estimates of one-family house construction activity. Both utilized
direct measurement inthe period to be estimated in order to obtain
the estimates. The county model, however; has means of providing
monthly estimates by county, while the state model was developed using

annual state data.

vi

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



ACKNOWLEDGEMENTS

The study could not have been completed without the
guidance and encouragement of my committee: Drs. Sphicas, Gatty,
and Wolf and the special interest of Drs. Ghosal and Stevens.

I am grateful to the F. W. Dodge Division of McGraw-Hill
Information Systems Company for granting me permissitan to use their
proprietary data in the study.

Special thanks to Ms. Alida Bussi who typed the manuscript

with ektraordinary dedication.

vii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE OF CONTENTS

CHAPTER PAGE
I. INTRODUCTION . ivvvvernernosnnscsnsssnncnsssacnnssnsns 1
The Problem ...vieiieeeesreeacaseanecsssnonasnsaans 1
Review of Existing Literature .......c.eeceeeevensans 2
Significance of the Study .vevveivvcerirnrncans ceres 5

Available Measures of One-Family House Construction 8

Scope of the Study ...cvieireierereeneteceecnnnnns 10
Limitations cveeveceseseronesessanacesnesconnannnans 11
Methodology Employed in the Study .......cevevenen.. 11
Procedure Followed ......ceveveveeriennecnnancnnnns 15

II. CURRENT STATE OF THE ART .ivvvvneniansn Ceeseieeeaneans 16
Existing Housing Models ....cceievnensecoconnnnsans 16
Econometric Housing Models ..iviieevrniieeencennes 16

Judgmental Housing Models ...ccvveecevecnnnnnnnns 22

Regional Models ...viveevenvencnnanscanns ceeeaens 26
Methodology Used in Small ATea ....eeeveeerecncnnss 27

ITI. STATE MODEL +..veuee Ceretrieananse vassesesvuesessansse 34
Conceptual Framework ........... et eeeteseseaaaens 34

Time Series AnalysSiS ..civevevecencecenseancsnnnnns 35
Components Analysis ...ceeeveeereererisenccanenns 35

Stochastic Process ....ceiiieieiiiinieiiennacanes 36
Muitivariate Techniques ....cceiveeieiinensosenans s 38

Selection of VariableS vveeeessescsccssccncnsasss 42

Selection of VariablesS «.iieieereeecesoosecancaneees 45

viii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER

III. (Cont.)
Criterion Measurement .......c.... teeeteereeananans 45
Independent Variables ..c.vieiiieieravecennenas ceees 46

Demand VariableS v.vevevesescveassocenssssassense D2

Supply Variables ....veeceececnecrcscncnacncannns 52

Number of Observations ..... csesvsasenrnaecsrsanne . 56

Types of Analyses Performed ........ccvvvevenne eees 59

IV. STATE MODEL -- FACTOR ANALYSIS ...iiiviiivneanecaeeess 01
Types of Analyses Performed ......ieveveeenecenecss 62

Rotations Used ......ccv0vene ettt eateretaeeansann 64

Varimax ........ Ceeeaans creteresaesaesseacacannas 65

Quartimax ....ceeveennns Neesesesssssenansanansnss 65

EqQuimax ..oevevenecens Ceetetsteitaceanssanarsane 65

Obliques ..eeevevieann Ceevsaaas Cesseresncaacansas 65

Time Periods and Variables Analyzed in Factor Analysis
Analysis ...eeeanen Cetiterraettetearennane R 1

Results of Factor Analysis .eeevevececeeeeacncennns 66
Results of 1968-1971 AnalySiS s.veeeeeveoasassess 71

Results of 1968-1973 ANAlySiS ceveeeererenneacanas 73

DiSCUSSION vevvenennnnenienraienasecocnonncansnnnas 75

STATE MODEL -- REGRESSION ANALYSES ..iveeeecceacacacas 76

Types of Analyses ......... Crecattanecntsscnsnasans 76

Analyses of the Period 1968-1973 ....vevevvncnen cees 78

Analyses of the Period 1968-1972 ....ivevereennenen. 84
ix.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER

V. (Cont.)
Annual Analyses ......... i et eeeerneaeteeeneanenas 84
Average Value RegresSSions ..eeeeeeeeeeeecencanennns 85
Lagged RegreSSionS .v.eeeiieeeereereoenrennacannnes 92
Test of Hypotheses .....oviiiieieiiincnnneeanonenas 92
DiSCUSSION tuuvvivernnneneesrenerasesnsecsesacnannns 94
VI. COUNTY MODEL veveverevennnoncnncans Ceeiesiiieeeaeeen 95
Need for Monthly County Information ............... 95
Conceptual Framework .....veeeeverencecensssoencnns 95
DESIEN tivererentaseesnasesossnsacacenssnsennnsanes 101
Analysis of Deviations ......cceevevecececcencenons 103

VII. COMPARISON OF ESTIMATES OBTAINED BY THE STATE
AND COUNTY MODELS TO CENSUS REPORTS .......cccveen. 107

VIII. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS ........... 114

SUMATY v e vt ttuesensosorasssssansnnnsesnncasnns 114
ConCluSIiOoNS vuvvveeeneenenenneinenanosesossansnans 120
Recommendations ......cevevveeneeeesnssanenansans 120
APPENDIX A -- Correlation TablesS ...cvvvevecnnnecas 120
APPENDIX B --- Factor Analysis Tables ........ecce... 147
APPENDIX C -- Regression Analysis Tables ....cceues. 174
BIBLIOGRAPHY . ..iiutuiieeneenesnsnsoencnsnsnonnsnannas 184
x

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE

2.1
2.2
2.3
3.1
3.2
4.1
4.2

5.1

5.2

5.3
5.4
5.5
5.6
6.1
6.2

LIST OF TABLES

PAGE
Characteristics of Housing Models .....eveeveevesvennn 20
Start Variables Used in National Housing Models ....., 22

Exogenous Variables Used in National Housing Models .. 25

Variables Used in Factor and Regression Analysis ..... 54
Availability of Data by Variable, by Year ............ 57
Variables Included in Factor Analysis, by Period ..... 67
Percent of Total Variance Accounted for by Each 69
Factor, by Type of Factor Analysis .....ceeeeeeenns.

Results of Regression Analysis of Oberved Values and

the Logarithmic Transformation 1968-1973 and

1968-1972 ......... e tetetarereatatereesatettenenanns 79
Annual Regressions Using Variables Common to all

Years 0“.!.!!Ql‘ll..llll'.lll‘!l'lII!III..!I!!II.'.. 86

Annual Regressions Using Only X ....cceeeecnnn ceveenes 87
Annual Regressions Using Only Xl2 ............. R -1
Annual Regressions Using Only X2 ..... Chererercaanena 89
Average Regression Equations ..?? ..................... or
Census RegIONS .vcuiieerereerescessssssscnccnassannssns 102

Characteristics of the Distributions of Error in 1971,
1972, 1973 ceevnnn Sereersassatarsasrescsrratssesnnas 104

Regional Equations Used in Obtaining 1973 Estimates ..108

Comparison of the Number of One-Family House Permits

Issued, by State to Estimates ...iceevvevencnnennnns 110

xi’

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE

A2
A3

Bl
B2

B3
B4
B5
:
B7
B8
B9

Cl

LIST OF TABLES -- CONTINUED

PAGE
Correlation Coefficients, Observed Values 1968-1971 ...123
Correlation Coefficients, Observed Values 1968-1973 .. 137

Correlation Coefficients, First Differences 1968-

State Assignment tO REZIONS viveeveveececienennnssess. 148
Variables with Highest Factor Loadings by Type of
Analysis and Rotations > 1968-1971 «veeiecaveeoncans 150
Variables with Highest Loﬁdings on First Factor by
Type of Analysis and Rotation, 1968-1971 ........... 153
Variables with Highest Loadings on Second, Third and
Fourth Factors by Type of Analysis aﬁd Rotation .... 155
Variables with Highest Factor Loadings by Type of
Analysis and Rotation, -1968-1973 ....iiieieneraeannn. 157
Variables with Highest Factor Loadings by Type of
Analysis and Rotation 1968-1973 ...viiverriinerenanns 159
Variables with HIghest Factor Loadings by Type of
Analysis and Rotation 1968-1973, First Differences...160

Highest Off-Diagonal Correlation Coefficients, 1968-

Durbin-Watson Statistic for Observed Values Regressions

1968-1972 ..... Cheiettecetertatttsantaettcteantrnnns 175

xii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



TABLE
c2

C3
C4
C5
C6

LIST: OF TABLES -- CONTINUED

PAGE

Durbin-Watson Statistics Regional Logarithmic
REEIESSIONS teveieensresranensasnscscssnsosasasssnnes 177
Weighted Average RegresSiOns ....eeeeceecesanen ceeenas 179
Standardized EqQUAtions .......ceeveeieieccoccsacannennen. 180
Lagged RegresSionS voeeeeeeccsasssasess Ceireceresarana 181

Correlation Coefficient of X..l P £ X

xiii

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER I
INTRODUCTION

The Problem

One-family house construction activity has long been con-
sidered by economists a barometer for the economy as a whole.. It is
a leading economic series especially sensitive to economic forces such
as availability of credit. The need for one-family house information
is not limited to economists. Government on various levels --
federal, state, and 1ocai need this information to plan commmity
services, and,in the case of local governments, estimate their
receipts. In addition, the business community needs the information for
planning and monitoring its marketing function. Local governments
and business in particular, need the data for small areas, since
these are their decision making components.

The information that is currently available as measure of
one-family house construction activity comes mainly from the Bureau
of the Census who produces three statistical series:

building permits

: housing starts

value put in place.

The permit series provides annual reports by permit place
six to eight months after the closing of the year.

The starts series provides estimates of starts by month for

the four Census Regions.
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The value put in place series provides monthly estimates
by the four Census Regions.

Thus, monthly data is not available for geographical break-
downs smaller than the Census Regions, while data for smaller geo-
graphical entities is available on an annual level only, six months
after the end of the period. |

The purpose of this study is to fill the void by providing
means of obtaining estimates of one-family house construction activity

for small areas to be available shortly after the closing of the period.

Review of Existing Literature

The American Statistical Association, through the Committee
for Small Area Statistics, has been conducting full day conferences
on small area statistics.1 Most of these conferences were dedicated
to problems'with producing small area statistics. Government pro-
grams, such as revenue sharing, have increased the interest in
small area population statistics. So far, little has been done to
generate housing models for local areas.

Among the existing national housing models at the one hand
stand econometric models, at the other, judgmental models.

All the known econometric models include the housing sector,
for example, Brookings, DHL IIT, FAIR, FRB-MIT-PENN, OBE, WHARTON.
Most of these models are quarterly and they use housing starts as a

measure of housing activity. While some, such as Brookings, decompose

1American Statistical Association, Proceedings of the Business
and Economic Statistics Section. See also Small-Area Statistics
Papers, series GE-41, U.S. Department of Commerce.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



the starts by type of unit: one-family, two-family, multi-umit;
others do not make the distinc:tion.2 The independent (exogenous)
variables used to explain starts by the different models can be
grouped into the following categories:
Interest Rates
Credit Availability
Existing Inventory of Housing
Income and Wealth
’ Demographic Data
Not ali of the models reviewed use all of the groups, but
most do; even though the variables representir{g the groups vary from
model to model. Series used to express the housing inventory, income,
and population do not represent direct measurement, but estimates
made either by the issuing agency (population, for example) or by
the researcher himself, such as housing inventory.3
Judgmental housing models are represented by the work of
Robinson NeWcomb. Newcomb is an acknowledged authority on

housing and has frequently appeared as expert before congressional

committees. His approach to housing models is less rigorous mathematically,

ZByuce R. Ricks (ed.), National Housing Models, Lexington,
Massachusetts: Lexington Books, 1973, passim.

31bid.
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4
but he is more sensitive to the deficiencies in the data he uses. In
developing the model, he takes into consideration:

The state of the economy
Household formation
Proportion of household and public income alotted to
new housing
The types of housing the market will support
Public and private funds available for new home financing

The cost of new house financing4

In developing regional housing models, Crow and Marcin ex-
tend the relationship found on the national level to the regioms. 5,6

No body of theory was developed in the field of small area
estimating. The Population Division of the Bureau of the Census uses
several methods for obtaining annual estimates of population by county;

the final estimate is a simple average of all these methods. 7

4 Robinson Newcomb, "Housing and Other Construction,' Methods
and Techniques of Busmess Forecasting, Englewood Cliffs, New Jersey
Ppentice Hall, 1974, pp. 373-390.

5 Robert Thomas Crow, "A Nationally-Linked Regional Econometric
Model," Journal of Regional Science, 1973, Vol. 13, No. 2, pp. 187-203,

6 Thomas C. Marcin, Projections of Demand for Housing by 'Iype
of Un1t ‘and Region, Agriculture Handbook, May 1972, No. 428, U.
Department of Agriculture -- Forest Serv1ce

7 U, S, Bureau of the Census,

....................... Cuxrent Population Reports,
Federal State Corporation Program for Population Estimate, P26, No. 21,

~ April 1973, p. 2,
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5

Dr. Eugene Ericksen has recently developed a regression method
which incorporates sample information along with the methods cur-

rently used by the Bureau of the Census, Population Division.8

Significance of the Study

As we have seen, in the preceeding section, little work has
been done in providing timely local area estimates of one-family house
activity. This study will attempt to develop a method which will
provide local area estimates of one-family house construction activity
for the use of government and business.

The importance of Housing Construction as a leading economic
indicator is widely accepted; to this attest the fact that Housing
Starts are included in all publications listing economic indicators
and are invariably included in econometric models of the economy.

Many industries' demand is directly related to Housing Starts as
suppliers of building materials, household equipment, or services.

Small area housing information is especially important to
marketing and sales management in:

Obtaining sales forecasts
Formulating sales goals and strategy
Determining sales quotas

Measuring sales performance

8Eugene P. Ericksen, '"A Method for Combining Sample Survey
Data and Symptomatic Indicators to Obtain Population Estimates for
Local Areas," Demography, Vol. 10, Mhy 1973, pp. 137-160.
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Determining salesmen compensation
Controlling the sales effort
Manpower planning
Monthly data are essential to control functions of marketing
management such as:
Evaluation of sales performance of various organiza-
tional units
Comparison of performance with forecasts and quotas
Assessment of market penetration
Short range adaptability to changing market conditions.
In addition to providing marketing management with means of
obtaining monthly county estimates of one-family house starts, the
methodology developed for the study may be applicable to obtaining
periodic small area estimates for other time series.
Aside from business and economists, governments at different levels
also have need for one-family house information
Federal Government
The Bureau of the Census is required by act of Congress to
monitor the development of trends in major areas of the society. One
of the major responsibilities of the Construction Division of the

Bureau of the Census is to measure housing activity and to report
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.monthly on value of new housing put in place and housing starts. This
information is utilized by other government bodies in performing their
own functions; it is of major importance to HUD, HEW, Departments of
Commerce, Labor, Transportation, Defense, and the EPA.

State and Local Governments

The closer the government to the area in which construction is
actually being performed, the more important the information to its
planning. In planning local services such as:

. roads

. water supply

. sewer lines

. garbage collection

. health services

. welfare services

. 8ize and location of schools

. shopping facilities

. community facilities

. zoning regulations
data on new construction is invaluable.

-Since a large proportion of local governments' income consists
of real estate taxes, both the receipts and the disbursements of local
governments depend on new construction.

Each level of government needs data appropriate to its area of
jurisdiction. While the federal government's needs may be satisfied
by national or regional figures, state and local governments need data

at the state and local level.
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Available Measures of One-Family House Construction

The Construction Divisién of the Bureau of the Census issues
three measures of new construction of one-family houses:
: Permits issued within permit issuing
jurisdictioné
' Housing starts
* Value of construction put in place
We will now discuss each one of these measures with regard to:l
‘ . Timing of issue
. Geography covered
Extent to which it is based on direct

measurement

Permits. The permits series is issued annually six to nine
months after the closing of the year. The report shows the number of
permits issued within the year by each of the 14,000 permit issuing
jurisdictions. All jurisdictions report annually, a sample of about
3,000 permit places reports monthly. The construction which takes
place outside the permit issuing jurisdiction, in what is known as

non-permit areas, is not accounted for.

Starts. The starts series is issued monthly about four weeks
after the closing of the month to which it pertains. It provides starts
for the nation and the four census regions.

The start series is derived using the permit series. From a

9Housing Authorized by Building Permits, Construction Reports,
C40, U. S. Department ot Commerce, Bureau of the Census.
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sample of permits the period which elapses between the time a permit
is being taken out and actual start of construction is estimated. This
estimate is applied to estimates of permits issued and a figure re-
presenting ''starts'" in permit issuing jurisdictions is obtained.

Starts in non-permit issuing areas are estimated on the basis

of an area sample.10

Put in Place. The put in place series represents the value of

one-family house construction put in place in a given month. It is
available about four weeks after thg closing of the month of interest.
The geography for which an estimate is issued is the same as
for starts -- national and four census regions.
The figures are based on a sample of builders who report to
the Bureau of the Census on their monthly expenditures from start of

construction to completion.11

Of the three measures the only one which provides a measure
for local areas is the permit series. The pérmit series is also the
only one which is based on direct measurement of construction activity.
It is, therefore, the most appropriate measure of one-family house

construction.

The drawback of the permit series is that it does not provide

a measure of activity in non-permit areas.

10Housing Starts, Construction Reports, C20, U. S. Department
of Commerce, Bureau of the Census.

11 value of New Construction Put in Place, Construction Reports,
C50, U. S. Department of Commerce, Bureau of the Census.
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Scope of the Study

The purpose of the study is to develop a method of obtaining
estimates of one-family house construction for local areas, as
measured by ‘building permits, prior to availability of these measures
from the Bureau of the Census.

Estimating methods were explored on two levels: state and
county. At the state level, an attempt was made to express one-family
house building permits in terms of other variables. The criteria for
selection of variables for consideration in the model were:

1. Assumed relationship to demand or supply, or both, of
one-family house construction,

2. Availability of annual data on a state level for the
period 1968-1973.

3. No change in definition of the series within the period

of study.

Nineteen variables satisfying these criteria were selected for
further analysis. The final regional and national estimating equations

were obtained utilizing factor analysis and regression analysis.

On the county level, the concern was to develop a model that
would provide decision makers with monthly measures of one-family house

construction at the time when they are needed for decision making.

Since no data, on the variables used in the development of the state
model, was available on the county level, the model is based on the one-
family house permits series itself. In the model that emerged one-family
house permits issued during a given month within a given county are ob-
tained using direct reports received from permit issuing jurisdictions
which issued at least fifty permits a year, and an estimate of permits

issued in smaller places, which issued less than fifty permits annually.
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Limitations
- Not all jurisdictions in the United States require building

permits to be taken out prior to construction. For these areas, no

direct measurement of construction activity exists and they will not

be included in the analysis. The activity of non-permit issuing areas

is estimated to account for about 15% of the total number of one-family
houses built within a year in the United States. Through the efforts

of the Bureau of the Census, however, the importance of these areas is

steadily diminishing, as new permit issuing jurisdictions are being

established.

Methodology Employed in the Study

Now we turn to the methodology employed in developing estimat-
ing models for one-family house construction.

Hypotheses. In general, the hypotheses represent the philosophy
that concurrent measurements are superior in obtaining estimates to
measures made in the past. When relationship to other variables is
postulated, variables on which direct measurement is available are
superior to variables which represent estimates made by others. The
criterion measure in testing the hypotheses is the coefficient of de-
termination which represents the proportion of total variance explained

by the model. The coefficients of determination are defined below:

2 . . .
- R, = coefficient of determination obtained using a sample of

permit places.

2
R2 = coefficient of determination obtained using variables
measured directly in the period being estimated.
2 . s . .
R3 = coefficient of determination obtained from equation

using variables selected for inclusion via factor

analysis.
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2
R = coefficient of determination obtained using lagged
4
independent variables.
2
R = coefficient of determination obtained using regional
5

estimating equations.

In terms of these coefficients of determination the following

hypotheses were postulated:

1. State estimates of the number of one-family house permits
obtained using direct reporting from a sample of permit
issuing places are superior to estimates using ex-
planatory variables.

RZ > RZ, RZ
1 2 3
The estimates based on direct reporting from a sample
of the largest permit places can be expressed by the
equation: '

Y = f (LPP)
t t

Underlying this hypothesis is the assumption that current
measurement on the dependent variable, even if it is only
a sample, will be superior to estimates based-on relation-

ships with other variables.

2. State estimates obtained using explanatory variables for
which direct measurement, for the period being estimated,
are available, are superior to estimates obtained utilizing

variables not directly measured during this period.
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2 -2
R > R
2 3
The estimates obtained from direct measurement can be

expressed by

Y o= fX )
t ti

If a variable is not directly measured in the period of
interest it has to be estimated, thus adding estimating
error to the already existing measurement error. Thus
estimates of Y which are not based on estimates of other
variables should be superior to those that are.

3. State estimates obtained utilizing regional estimating
equations are superior to estimates obtained using

national- equations.
2 2 2
R >>R,R,R
5 2 3
The regional estimates can be expressed by the formula

Y =£X )
R Ri

2

4

This hypothesis is based on the assumption that there
exist regional differences in the relationship of one-
family house permits to other variables. These differences
are assumed to be significant enough to improve the quality
of estimates, if‘they are introduced.

4. Estimates based on lagged independent variables are
inferior to estimates based on concurrent measures of

these variables.
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2. 2
R 7R
2 4
The formula to express the lagged relationship is

Y = f(X )
t i(t-s)

One-family house construction is a leading series and it
is more likely to lead the explanatory variables than to
follow them, Thus, the closer the measurement to the

current period the better the estimates obtained.

In general the philosophy underlying these hypotheses is that
the closer the measurement to the period being estimated, the better

the estimate.

2 : 2
Thus, it is expected that R will be larger than R which in
2 1 2
turn will be larger than R .
3

To test the hypotheses two types of models were developed.

County Model

State Model

County Model. The county model is based on the assumption that

current county activity can be estimated on the basis of direct measure-
ment of current activity in the largest permit issuing places and

past activity in small permit places.

Yy = f£(LPP , SPP )
c c c

Where:

Y -~ estimate of one-family house construction within

a county.
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- LPP -~ measured activity in Large Permit Places
(places issuing fifty or more permits annually)
within the county.

SPP  -- estimate of activity in Small Permit Places
(places issuing less than fifty permits annually)
based on past activity of these places and rate

‘ of change in LPP from the base period into
the current perigd. ‘

The county model is described in detail in Chapter VI,

State Model. The development of the state model proceeded

through the following stages:
1. Selection of variables to be included in analysis.
2. Factor analysis in order to identify the structure under-
lying the variables selected.
3. Regression analysis to obtain estimating equations.

The state model is described in detail in Chapter III,

Procedure‘Followed

The approach employed was to proceed from establishing the
need for one-family house construction activity information, through
conceptual foundations of the study, towards building of the models
and evaluation of results.

In this chapter the importance of one-family house construc-
tion activity data is discussed. Government at different levels --
federal, state and local need the information for planning services
and estimating receipts. The business community needs the data mainly

for marketing decisions in estimating the demand for its products,
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setting sales goals, evaluating the sales force's performance, etc.
The available measures of one-family house construction were pre-
sented. Of the three:

building permits

. starts

. value put in place
building permits were selected since they provide direct measurement
of one-family house construction for small areas. The other two
measures represent estimates made by the Bureau of the Census on the
basis of permit information.

The "state of the art' is presented in Chapter II. The
existing housing models, on national and regional levels, are dis-
cussed and current methodology used in small area estimating is
presented.

Two models were developed to provide one-family house
estimates; the state model utilizes independent variables in obtaining
one-family house estimates. The conceptual development of the state
model are described in Chapter III. Two types of multivariate analy-
sis were employed-in building that model: factor amalysis and regres-
sion analysis.

The results of factor analysis are described in Chapter IV.

Regression analysis and the test of hypotheses involving the

state model are described in Chapter V.
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The county model is described in Chapter VI; after the
need for monthly county information is established, the model is
presented. The results of the analysis of deviations of estimates
obtained using the model from actual reports received by the Bureau
of the Census are discussed.

The estimates obtained by both models are compared to
actual Census reports in Chapter VII.

Chapter VIII contains the summary, conclusions, and recom-

mendations for future research.
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CHAPTER TI1
CURRENT STATE OF THE ART

The art which is the concern of this chapter, is that of
estimating housing, by county, by month. At the present, this com-
bination does not exist, but there exist housing models (some
monthly), and there are in existence methods of obtaining county
estimates -- albeit not by month and not for housing. Thus, what
we will attempt here is to describe the state of art of estimating

housing and the state of the art of obtaining county estimates for

other phenomena.

Existing Housing Models

As in every estimating, the methods used for estimating
housing run the gamut from '"hard" methodology applied to ''soft"
facts to ''soft' methodology applied to '"hard'" facts. The most
sophisticated methodology is used in econometric models -- sometimes
with very ''soft" facts, the least sophisticated methodology is that
of judgmental models.

National models will be discussed on two levels:

Econometric Housing Models
+  Judgmental Housing Models
This will be followed by a review of regional models.

Econometric Housing Models: On March 4th and 5th 1971 a conference on

housing models was held in Washington D. C. under the sponsorship of
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of the Federal Home Loan Bank System. The sponsors invited re-
searchers known to have worked in the field. As a result of the

conference National Housing Models was created.1 To date it re-

presents the only description of the state of the art in estimating
housing. As the title implies, the book deals with national models,
recently some work has been done on regional models but the results
have not yet been published in books or professional publications
and are usually available only as handouts at the conferences at
which they are presented.

Of the eleven models presented in the book, one is monthly,
nine are quarterly, and one is annual.

Other characteristics of the models are summarized in the
following tables.

Table 2.1shows for each model the type of period covered,
number of ébservations used in deriving the model, number of
exogenuous variables used, and the method of estimating used in
deriving the model.

The period covered for the purpose of the model ranges from

8-1/2 years used in the DHL III model to 16 years used in the WHARTON

IBruce R. Ricks " (ed.), National Housing Models, Lexington,
Massachusetts: Lexington Books, 1973.
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models. The calendar period included in the models consists of late
fifties and the sixties.

The number of exogenous variables varies from 5,used in
the DHL III model ;to 17,used in the FRB-MIT-PENN model. While the
FAIR monthly model uses 18 exogenous variables 12 of them are dummy
variables built info the model due to its monthly character, thus
only 6 exogenous variables represent real phenomena observations.
All of the models used least squares as the estimation method, two
of the models - BRADY and HUANG supplemented the Ordinary Least
Squares method by the Two Stage Least Squares method. FAIR used
Restricted Two Stage Least Squares in his model. Thus the methods
used are the traditional methods used in deriving econometric models.

Table 2,2 describes the nature of starts variables used by
the models. Five of the models: DHL III,ADRI, EAIR, MAISEL, and
WHARTON ANNUAL use total starts without decomposing them by type.

Four of the models: FRB-MIT-PENN, HUANG, OBE, WHARTON
QUARTERLY use unit value variables derived from the units started
series. Of these three decompose the total by type of structure,
one decomposes by farm and nonfarm housing.

The remaining two models: BRADY and BROOKINGS decompose
starts by type of structure.

Table 2.3 lists the exogenous variables used by the various
models. The variables are grouped into 7 major categories: Interest
Rates, Credit Availability, Rationing, Capital Stock and Inventory,
Income and Wealth, Demographics,and Time Trend.

All models have a variable indicating the interest rate level,
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TABLE 2.2
START VARIABLES USED IN NATIONAL HOUSING MODELS

MODEL

BRADY

BROOKINGS

DHL III
DRI
FAIR

FRB-MIT-
PENN

HUANG

MAISEL
OBE

# OF START
VARIABLES

START VARIABLES

Total Starts,

Total Starts Excluding Mobile Homes,
Total Single Family Starts,
Conventional Single Family Starts,
FHA Multifamily Starts,

VA Multifamily Starts,

Mobile Homes Starts

Total Nonfarm Starts,

Single Family Nonfarm Starts

Two Family Nonfarm Starts

Single and Two Family Nonfarm Starts
Multiunit Nonfarm Starts

Total Nonfarm Starts
Total Starts
Total Nonfarm Starts

Start Value Variables:
Real Value Per Person (25-64) Expected
to Live In One and Two-Family Units
and Mobile Homes
Real Value Per Person (20-24, 65+) Expected
to Live in Multifamily Units

Real Expenditure Demand Functions:
Single Family Units
Multifamily Units
Real Construction Expenditure Supply Function
Single Family Units
Multifamily Units

Total Starts

Real Value Variables
Real Value Per Person (25-64)
Expected to Live in One- and
Two-Family Units
Real Value Per Person (20-24, 65+)
Expected to Live in Multifamily Units
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TABLE 2.2 -- Continued

START VARIABLES USED IN NATIONAL HOUSING MODELS

# OF START
MODEL VARIABLES START VARIABLES
WHARTON 1 Total Nonfarm Units
" ANNUAL
NEW WHARTON 5 Expenditure Variables
QUARTERLY Real Nonfarm Residential

Construction Expenditure
Total Real Residential Expenditure
Nonfarm Residential Expenditure
Farm Residential Expenditure
Total Residential Expenditure

Source: Ricks, R. Bruce (ed.). National Housing Models.

Lexington, Massachusetts: Lexington Books, 1973.
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all but three (DHL III, DRI, FAIR) use various indices to represent
prices. BRADY, FAIR, FRB-MIT-PENN, HUANG, and MAISEL use variables
to ascertain availability of mortgages from various sources.

The Capital Stock and Inventory Factors variables used by
the models are derived, since there is no direct measure available
of housing inventory over time.

A1l models, with the exception of BRADY and FAIR use dis-
posable income or consumption as measures of Income and Wealth.

In reviewing the variables used in the models, both as de-
pendent and independent, one is struck by the amount of "éoft” data.
Most variables used are not directly measured but represent esti-
mates made either by the researcher himself or somebody else. Is
there value in using rigorous mathematical methods on 'soft" data?
Should not the effort be first directed towards generating reliablé
data series? I think it should.

Since a large number of observations is needed in order to
achieve stability, the econometric models covered a fairly long span
of time. It is questionable whether the economic conditions within

these periods justify their extrapolation into the future.

Judgmental Housing Models: Robinson Newcomb has long been acknow-

ledged as an expert on the construction industry. His method of
estimating construction activity is less formal than the econometric

methods used in the previously described models. In long range
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" forecasting of residential construction he uses information on:

The state of the economy

Household formation

The proportion of household and public income alotted to

housing .

* The types of housing the market will support
* Public and private funds available for new home financing

The cost of new home financing

In short range forecasting, Newcomb recommends basically the
same approach, but stresses the unavailability of the necessary data
and the delayed availability of the series that do exist. He feels
that mathematical approaches to short range forecasting are in-
adequate due to the following data limitations:

1. Data on which forecasts are to be based are not available

on time. ‘

2. The data that do become available, are highly question-
able (because they are usually not based on measure-
ment, but rather represent projections derived by the
issuing agency)

3. The significance of the data varies from year to year.

Thus, Newcomb's recommendation for short range forecasting

is extrapolation of the long term trend based on what is believed to

be the state of economy, politics, and financial conditions.2

2Robinson Newcomb,'Housing and Other Construction Methods
and Techniques of Business Forecasting, Engelwood Cliffs, New Jersey:
Prentice Hall, 1974, pp. 373-390.
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Regional Models: The problems of data availability, timeliness, and

reliability -- mentioned by Newcomb are even more acute when regional
estimates are required.

Crow built a nationally linked model for the Northeastern
Corridor of the United States. The states included in the Corridor
are from north to south:

New Hampshire
Massachusetts

Rhode Island
Connecticut

New York

New Jersey
Pennsylvania
Delaware

Maryland

District of Columbia

Virginia

The model was built to be compatible with the WHARTON QUARTERLY
model. Crows regional model is unidirectionally linked with the
national WHARTON model -- i.e. it is assumed that national activity
determines regional activity but not vice-versa.

The residential construction series, in Crow's model, is
dependent on only Disposable Personal Income, since the national
annual interest and price variables (included in the WHARTON model)

did not improve the equation. The residential construction equation
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was derived by two stage least square method and was based on annual

data for the period 1949-1963.3

Marcin, in projecting the demand for housing by type of unit
and region for the U. S. Department of Agriculture followed the
same approach -- relationships found on national level were extra-

polated to the regions.4

Methodology Used in Small Area Estimates

Despite the interest in, and the need for, small area sta-
tistics, there is no literature on methodology. The only available
formal description of methodology is that of the Population Division
of the Bureau of the Census. The methods used by the Population
Division are described below as a statement of the current ''state
of the art" in Small Area Estimating. ‘

Throughout the years the Population Division of the Bureau
of the Census has developed several methods for obtaining annual

series of population estimates by county. The four currently in

use are:
1. The Vital Rates Method
2. The Regression (ratio-correlation) Method
3. Component Method II
4, The Composite Method5

SRobert Thomas Crow, "A Nationally-Linked Regional Econometric
Model," Journal of Regional Science, 1973, Vol. 13, No. 2, pp. 187-203.

4Th.omas C. Marcin, Projections of Demand for Housing by Type
of Unit and Region, Agriculture Handbook, May 1972, No. 423, U. S.
Department of Agriculture -- Forest Service.

» 5U S. Bureau of the Census, Current Population Reports,
Federal State Cooperation Program for Population Estimates, PZ06,
No. 21, April 1973, p. 2.
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A method of combining sample survey data with symptomatic in-
dicators was developed by Dr. Eugene Ericksen.©
The problem that population estimators address themselves to,
is obtaining county population for years between decennial population
censuses. All methods used'attémpt to arrive at population estimates
at a given time using information obtained from the last available
Census of Population and current data on variables believed to be
related to population.
The Vital Rates Method uses local birth and death statistics
in obtaining local population estimates. The assumption underlying
these estimates is that the relationship between the local and national

birth and death rates remains constant since the last Census of
Population.7

The Regression (ratio-correlation)Method offers multiple
regression estimates of change in proportion of the state's popu-
-lation in the county using as independent variables change in the
county's proportion in the state total of several indicators which
reflect populatioh change. This method assumes that, within the
state, the relationship between the indicators and population re-

mains constant.8

6Eugene P. Ericksen, "A Method for Combining Sample Survey
Data and Symptomatic Indicators to Obtain Population Estimates for
Local Areas,' Demography 10, May 1973, pp. 137-160.

7Dona1d L. Bogue, "A Technique for Making Extensive Popu-
lation Estimates,' Journal of the American Statistical Association,
Vol. 4J, No. 250, April 1950, pp. 149-163.

8Peter A. Morrison, Demographic Information for Cities: A
Manual for Estimating and Projecting Local Population Characteristics,
Rand Report R-618-HUD, June 1971, pp. 18-23, 142-149.
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Component Method II has been used by the Bureau of the Census
in its state estimates for the past twenty years. The method com-
pares actual school enrollment data to enrollment expected on the
basis of the most recent Census and the birth rate since then.’
The Composite Method derives estimates of various'age groups
separately. The county estimate is the sum of the group estimates.
Different indicators are used for the different sub-groups.l0
Dr. Ericksen's method consists of estimating population on
the basis of a sample of counties and symptomatic data such as that
used by the population division in their estimates i.e. birth, death
and school enrollment.ll
| The Bureau of Economic Analysis makes estimates of personal
income by counties. These estimates are based on data collected
from different sources,directly or indirectly,related to personal
income. First, national and state estimates are obtained and these
-are allocated to counties on the basis of available county infor-
mation. There is no formal uniform method in allocating income to

counties -- different allocation methods are used for different states.l2

9. S. Bureau of the Census, Current Population Reports,
Series P.2J, No. 427, 436.

0ponaid J. Bogue and Beverly Duncan, "A Composite Method for
Estimating Postcensal Population of Small Areas by Age, Sex, and
Color," in National Office of Vital Statistics, Vital Statistics--
Special Reports, Vol. XLVII, No. 6, August 1959,

11Ericksen, op. cit.

12By Personal Communication.
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The most widely known and most frequently used by business of"

all local area estimates are those appearing in the Annual Survey of

Buying Power published by Sales Management. Despite the fact that

county estimates of population, household income, and retail sales
components such as, food, general merchandise, furniture and house-
hold appliances, automobiles and drugs are being published, the sources
of the data and the methodology of obtaining it are not specified.13
There is no monthly data available on house construction acti-
vity by county. The Construction Division of the Bureau of the Census
provides monthly information on Housing Starts for regions and the
United States as a whole. The estimates provided are based on permit
place information and a sample of areas in which local authorities .

do not require building permits.14

Reports on the number of building permits issued by selected
permit places ére issued monthly by the division two to three months
after the closing of the month. The Division also issues annual
reports on the number of the building permits issued by all fourteen
thousand permit places.

Since not all counties ére completely permit covered neither

the monthly, nor the annual report, provides county data.15

13Sales Management, 1973, Survey of Buying Power, July 1973.

14U. S. Bureau of the Census, Construction Reports, C20.

15U. S. Bureau of the Census, Construction Reports, C40.

2
f
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Thus, the state of the art emerging from the above can be sum-
marized as follows:

' While national econometric models of housing exist, their
use of series usually based on estimates rather than direct
measurements, put in question their usefulness. They tend
to find relationships among assumptions made by the
estimators of the series, rather than the phenomena them-
selves,

* Methods that take into consideration the quality of data
used, such as recommendated by Newcomb, seem more ap-
propriate.

What regional work has been done so far, was basically

an extrapolation of national relationships into the re-
gions, thus the deficiencies of the national models are
carried over, plus the assumption that relationships found
to hold on the national level continue to be valid on

the regional level.

No body of theory has been developed so far for obtaining
county estimates. The methods that exist seem to be ad
hoc,

There is no county data available on housing by month by

county at a time needed for decision making.
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CHAPTER I1I
STATE MODEL

Conceptual Framework.

. The ‘state model was developed by assuming a functional
relationship between the dependent variable = one-family house
permits and other variables.believed to be related to level of one-

family house permits. y=f£ (xl... xn)

In developing the models we will follow the
iterative stages in the selection of a model proposed by Box and Jenkins.
1. Based on theory and practice select a "useful class of
models" for the problem at hand.

2. Using data and knowledge of the system, identify a model
to be tentatively entertained.

3. Fit the model to data and estimate its parameters.

4, Through diagnostic checking ascertain how well the model
fits the data.

5. If model is found to be adequate, use it in forecasting

and control.l

In this chapter we will be concerned with the first step --
the identification of a '"useful class of models" appropriate for the
problem at hand. The two classes of models to be considered are those

relating to: . time series analysis, and

multivariate techniques

1George E. P. Box and Gwilyn M. Jenkins, Time Series Analysis
Forecasting and Control, San Francisco, California: Holden-Day, 1970,
pp. 13-19.
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Time Series Analysis

There are two main approaches to time series analysis:

components analysis

stochastic process analysis

Components Analysis, regards the time series as being composed

of several influences or components which are generally taken to be
trend and cyclical, seasonal, and irregular or random movements. Thus,
the time series is represented by one of the models:
Y=TxCxSxIorY=T+C+S+1I

Where:

Y -- the observed value

T -- trend component

C -- cyclical component

S -- seasonal component

I -- irregular or residual component

When dealing with annual data the model becomes

Y=TxCxIorY=T+C+1I

In this approach, trend and seasonal influences are often
modeled in a deterministic manner; trend may be regarded as a polynomial
of a given degree and the seasonal component may be modeled by a tri-
gonometric function with givén period and amplitude. Random influences
are usually assumed to have a simple probability structure, and are
treated as independent, identically distributed random variables having
zero mean and finite variance. Because of the simple role of pro-
bability in this approach estimation of the trend and cyclical component,

as well as the seasonal component, is carried out using fairly simple
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filtering procedures such as differencing, forming moving averages,
considering ratios involving moving averages, and other similar
methods rather than by using paramet;ic statistical estimation pro-
cedures.

Developing suitable estimates of components is a delicate pro-
blem in time series analysis and these estimates obviously influence
whatever forecasting model is developed subsequently. Despite important
shortcomings, which include lack of rigorous definitions for TC and S
and the fact that many unresolved inference problems remain, components
analysis continues to occupy an important place in time series analysis.
The literature is large and for over 70 years has received wide

attention in both theoretical and applied fields. 2

Stochastic Process approach regards a time series as an observed

sample function representing a realization of an underlying stochastic
process. A stochastic process can be stationary or non-stationary; it
can be a moving average process, an autoregressive process, or one which
involves both autoregressive and moving average terms. Moreover,
associated with a stochastic process are the mean and autocbvariance
functions, the autocorrelation function, and its power spectrum. When
two or more processes are considered, their cross-correlation functionms,
cospectra, and other characteristics may be examined. This injects a

full array of probabilistic concepts and methods into time series analysis

2y, Allen Spivey and William J. Wrobleski, Analyzing and
Forecasting Time Series, Part I: Methodology, Working Paper No. 91.
Bureau of Business Research, Graduate School of Business Administration,
University of Michigan, Ann Arbor, Michigan, August 1974, pp. 1-7.
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and forecasting. The more elaborate probability framework permits a
more complete consideration of statistical estimation than is generally

considered in components analysis.
Among stochastic process models we distinguish:

Power spectra and Covariance Stationary

Processes 3

Moving Average Processes 4

Autoregressive Processes 3

Autoregressive Moving Average Processes6

Exponential Smothing Models 7

Box Jenkins Model 8

3R. B. Blackman and J. Tukey, The Measurement of Power Spectra,
New York: Dover Publishing, 1959.

4M. G. Kendall and A. Stuart, The Advanced Theory of Statistics,
Vol. 3, New York: Hafner Publishing Company, 1968.

5

Box and Jenkins, op. cit.

OIbid.
7Robert G. Brown, Smoothing Forecasting and Predictions of
Discrete Time Series, Engelwood Cliffs, New Jersey: Prentice Hall,
1962.

8Box and Jenkins, op. cit.
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The Box-Jenkins ARIMA ﬁodel is the most sophisticated of
stochastic process models. The Box-Jenkins procedure requires one to
analyze the underlying probability structure of the time series by
employing statistical inference. ,

In all time series analyses, we attempt to define the past
observations in terms of a model of the series. When the parameters
obtained via analysis of past data are used in forecasting, we assume
that they are as applicable to the future as they were to describing the past.
In times of drastic change this assumption is not realistic.

Another fallacy in using time series in forecasting is that
the larger the number of observations used in developing estimates of
parameters, the more stable the parameters, but not necessarily appli-
cable to forecasting of the future.

In practice the time series in question often does not exist
long enough in its present form to allow the researcher the development
of stable parameters.

Multivariate Techniques

Time series analysis is concerned with the problem of expressing

a variable in time 't" in terms of observations on this variable in

periods '"t-k".

Where:

ct+
[
=
[¢]
=
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[
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In multivariate analysis the variable of interest is expressed

in terms of other variables.

Y = £(X)
1

The explanatory variables may be developed fromthe data or
selected a-priori. When the researcher has a set of variables and is
interested in discovering the underlying structure of this set, he
will use Factor Analysis.

When he is interested in expressing one variable in terms of
others he will use Regression Analysis.

When his interest lies in testing.fbr equality of means, he
will use Analysis of Variance.

The general form of the multivariate model is:

Y =Z£0bX +e
i i i

For the model to be valid the following assumptions are made:
1. The relationship is linear with respect to the b coefficients.

2. The X are independent normally distributed random variables.
i

3. The e are normally distributed with E(e) = 0 and known
i

variance homoscedasticity.
4. The covariance e is equal to zero when 1 Ai j -- the error
1]
terms are independent.
Problems of usefulness of results arise when these assumptions
are violated. In using the models, tests of the assumptions should be

performed; if they indicate violation of the assumptions, transformations
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of the original data series will usually eliminate the problem.9

When time series are used in multivariate analysis, special

problems arise with regard to the assumptions. If the X are not
i

independent, assumption 2 is violated and there is multicolinearity
in the system. Johnston lists the following consequences of multi-
colinearity:

1. The precision of estimation falls so that it becomes very
difficult, if not impossible, to disentangle the relative
influences of the various X variables. This loss of
precision has three aspects: specific estimates may have
very large errors; these errors may be highly correlated,
one with another; and the sampling variances of the co- N
efficients will be very large.

2. Investigators are sometimes led to drop variables incor-
rectly from an analysis because their coefficients are not
significantly different from zero, but the true situation
may be not that a variable has no effect but simply that
the set of sample data has not enabled us to pick it up.

3. Estimates of coefficients become very sensitive to par-
ticular sets of sample data, and the addition of a few more
observations can sometimes produce dramatic shifts in some

of the coefficients.lo

%M. G. Kendall and A. Stuart, op. cit., Vol. 2; Donald F. Morrison,
Multivariate Statistical Methods, New York: McGraw-Hill, Inc., 1967.

10J. Johnston, Econometric Methods, Second Edition, New York:
McGraw-Hill, Inc., 1972.
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The assumption of homoscedasticity is often violated when
economic time series are used in analysis. Tests for identifying

heteroscedasticity have been devised by Goldfield and Quandt11 and
Glejser.l? Transformation of the data should be used in order to

eliminate the problem.

In discussing time series analysis, we have seen that autocor-
relation is used to advantage; in regression analysis, however, it
presents a serious problem.ls Test for autocorrelation have been de-
vised by J. Von Neumann, Durbin and Watson, H. Theil, and oth.ers.14

If two series, with substantial autocorrelation coefficients,
are used in regression analysis, the error estimates are not applicable.

Methods of adjusting for autocorrelation have been developed by

15
Bartlett and Wald.

118. M. Goldfield and R. E. Quandt, '""Some Tests of Homoscedasticity,"
Journal of American Statistical Association, Vol, 60, 1965, pp. 539-597.

le. Glejser, "A New Test for Heteroscedasticity' Journal of
American Statistical Association, Vol. 64, 1968, pp. 316-323,

13The terms ''autocorrelation" and ''serial correlation'' are
used interchangeably in literature. When Cross sectional analysis
is performed, it is customary to refer to the phenomenon as '"autocor-
relation," when analysis is performed on time series data, the term
"serial correlation' is used.

1450hnston, op. cit., pp. 243-266.

1SMordicai Ezekiel and Karl Fox,Methods of Correlation and
Regression Analysis, New York: John Wiley and Sons, Inc., 1959,
p. 325.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



42

One simple way of reducing the effects of autocorrelation is
to use the series of first difference instead of the original values,
i.e. a series of changes in the phenomena from one observation to that

immediately following it.l6

Econometric models are a special case of regression models.
Evans defines econometrics as the use of statistical and mathematical
techniques to measure results hypothesized by economic theory.

Equations included in econometric models may be either stochastic

(include error terms) or identities.l7 Since econometrics deals with
economic time series it is also concerned with‘autocorrelation and
heteroscedasticity of error variances.

In order to obtain meaningful estimates from a regression
equation the new observations should be within the range of the ob-
servations in the sample, otherwise the estimates would not be with-
in the error estimates obtained from the sample, since' there is no
assurance that the new observations belong to the same universe from
which the sample has been drawn.

Since the distribution of a time series is not likely to be
normal (assumption 1),the applicability of equations derived to future
observations is questionable.

Selection of Variables. The variables to be included in a

regression equation can be selected in various ways:

16
Ezekiel, op. cit., pp. 322-340.

17
Michael K. Ewvans, Econometric Models, Methods and Techniques
of Business Forecasting, William F. Butler, Robert A. Kavesh, Robert
B. Platt, Engelwood Cliffs, New Jersey: Prentice Hall, 1974, 161.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



43

* All variables are selected a-priori and only the coefficients

S , and Rz are estimated in the analysis. This method of

yX
selection is often utilized by economists who specify the

relationship among the variables prior to the analysis.

Use of factor amalysis. Factor analysis reveals the latent
structure of a system of variables. The results of the
analysis can be used directly in estimating, or the variables »
with the highest loadings on a given factor,selected to be
included in a regression equation.

Use of techniques which allow inclusion of variables which
contribute most to the explained variation. The major

methods used are: forward inclusion, backward elimination,

stepwise solution, and optimal selection.

In forward inclusion variables are selected one by one for
inclusion in the equation so as to maximize the increment of variance
explained. In backward elimination one starts with an equation which
includes all variables. Variables are eliminated from the equation
when they do not contribute enough to the explained variation. The
stepwise solution incorporates forward inclusion and backward elimination.

All of the methods of variable selectiondiscussed so far took
into consideration variables one at a time. These procedures may not
select the best possible subset of variables. Beale, Kendall and Mann
proposed a tree search algorithms to obtain an equation which includes

the optimal set of variables. 18

l8E. M. L. Beale, M. G. Kendall, and D. W. Mann, "The Discarding
of Variables in Multivariate Analysis," Biometrica, Vol. 54, No. 3,
Pp. 357-366.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



44

Boyce, Farhi, and Weischedel have written a computer
program which accomplishes the optimal seleétion recommended by

Beale et altera.19

So far in this chapter we considered the statistical
models available for derivation of an estimating model for one-
family house construction activity. Time series analysis provides
means of developing a model based solely on the series of one-
family house activity, but requires a large number of observations
and its predictive power is difficult to assess. Multivariate
techniques allow development of a model based not only on the
series itself, but also on other variables.

Since time series analysis requires a large number
of observations it was not considered an adequate method to
develop a model of one-family house permits. Especially since
the nature of the series has changed over the years as new permit
issuing jurisdictions were being included in the series. Thus,
over a long period of time, the series was not covering the same
universe.

Multivariate techniques, on the other hand, allow use
of explanatory variables to explain variation in permits over a

shorter time span within which the series remain homogeneous.

1901 E. Boyce, A, Farhi, and R. Weischedel, Optimal
Subset Selection Multiple Resression, Interdependence. an timal

Network Algorithms. Berlin: Springer-Verlag, 1974,
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Following Box and Jenkins' iterative steps, the
rationale used in building a state model of one-family house
construction activity is presented.

The purposé is to build a model for estimating
one-family house construction which will provide timely
estimates for local areas. Local areas will be defined as
areas equal to or smaller than a state, by timely estimates
we mean estimates which are available prior to the time
when measures of one-family house construction are available
from the Bureau of the Census.

In building the model, an attempt will be made to
obtain estimates based on direct measurements of independent
variables and not on variables which themselves represent
somebody's estimates.

Another principle proposed by Box and Jenkins will
be utilized in building the model: the principle of parsimony.
This principle requires to employ the smallest possible number
of parameters, whose values must be estimated from the data,

for adequate presentation.20

Selection of Variables

Criterion Measurement

In Chapter I the possible measures of one-family house

construction activity were presented. It was shown that of the three

20
Box and Jenkins, op. cit., p. 17.
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measures:

. permits issued
: starts

: value put in place

permits were the most desirable, because they were available for local
areas and were based on direct measurement. Thus, permits will be
our criterion measure, i.e. the dependent variable in the model.

Independent Variables.

In reviewing existing housing models in Chapter II, we saw
that the econometric models described included variables which measured:
Interest Rates
Credit Availability
Capital Stock
Income and Wealth
Demographic Characteristics
These categories represent mostly supply variables and con-
tradict Huang's statement that "analysis in the housing field placed
almost total reliance on factors influencing demand.
It is conceivable that the emphasis of economists has changed

since the sixties; Huang's statement was based on Grebler's and Maisells

21 . .
David S. Huang,'A Study of the Market for New Housing Units,"
1969 Proceedings of the Business and Economic Statistics Section,
Anerican Statistical Association, Washington, D.C., 1969, p. 747.
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. . . . 22
review summarizing the experience prior to 1963.

Most of the models reviewed in Chapter III US€ both supply and
demand variables to determine housing activity.
Fair, for example, in his monthly Housing model defines demand
for housing is a function of:
Population
Income
The number of houses already in existence
The purchase price of new houses

The cost of obtaining mortgage funds

His supply is a function of:
Price of houses

The cost of building houses. (material,

supplies, and labor cost)

The cost of short term credits 23

In developing our model, we assume the demand for one-family

houses to be a function of:

« size of population

income

availability and cost of alternate housing

22Leo Grebler and Sherman Maisel, "Determinants of Residential
Construction: A Review of Present Knowledge', Impacts on Housing Policy,

Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1963.

23Ray C. Fair, Monthly Housing Starts, in National Housing Models,
Lexington Books, Lexington, Massachussetts, 1973, p. 70.
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" availability and cost of mortgage fumds
expectations of future supply
Supply of one-family houses is a function of:
availability of resources
- alternate uses of resources
availability of mortgage money
expectations of future demand
While the demand and supply equations can be specified separately,
it is impossible to obtain independent measurements on each; the only
points that we are able to observe in reality are points at which supply
and demand equal each other, since in the short run the market is always.
in equilibrium, and all of our observations are in the short run. Thus,
in the short run, the observed values are a function of both demand and
supply.
The variables were selected for inclusion in the analysis because
they satisfied the following criteria:
were defined as supply or demand determinants
data for them was available on the state
level
- the content of the series has not changed
during the period for which data were
collected.
The variables selected through application of these criteria
are described below. (See Table 311)
Xy - Value of Mortgage Loans made for New House Construction by

members of the Federal Home Loan Bank Board (FHLB).
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Represents the mortgage funds available to home buyers.
Effects the supply of one-family houses - if mortgage
funds are not expected to be available, builders
cannot expect to sell the houses they built.
* Lags permits at the time it is being reported, but
expéctations about its availability influence builders

24
decisions about future construction.

X - Civilian Population - An estimate developed by the
Populatiog Division of the Bureau of the Census.

* Effects deménd for housing - as population increases,
with relation to the existing housing inventory, so
does the demand for housing.

X - Housing Inventory - Available only in decennial censi.
Representg a measure of available housing stock.
If inventory is greater than total demand, no
supply of new housing is generated.
If inventory is smaller than demand, no demand for

new housing is generated.

X , X - Interest return on FHLB Mortgage Loans.

: >0 * The price of mortgage money available .
Available only on regional level.
As the rate increases demand for mortgages, ergo
housing, decreases.

X7 - Number of households - Estimate made by the Population

Division of the Bureau of the Census.

24- L
Huang, ibid.
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* As the number increases the demand for housing increases.
X - Personal Income by Place of Residence - Estimates
made-utifiZing various data available.
* As income Iincreases the demand for housing.increases.
X =~ Contract Construction Income
A measure of construction industry activity.
An increase may effect housing either way - if the
return on other construction is higher than on housing -
may decrease supply of housing ; if profitability of housing
construction is higher than in other construction -

may increase supply of housing.

X - Number of FHA Insured Home Mortgages
10

X - Dollar Volume of FHA Insured Home Mortgages

11
* Measures of availability of mortgage funds; increase

causes increase in housing .
X - Square Feet of New Non-Residential Construction Floor Area

12 .
Measure of construction activity.

* Use of resources competes with housing.
When there is a surplus of resources for non-residential

construction, resources become available to housing

construction.
X - Square Feet of New Residential Construction Floor Area
s * Includes one-family and multi-family dwellings.
X14 - Number of FHA Insured Mortgages for New One-Family

Houses
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X - Dollar Volume of FHA Insured Mortgages for New One-
15
Family Houses

These two variables represent the availability of

| mortgage funds to purchasers of new one-family houses.

X - Number of Employees Employed by General Building
16
Contractors
X - Taxable Payroll of General Building Contractors
17

These variables measure construction activity, can

effect housing either way.

X - Number of Employees Employed by Special Trade Contractors
18

X -~ Taxable Payroll of Special Trade Contractors
+ Mostly a measure of housing construction activity -
mostly but not exclusively used in housing,
Change should effect housing in the same direction;
i.e., increase will cause increase in housing,
decrease will cause decrease in housing.
X - Number of New Housing Units Constructed in Apartment
20 Buildings
Represents supply of new housing units in apartment
buildings. Both one-family houses and apartment
buildings satisfy the total demand for housing.
The extent to which they are substitutes is not clear.
For some individuals, under given conditions, an

apartment is not an alternative to a one-family house,

for others it may represent a substitute.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



52

From the supply point of view, it does represent
an alternative use of some resources used in

construction of one-family houses.

If we identify the variables according to their predominant
characteristics as demand or supply determinants, the following groupings

emerge.

Demand Variables. Within the demand variables category

included are socio-economic measures (X - Civilian Population, X -
Number of Households, X - Personal Incgme by Place of Residence)z
Measures of the existing housing inventory (X ), measures of new
construction of substitutes to one-family houges (X - Square Feet
of New Residential Construction Floor Area X - Nﬁgber of New

Housing Units Constructed in Apartment Buildiﬁgs).

The demographic variables (Civilian Population and Number of
Households) are not measured directly between decennial censi, thus
measures included in the analysis represent estimates developed by
the Population Division of the Bureau of the Census. The income
measure represents estimates obtained using different formulae in
individual states depending on the availability of data.

The new construction measures were obtained from F. W,

Dodge Division of McGraw-Hill Information Systems Company by special

permission and represent direct observations.

Supply Variables. Among supply variables are included

measures of availability of mortgage funds (X - Mortgage Loans Made
: 2

for New Construction by Federal Home Loan Banks, X - Number of FHA
10
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Insured Home Mortgages, X - Dollar Volume of FHA Insured Mortgages,
1

X - Number of FHA Insured Mortgages for New One-Family Houses, X -

14 15
Dollar Volume of FHA Insured Mortgages for One-Family Houses),

measures of current level of construction activity (X - Square

Feet of New Non-Residential Construction Floor Area, X - Contract
Construction Income, X - Number of Employees Employeg by General
Building Contractors, %6 - Taxable Payroll of General Building
Contractors, X - Numbéz of Employees Employed by Special Trade
Contractors, X18 - Taxable Payroll of Special Trade Contractors,
measures of coig of ﬁortgages (X - Interest Return on Federal Home
Loan Banks Mortgage Loans Held -SJune, X - Interest Return on
Federal Home Loan Banks Mortgage Loans Hgld - December). 26

Unlike demand variables, all of the supply variables re-
present direct measurement of the phenomena.

Mortgage information is based on reports received from
member banks. Employment in the construction industry is based on

reports filed under the State Unemployment Insurance Program.

26The designation of Interest Return on Mortgage Loans as a
supply variable is arbitrary. The variable could have been as easily
designated as a demand determinant since in it, more than in all
other variables considered, the equality of demand and supply at the
point at which transactions are conducted reveals itself. The decision
to include it among supoly determinants was made mainly based on the
fact that it measures the banks' return rather than the rate paid by
the borrowers.
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Number of Observations

The stability of a model depends on the number of observations
included in it; the larger the mumber of observations the more stable
the model.

The very nature of time series creates a dependence among
consecufive observations. But the movement over time also creates
large differences among observations separated by long periods of
time.

In other words, when selecting the mumber of observations from
a time series one should consider the extent to which conditions
over time influence the universe one wants to examine.

Ours is a time of rapid change and one almost intuitively
excludes the possibility of drawing valid conclusions about an in-
dustry's or a company's future from an analysis performed on data
remote from the present, and therefore, the future. How far can one
go into the past in ordef to obtain stability of the model as well
as stay within that universe which is the link between the past and
future? This is an area in which judgment has to be exercised.

An attempt was made to obtain data for all the variables
shown in Table 3.1, by state for the period 1968-1973. While monthly
or quarterly data would have been desirable, none was available
and even annual data was not available for all the years. Table 3.2
shows the years for which data was available for each one of the
variables. Observations for the whole period 1968-1973 were avail-

able for X , X ,X,X,X,X,X,X,X ,X ,X . Incaseof
i1 2 3 5 6 7 8 9 12 13 20
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the other variables, observations were available for some of the years
but not for others. This points to a common problem in attempting
to use data available from secondary sources in predictive models --
by the time the data is available it is useful only in ex-post-facto
analysis.

The model developed is based on crossectional analysis of
the data over a relatively short period of time. In a rapidly changing
world the assumption that relationships among observed phenomena
remain stable over time does not seem to be justified. Yet this is
an implicit assumption made by the econometric models discussed
earlier.

The data for this model was collected with the assumption
that both geogfaphic and temporal proximity are necessary to obtain
a model that would express stable relationships.

Types of Analyses Performed

In order to obtain a state model of one-family house con-

struction two types of multivariate analyses were performed:
. factor analyses
regression analyses

Within each type serveral variations were used in order to
develop a parsimonious model.

The purpose of factor analyses was to explore the structure
underlying the system of variables selected for analyses and to
determine which of the variables should be included in the estimating

equation. The results of factor analyses are described in Chapter IV,
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Utilizing the results of factor analyses, multiple stepwise
regression analyses were performed in order to obtain estimating
equations to test the hypotheses presented in Chapter I. A des-

cription of the results of regression analyses is given in Chapter

V.
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CHAPTER IV

STATE MODEL -- FACTOR ANALYSIS

In the previous chapter the approach used in building the state
model was described. One of the methods of selecting variables to be
included in estimating equations was factor analysis. In this chapter,
the results of factor analysis will be described.

In the factor model each variable is represented as a linear
function of a small number of unobservable common factor variables
and a simple specific latent variate:

X =a Y +a Y +.,..+a Y +e

i il11l il 2 im m i
where:

X -- the original variable
i

a_ -- parameter reflecting the importance of the jth factor
+ in composition of the ith variable

Y -- common factor j

e -- ith specific factor variate

i

In this model the number of factors (m) is always smaller than
the number of variables (p) included in the analysis.

The model is useful in generating and testing hypothesis about

the underlying structure of a data set.1

1Donald F. Morrison, Multivariate Statistical Methods, New York:
McGraw-Hill, Inc., 1967, pp. 259-300.
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Several variations of factor analyses were performed in order
to explore whether there exists an underlying structure among all
the variables included in the model and to explore whether the various
options provided by SPSS produce different results. While some
researchers use factor analysis in order to obtain estimating equations,
as a part of the analysis, here the sole purpose of the factor
analysis was to obtain an explanatory model. Any row obtained in
the factor matrix represents a variable in terms of the factors ex-
tracted - the problem in using this expression as an estimating
equation is in obtaining the value of the factors for the period
that one wants to predict.

Combinations of factor analyses and rotations were utilized.
Below is a description of the types of factor analyses used, fol-

lowed by description of rotations.

Types of Analysis Performed

The programs used to perform factor analysis provided
options as‘to the types of analysis that could be performed.
Options were also available withregard to rotations used in the
analysis. Analysis was performed on combinations of factor analysis

and rotations.

The types of factor analyses used are:
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* Principal Factoring with Iterations (PA2)

* Rao's Canonical Factoring

* Alpha

PAZ - Principal Factoring with Iterations. This analysis is
assumed to be performed on the universe of variables and cases. The
purpose is to express the variables in terms of a small number of
factors which account for most of the variance in the data set.

Unlike the Principal Component method, the Principal Fac-
toring method produces inferred factors and uses iterations to im-
prove the estimates of commmalities.

In Rao's Canonical Factoring the purpose is to find a so-
lution in which the correlation between the set of hypothesized fac-
tors and the set of data variables is maximized. Hypothesized fac-
tors are assumed to be determined by the linear combination of the
common variance portion of the observed variables. Estimation of
commmality or unique variance becomes the central problem. This an-
alysis assumes that the given correlation matrix is based on a
sample of cases and attempts to estimate population parameters.
(Variables are the entire universe of attributes.) Extracts the maxi-
mum number of factors to account for the correlation matrix.

Alpha follows the basic postulate in which variables are
assumed to consist of two parts:

a) common factors

b) unique to each variable
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Variables are considered to be a sample taken from a universe
of variables. (In Rao's canonical - individuals are sampled but a
total universe of observations is represented.)

Seeks to define factors that have maximum generalizability.
(Measured by Kundu-Richardson's reliability coefficient or Cromback's
alpha.) The number of factors retained is determined by the number of
factors with positive generalizability.

We seek to make inferences about the universe of variables from
a sample of variables; the population observed (states in our case)
are a given population.

Variables are rescaled according to the commmality (in Rao's -

according to the variance estimate).
Rotations Used

The purpose of rotation is to attain theoretically meaningful

factors and a simple factor structure. Rotation of (usually) ortho-
gonal axis are performed so as to bring them closer to clusters of
variables. Oblique rotation is more fléxible - the angle between the
axis does not have to be 90°. Given the fixed number of factors and
the fixed amount of variance accounted for by those factors - how do
we go about simplifying the rows and, or, colums of the factor matrix?
This is accomplished by making as many values as possible close to 0.

Both simplifications ultimately lead to the same simple structure.

ZNorman H. Nie, Dale H. Bent, C. Hadlai Hull, Statistical
Package for the Social Sciences, New York: McGraw-Hill, Inc., 1970,
passim.
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The types of rotations used in combinations with types of analysis are:
*  Varimax
Quartimax
*  Equimax

*  Oblique

Varimax centers on simplifying the columns of the matrix. A
simple factor in varimax will have only 1l's and 0's in the column.
This is equivalent to maximizing the variance of the squared loadings
in each colum, hence the name, varimax, maximum variance.

Quartimax's purpose is to obtain maximum complexity for the
variable; i.e. rotate the axis in such a way that a variable will
load high on one factor but almost 0 on all others. It is achieved
by minimizing the cross-product of factor loadings for the variable.

Equimax is a compromise between Varimax and Quartimax --
tries to simplify both the rows (variables) and colums (factors)
to some extent.

Oblique rotation uses the same simplification principles as
orthogonal rotations but the orthogonality requirement is dropped.
This allows having the axis dependent solely on the clustering of
Variables.3

Time Periods and Variables Analyzed in Factor Analysis

The lack of annual state data for all variables made it neces-
sary to define variables in terms of the years for which observations

were available. This brought the number of variables up to 102. (See
note at Table 4,1.

3‘Op. cit., passim.
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Because of the limitations of the SPSS program the whole system
of variables, as shown in Table .1, could not be used in a single

analyses.4

Therefore, the analysis was performed for the whole period
1968-1973 for only those variables for which observations were avail-
able for all the years. In order to use all the information repre-
sented by the variables and explore the importance of even those for
which only a few observations were available, an additional analysis
for the period 1968-1971 was performed. The variables included in
the analyses of those two periods are shown in Table :.1. The 1968-1971
analysis was also done by region, as defined in Table Bl.

In addition, for the period of 1968-1973, an analysis Was

performed on the first differences between the annual observations.

Results of Factor Analysis

The factors extracted and the percent of total variance of
the system, for which they accounted, are shown in Table *.2. The
change of rotation does not effect the number of factors extracted.
The portion of total variance explained, varies only slightly, by
type of factor analysis.

A test of goodness of fit of the factor model to the system
of variables, on national level, proved it to be a good fit with
& < .001 for all types of amalysis in both periods. The test

*The program cannot accommnodate more than 80 variables.

SBecause of lack of observations for all variables, analysis
of first differences could not be performed for the 1968-1971 period.
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VARTABLES INCLUDED IN FACTOR ANALYSIS

TABLE 4.1

BY PERIOD
PERIOD VARIABLE NUMBER
1968-1971  Xgog Xg01
X302 X902
X803 X903
X305 X905
X806 X906
X807
X808 X908
X810 X910
Xg11 X911
X812 X912
X813 X913
Xg14 X914
Xg15 X915
X816 X916
Xg17 X917
Xg18 X918
Xg19 X919
X820 X920

Xo01

X002
X003

004
X005
X006
X007
X008
X010
X011
X012
X013
X014
X015
X016
X017
X018
Xp19
X020

X101

X102
X103

X105
X106

X108
X110
X111
X112
X113
X114
X115
X116
X117
X118
X119
X120
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TABLE 4.1 -- Continued

VARTABLES INCLUDED IN FACTOR ANALYSIS

68

BY PERIOD
PERIOD VARIABLE NUMBER *
1968-1975  Xgpy X901 Xp01 X101 X200 X301
Xg02 X902 X002 X102 X202 X302,
X803 X903 X003 X103 X203 X303
X806 X906 X006 X106 X206 X306
Xg08 X908 X008 X108 X208 X308
X812 X912 X012 X112 X212 X312
Xg13 X913 X013 X113 X213 X313
Xg20 X920 X020 X120 X220 X320

* The year of observation has been incorporated as the first

digit of the variable number. Thus X801

X - X1 in 1969, etc.

901

or variable Xl is 1968,
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TABLE 4.2
PERCENT OF TOTAL VARIANCE ACCOUNTED FOR BY EACH FACTOR
BY TYPE OF FACTOR ANALYSIS

TYPE OF ANALYSIS

PERIOD

1968-1971  FACTOR PA2 RAO ALPHA

1 79.8% 80. 6% 80.0%

2 15.2 14.7 14.7

3 3.4 3.4 3.4

4 1.6 1.6 1.9

TOTAL 100.0 100.0 100.0
1968-1973

1 80.5 83.7 80.6

2’ 14.5 11.9 14.4

3 5.0 4.4 5.0

TOTAL 100.0 100.0 100.0
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was performed using Lawley's formula 6

. A
2
X2 = [N-1-1/2(zp+J)-z/3m]£i<éj (843 Gij)
ViV
2 .
Y = 1/2 [1/2[(p-m)”~-p-m]
where:
N -- number of observations
P -- number of variables in the analysis
m -- number of factors extracted
S.. -- original covariance value
1) m A A\
/6‘, . == A. M. -- covariance after factor
ij ~ b=l " "ih "7 ih extractions
i) - -- residual variance for variable i unaccounted for
"’1 by the factors -
v -- degrees of freedom.

2
Because of the high number for degrees of freedom X_

was computed using the formula: 7

%, =vad +ZN 53

where:
v -- degrees of freedom
ZoK -- standard normal deviate for o~ level of

significance

’%onald F. Morrison, Multivariate Statistical Methods, New York:
McGraw-Hill, Inc., 1967, 269.

%Villiam M. Meredith, Basic Mathematical and Statistical
Tables for Psychology and Education, New York: McGraw-Hill, Inc., 1967,
p.247. .
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Results of 1968-1971 Analysis 71

As stated earlier, for the period 1968-1971 analysis was

performed on different levels:
National Level

Regional Level

The results obtained for each level will be discussed below.

Table B2 shows for each combination of type of analysis and
rotation the variables with the highest loadings on the fair factors
extracted in the national level analysis. While the variables selected
as most important determinants of the factors remain the same re-
gardless of type of amalysis, their assignment to specific factors
varies by rotation.

Based on the variables with the highest loadings on it (at
least in six out of the twelve combinations analyzed) factor 1,
can be said to represent the socio-economic conditions and the
level of construction activity. In order of their importance, these

variables are:

X 3 -- Civilian Population
X 7 -- Number of Households
X18 )
X ) R Activity of Special Trade Contractors
19 )
Xg -- Personal Income
X172 -- Square Feet of Floor Area of Non-Residential

Construction

as can be seen in Table B3+
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Table B4 illustrates the effect of rotation on assignment
of variables to second, third, and fourth factors. While the same
variables are involved, they are not uniquely assigned to a single
factor. Thus, if one were to use only one type of rotation, the
- interpretation of results would depend on the type of rotation se-
lected. ,
The secondary factors (all of which account for approximately

20% of the total variance), are defined in terms of the following

variables:
X ¢ -- Interest Return on FHLB Mortgage Loans, Jume.
- X 6 -- Interest Return on FHLB Mortgage Loans, December
X142
) -- FHA Insured Mortgages for New One Family
XlS) Houses
X10)
) -- FHA Insured Home Mortgages
X11)

Thus, the whole system can be defined in terms of three
dimensions:
+  Socio-economic Measures
Interest on Mortgages

Availability of Mortgages Funds
TheXE test showed that the regional factor model did not

constitute a good fit to the system of variables. Therefore, the

results of regional analysis will not be discussed further.
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Results of 1968-1973 Analysis

The Analysis for the period of 1968-1973 was performed only
on those variables for which observations were available for every
year of the period. Table 6.1 shows the variables included in the
analysis. This analysis was performed on:

Original Values of the Variables

+  First Differences of the Observed Values

Tables B5 and B6 show the variables with highest loadings
on the factors extracted by the analysis of the original values used.

Variables X Xz, and X13 had the highest loadings on the first

1?
factor,regardless of type of analysis and rotation. Different rotations
determine the order of the secondary factors, as was observed in
the 1968-1971 analysis. The variables with highest loading on the
secondary factors are X3 and X8, and X6.
The three dimensions emerging from this analysis can be de-
fined as:
One Family House Construction
*  Socio-economic Conditions
Interest rates
The availability of mortgages did not show uﬁ) as an imporiant
determinant of the system 1968-1973 analysis, unlike the 1968-1971
analysis.
Table B7 shows the variables with highest loadings on the
eleven factors extracted by the analysis of first differences. The
first differences were defined in terms of the years, on whose bases

they were computed, and the original variables. Thus, instead of

the eight original variables, the analysis included forty-eight
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variables. The interpretation of the factors in terms of the original
eight variables is not possible, since no factor loads on the same
variables in all periods. The effect of time was eliminated by the
first differences. But it obviously plays an important part in de-
fining the system of variables. This supports the thesis that a
meaningful analysis should be done on crossectional data over time,
and not as a choice between the two.

This point is reinforced by inspection of the correlation
matrices of the original data. Tables B8 and B9 show the highest
off-diagonal correlation coefficients. In case of the analysis of
original value series, 81% of these correlations were with another
observation of the same time series in 1968-1971 analysis, and 91%
in the 1968-1973 analysis. As is to be expected, the computation
of first differences eliminated the time series characteristics,
and only 10% of thecorrelations were within the same time series.

An additional point can be made based on the results shown
in Table B8 and B9 -- and that is that the best predictors of
future value in a time series are past and present values of the

series itself.
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Discussion

Certain observations on factor analysis are in order. As
seen from the results of the analyses performed, both the type of
factor analysis and rotation effect the results of the analysis.
Since any single result is not unique, it justified only tentative
interpretation. When using programs which provide options in factor
analysis, it might be adviseable to exercise the various options to
explore their effect on the particular set of data.

The underlying structure of the set of variables included
in the analysis revealed by the factor analysis was not surprising;
the three dimensions that emerged:

socio-economic measures
: interest on mortgages
) availability of mortgages

are dimensions traditionally used by economists. The important result
of the analysis is the selection of variables from among those avail-
able which best represent these dimensions.

This result was used in developing estimating equations via
regression analysis. The results of regression analysis are presented

in the next chapter.

)
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CHAPTER V
STATE MODEL -- REGRESSION ANALYSES

In the previous chapter the results of factor analysis of the
state_data were described. These results constituted the starting
point of regression analysis performed on the data. This chapter will
be dedicated to the description of results of the regression analyses

and their relationship to the hypotheses postulated earlier.

Types of Analyses

The variables with the highest loadings on the factors ex-
tracted were selected to be included in stepwise regression analyses.
Seven lists of variables were used in the initial analyses.

All variables for which observations were available for

all years included in analysis: X , X , X , X, X,
2 3 6 7 8

X , X (Listl).
12 20

Combinations of variables with high loadings on factors
extracted in factor analyses including one variable per

each factor:

: X,X,X (List 2)

2 3 6
X,X,X (List 3)
2 8 6
X ,X, X (List 4)
12 3 6
X ,X,X (List 5)
12 8 6
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X X, X List 6
20’ 3, 6 ( )

X ,X,X (List 7)

The first analyses performed were analyses for the periods
1968-1972 and 1968-1973 on observed values and their logarithms. The
purpose of the logarithmic regressions was to explore whether a relationship
among the rate of change in the variables would provide a better es-
timate than a linear relationship. The 1968-1972 analyses (both
observed values and logarithmic) were performed on regional and
national levels. The Durbin-Watson statistic for these analyses
indicated that serial correlation existed in the original value series
and in the logarithmic series. The coefficients of determination of
the observed value series were higher than those obtained for the
logarithmic analyses, thus indicating that linear relationships pro-
vided an adequate representation of the data. Because of this finding,
all subsequent analyses were performed on the observed values only.

The serial correlation indicated by the Durbin-Watson statistic
could be due either to relationship over time or to geogréphic proximity
as defined by Dodge Regions. But, since the regional regression
Durbin-Watson also indicated the existence of serial correlation, it
was assumed that the cause of serial correlation was relationship over
time. In order to test this assumption regression analysis was per-
formed on data grouped by year for all the years for which data was
available: 1968, 1969, 1970, 1971, 1972, 1973. The Durbin-Watson

statistic obtained in these analyses did not indicated an existence
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of serial correlation, thus confirming the assumption.

Estimating equations to be used in testing the formulated
hypotheses were obtained by performing regression analyses on the average
values for the period 1968-1972; 1973 estimates were tested against |
actual measurements for the period.

In addition, analysis of lagged independent variables was
performed to test the hypotheses that for one-family house -- itself a
leading series -- estimates based on lagged independent variables will
be inferior to estimates obtained using concurrent measures on all variables.

The SPP multiple stepwise regression analysis program was
used in obtaining the equations. This program, unlike other stepwise
regression programs, uses only forward inclusion. Since backward
elimination is not being used, there is a danger of multicolinarity
among the variables selected. Table .1 shows the results of regression
analyses performed on observed values and their logarithmic trans-
formation for the periods 1968-1973 and 1968-1972. The results are
shown by list. The purpose of the analyses was to determine whether a
linear or a logarithmic relationship fitted the data better.

Analyses of the Period 1968-1973

For all the lists used in analyses, the coefficient of deter-
mination obtained using observed values were higher than those obtained
using logarithmic relationships. Thus, the results indicate that a
linear relationship provides an adequate description of the variables
under consideration.

All of the Durbin-Watson statistics computed indicated the
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existence of serial correlation.

Analyses of the Period 1968-1972

Data on all variables were collected for the period 1968-1973,
In order to test performance of estimating equations ébtained in the
analyses these equations were obtained using the period 1968-1972 and
estimates obtained utilizing them compared to actual observations made
in 1973. The analyses for this period were performed on national and
regional levels on observed values and on their logarithms. Table Cl
shows the assignment of states to the regions. This assignment fol-
lows the definition of regions used by the F. W. Dodge Division of
McGraw-Hill Information Systems Company and FHLB.

The results of national analysis of observed values and the
results of national analyses on the logarithmic transformation are
shown in Table 5.1. The coefficients of determination are higher for
the observed data. Durbin-Watson statistic indicate serial correlation
on all levels of analyses for both forms of the data.

The values of Durbin-Watson statistic obtained in the regional
analyses are shown in Tables Cl and C2.

Since most of the Durbin-Watson statistic values indicated
serial correlation, the results of this analyses could not be used
in estimating.

Annual Analyses

If the serial correlation observed in the analyses of 1968-1972
and 1968-1973 was caused by relationship over time, then no serial
correlation should be observed in an analysis of the data within a single

time period. Thus annual analyses were performed using variables for
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which observations were availablé for all the years. The results
of these analyses are shown in Table 35.2. For all the years the
Durbin-Watson statistic indicates that there is no serial
correlation within the years. As can be seen in the table, the
variable that appeared in the equations of all the years and was the
first to be selected was X -- Square Feet of Non-Residential Floor
Area. Equations using onl)lfzthis variable are shown in Table 5.3. As
can be seen in the table, the coefficient of determination computed
using only non-residential floor area is only slightly lower then the
coefficient of determination using other variables as well.
Box-Jenkins' principle of parsimony would indicate that it
is more desirable to use equations utilizing only one variable than
eugations with more variables. In‘addition, unlike other variables
in the equations (X , X , and X ) data vfor X are available monthly
from F. W. Dodge on%y fgur weekg after the c%gsing of the period.
Annual regressions using only Xz and XZO’ which were also

highly correlated with one-family house permits are shown in Tables

5.4 and 5.5. For every year the coefficients of determination are

lower than those obtained using X . Thus, if a single predictor
12
variable was desired, X was the best candidate. From the point
12
of view of availability of measurement, X -- Apartment Building

Dwelling Units started -- is equivalent to X since a measure of its
12

activity is available monthly.

Average Value Regressions

In order to obtain estimating equations free of serial cor-

relation, national regressions were performed on average observed
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TABLE 5.2
ANNUAL REGRESSIONS USING VARIABLES
COMMON TO ALL YFARS

X,X ,X,X,X ,X
2 3 6 8 12 20

1968 -27,390.6 + 0.31205 X + 0.41648 X + 4,636.4 X
(0.04184) 12 (0.07127) 20 (2,448.5) 6

R 2 o .94 D.W. = 1.78818

1969 2.358.2 + 0.54553 X + 0.03978 X - 2.12456 X
(0.09658) 12 (0.01060) 2  (0.59416)3
2

R™ = .93 D.W. = 1.77130

1970 -34,778.4 + 0.60514 X - 0.32738 X + 5,475.5 X + 0.03159 X
(0.11111) 12 (0.11738) 8 (2,676.8) 6 2

R = .89 D.W. = 1.94326

1971 -117,584.1 + 0.59187 X + 17,187.0 X + 0.02814 X
' (0.08263) 12  (5,259.3) 6 (0.01343) 2

R = .90 D.W. = 1.71089

1972 -87,852.5 + 0.44869 X + 0.32992 X + 12,795.4 X
(0.06984) 12 (0.06157) 20 (5,793.6) 6
2

R =.,92 ~ D.W. 1.75412

1973 1,653.6 + 0.44345 X + 0.16076 X
: (0.04544) 12 (0.04322) 20

R2 = .90 D.W. = 1.76756
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TABLE 5.3

ANNUAL REGRESSIONS USING ONLY X
12

1968 907.8 + .51745 X
12
RZ = .87 F = 339.6709
1969 1.384.3 + .40541 X
12
RS = .87 F = 314.5958
1970 2,117.2 + .46423 X
12
2
R = .83 F = 246.82445
1971 1,346.5 + .72623 X
12
2
R® = .86 F = 303.07582
1972 1,644.0 + .75357 X
12
2
R" = .85 F = 275.06226
1973 891 + .57467 X
12
2
R” = .87 F = 318.88422
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TABLE 5.4

ANNUAL REGRESSIONS USING ONLY X

2
‘ 2
1968 2,866.17 + ,11543 X R = .84
2
2
1969 2,765.40 + .10511 X R = .85
2
2
1970 2,483.58 + ,12946 X R = .80
2
2
1971 1,775.14 + ,11384 X. R = .78
2
2
1972 3,920.99 + ,10036 X R = .77
2
2
1973 4,680.40 + .07859 X R =.72
2
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TABLE 5.5
ANNUAL REGRESSIONS USING ONLY X
20

1968 3,438.32 + .88063 X = .86
20

1969 5,791.92 + .45395 X = .59
20

1970 6,326.43 + .45835 X = .64
20 '

1971 10,025.31 + .35146 X = .39
20

1972 6,603.14 + ,67172 X = .84
20

1973 8,236.85 + ,4816 X = .69
20
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values of observations for the period 1968-1972. Estimating equations
were obtained for simple and. weighted averages. The weighted average

weights were obtained by selving:

woo= 1
i p1
£Zw =1
Where: *
woo-- weight assigned to period i
i
i --1..... n; 1 for the most recent year (1972 for our

analyses). n -- number of years included in the analysis

Table .6 shows results of the simple average regression
analyses performed on four lists. The first list included all
variables for which observations were available : for each year included
in the period. The other equations were obtained using only one
independent variable: X , X , and X' .

2 12 20 _

A1l the Durbin-Watson statistics obtained indicate no serial
correlation at ©K = 0.01. The coefficient of determination obtained
for X was the highest among single variable equations and only a
few pclénts lower than the best equation selected which includes variables
for which concurrent measurements are not available.

Since single variable equations seem to have high enough co-
efficients 6f determination, the weighted average regression analyses
included only X , X , and X as single independent variables. The
results of thiszana:ll}zfsis arezghown in Table C3.  The results are

similar to those obtained in simple average analysis -- no evidence
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TABLE 5.6
AVERAGE REGRESSION EQUATIONS
(1968-1972)

IX,X,X,X,X,X ,X )
2 3 6 7 8 12 20

X = 2,107.27 + 0.74855 X + 0.21488 X - 2.14588 X
1 (0.13438) 12 (0.06405) 20 (0.68724) 3
R® = 02037 F = 206.16205 D. W. = 1.92361
X =1,572.26007 + 0.35355 X  + 0.31436 X
1 (0.04930) 12 (0.06034) 20
R® = 01472 F = 257.44053
20X )
2
X = 2,912.59 + 0.11177 X
1 (0.00753) 2
R? = .81822 F = 220.55417 D. W. = 1.78105
3X )
12
X = 1,420.17 + 0.57211 X
1 (0.03208) 12
R® = 86650 F = 228.40634 D.W. = 1.74770
4X )
20
X = 4,121.07 + 0.68251 X
1 (0.04516) 29
RZ = .82336 F = 228.40634 D. W. = 1.74770

All Durbin Watson indicate no autocorrelation at <& = 0.01

R2 of estimates is actual.
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of serial correlation and equation with X has the highest coefficient
of determination. 1

The similarity of the results is seen even more clearly in

Table C4 where the standardized equations for the three independent
variables are shown. No significant difference exists among the re-
gression coefficients obtained by the two methods of averaging. Thus,
the simple average equations with X as the single independent variable
will be used in estimating 1973. v

Lagged Regression

The results of the lagged regression analyses are shown in
Table C5. In some cases the Durbin-Watson statistic indicated
existence of serial correlation.

The 1égged analysis was performed on X vs prior year X , X
1 1 2

X ,and X . Not surprisingly, X turned out to be the best pre-
12 20 1 .
dictor of itself. A one year lag was enough to produce coefficients

of determination of .97 and higher (Table C6). The highest coefficients

of determination using other variables was .85.

Test of Hypotheses

Srmsanpny §

The hypotheses postulated in Chapter I were respresented

by the inequalities:

2 2 2 2 2
R>R>R R> R
1 2 3 2 4
2. 2 2 2
R>R,R,R
5 2 3 4
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Thus
2 2
R = .87 > R = .83
2 3
2 2
R = .87 R = .85
2 4
2 2 2 2
R = .998 R,R,R
5 2 3 4

as postulated.

All the coefficients of determination considered are significant
at least at the C:’(: = 0.01 1eve1; as can be seen from the values
of the F statistic obtained in the regression énalysis ANOVA (Analysis
of Variance).

The known tests of significance applicable to multiple cor-
relation coefficients test whether the coefficient differs significantly
from zero.

I know of no test which tests the significance of the dif-
ference between two coefficients of determination. However, since all
of the coefficients are significant, the direction of the difference
between them may be considered as supporting the postulated hypotheses.

The results of the state analysis support the hypotheses made
with regard to the goodness of fit of various estimating equations.

The comparison with results obtained using the county model will be

discussed in Chapter VII,
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Discussion

An important result obtained in the analysis of state data
was that a single variable -- X -- square feet of non-residential
floor area -- provided a high er11c2>ugh coefficient of determination to
be considered a single best estimator of one-family house permits.
Use of X enables forecasting for longer periods of time, since the
data forlit is available promptly. It also provides an opportunity
to use the equations for periods shorter than a year, since data
are available monthly. It is also possible that estimates for sub-
divisions of states could be made using X , since data for it is
available on a county level. The feasibigty and goodness of monthly
county estimates using X will not be explored here, but is recom-
mended as further res_earclzlzm.

Non-residential construction competes with one-family house
construction for resources available. The fact that in the model
obtained in our analysis both move in same direction indicates that
for the period of analysis both were determined by common factors,
rather than by the competition among them. This may not hold for

other periods., It is, therefore, recommended that the estimating

equation be recomputed utilizing the most recent data available.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



CHAPTER VI
COUNTY MODEL

In previous chapters the theoretical foundations of the
study and the existing housing models were discussed. This chapter
is dedicated to the county model. In particular it will deal with
the need for monthly county data for one-family house permits, the
conceptual foundations of the model, data collection methodology
employed, and analysis of the model's performance versus actual

measurement by the Bureau of the Census.

Need for Monthly County Information

Ours is a time of rapid change in}business conditions. Busi-
nessmen find it more and more difficult to perform the main functions
of management: planning and control ,without timely data. Planning
is done on different levels of management and the level of geographic
detail is directly related to the level of management which will
receivé the data. Top management is likely to be satisfied with
national or regional data, since this is its level of decision
making. Middle level management, however, needs finer geographic
breakdowns both in planning and control of the operations for which
they are responsible. They have to translate top management's de-
cisions to the sales territory level and for this purpose data by
county is most appropriate. Not because decisions are being made for
individual counties,but because counties provide a convenient building

block for sales territories. Every company defines sales territories
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based on different criteria and tends to change their definition
periodically, aseconomic conditions, or company organization, or
both, change. In order to be able to evaluate performance from one
period to the next, when the territory definitions were not the same,
the manager needs data for smaller units which together define the
territories. Counties are a very convenient unit for this purpose.

While top management seldom needs data for periods shorter
than a quarter, middle management is likely to need timely data for
shorter periods of time since it has to be able to evaluate quickly
the performance of the sales force in comparison toplans so that
corrective action can be taken.

Housing Permit data is available from the Bureau of the Census
on the county level, however, only annual reports can be obtained.
This cannot serve adequately a decision maker who needs monthly data.

Thus, the model described below is meant to provide the
decision maker with monthly data by county that would prove useful
to the middle level manager in his decison making process.

It should be pointed out that not all of the counties are com-
pletely permit covered, i.e., there are areas where no building per-
mit is required by the local jurisdiction. Ideally, the decision
maker would want data that measures the total construction activity.
In order to satisfy this need an estimate of activity in non-permit
issuing areas has to be made. This study, however, will not deal
with the problem of estimating non-permit area activity, but will

concentrate on the permit covered areas.
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Conceptual Framework

There are 14,000 Permit Issuing Places known to the Bureau
of the Census. The Bureau collects data from all of them annually
and from the largest -- monthly. Thus there is no monthly data on
the activity taking place in all of the permit issuing jurisdictions.
Yet this data is needed by decision makers.

To collect monthly data from all 14,000 permit issuing places
is expensive and inefficient since many of the places have little or
no activity during the month. Thus, a method has been deviced by
‘which data will be collected monthly from the largest Permit Issuing
Places and an estimate will be made of the activity taking place in
the smaller Permit pPlaces.

Large Permit Places (LPP) are defined as places which issue
50 or more one-family house permits a year. These plaées account
for about 20% of the pPermit places but represent more than 80% of the
permits issued in all of the United States.

Small Permit Places (SPP) are defined as Permit issuing Places
which issue less than 50 one-family house permits a year.

These places account for 80% of the permit place universe
but for only 20% of the permits issued for the United States as a
whole.

The proposed model is based on the identity:

= .. + SPP, .
CPij LPP ij i
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where:
CPij -- Total number of permits issued in a county in month
i, year j
LPPij -- Permits issueci by Large Permit Places within the county

in month i, year j
SPPij -- Permits issued in Small Permit Places within the county
in month i, year j.

SPPij is a random variable whose distribution is dependent on

the annual activity of all such places in base year j -(SPPj ) the
0 0

seasonal index for month i, year j -(Iij» and the rate of change

between year (j) and ( jo) - (SPPj /SPPj).
0
SPP ;= (SPPjO) (135 (SPPij/SPPijO)

Since no direct observations are made on the Small Permit Places
during month (i) in year (j), the rate of change from the base year
(G 0) to current year (j) cannot be obtained directly. In the model

it is assumed that

Spp, LPP,

_J__13

SPPj i LPPJ i
(o] (o]

which can be measured from the reports received from Large Permit Places.

Thus: SPP

i (SPPjo) (135 (LPPj/LPPjo) e

CPij LPPij * SPPij * e
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where:
e and e_ are error terms assumed to be normally distributed
with mean equal to zcro and known variance
e~N(©, ¢ 5
The county error -- e. ~- is composed of LPP measurement error, e,

and SPP measurement and estimating error, e ,
s

The LPP and SPP designation is not constant but changes as
annual data becomes available from the Bureau of the Census. At
this point the permit places are reclassified, if their annual activity
changed -- to an extent justifying reclassification.

At the same time, the values of €c> €15 and ey are empirically

obtained by comparing county estimates to reports received by the

Bureau of the Census.

e =(C, -¢c.,)/2

¢ Ja Jb

e, = (LPP. - 1pp. )/ 2
1 Ja Ib

e =

SPP. - .
S ( i, SPPJb)/z

where:
The subscript ''a'"' indicates the Bureau of the Census and
"b" indicates study
since
e =X - EX)
e = C, - E(C,
e =G -EC
ECHy=(C; +¢c;) /2
] Ja b
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substituting
= C. - . + C_
ec Ja (CJa Jb) / 2
= 2C. - -C
e =2 -G - Cp
2e = Cja - Cjb
e = (G - Cjb) /2

by the same reasoning

‘ LPP . - LPP . ) / 2
Ja. J b
PP . SPP o 2

Sl
e

The distribution of €. €5

as a whole and SMSA and Non-SMSA was analyzed for basic characteristics

and esfor the United States

using the Codebook program in Statistical Packages for Social Sciences.
This program provides measures for the mean, median, mode, variance,
kurtosis, skewness, range, minimum and maximum values in the dis-
tribution.

Theoretically, all those distributions, but especially

€ should be normal with mean 0.

The formula used as a basis for the county model is a form of a
regression equation in which the coefficients are not based on re-
gression analysis of the data, but on assumptions about behavior of

the phenomena.
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Design

For the purpose of the study the universe of all Permit Issuing
Places was partitioned into LPP and SPP according to the definitions
given above.

All places identified as LPP were contacted to assure that
monthly data would be obtained from them by the tenth working day in
the month following the month of interest. After the initial contact
has been established a form is sent out to the place every month so
that it could be received by the tenth working day with the data
filled in. If the place issues 250 or more permits a year, every
effort is made to obtain the data from it by phone or via a telegram,
if not received by the fifth working day. If the place issues less
than 250 permits a year and a report has not been received by the tenth
working day of the following month, an estimat;a of the activity of
the place is made based on the last six months for which reports were

received and the seasonal indices for these months:

LPP. )
i ij
PNS L, /i)

The annual activity of Small Permit Places is summarized by
county and the result stored in a computer. Each month an estimate
of the SPP county activity is obtained by multiplying the annual figure
for the base year by the seasonal index for the month and the rate of

change from the base year.
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NORTHEAST

NORTH CENTRAL

SOUTH

TABLE 6.1
CENSUS REGIONS

Connecticut
Maine
Massachusetts
New Hampshire
New Jersey
New York
Pennsylvania
Rhode Island
Vermont

I1linois
Indiana

Iowa

Kansas
Michigan
Minnesota
Missouri
Ohio
Nebraska
North Dakota
South Dakota
Wisconsin

Alabama
Arkansas
Delaware

District of Columbia

Florida
Georgia
Kentucky
Louisiana
Maryland
Mississippi

North Carolina

Oklahoma

South Carolina

Tennessee
Texas
Virginia

West Virginia

WEST

Alaska
Arizona
California
Colorado
Hawaii
Idaho
Montana
New Mexico
Nevada
Oregon
Utah
Washington

Wyoming
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\
SPP,.. = (SPP. I.. PP ..
ij ( Jo) (13) (L ij/LPPlJO)

The Iij and LPPij /LPPijo are computed by SMSA and Non-SMSA
within four Census Regions, (Table 6,1). Counties are uniquely
designated as SMSA or Non-SMSA within the regions following the
definition of the Office of Management and Budgéts.

As soon as the Bureau of the Census data becomes available
it is used to revise the classification of the permit places and to

evaluate the estimating errors, as described in the previous section.

Analysis of Deviations

The annual comparisons with Census data were performed for
1971, 1972, and 1973 and the results are shown in Table 6.2, Table

12 and e,

.2 shows the characteristics of the distribution of e.» ©
as defined above, As can be seen from this table, the assumption that
errors are normally distributed with mean "0" and known variance is

not supported by the data. All the means are significantly different
from 0 and Measuresof skewness and kurtosis are not those characteris-

tic of a normal curve .1 However, all modes are equal to zero, and

most medians are not significantly different from zero.

Since no monthly permit data are available, no comparison is
possible on a monthly level. It is assumed, however, that performance
on an annual level can be used as an indicatior of performance month:
by month. Indeed, if the annual estimates obtained using the county

model are superior to those obtained using the state model, than the

1
The measurement of skewness for the normal curve equals
zero, and kurtosis equals three.
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use of the county model is recommended since it also provides esti-
mates of county by month. While the analysis of deviations des-
cribed provided us with a measure of performance of the county model
on county level, no test is available to test the quality of monthly
estimates that it provides.

As the state model, the county model described above does
not provide estimates of activity in non-permit issuing areas, since
no measure of this activity exists. It is possible, however, to
make estimates utilizing results of the Bureau of the Census sample
of non-permit areas and the population residing within these areas.
But because of lack of direct measurement of activity in non-permit
issuing areas, there is no way of evaluating the performance of such
estimates.

The performance of the county model as an estimating method
is evaluated in Chapter VII via a comparison of the estimates obtained
by state to the actual number of building permits reported and to

the estimates obtained using the state model.
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CHAPTER VII

COMPARISON OF ESTIMATES OBTAINED BY THE
STATE AND COUNTY MODELS TO CENSUS REPORTS

The previous two chapters presented the estimating equations
used in the two models proposed: Chapter VII -- the state model;
Chapter VIII -- the county model. In this chapter the.estimates
for 1973 obtained utilizing these two models are compared to the
figures reported by the Bureau of the Census.

The state model equations used in estimating are those se-
lected as most desirable, i.e. those utilizing only X as an ex-
planatory variable. While this selection is not arbi%iary it should
not be taken for granted that for other periods X will also be
the best predictor. In order to provide meaningfi% estimates
equations should be revised as new data become available.

The regional and national equations used in obtaining the

state model estimates are shown in Table 7.1. The actual comparison

of the three estimates

county
regional
national
are shown in Table 7.2.
The coefficient of determination -- R2 -- is used as a measure

of deviation of estimates from actual. As postulated, the county model
2
provides the best estimate with an R = ,96. No significant difference
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REQION I
REGION II
REGION III
REGION IV
REGION V

REGION VI
REGION VII

REGION VIII

108
TABLE 7,1
REGIONAL EQUATIONS USED IN
OBTAINING 1973 ESTIMATES

X =1,185.9978 + 0.43621 X
1 12

X = 8,304.7821 + 0.30516 X
1 12

X = -10,206.7564 + 1.02047 X
1 12

X = -335.4999 + .48979 X
1 12

X = 1,419.1526 + 0.53803 X

1 _ 12

X = 2,496.7241 + 0.52741 X
1 12

X = 875.8619 + 0.50877 X
1 12

~
1}

3,112.8412 + 0.65530 X

1 12
NATIONAL EQUATION USED IN OBTAINING
1973 ESTIMATES

X =1,420,17 + 0.57211 X
1 12
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2
exists between the regional and national estimates at R = ,865 and -
2
R = .867 respectively. The performance of the state model can be

improved by using as the final estimate the average of national and

regional estimates.

Y =@ +Y ) /2
S SR SN

where:
Y -- estimate for the state
S.
Y -- estimate for the state using the regional equation
SR
Y -- estimate for the state using national equation
SN

When this estimate is used, the coefficient of determination for 1973
estimates goes up to R2 = ,891.

The regional alignment used in our analysis was that used by
F. W. Dodge and FHLB. It is conceivable that a different alignment
might have produced a better fit for the regional equations. An
attempt was made to group states by regression coefficients on various

variables (X , X , X, X , X ) but the results were not encouraging.
2 3 8 12 20

Other criteria for alignment may be more efficient and may provide a
significantly better estimate when utilizing regional equations.

In terms of the hypotheses postulated --
2 2

R > R holds -- the coefficient of determination
1 2
obtained by using the county model is higher than

the coefficient of determination obtained using the
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TABLE 7.2
COMPARISON OF THE NUMBER OF ONE-FAMILY
HOUSE PERMIT ISSUED BY STATE TO ESTIMATES

1973
CENSUS REPORT COUNTY  REGIONAL NATIONAL
STATE (C 40) MODEL REGRESSION ~ REGRESSION
ALABAMA 10,610 10,594 9,585 15,341
ALASKA 942 1,152 6,230 3,625
ARIZONA 28,740 28,032 18,465 = 14,354
ARKANSAS 5,619 5,198 8,263 7,174
CALIFORNIA 102,974 118,259 105,697 90,853
COLORADO 20,309 20,839 21,852 17,324
CONNECT ICUT 11,766 10,177 8,044 9,926
DELAWARE 4,240 3,964 9,038 4,285
DISTRICT OF 144 127 11,128 6,207
COLUMBIA
FLORIDA . 69,419 57,551 79,148 51,210
GEORGIA 29,009 25,226 45,770 32,414
HAWALI 5,584 8,508 7,793 4,995
IDAHO 4,829 3,308 6,169 3,571
ILLINOIS 33,372 28,989 41,661 43,873
INDIANA 19,746 19,241 . 23,467 24,440
TOWA 6,817 7,402 9,957 11,526
KANSAS 6,886 6,384 8,316 - 9,295
KENTUCKY 9,411 8,250 8,872 11,694
LOUISIANA 10,162 9,077 12,425 13,936
MAINE 3,812 2,949 3,216 3,565
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TABLE 7.2-- Continued
COMPARISON OF THE NUMBER OF ONE-FAMILY
HOUSE PERMIT ISSUED BY STATE TO ESTIMATES
1973 - CONTINUED

CENSUS REPORT COUNTY REGIONAL NATIONAL
STATE (C 40) MODEL REGRESSION REGRESSION
MARYLAND 25,054 22,997 17,333 17,892
MASSACHUSETTS 18,817 17,208 14,064 17,857
MICHIGAN 37,622 36,048 28,216 29,512
MINNESOTA 15,808 15,178 16,116 16,589
MISSISSIPPI 8,184 6,557 7,701 8,600
MISSOURI 14,988 15,419 16,340 15,975
MONTANA 1,192 1,777 5,541 3,021
NEBRASKA 6,139 5,553 6,630 7,390
NEVADA | 8,263 7,000 8,371 5,502
NEW HAMPSHIRE 4,554 3,863 3,335 3,721
NEW JERSEY 28,352 22,917 21,227 25,226
NEW MEXICO 5,775 3,418 7,299 4,562
NEW YORK 33,022 30,258 27,503 37,044
NORTH CAROLINA 24,837 23,342 33,348 25,418
NORTH DAKOTA 1,586 1,763 3,272 2,870
OHIO 33,799 32,515 35,439 42,865
OKLAHOMA 8,515 8,648 11,393 12,770
OREGON 13,175 13,458 13,761 10,229
PENNSYLVANIA 35,905 21,909 25,346 32,982
RHODE ISLAND 3,470 3,027 3,029 3,320
SOUTH CAROLINA 16,659 18,411 11,393 13,054
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TABLE 7.2 -- Continued

COMPARISON OF THE NUMBER OF ONE-FAMILY
HOUSE PERMIT ISSUED BY STATE TO ESTIMATES
1973 - CONTINUED

112

CENSUS REPORT COUNTY  REGIONAL NATTONAL
STATE - (C.40) ~ MODEL REGRESSION ~ REGRESSION
SOUTH DAKOTA 1,779 1,497 3,159 2,750
TENNESSEE 14,829 14,494 31,841 24,570
TEXAS 41,611 39,594 58,349 65,808
UTAH 7,750 8,984 10,652 7,503
VERMONT 1,926 1,165 1,855 1,772
VIRGINIA 43,736 39,611 20,699 24,231
WASHINGTON 18,032 19,803 18,382 14,282
WEST VIRGINIA 1,855 963 3,268 5,119
WISCONSIN 18,963 17,728 19,768 20,489
WYOMING 1,470 1,480 3,853 1,540
2
R2 . £% _Y)z .960  .865 .867
£ -7)
£ (Estinato/Actuel) .943  1.445 1.345
Number of Times that
(Estimate-Actual) is 30 8 13

Minimum

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



113

state model with concurrent measurement of the ex-

planatory variables.

2 2
: R > R is not supported by the study -- there does
5 2

not seem to be a significant difference between es-

timates obtained using regional equations and estimates

obtained using a single national equation.
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CHAPTER VIII

SUMMARY , CONCLUSIONS AND RECOMMENDATIONS

Summagz

The purpose of the study was to develop models for new one-
family house construction at the state and county‘level. Construction
in general, and one-family houses in particular, have long been re-
cognized as important leading indicators of economic activity. They
are used in aimost all econometric models concerned with predicting
the state of the economy on a national level. However, many decision
makers need data for smaller geographic units in order to be able to
make and evaluate marketing decisions such as: forecasting future
sales of their product, determining sales quotas, designing sales
territories, and evaluating the sales organization's performance. It
is the needs of middle management, involved with this kind of decisions,
that the models developed are aimed to satisfy.

The procedure employed in developing the models was to pro-
ceed from establishing the theoretical foundations for the model
building effort, evaluation of the state of the art in housing models
and methods of small area estimating, to building of the models them-
selves.

In Chapter I the importance of one-family house construction
activity data was discussed. Governments at differnet levels --
federal, state, and local need the information for planning services

and estimating receipts. The business community needs the data
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mainly for marketing decisions in estimating the demand for its pro-
ducts, setting sales goals, evaluating the sales force's performance,
etc. The available measures of one-family house construction were
presented. Of the three:
' building permits
starts
value put in place
building permits were selected since they provide direct measurement
of one-family house construction for small areas. The other two
measures represent estimates made by the Bureau of the Census on the
basis of permit information.

The current state of the art in housing models and the methods
used in obtaining small area estimates were discussed in Chapter II..
In modelling the greatest methodological sophistication evolved in
econometric models for the nation as a whole. Despite their sophis-
ticated methodology many of the models use series that are not based
on direct measurement of the variable, but rather represent estimates
which reflect more the assumptions made by the estimator than the
actual development of the phenomena. Newcomb, in his Jjudgmental
approach pays greater attention to the quality of data he uses and
keeps his model flexible so that it would allow him to use the best
data series available at the time.

Not much is known on the state of the art used in regional
modelling, what has been found is that they are usually extensions of

national models assuming that relationships found on the national level

are applicable to smaller areas.
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The methods used by the Population Division of the Bureau of
the Census and the Bureau of Economic Analysis in obtaining small
area estimates are not based on an established body of theory but
rather use ad hoc formulations that vary from case to case. Ericksen's
method of combining sampling with methods used by the Population
Division promised to improve the quality of the estimates but does
not provide a new theoretical approach.

The conceptual foundations of the state model are presented in
Chapter III. Box-Jenkins' iterative approach was utilized in building
the models. First the types of models applicable to the problem
were discussed. These fall into two major categories:

. time series analysis

. multivariate techniques.

Within time series analysis two main approaches were identified:

* components analysis, and

. stochastic process analysis.

Components analysis assumes the series to be composed of trend,
cycle, seasonal, and random movements. The analysis attempts to ex-
tract these components from the series.

The stochastic process approach regards a time series as an
observed sample function representing an underlying stochastic process.
The underlying stochastic process may be either stationary or non-
stationary. By employing a more elaborate probability framework than
the components approach, the stochastic process approach utilizes
statistical estimation. In general, time series anélysis is useful

when the following conditions hold:
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: the period for which observations exist is similar
to the period to be estimated

‘ the large number of obse—-2t_uns meeded to develop
parameters of the model has not introduced artificial
stability into the model, which is not likely to exist

in the future.

The multivariate techniques presented were:

: factor analysis

: regression analysis

analysis of variance.

Problems which arise when the basic assumptions underlying
the models are violated were discussed and tests available to detect
violations were presented.

The hypotheses set forth in terms of coefficients of de-
termination postulated that estimates based on a concurrent sample of
permits are superior to estimates based on concurrent measures of
explanatory variables, these in turn are superior to estimates
utilizing lagged measurements of the explanatory variables.

To - test these hypotheses, two types of models were presented:
the county model, in which estimates are based on direct measurement
of activity in the largest permit issuing jurisdictions; and the state
model, which utilized explanatory variables in obtaining estimates.

The procedure employed in building the state model was
described in Chapter III. Two basic principles underlie the building

of the model:
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in selecting variables to be included in the model,
those for which direct measurement is available are
to be preferred to those which represent estimates
made by other researchers
the principle of parsimony -- use the smallest pos-
sible number of parameters for adequate presentation.

Nineteen variables were selected for consideration in the
model. They were assumed to represent the demand and supply of one-
family houses. In general, they represented the socio-economic
conditions, availability and cost of mortgage funds, and measures of
construction activity.

The number of observations used for the variables selected
depended on availability of data on a state level. An attempt was
made to balance stability over time With crossectional analysis.

Observations made in the period 1968-1973 were used in the
analysis. Factor analysis and regression analysis were performed on
the data. The results of these analysis were described in Chapters
IV and "V respectively.

The results of factor analysis were used in deriving esti-
mating equations via regression analysis. The analyses confirmed
that a linear relationship provided a good fit to the data. The
hypotheses postulated were supported by the analysis.

During the analysis, it became apparent that a single variable --
Xlz -- square feet of non-residential floor area -- explained 86%

of the variance of one-family house construction. Since X 1is
12

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



119
a variable on which timely measurements are available by county, it
is a most desirable estimator of one-family house construction activity.
Thus, all the final equations were computed using this variable alone.

The county model is described in Chapter VI. = The purpose
of this model is to provide a measure of one-family house construction'
activity by month, by county. The model utilizes the '"cut-off"
method of sampling which combines stratified sampling, in which some
strata are not sampled at all, with a ratio estimate of the parameters
of interest. The permit issuing jurisdictions are partitioned by
size and a complete census of the largest is taken monthly. The
county monthly activity is obtained by estimating the activity of
the smaller places utilizing:

. the rate of change in large permit places from base

period to current period

: the number of permits issued by the small permit

issuing jurisdictions during the base year

’ seasonal index for the current month and year.

The results obtained from the model are compared annually to
reports received from all permit places. The purpose of the com-
parison is to reclassify permit places, whenever their activity
warrants. A by-product of the comparison is an evaluation of the
distribution of deviations. The data does not support the often
made assumption that measurement errors are normally distributed with
mean "0" and known variance.

In Chapter VII, the performance of the proposed models was

tested by comparing estimates for 1973 obtained utilizing them, to
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reports received by the Bureau of the Census. The best estimate with
R2 = .96 was obtained by using the county model. Both the regional
and national equations of the state model produced estimates with

R2 = .87. The hypotheses that the county model will provide better
estimates than the state model was supported by the comparison. In
addition to providing better annual estimates by state, the county
model provides monthly estimates by county. While it may be con-
sidered an ad hoc model, its performance is beyond question and it

is able to satisfy a need for monthly small area statistics for

one-family house construction, not satisfied in any other way.

Conclusions

Both the state and the county model provided adequate state
estimates of one-family house construction activity. Both models,
jn their final form,utilized direct measurement in the period to be
estimated in order to obtain the estimates. The county model, how-
ever, has means of providing monthly estimates by county, while the

state model was developed using annual state data.

Recommendations

It seems that most serious research is being directed towards
development of sophisticated methodologies with little regard to
the data to which the methodologies are to be applied. There is a
need to improve the quality of data by concentrating more effort on
developing methods of data collection.

Further work on the state model presented here is recommended
to determine whether different criteria for regional alignment would

not improve the quality of estimates.
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In the state regression analysis, it was found that X --
12

square feet of non-residential floor area -- provided good estimates
of one-family house permits. Since X is measured monthly, and
since information on it is available éﬁ a county level, it would be
worthwhile to explore the goodness of county estimates using

equations with this variable versus county estimates obtained using

the county model.
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APPENDIX A

CORRELATION TABLES
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TABLE Bl °
STATE ASSIGNMENT TO REGIONS

REGION 1
Connecticut
Maine
Massachusetts
New Hampshire
Rhode Island
Vermont

REGION 2
Delaware
District of Columbia (Washington D.C.)
Maryland
New Jersey
New York
Pennsylvania
Virginia

REGION 3
Alabama
Florida
Georgia
North Carolina
South Carolina
Tennessee

REGION 4
Kentucky
Ohio
West Virginia

REGION 5
I1linois
Indiana
Towa
Michigan
Minnesota
North Dakota
South Dakota
Wisconsin

REGION 6
Arkansas
Louisiana
Mississippi
Missouri
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TABLE Bl -- Continued

STATE ASSIGNMENT TO REGIONS

REGION 7
Kansas
Nebraska
Oklahoma
Texas

REGION 8
Arizona
Alaska
California
Colorado
Hawaii
Idaho
Montana
Nevada
New Mexico
Oregon
Utah
Washington

Wyoming
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TABLE B2
VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF ANALYSIS AND ROTATION

1968-1971
VARIABLES WITH HIGHEST
TYPE ROTATION FACTORS LOADINGS
PA2 VARIMAX 1 X1, Xg0 X95, X135 X1gs X179
2 Xg, Xg
3 X140 X35
4  Xygs Xy
PA2 QUARTIMAX 1 X), Xg, X350 X153, Xgs Xyo0 Xig
2 X5, X6
3 X147 %15
4 X107 X121
PA2 EQUIMAX 1 X,X,X,%X,X,%X ,
2" "3 a4 70 gt 17
18" 19
2 X147 X35
3 X100 X121
4 Xs, Xg
PA2 OBLIQUE 1 Xy X0 Xgr X o
2 Xoo X,
3 X147 %15
4 X107 %11
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TABLE B2 —- Continued

VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF ANALYSIS AND ROTATION

1968-1971
VARIABLES WITH HIGHEST

TYPE ROTATION FACTORS LOADINGS

2 X147 %15

3 Xg, Xg

4 X107 ¥11

X
RAO QUARTIMAX 1 X, Xgs Koy Xq,7 Xya0 X
X170 %18

2 X5, X6

3 X140 %45

4 X100 %11
RAO EQUIMAX 1 Xy X0 Xg, Xpg

3 X16/%17 + X138

4 o) Xg
RAO OBLIQUE 1 Xy, X5, Xg, Xigs Xig

2 Xs, Xg

3 X141 X35

4 X190 X131
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TABLE BZ -- Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF ANALYSIS AND ROTATION

1968-1971
VARTABLES WITH HIGHEST
TYPE ROTATION FACTORS LOADINGS
ALPHA  VARIMAX 1 X3, Xq, Xg, X150 Xyqs g0 Xqg
2 X147 X315
3 X5' X6
4 X107 X171
ALPHA UARTIMAX 1 X, X ,X,%X ,%X ,X
Q 1" 73" T T12" T13' Tie’
X170 X1
2 Xg, X,
3 X147 %15
4 X107 %11
ALPHA EQUIMAX 1 Xy X0, Xg, X 00 Xigr Xpg
2 X147 %15
3 X107 X2
4 oo X,
ALPHA  OBLIQUE 1 Xy X, Xg, Xjgr Xpg
2 e, X
3 X147 %3
4 X107 %11
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TABLE BS
VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF ANALYSIS AND ROTATION

1968-1973
VARIABLES WITH HIGHEST
TYPE ROTATION FACTORS LOADINGS
PA2 VARIMAX 1 X1 r Xy Xy30 Xy
2 Xy, Xg
3 X
PA2 QUARTIMAX 1 Xyr X0 X34 Xpor Xqg
2 X
3 Xy, Xg
PA2 EQUIMAX 1 Xy Xy, Xy30 Xp0
2 Xy, Xg
3 X
RAO VARIMAX 1 Xyr Xy, Xy30 Xgq
2 Xy, Xg
3 X,
RAO QUARTIMAX 1 X1 s Xyr Xy90 Xq3
2 X
7» 3 Xy, Xg
RAO EQUIMAX 1 X1 s Xy0 X950 Xp30 Xy
2 Xy, Xg ‘
3 X
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ALPHA

ALPHA

ALPHA

TABLE B5

158

—~— Continued

VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF

ROTATION

VARIMAX

QUARTIMAX

EQUIMAX

ANALYSIS AND ROTATION

1968 - 1973

FACTORS

VARIABLES WITH HIGHEST
LOADINGS

X1, X2r X130 X20

X3r Xgr X35

Xg

X1
X6
X4,
X1 Xpr X330 X
Xy, Xg

X6

ve
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TABLE B7
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES¥*

TYPE ROTATION FACTOR VARIABLES

PA2 VARIMAX 1 A03, C01, co2, c03, C13, DO1,

D02, D03, E0Ll, E02, EO03

2 BOl, B02, B12, Bl3, Cl2
3 E02, EL13, E20
4 A02, Al3
5 C20, D20
6 B06, D06, E06
7 A20
8 D08, S
9 D12
10 A0S
11 BO3
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TABLE B7 -- Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES¥*

TYPE ROTATION FACTOR VARIABLES

PA2 QUARTIMAX 1 A03, Al2, B12, CO1, CO2,
co3, cos8, Cc13, pol, DO2,

D03, EO1, EO03, El2

2 E13, E20
3 BO1l, Cl12

4 A02, Al3

5 €20, D20

6 B06, D06, E06
7 A20, B20

8 D08, EO8

9 D12

10 A08, BOS

11 B03
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TABLE B7 ~- Continued

VARIABLES WITH HIGHEST FACTOR LOADINGS

BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES¥

TYPE ROTATION FACTOR

PA2 EQUIMAX 1

10

11
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VARIABLES

A01, AO3, C08, DOS

BO1,

E02,

A06,

c20,

D08,

A20,

A02,

c12,

D12

BO6,

B0O2, B13

E13, E20

AQ8, CO08

D20

EOS8

B20

Al3

EO03, El12

D06
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TABLE B7 —- Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES¥*

TYPE ROTATION FACTOR VARIABLES

ROA VARIMAX 1 A03, Cc01, co02, C03, C13,

D02, po3, pi13, Eo1, EO03,

E12
2 E02, E13, E20
3 c20
4 B01l, B13
5 A02, Al3
6 A20, B20
7 D08, EO08
8 cl2
9 . D12

10 B0S

11 B03
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TABLE B7 -- Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES*

TYPE ROTATION FACTOR VARIABLES

ROA QUARTIMAX 1 A03, BOZ2, CO1, C02, CO3,

cos, ci3, po2, D03, EO1,

E03, El12

2 Eo02, E13, E20
3 Cc20

4 Cl2

5 A02, Al3

6 A20, B20

7 D08, EO8

8 BO1l, B13 (8)
9 D12
10 - A08, BOS
11 BO3
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TABLE B? -- Continued
VARTABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES*

TYPE ROTATION FACTOR VARIABLES

ROA EQUIMAX 1 E02, E13, E20
2 cl2, D01, E03, E12
3 D08, E08
4 BO1l, B02, B13
5 A02, Al3
6 D20
7 D12
8 203, BO8, CO8
9 B03

10 A08
11 A20, B20
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TABLE B7 -- Continued
VARIABLES‘ WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES*

TYPE ROTATION FACTOR VARIABLES
ALPHA VARIMAX 1 A03, Cc01, C02, C03, C13,

D01, D02, D03, EOLl, E03, E12

2 B0Ol, Bl2, Bl3, C12
3 E02, E13, E20
4 A02, Al3
5 A20
6 B06, E06
7 D20
8 D08, EO08
9 A06
10 D12
11 A08, BO3
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TABLE B7 -~ Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES*

TYPE ROTATION FACTOR VARIABLES

ALPHA QUARTIMAX 1 A03, BO2, CO1, C02, CO3,
c08, C13, DOl, D02, DO3,

EO1l, E03, El2

2 E02, E13, E20
3 BOl, C12
4 A02, Al3
5 A20, B20
6 E06
7 D20
8 D08, E08
9 D12
10 B0OS
11 B03
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TABLE B7 -~ Continued
VARIABLES WITH HIGHEST FACTOR LOADINGS
BY TYPE OF ANALYSIS AND ROTATION

1968-1973, FIRST DIFFERENCES*

TYPE ROTATION FACTOR VARIABLES
ALPHA  EQUIMAX 1 c12, c13, DOl, D03, EO1,
E03, E12
2 BOl, B02, B13
3 E02, EL13, E20
4 E08
M 5 B20
6 D12
7 c20
8 D08
9 D06
10 Al3
11 B06, E06

* The variable number includes a letter classification
defining the years for which the first difference
was computed: A = 69-68, B = 70-69, C = 71-70,

D= 72-71, E = 73=-72
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TABLE B8

HIGHEST OFF-DIAGONAL CORRELATION COEFFICIENTS

1968-1971
CORRELATION CORRELATION
VARIABLE WITH VARIABLE WITH
801 901 905 906
802 902 906 905
803 903 908 808
805 905 910 810
806 906 911 811
807 007 912 812
808 908 913 013
810 910 914 814
811 911 915 910
812 912 916 816
813 913 917 017
814 914 918 818
815 915 919 819
816 916 920 820
817 917 001 101
818 918 002 102
819 919 003 103
820 920 005 905
901 801 006 105
902 802 007 807
903 803 008 108
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TABLE B8 -- Continued

HIGHEST OFF~DIAGONAL CORRELATION COEFFICIENTS

1968-1971
4 CORRELATION CORRELATION
VARIABLE WITH VARIABLE WITH

010 011 105 006
011 111 106 105
012 912 108 008
013 113 110 111
014 015 111 110
015 014 112 012
016 116 113 013
017 117 114 115
018 118 115 114
019 919 116 016
020 913 . 117 017
101 001 118 018
102 002 119 019
103 003 120 114
H: p £ .5 H,: >/ .5

P .19

Z -6.71
Pr(Z) ,000001

Accept H

(o]

p -- Proportion of highest off-diagonal correlation coefficients

of the form rab -- not belonging to the same time series.
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TABLE B9
HIGHEST OFF-DIAGONAL CORRELATION COEFFICIENTS

1968-1973
ORIGINAL FIRST
VARIABLE VALUES VARIABLE DIFFERENCE

801 901 A0l A03
802 902 A02 D13
803 903 AQ03 Cco1
806 906 A06 C1l3
808 008 A08 Cco8
812 912 Al2 Cco1
813 913 Al3 A02
820 913 . A20 B20
901 801 BO1 B13
902 802 BO2 ) A03
. 903 803 BO3 col
9206 806 BO6 E06
908 108 B0O8 A03
912 812 Bl2 co8
913 013 B13 B0O2
920 220 B20 A20
001 101 Ccol D02
002 102 Cco2 D02
003 103 Cco3 C01
006 106 Cué D12
008 108 co8 A03

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



172
TABLE B9 ~- Continued

HIGHEST OFF-DIAGONAL CORRELATION COEFFICIENTS

1968-1973
ORIGINAL FIRST
VARIABLE VALUES VARIABLE DIFFERENCE
012 912 cl12 B13
013 113 - c13 col
020 312 c20 D20
101 001 | DO1 D02
102 202 D02 co2
103 003 D03 EO03
106 006 D06 E06
108 008 D08 E08
112 212 D12 co02
113 013 D13 D02
Cieen 120 113 D20 c20
201 301 EO01 A03
202 102 E02 E20
203 103 E03 D13
206 306 E06 D06
208 008 E08 co3
212 312 E12 c13
213 313 E13 EO02
220 313 E20 E13

301 201
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TABLE B9 -- Continued

HIGHEST OFF~DIAGONAL CORRELATION COEFFICIENTS

1968-1973
ORIGINAL - FIRST
VARIABLE VALUES VARIABLE DIFFERENCE
302 202
303 203
306 106
308 108
312 212
313 213
320 220
Ho: p £ .5 Hy: p 7/ .5
P .08 .9
Zz =-11.17 +8.42
Pr(Z) .000001 .99999

p -- Proportion of highest off-diagonal correlation
_coefficients of the formr -- not belonging to

ab
to the same time series.
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TABLE C3

WEIGHTED AVERAGE* REGRESSION
(1968-1972)

1(X )
2
X = 3,341.27 + 0.10673 X
1 2
R? = .79019 F = 184.54949 D. W. = 1.62638
2X )
12
X =1,479.93 + 0.68114 X
1 12
R? = 86106 F = 303.66334 D. W. = 1.50275
3X )
20
X = 4.942.15 + 0.67226 X
1 20
R® = .82319 F = 228.14010 D. W. = 1.68634

All Durbin Watson indicate no autocorrelation at o = 0.01

* Weights:
- 1972 -- 1/1.965 1971 -- 1/3.864
1970 -- 1/7.597 1969 -- 1/14.933
1968 -- 1/29.356
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X
2

Average

Weighted Average

X
12

Average

Weighted Average

X
20

Average

Weighted Average

Average X = (X
68

TABLE C4

STANDARDIZED EQUATIONS
(1968-1972)

X =“)—( + BX.
1 1 i

X = 15,315.4157 + 0.89510 X

1 2
X = 15,315.4147 + 0.90455 X

1 2
X = 17,860.6397 + 0.88893 X

1 2
X = 15,315.4157 + 0.87808 X

1 12
X = 15,315.4147 + 0.93086 X

1 12
X = 17,860.6397 + 0.92793 X

1 12
X = 15,315.4157 + 0.78158 X

1 20
X = 15,315.4147 + 0.90789 X

1 20
X = 17,860.6397 + 0.90780 X

1 20

+X +X +X +X )/5

69 70 71 72

Weighted Average X = (X * 1/29.356) + (X ° 1/14.933) + (X

68 69 70

+ (X 1/3.864) + (X ° 1/1.965)
71 72
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TABLE C6

CORRELATION COEFFICIENT OF X

veol
WITH PREVIOUS YEAR X
veal
R R
X,X X,X
n n-1 n n-1
X ,X .99183 .98373
901 801
.970875
X ,X .98533
001 901
X ,X .99514 .99030
101 001
X ,X .99372 .98748
201 101
X ,X .99419 .98841
301 201
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