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ABSTRACT
Development of Leading Indicators for
liousing Starts in Tremonton, Utah
by
Douglas I. Ward
Master of Business Administration
Utah State University, 1967

Major Professor: Dr. Scott Durdan
Department: Business Administration

The possibility of developing leading economic indicators of
housing starts, on a localized basis, was studied in Tremonton, Utah,
for the period from 1958 to 1965. Data on any economic variable which
might show a leading relationship to housing starts was gathered and
synthesized to ascertain any predicting tendencies.

Several of the variables researched, particularly contracts
awarded to Thiokol and Thiokol employment, showed a ﬁigh positive
correlation to housing starts; however, none showed any consistent
leading pattern.

An accelerator relationship was found to exist between the average
rate of change in Thiokol employment and housing starts. This finding,
though not directly applicable to the study, resulted in the most
economically rational explanation for the absence of a leading indi-
cator.

(63 pages)



INTRODUCTION

Objectives

This study proposes to examine the dynamic economic conditions in
the Tremonton, Utah, area with special emphasis on their effect on the
demand for building maferials. The central objective of this study
will be to ascertain if any indicator was available that might have
been used by businessmen, building suppliers in particular, to predict
changes in residential construction prior to the occurrence of actual
changes. If any "predicting indicator" is found, it will be used to
revise the historical financial statements of Destway Lumber Company
of Tremonton to determine the plausibility of using such an indicator
for planning inventory levels, manpower requirements, or for making
any other operating decision.

The time period covered by the study will be from 1958 to 1965.
The significance of these dates, the historical setting, and procedures
will be outlined in the following pages of the Introduction and explained

in detail in ensuing sections.

Development

Prior to 1958 the predominant employers in and around Tremonton,
Utah, were agricultural or agricultural-related operations. Tremonton
itself was a typical small town with most of its business coming from
smaller outlying towns within a fifteen to twenty mile radius.

In 1958 construction was started on Thiokol Chemical Corporation':

Minuteman Missle "lznt ten miles west of town on the north shore of the



Great Salt Lake. Almost from inception the plant carried on an aggres-
sive recruiting program, causing a rapidly increasing influx of people
into the area. This influx continuted until mid-1962 when Thiokol
reached peak employment., The 1962 employment level was maintained
until late in 1963 when a systematic layoff program was undertaken.

The rapidly increasing population in the upswing period had economic
repercussions not oanly in Tremonton, but extending to ‘the surrounding
areas as well. Especially acute to the Tremonton region was the severe
strain on suitable housing for incoming employees. The influx had a
"vacuum effect" which stimulated residential development to the point
of causing a boom for the next four to five years.

During this period of rapid development, two major building sup-
pliers were operating in Tremonton, one being Bestway Lumber Yard, and
the other, Anderson Lumber Company. Both of these yards are branches
of important regional retail chains., The Anderson yard is curreatly
operating as the sole building supplier in Tremontoa and the immediate
market area. Bestway Lumber, on the other hand, was closed in mid-sum-
mer of 1965 as a result of '"losing money every year due to poor manage-
ment," (ilansen, 1966.)

In connection with the above statement, there is some indication
that the demand for building supplies fell somewhat below the pre-ex-
pansion level after 1965. However, sufficient data is not available to
accurately determine demand, either immediately before or after the
expansion. Therefore, the assumption has been made that demand
essentially returned to the pre-1958 level when both yards were

operating profitably.



The first objective of this paper, then, will be to preseat the
results of the study covering the possibility of developing some "pre-
dicting indicator" of the eventual downturn in housing construction,
hereafter referred to as a local leading indicator of housing construc-
tion or just a leading indicator. 1Im the event such a leading indicator
can be derived, it will be used as a "historiecal planning device" to
adjust the inventory levels, major expenses, and other financial state-
ment items to determine the possibility of using such an indicator as

a tool in making operating decisions.

Background

The following brief historical review should be helpful in setting
the background for the study and indicating some of the rapidly changing
economic conditions in Tremonton during the time period covered by this
report. In addition, data will be presented regarding the housing
situation as it existed at the time of the study.

Prior to 1958, construction around Tremonton could most appropri-
ately have been described as from slow to moderate with most new
construction being farm structures (grade A dairy farming was growing
rapidly at this time) and a few new homes.

Simultaneous with the population increase resulting frowm Thiokol
recruiting was the establishment of six rather distinct subdivisions
in and around Tremonton which eventually were expanded to include a
total of 336 new homes, By 1962 the seasonally adjusted level of
housing construction reached its peak; and by 1965, when Thiokol slowed

employment cutbacks, major construction of the type experienced during



the expansion was virtually nonexistent.

In December, 1966, there were approximately 112 new homes vacant
in the six subdivisions mentioned; many of these never had Leen occupied
and a considerable number had not been completed. There are still
several new houses being built each year; most of these ave in the
$25,000 to $40,000 range. These homes are generally build by permanent
residents of the area who evidently find the subdivision homes unsuitable.

It is interesting to note that in the first of the subdivisions
undertaken in Tremonton, the homes were built by competent local
contractors and of the 100 homes built in the subdivision all but five
were occupied on December 22, 1966. Representative of the other sub-
divisions was one in which 61 houses were built on two or three standard
floor plans. Oa the same date only ten of these homes were occupied.
It had been rumored that as of mid-1966 the Federal Housing Administration
was the largest real estate owner in Box Elder County, which encompasses
the Tremonton area.

It is hoped that the above background material will give some
indication of the extremely dynamic conditions in Tremonton from 1958
to 1965 and some insight into the effect these changing conditions had

on the demand for building materials.

Mathods

The steps followed in arriving at the objectives of this study
were:

1) To gather selected data on homes completed per quarter for the

purpose of estimating approximate housing starts.



2) To obtain data on homes being occupied per quarter, employmeat
levels at Thioikol, interest rates, and other data which might be used
in determining a suitable leading indicator of the eventual downtura in
howe construction.

3) To use any indicator derived as a historical planming device;
and, by using the financial statements of the Bestway yard, to determine
if such an indicator could have been used in planning operations; and,
if so, to revise the statements accordingly.

4) TFinally, in developing an indicator it should be kept ian mind
that in order to be useful to the type of businessman being considered
in this study, the data would have to be readily available and easily
interpreted. It should be realized that these businessmen are not

likely to have the statistical tools necessary to do any complex anal=

ysis of the data.



PROCEDURES

Data accumnilation

Dependent variable. The first data needed before actual analysis

could be undertaken was information which could be syanthesized to arrive
at the dependent variable, houses started per quarter, applicable to
this study. In researching the possible scurces for the data needed,

it was found that electrical power meters were installed in newly com-
pleted homes just prior to their being approved by the Federal Housing
Administration. Therefore, it was concluded that, since all but a few

of the homes were FHA approved, the data on meter installations would

be an appropriate indicator of house completions and could be readily
convertad to reflect housing starts,

The information on meter installations was taken directly from th
work orders of the Utah Power and Light Company, the sole suppliers of
electrical power in the Tremonton area. It was found that the contractor
coantacts the power company at the time the house is completed and orders
a meter installed. According to the Utah Power and Light Company, the
meter would be installed one to five days after the request is reccived,
During the construction period, power is supplied to the contractor by
means of a temporary meter installed near the construction site. Data
on temporary installations was not included in the study.

From the electrical company work order, it was readily apparent
what type of structure was involved in the instaliation. Therefore,

in going through the work orders from 1958 to 1565, all installatic



could be omitted except those involving new homes. In order to insure

period was carefully examined and recorded immediately.

Independent variable. In researching possible independent vari-

ables, the objective was to find any data which, in either iaw or
statistically adjusted form, showed any determinable leadin; relation-
ship to the dependent variable. Data was obtained from Thiokol Chemical
Corporation on cumulative employment levels at the local plant, from
Mountain Fuel Supply Company on gas meters installed per quarter, from
Security Title Company on trust deeds and mortgages recorded per quarter,
and from Thiokol on contracts awarded. The data obtained was graphed

on time continuums with the dependent variable to determine if any
leading relationships could be observed.

In cases where the raw data exhibited erratic or widely fluctuating
characteristics, the application of standard statistical methods was
used to derive a trend line of the raw data curve. Statistical methods
used and implications of their application will be explained later in
the text. In all cases the data was obtained either directly by the
researcher from original sources or from employees within the cooper-
ating firm who researched and supplied the information under explicit
instructions from the author.

The criterion used in selecting possible independent variables
was that they must have some rational relationship to the dependent
variable. The rationale for selecting each of the incpendent variables

mentioned is given below:



1) The cumulative employment level at Thiokol was chosen because
it was the influx of employees which initiated the impetus to housing
construction., It was felt that the cumulative level of employment
may actually turan down ahead of the downturn in housing starts. This
same data was used to derive a rate of employment increase on the premise
that the reversal in the rate of employment may have led the housing
downturn.

2) The data on the gas meters installed was obtained in ord;r to
see if this data, which purported to show houses being occupied per
quarter, would show any tendency to lead the dependent variable.

3) The data on trust deeds and mortgages was cbtained because
this information must be recorded before construction can begin; there-
fore, it would seem intuitively logical that this variable should lead
the downturn in housing starts.

4) The contract data from Thiokol might show a relationship to
housing starts because it was the failure to obtain new contracts

which caused Thiokol to initiate employment cutbacks.

Analysis

Dependent variable., As can be seen from examining Figure 1, the

raw data for houses completed per quarter exhibited a widely fluctuating
but not a seasonally consistent pattern. In an effort to adjust the
data to a smooth trend line of approximate housing starts, a reversed
moving average computation was applied to the data. (Appendix A,)

The revised data now is the approximate indicator of housing starts

per guarter (Figure 1). The effect of the reversed moviag average



Houses per quarter

Houses started per Houses completed per
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Figure 1. Deriving the dependent variable of estimated housing starts per quarter.



calculation is to move the same curve i:at would be found by s
moving average methods to the left three quarters. In essence, this is
saying that the average houses completed in any given quarter during
the period covered by the study were started an average of three quar-
ters earlier. This elapsed period is likely to be closer to the max-
imum time required to complete a house thaw -o the mean time lapse;
however, owing to the nature of this study, it is probably preferable
tc having a parameter which approaches the minimum lapsed tis

It might also be argued that shifting the curve to reflect a max-
inum lapsed time may actually reflect levels of future expected housing
starts, Within the framework of the current study, expectations for
future housing starts are as significant as actual starts. Therefore,
the three quarters lapsed time reflected in the dependent variable curve
may actually represent some compromise between actual housing starts and
expected housing starts. However, the lack of any objective method
for measuring expectations leaves one ai the point of postulating on
this possibility.

Independent variable. Several of the curves for independent

variables required application of statistical moving average methods
to derive trend lines. However, in these cases the data was plotted
in accordance with generally accepted statistical procedures which
specify plotting the moving average point in the mid-point of the
interval covered by the average. (See Appendix B for wmoving average
calculation.)

Data synthesis. After the independent variable had been plotted

against the dependent variable on a time continuum, those dependent-



independent pairs showing usable relationships were plotted against one

another on semi-logarithmic paper. (Semi-1

used because it comnsistently plotted the most linear rela

In all cases plotted, there was found to be two sep
relatiouships. Cae represents the upswing part of the dependent-

independent relationship, and the other represcats the downswing

relationship. To these two groupings of plots were fitted freehand
regression lines for which coefficients of determination and standard
errors of estimate were calculated. (See Appendix B.)

The coefficient of determination shows the proportion of variations
in the dependent variable which can be explaired by the independent
variable, The standard error of estimate shows the range within which
there is a 68,3 per cent probability of observing the actual value of
the dependent variable for any given corresponding independent variable
value,

liowever, the significant poiant to be kept in mind is that even
though the results of the regression analysis are very favorable, if
the independeat variable shows no leading relatioanship to the depen-
dent variable on the continuum, the objective of deriviag & leading
indicator has not been achieved. This does not relieve the necessity
of calculating regression lines, coefficients of determination, and the
standard errors of estimate, because in the event no leading relationship
is fouand, the nature of the existing relatioaships must be explained.

Application. In compliance with the second major objective of

this study, any leading indicator derived will be uscd as a historical

planning device on the financial statements of Destway I



an effort to determine the usefulness of the indicator.

Financial statements were chosen from the Bestway Lumber Company
because Destway was directly involved in supplying material for res-
idential construction during the entire eycle and also because they
were forced out of business by excessive losses following the downswing
in new home coustruction.

Alternative. In the event no leading indicater is found, the
conclusion and summary section will consider possible reasons for not
finding a leading relationship. In addition, the discussion section
will be altered to evaluate the nature and implications of the actual

relationships that were found.



RESULTS

Dopendent variable

Deriving the variable. The first step in the analysis of the data

accumulated was to derive an appropriate trend line for the dependent
variable, which was the approximate number of houses completed per
quarter. 1In the synthesis of the dependent variable, the data obtained
from the Utah Power and Light Company on houses completed per quarter
was ranked according to corresponding quarters and the reversed ratio-
to-moving average calculation was used to derive the approximate line
for housing starts. (Appendix 4.)

Figure 1 shows the results obtained by graphing the original data,
shown by the broken line, and the trend line obtained by application
of the reversed ratio-to-moving average calculation to the dacta and
shown by the heavy black line. It is the heavy black line which was
used as the dependent variable in this study. What the graphed depen~
dent variable shows, then, is the approximate housing starts per quarter
plus an allowance for expectations of housing starts in the next four
quarters. Table 1 shows the calculation of the dependent variable.

Alternative methods. Several other methods of analysis were

applied to the data on house completions before the decision was made
to use the reversed ratio-to-moving average method on the data. Before
proceedin tner, it might be enlightening to explain the other meth-
ods tried and the reasons why they were abandoned.

The first method applied was the forward ratio-to-moving averape
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Table 1. Calculation of reversed ratio-to-moving average for house
completions in Tremonton, Utah.

Moving Second Cantered
four quarter four
Original Moving quarter moving quartexr
Year Quarter data total average total average
1958 1 12 20.50 20.50
2 26 &z 20.50 44,00 22.00
3 18 9% 23.50 47.75 23.62
26 95 23.75 47.30 23.75
1959 1 24 95 23.75 46.25 23,12
z 27 90 22.50 45.25 22:62
3 18 91 22.75 46.25 312
4 21 2% 25250 49.75 24,87
1960 1 25 105 26.25 55.75 27.87
2 30 118 29.50 57.00 28.50
3 29 110 27.50 52.50 26.25
4 34 100 25.00 56.50 28.25
1961 il 17 126 31.50 66.50 33.25
2 20 140 35.00 78.00 39,00
3 55 il 43,90 86.25 43.12
4 48 173 43.25 77.75 38.87
1962 1 49 L3S S 70.00 5.00
2 21 142 35.5 64.00 32.00
3 20 114 28.50 54.00 27.00
4 52 102 a0 49.75 2.87
1963 1 21 97 2825 40.50 20.25
2 9 65 16.25 29.00 14.50
3 15 51 12.75 25.75 12.87
4 20 52 13.00 23.75 11.87
1964 1 7 4 10,73 15.50 9,25
2 10 31 7.75 14.25 7.2
3 6 26 6.50 11.25 5.62
4 8 19 .75 8.00 4.00
1965 1 2 12 ii; 4.50 2.25
2 3 g = 2,00 1,00

Author's aote: Data was available to the end of 1965, thereby making
it possible to calculate the moving average to the
second quarter of 1965.

Source: Records of the Utah Power and Light Company, Tremonton, Utah.
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method, This method would be averaging the
reversed method except in a different sequence; therefore, the trend
line derived would be identical to the reversed line with the exception
of being shifted three quarters to the right. It can immediately b«
seen that this line would be unsatisfactory because it indicated
nothing about the estimated housing starts; therefore, it lacked one
of the essential criterion of the dependent variable,

A second method tried was the simple moving average mechod ex-
plained in Appendix B. While this method resulted in a trend line
that fit the original data very well, it also failed to give any
indication of estimated housing starts. The final zttempt was the
least squares trend line method which, while fitting the best trend
line, also failed to indicate anything about housing starts. It was
concluded, therefore, that the reversed ratio-to-moving average cal-

culation yielded the most straightforward and most depcndable trend

line.

Independent variable

Thiokol employment., It was felt that since it was the influx of

Thiokol employees into Tremonton which caused the housing boom, cum=
ulative employment levels might yield the leading indicator desired.
Through the cooperation of the personnel department of Thiokol Chemical
Corporation's Wasatch Division, the cumulative employment data for the

years 1958 to 1966 was obtained (Table 2).

Two separate types of analysis were appliecd to &

continuum wico thc dependent

the original data was plotted on the ti
5 P



variable, housing starts, to determine if any laadiag relationship could
be observed. In order for a leading relationship to occur, the line
for the independent variable must consistently lecad the upswings and

downswings in the dependent variable. The result of the fivst plot is

A

shown in Figure 2 where the independeat variable, cumulative employment
levels, is plotted as an alternating dot~dash line and the dependent

variable, housing starts, as a solid black line.

Table 2. Cumulative employment levels at Thiokol Wasatch Division;
1958 through 1965.

P
1>
R

Month

1958 1959 1960 1961 1962 1963 1964 1965

January 156 1276 3104 4079 5319 5929 5273 2753

April 243 1858 2923 4600 5876 5948 4377 2701
July 429 2407 3279 5824 6241 5971 3642
October 813 2876 3667 4999 5856 5672 2958

Source: Personnel department of Thiokol Chemical Corporation's Wasatch
Division.

TFrom observing the line for this first independent variable, it
can be seen that there is no leading relationship between the indepen=-
dent and dependent variables. In fact, the reverse is true; the depen-
dent variable actually leads the independent. As a supplementary cal-
culation, regression lines were run on the -“2ta and coeflicients of

determination and standard errors of estimate were derived. (dAppendix C.;
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The cocfficient of determinatioan for

per cent and 81.43 per ceant for. the downswing sector of the curve., While
the correlation is significant, the variable still lacks the criterion

O >
for being e leading indicator.

The second type of analysis applied to the data was to calculate

a rate of change in employment on the premise that a change in the
xate of employment may have led the dependent variable. To derive this
sacond independent variable, a marginsl line of change between (tarters
in the employment curve was figurad, and then a moving average of that
line was derived. (Appendix D.) The rationale behind this calculation
was to find an average rate trend line which would yield a more stable
indicator than the marginal line alone. (Table 3.)

This variable is plotted as a broken line in Figure 2. A casual
observation of the graph will show that this variable lacks the criter-
ion for being a consistent leading indicator of the dependent varizble.

No regression analysis was applied to this data.

Thiokol contracts, Table & shows the value of contracts awarded

to Thiokol's Wasatch Division plant for each year from 1958 to 1965.
TFrom discussion with contract control personnel at Thiokel, it was
learned that a simple moving average line fitted to the data per year
very closely approximated the actual contracts awarded, This is so
because in many of the years showing extremely high contracts, the

figure also includes what are called Supplemental Agreements, which

were awarded for previous years but not in the contract

tally until funds were received.



Table 3. Calculation of average rate of change in employmeat at
Thiokol's Wasacth Division.
Four quarter Four quarter
Origina moving total moving average
Year Quarter data Marginal of marginal of margiaal
1958 1 156 :
2 243 &7
3 429 1o 280.0
4 813 384 403,8
1959 1 1276 463 1120 494.5
2 1858 582 1615 515.8
3 2407 549 1978 457.0
4 2876 469 2003 266.2
1960 1 3104 228 182¢ 218.8
2 2923 (181 1065 197.8
3 3279 356 875 249,8
4 3667 388 791 419.2
1961 1 4079 412 975 386.2
] 4600 521 1677 333.0
3 4824 224 1545 310.0
4 4999 175 1332 319.0
1962 1 5319 320 1240 354.2
2 5876 557 1276 214,2
3 6241 365 1417 152.5
4 5856 (385) 857 18.0
1963 1 5929 73 610 ( 67.5)
2 5948 19 72 ( 21.0)
3 5971 23 ( 270) (164,0)
4 5672 (299) ¢ 84) (392.8)
1964 1 5273 (399) ( 656) (582.2)
2 4377 (296) (1571) (6786.5)
3 3642 (735) (2329) (555.0)
4 2958 (684) (27143 {344,,0)
1965 1 2753 (205) (2220)
2 2701 ( 52) (1376)

Source: COriginal data from the Personnel Department, Thiokol Chemical
Corporation, Wasatch Divisicn.



Year Values of coatracts rec

$ 17.5

110.0

1960 48.5
1861 242.0
1562 228.0
19463 30.0
1964 171.0
1965 %6.0

Author's note: Total coatracts for 1965
$45 million of governm
administration contracts.

Source: MINUTEMAN Contracts Divigion of Thiokol
Chemical Corporation's Wasatch Division,

Table 5 shows the calculation of the simple moving average of
contracts awarded to Thiokol using methods explained in Appendix B.
By plotting the simple moving average of contracts awarded onto a time
continuum with the dependent variable, it caa be seen whetler any
leading relationship exists (Figure 3). While the two variables have
a high degree of continuity, it will be observed that the independent
variable fails to lead the dependent variable.

However, because of the continuity that appeared between the
curves, the author was interested in ascertaining the actual strength

of the relationship. By applying the regression analysis explained

in Appendix C, it was found that the upswing relationszhip had a coef-
ficieat of determinmation of 90.12 per cent and 5 seetor of

G8.70 per cent., Here again, while the relationship is siganificant,
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Moving average of contracts awarded to Thiokol plotted against the dependent variable housing starts.
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Table 5. Caleulation of simple moviang average of total yearly contract

ded ko Thiokol (in millions).

©

Original Moving Two year
Year Quarter data total moving avervage
1958 1
2 8.25
)
4 17.50 17.50
1959 1
2 63.75
3
4 110.00 127.50
1950 1
2 79.25
3
4 48.50 158.50
1961 1
2 145.25
3
4 242,00 290.50
1962 s
2 235.00
3
4 228.00 470.00
1963 1
2 129.00
3
4 30.00 258.00
1964 &
2 105.00
3
4 171.00 210.00
1965 1
2 81.00
3
4 91.00 162.00

Source: MIWUTED
Wasatch Division.

AN Coatracts Division of Thickol Chemical Corporations's
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it fails to compensate for the lack of a leading tendency.

Trust deeds and mortgagzes in Box Elder Countv. Table 6 shows the

quarter by quarter totals of trust deeds and mortgages issuved in Box
Elder County from 1958 to the sacond quarter of 1965.

Table 6. Quarter by quarter total of mortgages and
trust deeds recorded for Box Elder County,

Quarter total
of trust deed
Year Quarter and mortgage

1957
1958 not available
1959
1960

-

N RPN R IO RO 500 Lo S ) U s S W

RO I R I A A e

1962

WR F P WR P W N

~

1963

1964

1965

N WU

Author's note: Figure imputed for data missing in
ok ‘(‘63
st, 19063,

PEStiuntt

Source: Security Title C¢



turn in the dependent variable. However, one fallac

becomes dpparent; Dox Elder County encompasges not ou remontos buat

the mueh larger population center of

ham City. Therefore, records

on mortgages and trust deeds applicable to Box Elder ‘Gounty included
aot oaly Tremonton but Brigham City.

To attempt, thea, to assert a relationship between total mort-
gases and trust deeds for Box Elder County to Tremonton only, may be
conjecturing an unwarranted relationship. An attempt was made to
obtain mortgage data for Tremonton only, but such information was not
available.

In spite of these limitations, the quarter by quarter totals of
mortgages and trust deeds recorded were plotted against the dependent
variable (see broken line in Figure 4). Note that from 1260, when data
was first available, no leading relationship is shown.

Gas Mcters. Gas meter "hookups" were chosen for consideration as
an independent variable because it was felt that since the meter is
not "hooked up'" until the house is used, presumably when moved into,
it may indicate something about the rate at which newly built houses
were being cccupied. A leading indicator would exist if the rate of
occupation declined before the downtura in housing starts. Table 7
gives the data on "hookups" per quarter. The data from Table 7 is

plotted as a dotted line in Figure 4.
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Table 7. Quarter by

"hookups"

Quarter 1961 1962 1964 1565
1 209 39 23 -
2 208 27 14 36
3 107 22 23
4 835 105 25

Source: Mountain TFuel Supply Company.
Natural gas was not available ian Tremonton until the fourth quar-
ter of 1961, which accounts for the absence of any data prior to that
time., In addition, it was learned that the contractors often had the
meter "hooked up" before the house wasz oecupied, so the house would
be warm enough for winter work. These two factors account for Lhe

apparent lack of correlation between the two variables.

Comment of scope

No attempt was made to exhaust all the possible variables which
may have exhibited a leading relationship to the dependent variable;
time would not permit such an undertaking. However, the objective
was to first list as many variables as possible which may have had

any rational relationship to the dependent variable and to research

each one.
Many of the passibilities were eliminated because no data was
available; this was especially true where dztz was needed from city

records. Of the remaining possibilities, some yielded daia wilch had



ao coherent relationship to the dependent variable, and, therefvre they
were not applicable to this study, In two of the most important puss-

ibilities, namely lumber and fixture sales, it was found that suppliexs
were unwillicg to release that data needed to synthesize an independent
variable, Therefore, the five explained in this section were those left

after the above elimination process.



DISCUSSION

Findings

The objective of this study, the Introduction, was
to resecarch the possibility of deriving a predicting indicator of

onton, Utah, and to study the possible uses of

such an indicator. Ia addition, one of the
indicator would be that it was readily aveilable to local businesc-
men.

In the preceding sections, the steps taken in attempting to derive
the desired indicator have been explained and the results of the find-
ings presented. The purpose of the present section is.:o conjecture
on the possible reasons for not finding a leading indicator and to

examine limitations of the study.

Implications

TLcré appear to be three possible explanations for not finding a
leading indicator of housing starts. First, there is the possibility
that the reversed ratio-to-moving average method used in deriving the
dependent variable is unrealistic and has shifted the dependent vari=-
able curve so far to the left that variables which actually lead the

dowaturn in housing starts did not show up on the graphs. However,

this seens unlikely for the following reasons:

1) None of the independent variables derived exhi
sistent ;a.-evn of leading any change in : doabk varisble.

Therefore, it appears unlikely to expect a purposus | - ~nig5 variable



pating wminor fluctua-

"

to lead the no it was not an

jor dowaturn wh

tioxs.
2) While it is true that the reversed ratio-to-moviag average

quarters Lo Lac [plt

for estimated housing starts was shifted thr

of Ll ratio-to-moving average curve

likely that this involved any sigaificaat error. Note that cvoa though

house may be completed in less than three
actual plans and arrangements to build must be made ia advance of the
start, By making this extra allowance, the curve is allowing for what
was earlier called the averzge estimated starts plus exzpectationsg.
Hence, the curve for the dependent variable is allowing an average of
nine months to obtain the plans, arrange the financing, and complet
the house., When coasidered in this light, three quarters lead time
does not appear uareasonable.

A second possible reason for not finding a leadiang iadicator may

have been that the building contractors were sufficiently adept at

anticipeting the economic fluctuations in the fortuascs of Thiokol, so

that they could halt construction ahead of an actual reverse aad
consequently before any leading indicators reversed. While there could
be an element of truth in this contention, it is unlikely that builders'
anticipations caused the halt in housing starts, bul rather it resulted
from an everexpansion in the early stages of the period which pushed

the number of houses to an early saturation point. Thc number of houses

er been occupied, would tend to support this

empty, wiich

see-

argument (Table 8). This point will be expanded

tion on tl: accelerator.



Table 8.

Subdivision douses Geeupied
Melody Park 61 L0
Sandalwood Acres 9% 52
Country Estates 14 8
Bessinger Subdivision 100 95
From Garland tov Tremonton 67 59

Total 336 224

Source: Data obtained by actual count on December 22,
1966.

Table 8 shows the number of houscs completed and the aumber occu-
pied ia each of the subdivisions ia and around Tremonton. As was men=
tioned above, many of the empty houses had never beean cccupied.

The third possibility offers the most rational explanaticn of the

phenomenon that occurred in Tremonton and yields & satisfactory answer

n of why no leading indicators were found. This explan-

to the quest
ation is centered around the economic principle of the accelerator.

The accelerator principle explaing the effect of a change in spand=
ing, population, or consumption on investment. For example, in some
industries it has been found that a two million dollar increase in
sales may induce a six or seven millican dollar increase in invest-

ment immediately followinj the consumption increases.



to arrive at a rationmale similar to the

an autonomous 18 million dollar increase in spending for conttiuction

of the Thiokel Chemical Corporation plant. Simultaneousiy,
an influx of Thiokol employees and construction workers into the area.

These two factors in combination with the expectaticns of quick

profits from real estate developments caused the accelerator to zo

into effect, Housing starts likely exceeded existing de
indeed, even eveantual need. When coatractors and funding institu-
tions realized homes were not being sold, housing starts were nalted
even though employment was still growing at Thiokel. In conversations
with contractors in Tremonton, it was found that most expected the
area surrounding Tremonton to absorb more of the employee enflux
than it actually did. Most contractors expressed surprise that the
employees were willing to drive 30 or 40 miles in order to live in
a larger population area.

Herein, then, lies the most rational explanation of the absence
of a leading indicator. Action of the accelerator plus over optimistic
expectations caused the level of housing starts to rise, thca fall
wore rapidly than would normally be the case, Therefore, the time
period covered by the cycle did not allow sufficient time for those
economic variables which would generally lead the dependent variable

to reflect a leading relationship,

Limitations of tha stu

As mentioned previously, therc awe scversl

7]
v
£

tions iw e
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Sl

it Imoossible to conclude that ao facter ¢

which

variable. Among the limitationa,

aave | s

appear to be
1) Thexe apparently was a high degree of autocorrelation between
those factors researci:d as possible independent variables. v bn

other werds, there was an overriding interrelationship bztwcen the

variables, with the exception of housing starts, caused them to

be closel “icd to the econcmic fortunes of T

In addition, it might be conjectured that beccause of the action of
the accelerator principle, the resideatial construction factor acted
independently of any other overriding economic factor after it received
the original stimulus from Thiokol coastruction in 1958 and 1959, If
this was the case, then those variables researched; Thiokol employment,
Thiokol contracts, and so oa; would be so highly intercorrelated that
if one did not lead the dependent variable, the others likely would
not exhibit any leading tendencies.

2) The second factor has to do with the actual dat. collection.
Probably the most significant limiting factor here . 5 the lack of
appropriate data. Many of the most promising possibilities lLad to be
abandoned because the data was either not available or those who had
the data did not wish to release it.

In addition, there were several cases where the extensive research

requirec to derive the data could not be uadertaken because of time

limitations involyed. A whole new avenue

possible in analvsis of the data and syat
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2) The third major limitation has to do wirh

ording of ata. It is possible chiat there
between the occurrence of the actual economic phenomenon and the time
it was recorded, For example, in the case of the data on mortgages

and trust deeds, construction may have commenced before the parties

concerned had the mortgage or trust deed recorded, thereby buil

an automatic lag in this data.
4) Finally, there is the matter of the type of statistical

analysis applied to the data. As mentioned in ths text, the applica-

tion of these methods often involved some rather tenuous assumptions;

in the event the assumptions are invalid, the variable may also be
invalid. For example, note the calculatica of the curve for the
dependent variable, estimated housing starts, An attempt was made to be
as economically rational as possible in making statistical assumptions;

however, in the absence of any empirical method of validating the data,

it can oanly be assumed that the assumptions were valid.



CONCLUSIONS

rding indicator

On the basis of the research done for this study, it is concluded

that no leading indicator of housing starts was available which fit

the criterion explained in the Introduction. However,

two supplemental findings, which, while
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his study, were sigaificant enoug

ive of t

explanation. These are:

1) The results which tend to support the econcamic proposition
of the accelerator priaciple are highly significant and will be exam-
ined further in Appendix E,

2) A very notable leading relationship was found to exist between

the race of employment at Thiokol and the moving average of contracts

awarded to Thiokol. This relatioaship will be & d in Appendix F.

A final comment should be made regarding the closing of Bestway
Lumber Company's yard in Tremoaton, Utah., The apparent consideration
is who should accept the responsibility for the losses sustained and
the eventual closing of the yard, This writer is of tﬁe opinion that
no one persen or level of management should be held solely responsible
for the failure. Consider the following circumstances

1) The Tremontoa ement
b

initiated an expansion




sincea

sales and gross profit. It appears, therefore, that either a mi

in judgement was made or that plans had proceeded to the point whzre
it would have been impossible to change courses.

2) The local manager had anticipated a significant deeline in

sales late in 1961, yelt no attempt was made to cut cit
or expenses. As a result, inventory turnover dropged from thuee times

per year to one and one Lalf times per year and ex

700 dollars.

3) 1In 1960 the ratio of discounts taken to gross sales was
5.34 per ceat; by 1962 this had steadily declined to 3.53 per ceat.
This would indicate to the astute manager that customers woie exper-
iencing difficulties in meeting payments. In addition, bad debts
increased 400 per cent.

4) Interest paid by the yard on accounts receiveable and mex-
chandise consistently accounted for eleven to twelvc per cent of
total cxpenses. This would indicate a lax policy ian meeting payments
on accounts payable. (Rudisile, 1966.)

5) Finally, there apparently was some conflict between the local
and area managers, which may have resulted in some additional problems,

While this list does not exhaust the problems that existed, it
does give some of the symptoms of more basic problem areas through all

ple, there appeared to be a lack of

levels of management. TFor e

communication between the management levels, thereby eliminating

tion and advice flows to the local

of Ui wmportant sources of infor



Boise Cascade had initiated a streamlining program in the Utah
area and possible the extremcly depressed conditions in the Tremonton
area made this yard a logical candidate for closure. However, this
author would conclude that had there been an open flow of information
and advice both to and from the local manager, in addition, had the
local manager planned inventories and expenses more carefully, the
Tremonton Yard could have been operated at a profit even after the

downturn in housing starts. (Lierz, 1966.)
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Appendix A

In calculating the statistically adjusted curve for the houses
completed per quarter, the ratio-to-moving average method of calcu-
lation was chosen to smooth the variations in the original data. This
method was used because of the teadency of the calculation to remove
the influences of seasonal and irregular variations in the data,
leaving only the trend and cyclical components of the curve.

In addition, the averaging process in the calculation was reversed
in an attempt to convert the data to an approximate houses started per
quarter curve. The considerations and implications of this adjustment
were explained in the text and would be redundant if repeated here.

The procedure involved in the reversed moving average calculation
can easily be explained by presenting a portion of Table 1 from the

body of the text.

Table 1. Calculation of reversed ratio-to-moving average for house
completions in Tremonton, Utah.

(1) (2) (3) (&) (5)
Moving Second Centered
four quarter four
Original Moving quarter moving quarter
Year Quarter data total average total average
1963 1 o1 40.50 20.25
9 9 65 16.25 29.00 14.50
3 15 51 12.75 25.75 12.87
4 20 52 13.00 23.75 11.87
1964 1 7 X 10.75 18.50 9.25
2 10 31 7.75 14.25 7.12
3 6 26 6.50 11.25 5.62
. 8 19 4.75
1965 1 2
2 3
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Column 1 is merely the original data obtained from Utah Power and
Light Company on approximate houses completed per quarter.

To derive Column 2, a cumulative addition procedure is started
from the bottom of Column 1 with the first four original data fipgures
added and the total being entered on the line between the third and
fourth quarters of 1964. The next four figures are then totaled,
starting with the data for the first quarter of 1965; the total for
these figures is entered on the line between the second and third
quarters of 1964. This procedure is continued up through the first
quarter of 1957.

To derive the figures shown in Column 3, the figures in Column
2 were divided by four, representing the number of quarters in the
total. This calculation results in a non-centered four quarter moving
average.

Columns 4 and 5 show the procedures involved in shifting the non-
centered moving average curve to a centered moving average basis. To
achieve this calculation, the same totaling procedure is followed as
was used in Column 2, except now only two of the figures are added and
the total is placed on the line with the corresponding quarter. These
totals are then divided by two and placed on the same line in Column 5,
resulting in the approximate curve for housing starts to be used as the
dependent variable.

This procedure can be found in most elementary statistics texts,
Possibly one of the most straightforward is Yamane's Statistics, An

Introductory Analysis (1964).

The reader may have noted that in Table 1 the centered four
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quarter moving average is extended to the second quarter of 1965 rather
than terminating in the third quarter of 1964 as in the example in the
Appendix.

This additional calculation was used merely to extend the curve
to the relevant cutoff quarters for the time period covered by this
study. In order to extend the calculations, the first three moving
total figures in Column 2 were divided by one, two, and three respec-
tively, moving up from the bottom. The remaining columns were calcu=-
lated in the outlined manner culminating in the centered moving

average figure shown in Column 5,
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Appendix B

In statistically adjusting some of the data for independent var-
iables, a simpler method of calculating the moving average was uged,
because ©f the absence of any rationale for using the method explained
in Appendix A.

The method used is often referred to as the simple method of moving
averages. This procedure can best be explained by presenting a simple
example. Suppose one wants to find the moving average of the following

hypothetical data:

Table 9. Calculation of simple moving average.

Three year Three year

Year Sales in millions moving total moving average
1956 3

1957 4 15 5

1958 8 18 6

1959 6 21 7

1960 7 24 8

1961 11 27 9

1962 9 30 10

1963 10

Note that the chief difference between this method and the ratio-
to-moving average method is that the moving total is centered in the
midpoint of the interval and the average is taken by dividing this total
by the number of items in the interval. It should be explained that

this method is chiefly applicable where the original data exhibits
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no ascertainable seasonal variations. This condition was found to exist

in most of the data used for independent variables.
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Appendix C

Probably the best way to explain the procedure of regression anal-
ysis is Lo present the steps involved in the entire process and then
refer only to the essential steps in the body of the text. As an
appropriate example, the first regression analysis in the text will
be followed through in considerable detail to show the procedures
involved.

The first step in the process is to plot the data on graph paper
with the dependent variable on the vertical axis. In the study, the
data was plotted on semi-logarithmic graph paper with the logarithmic
scale on the vertical axis. Semi-log paper was chosen because it
consistently presented the data as an approximate linear relationship
which simplified the regression analysis. The results of the proced-
ure may be seen in the graph on the following page (Figure 5).

The second step in the analysis is to fit a regression line to the
data. The objective in this step is to plot the line so that the
deviations of the dots from the line would sum to zero, if opposite
values (+ or -) were assigned to the deviations, depending on whether
they were above or below the line.

It can be seen from the graph that one line will not appropriately
fit all the data; therefore, we must fit two regression lines on the
assumption that there is one relationship in the upswing part of the
cycle and a different relationship on the downswing. The two lines
have already been inserted on the following graph (Figure 5).

The third step in the process is to use the two point formula
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Figure 5. Regression lines for the dependent variabie, housing starts, again ke
cumulative employment levels at Tniokel. Plotted on sewi-log paper witn
X, housing starts, cn the vertical log scale ard Y, employment levels at

Thiokol, cr the horizontal scale.
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wmethod on the above regression lines to find the equation for each. To
solve the two point formula, Lwo points are selected at opposite ends of
the curve and the X and Y intercepts of each are noted. Tor example,

assume the following co-ordinates from the upper regression line:

Xy= 0
Yi= 20 log Y;=1.301
X,=6000
Yp= 37 log Y7=1.568

Because the Y axis is in logarithms, the Y values must be converted

to logs. These figures are now inserted into the following equation:

log Yp-log Y1

log Y.=log Y; + Xy (X-X1)

1.568 - 1.301 (x o)

log Rgud 50L& e

log Y.=1.301 + .0000445X

This last equation would plot all points along the upper (upswing
sector of the curve) regression line. The same procedure is followed
in calculating the regression equation for the downswing section of
the curve; the resulting equation is shown on the graph near the lower
line.

The fourth step in the regression process is to calculate the
coefficient of determination for each of the regression lines. To
facilitate this calculation, the data is divided into the upswing
sector of the relationship, which ends in the first quarter of 1962,
and the downswing sector, beginning in the second quarter of 1962 and
ending in the second quarter of 1965.

In order to expedite the calculation, the completed table of the
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upswing section of the curve is presented with explanations of the num-

bered columns.

Table 10. Procedures for accumulating data to calcualte the coefficient
of determination and the standard error of estimate,

(1) (2) 3) ) (5) (5% 7)
Year Quarter Y X Y5 d d y2
1958 i 20.50 243 20.50 0.00 420.25

2 22.00 429 20.90 1.10 1,21 484,00

3 23.62 813 21.73 1.89 3.57 557.90

4 23.75 1276 22.79 .96 «92 564 .06

1959 1 23.12 1858 24.19 -1.07 1.14 534.53
2 22.62 2407 25.59 -2.97 7.93 511.66

3 23.12 2876 25,85 =3.73 13.'91 534..53

4 24.87 3104 27.49 =-2.62 6.86 618,52

1960 i 27.87 2923 26.98 .89 v 19 776.74
2 28.50 3279 27.98 52 w27 812.25

3 26.25 3667 28.94 -2.69 7.24 689.06

4 28.25 4079 30,37 =212 4,49 798.06

1961 1 33.25 4600 32.04 1421 1.46 1105.56
2 39.00 4824 32.78 6.22 38.69 1521.00

3 43,12 4999 33.37 9,75 95.06 1859.33

4 38.87 5319 34,48 4,39 19.27 1510.87

1962 1 35.00 5876 36.57 =1.57 2.46 1225.00
Total 483.71 205.07 14,523.32

(2Y)2=(483.71)2=233,975.36

Source: X values, employment levels at Thiokol; Y values, taken from
dependent variable curve.

Column 1: This section shows the years and quarters applicable
to the calculation of the coefficient of determination for the upswing

sector of the curve.
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Column 2: These are the dependent variable figures showing the
moving average of approximate housing starts per quarter., This column
is summed and the total is squared to derive a (iY)z.

Column 3: This column lists the independent variables that cor-
respond to the quarters in the upswing section of the curve,

Column 4: This column is derived by solving the regression equa-
tion calculated for this line using each of the corresponding indepen-
dent X variables. The Yc value calculated is placed on the line corres-
ponding to the X value used in the equation.

Column 5: To arrive at the d values in Column 5, the Yo values
in Column 4 are subtracted from the original Y values in Column 2.

Column 6: Column 6 is the individual values in Column 5 squared
and summed.

Column 7: These are the individual values in Column 2 squared
and summed .,

With the data from this chart, the coefficient of determination
for the first regression line can be calculated. For this calculation
the following formula is used where N equals the number of items in
the interval:

r2=]_- ._.__Sgi)_
¥2)-6n?
B

1- 205.07
14,523.32-233,3;5.36

rl=

r2= 73.02%
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The coefficient of determination shows the per cent of variations
in the dependent variable which can be accounted for by variations in
the independent variable, in this case 73.02 per cent.

The final step in the procedure is to calculate the standard error

of estimate using the information from Figure 5 and the following form-

ula
2
8. = ¥
N
S,= 205.07
> Ty
Sy“ 3.47

The standard error of estimate indicates that 68.3 per cent of
the observations will fall within 3.47 houses above or 3.47 houses below

the regression line.
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Appendix D

The average rate of change in employment levels at Thiokol Chemical
Corporation's Minuteman Plant was figured by application of the follow-
ing procedures:

1) First, the marginal line of total employment was calculated
by using the formula:

Marginal = __ Y
X

In this particular case, the marginal line would equal the change
in total employment over the change in the time, and since the change
in time is always one quarter, the marginal line would equal the change
in the total.

2) Second, by application of the method explained in Appendix B,
a moving average of these marginal points was calculated in order to
smooth out the fluctuations in the marginal curve. The results of this
calculation are shown in the four quarter moving average column of
Table 3. This column, then, equals the average rate of change in

employment levels at Thiokol.



Appendix E

The accelerator principle explains the relationship between some
stimulus, such as investment, income, or employment, and the resulting
change in capital formation, TFor example, it is typical in the American
cconomy for enterprises to hold capital in some multiple of a given
period's sales; therefore, an increase in the rate of growth of sales
will result in a multiple increase in the formation of capital., 1In
addition, it should be apparent that if the rate of increase in sales
leveled off, the rate of capital formation would return to the level
of normal replacement.

This same rationale can be applied to increases in population and
houses, For example, assume there is a small town, such as Tremonton,
Utah, with a population of 4000, five people living in each house, and
each home lasting 20 years. With this information the following table
can be constructed (Table 11).

This table shows clearly the steps in the accelerator process.
They are:

1) A rapidly increasing population level causing a rapid rise
in total new houses built.

2) A leveling off in the rate of increase in population, and
congequently a rapid decline in the total number of new homes bullt.

3) Population reaches a plateau and total houses built returns
to the level of replacement only.

By applying similar analysis to the situation in Tremonton, Utah,

from 1958 to 1965, a very interesting phenomenon appears. If the



Table 11.

Population effect of the accelerator.

Change in Required Increase in Replacement Total houses

Year Population population houses houses built demand built

0 4000 800 40 40
400 80

1 4400 880 40 120
1600 320

2 6000 1200 40 360
2000 500

3 8000 1600 40 540
100 20

4 8100 - 1620 40 60
0 0

5 8100 1620 40 40
0 0

6 8100 1620 40 40

16



curve for the average rate of change in employment levels at Thiokol

is divided into two sectors, and trend lines are fitted to each sector;
two divergent relationships appear. One relationship, representing the
time period prior to the third quarter of 1961, yields a constantly
rising line. The other time period, from the third quarter of 1961 to
the second quarter of 1965, yields a steeply declining line. The
average rate of employment is the dotted line, and the trend line is
the broken line (Figure 6).

The interesting facet of this relationship becomes apparent when
the dependent variable, or housing started per quarter, is plotted
on Figure 6, Note that as long as the average rate of change, rep-
resented by the upsloping trend line, was rising, the number of houses
started per quarter continued to rise. However, when the trend reversed
in the third quarter of 1961, the number of houses started per quarter
immediately started a steep decline.

Empirically, then, it appears as if the accelerator was the cause
of the unusual situation in Tremonton, and, with further research, it
may be found that the accelerator had a similar effect in Brigham City
as well,

Tor calculation of the average rate of change in employment, see

Appendix D.
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Figure 6. The accelerator effect of population on housing starts.
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Appendix F

While no leading indicator was found to predict housing starts,
a very interesting leading relationship was found to exist between
two of the independent variables derived. The relationship is graphed
in Figure 7.

It will be noted that the relationship is between the average
rate of change in employment levels, the leading variable, and the
actual value of contracts received at Thiokol. (Table 3.) A probable
explanation of this relationship could be that Thiokol employment
personnel anticipated changes in contracts received and adjusted employ-
ment rates accordingly.

Following this type of reasoning, then, a model builder may
proceed with regression analysis and from there to postulating a
predictive model. However, the fallacy of this procedure becomes
apparent if the data on contracts received is examined carefully.
(Table 3.) It will be noted that the data given is cumulative to the
end of each year; therefore, if the timing of the contract awards was
actually known, it could very well yield the two or three quarter
leading relationship invalid., TFor example, if the entire 110 million
dollars for 1959 was awarded in January, it would actually lead the
peak in the proposed leading indicator. Therefore, the leading indi~
cator may not actually lead at all.

The purpose of this section is to point out the pitfalls possible
in any economic analysis and indicate the importance of carefully

researching and analyzing the data.
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