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SUMMARY

The objectives of this study were to (1) predict long-term carpet
shipments quarterly, four years in.édvance, and {2) predict shortfterm
carpet shipments, that is, carpet shipments one quarter in advance.

The long-term prediction was limited to a systematic technique
comﬁrising trend projection, seasonal analysis, and cyclical analysis.
The shoft—term predicfion was restricted to a statistical technique of
miltiple regression analysis. The availeble data iimited the predictioh
time period to one qﬁarter or longer. A time series from 1952 to 1959
was analyzed to reduce the influence of the Korean War on carpet ship-
ments. |

A multiplicative model which contained trend, seasonal, cyclical,
and error elements was utilized for the long-term prediction. This model
projécts seasonal and cyclical elementé of increased magnitude as thé
trend element increases.

In order to project the trend component, equations of polynomials
of degrees one through four were calculated by the method of least sqﬁares.
The 1ineaf equation was found to be statistically significant with the
parameter. o = 0.10 in the "F+t teSf. This significance level was assumed
to be the error which the carpet industry would accept.

The seascnal component was determined by adJusting the quarterly .
averages of the seasonal element times the cyclical element times the

error element. The cyclical element was determined from a five point



moving average of the cyclical element times the error element. The
error term was tested for randomness by the theory of runs and was found
to be random at the 0.05 significance level.

Thé total United States carpet shipments are composed primarily
of imported carpet, tufted cafpet, and woven carpet. Imported carpet
deliveries were predicted with the aid of a linear equation calculated
by the method of averages. Projections of tufted éarpet shipments were
made with a cubic equation selected by the method of differences.

| A miltiple régression model was constructed which contained in-
dependent variables with a felationship to the tbtal-United States carpet
shipments. The statistical significance of the variables was teétedrwith
the t test. Two variables were significant at the 0.10 level. The errér
terms in the predictions résulting from the miltiple regression equations
were tested for randomness by the theory of runs. The error term of the
full regression equation was found to be random, while the error term of
the reduced regression equatiqn was found not to be random at the 0.05
significance level.

The systematic technique provides a better prediction for both the
long-term and short-term projection of carpet shipments. The prediction
made with this technique has a smaller range and average error than the
prediction resulting from the miltiple regression model.

In view of the coefficient of multipl¢ correlation of 0.957, ob-
tained with the available basic data, additional study should be devoted

to multiple regregsion analysis of carpel shipments data of an individual

company.



The total United States carpet shipments in 1963 are projected to
be 211,620,000 square yards as compared to 161,620,000 square yards in
1959. Tufted carpet shipments are projected to increase from 96,040,000
square yards in 1959 to 156,510,000 squdre yards in 1963, vaen-cérpet
shipments are projected to decline from 58,508,000 square yards.in 1959

to 46,940,000 square yards in 1963.



CHAPTER I
INTRODUCTION AND STATEMENT OF THE PROBLEM

Introduction.-~A carpet is a durable consumer good. It is a style item,

the demand for which is influenced by the changes in consumer preferences
for patterns and colors. In recent years carpet haé ceased to be re-
garded as a luxﬁry'item.

The fWO common methods of manufacturing carpet are woven and
tufted. Woven carpet is mamufactured on & loom. Warp yarn is fed from
8 creel or a beam into the loom; a éhuttle, which passes hack ﬁnd forth
across the loom, inserts filliﬁg yarn perpendiculgrly to the warp yarn.

" The loom weaves a.cafpet by interlacing the warp and filling yarns.

Tufted carpet is manufactured on a wide sewing machine. JuteJ
fabric is fed into the machinelfrbm a rdll, and as the Jute passes
through the machine, needles, threaded with yarn, sew tufts which form
the carpet.

In 1951, cﬁrpet production7t0taled’64,766,000 square yards valued
at $449,188,000. 1In 1959, carpet production had increased to 154,535,000
square yards valued at $670,062,000 (1).

Carpet is manufactured by three major producers and a large number
of small plants. The 1959 sales, as a per cent of carpet industry total

sales, are listed in Table 1 for the three major carpet companies (2).



Table 1

1959 Sales - Per Cent of Industry Total

Manufacturer Per Cent
Mohasco Industries Incorporated 15.1
James Lees and Sons 12.5
Bigelow-Sanford Carpet Company 10.°7

The introduction of tufted carpet has changed the industry's re-
gquirements for production facilities. The number of carpet looms in
production has decreased from 5,000 in 1954 to 3,200 in 1958 (3). Table 2

illustrates the shift from woven to tufted carpet (k4, 5).

Table 2

Broadloom Carpet Shipments by Method of Manufacture

: Per Cent of Total Yardage
Method of Manufacture 1939 1952 1959

Woven ' ' 100.0 85.7 ho.s
Tufted 0.0 1%.3 59.

Total ' 100.0 100.0 100.0

The carpet industry reduires an adequate forecast of future producQ
tion requirements in order to (1) provide optimum long term production
facilities, (2) satisfactorily control inventories, and (3) stabilize

employment and production. These objectives are not easily attained in



the carpet industry due to such factors as the'leﬁgthy mamufacturing cycle
from fiber to finished carpet, short production runs for colors and pat-
terns, and the production of carpet for stock to satisfy customer demands
for quick delivery.y |

A case study of carpet forecasting, prepared by Sprague of ‘the
ﬁigelow—Sanford Carpet Company,‘is included in the American Management
Association's Special Report Number 27 (6). This forecast, based on
historical date, reveals a correlation tetween carpet shipments and dis-
posable income. Sprague estimated the carpet industry's average share of
disposable income ét 0.214 per cent.

Data prepared by the American Carpet Institute indicates that
carpet sales averaged 0.185 per cent of disposable income during the

period, 1951 to 1959 (7). See Table 3.

Statement of the Problem.--The objectives of the présent study are to:
(1) Predict long-term carpet shipments quarterly, four years in
advance.
(2) Predict short-term carpet shipments, that is, carpet shipments
. one guarter in advance.
It is proposed to achieve obJectives by the following method of
procedureﬁ
| (a) Isolation of the trend, Seasonai, cyclical, and random componénts
- from the total of gquarterly domestic carpet shipments and import carpet
deliveries for the period from 1952 through 1959.
(b)) Projection of total carpet shipments quarterly through‘1963.
{¢) Separation of import carpét deliveries and the domestic carpet

shipments from the totai carpet shipments.



Table 3

Estimated Value of Manufacturers' Carpet Shipments

Year Dispoéable Income - Dollar Shipments ~ Shipments

(Billions) {Millions) - - . (Per Cent of Income)
1951 $227.5 _ $hhg.2 0.19
1952 238.7 421.8 0.18
1953 , © 252.5 _ Lu6.1 0.18
1954 256.9 _ L34.0 0.17
1955 2744 . 520.9 0.19
1956 £92.9 . ' 569.3 0.19
1957 307.9 567.6 0.18
1958 - 316.5 559.4 0.18
1959 33Lk.6 670.1 0.20

Aversage 227.9 | 515.4 ' 0.185




(d) Separation of domestic carpet shipments by method of manufacture,
namely, woven and tufted.

(e) Specification of the variables which explain carpet shipments.

{f) Construction of a multiple regression model of the type

Yi = BO +Blei +B2X21 S PR +BPXPi + Ei .

(g) Solution of this eguation for estimates of BO’ Bl’ B
(h) Determination of the falidity of the prediction models by a
comparison of the range of error, average error, randomness of the error,

and coefficient of multiple correlation.



CHAPTER II
SURVEY OF PREDICTING TECHNIQUES

TFor the purpose of this study, predicting techniques are classified
into.five groups, namely:

(1) Systematic Techniques.

(2) Index Techniques.

(3) Ratio Techniques.

(4) Survey Technigues.

(5) Statistical Techniques.

Svstematic Techniques.--This classification of techniques includes the

fitting and extrapolation of mathematical trends and the analysis of
cyclical and seasonal variations about the trend line.
The analysis of time series usually results in two conventional

models with four components, the additive model and the multiplicative

model (8).

Additive Model: Y, =T, +S, +C, +R,

i i i i i
Multiplicative Model: Y. =T, xS, xC, xR,

i i iT i i
Yi = the data at the ith time period
Ti = the trend component at the ith time period
Si = the seasonal component at the ith time peridd
Ci = the cyclical component at the ith time period
R =

the random error component at the ith time period



The multiplicative model is utilized when the seasonal component

increases in magnitude as the trend component increases.
The method of auto-correlation is similar to the methods of trend
projection and cyclical analysis. Auto-correlation is the projection of

a series by means of a correlation of the series with itself at different

points in time.

Index Techniques.--Forecasters have sought indexes which would change

consistently with the index they wish to forecast. In 1938, Roos examined

238 indexes to determine their léad characteristics (9). Those that had
lead characteristics in 1938 had the same lead characteristics in 195h.
G. H. Moore, in 1950, studied 801 monthly and quarterly time series for
the United States (10, 11): |

Moore found that the following eight series, regularly available
in current publications, had lead characteristics In relation to general
businegs activity.

(1) residential building contracts

(2) commercial and industrial building contracts

(3) new orders for-durable‘goods

(4) prices of industrial common stocks

(5) wholesale prices of basic commodities

(6) average work week in manufacturing

(7) number of new incorporations

(8) business failures

Moore deviéed the diffusion index {12) to predict a reversal in

the general business trend. He first smoothed a group of individual series



using & moving average. He then counted the number of seriés that were
rising at a given time and calculated the percentage of rising series.

If less than fifty per cent were rising, these data indicated a business
contraction, and conversely, an eXpansion. However, this method indicated
contractions in mid-1946, early 19h47, late 1947, and early 1951 when no
generally recognized business recession foliowed. Therefore, the validity
of this method is questionable.

Wright has developed a statistical indicator method (13) of deter-
mining business cycle turns. His method is based on the assumptions that:
(a) cyclical ﬁeaks in individual series are spread over several months
.before and after turns in general business, and (b) the individual peaks
show a clustering tendency in the vicinity of general business peaks and
troughs.. By_use of the normal distribution, Wright atéempts to estimate
the turning points in general business by discovering clustering tendencies
in the peaks of individual time series included in a.sample. Wright con-
cluded that this technique would predict a business cycle turn three times

out of four.

Ratio Techniques.--Ratios are relative indexes. For example, the ratio

of raw.gaterial inventories‘td finished goods production is a guide to
raw material prices.

Roos {1l) found that relative indexes are guides to the satisfactory
explaﬁation of the deﬁand for capitai goods. He found that the ra£io éf
seagsonally corrected carloadings to cars in a serviceable condition gives
a reasonably satisfactory forecast of cars that will be ordered by rail-

roads from six to twelve months in the future.



Survey Techniques.-~Several agencies conduct surveys, for example, Fortune
Magazine, McGraw-Hill Book Company, and the United States Department of
Commerce. These surveys are based on a wide variety of experimental
designs. |

The Survey Research Center (15) conducted'original interviews and
reinterviews of 1,2&5 subjects in 1949 to determine their intentions for
purchasing automobiles. The data.shows that the intentions of consumers
to purchase automobiles are not valid.

The Survey of Consumer Finance (16) surveyed the intentions of
consumers to purchase refrigerators, furniture, television sets, and
radios. Consumer intentioﬁs on these items have less vaiidity than their
intentions to purchase automobiles. |

The staff of the Board of Governors 6f the Federal Reserve Board (17)
has been testing the hypotheses that (a) consumers can furnish useful clues
to their future economic behavior, and (b) that consumer buying plans
represent the single most powerful predictor of changes in specific ex-
penditures. The Federal Reserve System analyst organize and analyze the
daté contained in the Consumer Survey of Finance to predict demand for
durable goods. From 1948 to 1954, out of L6 predictions of changes in-
specifiec expenditures, 39 were correct. Limitationé of their work are
(a) the analysis of data requires judgmeht, (b) consumers change their
plans, (¢) the basic data was originally obtained from consumers, and
(d) there is a time lag to obtain data and publish the surfey. No conciu-
sion has been reached as to the validity of this method of prediction.

Ferber (18) found that the predictions of durable goods purchases

made from information obtained by surveys of consumer intentions were
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valid for no more than six months.
Schweiger states that,

"The evidence to date indicates that, in general, individuals
are nct sensitive to small changes in price or income, that their
response to economic happenings are frequently unsophisticated

. and emotional and are limited by lack of knowledge and un-
certainty. Forecasts that assume the rational ‘'economic man,'
aware of the full range of choice available to him, may easily
go astray. . . . . . Threats of a shortage will get a strong
reaction, but prospects of a small price change appear to have
little effect on durable goods purchases.”

Therefore, data obtained by surveys of consumer intentions to buy
should be used with considerable caution. A through knowledge of the

design of the survey is necessary to reasonably interpret the data.

Statistical Techniques.--These techniques involve the derivation of

equations, utilizing statistical regression and correlation analysis,
to predict future fequirements. Regression models should contain inde-
pendent variables which have an explainable relationship to the dependent
variable.

Using maltiple regression analysis, the Timken Roller Bearing

Compeny (19) developed the following model for predicting company sales.
Forecasj; = Bl(lZ) + 32(31)) + B3(2G) + B (8H) + B5(6F)
+ Bg(TD) + B,(1G)

The seven indicators are:
172 = failure liabilities

manufacturers' new orders

3D

Il

1 . . - .

Schweiger, Irvin, "The Contribution of Consumer Anticipations in
Forecasting Consumer Demands," Short Term Economic Forecasting, National
Bureau of Economic¢ Research, 1955.
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26 = machine tool index

8H = fabricated structural steel

6F = manufacturers' unfilled ordefs

7D = Federal Reserve Index of Production

1G = manufacturers sales

Bj = constant multipliers or parameters

Wagenhals of the Timken Roller Bearing'Company.states that,
"The results of this model have been from good to poor. The prob-
lem is to locate leading indicators which are consistent over the

years. It is also necessary to find variables which will explain
the forecasted sales at the 0.05 or 0.0l significance level. "l

A system of cross—sectioﬁ_analysis is used to determine the sensi-
tivity of an item to the.change in a deﬁendént varigble. Two périods in
time are selected and defailed data are obtained. Brandeen (20) il-
lustrates this method of gnalysis for automobile consumption using a
cross;section of 1940 and 1950. He coﬁcluded that the income'sensitivity
of automobile consum@tion was 0.9.

Statistical technigues have béen eriticized for the following
reasons (21): ‘ . |

(1) Most of the mathematical models are static and inflexibie to
short-run changes.

(2) Mathematical precision is often ﬁpplied to rough data.

(3) Mathematical assumptions necessary to derive regression

equations do not apply in praétice.

: lWagenhals, R. E., unpublished letter, Timken Roller Bearing
~ Company, Canton, Ohio, July 6, 1960. ' ‘
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(h) Statisticians do not consider the element of objective
Judgment. |

(5) Independent variables often cannot be predicted with any
“more accuracy than the dependent variable.

Multiple regression models have been questioned as a result of
the two mathematical assumptions necessary to derive the mathematical
;theory (23). They are:

(1) The dependent variable is, except for random deviations, a
linear function of the independent variables.

(2) The random deviations are normally aﬁd.independently distri-
buted with the same standard deviation, regardlesslof the value of the

independent variable.

Application of Techniques.--The American Management Association (23)

conducted a survey in 1956 to determine the techniques actually being
used in industrial forecasting practice. The results of this survey,
which included a cross-section of all industry in the United States, are

liated in Table k.

Table 1#

Survey of Industry Forecasting Techniques

Technique ' Number of Companies
: Using Technique

Survey 1,308

Systematic - 278
Index 213
Ratio ' 151
Miscellaneous 34

Total Companies Reporting 1,984
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CHAPTER ITT
DATA COLLECTION

The.datalpertaining to domestic carpet shipments and import
carpet deliferies are limited to total data for the entire United States.

Domestic woven carpet shipments in the ith time pefiod, denoted
By WCi, were obtained from the Aﬁerican Carpet Institute., This is the
only easily available data bf domestic woven carpet shipments on &
monthly basis.

Domestic tufted carpet shipments in the ith time period, denoted
by Tci, were obtained from the Tufted Textile Manufacturers Association.
This dats was prepéred,from the United States Department of Cqmmercer
Series M22L-129, "Tufted Textile Products." The domestic carpet ship-
ments are rugs, carpets, and roll goods four feet by six feet or larger.

Machine—made import carpet deliveries were obtained from the
American Carpet Institute. Import carpet deliveries in the ith time
period are denotéd by ICi. These data are based on the United States
Department of Commerce Report FT 110, "United States Imports of Merchan-
dise for Consumption in Commodity by Country of Origin Arrangement."

The total carpet shipments in the ith time period, denoted by

Yi’ are calculated by equation 1.

Y. = WC, + TC, + IC, (1)
1 1 1 1
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The total United States carpet shipments on a quarterly basis
were obtained by adding the monthly woven carpet shipments, and pro-
fating the semi-annual tiufted carpet shipments and the annual machine-
made import carpet dé}iveries. This proration was based on the quar—'
terly per cent of anmial woven carpet shipments. As a result, the
seasonal component of Yi is weighted toward the seasonal fluctuation

of woven carpet.

The data used to obtain the BO values in the multiple regression

equation of Chapter V, eguation 17, were obtained from Business Statis-

tics which is published by the United States Department of Commerce.

One item of data, the number of household in the United States, was ob-
tained from the "Current Population Reports,” Series P-20. These reports
ére published by the United States Department of Commerce. This annual
‘series of aata was interpolated quarterly on a straight line basis.

All data for the independent variables in the regression equation
of Chapter V, equation 17,wefe "unad justed" except for the disposable
pérsonal income, which is seasonally adjusted. The National Iﬁcome
Division of the Uﬁited States Department of Com@erce does not publish
this data on an "unadjusted" basis.l

A diagram of the flow of carpet from shipments to consumption is

shown in Figure 1.

- lGraham, Robert E., unpublished letter, Reference BE-54. U. S.
Department of Commerce, Washington 25, D. C., October 10, 1960.
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CHAPTER IV
A BYSTEMATIC ANALYSIS OF LONG TERM CARPET SHIPMENTS

The objective of this analysis is to predict carpet shipments
quarterly, foﬁr yéars in advance, by method of manufacture. This predic-
tion is limited to the systematic technique df trend projectibn, seasonal
analysis, and cyclical analysis. A time series from 1952 to 1959 is
analyzed in order to reduce the influence of the Korean War on carpet
shipments.

The quarterly carpet shipments as & per cent of the annual total
carpet shipments are a reasonably constant percentage as shown in Table
5. The second and third quarters are less variasble than the first and
fourth quarters.

This type of data, where the quantity of the quarterly variation
from the trend increases as the magnitude of the trend increases, are

projected with the following multiplicative model:
Y, =T, x8 xC, x Ei (2)4

Taking the logarithm of equation 2, we get

' = + + +
log Y; = log T, + log Si log C, + log €, (3)
where Y, = the data at the ith time period,
T, = the trend component at the ith time period,
si~= the seasonal component at the ith time period,



Table

p)

Carpet Shipments - Per Cent of Annual Total

Year

1952
1953
1954
1955
1956
1957
1958
1959

Average
Range From

Range To

. Range

Quarter

2 3 I
23.85 22.83 23.30 30.02
30.68 23.32 22.56 23. 44
26.75 23.92 23.79 25.54
25.51 24.51 22.34 27.6k
27.22 23.78 23.05 25.95
28.85 23.65 23.19 24,31
24, 25 22 .42 23.35 30.00
26.27 24,95 22,48 25.80
26.73 23.67 23.01 26.59
-2.88 -1.25 ~0.53 -3.25
+3.95 +1.28 +0.79 +3.23
6.83 2.53 1.32 6.58

Total

100
100.
100.
100.

1100

100
100

- 100

100.

.00

co
00
00

.00
.00
.00 -
00

00

LT
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9}
I

the cyclical component at the 1th time period,

and £, = the random error component at the ith time period.

The quarterly data utilized in this énalysis is iisted in Table 6.
The woven carpet shipments, tufted carpet shipments, and import carpet
deiiveries which make-up the total Unite@ Stétes carpet shipments are
tabulated in Appendix I. '

| In order to establish the trend component, Ti’ equations of

ﬁolynoﬁials of degrees one through four were calculated by the method
of least squares. The equations of polynomials and the statistical
data in Table T were caLCulatedKUSing the IEM 650 computer program’
PL 05.

If a1l effects other than treﬁd are assumed non-éxistent, then
¥, =% and ¥y =7.

The four equations are:

Linear T, = +1622.36 +7h.231 B (%)

Quadratic @i = +1708.51 +59.031 +0.14612 (5)

/ ' 2

Cubic’ B, = +1635.60 +83.671 -1.381" +0.0k13 (8
. a8 . 2 3 b

Quartic T, = +1936.67 -76.70i  +19.72i° -0.95i” +0.01li (7)

where @‘ = -estimate of the true T,.

i i
The statistical significance of these equations was tested using
the "F" test. The analysis shown in Table 7 indicates that the linear

equation is significant at the 0.001 level. The other three equations



Table 6
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Quarterly United States Carpet Shipments

Year

1952
1953
1954

1955

1956

1957
1958

1959

_ Quarter

FWLWwpHFWPDHFLORPpHREFLODODEHEFLRODHFLORDHEFWODE FWOH

Period

O O1 W W

Shipments, Yi

(10,000 Square Yards)

1,772
1,696
1,792




are not'significant at the 0.10 level. The 0.10 level was selected
because the basic data is not precise. In addition, this significance
level was believed to be acceptable to the carpet industry. The "F"

statistic for (= 0.10 with one and twenty'seven degrees of freedom

is . 2.90.
Table T

Analysis of Variance Table
Source ssx1012 ar Msx10'2 F
Linear 11503.32 1 1503.32 168.53 Significant
Quadratic . 3.93 1 3.93 0.4 Not Significant
Cubie 1.67 1 1.67 0.19 Not Significant
Quartie 17.22 1 17.22 1.93 Not Significant
Residual 240.95 27 8.92

1

Total ‘1767.09 3

The trend equation calculated by  the method of least sqﬁares is
@i = +1622.36 +7h.23i. This estimate determined by the method of averages

is:
@i = +1635.7h +73. 441 (8)

The method of averages is reasonably satiSfactory for ﬁa calicula-
tioné of 1inear-trends in industrial situations where computers are not
- available. Bryant (2&).obtained a similar small variation in trend
equations which ére calculated by'the_two methods.

The'linear trend equation_and the actual Yi values are shown in

Figure 2.
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Assuming the trend component, as gi%en by equation U4, is correct,
T. error equals zero, the log Y. - log T. = log (S. x C, x €.) in the
i ‘ i i S B | .
miltiplicative model. The seasonal component, Si* was calculated using
quarterly averages of log (Si X Ci X Ei). The quarterly seasonal

components, Table 8, are calculated in Appendix I.

Table 8

. Quarterly Seasonal Components

Logarithm of

‘Quarter Seasonal Component
1 +0.0301
2 -0.0340
3 -0.0229
I +0.0268

With the assumption that the , error is zero, the log Y. -log 6} ~1og 8,
= log (€, x €,) in the mltiplicative model. The cyclical component, Cy»
was calculated using a five point moving average to smooth the data,
log (Ci X €j); The results of the smoothing indicates a fifteen quarter
cycle which is shown in Figure 3.

From the relationship

1log ?i = log (1622.36 +7k.23i) +log é; + logrﬁi, | (9)

the total United States carpet shipments were predicted quarterly for the
period from 1952 through 1959.. A comparison of this prediction with the

actual Y, values is listed in Table 9. The average error of this systematic

SR
&\
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Table 9

~
Comparison of Yi from Equation 9 with Yi

Period Pred;ption : Actual Residual
i Y. Y, e.
1 1 1
1 1,894 1,772 122
2 1,717 1,696 21
3 1,822 1,792 30
L 2,113 2,310 -197
5 2,187 2,kh2 -255
6 1,913 1,856 57
T 1,986 : 1,960 26
8 2,225 2,037 188
-9 2,26k 2,201 63
10 2,017 1,968 LT ]
11 : 2,184 2,256 -72
12 . 2,612 2,kh22 190
13 2,773 2,852 -79
-~ 1h 2,519 2,ThO -221
15 2,687 2,615 72
16 3,112 3,235 -123
17 3,237 3,181 56
18 2,848 2,780 68
19 2,979 2,976 3
20 3,326 3,351 -25
21 3,410 3,558 -148
22 S 2,942 2,017 25
23 2,082 3,158 -176
2h 3,340 3,311 29
25 ) 3: )'I'39 3; 150 ' ’ 289
26 , 3,101 2,914 187
27 3,362 3,282 80
28 3,936 4,218 -282
29 L 140 L, 192 -52
30 3,684 3,908 -22h
3 3,875 3,753 122

32 B, k52 L, 308 10k
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projection is 4.0 per cent ranging from -255 to +289.
| The randomness of the residual error, ey, was tested by the theory

of runs (25). With twelve minus signs and twenty plus signs, the critical
mmber of runs is eleven at the 0.05 significance level (26). The
residual error, Table 9, has fifteen runs. Therefore, the residual error
is random at the tested significance level. The 0;05 level was selected
as the meximum error the carpet industry would accept.

The projected quarterly carpet shipments, ?}, fdr the period from
1960 through 1963 are listed in Table 13 and are shown in Figure 4. The
actual carpet shipments for the period from 1952 through 1959 are plotted
in Figure 4.

An equation t0 estimate annual import carpet deliveries was calcu-
lated by the methdd of averages. The data in Table 10 is related by the

linear equation 11.
FaN
Ic, = 197.46 +51.621 (11)

Table 10

Annual Import Carpet Deliveries

Year Import Carpet, IC;
(10,000 Square Yards)

1952 260
1953 332
1954 299
1955 : 415
1956 k70
1957 486
1958 Lég

1959 707
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Import carpet deliveries projected from 1960 through 1963 are

listed in Table 11. The annual projection was prorated gquarterly based

on the projected gquarterly per cent of annual carpet shipments.

The

domestic United States carpet shipments are obtained by subtracting

s
ICi From ?}.

Table 11

Import Carpet Deliveries Projection

27

Year

1960
1961
1962

1963

oA
Quarter Import Carpet, ICi

(10,000 Square Yards)

FLWhoHEFWNDHFWRR WD -

175
153
158
176
193
164
167
190
191
17h
185
215
213
187
196
2021

An equation for the tufted carpet per cent of domestic carpet

shipments in the ith time period, denoted by (TC Per Cent)i, was

calculated in order to separate the domestic carpet shipments by method

of manufacture.

The basic data is listed in Table 12.
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Table 12

Tufted Carpet Per Cent of Domestic Carpet Shipments

Year Period (TC Per Cent):,L
(1)
1952 1 1h.26
1953 2 20.45
1954 3 34.5k4
1955 L h2.93
1956 5 45.89
1957 6 55.33
1958 7 60.77
1959 8 62.14

By application of the method of differences, see Appendix I, a
third degree polynomial eguation was selected to fit to the data. Foﬁr

points of annual date, 1953, 1955, 1957, and 1959, were selected for

this equation. The Gauss elimination technique was used to solve the
four linear equations. These calculations are listed In Appendix T.

The resulting solution is given in equation 12. The actual and projected
tufted carpet per cent of domestic carpet shipments is plotted in

Figure 5.
(fE Per Cent)i = -16.60 +22.911 -2.3812 +o.o9hi3 (12)

Based on equation 12, the_(f& Per (l'ent):.L was projected for the
period from 1960 through 1963. The annual domestic tufted carpet shipments

in sguare yards are calculated by

ey N\ ~ A
C, = (TC Per Cent)i X (Yi - ICi). {13)
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The annual data is prorated quarterly based on the quarterly per cent

of annual United States carpet shipments.

Woven carpet shipments, WCi, are calculated by
N ~ A .
We, = ¥ -1c., -fc, (14)
1 1 1 1 :

The.projected United States carpet shipﬁeﬁts, import carpet
.deliveries, an§ domestic carpet shipments by method of manufacture are
‘liéted in Tabi; 13 and are plotted in Figure 6.

The system;tic projection for the period from 1960 through‘l963
assumes . that the same conditions which ;axisted from 1652 through 1959 will
exist in the préjected period. This projection indicgtes that carpet
shipments will décline in'1961 as the cyclical component reaches a trough.
An upturn is indicated in the fourth quarter of 1961. This upturn is
projectea to continue to a peak in 1963. Total Uﬁited States carpet
shipments in 1963 are projected to be 211,162,000 square yards as
compared to 161,620,000 square yards in 1959.

The mgjbf increase is expected in tufted campet._ Thié type carpet
is fredicted_to increase from 96,040,000 square yards in 1959 to 156,510,000
square yards in 1963. During the same period, woven carpet‘shipments are,
projectedﬂto decline from 58,508,000 square yards in 1959 to 46,940,000
square yards in 1963. Import éarpet deliveries are expected to total
8,170,000 séua?e yards in 1963‘a5 compared to 7,070,000 square yards in
1959.

. The cost of carpet production varies substantially between woven

and tufted manufacturing methods._'A typical carpet loom cost about three



~ Table 13

Quarterly Carpet Shiﬁments Projection
1960 through 1963
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Year

1960

Total

1961

Total

1962

Total

1963

Total

Quarter

Fw o ol STV S

W

Shipments Projection - 10,000 Square Yards

Y,
1
L, 5hl
3,968
L, 096
4,569
17,177

4,575

3,879
3,94k
4,506

16,90%

L, 725

. 4, 281

4,567
, 314

2
18,890

55506
4,850
5,065

5,741
21,162

2

IC,
i

175
153
158
176
662

193
164
167
190
ik

191
17k
185
215
T65

213
187
196
221
817

TC.,
i

2,833
2,47k
2,554
2,849
10,710

2,972
2,521
2,562
2,928

10,983

3,249
2,947
3,141

3,655

12,992

4 072
3,587
3,735

247
15,651

WC,
i

1,536
1,341
1,384
1,54k

5,805
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times the cost of a tufting machine. In addition, the production rate

of a loom is approximately one-eighth that of a tufting machine.

33
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CHAPTER V
MULTIPLE REGRESSION ANATYSIS

The objective of this analysis is to develop a method of predicting
short-term carpet shipments, that is, shiﬁments one quarter in advance.
This analysis is limited to £he statistical technique of multiple re-
gression analysis. The available data limits the prediction time period
to one guarter or longer. The independent variables selecfed forlthe
muitiple regression model were based on an explainable relationship to
carpet shipments.

The varisbles were classified in the following manner:

Dependent Variable

Y = carpet shipments in ten thousands of square yards
' during the ith time period in quarters.

Independent Variables

Xl('—l) = new housing starts in millions of dollars during

1 ‘ the {1i-1)}th time. period. :

XE(i;E)' = disposable personal income per household in dollars
during the (i-2)th time period.

X3(i-l) = commercial construction in millions of dollars
during the (i-1)th time period.

Xh('+2)' = commercial aircraft shipments in nmumber of aircraft

1 during the {i+2)th time period.
X5(i+l) = factory sales in thousands of cars sold during the

{i+1)th time period.

X6(i—36) = carpet shipments in thousands of square yards durlng
the (i- 36)th tlme period.
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New housing starts were utilized as =a variable because carpet is
installed in new homes. After a sfudy of the data in Figure T, the time
period i-1 was selected on the basis.that a house must be started before
carpet éould be shipped from the carpet plant.

The second variable, disposable personal income per household, is
a measure of the éonsumer's ability to buy carpet. After studying the
actual data in Figure 7, the time period 1-2 appeared to be the most
feasible. The fact that the disposable persoﬁal income is seascnally
adjusted is more Iimportant than the specific time period selected. Un-
ad justed data were not availdblékfrom any publication. Neither the
Research Department of the Federal Reserve Bank of Atlanta nor the
National Income Division of the United States Department of Commerce
could sﬁpply'this information. -

Commercial construection is an indicator of:the quantity of carpet
which will be installed in commercial buildings such as hotels énd motels.
The (i-1)th time iaeriod was selected by analysis of the data in Figure 8.
This time lag campensates-for the delay between starting construction and
shipment of the carpet.

The fourth variable, commercial aircraft construction, was selected
in order to include the carpét installed in aircraft. After a study of
the data in Figure 8, the period i+2 was correlated because carpet must
be shipped from the carpet plant in advance of delivery of the aircraft.

Factory sales of automobiles were correlated to measure the carpet
installed in,automobiles. Aftgr a study of the data in Figure 9, the time
period i+l was selected. This leading relationship is necessary to allow

Tor shipment and processing of the cafpet before the sale of the car.
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The sixth variable, carpet shipments during the (1-36)th time
period, is an auto-correlation variable to measure the replacement re-
quirements for carpet. This period was based on a study of the data
in Figure 10, and on discussions with representatives of the carpet
industry.

The proposed multiple regression model, given in equation 15
below, assumes that carpet shipments are a linear funection of éach

independent variable.

1 = Pofo *¥a(io1) PPa(i-2) MB5¥5(1m1) - )
Bifu(1e2) %5 () PeR6(1-36) T €

where B, = true regression coefficient for the jth independent wvariable

and ¢. = factors not otherwise accounted for in the equation.

i

The IRM 650 computer routine STO;l was used in computing the
correlation and regression statistics given in Table 15. The basic data
for tﬂg analysis are listed in Table 1h;

The multiple regression equation for the model equation 15 is

given as follows:
- % = bX +b.X + 6
Yi(predicted)‘_ 3 = oy Py 1(1-1) b2x2(i-2) (16)
¥305-1) PXy(ire) P5¥5(141)
*e6(1-36)

where fi - Yi =€, = estimate of the residual error for the ith time period.
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Table 14

Basic Data for Regression Equation

Period

1952-1
1953~
- 195k-
1955-
1956-
1957-
1958-

1959-

-F"UJI\)I—’F'WI\)I—‘F‘WNHF‘MMPFwNHP’WmHlF’wmI—’F’wI\)

VOOV FWOR | e

L ,607

4 ,508

3,429
L, 307
4,808
b, 475

3,420

L, 268
5,104
5,255
h 167
5, 867
6,390

X5(1-2)

1,264
1,284
1,265
1,277
1,304
1,318
1,333
1,349
1,351
1,345
1,349
1,347
1,343
1,353
1,381
1,373
1,437
1,458
1,459
1,491
1,501
1,521

1,525

1,547
1,558
1,54k
1,539
1,544
1,575
1,579
1,594
1,623

X3(1-1) . Xh(i+2)
283 1,039
253 . 815
256 1,105
298 1,158
330 1,111
334 760
395 830
509 984
553 823
475 752
514 1,187
626 1,488
597 - .959
603 1,186
757 1,807
919 2,054
939 1,801
821 1,543
895 1,782
961 1,919
95k 1,510
789 1,534
856 1,808
951 11930
968 1,373
791 1,771
869 2,020
966 2, 283
963 1,709
811 2,230
960 2,469

1,100 2,26k

X5(i+l)
1,221

825
1,296

1,50k

1,730
1,586

1,297
1,433

1,439
1 198
1,389
2,104
2 122

1, SThT

1, 9&6

1,735 -
l,hTS'
1,062

1,546
1,784

1,575

1,32&

1,430

1,23k
1,020

614
1,393
1,591
1,686
l 033
1,280

1,993

X6(1-36)
8,387
7,43k
5,716
7,293
6,403
6 ,0L6
D 538
5,127
L, 722
L, 92k
8,032

11,o3u
13,079
12,520
15,443
15,147
17,622
16,720
19,711

. 21,348

20 562
19,281

20,789 -

18,821

15,006
13,999

20,993
20, 834
22,670
21,223

LN



Teble 15

Regults of Correlation Analysis

Y 101 *oi-2) R3n) Bgee) Fsgn) Fe(i-36)
Aversges 2,8h47.2 3,969.2 1,429.1 696.7 1,500.1  1,456.6 13,600.2
Standard Deviation 7431 1,040.5 110.8 258.6 L99.3 342.9 6,323.7
Simple Correlation
Coefficients Ty 1.00 0.88 0.88 0.89 0.86 0.20 - 0.88
Ty 0.88 1.00 0.75 0.89 0.87 0.39 0.78
1 : . _ _
Iy 0.88 0.75 1.00 0.89 . 0.81 -0.12 0.90
2 _ : '
ry 0.89 " 0.89 0.89 1.00 0.84 0.14 0.89
3 ,
Iy 0.86 0.87 0.81 0.84 1.00 0.09 0.82
in
Iy 0.20 0.39 -0.12 0.1k 0.09 1.00 -0.01
5 : _
Ty 0.88 0.78 0.90 0.89 0.82 -0.01 1.00
Partial Correlation
Coefficients -1.00 0.24 0.53 -0.14 Q.17 0.37 0.28
Regression Coefficients -1.000 0.178 3.681 -0.k21 0.187 - 0.390 0.026
bj,s _
Standerd Error 8 0.148 1.191 0.592 0.219 0.198 0.018
J's - :

ch




The

b3

results of the correlation analysis'were used to obtain the

mltiple regression equation:

The
The

hypothesis

sb,=

J
The

Y, = -4,028.68 +o.178x1(i_l) +3,681x2(i_2) (17)'
-0 M2y 1y *0-18TRy(5,0) *0-390%5(54)
+0 '026X6(i-36) _

constant bo is calculated in Appendix IT and XO = 1.00.

t test with (N-n) degrees of freedom was used to test the

that by = B;, (5 = 2, + -s 7).
b, - B
t,=——4 B =0 (18)
J 5 J
J

mber of observations
total number of variables = 6

standard error of bj

test statistic, t, with 32 - 6 degrees of freedom at the ninety

per cent confidence level is 1.706. This significance level was chosen

because the basic data is not precise. In addition, this significance

level is believed to be acceptable to the carpet industry. The results

of the t test are listed in Tsable 16.
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Table 16

Results of t Test

Variable t Significance
Xl(i-l) 1.203 Not Significant at ol = 0.10
X2(i—2) 3.091 Significaﬁt at < =0.001
X3(i—l) 0.711 Not Significant at «C = 0.10
Xh(i}E) , 0.85L Wot Significant at <« = 0.10
X5(1+1) | 1.970 Significant at &£ = 0.10
X6(i-36) 1.4h44 Not Significant at <« = 0.10

The coefficient of multiple correlation, R, is calculated in
Appendix IT. This value for the complete regression equation is 0.957.
This coefficient impiies that g91.63 per cent, R2 x 100, of the variation
of Yi can be explained by the complete regression equatiqn 17. A comparison
of the prediction, ?;, with the actual Y, values is shown in Tablé‘17.

The average residual error of the predictibn is 177.5 or 6.2 per
cent. The range of error is 911, from -493 to +418.

When the varizbles which do not add significantly to the equation

are deleted, the reduced regression equation becomes

A
I3 = bo¥o PXa(1-2) *Ps¥5(141) (29)

This reduced equation iz further justified by the minor inter-

correlation, r = =0.12, between farlables X2(i-2) and X5(i+1)'
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Table 17

Comparison of §i from Equation 17 with'Yi

Period Preq;ction Actual Residual
i Y, Y. e,
1 1 1
1 1,878 1,772 +106
2 1,647 1,696 - kg
3 1,873 1,792 + 81
L 2,051 2,310 -259
5 2,236 2,L4h2 -206
6 2,041 . - 1,856 +185
7 2,061 1,960 +101
8 2,200 2,037 +163
9. 2,102 2,201 - 99
10 : 1,884 1,968 - - 84
11 2,194 2,256 - 62
12 2,667 2,400 +245
13 . 2,645 2,852 -207
1k L 2,602 2,740 -138
15 3,033 2,615 ' +418
16 3,053 3,235 -182
17 3,013 3,181 -168
18 2,790 2,780 + 10
19 3,156 2,976 +180
20 3,511 3,351 - ko
21 3,351 3,558 -207
o2 3,240 2,917 +323
23 3,389 3,158 +231
2k 3,506 3,311 4195
25 3,241 3,150 + 91
26 2,891 2,914 - 23
27 3,341 3,282 + 59
28 ' 3,725 L,218 -Lg3
29 3,824 L, 192 -368
30 3,547 3,908 -361
31 ' 4,032 3,753 +279

32 4,312 L,308 + 66




The results of the muitiple correlation analysis with the reduced

equation are listed in Table 18.

Table 18

Results of Correlation Analysis

Averages

Standard Deviation

Simple Correlation
Coefficients ry

I
X,
T
X
. >
Partial Correlation
Coefficients
Regression

Coefficients, b.,
Jj's

Standard Error, Sb
j I

]

2,847.2
Th3.1

1.00
0.88

0.20
-1.00

-1.000

X2(i-2)
1,429.1

110.8

0.88
1.00

-0.12

0.93

6.172
0.436

X5 (141)
1,1456.6

342.9

0.20
-0.12

1.00
0.66

0.67h

0.1

The results of the t test for the reduced regression equation 20 are

listed in Table 19.

?i = -6,954.87 +6.172X

The constant, bo, is caleculated in Appendix IT.

2(i-2)

+0'67hx5(it1)

(20)
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Table 19

Results of t Test

Variable t Significance
. . - - d — .
Xo(3.2) 14.15 Significant at 0.001
- ] = d -
X5(i+l) Y. 77 Significant at 0.001

Bryant (27) illustrates a method of testing the. hypothesis that
no regression is present, that is: HO: B2 = B5 = 0. The results of

this analysis for the reduced equation 20 are listed in Table 20,

Table 20

Analysis of Variance Table
Regression Data

Source §8x10° o ar MSX10° F
Linear Regression ' 9,222 2 4,611 16.6
Residuals from Regression 8,864 29 277
Total 18,086 31

The F value of 16.6 in Table 20 is significant at the 0.001 level.
The multiple correlation coefficient for the reduced equation 20
is 0.937. The reduced equation explains 87.8 per cent of the variation

of Yi-



The ninety per cent confidence interval for the variance of an

individual ?i is given by Hader and Grandage (28) as:

v(®,) =+t s V1+xax (21)

‘where t . = "Students t" test statistic,
s = square root of the residual error variance,
. .
X' = vector [% ’ Xe(i-l)’_x5(i+iﬂ ’
A—l.= inverse of the A matrix, Appendix IT,
and X = vector XO B
X5(1-1)
X5 (1i+1)

The confidence intervals for several magnitudes of Xj's at

t(0_90, 30) are calculated in Appendix II and are listed in Table 21.

Table 21

Confidence Intervals of the Reduced Regression Equation 20

_i_ ?} Egﬁi:ll fﬁiiill Interval
8 2,037. - 1,349 1,433 +615
25 3,150 1,558 1,020 +648
32 L, 308 1,623 1,993 667

A comparison of the prediction, ?i, with the actual Yi values is
shown in Table 22. The average error of the prediction from the reduced
regression egquation is 225.4 or 7.9 per cent. The range of error is

1,136 from.—571 to +565.
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Table 22

Comparison of /Y\i from Equation (20) with Y,

Period Pred ;“ction Actual Residual
i : Y. _ Y. e,
1 1 1
1 1,675 1,772 ' - 97
2 1,526 1,696 =170
3 1,726 . 1,792 - 66
L 1,940 - 2,310 -370
5 2,259 2,442 -183
6 2,249 1,856 393
7 2,147 1,960 - 187
8 2,330 2,037 293
9 2,353 2,201 152
10 2,154 1,968 : 186
11 2,307 . 2,256 51
12 2, TTT 2,h22 355
13 2,76k 2,852 - 88
14 2,573 2,7h0 -167
15 3,180 2,615 ‘ 565
16 2,689 - 3,235 -546
17 2,907 3,181 -37h
18 2,760 2,780 - 20
19 3,092 2,976 116
20 3,450 3,351 - 99
21 3,371 3,558 ' -187
22 3,325 2,917 Lo8
23 3,421 ‘ 3,158 . 263
2L 3,425 3,311 11k
25 3,349 . 3,150 199
26 2,989 2,91k 75
27 3,483 3,282 201
28 3,647 h, 218 . 571
29 3,902 4 192 -290
30 3,487 3,908 ' -k
g; 3,7hé - 3,753 -9

4,406 L, 308 -98
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A comparison of the reduced regression equation 20 with the fﬁll'

regression equation 17 is listed in Table 23.

Table 23

Comparison of Equations 17 and 20

Equation - Equation

Statistic 17 ' 0
R : 0.957 | 0.937
R 0.916 | 0.878
Average Error 177.5 ' 225.4
Range of Error ' 911 1,136

Bader and Grandage (29) state that the rationale for discarding
of varisbles in multiple regression e§uations is not'yet sufficiently
well developed. With this statement and the reduced precision, Table 23,;
of the prediction resulting from the reduced equation, the full regression
equation could be utilized. |

The theory of runs (30) lends additional support to the use of the
full regression equation. The residual error of the prediction resulting -
from the full regression equation 17 has seventeen minus signs and seven-
teen plus signs. The critical rmumber of runs at the 0.05 level of signifi-
cance is eleven (31). The residuasl error, Table 17 has sevenfeen runs.
Therefore, the residual error is coﬁsidered random at the tésted signifi-

cance level. The residual error of the prediction resulting from the
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reduced regression equation 20 has fifteen minus signs and seventeen plus
signs. The critical number of runs at the 0705 significance level is
eleven (32). The number of runs in.the residual error, Table 2é, is ten.
Therefore, the residual error is not random at the 0.05 level bf signifi-~
cance.

The results indicate that the full regression equation 17 should

be utilized for prediction purposes.
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CHAPTER VI
SUMMARY OF CONCLUSIONS AND DISCUSSION

. Conclusions.--The findings of this study are besed on a time series of
total United States carpet shipments for eight years which were analyzed
quarterly. With this limitation, the conclusions of this imvestigation
are as follows:

(i) The systemstic projeétion provides a béttef prediction of
carpet.shipments than the multiple regression equations.

(2) The systematic projection should be used for both the long-

term and short-term prediction of carpet shipments.

Discussion.--The systematic technique provides a better prediction of
carpet shipments than the multiple regression equafions because:

fl) The average error of the systemstic projection is 4.0 per
cent as compared to an average error of 6.9 per cent for the prediction

‘made from the full multiplé regreésion equation.

(é) The range of error of the prediction made by the systematic
téchnique is 54l as compared to a range of 911 in the error of the
prediction made by the fuil multiple regression equation. (Note: The
unit of error is 10,000 square yards.)

(3) The multipie regression equation contains two variables,
commercial aircraft shipments and factory sales of cars, which lead
the time period i by one and two quarters. These variables would usuelly
be predicted by a systematic technique which would reduce the.regression

analysis to partial systematic analysis.
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The full regreséion equation provides a prediction with a co-
efficient of multiple correlation of 0.957. This coefficient was ob-
tained with a variable, diéposable personal income, which was seasonally
adjusted. Gince this variable is the more significant of the six
variables, additional study should be directed toward obtﬁining unad -
Justed disposable income data.

The multiple regression analysis was based on industry-wide data
of questionable precision. This technique lends itself better to the
study of shipments data of an individual company-.

The systematic projection for the period from 1960 through 1963
assumes that the same conditions which existed from 1952 to 1959 will
exist in the projected period. Variation in economic conditions and
mamuifacturing technology will affect the validity of this projection.

The systematic projection indicates that carpet shipments will
decline in 1961 as the cyclical component reaches a\trough. An upturn
is indicated in the fourth quarter of 1961. This upturn is projected
to continue to a peak in 1963. The fotal United States carpet shipments
in 1963 are projected to be 211,162,000 square yards as compared to
161,620,000 square yards in 1959. |

The major increase is expected in tufted carpet. ‘This type carpet
'is predicted to inerease from 96,0h0,000 square yards in 1959 to 156,510,000
square yards in 1963. During the same period, woven.carpet ghipments are
projected to decline from 58,508,000 square yards in 1959.to k6,940,000
square yards in 1963. A small increase in import carpet deliveries is

indicated. import carpet deliveries are pfbjected to increase to
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8,170,000 square yards in 1963 as compared to 7,070,000 square yards in
1959,
A comparison of the actual and predicted carpet shipments for

the first two quarters of 1960 is listed in Table 24,

Table 24

Comparison of Actual and Predicted {arpet Shipments -
January Through June 1960

1,000 Square Yards

Predicted Actual Error
Woven Carpet 28,770 - 26,216 . 2,554
Tufted Carpet 53,070 | 56,140 -3,070
Imported Carpet _3,280 4,159 -__879
Total 85,120 86,515 -1,395

The cost of carpet production varies substantially between woven
and tufted manufacturing methods. A typical carpet leocom cost about
three times the cost of a tufting machine. In addition, the production
rate of a loom is approximately one-eighth that of a2 tufting machine.

Based on the data and limitations of this study, the production
requirements of the carpet industry will continue to change ag the trend
from woven to tufted carpet continues into the period from 1960 to 1963.
Industrial engineers should study these predicted changes in order to
plan optimum manufacturing facilities for minimum cost operation of

carpet plants.
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Basic Data in 1,000 Square Yard Units for Table 6

Domestic Domestic Import
Woven Tufted Carpet
Carpet Carpet Deliveries
Year Quarter Shilpments Shipments Machine-Made Total
1952 1 14,949 2,151 621 17,721
‘ 2 14,307 2,059 594 16,960
3 14,602 2,714 607 17,923
- Y 18,819 3, k97 781 23,097
1953 1 19,435 3,964 1,019 2k, 418
2 14,771 3,012 TTh 18,557
3 14,289 4, 565 750 19,604
4 14,851 b, The 778 20,373
1954 1 14,967 6, 2ho 801 22,008
2 13,382 5,578 716 19,676
3 13,313 8,536 712 22,561
a L 14,294 9,166 764 24,224
1955 1 16,054 11,410 1,060 28,524
: 2 15,423 10,963 1,018 27,hok
3 14,063 11,162 928 26,153
' L 17,395 13,810 1,148 32,353
1956 1 17, k06 13,128 1,280 31,814
2 15,206 11,471 1,118 27,795
3 1k, 741 13,937 1,084 29,762
4 16,593 15,692 1,220 33,505
1957 1 16,057 18,124 1,h02 35,583
: 2 13,162 14,859 1,150 29,171
3 12,906 17,547 1,127 31,580
N 13,528 18,396 1,182 33,106
1958 1 12, 4h) 17,916 1,137 31, ko7
2 11,515 16,577 1,053 29,1L5
3 11,992 19,731 1,096 32,819
: L 15,414 25,359 1,408 42,181
1959 1 15,662 2k, 366 1,893 41,921
2 14,600 22,718 1,764 39,082
3 13,150 22,79k 1,590 37,53k
L 15,096 26,162 1,825 43,083




Trend Prediction - Equation L
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1,772
1,696
1,792
2,310
2,hl2
1,856
1,960

12,037

2,201
1,968
2,256
2,ho2
2,852
2,7ho
2,615
3,235
3,181
2,780
2,976
3,351
3,558
2,917
3,158
3,311
3,150
2,914
3,282
4,218
4 192
3,908
3,753
4,308




Cycle Celculation - Figure 3

- : " : Moving

Period i log ¥, log T, log(CixSix Ei) log S, log T, +log 8, log(Cix €i) Average 19g 6;'
1952-1 1 3.2485  3.2297 +0.0188 +0.0301 3.2598 -0.0113 +0.0175
2 2 3.2204 3.24B82 -0.0188 -0.034%0 3.2142 +0.0152 +3.0200
3 3 3.2533  3.2660 ~0.0127 -0.0229 3,231 +0.0102 +0.0136  +0.0175
N L 3.3636 3.2831 +0.0806 +0.0268 3.3098 +0.0538 +0.0248  +0.0150
1953-1 5 3.3877 3.2997 +0.0880 +0.0301 - 3.3298 +0.0579 +0.0187  +0.0100
2 6 13.2686 3.3156 -0.0L4T70 -0.0340 3.2816 -0.0130 +0.0039 0.0000
3 7 3.2923 3.3308 -0.0385 -0.0229 3.3079 _ -0.0156 -0.0163 . -0.0100
L 8 3.3090 3.3456 -0.0366 +3.0268 3.372k -0.063k -0.0370 -0.0250
1954-1 9 3.3426 3.3598 -0.0172 +0.0301 3.3899 -0.0kLT3 -0.0366  -0.0350
2 10 3.2940 3.3738 -0.0798 -0.0340 3.3398 - -0.0L58 -0.0k21  -0.0350
3 11 3.3533 3.3872 -0.0339 -0.0229 3.36L43 ~-0.0110 =0.0269  -0.0250
-4 12 3.3842  3.4002 -0.0160 +0.0268 3.L4270 -0.0428 -0.0081 " -0.0100
1955-1 13 3.4552  3.4128 - +0.0hk2h +0.0301 3.4429 +0.0123 +0.0017 0.0000
2 14 3.4378 3.h4252 4+0.0126 -0.0340 . 3.3912 +0.0L466 +0.0108  +0.0100
3 15 3.4175  3.4371 -0.0166 -0.0229 3.k1ke +0.0033 +0.0218  +0.0150
L 16 3.5099 3.L4487 +0.0612 +0.0268 3.4755 +0.034k +0.0207 © +0.0175
1956-1 17 3.5026  3.4600 +0.0426 +0.0301 3.4901 - 4+0.0125 +0.0143  +0.0200
2 18 '3.44ho  3.4711 -0.0271 -0.0340 3.4371 - 40,0069 +0.0149 . +0.0175
3 19 3.4736  3.4819 -0.0083 -0.0229 3.4590 +0.0146 +0.0117  +0.0150

L 20 3.5252 3.L4g23 +0.0329 +0.0268 3.5191  +0.0061 +0.0065  +0.0100
1957-1 21 3.5512  3.5026 +0.0486 +0.0301 3.5327 - +.0185 +0.0051  +0.0000
2 22 3.46Lg 3.5127 = -0.0478 -0.0340 3.4787 -0.0138 -0.0056  -0.0100
3 23 3.4994 3.5224 -0.0230 - -0.0229 3.4995 -0.0001 -0.0215  -0.0250
L 24 3.5200 3.5320 - =0.0120 +0.0268 3.5588 -0.0388 -0.0356  -0.0350
1958-1 25 3.4983  3.5413 -0.0430 - +0.0301 3.571L4 -0.0731 -0.0369 -0.0350
2 26 3.4645  3.5505 -0.0860 -0.0340 3.5165 -0.0520 -0.0309 -0.0250
3 27 3.5161 3.5595 -0.0434 -0.0229 3.5366 -0.0205 -0.0200  -0.0100
L 28 3.6251 3.5683 +0.0568 +0.0268 3.5951 +0.0300 -0.0027 0.0000
1959-1 29 3.6264k  3.5769 +0.0455 +0.0301 3.6070 +0.0154 +0.0138  +0.0100
2 30 3.5920 3.5853 +0.0067 -0.03k40 3.5513 - +0.0407 +.0191 © +0.0150
3 31 3.5Thk  3.5937 -0.0193 - -0.0229 3.5707 +0.0036 +0.0175
L 32 3.6343 3.6018 +0.0325 +0.0268 3.6286 +0.0057 +0.0200

ol



. Seasonal Calculation - Table 8

59

Year

1952
1953
1954
1955
1956
1957
1958
1959

Total
Average
Ad justment

Ad justed
Average

. Quarter )

1 2 ' 3 L
+0.0188 -0.0188 -0.0127 +0.0806
+0.0880 -0.0L470 -0.0385 -0.0366
~0.0172 -0.0798 -0.0339 -0.0160
+0.04k2k +0.0126 -0.0196 +0.0612
+0.0L26 -0.0271 -0.0083 +0.0329
+0.0L486 -0.0478 -0.0230 -0.0120
-0.0k430 -0.0860 -0.043h +0.0568
+0.0455 +0.0067 -0.0193 +0.0325
+0.2257 -0.2872 -0.1987 +0.1994
+0.0282 -0.0359 -0.0248 +0.0249
+0.0019 +0.0019 -0.0019 +0.0019
+0.0301 -0.0340 -0.0229 +0.0268




Caleulation of Yi and e, - Table 9

Perlod _i @i logz @i log §£ loz 6} ) log ﬁi.' ?} Yi ei

1952-1 1 1,697 3.2297 +0.0301 +0.0175 3.2773 1,894 1,772 +122

2 2 1,771 3.2482 =0.0340 +0.0200 3.23h2 1,717 1,696 + 21

3 3 1,845 3.2660 -0.0229 +0.0175 3.2606 1,822 1,792 + 30

L i 1,919 3.2831 +0.0268 +0.0150 3.3249 2,113 2,310 -197

1953-1 5 1,994 3.2997 +0.0301 +0.0100 3.3398 2,187 2,442 -255

2 6 2,068 3.3156 -0.0340 0.0000 - 3.2816 1,913 1,856 + 57

3 7 2,141 3.3308 -0.0229 -0.0100 3.2979 1,986 1,960 + 26

L 8 2,216 3.3456 +0.0268 -0.0250 3.3474 2,225 2,037 +188

1954-1 9 2,290 3.3598 +0.0301 -0.0350 . 3.3549 2,264 2,201 + 63

2 10 2,365 3.3738 -0.0340 -0.0350 3.3048 2,017 1,968 + 49

3 11 2,439 3.3872 -0.0229 -0.0250 3.3393 2,184 2,256 - 72

L 12 2,513 3.4002 +0.0268 -0.0100 3.4170 2,612. 2,ke2 ~+190

1955-1 13 2,587 3.4128 +0.0301 0.0000 3.4L29 2,773 2,852 - 79

2 14 2,662 3.4252 -0.0340 +0.0100 3.ko12 2,519 2,7h0 =221

3 15 2,736 3.4371 -0.0229 +0.0150 3.4292- 2,687 2,615 + 72

L 16 2,810 3. 4487 +0.0268 +0.0175 3.4930 3,112 3,235 © -123

1956-1 17 2,884 3.4600 +0.0301 +0.0200 3.5101 3,237 3,181 + 56

2. 18 2,959 3.4711 -0.0340 +.0175 . 3.45L6 2,848 2,780 + 68

3 19 3,033 3.4819 -0.0229 +0.0150 3.47ho 2,979 2,976 + 3

L 20 3,107 3.4923 +0.0268 +0.0100 3.5219 3,326 3,351 - -25

1957-1 21 3,181 3.5026 +0.0301 0.0000 3.5327 3,410 3,558 -148

.2 22 3,256 3.5127 -0.0340 -0.0100 - 3.4687 2,942 2,917 + 25

3 23 3,330 3.522h -0.0229 -0.0250 34745 2,982 3,158 176

4 24 3, Lok 3.5350 +0.0268 =0.0350 3.5238 3,30 3,311 + 29
1958-1 25 3,478 3.5413 +0.0301 -0.0350 ' 3.536L4 3,439 3,150  +289 -

2 26 3,552 3.5505 -0.0340 -0.0250 -3.4915 3,101 - 2,91k +187

3 27 3,627 3.5595 -0.0229 -0.0100 3.5266 3,362 = 3,282 + 80

4 28 3,701 3.5683 +0.0268 0.0000 "3.5951 3,936 4,218 -282

1959-1 2 576 +0.0301 +0.0100 L6170 L, 140 4,192 - 52

79973 38 %j KS %.?352 -o.ogho +0.0150 3.5623 3,68k 3:988 Todh

3 31 3,924 3.5937 -0.0229 +0.0175 3.5883 3,875 3,753 +122

4 32 3,998 3.6018 - +0.0268 +0.0200 3,6486 4, 452

4,308

+1h4L




Projection of ?& - Table 13

Period

1960-1
2

3
L

1961-1
2

3
L

1962-1

|_J

O

o

iy
FWoR Fwn

HD

4,072
4,146
L, 220
Y4, 205
h 368
h 443
4,517
h ,592
h 666
h,u7o

4,81k

4,888
h, 963
5,037
5,111

5,285

WWwWwWwwwww wwwwWw

o
log Si

+0.0301
-0.03%0
-0.0229
+0.0268
+0.0301
-0.03k40
-0.0229
+0,0268
+0.0301
-0.0340
-0.0229
+0.0268
+0.0301
-0.03L0
-0.0229
+0.0268

3838385066688 b0

log ﬁ;

0175

+O
+H.0150
+0

.0100 -
.Q000 .

.0100

.0350
.0350
0250
.0100
.0000
.0100
.0150
0175

0175

.0250 -

.0200

‘log ?}

3.65Tk
3.5986
3.6124
3.6598
3.6604
3.5887
3.5969
3.6538
3.6740
3.6318
3.6596
3.7254
3.7408
3.6857

3.7056 -
3.7590

o

L,5kk
3,068
4,096

L, 2275

3,879

428k
h ;567

5,506

- 4,850

5,065
5,741

19



Yealr

——

1952
1953
1954
1955

Average
1956
1957
1958
1959

Average

Adjusted Average

Year

1960
1961
1962
1963

Caleulation of Equation 11

IC, = a + bi
1
=
1
2
3
L
2.5 = Ei
5
6
7
8
6.5 = Eé
s =131

T, - bi = 429.75 - 51.62(%.5)
T8 - 1001 533.00 - 396.50
i, --‘Il N 6.5 - 2.5

Projection of Equation 11

10
11
12

IC,
i

62

(10,000 Square

260
332
299
hi5,

326.5

k70
L86
L69
o7

233.0

429.75 =.IC

= +197.46

='+51.62

ie,

Yards)

i
Al
Q

il

T2

i

1
{10,000 Square Yards)

662
71h
765
817



Year

1952
1953
1954
1955
1956
1957
1958

1959

I

W= OV FW N

‘Method of Differences

Selection Qf\Polynomial Equation 12

(e Per Cent)i — & +bi+cil + aid

(TC Per Cent)i

IV

6.1

1h.1 8.0
8.4 5.7
3.0 5.4
9.4 6.4
5.5 3.9
1.3 4.2

Selected Points

~ _
i (TC Per Cent)i =

8

[ 2045
h2.93

55.33

6214 |

3

a + bl + o1 +di
& +b(2) + o(2)2 + a(2)3)
a +b(k) + c(1)? + a(n)3

a +b(6) + c(6)% + a(6)3

Solution of Selected Points Equations

=

[

o N = P

Initial Tableau

4
16
36

6l

8!

6L

216

512

{20.145 |
42,93
55.33 |

62.14

a +(8) +c(8)” + a(8)3|

63
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o

Year

1960

1961
1962
1963

Solution Tableau

0 0 d_
1 0 0
0 1 0
0 0 1

r:16.5985—'
+22.91h0

- 2.3820

-+ 0.0935

Projection of Eyuation 12

A .
(TC'Per'Cent)i

10
11
12

6L .85
67.84
71.68
76.93
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Formulas for Computiﬁg Statistics

Mean: X, = ——
Where N = Total Number of Observations

.Stendard Deviation: <, = Y} (Vi j)

1 —
= = z -
Where Vi’j X [ Xin Xx Xﬂ
Simple Correlation Coefficient r,. = —3
: 13 Ny W 3

Sample Calculations Equation 17

The matrix of simple correlation coefficients for the regression

model is defined as A.

r r r r r r r
vy ¥ o Y3 Ty s %6
rx rX x rx X rX X rx X rX X r X
1Y 1% 1% 1%3 1%u 1%s %1%6
A=
r r r r r r r
X X. X X . X x. X xX.X XX x X
- i J2 3’3 ik h 376 ]

For the sample data analyzed in this study, the A matrix is listed

in Table 15. The inverse of this matrix is as follows:



11.95
-2.98
-6.56
1.75
-1.50
-2.15
-2.67

Where (a..) = (r )

-2.98
13.05

1.90
-6.96

- =5.07

-2.84
1.09

-6.56 1.75 -1.50
1.90 -6.96 -5.07
12.65 -5.94 -0.0k
-5.94 12l 1.22
-0.0h 1.22 6.39
2.89 -0.17 1.52
-1.75 -2.80 -1.00
)-1

Where (r..)-l .

1d

coefficients.

The elements aij’ of this inverse matrix, are used in

computing the following statistiecs.

Multiple Regression Coefficients

standard deviation of the jth variable, and

the dependent variable, Y, -

a. . : '
b o= - _li__l.(j = 2,3,k,5,6,7) wvhere <

J 81w

[ _2.982 x 0.743
| 11.947 x 1.041

[-6.558 x 0.743
111.957 x 0.1108

[1.750 x 0.743
17957 x 0.2586

[~1.502 x 0.743 ]
| 1T.957 x 0.1993]

[-2.1473 x 0.743]
| TI7957 x 0.3129)

[-2.666 x 0.743 ]

T[11.957 x 6.324 |

-2.15
-2.84
2.89
- -0.17
1.52
2.°77
0.Lh

-2.67

1.09
-1.75
-2.80
-1.00

O.4h |

7.4

which is the inverse of the siﬁple correlation

67

= standard deviation of

= 0.178

= 3.681

0.421

0.187

0.390

0.026



Partial Correlation Coefficients

-a

fy = Ty I &
1 ¥
V#11 %55
ey - - [ _2.982 _ 0;239
| 11.947 x 13.048)
riz < - =6:528 = 0.533
: | y11.947 x 12.6k9]
B 1.750 ]
Ty = ° = 0.1khk
1k | 11947 x 12,41k
B -1.502 i
= - = 0.172
15 | V11947 x 12.h1k
B -2.1h47 '
rg = - = = 0.373
16 | V11,947 x 2.772 -
.= o [ -2.666 - 0.283
ol | V11.947 x 7.405 |

Biased Standard Error of the Estimate

s; - 0.743 _ 6{215
J ?11 11.947

Unbiased Standard Error of the Estimate

- I/ N "o 32 _ ’
8. = 5.3 S = 7 (0.215) = 0.2k3

Multiple Correlation Coefficient

1l 1 _ '
R=/l-§£-— /l-m—o-%'?
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Unbiased Standard Error of Multiple Regression Coefficients

b, 1 - r1.2 o _ _
Sbj = fJ —5 i for (j =2, 3, 4, 5, 6, 7) where
13 | ; ' -

ris = partial.correlation coeffiéienﬁ
between the'dependept yariable and

| the 2thrvariable'énd bj = regression
coefficient.

N Total number of observations.

Total number of Variﬁbles.

n

2
_0.178 /1 - (0.239)° _
®2 < 0.239 (2 -7) - O™

2
_ 3.681 JJ-- (0.533)7 _
5370533 Vo7 T
' 2
-0.421 Jl - (-0.144)%
Sy = 5,15k g 0%
_0.187 Jl - (0.172)° _
S; =5 rs | 3= = 0.219
g - 0:3% /l - 0.313)% _ {108
6 .0.373 32 -7
.06 Jl - (0.283)2
ST - 0.283 ) 32 — 7 bt 0-018

Calculation of bo, Equation 17

¥ =05 Ko PXa(5m0) * P2 Ko(io0) 03 F3(4a1)

+ 0y, Xy (542) * Ps X5(141) + D6 Xg(1-36)

where i; = 1.00



P =T =Py Xi(3-1) 7 P2 *p(1-2) 7 P3 ¥3(1-1)
- by X1+(1+2) - b5'X5(i+1) - Pg X6(1-36)

+2,8L47, 22

il
I

1 %011 = -(0.178)(3969.156) - - 706.51

-b, ié(i-E) = -(3.681)(1429.094) = -5,260.50

-(-0.k21)(696.656) = + 293.29

by Fy(y ) =

D, ih(i+2) = -(0.187)(1500.125) = - é&o.se
“bg Xg(y41) = -(0-390) (1456.563) = - 568.06
~bg §6(1-36)= -(0.026)(13,600.22) = -__353.60
b ' = -%,028.68

(o]

Sample Calculations Equation 20

The matrix of simple correlation ccefficients for the regression

model is defined as A.

F; T r
yy YX, VXS

_ T r _ T
A= XY x2x2 x2x5
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For the sampie data analyzed in this study, the A matrix is listed

in Table 18. The inverse of this matrix is as follows:

%1 %10 815
-1
AT = 851 8op 8o
a
#51 52 %55
8.028 -7.587 -2.561!
-1 A '
AT = ¥ -7.587 . 8.010 2.483
-2.561 2.483 1.812:
_ -1
where (aij) = (rij)
-1 e R L, . .
where (rij) = A = which is the inverse of the simple correlation co-

efficients. The elements a,., of this inverse matrix, are used in

ij
computing the following statisties.

Multiple Regression Coefficients

a, .7 o .
b, = - alJ—l (j = 2’5) where <T . =
J 115 4 J

standard deviation of the jth variable, and <T’1 = standard deviation of

the dependent variable, Yi'

-7.587 x 0.743| _
g [ 8.228 x 0.111| ~ 6‘;72

- -2.561 x 0.734| _
b5 = - [ 8.228 x o.3h3] - 0.674



Partial Correlation Coefficients

o -a,,
r_.=r.=—-_—i-J-—-—
iJj ¥J [;1;;;;“
T, = - . =7-587 = 0.93h
12 | {8.228 x 8.010 |
s = - -2.561 = 0.663
| ¥8.228 x 1.812 |
Biased Standard Error of the Estimate
s oY1 _ 08 _ 4o

e
/ a, V8.228

Unbiased Standard Error of the Estimate

= i '..’/__QE__ -
5, =Viom S = |33 (0-259) = 0.272

Multiple. Regression Coefficient

Unbiased Standard Error of Multiple Regression Coefficients

2
b, 1 - (rlj)

b, . N-n

[
|

2
_6.172 (1 - (0.934)°
/ 3B -3 0.436

' 2
- 0.674 Jl - (0.663)° _
5. = 5863 32 - 3 0.1
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Calculation of bo’ Equation 20

¥ =DbX, * b2_X2(i-2) * b5(1+1)

1.00

)
&
H
w

ON l
It

o Ps Xo(5-2) = P5 X5(i41) -

il
[

= +2,847.22

= (6.172){(1k29.09%) = -8,820.37

Il

= (0.674)(1L456.563) - 981.72

-6,954.87

Analysis of Variance Calculation - Table 20

Gpy =0 2 (Kpey py¥) - T Xgey oyEY = TH, 617,367

G—sy =1 Z(XS(i'Fl)Y) - EXS(i_,;l)ZY = 52:,4‘35)010

nEY - (2Y)° 578,771,375

[l

G
JY

Il

Linear Regression = (%)(be G2y + b5 G5y) = 9,222 x 103

Residual From

c :

Regression = () - Y, 6. +b.c ) = 8,86k x 105
n n’'2 "2y 5 5y

Mean Square of .

Lirear Regression = Lincer gggression = 4,611 x 103

Mean Square of ‘2

Residusl From _ Residual From Regression = 277 x 103

s daf
Regression



3 .
J-|-.6:|....|._ x 10 _ 16.6

"F" Statistic = _ 3
277 % lO

- 90 Per Cent Confidence Interval, Multiple Regression

Variance (?1) = + Ty 10 S \{1 +X a™t X
From "T " Tables, 0_10'= 1.699 (a.f. = 29)
. (- v,)°
S = T3 — = 287.237
X = E(o X5(5-2) X5(i+l)]
~ . o | E
Z Xy X, X, X2(1-2) EX5(:‘.—!-1)
2 .
A= s Xo(1-2) E(xg(i_e)) -er(i'-_e) X5 (141)
=X X X =(x )2
5(1+1) 2(1-2) “5(1i+1) 5(1+1)
where Xb =1
_F32 45,730 16,610 ]
A= 45,730 65,750 x 105 66,460 x 103
46,610 66,460 x 105 . 71,650 x 103 d
[ 6.018 -3.582 x 1073 -0.537 x 10'3
a~t ~3.582 x 10_'3 2.54h x 10'-6 0.101 x 10'6
| -0.537 x 1073 0.101 x 107 10.270 x -10"6_




[ x il

o]

I+
I

X2(i-2)

_x5(1+1ﬁ_

Calculation of 90 Per Cent Confidence Interval - Equation 20, Table 21

i = 8

X = [1 1349 11;33]
B

X = |1349
1433

Variance (?i) = #1.699(287.237) /1 + 0.5879 = 615

-

X = [1558

1020

Variance (?i) = +1.699(287.237) 1 + 0.7661 = +6148

i= 32 |
§'L= [; 1623 1993} ‘
.
X = |1623
1993 .
variance (¥,) = +1.699(287.237) |[1 + 0.8669 = +667

P
e

& Ly
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