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CHAPTER I

INTRODUCTION

Improved Forecastine for the Carpet Industry

The purpecse of my study is to improve the tech-
nolegy for forecasting carpet industry sales. Such a
study is ol interest not only to the traditional man-
wfacturer of carpets but to a rather diversified con-
glomerate of new participants in the carpet industiry.

These new entries into the industry include resilient

floor producers, wholesale distributors, building ma-

ct
4]

erial manufacturers and home furnishing conglomerates

1

who offer the consumer a complete "package" of home

furnishings.

Improved demand forecasting is particularly
important tc the carpet industry at this time. Prior
to 1972 simplistic forecasting models for carpets were
uged and due to consistent industry growth were fevorably
recziveld, However, after 1973 the carpet industry began
showing gubstantial cyclical movement. Much =ziower
indoustry zrowth and actwel sales declines during dbusiness
cveis slumps are now appavent for the carpet industry.
Purthermore, increased competitiveness and technclogical

developmenis have geverely depressed the industry's prof-

1tabLility leaving Little room for errors in forecasting

1
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carpet demand., These changes emphasize the current need
for improved forecasting for the carpet industry.

Slower growth in the carpet industry stresses
the need for better demand forecasting. Frior to 1973
the carpet industry was characterized as one of the na-
ticn's outstanding growth industry. After registering
sméll net increases during the 1950s, carpet demand accel-
erated from 3667 miillion in 1958 to nearly 33 billion in
1972, a growth rate of nearly 12 percent a year ( Table 1).
Even during business cycle downturns, as in 1961 and 1970,
the industry still registered growth. Simplistic fore-
casting models for carpets in a consistant growth envi-
ronment were quite satisfactory. However, by 1973 the
industry's growth slowed to 10 percent and during the
recession years, 1974 and 1975; the industry experienced
9 percent and 11 percent declines,., The industry recovered
in 1976 with a greowth of 10 percent. Contrary to past
historical trends, the carpet industry not only experi-
enced slower growth during a business cycle slump but
actuslly experienced declines (17 percent during the last
recession)., Simple trend analysie is insufficient for
forecasting an industry which during the 1970s showed
gubstantial cyclical movement,

Between 1949 and 1976 the carpet industry experi-
enced low levels of profitability because of the industry's

highly competitive nature and the industry’s shift towarad



TABLE 1

QUANTITY & VALUE OF SHIPMENTS OF
RUGS, CARPETS AND CARPETING

Quantity Value
Year (thousands (thousands of

of sq. yds.) nominal dollars)
1658 NA 666,475
1962 280,475 952,705
1983 317,355 | 1,066,419
1984 369,104 1,236,901
1965 431,557 1,382,364
1966 469,197 1,497,588
1967 482,587 14567,104
1968 586,155 1,972,347
1969 642,645 2,186,5¢2
1970 680,479 2,215,111
1971 7555159 2,395,519
1972 934,945 2,536,650
1973 1,025,389 3,360,521
1974 : 939,133 34336,551
1975 834,037 3,002,176
1976 920,996 39570, 630
1977 1,025,572 - ,118,758

SOURCEs U.S. Department of Commerce, Bureau of
the Census, Current Industry Reports, Carpets & Rues,

1958-1977.,

NA=not available
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capital intensive-high energy based fiter synthetics.
The highly competitive nature of this industry is clearly
shown through the industry's concentration ratios (Tabvle 2).
In 1972 the top four carpet companies consisted of 25
percent of total industry shipments. MNore over, by 1974
six firms-Burlington, Champion Internationzl, Barwick,
Armstrong, Bigelow-Sanford and Mohasco-had shipmenti
totaling 31,140 million, 33 percent of the industry .
However, the largest share of the market did not exceed
9 percent in 1974. A consequence of the industry's
highly competitive nature is its low profitabiiity.
Tables 3, 4 and 5 exhibit three measures of profitability
for four major carpet manufacturers. All three measures
of profitability exhibit significant declines in profita-
bility throughout the first half of the 1970s. By 1977
the industry's profitability significantly improved,
a direct result of higher industry sales. An irdaccurate
assessment of consumer demand over the business cycle
resulting in either large inventories or lost sales will
place added strain on the industry's profitability. Con-
sequently, accurate forecasting of carpet demand is
necessary since low industiry profitability leave littile
room for forecasting errors.

The carpet industry's shif{t toward capital

intensive-nigh energy based synthetics 1s another reason



TABLE 2

1972 CONCENTRATION RATIOCS
VALUE OF CARPET SHIPMENTS

All Total
Woven Tufted Other Industry
Y (%) (%) (%)
Top 4 companies 62 21 50 25
Top 8 companies £0 34 70 39
Top 20 companies G5 57 87 61
Top 50 companies 100 80 98 82

SOURCE: U.S. Department of Commerce, Zureau of

the Census, Census ol anufacturers, 1972,




TABRLE 3
NET PROFIT MARGIN*

Bigelow Columbus Masland liohasco
1968 5.00 4,52 2.63 3.23
1969 3.9% 2.08 2.02 3.07
1970 2.78 (1.39) 1.48 - 2,61
1971 2433 1.56 1,11 3.20
ig72 2,38 3.35 . 2,05 C 3.42
1973 3.64 3.51 1.65 2.78
1974 2.05 0.77 0.33 1.09
1975 1,37 0.99 1.37  1.82
1976 3.17 1.05 2.36 2.21
1977 L,18 7.25 2.26 1.66

SOURCE: Sperry & Hutchinson Company Financial
Division.

*Net profit margin equals net profits after tax divided
by total sales.

6



TABLE 4
RATE OF RETURN ON EQUITY*

Bigelow Columbus Masland Mohasco
1968 10.8 28.0 8.7 7.9
1969 8.6 7.1 5.2 8.4
1970 5.7 ( 4.1) 3.5 6.7
1971 5.2 5.4 2.9 77
1972 5.5 13.5 6.6 9.3
1973 8.5 12.6 6.2 8.6
1974 4.8 2.6 \ 1.3 3.7
1975 2.9 3.2 5.3 5.0
1976 743 2.9 9.5 7.5
1977 10.0 25.1 22.7 11.2

SCURCE: Sperry & Hutchinson Company Financial
Division.

#Calculated as net profits after tax divided by net
worth,



TABLE 5
RATE OF RETURN CN ASSETS*

Bicelow Columbus Masland Mohasco
1968 6.95 8.81 4.13 3.98
1969 5.39 3.53 3.14 b.4s
1970 3.69 1.89 2,11 3.50
1971 3,31 2,46 1.66 L.57
1972 3.48 6.2k 3.28 4.95
1973 5.63 647 2.75 4,13
1574 3.06 1.33 «57 1.66
1975 1.98 1.54 2455 2,81
1976 5.09 1.51 L,61 3.85
1977 6.83 6.72 8,41 2,82

SOURCE: Sperry & Hutchinson Company Financial
Division.

#Rate of return on assets is calculated as net profits
after tax divided by total assets.
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for the carpet industry's low profitability. During
the 1960s and early 1970s technological advances in
man-mnade fibers coupled with improved tufting processes
cut production costs dramatically and lowered the
absolute and relative price of carpets to within reach
of the average consumer (Table 6, 7). The carpet
manufacturer was tradinz low prices for a larger share
of consumer's discretlonary income thereby making his

profitability highly volatile to consumer demand.,

<>

General inflation and the energy crisis of the mid-
seventies threw the carpet industry into havoc., Highly
sophisticated tufting processes and man-made fibers
production are high energy users. Although the dramatic
increase in energy costs in the mid-geventies raised
production costs and its abtsolute price, the relative
cost of carpeting continued tc deciine (Téble 7). As a
result, declining consumer demand for carpets during this
period further depressed profit margins and accentuated
the carpet industry's vulnerability to shifts in consumer
demand. More accurate econometric forecasting of
consumer demand for carrets will lessen the shock on the
carpet industry's profitability of unexpected fluctua-
ticng of censumer demand.

Slower growth iIn the carpet indusiry reflects
the decline in importasce of one of the three main sources

of cerpet demand, replacement of hard floor covering with



TABLE 6

ABSOLUTE CONSUMER PRICE INDICIES
FOR SOFT FLOOR COVERINGS

: Annual
Year Index Percent Change
1969 1.035 1.5
1970 1.028 -0.7
1971 1.023 -0.5
1972 1,015 -0.8
1973 1.028 1.3
1974 1.116 8.6
1975 1.191 6.7
1976 1.244 b,5
1977 1.273 2.3

SOURCE: U.S. Department of Labor, Bureau of labor
Statistics, Consumer Price Index Detailed Revort, 196G-1S577

10



TABLE 7

RELATIVE* CONSUKER PRICE INDICIZES
FOR SOFT FLOOR COVERINGS

Annual
Year Index fercent Change
1969 967 -2.2
1970 <919 -5.0
1971 .878 ~k.5
1972 , . 854 -2.7
1973 843 -1.3
1974 855 1.4
1975 .819 -4,2
1976 .806 -1,6
1977 780 3.2

SOURCE: U.S. Department of Iabor, Bureau of labor
Statistics, Consumer Price Index Detailed Revort, 1667-1%77

#*Relative to all consumer durables.

11
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soft floor coverings. Table 8 shows dollars spent on
hard and soft floor coverings for selected years. Instead
of soft floor covering gaining ground on hard floor
coverings, 1975 and 1976 saw a percentage increase in
shipments of hard over soft Tloor coverings. Consumers
are no longer readily replacing hard floor coverings
with soft floor coverings. Asg a result, increased )
significance is placed on the remaining two markets for
carpets. Carpet manufaciurers need & better understanding
of the demand factors effecting these markets. However,
both markets are showing substantial cyclical movement
reflected in the industry’s overall slower growth.
Simple trend analysis does not% explain the cyclical
movements apparent in these markets., A more rigorous
forecasting mocdel which will include cyclical movements
is needed,

Studies on the Demand Tor Consumer Durables

Traditicnal consumer durable demand studies

Q

[ d
+
]
Q

)]

-

elasti

(4]

focus on the importance of income and pric
G. Chow's estimate of income and price elasiicities for
automobiles range as high as 2.0 and -1.1 respectively.
M. L. Burnstein in a study on consumption of refrigerstor
services estimates slightly higher inceme and price
elzsticities. Similar estimates were derived for income
and price elasticities by J. Carman in a study on house-

hold furniture. These studies provide saep2rate estimaticns

r



HARD FLOOR COVERING SHIPMENTS VS.
SOFT FLOOR COVERING SHIPMENTS TFOR

(in millions of nominal dollars)

TABLE 8

SELECTED YEARS

Soft Floor
Coverings

Hard Floor
Year Coverings
1953 162.2
1958 151.9
1950 159.3
1963 168.1
1965 227.8
1968 199.6
1973 316.1
1974 327.2
1975 Lk27.0
1976 504.8
SOURCE:

501.5
666,5
820. 5
1,081.7
W495,6

Hard

Floor Coverings
Percent of Total
Floor Coverings

32
23
19
16
15
10

9
10
13
13

U.S. Department of Commerce, Bureau of
the Cersus, Annual Survey of Manufacturers, 1953-1976.

[
w
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of income and price elasticities for "stock" demand and
"flow" demand, Furthermore, separate estimates for
disposable and expected income were derived. W. Reynold's
study on wholesale carpet demand disregards these dis-
tinctions. Reynolds' estimates are with the necessary
assunption that replacement demand cannot be separated
out of total demand. Furthermore, Reynolds only uses
personal disposable income. His estimates Tor price
elasticity is also in the same range as above. However,
his estimates for income elasticity is much higher, as
high as 4.0,
3

Gregory Chow attempts to estimate the demand
fer zutomobiles where actual stock of automobiles bought
is a function of the desired stock and actual stock in
the last period times a depreciate rate. He estimates
demand under two assumptions: (a) instantaneous stock
adjustment and (b) slow stock adjustment“ The estimatior
of hig equations depend principally upon price and income,
either digsposable income or expected income . Under
the assumption of instantaneous stock adjustment of actual
to decired stock of automobiles, Chow estimates a price
elasticity between the range -0.6 and -1.1 znd using
disposable income estimates income elasticity between
the range of 1.5 and 1.7. However, vhen Chow uses

expected income he estimates income elasticity to be
4
>

betweenn 1.8 and 2.0 . Under the assumption of a «low
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_ 6
stock adjustment of actual to desired stock of auto-
mobiles, both price and income elasticities for both-
disposable and expected income are estimated in the
range of -0.7 and 1.8 respectively. However, the
disposable income variable explains a substantially
larger fraction of the variance than the expected
income varizble. Chow's estimates were derived from
data between 1921 through 1953. The egquations forecast
well when extrapolated for the vears between 1954
through 1957,

M. L. Burstein estiimates the demand for refrig-
eration by constructing a unit of refrigeration from
Sears mail order sales which includes quality improve-
ments. Using different levels of depreciation (from
10 percent to 25 percent), Burstein estimates the
consumption of refrigegation services by forecasting on
the same two variatles , prize and income, He estimatec
the price elasticity between «1,07 and -2,06 and the
inceme elasticity between .84 and 2,54, However, when
a time trend variable is zdded the price elasticlty
falls to unity and the income elasticity falls to .839.
Both variables remain statistically significant. When
the time trend variable is added, the problem of multi-
collinearity ariges., When Surstein estimates the
equations in first difference ferm to aveid this problern.

the estimate For the income elasticity range from .70
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using disposable income and 1.6 using expected incone.
He estimates the eguations using data between 1931
threugh 1941 and 1948 through 1655 (Sears suspended
refrigerator sales between 1942-1947)., In a cross
section study for 1954 stock of consumption of refrigera-
tion services, Burstein also arrives at an estimate of
rrice elasticity in the range between -1.0 and -2.0
and the income elasticity in the range betﬁeen 1.0 and
2.0,
10

James Carman's study on consumer durables
focuses on the demand for household furniture. He
derives estimates for price and income elasticities
for the periods 1921 to 1941 and 1946 to 1959 for both
a stock and market demand concept. The stock deman
concept looks at the dynamic behavior of consumers
purchases of furniture as a desire to achieve 2n squi-
librium stock c¢f furniture rather than to consume "new"
furniture, He estimates the income elasticity to be
between the range of .5 to 1.06. He estimates the price
elasticity to be approximately -0.2, The market demand
concept looks at actual furniture sales in each pericd.
" This concept is useful for management decisions in
deterwining responses to changes in income and price.,
Income 2nd price elasticities range from .8 to 2.2 and
-e66 to ~1.75 respectively. For both estirates Carman

Tound jncome elasticities to be less elastic durinz the
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post war period. He rationalizes this result zs a
decision by consumers not to treat their furniture
expenditures as a luxury but rather as a function of
their discretionary inconme,

The first comprehensive study on the carpe‘t11
industry was conducted in 1968 by William Reynolds .
He atteupts to estimate wholesale carpet shipments in
square yards between 1947 and 1663. Reynolds concludes
that now thevre is no available or logical method fcr
which to inccrporate Chow's and Burstein's separation
of a stock from a flow concept because of iwo reasonss:
(a) carpeting has a?oalmost interminable life span and
varies with quallity ) and (b) carpets can be moved from
room to room and does not depreciate in the same way
as automoblles or refrigerators. As a result, a separats
measure for replacement demand is neither calculable nor
necessary. Reynold's estimate of wholefale carpet ship-

. 2

ments is a function of income and price J. Between 1947
and 1963 his estimates of income and price elasticities
are 4,0 and -1,0 respectively. However, he significantly
improves his results when he regresses the same equation
over a shorter time interval, 1951 to 1963. For this
period his income and price elasticity is 3.5 and -1.3
respectively. The eguations 2are in first difference form

in order to account for any time trend. Reynclds con=~

cludes that given the high degree of income and price
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elasticities, low product differentiation and a fairly
large number of firms, the individual firm's demand

curve approaches a horizontal demand curve,

Recent Forecasting Models for Carpetine and Household
Furniture

FPresent carpet demand forecasting methods are
weefully inadequate. The economatric models used have
both technical and theoretical problems. A more complex
model encompzssing both the supply and demand side has
been built for the household furniture industry, a
consumer durable similar'to carpeting. Although carpet
and household furniture industries have many similari-
ties, forecasting carpet demand invelves many complica-
tions which differentiate the two industries.

Recent carpet demand forecasts are performed by
fiver suppliers, 1l.e.,. Allied Chemical and Monsanto,
large chemical Firms which produce man-made fibers for
use in carpet wmanufacturing. Their econometric models
for wholesale carpet demand usually consist of one or
two exogenous variables, consumer spending on durable

14 15
goods  and hcusing fgarts . Residential starts
determine the "need” for carpeting, as reflected in
new floor space available for floor coverings. Consumer
spending on durable goods is a proxy for & consumer's
"willingnees” to purchase cazrpeting as reflected in

consunmer's overs1l willingness tc purchase consumer duratles.
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However, these simplistic models encounter two
main problems, autocorrelation and misspecification,
Using consumer spending on all durable goods as an
exogenous variable trying to explain demand for a
consumer durable (carpeting) resultf in serial corre-
lation and an inefficient predictor ’ on the exogenous
variable, Using housing starts as a proxy for the need
For carpeting for the total need for carpeting is a
misspecification. Housing starts only reflects the need
for new residential floor space. Residential contract
demand and ccmmercial contract demand are not explained
by this model. DMisspecification is also reflected in
the absence of an irncome variable, a proxy for ones

‘ability" to purchase carpeting. .5

Recently, a more complex model  has been
successfully built for the household fur?gture indusiry,
a consumer durable similar to carpeting. ’ This model
simultaneously determines supply and demand for wholesale
and retail household furniture. The model consists of
twe sets of simultaneous equations, i.e., two simulta -
neous sets of equations determining equilibrium price
(supply) and demand., Demand for retail household
furniture sales is a function of: (a) income, (b) prices
which censumers face and (c¢) derived demand reflecting
the "need" for household furniture, e.g., regidential

constiruction, Retall househeld furniture price i a
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function of: (a) retail demand and (b) prices which
retailers face, Demand for wholesale‘household fur-
niture is a function ofs (a) demand for household fur-
niture on a retail level and (b) prices which retailers
face; Wholesale household furniture prices is a function
of1 {a) wholesale demand and (b) prices of factors of
production. The model can be stated in the following

functional form:

wWholesale Frice Retail Price
(supply) and Demand (supply) and Demand
for Household : for Household
Furniture Furniture

phe=f (Dfs, Pw) Drs=f(I, Pc, Rc)
Pw=F(Dnhf,; Ff) Pe=f(Drs, Pw)

Dhi=Dermand Tor household furniture 2t the wholesale

level,

Drs=Demand for household furniture at the retail
level. :
Dfs=REstimated demand for furniture at the retail
level,

Pe=Prices of household furniture consumer's face
at the retall level,

Pw=Prices wholesalers receive for housencld furniture.
I=Income.

Rc=Residential construction variable.

Pr=Frices of factocrs of productlion,

In equilibrium, houschcld furniture demanded on

evel 1g equal ©o household furniture supplied
I

1

the retail
on the wholesale level. EFach set of simultaneous eguations
tisfies the identification specifications associated

“y
I
D)

with simultaneous cequations . TFor the retall demand

¥

S

couationg the enderenouvs and exogenous variables are

Drsy Fo and I, 'w; Rc respectively. Tror ihe wholesale
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demand equations the endogenous and exogenous variables
are Dhf, Pw and D?s, Pf respecitvely. When the models
are solved as a complete sclution, the identification
specifications are also satisfied.

As home furnishing products, carpeting and
household furniture are similar in factors which determine
wholesale and retall supply and demand. However, fore-
casting carpet demand is complicated by discontinuities
with its past history and major data problems. The retzil
end market subdivisions further complicates the estimation
procedure, Conseguently, the carpet model will differ
in many ways from the above model. Since it is important
to identify these complexities vefore proceeding to the
carpet model itself, the subsequent section will clarify
the complications in carpet demand forecasting.

Complications Tor Forecasting the Carpet Industryv

There are many complications in forecasting carpét
demand. The carpet industry has different end markets
for gome of which there are no satisfactory historical
data. Also there are no historical data on carpet
retailer inventories, an important variable affecting
manufacturer's orders. Furthermore, the carpet industry
has experienced sharp discontinuities with its past
history, e.g., sharp increases in production costs, a
changing role of hard floor coverings and its effect on

the replacement market, and the changes in cornsumer
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confidence due to general inflation expectations. =
discontinuities with past history place skepticism ©
restrictions on the use of historical data in forec:
current carpet demand,

Data on the carpet industry's three distinct
markets are unavailable, However, forecasting each
market, each with its own particular economic facto:
affecting its market, are important. Chart I looks
at the flow of the carpet industry from fiber suppl;
through the channels of distribution to its end mar"
The carpet industry's three distinct end markets zr.
(1) residegtial, (2) contract residential, and (3) ¢
commercial . Recent estimates give residential &85,
percent, contract residential 16.1 percent and contry
commercial 15.7 percent of the total carpet market.
Hence,; the “"contract" market, within its broad defi:
accounts for nearly 32 percent of the total market.
Historically, government data is only cocllected on &
total carpet shipment basis without any breakdown a.
the three end markets.

This problem becomes even more acute when the
markets are further subdivided. Table 9 lists selec
end markets with their percentage share of the total
supply of carpets. Izch sclectied end market alsc hr
distinct economic factors which affect its market,

However, such data on selected end markets are unave
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TABLE 9

SELECTED END MARKETS
FOR CARPETS

A. CONSUMER

Use Percent of Total
Living room, dining room,
hall 37
Bedrooms 17
Other 14

Total 68

B, CONTRACT RESIDENTIAL

One and twe family homes 11
Mobile 2
Malti-family

Total 16

C. COMMERCIAL
Office
Store
Hospitality
School
Health Care

Cther

AN N P - I

Total 1
SOURCE:s Allied Chemical, 1977
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and forecasting these end markets from aggregate data
are misleading.

Inventory data for the carpet industry, an impor-
tant variable effecting carpet sales, are also non-
existant. For all consumer durables, inventory swings
contribute to the volatility in industry sales. Retail
inventory swings affect major channels of distribution.
This is especially the case for the carpet industry.
Wholesale carpet orders and sales in one period are
affected by inventory changes in the previous period,.
Iarger inventories relative to sales are negatively
correlated with future whelesale carpet orders., Inventory
data, either for distributors or retallers are not avail-
able which restricts the accuracy of forecasting wholesale
carpet sales,

A further complication in forecasting the carpet
industry is its apparent discontinuity with past history.
The dramatic upturn in carpet prices since 1973 places
skepticism on the use of earlier carpet price data for
current carpet demand forecasting. From 1973 carpet
production costs have increased significantly relative
to previous years. Table 10 shows the wholesale price
index (WPI) for carpets and annuzl percent changes. From
1966 to 1972 the Wil for carpets declined in five out
of seven years. From 1973 thyough 1977 the WPI for carpeis

rose an average of nezrly 5 percent annuslly with a 10



TABLE 10

WHOLESALE PRICE INDICIES FOR
SOFT FLOOR COVERINGS

Annual
Year Index Fercent Change
19656 1.049 -0.5
1567 1.000 » =47
1968 1.007 0.7
1969 1.007 0.0
197¢C « 990 -1.7
1971 . 967 -2.3
1972 . 961 ~0.6
1973 1.010 5.1
1974 1.109 9.9
1975 1.145 3.3
1976 1,179 2.9
1977 1.219 3.4

SOURCE: U.S. Department of Iabor, Bureau of
Labor Statistics, #heolesale irices and rrice Indicies,
1666 to 1977

26
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percent increase in 1974, The main reason behind these
dramatic price increases is the increased dependency
on synthetic fibers. Nearly 99 percent of all carpet
fiters are now synthetics. Synthetic fibers are energy
based. The sharp escalation in energy prices after 1973
caused sharp increases in the cost of fibers and, con-
sequently, the cost of carpets. Furthermore, changes
in the relative importance of hard floor coverings has
shifted the carpet market toward replacement demand.
Data on the replacement segment of carpet demand for
end markets are not oniy unavailable, its dramatic
increase in importance .in recent years places skepticism
on estimations of its relatlive import%gce from aggregate
datz. A 1975 study on flocor covering | pinpoints the
kXey factor for the rapid increases in soft floor
covering sales. Due to low costs {or carpeting and new
innovative designs, carpeting was not only replacing old
carpeting, but also hard floor coveirings even before
they are worn out. However, by earliy 1970 the carpet
industry wags unable to svstain its growth by replacing
herd fioor coverings. Ty 1273 hard floor covering’s
share of the total floor covering market was only 9
percent, from a subsitantial 32 percent share in 1953
{(table 8). Thig important determinant of the carpet
industry's growth has all but venished. In addition,

recent technological improvements on hard surface flocr
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coverings has altered its traditiorzl role from a
poorer substitute for carreting to a mz jor floor coverirg
competitor. Because of its low cost and easy installation
hard floor coverings have in recent years made inroads
on carpet’s share of thes market. Tnese Tactors sharply
increases the role of replacement femand as a significant
factor tovards carpets continued growth. However, tne
absence of data c¢n replacexment demand reduces our under-
standing of total carpet demand.

Consumer confidence in the zenerzl economy, an
important determinant of carpet dexand, has also
changed dramatically in recent years. o longer are
consumer attitudes toward durables s0 easily vredictable.

n

i

From 1960 to 1973, when the annual nercent increzse

PS

¢

for inflation averaged nearly 3 percent, the University
of Michigan®s index of consumer ser.timent showedzslight
variation from the 90 and abtove level {table 11) 3.
However, uncertainty set in with inflzation zfter 1672,
averaging nearly 8 percent annually. Since 1572,
consuner confidence averzged 76 with a low point of &4
in 1674, Since carpet manufacturers are vying for a
share of consumer's discretionary incore, unexpected
zhifts in consumer confidence due to irflztionary

expectations will have profound effects on carpet sales

velatility, further complicating indusiry forecasting.



TABLE 11

CONMPARISON OF CPI AND
CONSUMER CONFIDENCE INDEX

Consumer
Year crPI Confidence Index
1960 .886 <934
1961 .896 . 4928
1962 . 906 . GU48
1963 .918 .o48
1964 « 930 | ;992
1865 o4l i.024
1566 .973 .938
1967 1.000 . 941
1968 1,042 .931
1849 1.098 .882
1970 1.163 - 765
1971 1.212 .811
1972 1.253 904
1973 1.331 761
1974 1.477 640
1975 1.613 705
1976 1.705 . 354
1977 1.815 .£68

SOURCE: U.S. Department of Iabor, Burezu of
Labor Statistics, Consumer Frice Index Detailed Report,
1.960-1977; U,S. Department of Commerce, Burezu of
Economic Analysis, Business Conditions Direct, 1940-1977
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NOTES

1Floor‘ Coverings T-38, Fredicasts, Inc., July 1975

27he other two sources of carpet demand are: (1) new
floor covering space reflected in new housing (2) replace-
ment market, e.g., hew carpeting replacing old carpeting.

3Gregory C. Chow, "Statistical Demand Functions for
Automoviles and Their Use in Forecasting", The Demand Tor
Durable Coods, ed. Arnold C. Harberger (Chicago: University
of Chicarso Press, 1960), pp. 149-178 -

YFrisdman's expected income is a weighted moving
average of disposable income in which current income gets
one-third of the total weight and past incomes getiing
progressively less welght.

5The equation using expected income explain up to
10 percent addition variance,

6A lag dependent varizble is added.

3. L. Burstein, "“"The Demand for Household Refrigera-
tion in %the U.S.", The Demand for Ccnsumer Durable Goods,
ed, Arnold C. Harberger (Chicago: University of Chicago
Press, 1960), pp. 99-145

8Burstein assumes for the most part instantaneous
adjustment.

9%hen Burstein uses expected income, adding a Lime
trend reduces the income elasticity to 0,5 and uatlstlcaluJ
ingignificant.

10James A. Carman, Studies in the Demand for Consumer
Househeld FEquipment, Research Frogram in siarke Lln_,
(University of Californiai: Institute of Business and
Economic Research, 1965)

1

4 . - - -~ - » 4y - . .

11wil1liam A. Reynolds, Innovation in the U.S. Carpet
Industry 1947-1643 (New York, Chicago, San I'rencisco: an
Nostrand Company, 1nc., 1968)

12Rc*“no’d also concludes that due to innumernitle

opinions it is Drdct)021¢y impossible 1o ascerdtain vhaether
guality of today's carpets is better than the quality of

earlier carpets,
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13Reynolds uses disposatle income. Studies done on
carpeting show a low proportxon of carpets were bought on
an ins tallment basis The price variable is re¢dt1ve to
hard flocer covering pricese

14Usually excluding automobile consumption.

15Housing starts are usually lagged two or three
guarters.

16The concept of “need" is analogous to "derived
demand” for consuner durables, .

17jarge sampling variances for our values will
lg*npubllahed study by the National Association of
Furniture Manufacturers, Washington, D.C.

1Q'hpy both fall into the category of "household
furnishings"”

(\J

Cror a simultansous eguation model the number of

ariables XblUded from the equation must be at least as
ﬂreat as the number of oqu¢tlons in the model less one,
Slnce each equation has at least one exogenous variable
excluded with *two equations, both simultaneous systens
are identifiable.

2lgesidential carpeting is defined as any carpeting
purchased by a family, a household or an individual fer
(non- hUanebs) personal use only. Nonresidential contract
carpeting is deflned ag carpeting installed in government
buildings, schools, dormitories, hospitals, hotels, motels,
office bulldings avnd other nonresidential stiructures.
Reaidential contract market is defined zs carpeting installed
as part of 2 bullding contract for a single family tract
built houses, low and hi-rise apartment%, mobile homes
recreational vehicles and mcdual homes.

22y 00r Coverings T-38, Predicasts, Inc., July 1975

23“xce t for the 1970 recession where consumer
confidence drozpvd to 77 percent.



CHAPTER IXI

The Structurali Model Using
Ordinary Least Sguares

The structural model using ordinary least squares
for the carpet industry consists of three eguations, i.e.,
one equation for the residential retail market, one egquation
for the contract market and one eguation for the wholesale

markzt. The structure of each equation conforms to the

2
Iy

traditional Tramework of consumer demand arnalysis. The
demand for ezch market is determined by income, price and
demand derived by other factors not related to income or
price,
The structurzal model for the carpet industry is
as follows:
(1) Residential Retail Egquation.,
DRS=1{1, Re, Pc)
DRS=Demznd for retail floor coverings.
J=Income.,
Re=Residentizl) construction (derived
demand varizble).
Pe=Consuner price for floor zoverings.
(2) Coniract Carpet Equstion,
DC=f(Cp, Nre, Pc')
DC=Demand for commercial carpeting.
Con=Corporate profits.
: I 1
Nre=Residential and/or nonresidential

construction (derived demand variable).
Pe'=Consumer price for contract carpeting.

32
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(3) Wholesale Carpet Equation.
w=f(Yd, Tc, Pw)
DwW=Demand for wholesale carpeting.
Yd=Income.
Te=Residential and nonresidential
construction (derived demand variable).
Pw=Wholesale price for carpeting.

Each equation will be estimated using ordinary
least squares. The equations will be estim2ted primarily
in log form in order to interpret the coefficients in

srcent changes and/or elasticities. The coefficient of
the variables belonging to the best fitting egquation will
e subsequently interpreted. The best fitted eguation will
be tested to determine its stability and its forecasting
accuracy. Each equation will also be estimated using two
stage least squares as an alternative methed of estimation.
The statistical results for the best fitted equations using
two stage least squares are presented in Appendix X,

Residential Retail Eguation:
Variables Tested

The variables tested in the residential retail
sales equation conform to the traditional framework of
consumer demand analysis., Consunmer demend is determined
by the level of income, the relative price of retail floor
coverings and demand derived by other factors not related
to income or price.

The Endosenous Variable

Residential Reteil Floor Coverines Sales

Data on retail Tloor coverings stores includes
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all types of soft floor coverings (carpeting) and hard
1
floor coverings (vinyl, tile). The data are collected.

on & monthly hasis by the U.S. Department of Commerce,
Bureau of the Census, and are furnished upon request in

a monthly letter entitled "Monthly Retail Trade Survey".
The data are available on a monthly basis from 1567 through
the present, are seasonally unadjusted and in current
dollars. However, because of small survey panels the data

are subject to sampling scrors. The U.S. Department of

S

Commerce cautions the user of these data in its monthly

letter:

"As stated in previous correspondence, although
dollar volume salez estimates are developed
for this particular kind of busginess, the
survey pansls are small compared tc the panels
for the mzjor kind-of-businesse groups, and the
estimates are not published since they are
gsubject to relatively hisgh sampling error.

The estimates have the additional limitation
that corrections made to major group totals
may not be carried to estimates for unpub-
lished kXinds of business."

However, the month tc month percentage changes from these
estinates have a smaller sampling varizbility than the
actual estimates and are more relizable.

The Exogenous Variables

Tncome Variazhle

v

The level of consumer income reflects the consumer's
ability to purchase various goods and services. Carpeting
ig a Juxury item and postponable., As income rises, more

»

money ig availadle for luxury purchases. Consumers will
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be unwilling to postpone such purchases. Subsequently,
retail demand for carpeting increases. Turthermore, due to
imperfect capital markets, consumer's ability to self-
finance durable expenditures is important. Two variables
‘which aptly reflects consumer’s ability to purchase goods
end services are disposable personal income and discretionary
income,

Disposable personal income is the income people
have for spending on all items. I% is the total income
received by a household, i.e., wages, interest and dividends
minus the personal taxes which each household pays. House-
hold disposable income is spent on both necessary goods and
services such as food, clothing, rent and iuxury or post-
penable goods such as automotiles, furniture and carpeting.

Since carpeting is a luxury good, consumer's dis-
posable personal income might not truly reflect the consuner's
2bility tc purchase postponable goodz. Disposable personal
income may risé, but costs of necessary goods and services
may rise as fast or faster and leave little if any residual
income for postponable purchases such as carvpeting.

A more accurate gauge of the consumer'é ability
to purchase pestponable goods such as carpeting is consumer's
discretionary income. Discretionary income proposes thaw
not all income can be spent on luxury items including
income which is saved. The Conference Board defines

diseretionary income as egual 1o the sum of disposable
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income and net household credit minus net contractual
savings, essential expenditures, fixed co 5 itments,
imputed income, and discretionary savings. This definition
provides a realistic apprasial of the consumer's ability
to purchase postponable goods and services and hence its
economic importance.

Both variables will be tested in order to determine
which variable most closly correlates with retail carpet
demand, Disposable personal income is collected on a
guarterly basis by the U.S. Department of Commerce, Zurezau
of Economic Analysis, and is available in a2 zublication
entitled "National Income and Products Accounts of the
U.3.". Discretionary spending is calculatesd on a guarterly
bagis by the Conference 3oard and is available upon request.
The data are available from 1952 to 1977.

Derived Demznd Variables

Derived demand variables explain the demand for
carpeting not related to income or price. The derived
demand foy retsill carpeting is reflected through the amount
of new {loor svace available to be covered. lew available

floor space is measurable either in a flow or stock concept.

}-de

Ffurthermere, the demand for carypeting is explained through
the complimentzry relztionship tetween carzeting znd other
household furnishings.

The flow of available floor syzce 1s reasurable by

elther investinent in residential structurez or toizl private
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housing starts. Both variables include single and nmulti-
family housing units. Each variable can be viewed as a
leading indicator as to the future demand for carpeting.
However, both variables may not be completely reliable

as measﬁres for additional available floor space. MNore
znd more housing contractors include residential contract
carpeting as part of the construction package. Therefore,
the amount of real additicnal floor space avallable as
measured by either of these two variables might be biaged
upward.

The stock of available floor spzace is measured by
the total carpet stock of housing, j.e., single and mulfi-
family housing units. The %otal stock of housing is cal-
culzted by subtracting a percentage depreciation from last
periods housing stock and adding a ceritzin percentage of
housing starts.3 The percentage change in the capital
stock of housing measures carpet demand derived from addi-
tional available floor space. However, a substantial
percentage of new awvailable floor space are initially
covered hy contract carpetinz. Therefore, the coefficient
for the capital stock of housing might be bilased downward.

There exists a complimentary relationship betwsen
carpeting and other home furnishing goods. The complinentary
relationship is derived through the consumer®s need for a
“totally" furniched household., Althoush the direction of

causxlity between carpeting and home furnishing goods has
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not been statistically determined, the retail egquation
will assume household furniture purchases leads floor
covering purchases.

Each derived demand variable will be tested in
order to determine whether the stock, flow and/or comple-
mentary aspects of carpeting significantly correlates with
carpet purchases. Investment in residential structures is
calculated quarterly by Data Resources, Inc. based on data
collected by the U.S. Department of Commerce and published
in "National Income and Product Accounts of the U.S.". The
data are available from 1947 tc 1977. Data on private
housing starts, i.e., single and multi-fenily units are
collected on a guarterly btasis by the U.S. Department of
Commerce, Bureau of the Census and published in "Constructicn
Report €20, Housing Starts"., The data are available from
1947 to 1977. The capital stock of housing is ealculated
using the equation described on the previous page. The
data are available from 1959 to 1977. Household furniture
shipments 1is calculated on a quarterly basis by the
Naticonal Assoclation of Furniture HManufacturers based on
data collected by the U.S. Department of Commefce, Bureau

of the Census and published in the "Annvusl Svrvey of
CS

-

I'mnufacturers, Value of Froduct Shipments". Total
furniture shipments incliudes wood, upholstered and metal
household furniture (SIC 2511, 25120, 25i4), wood TV, radio

and sewing machine cabinets (SIC 25170) and houzehold
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furniture not elsewhere classified (SIC 25190). Is ex-
cludes mattresses and bedsprings (SIC 2515). The data

are available from 1663 to 1977

Relzative lrice Variable

The data representing the level of prices of floor
coverings consurers face is the consumer rrice index (C:I)
for floor coverings. The consumer price index is a statis-
tical measure gf price chanses of consunmer goods and services,
It measures the changes in price which effects the cost of

living. The C7I iz a weighted aggregate index number with

[ie]

fixed annual rates, It is measurad by repricing costs of
Tixed goods and services bought by consumers at regular
tine intervals. 32xcept for weight revisions the quantity
tant, The CPI ig &

or zoods ord services 1z kent con

e A

mn

conslistant statisticel mezsure of floor covering rices,
The denmand for carretiny 1s negatively related to

price, However, the price of other gocds (durzbles and

T *»durab]es).play a significant role in determining the

e 1

real effect price has on carpet sales, If the wrice of

e

o e
EY
carens

J.

ng

g5

increases but decrezses relative to other goods,

the effect on carvet derand is positive., Therefore, the

a4
4

CrI for Tloor coverincs is divided (deflated) by the immlicit

rrice daflator for personal corsumption exypenditures., This

(:)

[l

ra’tio is the price consumers pay for Floor covering relstive
to the cost of all conswrptior expenditures. The relative
vrice of carpeting is necatively related to the demand

Tor carpeting,
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The consumer price index for floor coverings is
collected monthly by the Bureau of Iabor Statistics and
published in "CPI Detailed Report". The data are available
from 1947 to 1977. The implicit price deflator for personal
consumption expenditures is ccllected quarterly by the U.S.
Department of Commerce, Bureau of Economic Analysis and
published in the "National Inecome and Product Accounts of
the U.S.". The data are available Trom 1947 to 1977.

Residential Retaill Fouations
Statigtical Results

The statistical results of the ret2il equation are
good, The modeal explains 97 percent of the variance in
retail floor covering sales, with an average forecasting
error of 5.0 percent. The Durbin-Vatson statistic, a
test for autocorrelaticn, is in tne ambiguous range.
However, upon examining the residuals of the medel and
applying various residential trend tecsts, the residuals are
randomly distributed. The most logzical variables are
statistically significan®t and their regression coefficients
are reasonable. The abgolute value of the relative price
coeflficient is elastic and significant. The elasticity
coefficients for the derived dewznd variables (household
furniture shipments and the capital stock c¢f housing) arce
positive and significant. The only surprise is an inelastic
coeTficient for the inccme variable., The qgquarteriy model's

forecasting avility is good on an annual basis butl performs
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poorly on a guarterly basis. The reasons fcr the poor
quarterly performa: e 1is the result of variable seasonality
factors beyond the usual seasonality adjustments.

The EBest Zguation

The best equation for forecasting retail floor

covering sales is:

Log (FCRS72)=-8,97-1.,47Lc(PC1)+.32Log (DISCINCT72)
(=2.28) (2.16)
+., 55L0»(QHIPS\1) .0Log (KQHEUSTS\ 3)
(4,11) 4.55)

t-statistic in parenthe31s
FCRS72=Real retail floor covering sales, seasonally
adjusted.
PCl=Relative retall price of floor coverings.
DISCIliC72=FKeal discretichary income.
SHIPS\i =Real household furniture shipments,
seaSOnally adjusted, lagged 1 guarter.
KQHUSTS\3=Number of existing housing stock, lagged
3 guarters.
Tlme interval=1969 to 1977

27

Durb1n~latson—1 Lg
Standard Error of the Regression=.,050

Tatle 12 lists the valuss of the endogenous and ex:iZenous
variables used in the model. The equxtions are in log ferm
in order to interpret “ne coefficien* in percent changes
and/or elasticities. IFjuaticn resuli. with alternative
variavles tested are presented in Appedix II,

Statistical Interpretation

The ZEndogenous Variable

The values for retail sales of floor covering
stores are seasonally adjusted and in constant dollars.

The seasonal adjustment prograr is the X~11 varient of the



TABLE 12

RESIDENTIAL RETAIL EQUATION .
ENDOGERNQUS AND EXOGENOUS VARIABLES

AT S R TR T T

Real
Real Residential 3 e i ona
Retail Floor Relative Retail Doscretlonar
Covering Sales Price of Eillions of
Millions of Dollars Floor Coverings -
196911 419,732 1.197 3;3;83
13 361.934 1.173 26i.86
197011 375.302 1,149 26L; 32
13 k13,305 1,131 550 02
1l Wil 173 1.120 235,65
82 440, 742 1.105 261199
tj L"Bl 0069 1 .096 2.7,;/.0‘.';
1 453,105 1.089 Qéé.lﬁ
197211 523.690 1.074 28l 3E.
12 537.355 1.071 281:59
:3 £51,970 . 1,063 28500
1l 626,142 1.053% 3‘:2{',,1
197311 671,381 1.044 595 50
12 685,933 1.030 égé'é;
13 680.59Q 1.024 29m',g
1l 711,867 1.007 592 65
19741 779545 <993 536 08
12 841,959 1.000 Pt
13 766,998 1.028 St 81
oy £32.326 1.041 Senon
1975:1 622,948 1.037 27?'?1
:2 620,344 1.028 276'56
13 633,996 1,022 21k 02
1k 715,622 1.021 207 e
197611 670,151 1,029 29532
12 707.184 1,030 29",’,*59
i3 760,551 1,026 6
1 735.921 1.018 355 A
19771 757.073 1,006 33?‘?2
12 756,788 1.002 333" 53
13 785,497 «995 333.61
‘L}’ 856:877 u994 o SN

='4A"2§§;



Real

Digcretionary
Income .

Billions of Dollars

270,630
280.999
262.014

261.867

261,218
264,327
252,998
250,027
258,656
263,972
26L,995
277,059
278,149
284, 364
281.08%

285,095

262,081
271.21¢9
270.068
214,924
295,434
299,204
297,492
311,638
322 485
335.723
323,214

Real Household
Furniture Shipments
Billions of Dollars

. 987
. 910
770

Fuw oLl
@ L] ] L]
(&s]
W
[y

Capital Stock
of Housing
Villions of Units
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7 8
Census Method II. The stable seasonality test concludes
seasonal patterns a.e persistant in the endogenous variable,
Furthermore, the effects of inflation on retail sales were
eliminated by deflating retail sales by the consumer price
index for floor covering stores. Table 13 lists the seasonally
vnadjusted values, seasonal adjusted values and seasonal
factors of retail sales. Table 14 lists retail sales in

constant dollar terms and its consumer price index deflator.

The Exogenous Variables

.Relative Price

The elasticity of retail floor covering sales to
price is -1.5. The elastic coefficient for relative price
reflects retail floor covering sales sensitivity to changes
in its relative price.9 This is not surprising. Histor-
ically, consumer's purchasing decisions for durable goods
are significantly influenced by price movements, Throughout
the regression time interval, the absolute price of floor
coverings has been steadily increasing., Its relative
price may reflect consumer's eipectations for further
absolute price increases or the possible erosion of the
comparative advantage of floor covering prices relative
to prices of other consumer durables.
Discretionary Income

The elasticity of rigail floor covering sales to

discretionary income is .32, The inelastic coefficient

reflects retail floor covering sales insensitivity to
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12
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167511
12
15
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12
3
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12
13
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RETAIL SALES OF FLOOR COVERINGS

TABLE 13

Millions of Dollars

Seasonally
Unadjusted

L1y
435
100
533
378
Lok
L21
490
Lyg
485
Ll
503
538
598
570
693
677
T4
723
807
812
1017
923
832
750
833
863
Q84
826
9983
1047
1067
956
1096
1113
1256

Seasonally
Adjusted

K36
Lh26
Lg9
Li3
397
393
L34
LES
471
462
k59
482
567
572
589
667
718
738
739
780
868
971
935
801
811
799
866
943
901
962
1044
1016
1051
1061
11e7
1220
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Seasonal
Fagctors

95.0
102.1
97.8
10408
95.2
102.8
G7.0
104,7
95.2
103.56
9607
104.3
9%.9
10&:5
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$3
1
16721
12
t3
4
197311
12
t3

1974:1
12
3
sl
1975:1
4
13
1l
197611
12
13
th
197711
12
13
1

TABLE 14

RETAIL SALES OF FLOOR COVIERINGS
7illions of Constant Dollars

Constant Dollars
Seasonzlly Adjusted

420
k10
392
394
379
374
b13
Lily
Ly
Ll
431
453
534
537
552
626
671
06
681
712
780
a2
767
632
633
620
664
716
670
707
761
736
757
751
785
857
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CrI For
Floor Coverings

1.038
1.040
1.044
1.0‘,"’9
1.050
1.050
1.054
1.061
1 0062
1.065
1.065
1,062
1.065
1,066
1.066
1.070
1,074
1,087
1.0656
1.114
1.154
1.220
1 n26?
1.281
1.2853
1.304
1.31¢
1.344
. 361
1.373
1. 301
1 jUJ
1.402
1 'H\
1. 42&
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changes in thfllevel of discretionary income. This result
is surprising and can be justified by focusing on the
increasing importance of the replacement market. For the
carpet industry the replacement market is a key factor for
carpetsAcontinued growth., However, among postponable
purchases replacement carpeting has low priority. Further-
more, as fhe rate cof increase of discretionary income

2
declines, consumers are able to buy less durable goods.
This is especially acute for the replacement segment of
the market. Therefore, the slower growth rate in retail
floocr covering sales might be caused by the slower rate
of increase in consumer’'s discretionary income. This could
explain the low elasticity coefficient for discretionary
income.
Wholesale Household Furniture Shipments

The elasticity Ffor the ccmplimentary effect
between household furniture shipments is positive but low.
The elasticity coefficient is .55. Aesthetics is an
important factor in determining floor covering sales.
The positive sizn appropriately reflects %?e consumer's
desire to "totzlly" furnish his hou:u—:hold.'3 However,
the low elasticity coefficient might reflect the drain on
consumer's discretionary income after furniture purchases.
As a result, consumers may not be able to match floor

coverins purchases with hcusehold furniture nurchases,

In addition, a one guarter lag between wholesale furniture
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shipments and retail floor covering sales is appropriate
due to: (a) a general lag between purchases or (b) a lag
between wholesale shipments and retail sales.
Capital Stock of Housing

The elasticity of the capital stock of housing
with rezard to retail floor covering sales is positive and
high. The elasticity coefficient is 3.0. The percentage
change in the capital stock of housing reflects the stock
of additional flcor spece available, The high elasticity
coefficient implies consumers are likely to purchase
carpeting when additicnal floor space is availabdle. However,
the best correlation occurs with the percentage change in
the stock of housing leading floor covering sales by three
quarters. This implies consumers might initially postpone
carpet purchases,; most likely after completing other house-
hold furniture purchases. However, the percentage chanse
in the capital stock of housing includes new housing units
initially coveéed by contract carpeting. As a result, the
elasticity coefficient might be biased downward,

Testing the Validity of the Retail lodel

There are many methods of determining how good
the model is as a predictive device for floor covering
sales, The following pages will focus upon the most
common nmethods.

Gaeodness of Fit leasure

The goodnest of 1'it messure relates to the medel's
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ability to account for historical derivations over time of

Tfloor covering sales. The ﬁg.

the coefficient of deter-
rnination, measures the goodness of fit. In this model

the R? is 97 or 97 percent of the variztion in the
dependent variable is explained by the exogenous variables.

Statistical Significance of the Regression Coefficients

Statistical significance of the regression
coefficients ag measured by the t-statistic determine
whether the coefficients for the exogenous variable are
truly significant or simply occur by chance. Each exogenous
variable in our ?Edel is statistically significant at the
5 percent level. Therefore, their subsequent coefficlents
are statistically acceptable.

Compariscn of Actual vs., Fitted Values

Comparison of actual vs., fitted values of our
model over the time period estimated reveals the degree of
divergence (residual) between the two series. Furthermore,

.

it reveals the models ability to anticipate turning points
assoclated with cyciical movements. Chart II exhibits
actual and fitted values for the retail sales model., The
fitted values closely mirror the upward ancé downwzard
movement of the actual values, Especially encouraging is
the model's &bility to catch the significant decline in
retail floor covering sales during the 1974-1G75 recession,
However, this model fails to catch many quarter to guarter

movements beyond 1975. The deviation is attributed to
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variable factors which are not statistically measurable,
These factors will be discussed below.

Test for Autocorrelsation

The Durbin-Watson statistic tests for the presence
of autocorrelation. The Durbin-Watson statistic for the
retail equation is 1.49., With five parameters and 36
observations the upperland lower critical bounds are 1.16
and 1.74 respectively. ’ Therefore, the results of the
Durbin-¥Watson test is in the ambigucus range. However,
upon examining the residuals of the regression (Chart II),
no visible trend in the residuzals are apparent. Furthermore,
by renking the order of the residuwals by size, i.e., assign
on its size and correlatinzg

a rank 1o each residual dependin

n

the vector of ranks with a time trend will determine if

the residuals have any trend in them. If the residuals have
any trend, their rank order will either be highly positively
or negatively related to the time trend. The correlation
coefficient (ciéled the Spearman rank correlation coefficient

is low (.012). The residuals are approximately normally

tribut

('1

bete
!l)

aji :d., Therefore, positive auvtocorrelation is not

N

e
8]

ta

iy

apparent in the retail equs

Stability of the Regression Coefficients-Chow Test

The Chow test performs an F-test on the stavility
of the regression coefficients by dividing the regression

<

interval into ¢wo suvintervaliz:

(14

Regressions are run on

c&ch of the two supinteirvals and the entirs interval,



CHART II

RESIDENTIAL RETAIL BEQUATION
Actual vs. Fitted Values
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Residvual sums of squares are calculated for each regression
and compared using the F ratio. The F ratio is constructed
as follows:

{RSSs ~RSS, RSS2 ) /K

£

F={8551R555)/T-2K

The null and alternative hypothesis ares
Ho=RSSp-RSS1 ~RS52=0
H; =RSSo -RS S ~R8S27#0

RSSe=Residual sum of squares for the whole interval.
RSS1=Residuzl sum of squares of one subinterval.,
RSSp=Residuzal sum of squares of the second sub-
interval,

=lumber of parameters.

T=Number of observations.,

If the model changes ¢

ud

ignificantl¥ over time the
residuzl sum of squares for the whole interval will be
large in comparison to the residval sum of sguares for the
other two subintervals. This will result in a high
calculated F value and lead to the rejection of the null

~ s

hypothesis., A low calculated F value results in the
acceptance of the null hypothesis and confirms the estimated
model's stability,

The Chow test on the retall sales eguation is

Ly

performned twice11{ (2.) the First interval 166911 to 1973:2
and the second interval 1973t/ to 19774 and (b) the first
interval 1969:1 to 197414 and the second interval 1975:1 to
167714, The calculated F value for the first Chow test
equals 2,156, The calculated T value falls within the

a &
LSO
critical bounds a%t the 5 percent level of significance.
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The calculated value for the second Chow test equals 0.730
vwhich easily falls within the czritical bounds at the 5
percent level of significance. Therefore, these two

tests confirm the es tiﬁated model's stability over the entire

19

regression interval.

Backeasting
Bzckeasting is a method where the mest recent

data is withheld in estiratl:

jds

ng the model., The truncated
version of the model is then used to forecast the missing
periods. Thiszs truncated version of the mcdel reveals the
modelfs forecasting accuracy. Tha truncated version of the

model, regressed from 1969 to 1676 is as Ffollowss

Log (FCRS72)=-8.52~1, 44 Loz (PCL JE 79;:401’ (DISCING?2)
(~2.18) 1.5)

+ g(SHI:s\1)+9; ?Log(hQHUSTS\B)
L,40)

\} ‘-l
o

\.d\n

(5!

n parenthesis

ot
1
cl\
{'L
)
;.
'..f.
(0]
ct
Hn
2]
t
e

BP=.96

Durbin-Watson=1.5

Standerd Error of the Regression=.051

Table 15 comrarss the percen changes btetween the
actual and fitted values of the truncated model. Quarterly,
the model significantly overestimates the first two quarters
and underestimates the latier two guarters. Upon analyzing
the forecast period, the reason for the inaccuracles
become apparent. The model's overestinmaticn is the result

of the severe weather (basyond +heo normal seasonal factors)

duriny the first haif of 1977. This derailed expected



TABLE 15

RESIDENTTIAL RETATL FLOOR CCOVERINCG SALES
Millions of Constant Dollars
TRUNCATED [i0DEL
ACTUAL vs. FITTED VALUES

1077:1 1977:2 1977:3 19773k ?8;%1
Actual 757.1 757.8 785.5 856.9 3157.3
Fitted 771.2 815.7 818.2 850.0‘ 3255.1
Percent Error* -1.9 -7.6 4,2 0.8 -3.1

#percent Errorzkctualeitted
Actual

53
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retail floor covering sales drastically. The model's
underestimation is the result of pent up demand during the
second half of 1977. This resulted in an underestimation
of floor covering sales for the secend half of 1977. Except
for the second quarter, the percent errors of the estimated
model are less than the standard errcr of the regression
(5.1 parcent).

When the results of the quarterly model is
aggregated to produce an annual estimate for 1977, the
model's accuracy improves., The rodel forecasts a 13 percent
increase in floor covering sales. Actual floor covering

sales were 10 percent. The annual percent error is 3.1,

}-te

substantially less than the 3.1 percent standard error of
the regression. Therefore, on an annual basis the quarterly
model's forecasting accuracy is good.

Contract Carvet Equation:
Variables Tested

The variables tested in the contract carpet sales
equations similarly conform to the traditiornal frame-
work of demand analysis. Commercial and residential demand
Tor contract carpzting is determined by the level of

corporate profits, the relative price of retail carpeti

on

in
and demand derived from other factors not associated with

income or price.
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The Endogenous Variable

Contract Carpet Sales

Data on total U.S. contract carpet sales from
government or private sources rresently do rot exist.
Furthermcre, most companies engaged in the contract
carpeting market are reluctant to divulge i1ts sales data.

Fortunately, Bigelow-Sanford, & subsidiary of the Sperry

boas
b

and Hutchinscn Company, agreed to supply data on its
20

contract carpet sales. The data are avaeilable in

0

square yvards on a semiannual basis. Table 15 lists
Bigelow~Sanford's contract square yard sales between 1969
and 1977. In order to upgrade this data tc reflect totzl
indugtry’s contract carpet szles, the follcwinz computations
were nscessary:

(1) Using quarterly percentage shzres of
Sanford's total carpet sales, semiannual ccntract carpe
data were transformed into gquarterly figures,

(2) Applying the quarterly percertaze growth
over its previous guarter of Bigelow-Sanford contract
carvet's percentage share of its total carret sales,

totel industry quarterly contract carpet's rercentage
21

Paan

share of total industry carpet sales were calculated.

(3) Total industry's contract carpet sales were
calculated by multiplying total industry ccntrzct carpet’s
percentage share of total industry carpet =zles by total

industry wholesale carpet szles.



TABLE 16

BIGELOW-SANFORD WOVEN AWD TUFTZD
CONTRACT SQUARE YARD 3ILLINGS
Millions of Square Yards

1969-1977

1969 Spring 5198
Fall 5365

1970 Spring 5145
Fall 5340

1971 Spring | 5033
Fall 5761

1672 Spring 5524
. Fall 5717

1973 Spring 6357
Fall 6690

1974 Spring 6773
Fall 6185

1375 Spring 5645
Fall 5513

1976 Spring 5623
Fall 6080

1977 Spring 6209
Fall ' 6615

56
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Table 17 lists the quarterly estimates of total
square yards of contract carpet shipments for both Bigel
Sanford and the total industry.
The Exogenous Variables

Corporate Frofits Variable

The level of corporate profits reflects industr
ability to finance its experiditures. The level of coryo

profits is critical under the assumption of imperfect co.

t3l markets. Corporate purchasing patterns are sin il r
s M

individual consumer purchasing patterns. As corporate

i
I

b

rise, commercizl establishments will be more able and li

11,

[\Y)

to expand its expenditures. When corporate profits f
commercial establishments will reduce its expenditures.

Furthermore, commercial establishments set forth spendi:.

v-'-

guidelines on its exvenditures., W“hen corgporate pro

low, low priority expenditures are postponed. Carpetin-

D%

primarily used in commercial estsblishments for zesthet
puryoses, are low priority purchases. As a result, cont

s are very sensitive to changes in

D
ot
n
sy}
i..l
D

commercial carpy

1
Py

corrorate profits

3

The variable which reflects corporate ability *

Tindnce its expenditures is real =zorporate profits befor

distorts the true

]

taxes., Corporate profits after taxe
plcture of a corporation's financial well being. Capits
¢ains and losses of the previous year are taxed or writt

off in the present year. Therefore, corporate's true

profits are biased upward during cyclical downswings
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TAEBLE 17
BIGELOW~SANFORD AND TOTAL INDUSTRY
CONTRACT CARXPET SHIPMENTS

Fillions of Square Yards

Bigelow-Sanford

58

Total Incus™

52,4,53%
54,002
"55,235
57+,G0%
56,060
59,251
58,705
61,450
52,940
58,283
61,402
66.595
69,9952
77:609
- 774352
80,49°
82,350
87, 538E
85,654
86,814
31,509
87,445
85,272
72,050
63,757
77,314
76,092
75,207
77.975
82,551
84,584
8l4,904
85,665
oL, 761
90,542
95,050
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22
and biased downward during cyclical upswings. Corporate

profits before taxes excluding inventory valuation ad-
justments is calculated by Data Resources, Inc. as follows:
ZB72=RE/PIFIXNR+DIV/PC+TCGF/PGF+TCGSL/PGSL

Z2B72=Corporate profits before tax excluding
inventory valuation adjustments.
RE=Undistributed corvorate profits,
PIFIXNR=Implicit price deflator, gross private
nonresidential invesiment. '
DIV=Dividends.

PC=Tmplicit price deflator, personal consumption
expenditures.

TCGP=Federal government ccrporate nrofits tax
accounts.,

FGF=Implicit price deflator, federal government
purchases of goods and services.

TCGS1=State and lccal government corporate profits
tax accruals,

PGSI=Implicit price deflatoer, state and local
government purchases of goods and services,

Corporate profits before tzx execluding inventory
evaluation adjustments is calculated by Data Resources,
Inc. based on U.S. Department of Commerce data. The data
are ccllected on a gquarterly basis by the U.S. Department
of Commerce, Bureau of Economilc Analysis and published
in the “National Income and rroduct Accounts of the U, S."
The data are available on a quarterly basis feom 1947 to
1977.

Derived Demand Variablae

Derived demand variables explain the demand for
commercial and nonresidential contraci carpet sales not
related to corporate profits or relative price. The
derived demand for contract carpet sales is reflected in

23

new svailable commerecizl and residential floor space.
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A positive relationship exisis between the flow of new
available flcor space and the demand for contract carpeting.
Due to data limitations new available commercial floor
space is measurable only in a flow concept. For comparative
purposes, new available residential floor space is also
measured in a flow concept.

The flow of new available commercial flocor space
is measured by real gross investment in private non-
residential structures. This includes investment in
private commercial building, private industrial buildings
and private non-profit institutions.

The flow of new available contract residential
floor space is measured by invesiment in residential
gtructures. However, this variable includes investment
in all single and multi-family structures, including non-
contracted residential structures. Therefore, its
coefficient might be biased downward.

The flow of new total available floor space is
measured by investment in total structures. This measure
iz the sum of investment in residential and nonresidential
structures. Its coefficient may also be blased dovmward
because non-contracted residential structures are also
included,

Each derived demand variable will be tested in
ovder to determirie which flow concept moct closely

correlates with contract carpet sales.
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Investment in residential structures and total
structures are calculated by Data Resources, Inc. based on
data collected by the U.S. Department of Commerce and
published in "GWational Income and Products Account of the
U.S." The dzta are available from 1647 to 1977. Data for
gross investment in nonresidential structures are collected
on a quarterly basis by the U.S. Department of Commerce,
Bureau of Economic Analysis and published in "lational
Income and rroduct Accounts of the U.3." The data are
available from 1647 <o 1977.

E

Relative Consumer Frice

The data representing the level of priées of soft
floor\cover%pgs contract distributors fzce is the consumer
i
price index for soft fioor coverings, In actuality,
the prices which contract consumer's face lie between
o

/holesale and retail prices. Seventy-five percent of

contract carpeving is bought either trough distributors

or retailors, although twenty-Ffive percent is bought
‘ 25
directly from the manufacturer. However, ccontract

carpet buyers zre by definition consuners. The Crl for
sof't floor covering is therefore, a congistant statistienl
measure of the level of carpet prices contract consuncr's
face, However, as in the residential retall supply, The

26
relative consumer price ol carpeting is the appronriaie
price variable affecting contract carpet gales., Therefore,

the CFI for soft floor coverings is deflated by the implicit

price deflator for persoral consuvuapiion expenditurcs., The
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relative price of soft floeor coverings is negatively
related to the demand for contract carpeting. The source
for CPI data is found in the residential retail equation.

Contract Carwvet Equation:
Statistical Resulis

The statistical results of the contract caruvet
equation model are good. The model explains $¢5 percent
cf the variance in conitract soft floor covering sz2les,
with an average forecasting error of 4.1 percent. The
Durbin-‘atson statistic at 1.32 is in the ambiguous range.
However, after examining the residuals of the model and
applying various residual *trend tests, the residuals
are randomly distributed. The fitted values of the model
closely fellow the actual vaiues. The most logical

variables are statistically si

09

coefficients are rezsonable. The resulits of the contract
carpet equation are similar to the results of the
reglidential retail egquation. The absolute value of the

=

relative price coefficient is elastic and significant.

The elasticity coefficient for the derived demand variable

(investnent in total sirvectures) is positive and
significant. The value cf the corporate profits coefficie

is significant but inelestic, The guarterly model's
forecasting ability is excellent on an annual basis and
coad on a quarterly basia,

The Begt Znuation

The best equation for contract carmet gales is:

nificant and their regression
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Log (CSQYDSA)=7,81-1,61Log(PC11)
(-14.9%)

+,30Log (2872)
(4.6)

+ . 4hLog (1072\2)
(6.6)

t-statistics are in varenthesis

CSQYDSA=Contract carpet shipments, millions of
square yards, seasonally adjusted.
PCl1=Relative retail unrice of carpeting.
ZB72=Real corporate profit begore taxes.
IC072\2=Real invesiment in total siructures,
lagged two quarters.

T%me interval=196% to 1977

R“=.95

Durbin-Watson=1,32

Standard Error of the Regression=,041

Table 18 lists the values of the endogenous and

exogenous variabies used in the model, Table 19 lists

the values of the two alternative derived demand variables.

The equation is in loz terms in order to interpret the

coefficients in percent changes znd/or elasticities.

Equation results of zlternative variables t

1)

sted ar:

presented in Appendix II.

The

[

Stati

&
v

¢al Interpratation

n

“ndogenous Variablse

the

The values for contract gsoft floor covering sales

in millions of square yards and are sezsonally adjuster

seagonal adjustment program is the X-11 variant of
27 28
Census lMethod IT. The stable seasonzlity test

cencludes sezsonal patterns are present in the endogenous
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TABLE 18

CONRTRACT CARPET EQUATION ,
ENDOGENCUS AND EXOGENOUS VARIABLES

Commercial Carpet
Shipments, illions
of Square Yards

53,991
53,640
55,456
56,654
57,578
58,693
58,825
60,472
54,869
57,425
61,293
65,991
72,246
75,965
76,845
80,493

G104
B9,281
96, 552
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Relative Retail
Price of Carpeting

1.191
1174
1.163
1,152
1.130
1'119
1,106
1-092
1.077
1.063
1,053
1,044
1.027
i1.021
i.012
1.002
0.9¢0
0.579
0.974%
0.957
0.940
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FQUATION A
OUS VARIABLES . * Real Real
Corporate Profit Investment in
Relative Retail Before Tax Total Structures
. s o - M
Price of Carpeting Billions of Dgllars illions of Dollars

106.3 87.7
%'%gﬁ 103.0 87.3
1.163 95.8 86.9
1. ‘ 92.9 83.4
1.152 82.9 82.3
i-%%g 80.7 80.6
1'106 81.6 81.4
1'6 > 75.1 8.8
1.0?':' 83.4 87.7
. 077 85,8 92.2
193 87.7 - 5.4
1'0i4 89.2 96.3
1057 91.2 102.1
1°Oé1 92-9 ' 102.8
1013 26,5 103.0
1°00ﬁ 104.1 105.9
0.606 112.5 - 107.6
0';;& 113.2 - 106,3
0 omi, 107.3 103.3
0. 557 . 107.8 93.6
0.95 109.1 9345

C 9[4‘8 909 .
o./)éL;’ 117-3 811"0
tr 101.1 78.6
0.965 80.2 73.0
0'952 £6.0 92,7
8'8§= 103.1 75.6

6“935 103.8 78
0.930 114,2 82.8
O.éhb 117-6 814’0.)
0.,.j;‘( 116-0 84'1
ey 111.7 ~ 891
0.926 117.2 90,7
0.913 123.0 96,9
8‘88? 122.7 38,0
0.898 120.7 100.1

TR T



196911
12
13
4
16701
12
13
thy
1971 :1
12
13
1l
197211
12
13
b
197311
12
13
Iy

14
197411
12
t3
1
197541
12
13
14
1976:1
172
13
i
197711
12
13
il

TABLE 19

DERIVED DENAND VARIAEBLES

Real
Investment in

Residential Structures

I7i1lions of D

ollars

4,3
43.7
82,1

= & a o

ANGv\nn\nn £ HFwwiwo\w

O OVINW O N O~IN\ON\0
t ] - L] - » L] L]

NNVW AN RN VW D

\,

wnlriinnu 543
O N3 OVRC R

65

Real

Investment in
Nonresidential Structures
Millions of Dollars

43,4
43,6
hi,8
by, 2
3,0
k3,2
L2.8
h2.3
42,2
4.9
4138
b1,5
42,2
42,3
Lz 4
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variable., Table 20 lists the seasonal unadjusted values,
seasonal adjusted values and seasonal factors of contract
carpet sales in square yards.

The Exogenous Variables

Relative Price

The elasticity coefficient for the relative price
of soft floor covering is -1.6. The elastic coefficient
for relative price reflects contract sales sensitivity
to changes in its relative price. It is predominantly
the result of soft floor coverings' new status as a

competitive Tloor covering for new commercial fiocor

Hard fleoor covering is the predominant floor
covering of commercial floor space because of its
durability, its easy maintenance costs and its overall
low cost. It has generally accounted for nearly two-
thirds of this market. Soft floor coverings' improved
durability and ﬁaintenance combined with its overall
aesthetic appeal has enabled soft floor covering to
compete with hard floor coverings in the commercial
market. However, it 1s the decline in the price of soft
floor coverings relative to hard floof coverings which
has enables soft floor coverinss to increase its

29
penetration of the commercial nmuriet,. Therefore,

nore new commercial floor g¢r=ce ie initially covered by

contract soft Tloor coveriry .



1969:1
12
3
slh
1970:1
t2
13
1l
1971 :1
12
13
t
1972:1
12
13
W
1973=£
12
13
1L
197411

L Y4

el
197611
t2
$3
el
1977:1
12
13
Tl

CONTRACT CARPET SHIPMENTS
Millions of Square Yards

Seasonally
Unadjusted

52,536
54,002
55;235
57,909
56,060
59,251
883,705
61,490
52’940
58,283
61,402
66,595
69,999
774606
774292
80,498
2,390
87,588
85,694
86,814
51,509
87,446
85,272
72,050
63,797
72.314
76,092
75,206
77,973
82,551
&L, 586
84,90k
85,665
ok, 761
90,542
95,090

TABLE

Seasonally
Ad justed

20
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53,981
53,640
55,456
56,654
57,578
58,693
58,825
60,472
54,469
57425
61,293
65,991
72,246
75,554
76,845
80,493
85,310
85,191
oh,651
87,557
8l,565
84,600
84,030
72,963
66,320
74,553
741925
76,329
21,206
794350
83,376
86,155
39,276
91,040
29,261
96,552

Seasonal

ractors

973
100.7
. 99,6
102.2

974

. 101.,0

99.8
101.7
97.2
101.5
100.2
100.9
96.9
102,2
100.7
100.0
96.6
102.83
101.2
9902
964
103.4
101.4
98,7
96,2
103.7
101.6
8.5
96.0
104,0
101.5
98.5
96,0
104,1
101 .4
98.5
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Corporate Frofits

OThe elasticity coefficient for corporate profits
is .30.3 The low elasticity coefficient reflects contract
carpet sales' insensitivity to changes in the level of
corporate proafits. This result is also surprising.
However, the low elasticity coefficient can be explained o
by the decline in the rate of increase of éorporate profits.J
Commercial soft floor ccvering is more expensive than
commercial hard floor coverings. Its primary advantage

32

its overall aesthetic appeal. As a result commercial

[N
w

establishments view soft floor covering as low priority
purchases. Az the rate of increase of corporate profits
decline, cemmercial establishments are less able to finance
low priority purchases. In addition, purchases of soft
floor covering for replacement purposes are even less
frequent. This has contributed to an overall slowing in
growth for contract carpeting.
33

Investment in Total Structures

The elasticity coefficient for investment in total
structures ig Ul, The percentzge change in total private
structures monitors the movement of new commercial and
residential Tloor spzce available. ZEvery one percent
increase in expenditures in new residential and commercial
structures results in a .4 percent increase in total contrac=
carpet purchases. The inelastic coefficient implies only

a small percentage of new private commercial and residential
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34

floor space is initially covered‘with contract carpeting.
The best correlation occurs when the percentage change in
investment in total structures leads contract carpet sales
by two gquarters. This implies, on average for all structures,
a two quarter lag between initial consitruction and contracti
carpet purchases,

Testing the Validity of the Contract liodel

The same criteria for testing the validity of a

model established in the retail floor covering model will
be used to test the validity of the contract model.

Goodness of Tit I‘easure

In this model the R?, the coefficient of
determination, is .95. In other words, 95 percent of +the
movemant in contract carpet sales 13 explained by the

exogenous variables.

Statistical Sienificance of the Regression Coefficlents

Fach variable in the model is statistically
significant as measured by the t-statistic at the 5 percent
level of significance.35 This implies the coefficients
for the exogenous variables are significant determinants

of contract carpet sales and don’t occur by chance.

Comparicson of Actuzl vs, Fitted Yalues

Chart III exhibits the actual and fitted values
cf the contract carvet equation. The Titted =ales values
closely reflect the movements of actual contract carpet

gsales values., The medel's ability to anticipate turning
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points, expecially in 1974, is very good. The model's
estimation of quarter to guarter movements is more
accurate than the retail garpet equation,

Test for Autocorrelation

The Durbin-vatson statistic for *hie contract
carpet equation is 1.32. %ith four parameters and 36
observations the upper and lower critical bounds are 1.24
and 1.73 respectively. Therefore,; the results are
inconclusive, However, the residuals of the model do not
exhibit any apparent trend. Furthermore, the Spearman
rank correlation ceoefficient is low (.020), and we can
conclude the residuals are independently distributed.37
Therefore, positive autocorrelation is not a;
the contract carpet equation.

38

Stability of the Rezression Coefficients-Chow Test

Tne Chow test on the contract carpet equation is
performed twicer (a) the first interval 19691 to 1973:2
and the second interval 1975:1 to 1$77:4 and (b) the first
interval 1969:1 to 1974:L4 and 1975:1 to 197714, The

calculated F values for the first Chow test squals 1.535
-0

3

ne calculated F value falls within the critical bourds
at the 5 percent level of significance. Thes calculzated

value for the second Chow test is .91 which casily fail

o

L7}

within the critical bounds. Therefore, these tests corlirm
the stability of the estimated contract ecuatiorn over the
1

regression intervel,

[ 963
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Rackecasgting

The truncated version of the model, regressed
from 1969:1 to 1976:14, is as follows:

Loz (CSQYDSA)=7.79-1.61Log(FC11)
("'1“’.0)

+,30L0g (4372)+, 45Log = (1C72\2)
(47.2) (6.3)

t—statistics‘are in parenthesis

‘RT?,:. ob

Durbin-Watson=1.3

Standard Error ¢f the Regression=.043

Table 21 compares the actuvual and fitted values of
the truncated model for 1977. The model's forecasting
accuracy on a guarter to gquarter basis is good. The model
underestimates the Tirst, second and fourth quarter and
overestimates the third quarter. The percent error for
each quarter is elther egual or significantly lesEOthan

d

the 4.3 percent standard error of the regression,

On an annual basls, the quarterly wmodesl's sccuracy

ig excellent. The model forecasts an annwal increzse of

sercent. The annual percentage error at 1 percent is

[5SY
-
}—rt’

nearly perfect and is siznificantly less than the 4,3

percaent otﬂndwvd error of the regression.

Wholegale Carpet Pnuation:

La}
Varisbles oot

5
-
: (1

The variavles tested in the wholesale carpet
egquation similarily conform to the traditional framewerk
of demznd analysis. “Wholesale demzand is determined by the

level of consumer ourchasine powsr, l.e. an income variable,



TABLE 21

CONTRACT CARFIZIT SALES
’illions of Sguare Yards
Truncated iiodel
Actual vs. Fitted Values

Total
19771 167712 197713 1221§£ 1977

Actual 39,275 91 , 040 85,261 96,552 366,12R

*y
i
134
<t
@
Q.

86,556 90,890 52,745 95,678 365,873

Percent
EI“I‘DI‘* 3.1 002 -3'8 009 - 001

Actual-Fitted
Actual

*Fercent Zrror=

73
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the relative wholesale price of soft floor coverings and
demand derived by other factors not associated with income
or price.
The Endogenous Variable

Wholesale Carpet Sales

Data on soft floor coverings are baéed on a survey
of aprreoximately 300 manufacturers accountirng for $0
percent of the total U.S. output of soft floor coverings.
The data for wholesale carpet shipments (sales) are collected
on a guarterly basis by the U.S. Department of Commerce,
Bureau of the Census and published in a Current Industrial
Report entitled "Carpet and Rugs”. The datz are seascnally
unadjusted and are in millions of sqguare yards. The data
are available from 1568 to 1677..

Although the universe for this samrle is the 1372
Census of lanufacturers, approxirately 50 zcditionzl companies
which came into business from‘1972 to the present were added
to the survey. Quarterly nurbers include eztirmztes feor 10
percent of small carpet manufzacturers which were not surveyec.
Farthermore, quarterly numters include estinates for respondents
whose reports were not receiwved in time. 7Trhe overzll general
esgtimation level rarely exceeds 20 percent znd may be subject
tc the usual survey errors such &s collecticn, reporting
ceding response and operational errors.,

The Axorencus Variabhles

Income Var]

Leriheyiet ——nno o

Sonmurer purchaslins mower concurrertly reflect the
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ability of retailers, distributors and consumers to purchase
carpeting. Consumer demand for residential carpeting and
distributor demand for contract carpeting are the initial
catalyst which evenutally determine wholesale carpet shipmen*s,
Total carpet demand includes residential, residential contract
and commercial contract segments of the markét. The level
of consumer and distributor purchasing power is positively
related to wholesale demand. Furthermore, due to imperfect
capital markets wholesale carpet shipments is sensitive o
changes in total consumer purchasing power,

A variable which reflects the level of consumer
purchasing power is real disposable personal income. It is
& proxy for the general health of the economy. However,
disposahle personal income measures the level of income

people have for spending on all items. As a result, res-

[8Y]

ervations raised by the residential retail market is appro-
prizte by the wholesale markef. Furthermore, the contract
market as part of the total wholesale market might upwardly
bias the personal income variable,

Another measure for the level of total ?urchasing
nower 1s the level of national income., Rational income
includes corporate pfofits and proprietor income as well as
compensation of employees. National income measures the
level of total purchasing power concurrently for both the
residential retall and contract carret merkets. However,

employes compensation does not exclude versonal taxes.
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This may result in a downward bias of the national income
variable. TFurthermore, the initial reservation established
by the personal disposable income variable is apparent fof
the national income variable,

'Both variables will be tested in order to determine
which variable most closely correlates with wholesale carpet
shipments. The source for disposzble personal income data
is found in the residential retail section., MNational income
data are collected quarterly by the U.5. Department of
Commerce, Bureau of Economic Analysis and published in the
"National Income and Product Accounts of the U.S.”". The
data are available from 1947 to 1977.

Derived Demand Variables

Derived demand variables explain the demand for
wholesale carpet sales not related to income or price. As
in both the residential retail and contract carpet markets,
the derived demand for wholesale carpet sales is reflected
in the amount of new floor space available to be covered.
Furthermore, as in the residential retail market, a
complimentary relationship exists between carpeting and
furniture shipments, For the wholesale market new additional
floor space inclucdes both new available commercial and
residential floor space. The positive relationship between
total new floor space availlable and whcolesale carpet ship-
ments is measured in a flow concevt, The flow of new

additional floor space is measured by real investment in
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This measure is the sum of real invest-

total structures.
ment in private residential and private nonresidentizl

structures.
A complimentary relationship between floor covering

sales and household furniture shipments has been established
Over 60 percent of the

in the residential retail section.
wholesale market is derived from the residential market.

Subsequently, a complimentary relationship between whole-

sale carpet shipments and household furniture shipments

exigts, However, the furniture shipment variable does not
As a result, the coefficient

include commercial furniture.
fer the household furniture shipments variable may be blased

upward.
Fach derived demand variable will be tested in

order to determine which most closely correlates with wholesale
data on total investment
The

carpet shipments. The source for
in structures is found in the contract carpet section.
source for data on household furniture is found in the

residential retail section,
Relative ¥rice Variable
The data rerresenting the level of prices of flocr

coverines retailer's face is the wholesale price index (WFI)
WFI is a congsistant statistienl

for floor coverings. The
measure fTor prices retailer's face., The WrI measures the
average chance in the price of commodities in the primary
Frices used in the Wi apply to the
rg in the UeS.  The

markets of the U.S.
first significant transaction which cecours

.
-
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WPI 1s calculated by averaging teogether price changes for the
various commodities with weights which represent their
importance in the total net selling value. Welghts are
revised periodically when data from the industrial census
are available.

Wholesale demand for carpeting is negatively related
to the wholesale price of carpeting. However, 1t is the
relative wholesale price of soft floor coverings which is
more appropriately related to the demand for soft floor
coverings., Therefore, the WPI for floor coverings 1is deflated
by the wholesale price index for all commodities. This
ratio represents the wholesale price of carpeting retailer's
face relative to wholesale prices for all commodities

The wholesale price index for fleor coverings and
the wholesale price index for all commodities are collected
monthly by the Bureau of ILabor Statistics and pﬁblished
in "Wholesale Prrices and rrice Indicies". The data are
available from 1947 to 1677.

pet Foguation:
1l Results

“holegale
isti

Car
ca

The statistical results of the wholesale carpet
b3
model(s) are good. The model explains 97 vercent of the
variance in wholesale carpst sales with an average fore-
casting error of 2,8 percent. The Durbin-Vatson statistic
is within the critical upper vounds. The fitted values of
the model closely follow the actual values. 7The most logical

variables are statisticslly sisnificant and their regression
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coefficients reasonable. The results of the wholesale
carpet equation are different than the results of the two
previous equations. The absolute value of the relative
price coefficient is slichtly lower than unity. The elasticit:r
coefficients for the derived demand variables (household

~

furniture shivments and investment in total structures)

are positive and significant. The value of the real disposabls
versenal income variable 1s approximately unity.
The Best ZIguation

’-L“
L
The best equation for wholesale carnet sale:

)
L
)
-

Log (QSQ¥YD)=3.0+1.1Loz(¥a?2)+.21I07(1C72)
(14.3) (3.0)

o
2
3

1

=tholeszle carpet shipmwents, millions of
re yards, seasonally adjusted.

=Real disposable ner‘sonal income.

Real investment in total structures.
RPeal household furniture shirrents.
nterval=1669 to 1977

B VHKN S
Q) Qa2

DI

~Vatson=1,75
2rd Zrror of the Regression=,028

!
0
fo *x ~3 ll

Table 22 lists the values of the endogenous and
exogsenous variables used in the model. The equations are in
log form in order to interpret the coefficients in percent
chanczes and/or elasticities. Equation results with alternative
variables tested are preserted in Appendix II.

Statistical Interpretation

The Endosenous Variable

The valueg Tor wholesale carpet shipments are in

millions of squire yzrds and zre seasonzlly adjusted. The
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1969:1
196942
196913
19694
19701
19702
16705
19704
1671 :1
197132
197113
1671 14
197211
1907212
197213
197234
167311
197312
18732
197314
19741
167412
197433
1974114
1975:1
197512
197543
197514
197611
197632

~ -
107613

C 197G

19771
19772
197713
197714

TABLE 22

HHOLESALE CARFET EQUATION
ENDOGENOUS ALD EXOGENOUS VARIABLES

Wholesale Carpet
Shipments, i«illions
0f Square Yards

167.5
162,7
168.9
175.7
168,14
167.9
172.0
178.9
181 .4
187.1
193.2
200.3
226,58
233.6
235.4
256,86
251.7
254,2
. 263,58
254 ,2
250.5
232.5
202.0
184,2
204.5
219.6
224 .6
237.3
229.85
232.0
240.6
247 .2
250.0 -
252.9
274.9

80

Real Disposable
Yersonal Income

Real Investment

in Total Structu

701.8

707.2

718.8
723.0
7274
7h2.6
750.1
745.6
761 .4
769.9
769.9
775.9

783.7

790.7
803 .7
827.1
845,1
852.7
858, 2
862.1
8L, 7
843, 1
843,0
835.1

103.
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Real Household

isposable Real Investment Purniture Shipments Relative Wholesale
11 Income in Total Structures Billions of Dollars Yrice of Carpeting
)7.2 87.3 3.98 0.947
.8.8 86.9 3.91 0.935
23.0 83.4 3.77 0.922
274 2.3 ~ 3.75 0.910
2.6 £0.6 3.83 0.901
0.1 : 81,4 3,954 . 0.898
5.6 S4.8 L.o4 0.893
)1 .4 87.7 4,07 0.889
1949 92.2 3.92 0.864
1949 95.4 4,22 0.841
’5.9 Q6.3 b 43 0.832
33,7 102, 4.78 0.833
10,7 102.8 4,69 c.828
13,7 103.0 5.04 0.821
71 105.9 5.09 0,316
5.1 107.6 5.46 0,804
2.7 106.3 5.41 0.794
8,2 103.3 L.98 0.771
2.1 98.6 5.32 0.760
6.7 93.1 5.20 0.742
3.0 84,0 L,75 0.746
5.1 78.9 b,13 0.730
9.8 73.0 3.75 0.724
4.1 72.7 3.89 0.709
3.1 75.6 h,26 0.690
1.7 78.5 4,45 0.681
1.8 32.8 4,78 0.703
6.3 84,3 4.h45 0.700
1.5 34.1 L.57 0,698
0.9 89.4 b,37 0.692
4.8 90.7 4,829 0.693
8.6 96.9 4, 40 0.677
1.9 98,1 4,70 0.677.
9.6 10,1 4,71 0.679

RN
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season2lly adjustment program is the X-11 varianfsof the

Census Fethod II. The stable seasonality test4 concludes
seasonal patterns are present in the endogenous variable,

Table 23 lists the seasonal unadjusted values, seasonal adjusted
values and seasonal factors of wholesale carpet shipments

in sguare yards.

The Exzogenous Variables

b7

Real Disposable Fersonal Income

The elacsticity of wholesale carpet sales tougéal
disposahable personal income 1is approximately unity.
The unitary elastic coefficient reflects wholesale carpet

sales relative indifference toward cheanges in real disposadbl

[

income. ZBetween 196C and 1977 ieal rersonzl disposable
income grew at a constant rate. Furthermore, wholesale
carpet derand is an agzregate og residential retail and
contract demand for carpeting.5 The unitary elastic
coefficient confirms both consumer @nd commercizl establish-

ority a

e

4}

low pr

3

ong

=

ments' perception of carpet purchases a

<

postponable goods. This status is clearly appropriate Tor
the replacement segment of the market, which for both the
residential znd contract market is an important determinant
Tor carpeting's continued growth. This may be reflected
in the overall slowing in growth for the wholeszle carpet
market during the 1970s.
holesale Household Furniture Shipments

The elasticity coefficient for the complimenatry

relationzhiy vetween household furniture shipments and



TABLE 23

WHOLESALE CARPET SHIFMENTS
Millions of Square Yards

82

Seasonally Seasonally Seasonal
Unadjusted Adjusted Factors
161,650 167,519 96.5
166,109 162,666 102.1
169,382 168,545 100.3
177,636 175,734 101.1
162,494 168,418 96,5
171,743 167,925 102.3
172,460 172,038 100.2
180,587 178,872 101.0
174,603 181,420 96,2
182,227 187,136 1062.7
194,015 193,242 100.4
201,417 200, 344 100.5
217,591 226,837 95.9
241,163 233,599 103.2
237,326 235,417 100.8
246,926 247,238 99.9
245,574 256,774 95.6
261,066 251,652 103.7
257,417 254,192 101.3
261,332 263,461 99.2
242,803 254,164 95.5
260,411 250,460 104.0
236,278 232,488 101.6
199,641 201,951 98,9
175,653 184,162 95.4
212,868 20L, 524 104.1
223,801 219,650 101.9
221,715 224,635 98.7
226,024 237,341 95.2
239,279 229,797 104.1
236,6C3 231,965 102.0
237,428 240,622 93,7
235,213 247,166 95.2
260,263 249,883 104.2
258,026 252,R64 102.0
271,067 274,281 98.6
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wholesale carpet sales is .65. This resul® is similar,
although slightly higher, to the results found for the
residential retail equation. The slight difference may
be attributed to a possible upward bias in this equation
because household furniture shipments does not include
commercial furniture. It's significance confirms the
consuner's desire to “"totally" furnish his household.
The inelastic coefficient substantiates the competitive
nature among home furnishing purchases for & slice of
consumer's disposable inccrme. However, on a wholesale

EN

level no lag exists vetween carpet shipments and furniture

-

shipments.

Investment in Total Structures

T shicity coefficient

The el for investment in

syl

t
total structures is .21, This lmplies a .2 percent
increase in wholesale carpet sales Tor every one percent

nvestment in total structures (residential

| pad

irncrease in

and nonresidential). The low elasticity coefflicient

)
O

suggests only ertain pvercentage of total new housing

is initially covered by carneting. This result 1s slightly
lower than the resulis found by the contract carpet equatior
(.44), The difference may bve attributed to a possible
upward bias in this equation because the contract market

does not include residentizl structures which are initially

covered by rezidentisl retall carpetings,
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-~

Alternative Best Egquation

Both real disposable personal income and the relative
wholesale price of carpeting cannot be presented in the
same equation. The correlation coefficient between these
two variatles is -.96. lNulticollinearity would result
since it would be difficult to disentangle the relative
influence of each wvariable.

In order to look at the relationship between

relative wholesale price and wholesale carpet sales,

substituted for real disposable rersonal

bt
0N

reiztive price
incoma., The coefficients for the other two variables do
not change significantly. The result of this eguation is

as follows:

Log (QSQYD)=9.4-,80L0g(WrIil)
(-14.0)

o~y

3%Log(IC72)
52.0)
+,65Log (SHIFS)
(3.0)

t-statistics are in parenthesis

V Ill Relative wholesale price of carpeting,

B2 =.97

Dur‘ln-ﬂatson=1,9

Standard Error of the Regression=.028

Table 22 also lists the values for the relative
wholesale price of carpeting. Xguation results of alter-
native variables are presented in Appendiz II.

The elacsticity of wholesale carpet shinments to

.

price is ~.8, This elasticity coefficient is lower than
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the elasticity coefficients fou?d by the residential retail
and contract carpet equatiOns.5

The low elasticity coefficient for wholesale
rrice may be explained by focusing on the definition of
price elasticity and by comparing the growth between the
Wl and CrI for carpeting. The price elasticity concept
explains & consumer's ability to substitute one consumer
good for another in response to price changes. However,
a carpet retailer, by definition, has 1little mansuvering
room in which to substitute out of carpeting, i.e., hard
flocr covering in place of soft floor covering. The only
ma jor resvonse to higher prices is an inventory adjustment.
Furthermore, consumer prices-fogocarpeting rose faster than
wholesale prices for carpeting. i Retallers are able
to buy in bulk from manufacturers at lower prices. Although
these low prices are usually passed on to the consumer,
other costs faced by retallers result in larger markups.53
Retailers,_therefore, are not as sensitive as consumers to

carpet price changes. This may explain the lower coef-

ficlent for the relative wholesale price for carpeting.
Ll
g

Testing the Validity of the Vodel

The same criteria for testing the validity of a
model established in the residential retail equation will
be uged in order to test the validity of the wholesdle
carpet model.,

Goodress of Fit v=2asgure

= 4 -y s s y - «
In this model the Ry the coefficient of determination
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is .97. 1In other words, 97 percent of the movement in
wholesale carpet sales is explained by the exogenous

variables,

Statistical Significance of the Regression Coefficients

Each variable in the model is statistically
significant as measured by the t-statistic at the 5 percent
level of significance. This implies the coefficients for
the exogenous variables are significant and do not occur
by chance.,

Comparigon of Actual vs, Fitted Values

Chart IV exhibits the actual and fitted values of
the wholesale carpet equation. The fitted values are very
clcse to the actual values, especially between 1974 and
1977. Tne model is nearly perfect in anticipating the
1974 dovniurr. Although the model significantly misses a
few quarterly movements, the model is generally accurate
in its estimation of quarter to guarter movements.

55

Test for Autocorrelation

The Durbin-4atson statistic for the wholesale
carpet equation is 1.75. With four parameters and 36
observations the upper and lower critical bounds are 1.24

and 1.73 respectively. The estimated Durbin-watson

null hypothesis thet positive autocorrelation exists. This
is conTirmed by observing the residuals (Chart IV). DNo

difinitive trend for the residuals 1is apparent., Furthermore,



CHART 1V

WHOLESAL CARFET EQUATION
Actual vs, Fitted Values
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56

the Spearman rank correlation coefficient is low (.057)
and we can conclude the residuals are independently dis-
tributed. Therefore, positive autocorrelation is not |
apparent in the wholesale carpet equation.

57
Stability of the Resgression Coefficients-Chow Test

The Chow test on the wholesale carpet equation is
performed on the same two time intervals as in the resi-

dential retail and contract carpet equations. The calculate:

3

value for the first Chow test (1969:1-1973:2 and 1973:3~-
1977:4) and the second Chow test (1969:1-1G74:4 and 1975:1~
197714) equal 1.836 and 445 respectively, 8The calculated
5¢

F values falls within the critical bounds. e accept

the null hypothesis and conclude that a 95 percent level

‘)

<

of confidence exists for the estimated wholesale carpet
equations stability over the regression interval.

b2ckeasting

The truncated version of the wholesale carpet
rodel, resressed from 1969 to 1976 is as follows:

LOg(QSQYD)=2.9+1.1Log(Yd72)f.21LOg(IC72)

t-statistics are in parenthesis

=7 .
R==,97

Durbin-"mtson=1,5%
5tindard Zrror of the Regression=.021

[99]

b]

oy

izhle 24 compares the actual and fitted values of

Y

the truncoted model for 1977. The nodel's forecasting

accuracy on a aguarter leo quarter basis i1s good. The model
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overestimates the first and third quarters and under-
estimates the second and fourth guarters. The mocdel's
largest miss is the fourth quarter. TFor the first, second
and fourth quarters, the percent error is less than the
2.8 percent standard error of the regression. The third
quarter's percent error, however, is slightly greater

(3.9 percent) than the equation's standard error. On

an annual vasls, the quarterly model's accuracy is
excellent. The model forecasgis an annual increase of

1¢.0 percent foir 1977. Actual wholesale carpet sales

increased ¢.2 percent. The annual percent error is .8

error of the regrassion.



Actual
Fitted

Percent
Error®

#Percent

TAELE 24

WHOLESALE CARrIT SHIFIENHTS
Millions of Square Yards
Truncated iodel
Actual vs. Fitted

197711 1 12 1977:3 19774

Total 1977

247,2 249,9 252.9 275.9
254.5 246.9 262.6 265.7
2.2 1.2 3.8 2.2
e Actual-Titted
=rror= Actual

90

1025.9
1033.7

.3
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1

Since wholesale hard floor covering sales does.
not exceed 13 percent of total floor covering sales this
data is an excellent proxy for retail carpet sales,

2
The Conference Board, Discretionary Svending, 1966,
Technical Paper Number 17.

The equations used in calculating the capital
stock of housing are:

(a) RQHT STS1 m(l—.00§67) xKQHUSTSt_l

Cv{USmD+ 1)k

(b) A%Husmgza (1- 09819)* * 25X KQHUS TS &+ 1

(c) KQHUSTut=KWHUSTS1t+hQHUSTSZat
KQHUSTS1=Capital stock of single family housing.
KQHUSTS2&=Capital stock of multi~family housing.
HUST351=Single family housing starts.
HUSTS2&=:ulti-family housing starts.
t=Time period.

L
Value of product shipments at the wholesale level.

~

2
Only annval furniture shipments are published in

the "Annual Survey of Vanufacturers”.

6

The constant dollar value for retail floor
COVQ”lﬂg saleg is a proxy for guantity of sales. Therefore,
the various coefficients are interpreted as elasticities.

7

U.s. Department of Ccmmerce, Bureau of the Census,
The X-11 Veriant of the Census Ifethod I1 Scasonal Adjustment
Procram, 1067, Liechnical raper Lumber 15,

91
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8
ffultiplicative Seasonal Adaustment Stable
Seasonality Test:

Sum of Degrees of ean

Squares Freedom Square F
Between Quarters 852,914 3 284,305 24,448
Residual 476,782 b1 11.629
Total 1329.696 Lly

Stable seasonality present at the 1 percent level.

The elasticity coefficient for relative price
might be biased dovmward because negative errors of
measurenent in the absolute price of carpeting will over-
estimate real retail floor uovering sales at the same
time underestimate the relative price of floor coverings.
Since real discretionary income is positively correlated
tc the relative price of floor covoring, the elasticity
coefficient for real dlscreflondry income will also be
biased downward.

10
Ivid,

11
The elasticity coefficient for income in Reynold's
study (page 17) is much higher. However, he estimates the
wholesale market for carpeting and uses real personal
disposatle income as his exogenous variable,

12
Between 1969 and 1977 real discretionary income
rcse 22 percent, an annual compound growth rate of 2.5
percent. Between 1960 and 1968 real discretionary income
rose 31 percent, with an average annuval compound growth
rate of 3.4 percent,

13
A recent unpublished study by the Sperry and
Hutchinson Company concluded ncarlj 34 percent complimented
Bigelow carpet purchases with household furniture purchases.

14
The minimum value of the t-distribution at the 5
percent level with 33 degrees of freedom is approximately

1.697.

15
When the Durbin-Watson statistic is below the
lower critical bounds significant positive autocorrelation
exists. hen the U~I,Jn Wetason statistic is above the
upper bounds siznificant nepative autocorrelation exists.
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16
The Spearmzn rank correlation is defined as:
£4°
rg=1- r(ne- Ty~

d—leference between the ranks of the error

term and the time trend.

n=Number of observations.
The null and alternative hypothesis are:

Ho=Errors are independent and are not

significantly different from zero.

Hi=Errors are not independent and are

significantly different from zero.
When n>2C the sampling distribution approximates normality.
Therefore, the normal area table can be used to find
prebabilities. The results are as follows:

22,2 1

Var(rg)=6r°= 5o
n=36
=,013 S r2e 1
=T = 35
G§r2= 513
Ther - - <013 = a9y
Therefore, 2= ZZT EN 077
5.9

This means rg is .077 standard deviations away from zero
which is not 31gn1Lic ntly different from zero. Therefore,
we accept the null hypothesis that the errors are independen
over time.

17

These two intervals were chosen in order to test
the models stability betfore and after the 1974 recession.

18
The eritical bound at the 5 percent level of
significance for T(5.20) is 2.59.

19
In other words, these two tests conclude that a
95 percent confidence level existc on the estimated model's
stability throughoutl the regression time interval.

20
The emphasis of the analysis is on corporate's
decision to purchase contract carpetingz. Contract carret
sales for Bigelow-Sanford is predominzntly sales to commercizl
eatablishments. Residential contract carpeting will be
primarily analyzed throush the derived demand variable
(construction variable).
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21
By general consensus of carpet manufacturers, I
am using as my base 1968=30 percent as the percentace share
of contract carpet sales of total carpet sales. Also, I
an assuming the movement of Bigeow-Sanford's contract carpet
sales reflects the movement of total industry's contract
carpet sales.,

22
The best measure for corporate profits would be
one which separates out overating profit from total cornorate
profits. However, due to data limitations operating profits
could not be calculated.

23
Recently, as part of the total construction
package new residential structures are initially covered
by contract carpeting.

24
For a more detailed explanation cf the consumer
price index, its source and availability, see page 40,

25
Industry Comment, Carnpet Industrv, Arthur D,
Little, 1971.

26

Relative to other durable and non-durable goods.

-

27
U.S. Department of Commerce, Bureau of the Census,
The X-11 Varizant of the Census l'ethod II, Seasonal Adjustment
Procram, 1967, Tecnnical raper rumber 15.

28
bultiplicative Seasonal Adjustment Statble
Seasonality Test:

Sum of Degrees of  llean

Sguares Freedom Sguare F
Between Quarters 272 .455 3 00 ,82% 17,092
Residuals 161.312 36 5.314
Total L63.796 3G

Stable seasonality present at the 1 percent level.

Py
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29

Between 1963 and 1977 soft floor covering prices
increased by 19 percent while hard floor covering prices
increased 30 percent for vinyl and 47 percent for tile.
Floor Coverines, 751, Predicasts, Inc., 1978, pp. 12, 27
Although data on commercial soft floor coverings and hdrd
floor coverings do not exist, a consensus among carpet
manufacturers agree that soft floor covering has increased
its penetration of the commercial market,

30 ‘
The absolute value of the relative price of
carpeting and real corporate proilts are positively correlat:
If the coefficient for price 1ls underestimated due to errors
cf mezsurement, the coefficient for real corporate proiits

is also underestimated.

31
Between 1958 and 1967 corporate profits grow at
at 4.6 percent compound annual growbth rate. Between 1668 an-
1677 corporate profits grew at a 1.3 percent compound annual
growth rate.

32
Although more durable and easily cleaned carpetin:
has made soft floor coverlngs more competitive with hard
floor coverings (see p. 67).

33
Due to the high correlation (.98) between

residential and nonresidential investment both variables
could not be entered in the same eguation. ‘“hen either
residential or nonresidential investment is entered
individually no significant changes occur in the other
coefficients. The elasticity coefficients for residential
investment and nonresidential investments is .30 and .77.
Tarle 19 lists the vzlues of these two variables. Appendix I
lists the results of these alternative equations,

34
Twenty-five percent of new floor space in tract
homes in 1567 were covered with contract carpeting. (Robert
Kirk, The Carpeting Industry, Present Status and Future
Prosvecis, Dp. 73).

35
The minimum value of the t-distribution at the
Tive percent level with 33 degrees of freedom is approximatel

Lné,.’a
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36
For a more detailed explanation of the Spearman
rank test see page 50.

37
== 1 jar .
rg=,020 lar(rg)=6rl= 35 S 75
Therefore, z= Fs =-2020__ =118
6;{‘ ._1:._..

This means rg is .118 standard deviations away from zero
which is not significantly different from zero. Therefore,
we accept the null hypothesis that the errors are independent
over time,

38

For a more detailed explanation of the Chow test
see pages 50,51.

39

These two intervals were chosen in order to test
the estimated model's stabllity before and after the 1574
recession.

4o
The critical bounds at the five vercent level of
ificance for £(4.28) is approximately 2.71.

L1
In other words, these two tests conclude that &

95 vercent level of confidence exists on the model's
stability throuzhout the resression time interval.

0
fede

L2
1¢77's severe weather a significant factor in.
retail cariet sales did not significantly upset contract

carpet sales,

b3
Two different equations are presented whose
statistical results are nearly identical.

Ly
An alternative best equation is presented on

U.S. Dervartment of Comnerce, Bureau of the Census,
The X-11 Variant of the Census lethed II Zeasonsl Adjust-
pent rrosram, 1907, Technical raper, ho. 15.
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L6
Stable Seasonality Adjustment Stable Seasonality
Test:
Sum of Degrees of Mean
Squares Freedom Square F
Between Quarters 268,944 3 89,648 22.141
Residual 129.568 32 4,049
Total 398.513 35
Stable seasonality present at the 1 percent level.

L7
The statistical results for the real national
income variable is presented in Appendix II.

48
The coefficient for real personal disposable

income is higher than the coefficients for discretionary
income and corporate profits by the residential retail and
contract carpet equations respectively because: (a) personzl
disposable income does not account for the contract commercial
market and (b) the relative price of wholesale carpeting is
not presented in this equation,

b
Setween 1960 and 1968 real disposable personzl
income increased by an average of 1.4 percent. Eetween
1969 and 1977 it increased by an average of 1.3 percent.

50
Tor my model they do not add up since residential
retail demand is proxied by total floor covering sales and

contract carpet sales is an estimate.

51

The elasticity coefficients for the other two
equations zre approximately -1.5.

52
Between 1969 and 1977 the CFI for carpeting rose
by 35 percent, and the WrI rose by 21 percent,

53

Between 196S and 1977 carpet retailer markups
rose from 40 percent to 46 percent.
k4 .

54

The tests for the best alternative equation will
be presented in Appendix III.

55

For a more detailed explanation of the Spearman
rank test see page 50.
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56
rs=.057 )

var(rg)=6r?= 35

A

ér= 5.9
.057
Therefore. g rs = 1 =,33
6r 5.9

rs is only .23 standard deviations awvay from zero which is
not significantly different from zero. Therefore, we can
accept the null hypothesis that the errors are independently
distributed over time.

57

. For a more detailed explanation of the Chow test
see pages 50, 51.

58 .
The critical bounds at the 5 percent level of
significance for f£(4.28) is 2.71.



CHArTER III

Forecasting Carpet Industrv 3Sales
With Trend Analvsis

The use of trend analysis in forecasting carpet
industry sales falls short of the necessary accuracy needed
in order to accurately forecast cyclical changes in industry
sales, Trend equations explain a smaller percentage of
sales variation, have higher standard errors and show
substantially more positive autocorrelation than equations
using economic exogenous variables. For all three markets,
i.e.; retail, contract and wholesale simple trend analysis
does not capture the cyclical variztions which are now
common in this industry. Simple trend analysis will fore-
cast well (as in the contract model for 1977) only when the
industry is growing at or near its trend rate. Any cyclical
movement in the industry results in large residual errors
for these models. Therefore, during cyclical upturns the
model will underestimate the actual values and during cyclical
downturns the model will overestimate the actual values.
When each trend model is adjusted for the apparent declining
trend in industry sales (the addition of times sguared in
each egquation) it only improves the forecasting accuracy of
the residential retail trend egquatiorn. However, such models
will not be able to zccurately Torecast any future cyclical
upturns because of the declining crowth factor in the model.

Residential Retzil Fguation
The statistical results of resressing time on

residential floor coverins sales are:

99
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Log(FCRS?Z)=3.93376?.022?5(TIME)
1

Time interval=1969 to 1977

R2=,81

Durbin-Watson=,34

Standard Error of the Regression=.116

2 is .81 or 81 percent of the

In this model the K
variation of retail floor covering sales is explained as
trend. This equation shows that between 1569 and 1977
retail floor covering sales has grown at a quarterly compounded
growth rate of 2.3 percent. The Durbin-Watson statistic
suggests significant positive autocorrelation in this
regression. Furthermore, upon examining the actuzl and
fitted values (Chart V) it is obvious the residuzls zre
not randomly distributed., The fitted values have significantly
overestimated or underestimated cyclical fluctuations and
will be unable to capture future cyclical variations fronm
trend. However, the residuals are substantially less in the
last few quarters zs residential retz21l sales growth is
bezinning to reach its trend growth rate.

In order to see how well a simple trend equation
estimates residential retail floor covering sales the
statistical result: of a truncated version of the model from

1969 to 1879 ira;

Los (FCR372)=3.77+.0245(TINE)
(10.72)
F=.78
Durbin-"igson=.35
Stondard Brror of the Regression=.1190
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Table 25 compares the percent error between actuzl
and fitted values for 1577 of the gquariterly trend model.
Quarterly, the model substantially overestimates the actual
value in each quarter., 'hen the results of the quarterly
model is agcoregated to produce an annual estimate for 21677,
the model also substantially overestimztes the actual value,
The model's forecast errors are either near cr over the

1

standard error of the regression. This rmodel's forecast

.

for 1977 is not as accurate as the best fittin

equation

UYI

for retall floor ccvering sales (*,ule 15) usinz econonic

=

exogenous variabvles,

In order to deterrire if retail Ffloor covering
sales are either increasirs or decreasirz ovaer time, time
squared is added to the above equziion. The statisticeal

results are as follows:

Log (F3RS72)=-1.02+ ocoL(71E)?
( 2.37

\.\J O
e

...2 .

R™=,85

Durbin-“atson=.473

Standard Error of the Refression=.105

When time squared 1s added to the trend equation it

explains only 4 vercent of the variarnce in residential retail
floor covering sales. The coefficient for time squared

shows the growth of floor covering sales deciining by a .04
percent compound quarterly rate., The Durbin-wWatson statistic

continues to confirm significznt rositive auzocorrelation.

" ~

Turthermore, upon exa2nmining the actuzl ard fitted values

(Chart VI) it is obvious the residuals are s+ill not randomly



TABLE 25
RESIDENTIAL RETAIL FLCCR COVERING SAIZS*
Trend Analysis
Actual vs., Fitted Values

1977:1 197732 197713 1627 :4 Total 13577

Actual 757.1 757.8 725.5 856.9 3157.3
Fitted 840.2 861.0 8024 $0%.3 3437.9
Percent A

Error*¥ -11.0 -12.1 —12.47 -5.5 | -10.,5

#Truncated l‘odel
Actual-Fitted
*#peprcent Error = Actual
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RESIDENTIAL RETAIL TQUATIOR
Trend Analysis with Time Squared
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distributed. The residuals are still overestimating or
underestimating cyclical fluctuations in residential retail
floor covering sales. The residuals are increasing in the
last few guarters as the declining trend factor is not
capturing residential retail floor covering's improved
growth for 1977.

In order to see how well the above model forecasts
residential retail floor covering sales the statistical
results of a truncated version of this model from 1969 to
1976 are:

Log(FCRS72)=-3.3Q5+.162(TIME)-.OOO7§TIRE)2

(3.0) (-2.59

R%=,32

Durbin-atson=.44

Standard Error of the Regression=,109

Table 26 compares the percent error between actual
and fitted values for 1977 for this model. Quarterly,
the model underestimates the actual values in each guarter,
with the errors becoming progressively larger. When the
results of the quarterly model are aggregated to produce an
annuzl estimate for 1977, the model also substantially
underestimates the actual value. Except for the fourth
quarter, however, the model's percent error are within the
high (11 percent) standard error of the regression. Although
this model's forecast for 1977 is good it is not as accurate
as the best fitting equation for residential retail floor

covering sales using economic exogencus variables (Table 15).



TABLE 26
RESIDENTIAL RETAIL FLOOR COVERING SALES*®

Trend Analysis with Time Sguared
Actual vs. Fitted Values

197711 197712 1677:3 197714  Total 1977

Actual 757.1 757.8 785,.,5 856.4 3137.3
Fitted 743.1 Ll 8 745,04 745,0 2978.3
Percent

Error** 1.8 6.0 5.0 13,1 5,7

tTruncated odel
Actual-Fitted
#¥Fercent ZError= Actual
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grow at & declining trend rate. However, this model will
not be able to capture the substantial syclical variations
which are now readily apparent by retail floor covering sales.
Contract Carpet Equation
The statistical results of regressing time on
contract carpret sales are:

Log(CSQYDSA)=2,72+,015(TILE
(9.5)

el
-

P 1(2
D
S

urbin-"atson=.30
tandard Error of the Regression=.10

In this model the §2 is .72 or 72 percent of the
variztion in contract carpet sales is explained as trend.
This equation shows that between 1969 and 1977 contract
carpet sales has growvn at a guarterly compounded growth
rate o7 1.5 percent. The Durbin-Yatson statistic suggests
sigrnificant positive autocorrelation in this regression.
Furthermore, upon examining the actual and fitted values
(Chart ViI) it is obvious the residuals are not randomly.

s -

distributed. As.in the retall trend equation, the residuals

show the estimated model is significantly overestimating
or underestimating cyclical Tluetuations. For 1277 the
growth in eontract carpet sales is beginning to ﬁear its
trend growth rate. As a resul+t, the residuals in the four
quarters of 1977 are substantially less,

In order to see how well a simple trend equation

estinates contract carpet sales, the statistical resultis

of a truncat ersi f the model from 1969 to 1976 are
f a truncated version of the model from 1969 to 1976 are:
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Log (CSQYDSA)=2,7+.015(TILE)
(7.8)

B2=,65
Durbin-¥atson=.23
3tandard Zrror of the Regression=.10
‘Table 27 compares the percent error between actual
and fitted values for 1977 of the gquarterly trend model.
Quarterly, the model overestimates the first and third
quarters and undereétimates the second and fourth guarters.
When the results of the quarterly model are aggresated to
produce an annual estimete for 1977, the model overestinates
the actuzl value. This model's vercent error is well within
the standard error of the regression (10 pesrcent). Althouzh
this model's forecast for 1977 is good, 1t is not as accurate
as the best fitting equation for contract cartet sales
using economic exogenous varizbles (Tabvle 21).
I order to determine if contrzcet caryvet salas are
gither iricreasing or decrezsing over time, time asquared
is ¢ddad to the aboVe equation, The statizilcal results
are as Tollows:
\ 2

05 {TINE) -, CO0N (TI1IE)
(3.1) (~-2.7)

2

R=ELTT

Surki ~tatsorn=.35

Standard Error o the Resression=,080

.o )

Men tine sguared i1s added to the trend equ=tion
for contract coruet szles, it exnlains only G percent more
of the variznce in contrect carpet sales. The coefficient
Tor Time sonared azlso chows the srowtn of contrzct czr; &t

sales declipdns by & 0k

grcent coprnound guartsrly rate,

-
A



TASLE 27

CONTRACT CARFST SALZSH
Trend Analysis
Actual vs, Fitted Values

1677:1 197712 1977:3 197734 Total 1977
Actual 89.3 91.0 39.3 96,6 366.1
Fitted 0.2 91.6 92.9 94 .3 3469.0
gi;giﬁg -1.0 | -C.5 -4.,1 -Z2.3 -0.8

#Truncated Lodel
Actual-Fitted
#¥*FParcent Errors Actual

110
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The Durbin-atson statistic continues to confirm significant
positive autocorrelation. Upon examining the actual and
fitted values (Chart VIII) it is obvious the residuals are
still overestimating or underestimating cyclical variztions
in contract carpet sales. Furthermore, this model significantl.-
underestimates all four guarters in 1977 as the declining
trend factor is not capturing contract carpet sales improved
growth for 1977.

In order to see how well the above model forecasts
contract carpet sales, the statistical results of a truncated
version of this model from 1969 to 1976 are:

Log (C3QYDSA)=-5.35+,17(PINE)-.0007{TI:E)?
(4‘-1) ("307)

=2

i"’ 2075

Durbin-wvatson=.43

Stardard Error of the Regression=.036

Table 28 compares the percent error vetween the

actual and fitted values for 1977 for this model. Quarterly,

4

the model gnificantly underestimates the actual values in

-

each quarter, vith the error rowing progressively larg

‘inen the results of the quarterly model is aggregated to
produce an annual estimate for 1877, the model also
substantially underestimates the actual value. Fbr every
guarter the model's percent error is well above the standard
error of the regression (8.6 percent). This model's fore-
casting accuracy is not as accurate as the best Titting

equation for contract carpet sales using economic exogenous

variables (Table 21).
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TABLE 28

CONTRACT CARPET SALES*

Trend Analysis with Time Sqguared
Actual vs. Fitted Values

197711 197712 13773 197714 Total 1677
Actual 89.3 91.0 89.3 96.6 366.1
Fitted 78,5 77.7 76.8 75.7 308.7
rercent
Error** 12.1 14.7 14,0 10.5 15.7

*Truncated lodel

**Percent ILrror =

Actual-Fitted

Actual
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Wholesale Carpet Equation
The statistical results of regressing time on
wholesale carpet sales are:
Loz (QSQYD)=4.1+.,012(TILE
(6.7)

Durbin-Jatson=.23
Standard Zrror of the Regression=.,1083

In this model the ﬁz is .55 or 55 percent of the
variaticn in wholesale carpet sales is explained as trend.
This equation shows that between 1969 and 1977 wholesale
carpet sales has grown at a quarterly compounced growth
rate of 1.2 percent. The Durbin-Watson statistic suggests
significant positive autocorrelation in this rezgression.
Furthermore, upon examining the actuzl and Titted values
(Chart IX) it is obvious the residuals are not randomly

distributed. The residuals also show this model is sig-

nificantly overestimating or underesstimating cyclical

fluctuations. However, wholesale carpet sales 1is also

9]

beginning t0 near i<tz trend growth rate. &is a2 result,
the residuals in this medel are subgslantizlly legss for the
four quarters of 1¢77.

In order to see how wall @ simple trend equation
estimates wholesale carvet sales, the statistical results

of a truncated version of the model from 1269 to 1976 are:

Lo (Q8QYD)=h,i+,012
(5.0)

5\'“: . 14,"7
Durbin~-vatizson=,22
Standard Zrvor of the Recroscions,1135
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Table 29 compares the percent error between actual
and fitted values for 1977 of the guarterly trend model.
Quarterly, the model significantly overestimates the first
three quarters and underestimates the last quarter. When
the results of the guarteriy model is aggregated to produce
an annual estimate for 1977, the model overestimates the
actual value. This model's percent error is well within
the standard error of the regression (11.5 percent).
However, its forecasting accuracy falls far short of the
best fitting equation for wholeszle carpet sales using
economic exogenous variables (Table 24). Furthermore,
the residuals bvecome much larger when wholesale carpet sales
deviate from trend during cyclical periods.

In order to determine if wholesale carpet sales

are either increasing or decreasing over time, time squared

dded

(-,.

o the above equation. The statistical results

P-i-

ju)]

s
are as Tollows:

Loz (Q82YD)==1.5+,12 (TIIE ".OOO§(TIME)2
( ("3-0 -

=2

R =.05

Durbin-Watson=,29

Standard Zrror of the Regression=.0G7

When time sguared is added tec the trend eguzticn
for wholesale carpet sales, it explaines nearly 10 percent
more variznce in wholesale carpet sales. The coefficient for
time squared shows the growth of guarterly wholeszle carpet
gsales declining by a .05 percent compound quarterly rate.

The Durbin-vatson statistic continues to conTirm significant



TABLE 29
WHOLESALE CARFZET SALES*

Trend Analysis
Actual vs., FPitted Values

1977:1 197732 197713 19774 Total 1977

Actual _ 247,2 249,6 252.,9 275,.9 1025.9
Fitted 255.4 258.4 261.5 264 .6 1040.0
rercent

Error®*¥* ~-3.3 -34 =34 3.7 -1.5

*Pruncated inodel
Actual-Titted
*%*Fercent EBrror= Actual
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positive autocorrelation. Upon examining the actual and
fitted values (Chart X) it is obvious the residuvuals are

still not randomly distributed. The residuals are still
overestimating or underestimating cyclical variations in
wholesale carpet sales. Turthermore, this model significantl:-
underestimates all four guarters in 1677 as the declining
trend factor is not capturing the improved growth for whole-
sale cerpet sales in 1677.

In order to see how well the above model forecasts
wholesale carpet sales, the statisticzal results of a truncatez
version of this model frow 1365 to 1870 zre:

0

-
0¢ (1ILE)”

Log (Q3QYD)=-5.7+.20(TINE)-.0 g
‘”‘"-5) <'1"-34

o=, 07

Durhin-’atson=,37

Standard Error of the Regression=,091

Ta%le 30 compares the percent error between the
> ! )

actuzl and fitted values for 1377 for this model. Quarterly,

)

miTicantly underestimates 1the a2ctual values in

the rodel si
each quarter, with the errors growing progressively lzrger.
“when the results of the guarterly model is agsrecated to
produce an annuzl estimate for 1977, the model also sub-
stanti=zlly underestimates the 2ctual value. TFor every

1

quarter, the nodel's percent error is well above the
standzrd errcor of the regression (5.1 percent). This nodel's
forescasting cccuracy is not as accurate as the best Tittinz

et

equation for wholeasnle carvet sales using economic exogenous

variables (Table 24,
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TABLE 30
WHOLESALE CARFZT SALZES™H
Trend Analysis with Time 3quared
Actual vs. Fitted Values

167741 197732 127733 19774 Total 1977

Actual 247,2 249,9 252.9 275.9 1025.9
Fitted 215.5 211.5 207.1 202.5 836,6
rercent

Error**® 12.8 15.4 18.1 26.3 18,4

#*Truncated ilodel
Actual-Titted
#*pParcent Error = Actual
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CHA¥TER IV

Summary and Conclusions

Summary

As set forth in the introduction, this study attempts
to improve the technology for forecasting carpet industry
sales. lumerous equations were estimated in order to derive
the best forecast estimates for the three main segments of
the carpet industry:  retail, contract and wholeszle. Each
best equation underwent numerous statistical tests in order
to verify each eguation's stability and forecasting accuracy

tional

...l-

Each sezment of the carpet industry conforms te the trac
framework of demand analysis. The best equations revealed
nteresting if, at times, surprising revelations., In addition,
trend anzlysis was applied to each market for cempariscn
purposes. The forecast results of the beet equations using
economic exozenous variables are more accurate than the Ifore-
cast results using trend analysis.

The best equation for residential retail carget

sales shows strong correlation with its relative price,

L.
-

discreticnary income and two derived demand variatles,
capital stock of housing and household furniture salez. The
negative elastic coefficlent for relative price reveals

s 1. 2

consumer sensitivity to reiative trice movements. The positive

-
o
K
o,

butl inelastic coefficient iscretionary income is sur-

prisirg. However, the inelastic coefficient is directly
related 1o the significantly slower growth in discretlionary
income and the importance of seli-financing dvue to imperfect

caopital marxets. These factors deronvlrate cavpeting's

121
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position, esrecially the replacement market, as low priority
purchases anong durable goods The two derived demand
variables reveal a very strong desire to initially cover
additional available floor space coupled with the desire to
totally furnish ones household,

The best equation for contract carpet sales shows
stronz correlation with its relative price, corporate

profits and a2 derived demand variable, i.e., total investment

in

Ul

tructures. The conclusions associated with the negative

. ° - .

elastic coefficient for its relative price and the positive

n

inelastic coefficient for corporate profits are similar to
the residential retail carpet sales equation. The néegative
elastic coefficient for relative price reveals commercial
estatlishments' sensitivity to relative price movements,
The inelastic coefficient for corporate profits is also
directly related to the slow growth in corporate rrofits;
imperfect capital markets in the corporate sector and
carpeting's low priority amonz commercial establishment
expenditures. The derived demand variable also reveals &
gtrong desire to cover new residential and nonresidential
floor space with contract carpeting.

The best equation for wholesale carpet sales shows
strong correlation with disvosable incowmz, relative price and
two derived demand variables, il.e., total invesiment in
structures and housc¢hold furniture shipments. The coneclusions

dravn from the wholesale demand equation are slightly

different than the two previous equations., Imperfect capital
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markets is also an important factor for the wholesale
market. The unitary elastic coefficient for personal dis-
posable income reveals wholesaler's relative indifference
toward changes in personal disposable income. The unitary
elastic coefficlent is higher than the inelastic coef-
ficients for the residential retail and contract carret sales
eguation due to the relatively constant growth in real
perscnal disposable income. As the growth in income remains
constant over time, carpet purchases over this same interval
reflect carpet buyers' relative indifference toward income
changes. Subsequently, it reflects carpet buyers' decision
to place = low priority on wholesale carpet purchases,

The conclusions drawn from the low negative price
elasticity differ than those in the previous equations. It
reflects retalilers and wholesale distributor®s inability teo
gubstitute out of carpeting other than inventory adjusiments.
Furthermore, it reflects lower wholesale price increages
relative to consumer price increases for carveting. Therefors,
ret2ilers and wholesale distributors are not as sensitive
to wholesale carpet price changes.

The two derived demand variables confirm the desire
to "totally" furnish ouneg household and a desire to cover
new residential and rnonresidential floor space with elther
residertial or contract carrveting. These results are similar
to the previous equations.

Contributions

Accurate forecasting of the caryet industry is a

e
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significant contribution to this industry. The carpet

model enables us to understand the relationship between

consumer demand for carpeting and external cyclical and

trend factors. The income and price elasticities reflect

both short (business cycle) and long run variations in

income and price. The estimated forecast equations emphasize

the low priority attached to carveting as a durable good.,

Carpeting's low rriority status is especizlly z.parent

during veriocds of slow income zrowth. This 1s more obvious

when the focus iz on the replazcement market for carpeting.
For durable goods externzl cyclical and trerd

fectors are important determinants of demand. An important

cyclical varizble in the caryvet model is income. Resl

discretionary incoire, real cornorzte yrofits and reml dis-~

posable perscrnal income are the income nroxies for the

retail, contract and wholasale marlitets respectively. Due 1o

imzerfect capltal markets, self-Tinancing vlays an inportant

L
¥

role for cz2ryet purchases in all three merkets., However,
it is the growth in income which is significantly affected
by exterrnal cyclical factors. Cver the estimzied time

interval, the growth in real discretionary income and resal

n

corporate nrofits has slowed such that it has significantly
slowed industry growth. Althouzh the srowth in real personal
disposable income has been constant, its impact on wholesale
caryvet vurchases has remained relatively unchanged., Further-
more, <ven Aas the growth in incoire picks up, carpeting's

low iricrity is a drag on caryet szles recovery. or example,
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by the middle of 15977 wholesale carpet sales finally reached
its pre-recession level (1974).
This is especially relevant for the replacement
market. The carpet industry must generate increased sales
in the replacement segment of the market in order to

experience sustained growth. However, this has not happened

as the growth in iancome has slacked. This is an important

N

a

facter in the slow growth cf carpet sales in the last de
1

-

Consequently, carpet sales nust understand the significant

O

126

correlation between healthy income growth and a sustained
growth for carpet sales in all markets.

Carpet sales are also affected by the cyclicality
of the housing market., i'ew housing reflect the z2vailability
of new Tloor space. Iew housing is directly related wo

credit availability, which, historically, is directly related

to the cyelicality of the economy. As short term rates on

Treasury bills increase, disintermediation occurs as funds

from savings and loan asscclations are transferred to hizher
2

rielding Treasury bills. As a result; the market for

[+

|

nitial czrveting is significantly affected by the cyclicalit

[

of the housing market. TFurthermore, this study points out

o
[
©

that only a percentage of new available floor spac

nitially covered by carpetinz. Consequently, carpet

l.l-

denlers nust understand the relevant relationship between

the cyclicality of the housing market with its potential

t+
[42]

and carpet sales,

The trond facior in carszet sales ls aprarsent throuzh
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its price, i.e., absolute and relative price level. The
absolute price of carpeting has been steadily increasing
mainly as a result of higher energzy costs for its energy
based synthetic fibers. This has had a negative impact on
the growth of carpet sales. However, due to the high degree
of competition among the major carvet nroducers, the price3
of carpeting relative to other durables has actually been

znificant positive affect on

;.4.

declining. This has had 2 s
the growth of carpet szales. Unfortunately, for *the carpet
industry a lcw relative price ireans low rrofitability. The

contrivution of accurate forecastinz of the carpet industry

and ilow profitaniliity is discussed below.
T

-

Accurate forscasting of the carpet industry can im-
prove the industry's rrofitebility at 2ll levels., Carvet in

sisnificant czuse for the
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industry's low profitability. This is a result of stiff cox-
tition zwong the major carrvet wanufaciturers. This

vzriable is built into the various ocquations. However, it is

the cyclileal conmponents alTecting the demand for carveting
witdeh exi T owend mlated by the industry to incresse its oro-

Ve 1l ocyelical corconents, i.c., incone ard the
nousirg sarket 1o Luild lito the wodel. During cyclieal dovri-
turng, l.o., vacen inco-o orowth and new housing slzckens, car-
nelr irventory levels and cut down orn
losgen frow Moture derard decelines,., Turtheraore, thelr can try

e

to cxuture the 1ar-ecg nnaiitle gshare of the market by 2 nenli-~

ine to all sesmants of lhe corcuner narket throush ireressed
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carpet offerings. This model has accounted for the cyclical
factors. As a result, the industry can be forewarned of
demand declines (or, for that matter, demand increases)

and, in turr, adjust production and selling strategy in
order to improve its profitability.

Future Regearch

The scope of this study is limited through necessity
and desire. Zecause of data limitations from both government
and private trade association sources, variouvs segments of
the industry could not be throughly analyzed. TFuture
research requires more and better data accumulation from
both sources. Furthermore, this study doss not tackle
other interesting toples relating to the carpet industry
due to the larze amount of researcn required. These zress
include analysis of specific end markets, the supply side
of fiver materizls and an annual long run nodel of the
industry. This study has established the foundation for
analysis of these areas of the carvet industiry.

Zoth government and rprivate trade associations
limit their collection of data on the carpet industry. 2oth
sources find data collection in many areas of the industr)
to be both hizghly comnnlex and extremely expensive. Data .
are lacking in such i?portant areas as retzll carpet sales,J

b
contract market data, retall inventory data, replacement
dermand datz and syrecific end rearket data. Ixplicit dzta on

retail carret sales, both in sqguare yards and dollar value,

could substanticlly imirove sales forecesting Tor this market.
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This will enable the forecast for the residentizl retail
market to deal exclusively with retail carpet sales by
excluding hard floor covering from the data. Due to its
high expense and enormous data ccllection problems neither
source 1s able or willing to collect data on retail carpet
sales. However, thils should not underlie the importance
of this data.

In addition, data on retail inventory and rexrlace-
ment demand could substantizlly iwvrove industry forecasts.
Retail inventory data could improve the wholesale demand
forecast. The extent of carpét inventory at the retail level
is an important lezading indicmtor of future retalil demand

for wholesgale car.ets. Datz on replacement demand in all

ES

R

rzrkets will enable forecestors to isolate revlacement
cerpet demand from initinl carpet demond. Turtherwmore, =
series on both car et deyrecizticon and stock adjusinent
could be constructed. Forturitely, zorerrment sources

ntentiors of collectiny these cata., The Carret

o]

2r.d Pug Institute (I°1)
retail inventory data, Howevsr, the appzratus Tor it an
replecenent derand data, zre too expernsive to set ur and
moriitor. C7I felt both szn;line roblems and collection
problems would 21lso m2ae such series hishly inasccurate

The nost mromisinT new source of data 1s For the
contract carset market. AT the nrecent tine, CRI is seriousl

consliderine an intensive effort to collecl data or contract

carvet sales. Actuzl cortrsct enrpelt szles diita would

s

1wd &t one voint considered collecting

.
’
o
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eliminate the need to construct the estimated series used
in this study. As a result forecasts for this market should
be more accurate, Furthermore, data on specific =nd markets
in the contract sesment of the industry will enable researchers
to conduct studies for these important market segments in the
industry. However, this project is only at the planning
e. The 3ty

sta; e of data tc be collected, e.g., dollar value,

U Q

VD
v o

square yards, specific end markets has not yet been determined.
Although continuous data on carpetings' specific
end marXets are presently not available, considerable interest

by many grours within the industry mizht induce either

m

rrivate or itrade associations to collect this data. This

would ercourage forecastors to predict sales growth for

various sgegments within each carpet market., It would be
of interest to those whose carpet sales are intended for

"y

svecific erd uses. The Tramework for demand forecasting

2

grecific end markete has been established in this study. The

demand for carpeting Tor each end market theoretically conform

with treditional enalysis of demand, with more specific
derived demand variohles as economic exogenous variables

r each equation. Turthermore, a better understanding of

[

the components of carpet uses would enhar.ce the overall
underctznding of the ezrzet indusiry.

An additionzal topic not discussed in this study is
the supnly oide of Tiber me=terials, Although research on

the relstionship between fiter cupply and carpet manufacturing

is continnously cpdated Ly Fiver wzrnufaciurers, traditional
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demand analysis has not been applied directly. A full
understanding of the demand for carpet yarn is especially
usefuf in exprlaining the eventual wholesale price of carpeting.
It would be particularly useful in simultaneously estimating
carpet demand in all markets.

The most logical compliment to a quarterly short
run forecacsting model of the carpet industry is an annual long
run forecasting model. An annual mcdel could concertionzally
conform with traditionzl demand z2nzlysis whose basic frame-
work has been established in this study. This model would
be of interest to carvet dealers who are involved in long
range planning., A better understanding of the factors
determining carpet demand in the long run would erable
rlannere vo plan or adjust long range strategies. Ffurther-
moire, a lonz run view of potential carpet sales could
influence corrorate (wholesale and retail) decisions for
expansion or contraction. Hovever, construction of a long
run carpet model Ffor all marikets also involves numerous
data problers, ransging from discontinuities in existing data
for some markets to nonexistant data for others. This

should rot, however, discourarse fuiure efforts to tackle

this »roblen.
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1
Tholesalers, distributors and retailers.

2

Although in 1978, the effects of disintermediation
was medigated throuch Savings and Loans bank certificates
pegged to Treasury bill rates.

3

rrices at the wholesale and retail level.

L

The two trade associztions which collect data on
2 continuous basis are the Carvet and Rug Institute bhased in
Dalton, Ceorziz and the Hationzl Assoclation of Tloor
Covering Distritutors based in Chicago, Illinois. Both
assoclations collect similar data. The main difference is
the Fformer collects datz from marufacturers and the latter
collects data from distributors.,

In this study data on retail floor covering sales
is the proxy for retall carpet sales.

6
In %
estimated.

7

vanufecturers and sellers of carpeting for office
or single and rmuliti-family homes would be very interested

in carpeting’s relationship with office construction and
single and multi-family construction respvectively.

]

1is study dzta on conlract carpet sales were

2 .
The final use of the carpet, e.g., in an olfice
buildirge or 2 dining roon.
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AFFENDIX T

The Structnral Nodel Using
Two 3Stage Least Sqguares

The structural model using two stage least squares
for the carpet industry consists of three sets of simul-

taneous equations, i.e., one set of equations for the retail

-~
ol

e

market, one set of eguations for the contract market and
one set of equations for the wholesale market. The demand
for each market is determined by a two equation simultaneous
model. Zach set of simultaneous equations satisfy the
identification restrictions.
The structural model for the carpet industry is as
follows:
2
Residential Retaill Equations
(1) DRS=f(I,Rc,Pc)
(2) Pc=f(DRS,Pw)

The endogzernous and exogenous variable are as follows:

Endogenous Variables

DRS=Demzand for retail floor coverings.,

jo 7

Pc=Consumer price for floor covering {included
endogenous variabvle),

Exogenous YVarizbles

I=Income
Re=Residential consiruction (derived demand
variable).

Pw=Wholesale price for flcor coverings,

132
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Contract Carpet Eguations
(3) De=£(Cp,Nre,Pd)
(%) pd=f(De,2w)
The endogenous and exogenous variables are as follows:

Endogenous Variables

Dc=Demand for contract carpeting.

/
Pc=Consumer price for contract carpeting (included
endogenous variable).

Exozenous Variables

Cp=Corporate prcfits.
Nre=Residential and/ecr nonresidential construction
(derived demand variable),
Pw=Wholesale price for carpeting.
Wholesale Carpet Hguaitions
(5) Dw=f(Yd,Tc,Pw)
(6) Pw=f(Dw,Pf)
The endogenous and exogenous variables are zac follows:

Endogenous Variables

Dw=Demand for wholesale carpeting.
Fw=7holesale price for carpeting (included
endogenous variable).

Exogenous Variables

Yd=Income

Te=Total construction variable (derived demand
variable).

Pf=Prices of factors of yroduction.

" Facn s2t of equations inciude an interaction of
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contemporaneous endogenous variables. Therefore, each
series is a simultaneous system. The best method for
estimating simuitaneous equations is two stage least
squares (TSLS). The objective in using TSLS as the
estimating procedure is to eliminate from the exogenous
variables the stocastic component associsated with the
error term. The principle of two stage least squares is
to substitute for eéch included endogenous variable a
linear combination of exogenous variables, COrdinary least
squares (0OLS) regression is then performed and an estimate
of the included endogenous variable is assumed to be
uncorrelated with the error term. The estimate of the
included endogenous variable 1s then placed into the originzl
equation and OL3 regression is applied to the refecrmulated
relation. This method eliminates the correlation hetween
the error term and the exogenous variables in each set of
equations,

Identification Restrictions

Each set of simultaneous equations satisfy both

B
of
‘e
O
o’
R)J
Q
o2

the order and rank conditions for identificat
set of equations will be tested for identification in
order to insure a unique set of coeflficlents forAeach
equation, The methodology used for iderntification (both
the rank and order conditions) are the same for each set
of equations.,

The endogenous snd exogenous varizbles for the

residential retail equations are composed in the following
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fashion:
DRS Pc I Re Pw
'Equation (1) [a; a» a3 ay o
Equation (2) |as ag o ) a

# /-

To satisfy the order condition the number of excluded
exogenous variables in each equation must beqas great as
the number of endogenous variables less one.” If g equals
the number of endogenous variables, then each eguation must
have at least cne excluded exogenous variable. In esquation
(1) Pw is excluded and in equation (2) I and Rc are excluded.
Therefore, the order condition for identification is
satisfied. _

To setisfy the rank condition, the rank (P of
(A®=g-1. A=/ and 1is a g+k row (k=t%e numkter of exogenous
variables) and a column for each restriction for each equation.

In other words, for equation (1):

0

: 0

a=[or] &:10

2x5 0

1

5xi

and Aé):[gé] with the fj(ﬁéb=1=g—1. Therefore, equation (1)

2%

is identified.

Por equation (2):

A2= Dglj]

2x5

OOy

&, "

OO OoOC
NOHYO
amp——



13e
and A’lg’2= Et))jgﬂwith theﬁ(A{@é)ﬂ. and equal to the number
2x2
of endogenous variables minus one (ne second order
determinant exists since the determinant of A%gé eguals
zero). Therefore, the rank order condition is satisfied
and equation (&) is identified.

The endogenous and exocogenous variatles for the
wholesale demand equations are comnposed in the following
fashion:

Dw rw Yd Tc P

Equation (5)  [Cq C%} c5 Gy 0

Equation (6) Cs  Cg o 0 Cry
- ,l '

The exogenous variable excluded in eguation (5) is Pf and
the exogenous variable excluded in eguation (6] are Yd

and Tc. Therzfore, equation (3) and (&) satiéfy the order
conditions for identification.

For equation (5):

N[BT 9o
2x5" 0

C

O

i

5z1

and I with the ﬂ(r\"@")'—:l and equal to the number
Cv
2x1

of endogenous variables minus one. Therefore, the rank

order condition is satisfied and equation (5) is identified.
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For equation (6):

“ i
Aluzwr and A ugu ={c cl;, l[: 00
2x5 1 2 O3 0 621 00
2x2 10
01
0 0
5x2

with the/o(A"26T2)=1 and equal to the number of endogencus
variables minus one (no second order determinant exists
since the determinant of A";8"; equsls zero). Therefore,
the rank order condition is satisfisd and equation (6)

.

is identified,

Statistical Results Using
Two Stage Least Sguares

Regidentlial Retail Fauwation

Log (FCRS72)=-4,2-2.3L0z (PCL)+.34Loz (DISCING?Z)
(-2.5) (2.2)

4
3

IRl PEP!
0

-

R372=Real retzil sales, seasonally adjusted.
=Relative retail nprice of Floor coverlngs
1cludad endogenous varlable,.

=

ST

DISCINC72=er]l discretlionary incorne.

S3HIPS\ 2=Real household Furniiure shioments,
seagonally adjusted, lagged 2 nuarters.
KGHISTS\3=Number of existing housing stock, lagged
3 gyuarters.,

Time interval=19 to 1577

B N

{ ”.36

Durbin~iatson=1.3
Standard Error of the Regression=.033

For the residential retail equation two stage

least sguares estimztion ig similar to ordinary least squares

estivation, The summary statistics are v?ry similar with
+

the same sircnificant exozenous variadbles, However, a
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higher price elasticity and a lower housing stock elasticity
is apparent with this estimation procedure. In both models
the fitted values {Chart IA) mirror the actual values in
a similar fashion.,

This model's forecasting accuracy is less reliable
than the OLS model. Table 1A compares the actual and
fitted values Tor 1977 of a truncated version of this model,
Its percent error.is higher both quarterly and annualily,
Except for the fourth gquarter of 1977 its gquarterly percent
errcrs are all larger than the standard errocr of the
regression, Furthermore, the annual estimate for 1977 is
voor. The model forscasts a 17 percent increase actual
sales increased 10 percent. Its annual percent error of

5.9 percent is also higher than the standard error of the

jde

regression (5.3 percent).

<

Contract Carpet Eguation

1)+, 31L0¢(4372)

67)

Loz (CSQYDSA)=7.79-1 . 59Log (F
(~12.53)
\

+. L5102 (IC72\2)
(6.63)
C3QYDSA=Contrzact carped SIlDF:ntS, millions of
sguare yards, DvauOhallj djusted.

PCli=Relative retail nrlce of caippeting (included

endogenous varialtle).

ZB72=Real corvorzte profits befcre taxes

TC?Z\?"F‘ea1 inrestment in totel structures, lagged
2 quarters.,

Téme interval=1609 1977
'/.)
Durb;n-ﬂatsonnx,sa
Standard Frror of the Regression=,041

_For the contract carpet egurtion, two stage least
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TABLE 1A

TWO STAGE LEAST SQUARES
RESIDENTIAL RXETAIL FLCOR COVERING SALES
Millions of Constant Dollars
Truncated lModel
Actual vs, Fitted Values

197711 1977132 1977:3 19774 Total 1977

Actuzl = 757.1 757 .8 785.5 256.9 3157.3
Fitted 811.8 829.,6 844 .8 866.0 3352.2
Percent

ErI‘OI“* ‘-7c2 "905 "7:5 "101 -6.2

Actual~Titted
*Percent Zriror= Actual

140



141

square estimation is nearly identical to ordinary least
square estimation. The summary statistics are-similar and
the coefficient attached to the same variables are nearly
identical, In both models the fitted values (Chart IIA)
closely mirror the actual values of contract. carpet szles.
Quarterly, the model’s forecasting accuracy is as good as
the model using ordinary least squares. Table 2A compares
the actual vs., Titted values for 1977 of a truncated
version of this model. The model's guarterly percent errors
are sigrnificantly lower than the standard error of the

regression (4.3 percent). The inodel's forecasting accuracy

<3

on an annual basis 1is excellent.

1

':"lrlﬁl 2 l

=32le Carpet Fguation

-

§

Log (ASQYD)=9.4-.81Log (Wrill)+.39Log(IC72)
(-13.8) (5.0)

+.65Log (SHIFS)
(7.9)

T%me interval=19$69 to 1377

R“=.67

Durbin-yatsor=1.9

Standard Error of the Regression=,028

QSRYD=Wholesale carvet shipments, millions of

gguare yords, seascnally adjusted.

WiIli=Relative wholesale price of carpeting (included
endogenous variable).

IC72=Xeal total investment in privete structures.
SHiI'S=Real household furniture shipments.

Tor the wholesale carpet equation, two stage least

squares estimation is nearly identical to ordinary least

5]

mation, The summary statistics are similar and
5

the coefficientis attsched to the same variables are nearly

51

tde

squares e

I3

-
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CORNTRACT CARPET EQUATION
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Actual

Fitted

Percent

Error*

TABLE 2A

TWO STAGE LEAST SQUARES
CONTRACT CARPET SHIFMENTS
illions of Square Yards

Truncated odel
Actual vs. Fitted Values

19771 197712 197713 1977 sk Total 1977

89.3 91.0 89.3 96.6 366.1
86.5 90.8 92.7 95.6 365.6
3-2 0.2 "'307 15‘0 001

A -,‘:'o =
#Percent Error= Hctual-Fitted

Actual

143
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identical. In both models the fitted values (Chart IIIA)
closely mirror the acitual values of wholesale carpet sales.
Quarterly, the model's forecasting accuracy is as good &s
the model using ordinary least squares. Table 3A compares
the actual vs, fitted values for 1977 of a truncated version
of this model. Except for the fourth quartef, the model's
percent error is below the standard error of the regression
(2.8 percent). The model's forecasting accuracy on an

annual basis 1is excellent.



CHART IIIA

WHOLESALE CARFZT EQUATION
Twe Stasmed Least Squares
Actual vs., Fitted Values
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Actual
Fitted

Percent
BError

*Percent Error=

TABLE 3A

TW#O STAGE LEAST SQUARES
WHOLESALE CARFET EZQUATION
kiillions of Square Yards

Truncated iodel
Actual vs. Fitted Valueés

197711 1977:2 197713 19771k

Total 1277

247.2 249.,9 252.9 275.¢
252,54 246.5 259.4 261.,0

2.1 1.4 ~2.6 5.4

Actual -T'itted
Actuzl
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1025.9
1619.3
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APPERDIX II

Alternative Variables Tested

Residential Retail Equation

Ordinary Least Squares with Yd72*
(Best Equations)

Dependent Variable: FCRS72

Constant FC1 Yda7z SHIFENT
1-3 —3.7 '79-
(-5.4) (1.8)
-2.5 “2:.!;’ } 13 .39
(=3.3) (2.9 (3.C)
e59 -3.3 .59
{(~L.1) (1.7)
.29 _3'2 -91

t-statistics are in parenthesis

*All equations are in log forn.
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EUSTS\L  ICR?Z2\1

.02
(.31)



(£ II

Lables Tested

til Equation

ires with Y4ra#®

1tions)
72
- _ Durbin- =~ . Standzrd
SHIFS\1 HUSTS\1 ICR72\1 2 Welson Error
' .93 .78 £.2
2)
.39 09_: 095 6-1
?) (3.C)
.02 ¢91 .63 8.:\
7) (.31)
Qz . Ol .0

.05 *

thesis

form.




Residential Retzil Fouation

Ordinary Least Squares with KQHUSTS*
(Best Zquations) .

Dependent Variable: FCRS72
Constant £l DISCI..C72 SHIFS\1 KGHUSTS FRULsTS\1L

-2.8 -3.2 42 1.6
(~5.3) (2.2) (2.1)
-9.7 1.4 26 A 3,3
(2.0) (1.6) (3.6) (4.1)
9'5 -1 .L" .29 .LI’Q . '.:;°2
{-2,1) {1.9) (3.8) (i.3)
-—9.4 "1.14’ 131 '53
(-2.1) (2.1) (%.0)

t-ctatistics are in parenthesis

#A11 eguvations are in log fornm.
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RQHUSTS*

IrS\1

o7
3.6)

L9
3.8)

.53
+.0)

KGHUSTS

1.6

2.1)

3.2
(4.1)

FOHUSTS\2

Durbin-
Watson

\9

il
Q0

«93

1.4

1.4

1.5

Standard



Residential Ret=1l Zaouation

vy ———

Ordinary lLeast Sguares with ICR72 and ZUSIZH
(Best Zquations)

Dependent Variable: FCRS72
1

Constant P DISCII C72 ZUSTS ToST3N IOR7Z
2.7 "3v9 ,81 __.1?"
(-13.5) (3.8) Tl

3.0 -4,0 .70 ' -e1G
(-13.3) (3.1) (-1.23

b
L ]

W

I
W
o
ﬂ

)
iy

2.“) “3'9 I73 ’_108
(12.6) (3.3) =1.53)

t-statistics are iIn parenthesis

“A11 equationsz are in log form,
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1 Retzil Zguation

res with ICR72 and ZUSIZ#
<«

Equations

)

72

73 -
3}

” ™
ide
e O
(W RS
)
"t

thesis

form.

I3R7Z

-.17

. {
("‘1 » 95

' "'110

J

'93

« 23

.93

«93

Durbin-

watson

b
83

77

Standard

Error
7.0
740

7.0



Contract Carvet Equation

Ordinary Least Squares with IC72%

(Best Eguations)

Dependent Variable: C3SQYDSA
Constant rci1 2272 Ic72
8.2 —117 026 OLJ'O
(-13.4)  (3.4) (5.1)

&8s}
-
[N
i 1
=
-
N
wn

7.8 "'100 [}
(-15.0) (&

1

t

-st

v

Ay
<

:istics are in parenthesis

*All equations are in log form
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(6.0)
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(6.6)



Contract Carvet Fquation

linary Least Squares with IC72%

iable: C3QYDSA
£C11 2272
"1.7 .26
-13.4) {(Z.4)
-1.7 225
"'1]4'.6) (3!6\}
"‘1.6 930
-15,0) (4.6)

ire in parenthesis

3 are in log form

150

(Best Equations)

IC72\1 1c72\2
Ll
sl
(6.6)

.93

« 9%

Durpin-
Yiatson
1.0

1.4

1.3

Standard

Lrror
5.0
0.4

0.4
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Contract Carnet Eaquation

Ordinary Least Squares with ICR72%
(Best Equations)

Dependent Variable: C3QYDSA

Constant PCc11 ZB72 ICR72 ICR72\1 ICR72\2 ICR72\3
9.0 "'1055 029 .22
(-11.6) (3.4) (&o1)
9.0 "1056 025 -27
(-13.0) (3.2) (5.3
809 "1'15“’ ‘ 526 13‘0
(-14.6) (3.9) : (6.8)
8.7 ~-1.50 « 30 + 30
(-1478)  (817) (4,07

t-statistics are in parenthesis

*All equations are in log form.
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pet Equation

ares with ICR72%

ations)
A Durbin- Standard
ICR72 ICR72\1 ICR72\2 ICR72\3 R- watson Irror
22 .92 «85 5.0
(4.1)
.27 435 1.2 b,o
.30 .05 1.4 L,o
(6.8)
. 30 .05 1.3 b,o
(4,0)
sis
‘I‘m.
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Contract Carpet Equation

Ordinary Least Squares with ICIR72%
(Sest Equations)

Dependent Variable: CSQYDSA
Constant PC11 2372
701 "2.0 027
("13t3) (3-6)
n.?. -139 . .36
(“"1201) (405)
7.2 ‘1'7 cLl'j

t-statistics are in parenthesis

*All equations are in log form,
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ICKR72

77
(5.1)

ICHR72\1

6l
(4.1)

ICNR72

~

L) e

LI\

2




act Carpet Fquation

ast Squares with ICHR7?2%*
est Equations)

CSQYDSA | | < )
—;tf
2372 IChR72 ICkR72\1 ICNR72\2 :
.27 77 +92
(3.6) (5.1)
.36 (6l $92
(4.5) (4.1)
43 .53 91
(5.1) (3.3)
parenthesis

n log form.
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Durbin-

Watson
1.2
.98

.81

Standard

Error

500

.0

wn

(¥ 3
(&}
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vholesale Carpet Zquation

Ordinary Least Squares with Yapa+
(Best Equations)

Devendent Variahlet

Constant 7472

.89 1.5
(15.8)

2.9 1.1
(13.5)

3.1 1.4
(13.7)
3.1 .9

(1.5)

5.8 .61
(1.9)

4,5 .83‘
(2.7)

-12.0 3.7 -
(7.0)

[S8YD
Wrlil SHIPS IC72
.65
(8.95)
N
(7.3)
.68
(8.7)
_651 .76
(-1.2) (6.5)
~.37 . .64 .30
“'»:2:!. 061’;
("'-9) (70 )
1.6
(4.0}

t-statistics are in parenthesis

*A11 equations are in log form.
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IC72\2

.18
(2.6)



e Carpet Fouation

st Squares with Yaya+
t Equations)

SQYD
WEILL SHIPS 1072 IC?7AN1  IC72\2
.65
(8.6
. 64 .21
(7.3) : (2.7
.68 o .18
(8.7) (2.6)
'051 0?6
("‘1-2) (605)
‘-IB?. ) 564 030
(-1.6) (8.2) (3.4)
-.21 6l
("‘-9) (70 )
1.6
(4,0)
renthesis

log form.
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Durbin-

Wlatson

59
2.0
1.3
.67
1.9

2.1

o
R
2

Standard
Frror

4.8

2.9



Wwholeszale Carvet Fguation

Ordinary Least Squares with YN72%
(Best Equations)

Dependent Variable: QSQYD

Constant Y72 WrI11 SHIrS Icr2 IC72\1 Ic72\e
-4, 2.5 .21
(7.4) (1.1)
1.3 1.4 .70 .001
(10-3) (6.7) ('01'7\
5r6 1?9 --31 081
L, 5 .62 -.30 74
(1-6) (“30.’7) (601)
7otk 35 -.63 .6 .31
(1.5) (-4.9) (7.9) (3.5)
5.8 A7 -.54 .55 .26
(1~9) ("‘)‘4'-0) (700) (2-5)
.0 .63 -5 69 55
{(2.2) (-3.9) (2.1) (2.2

t~statistice are 1n parenthesis

*A11l eguations are in log form..
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ale Caruvet Fquation

east Squares with YN72%
est Equations)

SQYD
WrI1d SHIFS Icz2 IC72\1
.21
(1.1)
.70 .001
(6.7) (.017)
"031 '81
(-3.0) (10.1)
-. 80 o 74
(=3.7 (6.1)
-.63 .Gl 31,
("'4'09) (7-9) (3'5)
-. 56 .55 .26
(<L,0) (7.0) (2.5
'-13‘5 '69
:"3:?) 8‘1>

enthesis

.0g Torii, -

154

IC72\2

Durbin-

HaTson

Standard
nrror

7.0



Tholeszle Carmet Fguation

i

U

Ordinary Less
Devendent Varianles IDISW

LDYd72

Constant

.00001

"'0001

‘t=Dependent variabvle
ar=Vechtor of indewnendznt ve

eSLITOr Tern

155,

LDSHIFS

¢33
(3.29)

Sl
(3.91)

'33
(3.19)

t Squares with First Diffesrences®

(3

56

3

5)

Durbi
atgo

1Q7

2.0

1.7



‘holesale Carmet Fouation

- Lesst Squares with First Differences*

riablet  IDASyY

LDYd72

1.50 .09 b
( (.17) (3.91)

-,017 .
(-.08) (3
y are in varenthesis
jifference form is as follows:
0¥ .. =ath (Logig-Losiya1 ) te
:ndent va

r
50 of ind
~ oterm

iable
evendent variables

155,

LDIC72

. 56

(3.41)

(

S

5)

.60

Durbin-
Jatson

1.7

2,0

1.7

Staendard

Irror

3.2

3.8

3.3
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.nol gnle Caprret Zrioztion

The statistical results of the alternzte whalesale
carnet equation are very similar o the results Tound for

for inveztment in

l.l-
("P'
1

the prinary equation. The coefTic

total structures and wholesale ousehold furniture shiiments

level. The fitted values and the residuals of both equztions
(Chart IVi) are very similar, with both models czpturing

the 1274 downturn,

ey g . P N . -3 2 . { AV eppdn T o7 3 L] o
aprarent randomness of the rezidusls (Chart a) . ALS0 tne
£ ‘. ’
ey rn e o £ R N PRI | ! LY ad
Spearman rank correlation ccoefflicisnt is low [.026) “herao-

fore, autocorrelation is not rresent in this eguation,

The calculated T values oI the Chow Za2st for the same

two intervals are .955 and 453 reszisctivelr, At the 5 per-
cent level of sisnificaence the czlculated F vzlues fall within

over the regression interval

ey 4 5.

The trunecated versicn of the alternztive nodel

(1969 %o 16706) is =ne followe:

«

Lom (339¥YD)=5,5

¢

*o 30 Lo (12724, 70 0 (SHIFE
(3' ) \—0;:’

~atatistice are in viventhesis

156



* MAREZ ACTUARL WALLES

=
I
—‘
3

S RN Y

B v R e B oo IS X

NV Y Y R R R B R R R R R R R R N N I I I R s I 2 (Y

SYENENENT 3% T L Y O R I A A A A A AN VI R S R S Wiy

00 e Lo DY e B 0 0 = B 0 PO e Ja 0 N s a0 T ks o O b= 0 1) e

LSS L IR « N RN N o U BN QY v 08 (xR« BO W AN = BT w BN JEY u Y x JY o LIS (RS WY Y o IOV w8 W I Y W BN« Y Y W IS N Y IS v I}

R RN

H)—‘HHH“&H&-‘MHD—DMPpéHHo—AHHHL't-‘HNMHHHHHHHHHH
Lo D = Lo G2

CHART IVA
WHOLZSALZ Ca
Alternativ
Actval vs., T

R-ET EQUATION
e Eguation
itted Values

187




158

R%=.57

Durbin-vatson=1.%0

Standard Error of the Regression=.023

Table 4A compares the éctual and fitted values for
1977. Quarterly, the models forecasting accuracy is good.
This model also overestimates the first and third quarters
and underestimates the second and fourth guarters. The
largest miss is also in the fourth quarter. ZIZxcept for the
fourth guarter, the percent errors are less than the 2.3
'percent standard error of the regression. Annuvally, the
model's accuracy is excellent. The model underestimates
wholesale carpet shipments for 1977. The annual percent
error at .3 percent ig significantly less than the 2.8 percent
standard error of the regressicn,

Although the statistical results of both equations
are nezrly identical, I characterize the equation with
income the "best" equation because, on average, its forecast
percent errcrs are slightly less. I present both models

because 1t 1s nearly impossible to choose the better one.



TABLE 4A

WHOLESALE CARFET SHIFIZENT
»illions of Sguare Yards
Truncated [.odel
Actual vs. Fitted
(Alternative 'odel)

S

187711 197722 1677:3 197714 Total 197
Actual 47,2 249,9 252,9 275.9 1025.,9
Pitted 252.3 2L6.1 259,0 260.6 1018.0
Percent
Error% 2.1 1.5 2.4 5.5 0.8
Actual-Titted
¥*Percent Error= actual
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1
rs=.026

s 1
Va.r(rs)=61~r‘“= 35

£=5e3 026
e o 4

"'::""".'é- = 1 =.l5

Therefore, Z="gn 3~§

rg is only .15 standard deviations away from zero which
is not significantly different than zero. Therefore, we
accept the null hyrothesis that the errors are independ-
ently distributed over tine.
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GLOSSARY

CSQYDSA: Contract Carpet Shipments, iillions of Squzare
Yards

DISCINC72: Discretionary Incoms, 1672 Dollars

FCR372: Retail Floor Coverinz Sales, 1972 Lollars
HUSTS: Housing Starts, rrivate Including ?arm
KQHUSTS: Capital Stock of Housing, willions of Uniz
IC?2:y Investment in Total Structures, 1972 Dollars

I¢n?2: Investment in Residerti=al Structures, 1972

Dollars
ICHR72: Investment in honresicdential Structures, 1<72

Dollars
FCl: Relative Retzll Price of Floor Coverings
FCil: Relative Retail rrice of Carrveting

QA3QYD:  Wholecale Carpet Shinrents, illicns of Equzre
Yards

SHIFS: Furniture Shipments, .Tolesale, 1572 Dollars
TiLz: Time Trend Variable

¥d72: revsonal Disposable Inccrme, 1372 Dcllars
WPI11 ¢ Relative “holesale rrice of Carpeting

ZB72+ Corporate rrofites 3efore Tax ZIxcluding IT74, 13572

ri
Dollars

“: lag Symbol
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