'Product1v1ty trends in the cotton and
synthetlc broad woven fabrlcs 1ndustry

Expanding output per hour

during the 1972-86 pertod has come about

despite low output growth .
as the industry attempts to modernize |
_and fend aﬁ mcreased zmport penetration

MARK W. DUMAS AND J. EDWIN HENNEBERGER

Productivity, as: measured by output per hour, grew at an
average annual rate of 3.7 percent per year from 1972 to
1986 in the cotton and. synthetlc broad woven fabrics indus-
try.! This rate of increase was significantly higher than the
2.5-percent rate for the average of all manufacturing indus-
tries. Advances in industry productivity have been aided by
‘substantial investments in capital and diffusion of techno-
logical advances such as shuttleless looms. In response to
the recent import surge from low-wage foreign competitors,
industry modernization and restructuring are taking place as
part of an ongoing attempt to sustam product1v1ty growth

Trends in productmty

The productivity gain of 3.7 percent per year resulted
from a rate of growth in output of 0.3 percent and a decline
in hours of 3.3 percent. Output fluctuated sharply during the
1972-86 period: Generally, the industry followed the cycli-
cal pattern, of the: overall economy, with output declines
coincident with the econemic recessions of 1974-75 and
1980-82. Peak industry output occurred in 1977, prior:to
the explosive growth in imports. But while the output of the

industry has fluctuated, sometimes rather widely, productiv-

ity, nonetheless, has, with a few exceptions, continued to
advance. In many mdustnes sharp declines in output result
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in corresponding declines in productivity. However, this has
not been the case with broad wovens, because the industry
has been able to adjust the level of the work force in re-
sponse to the changes in demand. Thus, even though output
tumbled in 8 of the past 15 years, product1v1ty fell in only 3.

Productivity trends in this industry can be divided into
two distinct periods. From 1972 to 1976, productivity. ad-
vanced at a relatively slow rate of 1. 5 percent annually, as
output fell shghtly———down 0.2 percent per year, and em-
ployee hours declmed 1.7 percent annually. In contrast,
from 1976 to 1986 product1v1ty expanded at a significantly
higher rate—-—3 8 percent per year. This latter gain in output
per hour also reflected output and employee hour declines.
From 1976 t0,1986, output declined 1.2 percent and, hours
fell 4.8 percent. annually. (See table 1 J)

Industry descnptlon and operatlons

The output of this 1ndustry consists of woven fabric more
than 12 inches in width, made chiefly of cotton or synthetlc
fibers or both. Important markets for-the industry’s output

are the apparel, automotive, and home furnishings indus-

tries. Many plants in the industry are highly integrated and
are capable of transforming bales-of the fibers, first, into

-yarn. Multiple strands of this yarn are then interlaced at right
angles - in the. process of weaving. Additionally, an-inte-

grated mill would have the capability to *“finish” the. woven
fabric. Finishing, a term for further treating fabric, may

involve one or more of the following operations: bleaching,



dyeing, printing (of a pattern); or applying permanent press
treatment. Weavers lacking the capability to perform these
finishing operations may contract with.commission finishers
to provide these services. (However, these contract finishers
* are not part of this study.) Finally, highly integrated mills
may fabricate some of their output of finished fabric into end
products such as sheets, towels, and pillowcases.

Traditional production techniques

_ “Transforming fibers-into. finished fabric requires many
complex, integrated operations. - The fibers must first be

“opened”—a loosening and partial cleaning process which -
“fuffs” up the fibers which were tlghtly compacted in the’

shipping bale: “Blending™ assures a proper mix of cotton
and synthetic fibers. The “picking” operation; transforms the
blended fibers into loose sheets of lint-like’ material (lap
rolls) made up of roughly parallel fibers. These “laps”. are
then “carded” to further parallelize the fibers and reduce the
sheet of fibers to a loose, rope-like strand. This rope-like
material ‘is then put. through the “drawing” operation in
which several of the strands are merged and their fibers
further. combed to increase parallelism -among the fibers.
The “roving” operation then reduces the “drawn” strand-into
a-much smaller strand of fibers, inserts a slight twist; and
winds the strands-onto “bobbins.” Spinning machinery for
the final process in the manufacture of yarn draws out the
strands of fiber, twists them 1nto yam, and agam wmds the
yam' onto bobbins. ,

“In the winding and warping operatrons yarn 'is trans-
formed  from ‘the relatively small spinning ‘bobbins * onto
larger packages for use on the weavmg looms: Weavmg
then ‘consists of mterlacmg crosswise ‘or “flllmg” threads
with lengthwrse or “warp” threads on a loom to form fabric.
If the yarn that had fed the looms was already colored or
“dyed,” the fabric s, ‘for the most part, complete. If the yamn
wias not dyed pnor ‘to weaving, the resultlng off-white’ or

grey > fabric may then bé dyed in the ﬁmshmg operation.

Finishing, a series of chemical, mechanical, and i mspec—
tion techiniques, complétes the process of cloth manufacture
ina fully integrated mill. Many discrete operations such as
singeing, washing,’ bleachlng, dyeing, pnntmg, preshrink-
_ ing, calendering, and others may be included in finishing. It
is during these ﬁmshrng operations: that the treatments
aimed at improving the ¢ wash and wear” property of cloth
are performed

_Technology in the 80’s

Technological changes taking place in the 1ndustry fall
into-two general categories: One involves the improvement
of conventional machines (in speed capacity, and degree of
automation) and the' mstallatr' f ‘auxiliary: equipment (for
machine cleamng and materrals handling)‘to’ increase” pro-
ductivity ‘ and “improve: product quality. “Many of these
changes have already been adopted by the larger, modern-

ized mills and are being adopted by smaller mills.-The other

technological change involves more radical modifications,
such as integration of two processes or more, instrumenta-
tion for process monitoring, and the marriage of computers
to this instrumentation for real-time production information.

While in most mills, yarn is still made on-a series of
discrete machines, many plants have adopted a continuous
opening-blending-carding operation, known: as. direct-feed
or chute-feed carding. This eliminates the handling of fiber
from machine to machine and actually eliminates an entire
process called picking. In the old system, the picking proc-

. ess rolls the fiber into large heavy “laps” which then must

be: moved manually or mechanically to-the: cardmg machine
for the next: process. Output with _direct-feed  carding is
about 3 to 4 times greater per hour than the older manual
system. e : :
Direct-feed cardrng greatly reduces the need for unsk1lled
and semiskilled labor, compared to the conventional process
of opening, blending; picking, and carding. In this continu-

. ous system, no- prcker operators, are required nor .are the
" laborers who move the heavy fiber laps Without the ﬁber

laps, labor for cleaning and ‘maintehance is also greatly
reduced. In addition to being considerably more. productive

 than conventional operations, the direct-feed or chute-feed

process has also helped meet Federal requirements for: lower -
cotton ‘dust levels, because the opening-to-carding opera-
tions are major:areas. of eotton dust generation: Moreover,
the chute system, it is claimed, 1mproves yarn quahty by
limiting fiber weight variations.? '

Spinning, the final step in yarn’ manufactunng, has been
sped up by the mtroductlon of open—end or rotor spmmng

Table 1 Output per employee ‘hour and'related.indexes for
-the - cotton and synthetic_ broad _woven fabrlcs mdustry,
1972-86-
C1977=100) . o e o Te T Lk
: R Output ‘pet employee hour Employeehours L
e T Not- A Non-
. Year Producnon e Output Productnon
1 employ-|". -~ production] " temploy= production .
| ees | Workers T\ orkars |- oos | Workers "l o ors
1972 ... 858 | 857 867 | 8o4 | 10427 1043’ | Te03%
L1973 ...} 766 | 765 774 ] 80.6:} 1052 | 1053 1046
AQ74 .. b 7927 7947 78.0% [ 797°] 1008 | 1004 | 1022 .
1975 ... | 867 872" 830 | 7951 917§ 912. |, 958 .-
1976 ....| 869 86.8 888 |892 1026 | 1028 1005
1977 ...} 1000 1000 | 1000 |1000{ 1000 | 1000 | 1000
{ 1978, ..} 935 936 | 926+ | 904967 | *966 | 976"
1979...,.:100.7 | 1005 1028. |, 975.| 968 | 970 | - 948:
1980 °....] 1049 1 1050 | 104.1 98.0 | "934°1 933 94,1
f.1981 ;... ] 1074 1080 | 101.0. [ 947 .882 | 877 | 938 .
1982°... | 1126 | 155 | 899 | 'st2-rmeil 703 | v 90
1.,1983 ....| 1216 | 1228 | 112377 922 | 758 [ .75.1 8217
1984 ... [ 1199 | 1207 | “1125 ~| 903 [ 753 748 |7 80.3
1985 ... |- 1239 .| 1250 1140 |85 | 666 660 | 724 .
1986 ..., | 1303 | 1307 1234 855 | 656 654" 66.6
: ,' N o kAverageannual ratssp\fchangé(“l . : .
1972-86 .| 87 38 80 | 03] -33] -34 -27
1972-76 .| 15 16 12 | =021 17 -17 -14
1976-86 .| 38 | 39 ) 27 | -12] =48  -49 | --38
198186 .| 36 | 34 | 58 ‘—14 ;=48] -46. | <68,
“1Based on thehnearleast squarestrends of the Iogarlthms oftherindex nmbers. "~ ©
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Conventional ring spinning is a relatively discontinuous op-
eration while the open-end machinery integrates several op-
erations and ean produce some of the coarser filling yarns.at
4 times or more the speed of ring spinning.> Moreover,
open-end spinning reduces space, maintenance and cleaning
requirements, and downtime. Additionally, automatic dof-
fing machinery can be built onto the new open-end spindles.
Because doffing (removal of full bobbins) is one of the most
labor-intensive operations in-the mills, the suceessful au-
" tomation ‘of this process greatly improves productivity.-
Most notable among the technological advances in the
production of woven fabrics has been the introduction of
shuttleless looms. Conventional fly-shuttle looms use a
wooden projectile (a-shuttle) to carry the filling or crosswise
yarn back and forth between the alternating sets of length-
wise or warp threads. The shuttle is “slam” driven from one
side of the loom:to the other by wooden bars. To move-the
filling yarn back and forth, the newer shuttleless looms use
a variety of techniques and are of several types: Rapier (the
largest number in place), missile; .water jet (restricted to
100-percent synthetics), and air jet (currently very popular).
As an example of the operation, ‘air jet looms weave the
cloth. by propelling the filling yam by means -of high-
- pressure streams of air.
Finally, electronic instrumentation and- its extensive d1f-
fusion is an integral part of the industry’s changeover to a
"more capital-intensive “system. Instrumentation systems
along with microprocessors are reducing labor requirements
for machine: operators, maintenance personnel, and un-
skilled laborers: ‘They are reducmg downtime and improv-
ing quality, but at the same time are upgrading requirements
for skilled repair-technicians and electricians. For example,
in the dyeing and finishing operation, laser fabric inspection
equipment can detect flaws in the grey woven fabric, while
color. monitoring devices check for dyeing irregularities.
‘However, many of the productivity -gains enjoyed by
U.S. mills as a result of installing this new equipment and
the advantage this gave domestic manufacturers over im-
ports -from: developing -countries’ may: be -only temporary.
Much of the new-equipment has allowed domestic .fabric
manufacturers to undercut imports by producing specialty
fabrics, ‘thereby partially removing. themselves from the
low-end, undifferentiated -fabric ‘markets. However, be-
cause most of this equipment is also available to foreign
manufacturers, any-competitive advantage that U.S. mills
might hold can potentially.be quickly eroded. This problem
for the U.S. mills is aggravated by the fact that the domestic
textile machinery industry is -shrinking and, in .some. re-
spects, nonexistent. The United: States, for example, pro-
duces none of the shuttleless looms that are revolutionizing
weaving.* S W

Employment”trends

Total employment in the cotton and synthetic broad
woven fabrics industry declined at an average annual rate of
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3.1 percent from 1972 to 1986 This decline is significantly
greater than the 0.2-percent decline in employment meas-
ured in the total manufacturing sector over the same period.
Employment in this industry increased from 288,000 in
1972 to 293,000 in 1973, but fell during the recessionary
years of 1974 and 1975. An improved economy help to
boost employment to a peak of slightly -over.293,000 .in
1976. Since 1976, however, employment has, with the ex-
ception of 1984, declined steadily. Average annual employ-

‘ment, as of 1986, was 185,000. Total employee hours.de-

clined, falling at a rate of 3.3 percent; also higher than the
0.2-percent decline registered by -the total manufacturing
sector. The number of production workers declined at an
average annual rate of 3.2 percent. Production worker em-
ployment peaked at 264,000 in 1976 and fell thereafter. In
1986, 166,000 production workers were employed.

The proportion of production workers to- the total number
of employees remained fairly stable over the period. In
1972, this proportion was 90 percent and in 1986 it-was 89
percent. Average hourly earnings of production workers in
the cotton and: synthetic. broad- woven fabrics: industry are
lower: than those in all manufactunng In. 1972, average
hourly earnings in this industry were $2.75, compared, to
$3.82 for all manufacturing. By 1986, the industry’s aver-
age of $7.33 was still below the all-manufacturing average
of $9.73, although the gap, in percentage terms, had nar-
rowed.

Structural changes and capital spending

" The U.S. weaving industry has historically been frag-
mented and. is still characterized by many firms, both large
and small. However, between 1972 and 1986, industry
structure changed significantly. Competition and Federal
regulation led to increased capital expenditures. The indus-
try was also affected by two major recessions which resulted
in the closing of less efficient plants and a reduction in the
work force of 36 percent. These changes have resulted in-a
smaller but more competitive mdustry, operatmg at a high

level of capacity. -

- One of the factors which led to. changes in the mdustry s
structure was its response to increased competition. Domes-
tic competition has been fierce for the better part of the last -
decade because of somewhat sluggish demand. The recent

~ surge-in imports has only intensified this competition. >In
the low-growth markets in which these firms (both foreign

and -domestic) compete, expanding market share for ‘one
firm generally means a decreased share for others.® Despite

‘international agreements to control their growth, imported

goods continue to gain market share. The growth in im-
ported; uncut fabric.has been accompanied by the influx of
fabricated apparel products, resulting in the further shrink-
age of the domestic apparel industry. Thus, imported fabric
and apparel products now make up nearly one-half of the
apparel and apparel fabric market and-one-third of the total
textile market.”



“In an effort to remain competitive, domestic firms are
modernizing by- investing-in capital equipment. Industry

specialists believe that capital investment will boost U.S:.
productivity, thereby reducing the price advantage of im-

ports.® This price advantage is largely- attributable tothe
differing wage structure between the United States and other
nations. U.S. textile wages, for instance, are more than 8
times higher than wage rates in Korea, a country whose
textile products are an increasing source of U.S.. imports.?

_ “Capital expenditures per émployee have been increasing
in the broad woven fabrics industry.- Although expenditure
levels have been below -the all-manufacturing: average
(1972-85), capital expenditures per employee have grown
substantially since 1972. In fact, over the period 1972-85,
current-dollar capital expenditures per employee grew at an
average annual rate of 12.2 percent (from $771 in 1972 to
$3,817 in 1985). This rate outpaced the all-manufacturing
rate of 9.5 percent, with expenditures growmg frorn $1,356
in 1972 to $4,430 in 1985.

A ssignificant portion of these capital outlays has been
allocated to safety and health équipment in an effort to meet
the standards of the Occupational Safety and Health Admin-
istration (OSHA) and the Environmental Protection’ Agency
(epA). For some operations, particularly those in which dust
levels are high; Federal regulations have been difficult to
meet without new or overhauled equipment. Although these
equipment outlays have been expensive, some industry spe-
cialists believe that Federal health and safety regulations
have “contributed to the increased pace and intensity of
‘modernization.”1° These expenditures may have a negative
short-term effect on the industry because many foreign com-
petitors do not incur ‘such costs. However, the new equip-
ment may “increase worker productivity and manufacturing

efficiency, and therefore 1mprove mtematmnal competmve- :

ness.”!l .-

‘Although - there has been some dlspute regardmg the
productivity-enhancing effect of the health and safety equip-

ment, spending. for it is éxpected to decline in future years,

leaving larger allotments for, new and more productive oper-
ating equipment.’? This is especially important in an indus-
try where technological change has caused the rate of ma-
chmery turnover to grow more rapidly from year to year. 13

Tremendous-resources -are required by those firms that

wish to- take advantage of these. technological changes, and
ultimately remain competitive. Larger firms have been in a
better financial position: to expend the huge sums: required

for new plant and equipment. The 10 largest firms in the. .

industry accounted for 85 percent of ‘new machmery pur-

chases.!* These large firms, reaping the benefits of modern-

ization have increased their dominance over smaller firms.
This dominance is illistrated by the concentration ratio,
which represents the percentage of sales of a given industry

accounted for by its largest companies. The weighted con-
centration ratio of the eight largest firms in the industry rose
from 52 percent in 1972 to: 58 percent in. 1982.

‘Although spending on new plant and equipment has
played a significant role in increasing the domestic indus-
try’s competitive stature, it has not been the sole factor. In
general, successful firms have adopted more competitive
strategies. Some of these strategies-have been: identifying
emerging market niches which foreign manufacturers might
not have the capacity:--or incentive to‘supply, cutting re-
sponse and production times, and stressing a commitment to
quality . : s

Outlook

Textile demand w111 continue: to be heavﬂy rellant on the
basic strength of the economy, especially the apparel, auto-
mobile, and housing  markets. However, demographic
changes will also play a:major role. For example, the num-
ber of persons in the age group 35-54 years old, who typi-

cally have rising incomes and high rates of consumption, are

a key element in the growth of demand for textile products:

In addition, new industrial products are being -developed;

some of these replace older products, but some involve new
applications; for example, soil-stabilizing * geotextlles” ‘that
are used in erosion control.-

_The productivity advances made by the 1ndustry to. date
will, at a'minimum; need to be maintained in the future if
the industry is to have a chance at fending off increased
market penetration from foreign textile products. Many in-
dustry analysts believe that “the only way to alter the inter-
national .competitive balance is to drastically shotten the

+ production cycle.”! Thus, fabric manufacturers would be

more closely tied to the apparel and other end-use manufac-
turers and retailers under-a “quick-fésponse”. system..Con-

-sumer retail preference readings, based on bar-coded end

products, would be electronically transmitted to apparel and

textile manufacturers, which- would -be able. to :respond

rapidly by shifting production based on those readings.. This
would avoid the long lead times (now as much as a year or
more) between yarn spmnmg and ultimate fabrication mto
finished textile end products

A qulck-response system may allow domestic manufac-
turers -to ‘capitalize on the :advantages of market proximity

-and shortened delivery times—even in the face of low-wage
- foreign competition.  Of course,:this system would require

that- the entire chain of. productlon, from ‘yarn spinning to

" end product fabrication.and ulumately retallmg, ‘be “wire

into the network. Although several hmlted qu1ck-response

i programs have apparently met wuh success, the organiza- -
tional effort to expand such a system nationwide, through-

out the textile and apparel manufacturmg and retalhng in-

: dustnes remams a major hurdle
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- APPENDIX: Measurement te¢hniquesTandlimitations

5 Indexes of output per employee hour measurechanges m
the relation between the outp I
ployee hours expended ont
per employee houris derrved :
'by an index ‘of industry’ employee hours.

The preferred output index for manufacmrmg 1ndustnes
would be. obtained- from “data on quantities of the ‘various
goods produced by the industry; each weighted (multiplied)
by the employee hours required: to produce one unit of each

good in some specified base period. Thus;-those goods

~which requlre more 1abor for production are given more
importance in the index. Often, however, as an alternative,
unit. value werghts are used when unit Jabor requrrement
welghts are not avarlable I

Because neither unit labor ° nor unit’ value werghts are
ava1lable for all of ‘the rndustry s-products, an alternatrve
techmque was-used to derive the output index for- this indus-
try. Thetefore, real output for the industry was estimated by
a “deflated” value technique: ‘Changes in price Ievels were
removed from current-dollar values of production by means
of appropriate price indexes at various levels of subaggrega-

tion for-a-variety . of products in the. group. To combme’ :

segments of the output index into a total output measure,
employee hour werghts relating to-the ‘individual: segments

~d1V1d1ng an mdex of output :
‘Tine
output series. This benchmark 'séries’ (also utilizing ‘the de-

were usedh, resultmg in an output ;ndex that 1s conceptually

close o the preferred output measure i :

The annual’ output “index series dérived from the above
dlSCllSSCd deﬂated vaIUe tec mque was then adjusted (by
'nterpolat ' Tlevels of the “benchmark”

flated - value - teehmque) incerporates ‘more: comprehensive

‘but less frequently collected Econorhic Census data:

‘The indexes: of output :per employee hour ‘relate total
outputto.0 ejcrnput——labor The indexes do not measure; the
Lspec;frc contribution of laber, capltal or any other smgle

lization, plant desrgn ‘and layout”skrll and efforts of the
‘work force , m agerral abrhty, and labor-management rela—
‘tions: N

The- average “annual rates of’ change presented in the text
are based on the linear 1éast squares trend of the logarrthms

‘of the index numbers ‘Extensions of the indexes will appéar
“gnnually. in the BLs bulletin; ‘Productivity ‘Measures for Se-

lected Industries and. G nmentServices. A-technical note

describing the methods used todevelop the:indexes is avail-

able from the Office of Productmty and Technology, Divi-

-sion- of Indusjry Productlvrty and Technology Studies.



