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(ABSTRACT)

his thesis will develop measures of labor productivity for a Government

owned and operated manufacturing facility that produced military products

to unique customer order. The methodology used to calculate labor
productivity is the recently revised Bureau of Labor Statistics (BLS) labor productivity
program. The revised BLS program incorporate changes to the techniques for
constructing the output measures which are used in conjunction with input measures to
derive output per hour measures. The motivation of this research is to explore the labor
productivity of a particular Government owned and operated firm through a detailed
examination of historical labor input data, manufacturing cost data, the firm’s cost
structure, and annual output. To date, no productivity analyses at the firm level have
been published by the BLS in the Monthly Labor Review magazine due in part to a lack
of required factor input data. These data are often proprietary in nature and do not lend

themselves readily to public scrutiny. In order to maintain the confidentiality of the



proprietary data used herein, neither the firm nor its products are identified. Generic
labels, such as product 1, product 2, etc., are used as placeholders in lieu of actual product
names. Nevertheless, all mathematical derivations employed in the construction of the
output and input index series used to calculate labor productivity are explicitly identified,

as are the specific equations that comprise the BLS technique.



Dedication

I would like to dedicate this thesis to my loving wife Theresa. Her patience,
encouragement and understanding during its completion will always be appreciated and
never forgotten. In addition, the efforts of my parents and Delores McElroy were

instrumental in providing me the time to dedicate to this work.

iv



Acknowledgments

This thesis is submitted to complete the requirements for the Master of Arts degree in

Economics from the Virginia Polytechnic Institute and State University.



Table of Contents

L. INTRODUCGTION ..ottt e ce v e e et eeee e e e e eae e e e et e e e eaneeeeeamaesennsessssstaesssatnneessnsasereessanes 1
2. PRODUCTIVITY OVERYVIEW ..ottt ettt st sttt taa e s e s e s e s e s enee et eeeesessresssaanenes 6
2.1. LABOR PRODUCTIVITY: HOW IS IT DEFINED? .....ooiiiiuiiieiteeeeeteteeeeteseseeeeeeesaneesessonsseessasneessessnnesesenaneees 7
2.2. LABOR PRODUCTIVITY: HOW IT IS MEASURED .......vviiiitiieiiiteeeeeneeeesntereeeiteeesseeteesssssesessasnssnsessssssessnn 8
2.3. LABOR PRODUCTIVITY: HOW IT IS REPORTED .......cuuiiiiuieieiteieieiiteessiteeeeeseeteaeinteseesesseeseesaseeeessssnneees 15
2.4. LABOR PRODUCTIVITY: HOW IT IS INTERPRETED ......coeoiuiieieeiieeeeiieeeeceeeeeeteeeeeeveees e saeaeaeeeenneneeannnes 16

3. DERIVATION OF LABOR PRODUCTIVITY INDEXES FOR THE FIRM............oooovirmrieieee e, 19
3.1. MEASURING THE FIRM’S QUTPUT ......cooouiiiieinieieeeteeeeeeeeeeeeeeeeeeeineeesensseeeaesassesesnsseesnssressssnsnsnessasnssneeeens 19
301, BLS TECARIGUES. ... ettt ettt 19
3.1.2. The Firm'’s OQutput DAtABASE ............ccccccovcuiviiiiiiiiiiiiiiit it 20

3.1.3. Establishing a Quantity Index of the Firm’s QUIDUL..............cc.cccoviiiiiiniiineiaiiiieeea e 20

3.2. MEASURING THE FIRM’S INDEX OF LABOR INPUT ......cccoveeiiiirieeerirreeeiireeeesreeeeecnneeaeseasrseesesssseesesvenes 32

4. CALCULATING LABOR PRODUCTIVITY FOR THE FIRM .......oooovviiiiirreieeee e eeeccintrivreee e e e ee e 38
5. INTERPRETATION OF FINDINGS......ooooottie ettt te et ettt e ettt e eere e e eetteaeessateseeabaasasasssssaesesasesasanns 52
6. LITERATURE CITED ... ..oooiiiiiiiiiieeeeeeeeeeteeeeeeeeeeeenteeesesseesessseeesbsaeaessseseaessssaessnneeaanseseesessnsesesainseneans 56
Y2 1 - U T USRS 59

vi



Table 1.

Table 2

Table 3.

Table 4.

Table 5.

Table 6.

Table 7.

Table 8.

Table 9.

Table 10.

Table 11.

Table 12.

Table 13.

Table 14.

Table 15.

Table 16.

List of Tables

Product Group 1 Annual QULPUL ........cceeceeimeiieiiirinicieeeeee e 23
Product Group 2 Annual Qutput ..........ccccevevierenincrinieieneneeeeeceee e 23
Product Group 3 Annual Qutput ........ccceoieviiiiiie e 23
Product Group 4 Annual Output .......cccccoeiieiiiriiiiiieeeeeee e 23
The Price of Productiat Time t........cccceevvieiiieiiieniiencee e 25
Average Value Share Weight for Product i...........cccooveeiiniciiininininnnnenennen. 26
Annual Quantities of Products at Time t.........cccoveeeiieviiieciiiiiieeiiee e 27
Natural Logarithm of the Ratio of Quantities...........ccccceeveeverviiniiencirecreneenen. 28
Ratio of Output in Current Year to Output in Previous Year............ccceeeeee. 29
The Index of Output in the Current Year ........cccccovieenieeiiienieniieenieeereeenenn 31
Indirect Labor Costs of Product i at Time t.........cccceemiiniieininnciiciieceen. 33
Indirect Labor Hours Of Productiat Time t........ccocoeceeieiieninncieeneeceees 34
Direct Labor Hours of Product i at Time t ........cccoceveerieiiinniinicciiniencceees 35
Total Labor Hours Of Product i At Time t......cccooiiiieiiiniiiiieneceeeeeceeeee 36
Index Of Labor Input In the Current Year.......ccocccevvveeiiiiiiniieciiiicieccieeen. 37
Labor Productivity: Index of Output per Hour..........cc.ccooiiiniiiniiiniiceenen. 39

vii



List of Figures

Figure 1. Total Annual QOutput.........uceeeerieiiisicnssnienscniscsssicssniossnresssnsesesssssssesassosense 21
Figure 2. Annual Quantity by Product Group..........ceieniincnnsiccsniecsnseisscciesanane 22
Figure 3. Labor Productivity: Qutput per Unit of Labor Input ........ccccccecvvvurernannns 42
Figure 4. Labor Productivity and Unweighted Annual Output..........cccceerevueeeerenes 44

Figure 5. Index of Weight Output in the Current Year vs. Unweight Annual Output
46

Figure 6. Index of Labor Input in the Current Year vs. Unweighted Annual Output
48

Figure 7. Trends in Total Manufacturing Hours.........civericerciercrercsncrssnecssacncnaens 50

viii



1. Introduction

This study of labor productivity for a firm engaged in manufacturing military
products to unique customer order involves the collection and analysis of historical
manufacturing cost data, output, and factor input data. The analytical foundation of the
theory and methods used to conduct this investigation is the US Department of Labor,
Bureau of Labor Statistics productivity guidelines originally published in the BLS
Handbook of Methods in 1992' and recently revised in a 1995 publicationz. The BLS
frequently publishes research on manufacturing productivity at the sector and industry
level. BLS researchers draw their source data primarily from the National Income and
Product Account (NIPA) data published by various government agencies. Research into
manufacturing productivity at the firm level by the BLS has been hindered by a lack of
data for the labor, capital, factor input prices, output costs, and demand data required to
conduct an analysis. In this paper I am able to overcome these data discrepancies and
structure an analysis of labor productivity at the firm level using the applicable BLS tools

and techniques.

1 BLS Handbook of Methods, U.S. Department of Labor, Bureau of Labor Statistics, September 1992,
Bulletin 2414.

2 Gullickson, William Measurement of productivity growth in U.S. manufacturing, Bureau of Labor
Statistics, Monthly Labor Review, July 1995, pp. 13-28



The overall purpose of the analysis is to examine the behavior of a single producer
engaged in military manufacturing from the perspective of measuring labor productivity
for the years 1977-95. Productivity analysis is an important subset of micro-economic
analysis because it provides a window from which to measure and observe the producer’s
behavior regarding factor input allocation, output, and product cost. Furthermore,
productivity growth is often used as a benchmark for assessing the firm’s relative
performance within its industry. The focus of this analysis is on the firm level, using
labor productivity theory and measurement and reporting techniques currently utilized by

the BLS to evaluate one particular firm’s behavior.

The firm examined in this study is a Government owned and operated
manufacturing facility of military equipment. This organization (firm) produces output
for unique customer order, generally in the form of annual work orders for complete
products or spare components. Like most manufacturing firms today, this organization
has undergone radical technological and business process change to its productive base in
the form of multi-million dollar capital improvements in facilities, machinery, equipment,
and CAD/CAM manufacturing technologies. The capital investment took place between
the years 1978-86. During this time the Government initiated a multi-million dollar
capital investment program to improve productivity, plant capacity, product quality, and

to reduce manufacturing costs.



Given the availability of economic data spanning the 1977-95 time frame and
recognizing that this period contains nine years worth of multimillion capital investment,
derivation of labor productivity growth rates should provide insight into how efficiently
the firm utilized these new investments to produce products during and after the
investment period. While the BLS employs an alternative technique known as
multifactor productivity, which is designed to capture more explicitly the capital
investment components of output growth, this study does not attempt to develop such
measures. Problems with data availability and data consistency preclude a full

examination of multifactor productivity of the firm at this time.

My ex-ante expectations are that labor productivity ( i.e., output per hour) should
have grown in the years following the nine-year capital investment. We should observe
the index of output per hour to be increasing during and after the capital investment.
Further, examining the relationship between trends in annual output and the components
of labor productivity (i.e. output produced and employee hours expended) will provide
the necessary evidence to document the sources of productivity changes throughout the

entire 1977-95 period.

In the 1988 time frame, an official of the firm commented on the potential impact
that the multimillion dollar capital investment program would have on the firm’s

manufacturing efficiency. In his words,



... “the overall modernization benefits include a reduction in the number of

machines on the shop floor by one-third while doubling capacity and a

productivity improvement of 22 percent” 3

The economic data to support an examination of labor productivity analysis of
this firm are available. A historical profile of the unit and total manufacturing costs and
annual production data have been compiled, for the majority of products produced by the
firm during the 1977-1995 time frame. The firm’s factor input costs have been examined
by observing trends in such cost elements as direct manufacturing labor hours, direct
manufacturing labor cost, overhead manufacturing labor cost, fixed and variable overhead
manufacturing cost, Other Direct Cost (ODCs) and material costs for each product.
According to plant representatives, the nominal cost value of these products represents
approximately 85% of the total output value for the firm over these years. In other words,
the annual manufacturing cost data collected and analyzed represent 85% of the annual

total product of the firm in each of the years investigated.

This introduction has presented an overview of the motivation behind this study,
the theory and methodology to be applied, and the expectations for the results. In Section
11, the theory behind labor productivity is further developed in order to provide a

foundation for the methodology implemented in constructing the productivity measures.

*  Internal DoD correspondence, 1988



Four themes are developed in this section to establish a solid understanding of the
economic meaning of labor productivity. They include 1) how labor is productivity
defined, 2) how it is measured, 3) how it is reported and 4) how it is interpreted. In
Section III, the actual derivation of labor productivity indexes are presented. The
methodology discussion includes a review and presentation of how the firm’s output and
factor inputs were measured, and how labor productivity was calculated. Also discussed
are profiles of annual individual product output along with profiles of output by product
group. In Section IV the results of this investigation are presented both with tabular
statistics and graphical illustrations of the trends in labor productivity. Section V
presents an interpretation of the observed trends and concluding comments. The paper

concludes with a bibliography, and author’s Vita.



2. Productivity Overview

Productivity at the firm level is important because a firm’s ability to generate
wealth relies on its ability to produce more output with fewer inputs. The same principle
applies at the national level, where a significant source of potential national income lies
in the ability of U.S. industries to produce more goods and services by making labor more
efficient, as opposed to requiring a proportional increase in labor time. The BLS
produces two measures of productivity for the United States: labor productivity and
multifactor productivity. The BLS’s labor productivity research has focused on
developing growth rates of output per hour since the early 1900’s. Most recently, the
BLS modernized its industry labor productivity program by revising its methods for
constructing growth rates of output per hour. (See Kunze et al. for a complete discussion
of how the BLS modernized its industry labor productivity program.) In addition, the
BLS’s Monthly Labor Review magazine has dedicated more attention recently to the
concept of multifactor productivity through the publication of numerous articles. The
principal article that outlines the BLS’s latest policy for computing the indexes of

multifactor productivity for two-digit manufacturing sectors is presented by Gullickson.”

* Gullickson, William, “Measurement of productivity growth in U.S. manufacturing”, Monthly Labor

Review, July 1995. pp. 13-28.



Other insightful articles which demonstrate the measurement and interpretation of the
multifactor productivity concept are Kern, et al., which covers the utility industry and
Glaser, which discusses the metal stamping industry. We turn our attention now to the
development of a broader understanding of labor productivity by discussing four
important issues: how it is defined, how it is measured, how it is reported and how it is
interpreted. This discussion is intended to provide the reader with a foundation for the
formal development and presentation of measurement methodologies implemented for

the firm under investigation.

2.1. Labor Productivity: How is it defined?

The BLS defines labor productivity as a “partial” productivity measure which
relates output produced to the labor resources consumed in generating that output. The
BLS refers to labor productivity as a “measure of the efficiency with which labor is being
utilized in production.” Labor productivity is often referred to as a single measure of
productivity defined as output per hour of all persons engaged in production. Itis a
single measure of the value of goods and services expressed in constant prices. It
addresses only one input expended in the production of output. The BLS uses labor
productivity indexes to show the change in output relative to changes in labor input.
However, they acknowledge that labor productivity, as currently measured, represents a

view of economic efficiency for an industry, sector, or a firm, which reflects “not only



improvements in techniques and organization of production—technical change—but also
the effects of substituting other inputs such as capital and intermediate purchases for

labor in the production process."”> Thus the official BLS definition of labor productivity
is ... “labor productivity refers to the relationship between output and the labor time used

in generating an output or outputs. Another name for this type of productivity measure is

output per hour.

2.2.  Labor Productivity: How it is measured

The BLS original measures of labor productivity (i.e., output-per-hour indexes)

were devised to measure the effects of productivity on jobs. Kunze, et al. point out that

during the 1940’s the BLS was frequently called upon to answer these types of questions:

“What relative volumes of labor times are required to produce a given
composite of products at different times?”” and “What relative volumes of
production of a given composite of products are obtainable at different
times with a given amount of labor time?." 6

An index series is a simple way to express, in percentage terms, the change in

some variable from a given point in time to another point in time. Output per hour was

*  BLS Industry Labor Productivity Home Page, Internet, Authored by Clayton Waring, August 1995.
Kunze, Kent, Jablonski, Mary and Klarquist, Virginia, “BLS modernizes industry labor productivity
program’ Monthly Labor Review, July 1995. p. 4.



calculated by dividing an index series for output by an index series for employee hours.
Of course, several questions arise from this simple definition, such as how was output
expressed for a sector or industry and how were different products aggregated into one
output measure for an entire industry? Moreover, “the output measure in the numerator
of the original labor productivity ratio used unit employee hour weights for combining
the various categories of output of an industry." Because the weights used were related to
fixed periods, “changes in the relative quantities of the various outputs did not affect the
productivity indexes." Rather, according to Kunze, et al., “the indexes were affected only

by changes in unit labor requirements of the individual products."

It is apparent from the above discussion, that such a simple matter of output per
hour involves some complex mathematical calculations and underlies some important
economic principles. Derivation of index numbers, and application of appropriate
weighting schemes to the output and input index number ratios are time-consuming
efforts for the BLS in its calculation of industry labor productivity measures.
Considerable effort has been spent by BLS to modernize its original labor productivity
measure by introducing a revised weighting scheme based on the Tornqvist index, a so-
called superlative index number. The decision to change its labor productivity measure
was based on a coordinated review of applicable economic production function theory by
a senior panel of BLS economists in 1993. As a result of incorporating Tornqvist indexes

of output, BLS labor productivity today provides a measure of the efficiency in an



industry, whereas the original series on output per hour was only designed to measure the

employment effects of productivity changes in individual industries.

Today’s measurement of labor productivity, promulgated by the BLS, is based on
underlying notion that “productivity should be measured and analyzed in the context of
the neoclassical theory of production and costs.”” The production function which is a
derived mathematical relationship between output and the inputs that comprise it, is the
foundation for the revised BLS labor productivity measurement techniques. One type of
production function in particular, the translogarithmic production function, is considered
by the BLS to be more flexible than the Cobb-Douglas type. Thus, “because changes in
output consistent with the translogarithmic production function are exactly measured by
changes in Torngvist index,"® the BLS’s revised measures of labor productivity include
Torngvist indexes of output. The following discussion will outline the BLS’s latest labor
productivity index measurement methodology. The source of data for this discussion is

Kunze, et al..

Because the Torngvist index plays such a prominent role in the theory and
practical application of the BLS’s labor productivity measure, it is worth discussing the

subject in-depth prior to presenting the algebraic formulations. A Tornqvist index of

Ibid, p. 4
Ibid, p. 4

10



either output or input aggregates the growth rates of all the products or inputs between
two periods, using a weighting scheme based on the products’ or inputs’ shares in
industry value of production. The individual weights used for each product or input is
equal to its average value share in the two periods. The usefulness of the Tornqvist
methodology is that it overcomes the inherent problem with aggregation using a fixed
weighting scheme, as demonstrated in the BLS’s original labor productivity measures.
Under the fixed weighting scheme, the resulting output per hour measure did not “fully
allow for the possibility that relative prices and the mix of products being produced can
change from the base period to the current period "® It should be readily apparent that
under the fixed weighting scheme, a given market basket of goods produced in a given
year for an industry could be quite different from the base period. Hence, the use of
weights tied to the base period given in the composition of the market basket of goods
could yield a measure of output that is different from one based on values in the current
period. The solution adopted by the BLS was the use of the superlative or Tornqgvist type
index which supported the “construction of an output aggregate in which the weights

incorporate changes in prices and quantities occurring between the two periods." 10

The methodology for calculating the BLS’s revised labor productivity index is

outlined below. The source of these formulations is Kunze, et al.. The new labor

® Ibid. p. 5
" Ibidp. 5

11



productivity indexes measure the changes in the relationship between output and the
hours expended in producing that output. The formula for calculating the labor

productivity index is shown in Equation 1.

Eq. 1 = —
Ly
Lo
Where P t = the index of output per hour in the current year,
t = the current year,
0 = the base year,

— = the index of output in the current year, and

— = the index of labor input in the current year.

Calculations of the output and input indexes for industries or firms which produce
a single uniform product or service is straightforward. The output index is simply the
ratio of the number of units produced in the current year divided by the number of units
produced in the base year. Likewise, the employee hour index is calculating by dividing

the hours expended in the current year by the hours expended in the base year. Of course,

12



this methodology does not apply to a firm or an industry which supplies more than one
type of differentiated product. As in the case of the government firm producing a basket
of military goods, the output must be calculated using the Tornqvist formula provided in

Equation 2.

n .
Eq.2 L:exp 2 Wit lnql—’t ,
Or-1 i=1 qi,t—1

Where

— = the ratio of output in the current year (t) to output in the
previous year (t-1)

n = the number of products

In—>—= the natural logarithm of the ratio of the quantity of product i

qdi,t—1

in the current year to the quantity in the previous year, and
Wi ¢t = the average value share weight for product i.

The BLS computes the average value share weight for product j as expressed in

Equation 3.

13



Eq.3 Wj ¢ Z(Sj’t +Sj,l‘—l)+2

where

N
Sjt=Lj 05t 2B Q¢ and
i=1

})l' t = the price of product i at time t.

b

Because the Tornqvist methodology calculates the ratio of output in a given year
to that in the previous year, the ratios must be chained together to form a series. Kunze et
al provide a simple example. If

t

3 and the base year is denoted by 0, then

O B _ (B Q2|4
Qo Qo \O2/\01/\Qp

This chained output index, , is used directly in the labor productivity

Q0
formula. The employee hour index for an industry or firm with multiple products is
calculated in the same manner as in the single-output case. In other words, regardless of

how many different types of products a firm or industry produces, “the employee hour

14



index equals hours expended in the current year divided by hours expended in the base

year nll

To conclude this section on the definition of labor productivity, it would be
prudent to reiterate a theme discussed throughout the majority of published research and
BLS policy on productivity research. Measures such as labor should be interpreted as
quantifying the contribution of the particular input, or combined inputs, to production. In
other words, labor productivity measures output per hour. It relates one input, labor time,
to output. It does not measure the specific contribution of labor, capital, or any other
factor of production. Official language from the BLS, puts the idea this way...

“changes over time in the output, labor input, or combined input measures underlying
these productivity indexes may reflect the influence of other factors including variations
in the characteristics and efforts of the work force, changes in the management skill,

changes in the organization of production, and new technology.”l2

2.3. Labor Productivity: How it is reported

11 .
Ibid p. 5

2" Bureau of Labor Statistics, BLS Handbook of Methods, U.S. Department of Labor, September 1982,
Bulletin 2414, p. 81.

15



The actual change in the growth rate of manufacturing output per hour worked is
usually expressed as a average annual percent change either from year to year, quarter to
quarter, or over the course of several years. As indicated earlier, labor productivity is the
ratio of output divided by labor hours expended in producing that output. The value is
usually indexed to a base year. Multifactor productivity is also displayed in the form of
an index ratio of output to input, where input is an aggregate of labor, capital,

intermediate purchases, and energy.

2.4. Labor Productivity: How it is interpreted

Average annual rates of growth in output per hour, expressed in some base year,
are the most convenient and frequently used expression of labor productivity in BLS and
scholarly research. In an important article published in Monthly Labor Review which
documents the comparative manufacturing productivity and unit labor costs between the
US and 12 other nations, Greiner”, et al., present several interesting metrics for
productivity and related measures. These include output per hour, output, total hours,
employment, hourly compensation, unit labor costs (national currency and US dollars),
and exchange rates. What is noteworthy about this work is that it demonstrates the

importance of presenting productivity analysis within a broader framework of

Greiner, Mary. , Kask, Christopher and Sparks, Christopher. “Comparative manufacturing
productivity and unit labor costs, Monthly Labor Review, February 1995. p. 31.

16



manufacturing economics. Framed by easy-to-grasp metrics like output, wage rates,
hours worked and others, the concept of productivity is more easily understood. Viewed
in such a manner, observations in the relative trends in output per hour between the U.S.
and one or more other nations may be fully examined and interpreted in light of the total
manufacturing experience. Borrowing from the research of Greiner et.al, one gains good

insight into how economists interpret productivity data. For example,

“In the 1990-93 period, U.S. productivity rose 2.5 percent per year and several
other countries rebounded to post higher productivity gains than in the previous period....
Productivity gains recorded in the 1979-93 period resulted from a combination of
increasing output and decreasing labor input in all of the economies except Japan....
During the 1990’s, the composition of productivity growth in manufacturing has become
much more heavily weighted toward reducing labor input, rather than increasing output.
Between 1990 and 1993, the United States was the only country in which an overall rise
in output contributed as much to productivity growth as reductions in labor input. In the
11 other countries, virtually all productivity growth was accomplished by reducing the
number of hours worked.”" (italics added)

Multifactor productivity is quite frequently displayed as an average annual rate of
growth defined as output per unit of combined inputs of capital, labor, energy, materials,
and purchased business services. Of course, there are many structural, and/or behavioral
reasons explaining changes in manufacturing output per hour at the firm or industry level.

For example, I shall attempt to demonstrate that, for the government firm under

investigation, changes in output per hour are influenced by perturbations in annual

“ Ibid. p. 31

17



military demand, changes in the direct manufacturing and overhead workforce.
Additionally, like many privately owned manufacturing concerns, this government owned
and operated supplier has opportunities for swings in output per hour over time resulting
from changes in the labor force composition, the amount of capital per unit of labor,
introduction, adaptation and diffusion of new manufacturing equipment, and managerial
methods. In the end, economists are left with the charter of interpreting the myriad of
potential influencing factors on output per hour by utilizing a rate of change in a simple

ratio of output to input.

18



3. Derivation of Labor Productivity Indexes for the Firm

3.1.  Measuring the Firm’s Output

3.1.1. BLS Techniques

A Torngvist index of output aggregates the growth rates of all the products
between two periods, using a weighting scheme based on the products’ shares in the
value of production. The individual weights used for each product is equal to its average
value share in the two periods. Thus the superlative or Tornqvist type output index
supports the “construction of an output aggregate in which the weights incorporate
changes in prices and quantities occurring between the two periods." " The algebraic
formulas for calculating the output index for this government firm was previously
expressed in Equation 2. The following section will discuss the specific data collected

from the firm and used in calculating the firm’s output index.

The firm’s output index is a measure of the change in the firm’s output over time.
It was developed using a deflated value technique. The firm’s military products were
organized into four distinct groups based on function, mechanical complexity, and end

use. Price changes were removed from the current dollar value of each year’s production

" Ibidp.5

19



using Department of Defense Deflator indexes. The application of specific military
deflator indexes is akin to a researcher normalizing the value of shipments of various
product classes for a particular industry using the appropriate BLS Producer Price

Indexes.

3.1.2. The Firm’s Output Database

The firm’s database for output produced between 1977-95 consists of four product
groups. Each group comprises a variety of products similar in performance and function.
The aggregate product demand history is presented in Figure 1. Individual product group

demand histories are displayed in Figure 2.

3.1.3. Establishing a Quantity Index of the Firm’s Output

A quantity index of the firm’s output index was established using the BLS
technique. As required by the BLS approach, data for the quantity produced on an annual
basis along with the price of the product is required to derive the average value share
weight for each product. Tables 1 through 4 present the annual quantities produced for

individual products under each of the four product groups.

20



Annual Output

Total Annual Output

Figure 1 Total Annual Output

21



Product Group #2

GBAd
£6Ad
16Ad
X
68Ad g
>
/8Ad [
O]
G8A4 §
—— £8Ad ?3_
18Ad o
- 6LA4
LLAd
b——-ﬂ___
11 ] 9LAd
S
yLAd
o o @2 o ZLAd
283885 "
o o - 7
KD lenuuy
G6Ad
Z6Ad
B68Ad
3
Ey 98A4
o
o
T - €8Ad
3
kel
[o]
a 08Ad
LLAd
GLAd
TLAd
o o =
g 8§ 8 %
o - -
KD lenuuy

N
e
T ¢ & ¢ 8
yndino jenuuy
[52
**
Q
>3
(o]
S
o
-
3]
=3
©
o
=
a. |
o o I
g 3 ¢ ¥
N A ~
£y |enuuy

22

GBAAd
€6A4d
L6Ad
68Ad
L8Ad
G8Ad
£8Ad
18Ad
6LAd
LLAA
9LAd
yLAd
AN

Figure 2 Annual Quantity by Product Group



Table 1. Product Group 1 Annual Output

S FY7T O FY78  FY79 FYB0 FY81 FY82 FYB3 FYB4 FY85 FY86 FY87 FY88 FY89 FY90 FY91 FY92 FYs3 FYs4 FYes
1,496 | 1,028 | 370 | 420 | 450 | 725| 636 | 698 | 480 | 789 | 1,633 [1,325] 78] 392] 62| 80| - 79
Product 1 T 2T | 157 95| T8 7 4 3T 73
Product 2 of 17| 20 18| so| 88| 194 20 4| 4| 214 63
Product 3 70| 44 23| 169 2 5 4
Product 4 3 31 108 170 266 281 281 68 32 51
Product 5 5 5 14 48 28
Praduct 6 1,369 [ 1146 | 810 | 254 | 210| 113 | se8| 360| 19| 415| ses [1,471| 992 | 392| 106
Table 2. Product Group 2 Annual Output
FY78 FY79 FY80 Fvs1 Fys2 FYs3 Fys4 FYss Fyss FYs7 FYss FYss Fyso Fve1 Fv92 FYsd FYss Fyss
[ 556 S19] 650 ! ZOT8 | 2337 [ TATT | 1B26 | VAZ0 | 1,058 ] 960 | 63| 53Z] 519
oduct 1 104 283 RILS 197 167 34T 127 129 179 T35 73 127 100
Product 2 19 15| e8| 215| 186 | 330 205 165( 219 35| 78| 19| &2 14| 34
Product 3 172| s3| 100 27| 45 12 6| 10
Product 4 103 433 s21| 206 139| 36| 120 18 4 20
Product 5 s so 59| 15| 42
Product 6 11 3| s0| 49| 167
Product 7 38 1,305 [ 1643 [ 1546 | 254 | 320 | 363 | 114| &0
Product 8 27| 147 47
Product 8 42| 576| 944 | 822 789 693 | 604 | 43| 418 | 257| 210
Table 3. Product Group 3 Annual Output
ssmss FY77 FYT8 FYT9 FYSO FY81 FYs2 FYs3 Fysd FYss Fvee Fve7 Fyss FYss FYso Fvs1 FYs2 Fva3 FYs4 FY95
otal Quantity T T - L R T 3T & 150 LV N T - B
Product 1 19 50 31 12 73
Product 2 32 18
Product 3 7 19 25| 140 130 31| 25| 100| 108
Table 4. Product Group 4 Annual Output
b FY77 FY78 FY73 FYS0 FY81 FYS2 FYs3 Fys4 FYs§ FY8s FYB7 FY8B FYs9 FYs0 Fvsl Fys2 FYsd FYss FY9s
Stal Guantiy LA L S 1 T L T i T = B B T WE] 650
Product 1 78 LLLA L3l Edl 20 13 3E T
Product 2 33| 208 650
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The information used to calculate the firm’s output index is presented below in Table 5
through Table 9. In conjunction with the methodology prescribed by the BLS for
calculating labor productivity, the following tables display the data utilized. The notation
used to describe an individual product is (i) and the variable used to describe an
individual fiscal year is (t). Thus, Table 5 presents The Price of Product i at Time t. This
matrix displays the total manufacturing cost for each product in each year.

Manufacturing cost consists of direct labor cost, indirect labor cost, material cost and
ODCs. Table 6 presents the Average Value Share Weight for Product i at Time t. This
matrix displays the results of Equation 3 as it was applied to the data set in Table 5. Table
7 presents the Annual Quantities of Product i at Time t. The matrix illustrates the actual
quantities of each product produced in each year between 1977 and 1995. This quantity
matrix is used in the derivation of the natural logarithm of the ratio of the quantity of
product (i) in the current year to the quantity in the previous year. Table 8 displays the
Natural Logarithm of the Ratio of Quantities for each product in each fiscal year. The
final set of calculations utilized in the derivation of the index of output in the current year
is displayed in Table 9, Ratio of Output in Current Year to Output in Previous Year. The

value of each cell of this matrix displays the result obtained by Equation 2.

24



Z1651$ 29621$ 6OEE ¢ 0z 1npoyd
9112 $ SI8L S I19L1LS 61 1onpoy

2107 § 289'9 § 028'PL$ 9ES/LS 0169 § 206G § 68EZ $ 658F § IEVE $ B9l $ 069 § [BIE $ OEH'ZLS OvE'9l$ 006'bZ$ g1 1npoxd

S€9'2 $ €£2% § 1O60I$ 01501 BI6H § EYIOPS 9L/'SKS BRIIPE 0SKY § 11 1npoyy

2560 § 6561 $ SEE § 225§ LO0Z $ 6612 $ 540§ e $ sl $ 91 19npoLy

CIVA 9971 § 20 $ f0L § 8OL § 51 npoyy
S9L'bIS €L2'S § BE6E $ 98E $ 0L9 § ¥1 1onpoyy
265 $ 0L $ g1 1npoyd

68l't $ 988 $ 6102 $ S652 § 1462 $ 6ESL $ 2SE'S § 8SSE § 010 § L6 $ 21 1npoy
PO9'8LS LSL'VZ$ L0L2C$ LLVIES BSLWPS SECEPS 02p9S$ 259'29% B2LPLS 2KOPSS OLvE § 14 wnpoyy
voL'z $ sy $ PEE'l § i6EZ $ ¥86  § Ot Jonpoyd

61's § l2L'ELS EELL § ¥60'L $ O0E6Z § 619npoL]
82§ 16 $ 62z $ EL€EIS 0S| § ere $ oL s gionpoyy

162z $ 016 § 199l § S22218 OLPS §  bI2'SIS 1ES'hES VIE'E9S 81585S  6vE'6lS L1onpory

605t $ 206 $ 8L § 2125 $ 6IS€ § ¥BI'LES €529 § BEYOZS 91onpoy

PIS'L § 966 $ 2651 $ OVl § E/F $ £8SP $ €612 $ OV $ 8IS $ G5 $ L0S $ veE § 5 19npoy

1822 § €681 $ WWZ'E $ Eb22LS 2Ky $ €6K2 § €SZZIS 1016 § 6110LS 9228L$ SZTULS PE9ELS §8LL § €80T § E0ST § ¥ 19nposg

9¥9L §$ BE6 $ EIL ¢ SOZL $ 826'L § 860N § 660t § 2P § 957 § LBV § 9ELL § [/9%8 ¢ € 1onpoyg

6y § €881 $ 8ls 606 $ Z16'F $ 1622 $ 2Ze6'v § (862 $ VEG'D § 6REOIS Z 1onpoid

£lZ01$ €9201S 8/¥'9 $ LIVOLS ISZ2LS  viv'e $ S9V8 $  [p6OIS  ELVSIS  ¥61'ZZ$ BA0OLS 60211$ 06012$ 9ELb2$ 00S21$  SEG0ZS  6vyZB § O00ESLS 1 1oRpoy
5661 | ve6l | ce61 | zesL | 1661 | o066l | 686l 9961 | /86l | oeel | seci | resl | cscl | zesr | isei | oe6l | ez6l | sizer | 116} eopid jero)

} QWL It 130Npol ] JO 3211 A, ¢ d[qe],

N
(o}



120 210 €00 000 000 000 000 000 000 000 000 000 000 000 000 000 02 1onpoxd
000 00°0 000 000 000 000 100 500 600 000 000 000 000 61 1onpoy
000 000 00°0 100 S0 z1o 010 90'0 900 S00 €10 £20 1£0 81 100pod
000 000 000 000 200 Y00 80°0 80°0 veo 000 000 000 000 L1 poy
000 000 ov'e 000 000 oo 100 000 000 000 100 100 91 1PNy
100 100 100 000 000 00'0 000 00'0 000 000 000 000 St 1npoy
sio 200 v0'0 100 000 000 000 000 000 000 00°0 000 v1 1onpoy
000 000 200 100 000 00'0 000 000 000 000 000 000 €1 1onpoy
100 100 €00 00 200 600 200 100 000 000 000 000 Zi 1onpoy
2E0 90 190 990 19'0 850 €50 820 000 000 000 000 1} 1onpoy
000 000 000 000 200 200 100 000 000 000 000 000 01 1onpoyd
710 110 900 S0°0 200 200 000 000 000 000 000 00'0 6 lonpoy

000 000 000 000 00°0 000 000 000 100 500 £00 000

000 [1.4X¢) ooo oo 000 000 200 Cu0 1¢0 150 oro Mo

000 000 0o 000 000 000 [JERH) 100 810 000 000 000

000 000 000 000 000 100 100 000 200 100 100 000 000 000 S 1onpoLd

000 200 ¥0'0 100 200 800 800 500 010 oo v10 900 200 100 000 ¥ 1onpoy

000 000 000 000 000 000 100 100 100 €00 Y00 v0'0 500 600 600 £19npoy

000 000 000 00'0 000 000 100 000 000 200 500 0’0 v0'0 oo €10 2 10npoyy

sio €10 L0 020 v1'0 900 £0°0 0o vi'o 810 210 10 020 180 520 Lo £10 £10 0g0 [RETN]

s661 | ve6l | 661 | ze6L | 1661 | 066 | 6861 | 886G 2861 | 9861 | se6l vesl | a6t | zsGt | e | 036y | ez6f | 8l6t | LG 1M

1 QW] B 110nPoi ] 10] YTIAN 218y onje A 95CI0AY 9 9[qe],



8vzl | ov8 591 10, | seek | kst | sevz | eeee | s9sz | seet | 6eoc | svez | szzz | eeet | o9ezk | kebk | 2061 | 6912 | 8oz

059 862 £E 02 1onpoK

1 Ly €2 64 10npoy

904 26¢ 266 (Y} 985 Siv 619 09¢ 885 el [\]¥4 24 018 oril 6984 81 1onpoy

08 vii £9€ 62¢ vse 9vsh £vos SoEk 8¢ L1 10np04d

904 a0t ¢ e i ovi [:14 61 i 91 npoLy

[iT ' v G Kmpoy

494 (114 0s t i ooy

81 2 £1 1npoy

1S 23 89 182 182 992 oLt 801 e 3 21 onpoy

o1z 152 [:1%% vEY 69 €69 68L 228 Y6 9.5 2y 11 1onpoy

€L 4 € 05 64 01 1onpoyy

4 1 65 65 9 61onpoxy

[ 5 H 691 €2 vk oL g 10npoy

0e ve a1 RN 6t 90¢ (X449 {354 [Xd) 2 100poLg

ol 9 al Gy e 001 £y (44 9 190poLy

€9 viz vo v 0z o 48 05 81 12 2 6 5 1npoyy

ve 1 25 961 8L se 612 591 502 oee 981 siz 86 st 61 ¥ 190P0 L

€L 1€ o€ 95 8 Ly 811 691 6 151 V24 182 € 1anpoyy

' 9% £l oz [:1) 92 i6 [t A 621 2 lonpoyy

0ok 124 €L 9€1 621 621 221 592 622 e 294 164 see 8SE [ €82 Yol 661 1 1onpoy
S66L | v66L | €660 | 2661 | 166F | 0GG6L | 6864 | ®€8GI | /861 | 986t | suGk | veel | €861 | 286 | 186 | ouel | 6.61 | @6k | 2161 sopueng jenuuy

1owl], Je 130npoid 1o sannuen() [eauuy / Qe

27



82°0 0z'Z 000 000 000 000 000 000 000 000 000 000 000 0z 19npoy
000 000 000 000 000 000 000 v 000 000 000 61 10npoyy
000 000 000 000 18- £6°0- 69°0 $€°0 610 81°0- 191 81 107po L
000 000 000 000 000 S80- 010 920 000 000 000 £1 197pOL)
000 000 000 000 000 000 900 62t 000 000 000 91 1onpoxd
000 000 €2t £0'4 000 000 000 000 000 000 000 1 100poLy
A 200~ 10z ogr- 000 000 000 000 000 000 000 [IRETCIN]
000 000 950" 000 000 000 000 000 000 000 000 £1 190901
000 000 SL0- ev'h- 000 500 SV 52} 000 000 000 21 1npoy
020 60 v0'0- L 0- 000 £10- v 0" 600 000 000 000 11 19npod
000 000 000 000 000 194 6£°0 160 000 000 000 01 19hpoy
104~ 190 000 000 622 000 000 000 000 000 000 6 onpoud
000 000 000 000 000 00°0 000 000 000 000 000 819npoyy
000 000 000 000 000 000 000 000 6L°0- vl £0'¢ £190poLy
000 000 000 000 000 000 150 690 a0 NS 000 000 9 1npoL|
000 000 000 000 000 000 12 we 1y s1o- 000 000 g Ppou
000 000 68'0 000 000 £el- 08'0 £9'1- 820 150 v1°0- 620 000 000 ¥ 1onpoy
000 000 000 000 000 000 980 €00 290- 26'0- 9€'0- 850 v00- 261 £ 1onpoy
000 000 000 000 00'0 000 000 000 000 ¥90- 80 szh- £vo- 2Ly Z1onpod
61°0- 150 290- 120- EE0 000 v 0 S1°0 2ro- £L0 €10 950 200" 2L 6v'0- S90- 160 1 1o0poy
s661 | ve6L | ©66) | 266k | 166F | 066t | 686k | B86L | (8GF | o8GL | ssel | 861 | €86l | zsel | 1864 | 0861 861 1161 1-Von' ol

sannuend) Jo oney ay) Jo wipLedo| [rmeN § 2qel,

28



120 000 000 000 000 000 000 000 000 000 000 000 000 000 000 02 19Npo Lk
000 0o 000 000 00’0 000 SO0 000 000 [t¢) oo 000 000 0o
00°0 000 000 100 1o 200 200 200- €00 200- 100 500 b0~ 6v'0
000 000 000 000 100 800 200 £vo- £00- 000 000 000 000 000
000 000 000 000 000 000 100 000 200~ £0°0 000 g 000 91 lonpayy
000 200 000 000 000 000 000 000 000 000 000 000 51 190poLy
000 010 100+ 000 000 000 000 000 000 000 000 000 v1 10poL|
000 100 000 000 000 000 000 000 000 000
000 200 90°0 000 oo : 00 000
220" 200- 10 000 800 200 90 000
00 000 0o 0 a0 ro0 o 1o 0o o 000 000
1o 000 000 910 000 000 000 000 000 000 000 619npoLy
000 000 000 000 000 000 000 000 1o 200 000 8190poy
000 000 000 000 000 000 000 $10- £1°0 1o 6v'0 £10npoyy
000 000 000 000 000 000 000 200 2o 000 000 9190poy
000 000 000 000 000 v0'0- 000 £00 100 000 000 S j1npoyy
000 £0'0 000 000 1o 100 £00 200+ 010 000 000
000 000 000 000 000 000 100 2 £0'0- q10
000 00’0 000 000 000 0 oo SE0
200 01°0- 500 500 000 000 200 £ 200 €10 00 _

G664 | v6GL | €661 | 2661 1661 | 0661 | 6961 | |_z861 9861 | oser | ez61 | 61

189 X snoradld urndinQ 03 1eak juonn)) ut ndinQ jo oney g 2qqe.L



The information in Table 9 expresses the ratio of output in the current year (t) to
output in the previous year (t-1). It should be pointed out that the firm’s actual
production history, for which information is available for select products, begins in 1972.
Between Government fiscal years 1976 and 1977, however, there was a change in the
month which starts the fiscal year. Thus, work orders from the firm actually show items
produced in FY76, FY76T (Transition) and FY77. Due to the erratic behavior of
production during the transition year and uncertainty in the exact mechanism for
combining the transition yearly production totals into FY76 of FY77, it was decided, after

consultation with economists at the BLS, to start the labor productivity analysis in FY77.

Or

The index of output in the current year referred to earlier in Equation 1 as ——

was calculated as a Tornqvist index, where the ratio equals the output in a given year
divided by that in the previous year. The ratios are chained together to form a series. For
example, if FY77 is the base year, and the current year is FY95, then the chained output

index used to calculate the index value for FY95 is:

Or _ 995 =[Q95j y [Q94) y [993}(___(@8)
00 077 \094) \093) \Q92) "\077
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Table 10, The Index of Output in the Current Year, presents the array of chained

output index calculated for the firm between 1977 and 1995.

Table 10. The Index of Output in the Current Year.

Output Index
1977 1.00
1978 1.48
1979 1.62
1980 1.02
1981 0.95
1982 1.00
1983 1.52
1984 1.38
1985 1.40
1986 1.70
1987 2.10
1988 2.13
1989 1.94
1990 1.49
1891 1.70
1892 1.11
1993 1.11
1994 1.39
1995 1.55

31



3.2.  Measuring the Firm’s Index of Labor Input

Measuring the firm’s index of labor input, according to the BLS, requires the
creation of an employee hour index. In this particular case, employee hours were
examined for direct manufacturing workers (production workers) and overhead
manufacturing workers (nonproduction workers). Calculation of the employee hour
index for a firm that produces multiple products is calculated exactly as if the firm
produced a single product. Following the BLS techniques, the employee hour index for a
firm producing a single product is defined as the hours expended in the current year
divided by the hours expended in the base year. Tables 11 through 14 tables are used to
illustrate the data utilized in the derivation of the firm’s input index. Indirect labor costs
reported in Table 11 were utilized in conjunction with indirect labor rates in order to
derive the indirect labor hours displayed in Table 12. The direct labor hours presented in
Table 13 were provided by the Government. Total hours for product (i) in year (t) is the
result of summing the indirect labor hours for product (i) in year (t) from Table 11 and

the direct labor hours for product (i) in year (t) from Table 13.

The index of labor input which was derived from the total labor hours presented in

Table 14 is shown in Table 15, Index of Labor Input in the Current Year.
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Table 15. Index of Labor Input in the Current Year

All employee
Hours
Input Index

1977 1.00
1978 1.39
1979 1.66
1980 1.29
1981 1.30
1982 1.27
1983 1.75
1984 1.63
1985 1.96
1986 2.07
1987 2.18
1988 2.21
1989 1.70
1930 1.45
1991 1.26
1992 0.82
1993 0.91
1994 0.98
1995 0.87
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4. Calculating Labor Productivity for the Firm

Deriving the index of output per hour in the current year is simply a matter of
dividing the index of output in the current year by the index of labor input in the current
year. This ratio was previously identified and defined in Equation 1. The resulting index
of output per hour for the firm, along with the indexes of output and employee hours are

presented below in Table 16, Labor Productivity: Index of Output per Hour..

In the late 1970’s production at the firm was largely handled by machines of
Korean War vintage. These machines were entering their economic as well as physical
lives. Production planners recognizing the critical importance to modernize both the
facilities and the machinery initiated a multi-million dollar capital investment program in
1978. Throughout the next eight years the Government invested more than 300 million
dollars to modernize the plant and improve the capacity and reduce manufacturing costs.
Despite these efforts, we observe that output per hour indexed to 1977 had one modest
increase followed by ten straight years of negative productivity growth relative to 1977
levels. It is not until 1989 that we observe the output per hour index break the 1977 1.0

mark.

38



Table 16. Labor Productivity: Index of Output per Hour.

1977=100

1977

1978

1979

1980

1981

1982

1983

1984

1985

1986

1987

1988

1989

1990

1991

1992

1993

1994

1995

Output per
employee hour

Qutput per Hour

Output
Gross

Output Index

All employee
Hours

Input Index

Production

worker Hours

Nonproduction

worker Hours

1.00

1.06

0.98

0.79

0.74

0.79

0.87

0.85

0.71

0.82

0.97

0.96

1.14

1.03

1.35

1.35

1.22

1.42

1.79

1.00

1.48

1.62

1.02

0.95

1.00

1.52

1.38

1.40

1.70

2.10

2.13

1.94

1.49

1.70

1.11

1.11

1.39

1.55

1.00

1.39

1.66

1.29

1.30

1.27

1.75

1.63

1.96

2.07

2.18

2.21

1.70

1.45

1.26

0.82

0.91

0.98

0.87

1.00

1.37

1.62

1.26

1.27

1.29

1.82

1.75

2.12

2.28

2.34

2.31

1.81

1.54

1.42

0.90

1.07

1.11

1.04

1.00

1.41

1.70

1.31

1.32

1.25

1.70

1.53

1.83

1.91

2.04

2.13

1.62

1.37

1.13

0.75

0.79

0.88

0.73










Output per hour during the 1979-1988 time period is below the 1977 level of 1.0
because the employee hour index is larger than the gross output index in those years. But
why? Perhaps the answer lies in the treatment of labor as a “quasi” fixed factor of
production. This phenomenon is common in trades producing highly technical products
to unique customer order. The military and commercial aircraft industry is a good
example which has many similarities with this firm. Production requires the talents of
many highly skilled workers, both direct labor and overhead labor. Considering the
enormous investment these firms make in training such a workforce, it is perfectly
consistent that they would hoard workers during period of demand slumps in order for a
viable workforce to be available for anticipated demand surges. This is especially true of
the government manufacturing facility where the pressure to optimize workforce
composition was not particularly severe during the early years of the 1980 Reagan
military buildup. The firm’s reluctance to downsize its workforce naturally means that
the products produced during the years of reduced demand have to absorb a larger
proportion of overhead, depreciation, and business operating costs than products made

during periods of high volume and production rates.

We do observe output per hour steadily improving beginning in 1989 until 1995,

with two declines in years 1990 and 1993. For each of these years, the magnitude in

production worker hours outweighed the magnitude in nonproduction workers. The
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largest productivity gains occur between 1991 and 1995, despite a slip in productivity in
1993. These gains were precipitated by a reduction in the employee hour index below the
1.0 1977 level in conjunction with a similar downward trend in the index of weighted

output.

In order to better illustrate the meaning of the above productivity trends, five
graphical displays were created in order to visualize the firm’s manufacturing experience
between 1977 and 1995. Figure 3 shows the trend line in the firm’s labor productivity
with 1977 as the base year. We observe a slight increase immediately following 1977.
This is followed by three successive years of productivity declines. The next three years
show improved productivity, yet productivity which lags behind the 1977 starting point.
In 1985, we observe the firm’s all time low in terms of output per hour- a value of 71%
relative to 100% for 1977. Beyond 1985, the trend in labor productivity is constantly
increasing. Two significant dips occur in 1990 and again in 1993. The last year labor
productivity was measured for the firm, i.e. 1995, we observe an all time peak in labor

productivity of 1.80 relative to the base year 1977 =1.

Clearly there are significant forces at work driving the annual perturbations in

labor productivity for the firm between 1977 and 1995. In total, the downward trends in

labor productivity are most pronounced shortly after the 1977 time frame, while the three

41



remaining low years, 1985, 1990, and 1993 all demonstrate rather sharp declines

followed by immediate improvements.
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Figure 3 Labor Productivity: Output Per Unit of Labor Input



In order to determine the sources of these peaks and troughs in labor productivity,
Figure 4 attempts to explain the trends by comparing labor productivity against an
unweighted annual output display. Several patterns in labor productivity are evident
when viewed simultaneously with annual output. First, there are three instances where
productivity declined in a year in which the volume of output for that year is less than the
output in the previous year.. This occurs in 1979, 1980, and 1990. Conversely, there are
five instances where productivity declined in a year in which the volume of output for
that year is greater than the output in the previous year. This occurs in 1981, 1984, 1985,
1988, and 1993. Productivity increases accompanied by decreases in the volume of
output in a given year relative to the previous year occurred four times. The years where
this occurred include 1978, 1986, 1989, and 1991. The total number of years in which
productivity increases were accompanied by increases in the volume of output was five.
The years in which this occurred were 1982, 1983, 1987, 1994 and 1995. There was one
occurrence in which productivity remained the same between two consecutive years

despite a decrease in annual demand. This occurred in 1992.
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It is interesting to observe that in the top four years of peak output, 1983, 1984,
1985, and 1988, productivity was below the 1977 level. These four years all had annual
production levels in excess of 2,500 units, while the 1977 level was around 2,200. Also,
we note that the top five highest productivity levels occurred in years in which annual
output was at the lowest annual levels in the entire nineteen year period. Clearly, volume

does not drive productivity at this firm.

Another technique to explain these productivity trends is presented in Figure 5.
Figure 5 presents the trend in the index of weighted output in the current year versus the
unweighted annual output. The weighted output trend line tends to follow the general
pattern of peaks and valleys depicted by the bars illustrated the unweighted annual
outputs. Unlike the labor productivity or output per hour trends illustrated in Figure 3,
where there was a noticeable period of negative productivity relative to the base year, the
index of weighted output is practically always above the 1977 base year level. Because
this index displays the growth rate of the constant dollar value of gross output originating
from the firm it is a good measure of the swings in manufacturing cost for all products
produced by the firm. Most noticeable is how the trend lines crosses the bar in certain
years such as 1983, 1984, 1985 and 1988 while in other years appears far above the bar’s
peak. Obviously, the composition of products coupled with the average value share
weighting utilized within the Tornqvist index number methodology yields a clear picture

of the trends in real resources expended in manufacturing.
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Figure 6 displays the index of labor input in the current year versus the unweighted
annual output. The purpose of this figure is to illustrate the relationship between the rate
of growth in total employee hours expended annually in production and annual output.
Beginning in 1978, the pattern of employee hour usage is not consistent with swings in
annual demand. For example, in 1979 annual demand dropped approximately 400 units
while employee hours increased. Likewise, in 1986 annual demand was approximately
1200 units below the previous year, yet employee hour usage increased. It is not until the
peak year of 1988 when the trend in employee hours began a steady decline reaching a
floor value in 1992 below the threshold of the 1977 base year value of 1.0 This rapid
decline in the index of labor input is consistent with employment data available for the
firm. Since the 1988 time period, the firm has faced pressure to reduce both direct and
indirect personnel in light of the drastic reductions in annual demand accompanying the
early 1990°s. The firm today is operating at an all-time low level of total employment. It
is interesting to observe that the quantity of products produced in 1995 consumed
relatively less employee hours than the two previous years, despite the fact of a nearly
400-unit increase in quantity produced. It appears that production technology, and
managerial adjustments to the composition of the labor force today provide the firm with

increased potential for continued productivity gains relative to recent years experience.
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A final visual illustration of the trends in the factors driving productivity change
at this firm is presented in Figure 7. The figure shows the composition of the total
manufacturing hours expended on an annual basis to be the sum of direct and indirect
hours. Indirect or overhead manufacturing hours always represents a larger portion of the
annual total than direct hours. This should not be surprising given the tendency of the
firm to maintain a surge workforce during the Reagan military buildup years of the
1980’s. Similarly, we may observe the gap closing between the indirect and direct hours
beginning around 1989 and continuing to 1992 where the two appear to equalize. The
ratio remains very close and appears to begin to widen in the opposite direction in 1995.
In 1995, the direct hours represents a larger portion of the total hours expended than

indirect hours.
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5. Interpretation of Findings

This paper has attempted to define the growth rate in labor productivity for a
Government owned and operated manufacturing facility for the period 1977-95. The
purpose of this investigation was to apply the current BLS labor productivity
methodology to the firm’s data set in order to derive an output and input index series.
Combining the ratio of output in the current year to input in the current year yields the
measure of output per hour. The important analytical concepts utilized and discussed in
this paper have included the definition of labor productivity, the measurement techniques
of labor productivity, the reporting techniques of labor productivity metrics, and the
interpretation of labor productivity findings. This analysis was developed from a data set
constructed from historical cost accounting records collected from the firm.
Normalization or adjustment for inflation to bring all costs up to a constant 1996 dollar
basis was conducted using DOD inflation indexes. The application of the BLS labor
productivity techniques was reviewed by a senior economist at the BLS for accuracy and

consistency.

The concept of measuring the amount of labor input required to produce a product
or group of products is a straightforward process. Regardless of whether the firm
produces a single uniform product or a group of heterogeneous products, the employee

hours index is calculated as the employee hours expended in the current year divided by
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the hours expended in the base year. The input index does not utilize any weighting
schemes. The index value in the current period equals the employee hours in the current
period divided by the employee hours in the base period. Conversely, the output index
relies on complicated weighting schemes to account for the possibility that relative
product prices and the mix of products being produced may change from the base period
to the current period. The so-called Torngvist index yields a ratio of the output in a given
period to that in the previous year. These ratios are then chained together to form a
series. The series reflects output as an aggregate measure. As in this instance, the firm
produced multiple products, similar in function and design, yet distinct enough to warrant
different model names. The final output index aggregates the growth rates of the various
products between two periods, with weights based on the products’ shares in the firm’s
total manufacturing cost of production. The weight for each product is its average value

share in the two periods.

Between 1977 and 1990 labor productivity exceeded or equaled the 1977 base
year value three out of fourteen years. Eleven of those years saw productivity drop, in
one instance by greater than 20% in 1985. In 1978, employee hours rose 39% from the
previous year but the growth in output was 48% leading to a 6% jump in productivity.
Between 1978 and 1981, growth in employee hours outpaced the growth in output
leading to three consecutive years of productivity declines. Despite the fact that 1980 has

the lowest level of output during the 1980 decade, five years following it demonstrated
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dramatic growth in annual output. The lowest production level in the 1980’s was 1980
where approximately 1,100 units were produced. Conversely, the peak annual output
achieved in 1988 was for approximately 3,200 units. Relative to the base year, every year
during the 1980’s decade had growth in employee hours. Unfortunately, the magnitude

of this growth was not always equaled in the weighted output index series.

The year 1985 is a particularly interesting year in which productivity spiked
downward noticeably. The reason is because the employee hour index yielded a value of
1.96 versus an output index of 1.40. Further research into these events leads me to draw
the following conclusions. The year 1985 marked the initial production year for a major
new product for this firm. The hours reported for the work orders in this year probably
include a substantial portion of nonrecurring costs in addition to the recurring production
costs reported. Thus, the labor hours which I derived for both direct and indirect labor
personnel are more than likely biased and include more than the recurring production
effort. This would tend to inflate the employee hours in this year and thereby reduce the
productivity in that year. We see this to be the case in the labor productivity trend

illustrations.

The primary conclusions to be drawn from this research are that the firm did not

capture immediate productivity gains as a result of the multi-million dollar capital

investment program implemented between 1978 and 1986. Perturbations in annual
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demand coupled with the rising direct and indirect costs and the treatment of labor as a
quasi-fixed factor of production all combined to produce negative productivity growth
between 1978 and 1988. Beginning in 1989, we see productivity jump ahead of the base
period value and generate an upward spiral with only two downward spikes. These
productivity declines occurring in 1990 and 1993 could very well be the result of an
inclusion of nonrecurring hours into the reported recurring labor hour database. Further
insight into the causes of changes in productivity at this firm will require additional
analysis along the lines of multifactor productivity in which the capital stock is explicitly
accounted as a contributed to productivity change. One thing is certain about
understanding productivity at this firm—the measures derived through mathematical
means relate output to hours expended in production. They do not measure the specific
contribution of labor, capital, or any other factor of production. They in fact reflect the
joint effects of many factors, including technological change, changes in output, capacity

utilization, factor input prices, business costs and the composition of the workforce.
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