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Abstract

This paper examines plant level evidence on the increase in demand for non-production
workers in U.S. manufacturing during the 1980s. The major finding is that increases in
employment at exporting plants contribute heavily to the observed increase in relative
demand for skilled labor in manufacturing during the period. Exporters account for almost
all of the increase in the wage gap between high- and low-skilled workers. Tests of the
competing theories with plant level data show that demand changes associated with
increased exports are strongly associated with the wage gap increases. Increases in plant
technology are determinants of within plant skill-upgrading but not of the aggregate wage
gap rise.
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1. Introduction

The rise in wage inequality both between and within demographic groups was
pronounced in the 1980s and has prompted a large literature by the way of
potential explanations. This rise in inequality is a widely reported, established fact
and has been the focus of attention by politicians, the popular press, and
academics. Academic work has focused both on supply-side and demand-side

*Corresponding author. Tel: +1 (617) 253-3488; fax: +1 (617) 253-1330; e-mail:
abernard @mit.edu.

'Opinions expressed in this paper are those of the authors and do not necessarily reflect official
positions of the Bureau of the Census.

0022-1996/97/$17.00 © 1997 Elsevier Science BV. All rights reserved
PI1 S0022-1996(96)01431-6



4 A.B. Bernard. J.B. Jensen | Journal of International Economics 42 (1997) 3-31

explanations, with the latter garnering the majority of the attention. Since Katz and
Murphy (1992) effectively argued that relative supply shifts could only account for
some of the relative price and quantity movements, research has concentrated on
locating factors affecting the relative demand for high-skilled workers” The
demand stories have fallen roughly into three categories: (i) increases in demand
for goods produced intensively with high-skilled labor, (ii) increases in interna-
tional trade and associated changes in relative prices or factor supplies, or (iii)
skill-biased technical change. Almost all previous empirical work has failed to
adequately explain the inequality rise with industry level demand stories, either
domestic or trade-induced, and has been left to conclude that skill-biased technical
change is the source of increased wage inequality.

This paper looks at one aspect of the rising inequality story and evaluates
product demand and technology deepening explanations with plant level data on
the manufacturing sector. By necessity, as with many other studies, this project is
limited to explaining employment and wage movements for two types of labor in a
single sector of the economy. However, by looking at plant data, as opposed to
industry data, we more carefully associate the movements in wages and employ-
ment for the two labor categories with plant level demand and technology
variables. In contrast to previous research, we find that significant wage and
employment changes for skilled workers are associated with shifts between plants,
often within industries, rather than within plants. We find that the demand for
skilled labor changed from the 1970s to the 1980s and we can associate this
change over time to movements of workers between industries and especially
between plants. In accord with previous research. we do find substantial skill
upgrading within both industries and establishments. However, we find that the
rise in wage differentials between production and non-production workers results
primarily from shifts from production intensive establishments to non-production
intensive establishments, often within the same industry. In attempting to pinpoint
the sectors and plant characteristics associated with these movements, we find that
the export status of the plant is a key variable both at the industry and plant level.

Since exporting is associated with other plant characteristics, such as size and
technology usage, which are also potential sources of labor demand shifts, we
present evidence on the relative importance of product demand, technology, and
other plant characteristics in the change in demand for skilled labor. We find that
demand variables, particularly export sales, are strongly correlated with increases
in between plant movements of skilled labor while technology variables positively
affect within plant changes in the composition of the workforce. Together, these
results suggest that both phenomena of interest, product demand changes and

“See for example Berman, Bound and Griliches (1994), Lawrence and Slaughter (1993), Mishel and
Bernstein (1994).

‘Mishel and Bernstein (1994) point out many explanations can account for only 10-20% of the total
movements and that the focus on a single explanation may be misguided.
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skill-biased technical change, were taking place during the 1980s, but that demand
changes were the dominant source of increased demand for skilled labor and thus
the rise in wage inequality over the period. The results suggest that further work
on wage inequality should recognize the substantial heterogeneity among firms and
establishments, even within narrowly defined standard industrial classifications
(SIC), and focus on the apparently special role of exporting plants during the
period of rapid wage and employment growth for high-skilled workers.

The paper is organized as follows: in Section 2, we describe the data set of
50,000 + plants and examine the evidence on the growth in the relative
employment and wages of non-production workers at both the industry and the
plant level. We look at the role of plant characteristics, including export status and
size, in the changes in employment and wages in Section 3. To address the
question of wage inequality, we construct a measure of the wage gap between
types of workers in Section 4. In Section 5 we estimate the contributions of
competing “‘demand” and ‘'skill-biased” technical change explanations to the
increases in relative wages and employment. The final section concludes and
discusses areas of further research.

2. Skill-upgrading and inequality

The main competing explanations for the rise in demand for skilled labor are the
increase in skill-biased technical change and the shifts of demand to goods which
use skilled labor more intensively. The former argues that changes in production
practices, especially the widespread introduction of computers and related tech-
nologies, have increased the demand for more educated workers at the expense of
less educated employees. While the specifics of the arrival of skill-biased
technologies are usually not discussed, two likely mechanisms come to mind.
First, managers realize the productive potential of computers and technology and
introduce them into their plants. This internal path leads to increased demand for
high-skilled workers within each plant that has upgraded its technology. A second
possible pattern of technical change involves the closing of plants with outdated
technologies and the opening of new plants with the latest, skill-biased capital.
These two stories for the role of skill-biased technical change will have equivalent
effects at an industry level (or perhaps even at a firm level). In each case, within
industries, the relative composition of workers will shift to a more educated,
higher-skill workforce. However, at the plant level the stories differ, the first
implies that the workforce will shift within plants, while the latter suggests that the
composition of plants within an industry is changing through births and deaths.

The product demand explanation for rising inequality also has at least two
possible variations. In one, demand for broadly defined products is changing, e.g.
from clothes to computers, so at an aggregated industry level there is a shift in the
composition of manufacturing. Another possible change involves shifts within
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industries, typified by the decline of mainframes and the rise of personal
computers and workstations.' These two product demand stories have comparable
implications for industry versus plant level analysis. With the first, we should see
shifts across industries, while in the second, we would expect to observe within
industry changes. However, these product demand explanations do not involve
changing the skill mix of the workforce within plants.

Research on wage differentials has attempted to provide evidence on these
competing theories of product demand shifts versus skill-biased technical change.
Due to data limitations, most authors have studied the movements of wages and
workers within and between industries at fairly high levels of aggregation. Bound
and Johnson (1992), Katz and Murphy (1992), and Mishel and Bernstein (1994)
all use one- or two-digit industries. Lawrence and Slaughter (1993) consider two-,
three-, and four-digit breakdowns while Berman, Bound and Griliches (1994) look
at demand within and across four-digit industries.

The conclusions of previous work on increasing wage dispersion and the
demand for skilled labor generally have been that skill-biased technological
change must account for the observed skill upgrading within industries. This
conclusion is usually reached because other potential candidates, especially trade,
do not seem to contribute heavily’ In this paper we argue that industry
classifications, even at the four-digit SIC level, hide important elements of the
change in demand for skilled labor. We reconsider the roles of skill-biased
technical change, product demand, and trade, by looking at the contribution of
individual plants to the aggregate increase in relative demand for skilled labor. For
both industries and plants, we examine whether employment and wage shares for
non-production workers are increasing as a result of within plant changes or shifts
of employment and wages across plants. Our measure of trade is the value of
production shipped abroad by the manufacturing establishment. We contrast the
plant results with the industry level findings presented here and elsewhere.

For this analysis, we take as given that changes in relative supply of high-skill
and low-skill labor cannot account for the aggregate movements in the relative
quantity and price of the two inputs. In particular, we make the strong assumption
that all plant and industry movements can be associated with demand changes.” We
conduct two types of analyses of the wage and employment data. First, in this and
the subsequent section, to facilitate comparison of our results with those in

“It is obvious that, if appropriately defined, all product demand shifts would be across industry. We
take industry to mean four-digit SIC classification which is the greatest level of disaggregation
available in published data.

*Berman, Bound and Griliches (1994) and Krueger (1993) directly test for and find significant
effects of technology on the wage gap.

°Relative supply shifts at the aggregate cannot produce the increase in relative quantity and price we
observe in the data. However, assuming that plant and industry changes are entirely demand driven also
presumes that local relative supply changes are not the source of the relative price and quantity
movements at the plant level.
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Berman, Bound and Griliches (1994) and Machin (1994), we construct the ratio of
non-production workers to total employment in manufacturing and the ratio of the
wage bill for non-production workers to the total wage bill and then calculate the
decomposition of changes in the ratios into between industry/plant movements
and within industry /plant movements. This type of decomposition allows us to see
where the changes are occurring and whether the aggregate movements are
occurring within industries and plants or across industries and plants. We can
further group industries and plants by their characteristics to see which sectors or
what types of plants are generating the aggregate movements.

We examine changes in measures of wage inequality in Section 4. In Section 5
we estimate the effect of plant level changes in technology, domestic demand, and
exports on the rise in employment and wages for skilled workers.

For the decomposition analysis, the basic formulation is

AP, =2ASP, +2.AP, S, (1)

for i = 1,...,/ industries (or plants) where AP, is the change in the ratio of interest,
either the share of non-production workers in the manufacturing workforce or the
percentage of total wages paid to non-production workers. P, =E, /E, is the
employment or wage ratio in industry i. S, = E,/E is the share of total employment
or total wages in industry or plant i. Pn and S, are time averages of P, and S,. The
berween effect is given by the first term on the right-hand side Wthh shows the
change in the aggregate ratio due to movements of workers between industries or
plants. Net positive between movements result from an increasing share of total
employment at plants with higher than average non-production worker ratios. The
second term on the right gives the contribution of changes in the proportion of
non-production employment or wages within the industry or plant. the within
effect. Net positive movements result from increases in non-production worker
ratios at plants with higher than average employment shares. For analysis at the
industry level, the within effect can be either due to changes across plants in the
same industry or changes within the plant itself. Note that if all plants have the
same non-production/production worker ratios then the between contribution will
be zero. The within component will be positive if, on average. plants are
increasing their share of non-production workers in total employment.

The between and within changes can be associated with different factors
affecting the relative demand of inputs. Because the between component is related
to changes of employment share across industries or plants. it is primarily
associated with changes in product demand. However, to the extent that technolo-
gy is driving the reallocation of employment between plants, the between measure
may also be capturing technical change. The within component is generally
attributed to changes in technology or demand for skilled labor within the industry
or plant rather than changes in product demand. Due to the high level of
aggregation even at the four-digit SIC level, within changes at the industry level
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may still be due to shifts in demand for goods within an industry; for example, the
change from mainframe computers to microcomputers all occurred within a
four-digit SIC industry. Even at the plant level, within changes may represent
switches from the production of one good to another due to changes in taste. In
Section 2, Section 3, and Section 4, we report the between and within components
for wages and employment and a measure of the wage gap and refrain from
making the link to product demand and technology explanations. Instead, by using
additional plant level data in Section 5, we test directly whether these assumptions
are appropriate.

2.1. Data

We make use of plant level data for the manufacturing sector in our study of the
determinants of employment and wage changes. We use newly available, detailed
plant level data from the Census Bureau’s Annual Survey of Manufactures (ASM)
for the period 1976 to 1987 to investigate the relationship between exporting and
labor market structure. The ASM surveys U.S. manufacturing establishments and
collects information on production and non-production employment; production
hours: salaries and wages; shipments; value-added, capital measures; ownership
structure; and direct exports.

Excepting exports, a detailed description of the variables we employ is given in
Appendix A. For exports, the ASM asks establishments to “Report the value of
products shipped for export. Include direct exports and products shipped to
exporters or other wholesalers for export. Also include the value of products sold
to the United States Government to be shipped to foreign governments. Do not
include products shipped for further manufacture, assembly. or fabrication in the
United States.”” To the extent that plants do not know the ultimate destination of
products they ship, these directly reported exports understate the true value of
exports from establishments. Direct exports reported in the ASM account for about
70-75% of total exports (reported to the Census Bureau’s Foreign Trade Division
from ports of export) for all years but 1987, where direct exports account for about
66% of total exports. The coverage also varies by industry, typically where small
firms are more important in production, direct exports account for a smaller
percentage of total exports. The ASM was conducted in every year over the period
1976-1987; however, in 1978, 1979, and 1982 the direct export question was not
asked. This limits our analysis of the impact of exports on wage inequality and
skill upgrading to the period 1980-1987.

Ideally, we would prefer to use information on detailed demographic com-
ponents of the labor force at the plant to conduct our analysis of the change in
wage inequality. Unfortunately, in the ASM and the Census of Manufactures, total
employment at the plant is broken into only two components: production workers
and non-production workers. For the purposes of this paper, these two categories
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of employment will be thought of as representing low-skilled or blue collar
(production) and high-skilled or white collar (non-production) workers.

While we are able to link plants’ detailed information across time. the ASM is
not designed as a long-term panel. Instead, the ASM is a series of five-year panels
of U.S. manufacturing establishments. Each five years the sample is partially
redrawn. Questionnaires are sent to about 56.000 of the 220,000 establishments
that are surveyed in the Census of Manufactures (which occurs every five years).
Some of the 56,000 establishments are included in the sample with certainty.
These “‘certainty” cases include establishments with large total employment
(greater than 250 employees), establishments with large value of shipments, and
establishments owned by large enterprises. (While the criteria for inclusion in the
panels has changed over time, particularly between the 1974-1978 ASM panel
and subsequent panels, the general principle of sampling based on size and
importance has held during the period we study.) Other establishments are sampled
with probabilities ranging from 0.99 to 0.005, based on the size and industry of the
establishment. The sample is designed to be representative of the population of
manufacturing establishments in terms of industry and plant size. Establishments
are assigned weights which are inversely proportional to their sampling prob-
abilities. The weights are used to produce aggregate industry totals.

2.2. Within/between industries and plants

In this and the following two sections, we begin by conducting the analysis at
the industry level and then proceed to the plant level analysis. In this way, we
highlight the similarities and differences of the movements of workers and wages
across plants and industries. We study the two classes of workers reported in the
ASM, non-production and production. and associate them with high-skilled and
low-skilled workers respectively. While this categorization hides much of the
change in the wage and employment structure during the period in question, it
does not prevent us from learning about the sources of these changes.

Table | reports the changes in the employment and wage shares for non-
production workers during the periods 1973-1979 and 1979-1987 for four-digit
industries. From 1973-1979, the share of non-production workers rose at a rate of
0.320% per year, while from 1979-1987. this ratio increased at an annual rate of
0.546% per year. The share of the wage bill paid to non-production workers rose
at 0.331% per year during 1973-1979, but the growth rate more than doubled to

“For discussions of the appropriateness of this categorization, see Berman, Bound and Griliches
(1994) and Davis and Haltiwanger (1991). Other studies that use the ASM and thus employ this
breakdown of the labor force include Lawrence and Slaughter (1993) and Berman, Bound and Griliches
(1994).
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Table 1
Changing labor market share of non-production workers. Decomposition of employment and wages
Employment Wages
Between Within Total Between Within Total
All manufacturing by industry®
1973-1979 0.121 0.199 0.320 0.119 0.212 0.381
1979-1987 0.184 0.362 0.546 0.309 0.410 0.719
Continuous plants”
1973-1979 0.101 0.170 0.271 0.140 0.134 0.274
1979-1987 0.177 0.215 0.392 0.315 0.022 0.536

Notes: Numbers are % changes per year. Between numbers represent shifts across cells; within
numbers represent changes within cells. All calculations have been annualized.

* Plants are placed into cells according to four-digit SIC industry (449 cells).

" Each plant is a cell.

0.719% per year in the latter period” As a rough measure of the increase in wage
inequality between the two labor types, we can look at the difference between the
wage share and the employment share increases. For the early period, this
difference was essentially unchanged; while for the later period, the wage share of
non-production workers increased 0.173% per year faster than the employment
share’

To understand the sources of these changes, we consider the movements of the
between and within components of the employment share for non-production
workers and the wage share for the same workers. Over time, we find that for the
employment share, the largest increase was due to a rise in within industry shares
of non-production workers, with the annual growth rates jumping from 0.199 to
0.362 while the growth rate of the between component rose from 0.121 to 0.184.
The wage bill shows a different story; as with the employment ratio, the within
component contributes most heavily to overall changes in both periods, however,
both the between and the within components rose substantially in the 1980s
compared with the 1970s. The difference between the wage and employment
shares is driven mostly by the between industry shifts of workers and wages.
These results, also noted by Berman, Bound and Griliches (1994), present a
puzzle: while the bulk of employment shifts towards increased shares of non-
production workers and wages was occurring within industries, wages were
shifting across industries faster than workers, suggesting that factors driving
between industry movements may play a large role in the rise in wage inequality.

To determine the origins of the industry changes in employment and wage

“These numbers are slightly higher than those reported in Berman, Bound and Griliches (1994) for
the early period and slightly lower for the later period.

The difference between the wage share increase and the employment share increase does not
correspond precisely to a measure of wage inequality. This is discussed in detail in Section 4 and in
Appendix B.
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shares, we make use of plant level data. Because the ASM sample changes
substantially every fifth year we do not attempt the within/between decomposition
at the plant level using the entire panel. Instead, we consider only those plants that
have data throughout each sub-period. This introduces several potential problems
when comparing the results with the industry analysis. First, the sub-samples of
plants are biased towards large plants, since they are more likely to be sampled in
each panel of the ASM. The problem is that small and medium size firms are more
likely to enter and leave the panel over time even though they are still producing.
Larger firms are more likely to be sampled with certainty. Second, it biases the
results towards those plants that survived. This second problem means that we are
missing the change in worker composition occurring due to the death of older,
potentially production worker-intensive plants and the birth of new, potentially
non-production worker-intensive plants in the same industry. In other words, if
technology plays a role through the changing composition of plant types within
industries, then we will mistakenly underestimate the role of technology in the
changes in the workforce. We find, in other work, that the panel of continuing
plants is largely representative of the manufacturing sector and that plant births
and deaths do not contribute heavily to the changing composition of employment.'’
In addition, this sub-sample comprises roughly two thirds of employment and
output in the manufacturing sector, making it an interesting sample to study in its
own right.

The second panel of Table 1 reports the plant level decomposition for the two
periods.'' The total numbers show similar patterns to those at the industry level,
with both employment and wage ratios rising faster in the 1980s than in the 1970s.
In particular, these samples account for over 83% of the aggregate increases in the
employment and wage ratios in the early years and over 72% of the aggregate
increases in the 1980s.

The plant level decomposition yields different results for the contributions of the
between and within components. Whereas at the industry level the within
component dominated both employment and wage bill changes, now the between
component is much stronger. For employment, within changes account for over
54% of the total, while for the wage bill, the between contribution is dominant
with over 58% of the total movements.

These results suggest that the industry level analysis is hiding substantial,
important heterogeneity across plants. While within plant skill upgrading is still
responsible for the majority of employment changes in the samples, the differences
between the 1970s and 1980s are driven mostly by large rises in between plant

""See Bernard and Jensen (1994) for results on this issue.

'All the decomposition results are directly comparable to the aggregate share increases. In other
words, the aggregate increase in the employment share was 0.320% per year from 19731979, and the
continuous plant sample showed a 0.271% per year increase over the same period. This means that the
plants not in the sub-sample accounted for only 0.049% per year (or 15%) of the aggregate increase.






