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Abstract

The cl assification and aggregation of manufacturing data is vital
for the analysis and reporting of economc activity. Most
organi zations and researchers use the Standard Industria
Classification (SIC) system for this purpose. This is, however,
not the only option. Qur paper examnes an alternative
classification based on clustering activity wusing production
technologies. Wile this approach yields results which are sim|ar
to the SIC, there are inportant differences between the two
classifications in terns of the specific industrial categories and
t he amount of information |ost through aggregation.
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| . I ntroduction

The classification and grouping of manufacturing activity is an
i nportant conponent of any program designed to exam ne and report
statistics on econonmc activity because of the overriding need to
organi ze and condense the vast anmpbunts of information currently
collected.* The appropriate nethod of selecting a smaller, nore
manageabl e, subset of data depends on the objectives of the
particul ar analysis. One nethod of reducing the size of the data
set is through random selection of the detailed records. Thi s
met hod provides a representative sanple that can be used to
estimate the population characteristics. This approach is
frequently used for studies which focus on the broad inpact of
policy or environnental changes on manufacturing as a whole. A
second nethod is to limt the analysis to specifically selected
"l'i ke-units,"” such as industry groups or geographical regions.
This approach is typically used for nore narrowmy defined studies
of the inpact of policy or environnmental changes within specific
industries or states. A third alternative is to aggregate "like-
units" into a single observation. This approach is frequently used
to study the differential inpacts of changes in the environnment

across the different firns, industries, or states.

In the latter two cases, it is necessary to develop a hierarchial

! For exanple, the 1982 Census of Manufactures contains information on
al nost 100 different data itenms for over 348,000 individual establishnments.
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structure for organizing the detailed data into different groups
for either selection or aggregation. Such a structure should be
designed to maxim ze the informational content of the relevant
grouped data while providing increased nmanageability. [In keeping
with this principle, information which is nost simlar should be
grouped first, while information which is least simlar should only
be grouped as a last resort. This principle of grouping |ike data
first applies whether one is aggregating data itens within a single
reporting unit (such as aggregating various expenditures on
materials or energy) or aggregating over reporting units (such as
aggregating establishnents' sales to formfirmor industry totals).
Unfortunately, the key question, "How does one neasure the
simlarity between the different data itens or reporting units?"

can only be answered in the context of a particular application.

In an earlier paper, Andrews-Abbott (1988), we discussed the
principles used in constructing the Standard [Industrial
Classification (SIC) and sone of the problens resulting from a
classification with such diverse objectives.? W also discussed

several alternatives to the SIC for <classifying industrial

2 Wthin the Standard Industrial Cassification, different principles are
used to determine the simlarity of industries and products in different
sections. For exanple, in some instances, industries are grouped on the basis
of the production process (hot versus cold rolled steel) while in other instances
mat eri al s consuned (cane versus beet sugar) or even end uses (hospital versus
office furniture) are used. The use of these multiple principles results in
i ndustry definitions which may overlap, are either over- or under-inclusive with
respect to a particular application, and frequent establishment-industry code
swi t ches.



activity. Each alternative was based on a single principle of
classification and geared towards a specific application of the
data, such as nmarketing analysis, productivity analysis or
financial analysis. Thi s paper extends our earlier analysis by
developing a classification wusing one of the alternatives

di scussed, the production technology classification.

Starting with a sanple of establishnent-|level data from the 1982
Census of Manufactures classified by the 449 manufacturing 4-digit
SIC industries, we examne the feasibility of wusing clustering
met hods to develop higher |evels of aggregation based on the
underlying production technol ogies. In principle, this type of
classification may be used to anal yze supply side issues such as:
exam ning resource allocation, constraints and conpetition;
measuring technol ogical proximty, progress and spillovers; and
forecasting production and substitution possibilities. ©Moreover,
the w despread use of the aggregated nmanufacturing data provi ded by
the Census Bureau and the availability of the establishnent-Ievel
m crodata made this a natural first step in developing alternative

cl assifications.

Assum ng that the production technology can be described by a
vector of inputs, one neasure of the technological proximty
between any two industries is the di stance between their respective
i nput share vectors, as discussed in Andrews and Abbott. Thi s
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measure of proximty may subsequently be used to form successively
hi gher levels of aggregation while preserving as nuch of the
variation in the original data. Qur analysis clusters the existing
4-digit SIC industries into "pseudo-3-digit" industry groups and
"pseudo-2-digit" major industrial groups using these neasures of
technol ogi cal distance. Qur results showthat, although the SICis
reasonably efficient in retaining the factor input information,
there are a nunber of inportant differences between the SIC and
this new classification which result in significantly |ess

i nformati on | oss.

Overall, we find that clustering industries on the basis of
production technol ogy provides an interesting and prom sing avenue
for future analysis. |t raises several key issues about how the
current SICis structured, and what principles should be used to
derive the classification. In addition, it provides specific
recommendations for how industrial data m ght be structured in the

future to facilitate productivity and technol ogi cal anal ysis.

The remainder of the paper is organized as follows. Section two
di scusses theoretical basis for using input vectors to define
production technol ogi es. Section three discusses the nethodol ogy
used to cluster the industry data. Section four discusses the
enpirical results and conpares our new classification to the
existing SIC The final section discusses conclusions and
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extensions for future anal ysis.

1. Classification by Production Technol ogy

Qur approach to the classification of industries is based on the
fundamental assunption that the technology of an industry can be
described by a vector of its inputs. Using the input vector to
define the industry is simlar to assumng the fixed-factor
production function or input-output nodel of Leontief (1967, 1986)
and others, or the input bundled characteristics product nodel of
Lancaster (1975). The assunptions of a single honogeneous product,
constant returns to scale, and no factor substitution possibilities
which wunderlie these nodels also underlie our classification
scheme. Violations of these assunptions result in the incorrect
measure of the distance between industries, and m sclassification

of activities.?®

® For exanple, consider the assunption of non-substitution. Suppose there

are only 3 inputs and that we are |l ooking at three industries with technol ogies:

[ ndustry A (.2,.4,.4)

I ndustry B: (.2,.8, 0)

I ndustry C (.3,.7, 0).
Assum ng fixed factor technology, and that all three inputs are uni que, we would
say that industries B and C are closest together. However, if inputs 2 and 3
were really perfect substitutes, then the "true" technol ogies are given by:

I ndustry A (.2,.8)

I ndustry B: (.2,.8)

I ndustry C (.3,.7)
where inputs 2 and 3 are conbined into a single factor of production. |In this
i nstance we woul d conclude that industries A and B have identical technol ogies
and therefore should be grouped together. The sane kind of argument hol ds for
the case where inputs two and three are only inperfect substitutes.

Thus, a violation of the non-substitution assunption would result in the
i ncorrect neasure of distance, and (potentially) nisclassification of the
i ndustri es.

In a simlar manner, it can easily be shown that non-constant returns to scale
or multiple outputs (requiring different m xes of inputs) would make the input
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The inplenmentation of the production technology clustering
met hodol ogy requires a conprehensive list of the inputs used to
manuf acture each product. The choice of the 4-digit SIC industry
| evel resulted fromour early attenpts to cluster the 1,657 5-digit
product classes into neaningful industries using vectors of ten
i nput shares to define each technology.* This analysis failed
because, in addition to the aforenentioned assunptions, the
clustering nmethodol ogy also requires honogeneity of each of the
inputs.®> Fromthese initial results, we concluded that we needed
(a) nore detailed input data and (b) a nore identifiable and
manageabl e | evel of activity. Both of these objectives could be

addressed by examning the 4-digit SIC industries.

The results presented here are based on an analysis of the 4-digit
SICindustries, using 29 different classes of material input costs

based on the detailed (6-digit code) naterials consuned data

share vectors unstable neasures of the underlying technol ogies (given that they
woul d depend on either the scale of production or nix of outputs) and result in
potential m sclassification

* The clustering of the 5-digit product classes used the input cost shares
of :  production workers salaries and wages; other workers salaries and wages;
purchased fuels; purchased electricity; purchased services; agricultura
materials; mineral materials; non-durable goods materials; durable goods
materials; and capital (neasured as the residual) as provided by CGoll op- Monahan
(1986).

*If the inputs are measured at too aggregated a level (i.e. if they are
het er ogeneous) then misclassification will result. To illustrate this, we can
sinply reverse the exanple in footnote 4. Suppose inputs 2 and 3 are incorrectly
aggregated, we woul d conclude that industries A and B are cl oser together (and
in fact identical) and group them rather than grouping industries B and C
toget her first.



aggregated to the 2-digit SIC major group level.® Unfortunately,
simlarly detailed informati on on specific types of |abor, energy,
and capital were not readily avail able for our analysis and had to
be omtted. A conplete list of inputs used in our analysis is

provided in Table 1.

The materials input cost data were constructed wusing the
Longi tudi nal Research Data Base (LRD) described in MGuckin and
Pascoe (1988) for the year 1982. The LRD contains input and out put
data on manufacturing establishnments surveyed in the Census
Bureau's annual surveys and censuses of manufactures.’ W chose
1982 because it is the nost recent year in which a census of all
manuf acturing establishnments is avail able. In constructing the
data, we chose establishnents that (a) produced at |east 95 percent
of their output within one 4-digit SIC industry and (b) reported
detailed cost of materials.® Wthin each industry, we cal cul ated

total cost of materials (excluding materials, not specified by

® The use of the existing SICto define the material inputs probably biases
our results towards clusters which resenble the existing SIC. The extent of this
bias is, however, unknown and does not appear to be a significant probl em when
examning the results in Appendix |, that is, one finds some major differences
between the SIC and our classification

" All establishments in the LRD are classified using the 1972 SIC, which
| ater underwent minor revisions in 1977. An establishnent is defined as
operations, generally in one physical |ocation perfornmng a distinct economc
activity.

8 These sanpling restrictions were used to insure that all materials inputs
consumed by the establishnment were used to produce output for that specific
i ndustry, and avoid potential contami nation fromdiversification in production
Such diversification in production nmay indicate a failure in the current
definition of the industry, but such an examination is beyond the scope of the
current study.



kind) and the cost of each of the 29 material categories. The cost
share of each material input was calculated as its share of the
conputed total cost described above.® Qur sanple consists of over
70,000 establishnments <covering 439 different 4-digit SIC

i ndustries.

Inplicit in defining the production technol ogy using cost shares is
the assunption that there is no factor substitution (as discussed
above). This inplies that the material input factors of production
forman orthogonal basis for a 29 di nensional space and that each
i ndustry can be uniquely represented by a single vector in this
space. Because the vectors represent factor shares for each
industry, they are restricted to lie on the unit sinplex (that is,
sum to one) and the distance between any two industries can be
defined as the Euclidean distance between the vectors on this

si npl ex. !

® Gven that the basic data is at the establishment level, one has two
options for constructing an "industry" input vector. One could aggregate the
data first, and then conpute the share vector; or one could compute the share
vectors first, and then average them Because the latter nethod places equa
wei ght on all establishnments (rather than weighting by their relative size) it
is nore likely to be sensitive to outlying observations. Thus we have chosen to
use the former nethod for this analysis.

W initially identified over 170,000 establishments whose output was 95
percent or higher within one industry, but approximtely 100,000 plants did not
report detailed nmaterial costs. In addition, we also found ten industries where
no detailed materials was collected fromthe establishments.

1 A data appendi x consisting of the material input share vector for each
4-digit industry is available upon request fromthe authors subject to disclosure
revi ew



dxy) = || x-y || - o, (x- vy

If the factor substitution assunption is violated, the input
factors are not orthogonal and the Euclidean distance does not
accurately neasure the distance between industries. Mreover, it
is possible that all of the observations could lie in a sub-space
of the 29-dinensions in which case the vector representations are
not uni que. A check of the eigenval ues of the variance/covari ance
matrix of the factor inputs reveals that there are no exact |inear
conbi nations anong the factor inputs and all inputs are needed to
span the space. This inplies that the industry vector

representations are unique. *?

[1l. dustering Methodol ogy

In inplementing the technology based classification, it 1is
necessary to choose a statistical nethod for formng groups or
clusters for the aggregation. There are several hierarchical
nmet hods di scussed in the literature and avail abl e through the SAS
statistical package CLUSTER procedure.®® These nethods include
Average Linkage, the Centroid Method, and Ward's Mt hod. The

clustering nethods differ primarily in how the distance between

2. The variance-covariance matrix also revealed that sonme inputs are
strongly correlated; this, however, does not necessarily inply that factor
substitution is possible.

3 For a discussion of clustering see, for exanple, Hartigan (1975),
Anderberg (1973), Al denderfer and Blashfield (1984), and Fisher (1969).
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clusters is neasured to determne which clusters are joined at
successi ve stages of the analysis. For our prelimnary anal ysis of
the 4-digit SIC industries, we have chosen Ward's Method (1963)
because of the ease in conputation and interpretation of the
di stance function. Subsequent analysis will focus on conparing the

resulting classifications based on other algorithns.

In Ward's m ni mnumvari ance nethod, the distance between any two

clusters is defined as:

Do = 1 X« - X% (1/ Nt/ N)
where x; is the nean input vector for cluster J
N, is the nunber of industries in cluster J

and || || denotes the Euclidean di stance function.

At each step of the aggregation, the two clusters cl osest together
are conbined to forma new cluster for the next higher |evel of

aggr egat i on.

This procedure mnimzes the wthin cluster sum of squared
deviations while maintaining the hierarchical structure of the
data, that is, once two industries are put into the sane cluster
they remain together at all higher levels of aggregation. The
percentage information | ost due to aggregati on can be neasured by
the ratio of the sumof squared di stances fromthe cluster neans,
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that is, the within variance in an analysis of variance (ANOVA)
deconposition, to the total sumof squares. Fromthis, a neasure
of R> can be constructed to represent the percentage of the

information remaining in the aggregated data, as defined by:

R = 1 - (P47

where T

3 1% - xl?

W = :gi,d<| X - X |]?

Ps

3, W, where summtion is over the G clusters at the

G h level of the hierarchy. Qur enpirical results show that our
clustering approach retains significantly nore variation than the

current SIC classification for conparable | evels of aggregation.

| V. Empirical Results

Usi ng Ward's Met hod, we have grouped 439 4-digit industries into
143 new pseudo-3-digit (PS3) clusters and 20 new pseudo-2-digit
(PS2) clusters. These clusters were chosen to be conparable in
nunber (but not necessarily conposition) to the existing 2- and 3-
digit groupings used in the 1982 Census of Manufactures. In this
section, we discuss the simlarities and differences between the

two cl assifications.

“ As discussed earlier, ten of the 4-digit industries did not have detailed
materials data and had to be dropped from our anal ysis.
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As a first cut, the SIC divides manufacturing into ten non-durable
2-digit major groups, and ten durable major groups. In this
alternative classification, those 4-digit SICindustries classified
as non-durable goods are prinmarily found in the first 12 of our PS2
clusters while the durable goods industries tend to be found in the

remai ni ng ei ght clusters, as shown in Table 2.

A nore detailed of this conparison can be found in Table 3, which
provides a frequency distribution of the 4-digit SIC industries
across both the 2-digit SIC and PS2 clusters. As can be seen from
this table, the new PS2 clusters have a strong resenbl ance to the
existing 2-digit SIC Major Goups, that is many of the 4-digit SIC
i ndustries within the sane 2-digit group renmai n together under the

new cl assi fication.

Exam ni ng these PS2 clusters in nore detail, as found in

Appendix |, we find that the first PS2 cluster consists of 14 4-
digit industries which are predom nately food-related (SIC 20),
al though Tobacco Stemming and Redrying Products (SIC 2141) and
Broad Wwven Cotton MIls (SIC 2211) are also included. Thi s
cluster can be further broken down into five PS3 clusters, three of
whi ch contain only one 4-digit SIC indicating that at this |evel
(143 clusters) no other industries were closely related. The
average primary material cost shares for this PS2 cluster, shown in
Table 4, are 85 percent Agricultural Food Crops (SIC 01), 6 percent
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in Food Processing (SIC 20), and 2 percent in Fabricated Mta
Products (SIC 34). Thus, these industries appear to be closely
tied to the agricultural sector for their primary inputs and we

have | abeled this cluster, "Food Products - Crop Using."

The Foods Manufacturing Sector of the U S. econony, as defined by
SIC Major Goup 20, consists of 47 4-digit industries of which only
12 are included in the first PS2 cluster. Mst of the remaining
food industries are included in the next two clusters, which we
have | abeled "Food Products - Processed Food Using", and "Food
Products - Livestock Using." The separation of these three food
clusters is attributable to differing m xes of their inputs across
the "Agricultural Products - Crops" (SIC 01), "Agricultural
Products - Livestock" (SIC 02), and "Processed Foods" (SIC 20)

sectors, as shown in Table 4.

The fourth PS2 cluster is "Tobacco Products"” and it is nearly
identical to its SIC counterpart (21) except that "Tobacco Stenm ng

and Redrying" is in the first PS2 cluster as discussed above.

The fifth PS2 cluster groups primarily apparel-related industries.
It consists of 36 SIC industries and contains two PS3 groups. One
PS3 group clusters primarily apparel industries (SIC 23) while the
ot her one groups industries that are part of the textile group (SIC
22). By examning the average materials cost shares for this PS2
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group, we find that 96 percent of the costs are conprised of
textile materials (SIC 22) with 3 percent in chemcals (SIC 28).
The distinction in the two PS3 clusters which formthis apparel -
related PS2 is nmade in the anmpbunt of textiles and chem cals that
each PS3 uses. The apparel PS3 consunes 98 percent of textiles and
one percent in chemcals, while the textile-related PS3 uses 84
percent of textiles and 12 percent of chemicals.® This PS2 is one
of three textile-related clusters. The separation is caused by
differences in their shares of textiles, chem cals, |eather and

rubber and plastics, as shown in Table 4.

The remai ni ng non-durabl e goods can be found in clusters: "Mannmade
Fi bers & Chem cal Products"” (Cluster 8); "Chemcal Products”
(Cluster 9); "Paper Products" (Custer 10); "Printing Services"

(Custer 11); and "Petrol eum Products” (Cluster 12).

The first durable goods cluster, "Lunber and Wod Products”
(Custer 13), consists of primarily wood and |unber using
i ndustries - 81 percent of the materials cost is SIC 24. This PS2
consists of 19 4-digit industries and five PS3 groupings from not
only the lunber industries (SIC 24), but also industries producing
wood furniture (SIC 25) and "Pulp MIIls" (SIC 2611). 1In addition

to lunber, the major material inputs of this cluster include eight

5 Materials cost shares for the pseudo 3-digit clusters are not presented
in this paper but may be nmade avail abl e upon request.
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percent chemcals (SIC 28) and five percent fabricated netal

products (SIC 34).1°

The Stone, Cay and dass Industry (SIC 32) is divided into two
clusters wunder our classification. Specifically, "Stone and
Pottery Products" are found in Cluster 14, while "Concrete and
G ass Products" are found in Cluster 15. The division of this
i ndustry appears to be driven by the fact that industries in
Custer 14 use materials primarily fromthe Mnerals industry (SIC
14) - 80 percent cost share, while industries in Cluster 15 use
internedi ate products fromthe Stone, day, and 3 ass Industry (SIC

32) - 56 percent cost share.

Three of the remaining durabl e goods clusters have relatively |arge
numbers of 4-digit industries within them Briefly, these are:
Cluster 16, "Metals and Fabricated Metal Products,”" wth 60 SIC
i ndustries; Custer 17, "Machinery," with 70 SIC industries;
Custer 20, "M scell aneous Manufacturing,” with 42 SIC industries.
In addition to having a large nunber of 4-digit SIC industries,
they also have a |arge nunber of PS3s, indicating that although

many of these 4-digit SIC industries are grouped at the PS2 | evel

% Note that while industries currently classified by the Standard
Industrial Cassification in major group SIC 25, Furniture, such as wood office
furniture (SIC 2521) and netal office furniture (SIC 2522) are placed in SIC 25
regardless of the materials used, our material s-based procedure places wood
furniture with this lunber-related grouping and the netals with a fabricated
metals group (Cluster 16).
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they are not closely related at a | ess aggregated | evel.

One could, of course, go on to exam ne each and every pseudo- 2-
digit classification; but we feel that the point is fairly well
made by these exanples. A classification systembased on materials
i nputs captures nuch of the essence of the current SIC, with sone
i nteresting changes -- for exanple, "Apparel Belts" (SIC 2387) are
grouped with |eather goods (Cluster 7) rather than with other
apparel goods (Cluster 6 or 7); "Metal Partitions, Shelves and
Furniture" (SIC 2542) is grouped with nmetal products (Cluster 16)
rather than with other furniture; and "Primary A um nuni (SIC 3334)
is grouped with the chemcals and textiles (Custer 8) rather than
with other netals (Custer 16) because alumna, its major materia
input, is classified as a chemcal rather than as a mneral |ike

the other primary netal ores.

Beyond sinply pointing out these anonalies, which are interesting
in their own right, is there any nethod of conparing the two
classifications to determine which is better? As discussed
earlier, one of the objectives of aggregation is to nmaintain as
much of the variation in the original data as possible while
provi di ng manageability. The R statistic is one neasure of
success in this regard. It provides a neasure of the information
(that is, the variation) lost due to using the cluster neans as
proxies for the individual 4-digit SIC industry input vectors.
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Using the R statistic, our new classification retains over 98
percent of the original variation in the data at the pseudo-3-digit
| evel , and over 82 percent of the variation at the pseudo-2-digit.
By conparison, the original SIC classification systemretains only
75 percent of the variation at the 3-digit |evel and 54 percent at
the 2-digit |Ilevel. Thus, it would appear that the new
classification is nmuch better at retaining the original

technol ogi cal information than the existing SIC.

In addition to | ooking at the classification as a static system it
is also useful to exam ne how the clusters change as one noves from
one | evel of aggregation to the next. For exanple, in noving from
21 to 20 clusters, Custer 2, "Food Products - Processed Food
Using" was fornmed by conbining two separate food clusters as
footnoted in the appendix. And in noving from?22 to 21 clusters,
"Canned and Cured Fish and Seafoods" (SIC 2091) and "Fresh and
Frozen Seaf oods" (SIC 2092) were noved fromtheir own cluster into
the M scel |l aneous Manufacturing cluster. |f the aggregation were
to continue, the next step would be to conbine Cluster 4, "Tobacco
Products,” with Custer 20 "M scel |l aneous Manufacturing." This
would be followed by conbining Custer 8, "Mnnmade Fibers &
Chemcals,”™ wth GQuster 9, "Chem cal Products.” And so on, until

there woul d be only one renaining cluster.

In looking at classification as a process of grouping industries
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into fewer and fewer clusters, one realizes the arbitrariness of
stopping at 20 clusters, rather than 21, or 19. By using a
hi erarchi al procedure, one can ask what is the npbst reasonable
| evel to conduct this analysis. Is it inportant to have a separate
Tobacco groupi ng? And, do we want to exam ne a separate Seaf oods

group?

There are many ways that one would |like to extend this anal ysis.
For exanple, one mght consider using alternative definitions of
the factor inputs. Using the existing 2-digit SIC to define the
mat erial inputs undoubtedly biases the clusters towards | ooking
like the SIC -- particularly in areas where the primary input is
very narrowly defined |ike Tobacco or Agricultural Products -
Li vestock. This may provide an explanation as to why the durable
goods industries appear to be nore densely packed together than the
non-durable goods and 1is suggestive of problenms wth the

honogeneity and non-substitutability assunptions.

A second extension is to examne the use alternative distance
nmeasures. Even though the share vectors are constrained to lie on
the unit sinplex they still have different vector lengths. As a
result, industries that are nore spread out in their materials
consunption are necessarily closer together than those that use
only one or two primary inputs. Alternative nmeasures of distance,
such as the angular neasure discussed in Andrews-Abbott, have
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di fferent

| evel s of
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sensitivity to this problem?’

In addition to exam ning alternative neasures of distance between
i ndi vidual industries, one could al so exam ne the effects of using
alternative nmeasures of distance between clusters. As a rule,

Ward's net hod (when conpared to ot her nethods of clustering) tends

 To illustrate the fact that the length of the share vector and the
di stance netric are inportant determinants of the clustering procedure, consider
the foll owi ng exanple where there are 5 factors of production (F1 - F5) and 4
i ndustries. The industry technol ogies are as foll ows:

F1 F2 F3 F4 F5
IND 1 0.90 0.10 0 0 0
IND 2 0 0.95 0. 05 0 0
IND 3 0 0 0. 80 0. 20 0
IND 4 0 0.10 0 0. 20 0. 70

Intuitively, one might think that industries (3,4) are closest together (with 20
percent of their materials overlapping in factor 4.) Next, we would probably say
that industries (1,2), (1,4) and (2,4) are the sane distance apart (10 percent
of their materials overlap in factor 2). Next we would say that industries (2,3)
are closest (5 percent in conmon) and finally we would say that (1,3) are the
farthest apart -- they have nothing in conmon.

Using the Euclidian distance function, we can conpute the di stance between any
pair of industries:

2 3 4
1.239 1.225 1.158
1.227 1.120
1.068

WN -

W find, as expected, that industries (3,4) are the closest together. However,
our netric provides a strict ranking for all remaining pairs: (2,4) < (1,4) <
(1,3) < (2,3) < (1,2) - and far from being the farthest apart, the Euclidean
measure shows that (1,3) is closer than either (2,3) or (1,2) even though
i ndustries (1,3) have no common factors of production

A frequently used alternative to the Euclidean distance function is the angul ar
di stance neasure (i.e. cos('™) where " is the angle between the two vectors).
Thi s nmeasure, however, provides even nmore surprising results:

2 3 4
1 0. 110 0. 000 0. 015
0. 051 0. 136
0. 066

wWN

We find that the angul ar neasure ranks industries (2,4) closest together! This
is followed by: (1,2) < (3,4) <(2,3) <(1,4) < (1,3).

Ot her methods of neasuring distance would undoubtedly arrive at a different
ranki ng of these four industries.
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to join clusters with small er nunbers of observations and is thus
bi ased toward producing clusters with roughly the sane nunber of

observati ons. 8

Qur examnation of the clusters suggests that this is not a
significant problemw th our data. Like the original SIC, sone of
our clustered pseudo-2-digit major groups, (that is, clustering the
449 industries into 20 groups), have only a few industries while
ot hers have nmany. However, one may wi sh to conpare the results
presented here to other nethods to determ ne how sensitive these

results are.

V. Concl udi ng Renarks

In this study, we have grouped nanufacturing industries based on
their materials input structure reasoning that industries which
consune the sanme inputs in simlar shares have simlar
technol ogies. Next we conpared these groupings to the 2- and 3-
digit SIC industry groups and found that although there are many
simlarities, there are also inportant differences. These
differences allow the new classification to retain significantly
nore information about material usage than the existing SIC,
information which could be inportant for economc and policy

anal ysi s.

18 See, for exanple, Al denderfer and Blashfield, pp. 43-45.
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We nust, however, enphasize that the results presented are
prelimnary. Qur specific clusters clearly depend on the nunber,
type, and definition of the input data used, as well as the
clustering algorithm Had we chosen to use nore detailed materials
definitions or a different clustering algorithm our clusters would
be different. Thus, it is inportant to follow up this analysis to
determne the sensitivity of our results to these crucial
assunpti ons. Nevertheless, it is useful to examne the
classification process and relationships between the various
industries as they are clustered from 449 individual industries to
a single group. From this, one can gain new insights into the
structure of the Anmerican manufacturing sector and the

technological simlarities between industries.

More inportant than the specific findings of this or any future
study, clustering economc activity using hierarchial algorithns
denonstrates that one need not confine enpirical analysis to a
single nethod of classification, nor to only one or two | evels of
aggregation. Any |level of aggregation from single industries to
| arge industrial groups is feasible using these techniques. The
appropriate |evel of aggregation should be determned by the

speci fic objectives at hand.

The next logical step is to examne the definitions of the 4-digit
i ndustries thenselves, using the 5- and 7-digit product extensions
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to the SIC Do the current 4-digit definitions optimally group
products based on their production technology? |If so, why do many
establishnents nmanufacture products in nore than one 4-digit
i ndustry? And why do the sane products appear in nore than one 4-
digit industry? Can we group the products to mnimze these
pr obl ens? Using these clustering techniques, we can begin to

address these questi ons.

There is also no reason to limt this approach to the manufacturing
sector. One could clearly use neasures of technology and inputs to
help classify business units (and products) in the retail,
whol esal e and service sectors as well. Moreover, as discussed in
our earlier paper, production technology is but one of severa
alternative nethods for grouping data. The Census Bureau, and
ot her data providing organizations, should continue to work on
devel oping environnents which facilitate the aggregation and
grouping of data to suit the needs of all users. As denonstrated
here, given sufficiently detailed mcrodata, the technol ogy exists

for providing many alternatives to the SIC
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Table 1. MATERI AL | NPUTS

SIC DESCRI PTI ON
01 Agricultural Production - Crops
02 Agricul tural Production - Livestock
08 Forestry
09 Fi shing, Hunting, and Trapping
10 Metal M ning
12 Bi t um nous Coal and Lignite M ning
13 Ol and Gas Extraction
14 M ning and Quarrying of Nonmetallic Mnerals, Except Fuels
20 Food and Ki ndred Products
21 Tobacco Manufactures
22 Textile M1l Products
23 Apparel and Other Textile Products
24 Lunber and Wbod Products
25 Furniture and Fi xtures
26 Paper and Allied Products
27 Printing and Publishing
28 Chemnicals and Allied Products
29 Petrol eum and Coal Products
30 Rubber and Pl astics Products
31 Leat her and Leat her Products
32 Stone, Clay and G ass Products
33 Primary Metal |ndustries
34 Fabricated Metal Products
35 Machi nery, Except Electrica
36 El ectrical Equi prent and Supplies
37 Transportation Equi pnent
38 Instrunents and Rel ated Products
39 M scel | aneous Manuf act uri ng
49 Electric, Gas, and Sanitary Services

Source: U. S. Ofice of Managenent and Budget, Standard Industria
Classification Manual, 1972.

“The material codes are the 1972 Standard Industrial C assification Major G oup
codes.



Tabl e 2. DI STRI BUTI ON OF | NDUSTRI AL CLUSTERS

NUVBER OF: 4-DIGT SIC
ACTIVITY PS2 GROUPS PS3 GROUPS | NDUSTRI ES
Nondur abl e Goods:
Foods 3 18 47
Tobacco 1 1 3
Textile & Apparel 3 12
58
Cheni cal s 2 18
51
Paper & Printing 2 12
36
Pet r ol eum Product s 1 4 7
Tot al 12 65 202
Dur abl e Goods:
Lunber & Wod Products 1 5 19
Stone, Clay, & d ass 2 12 23
Metals & Fabr. Metals 1 7
60
Machi nery 2 24
86
Tel ecom & El ectronics 1 2
7
M scel | aneous M g. 1 28 _42
Tot al 8 78
237
Tot al 20 143 439

Source: U.S. Bureau of the Census, Census of Manufactures, 1982, and the
Longi tudi nal Research Data Base.




COVPARI SON OF 2-DIG T SIC AND PSEUDO 2-DI G T CLUSTERS

PSEUDO 2-DI G T CLUSTERS

TABLE 3.

19 20 M TOTAL

17 18

16

9 10 11 12 13 14 15

8

SIC

47

0

3

12 29

20
21

04
30
33

22
23
24
25

17
13
17
17
28
05

26
27

28
29
30
31

06

11
27

32
33
34
35

26
36

44
37

5 25 12

0

36
37

18
13
20
10 449

38
39
TOTAL

10

7 42

11 60 70 16

7 19 12

3 3 36 12 10 33 18 31 5

14 30



Tabl e 3.

Note: 2-digit SIC descriptions are the same descriptions found in Table 1.

(Cont' d.)

descriptions which follow are suggestive only.

PSEUDO 2-DI G T CLUSTER

Sour ce:

OCO~NOUITWN P

DESCRI PTI ON

Food Products - Crop Using

Food Products - Processed Food Using
Food Products - Livestock Using
Tobacco

Apparel & Textile Products

M scel | aneous Textil e Products
Leat her Appare

Manmade Fi bers & Chemical Products
Chemi cal Products

Paper Products

Printing Services

Pet r ol eum Product s

Lunber & Wod Products

Stone & Pottery Products

Concrete & G ass Products

Metal s & Fabricated Metal Products
Machi nery

Nonel ectrical Machinery

Tel ecommuni cati ons Equi pnent

M scel | aneous Manuf act uri ng

The Pseudo 2-digit cluster

Those I ndustries Wthout Detailed Materials Records

U. S. Bureau of the Census, Census of Manufactures, 1982, and the Longitudi nal

Research Dat a Base




Table 4. TOP THREE MATERI AL COST SHARES BY PSEUDO 2-DI G T CLUSTERS

PSEUDO 2-DI G T CLUSTER MATERI AL SIC SHARE

1. FOOD - CROP USI NG AGRI C. - CROPS 01 . 85
FOOD & KI NDRED PROD. 20 . 06

FABR. METALS 34 .02

2. FOOD - FOOD USI NG FOOD & KI NDRED PROD. 20 .62
PAPER 26 .10

AGRIC. - CROP 01 .10

3. FOOD - LI VESTOCK USI NG AGRI C. - LIVESTOCK 02 .90
FOOD & KI NDRED PROD. 20 .07

PAPER 26 .02

4. TOBACCO TOBACCO 21 .72
PAPER 26 .16

AGRI C. - CROPS 01 .07

5. APPAREL & TEXTI LES TEXTI LES 22 . 96
CHEM CALS 28 .03

RUBBER & PLASTI CS 30 .01

6. M SC. TEXTILES TEXTI LES 22 .53
CHEM CALS 28 .18

RUBBER & PLASTI CS 30 .08

7. LEATHER APPAREL LEATHER GOODS 31 .75
TEXTI LES 22 .12

RUBBER & PLASTI CS 30 .07

8. MANMADE FI BERS CHEM CALS 28 .74
& CHEM CALS TEXTI LES 22 .10
PETROLEUM REFI NI NG 29 .04

9. CHEM CALS CHEM CALS 28 .39
M NERALS 14 .10

PRI MARY METALS 33 .09



Table 4. (cont'd.)

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Sour ce:

PAPER

PRI NTI NG SERVI CES

PETROLEUM PRODUCTS

LUMBER & WOOD

STONE & POTTERY

CONCRETE & GLASS

METALS & FABR. METAL

MACHI NERY

NONELEC. MACHI NERY

TELECOM & ELECTRONI CS

M SCELLANEOUS MANUFACTURI NG

U. S. Bureau of the Census,

PAPER
CHEM CALS
RUBBER & PLASTI CS

I NSTRUVENTS
PRI MARY METALS
PAPER

PETROLEUM REFI NI NG
CHEM CALS
STONE, CLAY & GLASS

LUMBER
CHEM CALS
FABR. METALS

M NERALS
CHEM CALS
STONE, CLAY & GLASS

STONE, CLAY & GLASS
M NERALS
PAPER

PRI MARY METALS
FABR. METALS
CHEM CALS

PRI MARY METALS
MACHI NERY, ELEC.
FABR. METALS

MACHI NERY, NONELEC.
PRI MARY METALS
MACHI NERY, ELEC.

MACHI NERY, ELEC.
PRI MARY METALS
FABR. METALS

FABR. METALS
PRI MARY METALS
MACHI NERY, ELEC.

Census of Manuf act ures,

1982,

and the Longitudi nal

Research Dat a Base.



SIC

2041
2044
2046
2061
2063
2074
2075
2083
2095

2037
2076

2141
2211
2033

SIC

2013
2021
2062
2067
2077
2079
2087

2034!
2048*
2066*
2099*

2035
2084

APPENDI X |
PSEUDO 2-DIG T AND 3-DI QT CLUSTERS

CLUSTER 1: FOOD PRODUCTS - CROP USI NG

PSEUDO 3-DIG T TITLE

AR IAD

0o
[epNe]

127
134
136

Fl our and other grain mill products
Rice mlling
Wet corn mlling

Cane sugar, except refining only
Beet sugar

Cottonseed oil mlls

Soybean oil mlls

Mal t

Roast ed cof f ee

Frozen fruits, fruit juices and vegetables
Vegetable oil nills, except corn, cottonseed, and soybean

Tobacco steming and redrying
Broad woven fabric mlls, cotton

Canned fruits, vegetables, preserves, janms, and jellies

CLUSTER 2: FOOD PRODUCTS - PROCESSED FOOD USI NG

PSEUDO 3-DIG T  TITLE

Sausages and ot her prepared neat products
Creanery butter

Cane sugar refining

Chewi ng gum

Ani mal and marine fats and oils
Shortening, table oils, margarine and other edible fats, nec
Fl avoring extracts and flavoring syrups, nec

Dried and dehydrated fruits, vegetables and soup m xes
Prepared feeds and feed ingredients for animals, nec
Chocol ate and cocoa products

Food preparations, nec

Pickled fruits and vegetabl es, sauces and seasoni ngs
W nes, brandy, and brandy spirits



2038
2045
2052
2024
2051
2065
2098

20321
20861

2017
2022
2023
20471
20851
3111
20821

20431

111
125

132

138

CLUSTER 2: FOOD PRODUCTS - PROCESSED FOOD USI NG ( Cont' d)
Frozen specialties
Bl ended and prepared fl our
Cooki es and crackers
I ce cream and frozen deserts
Bread and ot her bakery products, except cookies and crackers
Candy and ot her confectionery products
Macaroni, spaghetti, vernicelli, and noodl es

Canned specialties
Bottl ed and canned soft drinks and carbonated waters

Poul try and egg processing

Cheese, natural and processed

Condensed and evaporated m |k

Dog, cat and other pet food

Distilled, rectified, and bl ended |iquors
Leat her tanning and fi ni shing

Mal t bever ages

Cer eal breakfast foods

! Conbined to formthe 20th cluster.



SIC

2011
2016
2026

SIC

2111
2121
2131

SIC

2253
2259
2311
2321
2322
2323
2327
2328
2329
2331
2335
2337
2339
2341
2342
2361
2363
2369
2381
2384
2385
2389
2391
2392

PSEUDO 3-DIG T
23

23
23

PSEUDO 3-DIG T
38

38
38

PSEUDO 3-DIG T

RPRRPRPRPRRPRPRPRERREPRRERRERRR R R R R R R

CLUSTER 3: FOOD PRODUCTS - LI VESTOCK USI NG
TI TLE

Meat packing plants
Poul try dressing plants
Fluid mlk

CLUSTER 4: TOBACCO PRODUCTS
TI TLE

Cigarettes
Cigars
Tobacco (chewi ng and snoking) and snuff

CLUSTER 5: APPAREL & TEXTI LE PRODUCTS
TI TLE

Knit outerwear mlls

Knitting mlls, nec

Men's, youths', and boys' suits, coats, and overcoats
Men's, youths', and boys' shirts and ni ghtwear

Men's, youths', and boys' underwear

Men's, youths', and boys' neckwear

Men's, youths', and boys' separate trousers

Men's, youths', and boys' work clothing

Men's, youths', and boys' clothing, nec

Wonen's, nisses', and juniors' blouses, waists, and shirts
Wonen's, nisses', and juniors' dresses

Wonen's, misses', and juniors' suits, skirts, and coats
Wonen's, nmisses', and juniors' outerwear, nec

Wonen's, misses', children's, and infants' underwear and ni ghtwear
Brassieres, girdles, and allied garments

Grls', children's, and infants' dresses, blouses, & shirts
Grls', children's, and infants' coats and suits

Grls', children's,; and infants' outerwear, nec

Dress and work gl oves, except knit and all-I| eather

Robes and dressi ng gowns

Rai ncoats and ot her waterproof outer garnents

Apparel and accessories, nec

Curtains and draperies

House furnishings, except curtains and draperies



2393

SIC

2395
2396
2397
2399

2231
2252
2254
2262
2269
2283
2394

SIC

2257
2261
2284
2292
2295

2515
3161

2512
3142

3021
3842
3942

PSEUDO

w

e

O ©O©OOOOoo

PSEUDO 3-DIG T

112
133

O
@
_|

Textil e bags
CLUSTER 5: APPAREL & TEXTILE PRODUCTS (Cont' d)
TI TLE

Pl eating, decorating and novelty stitching

Aut onotive trinm ngs, apparel findings and rel ated products
Schiffli machi ne enbroideries

Fabricated textile products, not el sewhere classified

Broad woven fabric mlls, wool

Hosi ery, except wonen's full length and knee | ength hosiery
Knit underwear mlls

Fi ni shers of broad woven fabrics of man-made fiber and silk
Fi ni shers of textiles, not el sewhere classified

Yarn mills, wool, including carpet and rug yarn

Canvas and rel ated products

CLUSTER 6: M SCELLANEQUS TEXTI LE PRODUCTS
TI TLE
Circular knit fabric mlls
Fi ni shers of broad woven fabrics of cotton
Thread mlls
Lace goods
Coat ed fabrics, not rubberized

Mattresses and bedsprings
Luggage

Wood househol d furniture, uphol stered
House sli ppers

Rubber and pl astics footwear
Ot hopedic, prosthetic, and surgical supplies

Dol |'s



CLUSTER 7: LEATHER APPAREL
SIC PSEUDO 3-DIG T TI TLE

2387 7 Apparel belts

3151 7 Leat her gl oves and nittens

3171 7 Worren' s handbags and purses

3172 7 Per sonal |eather goods, except wonen's handbags and purses
2386 17 Leat her and sheep |ined cl othing

3199 17 Leat her goods, nec

3131 48 Boot and shoe cut stock and findings

3143 48 Men's footwear, except athletic

3149 48 Foot wear, except rubber, nec

3144 107 Woren' s footwear, except athletic

CLUSTER 8: MANMADE FI BERS & CHEM CAL PRODUCTS
SIC PSEUDO 3-DIG T TI TLE

2251 12 Wworen's full length and knee | ength hosiery

2293 12 Paddi ngs and uphol stery filling

2294 12 Processed waste and recovered fibers and flock
3011 12 Tires and inner tubes

3291 12 Abr asi ve products

2221 18 Broad woven fabric nmills, manmade fiber and silk
2258 18 Warp knit fabric mlls

2291 18 Felt goods, except woven felts and hats

2299 18 Textil e goods, nec

2282 27 Yarn texturizing, throwing, twisting, and winding mlls
2297 27 Nonwoven fabrics

2298 27 Cordage and twi ne

2824 27 Synthetic organic fibers, except cellulosic

3334 27 Primary production of al umi num

2296 31 Tire cord and fabric

2831 31 Bi ol ogi cal products

2833 31 Medi ci nal chenical s and botani cal products

2851 31 Pai nts, varnishes, |acquers, enanels, and allied products



2865
2879
2892

SIC

2893
3471
3963

2843
2891
2899

2834
2841
3079

2821
2869

2281

SIC

2842
2844

3229
3296

3293
3479
3482

2816
2819

2812
2875
3292

31
31
31

PSEUDO 3-DIG T

31
31
31

32
32
32

PSEUDO 3-DIG T

50
50

54
54

56
56
56

71
71

Cyclic (coal tar) crudes, and cyclic intermedi ates
Pesticides and agricultural chem cals, nec
Expl osi ves

CLUSTER 8: MANMADE FI BERS & CHEM CAL PRODUCTS ( Cont' d)

TI TLE

Printing ink
El ectropl ating, plating, polishing, anodizing and col oring
But t ons

Surface active agents, finishing agents, sulfonated oils
Adhesi ves and seal ants
Cheni cal s and chem cal preparations, nec

Phar maceuti cal preparations
Soap and ot her detergents, except specialty cleaners
M scel | aneous pl astics products

Pl astics materials, resins, and nonvul cani zabl e el astoners
I ndustrial organic chemnicals, nec

Yarn spinning mlls: cotton, man-nade fibers and silk

CLUSTER 9: CHEM CAL PRODUCTS
TI TLE

Speci alty cl eaning, polishing, and sanitation preparations
Perfunes, cosnetics, and other toilet preparations

Pressed and bl own gl ass and gl assware, nec
M neral wood

Gaskets, packing, and sealing devices
Coating, engraving, and allied services, nec
Smal | arms anmuni tion

I norgani ¢ pi gnents
Industrial inorganic chenicals, nec

Al kal i es and chl orine
Fertilizers, mixing only
Asbest os products



3041
3069

3211

SIC

3299
2873
2911

SIC PSEUDO 3-DIG T

2097
2642
2645
2647
2648
2649
2651
2652
2653
2654
2711
2721
2731
2741
2761
2771

2641
2643
2754
2823

2732
2751
2752

2789
3955

89
89

94

PSEUDO 3-DIG T

115
123
124

WWWWWWWWWWwWwwwwww

Rubber and pl astics hose and belting
Fabricated rubber products, nec

Fl at gl ass
CLUSTER 9: CHEM CAL PRODUCTS (Cont' d)
TI TLE
Nonnetal i c mineral products, nec
Ni t rogenous fertilizers
Petrol eum refini ng
CLUSTER 10: PAPER PRODUCTS
TI TLE

Manuf actured ice

Envel opes

Di e-cut paper and paperboard and cardboard

Sani tary paper products

Stationery, tablets and related products
Converted paper and paperboard products, nec
Fol di ng paperboard boxes

Set - up paperboard boxes

Corrugated and solid fiber boxes

Sanitary food containers

Newspapers: publishing, publishing and printing
Peri odi cal s: publishing, publishing and printing
Books: publishing, publishing and printing

M scel | aneous publi shi ng

Mani f ol d busi ness forns

Geeting card publishing

Paper coating and gl azing
Bags, except textile bags
Commercial printing, gravure
Cel | ul osi ¢ man-nade fibers

Book printing
Commercial printing, letterpress and screen
Commercial printing, |ithographic

Bookbi ndi ng and rel ated work
Car bon paper and inked ribbons



2646 85 Pressed and nol ded pul p goods
3962 85 Feat hers, plunes, and artificial trees and flowers

2621 90 Paper mlls, except building paper nmlls



CLUSTER 10: PAPER PRODUCTS (Cont'd)
SIC PSEUDO 3-DIG T TI TLE

2655 102 Fi ber cans, tubes, drums, and sinilar products
3221 108 d ass contai ners
3996 109 Li nol eum asphalted-felt-base, and other hard surface floors

CLUSTER 11: PRI NTI NG SERVI CES
SIC PSEUDO 3-DIG T TI TLE

2793 49 Phot oengr avi ng

2795 49 Li t hographi c pl at enaki ng and rel ated services

2791 78 Typesetting

3873 78 Wat ches, cl ocks, clockwork operated devices, and parts
2753 106 Engravi ng and plate printing

CLUSTER 12: PETROLEUM PRODUCTS
SIC PSEUDO 3-DIG T TI TLE

2822 59 Synt heti c rubber (vul cani zabl e el ast oners)
2992 59 Lubricating oils and greases

3624 59 Carbon and graphite products

2895 75 Car bon bl ack

2999 75 Products of petrol eum and coal, nec

2951 97 Pavi ng mi xtures and bl ocks

2952 129 Asphalt felts and coatings

CLUSTER 13: LUMBER AND WOOD PRODUCTS
SIC PSEUDO 3-DIG T TI TLE
2426 5 Har dwood di nension and flouring mlls

2431 5 M | | wor k
2435 5 Har dwood veneer and pl ywood



2436

SIC

2439
2441
2448
2449

2491
2499
2611

2434
2452
2511
2517
2521

2421
2429

2492

SIC

3261
3262
3263
3269

5

Sof t wod veneer and pl ywood

CLUSTER 13: LUMBER AND WOOD PRODUCTS ( Cont' d)

PSEUDO 3-DIG T TI TLE

o1 o1 o1 ol

PSEUDO 3-DIG T

DO

Structural wood nmenbers, not el sewhere cl assified
Nai | ed and | ock corner wood boxes and shook

Wood pal l ets and skids

Wbod cont ai ners, not el sewhere cl assified

Wbod preserving
Wbod products, nec
Pulp mills

Wood ki tchen cabi nets

Prefabricated wood buil di ngs and conmponents
Wbod househol d furniture, except uphol stered
Wood tel evision, radio, and phonograph cabinets
Wood office furniture

Sawnil|s and planing nills, genera
Speci al product sawnills, not el sewhere classified

Particl eboard

CLUSTER 14: STONE & POTTERY PRODUCTS
TI TLE

Vitreous china plunmbing fixtures and china

Vitreous china table and kitchen articles

Fi ne earthenware (whiteware) table and kitchen articles
Pottery products, nec



CLUSTER 14: STONE & POTTERY PRODUCTS (Cont' d)
SIC PSEUDO 3-DIG T TI TLE

3251 34 Brick and structural clay tile

3253 34 Ceranmic wall and floor tile

3259 34 Structural clay products, nec

3274 67 Li ne

3281 67 Cut stone and stone products

3295 67 M neral s and earths, ground or otherw se treated
2874 95 Phosphatic fertilizers

3264 137 Porcel ain el ectrical supplies

CLUSTER 15: CONCRETE & GLASS PRODUCTS
SIC PSEUDO 3-DIG T TI TLE

3241 43 Cenent, hydraulic

3271 43 Concrete bl ock and brick

3273 43 Ready-m xed concrete

3297 43 Noncl ay refractories

3231 81 G ass products, made of purchased gl ass

3671 81 Radi o and tel evision receiving type electron tubes
3641 91 El ectric | anps

3851 92 Opht hal m ¢ goods

3255 121 Clay refractories

3272 139 Concrete products, except block and brick

3275 140 Gypsum product s



SIC PSEUDO 3-DIG T

3315
3316
3317
3333
3341
3351
3353
3354
3355
3356
3362
3441
3444
3446
3448
3449
3462
3489
3496
3914

3361
3369
3412
3425
3443
3451
3452
3463
3465
3469
3493
3495
3498
3499
3544
3545
3599
3795

00 00 00 0O 0O 0O 00 00 00 0O 0O 0O OO0 00 0O 0O 00 O NNNNNNNNNNNNNNNNNNNN

CLUSTER 16: METALS & FABRI CATED METAL PRODUCTS
TI TLE

Steel wire drawing and steel nails and spikes
Cold rolled steel sheet, strip, and bars

St eel pipe and tubes

Primary snelting and refining of zinc

Secondary snelting and refining of nonferrous nmetals
Rol I'i ng, draw ng, and extrudi ng of copper

Al um num sheet, plate, and foi

Al um num ext ruded products

Alum numrol ling and drawi ng, nec

Rol |, draw, and extrude of nonferrous netals
Brass, bronze, copper, copper base alloy foundries
Fabricated structural netal

Sheet metal work

Architectural and ornanmental netal work
Prefabricated nmetal buil dings and components

M scel | aneous netal work

Iron and steel forgings

Ordnance and accessories, nec

M scel | aneous fabricated wire products

Silverware, plated ware, and stainless steel ware

Al um num foundries (castings)

Nonferrous foundries (castings), nec

Met al shi pping barrels, drunms, kegs, and pails
Hand saws and saw bl ades

Fabricated plate work (boiler shops)

Screw machi ne products

Bolts, nuts, screws, rivets, and washers

Nonf errous forgings

Aut onpt i ve st anpi ngs

Met al st anpi ngs, nec

Steel springs, except wire

Wre springs

Fabricated pipe and fabricated pipe fittings
Fabricated metal products, nec

Special dies and tools, die sets, jigs and fixtures
Machi ne tool accessories and neasuring devices
Machi nery, except electrical, nec

Tanks and tank conponents



CLUSTER 16: METALS AND FABRI CATED METAL PRODUCTS ( Cont' d)
SIC PSEUDO 3-DIG T TI TLE

3321 15 Gray iron foundries

3322 15 Mal | eabl e iron foundries

3324 15 Steel investnent foundries

3339 15 Primary snelting and refining of nonferrous netals, nec
3442 15 Met al doors, sash, frames, molding, and trim

2542 25 Metal partitions, shelving, |ockers, and office fixtures
3411 25 Metal cans

3423 25 Hand and edge tools, except machine tools and hand saws
3431 25 Enanel ed iron and netal sanitary ware

3432 25 Plunmbing fixture fittings and trim (brass goods)

3433 25 Heat i ng equi pnent, except electric and warm air furnaces
3592 25 Carburetors, pistons, piston rings and val ves

3675 25 El ectroni c capacitors

3564 30 Bl owers and exhaust and ventilation fans

3612 30 Power, distribution, and specialty transforners

3677 30 El ectronic coils, transformers and other inductors

3843 30 Dent al equi prrent and supplies

3357 33 Drawi ng and insulating of nonferrous wire

3466 33 Crowns and cl osures

3644 33 Noncurrent-carrying wring devices

3911 51 Jewel ry, precious netal

3915 51 Jewel ers' findings and materials, and | apidary work



SIC PSEUDO 3-DIG T

3429
3483
3484
3494
3568
3714

3325
3535
3542
3546
3549
3551
3552
3554
3567
3621
3623
3636

3536
3559
3566
3569
3643
3678
3824

3534
3555
3629
3648
3699

3541
3553
3561
3576
3582

3581
3589
3676

CLUSTER 17: MACHI NERY

TI TLE

Har dwar e, nec

Anmruni ti on,
Smal | arns
Val ves and
Mechani cal

except for small arms, nec

pipe fittings, except plunbers' brass goods
power transmni ssion equi pment, nec

Mot or vehicle parts and accessories

Steel foundries, nec

Conveyors and conveyi ng equi prment
Machi ne tools, netal form ng types
Power driven hand tools

Met al wor ki ng machi nery, nec

Food products machinery

Textil e machinery

Paper industries machinery

I ndustri al
Mot ors and

process furnaces and ovens
generators

Wel di ng apparatus, electric
Sewi ng machi nes

Hoi sts, industrial cranes, and nmonorail systens

Speci al industry machi nery, nec

Speed changers, industrial high speed drives, and gears
General industrial machinery and equi prent, nec
Current-carrying wring devices

Connectors,
Total i zi ng

for electronic applications
fluid neters and counting devices

El evators and novi ng stairways
Printing trades nmachi nery and equi prment

El ectri cal

i ndustrial apparatus, nec

Li ghting equi pnment, nec

El ectri cal

machi nery, equi pnent and supplies, nec

Machi ne tools, netal cutting types
Woodwor ki ng machi nery
Punps and punpi ng equi prent

Scal es and
Commer ci al

bal ances, except |aboratory
i ndustry, dry cleaning, and pressing machines

Aut omat i ¢ mer chandi si ng nachi nes
Servi ce industry machi nes, nec

Resi st ors,

for electronic applications



3679 36 El ectroni c conponents, nec
CLUSTER 17: MACHI NERY (Cont'd)
SIC PSEUDO 3-DIG T TI TLE

3822 36 Automatic controls for regulating environments
2514 37 Met al househol d furniture

2522 37 Metal office furniture

3421 37 Cutlery

3497 37 Metal foil and | eaf

3613 40 Swi t chgear and swi t chboard appar at us

3646 40 Commercial, industrial, and institutional electric fixtures
3533 45 Ol field machinery and equi prent

3562 45 Ball and roller bearings

3631 46 Househol d cooki ng equi prent

3633 46 Househol d | aundry equi prrent

3639 46 Househol d appl i ances, nec

3634 53 El ectric housewares and fans

3635 53 Househol d vacuum cl eaners

3647 53 Vehi cul ar 1ighting equi pnent

3715 57 Truck trailers

3743 57 Rai | road equi pnent

3799 57 Transportation equi pnent, nec

2531 70 Public building and related furniture

2599 70 Furniture and fixtures, nec

3565 70 I ndustrial patterns

3645 72 Residential electric lighting fixtures

3694 72 El ectrical equipnent for internal conbustion engines
3999 72 Manuf acturing industries, nec

3312 76 Bl ast furnaces, steel works, and rolling mlls
3313 76 El ectronetal | urgi cal products

2591 77 Drapery hardware and wi ndow bl inds and shades

3964 77 Needl es, pins, hooks and eyes, and sinilar notions

3691 110 St orage batteries



2794 131 El ectrotypi ng and stereotyping

3331 135 Primary snelting and refining of copper

CLUSTER 18: NONELECTRI CAL MACHI NERY
SIC PSEUDO 3-DIG T TI TLE

3519 39 I nternal conbustion engi nes, nec

3523 39 Farm machi nery and equi prment

3532 39 M ni ng machi nery and equi pnent, except oil field
3563 39 Air and gas conpressors

3585 39 Air conditioning and warm air heating equi pment
3586 39 Measuring and di spensi ng punps

3731 39 Ship building and repairing

3573 58 El ectroni ¢ conputing equi pnent

3574 58 Cal cul ati ng and accounting machi nes, except el ectronic
3579 58 O fice nachines, nec

3524 63 Garden tractors and | awn and garden equi pnent

3537 63 Industrial trucks, tractors, trailers, and stackers
3547 63 Rolling mill nachinery and equi prent

3632 66 Househol d refrigerators and home and farm freezers
3732 66 Boat buil ding and repairing

3751 101 Mot orcycl es, bicycles, and parts

CLUSTER 19: TELECOMMUNI CATI ONS EQUI PMENT
SIC PSEUDO 3-DIG T TI TLE

3622 35 Industrial controls

3651 35 Radi o and tel evision receiving sets, except conmmunication
3661 35 Tel ephone and tel egraph apparat us

3662 35 Radi o and television transnmitting, signaling, and detection
3693 35 Radi ogr aphi c, fluoroscopic, and therapeutic X-ray apparatus
3769 35 Gui ded nissile and space vehicle parts and equi pnent, nec

3761 116 Gui ded mi ssiles and space vehicles



SIC PSEUDO 3-DIG T

3674
3811
3823
3829

3713
3724

3511
3728

3716
3721
3764

2091°
20922

3652
3944

3825
3832

3692
3949

2451
3792

2631
2661

3841
3993

3995

64
64

65
65

68
68

69
69

73
73

84
84

88
88

98

CLUSTER 20:

TI TLE

M SCELLANEQUS MANUFACTURI NG

Seni conductors and rel ated devi ces

Engi neeri ng,
I ndustri al

| aboratory, scientific, & research instrunents
instrunments for measurenent, display

Measuring and controlling devices, nec

Truck and bus bodies

Aircraft engi nes and engine parts

St eam

gas, and hydraulic turbines, and turbine generators
Aircraft parts and auxiliary equi pmrent, nec

Mot or Hones Produced on Purchased Chassis
Aircraft
Gui ded missile and space vehicle propul sion units

Canned and cured fish and seaf oods
Fresh or frozen packaged fish and seaf oods

Phonogr aph records and prerecorded magnetic tape
toys, and children's vehicles

Ganes,

Instruments for neasuring and testing of electricity
instruments and | enses

Optica

Primary batteries,

dry and wet

Sporting and athletic goods, nec

Mobi | e
Travel

hones

trail ers and canpers

Paperboard mlls
Bui | di ng paper and buil ding board mlls

Sur gi cal and nedi cal
Signs and advertising displays

Buri al

casket s

i nstruments and appar at us



2541
3991
3861

SIC

3952
3953
3931
3951
2782
2519
3031
3711
3961
2861
2411
3332
3531

99
100
103

PSEUDO 3-DIG T
104
105
113
114
117
118
119
120
126
128
141
142

143

Wyod partitions, shelving, |ockers, and office fixtures
Broons and brushes
Phot ogr aphi ¢ equi pnent and supplies
CLUSTER 20: M SCELLANEQUS MANUFACTURI NG (Cont'd.)
TI TLE
Lead pencils, crayons, and artists' materials
Mar ki ng devi ces
Musi cal instrunments
Pens, mechanical pencils, and parts
Bl ankbooks, | oosel eaf binders and devices
Househol d furniture, nec
Recl ai med rubber
Mot or vehi cl es and passenger car bodies
Costune jewelry and costune novelties
Gum and wood cheni cal s
Loggi ng canps and | oggi ng contractors
Primary snelting and refining of |ead

Construction machi nery and equi pnent

2 Conbined to form 21st cluster.



SIC PSEUDO 3-DIG T

2241
2271
2272
2279
2351
2352
2371
2813
3398
3399

Sour ce:

THOSE | NDUSTRI ES W THOUT DETAI LED MATERI ALS RECORDS

TI TLE

Narrow fabrics and other smallwares mlls
Woven carpets and rugs

Tufted carpets and rugs

Carpets and rugs, not el sewhere classified

MIlinery
Hats and caps, except nillinery
Fur goods

I ndustrial gases
Met al heat treating
Pri mary netal products, nec

U.S. Bureau of the Census, Census of Munufactures, 1982,

and the Longitudi na

Research Dat a Base.
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