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Methodology

1. Detailed Clustering Methodology

Several attempts to identify clusters of industries related through input-output (I-O) linkages
were made in the early 1970s.! Variants of these techniques were undertaken in the course of this
study and compared. For the most part, results were similar for each methodology, with the number of
derived clusters ranging from 22 to 28. Although no other I-O based, comprehensive cluster analyses
of the type performed here have been attempted with recent U.S. input-output accounts, the results of
this analysis are strikingly consistent with earlier studies that employed much older tables. Though the
number of clusters is fewer in earlier studies (probably given the use of more aggregated I-O tables),
the types of clusters are similar to those derived here. This section of the appendix describes the
sequence of procedures used in the cluster analysis, including each of the major approaches
investigated and the basic measures of sales/purchase relationships used to analyze inter- and intra-
cluster linkages.

1.1 Input-Output/SIC Code Concordance

The 1987 benchmark U.S. input-output accounts, released by the Bureau of Economic Analysis
(BEA) in late 1994, constitute the basic data source for this analysis.2 The I-O accounts use two
classification systems, one for industries and another for commodities. Although the I-O industry
classification system is based on the SIC system, two types of adjustments made by the BEA to that
system, called redefinitions and reclassifications, mean that there is an imperfect concordance between
I-O industries and SIC industries. The adjustments involved are relatively minor in volume of output
terms and the vast majority of manufacturing industries are not affected at all.

Nevertheless, two manufacturing SIC industries, 2819 and 3999, each of which span two I-O
industries, had to be assigned to single, unique I-O industries in order to make use of the North
Carolina wage and employment data used to compare cluster sizes and growth rates. For the purposes
of carrying out the first clustering approach described below, and in the descriptive sections of the
report where wages, estimated output, and employment figures (and associated ratios and growth rates)
are provided, judgement was used to assign 2819 and 3999 to unique I-O sectors. The issue of SIC/I-O
concordance does not affect the final statistical approach used to derive the clusters reported in this
document, though the analysis of cluster presence in North Carolina with wage and employment data is
still affected for these two manufacturing industries. These classification issues may affect any specific
analysis of sectors 2819 and 3999.

! See “Spatial association and economic linkages between industries,” by M. E. Streit (Journal of
Regional Science 9: 177-88, 1969); “A new approach to the identification of industrial complexes using input-
output data,” by H. Roepke, D. Adams, and R. Wiseman (Journal of Regional Science 14: 15-29, 1974); and
Study of Clustering of Industries, by S. Czamanski (Halifax, Canada: Institute of Public Affairs, Dalhousie
University).

* Benchmark Input-Output Accounts of the United States, 1987 (Washington, DC: Bureau of Economic
Analysis, U.S. Department of Commerce, November 1994).
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1.2 Principal Components Factor Analysis

Earlier studies have used a range of methodologies, including graph theory, triangularization,
and factor/principal components analysis for sorting industries into groups based on input-output
linkages.® This study employed principal components analysis with varimax rotation as the basic
methodology to derive clusters. Principal components factor analysis attempts to exploit the common
statistical variation among multiple variables to generate a reduced number of “principal components”
that represent linear combinations of the original set of variables. For this study, measures of
interindustry direct and indirect linkages computed from the input-output accounts for each sector were
treated as variables in a principal components analysis. The derived components were then rotated to a
varimax solution to facilitate interpretation, where the decision regarding the number of components to
rotate was made based on the relative proportion of variance explained by each component, the size of
the associated eigenvalues, and scree plots.* Multiple analyses were conducted, for each set of
interindustry linkage specifications (described below), using alternative assumptions regarding the
number of rotated factors. The results were then compared for consistency and interpretability.

1.3 Identifying Industrial Clusters

For each factor, the analysis generates a set of loadi}zgs, which represent the correlations of the
variables with the factor. In the context of this study, the loadings provide a measure of the relative
strength of the linkage between a given industry and a derived factor, where the highest loading
industries on a given factor are treated as members of an industrial cluster. It is often regarded as
standard procedure in factor analysis to regard only loadings greater than .50 (in absolute value terms)
as significant or worthy of interpretation.® This approach, however, does not provide a means of
interpreting gradations in loadings. For example, industries with loadings exceeding .75 on a given
cluster might be regarded as closely linked to that cluster, while industries with loadings from .50 to
.75 and from .35 to .50 may be viewed as only moderately and weakly linked, respectively. For the
reasons described below, this study adopted a combination of rules of this type. The approach
achieved several useful objectives and yielded final results which both appeared plausible and facilitated
interpretation. But because any approach to delineating cluster industries from factor analysis output is

? See the review “Identification of industrial clusters and complexes: a comparison of methods and
findings,” by S. Czamanski and L. A. Ablas (Urban Studies 16: 61-80, 1979). A more recent study used
statistical cluster analysis to cluster sectors for Alberta, Canada (“An analysis of industrial clustering in the
Alberta economy,” by Peter Roberts, report submitted to the Strategic Planning and Research Branch, Alberta
Economic Development and Trade, September 1992). Census researchers also recently used statistical cluster
analysis to combine SIC sectors into groups that presumably shared the same production technologies (“The
classification of manufacturing industries: an input-based clustering of activity,” by T. A. Abbott and S. H.
Andrews, Staff Paper 90-7, Center for Economic Studies, August 1990). The most significant practical difference
between statistical cluster analysis and factor analysis is that the former yields mutually exclusive groups of
industries. Though this aids interpretation, it is unrealistic in the context of clusters based on functional input-
output linkages. Due to complex trading patterns, industries tend to belong to multiple clusters (though their links
to each cluster vary in strength). Factor analysis accommodates this complexity.

4 “Uses of factor analysis in counseling psychology research,” by H. E. A. Tinsley and D. J. Tinsley

(Journal of Counseling Psychology 34: 414-24, 1987) provides a summary of factor analysis techniques and
assumptions.

“Uses of factor analysis in counseling psychology research, op. cir.
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necessarily partially arbitrary, loadings are reported to allow readers to draw their own conclusions.®

In interpreting the factor analytic results to identify specific industrial clusters, an attempt was
made to reconcile several competing objectives. The primary objective of the study was to derive a set
of clusters based on the most significant linkages as revealed in the I-O data matrix. According to this
objective, the concern is to identify the industries with the tightest linkages to each cluster (i.e. the
highest loading industries for each factor), regardless of whether or not some of those industries are
also tightly linked to another cluster. A second objective was to identify, to the degree possible, a set
of mutually exclusive clusters in the sense that each sector would be assigned to only one cluster. Such
a result would facilitate cross-cluster comparisons of size and growth rates. It was not known before
the statistical analysis whether this objective could be reasonably met, given the first objective. The
third objective was to investigate the linkages both between clusters as well as between industries within
each cluster. Such linkages are sometimes revealed by an examination of sectors that are only
moderately or weakly related to each cluster, thus competing with the first objective.

The final set of clusters reported and analyzed throughout the text represent a compromise.
Each cluster contains a set of “primary” and “secondary” industries. Primary industries for a given
cluster are those sectors that achieved their highest loading on that factor and whose highest loading
was .60 or higher.” For example, SIC 277 (greeting cards) achieved its highest loading on the printing
and publishing cluster (cluster 6), and, since the loading (.90) is greater than or equal to .60, 277 is
classified as a primary industry for that cluster. Secondary industries for a given cluster are those
sectors that achieved loadings on the cluster equivalent to or greater than .35 but less than .60. For
example, 3652 (prerecorded records and tapes) achieved a loading of .54 on the cluster 6 and is thus
classified as a secondary industry for the cluster. For some clusters, the set of secondary industries
also includes industries with loadings exceeding .60 but that achieved their highest loading on a
different cluster. While SIC 2677 (envelopes) achieved a loading of .68 on cluster 6, it achieved a still
higher loading on cluster 1 (metalworking). Therefore, it is classified as a primary industry for the
metalworking cluster and a secondary industry for the printing and publishing cluster.

As a general rule, primary industries are those that are most tightly linked to a given cluster
while secondary industries are those that are less-tightly or moderately linked. Considering only
primary industries yields a set of mutually exclusive industrial clusters that can be used for cross-
comparison purposes. But some caution should still be exercised in interpreting the clusters derived on
this basis since some “secondary” industries (such as SIC 2677 in the above example), are actually
more tightly linked to a given cluster than a few of the primary industries in the same cluster.® Since
only twelve industries fall into this category, and since none of the secondary loadings of these
industries exceed .70, the advantages of deriving a set of mutually exclusive clusters were viewed as
significant enough to warrant the more pragmatic approach. Nevertheless, clusters both inclusive and

§ Loadings are reported for each interpreted cluster in Table A.1 in Appendix 1. Because of space
constraints, the full 362 x 28 matrix of rotated factor loadings along with communalities is not reported. These
are available upon request.

7 This is a slightly more rigorous standard than the .50 standard used by Roepke, Adams, and Wiseman,
op. cit. The column labeled L1 in Tables A.1 reports, for each row industry, the cluster (factor) on which the
industry achieved its highest loading.

¥ With a loading of .68, secondary industry SIC 2677 is actually more tightly linked to cluster six than
primary industries SICs 274 (loading of .63), 3275 (.63), and 272 (.67).
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exclusive of the secondary industries are compared throughout the study where possible.
1.4  Four Alternative Approaches

While principal components factor analysis constitutes the basic methodology used to derive the
clusters, alternative subsets of industries and measures of inter-industry linkage were tested and
compared. For each approach, an interindustry data matrix was developed, multiple factor analyses
were performed using alternative factor rotation assumptions, and the resulting set of clusters was
inspected and compared to previous results. In all cases, actual input-output linkages between
industries in the clusters were examined to determine the plausibility of the result.

First Approach. As an initial approach, manufacturing industries with non-zero employment in
North Carolina were clustered together based on their estimated patterns of commodity use and
production, as revealed by the U.S. make and use tables (an assumption of identical technology). This
involved the scaling of the use and make tables with North Carolina wage data, followed by the factor
analysis on the resulting matrices. Note that no assumptions were made regarding where, in
geographic terms, North Carolina industries purchase their inputs or sell their outputs.

The 478 x 519 U.S. use matrix (U) reports the dollar value of each of 519 commodities used by
each of 478 producing U.S. I-O industries.” U was reduced to a 362 x 519 manufacturing use matrix
(Uw) since this study is concerned with clustering only manufacturing industries. Given 362 x 1
vectors of total manufacturing wages by industry for the U.S. (wys,,) and North Carolina (Wnc), @
362 x 519 scaled use matrix (Uyc) was derived that reports the estimated dollar value of 519
commodities used by 362 North Carolina I-O industries:

s -1 _
Uy * (diag(wyey)) =Upw

Upw  (diag(wye ) = Uy

Each cell entry in Uy, is the ratio of 1987 output of commodity i purchased by U.S. I-O industry j to
the total 1987 wages paid by industry j. In deriving Uy, it is assumed that the ratio of commodity use
to wages is the same in North Carolina in 1994 as for the nation as a whole in 1987.

In the third quarter of 1994, North Carolina possessed 328 of 362 manufacturing I-O
industries. Applying the factor analysis to the resulting 328 x 519 data matrix clustered industries
based on commodity use patterns.'® Repeating similar matrix operations and factor analysis for the
make matrix generated clusters based on commodity production patterns.

Second Approach. While the first approach revealed differences in clustering based on
commodity use and production patterns, it provided no means of jointly evaluating interindustry

® One of the “industries” in the use table is an inventory valuation adjustment (I-O code 85.0000) and
three “commodities” are not directly produced by business enterprises (noncomparable imports--1-O 80.0000,
used and secondhand goods--I-O 81.0002, and rest of the world adjustment to final uses--I-O 83.0001).

1% Note that the reduced 328 x 519 Uy matrix is identical, in terms of the factor analysis, to a 328 x 519
Uy, matrix (where the industries without a presence in North Carolina are removed); the use of North Carolina

wages to adjust the use matrix provides a simple means of performing this basic adjustment.
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linkages to derive one set of clusters. Thus it made both the final derivation of clusters considerably
more complicated and the interpretation of any final result more difficult. The second approach
employed the methodology of Roepke, Adams, and Wiseman.!! First, a standard 478 x 478
interindustry transactions matrix (T) was derived from an adjusted use matrix U,, 2 516 x 1 vector of
commodity outputs (O¢), and a 516 x 478 commodity by industry make matrix (M):'

M (diag(0.))"'U=T

Each cell (a;), in T gives the dollar value of goods and services sold in 1987 by row industry i to
column industry j. Since industries may be related by both input and output patterns, a symmetric
matrix Ly was derived from T such that,

aU.+aﬂ—t,.j

Each column in L, gives the pattern of total (input and output) linkage between the given column
industry and every other (row) industry. Eliminating non-manufacturing industries from the columns
of and rows of L and subjecting to the resulting 362 x 362 data matrix to the factor analysis generated
28 clusters." g

Third Approach. A detailed inspection of several clusters derived via the second approach
revealed that evidence of indirect linkages, e.g. relationships between sectors based on links between
second and third tier buyers and suppliers, were largely absent from the groupings. The third approach
employed a slightly different interindustry linkage measure. Given, for each industry, total
intermediate good purchases (p) and sales (s), the type of functional relationship between any two
industries, 7 and j, may be expressed in terms of four coefficients (where a is defined as above):'

a. a. a a

= _V - _Jt - i
x,j——, xﬂ_—’ y,j__! yﬂ_

3 P, s, 5;

Each coefficient is an indicator of dependence between i and j, in terms of relative purchasing and sales
links:

"' “A new approach to the identification of industrial complexes using input-output data,” ibid.

"2 This operation invokes the “industry-based technology assumption,” which assumes that the total
output of a given commodity is provided by industries in fixed proportions. See Benchmark Input-Output
Accounts, ibid., and Inpur-Output Analysis: Foundations and Extensions by R. E. Miller and P. D. Blair
(Englewood Cliffs, NJ: Prentice-Hall, 1985). U, is U with noncomparable imports, secondhand goods, and rest
of the world adjustment to final uses removed. These “commodities” are not reported in the make matrix since
they are not produced goods. '

** Factor analyses were run on both the 362 x 362 data matrix and a 479 x 362 matrix where non-
manufacturing industries were not eliminated from the rows of L;. Retaining non-manufacturing industries in the
rows of the data matrix allows manufacturing industries to cluster together based on similarities in their non-
manufacturing input/output patterns. These non-manufacturing patterns tended to dominate the analysis such that
fewer, larger, and less interpretable clusters resulted.

"4 Study of Clustering of Industries, ibid.
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x; X;: intermediate good purchases by j (i) from i (j) as a proportion of j’s (i’s) total

intermediate good purchases. A large value for x;, for example, suggests that
industry j depends on industry { as a source for a large proportion of its total

intermediate inputs.

Yy ¥i: intermediate good sales from i (j) to j ({) as a proportion of i’s (j’s) total
intermediate good sales. A large value for y;, for example, suggests that i
depends on industry j as a market for a large proportion of its total intermediate
good sales. '

Selecting the largest of the four coefficients for each pair of manufacturing industries yielded a
symmetric 362 x 362 data matrix Ly;, which, when subjected to principal components analysis,
generated 22 clusters largely similar to those derived via the second approach, though a larger number
of industries failed to fall into any clusters. Again, indirect linkages between industries were only
partially evident.

Fourth Approach. A final clustering approach used correlation analysis to define interindustry
linkages between pairs of industries. Rather than measure the functional linkage between two
industries in isolation (as in the second and third approaches), correlation analysis permits the
assessment of linkages between pairs of industry based on their total patterns of sales and purchases
across multiple industries. Each column (x) in a matrix of x’s, X, gives the intermediate input
purchasing pattern of the column industry. Each column (y) in a matrix of y’s, Y, gives the
intermediate output sales pattern of the column industry. Four correlations describe the similarities in
input-output structure between two industries / and m:

I(Xy'Xy) measures the degree to which industries / and m have similar input purchasing
patterns;

1(y;'yn) measures the degree to which / and m possess similar output selling patterns,
i.e. the degree to which they sell goods to a similar mix of intermediate input
buyers;

I(X;'y,) measures the degree to which the buying pattern of industry / is similar to the
selling pattern of industry m, i.e. the degree to which industry / purchases
inputs from industries in which m supplies;

r(yrx,) measures the degree to which the buying pattern of industry m is similar to the
selling pattern of industry /, i.e. the degree to which industry m purchases
inputs from industries in which / supplies.

The four correlations were calculated for each pair of industries using two specifications of X
and Y. The first specification consisted of buying and selling patterns for 362 manufacturing industries
across all other manufacturing industries (362 x 362 matrices). The second specification consisted of
buying and selling patterns for 362 manufacturing industries across all other industries, both
manufacturing and non-manufacturing (478 x 362 matrices). Interindustry correlations calculated using
the second specification of X and Y also account for similarities in manufacturing industries’
sales/purchase patterns to/from non-manufacturing industries (e.g. construction, wholesaling, services).

Deriving the correlations from the first set of X and Y matrices and selecting the largest of the
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four between each pair of industries yielded a 362 by 362 symmetric matrix, L,. Each column of L,
describes the pattern of linkage between the column industry and all other manufacturing industries.

Principal components factor analysis with varimax rotation identified 28 factors that together explain
nearly 90 percent of the variation in the data matrix. A close examination of several clusters derived
from the 28 factors suggested that the approach yielded clusters based.on both direct and indirect input-
output patterns. The clusters reported in this document are derived from the results of this factor

analysis.

Repeating the exercise for the second set of X and Y matrices generated 18 large and difficult-
to-interpret clusters. When correlations were calculated based on non-manufacturing as well as
manufacturing input-output patterns, non-manufacturing patterns tended to dominate the analysis for
some manufacturing industries. This led some technologically dissimilar industries to cluster together
based on similarities in non-manufacturing sales or purchases.

1.5

Deriving the Final Set of 23 Reported Clusters

Although the factor analysis generated 28 distinct factors, 5 of the factors yielded clusters
consisting of only a single primary industry and several secondary industries when the criteria
described above were applied. Since the linkages among industries in these groupings were especially

weak as indicated by the factor
loadings, and since the objective
of the study is to identify and
analyze multi-industry clusters,
these single-industry “clusters”
are not reported. Eigenvalues as
well as the shares of total and
common variance accounted for
by each factor are reported in
Table A.3. Factor loadings for
each cluster are too numerous to
reproduce here; these are available
upon request.

2. Estimated Output

Output estimates for the
U.S. (1993) and North Carolina
(1994) for each industry were
derived by multiplying total
industry wages in the relevant
year and the ratio of U.S. industry
output to wages in 1987, the latest
year for which detailed output data
are available. 1987 wage and
output data are from the 1987
U.S. Benchmark Input-Output
Accounts; 1993 and 1994 U.S.
and North Carolina industry wage
data are from the ES-202 program

Table A.3
Summary Resulits: Principal Components Factor Analysis

Eigen- % Total % Common
Factor Interpretation value Variance  Variance
Factor 1 Metalworking 90.50 25.0% 28.0%
Factor 2 Vehicle Manufacturing 40.27 11.1% 12.4%
Factor 3 Chemicals & Rubber 30.86 8.5% 9.5%
Factor 4 Electronics & Computers 22,91 6.3% 7.1%
Factor 5 Packaged Food Products 18.30 5.1% 5.7%
Factor 6 Printing & Publishing 15.96 4.4% 4.9%
Factor 7 Wood Products 14.35 4.0% 4.4%
Factor 8 Knitted Goods 12.49 3.4% 3.9%
Factor 9 Fabricated Textile Products 7.54 2.1% 2.3%
Factor 10 (Unreported) 6.05 1.7% 1.9%
Factor 11 Nonferrous Metals 5.64 1.6% 1.7%
Factor 12 Canned & Bottled Goods 5.37 1.5% 1.7%
Factor 13 Leather Goods 5.36 1.5% 1.7%
Factor 14 Aerospace 491 1.4% 1.5%
Factor 15 Feed Products 4.37 1.2% 1.4%
Factor 16 Platemaking & Typesetting 4.33 1.2% 1.3%
Factor 17 Aluminum 3.83 1.1% 1.2%
Factor 18 (Unreported) 3.77 1.0% 1.2%
Factor 19 Brake Products 3.59 1.0% 1.1%
Factor 20 Concrete, Cement, & Brick 3.53 1.0% 1.1%
Factor 21 Earthenware Products 3.09 0.9% 1.0%
Factor 22 Tobacco Products 2.82 0.8% 0.9%
Factor 23 (Unreported) 2.67 0.7% 0.8%
Factor 24 (Unreported) 2.47 0.7% 0.8%
Factor 25 Dairy Products 2.37 0.7% 0.7%
Factor 26 Petroleum 2.32 0.6% 0.7%
Factor 27  Meat Products 2.06 0.6% 0.6%
Factor 28 (Unreported) 1.90 0.5% 0.6%
Totals 89.4% 100.0%
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(NCESC and U.S. Bureau of Labor Statistics). Wage data reported in the U.S. input-output tables are
largely derived from information from the ES-202 program.

The estimates of output are intended to provide a uniform metric for comparing the U.S. and
North Carolina relative distributions of manufacturing activity. They are conservative estimates for
two main reasons. First, not all wages paid by manufacturers are reported to state employment security
commissions; wages not covered under employment security law are not reported, including self-
employment payments that should reflect overall output in some cluster industries. In addition, there is
a minimal amount of undercounting by state employment security commissions in general, primarily
due to employment security tax avoidance by some manufacturers. Second, productivity gains made
since 1987 are not accounted for since the ratio of output to wages is assumed constant over the period.

3. Employment Record Matching Methodology

In order to develop a conservative estimate of the component parts of net employment change
(new plants or start-ups, expansions, contractions, and closures), enterprise-level records from the
North Carolina Employment Security Commission ES-202 program were matched between two points
in time (third quarters 1989 and 1994). The matching process classified enterprises (records) into one
of three categories: businesses reporting data on the files in both time points (successful matches; plants
remaining in business over the period), businesses appearing in the ES-202 files in 1994 only
(hypothesized start-ups and plant relocations to the state), and businesses appearing in the files in 1989
only (hypothesized business closures over the period). Since the ES-202 data files are not constructed
to facilitate the matching of business records over time, a several assumptions regarding the
aggregation of plant-level entries were necessary. The final matching procedure was comprised of
three major subroutines: data cleaning, initial match/merge, and iterative match/merge.!

3.1 Data Cleaning

A subset of variables and industries from the raw ES-202 data sets were first extracted and the
records prepared for matching. Double counting of employment due to double-reporting by
headquarters of multi-establishment firms and their branch plants was eliminated according to NCESC
protocol by deleting all employment for headquarter establishments. Average quarterly employment
numbers for each business were then calculated in accordance with the NCESC'’s practice of
determining the number of months in the divisor based on the date at which a business entered the data
set (liability date).'¢

> Variables in the ES-202 files are the following: employer account ID; employer liability date; 4-digit
SIC code; FIPS county code; employment in each of the three months of the quarter; total quarterly payroll;
establishment type (independent, home office, branch plant, sub-branch plant); establishment name; establishment
physical and mailing addresses. As of 1991, NCESC has collected the establishment type information at a finer
level of detail. The major components are conceptually the same, however, ensuring consistency between 1989
and 1994,

' The choice of how to calculate quarterly averages was not an innocuous one. Approximately six
percent of the establishments failed to report positive employment data for each of the six months covered by the
data (in the ES-202 files, employment counts for each business are provided for each month of a given quarter).
The difficulty arises in determining what a zero employment entry for one or more months of a quarter means
(i.e. simple missing value, start-up or closure over the period for the record in question, employment levels
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The mechanics of a computer generated match of records from the two time points required a
some aggregation of establishment-level information. The data merging procedure simply matches any
two data records that take on identical values for a set of user-determined variables in each data set
(i.e., at each time point)."” When there are an unequal number of records in the two data sets which
share the matching criteria (e.g. same unique employer id), some information in the output data sets
may be duplicated. For example, consider the case of a business establishment listed under one entry
in ITIQ 1989, and (perhaps because of a voluntary change in its own accounting procedures so that
different divisions report to NCESC separately) two entries in ITIQ 1994. Both entries in 1994 share
the same employer id. If the records are matched using the employer id, the output data set will
include two entries where 1989 data (e.g. employment) from one entry is assigned to both entries in
1994, thereby double counting 1989 information for a single physical establishment.

To avoid this undesirable property of the merge procedure it was necessary to aggregate
records in each data set so that matches performed would maintain a one-to-one correspondence. To
maintain as much of the original data structure as possible, the initial aggregation was based on a very
stringent set of conditions. Records were only aggregated if they had an identical employer
identification number, 4-digit SIC code, FIPS code, gnd liability date.'* With each of the aggregations
a new variable was created to keep track of how many establishments were collapsed into a single
record. This variable was later used in the estimation of establishments in each sector.

3.2 Initial Merge

An initial merge procedure matched records which shared identical values for four variables:
employer identification number, FIPS code, 4-digit SIC code, and liability date. The output data set
contained records with shared values for these four variables and a unique set of variables for each of
the two study quarters. Each record (establishment) in the output data set was classified into one of
five categories: 1) start-up--a record in the 1994 data set with no match found in the 1989 data set and
a liability date later than third quarter 1989; 2) expansion—a matched 1989 and 1994 record with 1994
employment greater than 1989 employment; contraction—a matched 1989 and 1994 record with 1994
employment less than 1989 employment; closure--a record in the 1989 data set with no match found in
the 1994 data set; and 5) predated—a record in 1994 data set with no match in the 1989 data set but a
liability date that predates third quarter 1989. Although the initial procedure was based on extremely

restrictive conditions, it still managed to match over 50 percent of approximately 10,500 records in
each year.

falling below the level of unemployment insurance liability, seasonal employment, etc.). The calculation of
average employment for a business for a given quarter will vary depending on whether the sum of the three
employment periods is divided by one, two, or three months. An alternative averaging method to the NCESC's
would be to construct the divisor so that only positive employment months are counted (implicitly assuming that
all missing data are inadvertently unreported data). '

' These variables may be defined as character, a substring of a character variable, or numeric.

'® As is discussed below, additional aggregations later became necessary. Note also that any variables
used in the analysis that were not dependent on the net employment decomposition were derived from
disaggregate data (e.g. net employment levels in each period, wages, etc.). The aggregation is only necessary in

the context of the merge procedure to derive components of net employment.
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If the initial matching procedure worked perfectly, the non-matched records (not including
predated) would all represent new or closed plants, depending on the year in which they appear in the
ES-202 files. There are, however, known shortcomings with the NCESC data for the purposes of this
exercise which warranted additional merge attempts based on other less restrictive criteria. The most
significant problem is that establishments that change ownership or even simply restructure their
operations or alter internal accounting procedures will often be issued a new employer ID by NCESC.
The first merge would miss all these records, effectively assigning to start-ups and closures many plants
that remained operating in the state over the study time period. Another problem is that employers are
frequently assigned different 4-digit SIC codes over time, i.e. whenever NCESC determines that the
change will more accurately reflect the production characteristics and final product of the
establishment. This reassignment will also result in no matches based on the initial merge criteria.
Finally, the existence of “predated” records can also partially be explained by NCESC policy. When
employers failing to comply with unemployment insurance laws are located (delinquent accounts), their
NCESC records are retroactively assigned a liability date based on when they should have been liable.
This results in records on the 1994 ES-202 data set with a liability date prior to IIIQ 1989 but no record
on the IIIQ 1989 data set.

3.3 Iterative Merge

An additional iterative merge subroutine was implemented in an attempt to overcome two of the
above problems: 1) the issuance of new employer IDs based on new ownership and other transactions;
and 2) the reassignment of SIC codes. To address the first problem, a substring of the establishment
name was substituted as a match criteria for the employer identification number. The second problem
was resolved by aggregating records to the 3-digit SIC level, while still requiring that they have
identical FIPS codes and employer identification numbers. Repeated applications of the merge
procedures based on successively less restrictive character substring criteria were then applied to
generate lists of matched records which could then be visually inspected for plausibility.

The data set from the initial merge process was first subset into two data sets, one containing
matched records (expansions and contractions) and another containing the no-matches (start-ups,
closures, and predated records). The no-match data set was then itself subset into two data sets, one
containing the 1989 records and the other the 1994 records. These two data sets were then re-merged
matching all records with identical values for a 15 character substring of the establishment name, the
same FIPS code, and the same 3-digit SIC code. The smaller number of non-matching records from
this process were then subset into 1989 and 1994 data sets and re-matched yet again, this time using
identical 10 character substrings of establishment name (and identical FIPS and SIC codes) as the
matching criteria. Resulting matches were again visually inspected. The process was then repeated a

last time using a identical 5 character substrings of establishment name (and identical FIPS and SIC
codes) as the criterion.

9

Visual inspection of the output from each of the iterations suggested that the procedure was
effective. Only three incorrect matches from the first iteration, three incorrect matches from the
second iteration, and ten incorrect matches from the third iteration were identified, all of which were
then re-allocated to the residual set of no-matches. These were then reclassified as start-ups, closures,
and predated records as appropriate, while the correct matches were classified as either expansions or
contractions and re-combined with the initial set of matches. Overall, the iterative merge subroutine
created 916 additional matches out of the initial pool of no-matches.
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3.4 Diagnostics

A final diagnostic procedure was
applied to the records classified as
predated (those records only appearing in
the 1994 data set but with a liability date
that pre-dates IIIQ 1989) in order to
determine how many were true failed
matches and how many were potentially
the result of NCESC record keeping
procedures. Although, as noted above,
the NCESC retroactively assigns liability
dates to delinquent taxpayers, a five year
statute of limitations on liability may
result in a reported liability date that
does not reflect the actual time at which
a plant should have entered the ES-202
files (the hypothesized business start
date). This means that any non-matched
records with liability dates prior to 3rd
quarter 1984 are outside the range for
which retroactive liability dates could be
assigned and, therefore, by definition,
represent true failed matches and not
delinquent accounts. Any records with
liability dates between IIIQ 1984 and
IIIQ 1989 are potentially true delinquent
accounts. Graphs # and # indicate the
distribution of establishments and
employment in the delinquent category
by liability date. After all merge
procedures had been completed, the final
set of delinquents contained 1,032
establishments employing a total of
51,448 workers. Approximately 48
percent of inconsistent records are within
the statute of limitations and could be
delinquent accounts.

Predated Non-Matched Records
Number of Establishments by Quarter

‘o B T L T Tl L T T T T T T LT T T T LT T T TR T T T T T 1
o k A i
38 41 44 47 51 54 37 60 64 67 70 73 77 80 83 86
Quarter of Listed Liability Date
Figure A.35
Predated Non-Matched Records
Number of Workers Affected by Quarter
3500
3000 +-
2800 +--
2000 +-
U7 [T ST EEREPRTRRRAT ARSI S——
U717 R
500 - AN SR | T RRRRR ST ITTNNRRRPRaNret 1 | ErSanamunn
'} ’l h J\ AL Jh
38 41 44 47 51 34 57 60 64 67 70 73 77 80 83 @86
Year, Quarter of Listed Liability Date
Figure A.36

-145-




