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Abstract

Thi s paper investigates whether a popular |10 technol ogy
assunption, the commodity technol ogy nodel, is appropriate for
specific United States manufacturing industries, using data on
product conposition and use of internediates by individual plants
fromthe Census Longitudi nal Research Database. Extant enpirical
research has suggested the rejection of this nodel, owng to the
inplication of aggregate data that negative inputs are required
to make particular goods. The plant-level data explored here
suggest that much of the reject of the commodity technol ogy nodel
from aggregate data was spurious; problematic entries in
i ndustry-level 10 tables generally have a very | ow Census
content. However, anong the other industries for which census
data on specified materials use is available, there is a sound
statistical basis for rejecting the commodity technol ogy nodel in
about one-third of the cases: a novel econonetric test
denonstrates a fundanental heterogeneity of materials use anong
pl ants that only produce the primary products of the industry.
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1 I nt roduction

In the input-output literature, a "technol ogy assunptions”
is a neans for disentangling the requirenents for material inputs
to neet a given final demand vector from observed aggregate data
on the nake and use of commodities by industries. The presence
of secondary production can render understanding the relation
between material inputs and the product of specific conmmodities
more difficult. 1In a given industry, many establishnments are
likely to produce nore than one type of commodity (Streitw eser
(1991)), including commodities classified as primary to other
i ndustries!. In the benchmark input-output accounts for the
United States of BEA (1991), the use table gives only information
on the conposition of inputs for the industry as a whole and one
cannot infer fromthis data the conposition of inputs to the

product of the specific commbdities nade in the industry. A

t echnol ogy assunption is a neans for disentangling the input

I'n addition to describing the extent of secondary production,
Streitw eser investigates product conposition in a context where the ownership
of the plant is known; she finds that grouping by conmmon ownership is
i mportant in discerning patterns in product m X.
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structure for both primary and secondary products fromthe
convolution of data in the use table.

The BEA (1991) presents a direct requirenents matrix for the
United States that enbodi es the industry technol ogy assunption,

as if the plants in a industry use a fixed "recipe" to nake the
bundl e of commodities they produce; the material input

requi renents for a given commodity are assuned to depend only

on the industry affiliation of the plants nmaking that commodity,
no on the nature of the commobdity per se. 1In a series of papers,
ten Raa and coauthors (1984, 1988, 1989) have argued that the

i ndustry technol ogy assunption is fundanentally unsound and
explored the viability of the combdity technol ogy assunpti on,
whi ch proceeds as if the "recipe" for production of a commodity
depends only on the nature of the commodity, not on the industry
affiliation of the plant in which it is nade.

The enpirical work in this research on 10O technol ogy
assunptions generally has been |[imted to data pertaining to
totals for all establishnments within an industry. One cannot
di scern any variation in the product or input mx fromsuch data,
so conpeting technol ogy assunptions were eval uated on grounds
ot her than the correl ati ons between product and i nput
conposition. For exanple, ten Raa, Chakraborty and Small (1984)
proceed as if the presence of negatives in the Leontief inverse
is sufficient for rejecting a technol ogy Leontief inverse by
defining a m xed technol ogy nodel that also allows for the
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presence of byproducts. However, not all of the negatives can
be elimnated this way, so ten RAA (1988) and ten Raa and van de
Pl oeg (1989) consider a statistical approach that allows for the
possibility of nmeasurenent error in the published nmake and use
tables. Their work assunes that the published tables were

unbi ased but inprecise estinmators of the true make and use of
comodities by industries. Using subjective estinmates of the

i nprecision of specific coefficients, ten Raa (1988) and ten Raa
and van de Ploeg (1989) found that the kind of reallocation of
entries in make and use tables needed to elimnate negatives were
inplausible. Inplicitly, plant-1level technol ogies were treated
as identical. Here, | take a nore direct statistical approach to
exam ni ng the problem of negatives, suing the variation across
plants in reported product and input m xes to test the commodity
t echnol ogy assunption. Measurenent error is nodelled as the
result of nonreporting of specified nmaterials use by particul ar

pl ants?. Wiere reports on specified materials are available, the
comodity technol ogy nodel is estinmated fromthe distributed of
material input intensities anong plants that are 'pure' in the

sense that they nake only the characteristics commodities of the

’If this study pertained to non-Census years, incorrect identification of
i ndustry affiliation would be another possible source of |arge neasurenent
errors in the industry-level data. As enphasized by McGuckin and Peck (1992),
the reclassification of establishnents that occurs in Census years-when
detail ed product conposition is nore accurately reported-significantly affects
the tine-series properties of industry-Ievel data.
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i ndustry®. The commopdity technol ogy nodel is tested by seeing
whet her the material use patterns of pure plants are relatively
honogeneous.

To preview the enpirical results, | find that rejections of
the commodity technol ogy nodel from aggregate data generally are
for the wong reasons; the problematic entries in industry-1|evel
| O tabl es generally have a very | ow Census content and do not
provi de a sound statistical basis for the rejection of the
comodity technol ogy nodel. Second, | find that, when avail abl e,
sonetinmes the mcro-data do provide a sound reason for rejection
the comobdity technol ogy nodel; there is substanti al
heterogeneity of materials use anong plants that only produces
the primary products of an industry.

The next section of the paper reviews how i ndustry-Ievel
aggregate data can generate the problemif negatives. Using
plant-1level data, the third section exam nes possible
expl anations for the problemof negatives. One of the major
findings is that a |ot of heterogeneity underlies the aggregate
i n published input-output use tables, and the concluding remarks
point to further work that woul d be useful for understandi ng and

coping with the inplications of this heterogeneity.

®I'n constructing an index of diversification, Gollop and Monahan (1991)
al so infer product-specific input requirenents fromthe input requirenments
fromthe input structure of pure plants.
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2 The Probl em of Negatives

In the "use' table U of the U S 10 accounts, entry
is the anmount of comodity i used as an internediate input in

i ndustry j. In the "nake' table v, entry _ is the anmount of
comodity k produced by industry j. Wen the industry is the
unit of observation, the commobdity technol ogy assunption is
specified as the constraint that the use of a particular
intermediate i in the production of a given comodity k is fixed

proportion __ of the nmake of that commpbdity k, no matter the

extent of other production in the industry:

| NSERT FROM PAGE 3

Thi s aggregate commodity technol ogy nodel inplies

The latter fornula indicates that to infer direct requirenents

coefficients for a given comodity fromindustry-| evel
use and nmakes tables, one conputes a weighted average of
the use of the internediate in question by all industries

_, with weights fromthe inverse of the transposed nmake

tabl e that depend on the extent to which the commodity __ is
made in each industry. Generally, many of the weights will be
negative, reflecting the need to purge the total input of the
internmediate in given industry of the requirenents for that input

in producing the secondary commodities of that industry. 10O



researchers have found in producing the secondary commodities of
that industry. 10O researchers have found that in practice, sone
of the inplied direct requirenents coefficients are negative; for
sone internedi ates, nore use of an internediate is purged than
actual |y consuned.

For exanple, calculations fromthe benchmark U. S. i nput-
out put accounts for 1982 show that 363 commodity technol ogy
direct requirenents coefficients for manufactured goods are
negative and large in absolute value (line 1, colum 3 of table
1). Only about 5000 of the elenents of this matrix are large in
absol ute value (to be exact, there are 5131 |arge el enents, 4668
positive and 363 negative). Thus, nore than 3 out of 50, or 6
percent, of the large elenents of the direct requirenents matrix

are negative.

3 Possi bl e Expl anati ons of Negati ves

| consider two explanations for the negatives that appear to
signal the failure of the commodity technol ogy nodel :
measurenent error and heterogeneity anong pure plants. The
measurenent error hypothesis is the possibility that the nodel
(1) isliterally true at the plant level, but the entries in the
aggregative make and use tables are inprecise and possibly

bi ased. Sone researchers have argued that the problem of



negati ves often is derived from heterogeneity anong pure plants
in mterials use intensities. Because the definition of an

i ndustry can be quite broad, there can be significant variation
in materials use intensities anong the products that are primary,
and aggregation of plants that nake distinct primary products
wth very different naterials use patterns can lead to the
apparent anomaly of negative requirenents. In this section of
paper, | consider these two possible explanations for the failure

of the commobdity technol ogy nodel on aggregate data.

3.1 WMeasurenent Error and the Census Content of Use Tabl es

Ten Raa (1988) and ten Raa and van der Pl oeg (1989)
enphasi zed neasurenent error in their statistical approach to re-
estimating the published aggregate input-output tables for the
U. K. . They assuned that the observed industry-Ilevel data

and i ncl uded neasurenent errors _ and , SO that the

rel ati on between true val ues and observed val ues is:

(2) | NSERT FROM PAGE 4 HERE

(3) I NSERT TOP OF PAGE 5 HERE

In principal, there also can be nore di saggregati ve use and nake

tables with entries _  and __ that record correspondi ng

statistics for each plant __ wthin an industry. | offer an
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interpretation of equation (2) that nakes the relation of the
i ndustry-level and plant-level statistics explicit.
Specifically, | assune that the plant-level statistics on

the use of materials also mght be neasured with error:

(4) I NSERT SECOND PART OF PAGE 5 HERE.

but regard the degree of neasurenent error in the nmake statistic
as negligible for the purposes of this study (i.e., ___ ). This
enphasi s on uncertainty about use table entries is based on the
nature of the underlying source data fromthe U S. Census of
Manuf act ures®. Relatively conplete data on the primary/secondary
product split is available, but alnost all (98 percent) 10 use
table entries for manufacturing industries have a | ow Census
content in the sense that they are not based on reports of
specified materials use (last colum of line 2, table 1). In
order to keep reporting burdens down, the Census questions on
specified materials use are narrow in the sense that they cover
few materi al s.

It is not clear whether this reporting constraint harns the

quality of the input-output use table in a significant way. In

“The plant-level data on specified materials use us drawn formthe
Longi t udi nal Research Dat abase, Which is described in MGuckin and Pascoe
(1988). To convert the data fromthe Census SIC classification systemto the
i nput -out put classifications used by BEA, | have applied the BEA concordance
for 1982, which was kindly provided by Mark Planting.



ternms of the percentage of the dollar value of materials use that
is specified, this reporting constraint is not very inportant
because in any given industry a few particular materials conprise
the bulk of total materials use. The effect of this narrowness
of actual use is shown in table 1 (line 1, colum 2), which notes
that 97 percent of direct requirenent coefficients are estinmated
to be near zero. Most of the near-zero entries do not have
direct Census content (line 2, colum 2). Although there are a
| arge nunber of non-zero entries that are not based on Census
reports of specified materials use (line 2, colums 1 and 3),
these entries still can incorporate Census data indirectly; for
exanple, total materials use is reported in the Census, and the
sum of these other non-zero use table entries is known to be the
difference between total nmaterials use and the sum of specified
mat eri al s use.

Anot her constraint on the Census content of the use tables
is that not all plants report specified materials use (table 2).
For exanple, in the 1982 Census, 72 percent of U S. manufacturing
pl ants were nonreporters of specified materials. However, the
nonreporters tend to be the smallest plants, and this 72 percent
of plants only accounted for 15 percent of the dollar value of
total materials use by the manufacturing sector. Mst of the
nonreporters are not required to respond to questionnaires on
specified materials because they are so small that the Census
Bureau gathers information on their activities fromthe

9



adm ni strative records of other federal governnent agencies, nost
often tax records. Another nunmerous group of establishnents (34
percent) fails to conply with the Census requests to specify
materials use, but the damaging effects of this nonconpliance on
the quality of the use tables is held down by the fact that
nonconpl yi ng establishnents also tend to be snmall. Taken
together, the |ack of coverage of sone materials and nonreporting
by sonme plants results in a loss of information on about one-
third of the dollar value of materials consuned by manufacturers;
67 percent of materials use is specified by kind and explicitly
reported

(line 7).

Despite the noderate doll ar values involved in coverage
problens, it is possible that the pattern of coverage of
specified materials use in the Census of Mnufactures biases the
use of table toward finding a problem of negatives under the
comodity technol ogy nodel. The |Iower rows of table 1 provide
informal evidence for this latter idea that comopdity technol ogy
negati ve requirenents attend to be associated with a | ack of
coverage of specified materials. Renenber that in the
cal cul ation of the comodity technol ogy coefficients, , the
wei ghts in the averaging of use table values, = are fromthe
inverse of the transposed nmake table. Generally, the where make
of the itemis primary. Anong the 363 | arge negative direct
requi renents coefficients, 328 are for naterials that are not
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specified by kind in the Census reports for the primary industry
(line 2, colum 3 of table 1). 1In other words, in 90 percent of
the cases of negative direct requirenents, specified materials
use is not available in the Census reports. This percentage is
much higher than the roughly two-thirds of the |arge positive
coefficients for which materials use is not specified by kind in
the primary industry.

Because there is sone indirect Census content in use table
cells not covered by reports on specified materials use, the
percentages given in line 2 of table 1 understate the Census
content of the use tables. Using a nore appropriate, broader
definition of Census content, | have conputed bounds on the
ef fects of nonreporting on the accuracy of the aggregate use

table. To explain the bounds, further notation is needed. Let

___be an indicator variable that is one if plant __ is a
nonreporter of specified use of material __ and is zero

ot herwi se. For the purposes of calculating the bound, | assune
that if specified materials use is reported at all, it is
reported at all, it is reported exactly® i.e., if

Estimate of total materials use are available for all plants, so
an upper bound on the unknown value of a nonreporting plant's

actual use __ is the difference between the plant's total

*This assunption ignores a censoring constraint that is discussed further
in the follow ng section. The censoring constraint |likely biases the bound on
___ downward slightly, leading to an understatenment of the inportance of
measurement error in explaining the problem of negative.
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materials use _ and the sum of reported specified use of other

mat eri al s:

(5) INSERT FROM PACE 7

For a particular industry __ , the upper bound on the unknown use
table cell is the sum across the upper bounds on the planet-Ievel
entries:

(6) I NSERT FROM PACE 7

The | ower bound on actual use of a nonreported material at the
plant level is always zero, so at the industry |level that |ower
bound on an unknown use table cell is the sumof reported plant-

| evel use of the specified nmaterial:

(7) | NSERT FROM PAGE 7

Let us focus on the issue of whether inaccuracy of use table
cells has created negatives in the direct requirenents matri x of
the comodity technol ogy nodel. The scal ar expression for the

_elenment of the direct requirenents matrix , 1S

(8) I NSERT FROM PACE 7
12



where the weights in the averaging of use table values, =, are

fromthe inverse of he transposed nake table. Let = be an
i ndi cator variable that is one if the weight is positive and
zero if the weight negative. Then for given weight = is a

positive and zero if the weight is negative. Then, for given
weights | the Census records on specified materials use pl ace
the foll ow ng upper bound on the __ elenent of the direct

requi renents matri x:

(9) INSERT FROM PACE 8

The sign of this upper bound (9) for direct requirenents
entries that are negative and large in absolute value is
summari zed in the last row of table 1. Qut of the 363 | arge
negati ve entries, the Census upper bound permts reversal in 140
cases. This finding suggests that neasurenent error in the
aggregate use tables is an inportant part of the problem of
negati ves; the anount of unknown use of materials is |arge enough
for 39 percent of the |large negative direct requirenments entries
to possibly be due to neasurenent error alone. However,
measurenent error likely is not the only source of the problens
of negatives. In 71 percent of the cases of |arge negatives, the
unknown anmpounts in cells of the cases table are not |arge enough
to elimnate the |arge negatives in the direct requirenents
matri x.

13



3.2 Heterogeneity of Use anong Pure Pl ants

Any | arge degree of heterogeneity in use intensities anong
pure plants signals a failure of the commopdity technol ogy
assunption, whether or not such heterogeneity | eads to negative
values in comodity technol ogy coefficients derived from
aggregat e nake and use tables®. Moreover, it is well-known in
the 1O literature that such heterogeneity does contribute to the
probl em of negatives. For exanple, Rainer and R chter (1992)

di scuss how in the Austrian 10 systema failure to distinguish
between electric utilities that produce power and those that
distribute power can lead to the problem of negatives. The
problemis that electricity distribution facilities have a very
hi gh own input, the purchase of electricity from other
establ i shments, which boosts the average own input for the
electric utility sector as a whole. Electricity generating

pl ants do not purchase nmuch electricity. Wen electricity is
made as a secondary product in other industries, the conpositions
of internediate inputs for electricity generating plants than
that of the distribution facilities. Thus, the comodity

t echnol ogy sol ution on aggregate data seens to inply that there

®This statement is conditional on the inplenmented classification system
It is conceivable that there are alternative classification systenms which re-
define primary products in such a way that the conmpdity technol ogy assunption
is valid. Triplett (1992) makes a sinilar point; he argues that the current
SIC systens often groups establishments with quite different production
functions into a single SIC category and notes that this mght be the causer
of failures in attenpts to estinmates establishment-1level production functions.
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is a negative electricity requirenent for the primry products of
industries with | arge secondary production of electricity.

Let us try to discover the extent to which such
heterogeneity of use intensities anong plants producing only
primary products is a problemin the U S. manufacturing sector,
| ooki ng beyond the electricity exanple. To investigate this we
need technol ogy coefficient estimtes that are not contam nated
by the neasurenent error from nonreporting di scussed above.
derive technol ogy coefficient estinmates fromthe records for the
pl ants that reported specified materials use, focusing on the
62, 757 reporting pure plants (table 2). Notationally, a P
superscript denotes requirenents ~ froma plant ___ in this
sub-sanpl e of pure plants. The commopdity technol ogy nodel,
equation (1), represents the production process of multi-product

plants as a |iner conbination of single-product technol ogies,

(10) | NSERT FROM PAGE 9

and one can take the intensity of use of a material ___ at a pure
plant __ in industry __ as representative of the materials

requi renent for the correspondi ng commodity, whenever produced,
o Al nost all industries have sone pure plants, so | am able
to calculate pure-plant materials use intensities for 3754 of the
3904 material s-industry conbi nati ons where use is specified by

kind (last colum of line 3, table 1).
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Table 3 presents four statistics describing the
di stributions of pure-plant naterials use intensities,

First consider the wei ghted average of the actual use intensities
of all reporting plants in the industry, where the total product
out put of each plant is used as the weight. These averages,

are equivalent to the ratio of the total use of a given materi al
by all pure plants in an industry to the total output of these
pure plants, so the averages are anal ogous to the cal cul at ed
comodity technol ogy nodel coefficients, = from ___ | that
woul d be derived fromthe standard aggregate use and nake table
entries, __ , if there were no secondary production of the
comodity and only pure plants in the industry in question. In
nmore than half of the cases, average consunption of the dated
materi al anong pure plants is | ess than one percent of the 3754
cases, the average requirenent for the material is nore than

14. 21 percent of output.

The distribution (across nmaterial -i ndustry conbi nati ons) of
the median (across plants) materials use intensities, |, is
very shrewd towards zero. This happens because for any given
specified material, the Census records record that many plants in
the reporting industry do not use any of the material at all.
This tendency for there to be a node at zero in specified
materials use is s pronounced that nore than 75 percent of the

medi ans are zero.
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Table 3 al so presents two di spersion neasures. The first is
conputed by scaling the standard devi ati on of the pure-plant
materials use intensities by 1.34, which is the interquartile
range of a standard normal distribution. The second is the
enpirical interquartile range, the distance between the 25th and
75th quantiles of = . Many of he interquartile ranges are zero,
reflecting the fact that in nore than half of the material -

i ndustry reporting conbinations, nore than 75 percent of the

pl ants record zero use of the specified material. |Inspection of
the enpirical distributions of the raw data on specified
materials use revealed that may were bi-nodal, with a first peak
at zero and a second positive peak that sonetines was quite far
from zero

Next, let us investigate the extent to which the bi-nodal
distributions of reported materials use actually refl ect
het erogeneity of use anong pure plants. This is a non-trivial
effort because there is an additional reason why recorded use of
specified materials mght be zero: plants are told to omt
listing of specified materials use if the anount used falls bel ow
a given censoring threshold, usually 10,000 dollars. Thus, the
statistics in table 3 need to be interpreted with caution because
they fail to distinguish between plants that actually use none of
the specified material and plants that record use of zero because

the amount is rounded down to zero by censoring.
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To provide a formal analysis of the effects of censoring,
first consider the possible that censoring is the only source of
reporting of zero use of a specified material and that pure
pl ants are essential honobgeneous in their materials use. |
paraneterize this null hypothesis by interpreting the commodity
t echnol ogy assunption (10), which is witten as is a single
coefficient __ applies to all plants, a s statenent about the
central tendency of a (uninodal) distribution of requirenents.
Specifically, | assune that the logic of the actual commodity

technol ogy coefficient that applies to a particular plant

log (__ ), is drawn froma nornmal distribution __ wth nean
log (___ ) and variance_
(11)

A pure plant's actual use of the material is

The censoring constraint is that the recorded use of the materi al
_equals zero if the actual use ____ is less than 10, 000
dol | ars:

(13) I NSERT FROM PAGE 11 HERE
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Equi val ently, the observation is censored of the logic of the
pure plant's actual use intensity, |og , IS below a known

t hreshol d:

(14) | NSERT FROM PAGE 11 HERE

The system of equations (11)-(14) constitute a standard
tobit nodel. To estimte the unknown paraneters __ and
under this null hypothesis of honogeneity, | use the maxi num
I'i kel i hood nmet hod descri bed by Arem ya (1973). Under this nul
hypot hesi s, the maxi num|ikelihood estimates of the tobit nodel
provi de consistent and asynptotically efficient estimtes of the
unknown paraneters _ and

To formalize the alternative idea that heterogeneity of
materi al s use anong pure plants creates a probl em of negatives,
supposes that anong the primary products of each industry there
are two types of commodities, which | call |ow and high to denote
their relative intensity of use of a specified material. The
commodity technol ogy assunption as given in (11) and (12) is

assunmed to be appropriate for the conmmodities taken individually,

but the nmean materials requirenents for these two coomodities

‘Any plant with total output less than 10,000 dollars is assumed to have
all detailed materials use censored, so the censoring threshold in (14) is
wel | - defi ned
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and are assunmed to be quite different® Specifically, |
assunme that the nean and di spersion ___ paraneters for the

| ow materials use conmmodity are so small that it is unlikely for
the censoring threshold (13) to be exceeded in sanples of the

Si ze used here.

To help us relate the paraneters of the null and alternative
hypot heses, characterized the |ocation of the m xture
distribution by its nedian 2.5, which is the value of ' which
exactly half of the plants are expected to fall below Under the
nul |l hypot hesis-a single type of plants with materials use
requi renents characteri zed by a censored normal distribution.

The interquartile range __ describes the dispersion of the

m xture distribution. Under the null hypothesis of a non-m xed
normal distribution, the scaled standard deviation 1.34__
equals the interquartile range. To estimate __ and ___ under
the alternative with heterogeneity, | enploy Powell's (1984,
1986) Censored Least Absol ute Deviations (CLAD) and Censored
Regression Quantile (CRQ estinators.

Table 4 presents a summary of the results. The estimated
central location of nost direct requirenents distributions is
quite small with the tobit correction for censoring. The tobit

results inply that for 95 percent of the material-industry

8To estimate this alternative, | do not actually rely on the normality or
symretry assunptions of (11). The test statistic has the appropriate size and
power to find heterogeneity under a wi de class of binodal distributions.
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conbi nations, the inplied nean of the (uncensored) distribution
is less than 2.96 percent of output. The tobit estimted of the
mean (table 4, colum 1) tend to be nuch snaller than the
uncorrected neans in which weights are proportional to the output
size of the plant (table 3, colum 1). At first glance, this
finding m ght seen anonal ous because the roundi ng of snal
positive nunbers down to zero biased an uncorrected nean
downward, not upward. But, in this case renoving the effects of
censoring has resulted in a further lowering of the estimted of
t he nean.

| nspection of the distribution for particular material -
i ndustry conbi nati ons reveal ed the nature of the apparent anonaly
inthe tobit estimates. At a given materials use intensity, the
l'i kelihood that the censoring constraint will be binding
decreases with the output size of the plant. But in many cases,
sone very large plants report zero use of a specified materials.
The tobit nodels tend to | ocate the uncensoring distribution
cl ose to zero because censoring is such an unlikely expl anati on
for the large plants' failure to report use if the specified
mat eri al .

Chart 1 illustrates this effect with hypothetical data that

resenbl es the distributions of specified materials use in
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industries with significant heterogeneity anong plants®. The
upper panel shows that in this case the average (across the 100
pl ants) materials consunption as a share of output is a bit |ess
t han 50 percent, but use of this specific materials would be
recorded at zero for the slightly nore than one-fifth of the

pl ants represented by slashed bars. Tobit estimtes are forned
by anal yzing the distribution shown in the m ddl e panel; for

pl ants not reporting zero materials use, the variable of interest
is the observed logit of materials use, this variable is repl aced
with the logit of the censoring threshold, which depends on the

| evel of the plant's output, as in equation (14). |If the
censoring threshold were a constant fraction of a plant's out put,
say 20 percent, then this mass of the logit of censoring

t hreshol ds woul d appear in a single bar in the mddle panel, the
bar spanning the -1 to -2 range. But with a variable censoring
threshol d, any large plants reporting zero materials use show up
as even | ower negative observations. For exanple, the |argest

pl ant reporting zero materials use-shown toward the right of the
| ower panel -made about 1.4 mllion dollars of goods, so this
plant's actual material consunption would be censored to zero
only if the actual share was well below 1 percent of output; this

is alogit inthe -5to 04 range. the tobit estimtes of the

°This chart does not use actual data in order to safeguard the
confidentiality of individual plant records. The hypothetical data was
created by Monte Carlo and is representative in the rel evant respects
di scussed in the text.
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mean (of the logit distribution ar pulled well below zero by the
relatively large plants that report no use of the specified
mat eri al .

The alternative estimates of |ocation, shown in the table 4
colum | abell ed CLAD nedi an, are robust to this kind of
heterogeneity. |f the uncensored distribution actually has a
node near zero and a second node that is quite a bit larger, the
CLAD nedian wll tend to find the actual m d-point of the
uncensored, m xed distribution. As shown in the table, the CLAD
medi ans generally remain well above the estimates fromthe tobit
nodel , a finding that is consistent wwth bi-nodality in the
uncensored distribution, the tobit estinates of |ocation appear
to be biased down by heterogeneity of materials use anong pure
plants. Al so, the robust estinmates of dispersion tend to be
quite a bit larger than the tobit estimtes of dispersion, likely
reflecting the ability of the robust nethod to capture the w der
spread of the m xture of distributions.

O course, the tobit and robust estimtes of |ocation and
di spersion are inprecise, so it is inportant to check whether the
devi ations of the paraneter estimtes are beyond the range of
estimation error. The final colum of table 4 presents the
results of such a formal test of whether the differences between
the tobit and CLAD-CRQ estinmates are statistically significant,
using the specification testing techni que of Hausman (1978) to
infer the asynptotic distribution of the difference between the
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estimators®. In 25 percent of the material-industry

conbi nati ons where such a test was cal cul able, the null of
honogeneity can be rejected very strongly-at the .55 percent
mar gi nal significance level. At the nore conventional
significance level of 5 percent, this test shows evidence of
het erogeneity anong plants for about one-third of the material -
i ndustry conbi nati ons.

Table 5 repeats the analysis of table 4 for a subsanpl e of
mat eri al -i ndustry conbi nations in which the specification test
for the heterogeneity is calculable, the null of no heterogeneity
tends to increase with the material cost share. For these |arger
mat eri al requirenents, the specification that rejects the null of
no heterogeneity in 70 percent of the cases; tobit neans tend to
be bel ow CLAD nedi ans, and the robust estimtes of dispersion are
wi der than the tobit estinmates of dispersion.

Specific exanples are hel pful for culling possible
expl anations for the heterogeneity of materials use anong pure
plants. Towards this end, table 6 presents the tobit and robust
| ocation estimates for the largest fifteen material requirenents,
where the CLAD nedi an estimates range from 50 percent to 89
percent. Fromthe inspection of specific results, it was

apparent that the specification test often rejected the absence

“Newey (1987) suggests applying the Hausman test in a context like this
where tobit maxi num likelihood estimates are being conpared with CLAD
estimtes. Estimates of the density at the quantiles are needed to cal cul ate
a variance-covariance matrix for the CRQ CLAD estimates, and | used an
Epanechni kov kernel for such density estimates.
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of heterogeneity because the robust estinmates of dispersion were
w der than the tobit estimtes of dispersion. Focussing nore
narromy on the locations of the distributions, table 6 show t hat
(at the 5 percent level) a test that the tobit and robust
estimates of |ocation are equal still rejects in 60 percent of
the cases (9 out of 15). However, there is no significant

evi dence of heterogeneity in plants' use of rice in mlling,
barely in making malt, cottonseed in nmaking cottonseed oil,
nonferrous netals in nonferrous rolling, yarns in fabricating
tire cord, or fishery products in canning fish. for those cases
where evidence of heterogeneity is significant, a nunber of
possi bl e expl anati ons were culled fromthe plant-specific product
and material records of these (usually large) plants that
contributed the nost to the |lowering of the tobit neans. For
exanpl e, the petroleumrefining industry includes sone pure

pl ants that nake specialty products fromown-industry inputs, and
such plants report little or no use of crude oil and natural gas.
Sone special products sawm | |ls do not use the dom nant nateri al

i nput -1 ogs-but rather rely on other wood products as raw materi al
itself is defined rather narrowy, so the use of close
substitutes-corn, barely, oats or sorghum grain-appears as a form
of heterogeneity. [Inspection of additional specific exanples
both reveal ed repetition of these basic patterns and added a bit

to the list of possible explanations for heterogeneity.
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4 Concl usi on

Thi s paper has done sonething different than other attenpts
to investigate the failure of the commbdity technol ogy nodel on
aggregate data, such as those by ten Raa (1984), ten Raa and van
der Ploeg (1989), and Ranier and R chter (1992). Measurenent
error in aggregate use tables was quantified not by asking
conpi l ers about the precision of the estimtes, but rather by
going directly to census records fromindividual manufacturing
pl ants and tabul ating the effects of nonreporting. Heterogeneity
of materials use anong pure plants was investigated by actually
| ooking at the enpirical distributions across pure plants of
materials use and by summari zi ng the evidence of heterogeneity in
test statistics wth known properties.

Ten Raa (1984) and ten Raa and van der Pl oeg (1989)
concl uded that the degrees of neasurenent error in aggregate nake
and use tables cannot fully account for the problem of negatives.
Al t hough | have not overturned this conclusion by taking an
extensive | ook at the plant-|evel records, what | find striking
is not that sone negatives cannot be expl ai ned away on these
grounds, but rather that nmany negatives are likely due to
measur enent error.

Wth regard to those material -i ndustry conbi nati ons where
measurenent error does not appear to be a serious problem there
i s broad-based evidence of heterogeneity of materials use anong
pure plants. Further work is needed to understand this
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heterogeneity and to devel op ways of proceeding with |10 anal ysis
in the presence of such heterogeneity. Mst such research can
proceed al ong one of the following three |ines.

First, it is possible that all variant of the Leontif
t echnol ogy assunption are poor approximtions to the true
relation between the intensity of factors of production and the
| evel of attained output. Neoclassical economc theory certainly
suggests that substitutability of capital, |abor, and ot her
materials for the specified materials could induce heterogeneity
in plant-level use, and no-one has denonstrated whet her or not
such variations in the factor input m xes can explain the
het erogeneity anong pure plants that | have docunented here.
Data on prices and capital and | abor input for individual plants
also is available in the LRD, so further research in this
direction is feasible®.

Second, it possible that nuch of the apparent heterogeneity
anong plants wwthin a given industry is due to inadequate
i ndustry classification. The Standard Industrial C assification
(SIC) systemof the United States does not always give simlarity

of input structures primacy, partly because the system has never

"Whet her or not the heterogeneity described here is to be taken as
evi dence agai nst the Leontief technology or the neocl assical Cobb-Dougl as
technol ogy depends on whet her one assuned that all pure plants in an industry
face the sane prices for the input and materials. By working in ternms of
current dollar cost shares and inplicitly assuming that all plant face the
same prices, | have been able to describe the results as a test of the
Leontief technology. Alternatively, under the assunption of heterogeneous
prices, this paper presents evidence that the share elasticity of substitution
is not unity; i.e, the technology is not Cobb-Dougl as.
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had a coherent, nodel -based rationale. Triplett (1992) and
others are beginning to |lay the conceptual foundation for nodel -
based econom c classification. | suspect that nmuch of the
apparent heterogeneity of materials use could be elimnated if
simlarity of material input structure were a nore universally-
applied criterion in the design of the industrial classification
system |In sone enpirical work along these |ines, Abbott and
Andrews (1990) were able to devise to devise sone interesting
alternative classifications.

Last, | think it is inportant to investigate a related
probl em whether the heterogeneity anong pure plants reflects
what Rai ner and Richter (1992) call inhonogeneity due to vertical
integration. As an exanple, Rainer and Richter point out that
anong plants in the iron and steel industry group, many wll
engage in both the production of finished steel products and the
snelting of iron ore. |If the latter cormmbodity (snelted ore) is
produced and consuned within the sanme establishnent, the
vertically integrated plant still appears to be pure in the
vertically-integrated plant is going to be very different from
that in non-integrated plants. It is clear that verti cal
integration within plants exists. Further research is needed to
docunent the extent of vertical integration within plants and to
expl ai n why sone plants choose to integrate and others do not.

In his recent Nobel |ecture, R H Coase (1992) singled out the
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work at the Center for Economc Studies (CES) as especially
inportant to further understanding the activities of firns.
Thi s paper uses the data available at the CES to provide
cl ear evidence of heterogeneity anong plants that appear to
simlar by conventional classification neasures. |t remains to
be seen what theories can explain this heterogeneity or whether
alternative classification systens can renove the appearance of

het erogenei ty.
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93-7 "Asymretric Learning Spillovers,
(22 pages, $5.50)

" by Ronald S. Jarmin, 4/93.

93-8 "Evi dence on | O Technol ogy Assunptions fromthe Longitudina
Research Dat abase," by Joe Mattey, 5/93. (26 pages, $6.50)

CES Di scusi on Papers are available in a variety of subscription formats:

(I NTERNET, WordPerfect 5.1 Diskette, and Yearly Series single paper copy).
Ordering information is found on the attached CES Di scussi on Paper
Subscription & Request Form In additon, papers are sold individually for the
amount specified after each title.




CES Di scussi on Paper Subscription and Request Form
O Yes, |I'd like to subscribe to the foll ow ng:

O Regul ar announcenents of the CES D scussi on Paper
Series on the I NTERNET, free of charge.

O Yearly subscription to the CES D scussion Paper Series
in single paper copy for a fee of $125.00 per year.

O Yearly subscription to the CES D scussion Paper Series
on conputer diskette in WrdPerfect 5.1 for a fee of
$60. 00 per year. Diskette Size O 3% O 5v

The CES Annual Report is available (free of charge).
O Please add ny nane to your mailing |ist.

O No, | don't want to subscribe at this tinme but, | would Iike
to order the follow ng CES D scussion Paper(s):

CESH CESH# CESH# Total $
NAVE

ADDRESS

Phone ( ) FAX ( )

| NTERNET ADDRESS
O Check here if this is an change of address.

METHOD OF PAYMENT (Payable to: Commerce, Census
O Check O Money order O Mastercard O Visa

Expiration Date:

Card Nunber Mont h Year
Amount encl osed: $

Pl ease send order form and paynment to:
Bureau of the Census

Econom ¢ Pl anni ng and Coordi nati on
Center for Econoni ¢ Studies




Room 1587- 3
Washi ngton D.C. 20233-6101
Attn: Tracy C. Crosby



