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Abstract

This paper investigates whether a popular IO technology
assumption, the commodity technology model, is appropriate for
specific United States manufacturing industries, using data on
product composition and use of intermediates by individual plants
from the Census Longitudinal Research Database.  Extant empirical
research has suggested the rejection of this model, owing to the
implication 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 technology model
from aggregate data was spurious; problematic entries in
industry-level IO tables generally have a very low Census
content.  However, among the other industries for which census
data on specified materials use is available, there is a sound
statistical basis for rejecting the commodity technology model in
about one-third of the cases:  a novel econometric test
demonstrates a fundamental heterogeneity of materials use among
plants that only produce the primary products of the industry.
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     In addition to describing the extent of secondary production,1

Streitwieser investigates product composition in a context where the ownership
of the plant is known; she finds that grouping by common ownership is
important in discerning patterns in product mix.
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1    Introduction

In the input-output literature, a "technology assumptions"

is a means for disentangling the requirements for material inputs

to meet a given final demand vector from observed aggregate data

on the make and use of commodities by industries.  The presence

of secondary production can render understanding the relation

between material inputs and the product of specific commodities

more difficult.  In a given industry, many establishments are

likely to produce more than one type of commodity (Streitwieser

(1991)), including commodities classified as primary to other

industries .  In the benchmark input-output accounts for the1

United States of BEA (1991), the use table gives only information

on the composition of inputs for the industry as a whole and one

cannot infer from this data the composition of inputs to the

product of the specific commodities made in the industry.  A

technology assumption is a means for disentangling the input
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structure for both primary and secondary products from the

convolution of data in the use table.

The BEA (1991) presents a direct requirements matrix for the

United States that embodies the industry technology assumption,

as if the plants in a industry use a fixed "recipe" to make the

bundle of commodities they produce; the material input

requirements for a given commodity are assumed to depend only     

on the industry affiliation of the plants making that commodity,

no on the nature of the commodity per se.  In a series of papers,

ten Raa and coauthors (1984, 1988, 1989) have argued that the

industry technology assumption is fundamentally unsound and

explored the viability of the commodity technology assumption,

which 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 made.

The empirical work in this research on IO technology

assumptions generally has been limited to data pertaining to

totals for all establishments within an industry.  One cannot

discern any variation in the product or input mix from such data,

so competing technology assumptions were evaluated on grounds

other than the correlations between product and input

composition.  For example, ten Raa, Chakraborty and Small (1984)

proceed as if the presence of negatives in the Leontief inverse

is sufficient for rejecting a technology Leontief inverse by

defining a mixed technology model that also allows for the



     If this study pertained to non-Census years, incorrect identification of2

industry affiliation would be another possible source of large measurement
errors in the industry-level data.  As emphasized by McGuckin and Peck (1992),
the reclassification of establishments that occurs in Census years-when
detailed product composition is more accurately reported-significantly affects
the time-series properties of industry-level data.
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presence of byproducts.   However, not all of the negatives can

be eliminated this way, so ten RAA (1988) and ten Raa and van de

Ploeg (1989) consider a statistical approach that allows for the

possibility of measurement error in the published make and use

tables.  Their work assumes that the published tables were

unbiased but imprecise estimators of the true make and use of

commodities by industries.  Using subjective estimates of the

imprecision 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 eliminate negatives were

implausible.  Implicitly, plant-level technologies were treated

as identical.  Here, I take a more direct statistical approach to

examining the problem of negatives, suing the variation across

plants in reported product and input mixes to test the commodity

technology assumption.  Measurement error is modelled as the

result of nonreporting of specified materials use by particular

plants .  Where reports on specified materials are available, the2

commodity technology model is estimated from the distributed of

material input intensities among plants that are 'pure' in the

sense that they make only the characteristics commodities of the



     In constructing an index of diversification, Gollop and Monahan (1991)3

also infer product-specific input requirements from the input requirements
from the input structure of pure plants.
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industry .  The commodity technology model is tested by seeing3

whether the material use patterns of pure plants are relatively

homogeneous.

To preview the empirical results, I find that rejections of

the commodity technology model from aggregate data generally are

for the wrong reasons; the problematic entries in industry-level

IO tables generally have a very low Census content and do not

provide a sound statistical basis for the rejection of the

commodity technology model.  Second, I find that, when available,

sometimes the micro-data do provide a sound reason for rejection

the commodity technology model; there is substantial

heterogeneity of materials use among plants that only produces

the primary products of an industry.

The next section of the paper reviews how industry-level

aggregate data can generate the problem if negatives.  Using

plant-level data, the third section examines possible

explanations for the problem of negatives.  One of the major

findings is that a lot of heterogeneity underlies the aggregate

in published input-output use tables, and the concluding remarks

point to further work that would be useful for understanding and

coping with the implications of this heterogeneity.
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2  The Problem of Negatives

In the 'use' table U of the U.S. IO accounts, entry _______

is the amount of commodity i used as an intermediate input in

industry j.  In the 'make' table v, entry ____ is the amount of

commodity  k produced by industry j.  When the industry is the

unit of observation, the commodity technology assumption is

specified as the constraint that the use of a particular

intermediate i in the production of a given commodity k is fixed

proportion ____ of the make of that commodity k, no matter the

extent of other production in the industry:

INSERT FROM PAGE 3

This aggregate commodity technology model implies __________. 

The latter formula indicates that to infer direct requirements

coefficients _____ for a given commodity ____ from industry-level

use and makes tables, one computes a weighted average _____ of

the use of the intermediate in question ___ by all industries

___, with weights _____ from the inverse of the transposed make

table 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

intermediate in given industry of the requirements for that input

in producing the secondary commodities of that industry.  IO
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researchers have found in producing the secondary commodities of

that industry.  IO researchers have found that in practice, some

of the implied direct requirements coefficients are negative; for

some intermediates, more use of an intermediate is purged than

actually consumed.

For example, calculations from the benchmark U.S. input-

output accounts for 1982 show that 363 commodity technology

direct requirements coefficients for manufactured goods are

negative and large in absolute value (line 1, column 3 of table

1).  Only about 5000 of the elements of this matrix are large in

absolute value (to be exact, there are 5131 large elements, 4668

positive and 363 negative).  Thus, more than 3 out of 50, or 6

percent, of the large elements of the direct requirements matrix

are negative.

3   Possible Explanations of Negatives

I consider two explanations for the negatives that appear to

signal the failure of the commodity technology model: 

measurement error and heterogeneity among pure plants.  The

measurement error hypothesis is the possibility that the model

(1) is literally true at the plant level, but the entries in the

aggregative make and use tables are imprecise and possibly

biased.  Some researchers have argued that the problem of
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negatives often is derived from heterogeneity among pure plants

in materials use intensities.  Because the definition of an

industry can be quite broad, there can be significant variation

in materials use intensities among the products that are primary,

and aggregation of plants that make distinct primary products

with very different materials use patterns can lead to the

apparent anomaly of negative requirements.  In this section of

paper, I consider these two possible explanations for the failure

of the commodity technology model on aggregate data.

3.1  Measurement Error and the Census Content of Use Tables

Ten Raa (1988) and ten Raa and van der Ploeg (1989)

emphasized measurement error in their statistical approach to re-

estimating the published aggregate input-output tables for the

U.K..  They assumed that the observed industry-level data _____

and _____ included measurement errors ____ and ____, so that the

relation between true values and observed values is:

(2) INSERT FROM PAGE 4 HERE

(3) INSERT TOP OF PAGE 5 HERE

In principal, there also can be more disaggregative use and make

tables with entries ____ and  ____ that record corresponding

statistics for each plant ____ within an industry.  I offer an



     The plant-level data on specified materials use us drawn form the4

Longitudinal Research Database, Which is described in McGuckin and Pascoe
(1988).  To convert the data from the Census SIC classification system to the
input-output classifications used by BEA, I have applied the BEA concordance
for 1982, which was kindly provided by Mark Planting.
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interpretation of equation (2) that makes the relation of the

industry-level and plant-level statistics explicit.

Specifically, I assume that the plant-level statistics on

the use of materials also might be measured with error:

(4) INSERT SECOND PART OF PAGE 5 HERE.

but regard the degree of measurement error in the make statistic

as negligible for the purposes of this study (i.e., ___ ).  This

emphasis on uncertainty about use table entries is based on the

nature of the underlying source data from the U.S. Census of

Manufactures .  Relatively complete data on the primary/secondary4

product split is available, but almost all (98 percent) IO use

table entries for manufacturing industries have a low Census

content in the sense that they are not based on reports of

specified materials use (last column 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 materials.

It is not clear whether this reporting constraint harms the

quality of the input-output use table in a significant way.  In
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terms of the percentage of the dollar value of materials use that

is specified, this reporting constraint is not very important

because in any given industry a few particular materials comprise

the bulk of total materials use.  The effect of this narrowness

of actual use is shown in table 1 (line 1, column 2), which notes

that 97 percent of direct requirement coefficients are estimated

to be near zero.  Most of the near-zero entries do not have

direct Census content (line 2, column 2).  Although there are a

large number of non-zero entries that are not based on Census

reports of specified materials use (line 2, columns 1 and 3),

these entries still can incorporate Census data indirectly; for

example, 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 materials use and the sum of specified

materials use.

Another constraint on the Census content of the use tables

is that not all plants report specified materials use (table 2). 

For example, in the 1982 Census, 72 percent of U.S. manufacturing

plants 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.  Most 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 from the
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administrative records of other federal government agencies, most

often tax records.  Another numerous group of establishments (34

percent) fails to comply with the Census requests to specify

materials use, but the damaging effects of this noncompliance on

the quality of the use tables is held down by the fact that

noncomplying establishments also tend to be small.  Taken

together, the lack of coverage of some materials and nonreporting

by some plants results in a loss of information on about one-

third of the dollar value of materials consumed by manufacturers;

67 percent of materials use is specified by kind and explicitly

reported 

(line 7).

Despite the moderate dollar values involved in coverage

problems, it is possible that the pattern of coverage of

specified materials use in the Census of Manufactures biases the

use of table toward finding a problem of negatives under the

commodity technology model.  The lower rows of table 1 provide

informal evidence for this latter idea that commodity technology

negative requirements attend to be associated with a lack of

coverage of specified materials.  Remember that in the

calculation of the commodity technology coefficients, _____, the

weights in the averaging of use table values, ____ are from the

inverse of the transposed make table.  Generally, the where make

of the item is primary.  Among the 363 large negative direct

requirements coefficients, 328 are for materials that are not



     This assumption ignores a censoring constraint that is discussed further5

in the following section.  The censoring constraint likely biases the bound on
____ downward slightly, leading to an understatement of the importance of
measurement error in explaining the problem of negative.
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specified by kind in the Census reports for the primary industry

(line 2, column 3 of table 1).  In other words, in 90 percent of

the cases of negative direct requirements, specified materials

use is not available in the Census reports.  This percentage is

much higher than the roughly two-thirds of the large positive

coefficients for which materials use is not specified by kind in

the primary industry. 

Because there is some 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 more appropriate, broader

definition of Census content, I have computed bounds on the

effects 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

otherwise.  For the purposes of calculating the bound, I assume

that if specified materials use is reported at all, it is

reported at all, it is reported exactly ; i.e., if _________. 5

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
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materials use ____ and the sum of reported specified use of other

materials:

(5) INSERT FROM PAGE 7

For a particular industry ___, the upper bound on the unknown use

table cell is the sum across the upper bounds on the planet-level

entries:

(6) INSERT FROM PAGE 7

The lower bound on actual use of a nonreported material at the

plant level is always zero, so at the industry level that lower

bound on an unknown use table cell is the sum of reported plant-

level use of the specified material:

(7) INSERT FROM PAGE 7

Let us focus on the issue of whether inaccuracy of use table

cells has created negatives in the direct requirements matrix of

the commodity technology model.  The scalar expression for the

___ element of the direct requirements matrix ____, is

(8) INSERT FROM PAGE 7
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where the weights in the averaging of use table values, ____, are

from the inverse of he transposed make table.  Let ____ be an

indicator 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 place

the following upper bound on the ____ element of the direct

requirements matrix:

(9) INSERT FROM PAGE 8

The sign of this upper bound (9) for direct requirements

entries that are negative and large in absolute value is

summarized in the last row of table 1.  Out of the 363 large

negative entries, the Census upper bound permits reversal in 140

cases.  This finding suggests that measurement error in the

aggregate use tables is an important part of the problem of

negatives; the amount of unknown use of materials is large enough

for 39 percent of the large negative direct requirements entries

to possibly be due to measurement error alone.  However,

measurement error likely is not the only source of the problems

of negatives.  In 71 percent of the cases of large negatives, the

unknown amounts in cells of the cases table are not large enough

to eliminate the large negatives in the direct requirements

matrix.



     This statement is conditional on the implemented classification system. 6

It is conceivable that there are alternative classification systems which re-
define primary products in such a way that the commodity technology assumption
is valid.  Triplett (1992) makes a similar point; he argues that the current
SIC systems often groups establishments with quite different production
functions into a single SIC category and notes that this might be the causer
of failures in attempts to estimates establishment-level production functions.
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3.2 Heterogeneity of Use among Pure Plants

Any large degree of heterogeneity in use intensities among

pure plants signals a failure of the commodity technology

assumption, whether or not such heterogeneity leads to negative

values in commodity technology coefficients derived from

aggregate make and use tables .  Moreover, it is well-known in6

the IO literature that such heterogeneity does contribute to the

problem of negatives.  For example, Rainer and Richter (1992)

discuss how in the Austrian IO system a failure to distinguish

between electric utilities that produce power and those that

distribute power can lead to the problem of negatives.  The

problem is that electricity distribution facilities have a very

high own input, the purchase of electricity from other

establishments, which boosts the average own input for the

electric utility sector as a whole.  Electricity generating

plants do not purchase much electricity.  When electricity is

made as a secondary product in other industries, the compositions

of intermediate inputs for electricity generating plants than

that of the distribution facilities.  Thus, the commodity

technology solution on aggregate data seems to imply that there
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is a negative electricity requirement for the primary products of

industries with large secondary production of electricity.

Let us try to discover the extent to which such

heterogeneity of use intensities among plants producing only

primary products is a problem in the U.S. manufacturing sector,

looking beyond the electricity example.  To investigate this we

need technology coefficient estimates that are not contaminated

by the measurement  error from nonreporting discussed above.  I

derive technology coefficient estimates from the records for the

plants that reported specified materials use, focusing on the

62,757 reporting pure plants (table 2).  Notationally, a P

superscript denotes requirements ____ from a plant ___ in this

sub-sample of pure plants.  The commodity technology model,

equation (1), represents the production process of multi-product

plants as a liner combination of single-product technologies,

(10) INSERT 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

requirement for the corresponding commodity, whenever produced,

____.  Almost all industries have some pure plants, so I am able

to calculate pure-plant materials use intensities for 3754 of the

3904 materials-industry combinations where use is specified by

kind (last column of line 3, table 1).
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Table 3 presents four statistics describing the

distributions of pure-plant materials use intensities, ___. 

First consider the weighted average of the actual use intensities

of all reporting plants in the industry, where the total product

output of each plant is used as the weight.  These averages, ___

are equivalent to the ratio of the total use of a given material

by all pure plants in an industry to the total output of these

pure plants, so the averages are analogous to the calculated

commodity technology model coefficients, ___  from ____, that

would be derived from the standard aggregate use and make table

entries, ____ , if there were no secondary production of the

commodity and only pure plants in the industry in question.  In

more than half of the cases, average consumption of the dated

material among pure plants is less than one percent of the 3754

cases, the average requirement for the material is more than

14.21 percent of output.

The distribution (across material-industry combinations) 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 mode at zero in specified

materials use is s pronounced that more than 75 percent of the

medians are zero.
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Table 3 also presents two dispersion measures.  The first is

computed by scaling the standard deviation of the pure-plant

materials use intensities ___ by 1.34, which is the interquartile

range of a standard normal distribution.  The second is the

empirical interquartile range, the distance between the 25th and

75th quantiles of ___.  Many of he interquartile ranges are zero,

reflecting the fact that in more than half of the material-

industry reporting combinations, more than 75 percent of the

plants record zero use of the specified material.  Inspection of

the empirical distributions of the raw data on specified

materials use revealed that may were bi-modal, with a first peak

at zero and a second positive peak that sometimes was quite far

from zero.

Next, let us investigate the extent to which the bi-modal

distributions of reported materials use actually reflect

heterogeneity of use among pure plants.  This is a non-trivial

effort because there is an additional reason why recorded use of

specified materials might be zero:  plants are told to omit

listing of specified materials use if the amount used falls below

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

plants are essential homogeneous in their materials use.  I

parameterize this null hypothesis by interpreting the commodity

technology assumption (10), which is written as is a single

coefficient ___ applies to all plants, a s statement about the

central tendency of a (unimodal) distribution of requirements. 

Specifically, I assume that the logic of the actual commodity

technology coefficient that applies to a particular plant ___,

log (______), is drawn from a normal distribution ____ with mean

log (____) and variance____.

(11)

A pure plant's actual use of the material is

(12) _____

The censoring constraint is that the recorded use of the material

___ equals zero if the actual use ____ is less than 10,000

dollars:

(13) INSERT FROM PAGE 11 HERE



     Any plant with total output less than 10,000 dollars is assumed to have7

all detailed materials use censored, so the censoring threshold in (14) is
well-defined
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Equivalently, the observation is censored of the logic of the

pure plant's actual use intensity, log ____, is below a known

threshold :7

(14) INSERT FROM PAGE 11 HERE 

The system of equations (11)-(14) constitute a standard

tobit model.  To estimate the unknown parameters ___ and ___

under this null hypothesis of homogeneity, I use the maximum-

likelihood method described by Amemiya (1973).  Under this null

hypothesis, the maximum likelihood estimates of the tobit model

provide consistent and asymptotically efficient estimates of the

unknown parameters ___ and ____.

To formalize the alternative idea that heterogeneity of

materials use among pure plants creates a problem of negatives,

supposes that among the primary products of each industry there

are two types of commodities, which I call low and high to denote

their relative intensity of use of a specified material.  The

commodity technology assumption as given in (11) and (12) is

assumed to be appropriate for the commodities taken individually,

but the mean materials requirements for these two commodities ___



     To estimate this alternative, I do not actually rely on the normality or8

symmetry assumptions of (11).  The test statistic has the appropriate size and
power to find heterogeneity under a wide class of bimodal distributions.
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and _____ are assumed to be quite different .  Specifically, I8

assume that the mean     and dispersion ___ parameters for the

low materials use commodity are so small that it is unlikely for

the censoring threshold (13) to be exceeded in samples of the

size used here.

To help us relate the parameters of the null and alternative

hypotheses, characterized the location of the mixture

distribution by its median 2. , which is the value of " which5
C

exactly half of the plants are expected to fall below.  Under the

null hypothesis-a single type of plants with materials use

requirements characterized by a censored normal distribution. 

The interquartile range ____ describes the dispersion of the

mixture distribution.  Under the null hypothesis of a non-mixed

normal distribution, the scaled standard deviation 1.34____

equals the interquartile range.  To estimate ____ and ____ under

the alternative with heterogeneity, I employ Powell's (1984,

1986) Censored Least Absolute Deviations (CLAD) and Censored

Regression Quantile (CRQ) estimators.

Table 4 presents a summary of the results.  The estimated

central location of most direct requirements distributions is

quite small with the tobit correction for censoring.  The tobit

results imply that for 95 percent of the material-industry
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combinations, the implied mean of the (uncensored) distribution

is less than 2.96 percent of output.  The tobit estimated of the

mean (table 4, column 1) tend to be much smaller than the

uncorrected means in which weights are proportional to the output

size of the plant (table 3, column 1).  At first glance, this

finding might seen anomalous because the rounding of small

positive numbers down to zero biased an uncorrected mean

downward, not upward.  But, in this case removing the effects of

censoring has resulted in a further lowering of the estimated of

the mean.

Inspection of the distribution for particular material-

industry combinations revealed the nature of the apparent anomaly

in the tobit estimates.  At a given materials use intensity, the

likelihood that the censoring constraint will be binding

decreases with the output size of the plant.  But in many cases,

some very large plants report zero use of a specified materials. 

The tobit models tend to locate the uncensoring distribution

close to zero because censoring is such an unlikely explanation

for the large plants' failure to report use if the specified

material.

Chart 1 illustrates this effect with hypothetical data that

resembles the distributions of specified materials use in



     This chart does not use actual data in order to safeguard the9

confidentiality of individual plant records.  The hypothetical data was
created by Monte Carlo and is representative in the relevant respects
discussed in the text.
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industries with significant heterogeneity among plants .  The9

upper panel shows that in this case the average (across the 100

plants) materials consumption as a share of output is a bit less

than 50 percent, but use of this specific materials would be

recorded at zero for the slightly more than one-fifth of the

plants represented by slashed bars.  Tobit estimates are formed

by analyzing the distribution shown in the middle panel; for

plants not reporting zero materials use, the variable of interest

is the observed logit of materials use, this variable is replaced

with the logit of the censoring threshold, which depends on the

level of the plant's output, as in equation (14).  If the

censoring threshold were a constant fraction of a plant's output,

say 20 percent, then this mass of the logit of censoring

thresholds would appear in a single bar in the middle panel, the

bar spanning the -1 to -2 range.  But with a variable censoring

threshold, any large plants reporting zero materials use show up

as even lower negative observations.  For example, the largest

plant reporting zero materials use-shown toward the right of the

lower panel-made about 1.4 million dollars of goods, so this

plant's actual material consumption would be censored  to zero

only if the actual share was well below 1 percent of output; this

is a logit in the -5 to 04 range.  the tobit estimates of the



23

mean (of the logit distribution ar pulled well below zero by the

relatively large plants that report no use of the specified

material.

The alternative estimates of location, shown in the table 4

column labelled CLAD median, are robust to this kind of

heterogeneity.  If the uncensored distribution actually has a

mode near zero and a second mode that is quite a bit larger, the

CLAD median will tend to find the actual mid-point of the

uncensored, mixed distribution.  As shown in the table, the CLAD

medians generally remain well above the estimates from the tobit

model, a finding that is consistent with bi-modality in the

uncensored distribution, the tobit estimates of location appear

to be biased down by heterogeneity of materials use among pure

plants.  Also, the robust estimates of dispersion tend to be

quite a bit larger than the tobit estimates of dispersion, likely

reflecting the ability of the robust method to capture the wider

spread of the mixture of distributions.

Of course, the tobit and robust estimates of location and

dispersion are imprecise, so it is important to check whether the

deviations of the parameter estimates are beyond the range of

estimation error.  The final column of table 4 presents the

results of such a formal test of whether the differences between

the tobit and CLAD-CRQ estimates are statistically significant,

using the specification testing technique of Hausman (1978) to

infer the asymptotic distribution of the difference between the



     Newey (1987) suggests applying the Hausman test in a context like this10

where tobit maximum likelihood estimates are being compared with CLAD
estimates.  Estimates of the density at the quantiles are needed to calculate
a variance-covariance matrix for the CRQ/CLAD estimates, and I used an
Epanechnikov kernel for such density estimates.
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estimators .  In 25 percent of the material-industry10

combinations where such a test was calculable, the null of

homogeneity can be rejected very strongly-at the .55 percent

marginal significance level.  At the more conventional

significance level of 5 percent, this test shows evidence of

heterogeneity among plants for about one-third of the material-

industry combinations.

Table 5 repeats the analysis of table 4 for a subsample of

material-industry combinations 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 larger

material requirements, the specification that rejects the null of

no heterogeneity in 70 percent of the cases; tobit means tend to

be below CLAD medians, and the robust estimates of dispersion are

wider than the tobit estimates of dispersion.

Specific examples are helpful for culling possible

explanations for the heterogeneity of materials use among pure

plants.  Towards this end, table 6 presents the tobit and robust

location estimates for the largest fifteen material requirements,

where the CLAD median estimates range from 50 percent to 89

percent.  From the inspection of specific results, it was

apparent that the specification test often rejected the absence
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of heterogeneity because the robust estimates of dispersion were

wider than the tobit estimates of dispersion.  Focussing more

narrowly on the locations of the distributions, table 6 show that

(at the 5 percent level) a test that the tobit and robust

estimates of location are equal still rejects in 60 percent of

the cases (9 out of 15).  However, there is no significant

evidence of heterogeneity in plants' use of rice in milling,

barely in making malt, cottonseed in making cottonseed oil,

nonferrous metals in nonferrous rolling, yarns in fabricating

tire cord, or fishery products in canning fish.  for those cases

where evidence of heterogeneity is significant, a number of

possible explanations were culled from the plant-specific product

and material records of these (usually large) plants that

contributed the most to the lowering of the tobit means.  For

example, the petroleum refining industry includes some pure

plants that make specialty products from own-industry inputs, and

such plants report little or no use of crude oil and natural gas. 

Some special products sawmills do not use the dominant material

input-logs-but rather rely on other wood products as raw material

itself is defined rather narrowly, so the use of close

substitutes-corn, barely, oats or sorghum grain-appears as a form

of heterogeneity.  Inspection of additional specific examples

both revealed repetition of these basic patterns and added a bit

to the list of possible explanations for heterogeneity.



26

4   Conclusion 

This paper has done something different than other attempts

to investigate the failure of the commodity technology model on

aggregate data, such as those by ten Raa (1984), ten Raa and van

der Ploeg (1989), and Ranier and Richter (1992).  Measurement

error in aggregate use tables was quantified not by asking

compilers about the precision of the estimates, but rather by

going directly to census records from individual manufacturing

plants and tabulating the effects of nonreporting.  Heterogeneity

of materials use among pure plants was investigated by actually

looking at the empirical distributions across pure plants of

materials use and by summarizing the evidence of heterogeneity in

test statistics with known properties.

Ten Raa (1984) and ten Raa and van der Ploeg (1989)

concluded that the degrees of measurement error in aggregate make

and use tables cannot fully account for the problem of negatives. 

Although I have not overturned this conclusion by taking an

extensive look at the plant-level records, what I find striking

is not that some negatives cannot be explained away on these

grounds, but rather that many negatives are likely due to

measurement error.

With regard to those material-industry combinations where

measurement error does not appear to be a serious problem, there

is broad-based evidence of heterogeneity of materials use among

pure plants.  Further work is needed to understand this



     Whether or not the heterogeneity described here is to be taken as11

evidence against the Leontief technology or the neoclassical Cobb-Douglas
technology depends on whether one assumed that all pure plants in an industry
face the same prices for the input and materials.  By working in terms of
current dollar cost shares and implicitly assuming that all plant face the
same prices, I have been able to describe the results as a test of the
Leontief technology.  Alternatively, under the assumption of heterogeneous
prices, this paper presents evidence that the share elasticity of substitution
is not unity; i.e, the technology is not Cobb-Douglas.
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heterogeneity and to develop ways of proceeding with IO analysis

in the presence of such heterogeneity.  Most such research can

proceed along one of the following three lines.

First, it is possible that all variant of the Leontif

technology assumption are poor approximations to the true

relation between the intensity of factors of production and the

level of attained output.  Neoclassical economic theory certainly

suggests that substitutability of capital, labor, and other

materials for the specified materials could induce heterogeneity

in plant-level use, and no-one has demonstrated whether or not

such variations in the factor input mixes can explain the

heterogeneity among pure plants that I have documented here. 

Data on prices and capital and labor input for individual plants

also is available in the LRD, so further research in this

direction is feasible . 11

Second, it possible that much of the apparent heterogeneity

among plants within a given industry is due to inadequate

industry classification.  The Standard Industrial Classification

(SIC) system of the United States does not always give similarity

of input structures primacy, partly because the system has never
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had a coherent, model-based rationale.  Triplett (1992) and

others are beginning to lay the conceptual foundation for model-

based economic classification.  I suspect that much of the

apparent heterogeneity of materials use could be eliminated if

similarity of material input structure were a more universally-

applied criterion in the design of the industrial classification

system.  In some empirical work along these lines, Abbott and

Andrews (1990) were able to devise to devise some interesting

alternative classifications.

Last, I think it is important to investigate a related

problem, whether the heterogeneity among pure plants reflects

what Rainer and Richter (1992) call inhomogeneity due to vertical

integration.  As an example, Rainer and Richter point out that

among plants in the iron and steel industry group, many will

engage in both the production of finished steel products and the

smelting of iron ore.  If the latter commodity (smelted ore) is

produced and consumed within the same establishment, 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 vertical

integration within plants exists.  Further research is needed to

document the extent of vertical integration within plants and to

explain why some plants choose to integrate and others do not. 

In his recent Nobel lecture, R.H. Coase (1992) singled out the
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work at the Center for Economic Studies (CES) as especially

important to further understanding the activities of firms.

This paper uses the data available at the CES to provide

clear evidence of heterogeneity among plants that appear to

similar by conventional classification measures.  It remains to

be seen what theories can explain this heterogeneity or whether

alternative classification systems can remove the appearance of

heterogeneity.

TABLE 1
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