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ABSTRACT

BOOTSTRAP ESTIMATES OF CONFIDENCE INTERVALS FOR

PARTIAL SURVEY INPUT-OUTPUT MODELS:

A FOREST PRODUCTS EXAMPLE

BY

Rodney Lee Busby

Analysts do not commonly provide information about the

statistical precision of the input-output multipliers they develop due

to the lack of theory relating the variability of the input data with

the input-output multipliers generated. Previous work in this area

relies upon the incorrect assumptions that the input data are normally

distributed and independent of one another.

The bootstrap procedure is a means of estimating the statistical

precision of a measure from a single sample of the data that does not

rely upon the limiting assumptions of the input data. The idea is to

mimic the process of picking many samples from the sample frame by

choosing many artificial samples from the original sample data set.

The bootstrap procedure has been found to be effective and was

efficiently used to generate measures of precision for multipliers

from a partial survey input-output model for Michigan.
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Results vary depending upon both the sector and the multiplier

examined. The sawmill sector's output multipliers were precisely

defined in the analysis. The bootstrap standard deviation is by far

the smallest generated. The next best sector is the wood pallet

sector followed by the paperboard sector.

Results for the employment multipliers were different than those

of the output multipliers. Employment multipliers are very close,

with the wood pallet sector providing the best estimate, followed by

the paperboard sector, then the sawmill sector.

Results for the income multipliers show that again the

reliability of the multipliers were similar, the paperboard sector

edged out the wood pallet sector, followed closely by the sawmill

sector.

One pattern did emerge, however, the millwork sector had by far

the highest standard deviation estimates of the sectors studied. Its

average bootstrap standard deviation was two to three times those of

the other sectors.

Sample sizes do matter. For example, the standard deviation for

one multiplier was reduced by 29 percent when the sample size was

increased by 50 percent, it decreased 42 percent when the sample size

was doubled.
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CHAPTER 1

INTRODUCTION

Despite the fact that the parameters of input-output models are

not known with certainty, the results from most input-output analyses

are provided without any information regarding their reliability.

This deficiency has been due to a lack of theory linking errors or

variability of the input data to the input-output model generated.

Fortunately, recent decreases in the cost of computing has spawned

development of computational intensive techniques that use brute

computing power to overcome the limiting assumptions required by

existing theory.

Objective

The primary objective of this report is to test the

effectiveness of using one such technique, the bootstrap procedure, to

generate estimates of the statistical precision of input-output

multipliers using a partial-survey input-output model. This study

will use bootstrap methods to estimate average multiplier values,

standard deviations, and confidence intervals for each input-output

multiplier generated. A recent partial-survey input-output model for

Michigan (Chappelle et al., 1986) will be used in the analysis.



Hypothesis

The hypothesis of this report is that the bootstrap procedure

can be effectively and efficiently used to generate confidence

intervals and other measures of precision for input-output

multipliers.

The evaluation criteria used in this analysis are: (1) the

assumptions of the model used to generate the results must be valid;

(2) the results must be useful to analysts; (3) the results must be

useful to decision-makers; and (4) the approach must be cost

effective.

The second chapter contains a review of the literature in this

area. First the chapter defines input-output analysis, and describes

how each multiplier is typically calculated. The chapter also

contains a discussion of three areas that bear upon the problem: (1)

aggregation, (2) reconciliation, and (3) stochastic input-output

analysis.

The third chapter contains the methods used to conduct the

analysis. The chapter starts with a discussion of the data sources

used in the analysis. The partial-survey input-output model is

discussed next followed by a discussion of the bootstrap confidence

intervals and probability functions. This chapter also describes the

three tests conducted in this analysis.

The fourth chapter contains the results of the analysis, and

contains an example of how the results of the analysis may be used.

This chapter also contains an examination of the evaluation criteria

and a decision as to whether the hypothesis is accepted or rejected.
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The summary and conclusions of the analysis are in the last

chapter.



CHAPTER 2

REVIEW OF LITERATURE

Input-Output Analysis1

Input-output analysis studies the economic interdependencies

within or between nations or regions. Input-output analysis uses a

model generated from a flow based accounting system to conduct these

analyses. The information is gathered into input-output accounts that

provide a quantitative representation of the national, regional, or

interregional economy. The information needed for these input-output

accounts may be collected using a variety of techniques. Richardson

(1985) classifies the data collection techniques into four broad

categories: (1) conversion of national coefficients; (2) short cuts;

(3) hybrids; and (4) "pure" survey techniques.

There are a variety of techniques to adjust the national

input-output model and use the results in regional analysis. Short

cuts are techniques to estimate regional input-output multipliers

without producing full regional coefficient matrices. Hybrids, or

mixed data based models, make the use of some survey information or

 

1 For a more detailed look at input-output analysis see Miller and

Blair (1985), Richardson (1972), or Miernyk (1965).
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other reliable information in addition to adjusted national coeffi-

cients. The last category is the "pure" survey model.

Jensen and MacDonald (1982:page 34) conclude that the consensus

among economists is that "there is no substitute for a good

survey-based input-output table." The problem is the cost and time it

takes to construct such a model. Richardson (1985: page 618) calls

the pure survey based model "an extinct animal on the grounds of time

and cost..."

Jensen and MacDonald (1982:page 38) declare that:

...the future of regional input-output lies in the

development of 'hybrid' tables, i.e. tables which seek to

combine the advantages of the expected accuracy of the

survey table and the relative speed of construction of the

non-survey table.

Richardson (1985:624) agrees, calling the hybrid model ”...the

wave of the future." This study will use a hybrid input-output model.

As mentioned above, input-output accounts contain flow

information that include all of the monetary transactions occurring in

a region or between regions for a certain period of time, typically a

year. These input-output accounts divide information into three

categories: processing sectors, final demand, and the payments or

value added sector.

Processing sectors are the intermediate sectors in the economy.

These accounts contain information about the purchases and sales among

and between firms in the region, rather than final sales, or purchases

of inputs from factors of production such as owners of the land,

capital, or labor. Final demand accounts contain information about

the final sales of goods in the region. The accounts typically divide

the information into a number of categories including personal
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consumption expenditures, exports, and government purchases. The

payments or value added accounts contain information about imports,

tax payments, wage payments, and capital payments.

Input-output accounts measure flow data. Not all of the

information important to a region can be transformed into flow

information. Stock information like the land, natural resources,

buildings, factories, inventories, and human capital are vitally

important to understanding the regional economy. Despite their

importance, stock amounts are not captured in most input-output

models. Changes in the stocks levels may be incorporated into the

model. For example, capital investment or net changes in inventory

level may be included as a types of final demand.

The transactions matrix summarizes the information contained in

the input-output accounts. The purchases and sales among the

institutions inside and outside a region are listed. The transactions

table details purchases from: (1) other firms in the region (2), (2)

wage payments (L), (3) imports (M), and (4) other value added (V).

The total amount of purchases are called total gross outlay (X).

The transactions table also summarizes sales information. This

includes sales to: (1) other firms in the region (again 2); (2)

personal consumption (C), and (3) other final demand (Y). Total sales

are called "total gross output" and since total gross output is

assumed to be equal to total gross outlay, total gross output is also

referred to as X.

Sales to other firms in the region are called interindustry

sales. Other final demand (Y) includes governmental purchases,

investment, net change in inventory levels, and export sales. Other
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value added (V) includes indirect business taxes, and capital

payments.

The transactions of establishments are aggregated into "sectors"

in the transactions table. Equation 1 displays a "n" row and column

transactions matrix (T). The sales of each sector may be read by

reading across the row. The purchases of each sector may be observed

by reading down the column.

(1)

  
where all variables have been previously defined.

The transaction matrix may be converted into a useful model by

first estimating the technical coefficients matrix (A-matrix) for the

region. These technical coefficients show the production function or

recipe for producing a dollars worth of output. A fundamental

assumption in input-output analysis is that the interindustry flows

from sector 1 to j depend entirely and exclusively on the total output

of sector j. The technical coefficients (direct coefficients) may be

computed as follows (Miller and Blair, 1985: page 11):



11 - -—$, and (2)

where the a” are the technical coefficients, the 1, are the per unit

payments to labor, and the c, are industry specific distribution of

personal consumption expenditures, and the remaining variables are as

previously defined.

The production function that is assumed to exist in input-output

analysis is as follows:

x3, . (.711 21, ..., in) (3)

aij an and

the production function uses fixed proportions of inputs to produce a

given level output. Additional input of a single commodity would not

be sufficient to produce an increase in output. All inputs would have

to be increased in the proportion represented in Equation 3 to

increase output.

Assuming that consumption expenditures are combined with other

final demand expenditures, Equation 2 may be solved for z” and

substituted into Equation 1, the result is Equation 4 below:



ailxi + 4' a11x1 I 4' alnxi I Y1 " x1

aiixi + + 313x: + + ainxi + Y1 ' X1 (4)

anixn + + anjxn + + annxn + Yn - xn'

In more compact matrix notation and solving for X, the set of

equations in 4 are the following:

X-AX+Y, (5)

where A refers to a "n by n" matrix of technical coefficients, X is a

"n by 1" vector of total gross outputs, and finally, Y is a "n by 1"

vector of final demands. The A matrix or technical coefficients are

vital to all input-output calculations, the matrix is as follows:

Pall a11 an;

A - 311 a” ain . (6)

  barn anj anm

Equation 5 may be manipulated as follows:

x - (I - A)'1Y.
(7)

where (I - AQ'I is called the Leontief inverse or the table of total

requirements. In the case of a demand driven input-output model,

changes in final demands (Y1) are predicted, and the Leontief inverse

is used to the results are used with Equation 7 to predict new levels

of total gross output (Xi). Several assumption are made when using
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this relationship, they are: (1) no changes in relative prices of the

products in the region, (2) no new industrial sectors appear in the

region, (3) no change in the technology for producing the product.

The Leontief inverse matrix is sometimes called the B matrix and the

term may be substituted into Equation 7 as follows:

X - BY. (8)

The Leontief inverse is a matrix where each column represents

the total impact of each industry j. The matrix may be represented

as:

B _ b“ b” b... , (9)

  

where'bu represents the impact on industry 1 of an unit change in

final demand of industry j.

Input-output multipliers are a very important tool used in

regional analysis. There are three industry-specific types of input-

output multipliers commonly used, they are output, income, and

employment multipliers. There are other multipliers that are possible

to construct but these multipliers are not as commonly used. Output,

income and employment multipliers measure the total impact on output,

income, and employment given an initial expenditure change. The

multipliers are specific to the industry and vary depending upon the

degree of model closure. For example, the A matrix in Equation 6 does
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not include either the labor income coefficients (1,) or the personal

consumption coefficients (c1) which are called the household sector.

Therefore the calculated B matrix does not measure the effect of

increasing income to the workers in a region, and its effect on total

output. Output, income, and employment multipliers that are

calculated without the household sector in the A matrix are called

Type I multipliers. The Type I output multiplier for sector j (OUTLQ

is simply the sum of the jth column of the B matrix:

:1

OUT“ = 2 blj‘
(10)

The Type I income multiplier may also be calculated using the

information in the B matrix. The multiplier is defined as the ratio

of the total income change to the direct income change resulting from

a change in final demand. The Type I refers again to the fact that

household sector is not incorporated into the model, i.e. the

household sector is taken as part of Y, and is fixed exogenously. The

Type I income multiplier for sector j (INCLQ is calculated as

follows:

" b l
. z:._§_i (11)

The employment to output ratio for each sector j («3) is needed

to calculate the remaining type of multiplier, the employment

multiplier. The employment to output ratio is simply defined as the

ratio of total employment in the sector to total output:
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E.

. _1 12
“5 xj ’

( )

where E3 is the total employment in sector j.

The Type I employment multiplier for sector j (EMPIJ) is defined

similarly to the income multiplier, that is, EMPIJ is defined as the

ratio of total to direct employment change resulting from a change in

final demand. Again, since the household sector is not enclosed in

the A matrix, the effects of respending income of households in

response to changes in income in the economy are not captured in this

multiplier. EMF” is calculated as:

n 1) 3
mp .. __1L_1 , (13)

n z; “j

The input-output model may be built incorporating the household

sector into the model. The labor input, and personal consumption

coefficients are added to the A matrix and the resulting matrix is as

follows:

all a” a1n C1

. a11 a,»j all! c1

A ' z s s ' (14)

am anj am on

'11 u. 11 u. 1n 1c‘  

Equation 5 may be manipulated using this augmented A matrix (A’)

and the Leontief inverse calculated. The resulting matrix may be

referred to as the BC matrix, as follows:
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x - (I - A‘)‘1Y. or
(15)

x - B‘Y.

Finally, the Type II output, income, and employment multipliers,

OUTIU, INCIU, and EMPnd, respectively, may be calculated using the

B'Ir matrix:

a

OUTIIj " Ebb!

-1

n . 16)
bu 11 (

INCIIj g1: 11 , and

“ la'n
EMPIIj I ; ._1_?_._1.'

.1 “j

 

where b1” refer to the entries of the Leontief inverse matrix that

included the induced effects of the household sector.

Aggregation

Aggregation affects the results of input-output analysis. A

sector is an aggregation of the establishments in a region. A

completely disaggregated input-output model could, theoretically,

identify each individual in the economy! Analysts aggregate to make

the modeling task feasible, to provide confidentiality to individual

firms in the region, and still provide a meaningful model of the

economy.

While Miller and Blair describe the theoretical input-output

production function in Equation 3 above; Karaska (1968: page 215)

describes the production function actually estimated:
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...each industrial sector as defined must be some

combination of production functions. Thus coefficients in

the input-output matrix are not 'real' technological

coefficients, but are averages of production functions

from many different firms.

Aggregation in the directly impacted sector has more effect on

economic impact analysis results than aggregation in other sectors.

Katz and Burford (1981: page 54) write that:

...we have shown that the major problem of aggregation is

not a loss of accuracy from aggregation in industries

other than the one of interest, but rather, the loss of

detail for the specific industry or firm of interest ...

In general it can be concluded that accurate information

is needed for the specific industry or firm of interest

but the multipliers are little affected by aggregation or

error for other industries in the matrix.

The seriousness of the aggregation problem is also a function of

the variability in the production function and purchasing patterns of

firms in the sector. Aggregation of similar firms causes no harm.

Aggregation of dissimilar firms in sectors of direct interest causes

loss of precision of the economic impact analysis.

Aggregation of dissimilar firms increases the variability of the

regional direct coefficients. Karaska (1968: page 223) concludes that

"...variation increased with the level of aggregation."

The establishments in a region may be aggregated in accord with

any sectoring scheme that might meet the needs of the decision-maker

and the data constraints that exist. Disclosure rules forbid the

release of individual firm survey data. Generally, data from at least

three firms must be aggregated to prevent inadvertent disclosure of

individual establishment data.

The aggregation problem and the problem of estimation of

confidence intervals around input-output coefficients can be
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separated. The problem may be studied for any proposed aggregation

scheme. In the interest of clarification of the confidence interval

problem, the existing aggregation scheme in Chappelle et a1. (1986)

will not be altered.

The Reconciliation Debate

Chappelle et a1. (1986) asked each of the establishments

surveyed to detail their purchases and sales. The results were two

estimated transactions matrices, one based upon purchases and one

based upon sales. Reconciliation techniques were used to force the

two estimates to agree. Chappelle et al. (1986) used a reconciliation

technique suggested by Miernyk et a1. (1970).

In total, three transactions matrices were proposed: (1) the

purchases; (2) the reconciled; and (3) the sales transactions

matrices. Income multipliers were estimated using each of the three

transactions matrices.

The purchases and sales income multipliers ranged from 9.7

percent below to 25.5 percent above the reconciled matrix (Chappelle

et al., 1986: page 15).

To focus study on the confidence interval question, this study

will use only the purchases transaction matrix. The result will be a

set of confidence intervals for the purchase-based transactions

matrix. A similar study could be made for a sales-based transactions

matrix or the reconciled matrix. The key requirement in order to make

the process work for the reconciled matrix would be the use of some

automatic decision rule that would make the reconciliation process
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automatic. Procedures are available to accomplish this and are

discussed in Miller and Blair (1985). The reconciliation problem

limits the usefulness of the confidence interval estimation technique

used here but the problems can and will be separated to focus

attention on the primary goal of this paper.

Stochastic Input-Output Analysis

One important question in input-output data collection efforts

is--what are the important data items to collect? Should the analyst

collect data on regional technical coefficients, regional purchase

coefficients, household consumption coefficients, and/or labor input

coefficients? Can national input-output coefficients be used instead

of regional data for some data items?

Analysts may make the distinction between regional technical

coefficients and regional purchase coefficients. Regional technical

coefficients are the technical requirements for producing a product,

no matter where produced. Regional purchase coefficients (RPCs) are

the proportion of the technical requirements that are purchased

locally. For example, suppose that for each dollar of output of the

sawmill sector, the sawmill sector purchases twenty five cents from

the logging sector. In a particular region, sixty five percent of

such purchases are done locally. The technical coefficient would be

.25, the RFC would be .65. The regional direct coefficient that

details the sawmill purchases from the local logging sector would be

.1625 (.25 times .65). The household consumption coefficients list

purchases of households from each sector in the region. The labor
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input coefficients are the amount of each dollar spent on labor in

each sector.

Stevens and Trainer (1978) conclude that first priority should

be given to collection of regional purchase coefficient data. In fact

they state that:

It is possible that system errors due to A-matrix errors

are likely to be so small that it would be difficult ever

again to justify constructing a regional table based

entirely on survey data (Stevens and Trainer, 1978: page

28).

Park et a1. (1981) studied the impact of four types of error:

(1) technical coefficient error; (2) household consumption coefficient

error; (3) labor input coefficient error; and (4) regional purchase

coefficient error. Random, additive errors of 10, 20, 30 and 40

percent were introduced to a survey based matrix for each type of

error. The random error assumed to have a distribution with a mean of

zero and a standard deviation of one half the error percentage (10,

20, 30 and 40 percent, respectively). Park et a1. (l981:page 335)

concluded that:

Our results reconfirm the main finding of the ST [Stevens

and Trainer, 1976] and other studies in this area that

errors in sectoral output and multipliers calculated from

the nonsurvey I-O table tend to be far more sensitive to

errors in the regional purchase coefficients than to

errors in the technical coefficients. Moreover, the

effect of errors in the technical coefficient matrix is

surprisingly negligible...

In contrast, Garhart (l985:page 364) concluded that:

Rather than completely neglecting technical coefficients

on the grounds that their inaccuracy will do little or no

harm to multiplier accuracy, the regional analyst should

recognize that technology can vary across regions, just as

regional trade patterns can vary. Depending on the nature

of the error and the type of multiplier being considered,

errors in the A matrix can cause even greater errors in
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multipliers than can r.p.c. [regional purchase

coefficient] errors.

If Garhart is correct, all sources of error may potentially be

important. An analyst interested in the effects of error on

multiplier accuracy cannot focus on any single element to the

exclusion of other sources of possible error. Note that for

extractive industries, such as forestry, technology may differ greatly

from region to region.

Park et al., Stevens and Trainer, and Carhart's analyses were

made by introducing random errors into a pre-existing "A" matrices.

Sampling variability was ignored.

Gerking developed a notion of a stochastic input-output model,

he (l976a: page 1) had protested that:

. the problem of calculating standard errors for the

parameter estimates in a static, open input-output model

has been virtually ignored. In fact, the need for

calculating standard errors had seldom been recognized

even though input-output models are often implemented from

sample rather than census data.

Gerking defines the input-output production function in

stochastic terms as the following:

xj.(fl1, .121, flu).uj, (17)

an an a”

Equation 17 is the same as Equation 3 except an error term “1 has been

added.

Gerking (l976a:page 22) uses the following assumption, not

typically made in input-output analysis:

To implement the cross-sectional approach to estimating

the technical coefficients, a new assumption is required

which is typically not made in input-output analysis. In
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particular, all firms in each sector must have the same

production function.

The stochastic properties that are assigned to input-output models are

made by assuming that the intersectoral flow and total output

variables are subject to "measurement error." Gerking admits that

this assumption is a strong one. He argues that (Gerking, 1976a:page

22):

...it should not be judged in terms of its lack of

attention to reality. Instead, it ought to be judged

according to the value of the results which it makes

possible.

Gerking (1976a) examined five techniques to estimate the

regional technical coefficients from survey data. They are: (1) ratio

estimation, (2) ordinary least squares (OLS), (3) two-stage least

squares (ZSLS); (4) Wald-Barlett (WB); and (5) Durbin (DM).

Ratio estimation was defined in Equation 2 above. OLS and ZSLS

are parametric regression techniques; WB and DM are nonparametric

regression techniques.

Ratio estimation gave biased but consistent estimates of

regional technical coefficients (Gerking, 1976a: page 24). Gerking

claims the resulting input-output model is deterministic since (page

21):

...only one observation can be obtained on the ratio

ZLHOM from one set of cross-sectional data. In other

words, after the technical coefficients have been

determined there is no remaining information from which

their standard errors may be calculated.

Gerking also claims that OLS will yield biased and inconsistent

results. ZSLS does yield consistent estimators when applied to

cross-sectional data to obtain: (1) estimates of the technical
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coefficients, and (2) estimates of the standard error for those

estimates. Hanseman (1982), however, says that the ZSLS are biased.

The technical coefficients may be estimated by the following

ZSLS model (Gerking, 1976a: page 27):
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where Xd“° is the total output of firm r in sector j. RVJ”° is a

symbol for the residual value added. WSdu” and PGJ“” are firm r's

wages and taxes paid, these items are assumed to be known with

certainty. The term 21ft) are firm r's purchases from sector i, note

that firm r is classified in sector j. Finally, 6(Lfr’) are the error

terms. Note that the final equation states that the term for residual

value added is a stochastic variable. Note that Gerking uses a

different classification scheme than the one presented in Equation 1

above, Gerking divides value added into wages, taxes, and residual

valued added. Equation 1 divided value added into wages, imports and

other value added.

A key limitation of Gerking's approach is the requirement to

view each firm's contribution to the industry's technology

coefficients as being the same. Each firm's contribution to the

industry's coefficients should be weighted by firm output. If the

sawmill sector in a region consists of six sawmills: (1) one a world
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class sawmill that produced 99 percent of total production, and (2)

five small portable one~man sawmills that together produce only 1

percent of total output. It would be folly to fit an equation using

each firm data equally in the analysis.

Gerking (l976a:page 28) reports that the ZSLS estimator for the

.3” can be simplified as follows:

X1195 (QITQL) “Qirzg
a (1) - I

U X3705 (03703 ) -1erxj ( 19)

 

where X3 and 21.1 are n, x 1 vectors containing the sample information

on total gross output and interindustry purchases. Q) is an nd:x 2

matrix composed of the firm specific wage and tax payments. The

superscript T refers to a transformed matrix.

Gerking (l976a:page 28) indicates that the asymptotic variance

of the coefficient 313(1) is as follows:

03.. (20>

X3791 (93793) -1931:
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Hanseman and Gustafson (1981zpage 469) reformulated Gerking's

ZSLS model. They point out that:

Actual inputs are always in fixed ratios to output. On

top of this relation we add measurement errors ... the

equation for Xdu” in Gerking's system [Equation 18]

leads one to believe that the value of Xdu” depends on the

errors in all the input variables. Actually, ... RV3“” is

the variable measured as a residual...

Modifying the ZSLS equations allows the estimator to be simplified

from Gerking's Equation 19, to Equation 21 below (Hanseman and

Gustafson, 1981, page 470):
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. $1 (21)
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Hanseman used a simulation study to examine how each of the five

estimation techniques worked under "small sample" situations rather

than the looking at the "asymptotic" properties of the estimators.

The five methods were the ratio, OLS, 2SLS, WB, and DM. Hanseman

(1982: page 1433-1434) concludes that under conditions of very

heteroskedastic errors the ratio estimator yields the best estimators,

while under less heteroskedastic and homoskedastic conditions, OLS

performed best.

Hanseman (1982: page 1434) concludes that: "Although the ratio

estimator seems to perform well, its sampling distribution is unknown

and hence confidence intervals cannot be constructed." This paper

will argue that analysts can use a simulation technique to take

hypothetical samples from the population, and the distribution of the

hypothetical samples could be used to form confidence intervals.

Brown and Giarratani (1979: page 621) criticized Gerking (1976a,

1976b) in the following three areas:

(1) the nature of the distribution of stochastic

disturbances has not been adequately explored, (2) the

unique nature of regional input-output models makes

application of stochastic techniques particularly

difficult, if not impossible, (3) the estimator of major

interest in Gerking's article produces parameter values

that are not constrained to satisfy input-output

identities ... the finite sample distribution does not

possess moments.

Input-output analysts may stratify firms in a sector, producing

sub-strata that may be homogeneous and exhibit constant variance but
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this would be unlikely across a sector, according to Brown and

Giarratani. The authors also say that they must know about the

non-sampled establishments in their sample frame and use this

information to weight the establishments in the sample. Finally,

adjustments of the coefficients for trade and transportation ratios,

secondary products (etc.) cause the authors to conclude (Brown and

Giarratani, 1979: page 622):

Each of these adjustments will affect the distribution of

stochastic errors. We should not, on this account, expect

constant variance across establishments nor should we

expect the distribution of errors in any sector is

independent of that in all other sectors.

The second issue discussed by Brown and Giarratani was the

unique nature of regional input-output models. The region's "direct”

coefficients are a mixture of "technical" and "trade“ coefficients.

Brown and Giarratani (1979: page 622) say:

It is conceivable that all establishments share a Leontief

production function. It is not possible in a

space-economy that they share common regional input-output

coefficients. Each firm, depending on its location in the

region, will require a different mix of domestic and

imported inputs. The problem may be seen as denying the

validity of stochastic methods that assume constant

parameters across establishments, or, perhaps, as a

problem in 'spatial' heteroscedasticity.

A third issue made by Brown and Giarratani is that stochastic

estimators must be meaningful in small-sample situations if they are

to be useful in input-output analysis. Note that Hanseman (1982)

examined the behavior of several estimators in a hypothetical small

sample situation.

Brown and Giarratani also noted that Gerking's model did not

constrain the coefficients to conform with the assumptions used for

input-output analysis. The sum of the direct, import, and value added
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coefficients were not constrained to be equal to one. Gerking (1979a)

later corrected this deficiency.

Finally, Brown and Giarratani (l979:page 623) say that since:

For the case of a structural equation with two included

endogenous variables——precisely the case examined by

Cerking——... moments of the finite-sample distribution for

the TSLS estimator exist only up to the number of

overidentifying restrictions ... It follows that none of

the moments of this distribution exist. One may make

parameter estimates, but associated tests of significance

are simply not meaningful.

Gerking (1979b: page 625) responds that "among available estimators

for a certain equation, one without moments may be most suitable."

Gerking accepted the fact that Brown and Giarratani made a valid point

about the lack of moments, but reject their conclusion that the

technique "fails". That is just an undesirable feature of such

estimators.

Miernyk also criticized Gerking's two assumptions: (1) that all

firms in each sector had similar production functions; and (2)

differences in reported production functions were due to measurement

errors. Miernyk (1979: page 37) said:

My associates and I knew that the establishments in many

sector samples would not have identical production

functions. In some cases their production functions were

not even remotely alike. This is the aggregation problem

in its rawest form. To the best of my knowledge no one

has devised any technique, stochastic or deterministic,

for dealing with this problem. To make the tables

comprehensive we were forced to aggregate unlike

establishments. We knew, therefore, that there were more

than 'random errors' in our transactions data, and the

coefficients derived from them.... To the best of my

knowledge no one has devised a mathematical or econometric

technique for dealing with this problem.

.. I see no point in further belaboring the question: Are

input-output models deterministic or stochastic? My own

view--which I think is the conventional one--is that they

are deterministic, although they are anything but error

free.
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Miernyk does recognize that sampling error is a major problem in

survey based input-output analysis. Miernyk tested the calculated

coefficients saying (Miernyk, 1976: page 54):

There is no way of measuring difference between the ’true'

coefficients and those calculated from survey data, since

the true coefficients must remain forever unknown. But we

can measure the representativeness of sectoral samples...

To test his samples, Miernyk et a1. (1970: page 3) compared each

sector's average earnings with a second sample. If there were no

significant difference between the two samples, Miernyk felt that the

original sample was representative of the population values.

Miernyk overstates his case against the probabilistic

input-output model. Surely an adequately large sample would give

better information, barring measurement errors, than a small sample.

Miernyk uses both sampled and supplemental information to construct

the final transaction table. Miernyk (1976: page 53) reports:

In constructing the West Virginia input-output tables, we

relied heavily on the judgement of a large number of

industry specialists, state officials, and others who were

asked to check our 'first round' transactions table. A

number of changes were made on the basis of their intimate

knowledge of specific sectors.

The construction of an input-output model is

anything but a mechanical process. One does not collect a

huge volume of data, run it through a computer, minimize

the variances, and then say 'this is it.’ A closer

analogy would be that of putting together a large and very

complicated puzzle.

This author concedes that additional information other than the

sampled information can and will be used to construct a transactions

table. Survey data are important, however. This paper will focus on

the estimation of confidence intervals from a partial survey input-

output model omitting the influence of expert judgement since

confidence limits must be set around the sample means. Note that a
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sample would be unnecessary if expert judgement alone were sufficient

to construct the transactions tables but still input-output tables are

constructed with sampled data.

As mentioned above, Miernyk does make the point that the "true"

value of the input-output coefficients must remain forever unknown.

Since the true value of the coefficients are unknown, measurements of

accuracy, being defined as differences between the "true" and measured

values of the input-output coefficients or multipliers, cannot be

accomplished. What is measured is the precision of the estimates,

that is, the degree to which multiple measurements of a coefficients

or multiplier correspond to one another. A technique may yield very

precise measurements of a multiplier but be very inaccurate. Several

authors use accuracy since they assume that one particular coefficient

or multiplier to be the true value, but as Miernyk points out, that is

unknowable. Because of this distinction, the term precision not

accuracy, which is commonly used in the literature, will be used in

this report.

Gerking and Pleeter (1977) estimated the optimal sample size for

calculating the direct coefficients of an input-output model using two

stage least squares. Two objective functions were analyzed: (1) a

minimum variance table of regional coefficients and (2) a minimum

variance forecast of total output. The solution to both problems

require estimates of coefficient variance and covariance which must be

obtained from previous studies or estimated by two-stage sampling.

The minimum variance forecast of total output depends upon "unknown

parameters including the levels of final demand...and the values
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assumed by the regional coefficients (Gerking and Pleeter, 1977: page

74)."

Quandt (1958) gave two rationales why regional direct

coefficients can be assumed to be probabilistic. First, he states

that measured factor proportions (Equation 3 above) may in fact vary

since different production processes may be involved producing the

same product, firm expansion paths are not straight lines through the

origin, or different firms have different production functions.

Second, the data may be gathered by sampling techniques and the

estimates of the coefficients would be subject to sampling error.

Quandt showed that the standard deviation of the solution can be

approximated with a high degree of accuracy if the distribution of

input coefficients are available and are relatively small.

Quandt (1959) used a simulation technique that looked at the

distribution of coefficients of a solution matrix (Leontief inverse)

given assumed errors in the direct matrix. Quandt (1959: page 304)

concluded:

(1) that the skewness of the errors in the Leontief

matrices tends to be transmitted to the solution and (2)

that the lognormal distribution provides a fairly adequate

description of the distribution of the solution,

irrespective of the distribution of the original errors.

Evans (1954) found that positive errors in a direct coefficients

matrix lead to positive errors in the Leontief inverse matrix.

Negative errors in the direct coefficients matrix lead to negative

errors in the Leontief inverse matrix. If positive errors in some

matrix elements are offset by negative errors in other matrix

elements, the errors will be somewhat compensating, although the

degree of such compensation is unknowable.
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Ives (1977) studied the sampling variability in the direct

coefficients, sampling variability in the inverse and solution

elements, and estimated "quasi" confidence regions for I-O solutions.

Ives used an analytic technique to estimate the distributions.

Ives' first step was to estimate a upper and lower bound of the sum of

the direct coefficient matrix, which he called.ra. The direct

coefficient matrix associated with the maximum and minimum Ta or A

were used to find the Leontief inverses. Those two estimates were

then used with the forecasted new levels of final demand to generate

two estimates of total sales, X0 and XL,'which represented an upper

and lower estimate of total sales. These values represent quasi-

confidence intervals for the estimated total output values.

McCamley et a1. (1973) approximated the variance and standard

errors of employment multipliers for a survey based input-output

model. McCamley et al. (1973: page 83) reasoned that:

...Studies of this type ordinarily use information

obtained from a sample of firms in each sector to develop

transactions tables and subsequent results. The sample of

firms is usually selected on a probability basis. Thus if

the procedure had been repeated (or a different set of

random numbers had been used to draw the sample) a

different sample of firms and thus a somewhat different

transaction table would have been obtained.

McCamley et a1. first estimated the variance matrix associated

with the transactions matrix. This matrix was estimated using: (1)

each firm's distribution of sales and employment, and (2) each

county's distribution of sales and employment. The employment

information was used to weigh the results since employment control

totals were used to expand the sample totals to regional totals. The
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result was an estimate of the variance matrix for the transactions

matrix.

McCamley et a1. reasoned that the task of obtaining estimates of

multiplier variances would be formidable since multipliers are

nonlinear functions of the transactions table elements. They took

advantage of the fact that if x is a random vector then it is possible

to approximate the variance of the statistic f(x) by:

vm - (fifwxrgxi), (22)

where V(x) is the variance matrix of x and (Bf/6x) is the derivative

of f with respect to x evaluated at the mean of x. The statistic f(x)

is the multiplier to be estimated, and x is a vector representation of

the transactions table. The elements of the df/ax vector are thus the

partial derivatives of the multipliers with respect to transactions

table elements. The partial derivatives were estimated by:

if. . E1 23
ax R, Q1: ( )

where bjh is the jh"h element of the Leontief inverse, R3 is the total

output in the base period of the j"h sector, and q1 is the i"h

endogenous sector multiplier.

The variance of the h"h endogenous sector multiplier is given

by:

c oG G b b

v< )- 42 s" .12, (24)
Q. 2.22%; R, Q. am. R):
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where 83? is the covariance of the j"h element in the i"h row and the

k"h element in the In"h row of the transactions matrix, and there are C

endogenous sectors.

Since McCamley's study used data in which each firm interviewed

supplied information only about its own employment and sales, the

covariance term (Sjfi‘) is zero unless i-m. This leads to the final

formula used, it is:

G G b G bkh

v( )- i{ 2811}—.

q" 2;}: R. 1);“ ’* R. (25)

West (1986) estimated the probability density function of

input-output multipliers under the assumption of normality of the

regional direct coefficients. The probability density function (pdf)

for the k?“ observed multiplier is (West, 1986: page 364-365):
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where the value is determined by the following three parameters:
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where an.are the standard errors of each element of the regional

direct coefficient (A) matrix, b” are elements of the Leontief

inverse, and M1 is the observed multiplier, whether it be an output,

employment, or income multiplier.

West next approximated the mean and variance of y. The problem

remains of estimating confidence intervals. It turns out that if the

function (AC-B2) was close to zero, the distribution of y closely

approximates the normal distribution. West made the assumption that

the error associated with assuming that (AC-B2) was close to zero was

negligible and he then estimated the (1-a) confidence intervals by:

M. - zmA/ MFA/28> < Mi < Mun/2M NPR/28>. (28)

where 2“,; is the critical value of the confidence interval and M1“ is

the true multiplier.

West (l986:page 370) concludes by saying that:

This study ... is subject to a number of

limitations, primarily surrounding the original

assumptions on the distribution of the input coefficients.

This is one area where greater empirical research is

needed; it is quite possible that an alternative input

coefficient distribution would be more realistic...

In fact West (1986: page 364) says "This [the normality assumption of

the original data] is one aspect where complete lack of prior

information prevails." That is, the distributions may not be normal.

Jackson (1986) argues that input-output coefficients are

probabilistic since firms in a region have different ”industrial,

institutional and locational factors" that affect them. Jackson

reasons that each coefficient in an input-output model should not be a
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point estimate but they should be considered a probability density

function (pdf). Multipliers with confidence intervals may be obtained

by simulation. Each direct coefficient (an) is drawn randomly from

its particular pdf, all multipliers are then calculated in the usual

way. Both steps are repeated a large number of times; the resulting

distribution of multipliers are used to develop confidence intervals.

Both West (1986) and Jackson (1986) assume that each direct

coefficient is independent. West (1986: page 364) says:

. the available evidence suggests that the cost of

increased complexity and data requirements of a more

general model, providing that an appropriate multivariate

distribution of coefficients can be formulated, outweighs

the resultant improvement in accuracy.

Jackson (1986: page 522) claims that "The independence assumption in

the full pdf formulation is actually less restrictive than in the

conventional formulations." The conventional formulation assumes that

a point estimate will be made for each direct coefficient, whereas

Jackson draws from a probability distribution to estimate each direct

coefficient.

West may be correct. The additional effort of discovering the

analytic solution of the confidence interval problem without the

independence assumption may not be worth it, but analysts may use

simulation to examine the problem without the expense of discovering

the analytic solution.

Jackson may underestimate the problem of the independence

assumption. A hypothetical example may help explain the problem with

Jackson's approach. Table 1 contains the hypothetical regional

production function data for three firms in the same sector. We may

assume that the firms are of identical size, therefore, the average
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Table 1. Hypothetical distributions of firm's direct coefficients.

 

    

Purchases Firm A Firm B Firm C Firm D Average

From

Sector 1 .10 .40 .00 .15 .1625

Sector 2 .45 .00 .15 .30 .2250

Sector 3 I00 ,10 .15 .99 .0625

Total direct

purchases .55 .50 .30 .45 .4500

Other purchases .45 .50 .70 .55 .5500

 

coefficient may be used to represent the sector's direct coefficients.

Jackson would maintain the entire distribution of individual au's in

the analysis. The individual.au differ since each firm may have

differing production technologies or regional purchasing patterns, for

example.

Jackson would calculate multipliers by randomly and

independently choosing individual a” coefficients from their

distributions until the direct coefficient matrix is filled and the

multipliers are calculated in the usual way. The process is repeated

many times and the resulting distribution of multipliers may be used

to form confidence intervals around the average multiplier. The sum

of the firm's direct purchases from the region would vary from .0000

to 1.0000 by the random selection of a” from the distributions

represented in Table 1. Multipliers calculated from most random

drawings from each coefficient distributions would not represent any

particular firm's production function nor the industry average

production function. An estimate of .0000 is far below the regional

purchases of .3000 of firm C. An estimate of 1.0000 is far above firm
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A's regional interindustry purchases (of .5500). Such estimates are

simply not representative of any firm's regional purchases.

The individual coefficients are not independent either; there

is a relationship between the values of the direct coefficients. A

firm may be located near a source of supply outside of the region, the

sum of that establishment's direct coefficients would reflect that

location. Another firm may be more labor intensive than another; the

firm’s pattern of purchases would reflect that fact.

A more accurate representation of the confidence interval

surrounding the multiplier would be to keep the firm's direct

coefficients intact, and randomly draw firms into the simulation.

Each sample would have a consistent set of direct coefficients, that

is, the individual firm's average production function. If one were to

select a number of samples of direct coefficients in the region, one

could simulate all of the different possible combinations of

individual firm's responses to the change in final demand. One or a

number of firms in the sector may expand (or contract) their output.

By keeping the firm level detail intact, one could develop fairly good

confidence intervals in order to estimate the impact of the stimulus.



CHAPTER 3

METHODS

The cost of developing a full primary data input-output model

are tremendous. In response to this cost, the idea of using a partial

survey input—output model was developed (Richardson, 1985). A partial

survey or hybrid input-output model, as mentioned above, is a model

that has the data for certain sectors estimated by survey data and the

data for other sectors estimated by non-survey methods. The

combination of the survey and non-survey methods to gather data forms

a hybrid, not fully a survey model, and not fully a non-survey model.

The cost of gathering the survey data is, of course, much higher than

developing the model by non-survey methods.

Partial survey models use survey data for key sectors in the

economy, and non-survey data for all other sectors. The definition of

key sectors depends upon the interests of decision-makers.

Unfortunately, non-survey techniques do not provide estimates of the

precision of their estimates and therefore cannot be used in the

estimation of confidence intervals.

Data Sources

The primary source of data for this analysis is the partial survey

input-output model constructed for Michigan (Chappelle et al., 1986).

35
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Table 2 contains the sector designations used in the study. Part of

the model coefficients were gathered using non-survey techniques using

data from the Michigan Energy Administration (1980) input-output model

(the MEA model). Chappelle et al. replaced the three forestry sectors

in the MEA model with survey data for 10 forest product industries

(sectors 9-18) and three roundwood producers (sectors 6-8).

The data gathered for the 13 sectors included: (1) total sales,

(2) average employment, (3) payroll, (4) previous year’s inventory,

(5) current inventory, and (6) distribution of purchases of inputs by

sector and the percentage of such purchases made within the state.

Additional information was gathered in the survey but not used in this

analysis. Details on the methods of the survey are found in Heinen

(1982), a copy of the questionnaire used is found in Appendix B.

This study will use these survey data for four of the 38

sectors, listed. They are: (l) sawmills and planing mills (sawmills);

(2) millwork, flooring, and structural members (millwork); (3) wood

pallets and skids (wood pallets); and (4) paperboard containers and

boxes (paperboard). These sectors were selected because: (1) survey

data had been collected for them, (2) the sectors are representative

of the forest product industries in Michigan, and (3) adequate

responses for these sectors allowed the tests to be conducted without

violation of the confidentially of the data. The rest of the data was

provided by the Chappelle et a1. (1986) model. The remainder of this

report will identify these four sectors as the survey data. The rest

of the sectors will be known as the non-survey sectors, whatever the

origin of the data. All analyses were conducted using these samples.
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Table 2. Sector designations in the Michigan input-output model.

 

 

Sector Sector description SIC codes

1 Livestock; other ag. prod 01,02,07

2 Metals, minerals, crude petrol., nat. gas 10-14

3 Construction Part 138,152-179

4 Meats;dairy;pres. food; grains; bak.; bev. 20

5 Textiles and apparel 22,23

6 National forests --

7 State forests --

8 Other stumpage sellers 0811

9 Logging contractors 2411

10 Sawmills and planing mills 2421

ll Millwork, flooring, structural members 2426,2431,2439

12 Wood furniture and fixtures 2434,2511,2512,2517

2521,2531,2541

13 Wood pallets and skids 2448

14 Veneer and plywood; other lumber and wood 2429,2435,2436

products 244l,2449,2451

2452,2491,2499

15 Int. pulp and paper or paperbd. mills 2492,26ll,2621

mills, particleboard

16 Paper mills, ex. build. pap. mills; build. 262l,2631,2661

pap. & build. board mills

17 Paperboard containers and boxes 265

18 Other pap. prod., conv. pap. & pap prod. 264

19 Printing and publishing 27

20 Chemicals; plastics; drugs; allied products 28

21 Petroleum refining 29

22 Rubber and leather products 30,31

23 Stone, clay, glass, and concrete products 32

24 Primary metal industries 33

25 Fab. met. prod., ex. mach. & trans. equip. 34

26 Machinery 35[exc1.355,356,

358,359],36

27 Transportation equipment 37

28 Misc. manufacturing 38,39 & all 24,

25 & 26 not above

29 Transportation and communication 40-42,44-48

30 Electrical and gas utilities 491-492,Pt. 493

31 Water and sanitary service Ft. 493, 494-497

32 Wholesale and retail trade 501-599

33 Finance, insurance and real estate 601-679

34 Other services 08,355-6,358-9,

701-899 (ex. 88)

35 Government enterprises

36 Households 88

37 Change in capital & inventory, exports, gov.

38 Imports and value added
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Table 3 contains the responses to certain survey questions for

the four sectors analyzed in this study. The table lists the number

of firms responding to: (l) the questionnaire in general, (2) the

total sales question, (3) the total employment question, and (4) the

distribution of purchases question.

Table 3. Michigan survey responses to individual questions.

 

Total Total Total Distribution

 

Sector responses sales employment of purchases

---------------- (number) ---------------

Sawmills and planing mills 78 55 51 42

Millwork, flooring and

structural members 39 29 28 23

Wood pallets and skids 52 45 45 40

Paperboard containers and

boxes 26 24 24 23

 

Survey data were checked for completion, consistency between

payments to households and indicated payroll, and reasonableness of

purchases based upon product mix. Hansen et a1. (1953) described the

process as follows:

...Often the results of compilations, either from

samples or censuses or from other sources, are in error

due to various causes. The errors have arisen from

blunders in compilation, errors in interviewing, or other

sources, and obviously the results should be checked

thoroughly ... verification procedures and the correction

of errors should be carried through...

The question on distribution of purchases had the lowest

response (Table 3); the process of checking on completion,

consistency, and reasonableness reduced the numbers of useful

responses even further. If, for example, a firm said that it had 12
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employees but recorded nothing for payroll, the questionnaire may be

dropped if there is not enough information to edit the data. The

total number of responses remaining are:

sawmills and planing mills 29 responses,

millwork, flooring and structural members 19 responses,

wood pallets and skids 35 responses, and

paperboard containers and boxes 18 responses.

All additional calculations for these four sectors were made from

these edited samples.

Note that this editing process is not unique to this study. In

any practical survey, the data will be checked and edited, this step

is meant to add realism to the project. Note also that this editing

process was in addition to any editing that may have been done to the

survey forms by Chappelle et al. (1986).

Table 4 shows the average sales, employment and income for the

four sectors studied in detail for this analysis. Income is defined

in this analysis as payroll income, it does not include proprietors

income. The paperboard containers and boxes sector had the highest

average sales, employment and income of the four sectors. The lowest

average sales, employment, and income came in the wood pallet and

skids sector. The data in each sector were quite variable. Sales of

firms in the sawmill sector, for example, ranged from one sixteenth of

average to several times the average sales.
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Table 4. Average sales, employment, and income for selected sectors.

 

 

Number Average

of survey Average employ- Average

Sector responses sales ment income

($) (10138) ($)

Sawmills and planing mills 29 763,000 15.9 175,000

Millwork, flooring and

structural members 19 2,280,000 32.2 490,000

Wood pallets and skids 35 602,000 15.6 131,000

Paperboard containers and

boxes 18 5,283,573 50.3 1,087,000

 

The employment to output ratio («3) is defined as the number of

jobs provided for each one thousand dollars of output. Jobs refer to

employees of the firm, not firm owners who may provide a large part of

the labor in small firms. Table 5 shows the weighted average

employment to output ratios, and their ranges for each of the 4

sectors. The weighted average employment to output ratio is simply a

summation of sampled firm employment divided by sampled firm output.

The range in the wood pallets and skids sector is by far the largest

examined, although the firm that reported the lowest ratio was an

outlier from the rest of the firms in that sector.
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Table 5. Employment to output ratios for surveyed sectors.

 

Weighted

Number Range of employ- average employ-

of survey ment to output ment to output

Sector responses ratios ratios

 

------ (jobs/$1000 output) ------

Sawmills and planing mills 29 .01165 to .08658 .02089

Millwork, flooring and

structural members 19 .00703 to .04213 .01412

Wood pallets and skids 35 .00543 to .13060 .02605

Paperboard containers and

boxes 18 .00484 to .01794 .00954

 

The income to output ratio (13) is defined as total amount of

payroll divided by total output. Table 6 list the range of ljfor the

firms in the analysis. The weighted average income to output ratios

were weighted by output. It is interesting to note, that although the

range of individual firms income to output ratios vary tremendously,

the averages for the four sectors are very similar. The range is only

from .20567 for the paperboard sector to .22941 for the sawmills and

planing mills sector.
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Table 6. Income to output ratios for selected sectors.

 

 

Weighted

Number Range of income average income

of survey to output to output

Sector responses ratios ratios

-------- (income/output) --------

Sawmills and planing mills 29 .11114 to .68264 .22941

Millwork, flooring and

structural members 19 .10315 to .50227 .21497

Wood pallets and skids 35 .02082 to .52000 .21830

Paperboard containers and

boxes 18 .09550 to .36000 .20567

 

The Partial Survey Input-Output Model

As mentioned above, there are two sources of data for the

partial survey or hybrid input-output model. The first is the survey

data for the four sectors modeled in this analysis (h). The

information for the remaining sectors were assumed to be fixed in this

analysis, they are the survey and non-survey data developed by

Chappelle et a1. (1986) for their partial survey-based input-output

study. The basic model for the transactions data for this hybrid

model is presented as Equation 29. The transaction matrix (T3) is

divided into two parts, the sectors where survey data was used (h) and

the remaining sectors where the Chappelle's model was used. This

analysis uses purchases data only, therefore only column data for the

four sectors have the distinctive h. Equation 1 is modified by

specifying the four sectors (h) as follows:
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z1h-1

z“ + + 2“?1 + 211: + 2“."1 + + 21 + (31 + Y1 - X1

znhsi + + znn + Cn + Yn - xn

Th.L1+°°°+Lh-1+Lh+1'lwi+m+Ln+LC+LY-L' (29)

V1 + + Vh_1 + V11 4» vhd + + V + VC + V? I V

“1 *""’Mn-1 +Mn*Mn+1 +"'+Mn +Mc+My'M

  X1*"-+Xh-1*Xn+xn.1*'"*xn+C+Y'X
where h refer to the sectors where survey data is used.

The technical matrix (Ah) without the household sector is

calculated next following the same line of reasoning as used to find

the similar matrix in Equation 6 above. Equation 30 is the same as

Equation 6 except the source of the data for the generation of the

coefficients is specified in Equation 30. Again the survey sectors

are identified with an h:

an aih-l aih ant-1 am

A). ' an aux-1 31h aih¢1 am - (30)

  [an]. anh-i anh anhti army

where all variables have been previously defined.

Next we have the A matrix with the household sector (Am') is

calculated. The sector specific ratio of employee payroll to total

output (1h) is the major contribution of the surveyed data. The
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remaining information is provided by the Chappelle et a1. (1986)

model. The A matrix becomes:

' 1

an alh-i a1h aux-1 ain Ci

. an aih-l 31h aihoi am C1

(31)

am arm-1 anh arm-1 arm ch

.11 111-1 1!: 111-1 1n 1c,  

Sector specific labor/output ratios (x) are also needed to

complete the analysis. Again there are two sources of data for the

calculation of the labor/output ratios: (1) survey data signified by

sector h, and (2) the remaining data which uses Chappelle et a1.

(1986) model. They are:

1th '["1 ”ta-1 “h “tn-1 “1111'
(32)

In summary, the survey data (Sh) needed for this partial survey

input-output model is the following:

(33)

  

The survey data used to estimate Sh consists of individual

establishment's responses that must be transformed to an estimate of

the sector's coefficients. The first step taken was to estimate total

firm sales (X,) as reported sales in Question 1 of the survey (Kt)
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plus ending inventory (I.) less beginning inventory (Ib) as reported

in Question 5 of the survey:

X: - X: + I. ' Ibo (34)

The second step of the process was to transform the firm's

purchases data in the survey (Question 10) which is expressed in two

percentage terms, sector specific purchases as a percentage of total

sales (zip) and sector specific purchases from Michigan industries

(Mm) into sector specific sales (21:)- The transformation was as

follows:

(x,) (z,,) (M,,,)
. 35

2“ 10000 ' ( )

 

where the 10,000 is in the equation to cancel the effect of the two

percentage terms in the model.

The third step in this process was to attach the firm's total

sales data (X,) to the matrix. The distribution of sales data does

not add to total sales because it represents only interindustry

transactions, and not wages (L) or other forms of valued added (V) or

imports (M). Payroll data (Pt) as recorded in Question 4 of the

survey was also attached to the data set. Note that although Question

10 asked for wages as a percentage of total sales, that information

was not used since the Question 4 information was assumed to be more

reliable since wage information was asked directly. Data for number

of employees in each firm (Ef) was also attached to the firm's data

set. In addition, there were some minor modifications of sector

definitions between the questionnaire and the final sectors used in
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the analysis, that was accomplished in this step.

The fourth step was to estimate the total of the sample's sales

(X,), distribution of purchases (21,), employment (E,), and payroll

(P,). This was accomplished by simply summing the survey data for

each sector surveyed, as follows.

21. ' zif'

-1

X

X. - 1Xf,

, (36)

s, - 13,,

-1

x

P, - 9,,

where there are K firms in the sample. Note, that the effect of this

transformation is to weigh the responses by firm sales. A sampled

firm with a low sales will have proportionately less impact on the

final estimates of Sh than a firm with large sales.

The fifth step in the estimation of sector’s data in Sh is to

calculate the A matrix elements (an), the payroll/output ratio (13).

and the labor/output ratio («3) for the sector (s). The

transformation is:

 

2
8.1. 3 x1.'

I

1, . a, <37)
x.

E

1‘. = x—..

I

A problem may occur at this point, the sum of the A matrix elements

either with or without the payroll/output ratio may sum to more than
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1.00 since there was no restrictions placed upon the coefficient

values. If the problem exists, there would be a key violation made in

the assumptions behind input-output analysis. That problem was

tracked, but it was found not to be significant in this analysis.

Equation 37 contains the information required for each surveyed

sector (Sh). This surveyed information is used with the non-survey

information to generate the Leontief inverse matrices (B and B') which

are calculated both without the household sector as a part of the A

matrix (Equation 30) and with the household sector as a part of the A

matrix (Equation 31) using the same technique that Equations 6 and 14

were transformed to the appropriate Leontief inverse matrixes in

Equations 7, 8, 9, and 15. Next, Type I and Type II output, income,

and employment multipliers are developed for the survey sectors (h) as

 

follows:

n n

oth " z; bih' OUTIIh " g biht

“’ b 1. ° ly§l

me... - g: T— me... - )3 —,—£. (38)
'1 h '1 h

n b n ‘

EMF“, - z: 1"“1, and sup,” - z: 3’32.

-1 "h -1 “n

Bootstrap Confidence Intervals and Probability Functions

Diaconis and Efron (1983: page 116) discuss the "bootstrap"

method. The bootstrap method is a calculation intensive technique

that may be used to analyze a data set. As Diaconis and Efron say:

The payoff for such intensive computation is freedom

from two limiting factors that have dominated statistical

theory since its beginnings: the assumption that the data
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conform to a bell-shaped curve and the need to focus on

statistical measures whose theoretical properties can be

analyzed mathematically.

. Experience has shown that Gaussian theory works

quite well even when the Gaussian distribution is only

roughly approximated by the data ... For sets of data that

do not satisfy the Gaussian assumptions, however, the

results of statistical methods based on such assumptions

are obviously less reliable. Computer-intensive methods

can solve most problems without assuming that the data

have a Gaussian distribution.

The bootstrap method would seem to present a valid way of

evaluating data. We do not need to make restrictive assumptions about

the data prior to using this method. We can generate non-parametric

confidence intervals about many input-output coefficients. The

result will be distributions for each sector's multipliers. The

unique advantage of this approach will provide an estimate of

empirical sampling error, not hypothetical error as studied in Stevens

and Trainer (1978), Park et al. (1981), and Garhart (1985).

The bootstrap procedure is a means of estimating the statistical

precision of a measure from a single sample of the data. The idea,

developed by Efron (1979,1982), is to mimic the process of picking

many samples from the sample frame by choosing many artificial samples

from the original sample data set. Diaconis and Efron (1983: page

120) say:

The samples are generated from the data in the original

sample. The name bootstrap, which is derived from the old

saying about pulling yourself up by your own bootstraps,

reflects the fact that one available sample gives rise to

many others.

The bootstrap procedure does not always generate a picture of

the true population values. Diaconis and Efron (1983: page 122) say:

. the good properties of the bootstrap are good average

properties. Like any other statistical procedure, the

bootstrap will give misleading answers for a small
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percentage of the possible samples.

. The bootstrap does not always guarantee a true picture

of the statistical accuracy of a sample estimate. What

has been proved is that the bootstrap gives a good picture

of the accuracy of the estimate most of the time. There

are always a few samples for which the bootstrap does not

work, and one cannot in advance which they are. The

limitation is not so much a failure of the bootstrap

procedure as a restatement of the conditions of

uncertainty under which all statistical analyses must

proceed.

In other words, the bootstrap procedure will not work when the

original sample does not represent values of the population. By

chance, the original sample drawn may be totally unrepresentative of

the population. The probability of that occurring, of course, depends

upon the variability of the population and the sample size drawn.

The bootstrap procedure was used to estimate the survey data

(Sh) needs of the partial survey input-output model in Equation 33

above. There were 4 sectors where survey data was used. The

following are the steps used in the analysis which have been adapted

from Efron (1979).

l. The first step is to construct the empirical distribution

of sampled firms for each of the four sectors. A data set

exists with sample sizes of m, n, o, and p, respectively,

from the four sectors surveyed. Each sampled firm is an

independent observation taken from a sample from all firms

available in the sector, after editing. We observe:

6,, G2, , GIn ~ G,

H1. 82! w Hn~H'

1,, 1,, , Io - I, and (39)

J1, J2, , J9 - J.
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The second step was to develop an empirical distribution

for each sampled sector. This was done by giving each

firm an equal chance of being selected. The assumption

being is that these distributions will represent the

population of each sector. The empirical distributions

are as follows:

C: mass % on each observed data point 69.

H: mass % on each observed data point Rh,

1: mass I]; on each observed data point I1, and

(40)

3: mass 11; on each observed data point JP,

where:

g - 1' 2' I ml

h - 1' 2! I n!

i.- 1, 2, , o, and

;>- 1, 2, , p.

The third step is to draw the bootstrap sample from each

distribution. That is draw, using independent random

sampling with replacement, the following: (1) {gffl gin

.. gm“) from G; (hf, hz", hn“) from H; (11*, if,

io*} from I; and finally {j1*, j2*, ... jp*} from J. A

typical bootstrap sample for industry G might be 2 samples

from firm 1, no sample from firm 2, three samples from

firm 4, etc. until the sample size of m is reached. The

assumption is that each bootstrap sample would be similar

to one collected from the population for each sector.

Compute the bootstrap replication (R), that is compute the

desired input-output coefficients using the bootstrap

sample drawn in step 3. Several steps are required to
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transform the sampled data into the form required in

Equation 33 above (Sh). The steps required are detailed

in Equations 34 through 37 above, where Equation 38

contains the desired input-output coefficients.

Repeat steps 3 and 4 some large number (B) of times

obtaining B independent replications and B estimates of

each multiplier listed in Equation 38. The result is a

bootstrap estimate of the distribution of multipliers

gathered by Monte Carlo simulation. A question

immediately surfaces, how large is B? Unfortunately,

there is no immediate answer to that question. A test,

described in the section below, was used to answer that

question.

Calculate selected points in the bootstrap distribution.

This paper will estimate the 5th, 10th, 25th, 50th, 75th,

90th and 95th percentile points (t) of the cumulative

frequency distribution (CFD) of each multiplier

distribution E. Given the bootstrap distribution of E

calculated in step 5, it is easy to compute the CFD as

follows:

cm,” a flgfl, (41)

Nonparametric confidence intervals may be estimated using

the percentiles calculated in step 6 by setting:

Ee[fi(a).fi(1-a)]. (42)
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For example, 90 percent confidence intervals may be

estimated by EE[E(5),E(95)].

8. Bootstrap estimates of the standard deviation of each

distribution may be made in a two step process. The first

step is to let [a‘ij be the central 68.26% interval of

the E*‘values:

#{E‘<a‘}
- .8413. (43)

B

. , B

The bootstrap estimate of the standard deviation (80”) is

defined as follows:

am - __b';a . (44)

The preceding eight steps were used to conduct the three tests

that follow.

Computer Hardware and Software Used

All computer programs used to generate the results of this

analysis were original programs using the SAS programming language

version 6, using SAS/IML for all matrix calculations. The computer

used was a IBM PS/2 Model 80.
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Tests Conducted

There were three specific tests conducted in this analysis. The

first test examined the number of bootstrap replications (B) needed to

estimate the bootstrap distributions. The second test estimated the

bootstrap multiplier distributions, from which bootstrap confidence

intervals and standard deviations were calculated. The third and

final test was to examine the effect small sample size has on the

distribution of multipliers.

The literature concerning the bootstrap technique mentions that

a large number of bootstrap replications (B) are necessary to define

the distributions. The exact number required depends upon variability

of the data used to generate the samples. Examples in the literature

suggest anywhere from 100 to 1600 replication may be necessary to

define each distribution. A key question was--when do the addition of

replications fail to change the distribution? Not having prior

knowledge of reasonable estimates of the number of replications

required, it was decided to test a range of replications to examine

the effects on the multiplier distributions. The entire bootstrap

procedure as listed above was used with two modifications: (1) the

number of replications varied from 200 through 1600 in 200 step

increments; and (2) only the Type II output multipliers were

calculated for each replication. The range of replications was large

in order to capture the upper range of possibilities represented in

the literature. The lower value of the range, 200 replications, was

chosen since it was felt that it represented a minimum number needed

to define the distributions of multipliers. The Type II output
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multiplier was selected since it is probably the most important of all

multipliers used and since output changes are the driving force of all

multipliers. That is, the Leontief inverse in output terms is

transformed to produce income and employment multipliers.

The second test is the core of the analysis presented here, it

is the actual generation of the bootstrap multiplier distributions and

confidence intervals for each surveyed sector and each multiplier

examined. The eight steps outlined above were used. The number of

replications (B) in step 5 was determined by the results of the

previous test. Each surveyed firm represents a sample from its

sector. A bootstrap sample, as described above, was drawn randomly

and with replacement from the pool of samples from each sector. The

number of samples drawn in each sector was the same as the number of

sampled firms used in the analysis. Once a bootstrap sample was

drawn, all of the multipliers were calculated and the process

repeated, until the desired number of replications was reached.

The final test conducted in this analysis is to examine the

effects of sample size on the process. It would be ideal to have the

entire population of firms in each sector upon which to draw samples

of various size. The results could then be used to study the impact

of sample size on the multipliers generated. These data do not exist,

however, the only sample data that exists are the sample data

originally collected. The following test was used to examine the

effects of sample size on the results given that the only data

available are the original sampled data. The smaller the sample size,

the more chance that any one sample could be unrepresentative of the

population. Therefore, ten samples were drawn for each sample size.
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The procedure to test the effects of sample size is as follows:

1. Select the sample size m, n, o, and p for the four sectors

to be examined. The bootstrap procedure above uses all

samples collected, therefore this step was not listed

above.

2. Select the m, n, o, and p samples for this trial for each

sector. Each sample is drawn using independent random

sampling with replacement from the entire pool of samples

originally selected. This new sample is used to generate

all multipliers for this trial.

3. Generate the distributions of multipliers using the

bootstrap procedure as listed above with the exception

that the sample drawn in step 2 is used exclusively to

make all calculations.

4. Repeat steps 1 through 3 for each combination of sample

size (step 1) and number of trials (step 2) desired.

The original data base, after editing, had 29 samples from the

sawmill sector, 19 samples from the millwork sector, 35 from the wood

pallet sector, and 18 from the paperboard sector. There are a number

of ways to test for the effects of sample size on the results, the

test shown here is to simulate the effects of two lower levels of

effort in obtaining samples. In order to simulate the effect of

"somewhat reduced" effort to gather samples and a "greatly reduced"

effort to gather samples, an arbitrary three-quarters and one-half

sample size was taken from each sector. The three-quarters sample

size was to simulate the effects of a "somewhat reduced" effort and
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the one-half sample size was assumed to represent a "greatly reduced"

effort to gather samples. Since the original number of samples

represent a sample from the original population without replacement,

it was felt that in order to compare these results, a third sampling

number would have to be calculated, that is the "full" distribution.

The "full" distribution contains the same number of samples as the

original data base but step 1 was gathered with replacement from the

original data set. The three distributions are: (1) full, (2) three-

quarters, and (3) one-half; the sample size for each sector in each

distribution are given in Table 7.

Table 7. Sample size for the original data, the full, three-quarters,

and the one-half distribution used to examine the effects of sample

size on the distribution of multipliers.

 

Sec E0: sample § Lag

 

Sector Original data full three-quarters one-half

sawmills 29 29 22 15

millwork 19 l9 14 10

wood pallets 35 35 26 18

paperboard 18 18 14 9

 

The number of trials was arbitrarily set at 10 each.



CHAPTER 4

RESULTS

Determination of the Number of Bootstrap Replications

The first test conducted was the determination of the number of

bootstrap replications required. As mentioned above, calculation of

the bootstrap distributions require repeated calculation of

parameters. The number of replications are referred to as "large." A

key question is--when do the addition of additional replications fail

to change the distribution of multipliers? The Type II output

multiplier was calculated for four sectors examined in the study.

Eight different sample sizes were used ranging from 200 to 1600

replications.

Table 8 shows the results for the sawmill sector. The average

mean for all replications for the Type II output multiplier was 2.760

with a range of 2.756 with 400 trials to a high of 2.761 with 200 and

800 trials. The multiplier values at the 5th percentile show a range

from 2.653 at 1400 replications through 2.674 at 200 replications.

The results show that for the sawmill sector, there is no significant

variability related to the number of bootstrap replications. The

results for the 200 replications captured the essence of the

distribution, the additional replications were not needed.
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Table 8. Effects of the number of bootstrap replications on the

sawmill sector Type II output multiplier.

 

 

Replications ue oe e t t owi e e

(B) Mean 5 10 25 50 75 90 95

200 2.761 2.674 2.694 2.723 2.763 2.801 2.830 2.846

400 2.756 2.661 2.687 2.718 2.755 2.794 2.833 2.854

600 2.760 2.670 2.688 2.720 2.755 2.800 2.838 2.862

800 2.761 2.655 2.682 2.722 2.764 2.801 2.837 2.866

1000 2.760 2.667 2.687 2.722 2.756 2.800 2.838 2.865

1200 2.760 2.664 2.685 2.722 2.761 2.799 2.833 2.858

1400 2.759 2.653 2.678 2.718 2.759 2.803 2.839 2.858

1600 2.759 2.660 2.684 2.719 2.758 2.797 2.837 2.860

avg. mean 2.760

 

Table 9 show the results for the millwork sector. The range in

Type II output coefficients was from 2.262 at 200 replications to

2.307 at 600 replications.

replications was 2.295.

The average value of the mean for all

The 5th percentile multiplier was lowest at

1.862 which was the result of 400 replications, it was highest at

1.909 at 200 replications.

low of 2.774 at 200 replications to 2.910 at 800 replications.

The 95th percentile value ranged from a

The

millwork sector has a larger range of multiplier values, but again

there were no detectable patterns in the data that showed that 200

replications were not sufficient to capture the essence of the

distribution.
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Table 9. Effects of the number of bootstrap replications on the

millwork sector Type II output multiplier.

 

 

Replications V ie a t

(B) Mean 5 10 25 50 75 90 95

200 2.262 1.909 1.932 2.076 2.215 2.441 2.642 2.774

400 2.291 1.862 1.928 2.065 2.240 2.472 2.735 2.849

600 2.307 1.885 1.944 2.079 2.242 2.521 2.780 2.882

800 2.298 1.877 1.948 2.072 2.241 2.484 2.791 2.910

1000 2.302 1.886 1.949 2.064 2.254 2.498 2.759 2.868

1200 2.302 1.889 1.951 2.071 2.257 2.492 2.765 2.877

1400 2.304 1.883 1.937 2.055 2.245 2.504 2.800 2.896

1600 2.295 1.887 1.951 2.071 2.251 2.469 2.745 2.870

Navg. mean .295

 

Table 10 show the Type II output multiplier for the wood pallet

sector. The mean values range from 3.063 at both 1400 and 1600

replications to 3.070 at 1200 replications. The multiplier values at

the 5th percentile show a range from 2.873 at both 600 and 1400

replications through 2.884 at 400 replications. Again, there is no

pattern in the data to suggest that the additional effort of

replications beyond 200 added anything to the analysis.
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Table 10. Effects of the number of bootstrap replications on the wood

pallet sector Type II output multiplier.

 

 

Replications Va e t w e

(B) Mean 5 10 25 50 75 90 95

200 3.069 2.880 2.918 2.981 3.059 3.153 3.234 3.277

400 3.065 2.884 2.915 2.981 3.061 3.145 3.229 3.290

600 3.064 2.873 2.908 2.977 3.060 3.142 3.217 3.263

800 3.064 2.876 2.919 2.987 3.059 3.138 3.211 3.254

1000 3.065 2.874 2.917 2.992 3.062 3.141 3.219 3.264

1200 3.070 2.876 2.198 2.989 3.065 3.149 3.223 3.265

1400 3.063 2.873 2.909 2.985 3.061 3.139 3.212 3.253

1600 3.063 2.879 2.918 2.980 3.060 3.139 3.214 3.263

avg. mean 3.065

 

Finally, Table 11 shows results for the paperboard sector. The

mean Type II output multiplier ranged from 2.046 at 200 replications

to 2.075 at 800 replications. The average value was 2.066. Again,

there was no detectable pattern in the data to suggest that 200

replications was too few to capture the essence of the distribution.

Table 11. Effects of the number of bootstrap replications on the

paperboard sector Type II output multiplier.

 

 

Replications Va e 0 0e en a he w

(B) Mean 5 10 25 50 75 90 95

200 2.046 1.804 1.842 1.923 2.013 2.134 2.276 2.365

400 2.070 1.830 1.864 1.952 2.041 2.146 2.304 2.390

600 2.066 1.823 1.854 1.939 2.042 2.149 2.313 2.423

800 2.075 1.820 1.867 1.941 2.041 2.177 2.328 2.431

1000 2.071 1.825 1.866 1.946 2.045 2.162 2.315 2.398

1200 2.066 1.834 1.877 1.948 2.042 2.159 2.295 2.397

1400 2.068 1.825 1.863 1.942 2.045 2.172 2.305 2.404

1600 2.063 1.818 1.856 1.937 2.038 2.163 2.294 2.398

avg. mean 2.066
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In all four cases, 200 trials were sufficient to portray the

distribution of the multipliers. But in order to be conservative, 600

replications (B) were used in all analyzes in this report. The

initial estimate of 200 trials was tripled since not all multipliers

were represented in this test and it is unknown whether 200

replications would have been sufficient if other multipliers were

chosen in the test.

Bootstrap Estimates of Confidence Intervals

The second test conducted in this analysis was the actual

calculation of all the multipliers for the four survey sectors used in

the analysis. Both Type I and II output, employment, and income

multipliers were generated for each sector sampled. On the basis of

the results of the previous section, 600 bootstrap replications were

used to define each multiplier. This information is the heart of this

analysis.

Figures 1 through 6 contain histograms of the results of this

test, each based on 600 replications. Figures 1 through 3 contain the

information for the Type II output, employment, and income

multipliers, respectively. Figures 4 through 6 contain the

information for the Type I output, employment, and income multipliers.

Each figure contains a separate histogram for the four sectors

examined. Note that all Type II multipliers have been printed using

the same scale to allow for each comparisons between the histograms,

as have all of the Type I multipliers. Also note that the Type II

multipliers are presented first since they are probably the most
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important multipliers used. These multipliers use all of the

information on the household sector which is quite important in an

input-output analysis. The Type I multipliers are presented next in

order to present a complete analysis.

Figure 1 contains the histogram for Type II output multipliers.

It is very evident that the range of the sawmill sector’s multipliers

is far less than any of the other sectors. The millwork sector, on

the other hand, has its multipliers spread over a very large range due

to the fact that the millwork sector is composed of firms engaged in

activities representing three separate 4-digit SIC classifications:

(1) hardwood dimension and flooring, SIC 2426; (2) millwork, SIC 2431;

and structural wood members, not elsewhere classified, SIC 2439. The

millwork sector's sample size was also small at only 19 firms sampled,

which contributed to the millwork sector's large multiplier range

presented here. The wood pallet sector's Type II multipliers varied

more than the sawmill sector’s multipliers. The paperboard sector's

multipliers were a bit more variable than the wood pallet sector but

not as much as the millwork sector. Clearly the effort to define the

sawmill sector's Type II output multiplier was very successful.

Whether the same can be said about the millwork sector depends upon

how important a precise estimate of that multiplier is to the ultimate

user of the multiplier.

The results for the Type II employment multipliers in Figure 2

are somewhat different. The pattern of the distributions of the

sawmill, wood pallet, and paperboard sector are quite similar. The

wood pallet sector's distribution is slightly more concentrated than

the paperboard sector's distribution. Which, in turn, is slightly
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more concentrated than the sawmill sector's distribution. The

millwork sector’s distribution is, again, the most variable.

Figure 3 contains a histogram of the Type II income multiplier.

Here the paperboard distribution is the least volatile, followed by

the wood pallet sector, then the sawmill sector. Again the millwork

sector has the largest range.

A histogram showing the Type I output multiplier is shown in

Figure 4. The scale of the histograms showing the Type I multiplier

had to be changed from the Type II multiplier because of the extreme

concentration of the sawmill sector's Type I multiplier. Three-

quarters of all the sawmill's multipliers were concentrated at 1.8.

The second least variable sector was the wood pallet sector, followed

again by the paperboard sector, and finally the millwork sector.

Figure 5 shows the Type I employment multiplier. The sawmill,

wood pallet, and paperboard sectors have very similar distributions.

The millwork sector's multipliers are clearly much more variable than

the other three sector's multipliers.

Figure 6 contains the Type I income multiplier distribution.

The paperboard sector's distribution is more concentrated than the

other sectors. The least concentrated sector is the millwork sector,

again.

The data are also presented in a tabular format. Table 12

summarizes the data giving the average multiplier for each

distribution, the bootstrap estimate of the standard deviation, and

values of the multipliers at selected percentiles.
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The wood pallet sector's average Type II output multiplier is

greater than the sawmill sector's multiplier, followed by the millwork

sector and trailed by the paperboard sector. Note that the bootstrap

estimate of the standard deviation for the wood pallet, paperboard,

and millwork sectors are twice, three-times, and five-times as great

as the estimate for the sawmill sector.

A similar pattern exists for the Type I output multiplier. The

largest average multiplier is the wood pallet sector, followed by the

sawmill, millwork and finally paperboard sectors. The bootstrap

estimates of the standard deviation follow the same pattern as the

Type II multiplier, except the overall estimates are lower. For

example the Type I and Type II estimates of standard deviation for the

sawmill sector are 0.0442 and 0.0576, respectively. Similar

comparisons for the wood pallet, paperboard, and millwork sectors show

standard deviations of .0704 and 0.1200, 0.0839 and 0.1718, and 0.1945

and 0.2946, respectively.

The pattern of the Type II employment multiplier is different

than the two output multipliers. The largest (average) Type II

employment multiplier is found in the paperboard industry followed in

descending order by the millwork, wood pallet, and the sawmill sector.

Note that the range of multipliers is much narrower than in the output

multipliers. The range of the average Type II employment multipliers

is from 1.912 in the sawmill sector to 2.200 in the paperboard sector.

The range of the average Type II output multipliers is from 2.062 in

the paperboard sector to 3.069 in the wood pallet sector. The order

of the values of the bootstrap standard deviations was also different

from the two output multipliers. The wood pallet sector had the
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lowest standard deviation at .1096, followed by the paperboard sector

(.1217), the sawmill sector (.1341), and finally the millwork sector

(.2795).

The Type I employment multipliers were very similar for the four

sectors studied. The multipliers ranged from 1.559 in the sawmill

sector to 1.674 in the millwork sector, a difference of only 0.115.

The bootstrap estimates of the standard deviation followed the same

pattern as the Type II employment multipliers in which the wood pallet

sector had the lowest value (.0905) and the millwork sector had the

highest value (.2351).

The average Type I and Type II income multipliers follow the

same order. The wood pallet sector had the highest multiplier,

followed by the sawmill sector, the millwork sector, and finally by

the paperboard sector. The paperboard sector had the lowest standard

deviation, followed in order by the wood pallet, sawmill, and millwork

sector, respectively.

The overall average of all bootstrap estimates of standard

deviation (i.e., overall all six multipliers) is 0.1459. This value

can be divided into two categories, however, the millwork sector

average standard deviation is 0.2640, the sawmill, wood pallet, and

paperboard sector's stand deviations are 0.1016, 0.1064, and 0.1116,

respectively. Clearly, the estimates for the sawmill, wood pallet,

and paperboard sectors are superior to the estimates of the millwork

sector.

There is a difference in the absolute value of the Type I and II

measures of standard deviation. For example, the sawmill, wood

pallet, and paperboard sector's estimates of bootstrap standard
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deviations for the Type I multipliers are almost exactly the same at

0.0877, 0.0896, and 0.0874, respectively. The same measure for the

Type II multipliers are 0.1154, 0.1232, and 0.1357, respectively. In

contrast, the millwork sector's average bootstrap standard deviations

for the Type I and II multipliers are 0.2243 and 0.3036. These

comparisons show two things: (1) the sawmill, wood pallet, and

paperboard estimates are known with the same precision, and (2) the

sawmill, wood pallet, and paperboard estimates are superior to the

millwork sector estimates.

Note that the fact that the standard deviation estimates for

the Type II multipliers are higher than the Type I multipliers has no

significance since the Type II multipliers are larger than the Type I

multipliers. The average standard deviation is 7.49 percent of the

average Type II multiplier. In contrast, the average standard

deviation for all Type I multipliers is 7.39 percent.

Finally, confidence intervals may be constructed from the

distribution of multipliers generated. Figure 7 contains the 90

percent Type II output, employment, and income confidence intervals

for the four sectors surveyed. Note that the millwork sector's

confidence intervals are very wide compared to the other sectors

reflecting the uncertainty of the estimates in that sector.

Another factor evident from Figure 7 is that the output values

or the four sectors tend to be furthest apart, followed by the income

multipliers, and finally the employment multipliers. The narrow

differences between the estimates of the employment multipliers show

that the analysts cannot distinguish as well between the employment

multipliers as they can either the income or output multipliers.
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Figure 7. Type II multiplier 90 percent confidence intervals generated

using 600 bootstrap replications.
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Figure 8 shows the 90 percent confidence intervals for the Type

I output, income, and employment multipliers. The message from this

comparison is the same as the message from the comparison of the Type

II multipliers. The millwork sector's multipliers are not known with

very much precision and the employment multipliers are very similar

for all four sectors.

Determination of the Effects of Sample Size

The final test conducted in this analysis is a sensitivity

analysis of the effects of sample size on the multipliers generated.

What is the impact of a reduced sample size on the results? As

mentioned in the methods section, three sample sizes were used in the

study, full, three-quarters, and one-half.

The full sample used the same sample size in each sector as the

original data. The three-quarters sample was designed to measure the

effect of "somewhat reduced" effort, the sample size used was three-

quarters of the original sample size for each sector. Finally, the

one-half sample size measured the effect of "greatly reduced" effort

to gather samples. The sample size was one-half of the original

sample size. Each trial sample was gathered with replacement from the

original sample data base. Details of the procedure are provided

above, the sample sizes used for each sector were provided in Table 7.
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using 600 bootstrap replications.
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Table 13 shows the mean Type II output multipliers and its

associated bootstrap estimate of the standard deviation for each

sector and sampling distribution. Both measures were averaged over

the 10 trials used in the study. Tables A1 through A4 (in Appendix A)

provide the details of the multipliers for each individual trial.

Results show that the average multiplier for the sawmill, wood pallet,

and paperboard sectors are very similar whether the full, three-

quarters, or one-half distributions are examined. For example, the

sawmill sector had average multiplier values of 2.761, 2.761, and

2.765 for the full, three-quarters, and one-half sampling

distributions, respectively. The data for each individual trial shown

in Table A1 reveal that the sawmill sector is not as uniform as the

average data suggests. The values of the mean Type II output

multiplier of the sawmill sector for the full, three-quarters, and

one-half sampling distributions ranged from 2.691 to 2.844, 2.626 to

2.997, and 2.679 to 2.957, respectively.
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Table 13. Summary of mean Type II output multiplier values and boot-

strap standard deviations for selected sectors using the full, three-

quarters, and one-half sample-size distributions.

 

 

Sampling Bootstrap

Sector distribution Mean standard deviation

sawmills full 2.761 0.0603

three-quarters 2.761 .0738

one-half 2.765 .1036

average 2.762 .0793

millwork full 2.328 .2535

three-quarters 2.423 .2417

one-half 2.616 .3314

average 2.456 .2755

wood pallets full 3.084 .1001

three-quarters 3.105 .1299

one-half 3.048 .1527

average 3.079 .1275

paperboard full 2.102 .1786

three-quarters 2.107 .2074

one-half 2.107 .1862

average 2.105 .1907
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The average bootstrap standard deviations for the sawmill sector

are 0.0603, 0.0738, and 0.1036, for the full, three-quarters, and one-

half sampling distributions, respectively. Assuming one uses the one-

half sampling distribution as a base, increasing the sampling effort

to the three-quarters samples decreased, on average, the bootstrap

standard deviation by 29 percent. Increasing the sampling effort to

the full level, as compared to the one-half sample sizes, decreased

the standard deviation by a total of 42 percent.

The millwork sector's mean Type II output multiplier values are

not as uniform as the sawmill, wood pallet, or paperboard sectors, but

there is a lot more variability in the millwork sector's results in

general. The averages are 2.328 for the full sampling distribution,

2.423 for the three-quarters sampling distribution, and 2.616 for the

one-half sampling distribution.

The pattern for the wood pallet sector is the same as the

sawmill sector, the average multipliers are similar for the three

sampling distributions and the bootstrap standard deviations decrease

with increasing sample size. Changing the sample size from one-half

to three quarters, and from one-half to full, reduced the average

bootstrap standard deviations 15 and 34 percent, respectively.

The pattern for the paperboard sector is somewhat different than

the pattern for the sawmill sector or wood pallet sector in that the

bootstrap standard deviations are similar for the three distributions.

The values are 0.1786, 0.2074, and 0.1862 for the full, three-

quarters, and one-half sampling distributions, respectively. The

variability in the paperboard sector does not decrease with increasing

sample size.
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Table 14 and 15 summarize the results for the mean Type II

employment multipliers and mean Type II income multipliers,

respectively. Appendix Tables A5 through A12 in Appendix A contain

the detailed results of the analysis. The patterns are the same as

the output sectors. The average values for each sampling distribution

are very similar for the sawmill, wood pallet and paperboard sectors.

The data are more variable for the millwork sector and hence the

values of the average multipliers for the three sampling distributions

are not as close as the other three sectors studied.

The bootstrap standard deviations for the sawmill, millwork, and

wood pallet sectors follow the expected pattern of increasing with

decreasing size of the sample. That is not true in the paperboard

sector where there is no apparent difference among bootstrap standard

deviations for the three levels of sampling intensity for either the

employment multiplier or income multiplier.

Table 14 shows that for the sawmill sector's Type II employment

multiplier, changing from the one-half to the three-quarters sample

size, and changing from the one-half to the full sample size, reduced

the bootstrap standard deviations by 31 and 37 percent, respectively.

Similar measures for the millwork sector show 21 and 46 percent

reductions in the bootstrap standard deviations.
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Table 14. Summary of mean Type II employment multiplier values and

bootstrap standard deviations for selected sectors using the full,

three-quarters, and one-half sample-size distributions.

 

 

Sampling Bootstrap

Sector distribution Mean standard deviation

sawmills full 1.880 0.1235

three-quarters 1.896 .1337

one-half 1.871 .1945

average 1.883 .1506

millwork full 2.010 .1860

three-quarters 2.164 .2706

one-half 2.230 .3437

average 2.135 .2667

wood pallets full 2.007 .1044

three-quarters 2.013 .1562

one-half 2.054 .1766

average 2.024 .1457

paperboard full 2.203 .1346

three-quarters 2.224 .1412

one-half 2.161 .1144

average 2.196 .1301

 



82

Table 15. Summary of mean Type II income multiplier values and boot-

strap standard deviations for selected sectors using the full, three-

quarters, and one-half sample-size distributions.

 

 

Sampling Bootstrap

Sector distribution Mean standard deviation

sawmills full 2.215 0.1514

three-quarters 2.260 .1726

one-half 2.256 .1874

average 2.244 .1705

millwork full 2.008 .1903

three-quarters 2.085 .2505

one-half 2.300 .3457

average 2.131 .2662

wood pallets full 2.446 .1322

three-quarters 2.669 .1903

one-half 2.563 .2262

average 2.559 .1829

paperboard full 1.901 .1188

three-quarters 1.947 .1484

one-half 1.894 .1381

average 1.914 .1351
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The improvement in the bootstrap standard deviations for the

sawmill sector's Type II income multipliers is not as dramatic as the

changes for the Type 11 output or employment multipliers. Table 15

reports, however, that moving from the one-half to three-quarters

sample size, reduced the standard deviation by 8 percent. Movement

from the one-half to the full sample size reduced the standard

deviation by 19 percent. Similar results for the millwork and wood

pallet sectors, show improvements of 28 and 45 percent for the

millwork sector, and 16 and 42 percent for the wood pallet sector.

Confidence intervals were also generated for each distribution.

They are found in Appendix A as Figures Al through A12. Figure Al,

for example, shows 90 percent confidence intervals for the sawmill

sector's Type II output multipliers. The results show a tight pattern

for the confidence intervals, as expected. And note how much larger

the one-half sample confidence intervals are compared to the full

sample confidence intervals. Also note Figure A4, that shows the Type

II output multiplier for the millwork sector. Note that the

confidence intervals are very much wider for the millwork sector than

for the sawmill sector.
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Use of Study Results

There are two broad categories of users of the results of this

analysis, analysts who are contemplating building an input-output

modeling system, and decision-makers that want to use these results

for the Michigan economy. Analysts may want to use the techniques

employed in this analysis in their own studies in order that they may

be able to produce confidence intervals for the models that they

generate. Modelers studying the forest products sectors could use

these results to guide sample collection. Clearly the millwork sector

would need more intensive sampling or perhaps disaggregation in future

studies. There are no guarantees that the same pattern will hold in

other states or in other times, but these results for Michigan should

give an indicator of where problems may exist in future studies.

An example may be the best way to show how a decision-maker may

use the results of this analysis. Assume that a decision-maker must

choose between alternative policies that would yield a change in final

demand of $50 million in either the sawmill, millwork, wood pallet, or

paperboard sectors. What would the change in total output, income,

and employment be in Michigan? What would be the 90 percent

confidence intervals about each estimate? In other words, what is our

best estimate of the impact, and how much confidence do we have in

that prediction?

Table 16 shows the changes in total output caused by an increase

in final demand of $50 million. The highest increase occurred in the

wood pallet sector, followed by the sawmill sector, millwork, and

finally the paperboard sectors. The data also shows that the wood
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pallet sector data are known with precision. The range in values are

from $144.0 million to $163.5 million. The sawmill sector information

is also known quite well, the range of the 90 percent confidence

intervals was from $133.4 million to $143.2 million. The prediction

for the millwork sector is more suspect, however, the 90 percent

confidence intervals show values ranging from $96.0 million to $143.2

million. In other words, total output increase in the millwork sector

may be very low or it may be relatively high. The data for the input-

output model does not allow us to make any more precise prediction.

Finally, data for the paperboard sector show that modest prediction of

$103.1 million is known with more precision than the millwork sector,

but less than the sawmill or wood pallet sectors. The 90 percent

confidence intervals, $90.4 million to $117.8 million, show that the

return for the paperboard sector are significantly less than the

sawmill or wood pallet sectors.

Table 17 shows results for the total personal income change

resulting from a change in final demand of $50 million in the sawmill,

millwork, wood pallet and paperboard sectors. The results are similar

to the results for the predicted change in total output. The highest

estimated increase in personal income was in the wood pallet sector,

followed by the sawmill, millwork, and the paperboard sectors. The 90

percent confidence intervals show that the paperboard data is known

with more precision than the other three sectors, followed closely by

the sawmill and wood pallet sectors, and trailed again by the millwork

sector. The 90 percent confidence intervals are very similar for the

sawmill, $23.3 million to $29.0 million, and wood pallet sectors,

$24.9 million to $30.0 million. The range for the millwork sector,



T
a
b
l
e

1
7
.

T
o
t
a
l

i
n
c
o
m
e

c
h
a
n
g
e

o
f

t
h
e
M
i
c
h
i
g
a
n

e
c
o
n
o
m
y

d
u
e

t
o

a
h
y
p
o
t
h
e
t
i
c
a
l

i
n
c
r
e
a
s
e

i
n

f
i
n
a
l

d
e
m
a
n
d

f
o
r

o
u
t
p
u
t

o
f

s
a
w
m
i
l
l
,

m
i
l
l
w
o
r
k
,

w
o
o
d

p
a
l
l
e
t
,

a
n
d
p
a
p
e
r
b
o
a
r
d

s
e
c
t
o
r
s
.

 

S
a
w
m
i
l
l

M
i
l
l
w
o
r
k

W
o
o
d

p
a
l
l
e
t

P
a
p
e
r
b
o
a
r
d

 

I
m
p
a
c
t

o
n

i
n
c
o
m
e
:

I
n
c
r
e
a
s
e

i
n

f
i
n
a
l

d
e
m
a
n
d

(
$
m
i
l
l
i
o
n
)

X
a
v
e
r
a
g
e

p
e
r
s
o
n
a
l

i
n
c
o
m
e

d
i
r
e
c
t

c
o
e
f
f
i
c
i
e
n
t
s

(
$
p
e
r
s
o
n
a
l

i
n
c
o
m
e
/
$
o
u
t
p
u
t
)

P
e
r
s
o
n
a
l

i
n
c
o
m
e

i
n
c
r
e
a
s
e

i
n

o
r
i
g
i
n
a
l

s
e
c
t
o
r

(
$
m
i
l
l
i
o
n
)

X
a
v
e
r
a
g
e

T
y
p
e

I
I

p
e
r
s
o
n
a
l

i
n
c
o
m
e

m
u
l
t
i
p
l
i
e
r

T
o
t
a
l

i
n
c
r
e
a
s
e

i
n
p
e
r
s
o
n
a
l

i
n
c
o
m
e

t
h
r
o
u
g
h
o
u
t

e
c
o
n
o
m
y

(
$
m
i
l
l
i
o
n
)

9
0

p
e
r
c
e
n
t

c
o
n
f
i
d
e
n
c
e

i
n
t
e
r
v
a
l
s

X
l
o
w
m
u
l
t
i
p
l
i
e
r

e
s
t
i
m
a
t
e

X
h
i
g
h

m
u
l
t
i
p
l
i
e
r

e
s
t
i
m
a
t
e

9
0
p
e
r
c
e
n
t

c
o
n
f
i
d
e
n
c
e

i
n
t
e
r
v
a
l

o
f

t
o
t
a
l

i
n
c
r
e
a
s
e

i
n
p
e
r
s
o
n
a
l

i
n
c
o
m
e

t
h
r
o
u
g
h
o
u
t

e
c
o
n
o
m
y

(
$
m
i
l
l
i
o
n
)

5
0
.
0

0
.
2
2
9
4
1

1
1
.
4
7
1

2
.
2
7
5

2
6
.
1

2
.
0
3
1

2
.
5
2
4

2
3
.
3
-
2
9
.
0

5
0
.
0

.
2
1
4
9
7

1
0
.
7
4
9

2
.
0
5
7

2
2
.
1

1
.
6
6
7

2
.
5
5
3

1
7
.
9
-
2
7
.
4

5
0
.
0

.
2
1
8
3
0

1
0
.
9
1
5

2
.
5
0
3

2
7
.
3

2
.
2
8
0

2
.
7
4
9

2
4
.
9
-
3
0
.
0

5
0
.
0

.
2
0
5
6
7

1
0
.
2
8
4

1
.
8
9
7

1
9
.
5

1
.
7
4
0

2
.
1
2
0

1
7
.
9
-
2
1
.
8

 

87

 



88

$17.9 million to $27.4 million, is again the highest. The range for

the paperboard sector, $18.0 million to $21.8 million, is the

narrowest.

Table 18 shows results for total employment change resulting

from a change in final demand of $50 million in the sawmill, millwork,

wood pallet, and paperboard sectors. The results show the same

pattern, as the output, and the income changes. The wood pallet

sector shows the largest increase in employment, followed by the

sawmill, millwork, and the paperboard sectors. In terms of number of

jobs, the data for the paperboard sector indicates a 90 percent

confidence interval of 955 jobs to 1,145 jobs, is the most precise.

Confidence intervals for the sawmill sector, 1,784 jobs to 2,211 jobs,

and the wood pallet sector, 2,376 jobs to 2,851 jobs, are very

similar. The least precise data are again from the millwork sector

with a range of 1,225 jobs to 1,853 jobs.

If the decision-maker's goal was to improve output, income, or

jobs in the Michigan economy, and if all changes in final demand could

be obtained with equal effort, the wood pallet sector would be the

ideal sector to target. Not only is the wood pallet sector predicted

increase in output, income, and employment the highest, the confidence

which we can make that prediction is fairly high.

The second best sector to target would be the sawmill sector,

since the predicted changes lag the wood pallet sector by only a small

amount, and the predicted changes are known with a high degree of

precision.
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Results from targeting the millwork sector are uncertain. The

level of precision of the estimates are lower than targeting the other

three sectors._ Efforts to target this sector may be highly rewarding

or they may be meager. The 90 percent confidence intervals show

results that vary from among the best results to among the worst

results. The data, unfortunately, do not support precise estimates of

output, income, or employment impacts stemming from a change in final

demand in the millwork sector.

The paperboard sector results are lower than the other sectors

and the results are known with a fair degree of precision. If the

cost and effort required to change the final demand of the four

sectors were the same, the paperboard sector would not be a good

candidate for targeting. The output, income, and employment effects

are lower than the other sectors.

The results of this example assume that the change in final

demand is the same for the four sectors studied. Naturally, that

assumption may not be realistic. The results could be modified by

changing the assumption about sector specific changes in final demand.

The new rankings could produce a different order than the order

outlined in Tables 16, 17, and 18. For example, assume that a

particular set of final demands could produce the same total increase

in output ($150 million) for all four sectors, using the average Type

II output multipliers. Table 19 shows the results. Although the

average predicted impact is the same in the four sectors, the

precision in which we know these values are not equivalent. The

results for the sawmill sector are very precise, the results for the
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millwork sector are far less precise. The model says that the

millwork sector total change may vary from a low of $124.4 million to

a high of $185.5, using the 90 percent confidence intervals. The

sawmill sector's confidence intervals vary only from a low of $144.8

million to $155.4 million. In the case of the millwork sector, the

$150.0 million change in total output is a crude estimate, in the case

of the sawmill sector, the $150.0 million change in total output is a

relatively precise estimate. The risk-averse decision-maker should

implement the policy that increases output in the sawmill sector

rather than the millwork sector. The assumption being that the risk-

adverse decision-maker would be more uncomfortable with imprecise

rather than precise estimates of outcomes. Naturally, many other

factors, such as the ability of the area to support additional

manufacturing capacity, the development of markets for the products

produced, and stability of sales for the different products produced,

must also be considered in making a decision concerning which industry

to attract to a region.

Hypothesis Evaluation

The hypothesis of this report is that the bootstrap procedure

can be effectively and efficiently used to generate confidence

intervals and other measures of precision for input-output

multipliers.

There were four evaluation criteria: (1) the assumptions of the

model used to generate the results must be valid; (2) the results must

be useful to analysts; (3) the results must be useful to decision-
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makers; and (4) the approach must be cost effective.

The analysis by West is currently the best example of an

alternative to the bootstrap procedure in the literature. West's

technique used two assumptions: (1) the original input data are

normally distributed, and (2) the individual direct coefficients are

independent. West (1986:page 370) admits that the normality

assumption of the original data is one aspect of his study where a

"...complete lack of prior information prevails." West also felt that

the task of relaxing the independence assumption and developing an

appropriate model that recognizes the dependence of the individual

direct coefficients, assuming it could be done, is not cost-efficient

since "...the cost of increased complexity and data requirements of a

more general model ... outweighs the resultant improvement in accuracy

(West 1986:page 364)."

The bootstrap procedure provides estimates of the precision of

input-output multipliers without any assumptions about the normality

of the input coefficients. Since the bootstrap procedure does not

require the input data to be normally distributed, nor does it require

a model be developed to analyze the data, the bootstrap procedure

appears to be superior to the technique used by West when evaluated by

the first criterion. Note also that the technique of sampling firms,

not individual direct coefficients, means that the bootstrap procedure

does not require that individual coefficient data are independent of

one another.

The second evaluation criterion is the usefulness to the

analyst. Clearly, having information about the precision of input-

output multipliers would be an advantage to analysts planning a new
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input-output study or evaluating a study after its completion. Effort

could be directed to sectors where the variability of results were

high from sectors where the variability of results were low. The

results would be highly useful. Of course, if another appropriate

model were to be developed, the results may be just as useful as the

bootstrap procedure. An appropriate model is one that does not

violate the assumptions underlying input-output analysis.

The third evaluation criterion is the usefulness to decision-

makers. Assuming that scarce resources must be used to attract

industry to a region, information on the output, employment, and

income effects would be important. Since that information is not

known with certainty, information on the relative precision of the

estimates would be very valuable to such decision-makers. Naturally

if such information were available from another appropriate model, the

results may be just as useful as the bootstrap procedure.

The fourth evaluation criterion is the cost-effectiveness of the

approach. The bootstrap procedure uses very little resources other

than what would otherwise be used in a partial survey input-output

analysis without estimates of precision. The same survey data that is

gathered for the development of the partial survey model is used by

the bootstrap procedure. The additional costs are: (l) the cost of

development of the SAS procedures, and (2) the computing cost

involved. The cost of development of the proper SAS procedures are

not excessive since a set of programming steps have to be developed

anyway to convert sampled firm data to industry estimates. The only

major addition required is the use of a random sampling procedure to

generate the bootstrap samples and the effort required to evaluate the
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results.

The additional computing costs required are not considered

significant. The computing time required to generate the multiplier

distributions for all Type I and Type II output, employment, and

income multipliers was only about 10 hours on an IBM PS/2 Model 80.

The sample size, and number of bootstrap replications tests,

naturally, took considerably more time to complete but it would not be

essential to conduct those analyses in an operational setting. If a

model were developed with a large number of sectors, a more powerful

computer might be required to conduct the analysis.

If West is correct about the cost and difficulty of developing

an appropriate parametric model to analyze the precision of input-

output multipliers, the bootstrap procedure has an advantage. It is

assumed that the cost of the theoretical work would be far more than

the minor expense of implementing the bootstrap procedure since the

bootstrap requires no additional theoretical work prior to its use.

In summary, the bootstrap procedure: (1) does not rely upon

questionable assumptions about the distributions of the input data;

(2) provides results that are useful to analysts; (3) provides results

that are useful to decision-makers; and (4) requires costs that are

not excessive. Based upon this evidence, the hypothesis of this

report is accepted, the bootstrap procedure has been found to be

effective and efficiently used to generate measures of precision for

multipliers from partial survey input-output models.



CHAPTER 5

SUMMARY AND CONCLUSIONS

The parameters of input-output models are not known with

certainty. Analysts compiling the data to generate an input-output

model take samples from the firms in the region they are studying and

combine these data with the non-survey information they gather to

estimate economic interrelationships within the economy. They build

input-output models, and generate output, income, and employment

multipliers based upon that model. The analysts present these

multipliers, generally, without estimates of their reliability due to

the lack of theory linking errors or variability of the input data and

the input-output model generated. There is also a complete lack of

information about the statistical error associated with the secondary

data used to build many input-output models.

Early efforts at estimating stochastic input-output models were

undertaken by Evans (1954), Quandt (1958, 1959), Gerking (1976a,

1976b), and Ives (1977), among others. Two recent works that are

particularly promising were completed by Jackson (1986) and West

(1986).

Jackson (1986) argued that multipliers with confidence intervals

may be obtained by simulation. He assumes that each coefficient in

the A matrix (an) may has its own probability density function (pdf)

that may be estimated for it. Each direct coefficient is drawn
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randomly from its particular pdf, once the entire A matrix is

complete, the multipliers are generated in the usual fashion. If this

tactic is used a large number of times, multipliers and their

associated confidence intervals result.

The key problem with Jackson's approach is the fact that the at,

are drawn independently. Data for each sector represent purchases

from other firms in the economy, purchases of labor and net imports

into the region. The sum of the entire column of coefficients must be

equal to 1.00, therefore if an_is the value for one coefficient, all

other sectors must sum to (l-an). The data are not independent.

Some firms in a region may be labor intensive, others may be capital

intensive. It is not correct to mix coefficients of the two types of

firms at random. It is proper to find some weighted average

production function of all the firms in the region, as done in this

analysis.

West (1986) analytically estimated the probability density

function of the input-output multipliers assuming that the a“ were

normally distributed and independent. He suggested that the costs of

increased complexity and the data requirements of a more general model

outweigh any resulting improvement in accuracy. The two key problems

with this approach is that it is incorrect to assume that the direct

coefficients are independent using the argument presented in the

previous paragraph, and there is no assurance that the distribution of

31.1 are normal.

Fortunately, the bootstrap method is a calculation intensive

technique that does not rely upon the assumption that the data are

normally distributed. The bootstrap procedure is a means of
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estimating the statistical precision of a measure from a single sample

of the data. The procedure, using Monte Carlo simulation, were used

to generate all confidence intervals for this analysis.

The primary objective of the report is to test the effectiveness

of using the bootstrap technique to generate estimates of the

statistical precision of input-output multipliers using a partial-

survey input-output model. The statistical precision was illustrated

by: (1) providing histograms of the distribution of each multiplier,

(2) providing estimates of the average multiplier, the bootstrap

estimate of standard deviation, and values at key points of the

distribution of multipliers, and (3) providing confidence intervals

for each multiplier. Michigan was chosen for a study region since a

partial-survey input-output model that highlighted the forestry

sectors of the economy was available for analysis.

The technique is calculation intensive, assuming that 2 matrix

inversions were required to estimate the Type I and Type II

multipliers without estimation of the reliability of the results. The

model presented here, with estimates of the reliability of the

results, required 1,200 matrix inversions. The test on sample size

required 1,200 matrix inversions for each of the 30 trials used making

a total of 36,000 matrix inversions required to complete that test.

Such large scale computing requirements would have been prohibitively

expensive in the past. The availability of large scale computer

programs such as SAS for the personal computer environment, and the

proliferation of powerful personal computers means that computer-

intensive techniques are feasible. The key costs involved are the

purchase of the computer, the license fee for the software, the
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development costs of producing the computer programs, the input of the

data, and the processing of the results. The actual execution of the

program cost nothing since the programs were executed at night when

the personal computer would ordinarily be unoccupied. It makes little

difference whether the program executes for 2 hours or for 10 hours in

this sort of environment.

Surveyed firm data were used as the unit of sampling in this

analysis. Each individual surveyed firm provided an estimate of total

output, income, employment, and distribution of purchases. These data

were kept intact throughout this analysis. Each bootstrap replication

generated an A matrix that represented a weighted average of the

coefficients of the sampled firms for each sector. The weights were

provided by total output. If both labor-intensive and capital-

intensive firms were represented in a sample from a sector, the 311

for the sector would be the weighted average of the coefficients from

each firm sampled.

Survey data on individual firms were the primary source of data

for the key sectors of the input-output model, non-survey data was

used in all other non-key sectors studied. There was no information

on the variability of these non-survey sectors, so all variability

comes from the surveyed sectors. Data were collected from firms in

the economy of Michigan, but of course, not all firms in the state are

represented in the data set. All variability represented in these

results represents variability in the survey data, it does not

represent difference between the sampled and unsampled populations.

Those differences remain unknown. Note however, that statistical

tests regarding this question are noted in Chappelle et a1. (1986).
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This analysis used the total output, income, employment, and

distribution of purchases information from each sampled firm to

estimate the required coefficients. Each firm was drawn into the

bootstrap sample using independent random sampling, of course.

Three tests were conducted in this analysis: (1) determination

of the number of bootstrap replications required to define the

multiplier distributions; (2) the generation and display of the

multiplier distributions, estimation of the statistical precision of

the multipliers, and development of confidence intervals for each

multiplier; and (3) a sensitivity analysis of the effects of sample

size on the results.

The first test conducted was to determine the number of

bootstrap replications required to define the multiplier

distributions. Although 200 replications were found to be adequate

for the Type II output multipliers examined, in order to be

conservative, 600 replications were used throughout this analysis.

The second test is the heart of this analysis. The information

about the multipliers were displayed using three techniques: (1)

histograms of the distribution of multipliers, (2) a table summarizing

key values, and (3) a figure showing confidence intervals for each

multiplier. Multiplier distributions were displayed in Figures 1

through 6. The figures are histograms showing the multipliers for

each bootstrap replication. Table 12 lists the average multiplier,

the associated measure of statistical precision, the bootstrap

standard deviation, and multiplier values at key points in the

distribution. Finally, Figures 7 and 8 show 90 percent confidence

intervals for each multiplier calculated.
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The results vary depending upon both the sector and the

multiplier examined. The output multipliers clearly show that the

data for the sawmill sector generates very precise estimates. The

estimate of bootstrap standard deviation is by far the smallest of all

multipliers and sectors studied in this analysis. The next best

sector for the output multiplier is the wood pallet sector followed by

the paperboard sector.

The results for the employment multipliers were different than

the results for the output multipliers. The employment multipliers

are very close, with the wood pallet sector providing the best

estimate, followed by the paperboard sector, then the sawmill sector.

The results for the income multipliers show that again the

reliability of the multipliers were similar, the paperboard sector

edged out the wood pallet sector, followed closely by the sawmill

sector.

Another pattern emerged from the analysis, the millwork sector

had by far the worst multiplier estimates for the four sectors

studied. The average bootstrap standard deviation as a percentage of

the sawmill sector's output, employment, and income multiplier is 5.26

percent. The corresponding values for the wood pallet, paperboard,

and millwork sectors are 4.94, 6.26, and 14.14 percent, respectively.

Whether the variability in the millwork sector is acceptable depends

upon the needs of the user of the multipliers, but this analysis

clearly shows there is a difference between the millwork sector and

the other sectors studied.

The third test is a sensitivity test examining the effects of

sample size on the results reported. Three levels of sampling
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intensity were examined, the full, three-quarters, and one-half. The

full level used the same sectoral sample sizes as used in the second

test. Each trial was started by a selection with replacement from the

data base of a sample for the trial. The bootstrap procedure used the

trial sample to generate all multipliers. The three-quarters level

was used to model a somewhat reduced level of sampling intensity, each

trial selected an initial sample using three-quarters of the number of

samples as the full sample. The one-half level modeled a greatly

reduced level of sampling intensity, a sample size of one-half the

full level was used to select an initial sample for each trail.

The results show that sample sizes do matter. The standard

deviation for the sawmill's sector Type II output multiplier was

reduced by 29 percent when the three-quarters sampling level rather

than the one-half sampling level was used. The full sampling level

provided a 42 percent decrease in the standard deviation compared to

the one-half sampling level. Similar results were displayed in the

millwork and wood pallet sector. In fact the millwork sector showed

the biggest improvement of all of the sectors studied.

In summary, the bootstrap procedure: (1) does not rely upon

questionable assumptions about the distributions of the input data;

(2) provides results that are useful to analysts; (3) provides results

that are useful to decision-makers; and (4) does not require excessive

cost. Therefore, the bootstrap procedure has been found to be

effective and efficiently used to generate measures of precision for

multipliers from partial survey input-output models.
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Future Research

There are two areas of additional research that seem to be very

important, they are: (1) additional techniques to generate non-

parametric confidence intervals; and (2) an evaluation of the effects

of aggregation using the bootstrap technique. Efron (1982) contains

other techniques that may be used to generate bootstrap confidence

intervals, the most promising one is the jackknife technique. That

technique could be applied to a data set with its results compared to

the bootstrap technique.

A second area of research is an evaluation of the effects of

aggregation using the bootstrap technique. The millwork sector was

the only sector examined in this paper that was aggregated from three

4-digit SIC sectors. The sawmill, wood pallet, and paperboard sectors

all are single 4-digit SIC sectors. Since the results for the

millwork sector were worse than the other sectors, it would be

interesting to examine the effects of aggregation has upon the

confidence intervals calculated. Could the precision of the

multiplier estimates in the millwork sector be improved by

disaggregating by 4-digit SIC industry or are the firms in this sector

inherently diverse?
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Table A1. Mean Type II output multiplier value, bootstrap standard

deviation, and multiplier values for the sawmill sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Percentile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample -----------—----------------

1 2.711 0.0470 2.616 2.649 2.680 2.718 2.747 2.772 2.784

2 2.774 .0442 2.707 2.720 2.744 2.771 2.798 2.836 2.859

3 2.740 .0301 2.689 2.701 2.719 2.741 2.761 2.777 2.790

4 2.771 .0505 2.692 2.710 2.733 2.767 2.799 2.840 2.866

5 2.771 .1014 2.603 2.649 2.702 2.774 2.840 2.893 2.929

6 2.810 .0574 2.728 2.742 2.770 2.803 2.849 2.885 2.919

7 2.753 .0858 2.610 2.638 2.694 2.756 2.810 2.854 2.890

8 2.844 .0610 2.758 2.773 2.798 2.837 2.884 2.922 2.953

9 2.741 .0471 2.655 2.678 2.710 2.742 2.772 2.800 2.818

10 2.691 .0790 2.568 2.594 2.641 2.686 2.741 2.790 2.826

avg 2.761 0603

----------------------- three-quarters sample -----------------------

1 2 759 .0915 2.611 2.642 2.699 2.759 2.817 2.874 2.908

2 2 997 .0870 2.845 2.885 2.931 2.995 3.058 3.113 3.116

3 2 626 .0763 2.489 2.528 2.577 2.663 2.679 2.723 2.749

4 2 796 .0683 2.687 2.710 2.748 2.802 2.843 2.876 2.891

5 2 720 .0876 2.582 2.612 2.660 2.717 2.780 2.835 2.873

6 2 798 .0611 2.702 2.722 2.754 2.793 2.836 2.881 2.911

7 2 707 .0883 2.559 2.594 2.647 2.705 2.768 2.823 2.854

8 2 737 .0295 2.685 2.697 2.718 2.737 2.735 2.775 2.790

9 2 799 .0741 2.679 2.705 2.748 2.796 2.845 2.902 2.932

10 2 671 .0745 2.531 2.570 2.625 2.671 2.721 2.762 2.798

avg. 2.761 .0738

-------------------------- one-half sample --------------------------

1 2.712 .1424 2.467 2.529 2.620 2.705 2.813 2.890 2.946

2 2.744 .1117 2.554 2.599 2.668 2.743 2.818 2.894 2.924

3 2.697 .0744 2.558 2.584 2.647 2.698 2.742 2.805 2.840

4 2.749 .1234 2.548 2.592 2.663 2.750 2.834 2.904 2.953

5 2.679 .0997 2.536 2.554 2.610 2.669 2.736 2.805 2.861

6 2.726 .0969 2.565 2.604 2.661 2.725 2.798 2.846 2.875

7 2.957 .1003 2.809 2.839 2.890 2.945 3.023 3.083 3.117

8 2.774 .0942 2.632 2.658 2.707 2.769 2.829 2.898 2.959

9 2.883 .0754 2.780 2.794 2.826 2.874 2.933 2.989 3.014

10 2.735 .1174 2.538 2.582 2.648 2.743 2.818 2.880 2.927

avg. 2.765 .1036

overall

avg. 2.762 .0793

 



Table A2. Mean Type II output multiplier value, bootstrap standard

deviation, and multiplier values for the millwork sector, for 10
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bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

 

 

 

Boot- Boot-

strap strap Pereengile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.747 0.0959 2.589 2.627 2.681 2.743 2.807 2.871 2.916

2 2.461 .2654 2.060 2.136 2.201 2.271 2.471 2.641 2.788

3 2.478 .2545 2.064 2.163 2.305 2.493 2.663 2.776 2.820

4 2.267 .4351 1.818 1.862 1.956 2.113 2.713 2.813 2.874

5 2.202 .3111 1.838 1.885 1.970 2.116 2.391 2.702 2.807

6 2.032 .2091 1.747 1.787 1.861 1.972 2.151 2.344 2.456

7 2.192 .2573 1.834 1.880 1.972 2.120 2.331 2.731 2.835

8 2.431 .2124 2.100 2.164 2.283 2.433 2.564 2.692 2.777

9 2.530 .3416 2.083 2.158 2.305 2.470 2.781 2.989 3.060

10 1.941 .1528 1.738 1.754 1.804 1.887 2.012 2.156 2.368

avg. 2.328 0.2535

----------------------- three-quarters sample -----------------------

1 2.256 .4438 1.792 1.833 1.919 2.075 2.670 2.827 2.916

2 2.803 .1561 2.417 2.504 2.721 2.840 2.929 2.995 3.026

3 2.423 .2738 2.001 2.074 2.231 2.430 2.624 2.757 2.810

4 2.290 .2927 1.897 1.953 2.079 2.248 2.467 2.696 2.794

5 2.279 .3960 1.845 1.895 1.990 2.150 2.638 2.775 2.841

6 1.983 .1600 1.753 1.791 1.849 1.933 2.066 2.221 2.359

7 2.882 .1485 2.561 2.652 2.787 2.911 2.991 3.059 3.123

8 1.971 .1683 1.750 1.776 1.838 1.924 2.055 2.203 2.336

9 2.472 .2944 2.054 2.115 2.268 2.453 2.698 2.829 2.903

10 2.869 .0829 2.732 2.766 2.811 2.967 2.926 2.976 3.003

avg. 2.423 .2417

-------------------------- one-half sample --------------------------

1 2.179 .3468 1.762 1.815 1.897 2.048 2.300 2.921 3.223

2 2.809 .1270 2.595 2.634 2.727 2.828 2.900 2.949 2.976

3 2.822 .1191 2.627 2.680 2.738 2.812 2.893 2.989 3.049

4 2.490 .3768 1.941 2.020 2.223 2.500 2.775 2.939 3.007

5 2.536 .5463 1.766 1.820 1.944 2.179 2.918 3.006 3.041

6 2.901 .1682 2.582 2.667 2.797 2.923 3.025 3.100 3.152

7 2.922 .1551 2.617 2.686 2.837 2.958 3.035 3.083 3.110

8 2.413 .5712 1.756 1.807 1.953 2.214 2.988 3.056 3.103

9 2.564 .3573 1.988 2.099 2.316 2.578 2.828 2.990 3.058

10 2.527 .5460 1.965 2.022 2.130 2.365 3.109 3.219 3.285

avg. 2.616 .3314

overall

avg. 2.456 .2755
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Table A3. Mean Type II output multiplier value, bootstrap standard

deviation, and multiplier values for the pallet sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Pereeggile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.997 0.0758 2.878 2.904 2.942 2.995 3.045 3.099 3.131

2 3.196 .0959 3.037 3.073 3.131 3.190 3.259 3.324 3.355

3 3.145 .1009 2.978 3.022 3.081 3.141 3.215 3.268 3.299

4 3.067 .0969 2.900 2.941 3.005 3.069 3.132 3.188 3.215

5 3.029 .1053 2.868 2.898 2.955 3.026 3.101 3.176 3.206

6 3.039 .1032 2.865 2.905 2.968 3.039 3.113 3.178 3.212

7 3.103 .1696 2.857 2.897 2.985 3.094 3.213 3.323 3.396

8 2.960 .0799 2.831 2.860 2.907 2.956 3.009 3.069 3.106

9 3.059 .0934 2.919 2.950 2.997 3.046 3.115 3.178 3.227

10 3.245 .0800 3.111 3.139 3.191 3.251 3.305 3.343 3.373

avg 3 084 0 1001

----------------------- three-quarters sample -----------------------

1 3 085 .1135 2.907 2.940 3.011 3.084 3.153 3.219 3.256

2 3 325 .1136 3.114 3.184 3.241 3.325 3.401 3.471 3.506

3 3 230 .1228 3.018 3.069 3.154 3.236 3.313 3.384 3.427

4 3 189 .1132 2.993 3.040 3.114 3.192 3.272 3.325 3.356

5 2 888 .1730 2.655 2.683 2.751 2 852 2.974 3.147 3.278

6 2 809 .1266 2.638 2.660 2.719 2.782 2.875 2.997 3 070

7 3 045 .1386 2.819 2.870 2.943 3.047 3.143 3.222 3.255

8 3 187 .0942 3.022 3.065 3.126 3.189 3.246 3.311 3.358

9 3 312 .2193 3.003 3.050 3.160 3.306 3.450 3.581 3.664

10 2 983 .0836 2.853 2.879 2.922 2.979 3.045 3.091 3.137

avg. 3.105 .1299

-------------------------- one-half sample --------------------------

1 3.206 .2081 2.939 2.981 3.059 3.164 3.326 3.182 3.587

2 3.209 .1826 2.965 3.002 3.071 3.194 3.326 3.458 3.522

3 3.053 .1481 2.812 2.861 2.952 3.047 3.149 3.255 3.315

4 2.939 .1366 2.736 2.775 2.841 2.916 3.018 3.132 3.220

5 2.775 .1378 2.573 2.598 2.679 2.765 2.858 2.960 3.004

6 3.090 .1803 2.790 2.868 2.976 3.085 3.218 3.324 3.349

7 2.937 .1761 2.681 2.721 2.810 2.909 3.029 3.175 3.272

8 2.851 .1485 2.631 2.665 2.742 2.839 2.939 3.047 3.122

9 3.034 .1143 2.853 2.891 2.948 3.036 3.111 3.183 3.230

10 3.386 .0942 3.217 3.259 3.323 3.397 3.457 3.503 3.530

avg. 3.048 .1527

overall

avg. 3.079 .1275

 



Table A4. Mean Type II output multiplier value, bootstrap standard
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deviation, and multiplier values for the paperboard sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

 
 

 

Boot- Boot-

strap strap 4Percen§i1e

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.360 0.2841 1.986 2.046 2.144 2.332 2.558 2.740 2.810

2 2.354 .2119 2.062 2.114 2.208 2.342 2.472 2.629 2.724

3 2.240 .2377 1.880 1.955 2.086 2.230 2.419 2.535 2.599

4 1.636 .0911 1.499 1.522 1.567 1.629 1.689 1.755 1.806

5 1.950 .1166 1.778 1.807 1.866 1.939 2.018 2.103 2.173

6 2.097 .1441 1.906 1.930 1.982 2.072 2.188 2.296 2.376

7 2.289 .2794 1.895 1.962 2.094 2.268 2.497 2.638 2.704

8 2.342 .2311 1.978 2.059 2.185 2.332 2.498 2.629 2.673

9 1.959 .1203 1.756 1.803 1.873 1.947 2.029 2.141 2.196

10 1.797 .0697 1.693 1.710 1.748 1.791 1.837 1.888 1.917

avg 2.102 1786

----------------------- three-quarters sample -----------------------

1 1.995 1962 1.715 1.758 1.851 1.979 2.099 2.262 2.345

2 2.134 2279 1.776 1.859 1.974 2.113 2.298 2.441 2.498

3 2.147 1943 1.908 1.942 2.012 2.096 2.240 2.436 2.553

4 2.187 2891 1.810 1.867 1.960 2.113 2.339 2.704 2.851

5 2.053 1844 1.796 1.844 1.919 2.014 2.145 2.308 2.463

6 2.185 2506 1.821 1.876 2.023 2.175 2.360 2.510 2.563

7 1.911 1142 1.747 1.774 1.824 1.889 1.974 2.082 2.170

8 1.859 1254 1.676 1.706 1.761 1.839 1.928 2.035 2.109

9 2.187 .1499 1.967 2.006 2.070 2.173 2.279 2.401 2.447

10 2.414 .3426 2.006 2.064 2.167 2.356 2.687 2.861 2.921

avg. 2.107 .2074

-------------------------- one-half sample --------------------------

1 1.784 .1067 1.607 1.622 1.684 1.757 1.846 1.959 2.042

2 2.194 .1863 1.925 1.969 2.053 2.151 2.303 2.463 2.594

3 2.187 .1990 1.903 1.953 2.051 2.177 2.315 2.420 2.504

4 2.062 .1288 1.868 1.902 1.967 2.050 2.133 2.233 2.319

5 1.956 .2012 1.651 1.693 1.783 1.926 2.074 2.209 2.465

6 2.015 .1687 1.795 1.814 1.864 1.946 2.093 2.265 2.538

7 2.690 .2062 2.461 2.485 2.536 2.622 2.802 2.996 3.109

8 2.204 .4029 1.810 1.863 1.910 2.033 2.549 2.750 2.828

9 2.018 .1550 1.818 1.840 1.885 1.976 2.102 2.258 2.330

10 1.958 .1071 1.792 1.823 1.875 1.938 2.021 2.120 2.189

avg. 2.107 .1862

overall

avg. 2.105 .1907
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Table A5. Mean Type II employment multiplier value, bootstrap standard

deviation, and multiplier values for the sawmill sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

 

Boot- Boot-

strap strap Pereentile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 1.973 .1554 1.721 1.767 1.872 1.978 2.079 2.164 2.212

2 1.856 .1234 1.684 1.712 1.765 1.823 1.933 2.013 2.069

3 1.942 .1255 1.736 1.782 1.857 1.941 2.029 2.106 2.140

4 2.096 .1380 1.848 1.905 2.007 2.104 2.194 2.258 2.307

5 1.756 .1265 1.575 1.609 1.662 1.744 1.832 1.927 1.988

6 1.875 .1342 1.663 1.712 1.781 1.869 1.953 2.056 2.099

7 1.701 .0830 1.578 1.595 1.641 1.698 1.756 1.816 1.850

8 2.072 .1521 1.823 1.878 1.972 2.074 2.173 2.270 2.320

9 1.858 .1128 1.674 1.720 1.774 1.849 1.938 2.016 2.069

10 1.668 .0845 1.534 1.559 1.606 1.660 1.723 1.777 1.832

avg 1.880 .1235

----------------------- three-quarters sample -----------------------

1 1.702 .0868 1.567 1.593 1.642 1.697 1.759 1.812 1.852

2 1.715 1048 1.550 1.583 1.638 1.708 1.784 1.856 1.901

3 1.916 .1595 1.658 1.712 1.804 1.914 2.026 2.123 2.176

4 1.907 .0961 1.752 1.782 1.837 1.905 1.969 2.033 2.073

5 1.885 .1356 1.700 1.724 1.789 1.874 1.967 2.055 2.107

6 1.747 .0968 1.586 1.624 1.678 1.746 1.807 1.871 1.920

7 1.941 .1697 1.676 1.725 1.821 1.949 2.054 2.153 2.193

8 2.117 .1384 1.832 1.899 2.019 2.125 2.230 2.318 2.351

9 2.146 .1817 1.827 1.907 2.032 2.151 2.280 2.373 2.425

10 1.890 .1676 1.634 1.675 1.772 1.885 1.993 2.112 2.177

avg. 1.896 .1337

-------------------------- one-half sample --------------------------

1 1.798 .1415 1.579 1.628 1.693 1.786 1.893 1.981 2.035

2 1.836 .1414 1.629 1.667 1.741 1.822 1.925 2.018 2.073

3 2.008 .1750 1.711 1.778 1.890 2.012 2.133 2.234 2.290

4 1.674 .1080 1.518 1.541 1.595 1.661 1.739 1.814 1.876

5 1.766 .5359 1.581 1.616 1.683 1.763 1.845 1.906 1.961

6 1.844 .1481 1.624 1.659 1.735 1.829 1.932 2.049 2.116

7 1.704 .1352 1.501 1.542 1.608 1.684 1.790 1.887 1.934

8 2.200 .1826 1.888 1.956 2.095 2.209 2.325 2.410 2.446

9 1.941 .2295 1.604 1.663 1.784 1.929 2.089 2.235 2.296

10 1.944 .1482 1.725 1.759 1.834 1.936 2.039 2.136 2.186

avg. 1.871 .1945

overall

avg. 1.883 .1506
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Table A6. Mean Type II employment multiplier value, bootstrap standard

deviation, and multiplier values for the millwork sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

 
 

 

Boot- Boot-

strap strap Pergeggile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.045 0.0854 1.903 1.932 1.987 2.051 2.107 2.151 2.173

2 2.522 .3458 1.975 2.081 2.297 2.512 2.765 2.947 3.076

3 2.043 .2745 1.657 1.716 1.827 2.024 2.198 2.424 2.558

4 1.753 .1276 1.588 1.607 1.660 1.731 1.833 1.931 1.993

5 1.881 .1464 1.679 1.713 1.773 1.868 1.986 2.075 2.111

6 1.856 .2075 1.592 1.621 1.680 1.809 1.964 2.116 2.303

7 1.981 .2464 1.654 1.694 1.787 1.929 2.128 2.346 2.452

8 2.279 .2485 1.954 1.985 2.062 2.273 2.441 2.594 2.696

9 2.032 .0820 1.891 1.928 1.979 2.039 2.089 2.127 2.160

10 1.703 .0958 1.578 1.593 1.627 1.684 1.747 1.839 1.902

avg. 2.010 0.1860

----------------------- three-quarters sample ~----------------------

1 1.774 .1311 1.611 1.630 1.680 1.741 1.884 1.937 1.965

2 2.791 .5436 1.781 1.832 2.406 2.833 3.170 3.508 3.724

3 2.269 3656 1.779 1.829 1.972 2.273 2.474 2.746 2.892

4 2.109 2732 1.721 1.789 1.916 2.065 2.277 2.473 2.607

5 1.824 1387 1.651 1.676 1.726 1.800 1.927 2.000 2.028

6 1.898 1504 1.676 1.708 1.786 1.875 1.999 2.084 2.216

7 2.623 5757 1.919 1.958 2.103 2.703 3.019 3.268 3.422

8 1.819 1205 1.632 1.660 1.719 1.792 1.901 2.027 2.098

9 2.045 .1035 1.872 1.911 1.981 2.053 2.123 2.166 2.196

10 2.480 .3037 2.100 2.135 2.217 2.486 2.645 2.926 3.061

avg. 2.164 .2706

-------------------------- one-half sample ~-------------------------

1 1.917 .2359 1.648 1.679 1.755 1.864 2.129 2.203 2.235

2 2.365 .5138 1.635 1.751 1.960 2.384 2.672 3.003 3.137

3 2.022 .1179 1.835 1.871 1.943 2.020 2.101 2.165 2.199

4 2.457 .5147 1.843 1.881 2.013 2.472 2.792 3.092 3.239

5 2.176 .0971 1.594 1.625 1.749 2.049 2.495 2.977 3.252

6 1.939 .1094 1.747 1.795 1.869 1.947 2.015 2.067 2.088

7 2.823 .6944 1.961 2.032 2.164 2.912 3.287 3.613 3.726

8 2.140 .5424 1.581 1.607 1.752 2.019 2.456 2.919 3.143

9 2.523 .5007 1.862 1.958 2.089 2.543 2.795 3.112 3.258

10 1.940 .1107 1.758 1.792 1.863 1.938 2.018 2.087 2.126

avg. 2.230 .3437

overall

avg. 2.135 .2667
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Table A7. Mean Type II employment multiplier value, bootstrap standard

deviation, and multiplier values for the pallet sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap PEIQQEELLQ

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample —---------------------------

1 2.004 0.1016 1.845 1.870 1.935 1.997 2.065 2.138 2.180

2 2.054 .1154 1.881 1.912 1.975 2.046 2.123 2.205 2.254

3 2.045 .0888 1.905 1.934 1.982 2.037 2.099 2.164 2.208

4 1.943 .0621 1.841 1.866 1.901 1.938 1.982 2.026 2.047

5 1.919 .0991 1.769 1.795 1.849 1.912 1.977 2.049 2.086

6 1.909 .0995 1.750 1.784 1.837 1.903 1.972 2.042 2.092

7 2.061 .1575 1.827 1.881 1.949 2.041 2.151 2.274 2.376

8 2.083 .0698 1.963 1.990 2.037 2.079 2.129 2.180 2.209

9 1.995 .1282 1.808 1.839 1.906 1.986 2.074 2.165 2.216

10 2.053 .1218 1.859 1.909 1.964 2.044 2.128 2.219 2.275

avg 2 007 0 1044

----------------------- three-quarters sample -----------------------

1 1 928 .1063 1.759 1.799 1.854 1.920 1.996 2.064 2.112

2 2 280 .1511 2.038 2.097 2.169 2.272 2.368 2.479 2.529

3 2 001 .1630 1.766 1.812 1.882 1.985 2.098 2.210 1.918

4 1 781 .0847 1.634 1.670 1.721 1.785 1.837 1.885 2.458

5 2 062 .1816 1.813 1.839 1.912 2.025 2.158 2.347 2.098

6 1 853 .1091 1.707 1.727 1.765 1.827 1 909 2.013 2.334

7 2 062 .1450 1.840 1.877 1.958 2.047 2.154 2.259 2.334

8 2 027 .1558 1.834 1.870 1.946 2.025 2.105 2.188 2.222

9 2 394 .3454 1.918 1.987 2.154 2.374 2.614 2.838 2.957

10 1 740 .1199 1.566 1.596 1.655 1.731 1.804 1.905 1.954

avg. 2.013 .1562

-------------------------- one-half sample --------------------------

1 2.546 .3420 2.078 2.142 2.287 2.480 2.747 3.227 3.179

2 2.112 .3161 1.672 1.727 1.863 2.078 2.323 2.542 2.687

3 2.066 .2027 1.745 1.792 1.916 2.057 2.202 2.330 2.443

4 2.008 .1639 1.777 1.813 1.880 1.977 2.100 2.248 2.333

5 1.846 .1007 1.714 1.730 1.776 1.828 1.901 1.985 2.025

6 2.049 .1304 1.843 1.884 1.952 2.038 2.133 2.229 2.291

7 2.033 .1394 1.830 1.864 1.936 2.009 2.114 2.231 2.301

8 1.776 .0957 1.622 1.656 1.706 1.770 1.832 1.906 1.969

9 1.990 .1463 1.765 1.811 1.886 1.978 2.078 2.179 2.230

10 2.115 .1290 1.900 1.954 2.030 2.108 2.195 2.292 2.340

avg. 2.054 .1766

overall

avg. 2.024 .1457
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Table A8. Mean Type II employment multiplier value, bootstrap standard

deviation, and multiplier values for the paperboard sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Perce t 1e

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.257 0.1718 2.017 2.054 2.130 2.228 2.364 2.490 2.587

2 2.340 .1670 2.108 2.150 2.219 2.307 2.436 2.567 2.671

3 2.178 .1439 1.958 1.997 2.076 2.167 2.267 2.372 2.441

4 1.824 .0914 1.684 1.707 1.760 1.820 1.884 1.934 1.974

5 2.223 .1153 2.031 2.072 2.139 2.210 2.295 2.390 2.448

6 2.321 .1283 2.127 2.162 2.219 2.295 2.394 2.511 2.603

7 2.360 .2164 2.051 2.099 2.219 2.349 2.495 2.624 2.709

8 2.291 .1612 2.036 2.091 2.174 2.270 2.389 2.511 2.592

9 2.135 .0793 2.000 2.028 2.075 2.132 2.187 2.245 2.285

10 2.104 .0717 1.985 2.012 2.057 2.104 2.151 2.195 2.219

avg 2.203 1346

----------------------- three-quarters sample -----------------------

1 2.022 1171 1.852 1.882 1.934 2.006 2.093 2.195 2.249

2 2.114 1337 1.890 1.942 2.011 2.109 2.204 2.309 2.365

3 2.063 0640 1.942 1.977 2.022 2.062 2.102 2.144 2.172

4 2.280 1929 1.986 2.032 2.143 2.260 2.381 2.555 2.678

5 2.331 .1576 2.086 2.124 2.200 2.301 2.415 2.539 2.688

6 2.175 .1632 1.913 1.960 2.051 2.165 2.287 2.397 2.466

7 2.217 1254 2.032 2.061 2.119 2.220 2.284 2.385 2.477

8 2.222 1299 1.988 2.035 2.105 2.197 2.317 2.424 2.518

9 2.331 1440 2.134 2.166 2.218 2.299 2.416 2.530 2.634

10 2.484 1839 2.218 2.265 2.347 2.458 2.607 2.727 2.803

avg. 2.224 .1412

-------------------------- one-half sample --------------------------

1 2.108 .1480 1.855 1.916 2.005 2.098 2.214 2.307 2.369

2 2.230 .0983 2.095 2.113 2.145 2.201 2.282 2.374 2.470

3 2.205 .0923 2.088 2.101 2.127 2.180 2.247 2.341 2.424

4 2.181 .0932 2.074 2.084 2.110 2.154 2.231 2.320 2.368

5 1.993 .0788 1.819 1.858 1.927 1.991 2.068 2.126 2.166

6 2.021 .1109 2.029 2.060 2.111 2.177 2.268 2.364 2.481

7 2.377 .2626 2.081 2.117 2.178 2.301 2.491 2.793 2.907

8 2.119 .1024 1.947 1.980 2.035 2.101 2.170 2.284 2.404

9 2.194 .0927 2.066 2.078 2.121 2.173 2.245 2.328 2.370

10 2.184 .0649 2.100 2.110 2.130 2.177 2.218 2.263 2.311

avg. 2.161 .1144

overall

avg. 2.196 .1301
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deviation, and multiplier values for the sawmill sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Peggengile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.338 0.1615 2.058 2.126 2.228 2.340 2.457 2.546 2.594

2 2.153 .1485 1.946 1.978 2.043 2.142 2.250 2.349 2.407

3 2.214 .1274 2.009 2.048 2.126 2.212 2.306 2.386 2.416

4 2.446 .1666 2.159 2.223 2.331 2.453 2.560 2.664 2.720

5 2.118 .1899 1.835 1.883 1.982 2.098 2.235 2.373 2.460

6 2.192 .1604 1.943 1.988 2.077 2.178 2.295 2.420 2.485

7 2.094 .1429 1.872 1.907 1.993 2.093 2.178 2.275 2.352

8 2.483 .1793 2.161 2.246 2.356 2.469 2.612 2.723 2.786

9 2.154 .1320 1.952 1.987 2.060 2.145 2.237 2.331 2.388

10 1.960 .1056 1.793 1.834 1.883 1.951 2.025 2.095 2.156

avg. 2.215 0.1514

----------------------- three-quarters sample -----------------------

1 2.016 .1095 1.841 1.878 1.944 2.006 2.084 2.159 2.191

2 2.125 .1900 1.822 1.887 1.986 2.111 2.245 2.379 2.453

3 2.256 .1997 1.934 2.007 2.132 2.257 2.387 2.491 2.556

4 2.246 .1404 2.039 2.072 2.144 2.226 2.337 2.436 2.517

5 2.245 .1873 1.971 2.009 2.123 2.233 2.360 2.495 2.553

6 2.085 .1295 1.890 1.921 1.990 2.071 2.153 2.271 2.327

7 2.309 .1935 1.994 2.053 2.181 2.318 2.435 2.542 2.598

8 2.442 .1936 2.124 2.191 2.327 2.444 2.574 2.668 2.705

9 2.636 .1936 2.290 2.367 2.519 2.648 2.764 2.881 2.936

10 2.243 .1962 1.933 1.995 2.108 2.239 2.375 2.501 2.561

avg. 2.260 .1726

-------------------------- one-half sample --------------------------

1 2.151 .1969 1.878 1.914 2.003 2.127 2.264 2.414 2.521

2 2.165 .1865 1.883 1.935 2.035 2.139 2.269 2.435 2.542

3 2.350 .2076 2.000 2.068 2.220 2.359 2.491 2.596 2.667

4 2.059 .1458 1.836 1.878 1.954 2.041 2.149 2.252 2.308

5 2.053 .1140 1.853 1.900 1.975 2.050 2.137 2.199 2.252

6 2.255 .1941 1.967 2.025 2.114 2.237 2.373 2.510 2.591

7 2.082 .1930 1.801 1.848 1.952 2.062 2.198 2.334 2.429

8 2.577 .1980 2.233 2.318 2.447 2.591 2.715 2.799 2.863

9 2.486 .2351 2.076 2.165 2.332 2.493 2.663 2.784 2.841

10 2.378 .2105 2.063 2.125 2.223 2.368 2.526 2.642 2.717

avg. 2.256 .1874

overall

avg. 2.244 .1705
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Table A10. Mean Type II income multiplier value, bootstrap standard

deviation, and multiplier values for the millwork sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Pexeengile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.030 0.0986 1.884 1.911 1.963 2.023 2.092 2.164 2.195

2 2.419 .1951 2.078 2.158 2.296 2.425 2.556 2.660 2.710

3 2.205 .1981 1.928 1.974 2.055 2.211 2.316 2.442 2.525

4 1.805 .2692 1.510 1.550 1.615 1.721 2.049 2.150 2.201

5 1.880 .2549 1.574 1.609 1.694 1.821 2.066 2.216 2.290

6 1.734 .1970 1.477 1.507 1.574 1.681 1.845 2.016 2.143

7 1.835 .2295 1.540 1.576 1.659 1.778 1.956 2.162 2.346

8 2.284 .1805 1.997 2.064 2.148 2.281 2.402 2.515 2.579

9 2.208 .1425 1.981 2.024 2.112 2.204 2.302 2.382 2.448

10 1.678 .1376 1.471 1.499 1.548 1.626 1.735 1.969 2.171

avg 2.008 0 1903

----------------------- three-quarters sample -----------------------

1 1.836 .3041 1.509 1.531 1.606 1.731 2.048 2.260 2.366

2 2.510 .3094 1.842 1.888 2.320 2.542 2.741 2.909 3.016

3 2.148 .2450 1.798 1.837 1.974 2.156 2.294 2.447 2.519

4 2.028 .2901 1.622 1.706 1.808 1.992 2.220 2.408 2.519

5 1.872 2839 1.554 1.585 1.667 1.785 2 085 2.254 2.347

6 1.827 .1899 1.554 1.581 1.672 1.771 1.939 2.172 2.343

7 2.286 .3485 1.857 1.878 1.965 2.331 2.527 2.680 2.747

8 1.820 .1972 1.537 1.574 1.653 1.749 1.927 2.248 2.396

9 2.217 .1425 1.994 2.041 2.121 2.211 2.309 2.393 2.455

10 2.304 .1940 2.021 2.064 2.162 2.303 2.426 2.551 2.622

avg. 2.085 .2505

-------------------------- one-half sample -------—------------------

1 1.973 .4410 1.523 1.557 1.671 1.830 2.303 2.586 2.674

2 2.333 .3076 1.884 1.959 2.069 2.387 2.531 2.681 2.758

3 2.161 .1310 1.961 1.989 2.057 2.148 2.238 2.333 2.420

4 2.453 .3032 2.001 2.064 2.230 2.479 2.665 2.809 2.884

5 2.044 .5463 1.490 1.538 1.639 1.896 2.408 2.784 2.878

6 2.534 .2565 2.090 2.211 2.361 2.534 2.715 2.855 2.938

7 2.455 .3920 1.934 1.990 2.084 2.520 2.731 2.878 2.959

8 2.170 .6499 1.491 1.543 1.681 1.942 2.790 2.951 3.013

9 2.553 .2587 2.087 2.189 2.404 2.596 2.738 2.842 2.905

10 2.349 .1713 2.064 2.110 2.190 2.301 2.429 2.541 2.627

avg. 2.300 .3457

overall

avg. 2.131 .2622
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Table A11. Mean Type II income multiplier value, bootstrap standard

deviation, and multiplier values for the pallet sector, for 10

bootstrap trials using the full, three-quarters, and one-ha1f samples.

 

  

 

Boot- Boot-

strap strap Percentile

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.447 0.1684 2.210 2.246 2.326 2.435 2.539 2.674 2.756

2 2.419 .1429 2.212 2.251 2.317 2.407 2.505 2.613 2.678

3 2.490 .1305 2.290 2.334 2.400 2.482 2.578 2.657 2.709

4 2.393 .1055 2.227 2.263 2.317 2.388 2.465 2.526 2.563

5 2.260 .1078 2.093 2.124 2.179 2.254 2.326 2.404 2.450

6 2.428 .1350 2.213 2.252 2.339 2.421 2.514 2.602 2.674

7 2.744 .1272 2.541 2.579 2.652 2.744 2.821 2.911 2.958

8 2.144 .0878 2.022 2.034 2.075 2.131 2.200 2.259 2.319

9 2.508 .1938 2.236 2.280 2.363 2.495 2.625 2.749 2.852

10 2.632 .1230 2.440 2.483 2.542 2.630 2.708 2.789 2.843

avg. 2.446 0.1322

----------------------- three-quarters sample -----------------------

1 2.519 .1839 2.255 2.299 2.389 2.502 2.616 2.777 2.866

2 2.913 .2388 2.558 2.626 2.744 2.892 3.052 3.234 3.332

3 2.798 .2193 2.480 2.590 2.636 2.762 2.940 3.085 3.182

4 2.391 .1238 2.194 2.225 2.309 2.388 2.470 2.546 2.595

5 3.024 .1666 2.745 2.815 2.913 3.012 3.145 3.245 3.318

6 2.683 .1841 2.367 2.437 2.543 2.681 2.808 2.911 2.988

7 2.713 .2048 2.379 2.457 2.568 2.698 2.832 2.978 3.082

8 2.579 .1550 2.329 2.389 2.469 2.570 2.680 2.783 2.843

9 2.921 .3011 2.457 2.544 2.718 2.917 3.116 3.311 3.417

10 2.149 .1258 1.962 1.997 2.053 2.134 2.231 3.313 2.385

avg. 2.669 .1903

-------------------------- one-half sample --------------------------

1 2.784 .4209 2.268 2.353 2.484 2.691 3.083 3.337 3.463

2 2.556 .2916 2.123 2.197 2.354 2.535 2.748 2.945 3.046

3 2.419 .2474 2.060 2.109 2.247 2.404 2.580 2.718 2.867

4 2.548 .2532 2.184 2.247 2.357 2.507 2.685 2.899 3.059

5 2.722 .1842 2.430 2.489 2.595 2.714 2.846 2.952 3.016

6 2.597 .1282 2.372 2.438 2.513 2.594 2.684 2.756 2.813

7 2.541 .2270 2.218 2.282 2.387 2.522 2.685 2.831 2.909

8 2.583 .2003 2.261 2.322 2.446 2.571 2.709 2.851 2.939

9 2.349 .1722 2.113 2.146 2.225 2.329 2.459 2.574 2.651

10 2.533 .1367 2.315 2.361 2.441 2.519 2.621 2.709 2.771

avg. 2.563 .2262

overall

avg. 2.559 .1829
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Table A12. Mean Type II income multiplier value, bootstrap standard

deviation, and multiplier values for the paperboard sector, for 10

bootstrap trials using the full, three-quarters, and one-half samples.

 

  

 

Boot- Boot-

strap strap Pe ce e

trial Mean s.d. 5 10 25 50 75 90 95

---------------------------- full sample ----------------------------

1 2.066 0.1886 1.805 1.856 1.916 2.026 2.183 2.322 2.481

2 2.041 .1708 1.807 1.842 1.905 2.006 2.138 2.296 2.403

3 1.850 .1051 1.699 1.726 1.775 1.845 1.912 1.993 2.031

4 1.589 .0591 1.497 1.514 1.547 1.586 1.629 1.658 1.692

5 1.898 .1036 1.735 1.766 1.816 1.877 1.957 2.047 2.126

6 2.000 .1469 1.807 1.838 1.889 1.966 2.075 2.214 2.669

7 2.008 .1599 1.770 1.814 1.881 1.996 2.120 2.220 2.286

8 1.989 .1443 1.776 1.809 1.882 1.964 2.080 2.180 2.265

9 1.807 .0630 1.709 1.735 1.761 1.799 1.845 1.892 1.922

10 1.758 .0467 1.679 1.694 1.727 1.753 1.786 1.821 1.848

avg 1 901 0 1188

----------------------- three-quarters sample --------------—--------

1 1 760 .0947 1.622 1.649 1.687 1.740 1.819 1.893 1.946

2 1 829 .1127 1.665 1.690 1.749 1.814 1.889 1.995 2.064

3 1 858 .1040 1.718 1.740 1.779 1.832 1.906 2.016 2.078

4 2 202 .2729 1.826 1.882 1.981 2.142 2.337 2.618 2.819

5 1 980 .1429 1.772 1.804 1.859 1.944 2.051 2.186 2.330

6 1 962 .1682 1.733 1.768 1.829 1.932 2.067 2.187 2.279

7 1 856 .1081 1.703 1.725 1.767 1.827 1.910 2.011 2.098

8 1 847 .1217 1.678 1.707 1.754 1.822 1.916 2.015 2.080

9 1 918 .1271 1.751 1.770 1.811 1.886 1.972 2.105 2.221

10 2 257 .2320 1.940 1.996 2.083 2.215 2.402 2.600 2.688

avg. 1.947 .1484

-------------------------- one-half sample --------------------------

1 1.753 .0844 1.611 1.638 1.689 1.744 1.803 1.877 1.924

2 1.845 .0964 1.709 1.724 1.757 1.814 1.890 1.981 2.100

3 1.898 .0903 1.771 1.787 1.819 1.862 1.938 2.043 2.119

4 1.795 .0796 1.698 1.705 1.728 1.770 1.837 1.921 1.990

5 1.792 .0996 1.642 1.669 1.708 1.775 1.835 1.917 1.994

6 2.014 .1885 1.763 1.794 1.842 1.938 2.097 2.306 2.598

7 2.238 .3942 1.830 1.872 1.952 2.097 2.455 2.825 3.046

8 1.982 .2177 1.750 1.774 1.821 1.901 2.068 2.352 2.455

9 1.819 .0590 1.735 1.747 1.770 1.803 1.850 1.907 1.944

10 1.800 .0717 1.698 1.712 1.741 1.782 1.842 1.909 1.964

avg. 1.894 .1381

overall

avg. 1.914 .1351
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FOREST INDUSTRIES STUDY

MICHIGAN STATE UNIVERSITY

DEPARTMENT OF FORESTRY

NATURAL RESOURCES BLDG.

EAST LANSING, MI 48824

Forest Industries uestionna re

Your answers to the first five questions will permit us to classify

your establishment by size and industry, and to identify your net

inventory changes. By "establishment” we mean a place of business or

specific location of an economic activity which includes the physical

structure, equipment and employees (e.g., a manufacturing plant).

Q-l What were your total sales in 1980 from your Michigan operations

of all products?

TOTAL SALES $
 

Q-2 Please list your major products or services and what percentage

each is of total sales (dollars).

PRODUCTS PERCENTAGE

  

  

  

  



Q-3
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What are your current capacities (please list products in same

order as in Q-2 and include units of output per day or month)?

Capacity is the maximum amount that the establishment can

produce with the given quantity and quality of inputs and the

given technology. Note that if an additional shift is possible

with the current equipment but that additional production would

not be possible without additional labor, that this would cons-

titute an expansion of capacity and should be included in Q-7.

PRODUCT CAPACITY

1.
  

2.
  

3.
  

4.
  

What was your total average monthly employment and payroll

during 1980?

Please estimate employment in terms of "full time equivalents."

This means that all part time employees should be converted to

the number employed if they had been working full time.

1. Number of Employees
 

2. Payroll $
 

What was the value of your closing inventory of finished goods

in 1979 and 1980?

1979 Value of Inventory $
 

1980 Value of Inventory $
 



Q-6

Q-8
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The next three questions will help us forecast planned changes

in Michigan's industrial capacity.

Do you plan to expand (or reduce) your firms's capacity in

Michigan during the next 2 years? (Circle appropriate

response.)

1. Expanding If no change

2. Remain about the same is planned,

3. Reducing skip from

here to Q-9.

Please describe the type of expansion (reduction) and estimated

cost planned by your firm in Michigan (types of capital

equipment, improvements, shutdown, etc.) in the next 2 years.

What will be the capacity of your firm (in units of output per

day or month) after the planned expansion (or reduction) is

completed?

PRODUCT CAPACITY

  

  

  

  



Q-9
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The next two questions organize your annual sales and purchases

by industrial group. When weighted by the size of your

establishment and adjusted for net inventory change, your

answers along with others will show the structure of sales and

purchases for all industries in Michigan. There is an example

with each question to help make it clear.

What were your sales in 1980 to the user groups shown below?

Please write your answers as percentages of total sales

(revenues) from your Michigan operations and exclude sales of

surplus equipment resulting from capacity reductions. The word

user is emphasized because we must know the groups that actually

use your products for additional production or final

consumption. If most of your sales are to wholesalers or

retailers who pass your product on to others, please write the

percentage of sales by the user group of final destination

(either final users such as state and local government, federal

government or households or intermediate groups 01 to 39).

Also, please put and "X" next to sales that "passed through" a

wholesaler or retailer. If you do not know the final user

destinations, please place the information in the wholesalers or

retailers rows as appropriate.
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Example: Sales Percentage of Percent to

Groun to sa es Mi ser

01 Agricultural products and services 6% 95%

16 Integrated pulp and paper or 5% 5%

paperboard mills

19 Converted paper and paperboard 11% %

products

36 Wholesale (except forest products) 8% 25%

and retail trade

37 Finance, insurance and real estate 1% 100%

42 Personal consumption 12% 60%

43 Capital formation 6% 100%

45 Exports 7% %

Total 100%



01

02

03

04

05

06

07

08

09

10

11

12

13
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The hypothetical establishment sold 6% of its total sales to

agricultural products and services. Of this, 95 percent went to

Michigan establishments. They also sold 11 percent of their

total sales to converted paper and paperboard products, all of

which were outside of the state. Twelve percent of their total

sales went to personal consumption (or households), 60% of which

were located in Michigan. The rest of this example can be

explained in a similar fashion. The figures in the "percentage

of Total Sales" column should sum to 100 percent.

Percentage of Percent to

Group lore; Sales Michigen fleers

Agricultural products and services % %

Mining (including metals, minerals, % %

crude petroleum, natural gas)

Construction _% _%

Food and kindred products ‘_____% p_____%

Textiles and apparel _____% _____%

National forests (stumpage sellers) _____% _____%

State forests (stumpage sellers) ‘_____% ._____%

Other stumpage sellers _____% _____%

Logging contractors _____% _____%

Sawmills and planing mills _____% _____%

Millwork, flooring, structural _____% _____%

members

Wood furniture and fixtures % %

Veneer and plywood % %
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17
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19

20

21

22

23

24

25

26

27

28

29

30

31

32

137

Wood pallets, boxes and skids

Other lumber and wood products

Integrated pulp and paper or

Paper mills, (not integrated

with pulp manufacture) except

building paper mills)

Paperboard containers and boxes

Converted paper and paperboard

Building paper and building

board mills

Other paper products

Wholesale trade, forest products only

Printing, publishing and allied

industries

Chemicals and allied products

(includes plastics and synthetic

materials, drugs, industrial organic

chemicals, agricultural chemicals)

Petroleum refining

Rubber and leather products

Stone, clay, glass & concrete products

Primary metal industries

Fabricated metal products, except

machinery and transportation equipment

Machinery

Transportation equipment

Misc. manufacturing
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35

36

37

38

39

40

41

42

43

44

45

138

Transportation and communication

Electrical and gas utilities

Water and sanitary service

Wholesale (except forest products)

& retail trade

Finance, insurance and real estate

Other services (including major

group 08)

W

Federal government (except stumpage

sellers)

State government (except stumpage

sellers)

Local government (except stumpage

sellers)

Personal consumption

Capital formation

Change in inventory

Exports



139

Q-10 What were your purchases in 1980 from the industry groups shown

below? Please write your answers as percentage of total sales

from your Michigan operations (your answer to Q-l). Total sales

is used as the base of calculating percentages in this question

because it is generally easier to estimate in a consistent

fashion among business firms. In your answer, please exclude

purchases of capital equipment (these were requested earlier).

If most of your purchases and expenditures are from wholesalers

or retailers who bought the products from others, please write

the percentages of total sales under the industry group that

actually made the product. Please put an "X" next to purchases

that "passed through" a wholesaler or retailer. Purchases from

a wholesaler or retailer which cannot be traced to an industry

of origin should be placed under Group 36, wholesale (except

forest products) and retail trade.

Taxes are to be recorded as purchased from appropriate

governments. Wages and salaries are to be recorded as purchases

from households. As before, it is important to identify the

portion of your purchases from industry groups in Michigan. If

you do not provide a specific estimate, we will assume all your

purchases from that group are imported into Michigan. Because

capital expenditures are excluded, the percentages need not add

to 100. For further description of industry groups please refer

to the enclosed appendix. The example below may help clarify

our directions.
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16

24

33

37

40

41

42

44
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Example: PURCHASES Purchases as a

percentage of

rerel sales

Sawmills and planing mills 4%

Integrated pulp and paper or X24%

paperboard mills

Chemicals and allied products 5%

(includes plastics and synthetic

materials, drugs, industrial organic

chemicals, agricultural chemicals)

Transportation and communication 2%

Finance, insurance and real estate 1%

Paynent Sector

State government (except stumpage 1%

sellers)

Local government (except stumpage 1%

sellers)

Households (labor) 17%

Other payments (e.g. rent) 21%

TOTAL 100%

Percent from

Michigan

111911551125.

98%

75%

40%

85%

100%

100%

85%

50%
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In this example, the establishment spends four percent of its

total purchases on products from the sawmills and planing mills

industry, 98% of which is from Michigan producers. This

establishment spent 24 percent of its payments on products from

integrated pulp and paper or paperboard mills and 75 percent of

these purchases were from establishments in Michigan. The "X"

indicates these products are mainly bought from a wholesaler.

One percent of the establishment's purchases were from the

finance, insurance and real estate sector and all of these

purchases were from establishments outside of Michigan. The

figures for the other processing sectors can be similarly

interpreted.

Among the payments sectors, one percent of the establishment's

purchases are paid to state government (except stumpage sellers)

as income taxes, workmen's compensation insurance, unemployment

insurance, etc., of which all are to Michigan. Seventeen

percent of the purchases is paid to Households as wages,

salaries and dividends, 85% of which went to Michigan

households.
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01
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10

11
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13

14

15

16

17

18

Purchases as a Percent from

percentage of Michigan

tota sa es industries

Agricultural products and services _____% _____%

Mining (including metals, minerals, _____% _____%

crude petroleum, nat. gas)

Construction ‘_____% _____%

Food and kindred products _____% _____%

Textiles and apparel _____% _____%

National forests (stumpage sellers) _____% _____%

State forests (stumpage sellers) _____% _____%

Other stumpage sellers _____% _____%

Logging contractors _____% _____%

Sawmills and planing mills _____% _____%

Millwork, flooring, structural _____% _____%

members

Wood furniture and fixtures _____% _____%

Veneer and plywood _____% _____%

Wood pallets and skids _____% _____%

Other lumber and wood products _____% _____%

Integrated pulp and paper or _____% _____%

paperboard mills

Paper mills (not integrated with _____% _____%

pulp manufacture), except building

paper mills

Paperboard containers and boxes % %
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35

36

37
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Converted paper and paperboard

products

Building paper and building

board mills

Other paper products

Wholesale trade, forest products only

Printing, publishing and allied

industries

Chemicals and allied products

(includes plastics and synthetic

materials, drugs, industrial organic

chemicals, agricultural chemicals)

Petroleum refining

Rubber and leather products

Stone, clay, glass & concrete products

Primary metal industries

Fabricated metal products, except

machinery & transportation equipment

Machinery

Transportation equipment

Misc. manufacturing

Transportation and communication

Electrical and gas utilities

Water and sanitary service

Wholesale (except forest products)

& retail trade

Finance, insurance and real estate
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38 Other services (including major % %

group 08)

W

39 Federal government, including taxes % %

(except stumpage sellers)

40 State government, including taxes % %

(except stumpage sellers)

41 Local government, including taxes % %

(except stumpage sellers)

42 Households (labor costs, including % %

fringe benefits)

43 Other payments (e.g. rent and profit) ._____% %

TOTAL %

Q-ll If roundwood or wholetree chips are one of your inputs, please

indicate below the percentages of your wood raw material inputs

by geographic source:

Upper Peninsula %

Northern Lower Peninsula %

Southern Lower Peninsula %

What percentage of your total wood

inputs came from your own lands %
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Total volume of roundwood or (Circle one of following

wholetree chips used as measurement scales: cords,

input in 1980 was tons, MBd.Ft. or cunnits.)

Total volume of residual chips

used as an input in 1980 was tons.

Main transportation mode used to move raw materials is

For final products the main transportation mode is
 

(Examples of transportation media are trucks, railroad, and

barge).

Please print the name and address of your establishment.

 

 

 

Please print the name and telephone number of the person

completing this questionnaire.

Name:
 

Phone #:
 

Do you wish to receive a copy of the results (Please circle your

answer.)

1. Yes

2. No

Is there anything else you would like to tell us about your

establishment, firm or industry? If so, please use the

following space.



"Illlllllllllllllllllli  


