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Abstract

This report presents a review of input-output methods for labor market

analysis in Minnesota. For the computational examples, 1972 U.S. and

Minnesota input-output tables were used, including employment and income

statistics from U.S. D~partment of Commerce and U.S. Bureau of Department

of Labor. This is the first in a series of reports on Minnesota industry

structure and performance in the past decade and its outlook for the 1980’s

and 1990’s in job productivity, skill requirements, and income generation.
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Summary

Basic procedures of input-output analysis are presented with the use

of data from 1972 U.S. and Minnesota input-output tables. Existence of de-

tailed industry statistics on sales, purchases, value added, and employment

for both the U.S. and the State of Minnesota has made possible extension

of input-output methods to the analysis of Minnesota industry, structure,

performance, and prospects which heretofore would not have been feasible

because of the lack of detailed Minnesota and corresponding U.S. industry

statistics.

Four principal topics are presented, starting

concept, its origins and acceptance, and its basic

introduction is followed by a delineation of steps

with the input-output

assumptions. This

in building a computable

input-output model for labor market analysis. Reasons for highly detailed

industry and highly aggregated area data are discussed, along with implica-

tions of using less detailed industry groupings and less aggregated area

groupings. The theory and practice of input-output analysis in collecting

and preparing industry data and calibrating, documenting and validating the

interindustry transactions tables is examined, also.

The model-building discussion is followed by an examination of its

use, especially the interpretation of the input-output coefficients which

are derived from the interindustry transactions tables. Output multipliers,

both demand-type and supply-type, are derived, with illustrations of their

use in labor market analysis.

Finally, U.S. statistical series on employment and income are related

to the input-output data. Steps in deriving various input-output coeffi-

cients are illustrated in the Appendix.
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The input-output method starts with the product and income accounts

which depict the total income originating from remuneratively productive

activities, i.e., value added, as equal to the domestic final product, plus

net exports. This identity is expressed by the form,

DFP + (EXP - IMP) = VA

which, for the U.S., is expressed quantitatively, in billion dollars, by

the equality,

1,186.2 + (72.?3- 76.2) = 1,182.8.

The Minnesota final product differs slightly compared to the U.S.

final product in its distribution among the principal product categories,

as shown below:

Final Product Category

Pers. Cons. Exp.
State and Local Gov.
Federal Gov.
Gr. Priv. Cap.
Change in Bus.

Total Domestic

Form.
Inv.

Product

Dem. Purchases Total Purchases
Us. Minn.—— .—

(bil.$) (roil.$) (b!;!;) (m!~~

729.7 10,945 738.1 12,995
68.1 1,179 150.7 2,863
49.5 371 102.1 1,105
184.9 2,836 184.9 3,475
17.9 386 10.4 343

1,050.1 15,617 1,186.2 20,780

Personal consumption expenditures were 62.5 percent of the total in Minne-

sota and 62.2 percent of the total in the U.S. Both state and local govern-

ment purchases and business capital outlays also were larger in Minnesota

than the U.S. -- 18.4 percent vs. 18.4 percent, and 13.8 percent vs. 12.7

percent, respectively. Only federal government purchases were smaller in

Minnesota than the U.S. -- 5.3 percent vs. 8,6 percent.

Differences in external trade also occurred in 1972 between Minnesota

and the U.S., as shown below:
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Trade Category Minnesota
(b!i?;) (roil.$)

Competitive exports from U.S. 57.9 652
Competitive imports to U.S. -56.8 -411
Minn. net exports to RON 7,183
Minn, net imports from RON and

U.S. noncomp. imp.
Intermediate inputs -5.1 -4,279
Final inputs -10.1 -3,281

Total -14.1 -36

A negative balance of trade was estimated for both Minnesota and the U.S.

Minnesota gross state product is readily estimated from the preceding

data, as follows (in million dollars):

20,780 + (7,835 - 7,871) = 20,744

Interindustry and intersectoral transactions of the Minnesota and U.S.

economies are summarized in a 10-industry breakdown of the producing

sectors of the two economies. High levels of imports for some industries

in the Minnesota economy of course reduce the internal interdependence,

and, thus, the input/output multiplier values, which are derived from the

Leontief inverses, are reduced, also.

Employment and income data also are summarized for the 10 industry

representation of the U.S. economy. They are presented here for the 80-

industry breakdown reported in the Survey of Current Business. These data

show vastly differing compensation levels and hours worker per week in the

U.S. economy. Detailed industry statistics for states and regions are es-

sential, therefore, to avoid compounding changes in industry composition

with changes in industry productivity and earnings, especially where these

changes depart from national patterns.



INPUT-OUTPUT METHODS FOR LABOR MARKET

ANALYSIS AND PROJECTION

Wilbur R. Maki

New approaches to labor market analysis and projection have been

formulated, tested and proposed by labor market analysts in the U.S.

Bureau of Labor Statistics and the Minnesota Department of Economic

1/
Security.– This paper for the Seminar on Input-Output Analysis comple-

ments these new approaches by extending conventional input-output methods

to the study of labor market structure, growth and change.

The purpose of this extension of input-output methods to labor market

analysis and projection is two-fold: it serves as a demonstration of the

strengths and weakness of input-output methods in small area economic

analysis and projection and it serves as a test of each of the several

approaches in providing reliable and useful information on future state

and substate employment prospects. This purpose is pursued under five

topical headings, starting with the problem focus of labor market analysis

and projection and followed by individual steps in model building, data

interpretation, and economic impact analysis and forecasting. This dis-

cussion concludes with examples of case studies on the use of input-output

methods in labor market analysis and projection. First, however, the

input-output concept, its origins and acceptance, and its basic assump-

tions are discussed.

~/ See, particularly, the discussion of state and substate employment
projections and projection methods in the recent update of the
1985 industry and occupational employment projections for the State
of Minnesota and the Minneapolis-St. Paul SMSA (31, p. 94).
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Input-Output Concept and Its Origins

Professor Wassily Leontief of Harvard University, winner of the Nobel

Prize in Economics for his work in input-output analysis, is usually thought

of as the founder of input-output economics. Input-output economics is a

branch of economics, and also of econometrics. It emphasizes the structure

of an economic system and the measurement of this structure for purposes of

macro-economic analysis, particularly the effects of changes in the final

demands for goods and services on a particular industry with references to

its sales and purchases.

Leontief published the first input-output table of the American economy

in 1936 (14). John Maynard Keynes had already rekindled interest in aggre-

gative economics. With the Great Depression as an appropriate setting for

the ensuing discussion of

economic thought launched

work in this new area did

uing with his own efforts

Keynes’ General

by Leontief was

not occur until

in input-output

Theory, the second revolution in

initially a quiet one. Significant

the 1940’s when Leontief, contin-

analysis, was joined by his col-

leagues and others in demonstrating new applications of the input-output

approach, especially in the study of aggregate economic impacts (3 ,4 ,15,

16,17,18). Much of the work was supported by the U.S. Bureau of Labor

Statistics. In 1944, the first practical application of the input-output

approach was demonstrated in estimating the effects of shifting from war to

peace on employment (36).

Within the next two decades, national, and

models had become commonplace. Phil Borque, in

regional input-output models published in 1970,

even regional, input-output

his survey of state and

all but 38 states were

included among those listed as having work completed or in process (2 ).

Minnesota was included in this list twice -- once for the 1966 Itasca County

input-output model completed by Jay Hughes and a second time for the 1963



3

Minnesota

part of a

input-output model completed by Henry Hwang and Wilbur Maki as

Souris-Red-Rain.yRiver Basin Planning Commission study ( 5,11).

Today, more than half of

and even three counties

the substate development regions in Minnesota,

-- Itasca, Mower and Pennington -- are represented

bv their own input-outmt tables.

The core of the Leontief input-output

in which individual industry purchases are

system is the input-output table

represented by columns and indi-

vidual industry sales are represented by rows, as in Table 1.1. For this

example, an 85-industry 1972 U.S. input-output table was collapsed into

three industry sectors, three primary input-output sectors, three final demand

sectors, and a rest-of-world sector (to account for exports fromsand imPorts

to, the U.S.).

Summary data from the 1972 U.S. Input-Output Table are used to illustrate

the derivation of input-output tables with reference to the underlying as-

sumptions for these procedures. In Table 1.1, three producing sectors are

listed -- a primary sector of agriculture and mining, a secondary sector of

construction and manufacturing, and a composite tertiary sector of all non-

commodity, services-producing industries. In this illustration the three

industry groups produced a gross output of $1,966 billion. Interindustry

transactions were $1,046 billion, or slightly more than 50 percent of

industry gross output. By definition, gross output is equal to gross outlay

for each industry.

The complete input-output table can be quartered, with the intermediate

purchases in Quadrant I, the final purchases and exports in Quadrant II,

the prtiary inputs and imports in Quadrant 111, and the interinstitutional

transactions in Quadrant IV. The export and import sectors balance the

external trade and payments accounts of the economy as represented by the

tables. Thus, the individual entries in Table 1.1 are represented alge-

braically by the form,
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Eq. (1.1)xx., =.ZX..,

j=3i=J
for each row and its corresponding column.

While the row total equals the column total for the producing industries,

the primary input rows and final purchases columns are not necessarily

equal. Equality is achieved by including exports and imports in the balanc-

ing equations. For these three rows and

primary inputs is equal to the aggregate

exports, in the form,

columns, the aggregate value of

value of final purchases, plus net

Eq. (1.2)

or,

Total Value Added = Total Final Product + Net Exports.

Substituting from Table 1.1, the balance equation is now represented by the

numerical entries as follows:

718 + 111 -!-354 = 738 + 253 + 195 + (73-76)

1,183 = 1,183 (in billion dollars)

Thus, the total value added of $1,183 billion is exactly equal to the gross

final purchases of $1,186 billion, minus net imports of $3 billion.

The concept of input-output analysis a.san extension of national income

and product accounting 4s suggested by the entries in Table 1.1. Because

interindus~ry transactions, i.e., purchases and sales represented in Quad-

rant I, balance out, they

income accounts. Without

output analysis.would not

would not be included in the summary product and

the interindustry transactions, h~weyer, input-

be possible.

Acceptance of Input-Output Approach

Wide acceptance of the input-output approach in economic tipact analysis

and forecasting stems, in part, from the input-output concept itself -- its
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inclusiveness, adaptability, and fundamental simplicity. An input-output

table depicts the economic transactions of all remuneratively employed

economic units. It can be disaggregated from a small number of large indus-

try groups to many, but smaller, industry groups and their transactions with

many, but also smaller, final demand sectors and primary input sectors.

Yet, despite the apparent complexity of the economic structures represented

by input-output tables, the manipulation of data in the analytical framework

is the essence of simplicity in preparation and application. A competently

prepared input-output table packs a great deal of useful economic information

in small space.

Easy access to the input-output approach makes input-output data and

methods prime candidates for well-earned skepticism about their acceptability

for specific economic impact and policy analysis applications. While mul-

tiplier analysis is now widely associated with the input-output approach,

much more than the derivation of multipliers, or the uncritical, uninformed

use of multipliers, is involved. If input-output multipliers were the

essence of this approach, it rightly would deserve widespread rejection

ratherthan acceptance.

Widespread acceptance of the input-output method is based on its com-

petent and judicious use in economic analysis and forecasting. It deals

with short-term effects of industry-specific or sector-specific changes in

output demand on all industry and sectors in a given place and time. It

sorts out these effects,usually in terms of changes in output, but it

can show these effects in terms of changes in income, employment, capital

stock, and investment (10,30). It can be used to show the effects of

changes in input supplies as well as output demands ( 6,7 ). It also pro-

vides a method for dealing with data omissions and for achieving forecast

consistency (24,33). And it can be used in a small area as well as a
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national or global geographic setting (17). It still is, however, primarily

a method for short-term impact analysis and forecasting, although it is now

being extended to long-term development planning (22,24,33).

Basic Assumptions of Input-Output Analysis

Preparation and use of input-output tables is guided by its basic as-

sumptions -- linearity, homogeniety and constancy of input-output relation-

ships. Each industry is represented by a linear and a homogeneous production

function with fixed input proportions. Graphically, output is represented

as a straight-line function of input, starting from a “zero” origin. In

its conventional formulation, the economy is danand-driven. Neither capital

nor labor are limiting resources. These assumptions are further illustrated

in the preparation and use of the input-output data in Table 1.1.

First, a set of input-output coefficients was derived for each of the

four quadrants in Table 1,1. Production coefficients were derived from

Quadrant I data while consumption coefficients-werederived from Quadrant 11.

In the conventional input-output table, neither Quadrant III nor Quadrant IV

coefficients are needed. The four sets of coefficients,which are summarized

in Table 1.2, thus show the proportion of the total purchases of each industry

or sector which is acquired from each “producing” (i.e., row) industry or

sector.

The input-output coefficients in Table 1.2 show certain proportions of

total outlays of each industry allocated to each producing industry, primary-

input sector and rest-of-world sector. Thus, for the agriculture and mining

industry group, the 22.727 cents of each $1 of total outlay is allocated to its

industry group (primarily for feed, livestock and similar transfers from one

enterprise to another). Total agriculture and mining industry purchases from

producing industries were 55.455 cents per $1 total outlays. Outlays for
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primary inputs accounted for the remaining 44.545 cents of outlays.

The construction and manufacturing industry group differed from agri-

culture and mining ia its much lesser backward linkage with agriculture,

its much higher internal linkage, its much larger outlays for employee

compensation, and its much smaller allocation of total outlays to property-

type income, i.e., corporate profits and propriprietorial income. The ser-

vices-producing industry group also differed from agriculture and mining in

its lower overall interindustry transactions per $1 gross outlay and its much

higher allocation of value added to employee compensation, even with a nearly

as high an allocation to property-type income.

The distribution of final product purchases also differed sharply among

the three final product sectors. Personal consumption expenditures were

largely for services, government expenditures were largely for employee compen-

sation, while business investment‘expenditureswere largely for manufactured

(durable) goods, and construction materials and services. Competitive exports

and competitive imports (i.e., commodities produced domestically which con-

trasts with noncomparable imports) were largely manufactured goods.

The Leontief inverse, the matrix of industry-specific demand multipliers,

is derived

The demand

from a set of input-output coefficients like those in Table 1.2.

multipliers are represented by the (I-A) inverse in the form,

x= [l-A]-lY, Eq. (1.3)

where the [I-A] matrix is obtained from the technical coefficients in Table

1.2. The technical coefficient, a is represented by the ratio,
ij‘

a .%
ij X.

J

where, x = total value, in dollars, of i-th industry output purchased
ij

by j-th industry.
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A system of equations can be specified

tionships of economy, as in the form,

a21xl + a22x2 +

a31x3 + a32x2 +

where !.heaijXj’s and Y ‘si

respectively, for the i-th

be represented also in the

which describe the input-output rela-

a13x3 + ‘1 = ‘1
Eq. (1.4)

a23x3 + ‘2 = ‘2

a33x3 “3 = ‘3’

now represent the intermediate and final demand,

industry output, Xi. The three-equation system can

algebraic form,

(1 - all)xl a12
“X2 a13” X3=Yl Eq. (1.5)

a21 “ ‘1 ‘1 - a22)x2 a23 “ ‘3 = ‘2

a31 “ ‘1 a32 “ ‘2 ‘1 ‘a33)x3 “3

The set of technical coefficients in Table 1.2 can be represented as an

[I-A] matrix to correspond with the coefficients preceding the Xj’s in

Equation (1.5).

Derivation of the Leontief inverse from the technical coefficients in

Table 1.2 is illustrated in Appendix A with the use of simple matrix

Results of using these procedures are summarized in Table 1.3. This

contains the individual demand multipliers in the Leontief inverse.

multipliers can relate a given change in final purchases, say of Yl,

corresponding change in each of the three commodities with the form,

AX = [l-A]-lAy,

.

procedures.

table

The

to a

Eq. (1.6)

where [l-A]-L is the Leontief inverse and AY and AX are the specified demand

and derived output changes, respectively.

Individual demand multipliers are illustrated by three columns of coef-

ficients in Table 1.3. These coefficients were derived from the technical

coefficients in Table 1.2. They show the consequences of large internal
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Table 1.3. Illustrative Input-Output Table: Total Effect of a
in Final Demand for Specified Industry Output.

$1 Change

Goods Services

Agr. & Constr. &
Sector Mining

(do~;a;s)
g

Agr,, Mining 1.33662 0.16323 0.03741

Constr., Mfg. 0.40867 1.70565 0.22424

Services 0.35411 0.35945 1.31252

Total 2.09940 2.22833 1.57427
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linkage in large demand multipliers. The construction and manufacturing

industry group, which had the largest total for its individual technical co-

efficients, also has the largest demand multiplier.For example, a $1 increase

in final demand for construction and manufacturing output results in a $2.23

increase in overall industry output. Of this total effect, $1.71 is due to

output change in the construction and manufacturing industry as a result of

additional intra-industry requirements for achieving a sufficiently high in-

crease in output to satisfy both the $1 increase in final demand and the 71

cent additional increase in intra-industry purchases.

The basic assumptions of linearity, homogeneity and constancy impose

important constraints on the use of the input-output approach in labor market

analysis and forecasting. While input-output relationships may not change

(that is, only the levelsof inputs and outputs change, not their proportions),

the degree of import dependency of a small area may change. More or less of

an industry’s inputs may be acquired from outside the labor market, thus

changing the degree of internal, backward linkage and, also, the value of

its demand multiplier. For small areas, particularly, the rule of constancy

is inapplicable, unless changes in import levels are included in the deriva-

tion of the input-output coefficients. A similar qualification applies,

also, in the use of the consumption coefficients in overall area analysis

forecasting.

Additional limitations in the use of the input-output approach stem

and

from

industry-specific technological and price changes. The computer industry,

which is part of the non-electrical machinery industry in the Standard In-

dustrial Classification System, has undergone rapid transformation of both

its technology and price structure. Indeed, the price of computers fell

at the same time that energy prices rapidly outpacd other price increases.
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For Minnesota, particularly, the contrasting price experiences of the

computer and the petroleum industries resulted in sharp changes in inter-

industry relationships. The rule of constancy in input-output relations was

seriously violated during the 1970’s as computer prices dropped relative to

petroleum prices. Minnesota exports computers, but imports its p@troleum.

Its terms of trade thus worsened, except for the output-increasing effects

of new computer technology and its widespread business applications. As

prices dropped, utilization increased, partly because of substitution of

new computers for old ones and partly because of new uses for new computers.

With these and similar distortions of input-output relationships, great care

and expertise must be exercised in the appropriate use of the input-output

approach in small area impact anlaysis and forecasting.

Various computational procedures have been developed for dealing with the

constraints imposed by the basic assumptions of input-output analysis. These

procedures are discussed in later sections of this report. First, however,

a problem focus for input-output approaches is delineated and discussed.

Model building steps are related to the problem focus. They include the delin-

eation of study area; industry and sector classification; model specification;

data collection and preparation; model calibration, documentation and verifi-

cation; and model validation and acceptance. Data interpretation is dis-

cussed next. In this section, the different parts of input-output tables

of the U.S. and Minnesota, and their inverses, are examined, including indus-

try sales and purchases; value added and final purchases; imports and exports;

and direct and indirect effects. Finally, applications of the input-output

approach in economic impact analysis and projection are presented.
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MODEL BUILDING

Model-building involvesa series of steps starting with a definition of

the problem and a delineation of the geographical problem area. The model

building steps parallel the building of a decision information system in

which local

methods are

system, the

and national macro-economic data and analytical and forecasting

related to public sector planning and management. In such a

input-output model and the model builder in essence convert

data into information which the model user translates into specific decision-

information. Model-builder and model user thus collaborate in the deploy-

ment of the information system output for decision making purposes. They

may collaborate, or at least exchange views, in earlier stages of model

building, for example, the problem delineation.

Problem and Area Delineation

The problem focus in model building is identified as a primary consider-

ation in deciding whether or not the input-output approach is ideally the

appropriate one. Many problems require no more than the trained and exper-

ienced judgement of a practicing economic consultant. Others may require some

quantification, but nothing more sophisticated than a single equation model

with less than a half dozen variables. Some problams are less tractable.

They call for more sophisticated approaches, but even then, neither the

trained and experienced judgement of the practicing economist nor the quan-

tification provided by a simple, single-equation model can be discarded.

Effective use of the input-output approach depends on the parallel development

of proven economic analytical competence.

The input-output approach is most suited for large areas with much

internal linkage, or to small, growing areas which are in the process of

becoming increasingly interdependent as a result of population and income

growth and industry proliferation. The Upper Midwest Region (as defined by
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the Minneapolis Federal Reserve Bank), the State of Minnesota, the seven-

county Metropolitan Council Region, and the eight-county Arrowhead Region plus

Douglas County, Wisconsin are regions with much internal interdependence.

Of the four regions, only the Arrowhead Region is declining rather than

growing, but its internal interdependence is nonetheless increasing. Many

smaller areas, of course, are growing in both total economic activity and

internal linkage.

A problem focus in areas of strong internal linkages which emphasizes

the measuraent of industry-specific and sector-specific economic effects of

changes in demand and supply, or related governmental policy and climatic

conditions, is one obviously tailored to an input-output approach.

Further delineation of Minnesota substate regions for the input-output

approach could start with a grouping of existing substate development

regions. For example, Regions 1, 2, 4, 6W and 8 form a dominantly agricul-

tural economic region, while Regions 6E, 7E, 7W, 9 and 10 form a transitional

agricultural-industrial region (Figure 2.1). Indeed, the metropolitan core

region, Region 11, may be joined by Regions 7E and 7W to form an extended

metropolitan focal region. Finally, Regions 2 and 5 could be grouped with

Region 3 to form a natural resources-based urban-industrial economic region.

With a minimum of four substate input-output models, economically different

substate regional groupings can be related directly to U.S. output markets

and input sources, as well as to each other.

Further regional subdivisions can be achieved within the three larger

regional groupings outside the Metropolitan Council Region. The input-

output approach could apply even to subregions. The use of substate regional

groupings would facilitate, rather than preclude, the preparation and use

of small area input-output tables. Both model calibration and validation

procedures, for example, could be more readily implemented by starting with
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Figure 2.1. Substate Planning and Development Districts,

Minnesota, 1978.
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.W,.07,.0503

3.00
4.00
5.00
6.o1
6.02
7.00
8,00
9.00
10,00
11. (3L
11,02
11.03
11.04

Wine. & repair ZI
Coaplece guided ais. 23
Other o;dnance 22
$!esz ?acking pt .24
Sausa3es S o:har pc .24
Podtcy ‘ir*ssizlg pt. V+
?oultry & ega p:oc. pt. 24
Creaae:y butter pt.25
Cheese, naC. S p:oc. pc.25
Cad. h evap. rsilk pt.25
Ice creain & froz. ales. pc.25
Fluid =ilk pt. zs
Canned fr. 6 veb. pc.26
?rozan fr. & veg. pt.26
Ocher ?res. ir. 6 veg. pt.26
?rash, f:oz. ,pr.as. f ish pt .26
51VJX & ocher grain pt.27
CereaL preparations pt. 27
31snded & prep. flour pt.27
Mg, ca: & ocher pa: pt.27
?repared feeds, rt. e.c. pt.27
Rice nilling pt.27
Xae corn milling pc.27
3read, cake & rel. pr. .pt.28
Cookies & crackers PC.28
SuZar
Confect. & rel. :;
.42coholic beverages 31
SIOft d:inks pt.32
?lavoring ax. h syz. pt.32
Fats & oils p:.33
XMC. food prod. pt .33
:abacco manuf. 34
.?abric & ch:eqd 3s
WJor covwin~s 36
Mi3c. text. prod. 37
Eoai.q b lmic 38
A:parel mfg. 39
?ab~i~~ted CeXt O 40
710&gfng 41
Sa”-ntlls & plan. Bills pt.&2
Xardwood fl~or;ng pc. A2
S?ec;al prod. sa..7ill5 pc.’L2
!?il~work $ cabinecs pc. L3
“.”eneer t, ply~ood Dt.43

4421 otiar &mt. 19 11.0501 ,2.,5,7
i-all drill ing, nin. ax. 20 11.0503 ,4,6,8. .

12.0100-.0215
13.01
13.02-.07
l&. olol
14.0102
16.0103
14.0i04
14.02
14.03
14.04
14.03
14.05
14.09
14.13
14.0s, .10
14.07,.11
14,1401
14.1402
14.1403
14.1501
S4,1SC12
14. I’6
14.17
14.180;
14.1802
14.19
14.20
14.21
145~2

14.23
14.24-.17,.29
14.28,.31,.32
15.01-.02

16.01-. W
17.01

17.02-.10
18.0101-.0300

18.0$
19. ol-. o3o6

20.01
20.02
20.03
20.0$
?0.05
20. @6

pc.3
pt.3
4
6
s
pt. ?
pc.7
pt.7
pt.7
ptoB
pc. s
pc. a
pt.8
pt.8
pc.8
pt.8
pt.9
pt.9
pt.11
pt.11
pt.11
pt.11
pt.11
pt.lo
pc.lo
pc.lo
pc,lo
pt.lo
pc,lo
pt. Io
pt.lo
pt.12
pt,12
pt.12
pt.12
pE.12
pt.lz
pt.12
pt.lo
pt.lo
pc.13
pt.lo
pt.13
pc.13
pc.13
pz. tL
pt.lo
pt,13
pc.lk
?t.14
pt.1~
pc, !h
~i.14.
?:.14
pt,15
pc.15
pc. !6
?C .16
j-lc.lfJ
ml. li

pc.1
pt. i
pt.1

P:.2
pt.2
pc. z
pc.2
pt.2

3
4
5
pt.6
pe.6
7
8
9
10
pt.11
pt.11
pt.11
p:. xl
pc.11
pt.11
12
pt.13
pt.13
pt.ls
pt.15
pt.15
pt.15
pc.14
pt.lb
pt.14
pc,14
pt,14
pt.1~
pt.14
pt.14
pt.14
pt.16
pt.16
pc.16
pc.16
pz.16
pt.16
pt.16
pc.14
pt ,14
pt.14
pt.14
pc.17
pt.17
pc.17
pt.lb
pc.14
16
19
pt.20
pt .20
pc.21
p:.21
22
pc.23
pc.23
pt .23
pc.23

P:.23
. . +1

0241, pE.0191, pL.0259,pc.0291
025(aXC .0254 1Apt.02S9), pC. Ol?l, pt.02i9
o~l (exe.p~02] Q),27, pC.01 91, p:.021 ~pt.02S%?:.C291
pc, oil ,pc, o;39, p:. o\91 ,pt. ol;9, pL.0253.?:.029i
013L,0161,?c.011 9, PL.0139, p:.01 31. Pc.021%P=.$Z39,PL .0291
0133, pt, 0191, pc. c219, pc.02s9, pt.029t
0116,pc.0119#L 013,?&0173,0t. C2L9,pG025?#Z0291
pc. o119, pe. 0139, pe. 0191*pt.0219*pc .0253,3 c.0291

0814,091,097
o~54,07(=e.07&) ,085,092

101.106
102- ,
lo3-lo5,pt.lo8,109
llll,pt,ll 12,1211, pt.1213
131,132, pt.13a
141-145, Pc.148,149
167
pt, i5, pc.16, pt.17
pc.15, pc.16, pt.17
pt.16, pt.17
pt.16,pt.17
pt.15,pt.16,pt. L7
pc.108, pc.l!12,pc .1213, pt.138
p:.15,pt.16,pt.17
3761
348, 3795
2011
2013
2016
2017
2021
2022
20~3
2024
2026
2033
203; ,8
2032,2034,2035
2091,2092
2041
2043
2045
zo47
20$8
2044
2046
2051
2052
2061-3
2065-7
20%? -2!385
2086
2087
Z07L-7,2079
2095,2097-9
21
2~1-2~4,~26,~~fj

227
229
225
23(&xc .239} ,399$5
239
241
~421

2426
~L~9

?.331,’4
9,.>< c
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the larger regional groupings rather than individual substate development

regions, or individual counties. Such a hierarchical approach would reduce

data disclosure problems for small area studies and also reduce data costs

while increasing the probability of user acceptance because of more readily

implemented model calibration and validation methods.

Model and Sector Classification

The extent of industry and sector disaggregation depends on the geo-

graphical area and its immunity from problems of industry disclosure. For

example, a densely populated multi-county area would have economic data

reported for many more individual industries than a sparsely populated multi-

county area.

Starting with the State of Minnesota, a 214-industry breakdown of indus-

try output, employment and income, as specified in Table 2.1, is readily

implemented. Currently, such a breakdown is available, not only for the

State, but, also, Regions 2, 3 and 11. These industry breakdowns were

devised specifically for the mineral-related and forest-related studies

being completed at the University of Minnesota.

In addition to the 214-industry breakdown, a potential 12-sector

now

breakdown is available for the differentiating of final product by recipient

sector. The 12 sectors are listed as follows:

Household: personal consumption expenditures.

Government: state and federal, with four state (education; welfare,

and sanitation; safety; and other general government) and

two federal (national defense and nondefense) sectors.

Business Investment: gross private capital formation and change in

business inventories.

Rest-of-World: competitive exports;competitive imports; and exports

from state or region to rest of nation.



?.lnnesoca

214- I”dL!scr\” Co& USDC .SlnncsOCa SIC tide (1972 Edition)
?iO. iicle I f~Ind. 496-lR. 55-1.6. ‘— 95-ln4 .

1.
-.
;.
lb.
5.

;:
8.

1::
11.
12.
13.
14.
15.
16.
17.
i8.
19.
20.
21.
22.
23.
2A.
25.
26.
27.
28.
29.
30.
31.
32.
33.
3’4.
35.
36.
37.

%:
60.
41.
~~.

43.
4L .
45.
45,
L7 .
L8 .
49.
52.
5i.
52.
53.
54.
55.
56.
57,
5~ .
99.
63.
61.
6z.
.52.

65.
65.
56.
67.
6s .
59.
70+
7~,
72.

7:.
?&,
75.
75.
i?.

Miry farm prod. pt.1
Poultry 6 eggs pt.1
%at antials 6 ?rod. 2
?ood, feed Srain 4
I“egetables pt.5
Sugat crops pt,5
Oil-bearing cr~ps pc. s
Ocher crons 3,pt.5

1.01 pc.1
1.02 pt.1
1.0301,.0302 pt.1

2.0201,.0202 pc.2
2.0501 pt.2
2.0502 pc. z
2,0500 pc.2

2.01.2.0203..03, Pt,2.
.Ob, :07,.0503

Forest. & fish. Prod. 6 3.00
Agr.,for.,f ish. serv.
Iron qre mining
Cappar ore rninin~
Other nonfer. ores
Coal 6 peat mining
Oil & gas extr3ct.
Stone 6 clay
Chain. & fert.
sw resid. build.
sw rwnras. build.
sew puslic Utility
?:aw hi~hway const.
.$J1 o~har cansC.
‘:s11 drilling, =in. ax
Mint. & re?air
Coaplece guided a is.
Other o~drrance
!teac packing
Sauea~e.s 5 o:har
Poultry drwbsin8
?oulsry 6 eg3 p:oc.
C.raaae:y butter
Cheese, nac. 6 proc.
Cond. h evap, milk

7 4,00
8 5.00
9 6.o1
10 6.02
11 7.00
12 S.oo
13 9.00
14 10.00
Is 11.01
16 11.02
17 11.03
18 11.04
19 11.0.501,2 .,5.7
20 11.0503 ;4;6;8
21 12.0100-.0215

13.01
13.02-.07

23
22
pt.24
pc .24
pc.zk
pt. 24
pt.25
Dt .25
;c.25

Ica creaa & froz. dee. pt.25
Flu id n ilk
tinned fr. h veb.
?rozen fr. 6 veg.
Qckec >res. fr. b VW.
:rosh, f:~.z. ,pres. fish
Flwr $ ocher $rain
CcreaL preparaC ions

Eisnded 6 prep. flour
>og, ca: 6 other pe:
?repared feeds, n.a. c.
~ice milling
“.”et corn milling
3read, caks 6 rel. pr.
Cookies h crackers
SuZar
Confect. & rel.
.ticoholic beverages
soft d:iclks
?l~wring as. b syr.

pt.25
pc.26
pt.26
pt.26
pt.26
pt .27
pt. 27
pt .27
pt.27
pt .27
pt.27
pt. 27

.pc.2a
pt. 28

;:
31
pc.32
PC.32
D:.33
;t .33
34
35
36
37
38

i!;
4!

s pt.&2
pc.hz

s P~.~z
pc.43
pc.43
pt .43
pt.L3
*t .43

14.0101
!4.0102
14.0103
14.0i04
14.02
14.03
14.04
14.03
14.05
14.09
14,13
14,0s,.10
14.07,.11
14.lf+ol
14.1.402
lL. L4C3
14.1501
14.150:
i4. i’6
14.17
14.180:
14.1802
14.19
14.20
14.21
14.Z2
16.23

14.24- .27, .29
16.28,.31,.32
15.01-.02

16,01-.04
17.01

17.02-.10
18.0101-.0300

18.0:
19.01-.0306

20.01
20.02
20.03
20.04
?0.05
?0.06
20.0;01
20.0702
20. !’,400
2f3. {~90i
211.CQO:
20. !IW03
?l .00

2~e,31,,c?

22. m,. o$

pt.3
pt.3
6
6
5
pt.7
pt.7
pt.7
pt.7
pt.8
pc.5
pG.8
pc.8
pt.8
Pc. a
pr,. s
pt.9
pt.9
pt.11
pt.11
pt.11
pt.11
pt.11
pt.lo
?C.1O
pt.lo
pc.lo
pt.lo
pc,lo
pt.lo
pt.lo
pt.12
pt.12
pc.lz
pt.12
9t.12
pc.lz
pc.12
pt.lo
pt.lo
pc.13
pt.lo
pt.13
pc.13
pc.13
pt,l~
pt.lo
pc.13
pc.1’c
?t,l L
p:.l L
pc.lb
?C.14.
pt.lk
pt.15
pc.15

Ps.!6
p!.16
pc,16
p:,16
p:.ls
p:.15
pt. !s
7C .15
>: .15
P:.!5
pc.lb
pt, !6
;t.1~

pt.1
pt.1
pt.1

P:.2
pt,2
pc.2
pc.2
pt.2

3
4
5
pt.6
pt.6
7
8
9
10
pc.11
pt.11
pt.11
p:.11
pt. il
pt.11
12
pt. 13
pt.13
pt.ls
pt.15
pt.ls
pt.15
pt.14
pt.14
pt.14
pc.14
pt.1~
pt.14
pt.14
pt.1~
pt.1$
pt.16
pt.16
pt.16
pc.16
p:.16
pt.16
pt.16
pc.14
pt.14
pt.14
pc.14
pt.17
pt.17
pc.17
pc.l&
pt.14
1s
19
pt .20
pt .20
pc.21

;;.21

pc.23
pc.23
pc .23
pc.23
p:.23
pc.23
pt .23
pt ,23
7C .23
pt .:3
pt. :3
pc .?3
?ll
p:.23
pc. ?3

o~~l,pC.o19t ,?L.o~s9,pt.o.291
oq5(cxc .025.4 & pc.0259) ,pt.OI?l ,PC. CC:9
Qzl (exe.p~0219),27,?t.01 91, pt.02t %pt.O’2S%?L,029L
pt. ol!, pc. 0139, p:.0191, pt.0219, pc.0259. ?:. fJ291
0134,01 61.pt.0115,pt.0139,P:,01 3!, PC.o?l %p:.C2S9#C.0291
0L33, pt,0151, pc. C219, pc.0259, pt.0291
0116,?t .01 19p~O!3,pa 0173,n&0219,pL 025?+ :0291
pc. o119, pt. 0133, pt. 019L, pc.0219*pc,0253, ?c.0291

0814,091,097
0254,07 (sxc.07.t) ,085,092
101,106
102
Lo3-lo5,pt.lo8,109
1111. pt.l112,1211, pt.1213
131,132, pc.138
141-145, pc.148,149
147
pt, i5, pc.16, pt.17
pc.15, pc.16, pc.17
pt.16, pt.17
pt.16, pt,17
pt.15,pt.16, pt.17
pt.los, pc. I112,pc. Iz13, pt.138
p:.15,pt.16,pt.17
3761
348.3795
201 i
2013
2016
2017
2021
20Z2
2023
2oz4

2026
2033
2037,8
2032,2034,2035
2091,2092
2041
2043
2045
2047
20$B
2044
2046
2051
2052
2061-3
2065-7
2032 -zo55
2086
2087
207&-7,2079
2095,2097-9
21
221-22 k,226,228
227
229
225
23( Mc.239),399$5
239
241
~q’21
242.5
~&~9

2431,4
2435,6
2439
2452
2~91
24.:s
:; q~

-lItlg

::*L (<xc. Zws)

2511, :512,2517, 2~19
2514,2515
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75.
79.
83,
a:.
~~.

33.
e:,
95.
85.
87.

:;:
90.
9!.
g?.

93.
94.
95s
95.
97.
98.
99.

10CI.
10:.
lo~.

103.
1$4.
105.
LC5.
1070
ltd.
1~~.

110.
1:1.
l~~o

113.
11$.
11s.
116.
117.
113,
119.
l~o.

121.
1~).
123,
12L.
125.

126.

127.
129.
129.

130.
131,
132.
133.
124.
135.
136.
137.
138.
139.
140.
141.
Ii?.
143.
lLL.
145.
1:5,
14?.
149.
1+.
i5J.

15:.
lj~.

ijl.
15J,
155.
lj$.

157.

wood O(f ice furrl,
Other furn. 5 fLx.
Pulp aitl~
Papti: nLLis
Papcrhmrd mills
COnv. papdr prud.
mild. Paper & bc!.
Paperboard conta ht.
Mwspaper pcf.cc. ~ pub.
Period. 4 book
Mist. Pctnt. 6 pub.
It-d. inorz. S org. ch.
&iCUICU;d ch~.
?fisc. than. prod.
Plasc ic & rubber
Syrr:hcc Lc f fbers
Drugs
Cleanin~ & CoLlec
Paints
Pecrtrlewa ref.
Pavict3 & asp. nix.
Tires 6 h. tubee
MiSC . rub. prod.
Plasc ic prad.
LeatF.ee can. 6 Lnd.
Fooc=are & ocher
Glass
Hydraulic cement
Brick & clay tile
Other scruct. cky
Pottery & rel. prod.
Concrete, exe. block
Concr. block
Licte L gypsum
Mist. stone 6 clay
B1. furn. & steeL
Eleccromet . ~cod .
Steel wire 6 rel.
Cold fin. steel
SceeL pipe S tubes
Iron C scsel found.
Iron 6 se. forg.
Heca L heat treat. “
Fri. ce. c. prod. n.e. c.
Primary copper
Ocher prti. cop.
Pri. alum. 6 prod.
Other pri. nmfer.

MeCal cwtta fners
?ieac, & plumb. fix.
Fabricated aacal
Screw cwchine prod.
MeCal scamp itrgs
Cue Lery & gem. hdw.
Ocher f ebr. aecal
Eng irtes
Fam cachLnery
Cmrsc. & mining aach.

!lateriah Iwndling
t!etalwxking, t%tch.
Special fnds. cIcha.
Cen. induscrlat
Machine shops
ELecc cOnLc crIapuC ~Lng
Calcu Lac Llg i acccg.
Off ice mchfnes
Ser/ice ind. math.
Cleccrical cram. eq.
Clec:rtcal lnd. ammr.

53
54

::
57
58
59
pc .60
pt.60

::
63
64
65
66
pt.67

Pi. m
pt.6a
69
p:. 67
.pc.67
pt.67
70
pc. il
pc.71
pc.71
pc.71
pc.71
?t.72
pc.72
pc.72
pt.72
p:,73
pc.73
74
?5

76
77
78
79
80
81
82
83
84
8S
85
87
38
89
90
pc.’)l

P :.5!

92
93
%
55

23.01
23.02-.07
2i. ol
24.02
~:.03

2L . 04, .05,.07
24.0602
25.00
26.01
26.02-. C4
25.05-.0s
27.01
27..02-.03
27. g
2s.01,.02
2S.03-.04
29.01
29.09-.03
30.00
30.01
31.02,.03
3~.131

32.02,.03,.05
32.04
33.01

3.$.01-.0305
35.01-.02
36.01
36.02
36.03
36.06-.09
36.11
36.10,.12
36.13,.14
36.15-.22
37.0101
37.0102
37.0103
37.0104
37.0105
37.0200
37.0300
37.0401
37.0402
38,0100

38.07,.10,.12
33,04,. oa

38.02,.03,.05,
.06,.09,.13,.14.

39.01-.02
40.01-,02
40.03-.09
4!.01
41.02
4~.ol-.o3

42.01-.11
43.01
44.00
45.01-.03
46.01-.03
47.01-.04
48,01-.06
49.01-.07
50.00
51.9101
51,0102
51.02-.04
52.01-.05
53.01-,03
53.04-. C8
54.01-,07
55.01-.03
56>01-.02
54.03
56.04
57.01
57.02
57.03
W,O1-. O5
59,01-.01
.+11.01-.04

pc. !6
pc.16
pt.:?
pc.17
pc.17
pc.li
peel?
pc.l?
pc. ia
pc.ls
p:, L8
pc.19
p:. l?
pc. i?
pc.19
pt.19
pc.19
pc.19
pc.19
pc .20
pc.20
pt. ?l
pt.21
pc .21
pt.~l

pc. zl
p~,~~

pt.22
pc.22
pc.22
pc.22
pc.22
pc. zz
pc.22
p~.~~

pt .23
PC .23

pc.23
pt. 23
pt .23
pt .23
pC .23
pc.23
pC.23
pc.2L
pc.24
pc,25
pc,25

pc.26
pt.~6

pc.26
pc.26
pc.26
pC ,26
pc.26
pc.27
pc.~7

pt .27
pc.27
pc.72
pt .27
pt.27
pt.27
pc .27
pc. z?
pt.27
pc.27
pt , 2s
pc . 2a
pc.23
pc.29

P:.~8
,pt .28

pc ,29
pc .28
pc .28

Pt.:a
pc ,29
29
30

pc.25
pt.:~
pc,27
pt ,27
pc.27
pc.:7
pc.27
29
DC.29

25ZI

2522,2531,2 S:,25;
261
262
263
26:
? 56
265
271

;c.~g 27~-27&

pc.29,30 275-279
pt.31 281(*xc .2 S195).2355,2S59
pc .31
pc.31
pc.32
pc .32
pt .33
p: .33

::
36
pc.37
pc.37
pc.37

%
40
pc.~1
pt. ~1
pc.41
pc. ~1
pt ..41
pc.41
pc.:1
pc .41
pc.42
pc .42
pc .L2
pc.42
pc.42
pc.42
pt.42
pt .42
pc. hz
pt .43
pt .43
pt .43
pc.43

297
2361.239
282i ,23.22
28z3 ,ZL3Z4
283
286
285
291,299
295
3~~

302-306
307
311
313-319
321-323
3~&
325!
3253 ,325 S,3239
325
3272
3271,3273
3274,3275
328,329
3312
3313
3315
3315
3317
332
3462
3398
3399
3331
33 S1 ,3357,356?
3334,3353 -5, S231,23L95
3332,3333,3339,334 ,3356,3369,3463

u
pc.4s
pc .45
pc.46
pt .46
pc. ~?
pt .’47
48
49
50
51
52
S3
x
5s
pc.57
pc.57
S6
58
pe.59
pc, s9
60
61
pt. 62
pc.62
pc,62
pt .63
3!C.43
pc.63.
64
65
66

341
343
344
34s
3465,3466,3$5?
342
347,3Q3
351
3 S2
3s31 -3333
3s34-3 S37
354
3s3
356
359
3573
351fb
3572,3 S76,3579
358
361 ,3.32S
362

363
36L
365
3661
3562
3671-3
3676
3575-9
3h9
37 I
372,37 fI&,3769



15s.
159.
160.
161.
16~+

163.
164.
165.
166.
167,
169.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.
181,
182.
183.
18&.
18S.
186.
187.
188.
189.
190.
191.
192.
193.
194.
195.
196.
197.
198.
199.
200.
2ot .
202.
203.
2W9.
205.
206.
207.
2oa.
209.
210.
211.
212.
213,
214.

Paws :
215.
216.
217.
2!8.
219.
z~o,

22!.
222.

h.ic >utld lng
MLtrcJ’J *qtl Lp.
%toc cycles
Ochar c’r~tnsp. eq.
Eng . & sci. tmstr.
Wch-:, msur Lng dtv.
Auca. ees.p. controls
Sucg. h med. lnsc.
Scrg. ap?l. 6 supp.
Oen:al eq. 6 supp.
opt . ir.scc. & lensas
O~h:hs L=fx gOGdS
?hQm3c. equip.
Ua:ches 6 ctucks
Jewel:y 6 sliver.
Ws. iristr. 6 sport
0:3er aisc. mfg.
M ilroad tranaporc.
Local cransic 6 int.
Tmck cranspm C.
Xatex ttanspozt.
Air transpor:.
Pipel:ns trans.
Tramp. services
COmU. exc. rad b,iv
%dio & TV broad.
Electric ucil.
c-as Utilities
Water & sari. sem.
kloleeale trade
?.etail trade
Bank La3
Credf: agent. S brok.
Insuraaee
Omer-occ. real es:.
Real escace
HOC. & lodg. pl.
Par30aal rep. serv.
Barba: & baa. sh.
W.3.G. bus. serv.
Adve:: Lsing
Yisc. prof. serif.
Eatfn3 & drink. pLac.
Auto. repair
?!!tion piccures
L%se. S recr. sem.

!05
Lof!

107
103
PC. i 09
pc.locl
pc.la’$
pt.llo
p:.llo
pc. tlo
pc.llt
pt.111
112

113
114
115
116
117
118
119
120
121
122
123
124
125

125
i27
12s
129
pt.130
131
132

133
134
135
136
137
13a
139
140
141
pc.130
1~~

143
144

Coccors’ & dent. sew. lLj
Hospitals 146
Other =ss S. serv. 147
Educ. seruices lf.8
Monpraf IC org. pe.149
Social serv. ::i149
Pose Office
Other led. enc. 151
local gov. crams. 132

Ocher scaee-loc. ant. 153
Scrap, used & see. ---

TataL inter. inputs ---
May Iadustry ---
Noncoa. imp, ---
Value ac?ded, cocal
Toca L indus. oucpuc
Eaployee comp. ---
In.iirecc bu3. taxes

Prop .-cypd fncome

Colu!slw :

215. Total inter. use
216. Pers. cons. esp.
217. Cross priv. csp. fem.
218. Chm~e tn bus. inv.
219. Exp0r:3

220. I?lpo::s
~~1+ ~~o ~,v.

222. Sctlc.i-local
223. 70 C.IL f in. deamnd
226. Toca L con. o,atput

-..
---
----
---
---
---
---
---
---
-e.

I

61. C!-. CI2
51.01
6!+~j

61.05-.07
6~.c[

6?. 02
62. ~3
62. r~

62.05
6~.c5

61.0;
53. g~

63.03
6z.07

64,0!
64.02-. W
64.05-,12
65. CI
65. i12
65.03
65. W
65.05
65. C6
65.07
66.00
67. CO
6a. oi
68.02
6a. c3
69. S1
69.02
70. Ci
70.02-.03
70. M-. C35
71.0!
71.02
72.51
72.:2

72. S3
73.01
73.02
73.03
74.00
75. GO
76.01
76, I32
77. C1
77.02
77.03
77. C4
77.05
71.05-.03
78.01
78.02-.04
79.01
79.02-.03
81.00

ToI.~.
32,83,84,gj

80,00
V.A.
T. I.O.
83;00
89.00
90.00

T. I, L’.
91!00
92. CO
93.00
94.0!0
95.09

96.00,97.50
93.00,99.10-.30

T.?. i3.
T.c. o.

pc.1~

pL.3i
pc.31
p:.31
pc.32
pt.32
pt.32
pc.32
pt.32
pt.32
pt.32
pc.3?
pc.32
pt.32
pt.33
pc.33
pt.33
35
36
37
p:.34
3s
pt.34
pt .34
pc.39
pc.39
60
&l
42
43
44
pt.45
pt.45
pc. $5
----
46
pt .47
pc.47
pt.47
pt .&8

pt .48
pt .68
pt .!94
49
pc .50
pt.50
pt.51
pt.5L
pc. sl
pt. sl
pt. jl
pc.5L
pt.52
pt .52
pt.53
pc.53
pt.54

pc.67
pt .67
P: .67
pc.57
69
p:. e
pt.68
pc. fls
pc ,5+3
pc. aa
pc.;o
pt .70
pc. ?o
pc. sa
pt.71
pc.71
pc.71
73
74
75
p: .72
76
pc.72
pc. ?2
77
78

;:
81
82
pt .83
pt .s4
pt .86
pt .84
----
8S
pt.86
pc.86
pc.85
pt .87

pc.87
pc.87
pt .83
88
pt.89
pc.89
pt .90
pc,90
pc.90
pc.90
pc.90
pr..9o
pc.91
pc.91
pc.92
pc.92
pt. 95

375
3792,3799,2%51
3911
3S23 ,3 S24.3829

333
385
3s6
337
j9L,3961

393,394
395,396 (exe.3961) ,399( ex:.39;96)
40,47 k,pc .4789
pc.41
k2, pc.4789
44
&5
4i

47(sxc.474, ?c. L789)
49(~z.4a3)
4a 3
?C.fb~L,@.k93
&9z, pt .493
4g4-497.>t.493
50,91 (sQ. Wgts. , sales of f.)
52-57,59,7396,8042
60
61(&%c. pt.6L3) ,62,67
63,64
not applicable
65.66, pc. L531
70(exc. dining)
7z(Ixxc.723,72~ ),762 ..L, P:.7699
723,724 .

73(exc.731,7396 ),769 (exe. pt.7699)

731
61, S9(e.xc.89Z2)
53, pc.70
7s
78
79
8ol-ao3, ao41
906
074,8049,80S,807-9
a2
Li~,86,8922
?1321,8331,8351,8361,8399
4311
pc.491, pc.613, seve:al others
pt.$1
pc.491, seve~al others

---

--
----
---
---
--
---
---
---
---
--
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For current studies, the four state sectors are combined into one sector

and the two federal sectors are combined into a second government sector.

A second industry breakdown is available for Minnesota that parallels

the 85-industry breakdown of published U.S. input-output tables (34), but

with disaggregation of petroleum refining, food products, nonelectrical

machinery manufacturing, and public utilities industries which results in

a 95-industry listing. In addition, a 75-industry breakdown is available

for general-purpose studies. This breakdown uniquely delineates economi-

cally important Minnesota industries.

Use of different industry and sector classification systems is guided

by knowledge of the basic input-output assumptions and their implications

for both the model builder and the model user. More or less homogeneous

economic activities are grouped together on the assumption that their input

requirements per unit of output will remain constant. If the activity compos-

ition in an industry changes, the assumption of constancy may be violated.

Similarly, for small area studies, the import requirements per unit of output

must remain constant for the input-output multiplier values to hold. Input

substitution within an industry group, however, would not contradict the

constancy assumption as long as the input requirements per unit of output

remain unchanged. When the basic input-output assumptions no longer hold,

rI~TA7 i~pu~-out~ut tahl~s must be cons~ruct~d which may require a re-classifi-

cation of a region’s economic activities to form more homogeneous groupings

of industries and final demand sectors. Public disclosure rules and data

limitations, of course, will force compromises which may require frequent

updating of the input-output tables. Time and money costs of maintaining

and updating state and substate regional input-output tables become an im-

portant consideration in the acceptance of the input-output approach for labor

market studies.
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Model Specification

An input-output table is based on an input-output model, as shown in

Eq. (1.5), which is now specified in the matrix forms

X[A-1] =Y, Eq. (2.1)

where, x=

[I-A] =

Y=

individual industry outputs in dollars;

matrix of individual input-output (i.e., technical) co-

efficients, a~:’s, subtracted from an identity matrix, 1;
~J

final demand for

The input-output coefficient, a..,
lJ

i-th industry output per $1 of all

A three-industry (I-A) matrix

individual industry outputs in dollars.

was defined earlier as the purchases of

purchases by the j-th industry.

is presented in the Appendix (p. ),

where its derivation and use in the input-output approach is also indicated.

The (I-A) matrix is inverted to obtain the Leontief input-output model of the

form,

x = [l-A]-~ , Eq. (2.2)

where, [l-A]-l = Leontief inverse of demand multipliers which show the

total effects -- direct and indirect -- of a one-unit

change in industry-specific final demand, Y, on all

industry

total in

All final demand sectors are

individual industry outputs.

as specified by the individual elements and their

each column of the Leontief inverse.

treated alike with respect to their effects on

A one-unit increase in the final demand is the

same whether the increase occurs in household purchases or government pur-

chases.

Input-output model specification thus requires identification of at

least three components as listed in Equation (2.2) -- industry gross outputs,

X; final demands for industry gross outputs, Y; and all interindustry
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-1
transactions, which are shown by a matrix, [I-A] , of input-output mul-

tipliers. This model specification represents the input-output approach as

demand based.

thus yielding

are indicated

A change in final demand, AY, “drives” the input-output model,

estimates of corresponding changes in industry outputs, which

by the vector, AX, shown earlier in Eq. (1.6).

An alternate specification of the input-output model is given by the form,

X(1-C) = V, Eq. (2.3)

where, (I-c) =

v=

matrix of individual disbursement coefficients, c ,.,
lJ

subtracted from an identity matrix, X.

value of individual industry primary inputs and imports

in dollars.

The c.. coefficient represents the value of disbursements of the i-th in-
lJ

dustry to the j-th purchasing industry or sector per $1 of total i-th industry

disbursements of gross output. Only the diagonal disbursement and technical

coefficients would be the same from a given interindustry transactions table.

Off-diagonal values would differ (because the denominators of the two

ratios would differ for a given X ).
ij

Thus, the inverse of the (I-C) matrix is

multiplied by the change in primary inputs and imports to obtain the cor-

responding change in industry outputs, as indicated by the form,

AX = [l-C]-lAV Eq. (2.4)

In this formulation of the input-output model, a change in industry input

supply, rather than output demand, accounts for the corresponding changes

in industry outputs (6,7). The input-output model is now supply-constrained

rather than demand-constrained and, hence, increases in output will depend

upon increases in input supply rather than output demand.

Both the demand-constrained and supply-constrained versions of the

input-output approach can be represented totally in terms of output changes

by dividing each col~n and row in the invers,eby its corresponding diagonal
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of the demand

respectively.

two forms,
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Thus, a series of output multipliers are obtained in

and supply multipliers specified in Eq. (2.2) and Eq.

place

(2.4),

The new output and input multipliers are specified in the

AX - [I-i]‘1AXO Eq. (2.5)

and, AX = [l-~]-lAXI Eq. (2.6)
A.

where, [l-A]-l = matrix of adjusted b..‘s obtained by dividing each column
lJ

[1-:]

AXO

AXI

AX

of b
ij

‘s by its diagonal element;

= matrix of adjusted d
ij

‘s obtaining each row of d ‘sij

by its diagonal element;

= given (direct) change in specified industry gross output;

= given (direct) change in specified industry gross outlay;

= derived total (direct and indirect) change in specified

industry output.

Therefore, in the two adjusted matrices each diagonal element is equal to

unity, and each off-diagonal element

value.
.

The adjusted output (i.e., bij)
,s

input (i.e., dij) multipliers in the

also is smaller than its original

multipliers constrast with adjusted

direction of causality, whether demand-

originating or supply-originating. A one-unit change in total output due

to a change in output demand results in direct and indirect effects on other

industry outputs in proportion to the given industry’s backward linkages with

other industries in the state. ThuS , the larger the

the larger the output multiplier, and the larger the

On the other hand, a one-unit change in total output

local backward linkages,

total output change.

due to a change in

primary input or import supply results in direct and indirect effects on

other industry outputs in proportion to the given industry’s forward

linkages with other industries inithe state. Thus, the larger the local
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forward linkages, the larger the input multiplier, and the larger the total

output change.

The input-output relationships specified in the first six equations are

static representations of state or regional industry structure. They refer

to industry input and output changes in response to changes in specified

demand and supply constraints in a given time period. Additional variables,

and their relationships with the exogenous input-output variables, V and

Y, must be specified in a dynamic, forecasting model of the state or regional

economy depicted by the series of six equations. The additional variables

and their relationships are discussed in the last two chapters. Implemen-

tation of the static input-output model is discussed next.

Data Collection and Preparation

Two distinctly different methods -- one direct (see, ref. 9,11), the

other indirect (see, ref. 12,23) -- and varying combinations of these two

methods (see, ref. 10,20), have been used in preparing state and regional

input-output tables. The direct method makes use of business, household

and government surveys in the estimation of individual industry sales and

purchases, and individual sector disbursements and receipts. Usually,

surveys include high proportionsof all large establishments and low pro-

portions of small establishments. The number of households is small, also,

while all government units are likely tO be surveyed”

Size of sample is dictated by size of industry, desired accuracy of

estimates, and total survey budget. For most studies, the prhnary survey

costs are much too high to warrant use Of survey data only in the prepara-

tion of state or regional input-output tables.

The indirect method makes use of existing published and unpublished

statistics of business, household and government activities. Much of these
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data is obtained from reporting requirements of state unemployment insur-

ance programs and state sales and income tax laws. The U.S. Department of

Commerce also publishes detailed annual statistics of employment and income

for each state. Comparable statistical series are available for the entire

Us., also. Thus, ratios of state employment or income to corresponding

U.S. employment or income can be derived for use in allocating U.S. industry

gross outputs to individual states.

A University of Minnesota two-region input-output computer program is

available for making use of state and national statistical series, along

with U.S. input-output tables, in the preparation of U.S. two-region input-

output tables (12,21, 22,25,26,27). This is an efficient, specia.~purpose

computer program which fully utilizes existing data series in the imple-

mentation of indirect input-output estimation procedures.

Combined direct and indirect input-output estimation methods make use

of both survey data (covering mostly manufacturing industries and large

establishments in selected non-manufacturing industries) and existing

comparable area input-output tables. This method, while less costly than

a completely survey-based estimation procedure, is much more costly than

the indirect estimation procedures and, also, less complete in its imple-

mentation of the imp~rt sector for both intermediate and final purchasing

sectors. Neither the direct nor the combined methods usually provide import

matrices (i.e., tables of specific local industry purchases from specific

out-of-state or out-of-region industries) for a state or region to serve as

a source of additional information for later adjustments which incorporate

changes in individual industry exports and imports . Updating of input-output

tables based on combined estimation methods is difficult without access to

imp~rt matrices for deriving the effects of specified input-output changes on

import requirements and input-output relationships.
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Implementation of the input-output approach is usually in terms of the

convention established by Leontief, namely, that producers’ prices apply to

all industry gross output, except in the case of the wholesale and retail

trade group where only the trading margins are included. In the alternate

formulation of the input-output approach, the originating industry of all

goods which are resold would be identified in an input-supplying industry in

Quadrant I. In this formulation, all imports from rest-of-nation would be

received by a purchasing industry and, hence, included in Quadrant III. In

the conventional input-output formulation, however, imports of goods for

resale are shown under the appropriate final purchasing sector (as

would the originating local industry of all final purchases),and they are

entered in both Quadrant III and Quadrant IV.

Calibration,

Implementation of the

Documentation and Verification

input-output model is followed by its calibra-

tion, documentation and verification -- the most important steps for model

acceptance and application (28). Calibration usually refers to parameter

and variable adjustments which allow tk model forecasts to track actual

events. For example, if the input-output model is based on 1972 data it may

not forecast 1977 or 1980 industry output levels because of the structural

effects of post-1972 price increases. A calibration procedure is available

to adjust the 1972 input-output coefficients to 1977 or 1980 prices rela-

tionships which resultsin improved forecast accuracy (see, p. ). Docu-

mentation refers to the exact listing and identification of specific data

sources and computational procedures for replicating the working model and

its results by another model builder or user. Verification, finally, is

the reality-testing part of model specification. It refers to the logical

fit of the model and the overall conformance of model implementation with

model specification.
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Model calibration is the first step following model

includes the initial comparisons of model forecasts with

implementation. It

actual events. For

example, if 1973

would be used to

Similarly, other

final demands were given in 1972 dollars, then Eq. (2.2)

forecast 1973 industry gross outputs in 1972 dollars.

post-1972 forecasts would be prepared and,

with actual industry output levels -- all in 1972 dollars.

between forecast and actual output levels would be examined

also, compared

Large differences

for probable

sources of structural change. These differences may be tolerable insofar

as they more or less balance for the economy and also yield acceptable

levels of aggregate industry output and value added. Input-output ratios

may be adjusted for some industries when these adjustments improve both

individual industry and aggregate industry forecasts.

Preparation of the U.S. and Minnesota 1977 input-output tables was

based on a two-step calibration procedure, starting with forecasts of 1977

U.S. industry final demands)given acual 1977 industry output levels, and the

adjustment of these forecasts to actual 1977 national gross product and

export and import levels. This step involved recomputation of input-output

coefficients. The 1977 industry output levels, in 1972 dollars, were then

adjusted to 1977 price levels and a second new interindustry transactions

table was created. This step resulted in further changes in input-output

relationships and, hence, required another recomputation of input-output

tables. The first part of the two-step procedure would be repeated for the

post-1977 period,for example, in the preparation of 1978 industry output

forecasts, based on 1978 given or forecast final demand levels, and these

forecasts would be compared with actual 1978 industry output levels. Again,

differences between forecast and actual output levels are likely, but these

differences may balance and the aggregate forecast levels of economic
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activity may compare closely with actual levels.

Additional post-1977 forecasts would be prepared to more completely

determine the extent of individual industry and aggregate industry dif-

ferences between the forecast and the actual series and the acceptability

of th~se differences, if any, as measures of forecast accuracy and tests of

model reliability. Both the additional and the initial series of compari-

sons are part of model validation, which is discussed next. The correspon-

dence of actual computer programs and the initially specified input-output

model and its assumptions would beverified, and also validated, if the two

were identical. The verification step focuses on model implementation and

its conformance with model specification; in short,whether or not the model

is, indeed, what it purports to be.

Validation and Acceptance

Next to documentation, verification and validation are considered the

most important steps in model acceptance (28). Validation differs from

verification by its focus on reality and the conformance of model assump-

tions and forecasts with actual events. It addresses the issue of reason-

ableness of fit between the forecast and the actual event.

A model may be re-calibrated, because of the perceived lack of

forecast reasonableness, as in the case of the 1972 U.S. input-output model

(whichwas re-calibrated when used to forecast post-1977 industry output

changes). Certain tests of forecast reasonableness are introduced in the

validation step as a basis for deciding whether or not model refitting and

re-calibration is necessary and desirable. These tests are discussed later

in the discussion of model use.

The final test of model adequacy is its acceptance by the model builder

and model user. Model rejection may be due to any one of the steps towards
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model acceptance, or it may be rejected because of its lack of timeliness

and/or its high development, maintenance, and utilization costs. The latter

constraints to model acceptance are considered also with reference to model

use in impact analysis and forecasting.

Validation of an input-output model is less difficult than validation

of the dynamic forecasting system cited earlier of which the input-output

model is a part (23). Even with the input-output model, validation proce-

dures may require indirect, rather than direct, approaches (28). For exam-

ple, alternatively a small area model may be used to prepare a reference

forecast series for comparison with the input-output-based results. Large

unexplained differences between the two sets of forecasts would signal a need

to re-evaluate the reliability of both models, and especially the input-output

model.

The six topical areas of model building discussed in this section deal

with the design, implementation, assessment, and acceptance of the input-

output model in labor market analysis and forecasting. The six areas are

interrelated to one another. Ultimately, model acceptance depends on

feedback from decision maker to model user and from model user to model

builder. Because of interaction between model user and model builder,

feedback starts in early stages of model building, indeed, with problem and

area delineation. The final stages of model building are most important,

however, because of the progressive and accumulative nature of the model

building process itself. Feedback from decisions makers to model builder

.
may noe convey fully the lack of model acceptance, and the reasons for it.

Familiaritywith the decision

become involved thus becomes

building.

making processes in which model forecasts

an additional pre-condition of successful model
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DATA INTERPRETATION

Data interpretation refers to activities surrounding the use of model

output in decision making. The model builder interprets the input-output

findings for the model user, who in turn interprets them for the decision

makers. Neither the data input nor the data output are self-explanatory;

they require competent and careful interpretation if they are to be used

effectively in model building or in model use.

Direct and Indirect Effects

The demand and supply multipliers obtained from the (I-A) and (I-c)

inverses are used in calculating individual industry output effects of given

changes in final demand or primary inputs and imports. Whether or not the

particular use of input-output multipliers is appropriate is a question,

again, of interpretation, in this case> of the

with particular demand and supply variables.

The multiplier effect in the conventional

multiplier relationships

demand-centered input-output

analysis results from its linkages with local input-supplying industries.

For example, in the case of the agriculture and mining industry group, the

total multiplier of 2.09940 (see,Table 1.3) is due to the internal linkages

of this industry and its “backward” linkages with the construction and manu-

facturing industry group and the services industry group. The direct link-

ages account for 0.55455 dollars of purchase per $1 total purchases (see,

Table 1.2). Thus, the indirect linkages much account for the remaining

1.54485 dollars of the 2.09940-dollar total effect. In summary, the direct

and indirect effects included in the total multiplier for

and mining industry group are distributed among the three

as follows:

the agriculture

industry groups
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Industry Direct Indirect Total

Agr., Mining 0.22727 1*10935 1.33662
Constr., Mfg. 0.16364 0.24503 0.40867
Services 0.16364 0.19047 0.35411

Total 0.55455 1.4485 2.09940

Inclusion of the household sector with the interacting local industries

sharply increases the individual multiplier values. First, the Type 11

total multiplier for the agriculture and mining industry group is nearly

twice as large as the Type I multiplier -- 4.19668 as compared with 2.09940

(see, Appendix, p. 60). This expansion of the Leontief inverse by one row

and one column had brought the induced effects of household spending into

the computation of the total multiplier effects. The distribution of the

total induced effect among the three industry groups is shown as follows:

Industry Direct Indirect Induced Total

Agr., Mining 0.22727 1.10935 0.06564 1.40226
Const., Mfg. 0.16364 0.24503 0.50167 0.91034
Services 0.16364 0.19047 0.76841 1.12252
Households 0.10000 0.66156 .-- 0.76156

Total 0.65455 2.20641 1.33572 4.19668

The induced effect here refers to the added impact of household spending

on the industry groups, while the direct effect includes the added contri-

bution of household purchases from the three input-supplying industries.

The size of the induced effect is directly related to the proportion that

labor is of total input purchases.

$1 total purchases, the larger the

induced effect of a $1 increase in

The larger the value of labor inputs per

induced effect. More than half of the

the demand for agriculture and mining

industry output is due to the purchase of services by this industry,

Both the Type I and the Type II input-output multipliers are related

to changesin certain exogeneous variables, like exports and imports, which
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are external to the interacting industries and sectors included in Quadrant I

of the interindustry transactions table. Use of the multipliers depends,

therefore, on an accurate estimate or forecast of external change --

its magnitude add its relationships with the interacting industries and sec-

tors. The internal changes are industry specific; their local impact de-

pends on the backward or forward linkages of each industry or sector with

other industries or sectors which are located in Quadrant I of the inter-

industry transactions table. Each of the backward and forward linkages

of the external final demand, primary input, and export and import sectors

with the internally interacting industries and sectors are delineated and

discussed next.

.

Industry Sales and Purchases

Implementation of the input-output approach, based on secondary data,

starts wtih the estimation of total industry sales and purchases and the

use of these estimates as control totals in the determination of indivi-

dual industry transactions. In this section, 1972 U.S. industry sales and

purchases were derived for a 10-industry breakdown of the total U.S. economy,

which was depicted earlier in the three-industry representation of the U.S.

economy in Table 1.1. The presentation here differs, however, from the

earlier presentation in more than

disbursements refer to individual

the additional industry detail:

commodity groups while industry

Industry

purchases

refer to individual industry groups. One industry may produce more than one

commodity. Similarly, a given commodity may be prodeced by more than one

industry.

The 1(3-industrybreakdown cited earlier is presented in Table 3.1, to

tshowinput purchases of each of the 10 industry groups from the 10 commodity-

producing groups, the three primary input sectors, and the rest-of-world



. . . . . ... .?. . . . . . .... . . .. .. .. ..— — . . .,.... .. .... . . . . . .

,,
I

.,,

“1

f
..
m
z“

r-mom
Plcomm
U-IO*O----
mu.lrl
rne-1.-lal

+d

\

*O-$

Qo-1
.

UY
,4
m

Oom
,4 0
-TO**
d~

d

.
-$

●

\.

1
t

I

~

.—

●

Nom
VI%4.

d .s”
WI
e-)

. .

.

.
I

1

.

●

d
.

m

. .
Ulll
.-id

.,.. ......
t

.- —.. ----- .—----.-. . ... . . . .. . . .. ..... ... .. .-------- - ..?-------- .. ... . .



35

sector (Table 3.1). In 1972, the agriculture industry, for example, ac-

counted for $80 billion of the $1,966 billion of all industry purchases.

Of this total domestic commodity purchases were $50 billion, or 62 percent.

Intermediate input purchases thus were one and two-thirds times the primary

input purchases. The most important intermediate purchases originated in

the agriculture industry

Each of the remaining 10

culture industry inputs.

itself and in nondurable goods manufacturing.

input-supplying industries was a source of agri-

Purchases of other industry groups differed sharply from purchasing

patterns of the agriculture industry group. In the U.S. economy, where

very few inputs are not produced domestically (and, hence, noncomparable

imports are smll), the input purchases conform to the technological re-

quirements of each industry as represented by the production function for

that industry. In the input-output approach, this production function is

linear and constant in its input-output relationships. For the open

economy, of course, imports from rest-of-nation must be taken into account

when using an industry production function to estimate or verify survey-

based estimates of corresponding input purchases.

An input-output table of the Minnesota economy differs from the cor-

responding U.S. input-output table by the much larger purchases of inter-

mediate inputs from industries located outside Minnesota, but in the U.S.,

as shown in Table 3.2. In the Minnesota table, however, imports from rest

of nation include inputs which may be produced in the state, also, but

which are less than total requirements. When imports exceed exports of

any industry output, the net tiport figure is entered in the import row

of the interindustry transactions table.

The Minnesota industry sales and purchases in Table 3.2 were estimated

entirely from existing data sources with the use of the computer program
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for the Minnesota two-region input-output model (12). Minnesota industry

gross outputs and final demands were estimated, first, from a wide range of

data sources. A series of input-output tables were derived subsequently

which show industry output disbursements to individual industries and

sectors in (1) Minnesota and (2) rest of nation. Two regional and two

interregional (i.e., industry-specific exports from Minnesota to rest-of-

nation and industry-specific imports from rest-of-nation to Minnesota)

interindustry transactions tables were prepared with the use of the two-

region computer program.

Access to an industry-specific import matrix facilitates revisions of

the Minnesota interindustry transactions table when export-import balances

shift from net exports to net imports. The two-region computer program

also provides import and export multipliers which represent reductions in

the regional multipliers due to imports from rest of nation.

Intermediate input purchases from industries located in Minnesota, as

a proportion of total purchases of a specific industry, will not exceed

the U.S. proportion of domestic intermediate input purchases for the same

industry. Any purchases of imports will reduce this internal linkage.

For three Minnesota industry groups in Table 3.2, however, the internal

backward linkages appear greater than for the U.S. because of industry mix.

Those industries with large backward linkages were relatively more important

in Minnesota than in the rest of nation. Statistical measures of their

backward linkages and their relative importance are summarized as follows:
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Industry

Agriculture
Mining
Construction
Mfg., Durables
Mfg., Nondurable
Transportation
Comm., Util.
Trade
Fin., Ins., Real Est.
Services
Govern. Enter.

Average

Intermediate Inputs
as Prop. of

Total Purchases
Minn. Us.
(pCt.) ~.)

50.8 62.1
42.2 37.8
42.3 54.1
41.7 57.3
70.8 65.0
33.3 38.6
33.5 37.0
25.7 23.2
24.8 26.6
34.8 40.1
31.6 38.8

48.6 46.5

Minnesota
Total

Purchases as
Prop. of Us.

(pCt.)

3.997
2.193
1.786
2.408
1.291
2.081
1.711
2.505
1,689
1.603
1.576

1.965

Industry mix differences in mining, nondurable goods manufacturing and trade

account for the high lebels of intermediate inputs in these industries.

For two ot the three industries -- mining and trade -- total purchases also

were above average relative to U.S. total purchases.

The relative importance of each Minnesota industry group is indicated

by the proportion of Minnesota to U.S. total purchases (in the third column

above). A high proportion of total purchases, which are identical to total

sales, will not also represent high proportions of employment and value

added. Indeed, Minnesota mining employment is low relative to U.S. mining

employment, while service employment is high.

Final Purchases and Value Added

Final purchases of commodities by each final demand sector, including

rest-of-world, are listed, for the U.S. in Table 3.3. In 1972,

final purchases of domestically produced commodities exceeded $1 trillion.

Final purchases of primary inputs (household, and government employment and

inventory adjustments) and of noncomparable imports accounted for more than

$100 billion, which resulted in total final purchases of nearly $1.2 trillion

in 1972.
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The distribution of the U.S. final product among the five final demand

sectors listed in Table 4.1 is summarized as follows:

Sector

Domestic Commodities All Final Purchases
Total Prop. of Total Prop. of

Total Total
(bil.$) (%) (bil.$) (%)

Pers. Cons. Exp. 729.7 69.5 738.1 62.2
State & Local 68.1 6.5 150.7 12.7
Federal 49*5 4.7 102.1 8.6
Gr. Priv. Cap. Form. 184.9 17,6 184.9 15.6
Change in Bus. Inv. 17.9 1*7 10.4 0.9

Total 1,050.1 100.0 1,186.2 100.0

Nearly 70 percent of the final purchases of U.S. commodity output were

made by the household sector, while government accounted for an additional

11 percent and investment for the remaining 19 percent. When primary input

and noncomparable import purchases are included, the household and investment

shares dropped to 62 percent and 17 percent,

ment share increased to 21 percent.

Domestic final product plus net exports

in the form,

DFP + (EXP - IMP) = VA,

or, 1,186.2+ (72.8 - 76.2) = 1,182.8;

respectively, while the govern-

equals domestic value added

where, DFP = domestic final product in billion dollars,

EXP = total U.S. competitive exports in billion dollars,

IMP = total U.S. competitive imports in billion dollars,

VA = domestic value added in billion dollars.

Domestic value added originates from both producing industries and final

demand sectors in the form of employee compensation, indirect tax receipts

f
and property-type income. Value

mediate and final demand sectors

as follows:

added is distributed between the inter-

and among the three primary input sectors



Value Added

Employee Comp.
Indirect Bus. Taxes
Property-Type Inc.

Total
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Prod. Sectors All Sectors
Total Prop. of Total Prop. of

Total Total
(bil.$) (%) (bil.$) ‘ (%)

580.3 55.5 717.7 60.7
111.0 10.6 111.0 9.4
354.8 33.9 354.1 29.9

1,046.1 100.0 1,182.8 100.0

Thus, for the U.S. economy, employee compensation accounted for nearly 61

percent of total value added. In the private sector alone, however, em-

ployee compensation accounted for nearly 66 percent of total value added

while property-type, including proprietorial income, was nearly 34 percent

of this total.

The distribution of final purchases in Minnesota compared closely with the

1972 U.S. distribution @able 3,4). personal consumption expenditures accounted

for nearly 70 percent of final purchases from local industry and slightly

more than 62 percent of all final purchases. Government purchases were 10

percent of Iocal industry purchases and 19 percent of all final purchases.

Compensation of government employees was equivalent to 10 percent of final

purchases. Private investment expenditures in Minnesota also compared

closely with the U.S. pattern, accounting for over 18 percent of the Minne-

sota final product. The sector distribution of the 1972 Minnesota final

product is summarized as follows:

Sector

Pers. Cons. Exp.
State & Local
Federal
Gr. Priv. Cap. Form.
Change in Bus. Inv.

Total

Purchases From
Local Industry

Total Prop. of
Total

(roil.$) (%)

10,945 69.4
1,179 7.5
371 2.4

2,836 18.2
386 2.5

15,617 100.0

All Final
Purchases

Total Prop. of
Total

(mil.$) (%)

12,995 62.5
2,863 13.8
1,105 5.3
3,475 16.7
343 1.7

20,780 100.0



. --- -. .- ,-—...,..-. .—- . .. . ... - ..- ------ . .. ..-. . . .x . . ..— .- ---— -.-.,-

.!

,’

.4

I

/

.
r-.A- @i- &“

\

. . .
UINO
Uu-lul
mmtw .

.

-. ,. .

. .

ctJxJo*ulo
om+

In c-+-m

.

.. .

. . . . . . . . . . .
,-1 Nm=?u-!e i-mm 0.. ..4

.“-. —-,—— --------..-— —. -....—..--——,— .—-—..



43

Following Equation (4.1), the equality between final product and value

added for the 1972 Minnesota economy is represented by the equation,

VA = 20,780 + (8,473 - 8,378) = 20,875 Eq. (4.3)

Thus, the 1972 Minnesota gross state product, as represented by total value

added, was nearly $21 billion.

Exports and Imports

In 1972, U.S. competitive exports were slightly less than U.S. com-

petitive

negative

imports, which together with noncomparable imports

balance of trade of $14.1 billion, as shown below:

resulted in a

Item Total
(bil. $)

Competitive exports 57.9
Competitive imports -56.8
Noncomparable imports:

Intermediate inputs -5,1
Final purchases -10.1

Total -14.1

The overall balance of trade deficit was less the $14.1 billion because of

intersectoral transfers (which are shown in Table 3.3).

All U.S. foreign trade items are entered in the Minnesota interindustry

transactions tables. In addition, net exports and net imports, derived from

the Minnesota two-region input-output data and procedures, are included in

the determination of state and regional balance of trade, as shown below:

Item Total
(mil.$)

U.S. Competitive exports 652
U.S. Competitive imports -411
Minn. net exports 7,183
Minn. net imports (inc. noncomp.):

Intermediate inputs -4,279
Final purchases -3,281

Total -36
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Thus, an apparent net balance of trade of -36 million is estimated for

Minnesota in 1972. Because of intersectoral transfers with rest of nation,

however, the Minnesota net balance of payments would differ from its net

balance of trade. A positive overall balance of trade is indicated for

Minnesota in Table 3.4 because of the inclusion of certain rest-of-nation

transfers which were included, also, in the U.S. input-output table (26,27).

Derivation of export and import levels for Minnesota depends entirely

upon the procedures for allocating U.S. competitive exports and imports and

noncomparable imports to Minnesota, differences between total industry

output and industry-specific input requirements, and the Minnesota industry

output levels relative to corresponding U.S. industry output levels. The

Minnesota two-region input-output data base and computer program deal with

these factors simultaneously in the derivation of the external trade flows.

Employment and Earnings

Employment and earnings of the employed work force are related to

industry output in deriving a variety of economic indicators, including

output per worker, value added per worker, wages and salaries and other

@uployee compensation per worker, and total hours worked. In addition,

employment and income multipliers can be derived from these data as direct

measures of the effects of given changes in industry employment and value

added on the economic indicators cited earlier. In this section the deri-

vation and use of employment and income multipliers are cited with reference

to industry value added, as represented in Table 1.2.

The first step in the derivation of the industry value added multipliers

is preparation of the value added matrix (which is discussed in the Appendix).

This matrix provides a set of value added coefficients for converting the

demand multipliers in Table 1.3 into value added mutlipliers. In effect,
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the value added conversion matrix is a series of value added coefficient

ratios which account for industries in output per $1 value added -- the

larger the ratio, the larger the value added impact, or, conversely, the

smaller the value added coefficient, as given in Table 1.2, the larger the

value added multiplier, as shown in Table 3.5. In this case, the value

added multipliers in Table 3.5 vary less than the demand multipliers in

Table 1.3 because of the compensating effects of the value added conversion

coefficients. However, the rank order of the multipliers remains the same

as a result of both a similarity in the two sets of rankings and nearly

equal differences in the absolute values between the first-to-second-ranking,

and second-to-third-ranking coefficients.

Interpretation of the value added multiplier is similar to the inter-

pretation of the demand multiplier. Indeed, the value added multiplier is

a form of demand multiplier, that is, it related to changes in industry

value added rather than industry gross output. For example, the tiotal value

added effect of an increase in the demand for a specified industry output

which is equivalent to a $1 increase in industry value added is represented

by the total value added multiplier for this industry. An industry with

high value added per unit of output would have a low output change relative

to other industries and, hence, the value added multiplier is small and

the total value added effect of a $1 increase in specified industry value

added demand is also small.
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Table 3.5. Illustrative Input-Output Total: Total Effect of a $1 Change
in Final Demand for Specified Industry Value Added.

Goods Services
Agr. & Constr.

Sector Mining & Mfg.

Agr., Mining 1.33662 0.14587 0,05690

Constr., Mfg. 0.45731 1.70565 0.38130

Services 0.23283 0.21120 1.31282

Total 2.02676 2.06272 1.75102
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EMPLOYMENT ANALYSIS

Use of detailed input-output tables in industry employment analysis

is illustrated by U.S. input-output data for 1972. Both U.S. Department of

Commerce and U.S. Bureau of Labor Statistics input-output data sources were

consulted in the preparation of the U.S. data series presented here. Only

the U.S. data series are presented in this report. Later reports in this

report series will include Minnesota 1972 employment estimates which are

compatible with the U.S. estimates.

Two different data series are presented -- one from the U.S. Department

of Commerce, the other from the U.S. Bureau of Labor Statistics (34,35,37,38

39,40). The 80-industry breakdown from the 1972 U.S. Department of Commerce,

Interindustry Economics Division input-output tables is used for both data

series (Table 4.1). The Minnesota 214-industry classification system in

Table 2.1 can be aggregated into the 80-industry classification in Table 4.1.

The two data series are compared in terms of (a) total employment and

income and (b) per worker and per hour employment and income levels in

each of the 80-industries. These comparisons are discussed, finally,

with reference to state-level industry employment analysis, specifically,

Ninnesota.

Industry Employment and Income

Individual industry employment and income levels refer to the data base

of two different input-output tables as noted earlier. Differences occur

between the two models because of underlying differences in industry classifi-

cation and agency orientation. The 1972 U.S. Department of Commerce input-

output tables are based on the 1972 Standard Industry Classification while

the U.S. Bureau of Labor Statistics input-output tables are based on the

1967 Standard Industry Classification. The 1967 U.S. Department of Commerce
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1.

::
4,
5.
6.
7.
8.
9,

10.
11,
12,
13.
14.
15.
16.
17.
18.
19.
20.
21,
22.
23.
24.
25.
26.
27.
2a.

:::
31,
32.
33.
34.
3s.
36.
37.
38.
39.
40.
.41.

%
44.
45.
46.
47.
48.
49.
50.”

:::
53.
%.
55.
56.
57.

z:
60.
61.
62.
63.

::
66.
67.
66.
69.

H:

;;:
74.
75.
76.
77.

?9:
80,

sow:

Live. 6 live. prod.

Ocher age. prod.
For. 6 fieh. prod.
Agr.,for.,6 fish.
Iron 6 ferro. ores
Nonferr. metal
Coal mining
Cr. pet. 6 nat. gas
Stone & clay, quar.
Chaa. 6 fertilizer
New construction
Maine. & repair
Oral. 6 accessories
Food k kindred
Tobaaco mfgr.
Er. 6 nar. fab.
MiaIc. tq. 800dS

Apparel

ifisc.. fab. t-c.
timber & wood
Waad containers
Housa, furrrieura
Ocher furn. & ffx.
Paper S allied
Paper corttainere

Rint. h publ.
Ch-. & ralated
Plaa. b synthetic
Oruge, cleanins
Paiats 6 allied
Peer. raf. & ral.
Rubber 6 mist.
Leechsr tan. 6 fin.
Footwur & other
Glass 6 gl. prod.
Stoae & clay prod,
Priro. iron & stael

Prim. nonferrous
lfatal containers
Raec. ,plumb. & fab.
Scrau mac!r. prod.
Other fsb. metals
Enginee 6 turbines
Fam h gar. math.
Canacr. & mfaing
Wt. handling
Kecalworking
Spactil iadustry

Ganaral industry
llier.. machiaary
Off., comp. 6 ace.
Service industry
E2ec. tran. & dis.
Htmee. appliances
‘Slectr. l~ht
8adio, TV & CO=.

Electronic comp.
L4isc. olectrcronic
!Wor veh. & eq.
Airerafc & parts
Ozher tram. eq.
Pro., aci. & con.
Opt. ,oph. 6 ph.
Miaa. mf8r.
Trane. & wars.
-J, UC. ra, b TV
Radio 6 TV broad.
El., gaa & water

kfh. h ret, trade
FiA. 6 inmrance
Raal estaca & rental
Hot. ,pers,9erv.

Bue. cervices

Sat. & dr. pL.

Auto. rep. & ser.

Amaaments

Med., ed. eer.
PA. gov. ent.
SCace 6 local
Scrap, uaad h eec.

81, Toeal incermediaca input9

82, Smployee ccmpunsat ion
83. Indirect bitslness taxea
84. Property-type income
85, TocaI value added, IQCaL
86. Nw@omparable !mPorca
87. Imports from .RON
88. Crorns ottclay

1,2

3-5

;
8
9,10
11
12
13
14
15-20
21
22,23
24-33
34
3s
36,37
38,39
.40
41-3
44
65
46
47
48
49-51
32-4
55,56
57,58
59
60
61-3
64
65
66
67-70
71,72
73-5
76
77,78
79,80
81,82
83
84
85
86
87
88
89
90
91,92
93
94,95
96
97
98-1oo
101
102
103

104
105-8
109,110,113
111,112
114-6
117-123
124
I 25
126-8
129, tlt.130
i31-i33
134,135
136-8
139-141
pt.130
142
163,144
145-9
150,1s1
152,153
--

3,4

5
6
7
8
9
10
11
12
13
14
15
L6-pt .22
pc.22
pt.23
pL.23
pt.24
pt. 24
25,26, pc.2?
pt.27
pt.28
DC.28
29
30
31
pt.32
pt.32
pc.32
pc.32
33
34
pe.35
pt.35
pt.36
pc.36
37,38
39,40.
pt.41
pt.,41
pt.41
pt .41
pt,44
42
pt.4.4
pt.44
pt.44
pt .44
pt.64

:;
46
pt,47
pt. 47
pt .47
pc.47
QC,47
pt.47
48

pt.49
pc.49

50

51
32
53-7
pe. slz
pt. S8
S9-61
62,63
64
6s
66
6?
68
69
70
71,72
?3
74
75

Columns:

1-3

4-8
9
10
11
12,13
14
Is
16
17
18-23
24
25,26
27-5S
56
s?
S8, S9
60,61
62
63-74

E,7Z
78,79
80..84

:;-8
89-91
92,93
94,95 .
96
97,98
99-101
102

::
105-112
113-121
122-5
126
127,128
129,130
131,132
133
134
135
136
137
138
139
140
14L-3
i44
145,146
147
148
149-151
152-4
1s5
156
L57
1s8-161
162-7,171
168-170
172-4
175-181
182
183
184-6
187,188
!89-191
192,193
194-6
197-9
200
201
202,203
204-9
210,211
2L2,2L3
214

0241, pc.0191,025 (wc.0254.p:.025iI) ,21(exc. pc.02i9),

pc. o?59, pt.0291

pt. Oil, PC.013, PC.014, PC.017, >L.1091 ,?t.02i9, pt.0254

081’ -4,091,097

0254,07 (axc.07$) ,085,092

101,106

lo:-5,pc,lo8,109

1111, pt.l112,1211, pt. i213
131,132, pt.138
141-5, DC.14S,149
147 ““
pc.108,pt .lL12,pc.12L3,pt .L3a, pt.148, pt.15-17
pc.138, pt.15-17
3482-4,3489,3761,3795

::
221-4,226,228 ,
227,229
225,231-8,39996
239
23 CSXC.2441,2449)
2441,2449
251
252-4,259
26kxc.265)
265
27
281@c.28195,2865,2 S59),286,287,289
282
283,284
28 S
29
30
31L
313-.7,319
321-3
32k-9
331,332,339,3462
333-6,3463
341
343,344
345,346
342,347,349
351
3S2
3531-3
3536-7
354
3s5
356
359
357
358
361,362,3825
363
364
365,366
367
369
371
372
373-s,379
381,382,383,387
383,385,386
391,393,394,396
40, pt,41,42,44-7 (axc.L74,pt.41a9)
48(exc.483)
683
pc.491,1b92, pt. &93,694..7
50,51 (~c.nfgr. saLes),S2-7,5?,7396, pc.8062
60,61 (sxc, pt,613),62-i,67
65,66, pc. L531
pt.70.72.762-4,0 t.7699
i3(axc.7396),769 (mc.7693),81,89 (axc.89z2)
58, pc.70
75
78,79
80,824,86, S922,074
4311, pt.691, pc.613
pc. fbL,pt.&91

81.
82.
83,
84.
85.
a6.
37.
88.

Tor.al intemadLate use 89. AL1oc. U,S. imparts
Personal conmmpc lon expend lcures 90. Exports co RON

Grow+ prtvace capital forma: ton 91. Gross oucpuc
Ctumge in Lmslnc93 inventory
Fed. govermenc plrc!u.wes
SLat e and Ifaca 1 gcwerfi,mwfIL
Tocal final uee, 10cal
AILac. U.S. exnerr-



49

input-output classification system was used in the preparation of both the

historical data series and the employment projections (presented in the next

report in the series). Because of orientation of the U.S. Bureau of Labor

Statistics activities towards industry employment, a dichotomy of work

exists between the two agencies which is not necessarily coordinated with

reference to data estimate and estimation procedures.

The employment and income estimates in Table 4.2 are derived from

several data sources, as indicated in the table footnotes, and adjusted

to the 1972 industry employee compensation in the 1972 U.S.

Commerce input-output tables. Thus, all estimates in Table

sistent with the

output estimates

U.S. Bureau

employee compensation and, also, the value

for each industry.

Department of

4.2 are con-

added and gross

of Labor Statistics input-output data are presented in

Table 4.3. Individual industry estimates generally differ from corres-

ponding estimates in Table 4.2, as noted earlier. These differences are

readily identified by comparing the individual industry gross output esti-

mates (in column 1) in the two tables and, also, by comparing the two

estimates of wage and salary employment (in columns 6 and 7) in Table 4.3.

Employment and Income Relationships

The 80-industry data series are reduced to the 10-industry breakdown

in earlier tables for discussion purposes. In Table 4.4, the data in Table

4.2 are regrouped as in Table 3.1, starting with agriculture and ending with

services, exclusive of government. Household and government workers

(federal civilian, federal military, and state and local) are included in

Rows 12 to 15, respectively. The summary tabulations show the gross output,

employee compensation, and other value added per unit of gross output or per

hour worked for each industry group.
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Table 4.2. Estlmted gross oucpue, employee cmpertsaci.m asd other value added, mnplopenc and hours winked in speciffed
imduscry based on !.S. De artmenc of Commerce,
for 80 industries, U.S., ?972.

Interinduscry Econornlcs Division, Input-output tables i.

~alu* *dd& ~}

> g;&l EmploywntZ1
Total Rnplovee C.mmensacion Ind. PrOp. - Full-Time FuL1-Time ~k>/
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,,
Income lent

o (roil. $) (mu.$) (nil.$) (mil.$) (roil. $) (roil. $) (roil. $) (Chou. )+ (thou.) (mfl. hrs.).-. .
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Table 4.5 also is an aggregation of the 80 industries into 10 industries,

except here the industry gross output and related employment and income rela-

tionships are based on U.S. Bureau of Labor Statistics, rather than U.S.

Department of Commerce, data. Included with these data are the corres-

ponding industry earnings estimates reported in the U.S. Department of

Commerce, Regional Economic Information System. These estimates will

differ from the estimates

in industry definitionsas

Large differences in

summarized in Table 4.4 because of differences

well as primary data sources.

labor productivity and compensation are shown,

even in the 10-industry breakdown of the U.S. data. The large variance

in hours worked per worker is reduced by using output per hour>rather

than output per worker>ratios. Similarly, industry-to-industry variance

in employee compensation is reduced by using a per hour rather than a per

worker basis.

Corresponding Minnesota data are being prepared for use with the 1972

Minnesota input-output tables. Currently, however, only 1977 base year data,

and their projection to 1990, are available for use with the 1977 input-output

tables. These data were prepared for,the 214-industry breakdown. They are

available, therefore, in much greater detail for the state, as well as the

nation, starting with the 1977 base year.
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INPUT-OUTPUTMATRIX AND DERIVING
AND INCOME MULTIPLIERS

A. Problem: Invert three-industrytable (see, p. 8 ) of input-output
coefficients:

[

.22727 .07189 .00974
[A] = .16364 .37661 .10173

.16364 .15129 .20779
1

1. Convert (A) matrjx to (I-A)matrti by subtracting (A) matrix from

identity matrix (1):

[

.77273 -.07189 -.00974
[I-A] = -.16364 .62339 -.10173

-,16364 -.15129 .79221
1

2. Evaluate determinant of (I-A) matrix:

= (.77273) [(.62339)(.79221)-(0.15129)(-.10173)1

-(-.07189) [(-.16364)(.79221)-(-.16364) (-.10173)1

+(-.009744)[(-.16364)(-.15129)-(-.16364)(.62339)1

= (.77273)9.36922)-(-.07189)(.01052)+ (-.00974)(.00123)

= .35797

3. Identify all cofactors of determinant,D:

(.47847) -(-.14629)

I .62339 -.10173 6 -.16364 -.10173
ill = -.16129 .79221 ’12 = -.16364 .79221

-(-.05843) (.61057)
A

I .07189 -.00974 “ .77273 -.00974
’21 = -.15129 .79221 ’22 = -.16364 .79221

(.01339) -(-.08020)

(.12676)

-.16364 .62339
!13 = -.16364 -.15129

-(-.12867)

A .77273 -.07189
’23 = -.16364 -.15129 I

(.46995)
.

I -.017189-.00974 “ .77273 -.00974 A I .77273 -.07189
’31 = -.15129 .792211 ’32 = -.16364 .79221 ’33 = -.16364 .62339 I
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4. Derive matrix of cofactors and transposed matrix of cofactors
(called the adjoint matrix):

Matrix of cofactors Adjoint matrix

[

.47847 .14629 .12676H .47847 .05843 .01339

.05843 .61057 .12867 .14639 .61057 .08020

.01339 .08020 .46995 .12676 .12867 .469951
5. Divide each element in the adjoint matrix by determinant, D:

[

1.33662 .16323 .03741
.40867 1.70565 .224041=[l-A]-l.35411 .35945 1.31282

6. Multiply original matrix [I-A] by inverse [I-AI
-1

to obtain
identity matrix [I] as check on calculations:

[I-A] ● [l-A]-l = [I]

[

.77273 -.07189 -.00974H1.33662.16323 .03741
= -.16364 .62339 -.10173 ● .40867 1.70565 .22424

-.16364 -.16129 .79221 .35411 .35945 1.312521
Complete matrix multiplication as follows:

(.77273 X 1.33552)+(-.O7189X .40867)+(-.00974x .35411) = 1.00002

(.77273 X .16323)+(=.07189 X 1.70565)+(-.00924 X .35945) = .00019

(.77273 X .03741)+(-.07189x .22424)+(-.00974 X 1.31252) = .00010

(-.16364 X 1.33662)+(.62339x 1.70565)+(-.10173 X .35945) = .00001

(-.16364 X .16323)+(.62339 X 1.70565)+(-.10173 X .35945) = 1.00001

(-.16364 X .03741)+(.62339x .22424)+(-.10173 X 1.31252) = .00014

(-.16364 X 1.33662)+(-.15129 X .40867)+(.79221 x .35441) = .00022

(-.16364 X .16323)+(-.16129 X 1.70565)+(.79221 X .35934) = .00000

(-.16364 X .03741)+(-.16129 x .22424)+(.79221 x 1.31252) = .99974

Thus, derived matrix values approximate [1] values as follows:

[

1.00002 .00019
.00001 1.00001
.00022 .00000 %!1’[::l]
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B. Problem: Invert four-industrytable (see p. ) of input-output
coefficients.

1. Convert (A) matrix to (I-A) matrix by subtracting (A) matrix
from identitymatrix (I):

[

.22727 .07189 .00974 .00949

[A] =
.16364 .37661 .10173 .29404
.16363 .15129 .20779 .68564
.10000 .28326 .31926 .006781

[

.77273 -.07189 -.00974 -.00949

[I-A] =
-.16364 .62339 -.10173 -.29404
-.16364 -.151.29 .79221 -.68564
-.10000 _,28326 -.31926 .993221

2. Evaluate determinant of (I-A) matrix:

D= (ellIll) - (e21121)+ (e31~31) - (e41i41)

[

.62339
= (.77273) -.15129

-.28326

[

-.07189
-(-.16364) -.15129

-.28326

[

-.07189
+(-.10364) .62339

:.28326

[

-.07189
-(-.10000) .62339

-.15129

-.10173
.79221

-.31926

-.00974
.79221

-.31926

-.00974
-.10173
-.31926

-.00974
-.10173
.79221

-.29404
-.68564
.993221

1-.oo494-
-.68564
.99322

-.00949
-.29404
.993221

-.00949
-.29404
-.685641

To find a 3 x 3 matrix determinant,
follows:

‘11
\

e21,~
/

‘;1

e
12 ,x
/“\

’22 “
0“\

‘32
}

’13 .’
/.

’23 *
/

’33

‘11
/.

‘21

‘31 I
- ~e12

’22
\

‘32

.62339
-.15129
-.28320

-.07189
-.15129
-.28320

-.07189
.62339

-.28326

-.07189
.62339

-.15129

-.10173
.79221

-.31926

-.00974
.79221

-.31920

-.00974
-.10173
-.31926

-.00974
-.10173
.79221

solve for determinant,D, as

[

‘lle22e33+ ‘12e23e31+

=
‘13e21e32 - ‘31e22e13+

‘32e23e11 - ‘33e21e12
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ThuS ,

D = (,77273)[(.62339)(.79221)(.99322)+ (-.10173)(-.68564)(-.28326)

+ (-.29404)(-.15129)(-.31926) - (-,28326)(.79221)(-.29404)

- (.31926)(-.68564)(.62339) - (.99322)(-.15129)(-.10173)]

+ (.16364)[(-.07189)(.79221)(.99322) + (-.00974)(-.68564)(-.28326)

+ (-.00949)(-.15129)(-.31926) - (-.29326)(.79221)(-.00949)

- (-.31926)(-.68564)(-,07198) - (.99322)(-.15129)(-.00974)]

- (.16364)[(-.07189)(-.10173)(.99322)-t-(-.00974)(-.29404)(-.29326)

- (-.00949)(.62339)(-.31926) - (0.28326)(-.10173)(-.00949)

- (-.31926)(-.29404)(-.07189) - (.99322)(.62339)(-.00974)]

+(.10000)[(-.07189)(-.19173)(-.68564) + (-.00974)(-.29404)(-.15129)

+ (-.00949)(.62339)(.79221) - (-.15129)(-.10173)(-.00949)

- (.79221)(-.29404)(-.07189) - (-.68564)(.62339)(-.00974)]

= (.77273)[.49051 - .01976 - .01420 - .06598 - .13646 - .01529]

+(.16364)[-.05656 - .00189 - .00046 - .00213 + .01576 - .00146]

-(.16364)[.00726 - .00081 + .00189 + .00027 + .00675 + .00603]

+(.10000)[-.00501 - .00043 = .00469 + .00015 - .01675 - .00416]

[I-A] = .77273(.23891)+ .16364(-.04674) - .16264(.02139) + .1(=.03089)

= .184612 - .007648 - .00350 - .003089

D= .17038

3. Identify all cofactors of determinant, D:
(Note that above step yeilded cofactor values as follows:

(+)~11 = ,23891

(-)~21 = -.04675

(+)~31 = .02139

(-)~41 = -.03089
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-(-.15510)

.

[

-.16364 -,10173 I-.29404 -.16364 -.10173

’12 = -.16364 .79221 -.68564 -.16364 .79221
-.10000 -.31926 .99322 -.1000 -.31926

= -.12876 - .00698 - .01536 - .02329+ .03582 - .01653

. -.15510

(.43546)

*

[

.77273 -.00974

1

-.00949 .77273 -.00974

’22 =
-.16364 .79221 -.68564 -.16364 .79221
-.1000 -.31926 .99322 -.1000 -.31926

= .60801 - .00067 - .00050 - .0075 - .16915 - .00158

= .43536

-(.15204)

A

[

.77273 -.00974

1

-.00949 .77273 -.00974

’32 =
-.16364 -.10173 -.29404 -.16364 -.10173
:.1000 -.31926 .99322 -.1000 -.31926

= -.078076 - .00029 - .0050+ .00095 - .07254 - .00158

. .15204

(.23591)

*

[

.77273 -.00974

1

-.00949 .77273 -.00974

’42 =
-.16364 -.10173 -.29404 -.16364 -.10173
-.16364 .79221 -.68564 -.16364 .79221

= .05390 - .00047+ .00123+ .00016+ .1800 + .00109

= .23591

(.19125)

.

[

-.16364 .62339 1-.29404 -.16364 .62339

’13 =
-.16364 -.15129 -.68564 -.16364 -.15129
-,1000 -.28326 .99322 -.1000 -.28326

= .02459+ .04274 - .01363+ .00445i-.03178+ .10132

= .19125
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-(-.28309)

A

[

.77273 -.07189 -.009491 .77273 -.07189

’23 =
-,16364 -.15129 -.68564 -.16364 -.15129
-.1000 -.27326 .99322 -.1000 -.28326

= -.11611 - .00493 - ,00044 + .00014 - .15007 - .01168

= -.28309

(.39927)

.

[

.77273 -.07189 -.009491 .77273 -.07189

’33 =
-.16364 .62339 -.29404 -.16364 .62339
-.1000 -.28326 .99322 -.1000 -.28326

= .47845 - .00211 - .00044 - .00059 = .06436 - .01168

= .39927

-(-.36124)

.

[

.77273 -.07189 -.009491 .77273 -.07189

’43 =
-.16364 .62339 -.29404 -.16364 .62339
-.16364 -.15129 -.68564 -.16364 -.15129

= -.33028 - .00346 - .00023 - .00097 - .03437 + .00807

= -.36124

-(-.12975)

A

[

-,16364 .62339 -.10173

1

-.16364 .62339

’14 =
-,16364 -.15129 .79221 -.16364 -.15129
-.100 -.28326 -.31926 -.100 -.28326

= -.00790 - .04939 - .00472 + .00154 - .03672 - .03256

= -.12975

(,21987)

.

[

.77273 -.07189 -.00974

1

.77273 -.07189

’24 =
-.16364 -.15129 .79221 -.16364 -.15129
-.1000 -.28326 -.31926 -.1000 -.28326

= .03732 + .00570 - .00045 + .00015 + .1734 + .00376

= .21987
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-(-.17409)

A

[

.77273 -.07189 1-.00974” .77273 -.07189

’34 =
-.16364 .62339 -.10173 -.16364 .62339
-.100 -.27326 -.31926 -.100 -.28326

= -.15379 - .00073 - .00045 - .00061 - .02227+ .00376

= -.17409

(.35198)

A

[

.77273 -.07189 -.00974

1

.77273 -.07189

’44 =
-.16364 .62339 -.10173 -.16364 .62339
-.16364 -.16129 .79221 -.16364 -.15129

. .38162= .00120 - .00024 - .00099 - .01189 - .00932

= .35198

4. Derive matrix of cofactors and transposedmatrix of cofactors
(i.e., adjoint matrix):

Matrix of Cofactors

.23891 .15510 .19125 .12975

.04674 .43536 .28309 .21987

.02139 .15204 .39927 .17409

.03089 .23591 .36124 .35798

Adjoint Matrix

.23891 .04674 .02139 .03089

.15510 .43536 .15204 .23591

.19125 .28309 .39927 .36124

.12975 .21987 .17409 .35798

5. Divide each element in the adjoint matrix by determinant, D:

‘1.40226 .27434 .12555 .18131
.91034 2.55530 .89238 1.38465

1.12252 1.66157 2.34348 2.12026
.76156 1.29051 1.02180 2.10113
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.

6. Multiply original matrix [I-A] by inverse [l-A]-l to obtain
identity matrix [1] as check on calculations:

[I-A] ● [l-A]-l = [1]

Result of matrix multiplication is as follows:

[

.99996 .00002 .00058

.99962412 [: [ ::1

.00000
.00001 .99958 .00058 ,00000
.0000. .00000 1.00038 ● 00001
.00001 .00000 .000234

c. Problem: Derive income multipliers, cc+.

1.

2.

3.

.J

Given, income coefficient vector (see, Table 1.2):

[.10000 .28326 .33009]

where, a
41

= .10000

a42
= .28326

a43
= .33009

Prepare matrix of income coefficients:

[E] = [a,j=~la,j=j]

[

1.00000 .35303 .30295
= 2.83260 1.00000 .85813

3.30090 1.16533 1.00000I
Multiply Leontief
obtain multiplied

[EC] = [l-A]-l[E]

[

1.33662
= .40867

.35411

[

1.33662
= 1.5760

1,16888

Inverse, [l-A]-L by income matrix, [E] to
matrix [EC]:

.16323

1[

.03741

1

1.00000 2.83260 3.30090
1.70565 .22404 ● .35303 1.00000 1.16533
.35945 1.31282 .30295 .85813 1.00000

.05763 1.01133
1.70565 .19226
.41888 1.31282






