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Chapter One: Introduqtion

The input-output analysis was first infroduced by Wassily W. Leontief
and has been universally used to study the economic structure and the inter-
dependence among industries, for a nation or region, duriﬁg any given period
of time. The analysis is static in its nature but is always open, in that
it deals not only with the industrial relationship within the area but with
that outside the area, as well. The input-output analysis is a technique
introduced to better understand the economic structure and to provide a
basis on which to formulate policies for any economic sector requiring policy
adjustments due to changing socio-economic conditions. It has been so
aptly stressed by Walter Isard that: "Of the general interdependence
approaches which have been investigated, the (inter-) regional input-output
approach is most prominent, both in terms of accomplishment and recognition."]

This technique, as explained clearly By Wassily W. Leontief,‘reckons
with the transactions of sales and purchases that carry goods and services
from manufacturer to distributor and, finally, on to consumers. It illus-
trates the entire prdcedure of economic activities through production,
distribution and eventually, consumption.

"The data of input-output analysis are the flows of goods and services

inside the economy that underlie the summary statistics by which economic

activity is conventionally measured,“2 said Leontief, "the technique thus

ties prediction about the external configuration of the system to the

indirect flows of supply and demand within.“3

TWalter Isard, Methods of Regional Analysis: An Introduction to Regional
Science, M.I.T. Press, Cambridge, Massachusetts, 1963, p. 310.

2Wassily W. Leontief, “The Structure of Development" reprinted from
Scientific American, September, 1963. W. H. Freeman & Co., San Francisco, p. 2.
/

3Nassi]y W. Leontief, "The Structure of the U. S. Economy," reprinted
from Scientific American, April, 1965, p. 3.
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The value of shipments has to be adjusted because of price changes
between 1965 and 1967. The difference between price changes by sector
varies from one sector to another. Wholesale price indexes calculated

from the Federal Reserve Bulletin, November, 1967, ranged from 1.0029

to 1.0647 between the two years.] By multiplying both employment and
price change indexes by 1965 shipments for each manufacturing sector,
estimated 1967 shipments for each respective sector were obtained.
Information for each manufacturing sector with preceedingly described
data is shown in Table II-1.

Total value of shipment for lumber and furniture in 1967 was estimated
separately for lumber and wood products and for furniture. The basic
information on the shipment from furniture producers in the St. Louis region

in 1965 was given in the Annual Survey of Manufactures. By multiplying

the 1965 shipments by the percentage increase in employment in the sector
(S.I.C. 25) between 1965 and 1967, we obtained an estimated dollar figure

for 1967. In the lumber and wood 1ndustry‘(S.I.C. 24), there was no data
available on shipments for the region, due to the fact that the standard
error was too large for it to be useful. Therefore, the state average of
shipment per employee in 1965 was computed. Again, this average ffgqure was
multiplied by regional employment in 1967 to get 1967's shipment for this
industry, by assuming equal productivity of workers in this industry both

in the region and the state. These figures, of course, were finally adjusted
by price changes to arrive at a sectoral control total. Value of shipment

in the ordinance industry (S.I1.C. 19) in 1965 was not disclosed by the Annual

Survey of Manufactures. The value of shipment of ordinance products in

]Board of Governors of the Federal Reserve System, Federal Reserve
Bulletin, November, 1967, p. 1982 and July, p. 864, wholesale Price Summary.
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Cost of materials and labor input purchased from outside the region
for each sector were stated either in terms of dollars or employment by
all sampled firms in both surveys of 1966 and 1968, Therefore, axpenditures
on imported goods or services for each sector could be estimated in a like
manner, by expanding the surveyed information to obtain the sector's
imports. This figure was again compared with the counterpart data computed
from cost of materials for each sector. Cost of materials for each sector

in 1965 was published by the Department of Commerce in the Annual Survey of

Manufactures, 1967. Cost of materials for each sector for 1967 was estimated

by a method similar to that used in estimating value of shipment. With
this procedure a two-way examination was possible and any necessary

adjustments could more reasonably be made.

C. Distribution of OQutput

The value of sectoral production for the year is obtained by

subtracting or adding the change in product inventory to the total value
of shipment. This output at producer's price represents total transactions
of this sector with the sector itself and other sectors. Any sector sells
its output to two categories: one is the final demand sectors, which consume
directly the output, the other is the non-final demand sectors which purchase
this sector's output, not for immediate consumption, but for further
production, i.e., producing something to satisfy the direct consumption
of the final demand sectors. Household cpnsumption. investment expenditures,
government and net exports are considered tojbe final demand sectors and the
rest, the non-final demand sectors.

Sales or the distribution of row vector from non-final demand sectors

to final demand sectors is determined in two ways. The results obtained
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distribution by sector, as long as we have sectoral control totals. This
method has bsen employed by Hansen and Tiebout in analyzing the California
economy.2 It 1s closest 1n spirit to one developed by Professor Leven in

his analysis of regional income and products accounts.3 Traditional
technical coefficients aij in orthodox input-output tables are thus replaced
here by employment coefficients, eij which indicate the employment required
in the regional industry i per employee in industry j. The matrix inverse
can then be derived to show the direct and indirect effects of changes in an
industry's employment and to estimate the direct and indirect effects of
changes in an industry's final demand for its output, which was caused by any

exogenous change.

D. Mathematical and Statistical Summary

Mathematically, the methodology of allocating dollar sales from
manufacturing industries to manufacturing industries and other sectors
can be illustrated as follows:

1. Intermediate Transactions

(a) eijk = sijk X e1k

K

where e, = total employment in 1967 employed by the sampled i th

firm in S.I.C. code of k sector.

s1jk = percent of total sales from the sampled i th firm to j th
sector, both are inside the region.
j=1,...5ks...on. n is total number of sectors used in
the study or total number of row headings.

i=1,....,m n is total number of sampled firms.

zHansen and Tiebout, op. cit.

3Char1es Leven, "Regional Income and Product.Accounts: Construction
and Application,” in Design 6f Regional Accounts, Johns Hopkins Press,
Baltimore, 1961, pp. 148-195.
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from initial sample survey. Table IV-2, "Input Coefficients: Direct
Purchase Per Dollar of Output," actually represents the employment input
coefficient. Each entry shows the required employment input of each
regional industry named at left to produce the total output of the
industry named at top. In other words, each entry (913' i refers to row
and j to column number) would tell the number of jobs for the row industry
that is related to per employee in a column industry. This table is
constructed by transforming the Interindustrial Gross Fiow Table, Table
IV-1 which is built by employing equation (c) in subsection (1).

In completing these tables, especially the last one, we have not only
assumed that homodeneity exists among labor inputs in each sampled firm,
but also that weighted sample results, with the weights being each firm's
employment, can represent the corresponding sector under discussion.
Finally, employment and output have also been considered to be interchangeable
in a linear form with the existence of high correlation between the two
varfables. In other words, we have assumed a linear homogeneous production
function for each industry and that labor is the most important variable
factor in that industry, such that changes in capital stock in each firm
can be ignored. Although those assumptions are broad, they are vital and
essential under the situation of unwillingness of sampled firms to disclose
their dollar amounts in all accounts.

In order to examine the reliability of Table III-1, the Interindustrial
Gross Flow Table, the linear homogenous relationship between labor input

total output has been tested for nearly all sectors in the St. Louis region.
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St. Louis Region: E67 =a,t b] X67 r1 = 0,62, t = 3.41, D.F. = 19
= 1.29 + 0,026 Xgy --==-===m-=nm=-men- (1)

St. Louis S.M.S.A.: E55 =2, + b2 Xeg  Tp = 0.47, t = 2.04, D.F. = 15
= 1.18 + 0.047 Xgg -=====m=-====mo=o- (2)

State of Missouri: E63 = ag + b3 X63 ry = 0.57, t = 2.95, D.F. =18
= 1,63 + 0.036 Xgg -===========mmooe- (3)

E represents employment, X the gross output ($1,000), and a the
constant. Coefficients for both the region and the state (b] and b3) are
statistically significant at the 1% level of confidence, while the S.M.S.A.
(b2) is only significant at the 10% level, with respect to individual
degrees of freedom. In addition, the simple correlation coefficient (r)
is higher for the region than that for the state and that of the state is
higher than the S.M.S.A.'s. The results imply at least that the method
employed in constructing our transactions flow table for the region in
1967 is much better supported than if it were used twelve years ago for
the S.M.S.A., or four years ago for the State of Missouri. For the regional
economy as a whole, estimates made on the basis of equation (1) would be
correct ninety-nine times out of every hundred, in terms of probabﬂ'lty.3

In summary, there are clearly a number of limitations to the methodology
employed in this study. Most of them center upon the underlying assumptions
whose adoptions apparently were attributed to insufficient reliable

empirical data. The sample data for firms are subject to response errors

and to biases as well.

3For statistical analysis, please see any intermediate statistics
text under the sections of regression analysis and student t test.
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Similarly, Sector 19-38-39 includes values of S.I.C. 01, 21 and 24,

bMissouri State: Output data are taken from Professor Floyd K. Harmston,
Missouri Economic Study, An Inter-Sectoral Analysis of the Missouri Economy,
1963, printed by the University of Missouri at Columbia, Missouri.
Manufacturing employment data was obtained from the Missouri Division of
Employment Security, Department of Labor and Industrial Relations.
Employment for sectors 21 and 29 were not included due to the problem
of disclosure. Employment data for non-manufacturing industries were
obtained from Employment and Earnings Statistics, 1967, published by
the U. S. Department of Labor, except agriculture from 1964 C.B.P.

Cst. Louis Regfon: Output data are those presented in the Interindustrial
Gross Flow Table. Employment data was obtained from the County Business
Patterns, 1967,

For detailed sector classification see Table IV-6.
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A study for R.I.D.C. by D. N. Humphries and Associates entitled,

Federal Procurement in the St. Louis Metropolitan Area, provided the infor-

mation necessary to sub-classify military contract expenditures. The
D. N. Humphries study 1isted the major companies in the St. Louis area which
were recipients of prime government contracts. The total expenditures from
both these reports were sufficient to use as a basis for assigning S.I.C.
codes. | |

A check was made with the firms listed in the Humphries study to
determine what their S.I.C. classification should be. In the process, it
was found that several large firms have not only increased their sales to
the federal government but that, due to the change in their major products,
a new S.1.C. code should be assigned.

After all departmental functions and prime contractors were assigned
S.1.C. codes, aggregates were accumulated to compute the federal government

expendi tures by sectors.

B. State Government Column Vector-

No reliable data could be found from either primary or secondary
sources as to the amount of state government expenditures in the St. Louis
region.

It was therefore decided to allocate Missouri and I11inois expenditures
to the St. Loufs region on the basis of population: assuming that per
capita expenditure from state government s the same within the state
boundary.

Governmental expenditures for the states of I11inois and Missouri
were 1isted by major functions in the publication, "State Government

Finances for 1967" by the Department of Commerce.
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The Harmston table did not break out expenditures from state and local
government, but governments' imports were in one sector. Therefore, part
of the imported amount determined with the Harmston coefficient in our table

was reallocated proportionally to S.I.C. sectors 40 to 89.

C. Local Government Vectors

After thorough research it was found that very little up-to-date data
with a fine breakdown for 1967 was available on local government expendi-
tures and revenue from either primary or secondary sources.

It was decided, therefore, to project local government expenditures and

revenue from the latest data available, the Census of Governments, 1962 and

1957, with adjustments made by utilizing RIDC's 1964 survey of local govern-
ments and St. Louis county's 1967 tax revenues and expenditures records.

Table 12 of the Census of Governments publication gave "Local Government

Finances in Individual Standard Metropolitan Statistical Areas and their
Component Counties,”" by function. Since the S.M.S.A. did not include Madison
and Franklin Counties in 1957 and 1962 these two counties' data obtained

from the same census publication were added to those of the S.M.S.A.

The rate of increase in each function of and source of revenue and
expendi tures was computed from 1957 and 1962. From these rates of increases,
including Monroe County's data, expenditures and revenues were projected by
function and source for 1967 for the entire region.

Each function was then assigned a S.I.C. code, depending on which sector
received the local government funds. From the functions 1isted in the table
only the household, finance, insurance and real estate, construction,

transportation, communication and utilities sectors could be determined.
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in accordance with the in-out ratio obtained from the RIDC 1966 survey.
The expenditures on imported equipment were allocated to imports, and
equipment ‘expenditures within the region were allocated to manufacturing
sectors on the basis of our 1968 survey, with adjustments made from

Hirsch's coefficients for capital equipment expenditures.

E. Export and Import Vectors

1. Manufacturing Sales to Foreign Countries

From the U. S. Bureau of Census' Survey of Origin of Exports of

Manufacturing Products, 1966, value of exports by two digit S.I1.C. were

obtained for the St. Louis S.M.S.A.

Dollar value of exports for four sectors were not given because of
disclosure problems. Subtracting those sectors given from total export
for the St. Loufs S.M.S.A. yielded a difference of $5.4 million to be
distributed to the four undisclosed sectors. Footnotes at the end of the
table showed that three of these sectors were less than one million and one
was between one and five million dollars.

The weighted ratio of St. Louis S.M.S.A. employment to state employment
for these four sectors was used to distribute the $5.4 million of undisclosed
exports. The ratio of local employment to state empioyment for each of these
four sectors was multiplied by the amount of §tate expenditures in each of
the four sectors. The products are assumed td be local exports to foreign
countries from the sectors.

The resulting weighted dollar figures of export by these four sectors
were converted into a ratfo, with a sum of 100%. These four ratios were then
multiplied by the $5.4 mi1lfon undisclosed exports, to arrive at an estimated

dollar export for these four sectors. The final dollar figures for three of






-38-

The export columns are derived conventionally as residual after inter-
industrial and all final demand, other than export, are subtracted from
gross output for each row. The residual is the value of net export only,
not gross export;5 it is certainly less informative than if both gross
export and import are presented. However, our export column represents
gross values and it is divided into two parts simply because reliable

information needed to do so was made available.

4, Import Row Vector

Every cell in this row is the sum of values of raw materials, products
and services that are imported and used by the sector named at top as
input, in the process of 1ts production. Both RIDC surveys in 1966 and
1968 requested firms to fill out their purchases, either in dollar or in
percentage form, from suppliers outside the region. This information led
to the completion of this row after various adjustments and checks were
made. Cost of materials have been published for each manufacturing sector

in the Annual Survey of Manufactures, and cost of goods sold was made

available in U. S. Business Tax Returns. These two sources, combined

with the information secured directly from St. Louis Customs about values
of imported goods and materials, are used to estimate total value imported
by the region and, eventually, the breakdown of import by sector in referénce

to the surveyed results.

F. Net Inventory Adjustment Column

Inventory changes both in product and raw material were requested

specifically and separately in the RIDC questionnaire used in 1966 and

Sas an example, see Frederick T. Moore and James W. Peterson, "Regional
Analysis: An Interindustry Model of Utah," The Review of Economics &
Statistics, Vol. XXXVII, No. 4, November 1955, p. 372.
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of earnings on the assumption that property income is, on the average of
each aggregation, perfectly correlated with personal income.

Earnings from all governmental sectors were taken from the governmental
earnings, plus transfer payment, minus social security contributions.
Similar methods were applied also to the mining, agriculture and service
sectors,

The trade sector was divided between retail and wholesale by using
the ratio of the products of 1960 median income and 1966 employment in
the retail and wholesale sectors, respectively. The 1960 median incomes

were obtained from the 1960 Census of Population. Employment and Earnings

Statistics, 1966, supplied the employment information.

Manufacturing earnings were broken into two digit S.1.C. codes by

utilizing information for the St. Louis S.M.S.A. published in Employment and

Earnings Statistics, 1966. The number of employees were listed for each two

digit S.I1.C. code. The employment figures were then multiplied by average
weekly earnings of production workers times 52 weeks. From these figures
the distribution of manufacturing earnings was obtained which was, in turn,
multiplied by the earnings from manufacturing industries for 1967 to arrive

at individual sector's earnings.

H. Household Column Vector

"Consumer Expenditures and Income for St. Louis, 1960" was published
by the Bureau of Labor Statistics. This is the basic source from which we
distribute household expenditures. The publication listed the major categories
of dollar expenditures for families in the area with average income, and the

percentage change from 1950 to 1960 for each, item consumed.
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ITI. Non-manufacturing Sectors

A. Agriculture Row Vector

The latest data available on agricultural output in the St. Louis

region was obtained by aggregating county information from the Census of

Agriculture for 1964.
The total agricultural output of the St. Louis region for 1964 was

projected to 1967 by using the ratio of the increase in population in this
area between 1964 and 1967.

This method gave the estimated value of agricultural output in St. Louis
in- 1967 as $88,291,000. From this figure $180,000 was subtracted, which
was the amount of federal government expenditures to the agriculture sector,
as computed in determining the federal government expenditures.

The remaining $88,111,000 was then distributed to the various sectors
by examining Harmston's 1963 Missouri table, with adjustments made after
disregarding the federal government entry. Harmston's coefficients provide
a guideline for sales allocation and RIDC's 1968 survey and earlier survey

of farms in St. Louis County were used for adjustments.

B. Mining Row Vector

From the U. S. Department of Interior's Mineral Yearbook the total

value of mineral output for each county in the St. Louis region was obtatined
for the years 1963 through 1966.

Although there was no strong trend line in output for each county, the
total output -for the region showed a steady increase of approximately 7% for
each of the four years.

Using 1966 figures and a rate of increase of 7%, 1967 mineral output

was estimated to be $78,667,502.
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A11 public sector departments and projects were aggregated into five
major functions and divided by five, to obtain the yearly outlay for
construction. These major functions were utilities, higher education,
highways, urban renewal and federal public flood control.

Utilities were allocated to either the local government sector or the
private sector from the 1isting of construction expenditure by private and
public utilities.

Higher education expenditures were allocated equally to private and
government sectors, as an estimate of private university expenditures in
the area versus public ones. A1l local highways projects were allocated
directly to the local governments.

Urban renewal projects were allocated 100% to the federal government,
since the state governments shared no expenditures for urban renewal
projects. All flood control projects were allocated to the federal govern-

ment, since all such projects were handled by the Army Corps of Engineers.

2. Residential Construction

The Chamber of Commerce published 1lists of total residential construc-
tion for 1967. From this figure the amount of residential construction
attributed to federal government through urban renewal programs was subtrac-
ted to obtain a figure for private residential construction.

Private residential construction was allocated 96% to the finance,
insurance and real estate sector and 4% to the household sector. This
percentage was obtained by averaging the coefficients of other input/output
tables for household and finance, insurance and real estate sectors of
construction, because most new residential construction has been contracted

through contract with finance, insurance and real estate sectors.
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D. Transportation, Communication and Utilities Row Vector

One of the unique problems existing in the regional economic analyses
is the determination of the regional output of the transportation sector.
Due to the spatial nature of transportation service and the relationships
of revenue derived from the service, the determination becomes comph‘cated.6

The output of railroads may be considered as the sum of regional
expenditures and estimated profit margin. For local and suburban transit
and taxicabs, total revenue received, including taxes, is the sectoral
output. One half of the revenues received by trucking activities with
the firm's home office located in the region is assumed to be the sectoral
output. The output of water transportation is primarily the level of
shipping activity in the port. From the Corps of Engineers reports we
secured the basic dqta. Estimated functional expenditures per ton of cargo

7 With

handled, general and bulk, were given by the Philadelphia study.
price adjustments, we estimated the total output for water transportation

for the region. From the Civil Aeronautics Board's Uniform System of

Accounts and Reports for Certified Air Carriers, output data for air

transportation was reconciled and computed for the region. Output of
warehousing is {its revenues.

The outputs of telephone communications and radio and television
broadcasting were defined as they were in the Philadelphia study: total
receipts including taxes. Telephone companies provided information for the
former activities while reference was made to the annual reports of the

Federal Communication Commission for the latter.

6For detailed analysis, see Isard, Langford, Romanoff, Philadelphia
Regional Input Output Study, Working Papers, Vol. II, p. 6-2. Department
of Regional Science, University of Pennsylvania, 1966.

"1bid, s p. 6-8,
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In accordance with our survey, gross margin was distributed across
the board in the wholesale service row. Another assumption used here
is that the amount of gross margin extracted from each sector is propor-
tional to the value sold to the sector. Regional sales distribution
from this sector in 1967 was, in general, similar to that of state sales

distribution in 1963.

2. Reliability Check

Most assumptions employed in the process of obtaining regional data
of sales, payrolls and net profit for this sector were checked. Various
attempts have been made to test these hypotheses. The ratios of total
sales in the region to those in the state have been computed. They show
that more than half of the state sales were from the region, and the ratios
are quite constant ranging from 54.7% in 1958 to 53.5% in 1963. Similar
payroll ratios were found; they ranged from 53.3% to 58.8% between 1948 and
1963. Again, ratios of regional employment to state employment in the
sector were also quite constant, around 53%. Those ratios were obtained

from different government documents, such as Census of Business, County

Business Patterns, and Employment Earnings and Statistics. Viewing the

dominant state shares of sales, payrolls, and employment in the region and
the consistency of the shares over time, our approaches of employing state
ratio of net profit to sales, to estimate regional net profit, and of
assuming the ratio to be constant over a period of four years are likely
acceptable.

A check against our sample survey was also performed. Sector sales

estimated from samples were very close to those estimated from employing

annual average rate change published in Census of Business. The difference
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The ratlos of net profit Lo business recalpls, of deprectation to
business receipts, to cost of goods sold, etc., can be calculated from

U. S. Business Tax Returns for 1963 for the state, with the assumptions

specified in the wholesale sector.
By multiplying the first ratio by the 1963 sales, stated in the

Census of Business, the product gives us estimated net profit in 1963.

Comparing 1963 state net profit of this sector to non-household gross
margin of this sector in Harmston's state I/0 Table of 1963, a ratio of
adjustment is discovered for net profit. By the same token, comparing
payroll to household gross margin we obtain a ratio of adjustment for wage§
and salaries. By applying the state ratios to the St. Louis S.M.S.A. and
adjusting them through employment difference, we arrived at estimates of
net profit, and wages and salaries for the region. The sum of these two
amounts is the regional gross margin for this sector.

The gross margin is then allocated horizontally across the board to

each sector according to sampled sales distribution.

2. Reliability Check

The Survey of Current Business published data on earnings by broad

industrial sources. Wholesale and retail trade produced about $1,091
million in earnings in 1966 for the St. Louis S.M.S.A., or $1,099 million
for the region. With an annual rate of growth of 2.6%, the earnings in
these twb sectors in the region should be about $1,128 million one year
later. -

Our estimates of 1967 payrolls for wholesale and retail trades in
the region were, respectively, $426 million and $702 million. Their

sum 1s exactly the same figure as released by S.C.B. with one year
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(our estimate based on the Census of Business was $3.3 billion), automotive

sales reported by Sales Management Magazine were about 19% or $644 million.

Even a small percentage increase in automotive consumption, expectedly
payment for the sales service, would amount to a very large increase due to

its large dollar amount of sales.

G. Fingnce, Insurance and Real Estate Row Vector

The finance sector consists of groups such as the Federal Reserve
Bank, commercial and stock savings banks, mutual savings banks, savings
and loan associations and security and commodity brokers, dealers and
exchanges and services. The output for the Federal Reserve Bank 1s the
difference between total current operating expenditures and the Federal
Reserve currency expenses; for other banks, the output is the total annual
operating earnings estimated from the "Annual Reports of Eérnings and
Dividends." For savings and loan associations, current operating income -
can be estiméted from the Federal Home and Loan-Bank Board publication,

Combined Financial Statement. Total operating revenues for security and

commodi ty brokers, dealers, exchanges and services can be estimated by
multiplying the regional sector employment by the ratio of output per
employee, derived from the survey.

The insurance sector is constituted of two carriers, 1ife and non-life
insurance. The latter category includes carriers engaged in accident,
hospital, health, fire, casualty, title and other activities. The output
of 1ife insurance is the value of total operating and underwriting costs,
inclusive of profits. Profit margin can pe estimated from the information
given by the Internal Revenue Service and total underwriting and operating

costs, exclusive of profit, can be estimated by utilizing earned premiums,
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Allocation of this sector's service ond other sales {4 bacod mainly

on our 1967 survey,

H. Business, Personal and Other Services Row Vector

Significant contributions have been made to the economic growth of
this region by the service sector. It has been playing an important role
in the regidna] economy and providing an increasing quantity and variety
of service to people and businesses both inside and outside the region.
This sector consists of various types of services such as hotel, motel,

recreation; higher education, research and development; professional and

health; repair{ng. etc. Obvious1y, establishments categorized in this sector

are numerous and their sizes in terms of employment range from one person to
thousands of people. It is practically impossible to sample all types of
services because of the diversity of services provided the constraint of
budget, and limited time. However, about one-eighth of total employment
fn this sector was covered in the returned survey.

The value of output of the service sector was defined as total earned
business receipts, including taxes collected and paid by establishments, but
excluding investment dividends, rentals and ofher non-business receibts.

The Census of Business gives sales of all establishments of selected services.

From County Business Patterns we have employment figures for those selected

services. Sales per employee for each service can be obtained for every

year in which the Census of Business is published. The rates of change of

sales per employee over time have been computed to estimate sales per
employee for 1967. Multiplying this figure by estimated regional employment
in 1967 and adjusting it for price changes, the estimation of total sales

in 1967 for each service is hence furnished for comparative purposes.
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as producers outweigh their roles as consumers. While they certainly represent
final consumers of goods, they also represent very important parts of the
production process. If one considers human beings as producers, he can think
of their consumption as an input which makes them function. If they are con-
sidered as consumers, their purchases are a part of final demand."3

In order to determine the impact of these sectors on the regional economy,
they are treated alternately as both exogenous and endogenous sectors in this
study. This makes dvai]ab]e the analyses of multipliers due to interaction of
industrial sectors alone, as well as those due to interaction when endogenous
final demand sectors are also taken into consideration in the production process.
Induced income change, in addition to direct and indirect income changes, can
thus be introduced and analyzed by varying the assumptions of consumption function

employed in the model.

II. Regional Market Structure

Table IV-1, the Interindustry Gross Flow Table, shows all market transactions
of goods and services from industrial and endoegenous final demand sectors named
at left, to industrial and all final demand sectors named at the top of
the table, inside and outside the region for 1967. The gross value of these
transactions were estimated to be $26,643,629,000; excluding household and local
government, it amounted to $17,977,348,000. Certainly these values are much
higher than the regional gross product, since output of one firm frequently is
used as input by another firm. Therefore, the value of transactions includes
double counted values of intermediate products. Corresponding figures for the

St. Louis S.M.S.A. in 1955 were $14,354,039,000 and $9,746,676,000, and for the

310yd K. Harmston, op. cit., p. 71 and p. 11.
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export column). Estimated value of total export in 1967 from this region was
$7,063,438,000.

Values of input purchased from markets outside the region for each sector
are also shown in this table in the row of imports. The region as a whole in
1967 purchased $6,097,453,000 from outside markets. It is deliberately shown
as a negative figure in the column of exports so that the value of net export
can be easily observed: $965,985,000. In other words this region enjoyed a
favorable trade in terms of balance of payments; net gain from trading with out-
side markets was about 14% of total exports. In Hirsch's model of 1955, the
trade sector in the St. Louis S.M.S.A. was specified as balanced and the value
estimated was $3,995,460,000 or a 1ittle less than 57% of the total export in
1967. Export from the State of Missouri in 1963 was shown in Harmston's table
and the amount was estimated to be $8,526,947,000.°

The dependence on outside trade for a region consisting of a smaller area
1s usually expected to be heavier relative to a larger area, such as a state.
The St. Louis region in 1967 exported about 27% of its total production of all
endogenous sectors while the State of Missouri exported only 24% in 1963.

Entries under the federal government column represent the governmgnt expen-
diture pattern in the region, including transfer payments less social security
contributfons in 1967. Apparently this region's economy relies heavily on
federal government's expenditure, which provides for this region an amount of
basic tncome of $3.3 billion or more than 12% of total regional production of
all endogenous sectors. This amount is about five times greater than the amount

that federal government spent in the S.M.S.A. in 1955 and 34% more than that spent

5For the purpose of -convenience, any reference hereafter made to the St. Louis
S.M.S.A. for 1955 and the State of Missouri for 1963 is referring respectively to
the studies of Hirsch and Harmston, unless otherwise specified.
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within a particular year. The decision to change and the amount consumed certainly
fluctuate year by year, depending, to a large degree, on market expectations of
both demanders for and suppliers of both capital and consumer goods.

Net inventory adjustment reflects the difference between goods currently
produced but stocked and those previously produced but currently sold, for a
particular year. Net inventory adjustment is conventionally presented in an I/0
table to reveal actual production for that year. Negative signs indicate inventory
depletion and positive signs, accumulation. The net inventory adjustment column
in the regional table includes, for purposes of simplicity, raw materials and semi-

finished goods adjustment as well.

B. Industrial Sectors

Regional market transaction among sectors shown 1in Table IV-1, as pre-
viously described, developed initially from the surveyed result of employment
distribution within each sector. The matrix of employment distribution was con-
structed by methods explained in Chapter 11I. By multiplying respectively employ-
ment distribution ratios across the row by total production of each sector,
estimated as also explained in Chapter II, the resulting matrix with proper adjust-

ments and modification 1s the Interindustrial Gross Flow Table, Table IV-1.
Table IV-2, Interindustrial Output Distribution: Direct Sales Per Dollar

of Output, is a by-product of Table IV-1. It portrays the relative importance,

not the absolute amount, of sales from sectors named at left to sectors named at

top. This matrix should be identical to that of the employment distribution
matrix for sectors in which no price and other adjustment on a priori grounds

were performed.

A market transaction relationship, constructed on the basis of weighted

employment distribution, is generally agreeable for the region in 1967 for at
1 labor productivity

least two reasons. First, the assumption of jdentica
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In 1955, household consumption accounted for 26% of this sector's
thput, and in 1967, 32%. Both these percentages for the region are
higher than that consumption in the State of Missouri in 1963, i.e.,
23%. Increased population with increased domestic household con-
sumption, combined with increased purchases by various levels of
government, resulted partly in the decline in exporting of this
sector's products, in spite of the fact that this sector's
output has increased 14% since 1955.

Total shipment in this sector, obtained from Annual Survey of

Manufactures (A.S.M.), before price adjustment was $1,225 million.

By aggregating surveyed firms by their employment and dollar value

of sales, we arrived at an estimate of average sales per employee
in this sector for 1967. Total sales in the sector was obtained by
multiplying the average sales by the sector’'s employment. Total
sales so obtained were $1,120 million or 92% of total shipment.
This provides a percentage weight for the other estimates.

Our survey showed that 46.8% of the materials of production
were purchased outside the region. The A.S.M. revealed the figure
for cost of materials. By taking the product of these two figures
weighted by the previously mentioned weight, we found the amount
of total imports purchased by this sector. As exports for this
sector declined, imports also declined. In 1955, imported materials
amounted to 54% of total output; only 33.3% was attributed to imported
materials in 1967. In other words, exports declined less than did
imports. The region has still enjoyed a net gain in widening this

economic base for growth.
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For instance, from our survey, imported materials amounted to 60%

of total cost in dollar terms while the figure calculated from the
employment ratio was 59%. In other words, those firms with dollar
value specified could represent the whole sector. The sector's import
and inventory changes were, therefore, obtained through the same

method.

¢. Lumber and Furniture

In this sector the furniture industry has become more important
than lumber in terms of value of output. As expected, furniture
export from this region has been increased partly as a result of
large refrigerator producing firms' increase in production. Exports
from this sector in 1955 were only 30% of total sales, but accounted
for 61% in 1967. In 1963, the corresponding figure for the state was
52%. |

Domestic consumption by regional residents was also high for this
sector; 16% of total output. Percentage-wise the amount purchased by
households from this sector ranked third among all manufacturing sectors,
second only to the two mentioned in the preceeding subsections a and b.
The above is true due to the nature of their products, i.e., consumer
goods. However, in dollar terms, household consumption of lumber and
furniture in 1967 indicated a decline as compared to that of 1955:
$15.5 million against $13.6 million. Furniture is a durable consumer
good. The consumption of this good shows less of a trend pattern than
other non-durable goods when population increases. The whole state's
consumption of lumber and furniture products in 1963 was only

$24.7 million.
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itself (7%), services and the food, tobacco and kindred products
sectors. Two-thirds of this sector's output was delivered to the
final demand sectors with exports amounting to 57%.

In 1955, this sector imported 33.8% of the materials used in
production and exported 31.5% of its total output. In 1967, the
corresponding figures rose to 38% and 57%, respectively. The states
of Missouri and Washington were both net exporters of paper and print-
ing products in 1963. More than half of their outputs were sold out-
side the states.6 However, this sector in the region exported
proportionally more and imported less than the State of Missouri
in 1963. A1l of the above illustrate that this sector has been an
important net exporting sector in the region.

Many of the surveyed firms in this sector reported dollar values -
in the questionnaire. By taking each firm's information as an indepen-
dent observation, a model, by regressing output on employment was
tested. Simple correlation (r) between these two variables for 1967
was higher than 0.98. The coefficient of determination (Rz) was about
0.97; in other words, employment and output in this sector, viewed -
through surveyed observations, was almost perfectly correlated, and
about 97% of total variation in output would be explained by the varia-
tions in employment. In addition, coefficients relating employment to
output for this sector are highly significant; the student t value is
much greater with respect to existing degrees of freedom than the
required value to warrant a judgment of a critical region less than

0.01. In terms of statistical application the use of this model is

6P. J. Bourque, E. J. Chambers, J. S. Chiu, F. L. Denman, B. Dowdle,
G. G. Gordon, M. Thomas, C. M. Tiebout and E. E. Weeks: The Washington

Interfndustry Study for 1963, Center for Urban and Regional Studies,
il_ of Washinogton, geattle. Washington, 1966. Any reference made to
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absolute amount and in percentage of total output. This indicates

a favorable balance of trade, in this region, with the rest of the
world, resulting from the operation of the industries in this sector.
The resulting affect is even more worth discussing in terms of
regional economic growth, because this sector produced as much total
output as $1.6 billion in 1967, next only to the transportation
equipment sector, among all manufacturing sectors.

Chemical industries in this region produced an overwhelming share
or total output in this sector. Export of chemical products was even
higher than the sectoral average: more than 90% of chemical products
were shipped to outside customers.

The sector itself was the largest consumer in the region, absorbing
$36.5 million or 5.3% of total output. About 0.5% of total sectoral
output was sold to wholesalers; following these two sectors in
importance were the retail trade, food, tobacco and kindred products,
and transportation equipment sectors. The finance, insurance and
real estate sectors purchased the least amount; only $32 thousand
from this sector.

The 1967 survey was the basic source from which sales coefficients
were computed. Sales as distributed in the Table showed no close
relationship to either the 1963 state table or the S.M.S.A. table of
1955. In checking the reliability of these sales coefficients, two
additional surveys were considered: (1) the 1965 1/0 survey for -
chemical industries; and (2) the 1967 survey conducted by the
Chemfcal Industrial Council of Greater St. Louis. As expected, the

results differ in detail from survey to survey. To the extent of
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bution secured from the sample survey reflects output flows in the same
sector, s theoretically as well as empirically attainable. The
estimated equation is the following:

E=a+bX+e=161.879 + 0.00582X

2

R™ = 0.98 t = 31.08

f. Leather and Leather Products

Sales to leather and leather products in 1967 were still pre-
dominantly outside the region, though the share of exports has declined
since 1955: 90% against 82%, respectively. The decline may be
attributed in part to the increased household consumption in the region
through either or both population increase and change in propensity
to consume leather products, due to rising per capita income. Domestic
expenditures on leather and leather products by regional residents have
increased more than four times since 1955, $10,854,000 against $2,422,000.

Sales to retail and wholesale trades were about 2.5% and 3.2% of
total output. Sales inside the region to the leather and leather
products sector were also negligible, i.e., 2%.

Although we sampled firms which together employed 43% of total
employees in this sector in 1967, only a few firms disclosed dollar
values in the questionnaire. Both the 1965 and 1967 surveys for this
sector are relatively less informative than for other sectoré
aforementioned, with respect to dollar disclosures.

However, sales distribution in the region in 1967 was checked
against Washington's 1963 table and Hirsch's 1955 table. The St. Louis

survey distribution is more similar to Washington's than to Hirsch's.
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Final demand sectors absorbed about 46% of total sales of this

sector, the most important of which was export, absorbing 44%.
In comparison, the State of Missouri exported 50% of total stone,
clay and glass outpuf in 1963 and all consumption by the final demand
sectors accounted for only 51% in the same year. A relative low
regional fiéure of export in this sector may be interpreted as a
substitution effect: a high domestic consumption, as stated in the
previous paragraph, substituted for export. A much higher interindustrial
consumption was found in Washington State; all final demand sectors
accounted for only 20% of total sales in 1963, one half of which

was exported.

h. Primary Metals

Our survey covered firms with almost 60% of the total employment in
this sector. In addition, questionnaires returned to us from these
firms were filled out in detail. Therefore, the sales distribution
for this sector resulting from our survey could be considered highly
represéntative.

This sector has also been one of the important exporting sectors
in the region. Of the total output produced in 1967, 81% was shipped
to outside areas. Transportation equipment industries are the largest
purchasers of this sector's output in the region, buying more than 6% of
the total output. Construction and electrical machinery are the other
two industries which consumed more than $20 million worth of primary
metals produced domestically. '

Compared with Hirsch's table, the value of export from this sector
increased about 130% between 1955 and 1967. Relatively speaking,

more than 81% of total production in 1967 was exported, as against 70%
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k. Electrical Machinery

More than 90% of this sector's total output was purchased by
firms and persons outside the region and by the federal government.
Literally, on a percentage bésis, regional consumption of domesti-
cally produced electrical machinery has been declining since 1955.
The factors responsible for this decline may be largely the effects
of import and export substitution. Regional consumption of electrical
machinery has certainly increased, as has the export of electrical
machinery from the region.

Federal government became a very important purchaser of this
sectorfs product. The products bought by the federal government
from this region in 1955 amounted to $2.5 million. In 1967, $62.6 million
of electrical -machinery or 16% of total sectoral output was sold to
the federal government through the expansion and development of aero-
space programs. In comparison, total sales to the federal government
from the state in 1963 were only $0.8 million. This fact indicates the
ifmportance and influence of government expenditures on a region's
industrial growth, as well as its structure. For the sake of simpli-
fication, more than 16% of the electrical industrial capacity in
this region would be idle or would have to be altered in production,
if there were no aerospace program and government procurements in 1967.

Regional sales distribution was a 1ittle more complicated in 1967
than in 1955. There were no sales from this sector to retail trade in
1955; but retail trade absorbed more than one percent of its total output,
in 1967. Large regional sales, other than those to retail trade, went
to transportation equipment, household and transportation, communication
and utility sectors, respectively. However, less than 10% of the

total output of this sector was sold within the region in 1967.
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(2) Labor in the transportation equipment sector
has been relatively more productive than other
manufacturing sectors, as far as the output/employee
ratio is concerned.(see Table IV-6).
(3) The size of firms in this sector has been
relatively large in viewing the output/firm ratio.
(4) Compared with the state employment in manufacturing
industries, the localization quotient for this sector
was 1.19 for 1967. This means that the St. Louis region
has more transportation equipment industries concentrated
than the state as a whole, i.e., 19% higher.7
(5) Federal government contracts, particularly under
defense projects, with this sector resulted in very
large amounts of procurement from this sector. The
impact of military expenditures upon this Qector's
production and, in turn, upon the regional economy
has tended to be critical. Because this sector relies
heavily on export and federal government purchases and
because of the nature of specialization of this sector,
it deserves some special attention.
In order to plan for a sound regional economy, we ought to know
this séctor's ability to sustain its growth and its vulnerability to

hindered growth.

7For method of calculating location quotient, see Walter Isard

Methods of Regional Analysis: An Introduction to Regional Science,
the M.1.7. Press, Cambridge, Mass., 1960, pp. 249-251.
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one half of the remainder,
Export of mineral products only accounted for 16% of total

output because of the high percentage of local consumption.

c. Construction

Since most construction projects were classified as invest-
ment (67%), interindustrial consumption in this sector amounted
to very little, i.e., - 3.5% of the total production, or the least
among all sectors in the region.

Interindustrial consumption includes depreciation, repairing
and maintenance allowances for all kinds of buildings and other
constructions. The finance, insurance and real estate sector was
the sector to which local construction sold more than one half _
of its value collected from all non-final demand sectors.

Governments continued to be the major customers of this
sector. In 1955, all levels of government purchased 19% of
total sectoral output; local, state and the federal government
accounted individually for 4%, 5% and 10%. However, the counter- _
parts in 1967 accounted for 11%, 9% and 9% respectively. With
the increase in the importance of government relative to other
sectors and in total output ($922.4 miliion as compared ;o
$723.9 million or about 30% increase over 1955), it is conceivable
that this sector's output has been depending substantially on
public expenditures. For the State of Missouri in 1963, public
expenditures on construction constituted more than 12% of —

total construction production.


















Households in this sector were the dominant demander, as they were
in sectors such as transportation, communication and utilities; finance,
insurance and real estate. They demanded more than one half of the total
services supplied in the region. Services consumed by manufacturing
industries were rather small. Only the food, tobacco and kindred products
sector purchased more than 1% of total services in 1967, each of the remain-
ing manufacturing sectors purchased less than that amount.

Services rendered to customers outside the region showgd a considerable
decline in 1967 as compared to 1955; 19% against 10%. This may be attributed
substantially to a government consumption increase, as well as increased
household consumption. The federal government purchased only 2% of total
services in 1955, whereas it demanded 12% in 1967. Research and development
and other educational, professional and health services are major sources
from which government money is attracted to the region.

As pofnted out in the preceeding sector, due to the problem of sector
aggregation and labor diversity within the sector, the dégree to which the
variation in output can be explained, holding other things constant, by
the variation in labor input, declined considerably in this séctor.

Only 20% of the change in output was empirically observed to have been
related to changes in labor input among firms in this sector, regardless
of the significance of the estimated coefficient for total output. They
are estimated as follows:

E=a+bX+e = 427.47 + 0.02237X

2

R® = 0.204 t = 2.263
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than doubled between the two years. Increased revenues from other sources,
especially from state and federal government, explain the percentage decline.
Increased population and per capita income, as well as the change in tax
structure and rate, resulted in the increase in revenue volume.

Revenues collected from other sectors were proportionally quite stable
over the two years. No manufacturing sector, except food, tobacco and kindred
products, contributed more than 1% of the total revenue in 1967. The heavy
burden, next to household, was borne by services and finance, 1nsurance and
real estate sectors; each of them paid more than 11% of the total revenues.

From the increased revenues and expenditures of local governments, it has
been conceived that local governments deserve at least as much attention as do
state and federal governments in the economic planning for regional development
and growth.]o This 1s one of the reasons that local government has been
jncluded in this study as another endogenous sector to analyze the interactions

between this and other selected sectors.

ITI. Industrial Input Structure

Table IV-3, Input Coefficients: Direct Purchases Per Dollar Of Qutput,
indicates the factor'composit1on relation of each sector named at top to pro-
duce evéry dollar of output of that sector. Conventionally, all entries in any
column reflect "technical composition" in the production of output of that column
sector. In other words, each column's composition in terms of respective unit

of measurement of various input factors, outlines the production function of that

101, terested reader 1s referred to Modernizing Local Government, Committee
for Economic Development, New York, 1966.
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in Table IV-3. Only several entries in the table of 441 entries (21 x 21)
showed an input requirement of more than 5 cents to produce every dollar of
output, among all industrial sectors. Diagonal elements in the table are
higher than most non-diagonal elements in the same column. This {llustrates
the production process in which more sectoral output is required as input
to produce more output, relative to other inputs. The broader a sector's
definition and the higher the integration in production, the more sectoral
output 1s required to be its own input in the second round production.

Input coefficients from both the 1955 S.M.S.A. and the 1963 Missouri
tables have been computed and aggregated in accordance with the 1967 regional
sectoral classification. Due to the changes in technology, in price, etc.
over time, substitution among imputed factors certainly took place. When
comparing each sector's input coefficients from the three tables, no constant
production function was observed for any sector. Once again, the food, tobacco
and kindred products sector will be used as an example. In order to produce
one dollar's worth of its output, it needed as its input, in 1955, 4.11 cents'
worth of food, tobacco and kindred products; 0.39 of a cent worth of textile
and apparel; 0.05 of a cent of lumber and furniture; 1.92 cents' worth of paper
and printing and so forth. In the State of Missouri, the corresponding
requirements in 1963 were 10.28 cents' worth of food, tobacco and kindred
products; 0.18 of a cent of textile and apparel; 0.14 of a cent of lumber and
furniture; 2.89 cents of paper and printing, and so forth.

In spite of the substitution effect, which caused the changes in the
input composition, the relative importance of each variable input in any pro-

ductfon function remained quite constant. The correlation coefficient obtained
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Table IV-5 presents the gross regional product by sector. In addition,
the relative importance of each sector's contribution to the gross regional
product is also shown in the table. For comparison purposes, similar statistics
for the State of Missouri in 1963 are also presented.

The value of the gross state product in 1963 was 1.4 times as much as
that for the 1967 gross regional product. For manufacturing sectors alone, =
the value for the state was only 4% more than that of the region, $3,453,340
against $3,307,806, since the region is more industrialized than the state.
Sectoral contributions can be easily observed from thé percentageAdistribution.
Most manufacturing sectors contributed a higher percentage to the total value of
the gross product in the region than in the state, except for textile and apparel
and miscellaneous mahufactur1ng sectors.

Personal, business and other services created a much higher value of gross
product in the region relative to the state; even in terms of absolute amount
of contribution, the region in 1967 was not significantly lower than that of the
state in 1963. Another similar phenomenon occurred in the construction sector.
These facts may be solely attributed to regional urbanization: greater consump-
tion of services and the increased need in housing and building because of the
population explosion and business expansion.

The value of the gross regional product in 1967 was $232,856,000 greater
| than that of the gross state product of Washington in 1963, or twice as much as —
that of the State of West Virginia in 1965. In comparison with the gross
national product in 1967 ($789.7 bi]]ion).]3 the St. Louis region contributed
1.18% of the total G.N.P.; comparing it to the gross state product in 1967
($16.7 billion),'® the St. Louis region was about 55.7% of the total G.S.P.

13U. S. Department of Commerce, Survey of Current Business, August, 1968, p. 9.

]4Floyd Harmston, "Post-War Trends 1ﬁ the Missouri Economy" in Business and
Government Review, Missouri University, Columbia, January-February {ssue, 1989, p. 30.
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Disregarding the price changes among sectors, the output per employee was
higher in 1967 than in 1955 for all sectors of similar classifications.. However,
the difference between the two dollar amounts vary from sector to sector; some
increased more and some less.

There was a shift in both the output and employment distribution by sector
in the region, even though relative importance among sectoral distribution had
remained rather constant. The most outstanding sector was transportation equip-
ment, its output was orily 9% of total production and its employment, 5% of total
employment in 1955; in 1967 the corresponding figures were 20% and 9% respectively.
Expectedly, the ratio of output per worker was about doubled. Another rapid
but opposite change was found in the food industries, output and employment per-
centages declined between 1955 and 1967, with the former percentage declining
much more than the latter.

In comparison with the state output and employment distribution, a divergency
was disclosed. Five sectors in the state in 1963 produced more than 9% of total
state production; they are finance, insurance and real estate (14.9%), transpor-

tation equipment (12.6%), wholesale trade service (9.6%), food, tobacco and

kindred products (9.2%) and transportation, communication and utilities (9.1%).
In the region in 1967, only transportation equipment (19.9%) and finance, insurance
and real estate (9.2%) produced more than 9% of total regional production. The
sectors next in importance were chemical, petroleum and rubber products, 8.8%
and various services, 8.3%.

Output per worker in the region in 1967 was higher than that of the state
in 1963 for all except five sectors. Except for the agriculture sector (S.I.C.
01-09), this discrepancy for the other four sectors was likely due to an under-

estimated employment figure, in part because of classification differences.
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Distribution of Total Output and Employment and Production per Employee by Sector
for St. Louis Region, 1967, St. Louis S.M.S.A., 1955, and the State of Missouri, 1963
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2

St. Louis S.M.S.A., 1955

Missouri State, 1963

s I.C. St. Louis Region, 1967 S.1.C. . Lou S.1.C. .
Distribution Output Distribution Output Distribution Output

Qutput Employment per Employee Output Employment per Employee Output Employment per Employee
20-21 0.077  0.034 $ 50869 20 0.116  0.050 $ 34024 20-21 0.092  0.041 $ 46198
22-23 0.011 0.019 13848 22-23 0.019 0.029 9553 22-23 0.018 0.031 12108
24-25 0.005 0.008 13371 26-27 0.028 0.033 12284 24-25 0.007 0.010 14781
26-27 0.028 0.031 22211 28-29 0.118 0.043 40013 26-27 0.030 0.033 18247

28-29-30 0.088 0.033 65172 31 0.015 0.022 9978 28-29-30
31 0.006 0.0 13007 33 -0.044 0.036 18067 31 0.058 0.047 25216
32 0.012 0.013 23291 34 0.023 0.030 11230 32 0.012 0.011 21475
33 0.047 0.035 32547 35 0.024 0.030 11631 33 0.013 0.0 24784
34 0.030 0.030 26682 36 0.021 0.030 10199 34 0.023 0.021 23002
35 0.024 0.026 22295 37 0.090 0.050 26621 35 0.022 0.022 19641
0.021 0.024 21318 21,24,25,30 36 0.018 0.020 17756
§§ 0.199 0.092 51848 32,38,39 0.053 0.056 14020 37 0.126 0.049 52456
19-38-39 0.016 0.027 14566 01-09 19-38-39 0.013 0.013 21235
.01-09 0.005 0.002 67090 10-14,19, 01-09 0.050 0.003 303708
19-14 0.004 0.003 33996 79,84 0.062  0.022 41837 10-14 0.005  0.006 16338
15-17 0.051 0.058 21340 15-17 0.074 0.065 16913 15-17 0.044 0.058 15469
40-49 0.083  0.086 23138 40-49 0.090  0.103 12905 40-49 0.091 0.097 19143
50-51 0.049  0.070 16667 50-51 0.099  0.235 6222 50-51 0.055  0.079 14307
52-59 0.075 0.168 10748 52-59 52-59 0.096 0.213 9272
50-67 0.092 0.061 3607% 60-67 0.069 0.053 18977 60-67 8.1;9 0.064 47627
- . . 11743 70-78,80-83 70-89 .078 0.171 9294
70-89 0.083 0169 85-87,89 0.055 0.113 7126
Total 1.000 1.060 24086 Total 1.000 1.000 14710 Total 1.000 1.000 20433
Soufce: Table III-2,
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requirement 1s 0.046 of a cent (the product of 0.46 of a cent and 0.1 cent).
Only a single indirect round for a final sale of one dollar's worth of food
shows that food production must be $1.00046. In order to supply the addit{ional
0.046 of a cent of food, the food sector must buy even more chemical products.
This process will continue but each round's indirect interdependence not only
takes place between food and -chemical sectors but also between food and other
sectors and among all other sectors, as well. This effect is usually referred
to as the multiplier effect. The inversed matrix mentioned above solves these
direct and indirect interdependent relationships simultaneously for all sectors
selected. Each entry of a row in the inversed matrix is, therefore, the total
value of direct and rounded indirect requirements generated by final demands of
that row.

Final demand sectors, as noted previously, are income determining factors;
regional income or the level of industrial activity in the region is determined
by these final demanders. In contrast, they are determined by exogenous forces
and their values are taken as given in economic models dealing with industrial
structure and interdependence. Therefore, when regional industrial activity is
investigated with respect to the impact of change in one final demand sector,
the other final demand sectors are always held constant by the condition of
“ceteris paribus." A simple model in an economic base study postulates change
in the export sector and analyzes its impact upon local economy, by holding
constant all other final demands. Basically the hypothesis of this model is
that regional economic growth vitally depends on the region's potential for
and capability to export, and that the basic industries are those producing
goods for export. The larger the volume of export, the larger the economic

basis and the more prosperous the regional economy. In such a model, both
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in consumption expenditures results in shifts in demand schedules of various
products. In turn, these shifts generate changes in production; labor input,
income and so forth for successive rounds.

In order to measure these changes, or their direct and indirect effects,
and induced effects by consumption adjustment, one method is to incorporate
directly in the model the consumption-income relationship. "This means," as
explained by Moore and Peterson, "moving the household row and column out of
final demand and into the endogenous part of the model, so that the output is
determined together with that of the other 1'ndustries."'I

However, consumption-income relationship has been a controversial issue
in economic theory. Three hypothetical or theoretical arguments are most
popular, though none of them are empirically perfect in 1ight of time series
and cross section ev1dence.2 For the purpose of simpl1c1ty. a linear, homo-
geneous consumption function is adopted in this study. This is to assume that
consumer expenditures on each commodity are perfectly correlated with income;
both are changing in the same direction and varying in the same proportion.

Model A, having built in it this relationship, is thus claimed to be more
realistic relative to Model B. The inversed matrix of Model A measures one
more income change which is induced by consumption adjustment, besides the
direct and indirect income changes; while Model B can only measure the latter
of the two changes. In a 1ike manner, input coefficient in local government
row and column were also incorporated in Model A, and then the matrix was sub-

tracted by an identity matrix. The resulting matrix was finally inversed and

transposed.

1Freder1ck T. Moore and James W. Petersen, op. cit., p. 376.

2They are absolute income hypothesis (Keynes), relative income hygothes1s
(Duesenberry) and permanent income hypothesis (Frétdman and Modigliani); see

Robert Ferber, "Research on Household Behavior," in Survey of Economic Theory,

Vol. III, St. Martin's Press, New York, 1966, pp. 114-154, for general introduction.
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TABLE V-5

~ Income Interactions and Multipliers by Sector for the St. Louis Region, 1967
v g

Direct Direct & Indirect Tndirect Income 'Dfrect, Indifecti%lnduced Tndirect & ~Tncome

Industrial Sector ‘ Income  Income Change Income Multiplier & Induced Income Income  Induced  Multipli:
Change Change (Model B) - Change Change Income (Model A:
. Change
1. Food, Tobacco & Kindred Products 0.267 0.426 0.159 1.600 0.667 0.241 0.400 2.498
2. Textiles & Apparel 0.409 0.497 0.088 1.215 0.796 0.299 0.387 1.946
3. Lumber & Furniture 0.466 0.670 0.204 1.438 1.045 0.375 0.579 2.343
4. Paper & Printing 0.461 0.551 0.090 1.195 0.850 0.299 0.389 1.843
5. Chemicals, Petroleum & Rubber Products 0.195 0.252 0.057 1.292 0.394 0.142 0.199 2.020
6. Leather Products 0.448 0.555 0.107 1.239 0.859 0.304 0.411 1.917
7. Stone, Clay & Glass 0.439 0.570 0.131 1.298 0.881 0.311 0.442 2.006
8. Primary Metals , 0.336 0.388 0.052 1.155 0.603 0.215 0.267 1.794
9. Fabricated Metals 0.368 0.444 0.076 1.207 0.686 0.242 0.318 1.864
10. Machinery (except electrical) 0.479 0.561 0.082 1.17 0.867 0.306 0.388 1.810
11. Electrical Machinery 0.389 0.473 0.084 1.216 0.730 0.257 0.341 1.876
12. Transportation Equipment 0.202 0.238 0.036 1.178 0.366 0.128 0.164 1.811
13. Ordinance & Miscellaneous Manufacturing 0.350 0.481 0.131 1.374 0.752 0.27 0.402 2,148
14. Agriculture 0.477 0.573 0.096 1.201 '0.888 0.315 0.41 1.861
15. Mining . 0.454 0.596 0.142 1.313 0.925 0.329 0.471 2.037
16. Construction 0.548 0.706 0.158 1.288 1.091 0.385 0.543 1.990
17. Transportation, Communication & Utilities 0.448. 0.551 0.103 1.230 0.876 0.325 0.428 1.955
18. Wholesale Trade Services : 0.554 0.629 0.075 1.135 0.981 0.352 0.427 1.770
19. Retail Trade Services 0.596 0.701 ~0.105 1.176 1.092 0.391 0.496 1.832
20. Finance, Insurance & Real Estate 0.361 0.444 0.083 1.230 0.770 0.326 0.409 2.132
21. Business, Personal & Other Services = 0.622 0.724 0.102 1.164 1.172 0

.448 0.550 1.884

Source: See text.












TABLE V-6
Income Interaction and Multipliers by Selected Sectors

- St. Louis Region (1967), St. Louis S.M.S.A. (1955) and Missouri (1963)

Sector Direct Income Change Income Multiplier Direct, Indirect and Induced “Tncéme gu}t:plter
(s.1.C.) _ . Model B Income Change ] _ MOMeS A Missourd
) Region S.M.S.A. Missouri Region S.M.S.A. Missouri Region S.M.S.A. Missouri Region S.M.S.A.
20-21 0.267 0.145 0.324 1.600 1.586 1.258 0.667 0.358 0.729 2.498 2.469 5.252
22-23 0.409 0.320 N.A. 1.215 1.281 N.A. 0.796 0.644 N.A. 1.946 2.013 N.A‘
24-25 0.466 0.349 N.A. 1.438 1.404 N.A. 1.045 0.775 N.A. 2.343 2.221 N‘A.
31 0.448 0.380 N.A. 1.239 1.237 N.A. 0.859 0.74 N.A. 1.917 1.961 2.9é8
32 0.439 N.A. 0.335 1.298 N.A. 1.611 0.881 N.A. 0.98 2.006 N.A. 2~539
33 0.336 N.A. 0.308 1.155 N.A. 1.403 0.603 N.A. 0.781 1.794 N.A. 2~299
34 0.368 0.356 0.294 1.207 1.264 1.291 0.686 0.710 0.676 1.864 1.994 2-3]5
35 0.479 0.308 0.330 1.171 1.428 1.301 0.867 0.698 0.765 1.810 2.266 2-20]
36 0.389 0.438 0.325 1.216 1.210 1.243 0.730 0.837 0.714 1.876 1.911 2-229
37 0.202 N.A. 0.170 1.178 N.A. 1.260 0.366 N.A. 0.378 1.811 N.A. 2.693
10-14 0.454 N.A. 0.379 1.313 N.A. 1.488 0.925 N.A. 1.022 2.037 N.A. 2.625
15-17 0.548 0.400 0.417 1.288 1.475 1.484 1.091 0.925 1.095 1.990 2.313 2.625
50-51 0.554 N.A. 0.482 1.135 N.A. 1.223 0.981 N.A. 1.103 1.770 N.A. 2.289
52-59 0.596 N.A. 0.50 1.176 N.A. 1.17 1.092 N.A. 1.07 1.832 N.A. 2.1
60-67 0.361 0.337 N.A. 1.230 1.484 N.A. 0.770 0.845 N.A. 2.132 2.507 A

Sources: For the St. Louis regional information, see Table V-5. Information on St. Louis S.M.5.A. were computed from Werner Hifsgh'i
study, op. cit., Table 1 and Appendix Tables 1 and 2; for the State of Missouri, they were computed from Floyd Harmston's Input Coefficien

Table sent to the author by him and Tables 4 and 5 in his study, op. cit., p. 49 and p. 57.
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8. Distribute your yearly sales to local firms df non-capital goods (7b) among;

9.

PART I1: DISTRIBUTION OF COSTS AND EXPENSE

(8a) Agriculture, forestry and fisheries
(8b) Mining
(8c) Contract cunstruction
(Rd) Tramaportatfon
{Be) Manufacturing
(Bf) Retafl Trade
(8g) Finance, Insurance, and Real Estate
(8h) Services
(81) Other (please Specify)
’ : Total Equals

(8a) %
(8b) %
(8c) __ %
(w) . %
(6e) __ __ %
(8f) __ _ %
(8g) . __%
(eh) ___ %
(81) ___ _ %

100% of (7b) Sales

Distribute your yearly sales of non-capital goods to local manufacturing

firms (8e) among;

(92) Food and Tobacco

(9b) Texttles and Apparel

(9¢) Lumber and Furniture

(9d).Paper and Printing

(9e) Chemical, Petroleum and Rubber Products
(9f) Leather and Plastic Products

(9g) Stone, Clay and Glass

(9h) Primary Metals

(91) Fabricated Mctals

(9§) Machinery, (except Electrical)

(9k) Electrical Machinery

(91) Transportation Equipment

(9m} Miscellaneous Manufacturing

(9n) Other (please Specify)

Total Equals

10. Distribute your total costs and expenses among;

(102) Raw Materials Purchased (including freight charges)
(10b) Semi-Finished Goods Purchased (inc]uding.freight charges)
{10c) Labor, Wages and Salaries ’
(10d) Interest Costs
(10e) Depreciation
(10f) Power and Energy
(10g) Transportation of Finished Products, F.0.B. Destination
(10h) Other (please Specify)
Total Equals

(9a) __ _ %
() %
(9c) _ _ %
(9d) __ _ %
(%) __ __ %
(of) __ _ %
(%) ___ %
(9h) ____ %
(91) __ __ %
(95) ___%
(k) ___ %
() __ _ %
(om) __ _ %
(n) __ _ % .
YOOT of (8e)
(10a) 4
(10b) %
(We)__ __ %
(Wod)__ _ %
(10e)__ _ %
(of)__ __x
(log)_ __%
(10h) 4

’136?“5? Costs

11.Distribute your total cost of goods sold (Costs directly related to production) among:

(11a) Raw Material Purchases (including freight charges)
(11b) Semi-finished goods (including freight charges)

(11c) Raw Material and Semi-finished goods (from inventory)
(11d) Labor, wages, and Salaries (e.g., production workers)
{11e) Interest

{11f) Depreciation

(11g) Powar and energy ' .

(11h) Other (please Specify)

Total Equals

—

(Ma)__ %
(b)___ %
(Me)__ _ %
Md)___ %
(Me)_____ ¥
(nme)___ %
Mmg)____ %
(m)___ %

100% of Cost of
Goods Sold









-156-

Input coefficients for the jth column sector, aij’ are calculated by
dividing each entry in the jth column by the total sales from thc appropriate

row. That is:
%5 = Yij/Si ..... (3) \

Therefore, Table IV-3 actually consist of the input coefficient matrix,
A. Only when imported materials and goods are appropriately and adequately

allocated by sector, can it be considered as a technical coefficient table.

o : =
aj,1 a1,z a3 c ¢ cal,23

.
.

a a a a
23,1 23,2 23,3" 7 23,23

However, with inventory adjustment, sales equals purchases for all
sectors in this static equilibrium.input-butput model. A1l outputs were
either used as input in the industrial sectors or consumed by the final
demand sectors, That means that we can study the economy eitherlby tracing
each sector's sales distribution or by investigating their purchases pattern.

Following the sales distribution we have:

33,100 0121 23 h
. + : = : .(4)
3.1 *+-223,23 ' Fas S23

or, AS+ F =35 1in matrix form. Rearranging the matrixes,
F = (I1-A)S and finally F (1-A)") =5 .. . . (5)

(I-A)'] represents Table V-1 before it is transposed. The transposed
(1-A)"" Tinks total sales to final demand by sector. It tells how many out-
puts are required from all sectors to satisfy the given amount of final demand

for one sector's product, holding other things constant.
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