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FOREWARD

This report is one of a series examining the impacts of the completed
McClellan-Kerr Arkansas River Navigation System. The primary objective

of this contract study was to apply the Interregional Input—Output Model

of the United States, developed for the Economic Development Administration
by Harvard University to the assessment of the impacts of constructing the
McClellan-Kerr project. The model will also be used to assess the economic
and spatial impacts of recreation and navigation among other project out-
puts.

The gross direct and indirect construction impact of the project was
estimated by the Interregional Input-Output Model to be $6.4 billion in
output and $2.1 billion in household income in 1963 dollars. Of this
amount, apparently 35.8 percent of the output and 52 percent of the in-
come are estimated to be shared by the project region. This assessment

is based on essentially short-term construction impacts and does not
represent net increments of national income. Other more enduring benefits
and costs will be obtained through the functional outputs of the McClellan-
Kerr Arkansas River Navigation System--~transportation, flood control, water
supply, electric power, sediment control and channel stabilization, recrea-
tion and fish and wildlife enhancement.

This report presents a careful description of the model used, the assump-
tions adopted, the procedures for adapting the national Input-Output Model
to project evaluation and the programs and data summaries for all major
steps of analysis. The model is operational on Corps of Engineers computer
equipment and available for adaptation to other project studies with re-
latively modest investment.

Other published reports in the series on impact of the McClellan-Kerr
Arkansas River Navigation System include:

IWR Research Report 75-R3, An Overview of the Impact Study of the
McClellan-Kerr Multiple Purpose Arkansas River System, Jul 75.

IWR Contract Report 74-5, Regional Response Through Port Development:
An Economic Case Study on the McClellan-Kerr Arkansas River Project,
Aug 74,

IWR Contract Report 74-6, Evaluation of Interregional Input-Qutput
Models for Potential Use in the McClellan-Kerr Arkansas River
Multiple Purpose Project Impact Study, Aug 74.

IWR Research Report 74-R2, Discriminant Analysis Applied to Commodity:
Shipments in the Arkansas River Area, Aug 74.




Chapter I

Introduction

The McClellan-Kerr Arkansas River Multiple Purpose Project (MKARMPP), as

a federal water resource development project for the Arkansas River Valley
area, was originated in 1946 under the responsibility of the Army Corps of
Engineers. The purpose of the project was to develop the Arkansas River
Valley through the control of floods, the supply of water and electric
power, and the improvement of the navigation of the Arkansas River as far
as Tulsa, Oklahoma. As the resource development projects evolve, there
will emerge a wide range of impacts which will have a significant bearing
on economic, political, social, and environmental conditions within the
immediate river valley area. This area is considered as the project impact
region and includes over 60 countries in the OBE functional areas of 117,
118, and 119. 1In addition to the project impact on the project regiom, the
impact on the neighboring areas is also significant either by direct
influence or through trade with the impact region. Therefore, the impact
study of the MKARMPP should encompass a comprehensive effect of the project
on the project region as well as those on neighboring regions with which
the impact region has trade relationships.

Purpose of the Study

The purpose of this study is to analyze the economic impact of the McClellan-
Kerr Arkansas River Multiple Purpose Project. The economic impact will be
measured in terms of the increase in output and income resulting from the
construction expenditures of MKARMPP on local and national economies and on
interindustry and interregional relationships.

Some of the specific objectives of this study are: (1) to comstruct an
interregional I/0 model for the impact study; (2) to convert the MKARMPP
cost into regional final demand vectors; (3) to estimate the direct and
indirect and induced construction impact of the MKARMPP in terms of out-
put and income; and (4) to provide a sensitivity amalysis of the model.

Organization of the Study

In the following chapter, we present the basic model for this impact study,
which is an interregional input-output model.

In Chapter III, the basic data required for this I/0O model are estimated.
These data include: (1) regional technical coefficients; (2) trade coeffi-
cients; (3) regional household income and expenditure coefficients; and (4)
regional final demands.



An analysis and evaluation of the impact of MKARMPP are presented in

Chapter IV. A brief explanation is given to various kinds of multipliers.
A sensitivity analysis is also included 'in this chapter. In the sensiti-
vity analysis, a comparative evaluation of the investment impact resulting

from the hypothetical change in project type holding the project region
constant and vice-versa is attempted.

In the last chapter we will summarize the overall study and some concluding
remarks will follow. Statistical data, formulae, and computer programs

which complement the main explanation are included in the Appendices attached
to the main text and in separate volume.




Chapter II

The Model for the Impact Study

An Input-Output model is widely used for an impact study in which an economic
projection and structural relationships among disaggregated industrial sec-
tors are to be pursued. Since the publication of the input-output analysis
by Professor Leontief in 1936 the development of interindustry economic
analysis in both theory and empirical application is significant. For

recent developments in the I/0 field see the annual proceedings of the
International Conference on Input-Output Techniques at Geneva and other
empirical applications.1

There are several alternative I/0 models: national, regional, interregional,
and international I/0 models. Depending upon the extent of impact to be
measured, the model can also be classified into open and closed ecategories.
While an open model provides only the direct and indirect impact of a given
investment, with a closed model one can extend the measurement of the impact
which is induced by the increase in consumption expenditures resulting from
the increase in an output. For a theoretical exposition of various alterna-
tive I/0 models refer to any standard textbook dealing with Input-Output
studies.?2 '

As has been described in the previous chapter, the aim of the impact study
of the MKARMPP is to measure the construction impact of the investment in
terms of interindustry and interregional relationships. The model for the
impact study which is adopted here, is the closed interregional I/0 model
with fixed colum coefficients. For the detailed reasons on which the model
for this impact study is adopted see the previous research reports.3 In
this chapter a brief description of the interregional I/0 model with a fixed
column coefficient variety and its operation for the solution in general is
described first, and some of the specific characteristics of the model
unique to this impact study will follow.

1 Philip Bourque and Millicent Cox, An Inventory of Regional Input-Output
Studies in the United States. Seattle: Graduate School of Business
Administration University of Wisconsin, 1970.

Hollis B. Chenery and Paul G. Clark, Interindustry Economics, New York:
John Wiley & Soms, Inc., 1967 and William H. Miernyk, The Elements of
Input-Output Analysis, New York: Random House, 1965.

Ungsoo Kim, "Research Report for Evaluation of Interregional Input-Output
Models for Potential Use in the McClellan-Kerr Arkansas River Multiple
Purpose Project Impact Study." Contract No. DACW 31-72-C-0059, Phase I

& II, Submitted to IWR, U.S. Army Corps of Engineers, 1972.



An Interregional I/0 Model with Fixed Column Coefficients

In an interregional I/0 model, two sets of structural relationships, inter-
industrial and interregional, are considered in combination. Industries
are related by input-output activities, on the one hand, and regions are
related by trades. Economic activities are analyzed in terms of both
input-output among industries and trades among regions. Structural patterns
(coefficients of these structural relationships) are, in Isard's notation,
expressed as a » where the amount of commodity i from region r is required
to produce one 3011ar s worth of output in region s.4 Such two dimensional
information, however, is not readily available. Or it may be available at
the expense of unrealistic time and cost. The fixed column coefficient
varietg of an interregional I/0 model was developed first by Chenery and
Moses.? In this model, the interregional I/0 coefficient (al$) is estimated
by two separate coefficients: 1i.e., regional technical coefficient (ag-)
and trade coefficient (tIS), ag- represents the ith input required for
producing one dollar's worth of ~jt th commodity in region s disregarding

the region of its origin. tI® represents the fixed proportion of total
receipts (consumption) of the ith commodity by region s from region r.

The trade coefficients are derived by ratios of a regions' purchase of a
commodity from various regions including its own, and are derived from

the base year trade flow estimates. Thus the sum of the coefficients
equals one.

However, the above trade pattern does not specify the interindustry rela-
tionships between trading regions. It is assumed that each Eurchasing
industry in region s purchases the same proportion of the ith input from
the region r. Thus, in the fixed column coefficient model a{? = aiJ . tgs.
Having estimated the above two structural coefficients, af: and t}S, the
solution of the 1Eterregional I/0 model is obtained by the following equa-
tion, X = (I-TA)™ . The following section will briefly explain some

of the theoretical and operational aspects of this model in terms of
matrices.

4 walter Isard, "Interregional and Regional Inmput-Output Analysis: A
Model of a Space-Economy,” Review of Economic Statistics, XXXIII (Novem—
ber 1951).

5 H.B. Chenery, "Interregional Analysis,"” in Interindustry Economics by

Chenery and Clark, New York. John Wiley & Sons, Inc., 1967, Ch. 12
1 308-3?2 and L. Moses, ''The Stability of Interreglonal Trading
Patterns and Input-Output Analysis," AER, XLV (December 1955).




Notation

The following notation will be helpful in our operational explanation of
the model.

(a) Designation notation

n = designation of the number of regions.

m = designation of the number of industries.
(b) Matrix notation

X = Column vector (mn, 1) giving production. Each element describes
the output of commodity i produced in region r.

Y = Column vector (mn, 1) giving total final demand. Each element
describes the total amount of commodity i consumed by final users
in region r regardless of the place where the good was produced.

A = Block diagonal matrix (mn,mn) with n square matrices (m,m) of in-
put coefficients along the diagonal describing the structure of
production in each region.

T = Square matrix (mm,nm) filled with diagonal matrices (ﬁ,m). Each
element tY¥® describes the fraction of total consumption of commodity
i in region s that is imported from region r. The Sum of each
column of this matrix must equal to unity, since the coefficients
are proportions of the total consumption. It is assumed that

tiS = TS = tTS = |, = IS |
i i1 i2 im
The above matrix notations are also expressed as follows:
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(d) Element notation
xio = the total amount of commodity i produced in region r.
x3® = the total amount of commodity i demanded by all final and inter-
mediate consumers in region s.
xgo = the total amount of commodity i produced (consumed) in all regions.

tfS = a trade coefficient which is the proportion of the total consump-
tion of commodity in region s that is shipped from region r to
region s.

The Structural Relationships and Operation of the Model

The structure of production specified by A and the structure of inter-
regional trade specified by T are essential for the column coefficient
model. The relationships of economic activities among industries and
regions are specified by the following sets of equations:

m

or _ r ro r
1 Xi = I @..X." +y.
( ) i j:] 1JXJ yl’

(2) xI5 = ¢f5,08

i i%jo
n
. ro rs
(3) x3 = Ly Xi » and

n
(4) x?s = I x?s
r=1

where i =1, 2...mand r, s = 1, 2...n.



These basic economic relationships are interpreted as follows: the first
equation shows the total amount of, a commodity demanded and supplied in a
region. The total amount of commodity i demanded by the intermediate and
final users in a region must be equal to the total amount of the commodity
supplied to the region. The second equation shows the total amount of
commodities traded among regions. The total amount of commodity i shipped
from region r to region s is a fixed proportion of the total amount of
commodity i purchased by region s. The third equation simply defines the
total production of commodity i in region r while the fourth is the total
consumption of the commodity in region s.

Based on the functional relationships of economic activities among indus-
tries as well as regions, one can present the column coefficient model in
matrix form using the matrix notations previously given. The model is
written as:

(5) XO5 = ASxSO 4 yS
n n
(6) =z x%= g T
s=1 s=]
N os N so
7 L. X = I X
(7) e S

where s =1, 2...nand r = 1, 2,..n.

In equation (5), for each region the total amount of commodities demanded
is equal to the total amount of commodities supplied. This form of rela-
tionship is always used in the interregional input-output models. Equation
(6) shows that for each region the total amount of commodities shipped
equals the total amount of commodities produced. Thus, for each region

the total amount of commodities shipped is the sum of the fixed proportions
(including own region's) of the total production. Finally the balance of
the total production and the total consumption is maintained as shown in
equation (7).

Now, combining equations (5) and (6) the result shows a production equation
in terms of interregional interindustry activities as follows:

rs,s

SO Y,

N _ps,5.,50 . N
X>> = ¢ T AX + 2.7
1 s=1 s=1

nHm~m 3

(8)

S



where r, s=1, 2...n.

Transferring the first term on the right hand side to the left, the
following equation is obtained:

TrSYS.

M3

s=1

1
rs,.s SO
(9) I (I-T-A)X =
s=1
Equation (9) is written in a general form in the set of mn unknowns and
mn equations as follows:
\

(10) (I-TA)X = TY

If the technical coefficients (A), trade coefficients (T) and final demands
(Y) are given, equation (10) can be solved for X as follows:

(11) X = (I-TA) “11v; or x = (T1-a) Ly

In order to deliver one dollar's worth of an industry's output to the
final demand in one region, the output is directly and indirectly required
from the industry in another region.

Dimensions of the I/0 Model for MKARMPP

For the application of the above fixed column coefficient interregional
I/0 model in the impact study of MKARMPP (IRIO) the model was built with
four internal regions closed within the national boundaries. The impact
region is the Arkansas River Valley which consists of OBE economic areas
of 117, 118, and 119: parts of the states of Arkansas and Oklahoma. The
impact region (Region I) is the project region, where the major comstruc-
tion impact of the project is expected to fall. The Southern Region
(Region II) consists of the states of Texas and Louisiana and the rest

of Arkansas and Oklahoma after deducting the Impact Region. The Northern
Region (Region III) consists of the states of Kansas and Missouri, and the
fourth region is the Rest of the United States. The division of the region
is aimed at tracing the economic impact of the project according to the
existing major trade patterns of the impact region with other regions.

The regional boundaries are shown in Map 1.

Each region of this model has 83 industrial sectors, 79 sectors being
producing sectors. Table 1 shows the classification of industries by I/0
sector. The 79 producing sectors are also aggregated into 10 major pro-
ducing sectors. The classification of industry sectors is based on the
availability of the original data set which will be discussed in the
following chapter. For a more detailed discussion of the division of the
interna% region and the industrial sector refer to the previous research
report.

6 op. cit., Ungsoo Kim



Map 1
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3.

Aggregated Industries

Agriculture, Forestry
& Fisheries

Mining

Construction

Nondurable Manufacturing

Durable Manufacturing

Transportation,
Communications §
Utflities

Trade

Finance. Insurance &
Real fstate
Services

Government
Enterprises

Oirectly Allocated
tmports

Transferred Imports

Yalue Added (Row)
Final Demand (Column)

Secondary Products

Table 1
Classification of 1/0 Sectors and Aggregated Industries

&1.

83

10

1/0 Industries

Livestock & Jivestock products
Other agricultural products

-Forestry & fishery.

Agricultural, forestry & fishery
services

Iron & ferroalloy ores mining
Nonferrous metal ores mining

Coal mining

Crude petroleum & natural gas

Stone & clay mining & quarrying
Chemical & fertilizer mineral mining

Rew construction
Haintenance & repair construction

Ordnance & accessortes

Food & kindred products

Tobacco manufactures

lmd 8 narrow fabrics, yarn & thread

)

Miscellaneous textile goods & floor
coverings

Apparel '
Miscellaneous fabricated textile products
Lumber & wood products except containers
Wooden containers

Household furniture

Other furniture and fixtures

Paper & allied products except
containers

Paperboard containers & boxes

Printing & publishing

Chemicals & selected chemical products
Plastics & synthetic materials

Orugs, cleaning & toilet preparations
Paints § allied products

Petroleun refining & related

industries

Rubber & miscellaneous plastic products
Leather tanning & industrial leather products
Footwear & other leather products

Glass & glass products

Stone & clay products

Primary tron & stee) manufacturing
Priury nonferrous metals manufacturing
Meta) containers

Heating, plunbing & structural metal
products

::::mngs. screw machine products &

ts
Other -fabricated metal products
Engine § turbines
Farm machinery & equipment
Construction, mining § oil field
machinery
Materials handling machinery &
equipment
Netalworking machinery & equipment
Special industry machinery & equipment
General industrial machinery § equip-
ment
Machine shop products
Office, computing & accounting
machines
Service industry machines
Electric industrial equipment &
apparatus
Household appliances
Electric lighting & wiring equipment
Radio, television & commnication
equipment
Electronic components & accessories
Misc. electrical machinery, equip-
ment & supplies
Motor vehicles & equipment
Alrcraft & parts
Other transportation equipment
Scientific & controlling instrument
Optical, ophthalmic & photographic
equipment
Miscellaneous manufacturing

Transportation 8§ warehousing
Communications, except radio 8 TV
broadcasting

Radio § TV broadcasting
Electric, gas, water § sanitary
services

Wholesale 3 retail trade

Finance & insurance

Real estate and rental

Hotels; personal & repair services,
except auto

Business services

Research & development

Automobile repair & services
Amusements

Medical, educational services §
nonprofit organization

Federa) government enterprises
State 3 local government enterprises

8irectly allocated imports

Transferred imports

Value added {row)
Final demand {column)

Secondary products



The model is also a closed I/0 model in which the household column and
row coefficients are estimated and closed in the model in order to esti-~

mate income multiplier effects resulting from the induced household
expenditures from the_project construction.

11



Chapter I1I

Primary Data Input

The primary data sets of input for the IRIO model are: regional technical
coefficients (A), trade coefficients among regions (T), the pattern of
household income and consumption by each industrial sector (H), and

the pattern of final demands (Y). Direct input requirements for the
production of a dollar's worth of output by a purchasing industry in a
region from various supplying industries and their regions of origin are
available by reading the direct coefficient table in Volume II. This
table is derived by the TA matrix. The direct and indirect requirements
are estimated by inverting the (I-TA) matrix. Estimated household income
and consumption coefficients are used to close the I/0 model so that the
direct and indirect, as well as, induced income impact of the investment
can be evaluated. The direct, indirect induced requirement table is also
available in Volume II.

Regional Technical Coefficients

As has already been mentioned in the preceding chapter, the interregional
technical coefficient al$ is considered as a combination of regional tech-
nical coefficients and trade coefficients, i.e., a{s = aij - t§S. The
regional technical coefficient matrices for the IRID are estimated from
the 51 states' (including Washington, D.C.) technical coefficient matrices
estimated by the Harvard Research group_for the Economic Development
Administration, Department of Commerce. The state technical coefficient
in the Harvard study are estimated by the 1963 national technical coeffi-
cients weighted by the product mix pattern of each state in the same year.
To estimate the A coefficient matrix for the IRIO, each states' I/0 table
is aggregated into four internal regions first. Because the states of
Arkansas and Oklahoma are divided into the Impact Region and the Southern
Region, however, each of the above two states' I/O tables are divided into
two corresponding parts. The way in which the original data set in the
multiregional Input-Output Model (MRIO) is manipulated for the IRIO is
explained in Appendix A.2 The technical coefficients of four regions in
the IRIO for both the 79 sectors and for their aggregation into 10 sectors
are shown in Volume II.

1 garen R. Polenske, A Multiregional Input-Output Model for the United
States, HERP Report No. 21 to EDA, Department of Commerce, 1970. For
the more detailed information see supplementary report to the main
report.

2 Appendix A is a revised version of the consultant report to the IWR
Army Corps of Engineers by this author in May 1973.

12



Trade Coefficients

The basic source of regional trade patterns is the trade flow data of 44
U.S. regions in the MRIO by the Harvard study. In the MRIO the trade
flows among 44 regions3 in the United States for 79 industrial sectors
were estimated using 1963 manufacturing and transportation census and
other census data for agricultural and mining industries. The estimate
of trade flows in the IRIO is estimated by aggregating and disaggregating
the trade flows of 44 U.S. regions into four region trade flows. The
detailed procedure in estimating trade flows in the IRIO is discussed in
Appendix A. The trade coefficients for IRIO by 79 industrial sectors and
aggregated in 10 industrial sectors are shown in Volume II.

Regional Household Coefficients

In order to measure the induced impact of a project through an I/0 model
it is necessary to close the household sector in the processing matrix
of an I/0 model. The matrix of an inverse of direct I/0 coefficients
including household coefficients of an I/0 model provides the direct,
indirect and induced requirements of an investment dollar by each purchas-
ing sector. While direct household row coefficients represent patterns
of household incomes which are generated during the production of a
dollar's output by each purchasing industrial sector, direct household
column coefficients represent the household consumption pattern of a
dollars worth of household income. A pattern of household earnings
largely depends on the intensity of labor requirements among various
inputs and their wage rate. Therefore, it depends on the production
function of an industry and the local wage rate. A personal consumption
pattern depends on an income distribution pattern and the taste of a
region. Since our I/0 model contains four internal regions, household
income and spending patterns for each of these regions must be estimated.

The data of the household earnings and spending patterns for the different
regions which are involved in this impact study is not available, nor is
any survey practicable. The regional consumption patterns of the United
States have been surveyed by the Department of Labor for the year 1960-61.

3 Trade flows among 51 states in the United States based on 1963 trade
estimates were also estimated by the same research group after this
study had been initiated. The new estimate is basically the same data
in the 44 region trade flows except the region containing more than
one state is disaggregated into separate state.

In this survey, the consumers are classified into 32 groups: rural and
urban populations by various income classes. For further detailed in-
formation see, U.S. Bureau of Labor Statistics, Survey of Consumer
Expenditures, 1960-61. Washington, D.C.: U.S. Government Printing
Office, 1966.
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This survey has been conducted over four U.S. Census regions. But the
regional boundaries for this survey are different from those which are
used in our model. However, this survey is utilized in estimating state
consumption expenditures by industry sector in the MRIO by Polenske

et al.? We have found that the aggregation of each state's consumption
expendlture in the MRIO into IRIO regions is the most appropriate data

in estimating the consumption patterns of IRIO regions without a survey.
The division of consumption expenditures of the states of Arkansas and
Oklahoma into substates due to the division of these states into sub-
states within and outside of the Impact Region are based on the share

of each state's personal income by each substate. The estimated regional
consumption patterns of IRIO regions for the 80 industrial sector in terms
of coefficients are shown in Table 2. These coefficients show the marginal
propensity to consume by the I/0 sector.

In estimating household row coefficients the share of value-added which

is attributable to personal income by industry and by region is first
estimated. The share of value-added by each industry and by the IRIO
region is available from the I/0 table of the IRIO. The share of

personal income before tax, generated by industry, is estimated by summing
the proportion of value-added which is attributable to wages and salaries,
other types of labor income, and incomes from property by industry. The
national shares of these types of income out of value-added by industry
are available from the unpublished data by the Department of Commerce.

The household income coefficients by industry and region, therefore, can
be estimated by multiplying the value-added coefficient of each region

by industry by the household income share of value-added of each national
industry. In order to close the household sector into the processing
matrix the sum of household rows and columns must be made equal. However,
the personal income is larger than the consumption expenditures due to

the inclusion of the personal income tax and personal savings.6 There-
fore, the household income coefficients are reduced by multiplying the
ratio of the total household spending to the total household income of
each region. The ratio of the total household income to the total con-
sumption of a region is the average propensity to consume of each region.
The household earning pattern for the consumption (household row coeffi-
cients) for each of the 80 industrial sectors is also shown in Table 2.

5 In this estimate the state population is subdivided into rural and urban
residence and those are further divided into 16 income groups. The state
consumer expenditures for these classifications are distributed among
each industrial sector based on the consumer expenditure patterns of the
same classification of those census regions where each state belongs.

For the detailed methodology see Polenske, Karen R. and Isabella B.
Whiston, State Estimates of Personal Consumption Expenditures 1947, 1958,
1963. EDA Report No. 14 (Harvard Economic Research Project). August 1968.

6 It is implicitly assumed that the transfer payment is less than the per-
sonal income tax and savings.
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Table 2
Coefficients of Household Column and Row

1/0

Column

Row

it

Region
I

Region
11

Region
111

Region
v

Region
I

Region
11

Region
II1

Region
v

OO~NhGL W —

0.005508

0.008482

0.001087

0.000025
0

0
0.000478
0

0.000039
0.000004
0

0
0.000423
0.130895
0.014901
0.002009
0.002041
0.035742
0.004077
0.001205

0
0.008490
0.000376
0.003729
0.000206
0.007675
0.001211
0.000035
0.017264
0.000058
0.022732
0.085457
0.008356
0.000318
0.000589
0.000027
0.000036

0
0.000312
0.000734
0.001674
0.000357
0.000031

0

0
0.000213
0.030057

0. 000006
0.000243
0.001602
0.000060
0.008893
0.001172
0.005369
0.000453
0.001072
0.041899
0.000141
0.002810
0.001132
0.001481
0.008517
0.020780
0.033928
0.034383
0.219974
0.042669
0.125366
0.033267
0.007610
0
0.020140
0.010536
0.080398
0.002184
0.001942
0.011990

0.005188

0.007677

0.001073

0.000020
0

0
0.000389
0

0.000041
0.000004
0

0
0.000459
0.127640
0.014162
0.001946
0.002333
0.036462
0.004150
0.000734

0
0.008673
0.009370
0.003655
0.000211

0.007966 .

0.001147
0.000034
0.016522
0.000058
0.021403
0.085415

0.008212
0.000631
0.000570
0.000024
0.000036
0
0.000273
0.000723
0.001653
0.000400
0.000029
0
0
0.000212
0.000057
0
0.000006
0.000243
0.001834
0.000059
0.008221
0.001164
0.005535
0.000467
0.001074
0.042395
0.000158
0.003143
0.001167
0.001509
0.008794
0.021417
0.034340

0.033263
0.215251
0.044602
0.130803
0.034151
0.007376
0
0.019940
0.011015
0.081698
0.002221
0.001955
0.014304

0.005010

0.008051

0.001113

0.000026
0

0
0.000638
0

0.000040
0.000005
0

0
0.000455
0.132550
0.013028
0.001596
0.002773
0.036139
0.003755
0.000568

0
0.008075
0.000367
0.003149
0.000174
0.008575
0.001072
0.000032
0.014094
0.000063
0.023409
0.004811

0
0.008313
0.000612
0.000587
0.000034
0.000029

0

0.000230

0.000667

0.001543

0.000236

0.000029
0

0
0.000214
0.000057

0
0.000005
0.000241
0.000799

0.000060

0.007364
0.001153
0.005827
0.000493
0.000949
0.043794
0.000093
0.001860
0.001053
0.001692
0.008632
0.022248
0.014568

0
0.033893
0.217521
0.044473
0.142289
0.029538
0.009087

0
0.017102
0.011288
0.076989
0.002353
0.001632
0.007837

0.004632

0.007608

0.001121

0.000043
0

0
0.000435
0

0.000039
0.000005
0

0
0.000486
0.133400
0.013067
0.001655
0.002724
0.036492
0.003936
0.000601

0
0.007999
0.000351
0.003278
0.000196
0.008452
0.001040
0.000033
0.014271
0.000061
0.028972
0.084926

0.008050
0.000636
0.000577
0.000025
0.000033

0
0.000231
0.000708
0.001534
0.000330
0.000028

0

0
0.000205
0.000055

0
0.000005
0.000232
0.000816
0.000057
0.007361
0.001117
0.005556
0.000468
0.000973
0.040718
0.000130
0.002593
0.001064
0.001613
0.008878
0.024101
0.034808
0.029816
0.214981
0.045017
0.144733
0.032079
0.007900

0
0.017654
0.012742
0.077845
0.002379
0.001679
0.011511

15

0.211664
0.379077
0.333804
0.301954
0.386920
0.325837
0.584982
0.396186
0.422063
0.269827
0.357858
0.493931
0.002334
0.160490

0
0.218903
0.176034
0. 349877
0.157115
0.336431
0.300597
0. 365180
0.339271
0.359383
0.321830
0.455097
0.170601
0.092807
0.118663
0.285022
0.070706
0.356768

0
0.422268
0.476429
0.406321
0.370813
0.269658
0.296546
0.345138
0.358345
0.380346
0.007763
0.272905
0.401722
0.238706
0.275151
0.292120
0.392452
0.419784
0.409597
0.219749
0.399213
0.305822
0.371257
0.324576
0.054331
0.113042
0.206548
0.431639
0.289142
0.330640
0.059403
0.368897
0.47787
0.566058
0.478429
0.260344
0.543340
0.304674
0.239701
0.399066
0.408239

0
0.412220
0.308047
0.642439
0.692457
0.566692
0.011990

0.185709
0.297771
0.225303
0.269015
0.134531
0.020175
0.530409
0.352548
0.310377
0.477599
0.257510
0.441986
0.221714
0.158552
0.135020
0.188281
0.047224
0.313596
0.220580
0.287854
0.259494
0.322422
0.325201
0.312514
0.284065
0.413071
0.317476
0.265311
0.169906
0.244234
0.062982
0.028440
0.186287
0.366265
0.405719
0.348862
0.255065
0.224273
0.266849
0.304836
0.264493
0.310799
0.184754
0.215053
0.368834
0.235931
0.246932
0.296333
0.310269
0.392927
0.237722
0.274138
0.320948
0.198638
0.259965
0.368798
0.320383
0.326359
0.199264
0.379515
0.348161
0.306213
0.279676
0.284834
0.403102
0.506577
0.428018
0.223775
0.484454
0.263305
0.215061
0.357081
0.334046

0.367943
0.275847
0.574852
0.619663
0.507093
0.014304

0.134091
0.261945
0.111793
0.219659
0.190465
0.299020
0.610347
0.373322
0.419612
0.314888
0.339855
0.461193
0.325707
0.164545
0.196558
0.197529
0.205040
0.326726
0.246556
0.281878
0.286126
0.332519
0.365953
0.283148
0.301948
0.410577
0.300711
0.165048
0.299258
0.276664
0.066931
0.322145
0.220996
0.387377
0.439894
0.394419
0.363260
0.254035
0.279128
0.314600
0.312353
0.367705
0.220385
0.281619
0.291319
0.306209
0.356514
0.340490
0.322211
0.420498
0.376071
0.287625
0.387955
0.221811
0.353006
0.381960
0.291306
0.349237
0.214964
0.400880
0.246105
0.311537
0.415878
0,327630
0.441299
0.528567
0.446646
0.271388
0.503633
0.282784
0.231721
0.372580
0.363768
0
0.384952
0.287798
0.599837
0.646578
0.529129
0.007837

0.147737
0.334910
0.253574
0.228539
0.236915
0.310879
0.426566
0.260875
0.391541
0.324011
0.328338
0.458652
0.320410
0.176909
0.152647
0.208810
0.159408
0.3228N"
0.201233
0.281490
0.267494
0.33211
0.356464
0.288728
0.295961
0.394476
0.300144
0.305975
0.311135
0.271934
0.062816
0.318465
0.213146
0.371193
0.426780
0.372309
0.336530
0.234307
0.274343
0.301930
0.361361
0.338216
0.314791
0.265397
0.306112
0.298300
0.395875
0.334205
0.360790
0.400060
0.415751
0.254999
0.373094
0.261666
0.336094
0.382526
0.382087
0.349538
0.210797
0.381948
0.298926
0.352024
0.455617
0.325357
0.412330
0.525636
0.444132
0.255329
0.499925
0.278627
0.236498
0.370554
0.379240
0
0.380731
0.286752
0.596532
0.631854
0.526201
0.01151



Construction of Final Demand Vectors

In order to utilize an interregional I/0 model for an impact study, a
final demand vector, which is an exogeneous variable to the I/0 model,
must be estimated. The final demand may be an increase in investment,
consumption, public expenditures or exports. The purpose of this study
is to evaluate the construction impact of the McClellan-Kerr Arkansas
River Multiple Purpose Project (MKARMPP). Therefore, the final demand
for this project will be the total construction expenditures. And the
final demand vector will be the purchase pattern of the project construc-
tion expenditures from various industrial sectors.

The precise figure of the total project cost for the MKARMPP is difficult
to decide. The history of water fesource development investments in the
Arkansas River Basin had its origin in the late 1930's, and many wa;er
resource investments in this area have contributed to this project.

The total project cost for the MKARMPP varies according to different
references. In this study the federal expenditures appropriated during
FY 1957 to 1971 are treated as the MKARMPP costs. These expenditures
were responsible for opening the waterway from the junction of the
Arkansas and Mississippi Rivers to the Tulsa area in Oklahoma and are
estimated in the Washington University study.8 The total expenditures
through FY 1957-1971 by types of project are estimated at approximately
1.2 billion current dollars and are shown in Table 3.

Procedures in Estimating Final Demand Vectors for a Project Contract Cost

The following procedures are followed to estimate the final demand vectors
for the proposed interregional I/0 model (IRIO) and in evaluating the
construction impact of the MKARMPP on local and national economies:

Step 1: Estimation of Construction Costs in 1963 Dollars

Since the IRIO is based on 1963 data, it is preferable to express the
final demand for this model in terms of 1963 prices. The estimated total
project cost in 1963 prices is approximately 1.1 billion dollars, and the
detail distribution of the cost by project type and year is shown in
parentheses in Table 3.

7 Institute for Water Resources, U.S. Army Corps of Engineers. A River,

A Region, and A Research Problem, IWR Report 71-6, by Charles L. Leven
and R. B. Read, Washington University, July 1971, Part II, pp. 18-40.

8 Ibid., Appendix C.

16




L1

Table 3 Appropriation ULintory
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Total project cost includes construction contract costs which are executed
through private contract and non-contract costs which were expended directly
by the Army District Corps of Engineers. Non-contract costs include
expenditures such as compensation for land and damages; engineering and
design; and supervision and administration of the projects. The proportion
of contract and non-contract costs by type of project, are shown in Table

4. The contract cost of the whole MKARMPP occupy approximately 80 percent
of the total project cost, which is equivalent to $878,298,000 in 1963 .
prices.

Step 2: Distribution of Project Costs by Sectoral Demand

In order to use the I/0 model with 83 industrial sectors, the investment
expenditures must be distributed by 83 sectors. The actual distribution
of project expenditures by industrial sectors is a major task, which
requires records of all expenditures spent for purchasing goods and ser-
vices for the construction of the project by the Army Corps of Engineers
and private contractors. However, a study of distribution patterns of
contract costs for 12 different types of water resource projects by 83
industrial sectors is available from the unpublished study by The Resource
For The Future, Inc. This study is an extension of Bulletin No. 1390, by
the Bureau of Labor Statistics. 1In this Bulletin, the BLS made available
sample surveys of 45 water resource investment projects9 by the Army Corps
of Engineers in order to generalize labor and material requirement patterns.
In this study Haveman and Krutilla added an investigation of three more
projects and have developed a detailed purchase pattern of equipment and
supplies by major industrial sectors; purchase patterns of on-site laborl0
by major occupations; and unallocated costs per $1,000 contract costs for
12 different project categories.11 The classification of project types
and sample projects, which were surveyed under each project category, are
shown in Appendix B. The purchase patterns developed by Haveman and
Krutilla were based on 1958 prices. To convert 1958 gurchase patterns
into those of 1963, sectoral GNP deflators were used.lZ The estimated

9 The 45 water resource projects involve 235 major civil works contracts.

10 on-site labor is defined as the demand for labor for the project con-
struction at the site of the project. This is the major portion of
wage and salaries paid out from project expenditures.

11 Robert H. Haveman and John V. Krutilla. Unemployment, Idle Capacity,

and the Evaluation of Public Expenditures: National & Regional Analysis.

Baltimore: The Johns Hopkins Press, 1968, Table 6, pp. 20-21. Distribu-

tion of equipment and supply requirements by 1958 I/0 sectors are also

available from unpublished data.

12 For the deflation of project costs and sectoral demands, unpublished
GNP and sectoral deflators from the Bureau of Economic Analysis, Depart-
ment of Commerce, were used.
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Table 4

McClellan-Kerr Arkansas River Multiple Purpose Project Costs
by Project Type, Contract and Non-Contract Costs
(in thousands 1963 dollars)

Project Title Project Classification Project Cost Contract Cost Non-Contract Cost*##*
Keystone Multiplt Purpose 122,520 91,253 (.7448) 31,267 (.2552)*
incl. powerhouse
Eufoula " 122,367 86,991 (.7109) 35,376 (.2891)
Webbers Falls " 57,628 46,921 (.8142) 10,707 (.1858)
R. S. Kerr " 81,976 62,130 (.7579) 19,846 (.2421)
Ozark " 56,945 46,706 (.8202) 10,239 (.1798)
Dardanelle " 79,846 62,048 (.7771) 17,798 (.2229)
Total Multiple Purpose Project Cost 521,262 396,049 (.7598) 125,233 (.2402)
Oologah Flood Control 44,483 25,257 (.5678) 19,226 (.4322)
Bank Revetments 124,119 106,643 (.8592) 17,476 (.1408)
Stabilization
NavigationLocks Locks and Dams** 404,924 350,340 (.8652) 54,584 (.1348)
Totél Project Cost 1,094,80 878,289 (.8022) 216,519 (.1978)
Sources:

Institute for Water Resources, A River, a Region and a Research Problem, IWPR Reporxrt 76-6,
Appendix C, Table c¢c-1, and PB Form 1 from Tulsa District Engineers.

* Indicates proportion to each project cost.
** Navigation Locks include both Navigation Locks and Navigation Aids by the U. S. Coast Guard.

*%* Non-contract cost includes direct expenditures by District Engineers for land and damage;
engineering and design; and supervision and administration of the project construction.
Whereas, contract costs are spent by private contractors. The proportion of land and damage;
engineering and design; and supervision and administration costs to the McClellan-Kerr
Multiple Purpose Brpiect is 8.64%; 5.7%; and 5.12% respectively.



1963 purchase patterns per $1,000 contract costs for water resource
investments, by project type and industrial sectors, are shown in Table
5. The sum of sectors 1 to 82 shows total material requirements. Sector
83 represents on-site demand for labor and unallocated costs and assumed
to be the household income of a project region. The magnitude of house-
hold income indicates the intensity of direct labor requirements of a
project. According to Table 5 demands for direct labor range from 19
percent (power house) to 59 percent (levees) of the total construction
cost. The sum of total material requirements and household income is
$1,000. As Table 4 indicates, the MKARMPP is composed of several types
of projects: multiple purpose, flood control, revetment, and the locks
and dams projects. The demand pattern for equipment and materials by
each project type multiplied by its total project contract costs becomes
the final demand vector for the particular water resource construction
project. The total final demand vectors resulting from the contract
construction costs of the MKARMPP are shown in Table 6.

A final demand generated by a project is not necessarily produced in a
project region. Some of the project demand may be produced in non-project
regions, where relative comparative advantages in supplying certain goods
and services are superior to those of a project region. The demand for
the goods and services which have characteristics, such as automobile
repair services, may be satisfied entirely within a project region; whereas
demand for automobiles will be supplied from the automobile manufacturing
regions. In this study, final demands resulting from a project without
considering origins of supplies are defined as '"total final demand" or
"national final demand." Actual demands imposed on each region for their
production are defined as "regional final demands." In an interregional
I1/0 analysis, regional final demands are the keys in measuring economic
impacts of a project on various regions.

Step 3: Estimation of Regional Final Demands

The regional distribution of a total final demand for a particular project
may depend upon: (1) the size and type of a project, and (2) the project
location and the trade pattern of the project region with other regions
for each commodity. The project type will dictate the product mix pattern
of a total final demand, and the project region and its trade pattern with
other regions will dictate the origins of goods and services to satisfy a
total final demand required in a project region., The product mix pattern
of a total final demand by project type is already estimated in Step 2.
The trade patterns of a region for each of 79 goods and service sectors
were already estimated in the basic I/0 model (IRIO)13 and are expressed
in terms of T matrices.

13 See Appendix A of this report.
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Table $
HATIONAL PINAL hEX“ALD VICTOR PLR $1008

COHTRACT COAT TOK WATLR RESOURZL IRVESTHENWT

BY PROJECT TYPL AND I/0 SECTOR

(UVITY 1263 DALLAKS)
Mutepl
Purp. Large Swmall
Proj. Yarth Fuarth Local} Kedium Lock &

‘t/0 Tnc, riiy Flood Plle Rovot-~ Power= Concr. Concr.

Scctor Pov. Dreda. Danm Dan  Protcc. Dikes Levecs ment house Donm Dam  Misc,

1 Livestock & its Prod “emass scarcn ewscne cesvae cecene

2 Other Aqr Prod 0.81 0.28 =w=r== 8.22 0.02 .05 05.e7

3 Foratry & Fishcry Prod mmeman - —————

4 Agr Forstry ¢ Flahry Sves ‘eemmen, [——

'S Tron & Froally Dres Ming

6 Konfer Nt} Dres MNing cmvmnn ememee cemane commme

7 Coal Hing consan cenrres mmmeee memeee srrece cewmee

8 Cxd Petr & Nat'l Gas —————— wm———a -

9 srone & Clay Ming & Quary 44.88 0.01 25.81 44.52 131.07 77.87 324,07 9,38 3,71 92,07 24.%9
10 Chea s Fert Min Hing —————— vosmen Geancs acmmem
11 tiew Canstry e ene Smcae- MevEr. meEAme eemeen CT TP
22 Maint & Repr Conste MEMGLr Cefcte AN EET FREAre CAEPEr EELCEN CHESEE CEFENS GCSTEAE ECCECE CTReae EeaNm
13 ord & Acces mrmcan Cmcete Tencmn amcves mceena cameca
14 Food ¢ Kindrd Prod —n—————

15 Tobacco kanf EEL TR s cmnean e
16 2rd.& Krw Fab Yen & Thed Mls cevmns memcma mamaed [, 0.46 2,00 ccccce comene
17 ¥isc Tex Gds & Flr Cov 8.15 0.79 0.21 mecamm 0.0} caceen cmcnmm 0.11

18 apparel et CEcEAn EEcReN NGatee GGecee caates
19 Kisc. Fab Tex Prod maness acmacre scamee cce-=w  §,32 a.39 0.01 cmcene
23 Luebh & W4 Prod Ex Coat $.51 0.86 7.46 5.53 1:.00 52.31 1.07 42.67 11.61 4.96 4.34 19.81
21 %ood Cont 8.02
22 Koushld Furn 8,02 “mceme mmcoce camaee 0.24 e memmces amcens
23 Oth Furn & Fix 0.86 wome=m camame ;mecem= D,08 cmweaa 0.56
24 Pap & Allied Prad Ex Cont 8.73 cnem—— 8.1¢ 0.8 ==cace cameaa
25 2aperdd Cont & Bxzs B mm———— —————— 8,27 ====== aances
26 Print & Pud - s 0025 =—mmem sacaon eenoeo ————

27 Chem & Sel Chen Prod © 6.09 12.23 15.65 43.59 2.39 13,06 1.27 =wmme= 0.88 7.78 1.17 21.79
28 Plasts & Syn Hat ————ae 8,97 m=c=w= a-a-aa 8.10 8.08
29 Drgs Cleng & Tallt Prep 8.15 0.52 8.59 0.98)
33 Paints ¢ All Prod 8.85 ~n=u== 8.17 0.08 0.07 ===-=a 0.02 en~em=a 3.60 .12 8,99 0.18
31 Pet Ref & Rel Ind 12.22 94.13 76.19 61.€n 26.5% 30.84 83.22 44.76 2.37 S.41 14.79 91.55
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33 jeatar Taa & Induat Leathr Prod cevaa=

34 Ftwr & Cth Leathr Prod ———am— 8.8] ~==eo=a
35 Gis & Gls Prod emeres asem== 0.8l ==m=mr= conmce ccecnn amcmes cmmees 0.13 memcer meccee cmcees
36 Stone & Clay Prod 57.68 =-=n=. 13.51 9.3%9 £5.71 ==-=== 8.58 0.22 13.79 90.91 115.33 51.8%
37 Prin Icon & Steel Hanuf +31.23 43.40 1.18 3.25% 4£.61 £.03 1.41 1.70 $.67 27.77 €5.25 135.86
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41 Starps Screv Mach Prad & Boles 0.1% 8.17 0.09 =c==wa A 1.23 2.47

42 &th rad Mecl Pred 6.82 4.5) 12.25 15.6¢ 4.07 8.21 12.57 £.70 5.38 4.84
£3 En9 & Turd 3.1} mmm—- - 224.45 1.17 4.80 8.09

¢ Farz lach & Equip | emesas mcme-e 0.12 0.02 0.25 8.16 0.08 8.05 0.01
€S Construct Ming & Oil Tield Mach 44.33 31.4S5 103.00 150.33 40.79 59.39 70.23 19.27 25.21 83.51 109.14 106.52
46 ¥atls Nardlg fach & Equip 2.42 2.24 -- cmmma— 31,12 24,39 29,84 ===vn=
€7 tirlwork Kach & Equip 2.43 8.51 0.20 mrmmne mecece cmeaeo. 1,35 2.30 0.8 =~=wn=
43 Spec Indust Mach & Equip 8.14 0.45 0.87 8.02 8.01 0.40 0.16
€9 Gon Indust Mach & Equip 2.2 10.312 2.83 6.24 0.58 0.05 6.65 9.05 9.61 9.1¢
$3 Xach Shop Prod —————— B.26 ~--=== emec-= mmmece ammaae 0,02 0,51 11.67 ~meoe-
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Se jounechld App mesacs cemsme meca-- 0.47 R
$5 Elect Llight & Wir Equip racace 8.41 0.6} 8.69 0.11 0.02 2,98 11.24 0.23
56 Radic TV & Cana Equip Y 0.74 =mmmas 8.23 wmmaca 0.40 v-=mma mctecn mocves
37 Elec Comp & Ass L —————

58 xisc Elect Mach Equip & Sup mEmces arctes ccmece eacess 0.08 ~vmcos cerace ccmaes 8.03 mmcvenm cmcenn cmece-
59 Mozor Veh § Equip 3.69 2.26 72.66 71.30 20.14 8.33 8.93 4.7 3.97 15.92 11.39 46.9)
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61 oth Transp Cqulp 1.62 146.A% weencn em-ceee 0,81 37.28 12,70 15.06 0.03 3.78 9,17 0.80
62 Scient & Cont tqulp .76 8.1%9 0.02 8.02 0.15 ~-=rov mscccs camaa- 2.07 0.28 =<-=--  8.26
63 opt Opth & Phrto Equip Smmede amtese mcenve decaea aeesas ————— , menem-

64 Nisc ‘anut 8.0} ~v=eo- 0,01 0.0} 0.09 ~-==c= 0,05 e===-= 1,87 0,02 ==we-= 0,26
65 Transpt & Warehous 37.13 15.77 14162 29.%% 35.14 82.50 4£9.93 170,76 22,28 17.86 $7.93 32.67
€6 Conz= Uxcept Radio & TV Bdcst 1.97  1.94¢ 1.96 1,94 1.93 1.92 1.97  12.97  1.95
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€3 “wiusacz § Rets {raae 61,49 $4.57 113.5% 115.42 83.95 67.8% 54.25 70.65% 63.07 8,55 123.01
70 Tinenze & Insug 08.3% 8.23 8.1 8.27 8.32 3.25 'g.13 0.1% 0.35 8.36 3.33
71 PYeal Tst ¢ Rentd 3.97 3.91 .85 3,96 3.9% 3.92 3.89 3.87 3.97 3.97 3.5¢
72 itot Pers ¢ Repr Sves exc Aute —————— P, ————aa
73 busiaess Sves . ————— —emem— cenvea
74 Res & Dev Mmtmnes mmemte facmcee ceeeee case—— e
75 Auto Rup & Sves 4.96  4.89 4.94  4.95 ¢4.941 4.90 ¢.87 4.8 4.96  4.97 4.93
76 Anusecirents feamene - cmvsme svmmae cmenm Ammm—- amnem=
?7 Med L4 Sves & Norprof Drgan 1.21 1.19 1.20 i.20 1.20 1.19 1.18 1.8 1.21 .21 1.20
78 Fed Govt Entar Sevmme Ssocoa emeecs eceaes sawees momman e~
79 State & Local Guvt Enter 8.27 0.27 0.27 0.27 0.27 0.26 8.26 8.28 8.27 0.27 0.27
89 Importa amen—- eseen cdcene mawm— ccanna —————
84 8u1 Travel Entertain & Gifts 4.6 4.56 4.61 4,62 4.61 4.57 4.54 4.52 4.00 4.63 4.64 4,83

2 0fc Sup 0.2¢ 0.24 0.2¢ 8.24 0.24 0.24 0,24 0.24 0.25 0.24 0.24 0.24
03 Houschold Incamere 494.2% 54B.20 472,52 402,65 504. 70 459,730 SR, £1 250,06 196,61 474,52 201,R6 207,69
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Table 6
National Final Demand Vectors for the McLellan-¥err Arkansas
River Multiple Purpose Project Contract Cost
(Unit $1,000 1963 Prices)

Project Categor

Multiple Flood Locks Total
I/0 Sector Purpose Control Revatments & Dams Project
1 00 a0 00 00 (1]
2 00 6.32 00 305.51 311.83
3 00 00 00 00 00
4 00 00 00 00 []]
5 00 00 00 00 00
6 00 00 a0 00 00
7 00 00 00 00 00
8 00 (1] 00 00 [11]
9 17774.17 1124.37 34559.73 25250.03 78708.30
10 00 00 a0 00 00
11 00 00 0o 00 (1]
12 00 00 00 00 00
13 00 00 00 00 00
14 00 00 00 00 00
15 00 00 00 00 00
16 00 00 00 00 00
17 60.69 0.24 00 00 60.93
18 00 00 00 00 00
19 00 8.12 00 3.54 11.66
20 2181.46 277.90 4550.57 1521.45 8531.37
21 00 00 00 (/] 00
22 00 00 00 00 00
23 180.29 1.04 00 00 181.33
24 287.93 00 00 00 287.93
25 a0 (L] 00 (/] 00
26 59.42 00 00 a0 59.42
27 2410.93 60.43 00 410.40 2881.76
28 00 2,53 00 00 2.53
29 00 13.10 00 00 13.10
30 21.72 1.84 00 346.27 369.83
3] 4841.06 669.97 4772.91 5179.84 15463.79
32 2441.93 161.67 292,93 1231.89 4128.42
33 00 00 a0 (1] ao
34 00 a0 00 3.78 3.78
35 00 a0 00 00 (L]
36 22843.31 1659.71 23.07 4059%96.13 65122.22
37 12449.01 116.36 181.79 22860.33 35607.49
38 1287.96 7.77 182.83 531.88 201n.44
39 00 00 00 0o 00
40 27340.72 2766.87 20.30 15038.0¢° 45165.99
41 57.91 2.21 a0 865.08 925.20
42 2385.85 309.50 878.03 1884.04 5457.41
43 13121.86 oo 00 1682.32 148n4.68
44 00 00 a0 17.53 17.53
45 17555.19 1030.15 2055.50 38234.99 58875.83
46 957.92 00 00 10454.50 11412.41
47 261.87 5.03 00 63.11 1030.00
48 55.42 1.76 00 140.23 197.41
4% 839.17 71.36 5.20 3365.63 4281.36
50 00 [ 1] oo 4087.84 4087.84
51 316.67 00 00 273.46 590.12
52 961.87 00 00 ao 961.87
53 15689.75 11.89 00 1859.19 17560.83
54 00 11.89 00 00 11.89
55 00 2.86 00 3973.45 3976.31
56 294.92 00 00 00 294.92
57 00 (1] 00 00 00
58 00 1.10 00 00 1.10
59 1460.59 508.59 444.56 3991.22 6404.96
60 00 00 00 00 a0
61 641.53 0.25 1606.05 3213.99 5461.83
62 698.29 3.87 00 00 702.16
63 a0 a0 00 00 00
64 3.88 2.22 (1] ao 6.10
65 14706.19 912.76 19063.12 20311.97 54994.04
66 779.84 49.50 205.04 690.70 1725.08
67 00 00 00 00 . 00
68 1084.45 68.84 285.13 389.01 1827.43
69 24193.21 2042.06 7534.58 34524.27 68294.12
270 3308.73 210.02 869.96 2930.52 7319.23
7 1571.60 99.76 413.22 1391.96 3476.54
72 00 00 0o 00 00
73 00 00 (1] a0 a0
74 00 a0 00 00 a0
75 1965.69 124.77 516.84 1741.00 4348.29
76 00 (L1} 00 00 00
77 478.25 30.36 125.74 423.58 1057.93
78 00 00 00 00 00
79 106.85 6.78 28.09 94.64 236.37
80 (1Y 00 00 00 00
81 1833.71 116.39 482.13 1624.11 4056.35
82 95.98 6.09 25,24 85.01 212.31
83 195741.22 12748.76 27520.42 98747.02 334757.43
84av 396048.99 25257.00 106643.00 350340.00 878289.00

Pootnote:

* Sector B84 is the sum of sectors 1-83 and equivalent to the
total contract cost for each type project. The estimated
contract cost for the multiple purpose project, 396048.99
is the rounding error of 396049.
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where:
n = 1...4 region,

g & r indicate shipping and receiving region respectively
m = 1...79 industry

T8 indicates a matrix of percentages of various commodities received by
r region from g region (fixed column coefficients). t T indicates the
proportion of the total receipts of the first industry product by region
r from region g, where: 4
zt§r=1
g=1

By reading 8l along the first colmn of the T matrix one can tell each
proportion of total receipts for each commodity by the first region from
various regions including its own region. The receiving region r indicates
a project region, and T8Y differs when r changes. The matrix of trade
coefficients for each commodity for the alternative impact region, are
shown in Volume II.

Regional final demand vectors per $1,000 for each project type are esti-
mated by multiplying the distribution pattern of each project contract
cost by the trade coefficient matrix of an impact region with other
regions. A matrix of regional final demand vectors for ith project (Y )
may be expressed in terms of Y? y R , where Y, and TR indicate the total
final demand pattern of ith projectrand the traée pattern of the impact
region R with other regions including his own for each industrial product.
The regional demand vector of each region for the MKARMPP may be expressed
in terms of a matrix of regional final demand vectors as YR = YT. The
regional final demand vectors of the MKARMPP are shown in Table 7.

0f the total contract cost about 67 percent of its cost was spent within
the project region. Of these 30 percent was for material and supplies
and 37 percent was the wage and salaries for the on-site construction
workers. The leakages to non-project regions was about 33 percent of the
contract cost. Of this, 15 percent each went to the Southern Region and
the rest of the United States, and three percent to the Northern Region.

23



TABLE 7
Regional Final Demand Vectors for the McClellan-Kerr Arkansas
River Muitiple Purpose Project Contract Cost*
{Unit $1,000 1963 Prices)

National
Demand Regional Final Demands
1/0 Contract Region Region Region Region
Sector Cost I I1 I v

1 00** DD 00 00

2 311.83 B9.93 73.50 22.05 126.32

3 00 00 00 00 00

4 00 00 00 00 00

5 00 00 00 0D 00

6 00 00 00 00 00

7 00 00 00 00 00

B 00 00 00 00 00

9 78708.30 41943.65 28366.47 6391.11 1999.19
10 00 00 0D 00 00

1 00 00 00 00 00

12 00 00 00 00 00

13 00 00 00 00 00

14 00 00 00 00 00

15 00 00 00 00 00

16 00 00 00 00 0D

17 60.93 2.16 29.50 1.38 27.89
18 Do 00 00 00 00
19 11.66 .51 1.48 .65 9.02
20 8531.37 3107.98 3991.83 1.71 1429.86
21 00 00 D0 00 00

22 00 00 00 00 00
23 181.33 12.73 34.34 10.25 123.96
24 287.93 19.32 77.25 35.50 155.83
25 00 00 00 00 00
26 59.42 24.20 16.37 65 18.20
27 2881.76 282.70 1816.09 84.72 698 25
28 3 W2 1.31 01 1.09
29 13.10 .28 1.03 n 7.98
30 369.83 14.90 51.63 40.24 263.10
31 15463.79 7770.55 6933.96 332.47 426.80
32 4128.42 208.07 925.18 382.29 2612.88
33 00 00 00 00
34 3.78 .27 .55 55 2.4
35 00 00 00 00 00
36 65122.22 18592. 39 28438.87 6655.49 11435.46
37 35607. 49 2004.70 445B.06 2602.90 26541.81
38 2010.44 394,65 232.00 19.50 1364.28
39 00 00 00 00 00
40 45165.99 20866.69 13996.94 3035.15 7211.72
4] 925.20 55.23 186.61 86.32 §97.12
42 5457.41 971.42 1796.58 212.84 2476.57
43 14804. 68 2350.98 635.12 34.05 11786.01
44 17.53 .53 n .23 13.67
45 58875.83 8584.10 23850.60 947.9D 25493.23
46 11412.41 269.33 4609.47 78.75 6454.86
47 1030.00 66.64 17.61 5.05 940.60
48 197.41 7.78 38.53 1.05 150.05
49 4281.36 1092.17 515.48 n.o7 2602.64
50 4087.84 173.32 405.10 42.10 3467.30
51 590.12 113.95 66.45 2.54 407.12
52 961.87 549,23 199.30 6.44 206.99
53 17560.83 1754.33 1295.99 921.94 13588.57
54 11.89 3.66 .14 17 7.92
55 3976. 31 452.11 750.33 208.36 2565.52
56 294.92 82.49 55.56 7.1 149.73
57 D] 00 00 00 oD
58 1.10 .07 .2 0 75
59 6404.96 101.84 1331.59 2986.63 1984.90
60 00 00 00 00
61 5461.83 624.29 1289.54 758.10 2789.90
62 702.16 301.44 132.92 1.47 266.33
63 00 00 00 00 00
64 6.10 .93 1.27 00 3.91
65 54994.04 54994.04 00 00 00
66 1725.08 1725.08 00 00 00
67 00 00 00 00 00
68 1827.43 1827.43 00 00 00
69 68294.12 68294.12 00 00 0D
70 7319.23 3664.74 2854.50 14.64 785.35
71 3476.54 3476.54 00 00 00
72 00 00 00 00 00

73 1] Do 00 00 00
74 00 00 00 D0 00
75 4348.29 4348.29 00 00 00
76 00 00 00 00 00
77 1057.93 1057.93 00 00 00
78 00 00 00 00 00
79 236.37 236.37 00 00 00
80 00 0D 00 00 00
81 4056.35 4056. 35 00 00 00
82 212.31 212.31 00 00 00

83 334757.43 334757.43 00 00 00
84*+  878289.00 591542, 27 129482.36 26007.17 131255.09
(10Q$) (67.35%) (14.74%) (2.96%) (12.94%)

* Project Contract Cost is defined as the part of project
through a private contract. . project cost expended

** "0" means insignificant. 2%



Final Demand Vector for the Total MKARMPP Cost

In the previous ‘section the final demand vector resulting from the MKARMPP
is limited to the portion of contract construction cost, which is approxi-
mately 80 percent of the total project cost. As has already been explained,
the remaining 20 percent of the project gost is non-contract cost, which
consists of expenditures for land and damage expenses; engineering and
design; and supervision and administration.l4 Although non-contract costs
are not direct contract costs by private contractors, these expenditures
are part of the total construction cost. To measure the total construc-
tion impact, therefore, the impact resulting from a non-contract cost must
be included in addition to the impact resulting from a contract construc-
tion cost. TFor this reason final demand vectors for the total project
expenditures are estimated.

Except for the compensation of land and damages, the non-contract costs
of MKARMPP are primarily for the wages and salaries paid out by the
District Engineers in the impact region. Although compensation for land
and damages are not wages and salaries, these expenditures are also to
be part of the household incomes of the project region.l5 So, in this
study total non-contract costs for each project type of MKARMPP are
treated as part of the household income of the project region.

The proportion of contract and non-contract costs and the distribution
pattern of contract cost for each project are already known. Therefore,
the total final demand vector, per $1,000 project cost, can be estimated
by utilizing the basic distribution pattern of the project contract cost.
The proportion of a contract cost to it's project cost multiplied by the
distribution pattern per $1,000 of that contract cost becomes the distri-
bution pattern of contract cost per $1,000 of the project cost. By

adding the proportion of non-contract cost to the 83rd sector (household
income) of the distribution pattern of the contract cost per $1,000 project
cost, one can estimate the final demand vector per $1,000 project cost.
Total final demand vectors by project type of the MKARMPP are shown in
Table 8, and the regional final demand vectors are shown in Table 9.

Due to the increase in the household income of the project region by adding
non-contract cost to household sector, about 74 percent of the total project
cost was estimated to be spent in the project region. Although the absolute
leakages from the project region remained the same but the proportion of the
leakages to the project cost was reduced from 33 percent which was based on
contract cost, to 26 percent of the total project cost.

14 The proportion of each component of non-contract cost varies from project

to project. For the MKARMPP as a whole the proportion of each component

of non-contract cost to total project cost are: 8.6% for land and damage,

5.7% for engineering and design, and 5.1% for supervision and administration.
15 some of the compensation for land and damage may be paid out to the pro-
perty owners who are residing outside of an impact region, Some of the
costs may be part of the taxes to-the govermment. These facts are ignored
in this study due to the lack of pertinent information. Therefore, the

impact resulting from the household income may be overstated to a certain
degree.
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Table 8
National Final Demand Vectors for the MclLellan-Kerr Arkansas
River Multiple Purpose Project Costs
{Unit $1,000 1963 Prices)

Project Category

1/0 Multiple Plood Locks Total
Sector Purpose Control Revetments & Dams Project

1 00 00 00 00 00

2 00 6.32 00 305.51 311.83

3 00 00 00 00 00

4 00 00 00 00 00

5 00 00 (14 00 00

6 00 00 (1] 0o 00

7 o0 00 00 00 0o

8 (1] 0o oo 00 [ 1]

9 17775.12 1124.39 34559.74 258250.05 78709. 30
10 [ 1] 00 00 00 00
11 oo oo 14 00 00
12 00 00 00 00 00
13 (1] (1] 00 00 00
14 1] 00 00 (14 00
15 00 00 00 14 00
16 1] 00 00 N 00 [ 1]
17 60.69 0.24 00 00 60.93
18 00 [ 1] 00 oo 00
19 00 8.12 00 3.54 11.66
20 2181.57 | 277.91 4550.57 1521.45 8531.50
21 00 1] [ 1] 00 00
22 0o 00 oo (1] [+]]
23 180.30 1.04 0o 00 181.34
24 287.95 00 00 00 287.95
25 a0 (1] oo oo oo
26 59.42 00 00 0o 59.42
27 2411.06 60.43 00 416.40 2881.89
28 00 2,53 00 00 2.53
29 [1] 13.10 o0 oo 13.10
30 21.72 1.84 00 346,27 369.83
31 4841.32 669.98 4772.92 5179.85 15464.06
32 2442.05 161.68 292.93 1231.90 4128.56
33 00 00 00 00 00
34 o0 ao 00 3.78 3.78
35 00 (1] 00 00 -]
36 22844.52 1659.74 23.07 40596.16 65123.50
37 12449.67 116.36 181.79 22860.35 35608.17
38 1288.03 777 182.83 531.88 2010.51
39 00 00 00 00 00
40 27342.18 2766.92 20.30 15038.10 45167.51
41 57.91 2,21 o0 865.08 925.20
42 2385.97 309.51 878.03 1884.04 $457.54
43 13122.56 00 []] 1682.82 14805.38
44 00 00 00 17.53 17.53
45 17556.13 1030.16 2055.50 382135.02 58876.81
46 957.97 00 00 10454.50 11412.47
47 961.93 5.03 oo 63.11 1030.06
48 55.42 1.76 00 140.23 197.41
419 839.21 71.36 5.20 3365.64 4281.41
50 00 00 00 4087.84 4087.84
51 316.68 00 00 273.46 590.14
52 961.93 00 a0 00 961.93
53 15690.58 11.89 00 1859.19 17561.67
54 [14] 11.89 00 0o 11.89
55 00 2.86 00 3973.45 3976.31
56 294.94 00 1] 00 294,94
57 a0 a0 14 00 (1]
58 00 1.10 00 00 1.10
59 1460.67 * 508,60 444.56 3991.22 6405,05 -
60 00 a0 00 00 (1]
61 641.57 0.25 1606.05 3213.99 5461.86
62 698.33 3.87 00 0o 702.19
63 (14 a0 a0 00 00
64 3.88 2.22 a0 00 6.10
65 14706.98 912,77 19063.13 20311.99 54994.86
66 779.88 49.50 205.04 690.70 1725.12
67 00 00 00 a0 00
68 1084.50 68.84 285.13 389.02 1827.49
69 24194.50 2042.09 7534.59 34524.29 68295.47
70 3308.90 210.03 869.96 2930.52 7319.41
71 1571.69 99.76 413.22 1391.96 3476.63
72 00 00 00 a0 00
73 o0 00 00 00 00
74 a0 00 00 00 00
75 1965.79 124.77 516.84 1741.00 4348.40
76 00 a0 a0 [ 1] 00
17 478.27 30,36 125.75 423,58 1057.96
78 00 00 0o 00 00
79 106.86 6.78 28.09 94.64 236.137
80 ao 00 o0 oo 0o
81 1833.81 116.40 482.14 1624.11 4056.45
82 85.98 6.09 25.24 85.01 212,32
83 320963.57 31974.54 44996.39 153330.84 $51265.34

84» $21282.00 44483.00 124119.00 404924.00 1094808.00

Footnote:
* Sector 84 is the sum of sectors  1-83 and equivalent to
the total project cost for each type project.
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TABLE 9
Regional Final Demand Vectors for the McClellan-Kerr
Arkansas River Multiple Purpose Project Cost
(Unit $1,000 1963 Prices)

National
Final
Demand Regional_Final Demand
1/0 Project Region Region Region Region
Sector Cost I 11 I v
1 00* 00 0 0
2 311.83 B9.93 73.50 22.05 126.32
3 00 00 00
4 00 00 00 00 00
5 00 [1]0] 00 0] 00
6 00 00 00 00 00
7 00 00 00 00 00
8 00 00 00 00 00
9 78709.3D 41944.19 28366.83 6391.20 1999.22
10 00 00 00 00 00
n 00 00 00 00 0o
12 00 . 00 00 00 00
13 00 0p 00 00 0o
14 00 00 00 00 Do
15 00 00 00 00 00
16 00 00 00 00 00
17 60.93 2.16 29.50 1.38 27.89
18 00 00 0o 00
19 11.66 .51 1.48 65 9.02
20 8531.50 3108.03 3991.89 1.7 1429.88
21 00 00 00 00 00
22 00 00 00 00 00
23 181.34 12.74 34.34 10.25 123.96
24 287.95 19.32 71.26 35.50 155.84
25 00 00 00 0o V]
26 59.42 24.20 16.37 65 18.20
27 2881.89 282.71 1816.17 84.73 698.28
28 2 12 1.31 0 1.09
29 13.10 28 1.03 3.7 7.98
30 369.83 14.90 51.63 40.24 263.10
3] 15464 . D6 7770.69 6934.08 332.48 426.81
32 4128. 56 208.08 925.21 382.30 2612.97
33 00 00 0o 00 00
34 3.78 .21 .55 .55 2.0
35 00 00 00 00 00
36 65123.50 18592.76 2B439.43 6655.62 11435.69
37 35608.17 2004.74 4458.14 2602. 96 26542.33
38 2010.51 394.66 232.01 19.50 1364.33
39 00 00 00 G0 00
40 45167.51 20867,39 13997.41 3035.26 7211.97
4] 925.20 55.23 186.61 86.32 597.12
42 5457.54 971.44 1796.62 212.84 2476.63
43 14805. 38 2351.09 635.15 34.05 11786.56
44 17.53 .53 . .23 13.67
45 5BB76.81 8584.24 23851.00, 947.92 25493.66
46 1412.47 269.33 4609.50 78.75 6454.89
47 1030.06 66.64 17.61 5.05 940.65
48 197.41 7.78 38.53 1.05 150.05
49 4281.41 1092.19 515.48 71.07 2602.67
50 4087.84 173.32 405.10 42.10 3467.30
51 590.14 113.96 66.45 2.54 407.14
52 961.93 549,26 199.31 6.44 207.00
53 17561.67 1754.41 1296.05 921.99 13589, 22
54 11.89 3.66 .14 A7 7.92
55 3976.31 452.11 750.33 20B.36 2565.52
56 294.94 82.49 55.57 7.1 149.74
57 00 00 00 DD 00
58 1.10 .07 .20 .08 .75
59 6405.05 101.84 1331.60 2986.67 1984,92
60 00 00 00 00 00
61 5461.86 624.29 1289.55 758.11 2789.92
62 702.19 301.45 132.92 1.47 266.34
63 00 00 00 00 00
64 6.10 .93 1.27 00 3.91
65 54994.86 54994.86 00 00 00
66 1725.12 1725.12 00 00 00
67 00 00 00 00 1]
6B 1827.49 1827.49 00 00 00
69 68295.47 68295.47 00 00 00
70 7319.41 3664.83 2854.57 14.64 785,37
n 3476.63 3476.63 00 00 00
72 00 00 00 00 00
13 1] 00 00 00 00
74 00 00 00 00 00
75 4348.40 4348.40 00 00 00
76 00 00 00 00 00
77 1057.96 1057.96 00 00 00
78 00 00 00 00 00
79 236.37 236.37 00 00 00
80 00 00 00 1] 00
81 4056.45 4056. 45 00 00 00
82 212.32 212,32 00 00 00

83 551265.34 561265.34 00
84**  1094808.00 808055.18 129484.81 26007.71 131258.24
(100%) (73.81%) (11.83%) (2.38%) (11.99%)

* "0" means insignificant

** Sum of sector 1-83 which is the project cost. The sum of regional final
demands may not equal the natfonal final demand due to rounding errors.
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Chapter IV ‘

Impact Evaluation

Final demand vectors estimated from the MKARMPP in the previous chapter
have been applied to the IRIO in measuring the economic impact of the
project on the regional and national economies. Prior to the evaluation
of economic expansion, given the final demand vectors, various multipliers
are evaluated first. Following the evaluation of the multipliers the
economic impact of the project, in terms of per $1,000 MKARMPP cost, is
evaluated. The sensitivity of the impacts of various hypothetical types
of water resources investments in different regions is also investigated.
The evaluation of the economic interdependencies through 80 industrial
sectors, with 4 internal regioms, requires the operation of a 320 X 320
matrix size and is very expensive in evaluating various multipliers and
sensitivity analysis. The large matrix is convenient for the evaluation
of detailed structural relationships at the disaggregated industrial level,
but a disaggregated industrial sector model is more useful in evaluating
the general characteristics of structural relationships. For these rea-
sons we have used a 10 industrial sector I/0 model (11 sectors for the
closed model)l for the most part of the impact evaluation. An 80 sector
model is used only for the evaluation of the economic impact on the level
of output and income resulting from the MKARMPP.

Analysis of Multipliers

Input~Output Multipliers are probably the most important tool used in local
and regional economic impact analysis. The Keynesian income multiplier
developed in macroeconomic theory contributes in measuring the expansionary
impact of change in investments (or govermment expenditures or exports) on
national or local economy on an aggregated basis. In the Keynesian model
the pattern of expenditure and the discriminatory impacts of these expendi-~
tures on different sectors of industry and interindustrial and interregional .
interdependencies are not important. An Input-Output model, on the other
hand, enables us to study interindustry and interregional dependencies as
well as to derive sector multipliers for output, income and employment at
the desired disaggregated industrial level. Since the impact of any

1 Because of the evaluation of Type I & II multipliers both open and closed
I/0 models with aggregated industrial sectors are used. For the conven-~
ience of designation, the aggregated I/0 model for industrial sectors is
defined .as a 10 sector model regardless of whether it's an open or closed
model. The I/0 model with 79 industrial sectors, is defined as an 80
sector model. For the sector classification see Table 1, Chapter 2.

2 This, of course, depends on availability of input-output data for the
desired disaggregated industrial level. The greater detailed informa-
tion from the I/0 model, of course, requires more time and cost.
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change in investment, the overall investment impact depends upon sector
multipliers, the size and the pattern of investment mix.

The basic data sources for various multipliers are (1) reglonal technical
coefficients (A), (2) interregional trade coefficients (T), (3) interregional
direct requirements (TA), (4) interregional direct and indirect requirements
(I-TA)™" and (5) interregional direct, indirect, and induced requirements
(I—TH )‘1. While technical coefficients provide the information of direct
input Yequirements from various supplying industries in order to produce
one dollar's worth of output by a purchasing industry disregarding their
regional origin, interregional direct requirements provide the regional
origin of these inputs. One can find direct and indirect requirements

from various supplying industries in various regions to yield a dollar's
worth of output to final users by a purchasing industry in a region. This
information is obtained from a table derived by inverting the matrix (I-TA).
The direct, indirect, and induced requirements are obtained by inverting
the matrix (I-TyA,), where T includes the household sector in the TA
matrix. Except the interregional direct and indirect requirements for

the 80 sector model, all data listed in the above for both the 10 and 80
sector models are collected in Volume II. These requirements, themselves,
constitute various multipliers.3 In this study the output and' income
multipliers for both Type I and Type II for 10 sector models will be
evaluated.

Output Multipliers

The output multiplier for the ith industry measures the total requirements
from all sectors needed to deliver one additional dollar of output i to the
final users. Type I multiplier measures the sum of direct and indirect
requirements; on the other hand, Type II multiplier measures direct,
indirect, and-induced requirements. The Type I multiplier is derived by
summing the column entries of the (I-TA)~l matrix under ith industry, and
the Type II multiplier is derived by summing the same column entries of
the (I-TgAy)~l matrix. Since output includes both industrial and final
demand, the output multiplier indicates linkage effects of each industry.
The higher the multiplier the higher the industry's linkage with other
industries. The output multiplier in this study is a joint product of

(a) production function of an industry in a particular region; (b) linkage
effect of an industry; and (c) trade relation of an industry with other

regions. The output multipliers evaluated for the IRIO model are shown
in Table 10.

3 For a more detailed discussion of various types of multipliers, see

Harry W. Richardson, Imput-Output and Regional Economics, London: Weiden-
feld and Nicolson, 1972, pp. 29-52.
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TABLE 10

OUTPUT MULTIPLIERS

Industry/Region Region I Region II Region IITI  Region IV

1. Agri., For. & Fish. 2.19902 2.02980 2.37113 2.12281
5.78306 5.14996 5.77354 5.46875

2. Mining 1.63057 1.57140 1.59091 1.59654
5.23693 4.51719 4.99726 4.66353

3. Construction 2.02453 2.14464 2.00639 2.02987
6.44788 5.99102 6.27432 6.20891

4. Nondur. Mfg. 2.25639 2.11513 2.27766 2.16246
5.59966 5.02116 5.83330 5.65134

5. Dur. Mfg. 1.98911 1.95374 2.10878 1.98400
6.09052 5.48312 6.05943 5.78564

6. Trans., Comm. & Util. 1.54337 1.54079 1.53776 1.51712
5.26393 4.62095 5.09742 4.83282

7. Trade 1.35870 1.36581 1.36892 1.36295
5.41506 4.81465 5.17702 5.08862

8. Fin., Ins. & R.E. 1.38815 1.40782 1.38748 1.40161
3.76161 3.43887 3.65399 3.67680

9. Services 1.53605 1.52383 1.50295 1.50103
5.43256 4.93757 5.21719 5.15657

10. Govt. Enterprises 1.54217 1.56441 1.51093 1.56849
6.55986 5.81570 6.20885 6.16896

Note: The first row of each industry shows Type I output multiplier,
and the second row of each industry shows Type II output multiplier.
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(1) Type I Output Multipliers

Type I multipliers are shown in the first row in Table 10 for each indus-
trial sector. These multipliers are derived by summing the column entries
of (I-TA)‘I matrix under each industrial sector in each region. The .
multipliers under each region represent differences in multipliers when
the output is produced in each different region. For example, in order

to deliver a dollar's worth of agriculture, forestry and fishery products
to final users by Region I (the Impact Region), the direct and indirect
requirements from various industrial sectors and regions would be approx-
imately $2.20. If this delivery was made by. Regions II, III, and IV the
requirements would be $2.03, $2.37, and $2.12 respectively. Expressed
differently, an increase in the demand for one dollar of agricultural
output by the final use may increase output of the economy from 2.03 times
to 2.37 times depending on where the output is produced. The multiplier
is highest for this industry when the output is produced in Region III

and lowest when it is produced in Region II.

The rank order of multipliers among industries in Region I is non-durable
manufacturing (2.25), agriculture, forestry and fishery combined (2.20),
construction (2.02), durable manufacturing (1.99), mining (1.63), trans-
portation, communication and utilities combined (1.54), government
enterprises (1.54), services (1.53), finance insurance and real estate
combined (1.53), and the trade sector (1.35). Variations of multipliers
for the same industry among different regions are generally not signifi-
cant.

(2) Type II Output Multipliers

Type II output multipliers are derived by summing column entries -of (I-THA.H)_1
matrix for each industry and region and are shown in the second row for

each industrial sector in Table 10. Type II output multiplier represents
the total direct, indirect, and induced requirements to deliver a dollar's
worth of output of the ith industry in the jth region to the final users.
Since the additional induced impact resulting from the consumption expen-
ditures on the economy is added to each type I multiplier, each type II
multiplier is expected to.be greater than its type I counterpart. The

range of type II multipliers among industrial sectors in Region I is from
5.23 (mining) to 6.56 (government enterprises). The rate of increase from
the type I multiplier by adding induced impact differs significantly among
industries. The industrial multipliers which increased more than three
times are: govermment enterprise, trade, services, transportation communi-
cation and utilities combined, mining and durable manufacturing sectors.
Consequently the pattern of ranking of type II multipliers has changed
significantly from type I multipliérs. The government enterprise, construc-
tion, durable manufacturing and non-durasble manufacturing sector multipliers
are among the highest. Except the finance, insurance and real estate sector,
all type II multipliers exceed 5, but due to the counteracting effects of
induced impacts the variations in the size of multipliers among industries
is less than that of type I multipliers. The variation of the same sector
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multipliers among different regions demonstrates a larger absolute
variation compared to type I multipliers, but the relative variation is
again insignificant.

Income Multipliers

The output multiplier is convenient in measuring total shipment and link-
age effects, but it does not measure the impact in terms of income which

is a more convenient form of the economic growth index. Income multipliers
are also derived from the basic tables discussed in the beginning of this
chapter. As in the output multipliers, income multipliers are classified
into type I and type II multipliers and the meanings of these multipliers
are analogous to those of the output multipliers.

(1) Type I Income Multiplier

The type I income multiplier is expressed as the ratio of the direct plus
the indirect income changes to the direct income change resulting from a
dollar increase in final demand for any given sector. The direct income
change for each industrial sector is given by household row entry of the
interregional I/0 table and direct requirements table in terms of house-
hold coefficients.

The direct and indirect income change is derived by multiplying_ each
column entry of an industrial sector in a region in the (I-TA)~! matrix
by the supplying industry's corresponding household row coefficient from
the direct requirements table and summing the multiplied results along
the column. Type I income multiplier represents, the direct and indirect
change in income resulting from a dollar increase in direct income. It
is worth noting that this income results from a dollar change in direct
incom€ but not a dollar increase in final demand. To increase direct
income by a dollar, the final demand must increase more than a dollar.

Type I income multipliers for the IRIO are shown in Table 11 in the first
row for each industry. Consider the income multiplier for the sector of
agriculture, forestry and fishery combined. An increase of a dollar's
worth direct income by the agriculture, forestry and fishery sector in
Region I to satisfy the final users for the same industrial product, will
ultimately generate $2.2 income. The level of income would be $2.1, $2.9,
and $2.3 if the output were produced in Region II, III, and IV respectively.

4 Since the household row and column coefficient for the I/0O model is
constructed to equate total household income to consumption expenditures,
the income derived in this study is less than national income. Thus, in
this study, the term income refers to household income.
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The range of multiplier among industrial sectors in Region I is from the
trade sector (1.22) to the non-durable manufacturing sector (2.98). The
sector multipliers which are approximately equal to or are greater than
two are: non-durable manufacturing, agriculture, forestry and fishery
sector, durable manufacturing and construction sectors. The variation
of multipliers for the same industry among different regions is not
significant, except for the first industrial sector with a maximum range
of 0.7.

(2) Type II Income Multipliers

Type II income multipliers are shown in Table 11 in the second row for
each industry. Type II multipliers are derived by dividing the direct,
indirect, and induced income changes by the direct income change result-
ing from the increase of a dollar's worth delivery by an industry to the
final users in a reglon The direct indirect, and induced income changes
to yield a dollar's worth of it® output in Jth region of final users is
shown in the household row entries in the (I-T. A )' matrix. Income
changes due to the delivery of one dollar's ougput by the 1lst industrial
sector in Region I is the sum-of the four household rows under the first
industry of (l—THAH)' matrix. The direct income change is shown in the
direct requirements table.

As in the case of output multipliers, the type II multipliers are greater
than their type I counterparts. The induced impacts on multipliers vary
among industries, but not as much as in the case of output multipliers.
Type II multiplier is little more than double type I multiplier for every
sector. The range of type II multipliers among sectors in Region I is
from 2.8 (trade) to 6.7 (non-durable manufacturing). In addition to
non-durable industry agriculture, forestry and fishery combined (6.08),
durable manufacturing (4.36) and construction (4.28) industries show
relatively high multipliers. Unlike the case of output multipliers,
induced impact does not change the ranking of the initial type I multi-
pliers.

The variation of multipliers among different regions for the same industry
shows insignificant variation.

The Impact of MKARMPP Through 10 Sector Model

In this section the impact of MKARMPP on regional and national economies
in terms of level of output and income for ten industrial sectors will be
evaluated. Since the MKARMPP cost is classified into both contract cost
and project cost, the impact will be estimated for both types of cost.
For the convenience of the structural evaluation among industries and
regions, the evaluation is made per $1,000 investment cost. One can find
the total impact resulting from MKARMPP if one multiplies the impact by
the total project contract cost (or project cost) in units of $1,000. For
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TABLE 11
INCOME MULTIPLIERS

Industry/Region Region I Region II Region III  Region IV

1. Agr., Forest. & Fish. 2.27N13 2.12542 2.97599 2.31488
6.08270 5.71161 6.04444 5.97629

2. Mining 1.49909 1.47042 1.48082 1.59913
’ 3.42998 3.20224 3.36352 3.61636

3. Construction 1.87879 2.23646 1.87709 1.95177
4.28779 4.91308 4.25973 4.41504

4. Nondurable Mfg. 2.98706 2.85582 2.64156 2.37931
6.76422 6.26454 5.98596 5.37867

5. Durable Mfg. 1.91560 2.00210 2.20255 2.01413
4.36669 4.39938 4.99484 4.55592

6. Transp., Comm. & Util. 1.47775 1.49894 1.47640 1.47591
- 3.38732 3.26306 3.35419 3.33886

7. Trade 1.22983 1.24406 1.25173 1.24713
2.82283 2.70509 2.84520 2.82207

8. Fin., Ins. & R.E. 1.51243 1.54235 1.52485 1.53209
3.46755 3.35817 3.46539 3.46678

9. Services 1.40950 1.40047 1.38493 1.38524
3.23022 3.05131 3.14690 - 3.13439

10. Govt. Enterprises 1.31476 1.32714 1.30602 1.34395
3.01744 2.88723 2.96830 3.04085

Note: The first row of each industry shows type I income multiplier,
and the second row of each industry shows type II income multiplier.
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example, the total impact of MKARMPP contract cost is obtained by multi-
plying the impact measured per $1,000 contract cost by $878,289.

(1) Evaluation of the Project Impact Based on Contract Cost

The demand patterns of water resource investment by 12 different types,
based on their contract cost, are aggregated into 11 sectors in Table 12.
The demand patterns for input for the construction of a project vary among
project types. The MKARMPP is a combination of four different types of
water resource projects. The input demand for the MKARMPP, without con-
sidering the region of origin, i1s defined as national final demand for

the MKARMPP and its distribution pattern by industrial sector, per $1,000
contract cost, is shown in Table 13. The demand for labor is the single
largest sector ($386) followed by manufacturing goods ($324). The total
contract cost is broken down among various project types: $450 for multi-
ple purpose project; $29 for flood control; $121 for revetments; and $400
for locks and dams. The requirements for the input by industry also varies
greatly among types of projects.

Due to the trade pattern of the impact region, as explained in the previous
chapter, the total project demand for input will not be produced in the
impact region. The regional final demand was defined as the actual require-
ments for the production of goods and services imposed on the various
regions for the delivery of their products to the impact region for the
construction of the project. The actual share of the delivery of each
input depends upon the demand pattern of the project and the degree of

the economic reliance of the project region upon other trading regionms.
Table 13 shows that the estimated input demands for the project which
would be imposed on various regions for the production are: $632; $140;
$38; $190 by the Impact, Southern, Northern and Rest of the U.S. Regions
respectively., This pattern is somewhat different from when the 80 sector
model was applied in the previous chapter. The share of the Impact Region
has declined by about $40 and this amount was added to the share of the
Rest of the U.S. Region. This change has been attributed to the fact

that the final demand vectors and trade patterns have been aggregated

into 10 sector model. For example, in the 80 sector model the require-
ments for mining products consist of only stone and clay products (sector
9) and were supplied solely by the project region, However, due to the
aggregation of the model, the same products are estimated to be delivered
by all regions according to the average trade flow patterns for total
mining products of the project region with other regions. Therefore, in
the aggregation model, some deviation of the demand pattern from the
disaggregated model was expected.

5 For the various types of costs for MKARMPP, see Table 4, Chapter 3, in
this report.
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Agr, Forst & Fish
Mining
Construction
Nondurb1 Mfg

Durbl Mfg

Transp, Comm & Ut1
Trade

Financ, Insur & Real Est
Services
Government Entpr
Household Income
Sum of 1-11

Multiple
Purpose

_Project
Includ.
Power-

house

0.00
44.88
0.00
31.52
302.80
41.84
61.09
12.32
6.17
0.27
499.11
1000.00

NATIONAL FINAL DEMAND PATTERN PER $1,000
CONTRACT COST FOR WATER RESOURCE INVESTMENT BY PROJECT TYPE (10 SECTOR MODEL)

TABLE 12

(Unit: 1963 Dollars)
Large Small
Earth Earth Local
Fill Fill Flood Pile Revet- Power-
Dredging Dam Dam Protect. Dikes Levees ment house
0.00 0.16 0.81 0.25 0.00 0.22 0.00 0.02
0.01 0.26 25.81 44,52 131.07 77.87 324.07 9.38
0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
108.17 10B.76 117.34 47.39 99.67 95.25 90.17 19.52
244.96 261.91 280.16 257.88B 131.54 105.02 50.61 631.14
20.61 19.31 34,24 40,82 B7.15 54.54 183.35 25.78
54.57 113.58 115.42 80.B5 67.86 54.25 70.65 93.06
12.15 12.26 12.29 12.27 12.17 12.08 12.03 12.77
6.08 6.14 6.15 6.14 6.09 6.05 6.03 6.39
0.27 0.27 0.27 0.27 0.27 0.26 0.26 0.2B
553.18 477.37 407.51 509.61 464.19 594.46 262.82 201.66
1000.00 1000. 00 1000.00 1000.00  1000.00 1000.00 1000.00 1000.00

Medi

Concrete
Dam

um

.40
.46
.15
.07
.32
.17

27
39
00

Lock
and
Dam

0.87
72.07
0.00
24.82
437.10
61.06
9B.55
12.34
6.1B
0.27
286.74
1000.00



Table 13

NATIONAL AND REGIONAL FINAL DEMANDS PER $1000 FOR THE MCCLELLAN-KERR

ARKANSAS RIVER MULTIPLE PURPOSE PROJECT CONTRACT COST
(Unit 1963 Dollars)

NATIONAL FINAL DEMAND

Project Category

) Lock
1/0 Multiple Flood and Total
Sector Purpose Control Revetments Dams Project
1 0.00 0.01 0.00 0.35 0.36
2 20.24 1,28 39.35 28.75 89.62
3 0.00 0.00 0.00 0.00 0.00
4 14.22 1.36 10.95 9.90 36.43
5 136.54 7.42 6.15 174.35 324.46
6 18.87 1.17 22.26 24,36 66.66
7 27.55 2.33 8.58 39.31 77.76
8 5.56 0.35 1.46 4.92 12.29
9 . 2.78 0.18 0.73 2.46 6.16
10 0.12 0.01 0.03 0.11 0.27
11 225.06 14.66 31.91 114.38 386.01
Total 450.93 28.66 121.42 398.89 1000.00
REGIONAL FINAL DEMAND
1/0
Seator Region I Region II Region III Region IV Nation
1 0.11 0.12 0.02 0.10 0.36
2 17.37 61.60 3.40 7.25 89.62
3 0.00 0.00 0.00 0.00 0.00
4 9.61 11.58 2.71 12.53 36.43
5 59.28 64.73 32.36 168.08 324.46
6 66.66 0.00 0.00 0.00 66.66
7 77.76 0.00 0.00 0.00 77.76
8 10.35 1.51 0.01 0.42 12.29
9 4.33 0.72 0.00 1.10 6.16
10 "0.27 0.00 0.00 0.00 0.27
11 386.01 0.00 0.00 0.00 386.01
Total 631.75 140.27 38.49 189.49 1000.00




The regional demand indicates the economic structures of the project
region with other regions in terms of the direction and magnitude of
leakages by each industrial sector. The demand for labor, transportation
and service are generally considered to be self-sufficient but the manu-
facturing goods heavily rely upon outside regions, especially on the Rest
of the U.S.

Table 14 shows the level of output expansion per $1,000 project contract
cost using a closed I/0 model. For the nation as a whole, the investment
of $1,000 MKARMPP contract cost has been estimated to increase the output
by $5705. That is, for the total economy the transaction has been expanded
almost six times. The word transaction is used, since the output is mea-
sured on a shipment basis rather than an income basis. This output
resulted from the interaction of two factors: 1) the trade pattern of

the project region and 2) the production function of each region of this
model. It is also the result of direct, indirect, and induced impacts

of the project.

The regional shares of the total output are: 30, 18, 5, and 47 percent
by the Impact, Southern, Northern and the Rest of the U.S. Regions res-
pectively. The share of each industrial output by each region is also
shown in the same table. As one will notice, the share of output by
industry and region is somewhat different from those of the regional
demand pattern imposed on each region. The extreme shares except the
household income sector, have been absorbed by other industrial sectors.
This is attributed to the differences of linkage effects among industries
and is due to household spending patterms.

The regional shares of industrial output as a whole slightly differs from
those of final demands. For example, the share of final demand by the
Impact Region was 63 percent of the national demand, but the output share’
declined to 30 percent. The same figures for the Rest of the U.S. increased
from 20 percent to 47 percent. This phenomena is probably attributed to

the size of region and the degree of self-sufficiency in economic struc-
tures. The more open the economy, the more leakages and vice versa.

The 1lth sector represents household income6 generated during the process
of increasing output resulting from construction expenditures. The total
household income which results from $1,000 construction expenditures is
$1740, 45 percent of which was shared by the Impact Region, 38 percent

by the Rest of the U.S. and 17 percent by the other two regions.

6 The household income defined here is the income expendable for the con-
sumption of goods and services. Therefore, the household income is
smaller than the national income. The way in which the household income
coefficients are derived was explained in Chapter 2.
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Table 14

OUTPUT RESULTING FROM THE MCCLELLAN-KERR
ARKANSAS MULTIPLE PURPOSE PROJECT CONTRACT COST

(PER $1000 BY INDUSTRY AND REGION

(Unit 1963 Dollars)

Industry Region I Region II Region III Region IV Nation

1 11.17 27.61 14.28 111.89 164.95
(6.8)*% (16.7) (8.6) (67.8) (100) 2.9

2 22.12 117.64 6.61 39.39 185.75
(11.9) (63.3) (3.6) (21.2) (100) 3.3

3 19.54 15.25 2.51 25.17 62.46
(31.3) (254.4) (4.0) (40.3) (1.00) 1.1

4 84.37 188.68 49.42 533.15 855.62
(9.9) (122.1) (5.8) (62.3) (100) 15.0

5 83.11 119.68 62.92 564.16 829.87
(10.0) (14.4) (7.6) (68.0) (100) 14.5

6 172.72 50.47 12.49 129.91 365.58
(47.3) (13.8) (13.4) (35.5) (100) 6.4

7 269.45 67.63 18.78 195.56 551.43
(48.9) (12.3) (3.4) (35.5) (1.00) 9.7

8 168.57 116.00 19.79 211.50 515.86
(32.7) (22.5) (3.8) (41.0) (100) 9.0

9 117.36 71.42 14.84 207.18 410.80
(28.6) (17.4) (3.6) (50.5) (1.00) 7.2

10 7.97 3.60 0.86 9.80 22.24
) (35.8) (16.2) (3.9) (44.1) (1.00) 0.4

11 780.35 235.59 62.94 661.89 1740.76
(44.8) (13.5) (3.6) (38.0) (100) 30.5

Total 1736.73 1013.57 265.44 2689.59 5705.33
(30.4) (17.8) (4.7) (47.1) (100) 100

* Except the last column each figure in the ( ) shows the percentage
of national output by each industry by region.

industrial output by each region.
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The total impact of the MKARMPP contract cost is derived by multiplying
the above impacts per $1,000 contract cost by the total contract cost in
thousand dollars which is $878,289. The total impact of the MKARMPP con-
tract cost is estimated to be $5,010,638,745 in terms of output or
$1,528,890,359 in income.

(2) Evaluation of the Project Impact Based on Project Cost

The impact study of the MKARMPP based on the contract cost does not include
the impact resulting from the non-contract cost of the project. Since the
contract cost is equivalent to about 80 percent of the project cost in the
MKARMPP, the project impact based on the contract cost is underestimated

by at least 20 percent7 compared to that based on the project cost. It
also overlooks the impact of non-contract costs on the economic structures.
In this section the impact per $1,000 MKARMPP project cost will be evaluated
through the same process as the evaluation of the contract cost. The only
difference is that non-contract costs are added to the household income
sector, because the non-contract costs are primarily wages and salaries

for the on~site labor and employees of District Engineers for the design
and administration of the project.

As shown in Table 15, the direct household income per $1,000 project cost
is increased to $507 from $386 compared to the case of contract cost. Of
course the magnitude of the increase in direct household income is differ-
ent among various types of projects. Due to the increase in non-contract
costs in the project region, the share of input delivery within the project
region has increased by 7 percent, from 63 percent to 70 percent. The
output resulting from per $1,000 MKARMPP project cost is shown in Table

16. The total output for the nation is $5780 and was increased by $75 as
compared to that based on the contract cost. However, the income generated
from the project cost has increased from $1740 to $1850, an increase of
$110. The share of income by the project region has increased by 3 percent
or $140. The share of national output by industry and region other than
household sector, has also altered slightly and is shown in the same table.

To estimate the impact of the total MKARMPP cost instead of per $1,000
project contract cost the various impacts which were evaluated in this
section must be multiplied by 1,094,808, which is the total MKARMPP cost

in thousand dollars. The total output resulting from the MKARMPP for the
nation as a whole is estimated to be $6,327,979,291, in 1963 prices. About
33 percent of the output ($2.1 billion) is estimated to be attributable to
the Impact Region. The household income generated through the construction
investments is estimated to be $2,026,785,206 (2 billion), about 50 percent
of which ($0.9 billion) is attributable to the Impact Region.

7 For the ratio of the contract cost of MKARMPP to the total project cost
see Table 4 in Chapter 3.
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Table 15

NATIONAL AND REGIONAL FINAL DEMANDS PER $1000 FOR THE MCCLELLAN-KERR
ARKANSAS RIVER MULTIPLE PURPOSE PROJECT COST

(Unit: 1963 Dollars)

NATIONAL FINAL DEMAND

Project Category

Lock
1/0 Multiple Flood and Total
Sector Purpose Control Revetments Dams Project
1 0.00 0.01 0.00 0.28 0.28
2 16.24 1.03 31.57 23.06 71.89
3 0.00 0.00 0.00 0.00 0.00
4 11.40 1.09 8.78 7.94 29.23
5 109.54 5.95 4.93 139.87 260.30
6 15.14 0.94 17.86 19.54 53.48
7 22.10 1.87 6.88 31.53 62.38
8 4.46 0.28 1.17 3.95 9.86
9 2.23 0.14 0.59 1.98 4.94
10 0.10 0.01 0.03 0.09 0.22
11 294.93 29.32 41.56 141.61 507.43
Total 476.14 40.63 113.37 369.86 1000.00
REGIONAL FINAL DEMAND
1/0
Sector Region I Region II Region III Region IV Natian
1 0.09 0.10 0.02 0.08 0.28
2 13.93 49.42 2.73 5.81 71.89
3 0.00 0.00 0.00 0.00 0.00
4 7.71 9.29 2.17 10.06 29.23
5 47.56 51.93 25.96 134.84 260.30
6 53.48 0.00 0.00 0.00 53.48
7 62.38 0.00 0.00 0.00 62,38
8 8.31 1.22 0.01 0.33 9.86
9 3.48 0.58 0.00 0.88 4.94
10 0.22 0.00 0.00 0.00 0.22
11 507.43 0.00 0.00 0.00 507.43
Total 704.57 112.53 30.88 152.02 1000.00
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Table 16

OUTPUT RESULTING FROM THE MCCLELLAN-KERR
ARKANSAS RIVER MULTIPLE PURPOSE PROJECT COST

(PER $1,000) BY INDUSTRY AND REGION

(Unit 1963 Dollars)

Industry Region I Region II Region III Region IV  Nation

1 12.41 29.56 14,91 114.32 171.20
(7.2)*% (17.3) (8.7) (66.8) (100) 3.0

2 18.84 106.71 5.96 37.33 168.85
(11.2) (63.2) (3.5) (22.1) (100) 2.9

3 20.96 14.96 2.41 24.50 62.83
(33.4) (23.8) (3.8) (39.0) (100) 1.1

4 93.33 199.17 51,57 536.98 881.05
(10.6) (22.6) (5.6) (60.9) (100) 15.2

5 72.77 106.55 55.88 511.24 746.44
9.7 (14.3) (7.5) (68.5) (100) 12.9

6 170.87 49.81 12.02 125.39 358.09
(47.7) (13.9) (3.4) (35.0) (100) 6.2

7 286.60 66.26 18.00 188.71 559.56
(51.2) (11.8) (3.2) (33.7) (100) 9.7

8 189.93 116.14 19.00 205.89 "530.96
(35.8) (21.9) (3.6) (38.8) (100) 9.2

9 133.67 73.30 14.28 205.66 426.90
(31.3) (17.2) (3.3) (48.2) (100) 7.4

10 8.89 3.57 0.83 9.53 22.82
(39.0) (15.6) (3.6) (41.8) (100) 0.4

11 923.15 229.86 60.09 638.18 1851.27
(49.9) (12.4) (3.2) (34.5) (100) 32.0

Total 1931.42 995,88 254.94 2597.73 5779.97
(33.4) (17.2) (4.5) (44.9) (100) 100

* Except the last column each figure in the ( ) shows the percentage
of national output by each industry by region.

industrial output by each region.
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Sensitivity Analysis

The previous study shows that the demand pattern for input varies among
alternative project types. Due to the differences of each regional trade
pattern, the regional demand patterns of the same project is also expected
to vary when a project region is altered. The evaluation of each sector
multiplier in the previous section has shown that multipliers for the same
industry varied among alternative regions. The natural conclusion is that
the project impact on regional and national economies will not be the same
for alternative project types with the size of investment and project
region held constant. And the impact from the same project is not the
same if the project region is altered. In this section the sensitivity

of the project impact is evaluated in terms of output and income resulting
from a hypothetical investment of $1,000 for 12 different types of water
resource projects in alternative project regions. The evaluation is based
on the closed I/0 model, and is limited to the contract cost for various
water resource projects. The contract cost is used because no information
is available for the part of non-contract costs for different water
resource projects. Again, the ten sector model is used for the analysis.
The demand patterns for input per $1,000 contract cost for the ten sector
model is already investigated in Table 12. According to this distribution
pattern, the most labor intensive project is dredging (household income
$553) and the most capital intensive project is powerhouse ($201) accord-
ing to the proportion of direct attribution of project contract cost to
household income.

Since the regional contributions to the total economic impact of a project
on the national economy by industrial sector are partially investigated in
the evaluation of MKARMPP, the sensitivity is limited for the changes in
total industrial output and the resulting national income as a whole.

This national impact i1s the sum of the entire feedback impact for the
nation as a whole, regardless of project region.

The estimated output and income, resulting from various $1,000 water
resource projects 1In different regions, are shown in Table 17. The esti-
mated level of income is shown in parentheses.

(1) Sensitivity in terms of level of output

The range of the estimated level of output per $1,000 contract cost among
types of projects constructed in Reglon I, ranges from $5329 (Revetment)
to $5860 (Dredging) and the difference is about $530. The same ranges
among different project types invested in other regions are: $559, $528,
and $589 in Regions II, III, and IV respectively. However, the ranges

of output resulting from the same project type invested in alternative
regions show .that powerhouse is lowest ($226), and that levees are highest
(8334). Therefore, the variation of output resulting from the investment
of the same project in different regions is generally smaller than that
among different project types invested in the same region. It is interest-
ing to note that the level of output is the highest resulting from the
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TABLE 17

SENSITIVITY OF IMPACTS BY PROJECT TYPE AND REGION

Project Type/Region Region I
1. Multipurpose project 5808.41
including power (1849.96)
2. Dredge 5860.71
(1892.74)
3. Large Earth Fill Dam 5816.61
(1832.97)
4. Small Earth Fill Dam 5756.57
(1764.08)
5. Local Flood Protection 5798.86
(1857.55)
6. Pile Dikes 5650.84
(1781.84)
7. Levees 5771.06
(1908.42)
8. Revetment 5329.35
(1557.03)
9. Powerhouse 5766.01
(1611.03)
10. Medium Concrete Dam 5848.40
(1848.35)
11. Lock & Concrete Dam 5696.50
(1665.00)
12. Miscellaneous 5752.85
(1762.19)

Note:

due to $1,000 contract cost investment for each region.

Region II Region ITI Region IV
5509.32 5791.51 5713.28
(1745.31) (1833.23) (1817.08)
5557.62 5858.08 5787.62
(1787.72) (1880.73) (1868.70)
5505.03 5803.93 5732.63
(1724.19) (1817.19) (1804.57)
5453.01 5749.43 5673.03
(1658.01) (1750.63) (1735.78)
5486.62 5779.02 5700.29
(1748.12) (1839.61) (1823.41)
5325.43 5645.33 5549.39
(1667.81) (1769.87) (1746.75)
5437.55 5761.11 5676.27
- (1792.08) (1894.21) (1876.05)
4998.68 5330.90 5198.72
(1439.21) (1548.95) (1509.79)
5540.14 5762.21 5691.85
(1531.92) (1599.31) (1585.52)
5548.66 5823.61 5750.16
(1743.19) (1828.44) (1814.39)
5424.27 5682.71 5598.46
(1569.03) (1649.88) (1630.59)
5450.04 5753.13 5676.44
(1656.73) (1751.45) (1736.76)

the first row of each project type shows the total amount of output
The numbers

in parenthesis under the output show the total amount of income due

to the investment.
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investment in the Impact Region for almost all types of investment and
it is least when the project is constructed in Region II.

(2) Sensitivity in terms of income

The estimated level of income generated per $1,000 contract cost among
types of projects constructed in the Impact Region ranges from $1557
(Revetment) to $1908 (Levees), and the range is $351. The same ranges
resulting from the same invéstment in other regions are $353, $346, $367
in Regions II, III, and IV respectively. The range of impact variation
among regions for the same project type shows that the lowest range is
for Powerhouse ($80) and the highest is for Dredging or Lock and Concrete
Dams ($105). As in the case of type I multipliers, the impact variation
among project types is much greater than that among regions for the same
project type. The estimated income when the project is invested in the
Impact Region is greatest followed by Regions III, IV, and II in that
order. It is also noted that the highest income generator is in labor
intensive projects such as dredging and levees, and the lowest income
generator is in capital intensive projects such as revetment and power-
house.

In the impact analysis, it has been shown that the greater the degree of
economic self-reliance by a region, the greater is the share of regional
final demand, and even greater is the share of output and income if the
shares are compared to those of regional final demands. However, in the
sensitivity analysis the level of national output and income generated

by the same project in alternative regions does vary, but not significantly
compared to that caused by different project types invested in the same
region. This means that the national impact of a project is not related

to the size or openness of the economic structure of a project region.

The Impact of MKARMPP
Through an 80 Sector Model

Up to this point the evaluation of the MKARMPP and the sensitivity analysis
has been conducted through the 10 sector I/0 model except in the analysis
of demand patterns of investment expenditures on the nation and each IRIO
Region. As in the impact evaluation of the MKARMPP through a 10 sector
I/0 model, the impact per $1,000 contract cost and project cost through

an 80 sector model, is evaluated.

(1) Evaluation of the Project Impact Based on Contract Cost
The output and income resulting from the MKARMPP contract cost is shown
in Table 18. The output per $1,000 contract cost is estimated to be

approximately $5797, of which Regions I, II, III, and IV share about 33.1;
17.0; 4.8 and 45.1 percent respectively. The income (Sector 80) is estimated
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Qutput Resulting from McClellan-Kerr Arkansas River

Table 18

Multiple Purpose Project Contract Cost
Per $1000 - 1963 Prices

.

I/0 Region  Region  Region Region
Sector 1 11 111 v Nation

1 7.55 13.48 9.14 69.47 99.64
2 3.35 18.87 7.31 54.83 84.36
3 1.59 1.19 13 .3 6.23
4 .90 1.77 .44 .42 6.54
5 .00 .18 .22 6.42 6.82
6 .04 .32 .03 3.0 3.40
7 .29 .06 .50 7.66 8.51
8 3.65 39.80 2.03 10.23 55.71
9 49.80 35.66 8.56 6.32 100.35
10 .02 .34 .02 .13 1.10
1 0.00 0.00 0.00 0.00 0.00
12 23.03  10.49 2.55 23.01 59.08
13 .07 1 .02 .64 .84
14 44.42  79.25 28.02 162.53  314.22
15 0.00 .18 .08 32.97 33.23
16 .38 1.60 13 46.29 48.40
17 .10 1.93 .14 9.89 12.05
18 4.92 8.01 2.77 64.20 79.91
19 .18 1.03 .50 10.74 12.45
20 5.62 9.85 .21 15.39 31.06
21 .04 15 .03 .92 1.13
22 1.1 2.16 .75 1.37 15.38
23 .04 13 .04 .69 9
24 .91 5.71 1.56 33.29 41.47
25 .40 1.59 1.34 13.57 16.89
26 4.33 5.99 1.29 17.92 29.53
27 1.04  12.35 1.85 28.32 48.56
28 .03 2.95 .23 14.89 18.10
29 .37 2.55 6.34 27.73 37.00
30 1 .84 .59 5.32 6.86
31 26.22  44.00 3.85 25.66 99.73
32 .87 5.59 2.05 31.91 40.42
33 0.00 .05 .05 3.8 3.94
34 .63 1.34 2.02 11.84 15.83
35 .85 .78 .22 7.02 8.86
36 22.55  38.16 9.26 20.45 90.43
37 3.10 12.02 4.84 114.35 134.32
38 1.63 3.03 .48 32.11 37.25
39 .15 1.61 .49 6.35 8.60
40 24.61 17.01 3.73 11.09 56.44
41 .21 1.02 .57 13.38 15.18
42 2.17 6.33 1.04 22.23 .77
43 3.00 1.16 12 20.46 24.74
44 .01 .08 .04 1.04 1.17
45 10.46  30.64 1.28 33.90 76.28
46 .32 5.78 a3 9.17 15.4%
47 .16 .29 .24 9.42 0.1
48 .02 .16 .03 1.58 1.80
49 1.78 1.39 .32 12.10 15.59
50 .26 .92 .36 9,22 10.76
51 .19 .12 .01 1.27 1.59
52 1.64 1.10 .19 2.76 5.70
53 2.24 1.79 1.41 24.09 29.53
54 2.65 .20 .28 12.72 15.85
55 .73 1.22 .48 6.99 9.42
56 1.56 1.51 .24 8.77 12.09
57 .23 .15 .07 5.53 5.98
58 12 .52 .30 5.03 5.97
59 .80 14.13 31.67 84.38 130.98
60 .30 .38 .09 .90 1.66
61 1.05 2.75 1.42 7.82 13.05
62 1.25 .74 .08 4.50 6.57
63 .16 1 Q7 5.17 5.51
64 1.56 2.50 .26 18.93 23.25
65 102.10  22.65 6.31 58.96  190.03
66 21.02 7.36 2.00 20.06 50.44
67 .04 .01 .00 .03 .07
68 60.95  23.56 5.64 49.09 139.23
69 286.63 67.08 19.95 189.11 562.77
70 32.77 47.85 5.62 64.66  150.91
n 148.41 54,49 14.69  137.11 354.70
72 31.08 9.42 2.39 24.44 67.14
73 11.90 23.76 5.03 77.38  118.07
74 0.00 0.00 0.00 0.00 0.00
75 27.54 7.16 2.18 17.59 54.47
76 11.49 3.27 .97 10.48 26.21
77 70.58 19.76 5.36 52.12  147.82
78 5.69 2.99 .70 7.62 17.00
79 2.40 .66 17 1.59 4.83
80 841,17 227.17 66.15  633.89 1768.38
Total 1921.52 979.16  281.71 2615.19 5797.59
% Share  (33.14) (16.89)  (4.86) (45.11) (100.00)
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to be $1768, of which 47.5; 12,8; 3.7 and 35,8 percent are shared by
Regions I, II, III, and IV respectively. The income and output are
estimated to increase by $92 and $28 respectively when the impacts are
evaluated through the 80 sector I/0 model compared to those estimated
through the 10 sector model. The increase is insignificant and is
equivalent to 1.6 percent of the values obtained through the, 10 sector
model. However, the distribution of output and income among regions is
altered in favor of the project region (about 3 percent) at the expense
of other regions. This is reasonable if one considers that the regional
final demand on the Impact Region through the 80 sector model is about
3 percent greater than the result of the 10 sector model.

The distribution of output by a disaggregated industry sector shows that
heavy demand falls in the following order excluding the household sector:
wholesale and retail trade; real estate and rental; food and kindred pro-
ducts; transportation and warehousing; automobile and repair services;
utilities; and motor vehicles and equipment. However, if the output by
80 sectors is aggregated into 10 sectors the demand pattern is the same
as that based on the 10 sector model. The rank of output demand will be:
durable and non-durable manufacturing; trade, finance, insurance and real
estate services; and transportation and utilities, in that order.

(2) Evaluation of the Project Impact Based on Project Cost

The output and income which is estimated through the disaggregated I/0
model is shown in Table 19. The total output and income per $1000 project
cost are estimated to increase by about $110 and $30 respectively or less
than 2 percent from those estimated through the aggregated model. The
share of output and income by the Impact Region has increased by less than
3 percent. The distribution pattern of industrial output is generally the
same as in the 10 sector model. Since the total project cost is approxi-
mately $1,094,808,000, the estimated total project impact of the MKARMPP
on the nation is: $6,448,944,627 in terms of output and $2,059,476,173

in terms of household income in 1963 dollars. The distribution of output
for each region is 35.8; 16; 4.7; and 43.4 percent for Regions I, II, III,
and IV respectively. The distribution of household income by each region
is 52.2; 11.5; 3.4; and 32.8 percent respectively.

The industrial output of each sector is the joint product of the distribution
pattern of final demand and each sector multiplier. Since we have not made
the comparison of two sets of sector multipliers from the 10 and 80 sector
model, it is difficult to conclude whether each sector multiplier, derived
from the two models, may be similar or not.5 However, the insignificant dif-
ferences of the total output and income and distribution pattern of output by
industry derived by two different I/0 models suggests that the difference
between the two sets of multipliers is not significant. This conclusion
further suggests that an aggregated I/0 model could be used in an impact
analysis if detailed information from a highly disaggregated industrial

level is not mandatory. This is especially true under the constraints of
time, resources, and data.

6 See Richardson op. cit., pp. 135-38, for a further discussion about the
difference between sector multipliers derived from aggregated and d s-
aggregated I/0 models.
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Table 19
Output Resulting from McClellan-Kerr Arkansas River
Multiple Purpose Project Cost
Per $1000 - 1963 Prices

1/0 Region Region Region Region % % Shares by
Sector 1 I I v Nation Shares Aggregated Sector

1 8.45 14.72 9.78 72.97  105.92 1.80

2 3.7 20.74 7.84 57.32 89.67 1.52

3 .71 1.13 4 3.28 6.25 1

4 .99 1.93 .47 3.56 6.94 .12 3.55 (1)

5 .00 .15 .18 5.59 5.92 .10

6 .04 .28 .03 2.72 3.07 .05

7 .27 .05 .46 7.02 7.80 13

8 3.70 39.37 2.01 9.98 55.07 .93

9 40.03 28.71 6.90 5.37 81.02 1.3

. 8
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Chapter V

Summary and Conclusion

Summary of the Study

The historical origin of federally financed water resources development
projects in the Arkamsas River Basin goes back to as early as the end of
the 19th century. The massive investment in this region is identified

as the "McClellan-Kerr Arkansas River Multiple Purpose Project." This

is one of the biggest and longest federal construction projects in water
resources development investments. For this impact study the project
defined here is the investment in this river basin area during the fiscal
years of 1857 to 1971. The objective of the project is to control floods,
supply water and electric power, and to improve the navigation along the
Arkansas River up to Tulsa, Oklahoma, with an investment cost of approxi-
mately 1.1 billion in 1963 dollars.

To evaluate the construction impact of the investment expenditures of
this federal project on regional and national economies, an interregional
1/0 model (fixed column coefficient variety) with four internal regioms
and 79 industrial sectors in each region (IRIO) has been adopted. The
four internal regions are: the Impact Region (Region I, consisting of
part of the states of Arkansas and Oklahoma along the Arkansas River);
the Southern Region (Region II, consisting of the states of Texas and
Louisiana and the remaining parts of the states of Oklahoma and Arkansas
after deducting the parts included in the Impact Region); and the Northern
Region (Region III, consisting of the states of Kansas and Missouri) and
the Rest of the United States (Region IV consisting of the rest of the
United States not included in Regions I, II, and III). The division of
the internal regions is based on the major trading relationships of the
Impact Region with other regions during 1963. .

The basic data sources for the IRIO are from the multiregiomal (51 U.S.
states) I/0 study for the year 1963 by the Harvard Economic Research
Project (MRIO) for the Economic Development Administration and Trade Flow
Analysis for the same year of 44 U.S. regions by the Jack Faucett Associ-
ates for the Harvard Study. . /

To construct the IRIO from MRIO data, first the I/0 tables for each pair
of substates (one for the part of the Impact Reglon and the other for part
of Region II) of the states of Arkansas and Oklahoma and the trade flows
associated with these substates and other regions are estimated from

their original state's I/0 tables and their trade with other regions in
the MRIO. To estimate the substates' I/0 tables and their trade patterns
the following assumptions are made: 1) the production function of each
substate is the same as that of the state for each industry and 2) each
substates' share of state export and import for each industry 1s propor-
tional to its share of state output and requirements respectively. To
estimate substate output and requirements for each industry, the estimates
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of county output, personal income and various census data for each state
were utilized. Having estimated substate I/0 tables and their trade flows,
I/0 tables and trade flows for each region of IRIO are estimated by aggre-
gating 1/0 data of states or substates which will be included in each IRIO
region. From the I/0 table of IRIO the regional technical coefficients
(A), trade coefficients (T), and interregional direct requirements table
(TA) are estimated.

Both open and closed I/0 models are evaluated. To close the I/0 model,
household column and row coefficients are estimated. Household column
coefficients are estimated from the consumption expenditure pattern in
the IRIO I/0 table, and household row coefficients are estimated from
value added in the same table multiplied by the national ratio of house-
hold income to value added for each industrial sector.

To construct the final demand vectors for the impact study through an I/0
model, the MKARMPP cost is converted into 1963 dollars and further classi-
fied into contract cost and non-contract cost. The investment costs are
distributed among various industrial sectors applying the demand patterns
for input by 12 different types of water resources investments. The demand
patterns for input for various types of water resources development pro-
jects were originally developed by the Bureau of Labor Statistics and
Resources For the Future, Inc. for the year 1958 and are deflated for

1963 by this author.

According to these demand patterns, demand for input of a water resources
project varies among types of projects. The most capital intensive pro-
ject is powerhouse construction and the most labor intensive project is a
levee. However, the general characteristics of the demand pattern for
input for water resources projects, as a whole, shows a relatively heavy
demand for on-site labor and manufacturing goods, especially equipment,
followed by a considerable demand for mining products and transportation
requirements. The MKARMPP consists of four different types of projects:
multiple purpose project (48 percent), locks and dams (37 percent), revet-
ments (11 percent) and flood control (4 percent).

Because no region is completely a self-contained economy and because of
the differences in trade patterns among regions, the delivery of input
which 1s required for any project must have originated from various regions
according to the demand pattern of project inputs and trade patterns of
the project region to be selected. The total demand for the input of an
investment project is defined as the national final demand. The regional
share, which will be produced and delivered by a region to the project
region is defined as the regional final demand. The demand pattern of the
MKARMPP shows that the single largest demand for input is labor (50.7 per-
cent); followed by manufacturing goods (29 percent); stone, clay mining
products (7.2 percent); trade and services (6.2 percent); and transporta-
tion and communications (5.3 percent). Of this national final demand the
project region (Region 1) shares about 73 percent of its demand in the 80
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sector model. All requirements for labor; stone and clay; tramsportation
and communicatiom; and local repair services are met by the project regionm,
but less than 20 percent of the manufacturing goods are supplied within
the project region. This proportion is slightly understated in the 10
sector model due to the overstatement of tlie trade pattern of the aggre-
gated industrial sector. The share of demand for input by industrial
sector and their regional share may be further modified when the project
cost 1s replaced by the contract cost.

For the convenience of analysis of the economic impact of any given type
of investment (water or non-water resources project) in any reglon with
the IRIO Type I and Type II multipliers by aggregated industrial sector
for both output and income are evaluated. The Type I multiplier is
derived from the open model and is suited for evaluating the direct and
indirect impact of a given investment, while the Type II multiplier is
derived from the closed model and shows the added induced impact resulting
from the spending of the household income which is earned during the pro-
duction process. These multipliers are derived from the manipulation of
the interregional direct and indirect table (I—TA)'1 and interregional
direct, indirect, and induced requirements table (I—THAH)'1 respectively.
These tables themselves consist of matrices of the interindustry and

. interregional multipliers for the delivery of a dollar's worth of each
industrial output to the final users.

The output multiplier is suited for evaluating interindustry linkages and
size of transaction per one dollar's change in final demand, while the
income multiplier is suited for evaluating the magnitude of income changes
induced by a dollar's change in household income. Type I output multiplier
by industry in Region I ranges from the lowest 1.35 (finance, insurance

and real estate combined) to the highest 2.25 (trade). Agriculture,
forestry and fishery combined, construction and durable manufacturing
sectors show relatively higher multipliers.

Type II output multipliers for the same region by industry sector ranges
from the lowest 3.76 (finance, insurance and real estate) to the highest
6.55 (government enterprises). The ranking order of the Type II multi-
pliers has significantly changed from that of the Type I multipliers. The
induced impact of multipliers is significant with government enterprises;
trade; service and transportation; communication; and utility sectors.
These multipliers have increased more than 3.5 times their Type I counter-
parts. The variation of multipliers for the same industry among different
regions is minor, particularly in Type I multipliers.

Type I income multipliers, in Region I range from the lowest 1.23 (trade)
to the highest 3.04 (non-durable manufacturing) and the order of ranking

of the size of multiplier is very similar to that of the Type I output
multiplier. However, unlike the Type II output multiplier the induced
impact on each industrial sector is fairly uniform. The Type II multiplier
has risen by little more than twice its Type I counterpart, and it ranges
from 2.82 to 6.76. The order of ranking the Type II income multipliers
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is the same as that of the Type I multiplier. Except for agriculture,
forestry and fishery and non-durable and construction sectors, the varia-
tion of Type I and II multipliers among' regions is insignificant.

The direct, indirect, and induced impact of the MKARMPP is evaluated for
"both contract and project cost through the 10 sector model. The impact
based on contract cost constitutes only a partial impact of the total pro-
ject cost. The total impact of the MKARMPP contract cost on the national
economy is estimated to be approximately $5 billion in terms of output

and $1.5 billion in terms of household income. The impact per $1,000
MKARMPP project cost is estimated to bring $5780 of output or $1851 income
on the national economy. The total impact of the MKARMPP cost on the
national economy is estimated to be approximately $6.3 billion output or
$2.0 billion income in 1963 prices. The heavier impact of output was
estimated to fall on the manufacturing industry followed by trade, finance,
insurance and real estate services and the transportation and communication
sectors. The project region is.estimated to share approximately 33.4 per-
cent of output and 50 percent of income regardless of its high share of
regional final demand (70 percent). The regional share of national out-
put increases when.the regional economic structure tends to be more self-
contained. The share of the Rest of the U.S. for the national output
increases to 54 percent despite its low share of regional final demand

(15 percent). The total household income shared by each region is esti-
mated to be 50 percent, 12 percent, 3.2 percent and 34 percent by Regions
I, II, III, and IV respectively..

The project impact is also evaluated with an 80 industrial sector model
for the benefit of getting a more detailed industrial classification.
However, the level and pattern of output by industry has not changed
significantly from those obtained through the 10 sector model. However,
the regional share of output and income have slightly changed in favor

of the project region due to the disproportionate changes in final demand
and the trade flows of each industrial sector from those in the 10 sector
model. The total national impact is $2.06 billion dollars in household
income and the share of each region is: 52.2, 11.5, 3.4, and 32.8 per-
cent for Regions I, II, III, and IV respectively.

A sensitivity analysis of the project impact of 12 different types of
water resources development investments in terms of output and income on
the national economy has been evaluated through the 10 sector model based
on per, $1,000 project contract costs. The impact of investment resulting
from investing alternative types of water resources projects in the same
region or from the same type of investment project in alternative regions
do vary for both the level of output and income. The variation of output
is greater than that of income, and the regional variation is much less
than those from different types of investments in the same region for both
output and income. The highest output generator from alternative project
types is dredging ($5860) and the lowest one is revetment ($5329) and the
highest income generator is also dredging ($1892) and the lowest one is
revetment ($1557). The labor intensive project generally brings relatively
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higher output and income and conversely, the capital intensive project
brings relatively lower output and income, The study shows also that,
generally, the highest level of output and income are from the investment
in Region I for most types of investment and the lowest output and income
is from the same investment 'in Region II.

Limitation of the Study

The impact of the MKARMPP in this study is limited to the impact of con-
struction expenditures for the specific types of water resources investment
projects. However, the project impact may be extended beyond the comstruc-
tion phase. It may be extended to the environmental impact study or be
further extended to include structural changes in the local economy due

to the contribution of the output of the MKARMPP on the local economy.
These are beyond the scope of this study.

The impact of MKARMPP is also evaluated through a fixed column coefficient
interregional I/0 model with 1963 regional production functions and trade
patterns estimated in MRIO, and with fixed regional interindustry and
interregional structural relationships estimated in IRIO under perfectly
elastic supply conditions. Any significant changes in the structural
relationships within the IRIO framework may become sources of bias for

the impact analysis.

Conclusion of the Study

The construction impact of the MKARMPP ($1.1 billion) on the national
economy is estimated to increase approximately $6.4 billion in terms of
output or $2.1 billion in household income in 1963 prices. Of this amount
approximately 35.8 percent of output and 52 percent of income are esti-
mated to be shared by the project region. The study shows that the
economic impact of a project, regardless of the project type, on local

and national economies depends upon multiple factors:

(1) the size and demand pattern of a project expenditure;
(2) the way in which the regions are organized;

(3) the economic structure of each region (the production and trade patterns);
(4) the consumption pattern of each region; and finally,
(5) the project region to be selected.

. The assessment of the construction impact of the MKARMPP is basically short-
term. The true impact of the investment must be the long-term economic
development of the Arkansas River Basin Area induced by the main output

of the investment. The main output of the investment are improvement of

the water transportation system; supply of water and electric power; and
recreation sites and flood control for the region.

The assessment of the long-term ecomomic impact is beyond the scope of
this research objective.
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I.

INTRODUCTION

This is part of a continuous series of reports associated with a study for
the Evaluation of Interregional Input-Output Models for Potential Use in

the McClellan—-Kerr Arkansas River Multiple Purpose Project Impact Study

(MKARMPPIS) .

In the previous reports,” an interregional I/0 model with

thirty (30) industrial sectors and five (5) regions had been recommended

for construction for the impact study

(IRIO). The sequences for the con-

struction of the recommended model consisted of three phases:

Phase 1 - Construction of regional I/O tahles and interregional trade flows

based on 1963 data.

These sets of data provide basic information needed to

obtain technical and trade coefficients of the recommended I/0 model; and
these coefficients, together with given project investment expenditures as
final demands, are the necessary information to determine both the direct

and the indirect impact of the project on the U.S: economy.

zation of the existing data developed

Maximum utili-~
for the multiregional I/0 model for

the United States (MRIO),2 adjusted by the Bureau of Economic Analysis3

was suggested for the construction of
were based on 1963 statistics and are
uation of projects comstructed before

Phase 2 ~ Construction of econometric
impact resulting from the increase in

the recommended model. These data
considered appropriate for the eval-~
1970.

submodels to measure the project
consumption and production capacity

induced by the expansion of the economy resulting from project expenditures.

Phase 3 ~ Updating the input-output model for the evaluation of project
expenditures for the period of 1970-1980.

The purpose of this report is to outline through the use of MRIO data,
basic methodologies and certain results of the work related to the Phase

1 operation in the construction of the IRIO. This report includes an
explanation of the basic data sets in the MRIO and the methodologies used
in applying these data to the IRIO followed by a brief introduction of the
IRIO model. Finally, the conceptual procedures and equations to solve this
model will be introduced.

1 Ungsoo Kim, '"Research Report for Evaluation of Interregional Input-Output
Models for Potential Use in the McClellan-Kerr Arkansas River Multiple
Purpose Project Impact Study," Contract No. DACW 31-72-~C-0059, Phase I
& II, submitted to the Institute for Water Resources, U.S. Army Corps
of Engineers, 1972.

2 y.s. Department of Commerce, Economic Development Administration, A Multi-
regional Input-Qutput Model for the United States, prepared by Karen R.
Polenske, December, 1970.

3 U.S. Department of Commerce. Implementation of the MRIO Model, prepared
by the Bureau of Economic Analysis for the Economic Development Agency,
Springfield, Virginia: The National Technical Information Center, 1973.



II. BRIEF CHARACTERISTICS OF THE IRIO

The construction of an interregional I/0 model for the MKARMPPIS (IRIO) had
been recommended at the end of 1972 after a review of the basic objectives
of the impact study and various theoretical and empirical studies related
to I/0 analysis. The recommended model is a column coefficient model%
consisting of five internal regions, within national boundaries, having
less than 30 industrial sectors. The five internal regions are: (1) the
Impact Regioh containing parts of the states of Arkansas and Oklahoma; (2)
the Southern Region consisting of the states of Texas, Louisiana, and the
remainder of Arkansas and Oklahoma less the Impact Region; (3) the Northern
Region, which consists of the states of Kansas and Missouri; (4) the North-
eastern Region consisting of Indiana and Illinois, and (5) the region
representing the remainder of the United States.

An I/0 table for ‘each state of the United States with details of 79 indus-
trial sectors and trade flow among 44 regions is available from the study
developed for the MRIO. Since the existing information about interindustry
and trade flows for the 79 industries serves as a detailed study of the
project impact, the same industrial classifications will be used for the
IRIO. However, in an attempt to keep the operation of the model simple,
the numbers of internal regions will be reduced from five to four by
aggregating the Northeastern Region into the rest of the U.S. Since the
trade value between the impact region and Northeastern Region consists

of only six percent of the total trade of the impact region, the elimina-
tion of the Northeastern Region (as an independent region) does not lessen
the utility of the recommended I/0 model (see Map 1).

4 A fixed column coefficient model is defined as an interregional I/0
model in which trade coefficients are derived by dividing the receipts
of a commodity from a particular region by the total receipts of that
commodity by the receiving region, and the coefficients are assumed to
be stable over the period of economic analysis.
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III. THE BASIC DATA IN THE MRIO

The IRIO model will provide an analytical tool which evaluates the inter-
regional as well as the interindustrial impact of the project upon the
U.S. economy. This model is best explained by the use of the following
mathematical equation: X = (I-TA)~1 TY. The level of output (X), given
the change in project investments (Y), can be projected if the structural
relationships of the economy (T&A) are known. T and A are interregional
trade and technical coefficients which are the major objectives of this
study. To implement this model, three basic data sets are required. These
data sets are interindustry flows, final demands of each region and inter-
regional trade flows. These data can be obtained by modifying the basic
data sets in the MRIO which was further adjusted by the Bureau of Economic
Analysis (BEA). It is, therefore, necessary to understand the basic data
sets in the Multiregional Input-Qutput Model for the United States.

The MRIO model consists of 44 regions with 79 industrial sectors in each
region. In the following section the basic data sets and some relation-
ships among these sets in the MRIO will be examined.

(1) Interindustry flows and final demands

In the MRIO, interindustry flows and final demands are combined in a
regional I/0 table and I/0 tables for 51 states including one for the
District of Columbia for the year 1963 have been developed. These tables
were aggregated into 44 regional tables. The reorganization of the states
into 44 regions was necessary because the information for trade flows was
limited to 44 regions. Figure 1 shows an input—output table for one region
which is the summation of two or more states. A regional industry is
clagsified into 79 sectors. Final demands consist of six components: (1)
personal consumption expenditures; (2) gross domestic capital formations;
(3) net inventory changes; (4) net exports; (5) Federal Govermnment expendi-
tures; and (6) state and local government expenditures. These components
are combined in one column in the I/O table. However, each component is
also estimated separately. Figure 1 illustrates the organization of state
and regional I/0 tables. Each row of a specific state I/0 table shows the
total distribution of a commodity to the intermediate and final consumers
within that state. Each column of the table indicates total purchases of
goods, services, and value added components by the intermediate or final
purchasers located within the state. The large square within each state
table represents interindustry transactions. The rows specify the pro-
ducing industry but do not designate the state in which the goods are
produced. The columns specify the purchasing industry which is actually
located in the state. The rectangle at the right of each state table
represents purchases by final consumers (public and private) in the state.
The rectangle along the bottom of the table represents payments to factors
of production: wages and salaries, profits, rent, depreciation, taxes,
etc. All of these are combined in the state input-output table and are
referred to as "value added." The input-output table of the region was
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derived by adding the corresponding value of each cell of the I/0 table
of the states within the region. The characteristics of the I/0 table
are the same as that of a state. In the MRIO, only five regions out of
44 are a combination of two or more states and 39 regions are represented
by single states.

A word of caution is required for those users accustomed to working with
a balanced national I/0 table. For a particular regional I/0 table, the
sum of all elements im each row of the table gives the total consumption
which takes place within a region. The sums of corresponding rows and
columns of a regional table will not necessarily be equal, with the dif-
ference being attributable to interregional trade. By definition, there
are no interregional flows of value added, hence the value added components
pertain to the specific region only. The row entries in each purchasing
industry, divided by its column total, are technical coefficients of the
industry in the state or region. These coefficients indicate that the
production function of the reglon, i.e., the input requirements for the
production of one dollar's worth of purchasing.industry output regardless
of its origin.

As in the summation of states' I/0 tables to arrive at a regional I/0
table, the national table is computed by summing the I/0 tables of all
regions, or summing all the states' tables. In the national table, how-
ever, the sums of corresponding rows and columns must be equal, since
the total consumption must equal the total production for each industry,
i.e., a balanced national I/0 table.
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(2) 1Interregional Trade Flows

As shown in the explanation of a regional I/O table in the previous sec-
tion, row entries indicate the distribution of a particular commodity to
each purchasing industry and to the final users in the region without
specifying its origin. To complete the information of shipping regions
of a commodity received, an interregional trade flow information of that
commodity is required. Figure 2 shows the trade flows for industry 1
among 44 regions. There are 79 trade flow matrices, and each matrix is

a square (44 x 44) and represents the shipments and receipts of the pro-
ducts of a single industry. For example, the first row of the trade
matrix, shown in Figure 2, lists the shipments of the products of Industry
1 and produced in Region 1 to each receiving region. The first column,
on the other hand, shows the shipments of Industry 1 into Region 1 from
all other regions. The total of each row (t8°) represents the output gf
Industry 1 by each shipping region, while the total of each column (%M
represents total receipts or consumption by each receiving region. Since
the production and consumption of an industry for the nation as a whole
is assumed to be balanced, the summation of each row total and that of
the column total must be equal and are represented by Tj.

: Figure 2
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(3) Interrelationships between Interindustry and Interregional Trade Flows

Both regional I/0 tables and interregional trade flows are important to
the completion of the multiregional accounting system. Figure 3 shows
the interrelationships between these two sets of data. A clear under-
standing of these relationships is important in checking the internal
consistencies between the two sets of data within the national control
totals.

The three relationships shown in Figure 3 are:
1. The relationship between regional and national I/0 tables.

2. The relationship between regional production and consumptlon totals
and interregional trade flows.

3. The relatjonship between the total interregional trade flows and the
national I/0 table.

Industry Sector 1 is used to demonstrate the above relationships.

Allow the matrices C and P to represent row and column totals of an I/0
table respectively, and the subscripts and superscripts to represent
industry and region respectively.

As in the case of the estimation of a regional I/0 table from the summa-
tion of the state's I/0O table, each cell entry of the national I/0 table
is derived by summing the corresponding cell entries of the 44 regional
I/0 tables. The demand for output of Industry 1 for the nation as a
whole (C1) is the sum of all regional demands for Industry 1
44 44
(I Ci) Likewise, the sum of all regional productions ( I Pj) becomes
i=1 i=1
the total input for Industry 1 for the nation from various supplying
industries. In the regional I/0 table, production and consumption of each
industry sector are not necessarily equal; the differences will be balanced
by interregional trade flows. However, the production and consumption of
an industry will be balanced in the national I/0 table, i.e., Ci = P;.

The amount of a commodity consumed within the first region (cl) shown as
the sum of the first row on the I/O table of Region 1 must be equal to
the amount of the commodity shipped into that region (t0 ) which is shown
as the sum of the first column of the interregional trade flow table.
Note that regional and interregional shipments-in and shipments-out in-
clude intraregional shipments and nonshipped production as well as inter-
regional movements of commodities. By the same token, the total amount
Industry 1 shipped out of a region, (t ) shown as the sum of the first
row of the trade flow table, must equal the total amount of the commodity
produced in that region, (P1), as shown by the total of the first column
in the first region's I/0 table.



Figure 3
Relationship Between Regional and
National I/0 Tables and Interregional Trade Flows
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. The sum of interregional trade flows was made consistent with production
and consumption of the nation, and the production and consumption of a
commodity is designed to be balanced in the national I/O table. Ty, as
shown in the trade flow table, indicates the sum of production of industry
1 by all regions which is equal to the sum of consumption by all regionms,
Total trade volume of industry (T;), therefore must equal C, or P; in the
national I/0 table.

)
IV. An Application of MRIO Data for the Construction of IRIO

The basic difference between MRIO and IRIO is that of a division of the
United States into a different number of internal regions. The former
consists of 44 regions while the latter consists of only four regions.

To apply the basic data sets in the MRIO for the construction of IRIO
involves some aggregation and disaggregation of the original data. An
aggregation of the basic data is required because all regions of the IRIO
except the impact region consists of more than two MRIO regions. A dis-
aggregation of the basic data is required because the organization of the
impact region in the IRIO requires dividing the MRIO regions of Arkansas
and Oklahoma.

The aggregation of interindustry flows and final demands associated with
the combination of a few regions has already been demonstrated in Figure
1 in deriving the regional I/0 table from the states' tables. The aggre-
gation of trade flows associated with the combination of some of the
regions in the MRIO into a few larger regions requires only the addition
of the corresponding elements of the columns and rows of regions which
will be combined. Figure 4 illustrates the estimated new trade flow
table assuming the second and third regions in the MRIO in Figure 4-A
are combined into a larger region, e.g., Region 2 in Figure 4-B.

Figure 4-A represents trade flows among 44 regions, whereas Figure 4-B
represents trade flows among 43 regions after combining the second and
third regions into a single region. Note thzt each corresponding entry
of the columns and rows of the second and third region in Figure 4~A are
added and transferred into Figure 4-~B as each entry along the third
column and row. The numbers of columns and rows are changed because of

a reduction in the number of regions from 44 to 43. Entries of columns
and rows are not changed, with the exception of those representing the
interregional trade flows, when the original second and third regions are
added together.

To estimate data for the IRIO an aggregation process of MRIO data is
required except for those associated with the division of the states of
Arkansas and Oklahoma. The Impact Region consists of the parts of states
of Arkansas and Oklahoma which belongs to BEA economic area 117, 118, and
119. The remainder of the areas of these two states belong to the South-
ern Region. Before the aggregation of the relevant I/0 tables and associ-
ated trade flows to estimate Regional I/0 data for the IRIO, therefore,
the estimation of I/0 tables and associated trade flows for the divided
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Figure 4
Estimate of New Trade Flow Resulting From an Aggregation of Internal Regions
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areas (substate) of states of Arkansas and Oklahoma within and outside of
the Impact Region is necessary. Fortunately both Arkansas and Oklahoma
are independent regions in the MRIO, and there exists estimated I/0 tables
and associated trade flows for these states, Therefore, if the data for
each pair of substates of the above two states is estimated, the estima~
tion of reglonal I/0 tables and interregional trade flows for the IRIO
requires only the aggregation of those data sets in the MRIO and for the
substates of Arkansas and Oklahoma, Let us identify each state in and
outside of the impact region by adding A and B, respectively, to the
regional number given to the state in the MRIO? e,g., 28A and 28B for
the substates of Arkansas and 30A and 30B for those of Oklahoma.

Due to time and data limitation, the I/0 tables and trade flows for the
above substate's areas will be indirectly estimated by proportioning the
original state's data in the MRIO.

(1) An estimate of the I/O table for the substates' areas of Arkansas and
Oklahoma

The division of the above two states into two areas requires estimates of
I/0 tables and trade flows for four substate's areas, Unlike the aggrega-
tion of existing regions (for which the I/0 tables and interregional trade
flows are available), the division of a region and the indirect estimates
of I/0 tables and trade flows for the subregions are not simple. Dividing
a regional I/0 table and trade flows resulting from the division of a
region, involves both conceptual and technical problems. The following
section will present the basic methodologies in estimating the I/0 tables
of a subregion using the basic information for the original region de-
veloped in the MRIO. Since each state of Arkansas and Oklahoma is treated
as an Independent region, subregion here means substate. The estimate of
substate I/0 consists of two parts: the estimation of interindustry
demand and final demands.

(A) Estimates of substates' interindustry flows.

An T/0 table contains two data sets: interindustry and final demands.
Interindustry flows of a region indicate the values of the flow of goods
and services from various supplying industries as input to each purchas-
ing industry in order to produce the total output by these purchasing
industries. The relationship of these flows for the production of one
dollar's worth of output for each purchasing industry, the input-output
coefficients or technical or direct coefficients, indicate the production
function of that industry in the region. To estimate interindustry flows
of substates (e.g., two substates areas of Arkansas within and outside of
the impact region) the production functions of the same industry within
the two areas are assumed to be the same., Considering the fact that many
small regional I/0 tables are estimated through national technology, the
application of a state's technology to its substate area is inevitable
unless a survey is conducted. This means that the level of interindustry
flow for each industry in the two substates areas of Arkansas may differ
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due to the difference in the level of output in these areas, but the input
patterns for the same industry in the two areas are the same. If one can
estimate the share of the state's output for each industry within each of
the substate's areas in Arkansas, the interindustry flow for each purchas-
ing industry in each substate can be estimated by multiplying the state
interindustry flows for the same industry sector by the substate's share
of the state's output for that industry. Figure 5 illustrates the process
of estimating interindustry flows for each of the substates of Arkansas
within and outside of the impact area, given the share of state output by
substate and industry.

Assuming that x,. indicates cell entry of an I/O table, and that Z;s is
used when referring to the same entry for the interindustry flow ex%luding
final demands. Let us also assume that substate A and B indicate state

area within and outside the impact region respectively.

Z;ys; is the value of commodity i purchased by jth industry in the state of
Arkansas. P; is the value of total production of jtP industry in the
state of Arkansas, PA and PB are the level of output in substates within
and outside the impaét regign respectively, where P; = P% + P2, of and
of are the shares of state output of jtD industry within and outside the
impact region respectively.

The ith input to jth industry for the substate within the project region
is obtained by multiplying the value of ith input to jth industry of the
state (Zi‘) by the substate's share of state output of jth industry (a?).
The substate outside the impact region will be estimated by Zi' . oB.

The outputs by industry in the area of Arkansas, within and outside’ the
impact region in 1963, can be estimated from the '"1963 Output Measures for
Input—Qutput Sectors by County" developed by Jack Faucett Associates.J
Since the impact region is so organized that counties are not divided,

the output level of each industry in the substate area can be obtained

by adding the same output by county included in the substate area. The
values of 1963 output for the states of Arkansas and Oklahoma and their
substates' areas by 79 industrial sectofs, and their substates' shares

(aé and ai) for each state, are shown in Appendix A. To distinguish

eath of the variables associated with different states, the number given
to each state as a region may be shown as its superscript. For example,
228 indicates cell entry of interindustry flows fo§ the state of Arkansas
based on the regional number given by MRIO, and 7284 indicates that of

the substate in the impact area, abbreviated region 28A. The same proce-
dures are followed for the estimate of interindustry flow for the substates
of Oklahoma.

5 (Jack) Faucett Associates, Inc., "1963 Output Measures for Input-Output
Sectors by County" prepared for the Office of Civil Defense, U.S. De-
partment of Defense, December, 1968.
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Estimates of Substate's

Figure 5

Interindustry Flows for the State of Arkansas
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(B) Estimates of final demands for a substate

Both interindustry and final demands for a commodity in a region consist
of total regional consumption or receipts of the commodity. The total
receipts of a commodity by a region in the MRIO model are estimated by
summing the particular industry row in the I/0 table of the region. To
estimate the total receipts of an industry for the substate area, there-
fore, requires the estimation of final demands for the substates resulting
from the division of state boundaries. Final demands are included in the
1/0 table in the MRIO as a column vector which is the aggregation of six
components: personal consumption expenditures; gross private capital
formations; net inventory changes; net exports; federal government expen-
ditures and state and local govermment expenditures. However, independent
estimates of individual final demand components are also available from
the study for the MRIO. Since the demand pattern of each final demand
component differs significantly from the others, the allocation of the
total state's final demands into its substates will be estimated inde-
pendently for each final demand component. As in the case of interindustry
flow estimates, the basic distribution patterns of each final demand
component by industry sector of a state except the net export component,
is assumed to prevail over its substate areas. Therefore, to estimate

the distribution of each final demand component to a substate (except

for the net exports sector) only the information of the substate's shares
of each state's final demand component is required. The basic methodologies
in the estimation of a substate's shares of six final demand components
will be described below.

(2) Personal consumption expenditures

The original state personal consumption expenditures were estimated by
agssuming the consumption pattern of 32 groups of residents of the United
States by the level of income and residence area in 1960 and by applying
the estimated population distribution of a state with the same classifica-
tion of residents for the year 1963. To avoid a detailed survey for this
study the pattern of classification of income groups and their consumption
patterns for 'substates' areas are assumed to be equal to those of the
state. The substate's share of personal consumption expenditures for a
state is estimated by the substate's share of the total state's personal
income. An implicit assumption is that the consumption pattern per

capita income is the same throughout a state. The personal income of a
substate area will be estimated by adding the estimated county personal
income in 1963. County personal income data is available from the esti-
mates of either the Bureau of Economic Analysis or a state agency. The
shares of personal income (y) in the impact region and outside the impact
region in each part of the states of Arkansas and Oklahoma are given in
Appendix B. The final demand vector of the personal consumption expendi-
tures for a substate area is estimated by multiplying that of the state
by the substate's share of the state's personal income.
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(3) Gross private capital formation

In the MRIO study, the gross private capital formation consists of invest-
ments in equipment and plant. The investment in equipment was estimated
by multiplying the capital expenditures of each industrial sector by the
1963 capital coefficient matrix.® The investment in equipment is estimated
by summing each row of capital input to each capital purchasing industry.
Investment in plant was estimated as the investment in I/0 sector 11 (new
construction). No information is available for the values of capital
purchases breakdown by industry nor by county basis. The investment
demand for each industry in a substate's area, therefore, will be esti-
mated by prorating the substate's share of the aggregated state's output
of all industries. The implicit assumption is that the distribution
pattern of the capital formation in a substate's area, by industry, is

the same as that of the state. The substate's shares of output of all
industries (B8) within and outside of the impact region in each of the
states of Arkansas and Oklahoma are already shown in Appendix A. A final
demand vector of the gross private capital formation for a substate will
be estimated by multiplying that of the state by the substate's share

of the aggregation of all industrial outputs.

(4) Net inventory changes

In the original study, net inventory changes in a state were estimated by
allocating the national inventory figures in each industry sector by the
.state's share of output of that industry. Following the same pattern of
estimation of the gross private capital formation in this study, the net
inventory changes of a substate will be estimated by multiplying the
state inventory changes by the substate's share of the sum of the state's
output for all industries.

(5) Net exports

In the original study, net exports of a state were estimated in terms of
state of exit. In this study, the net exports of a commodity based on
the substate's share of the state's output of that industry. This impli-
citly assumes that the weighted average distance for the exports from

the substates' are equal, and the proportion of domestic demand for the
exported goods is proportional to the aggregated industrial output level
of each substate area. Unlike other final demand components, net exports
for a substate area will not be estimated by prorating the total value of
net exports into a substate. Instead, net export by each industrial sec-
tor of a state will be prorated into substate's area according to the
substate's share of total state's output by industry. The substates'

6 (Jack) Faucett Associates, Inc., "Development of Matrix of Interindustry
Transaction in Capital Goods in 1963," prepared for the Bureau of Labor
Statistics, U.S. Department of Labor, 1966, Appendix D.
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shares of output by industries (ay) required to divide the states of Arkansas
and Oklahoma are shown in Appendix A,

(6) Federal Govermment expenditures

The estimate of Federal Govermment expenditures for a state is one of the
most unsatisfactory factors of the original study, The estimated Federal
Government expenditures for a state to a substate will be allocated by

the ratio of wages and salaries paid out to federal employees, both for
civilian and military, in the substate to those of the state. The distri-
bution pattern of .federal expenditures by industry sector in a substate

is assumed to be the same as that of the state. Wages and salaries for
the federal employees of each county area are available from the personal
income data used in the estimation of personal income in a substate. The
shares of personal income attributable to the federal employees in the
substates' (§) within and outside of the impact region in each of the
states of Arkansas and Oklahoma are shown in Appendix C. Since the wages
and salaries for this employment are not fixed to the total federal expen-
ditures in the state area, a substate's share of wages and salaries for
the federal employees serves only as a crude guide in estimating the total
federal expenditures in the substate. The final demand vector of federal
expenditures of a substate area will be estimated by multiplying that of
the state by the substate's share of state personal income attributable

to federal employees.

(7) State and local govermment expenditures

Fairly detailed information of state and local government expenditures are
available from the Census of Govermments. The estimated state and local
govermment expenditures in the original study will be allocated to a sub-
state area by the ratio of the total local government expenditures in the
substate to that of the state as a whole. The implicit assumption is that
the state govermment expenditures will be spent in the substate area
according to the substate's share of the total local government expenditures
in that state. The distribution pattern of local govermment expenditures
by industry in a substate area is assumed to be the same as that of the
state. To arrive at a substate's share of local government expenditures,
the local government expenditures by county listed in the Census of Govern-
ment, 1962 (Bureau of Census) will be used. The substates' shares of the
total local govermment expenditures (¢) within and outside the impact
region in each of the states of Arkansas and Oklahoma are shown in Appendix
D. The final demand vector of the state and local govermment expenditures
of a substate will be estimated by multiplying that of the state by the
substate's share of total local govermment expenditures.

An estimate of the final demands for subregions resulting from the division
of a region in the MRIO model, in this case, the division of Arkansas into
substates within and outside the impact region will be illustrated in
Figure 6. Y,. indicates industry i which belongs to jth component of

final demands. vy, B, @,, 6, and ¢ indicate that the substate's shares of
personal income, aggregated output for all industries, output for industry
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Figure 6
Estimates of Final Demands for Substates of Arkansas

State of Arkansas
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Y, B, 055 8, ¢, Qi indicate substates' share of state personal income;

output for all industries combined; output for industry i; personal income
for federal employees; local government expenditures; and the substate's
share of aggregated state final demand for jth industry.
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i, personal income attributable to federal employees, and local govern-
ment expenditures in and outside the impact region are differentiated by
A and B superscript respectively. Q4 indicates the substate's share of
aggregated final demands for the state by industry and is the weighted
sum for a substate's shares of each final demand component by industry.
To avoid complexity the superscript to indicate Arkansas is not shown.

(C) An estimate of receipts by substates

Interindustry and final demands for the substates by industry have been
estimated to obtain total receipts or consumption of that commodity with-
in each substate. Total receipts by industry and region become the con-
trol total of the region's trade with which the interregional trade flows
and, in turn, column trade coefficients will be estimated. As has been
explained total receipts or consumption by industry (Cr) for region r

is expressed by the summation of each industry row in the regional I/0
table. The total receipts of the substates in Arkansas and Oklahoma by
industry will be obtained by adding each row of interindustry and final
demands for those substates estimated in the previous sections. Figure

7 illustrates the estimation of total receipts for the substates of
Arkansas. The substate's share of state total receipts by industry, H%
or HE, can be estimated by a division of the substate's receipts of an
industry by that of the state. HA and HB for the state of Arkansas and
Oklahoma will be calculated through a computer program and will be shown
in Appendix E. 1I; of a substate will be used in estimating the substate's
shares of state receipts of industry from each of the shipping regions in
the next section.

(D) An estimation of the new trade flows

An estimate of new trade flows resulting from the combination of regions
in the MRIO has already been explained in the previous section. To esti-
mate new trade flows resulting from the division of a region in the MRIO
is somewhat complicated, and the proposed methodologies in estimating new
trade flows resulting from the division of an internal region of a hypothe-
tical interregional I/0 model which consists of four internal regions will
be demonstrated. Assuming that the division of the third internal regionm,
the state of Arkansas, creates two new regions (3A and 3B respectively).
Fiﬁure 8 illustrates the estimation of new trade flows for industry 1.

's along the 1St row in Figure 8-A indicates the values of output of
the 18t industry in Region 1 shipped to each of the other receiving regionms,
and t&8l's along the 18t column show the inputs received by Region 1 from
various supplying regioms. t;, and ty; indicate the total production and
demand for industry 1 by Region 1 respectively which are not necessarily
equal.

To estimate trade flows for Regions 3A and 3B with other regions, without
conducting an actual survey, the following assumptions are made:

a. The value of shipment which was shipped(to each purchasing region
from Reglon 3 is originated from subregion 3A and 3B respectively and is
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: . Figure 7
Estimates of Total Receipts by Industry and Substate of Arkansas
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An Estimate of Trade Flows for Industry 1
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roportionate with each substate's share of state's output: o® and «
prop P 1

respectively.

B
1

b. The receipts of Industry 1 by Region 3 from each of the other
shipping reglons were consumed by Subreglons 3A and 3B proportlonate to
each substate's share of the state's demand for that commodity (H and
H% respectively). The row entries for Region 3A and 3B can thus be
estimated by multiplying each row entry of Region 3 in Figure 8-A (t38)
by a% and w% respectively, and the column entries for Region 3A and 3B
are estimated by multiplying each column entry of Region 3 (th3) by HA
and I} respectively. The new row and column entries for Regions 3A and
3B and their derivations are shown in Figure 8-B. Note that the value
of shipments and receipts between the two divided subregions, including
those values from their own subregions, are estimated by multiplying the
value of internal shipments in Region 3 (t3 ) by the joint product of the
subregions' shares of output and gemands for Industry 1 X Region 3, i.e.,
33 %HA t33aéﬂg, t33a§H1; and t ay H . t33 H and t3 a indicate the
valueslof shipments of Industry 1 from Region 3A to 3A and B respectively,
and t aBHA and t a?ﬂ} indicate those values from Region 3B and 3A and
3B respectively. a8 and a for the states of Arkansas and Oklahoma are
shown in Appendix A and Hl and Hl in Appendix E.

In the original MRIO model no trade flows were assumed for service indus-
tries. This assumption was made due to the lack of data in estimating
trade flows for service sectors. Since no trade means that the off dia-
gonal of the trade flow matrix in Figure 8-A is zero, thg trade flows of
the service sector which were represented by t3hy and t&n, are zero
except t33a.m The same assumption is adopted in IRIO; i.e., the sub-
states A and % of Arkansas are to be self-sufficient for service products.
In order to ensure this, however, two adjustments are required associated
with the model of disaggregating state trade flows for service industries.
First, to ensure that the demand for service products in each substate
are self-sufficient, t330BrA gnd 33 aAﬂ are reduced from substate B and
A and added to substate A afid B reSpectlvely. Second, to ensure that
demand for and output of service products by each substate are balanced,
the actual difference between output and demand by each substate (the
residuals of the service product) are entered in the final demand matrix
as a residual column; and the final demand is so adjusted that the sum

of rows of the service sector equals that of the column. The service
sectors which were assumed to have no trade are: 1I/0 sectors 3, 4, 11,
12, 65, 66, 67, 68, 69, 71, 72, 75, 76, 77, 78, and 79.
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V. Construction of Structural Coefficients for the IRIO

The basic methodologies which have been developed for the aggregation
and disaggregation of the regional interindustry flows and final demands
and interregional trade flows in the MRIO are used in the determination
of structural coefficients for the IRIO (regional technical coefficients
and interregional trade coefficients). The structural coefficients with
the given final demand vectors, which will be developed from the project
investments, are integral parts of the IRIO in the impact study. Final
demand vectors for the IRIO must be developed independent of the IRIO
model. to estimate structural coefficients for the IRIO the following
methods will be used: (1) to estimate I/0 tables and trade flows for
substates in and outside the impact region in each of the states of
Akransas and Oklahoma; (2) to reorganize the 44 regional 1/0 tables and
interregional trade flows in the MRIO into 46 regional models by replac-
ing those estimated data for each of four substates as an independent
region; (3) to construct interindustry and interregional flow tables for
the IRIO which consists of four internal regions; (4) to compute regional
technical coefficients and interregional trade coefficients by dividing
each row entry of purchasing industry and region by the corresponding
column total. The estimation procedures about the interindustry and in-
terregional trade flows associated for the division of two states into
each of two substate's have been explained previously and are not repeated
here.

Since the estimates of I/0 table and trade flows for a substate and the
modification and reorganization of data sets in the MRIO into the IRIO
involves complicated procedures, it is necessary to clarify the use of
the new estimates and the relationships among various data sets through

a set of figures. The relationships of the number of regions between

the modified MRIO and IRIO is shown in Appendix F. Figure 9 shows the
relationships among the original and augumented sets of I/0 tables in

the MRIO and the construction of new I/0 tables for the IRIO. Each re-
gional I/0 table is expressed in terms of XK where superscript indicates
the region. The original numbers for each MRIO region remain the same.
However, due to the division of the states of Arkansas and QOklahoma, these
two states' I/0 tables were replaced by four new tables representing each
substate. Each substate is assigned a new regional number. The two sub-
states of Arkansas are labeled as 28A and 28B and the two substates of
Oklahoma as 30A and 30B.

A brief methodology in estimating the I/0 table for the region of 28A,
part of the state of Arkansas in the impact region, is explained in the
previous chapter. The same method will be used In estimating the I/0
tables for any part of region in the MRIO, if the variables which are
relevant to that part of region are estimated.

Figure 10 illustrates how the MRIO trade flow table for Industry 1 is

modified from the 44 regional model to a 46 region model. As explained
in the estimates of regional I/0 tables, the original regional numbers
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Figure 9

Estimates of 1/0 Tables for IRIO
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Figure 10
Estimates of Interregional Trade Flows for IRIO
(Industry 1)
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are kept with the exception of those for Arkansas (28) and Oklahoma (30)
which were replaced by four new numbers for the substates: 28A, 28B, 30A,
and 30B. Each row entry for the divided part of the region is estimated
by multiplying the original cell entry, before the division of a region,
by each subregion's share of regional consumption (n%), and each column
entry for the subregion will be estimated by multiplying a corresponding
entry for the reﬁion by each subregion's share of output of Industry i

in the region (a;). Note, however, that trade flows between two divided
subregions inclu&ing intraregional flows are estimated by multiplying the
original entry both by shares of substate's consumption and by the output
of an industry, except service industries.

The intérregional trade flow table for the IRIO can be estimated by aggre-
gating the proper rows and columns in the modified MRIO trade flow table.
The trade flows for commodity i in the IRIO, t8h's are obtained by summing
the trade flows among regions in the modified ﬁRIO (Figure 10) which will
be accommodated in the cell block in the IRIO trade flow table according
to the regional classification. Figure 10 illustrates trade flows for
only one commodity. There are 79 sets of trade flows according to the
industry's classification. However, with the exception of two sectors,
most service industries have been so adjusted that have zero trade.

Estimates of regional I/0 tables and interregional trade flows are required
to estimate structural (interindustry as well as interregional) relation-
ships for the I/0 model. Figure 11 illustrates technical and trade
coefficients for the IRIO. These were derived by the division of each

row entry of a column of tables by the column total.’

Technical coefficients (Ai') represents interindustry input requirements
to produce one dollar's worth of output by a purchasing industry in a
region. The I/0 model contains four regional technical coefficients
matrices. FEach matrix has dimensions of 79 x 79 and is arranged into a
block diagonal matrix (A) of 4 x 4 (see Figure 11). Trade coefficients
(T8h), the proportion of each commodity received by a region from various
shipping regions, are also arranged into block matrices with 4 x 4 dimen-
sions. Each block matrix is a 79 x 79 diagonal matrix and each row or
column in this matrix represents one industry.

7 Column total to derive technical coefficients is not the sum of 79
industry sectors, but should include value added sectors for each
industry.
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Figure 11
Structural Coefficients
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VI. Mathematical Note for the Interregional I/0 Model

The theoretical model employed for the recommended I/0 model is the fixed
column coefficient model in which the patterns of a commodity trade from
one region to other regions are expressed in terms of fixed trade coeffi-
cients (percentage shﬁres of total receipts of the commodity by the receiv-
ing region). Thus T% 's are the proportion of the total consumption of
commodity i in region h that is shipped from region g to region h. Other
structural coefficients (technical coefficients) are distinguished by
region, i.e., ai,. The following basic sets of equations specify the
economic relatioﬁships between industries and regions:

m
-0Q _ g 90 g
1) %5 = jgl ajj Xj * Vi

gh _ tgh x?h

2) Xi - Y 1
n
go gh
AT ¢
R
n
oh gh
s o= Lo X3
4) X g=1 "
where i = 1,..., m3 g, h = 1,...,n.

x?° is the total amount of commodity i produced in region g.

x; 1is the total amount of commodity i demanded by a]] final and

intermediate consumers in region h.

y? is final demand for commodity i in region g.

The first equation shows that the total amount of commodity i demanded by
the intermediate and final users in a region must be equal to the total
amount of the commodity supplied to the region. This equation is used in
all multiregional input-output models. The second equation states that a
commodity is shipped between regions g and h according to the fixed pro-
portion of the total amount of commodity i purchased by region h. The
third and fourth equations simply define the total production in region
8§ and the total consumption in region h, respectively.
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The multiregional I/0 model can be expressed in terms of the following,

matrix notations:

o . i -
- r r
A2 === am
A 321 |
\ ]
R = % where A" = | ! < '
(nm.nm) C) (m.m) ! e
. \ 1 ~ I
L t.r
L-. A - al'l‘lll ——————— ammJ
1 2. -T],n -tgr 7
! \ :
R ! O
RN ' *.ar
T = PN ' where 19" = tZ‘
(nm.nm) E \‘ ' (m.m) .
M- pin O ‘t%r
- o L -
[~ -] P - ~ ]1 - r-
)(.I x; Y i
2
)f X5 v ro Y5
X =|t |where X" = }! Y =i where Y = |,
(nm. 1) ' (m.1) . (nm.1) {1 (m.1) 5 )
' : n '
n r Y yl"
-x . _xhu - J i "u
n; region, 1,----- 4, m; industry, 1,..... 79

A, T, X, Y are matrices for technical coefficients, trade coefficients,
gross output and final demands respectively.
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The column coefficient model in the matrix equation is written as

follows:
(5) O = A" 4 y"
n
() 1 x°=z 1K
r=1 r=1
n or " .ro
=3 X

where r = 1,----,n; ¢ = 1,~---,n-1

Equations (5) and (6) can bencombined to obtain:
r
@ 1 d e 3
r=1 r=1 r=l

Where g = 1,----,n-1. Equation (8) can be written as:

n ro n r
9 £ (1-71"A")x =51
r=] r=1

Where g = 1,----, n-1.

The complete set of 2mn equations in 2mn unknowns is written as:

(10) (I-TA)X=TY

and when solved for X as:

(Mm) x=(r-r7 A)-]T Y orX= (T-1;A)-] Y
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APPENDIX A

Estimates of Outputs in Arkansas and Oklahoma
and their Sub-States' and Sub-States' Shares of Qutput by Industry
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APPENDIX A-1
Estimates of Outputs in Arkansas and its Sub-States'
and Sub-States' Shares of Output by Industry

UNIT: $1,000 (1963)

.a%BA; 828R, Share of Sub-State's A

a%BB, 3288: Share of Sub-State's B
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17.

18.

Outputs in Arkansas and its Sub-States'

APPENDIX A-1

and Sub-States' Shares of Output by Industry

ARKANSAS
Impact Region
Ségle ggaggsi%gf
Industry oﬁﬁ?ﬁi Output (a?SA) State (a§88)

Livstk & Livstk Prod 399,095 294,281 74 26
Other Agr Prod 661,249 228,565 35 65
Forsty & Fish Prod 14,932 6,396 43 57
Agr, Forsty & Fish Svcs 65,454 22,425 34 66
Iron & Fer Ores Min 1,419 879 62 38
Non-Ferr Metl Ores Min 18,765 18,688 100 00
Coal Mining 1,558 1,558 100 00
Crude Pet & Nat'l Gas 72,526 10,163 14 86
Stone & Clay Min & Quarry 26,942 20:950 78 22
Chem & Fert Min Ming 10,817 9,329 86 14
New Construction 445,602 347,159 78 22
Main & Repr Construct 189,548 128,987 53 47
Ordnance & Acces 64 00 00 00
Food & Kindred Prod 745,953 584,326 78 52
Tobacco Manufact 00 00 00 00
Brd & Narw, Yarn & Thrd 16,659 9,545 57 43
Mills '
Misc Textl Gods & Flr 22,250 4,185 19 81
Covr

Apparel 77,543 44,898 58 42
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APPENDIX A-1 Continued

19.
20.
21.
22.
23.
24.
25.
26.
27.
28.

29.

30.
31.

32.

33.
34.
35.
36.

37.

38.

39.

Industry

ARKANSAS

Impact Region
(%) Share (%)
State Share of Rest of

Output  Output (a$8A) State (a$83)

Misc Fabricat Text Prod
Lumber & Wd Prod

Wood Containters
Househld Furn

Oth Furn & Fixt

Papr & A11d Prod

Paprbd Cont & Bxs

Print & Pub

Chem & Prod

Plast & Syn Matls

Drgs, Clean & Toilt Prep
Paints & Alld Prod

Pet Indust

Rubber & Plast Prod
Leathr Prod

Footwr & Othr Leathr Prod
Glass & Glass Prod

Stone & Clay Prod

Prim Iron & Steel Mfg.
Prim Non-Ferr Metl Mfg

Metal Container

586 32 57 43
271,006 123,396 46 54
13,366 5,007 37 63
90,457 67,332 74 26
17,670 10,876 62 38
190,778 79,007 41 59
41,624 40,453 97 03
47,539 36,932 78 22
135,655 82,564 61 39
926 462 50 50

365 212 58 42
3,168 3,166 100 00
139,825 4,033 3 97
41,374 13,879 34 66
00 00 00 00
72,564 32,271 44 56
14,59 10,866 75 25
50,024 25,336 51 49
2,860 2,235 78 22
122,112 100,815 83 17
12,022 9,05 75 25

A-34



APPENDIX A-1 Continued

ARKANSAS

Impact Region
(%) Share (%)

State Share of Rest of
Industry Output  Output (a?SA) State (a$83)
40. Heat, Plumb & Fabricated ~ 37,870 28,872 76 24
Metl Prod
41. Screw Mach Prod, bolt, 8,753 1,389 16 84
nuts, etc.
42. Other Fab Metl Prod 30,810 13,994 45 55
43. Eng & Turb 00 00 00 .00
44. Farm Mach & Equip 5,068 2,006 40 60
45. Constr, Ming, 0i1 Field 486 365 75 25
Mach & Equip
46. Mat Hand Mach & Equip 8,261 336 4 95
47. Metl Work Mach & Equip 5,405 4,165 77 23
48. Spec Indust Mach & Equip 2,577 919 36 64
49. Gen Indust Mach & Equip 9,587 7,249 75 25
50. Mach Shop Prod 4,604 3,578 78 22
51. O0fc, Comput & Account 8,351 8,351 100 00
52. Serv Indust Mach 15,999 15,801 99 1
53. Elect Trans & Distr Equip 49,334 27,272 55 45
& Elect Indust Apparatus
54. Hshld Appliances 133,617 133,522 100 00
55. Elec Light & Wiring 22,728 19,177 84 16
56. Radio, TV & Comm Equip 64,472 64,147 99 1
57. Electr Comp & Acces 206 206 100 00

A-35



58.

59.
60.
61.
62.

63.

64.
65.
66.

67.
68.

69.
70.
.
72.

73.

ARKANSAS

Impact Region

(%)

Share (%)
Share of Rest of

State -

Industry Output  Output (a$8A) State (a§83)
Misc Elect Mach Equip & 218 131 60 40
Supp .
Motr Veh & Equip 13,475 10,124 75 25
Aircraft & Parts 1,075 00 00 100
Other Transp Equip 29,472 27,259 92 8
Prof, Scientfc & 39,180 39,076 100 00
Control Instru & Supp
Opt, Ophthal & Photo 13,109 10,109 100 00
Equip & Supp
Misc Manuf 37,538 30,614 82 18
Transport & Wrhsg 259,677 201,621 77 23
Comm Excpt Radio & TV 78,703 54,405 69 31
Broadcasting
Radio & TV Brdcstng 8,709 6,453 74 26
Elect, Gas, Water & 196,112 112,732 57 43
Senitary Svcs .
Whlsle & Ret Trade 785,406 516,256 66 34
Financ & Insur 187,961 139,576 74 26
Real Estate & Rental 603,731 373,747 62 38
Hotls & Lodg Places; 97,177 69,455 1A 29
pers & Repr Svcs, excpt
auto repair
Business Serv 64,204 52,405 82 18
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74.
75.
76.
17.

78.
79.

ARKANS/.S

———r——-t—

Impact Region

(3) Share (%)
State Sggxe of Restzg;
Industr; Output  Output (a; ) State (aj )
Research & Develop 235 195 83 17
Ruto Repr & Svcs 82,187 59,635 73 27
Amusements 28,360 26,329 93 07
Med, educ Svcs & 140,268 106,349 76 24
Non-profit Organ
Fed Govt Enterprs 51,566 29,397 57 43
State & Loc Govt
Enterprse 31,269 20,456 65 35

TOTAL.SUM OF ALL INDUSTRIES:

Source:

7,183,728 4,588,476

64%(828R) 36%(B%C°)

(Jack) Fawcett Associates, Inc. "1963 Qutput Measures for Input-

Output Sectors by County" Prepared for Office of Civil Defense,
United States Department of Defense, December 1968.
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APPENDIX A-2
Estimates of Outputs in Oklahoma

and its Sub-States' and Sub-States'
Shares of Qutput by Industry

UNIT: $1,000 (1963)

30A ,30A

aj » B : Share of Sub State A

308
a?OB, B : Share of Sub State B
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APPENDIX A-2
Outputs in Oklahoma and its Sub-States'
and Sub-States' Shares of Output by Industry
OKLAHCMA

Impact Region
Share Share (%)

10.
11.
12.
13.
14.
15.
16.

17.

® ® N o o a

State (4) of Rest of
Industry Output  Output (a?OA) State (a?OB)

Livstk & Livstk Prod 535,823 428,152 80 20
Other Agr Prod 420,942 61,751 15 85
Frstry & Fish Prod 1,236 245" 20 80
Agr, Frstry & Fish Svcs 20,567 5,575 27 73
Iron & Feraly Ores Min 00 00 00 00
non-Fer Metl Ores Ming 4,694 54 1 89
Coal Mining 5,955 4,503 77 23
Crude Pet & Nat'l Gas 846,052 192,309 23 77
Stone & Clay Min & 18,870 6,984 37 63
Quarrying

Chem & Fert Minrl Ming 00 00 00 00
New Construction 953,979 314,180 33 67
Main & Rep Construct 268,192. 115,204 43 57
Ordnance & Accessories 192 128 67 33
Food & Kindred Prod 527,264 153,695 29 71
Tobacco Manufactures 00 00 00 00
Brd & Nrw, Yarn & Thrd 1,202 1,022 85 15
Mills

Misc Txtl Gds & Flr Cover 192 00 00 100
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APPENDIX A-2

18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.

A-40

Impact Region
T
Industry 03%;5% Output (a?OA) State (a?OB)
Apparel 43,944 10,607 24 76
Misc Fab Text Prod 3,957 1,143 29 n
Lumber & Wd Prod 28,776 6,964 24 76
Wdn Containers 00 00 00 .00
‘Househld Furn 11,574 1,491 13 87
Oth Furn & Fixt 4,865 2,069 43 57
Papr & Alld Prod 12,415 6,844 55 45
Paprbd Cont & Bxs 16,068 11,490 72 28
Print & Pub 81,135 32,147 40 60
Chem & Prod 36,205 17,414 48 52
Plast & Syn Matls 926 00 00 100
Drgs, Clean & T1t Prep 4,052 1,389 34 66
Paints & Al1d Prod 5,994 4,490 75 25
Petrol Indust 733,760 565,159 77 23
Rubber % Plast Prod 91,823 11,881 13 87
Leather Products 00 00 00 00
Ftwr & Oth Leath Prod 4,230 1,683 40 60
Glass & Glass Prod 65,198 62,105 92 8
Stone & Clay Prod 82,107 35,745 44 56
Prim Iron & Steel Mfg 26,995 23,695 88 12



APPENDIX A-2

38.

39.
40.

41.

42.
43.
44,
45.

46.
47.
48.

49.
50.
51.
52.
53.

54.
55.

Industry

OKLAHOMA
Impact Region
S?a;e
%
State 30A

OQutput  Output (03" )

Share (%)
of Rest of

State (a?OB

)

Primary Non-Ferrous Metl
Mfg.

Metal Container

Heat, Plumb & Febricated
Metal Products

Screw Mach Prod, bolt,
nuts, etc.

Oth Fab Metl Prod
Engines & Turbines
Farm Mach & Equip

Constr, Mining, Qi1 Field
Mach & Equip

Mat Hand Mach & Equip
Metl Work Mach & Equip

Spec Indust Mach &
Equipment

Gen Indust Mach & Equip
Mach Shop Prod

Ofc, Comput & Acctg

Svc Indust Mach

Elect Trans & Distr Equip
& Elect Indust Apparatus

Household Appliances

Elec Light & Wiring

76,057 67,118 88

2,944 423 14
146,163 99,055 68

5,804 3,908 67

37,109 21,410 58
104 104 100
6,911 3,618 52
124,281 65,357 53

2,215 228 1
2,118 1,776 84
8,349 1,945 23

48,259 39,133 8
13,438 6,624 49
1,585 729 46
17,204 3,159 18
19,778 18,144 92

2,262 837 %7
455 100 22
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APPENDIX A-2

OKLAHOMA

Impact Region
Share Share (%)

() of Rest of
State 30A 308
Industry Output  Output (o5 ) State (o§ )
56. Radio, TV & Comm Equip 175,340 6,402 4 96
57. Electr Comp & Acces 7,126 801 12 88
58. Misc Elect Mach. Equip 6,567 304 5 95
& Supp
59. Motr Veh & Equip 77,545 5,010 6 94
60. Aircraft & Parts 458,202 257,539 56 44
61. Oth Trans Equip 16,100 5,518 34 66
62. Prof, Scientifc & Control 9,784 8,276 85 15
Instr & Supp
63. Opt, Ophthal & Photo 184 184 100 00
Equip & Supp
64. Misc Manufacturing 16,691 10,350 62 38
65. Transp & Warehousing 491,224 199,576 41 59
66. Comm Excpt Radio & TV 165,582 70,974 43 57
Broadcasting
67. Radio & TV Brdcsting 18,577 7,946 43 57
68. Elect, Gas, Water & 307,573 129,207 42 58
Sanitary Svcs
69. Whlsle & Ret Trade 1,279,977 479,336 37 63
70. Finance & Insur 353,314 142,422 - 40 60
71. Real Estate & Rental 1,111,255 440,345 40 60
72. Hotls & Lodg Places; 146,017 56,678 39 61

pers & repr svcs,
excpt auto repair
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APPERULIAR A-¢

OKLAHOMA

Impact Region

Share Share (%)
(%) of Rest of

Industry 032;5% Output (a?OA) State (a?oa)
73. Business Services 200,608 68,016 34 66
74. Research & Development 2,218 721 33 67
75. Auto Repr & Services 135,488 50,426 44 56
76. Amusements 43,872 19,405 44 56
77. Med, Educ Svcs & Non- 285,933 119,041 42 58
Profit Organ
78. Fed Govt Enterprises 73,117 19,957 27 73
79. State & Loc Govt Entrprse 68,145 2,722 40 60
TOTAL SUM OF AL INDUSTRIES: 10,824,669 4,523,942 425(8°") §_8ﬁ(63°B)

Source: (Jack) Fawcett Associates, Inc. “1963 Output Measures for Input-
Output Sectors by County" Prepared for the Office of Civil
Defense, United States Department of Defense, December 1968.
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APPENDIX B

Estimates of Share of Sub-States' Personal Income
Within and Outside of the Impact Area
in the States of Arkansas and Oklahoma Respectively

Y28A, stB: Share of Substate's A&B, Arkansas

y30A 30B. gpave of Substate's A&B, Oklahoma
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0BE

117
N7
117
17
117
117
117
117
17
17
117
117
"7
117
117
117
117
117
117
117

SUM OF THE IMPACT AREA:
STATE TOTAL:
SHARE OF THE IMPACT AREA: 64%(v2Sh)
SHARE OF THE REST OF AREA: 36%(y2SB)

SOURCE:

County

Arkansas
Clark
Cleburne
Cleveland
Conway
Faulkner
Fulton
Garland
Grant

Hot Spring
Independence
Izard
Jackson
Jefferson
Johnson
Lincoln
Lonoke
Monroe
Montgomery
Perry

3,576,700

APT'ENDIX B-1

State of Arkansas
(Unit: $1,000)(1965)

55,134
37,924
13,844
8,679
27,078
49,156
8,045
107,473
14,652
43,245
35,269
8,934
39,407
172,298
19,792
19,541
42,526
25,349
8,045
6,660

2,287,238

0BE

- 117

117
117
117
17
117
117
117
117
117
118
118
118
118
118
118
118
119
119

- 19

County

Pike

Pope
Prairie
Pulaski
Saline
Sharp
Stone

Van Buren
White
Woodruff
Crawford
Franklin
Logan.
Polk
Scott
Sebastian
Yell
Benton
Madison

Washington

18,108
149,157

College of Business Administration, University of Arkansas,
Arkansas Personal Income Handbook 1973.
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APPENDIX B-2
State of Oklahoma
(Unit: $1,000)(1962)

0BE County

118 Haskell 7,824
118 Latimer 6,350
118 Le Flore 28,265
118 Pittsburg 54,292
118 Pushmataha 7,384
118 Sequoyah 13,807
119 Adair 10,033
119 Cherokee 17,861
nsg Creek 51,474
119 Delaware 11,348
119 Kay 111,110
119 McIntosh 15,955
19 Mayes 28,418
N9 Muskogee 103,639
119 Nowata 15,183
119 Okmulgee 57,498
117 Osage 37,084
119 Pawnee 11,598
119 Payne 71,549
119 Rogers 24,750
19 Tulsa 954,958
119 Wagoner 14,043
119 Washington 140,456

SUM OF THE IMPACT AREA: 1,794,879
STATE TOTAL: 4,676,603

SHARE OF THE IMPACT AREA: 38%(y30R)
SHARE OF THE REST OF AREA: 62%(y°0B)

SOURCE: Bureau for Economic Research, University of
Oklahoma, County Personal Income in Oklahoma,
1960-1970 Table B-1, 1973.

A-46




APPENDIX C
Estimates of Share of Substates'
Personal Income Attributable
to Federal Employees (Civilian & Military)

Within and OQutside ‘of the Impact Area in the
States of Arkansas and Oklahoma Respectively

UNIT: $1 Million (1962)
§28A 5288,

Share of Substate's A&B, Arkansas

§30A §30B. gpare of Substate's A&B, Oklahoma
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0BE

117
117
117
117
117
117
117
17
117
117
117
117
117
117
117
117
17
1
117
117

County

Arkansas
Clark
Cleburne
Cleveland
Conway
Faulkner
Fulton
Garland
Grant

Hot Spring
Independence
Izard
Jackson
Jefferson
Johnson
Lincoln
Lonoke
Monroe
Montgomery
Perry

SUM OF THE IMPACT AREA:

APPENDIX C-1

State of Arkansas

88.1
92.0
1.1
24.2
72.9
103.2
47.3
219.1
36.3
62.2
101.7
36.7
63.0
894.8
70.3
31.4
143.7
49.9
63.7
50.4

STATE TOTAL: 18,059.6
SHARE OF IMPACT AREA: (525R)76%
SHARE OF THE REST OF AREA (528B)24%

SOURCE:

13,776.3

0E

117
117
117
117
117
117
117
117
117
17
118
118
118
118
118
118
118
119
119
19

States Department of Commerce
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County

Pike

Pope
Prairie
Pulaski
Saline
Sharp
Stone
Van Buren
White
Woodruff
Crawford
Franklin
Logan
Polk
Scott
Sebastian
Yell
Benton
Madison

Washington

68.8
173.7
41.6
5111.6
89.3
32.0
62.4
45.8
125.1
49.4
79.7
52.7
111.7
64.8
52.8
4475.0
120.8
168.6
53.3
475.2

Printout from the Bureau of Economic Analysis, United




APPENDIX C-2
State of Oklahoma

0BE County

118 Haske11 92.7
118 Latimer 42.2
118 Le Flore 267.2
118 Pittsburg 674.9
118 Pushmataha 49.6
118 Sequoyah 55.1
119 Adair 47.1
119 Cherokee 145.5
119 Creek 113.3
119 Delaware 284.6
119 Kay 259.7
119 McIntosh 109.0
119 Mayes 88.1
119 Muskogee 903.1
119 Nowata 48.0
119 Okmulgee 172.4
119 Osage 146.5
119 Pawnee 87.1
119 Payne 420.5
n9 Rogers 132.5
119 Tulsa 2,704.8
19 Wagoner 53.2
119 Washington 260.7

SUM OF IMPACT AREA: 7,157.8
STATE TOTAL: 44,127.2

SHARE OF IMPACT AREA: 16%(6
SHARE OF THE REST OF AREA: 84%(5308)

SOURCE: Printout from the Bureau of Economic Analysis,
United Spates Department of Commerce.

30A)
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APPENDIX D

Estimates of Share of Substates' State & Local
Government Expenditures Within and Outside
of the Impact Area in the States
of Arkansas and Oklahoma Respectively

¢28A, ¢288: Share of substate's A&B, Arkansas

30A

¢30R, (308,

Share of substate's A&B, Oklahoma
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APPENDIX D-1
State of Arkansas
(Unit: $1,000)(1962)

0BE County 0BE County
117 Arkansas 3,538 117 Pike 786
117 Clark 2,196 117 Pope 1,756
117 Cleburne 1,078 117 Prairie 1,066
117 Cleveland . 584 117 Pulaski 34,892
17 Conway 1,336 17 Saline 2,888
117 Faulkner 2,592 117 Sharp 649
117 Fulton 901 117 Stone 545
117 Garland 5,728 117 Van Buren 751
- 17 Grant " 892 117 White 3,239
117 Hot Spring 2,594 17 Woodruff 1,528
117 Independence 1,563 118 Crawford 2,044
117 Izard 553 118 Franklin 1,037
117 Jackson 2,577 118 Logan 1,432
117 Jefferson 7,546 118 Polk 1,354
17 Johnson 989 118 Scott 893
117 Lincoln 1,065 118 Sebastian 6,977
117 Lonoke 2,196 118 Yell 1,247
117 Monroe 1,403 119 Benton 4,001
117 Montgomery 605 119 Madison 673
117 Perry 590 119 Washington 7,521

SUM OF IMPACT AREA: 115,805

STATE TOTAL: 198,693
SHARE OF IMPACT AREA: 58%(¢28")
SHARE OF REST OF AREA: 42%($28B)

SOURCE: Bureau of Census, United States.Department
of Commerce, Census of Government 1962
Government in Arkansas, Vol. IV and VII.
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APPENDIX D-2
State of Oklahoma
(Unit: $1,000)(1962)

0BE County

118 Haskell 1,208
118 Latimer 1,084
118 Le Flore 3,652
ns Pittsburg 4,184
118 Pushmataha 1,536
118 Sequoyah 2,422
119 Adair 1,616
119 Cherokee 2,152
119 Creek 5,296
119 Delaware 1,691
119 Kay 8,255
119 McIntosh 1,731
119 Mayes 3,029
119 Muskogee 8,442
119 Nowata 1,442
119 Okmulgee 4,797
119 Osage 4,824
119 Pawnee 1,662
119 Payne 5,013
119 Rogers 3,096
119 Tulsa 55,990
119 Wagoner 1,790
119 Washington 6,872

SUM OF IMPACT AREA: 131,784
STATE TOTAL: 353,998

SHARE OF IMPACT AREA: 37%(¢° )
SHARE OF REST OF AREA: 63%(¢30B)

SOURCE: Bureau of Census, United States Department of
Commerce, Census of Government 1962 Government
in Oklahoma, Vol. IV and VII.

30A
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APPENDIX E

Shares of State Total Receipts by Industry
and Substates Within and Outside of the Impact Region
in the State of Arkansas and Oklahoma

nfsA, “$8B: Substate's A&B in Arkansas

308
“?OA qob.

» My : Substate's A&B in Oklahoma
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APPENDIX E

Shares of State's Total Receipts by Industry
and Substates Within and Outside of the Impact
Region in the States of Arkansas and Oklahoma*

ARKANSAS (28)

OKLAHOMA (30)

=
- OQWOOSNNDUCIDWN =
e & & & © o & ® e o -

*k

. Industry “$8A “$88 n?OA H?OB
Livstk & Livstk Prod .6832 .3168 .4652 .5348
Oth Agr Prod .6189- .3811 .5283 477
Forsty & Fish Prod .5024 .4976 .3959 .6041
Agr Forsty & Fish Svcs .4991 .5009 .1939 .8061
Iron & Feroaly Ores Min .7705 .2295 .8515 .1485
Non-Ferr Metl Ores Min .8655 .1345 6111 .3889
Coal Mining .6001 .3999 .4844 .5156
Crude Pet & Nat'l Gas .1544 .8456 .6738 .3262
Stone & Clay Min & Quaryng .5692 .4308 .4205 .5795
Chem & Fert Minrl Min .6000 .4000 44117 .5589
New Construction .6420 .3580 .3806 .6194
Main & Repr Construct .5806 .4194 .3734 .6266
Ordnance & Accessories .7453 .2547 .1888 .8112
Food & Kindred Products .6919 . 3081 . 3954 .6046
Tobacco Manufactures .6409 .3591 . 3804 .6196
Brd & Nrw, Yrn & Thrd Miils .5382 .4618 .3076 .6524
Misc Textl Gds & F1r Cov .4942 . 5058 .2716 .7284
Apparel .6316 .3684 . 3696 .6304
Misc Fab Text Prod .6398 .3602 . 3981 .6019
Lumber & Wood Prod .5303 .4697 .3492 .6508
Wooden Containers .5306 .4694 .4166 .5834
Household Furniture .7195 .2805 .3704 .6296
Oth Furn & Fixtures .6453 .3547 .4025 .5975
Paper & Allied Prod .6267 .3733 4173 .5827
Paperbrd Cont & Boxes .6464 .3536 .4474 .5526
Printing & Publishing 7197 .2803 .3791 .6209
Chemicals & Products .5279 4721 .4459 .5541
Plastics & Syn Matls .4875 .5125 217 .7883
Drgs, Clean & Tlet Prep .6517 .3483 .3900 .6100
Paints & A1l Prod .6475 .3525 .4350 .5650
Petroleum Industries .5240 .4760 .4756 .5244
Rubber & Plastics Prod .6633 .3367 .3511 .6489
Leather Prod .4533 .5467 .4401 .5599
Footwr & Oth Leath Prod .6179 . 3821 .3828 .6172
Glass & Glass Prod 7512 .2488 .5206 .4794
Stone & Clay Prod .7028 .2972 .3674 .6326
Prim Iron & Steel Mfg .7268 .2732 .4920 .5080
Prim Non-Fer Metl Mfg .7973 .2027 .6286 3714

A-54



APPENDIX E Continued

ARKANSAS (28)

OKLAHOMA (30)

' 28A** 288 30A 308
Industry ;i T LE T
39, Metal Container 7241 .2759 .4537 .5463
40. Heat, Plumb & Fabricat .7391 .2609 .3931 .6069
Metal Prod
41. . Screw Mach Prod, bolt, .7801 .2199 .4104 .5896
nuts, etc.
42. Oth Fabric Metl Prod .6580 .3420 4271 .5729
43. Eng & Turb .6870 .3130 .4056 .5944
44, Farm Mach & Equip .6053 .3947 .3744 .6256
45. Constr, Min, 0il Field .6732 .3268 .4341 .5659
Mach & Equip
46. Mat Hand Mach & Equip .5668 .4332 .3991 .6009
47. Metl Work Mach & Equip .6837 .3163 .4673 .5327
48, Spec Ind: st Mach & Equip .6231 .3769 .3965 .6035
49, Gen Indust Mach & Equip .6787 .3213 .5149 .485]
50. Mach Shop Prod .7823 2177 .5155 .4845
51. O0fc Comput & Acctg .7149 . 2851 .3798 .6202
52. Svc Indust Mach 7510 .2490 .3616 .6384
53. Elect Transmis & Distr Equip . 6864 .3136 .4136 .5864
& Elect Indust Apparatus
54. Household Appliances .7996 .2004 .3796 .6204
55. Elect Light & Wir 7444 .2556 .3435 .6565
56. Radio, TV & Comm Equip .7461 .2539 .2597 .7403
57. Elec Compon & Access .9265 .0735 .1895 .8105
58. Misc Elect Mach Equip & Suvbp .6916 .3184 .3563 .6437
59. Motr Veh & Equip .6471 .3529 .3640 .6360
60. Aircraft & Parts .6623 .3377 .4010 .5990
61. Oth Transp Equip .6887 3113 .3883 6117
62. Prof, Scientif & Control .8531 .1469 .4525 .5475
Instru & Supp
63. Opt, Ophth & Photo Equip .7044 .2956 .3951 " .6049
& Supp
64. Misc Manufacturing . .6865 .3135 .3949 .6051]
65. Transport & Warehousing .6445 .3555 .4084 .5916
66. Comm Excpt Radio & TV Bdcsting .6641 .3359 .3902 .6098
67. Radio & TV Broadcasting .7384 .2616 .4293 .5707
68. Elect, Gas, Water & Sanit Svcs .6219 .3781 .4103 .5897
69. Wholesale & Ret Trade .6476 .3524 . 3860 .6140
70. Finance & Insurance .6517 .3483 .3926 .6074
71. Real Fstate & Rental .6304 .3696 .3552 .6448

A-55



APPENDIX E Continued

ARKANSAS (28) OKLAHOMA (30)
Industry n2BA™* 288 - ;30 7308
i i i i
72. Hotls & Lodg Places; pers & .6458 .3542 .3713 .6287
repr svcs, excpt auto repr
73. Business Services .6740 .3260 .3677 .6323
74. Research & Develop*** .5000 .5000 .5000 .5000
75. Auto Repair & Services .6466 .3534 .3799 .6201
76. Amusements .6658 .3342 .3705 .6295
77. Med Educ Svcs & Non-Profit .4649 .5351 .3312 .6688
“ Organizations .
78. Fed Govt Enterprises .6205 . 3795 .3352 .6648
79. State & Loc Govt Enterprise .6565 .3435 .3867 .6133

Footnotes: )

* Substate shares of total state receipts are derived by estimating
each substate share of intermediate demand and each component of final
demand of that state. Substate share of intermediate demand is estimated
by substate share of total state output by industry and substate share of
each final demand component is derived by various census data.

** Represents substate share of demand for each industry product for
that state. Superscript 28 and 30 represent the states of Arkansas and
Oklahoma respectively. A and B represent substate within and outside of
the impact region respectively.

*** Qutput of industry 74 is zero. In order to insure mathematical
operation T74 is replaced by 0.5000 for each substate.
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APPENDIX F

Classification of States
for
The MRIO and IRIO
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Appendix F-1 States for the MRIO & IRIO

State No State (Abbreviation) MRIO Reg No IRIO Reg No
1 Aiabama AL 26 [ %ﬁj_
2 Arizona AR 37 4
3 Arkansas AR 28 1&2 (1&S)
4 California CA 42 4
5 Colorado co 35 4
6 Connecticut T 3 4
7 Delaware DE 16 4
8 D.C. DC 17 4
9 Florida FL 23 4

10 Georgia GA 22 4
11 Idaho ID 33 4
12 I1linois IL 7 4
13 Indiana IN 7 4
14 Iowa IA 10 4
15 Kansas KS 15 3 (N)
16 Kentucky KY 24 4
17 Louisiana LA 29 2
18 Maine ME 1 4
19 Maryland MD 16 4
20 Massachusetts MA ' 3 4
21 Michigan MI 6 4
22 Minnesota MN 9 4
23 Mississippi MS 27 4
24 Missouri MO n 3 (N)
25 Montana . MT 32 4
26 Nebraska NE 14 4
27 Nevada NV 39 4
28 New Hampshire NH : 3 4
29 New Jersey NJ 5 4
30 New Mexico NM 36 4
31 New York NY 4 4
32 North Carolina NC 20 4
33 North Dakota ND 12 4
34 Ohio OH 6 4
35 Oklahoma 0K 30 1&2 (14S)
36 Oregon OR 4] 4
37 Pennsylvania PA 5 4
38 Phode Island RI 3 4
39 South Carolina SC rd; 4
40 South Dakota SD 13 4
4] Tennessee ™ 25 4
42 Texas TX 30 2 (S)
43 Utah uT . 38 4
44 Vermont VT 2 4
45 Virginia VA 18 4
46 Washington WA 40 4
47 West Virginia Wy 19 4
48 Wisconsin WI 8 4
49 Wyoming WY 34 4
50 Alaska AK 43 4
51 Hawaii HI 44 4
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Appendix F-2 Modified MRIO Regions for States and IRIO Region
Modified MRIO

Region No Constituent State(s) and No. IRIO Region No.
] Maine(18) 4 (R)
2 Vermont(44) "

3 -Conneccticut(6), Massachusetts(20) "
New Hampshire(28), Rhode Island(38) "
4 New York(31) "
5 New Jersey(29), Pennsylvania(37) "
6 Michigan(21), Ohio(34) "
7 I11inois(12), Indiana(13) "
8 Wisconsin(8) "
9 Minesota(22) "
10 Iowa(L4) "
1 Missouri(24) 3 (N)
12 North Dakota(33) 4
13 South Dakota(40) "
14 Nebraska(26) "
15 Kansas(15) 3
16 Delaware(7), Maryland(19) 4
17 District of Columbia(8) "
18 Virginia(45) "
19 West Virginia(47) "
20 North Carolina(32) "
21 South Carolina(39) "
22 Georgia(10) . "
23 Florida(9) "
24 Kentucky(16) "
25 Tennessee(41) "
26 Alabama(1) . "
27 Mississippi(23) "
28 Arkansas(3) 1&2
28A Part of Arkansas(3A) 1 (I
288 Part of Arkansas(3B) 2 (S
29 Louisians(17) "
30 Oklahoma(35) 182
30A Part of Oklahoma(35A) 1
308 Part of Oklahoma(35B) 2
31 Texas(42) ' u
32 Montana(25) 4
33 Idaho(11) "
34 Wyoming(49) "
35 Colorado(5) "
36 New Mexico(30) "
37 Arizona(2) "
38 Utah(43) "
39 Nevada(37) "
40 Washington(46) "
41 Oregon(36) "
42 California(4) "
43 Alaska(50) "
44 Hawaii(51) "
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Appendix B

WATER RESOURCE PROJECTS GENERATING

BASIC COST DATA

The data analyzed in this study refer to the following twelve types of
public development projects, for which the names and 1ocat1ons of

individual projects are listed.

LARGE EARTH FILL DAMS
Painted Rock Dam

SMALL EARTH FILL DAMS
Buckhorn Reservoir
Dillon Reservoir (clearing)
Mansfield Reservoir

LOCAL FLOOD PROTECTION
Big Dalton Wash Channel
Cape Girardeau
Woonsocket, Blackstone River

PILE DIKES

Ackley Bend to Leavenworth Reach,
Missouri River

Ashport-Goldust, Mississippi River

Miami to Glasgow Bend, Missouri
River

Near Bigelow, Arkansas River

Bend, Missouri River

LEVEES

E1k Chute Drainage District

Lake Ponchartrain .

Mear Muscatine, Mississippi River

01d Lake

Ripley, Mississippi River

Sant: Maria Valley and Bradford
Canyon

Yazoo River

REVETMENTS
Arkansas River Revetment
Bank Paving, Mississippi River

Board Revetment, Red River

Cessions to Kempe Bend,
Mississippi River

Sacramento River Bank Protection

Arizona

Kentucky
Ohio
Indiana

California
Missouri
Rhode Island

Kansas

Arkansas
Missouri

Arkansas
Missouri

Missouri
Louisiana
Iowa
Louisiana
Tennessee
California

Mississippi

Arkansas

Missouri, Tennessee
Arkansas,
Mississippi

Louisiana

Mississippi, Arkansas,
Louisiana

California



Appendix B (Continued)

POWERHOUSE CONSTRUCTION
Beaver Dam Powerhouse

MEDIUM CONCRCTE DAMS
Beaver Dam and Reservoir

LOCK AND CONCRETE DAMS
Columbia Lock and Dam

LAﬁGE MULTIPLE-PURPOSE PROJECTS
Glen Canyon Dam and Powerhouse

DREDGING
Anacostia River
Atlantic Intra-Coastal Waterway,
Port Royal Sound
Bronx River
Brunswick Harbor
Calumet-Sag Channel
Columbia River between Bonneville
and Vancouver
Duxburg Harbor
Gulf Intra-coastal Waterway, Freeport
Intra-Coastal Waterway,
Caloosahatchie River to Anclote River
Manteo to Oregon Inlet
Matagorda Channel, Point Lavaca
New York Harbor
Philadelphtia, Delaware River
Sabine-Neches Waterway

MISCELLANEOQUS
"Bayou Macon Channel Improvement
Jetties, Gold Beach
Outlet Channel, Sardis Dam
Sea Kall Extension, Galveston

Sources:
Robert H. Haveman and John V. Krutilla.

Capacity, and the Evaluation of Public Expenditures:

Arkansas

Arkansas

Alabama

Arizona

. District of Columbia

South Carolina

New York

Georgia

I1linois
Washington, Oregon

Texas
Texas
Florida

North Carolina
Texas

New York
Pennsylvania
Texas

Louisiana
Oregon
Mississippi
Texas

Unemployment, Idle

National and

Regional Analysis. Baltimore: The Johns Hopkins Press, 1968,

Appendix 2, pp. 100-101.
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Computer Programs and Data

I. Introduction

In the course of the study of the inter-regional input-output models
(80 and 10 sector models), the data sets of the MRIO mode1] were used
as basic data in order to get technical coefficients and column trade
coefficients.- A1l programs were written in FORTRAN IV and three
different computers were used due to the core size and convenience.
Programs AHAT and GETC were introduced ih the MRIO operating package
and have been slightly modified here. SuBroutine INQERT is also
adapted from the BMD program.2 The rest of the programs were created
for the IRIO models.

In order to obtain the regional final demand sectors and regional
outputs of the 80 sector model, two computers, UNIVAC 1108 and CDC 7600,
were used. Technical coefficients and trade coefficients were computed
by UNIVAC 1108 but the matrix inversion and output computations were
carried out by CDC 7600 because CDC 7600 had a sufficiently larger
core memory than the UNIVAC system and could handle the direct matrix
inversion of a 320x320 matrix.

To prevent system problems in transferring data.on the tape from

one system to another system, technical coefficients and column trade

]A1bert J. Waldenhaug, Raymond C. Rodgers, and Howard L. Schreier
"Implementation and Evaluation of the Multiregional Input-Output Model
of the United States." U.S. Department of Commerce, Washington, D.C.
August 1972.

2w. J. Dixon, Editor. "BMD Biomedical Computer Programs."

University of California Press.
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coefficients were punched on cards from the UNIVAC system and fed into
the CDC system., Flow charts for the operating procedures using both
systems are shown in Figures 1 and 2. Data sets on tapes and cards
are tabulated on Tables I and II. Figures 3 and 4 show the flow charts
for operating procedures using UNIVAC 1108 and IBM 5/360. There was

no particular reason for switching UNIVAC to IBM to execute the program
SCNFIN, except- for convenience of computer use. There were two computer
programmers involved in the computer programming. One of the programmers
was responsible for writing the source programs and the other was
-responsible for the system analyzing and modification of programs
whenever needed for the specific computer. It should be noticed that
subroutine, NTRAN, is a subroutine in the UNIVAC system for tape
‘handling (see Appendix A for details). This subroutine can be replaced
by ordinary statements like WRITE, READ, and REWIND. In programs,
requesting a large core memory in the CDC system, LARGE is used instead
of the DIMENSION statement. Program, FINAL, may be modified without
great difficulty to reduce the core storage requirement by partitioning
the matrix. The inverse matrix is already partitioned into 4 rowsxé
columns sub-matrices as shown in Appendix B.  Computcr programs are
arranged in order following the job steps. Subprograms for the print-
out of thé matrices are quite similar to each other, but are retained

as are.
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DATA2

&

DATA1

/ghbstate shares

SUBIO |~

®,B8,Y,8,9

DATA6

—(®

DATA3

o

t—— REGIO

{2~

[;;bstates shares
o

>|  TRADE

—-

DATA4
AHAT GEiC
DATA5 =] PNCHTP DATAS
A T
[_ DATAS | o DATAS
Figure 1

Flowchart for Operating Procedures
Using UNIVAC 1108 Computer for 80 Sector Model



cx

[r DATAS

BKYTAP BKYTPC
DATASC ] DATASC
A l T
[
DRINVT
Household FEEP
Sectors I
DATAS T &nverse Matri%
- - -1
ThPw) i w
National Final <
Demands FINAL 3
-
Deflators
/fProject and v
Contract Costs
egional Final
Demands and
( Outputs
Ratio qf Contract -1
to Project Cost THY,(I-THAH) THY
Figure 2

Flowchart for Operating Procedures
Using CDC7600 Computer for 80 Sector Model




LD

Data Set

Name

DATA1

DATA2

DATA3
DATA4
DATA5
DATA6

DATA7
DATA8
DATA9

DATASC
DATASC

TABLE I

Data Files on Tapes

Contents

MRIO data set 1. State final

demand components

MRIO data set 4. State 1/0
tables for 1963

Substate I/0 tables
Four regional 1/0 tables
Technical Coefficients

MRIO data set 6. Modified
commodity trade flow

Four regional trade flow
Trade Coefficients

Inverse matrix tables with
16 submatrices

Technical Coefficients

Trade Coefficients

MNo. of '
Computer Tables Dimension Label Sum
UNIVAC 22 53x88 yes yes
UNIVAC 51 84x84 yes yes
UNIVAC 4 84x84 yes yes
UNIVAC 4 84x84 yes yes
UNIVAC 4 84x84 yes yes
UNIVAC 79 45x45 yes yes
UNIVAC 79 5x5 yes yes
UNIVAC 79 4x4 yes no
cbeC 16 80x80 no no
cbC 4 79x79 yes no
o] 79 4x4 yes no

*Sum indicates the row sums and the column sums of the tables.



Table II

Data Sets on Cards

Data Set

Callinc Program

Computer* Format

Sub?t?te shares of state total receipts
a

"Substate shares of state total receipts
(B’Y’6’¢)

Subitate shares of state total receipts
@)

Household sectors (80 sector model)
Household sectors (10 sector model)

National final demands in 1958

Deflator

Ratio of contract cost to project cost

Contract cost and project cost

*UNIVAC: UNIVAC 1198, CDC: CDC7600,

SUBIO(MAIN)
SUBIO(MAIN)
TRADE (MAIN)

DRINVT(MAIN)
SENFIN(MAIN)
FINAL (DEMAND)

SENFIN(DEMAND)

FINAL (DEMAND)
SENFIN(DEMAND)
FINAL (CONTRC)
SENFIN{CONTRC)
FINAL (CONTRC)
SENFIN(CONTRC)

IBM: 1IBM S/360

UNIVAC

UNIVAC

UNIVAC

CDC
IBM
CDC

IBM

coc
IBM
CDC
IBM
CDC
IBM

14F5.0
4F10.0
14F5.2

4F10.6
8F10.6

110,7F10.2/
(5F10.2)

110,7F10.2/
(5F10.2)

5(15,F15.2)
15,F15.2
4F10.5
4F10.5
5F15.4
5F15.4




DATA4

AGGREG ' TRAAGG
/ﬁ .
10 Sector 1/0 10 Sector Trade
Flow
Figure 3

Flowchart for Operating Procedures
Using UNIVAC 1108 Computer for 10 Sector Model

c-9



10 Sector 1/0

=

10 Sector Traé;] - -
Flow _[ SENFIN
A
Household — ==
Sectors
National Final ol Regional Final Demands,
Demands Multipliers and Output
- Tables
ﬁeﬂators - >

Project and e
Contract Costs

B

Ratio of Contract >
to Project Costs .

=5

Figure 4
Flowchart for Operating Procedures
Using IBM S/360 Computer for 10 Sector Model

Cc-10




[I. Computer Programs
A. 80 Sector Model
SuUBIO

This program disaggregates the state input-output tables to make tﬁe
substate input-output tables in 1963.

Data Files:
Data Set Name Logical Unit Type Description

DATA1 8 input MRIO data set 1.
State final demand components.

DATA2 9 " input MRIO data set 4.
51 state input-output tables.

DATA3 7 output Substate input-output tables.

Input Data Cards

a) Substate shares of state total receipts {,8,6,v:¢)
b) Title cards for labeling the tape in alphanumeric mode.
c) Control cards ‘
NSUB: The state number for the state which is divided into
two sections.
In our case, .
NSUB=3 for Arkansas and 35 for Oklahoma state.
1D

0 for one section of a state (A section)

1 for the other section of a state (B section)
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®FORsIS SUBINWSUBRIO

CeosesSUBIO0

c TO MAKE SURSTATE I0 TARLES

c 7) CUTPUT FILE= DATAS

(o 8) INFUT FILEL = DATAZ DATA SET 4 OF MRIO
g 9) INPUT FILE = DaTA} OATA SET | OF MR10
¢

OO0

o0on oo

100
200
300
400

DIMENSION LB(20)
COMMON IP/Z(GGOHH)9ALPHA(7°)OBETloDELTAoGAHFA'PHIIQIIDoNSU&
DATA NRo¢NCoeLAB/B8UyBYUr20/eNIND/TYY/

READ INPUT DATA CARDS

READ(Gy100INSUBe 1D

1 (NSURLEQ,L)STOP

READ(S+200) (ALPHA(J) sd=1oNIND)
READ(S.300)BETADELTAIGAMMA(PH]
READ(S,u00)(LB(K)eK=1012)

CALL Iosus
CALL j0SUB

WRITE OuTPUT

CALL NTRAN(TeleLAS,LBeL"Y922)
CALL NTRAN(To1eNRENCoZ LAY 22)
CALL PRINT(ZoLB)

FORMAT(215)

FORMAT(1UFS,0)

FORMAT(UF10,0)

FURMAT(12A8)

GO 10 §

END

®FORe1S IOSuB.l0SUB
Crsx 33 SURROYUTINE 10SUB

¢
c

(2 X 2 X 3]

mnoo

8) INPUT FILE = DATA2 DATA SET 4 OF MR]O

SUBRAUTINE JOSUB

DOUBLE PRECISIOM FDX(79)ODZSUP(6“)002(56050)
DIMENSION 1E(20)eY(BUrARU)CUEFLT9)

COMMDN /P/Z(GHCBU)oALPhA(79)0BLTloDELTAUGAHHAcPHIIGIIDvVSUB-
DATA NRyNCLAB/BUsBU20/7¢NIND/YO/
NC1=NCel

READ INPUT FILE

CALL NYRAN(B¢30922)

DU 10 Ksl.NSUB

CALL NTRAN(Be2eLABsIBeLAYe22)
CALL NTRAN(B.&.thNC.Y,LAY.za)
CONTINUE

WRITE INPUT FILE

WRITE(AWUOO)(1IB(JI)eJ=],420)
WRITECO69500)(JeY(1aJ)eJ=1eNC)

INITIALIZATION
DO §5 I=1sNR
DO 15 J=1eNC

1S Z(1ed)=0,0
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[aXaX 2]

4]

es

oon

ooo

30

40

50

60

400
500

COMPUTE COEFFICIENTS

00 20 I=3sNR

DO 20 J=1oNIND
COLF(YIsELPmE(I) /100,
TFCIN,NELO0ICOEF(J)=1,0aCOLF(J)
ZC1ed)sY(L1eJ)SCOEF L)

CONTINUE

00 2% J=B81,83¢2

N0 2% I=1eNIND
ZCled)=y(1eJ)SCOEF(Y)

CALL FpSuB

CALL FDSUB(FDX)
D0 30 I=1,NIND

Z(1+823=FDXL1)

CHANGE YO DOUBLE PRECISION
DO 40 IsieNR
00 40 JsieNC
DZ(1eJ)=2(1ed)

*COLUMN SUM

00 S50 I=$sNR
DZSUM(1)=0,0

DO 50 J="NCt
DZSUM(1)=DZSUM(IY+D2(3ed)
CONTINUE

CHANGE TC SINGLE PRECISION:
00 60 Iz1sNR
Z(1480)=D25UM(T)

‘WRITE QUTPYT
WRITE(6.400)(IB(J)eJ2l+20)
WRITE{6+500)CdeZi)ed)eJ=EeNC)

FORMAT(2046)
FORMAT(8(I5:F310,40))
RETURN

END

#FOR.IS FOSUBIFOSUB .
Coxxs5UBROUTINE FOSUB

¢
¢

(g X2 X 2

10

"9) IRUT FILE = DATAY  DATA SET § OF MRIO

SUBROUTINE FDSUB(FD)

DOUBLE PRECISION FOCT9)4YYD(10479) °

OIMENSION Y(S53¢ER)¢IBTI20)eCOLE (7)o YY(30.79)

CRMMN /P72 (BUebBU) ¢ALPHA(TQ) s BETAJDELTA GAMMAIPHE/B/7IDINSL
DATA MEMRyMSKIPyNRoNCONIND LAB/9952e53,88¢790207

READ INPUT FILE

CALL NTRAN(9¢10422)

DO $10 ks1¢MSKIP

IFCLARLNE ,0) CALL NTRAN(9¢20LAB,1BoLAY,22)
CALL NTRAN{G92oNRBNC oY LAY ,22)

CONT INUE
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DO 20 XK:tioMENR
JFCLAR NE,0)CALL NTRAN(Oe2,LABeIBWLAY,22) \
CALL NTRAN(Ye2oWRENCeYoLAY22) '

CHECK INPUT FILE BY wRITING

WRITE(6¢400)(IBCI)eJ=1e20)
WRITECO6e500)(JoY(NSUBIJ)eJs enC)

COMPUTE NEW VALUES OF COMPONEN

00 30 Js14NIND
IF(KK,ED,1)COEF({J)=6AMMA/LD0, :
1F (KK, EQ,? ,UR,KK,EQ,3)COEF (J)=BETA/100,
IF(KK ,EQ,4 YCUEF(J)=ALPHA(J) /100,
IF (KK, EQ,S,0R KK EG,690RAKEU,7)COEF (J)SOELTAZ100,
IF (KK, EG,B,0R, KK, E9,9)COEF(J)=PHI/zL00,
YY(RKJISY(NSUByJI*COLF(J)
IFCID NEZQ)YY(RReJ)ZY(NSUBOJI®(] ,=COEFCJ))
30 CONTINUE
KRITECHSO0)(MoYY(RRoHYeM=t430)

E, CHANGE YO DOUBLE PRECISION

DD 40 J=1.NIND
40 YYD(XKKeJ)=YY(KKeJ)

c 20 CONTINUE

C. FINAL DEMAND VECTOR

4
D0 58 I=314NIND
FD(1Y=n,0
D0 S0 KKziyMEHR "

c S0 FD(IIsFD(1)+YYD(KKs])

g- wRITE ouTPUTY
WRITE(6eb00)

c WRITE(6:¢700)CIeFD(I)s I=1eNIND)

800 FORMAT(20A8)
S00 FURMAT(B(ISeEL10,4))
600 FORVAT(IM]¢SXy!FINAL UEMAND VECTOR!/)
700 FURYAT(ARL]59D10,4))
RETURN
END
OFOR¢ ]S PRIMT(PRINT 0
Et'##¥SUBROUIINt PRINT
SUBROUTINE PRINT(Xe18)
DIMENSION X (Bds84),1IB(20)
15=%
1§1=9
Ns84¢
NMALFzN/2
NPLUSsNHKALF¢
Mz 9 .
DO 10 KKs§oM
1121S+181
IF (KK, EQ,M)1T=N
WRITE(6¢50)
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WRITE (6e300)CIB(3)012420)
WRITE(6e270)(101=1Se1T)
D0 20 J=]NHALF.

20 WRITE(6e300)J0({X(Jeld01z IS.XT)
WRITE(60200) (Iel=]SelT)
WRITE(6050)
NRITE(Ae100)(1BLT1)e121420)
WRITE(6+200)(I11=1S01T)

D0 30 J=NPLUS.N
30 WRITE(6¢300)Je(XCJ01)01318e1T).
WRITE(6¢200)C3e121Se1T)
1§51 Tet
10 CONTINUE

50 FORMAT(3H](// ) TRANSACTION TABLEt /)

100 FORMAT(IX¢20A5)

200 FORMAT(/ 301137 )

300 FORMAT(15+§0F11,0)
RETURN
END__
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REGIO
This program aggregates the MRIO state input-output tables plus

the substate input-output tables -intp regional input-output tables.

Data Files:

Data Set Name Logical Unit Type  Description

DATA2 8 input MRIO data set 4.

51 state I/0 tables
DATA3 7 iﬁput Substate I/0 tables
DATA4 1A output Regional I/0 tables

Input Data Cards:

a) Title cards for labeling the tape.
b) Control cards
IREG:. The identification number of the region.
Last card of the deck must be IREG=999 to terminate
the processing. '
NSTATE: State identification number. If NSTATE is 1000, the
aggregation is terminated for a given region. Substate

identification number should be greater than 52.
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PFOR,15 REGIO0,“EGIO

Cxx393REGIO

c

C 10 MAKE REGIOnAL 0 TABLES

c 7) INPUT BJLE = DAYAS  OUTPUT OF SUB1D

c B) INPUT FILE = DATA2 DATA SET 4 OF MRIO
c §1)JUUTPUT FILES DATAY

C

B X2Xa

10

(2 X o N o T

45

2s

16

DOURLE PRECISION DY(84484)¢DYS(BU4BY)
DIMENSICN Th(20)eLB(20)0Y(BU4sBAE)
DATA NRoNCoLAB/E4IBUI20/

READ INPUT CARDS

READ(%4100)IREG
READ(%¢150) (LB(K) yK=1012)-
IF( IREG,EN,999) STOP

INITIALIZATION
00 10 I=1eNR
DO 10 J=1eNC
DYS(14d)=0,0

READ INPUT FILES

READ(S.100INSTATE

IFINSTATE FuU.1000)G0 YO @S
IF(NSTATE.LE+S52)6G0 TO t6

CALL NTRAN(T7e30422)

DO 25 KK=53¢NSTATE _
CALL NTRAN(Te2¢LABs IBoLAY,22)
CALL NTRAN(Te29NRENCoY L AYs22)
CONTINUE

G0 10 21 )

CALL NTRAN(Be10022)

DO-20 - KK=3y¢KSTATE

CALL ‘NTRAN(Bo2eLABIIBILAY22)
CALL NTRAN(Be2¢NRENCoYosLAY22)
CONTINUE

WNRITE INPUT FILE
WRITE(6¢300)NSTATE
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OoOn

OO N

30
Q0

4s
50

100
150
300
oo
500
600

WRITE(6s800)CIBCIY0IZ1420)
WRITE(6e500)CJeY 1 ed) e J=19NC)

AGGREGATJION

DO 30 IsieNR
DO 30 J=aieNC
DY(1vJ)=Y(1ed)
DO 40 I=14NR
DO 40 J=1oNC

DYS(14J)=0YSCIVJ)I¢DY(10d)

60 10 1S

00 50 I=teNR
DU 50 J=ieNC
YCTeJd)=DYS(IeJd)

RITE:

CALL MNTRAN(]leloeLaBsLBoLAYs22)
CALL NTRAN(11¢§oNRENCyYyLAY922)
WRITE(64600)IREG

CALL PRINT{YsLS)

FORMAT(IS)

FURMAT(§1246)

FORMAT(IMLo5X! STATE =14157)
FORMAT(P0AS)
FORMAT(B(15¢E10,4)) :
FORMAT(5X s IREGIUN =te I5/)
GO T0 v )
END

c~18
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AHAT
The A-coefficients (technical coefficients) are calculated from the

regional I1/0 tables by this program.

Data Files:

Data Set Name Logical Unit Type  Description

DATA4 9 " input Regional I/0 tables
DATAS 10 output Technical coefficients

Input Data Cards:

No card is needed. But the size of the structural matrices, the
size of the A'coefficient matrices, and the number of the regions

should be stated in the DATA statement of the main program.
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®i0he TS AnATyanHaY
TH1IS PROGraMe ANAT, CUMPUTES aND OUTPUTS THL DIRECT CUBFFICIENTS
FOR EaCH RelLlUw (84 X B4) )
9) INPUT FILE = DATAM OQUTPUT OF REGID
10Y0UTPUT FILE= DATAS
THIS PROGKAM MAS BEEN GENERALIZED SO AS TO OPERATE WITH ANY SIZE mC::
THREE PARAMETERS ARE MEEDED
FIRSTe THE S1Z¢ UF THE STRUCTURAL MATRICES
SECOND » THE SI1ZE OF VTHE A COEFFICIENT MATRICES
THIRD w THE SIZ¢ OF THE NUMHER UF REGIONS
DDUKLE PRECISION AlRUeAU) sAHAT(BUBU) ¢SUMALE
DIMENSTION B{(BUeBU) vASING(BU8Y)
EQUIVALENCFE (B(1e1)eASING(Se1))
DATA NROWeNRAYNREG/BU9BUYYY/
M0s 6
NRITP(N001!3)NR0“0NR10NREG
113 FORMAT(1Xe314)
CALL WIEDER (iROweNRAINREGA9ANAToSUMACCeBIASING)
stTop '
END -
PFORYIS WIENFRewIEDER
SUBROUTINE wlEDER (hﬂUuoNKAoNREGoA.AHAT.SUMACC BeASING)
.C

¢
c

OOOMOOONOC

DOUBLE PRECISIOAN A(aa.aa).AHAT(Baoaa)-SUMACC,// '
DIMENSION B(BUebU)oASINGIBUBY)91B(20)
EQUIVALENCE (B(Iv3)eASING(10)))

DATA LABrs20/

MDsb
KUNS T30
NZERO=0
NEGCOF=0
00 100 IREG=1INREG
c READ IN THE INTERINDUSTRY FLOWS AND TRANSFER TO DOUSBLE PRECISION
CALL NTRAN(Qe2eLABo]IBeLAYs22)
CALL NTRAN (9¢2eNROWS¥2,ByLAY22)
WRITE(M0+99)(IB(J)eJS14LAB)
99 FDRMAT(IHLe// 20Ab //)
00 799 KIzgoNROw
00 799 KJ=1¢NROW
799 A(KIokJ)SBIKIVKJ)
WRITE(M0¢9) (A(feJ)9d=]e5)
Q FORMAT(IXs!1A MATRIX1910032,6)
D0 70 J=1sNRA
SUMACC=0
C CALCULATION COLUMN SUMS OF REGIONAL TRADE FLOw MATRIX
LESONE = NROW =
DD 20 I1=1¢LESONE
20 SUMACC=SUMACC+A(],J)
A(NROW¢J)=SUMACC
€ IF CuLumMn SUM LESS THAN ,5 SET INTER«INDUSTRY COEFFICIENTS30
IF (SUMACC,GT,0,48) GO TO SO
D0 30 I-loNRl
30 AMAT(I¢J)a0
Go 10 70 "
C INTERSINPUSTRY COEFFICLENY = CULUMN OF TRADE FLOW MATRIX DIVIDED
C AY SUM NF COLUMN -
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50 CONTIAUE
KUNSTexUINSTe]
N0 #0 I=§enRA
AHAT(1eJ)=a(TeJd)/7SUr ACC
!b(AMAT(IoJ).GT,O.ﬂ) m2ERNSNZERDe Y
16 089aT(10d)olT,0,0). NEGCUFSMNEGLOF @Y
60 CONTINMUE
70 COMYINnLE
THANSFER Tn SINGL PRECISION AND OUTPUT ONTO DEVICE 10
CALL NTRAN(10eloLAByIbeLAYe22)
DU 899 I =§eNRA :
DO 899 J = JeNRA
899 ASING(I.J) = AHAT(I,J)
c CALL MTRAN (109} .NRAtta.ASING.LAv.ZZ)
WRITE(M0e3070) IREG
. 1070 FORrFAT(Y wKOTE INDUSTRY COEFFS FOR REG%GN 1¢13F
WRITE(#De1) (A(NROnoJ)IeJ21980)
11 FORMAT (1Xe!SUMACC 'e10D12,6)
WRITE (MO«13)(AHAT(14J) ¢J=1eT)
13 FORMAT(1Xs VAHAT410D15,9//)
CALL PRINTU(MDsASINGeIB)
100 CONTINUE
WRITE (MO 15)KUNST
15 FORMAT(I10+3Xs 'COLUMNS pIVIDED THROLGHl)
+  WRITE(MOs16)NZEROGNEGCOF
16 FORPAT(/110|5X0lNONZ‘RO-POSITIVE COLFFICIENTS ANDIo2XoI309INEGATIY
{& COEFFICIENTS!)
RETURN
END
OFDRe 1S PRINTUCPRINTU
Cess2¥SUBROUTINE PRINTUCIOUTeAIB)

[ 2 X o

c T0 mRITE OUTPUY

c
SUBROUTINE PRINTU(IQUT.Ae]IB)
DIMENSION A(BaeBU)e1B(20)
DATA MoNsNMALF/Z9¢8usd2/¢LABZ20/
Jseg - . )
Jsi=9
NPLUS=NHALF ¢!
DO 10 KK=g1oM
JI=JSeJS?
IF(RK EG,M) JTBN
uRI!t(IOUT-SO)
WRITE(IOUT, lOO)tIB(I)vI~!vLAB)
WRITE(IOUT200)CJeJ=d8edT)
DO 20 I=1sNHALF

“20 WRITE(TOUTS00)Is(A(I0d)ed=dSydT)
WRITE(JOUT,4200)(JeJsJ5edT)
IF(NPLUS,GTLN) GO TO &0
WRITE (I10UT,50)
WRITE(TOUT100)(IRCTIo1=10LAB)
WRITE (10UT4200)(JedsdSedT)
D0 30 I=NPLUSWN
30 WRITECIOUT4300) Te¢ (ACYod)eJd=JSedT)

whITECTOUT200) (JoJd=dSedT)

c DuMMY CuNTINUL
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40 CONTINUE
JS=JTed
10 CONTINUE
%0 FORMAT(1Hyy /7 'DIRECT REQUIREMENTS! /)
100 FORMAT(1X920A6)
200 FORMAY(/ §0111 /)
300 FURMAT(ISe10F11,6)
RETURN
END
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TRADE

This program disaggregates the trade flows of the regions identified
as 28 and 30 into two sections for each region and aggregates the
resulting trade flows into the four regional trade flows.
Substate shares of the total state receipts (m) is computed by this

progranm.

Data Files:

Data Set Name Logical Unit Type Description

DATA3 7 input Substate I/0 tables

DATA6 8 input MRIO data set 6.
Modified commodity trade flow

DATA7 9 output Regional trade flow

Input Data'Cards:

a) Control cards
KK(IEX),LL(IEX): Row or column numbers of the matrix to be
exchanged with each other. The rearrangement
of the modified matrix with substate trade
flows is carried out in a number of exchange
operations.
IEXN is the total number of exchange operations.

In our case,

IEX  KK(IEX)  LL(IEX)
1 ] 45
2 2 47
(continued on next page)
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(continued) IEX  KK{IEX) LL(IEX)

3 3 46
4 4 48
5 5 29
6 6 31
7 7 1
8 8 15
9 28 a7
10 30. 48

M(K): the column or row number where aggregation starts.
Aggregation continues up to the column before the next
M.
In our case,
1 3 7 9 47
MANIP(J)=1: for making the off-diagonal elements zeroes for
service industries.
#1: no change is made.
Only one card is needed using FORMAT(801I1).
b) Substate shares (o)

¢) Title cards for labeling the tape.

\
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PFUR¢1S TWADE ¢ TRADE

CssassTRADE

¢

c TO MaAKE THt TRADE FLUw 14KLE 0OF IRI0 USING MRIQ DATA
c 7) INPUY FILE = DaTAS CUTPUT OF SUB!O

c A) INPI'T PILE = DATAL DATA SET 6 OF MR10

¢ 9) LUPUT FILES DATAY

c

DIMENSTON LLI10)o4ANIP(79)
DIMENSION A(UBLB)TEMP(LBYe KK(10) H(S)! T(SeD) 0 AL2BIT79)4ALS
10079),JB(20)s I5(20)eC(aSeu5)
DOUBLE PRECISION StiMeSUMRUWSUMCOL
COMmMON /!/PEBA(79)OPZGB(79)09305(79309305(79’
DATA INPoIOUT/5e6/7eNINDeLARGNREG/ 79420444/
DATA JREGNGIREGPoIEXMeKMAX/QolBoyi0eS/¢ IREGCM/SY

READ AND wRITE: MATRIX OPERATION 'GUIDE INPUT

(2 X2 X 2}

DO 310 IEX=1e¢lEXN

READ(INPe100) KK(IEX)e LLC(JEX)

WRITE(IOUT,200) IEXe KKCIEX)s LLCIEX)
10 CONTINUE i

READCINPeS00) (M(K)oKS§oKMAX)

WRITECIOUTS00)(M(K) oRz]eKMAX)

READ(INPS00)(AL2B(J) e J=ioNIND)

READ(INPS00)(AL30CJ) e J= o NIND)

CALL PAl

WRITECTOUTS600) (JoAL2B(J)eJ=1eN1iéD)
WRITE(TOUT,600) (Jeal30(J)¢J=§eNIND)
READ(INPs6503 (MANIP(J) e d=] o NIND)

CALL NTRAN(8910+22)

DD 95 KKK=§eNIND
AL2BAc AL2B(KKK)
AL28B=z1,0=AL28A
AL3OAZAL 30 (KKK)
ALS0B=1,0nAL30A
PI128Aa=P2BA(NKK)
PI128%=P28H (KKK)
PI30A=P30A(KKK)
P130B=P30B(KKK)

READ AND WRITE INPUT FILE:

DIMENSION OF MATRIX I1C! "UST BE EXACTLY THE SAME AS ORIGIN‘LLY
WRITTEN DATA,

NREGP=NRFGe1Q

CALL NTRAN(Be2eL.ABsJBeLAYe22)

WRITECIOUT«T00)(IBCI)eJ=1eLAB)

CALL NTRAN(BI2eNREGP332,CelAYe22)

WRITE(TOUT8D0)(C(39J)¢J=1eNREGP)

PO 1S Jz§{.NREG

0D 15 J=19nNREG

ACTeJd)=CLIed)
15 CONTINUE
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P X2 Xs

oMa

[z X2 X 2]

- 20

30

MAKE OFFeDIAGONALS ZERC .FOR SERVICE INDUSTRIES

35

CREATE NEw ROWS AND COLUMNS

DO 20 I=1.NREG
A(leug)=Pl28A%A(1,28)
ACLedp)=PlocBsA(],28)
A(led7)=PI3CA®A(1,430)
A(lslpy)=PI30B24(1,30)
CONTINUE

DO 30 J=1e¢NREG

ACUSe JISAL26A*A(284y)
AldoeJ)=ALPBB*A(284))
A(4Te)ISALIUASA(304J)
ACU8¢J)=ALIOBSA(304y)
CONTINUE

A(a5S+05)=41 28AP128A%A(28428)
A(USeah)=aLRBARPIIARSA(2B028)
A(USeu7)=AL2BASPI304%A(26030)
A(451uR)ZAL2BASPI3GESA(28430)

ACUbILS)ISAL2BR*PI2RASA(268426)
A(Ubeun)SAL2BHTFIZ2RNEA(28020)
ACUbouT)SAL2BBRFIS0ACA(28430)
ACGOeuB)SALZBUSPIIONSA(2H030)

ACG7¢45)SAL30ASPI28A¢A(30428)
A(d7e4b)I=aL 80A%P10RA4A(30028)
ACUTeuT)SAL30A%PI30ASA(30030)
ACUTeuB)=ALIOASPI308%A(30430)

8CUByuS)=ALI0B*PI2BAXA(30428)
A(UBouk)=ALIOB*PI2RLSA(30428)
A(U4Byg7)=AL3OBRPI30A*A(30+30)
ACUBegB)=AL3OL*PI30B%A(50+30)

IF(MANIP(KKK) ,NE4}1)GO0. TO 3S
ACUSeuS)I=A(USeUS)+A(U644S)
A(Ubeu5)20,0
AlUbepb)=A{UOIUO)IEA(US446)
A(45e¢8K)=0,0
AQUTeuT)=ACUTo4TI¢ALUBHGT)
A(48eyT7)=0,0
A(UBeyR)=A(UBIUB)SA(UT 48)
A(474uR)Z0,0

IF (XKK,GT,3)G0 TO 4S

WRITE ALL THt hAYRIX ELEMENTS BEFORE INTERCHANGF
‘WRITE(IOUT,900) KKK

CALL DUTPUTCIDUTsAIKKK)
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[a Xz X3

(2 N aX )

(222X 5)

amd

4s

so
60

65

70

85

86
87

INTEKCHANGE OF ROWS AND COLUMNS

DO 60 JtXx=§elEXN
IRSKKCIEX)
ILsLLCTIEX)

DO 40 J=1,IREGP
TEMP(J)I=A(IK])
ACIKe g =A(ILY)
ACILoJISTEMPLY)
CONTINUE

DO 50 1=1¢JREGP
TEMP(I)=A(TeIK)
AlTolxk)=A(T01IL)
ACToIL)STEMP(D)
CONTINUE
CONTINUVE

NRITE NATRIX AFTER CHANGE

IF(XKKk,6T,3)6G0 TO 65
WRITE(IOUT,§000) KKK
CALL OUTPUT(I0UTsAIKKK)

AGGREGATJON

DO 80 K=1eIREGN
D0 80 L=1¢3IREGN
IPL=M(Ke])w]
IRLz4(Lel )]

1PS2M(K)

IRS=M(L)
SUM=z0,0

DO 70 3=1PSeIPL
DO 70 J=IRSeIRL
SUMSSUMeA(T0J)
CONTINUE
T(KeL)=SuUmM

CONTINUE
SUMMATION

00 85 L=1IREGN
SUMCOL=0,0

DO 84 K=3¢IREGN
SUMCOL=SUMCOLeT(KoL)
TCIREGM.L)=SUMCOL
DO 87 L=leIREGH
SUMROWS0,0

DO B6 K=1+IREGN
SUMROW=SUMRO=¢ T(L oK)
TC(LoIRFGM)=SUMRON
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c WRITE OUTPUT FILE

READCINP701)(JBL1I)e131014)
WRITE(IOUTWT0UL)(JB(I)eIS10LAB)
DO 90 K= ¢IREGH
90 WRITE(TOUT4UO00) (KoL) oL=19IREGM)
CALL MTRAN(QelsLABeJBoLAY922)
CALL NTRANCI0 30 LREGHS32,ToLAY,22)
9S CONTINUE

100 FORMAT(2ISY .
200 FORMAT(//7/3110)-
300 FORMAT(SIS)
400 FORMAT(SERO.U)
500 FORMAT(14F5.2)
600 FORMAY(B(15:F10,4))
650 PORMAT(BR011)
700 FORMAT(///720A8)
701 FORMAT,13A604A2)
800 FORMAT(BE1544)
900 FORMAT(//710Xe"MATRIX BEFORE CHANGF FOR INDUSTRY =1,1S)
1000 FORMAT(/7/10Xe !MATRIX AFTER CHANGE FOR INDUSTRY =1,915)
$300 FORMAT(IH])
STOP 0000
END

#FOR1S OUTPUTIOLUTPUT
SUBROUTINE OUTPUT(IOUTe+AIND)
DIMENSION A(UBe4B)
Js=1
JSi=9
N=48
M=S
00 0 KKsg M
JT=2J8+J81
1FtXK EQ ) "JTEN
WRITE(I0UT4$00) IND
WRITECIOUT200) (JeJd2JdSedTy
D0 -20 I=1N

20 WRITELIOUT300) 1eACIcJd)ed=JISedT)
WRITECIDUT200) (Jo JZJSedT)
JSzJTed ' :

10 CONTINUE
200 FORMAT(/101132) )

300 FORMAT(1S+10E13,5)
100 FORMAT(IN], 5x.'1~0usth S1,15)

RETURN
END
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6p0Re1S Pal,PAL
SURKITINE PAL
CuMHs, /!/PZ&A(?Q).9?69(79).930A(1°JOP308(79)
DIMENSTCY A(RUsBU) o IR(20)0PAI2RA(TI) ePAT2BB(TV)PALISOA(TY),
{ PA13AR(I9)
DATA LAbeNRoNCoNINDyIQUTZ2008U4084979087

[ 7) INPUT FILE = DaTAS OUTPUT OF SuyBlo
CALL *TRAN(T7010022)
00 30 Kz

CalL NTRAN(Te2eLABsIBoLAY22)
WRITECIOUTS700)(In(J)ed=iolaB)
CALL NTRAN(7¢2e¢NRENCsA,LAY422)
WRITECIOUT.B00)(ACTLsJ)eJ=1sNC)
DO 20 I=ieN]IND
TFCK,EN,1)PATR2BALTY=A(1:084)
IFIK,ED.2)PAL28BLI)I=A(To84)Y
IF(K,EG,5)PAL30AC]1)=4A(]+84)
IF(RGEQ,UIPATSOR(] A(1o84)

20 CONTINUE

30 CONTINUE
CALL NTRAN(T7910022)

REDEFINE ROwSUMS FOR INDUSTRY T4 TH PREVENT ovERFLOu
Pal28(¢74) = PA130(74) B 0,0

(2 K2 XaXal

PAl2Ba(T4)=1,0
PAI28A(T4)=4,0
CPALI30ACTU)=1,0
PAI30B(7U)=1,40
DU 40 I=1eNIND
P2RA(I)I=PATZ23AC1)/(PAI2BA{T)+PATIZBR(]))
P23GB(])aPAI2BB(1) /tPAL2BA(T)¢PAL24B(])Y
PI0ACI)I=PAI30A(])/7(PALJCA(Y)¢PATIZOB(]))Y
P36B(1)=PAI3OB(I)/Z(PAL3Z0ACTII+FPALZ0B(]))
WRITE(IOUT«900)I, PzeA(IJ.Pzastl).rsoA(I:.P!oB(I!
40 CONTINUE

700 FORMAT(1H1+20A8) .

800 FORMAT(BE15,9)

900 FORMAT(I10+4F20,4)
RETURN
END
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GETC
This program calculates the column coefficients from the trade. flow

tables by dividing all elements in the column by the column sum.

Data Files:

Data Set Name Logical Unit Type Description

DATA4 1 input  Regional I/0 tables
DATA7 9 input  Regional trade flows
DATAS 10 output Trade coefficients

Data Cards:
Title cards for tape labeling.
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eFORs 1S GETCGETC

CessssaGETC .

c COMP'ITES 4 REGION TRADE COEFFICIENTS

c

¢ TO GFNERATE TRAULE COEFFICIENTS USING OUTPUTS UF REGIO AND TRADE
c ALTERNATIVE METNOD DUES NUT NEED OUTPUTS OF REGIO

c .

¢ 9) INPUT FILE = DATA?  OUTPUT DOF TRADC

(4 10)OUTPUT FILES DATAB )

g $1)INPUT FILE = DATAG  OUTPUT OF REG]D

N

A OO0 O0ON OON

INTEGER GoM

D0UBLE PRECISION SUMROwe SUMCOLe SUMCOFRe C

LOGICAL NOTRANJALTER i

DIMENSION TH(P0)oY(BUoBU) e XH(BI9U) o XG(UyBI) o XUHIT0u) o XGO{UT9)y
$1CCLeUYeT(DeSYeXOM{UWE) e LSINGlYra)eJB(20)

DATA NReNL4LAB/AUeBUe20/0IREG\NIND/UeT79/7¢INPeIOUT/S5:16/01REGP/SY
DAT2 NDTRAN/ GFALSE /70 ALTER/FALSE/

ALTERS,TRUEes IF ALTERNATIVE METHOD 1S USED

IFCALTER) 6O TO &S

NOTRANE,TRUE, IF TRANSFEReOUT 1S° SUBTRACTED
HiENRe|

My ALSO REPRESENTS THF TRANSFERS=OUT COLUMN
0O 30 KkayelREG

READ AND WRITE INPUT FILE FOR INDUSTRIAL FLON
CALL NTRAN(I1e2¢LAB.IBsLAY.22)..
CALL NTRANCILs2eNRENCoYILAY922)
WRITE(JOUT,700) (1B(JYoJs1eLAB)
WRITE(10UT+B800)(Y(19J)eJ38aNC)
DO 20 1=1¢M}
SUMRONco.O
SUMCOL=2040

SUMMATION
D0 10 J=1.M{

SUMROw=SUMRO®+Y(14J)
SUMCOL=SUMCOL+Y(Je])

§0 CONTINUE .

IF(NNDTRAN) SUMROWZSUMROANY(I9M])
1F (NOTRAN) SUMCUL=SUMCOL=Y(M},I)
XH{IoxK)=SUNROW
XGxKke1)=SUMCOL

20 CONTIANUE
30- CONTINUE.
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AN

[ XN 3]

[a XK g

€ OO0 OO0 OO0

a5

50

60

70

75
80

90

D0 uN I=1.1IREG

DO 4n JsteNIND

XGO(TeJ)=XG(Led)

X0H(Jo1)SXHEJ0 )

CONTINUE

WRITELINUT900)

WRITE(IOUT,BOQ) (XGO(3¢J)eJ=1oNIND)
WRITECIOUT800) C(XOH(1e¢J)eJ=14¢1REG) R

READ AND WRITE REGIONAL TRADF FLOW

DO 150 INDUSS{eNIND

CALL NTRAN(O¢2eLARIIBel.AYy22)

CALL NTRAN(D12¢ IREGP**2,T,LAY¢22)
WRITECIOUT700) (IB(JIeJ=1sLAB)
WRITE(IOUT4400) (T(3eJd)edsielREGP)

00 %0 I=1+1REG
00 S0 J=1+1KEG
XGH(I4JISTT10d)

SET COEFFICIENT MATRIX TO. JOENTITY MATRIX
DO 60 J=14.1REG
DO 60 1=1e1REG
C(Ied)=0,0

DO 70 I=1+IREG
Cllely=1,0

DO 80 H=1¢IREG
DO 80 G=1¢IREG

IF CONSUMPTION CONTROL LESS THAN 0,5 COEFFICIENT NOY
CALCULATED 1 IS LEFT IN THE DIAGONAL ENTRYs THE REST OF
THE COLUEN IS ZERO,

IFCXOHCINDUSeH) 4L T,045) GO TO 80

COLUMN COEFFICIENTS = COLUMN OF TRADE MATRIX DIVIOED BY
ROW SUMS OF REGIONAL Iw0 TABLES

IF(,NOT,ALTER) GO TU 78

COLUMN SUM IS USED

IN PLACE OF ROw SUMS

OF REGIDNAL T0 TABLES
XOH(INDUSsK)=T(IREGPoH)

ClGeH)=XGH(GIH) /XOH(INDUS s H)
CONTINUE

CORRECTING COLUMN SUM TO ADD 70 §
DO 120 w=l IREG
SUMCOE=0.0

DO 90 G=1+IREG -
SUMCOF =SUMCUL+C(GoM)
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PNCHTP

Punched cards of the A coefficients and the T coefficients of the

80 sector model are obtained by this program.

The technical coefficients have a dimension of 79x79.

Data Files:

Techriical coefficient tables

Data Set Name Logical Unit Type  Description
DATAS 8 input
(84x84)
DATAS 7 input

Input Data Cards:

Trade coefficient tables (4x4)

No input data card is necessary, but the necessary values should be

given in the DATA statements for the following variables:

NRA: the size of the input matrix
NIND:
IREG:
KEY1,KEY2,KEY3: the control keys.

the number of regions
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\ N

oo o

OPOR IS PNCHTPoPNCHTR
DIMENSION C(Uol)y 2(BUyB4)y AMAT(TS479), UB(20)
DIMENSION IC(16)014HAT(T79)
DATA KEYJoKEY2exE 3700804/
DATA NRBSNIND /84,797
DATA IREGILAB / U420/
NCOUNT = NIND*$2
MCOUNT = NRASX?
LCOUNT = JREG#*2
IFCKEY1,E£Q,0)G0 TO 53

READ TRADE COEFFICIENTS,
DO 50 INDE§eNIND

o ooo

CALL NTRAN(7e2¢eLABeJBILAY922)
IFIMODCIND=1430),NELO0)GO TO 25
WRITE(6¢10003J8
§000 FORMAT(§Xe2046)
. WRITEC($410012CUBLTIY0I21,413)
clOOl FORMAT(1346)

25 ICOUNT=9
CALL NTRAN(7¢20LCOUNT CoLAY$22)
00 30 I=1+1REG
DO 30 Ksis]REG
ICOUNT=JCOUNTeS

30 ICCICOUNTI=C(loK)®10000

50 WRITE(1y1002)1C

1002 FORMAT(161S)

5% IF(KEY2,EQ,0)60 TO0 110
READ TECHNICAL COEFFICIENTS,
DO 100 k=14 IRESG
CALL NTRAN(CR¢2e¢LAByJBeLAY22)
WRITEC6e1000)J8
WRITE(§03008)CJUB(I)eIR1413)
CALL NTRAN(Bs2¢MCOUNToAsLAY22)

IF(K,LT,XKEY3)G0 TO 100

o O OO0

D0 60 1=1sNIND
DO 60 J=1¢NIND
60 AHAT(14J) 8 A(Iled)

DO 70 fa1.NIND

DO 65 Js1eNIND
65 1aMAT(JIZANAT(],J)*10000
70 WRITE(141002)101AHAY

. IF(KLEQ.KEY3)GO TO 410
100 CONTINUE

f1n S10P 0000
THIS 15 THE
END

o
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BKYTAP
This program creates the files of A coefficients on a tape in the

CDC system using the input data cards.

Data Files:
Data Set Name Logical Unit Type Description
DATASC* 8 output Technical coefficients (79x79)

Input Data Cards:

a) Title cards

b) A ceefficient data cards punched by the UNIVAC system.
*DATASC is the same data set as DATAS except that DATASC does not

contain value added, transfer-in, transfer-out, final demand vector,

column sum and row sum.
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22,1,

10

1005

1003

15
1014

§045
¢

1000
¢

1001

20
40

1004
4

1002

PROGRAM BKYTAPCUINPUTIOUTPUTsTAPESSINPUT TAPEGSQUTRPUTITAPEY (T45;

DIMENSION TAL(T79)4aHATITI079)
DIMENSION 3B(16)

DATA NREGe NIND /4079 /
DATA KFVQKREGONREG/0|3'ZI
DATA IREG /4/

TF CKEY,GE,XREGIGO TO 1%

READ(7)IRES

READ(T)AHAY

WRITE(B) IRLG

WRITE(R)ANATY

WRITE(6e100S)

FORMAT(1X¢10HPREV, TAPE)
WRITE(he1003)IREG

FORMAT (1 HO4TH REGIDN.!S.II )

IND=}

WRITE(601004)IND
UR!TE(bolooZ)(lHATtIND.J)odzl-NIND)
IND=T9

WRITE(6e1004)IND
wRXtE(b.thZ)(AHAt(!%D J) e J={ o NINDY
KEY SKEVel

60 10 0

READ(S.1014) 18
FORMAT(16AS)

WRITE(6¢1015) I8
FORMAT(1MHO¢1645)

PO 100 IND £1eNIND
READ(S41000) IZe2A
FORMAT(161S)
1F(1I1,6Q,INDIGO YO 20
WRITECHe1001)1101A
FORMAT{1Xe1615)

STOP 77717

00 40 JxisNIND '
ANAT(INDeJ) = JA(J)Z10000,

IFCIND,GT 14 AND,IND,LT,NIND)GO TO 00

WRITE(H,1004)IND
FORMAT (BMOIND 3,41%)

WRITE (he§002) (ANATCIND o) sJE1oNIND)
FORMATCLIOCIXeEL]45))
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100 CONTINUE

CVECICET OV

IREGIKEY e
WRITE(6¢3003)IREG
WRITE(601006)

1006 FORMATLIXsANNEW YAPE)

WRITE(8)IRES

€ € 0

WRITE(8)AHAY

IREG = IREG #§
IFCIREG,LT MREGIGO TO 1%

$T0P 0000
TH1S 1S THE
END

oo O
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BKYTPC
This progr.m creates the files of T coefficients on a tape in the

CDC system using the input data cards.

Data Files:

Data Set Name Logical Unit Type Description
DATASC 8 output Trade coefficients (4x4)

Input Data Cards:

a) Title cards

b) T coefficient data cards punched by the UNIVAC system.
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PROGRAM BKYTPCUINPUT OUTPUT TAPESRINPYT  TAPESSOUTPUTTAPES)
DIMENSION 1H(16)01CC40v8YeCLUY)
DATA NINDONREG /T7900/

2 X 2]

DO 100 IND=1¢NIND
IF(MON(INDe10§0),NE,0)GOD TO §0
READ(S,1000)1B '
1000 FORMBT(16A5)
-WRITE(6e1001)18
cgoog FORMAT(IXo$6A5)

10 READ(S.1002)1C
.ctooa FOR“AT(161S)

DO 20 I=14NREG
00 20 J=2§ \NREG
20 ClIsJ) = IC(1eJ)/10000,

JFCHMODCIND=1910) NE,0)G60 TO 300

WRITE(601003)
1003 FORMAT(2HO )
WRITE(6.1004)C
1004 FORMAT(11X,4F§040)
WRITE(641003)

100 WRITE(8)C

END FILE 8
END FILE 8
END FILE 8
END FILE &
STOP 0000

C THIS 18 THE
END
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DRINVT

This program calculates the direct requirements, THAH and the direct

and indirect and induced requirements (the inverse matrix), (I-THAH)']

with the household sector coefficients.

The inve: se matrix is obtained

using a subprogram, INVERT,wHich is adapted from the BMDO3R program.

The modified Gauss-Jordan reduction method, or the maximum pivot

‘strategy is utilized in the subroutine, INVERT. With this subroutine,

the inversion is carried out in place.

Data Files:

Data Set Mame Logical Unit Type

Description

DATASC 1 input
DATASC 12 input
DATA9 14 output

Input Data Cards:

Technical coefficients (75x75)
Trade coefficients (4x4)

Inverse matrix consisted of
16 submatrices

Household sector coefficients for rows and columns
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L

PROGRAM DRINVTY(INPUTOUTPUTTAPESSINPUT ¢ TAPEGSOUTRUT  TAPEY Y,
1 TAPLI2oTAPEI3.TAPELY)

CeguaseDRINVT

o o ,
¢ TQ QHYAIN DIRECT REAUIREMENTS AND DIRECT AND INDIRECT a-
¢ INDUCED RERUIREMENTS FOR 79 SECTUR 1«0 MODEL WITH KDUS.
¢ NUMR[ R OF REGION IS FOUR,

(o

¢ 11) INPUT FILE B AHAT=DATAS

c 12) INPUT FILE & GETCADATAQ

¢ 13) OUTPUT FILER STEF1=DATA {=TA R TAPHY

c 14) QUTPUT FILER STEP2=DATAS (I=TA)(~1) & TAPE2
c. .

c

LARGE E(3204320)
LARGE Al4eB80180)e FLRO4B0Yy G(BNeBO)s AMAT(79,79)
DIMENSION C(uel)y T{UoUsRD)y MKP{320)¢ LKP(320)

LOGICAL TAPEl. TaPE2

DATA NREGwNIND/G¢79/ :
DATA TAPEY,TAPE2/ ,FALSE (0o TRUE,/
DATA 1STEPR/s2/

INP=S

J0UTsH

NREGP=NREG#

NINDP=NIND4

IMAXPSNREGHNINOP

FIRST STEP
BEAD TECHNICAL COEFFICIENTS

QOO

DO 20 IREGsJsNREG
READ(11) KREG
WRITE(bLe1000)IREGKRES
1000 FORMAT(IX¢225)
READ(I11Y AMAT
00 10 I=3.NIND
Dy 10 J=fWNIND
10 ACIREGeI2J)EAHAT(I0d)
20 CONTINUE

c
e ‘READ CARDS FOR HDUSEHOLD
4
DO 30 I=§¢NINDP
80 READ{INP101)CACIREGy I NINDP)4IREG=] ¢ NREG)
DO 40 J=g NINDP
00 READUINPJO08)CALIREGININDPoJ) ¢ IREGS] INREG)
»
E READ TRADE COFFFICIENTS
»

DO 60 IND=]ININD
READ(12) €

DO 50 Lz{sNREG
DO S0 wz)sNREG
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(2 Xz X o) [z N Xy

(2 X2 Xy

00

OO0

50
60

70

80

90

100

1004

120

130

T(KeLoIND)= C(L0eK)
CONTINUE

WOUSEHOLD SECTOR FOR TRADE COEFFICIENTS

DO 70 L=y.NREG
DD 70 K= +NREG
T(KeLoNINDPIS0,0
DO 80 K=1sNREG
TCKoKeNINDPYSY 0

CHECK INPUT DATA

DO 90 IREG=s§NREG
wRITE(IOUT201) (ACIREGe§eJ) e J=1eNINDR)

WRITE(IOUT201) (ACIREGININDP(J)9JS1eNINDP)

WRITE(INUT,301)
WRITE(IOUT,201) (Y({IREGsIREG,J)¢J=! NINDP)
CONTINUE :

COMPUTE Tsa

DO 100 L=1¢NREG

DO §00 KstaNREG

DO 100 J=y NINDP

D0 100 l=§,yNINDP
KK=NINDP&(Ke') ol
LLSNINDPE (L =af)sJ
E(KKoLLIST(RoLoI)®ALL030J)Y
CONTINVE

WRITE(6e§001)
FORMAT(1M]1)

WRITE TsA

DO 130 K=§ NREG:
DO 130 L=1,NREG

DO §110 Js1yNINDP
DO 110 I=1,NINDP
F(led)s0,0

DO 120 1={yNINDP
Do 120 JsisNINDP
KKSNINDP2(Kel) el
LLENINDP®(Lel)ed
Feled)=E(KKelL)

CALL PRINTE(F ¢NINDP NINDP¢KolLo10UTs8)
CALL PRINTF(KeL)
CoNTINUE

COMPUTE 31eTA

D0 150 Li=3eIMAXP
DO 40 KKafeIMAXP
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IO

§40
150

{60

$70
{80

101
204
308
999

IFIKRGNE JLLIEEKKoLLIS~E(KKoLLY
TF(RRQb N, LL) ECKKoLL)Z) O=E{KKoLL)
CONTINYE

IF(TAPELY WRITEC((3)E

CANTINUE

IFCISTEP,EQ,1) GO 10 999

SECOND STEP
INVERSION OF MATRIX T=T4

CALL IMV-RTLE.IMAXPLKP¢MKP)
DD 180 Xz NREG

DN 3180 L=y ,NREG

PO 160 Js§NINDP

DO 160 I=iyNINDP

G(leJ)=0,0

00 170 1=§,NINDP

DO 170 J=14NINDP

KKSNINDP* (Kel)el
LLSNINDP®({=])¢d
GCleJ)zF(KKelL)

CALL PRINTE(GoNINDPININOPKeloIOUTI2).
IF(TAPE2) WRITE(}4)G
CONTINVE

FORMAT(GF10,6)
FORMAT(5G20,5)"
FORMAT(///)
STOP 0000

END
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SUBROUTINE INVERT (A¢NoLeM)

CesasxINVERT

c
c

[ o o)

1000

20

25

30
35
-37

as
46
50
5%

56
s7
60
65

68
70
75

SUBROUTINE INVERT FOR BMDAIR
PROGRAM FAR FINDINC THE INVERSE oF A NXN MATRIX
LAKGE Af3204320)
OIMENSION L(320)e M(320)
SEARCH POR LARGEST ELEMENT

D=i,

00 80 k=teN
MODN=(K/§Nn) %1 0mK
IF(MOLDER,0)WRITE(643000)K
FORMAT(BHH INVRTIS)

Lek)=K

MEK)sK

BIGA=A(KiK)

DO 20 Is=KN

DO 20 J=KeN
IF(ABS(BIGAY®ABS(A(I, J))) 10420020
BIGASA(Ivd)

Lek)al

Mex)sd

CONTINUE

INTERCHANGE RQOWS

JsL (K)

IF(LIK)=K) 35,35+25

Do 30 I=1N

HDLDz=A({K,y§)

AlRe])sA(Je])

A(Je1)=HOLD

INTERCHANGE COLUMNS

I=MIK)

IFIM(K)I=K) 45945037

DO 4¢ J=_¢N

HOLD==A(JeK)

ACJeKIZA(Je])

AtJyIYSHOLD

OIVIDE COLUMNS BY MINUS PIVOT
DO 55 l=1.N
IF(JeK)50,55¢50
ACIoKISA(TIK)I/Z(=ALKeK))
CONTINUE

REDUCE MATRIX

DD 65 I=1{sN

Do 65 JsiN .

IF(I=K) S57,65,57

IF(JrK) 50¢65,60
ACLoJ)ZA(1eK)RA(K)JI®A(I0Y)
CONTINUE

DIVIDE ROW BY PIVOY

DO 7Y J=i«N
IF(JmKIT0s TR0 70
A(ReJ)SA(KeJ)/ZA(KK)
CONTINUF

CONTINUED PRODUCT OF PIVOTYS
D=D*A(K¢K)
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&0

100
103
105
110
120
125

130
150

REPLACE PIVO ®Y RECIPROCAL

AlKoK)=1,0/A(KyK)

CONTINUF

FINAL ROw AND COLUMN INTERCHANGE

Keh

Kz (Kel)

IF(X) 3150¢150,103
sL(K)

JF(I=X) 120¢1P0¢105

PO 110 J={ N

KOLDZA(JeK)
AfJek)zeA(Je])
A(Je1)SHOLD

J=m(K)

IF(J=K) 100+3000125
DO 130 I3tyN

HOLD=A(Ke 1)
A(KeldzmA(Je])
A(JeI)=HOLD

60 YO 00

RETURN

END

SUBRDUTINE PRINTECA¢NROWNCOL ;NROWSeNCOLS e IOUTID)

CSSSSSSUBROUTINE PRINTE:

TO PRINT OUT A MATRIX OF NROW BY NGOL ONTO DEVICE(IOUT),

A E MATRIX \
NROW aNUMRER QOF ROWS

NCOL =NUMBER 0OF COLUMNS

NROWS =SUBMATRIX LOCATION IN ROW

NCOLS =SUBMATRIX LOCATION IN COLUMN

NOTE THAT NROW SHOULD BE LESS THAN 85,

LARGE A(80,80)

DATA ICOUNT/ZO/

KEYSY

JCOQUNT=ICOUNT#
JF(ICOUNT,LE4U)KEYS2

JSsi

Jsliz9

IF(NCOL,LE,JST) JSI=NCOLey
NHaLESNROW/2
IF(NROw,LT,45) NHALF=NROW
NPLUSSNHALF¢{
RM=FLOAT(NCOL)Z10,0
M=NCOL/10

JFCCRMmFLOAT(M)) ¢GTa04,003) MxMeg
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DO 40 KK={4M

Jr=JS Js}

IF(KK,E0 M) JT=NCOL
wRITECIDUTY100)

IFCIDLER, 1) WRITF(IOUT400)
IF(IN.ER,2) WRITECIOUT500)
WRITECINUTS600) NROWSe NCNOLS

C
C BYPASS SURROUTINF PRINTE YO AVO1D FXCESSIVE PRINTOUTY,

10

2o

30
Qo

100
200
300
aon
500
600

IF(KEY , FA,1IKFTURN

WRITECIOUT«200) (39 J=JSegT)

DN 10 I={,NHALF . i
WRITEC(INUT300) IoCACTed)e J=JSedT)
wRITE(IOUT200) (Je J=JSeJdT)
IF(NPLUS ,GT,NRO¥) GO YO 30
WRITE(IOUT,.100)

IF(IDER,1) WRITE(CIOUTY400)
IF(ID.ED,2) WRITE(IOUT500)
WRITELIOUT600) NROWS'NCOLS
wRITECIOUT,200) (JeJdsJSedT)

DO 20 I=sNPLUSNROW

WRITECIOUT300) lo CACToJY 0 J= 2J59dT)
WRITE(IOUT,200) (JoJ=JSJT)

JS=JT ¢}

CONTINUE

FORMAT(SH )

FORMAT(/10111 /) .
FORMAT(IS5,30F11,5)

FORMAT(///20Xe33HDIRECT REQUIREMENT WITH HOUSEWOLD /)
FORMAY(///720X 1 UHINVERSE MATRIX /)
FORMAT(7//725X¢21RSUBKATRIX LOCATED AT(eISeiHe ¢15¢ 1H) 2)

RETURN
END

SUBROUTINE PRINTF(KeL)

c DUMMY ROUTINE TO SAVE PAFER

WRITECGe3D0)Kel

§100 FORMAT(IHC215)

RETURN
END
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FINAL

This program is to calculate the national final demands per $1000

contract cost for water resource investment by project type for the

closed model in 1963 prices, the national final demands for the

McClellan-Kerr Arkansas River Multiple purpose project contract

cost and project cost, the regional final demands for the McClellan-

Kerr Arkansas River Multiple purpose project -contract cost and project

cost, and the output for the 80 sector model.

Data Files:

Trade coefficients (4x4)

Data Set Mame Loaical Unit Type Description
DATASC 12 input
DATA9 14 input Inverse matrix

Input Data Cards:

a) National final demands in 1958

b) Deflators

¢) Ratio of contract cost to project cost

d) Contract cost and project cost
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PROGRAM F INAL(INPUTIOUTPUTY TAPESEINPUTITAPE6AUTPUTI TAPEL2 4>

CoxexsFINAL
Y0 cOMPUTE FINAL DEMAND AND OUTPUTy GIVEN CONTRACT CCST &
PROJECY CO Y
$2) INPUT FILE BGETC~DAT2S
§4) INPUT FILE SSTEP2mrDATAS
Y

(aNaNaNalalalyls]

GO0

10

20

30
ao

50

60

DOURLE PRECISION SUM, SUMY (
LARGE E(320¢320)

DIMENSION G 0oBOYgCrUol)oeTCUGUGBO)eY(320)4FY(BLy5)
DIMENSION XF(5+81)0 vrcs.axa. xrcts.61). YEC(S+81)e XFR(Se8Y)s, -

§ YFR(S¢B1).%(320)

COMMON/BKL/CCT(S)ALPHA(S) PC(S) B(B8y.,4) /BX2/7INP,IO0UTY
DATA NREGeNIND/UsTY/

INPES

10UTs6

NREGP=NREG# ¢

NINDR=NINDEY

NINDPPININD42

IMAXPENREGENINDP

READ -JNVERSE HATR;X

DO 20 K=1yNREG

DO 20 L=} +NREG
RESD(I4) &

00 10 JsioNINEP

DO 10 I=s§oNINDP
KKENINDPS(KeiYel
LLENINDPR (L »1)¢d
ECRX,LLI=G(T¢d)
IP(X,GT,§)GO T0 20
IF(L, eo.g) CALL PRINTE(GoNINDPyNINDPyXoLyI0uTe2)
CONTINUE:

READ TRADE COEFFICIENTS

DO 40 IND=§sNIND

READ(32) €

00 30.L=3,NREG

DO 30 %=1+NREG

T(XeLo INDYEC (LK)

CONTINUE .

HOUSEHOLD SECTOR FOR TRADE COEFF
DO 50 L=i'NREG ' -
DO Sp "= ,NRES
TCKoLeNINDPYED,0
DO 60 K31 sNREG
TC(KeKeNTuDP)3Y,0
DO 70 IREG=1-9NREG
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(s X312l

a0

L2l 5 By

10

75

80

90
100

§10

Xz X3

§20
130

100

§S0

WRITECIOUT 208 (TCIREGy19J) oJeloNINDP)
COMPUTE FINAL DEMAND

catl DEMAND
XK0STsl
CALL CONTRCCKNSToFY)

COMPUTE OUTPUY

JTYPESS
IvpPACTay

DO 80 IREG=1.NREG

DO 80 IND={ININDP
JKESNINDPR(JREGa]) e IND

YC(JIK)STCIREGY!] MPAcToIND)‘FY(IMDoJTYPE)
CONTINUE

DO 100 I= $o THAXP
SUMz040

DD 90 JsiIMAXP
SUMSSUMGE(TedIBY(J)
X(1)=8umM

BREAK INTO REGIONAL GROUPS

DO 110 IREG=1,NREG

DO 110 InNDztenINDP e
JKENINDP# (IREGm1) ¢ IND
YFLIREGYINDISY(JK)
XF(IREG INDY=X (JK)Y

FIND ROW SUMS AND COLUMN SUMS

DN 130 INDZJeNINDP -
SUME0,0

SUMYE(,0 ’

DO 120 IREG=J§«NREG .
SUMY2SUMYeYF(IREGy IND}
SUM3SUMSXF(IREG IND)
YF(NREGe] o IND)aSUMY
XF(NREG*{y IND)3SUM

00 §50 !REG‘I.NREGP
SUM30,0

SyMY=0,0 .

NN 340 IND=1eNINDP
SUMY=SUMY+YF(IREG IND)
SUMSSUMeXF(IREGy IND)
YF(IREGeNILDP#§)2aSUMY
XF(IREGeNINDP#1)aSUM
CONTINUE:

WRITE FINAL DEMAND AND OUYTPUT
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PER §000 DOLLARS

CALL PRINTE(YF(NREGP, NINNPP, 10UTs1yy¢k03T)
Call PRINTF(XFoMNREGPy NINDPPy I0UTe1924K0ST)

IN PERCFNTAGES BY COLUMN SUmS

DN 160 IND=1eNINDPP
Do 160 IREG=]¢\NREGP

CHECK FOR ZERD IN DENCHMINATAOR,

IFCABSCXFITREGeNINDPP)) (LT, ,00001)WRITELO¢1%01) IREG

1503 FARMAT(1Xe6HTTILTO0L01S)
REPLACE ZEROS ~ITH ONES,

IF(ABS(XFCIREGeNINDPP)) LT, ,00001)XF(IREGININDPP)SY,

XFC(IREGy IND)=XF(IREGsING)I*100,0/XFCIREGyNINDPP)

CMECK FOR ZERO IN DEMOMINATOR,

1F(ABS(YFL{IREGININDPP)) 4L T4s00001)WRITE(691502) IREG

1502 FORYAT(i1XebRTILTOD2415)
REPLACE ZERCS ~ITH ONES,

IFCABSCYFCIREGININDPP)Y) (LT, ,00008)YF(IREGININDPP) =Y,

YFCC(IREG,INDISYF(IREGeIND)®$00,0/YF(IREGININDPP)
160 CONTINUE

CALL PRINTF(YFCoNREG +NINDPP+IQUTI2014KQOST)

CALL PRINTF(XFCINREGPeNINDPP IOUT+212+K0ST)

IN PELRCENTAGES BY ROw SUMS
DO 170 INDE1eNINDPP

CHECK FOR ZERO IN DENOMINATOR,
I1ECABS(XF (NRFGPIIND)) LT,,ooootahRITE(b-15033rND
1503 FpRYAT(1X, kaILTOSoIS)
REPLACE ZERNS wlTH,ONES, _
IFCABS(XF(NREGPIIND)) LT,  00001)XF (MREGPIND)SY,

IF(ABS(YF(NREGPWINDY) LT, ,00001IWRITEC691504) IND
1504 FORMAT({XeoHTILTOULIS)
IF(ABS(YF(NREGPoIND) ) LT,,00008)YF(NREGPoIND)SY,

DO 170 IRFG=1NREGP .
XFRCIREGoINDY=XF (IREGeINDY*100,0/XF(NREGP ¢ IND)
YFRCIREGy IND)=YF (IREGIINDI*1 00,0/ YFINREGPOIND)
170 CONTINUE
' CALL PRINTE(YFRyNREGPoNINDPP T0UT o343 ,K0OST)
CALL PRINTF(XFRoNREGPININDPPI0UT¢3424K0ST)

KNST=K0ST+4

IF(XOST,LF,2) GO 10 7S
203 FORYAT(TG20,5) .

STOP

END
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StIBROUTINE PRINTE(A«NROW, NCOL'NRO"J'NCOLSVIOUT 15)
8888 SSUNROUTINE PRINTE

c .
c 10 FRINT OUT A MATRIX OF NMROwW BY NCOL ONTO DEVICE(IOUTY,
g A a MATRIX
c NROW =NUYBRER OF ROWS
c NCOL eAMUMRER OF COLUMNS
c NROWS =SURYATRIX LOCATION IN RCW
c NCOLS =SURMATRIX LCCATION IN COLUMN
g NOTE THMAT NROWw SHOULD BE L ESS THAN 85,
c N
DIMENSION A(NROW)NCOL)
Jssi
JS139
IF(NCOL,LE,JSI) JsIl: COLwg
NuALF-hROA/a
1P (NROW, L T,45) NHALF=NROW
NPLUSENHALF+Y
RM=FLOAT(NCOLYZ10,0
m=NCOLZ10
IF((RMaFLOAT(M))4GT404001) MaMeg
¢ .
DO 40 KKz=1gM
JTsJS5+J4Se
IF(KKEQG M) JT=NCOL
WRITECIOUT100) : !

IF(ID.EQ,1) WRITE(IOUT 408}
1IF(104EG,2) WRITE(IOUTWS06)
wn:Tt(IOuT.ﬁOO) NROWSes NCOLS
RRITELIOUT200) (Je J=JSHJT)
00 10 Isy NKHALF

10 WRITECIOUT300) IelA{Iod)s JuiSeJT)
WRITE(IQUT«200) (Je J=JSeJT)
IFINPLUS GT,NROW) GO TO 3p
WRITECIOUT, 100}
IFLIDEGLY) WRITECIOUT400)
I1F(IDLER,P) WRITECIOUT.500)
WRITE(IOUT+A00) NROWSINCOLS
WRITECIAUT200) (Jod=JSedT)
DO 20 ISNPLUSNROW

‘20 WRITECIOUT«Y00) o CACTeJd)y J2JS0JTY
WRITECIQUT200) (JeJd=JdSedT)

.80 JS3JTey-

40 CONTINUE

100 FORMAT({MY)

200 FORMAT(/1011Y 2)

300 FORMAT(LIS §0F11,%)

400 FORMAT(///P0%334DIRECT REQUIREMENT w{TH HOUSEHOLD /)

500 FNARMAT(///20Xe1UNINVERSE MATRIX /)

600 FORMAT(///725%¢21H3UBMATRIX LOCATED AT(9IS5e4H, oI5, tHY /)

RETURN

END - =51



SUHROUTINE PRINTF(AoMoNoIOUT IFCReIXYKOST)
CesresPRINTF

70 PRINT A MATRIX IN TRANSPOSED FORM

IFCR ={ &8 PER 1000 DOLLARS
g2 & PERCENTAGES BY COLUMN SUM§
3 & PERCENTAGES BY ROw SUMS

IXY =1 & FINAL CEMAND (= TY)
g2 & OQUTPUT {z X 3

‘KOST =21 ¥ CONTRACT COST
82 § PROJECT (COST

OO OHIOION

DIMENSION A(MN)
IPAGESY
188 |
11=N/2
S IF(IXY.ECas1) WRITE(IOUTY1000)
1FCIxY(EQ,2) #RITECIOUT1500)
IF(KOST, bR, 1)WRITECICUT2001)
IF(KDST,EQ,2) wRITE(IOUT2002Y)°
IFCIFCR,EG,§) WRITE(IOLT,3009)
IFCIFCR(EC,2) wRITELIOUT3002)Y
JFCIFCRLEQ,Y) WRITE(IOUT3003)
wRITECIOUTy4C00)
Do 10 K=ISelT
10 *RITECIOUT,300) K, (ACI,K), 12§,M)
IF(IPAGE,ER.2) GO TO 20-
wRITE(IOUT,5000)
15=1T¢4
J72Nsy
IPAGES2.
60 T0 5 .
20 wRITECIOUT200) CACIeN)y I3]¢M)
C
100 FORMAT(I10+5FH15,2)
200 FORMAT(SXeSHTNTAL¢SF15,2)
1000 FORMAT(1h14///78X15B8HKREGIONAL FINAL DEMAND FOR THE MCLELLANSKE
§IKANSAS RIVER )
1500 FORMAT(1H]+//7/8Xo52H DUTPUT RESULTING FROM MCLELLAN=KERR ARKAMN
§ RIVER )
2001 FORMAT(15Xy38MMULTIPLE PURPOSF PROJECT CONTRACT COST )
2002 FORMAT({SX,29WMULTIPLE PURPOSE PROJECT COST )
3001 FORMAT(20Xe23HPER $1000 v §963% PRICES //)
3002 PORMAT(20X026HPERCENTAGES BY COLUMN SyMS //)
3003 FORMAT(20X¢23HPERCENTAGES BY ROw SUMS //)
4000 FORMAT(3Xs10HIwD SECTORe B8Xy 2HR1s 13Xs 2MR2: 13X9s2MR3,13Xe2"
§ {1Xe EHNATION //)
5000 FORMAT(//40Xs64(DOVER) )

RETURN
END
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SUHRDUTINE DEMAND

Cesssss( EMAND

cTOM (212 X2 (2 X2 laRaXaNal

(s X Xy)

10

20

es

‘30

ub

10 COMPUTE TwgE PIMalL DEMaND VECTORS PER 51000 PROJECT COSTS
POR A CLUSED INPUT«QUTPUY MNCEL USING 1958 DATA ~1TH DEFLATCS:

DOUBLE PRECISION SUum

DIMENSION IND(BU)s FX(BUe12)s FD(BUW§2) s DEFL(8Y)

COMMON  /BK1/ CCT(5)s ALpNA(SYy PC(S),y B(BLs4) /BX2/ INPvIOUT
DATA NRyNCoNN/BU9§204/

y:NR

neNC
MNi=Meq
NNPENNé Y

READ AND WRITE INPUT DATA

WRPITECIOUT«300Y C(Je J2LaN)
nn 10 I21emM

CREAD(INPG200) INDCIXo(FX(Tad)y J214N)

0O S J=1.8

FOCIad)sFX(Ted)

DO &6 J=9»it

FD(loJ)=FX(T0Jey)

FO(1e12)2FX(1e9)

WRITE(IDUT,600) IND(I)o(FD{I4)e J214N)
CONTINUE

DEFLATOR

WRITECICUT300)

DO 20 I=yemMNy

READ(INPyg00) IND{I)y DEFL(I)
$RITECIOUTIL503 C(IND(I) DEFLtI)o 1= eMN§)

CALULATE NATIONAL FINAL DEMAND FOR 19563
DO 25 I=31emN}
Do 25 JejeN
FOLIsJdI=FDCYoJI*DEFLCI)/10040
CONT INVE"

AG"REGATION TO MAKE HOUSEWOLO SECTOR

M281

MNiZMe}

Do 30 JegeN

TEMPS PD(Bo-J)#FD(B:cJJoFD(SZoJ)#FD(B!.J)
FDIMNI 9 J)aTEMP

CONTINUE

DO 50 JefiN
SUrED,,0

DD 40 Ic§eMN}
SUM=SUMeFD(T10))
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FDh(MeJ)3UM
50 CONTINUS
D0 60 J=geN
DO 60 l=feM
c
C CHECK FOR ZFRO IN DENOMINATOR,
JFCABS(FD(MoJ)) oLT,,00008): RITEf6o1500)HoJ
1500 FnRV11(1x.aHH£LPo215)
REPLACE ZERCS wiTM ONES,
IFCABS( D(MoJ)) 4 LT,,00008)FD(MeJ)1,0

60 FD(IeJd)CFD(IoJ)®1000,0/FD(Med).

oo o o

WRITE AGGREGATED FINAL DEMAND

WRITELIOUTS00) (JeJ=§,4N)
Do 70 Ixyiu0

70 wRITECINUT600) Te(FD(Ied)y JzioN}
wRITECIOUTT00)
wRITECIOUT¢500) (JeJ=1gN)
DN RO I=u1,80 }

B0 wRITE(IOUTI600) Io (FOC(IeJ)s J=3oN).
wRITECIOUT¢B0O) (FD(MsJ)y J=ieNY

READ CONTRACT AND PROJECT COSTS

(2 X al g

READ(INP1900) (CCT(J)s J=1oNNP) «
wRITECIOUT910)

RRITECIOUT 9003 (CCT(JIY eI eNNP)

READCINPo1000) (ALPHA(J) s J31yNN).

WRITECIOUTS1000) (ALPHACJYeJ={eNN)

READ(INP,Q00) (PCCJ)eJalgNNP)

WRITEC(IOUT920)

WRITECIOUT900) (PC(J)ed=] NNP)

TAKE FOUR TYPES OF FINAL pEMANDS

IV Y

DD S0 I=3¢M

B(Iv1)=FD(1ed)y

Bl14232FD(145)

R(Ie3ISFD(1+8)Y

B(led)zFD(Is1Y)
90 CONTYINUE

$100 FORMAT(IMY9///78XeSIHNATIONAL FINAL DEMAND PATTERN PER $1000 COMTRA
1CY COST /7 J0XyuSKFOR WATER RESOURCE INVESTMENT BY PROJECT TYPE s/
2 15X026HCLOSED MODEL » 1958 PRICES //3Xe30HI=0 SECTOR.12(1808X)//)
200 FORMAT(11047F1042/(5F10,2))
300 FORMAT(tnM{s///78Xe9HDEFLATORS )
G00 PORMAT(INGE1S,2)
uS0 FORMAT(S(ISF{542))
500 FORMAT (Nt o///78XeS3NNATIONAL FINAL DEMAND PATTERN PER $1000 CDNTR.
1CT COSTo/$0XouSHFOR ~ATER RESNURSE INVESTMENT BY PROJECT TYPE /
2 15X¢26HCLOSED MUDEL * §963 PRICES//3Xy10H]=0 SECTOR,12(18¢1X)//)
600 FORMAT(130432F9,2) /
700 FORMAY(/u0Xe HH(UVER) )
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[a N Ngl

(g N 2]

WRITE RESULTS

IFCICOUNT, ERGY) wRITECIQUTY200)
ISCICOUNT EQ,2) WRITE(IOUTy250)
wRITECIOUTE300)
Co 60 I=1.40

60 WRITECIOUTs400) LoCACIvdde J219NNP)
wRITECIOUTY600)

th!COU”Tolﬁnl’ “RITE(IOUTOZOO’
IF{ICOUNT £2,2) WRITE(IOUT250)
wRITECIDUTS300)

Dn 65 I=ut.80 .

65 WRITE(IOUT,u0n) T¢CA(T.JY, J'-:!.NNP,
WRITECIOUTS0N0) C(A(Med)oJsfoNNP)
IF(ICOUNTER2) GD TO 999
IF(XCSTLER,1) GO TO 999

PROJECT COST

68 I1COUNTZ2
DO 70 Ixz§.M
DO 70 JEfeNN

A{IsJ)SBR(T0IIePELII*ALPRATIIZ1000,0
IFCTLEQaMNLY ACLod)EACTeJY+PCLI)IS(1a0aALPHALY))

‘Y0 CONTINUE ' )
GO0 10 25

200 FORMAT(IME,///8X¢eSBHNATIONAL FINAL DEMAND FOR THE MCLFLLANKERR

IKANSAS RIVER / 1SXe3RHMULTIPLE PURPOSE PROJECT CONTRACT COSY /
. 2 20X423KPFR $1000 = ‘1563 PRICES ///)

250 FORMAT(§m19///8Xe58MNATIONAL FINAL DEMAND FOR THE MCLELLANSKERR
{KANSAS RIVER /{5X,29+MULTIPLE PURPOSE PROJECT COST /20X.23HPER
2000 = §963% PRICES ///7)

300 FORMAT(20Xy BWMULTIPLE9SXe SHFLOODe BXoJOKREVETMENTS¢3Xy 1 1HLOCK
104MS¢3XeSHTOTAL / 21XeTHPURPOSE6Xe THCONTROL33Xe THPROJECT 7
2 3X¢ 10HieD SECTOR /)

600 FORMAT(IBe7Xe5F13,2)

500 FORMAT(SX,SHTOTAL,5X,5F13,2)

600 FORMAT(/uOX96H(OVER) )

999 RETURN '

END -
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FEEP

The submatricés of the inverse matrix (I-TA)'] is printed out with

the page numbers by this program.

Data Files
Data Set NMame Logical Unit Type Description

DATA9 14 input Inverse matrix

Input Data Cards:

No card is needed.
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100

10

PRCGRAM FEEPLINT JTyNUTFUTeTAPESSINPYTTAPES=0IITPUTsTAPEL14)

DIMENSION GCLOWEO)

DATA NREGININDP/UeBO/

IouT=H

1PAGE=Y

PO 10 I=1e¢NREG

D0 30 J=14NREG

READCIA)G -
FRITE(6,10038eJ

FORMAT(1X¢215)

IFLI,NE,J)GO TO 10 , .

CALL PRINTGCGeNINOP(NINDPoZ4JeI0UT¢2¢1PAGE) - )
CONTINUE

STOP 0000
END *

SUBROUTINE PRINTG(A9NROWeNCOL ¢NROWS¢NCOLSe10UT 1D IPAGE)

CE¥*E22£3$SUBROUTINE PRINTG

nOoonOacOnNOOan

10

YO PRINT QUT A MATRIX OF NROW 8Y NCOL ONTO DEVICE(IOUTY,

A B MATRIX

NROW =NUMBER OF ROWS

MCOL =NUMBER OF (ODLUMNS

NROWS =SURMATRIX LOCATION IN ROW
NCOLS =SUBMATRIX LOCATION IN COLUMN

NOTE THAT NROW SHOULD BE LESS THAN g5,

DIMENSION A(NROWINCOL)

Jssyg

JSlz9 .
IFINCOL,LE,JSI) JSI=aNCOLed
NMALFENROW/2

JFINROwW LT, u5) NHALF=NROW
NPLUSSNHALF#
RM=FLOAT(NCOL)/1040

M=NCOL/Z10
JFC(RMeFLOAT(M))67,0,008) MaMed

DO 40 KK=1¢M -
JI12J5¢JS)

IF(KKGENgM) JTZNCOL

wRITE(INUT,100)

IFCIDLER,1) WRITE(INUT400)
IF(IDER,?) WRITE(INUT.SO0)IPAGE
WRITELINUT.600) NRQwS, NCOLS
PRITECIOUTC200) (Jo J=JSedT)

DO 10 l=§NHALF

WRITECINUT,3a0) JTe(A(Ted)y J2J3,J7)
WRITECIOUT.200) (Jo J=JSedT)
IFINPLUS,GT,NROW) GO TO 30
WRITECIOUT,100) C-58



20
30
an
100
200
3500

ano
500

600

IPAGESIPAGF*}

IFCIDGERL 1) WRITECTNUT400)
IF(T0.EN,2) WRITE(INUT,500) TPAGE
WRITECINUT600) NROWS.NCOLS
wRITFCINUT200) (Jed=J50dT)

D0 20 I=NPLUSNROW
WRITECIOUT300) Io (ACIoJ)e J= JSoJT)
wRITECIOUT,200) (Jy0=JSedT)
JS=.ITe}

IPAGE=IPAGE®]

CONTINUE

FORMAT (1M1

FORMAT(/71011Y /)

FORMAT(194¢10F11,5)

fhhuaT(///gnxgzolﬂfrT REQUIREMENT WYTH HOUSFHOLD 2/)
FORMAY(///720X92INVERSF MATRIX2S50Xe2PAGE2eYS /)

FORMAT (25X 2SUBMATRIX LOCATED AT(2e15020%0]502)2/)

RETURN
END

c-59



B. 10 Sector Model
AGGREG

This program performs the aggregation of the industrial sectors
from 84x84 into an 11x11 matrix using a regional input-output table.

Punched cards can be obtained as output.

Data Files:

Data Set Name Logical Unit Type Description

DATA4 8 input  Regional I/0 tables (84x84)

Input Data Cards:

Control Card:
M(K): The row or the column number where the aggregation starts.
Aggregation continues up to the row or the column before
the next M.
In our case,

M(k) = 1,5,11,13,35,65,69,70,72,78,80,81,82,83,84

C-60



OFORs IS AGGREGea 3SREC
Cesss2AGGREG

c

c 10 AGGREGATE FOUR REGIONAL TABLES FROM 84X84 INTO 11Xl mar
€

¢ 8) INPUT FILE = DATA4  OUTPUT OF REGID

¢

DIMENSION A(BUoGa)thtb)oT(ISoIS) I8(2n)
DOUBLE PRECISION SuM

DATA INPUTSI0UT/Seh/eISECT/ZIUY :
DATA kMAXoIREG!LABuIRUWQILDLIISQQOEOOGQOSQ’

ReaD AND w~RITE MATRIX OPERATION GUIDE

(2 X 2 X g

READ(TNPUT300) (M(K)eK31eKMAX)
WRITE(IOUTe300) (M(K)ek=]qKMAX)

CALL NTRANfG930022)

DO 95 kKKz={¢IREG )
CALL NTRAN(Be2eLABsJIBoLAYe22).
WRITF(IOUT700) (1B(J)eJ=1eLAB)
CALL NTRAN(Be20IROWXICDLeAJLAYe22)
WRITE(IOUT80C) (ACSed)eJd=ielCOL)

AGGREGATION

QOO0

DO B89 k=1+3SECT
DO 80 Lz=§¢1SECT
IPLsM(Ke§)w]
IRL=M(Le])wd
IPS=M(K)
TRS=4(L)
SuM=0,0
DO 70 I=IPS.IPL
00 70 J=IRSIRL
SUM=SUMeA(Ted)

70 CONTINUE
T(KoLy=SUM

80 CONTYINUE

COMPUTE SUMMATION

(s Xalz!

DO 86 I=isISECT
SUMzn, 0
DO 8% J=19ISECT
85 SUMESUMeT(I0d)
T(IsISECT¢1)=SUM
86 CONTINUE
ISECTP=ISECT*Y
DO 88 J=§¢ISECTP
SUM=0,0
DO 87 I=1,1SECT
87 SUM=SIMeT(19J)
TCISECTPeJ)=SUM
88 CONTINUE
WRITE(IOUT900) ; C-61



DO 90 X=1,3SECTP
WRITH () ol0B)Ro(T(Kol)oLedoISECTPY
- Q0 WRITE(TUUT000) K (T(Kel)elL=10ISLCTP)
c 95 CUNTINUE

c

500 FORMAT(151S)

40N FOR™AT(SXs15¢5F20,2/7(0F20,2))

409 FORMAT(SXeIbe3F20,2/(4F20,2))

700 FORMAT(§H] 420A0)

800 FORMAT(BEIS.4)°

900 FORMAT(///T30+'REDUCED MATRIX FOR REGIONAL 1=0 MODEL wITH 30 Sg.
§RS1/7)
ST0P

END

C-62



TRAAGG
The trade flows of the 80 sector model are aggregated into the ones
of the 10 sector model by this program.

Punched cards can be obtained as output.

Data Files:

Data Set Name Logical Unit Type Description

DATA7 8 input  Regional trade flows (5x5)

Input Data Cards:

" Control Card:
NSTATE: The identification number of the industry sector.
If NSTATE=999, the execution is terminated.
If NSTATE=1000, the aggregating operation is interrupted
to make a new industrial secter and continues

the operation for the next industrial sector.
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PFOR,1S THAAGGe TRAAGG

CrsurTRAAGH

c

c 70 MAKE AGGREG TION OF TRADE FLOW INTD 10 INDUSTRIES,
¢ \

¢ 8) INPUT FILE = DATAT  OUTPUY OF TRADE

c

(s XXXyl

(g XaXeX g}

(2 Xz X 2]

(s Xx Nyl

10

15

20

30

40

45
50

60
100
150
300
aono
450

500

DOUBLE PRECISION DY(S5e5)eDYS(S5¢5)
DIMENSION 18(20)+Y(5¢95)
DATA NRo¢NCoLAB/S505¢207

. INITIALTZATION N
DO 10 IsieNR .
00 10 J=1NC

0YS(14J)50,0
READ InPUT FILES

NSTATE IS INDUSTRY NUMBER
READ(S,100INSTATE

TF(NSTATE ,EQ,999)STOP
IF(NSTATE ,£G,1000) GD YO 4S
CALL NTRAN(BEe«10922)

DO 20 KK=1eNSTATE

CALL NTRAN(be2¢LAB:IRLAY¢22)
CALL NTRANCBsCoNRENCOY LAY o22)
CONTINUE

WRITE INPUT FILE
WRITE (62300)NSTATE ] .
WRITE(6e400)(IB(J)eJdz1920)
ARITE(6¢500)(JeYCLed)edsieNC)

AGGREGATION

DO 30 I=i¢NR

D0 30 J=1«NC
DY(IeJg)=Y(10J)

DO 40 I={,NR

DO 40 J=f¢NC
DYS(T4JISDYSCIod)eDY(Iod)
60 10 5

DO 50 I=1yNR
DO S0 J=1eNC
Y(10J)zDYS(Iey)

WRITE OUTPUT FILE

WRITE(64600)

DO 60 K=1+NR

WRITE(14450) (Y(XeL)el=teNC)
WRITE(6eUS50)CY(KoL)eLEL¢NC)
FORRAT(IS)

FORMAT(12A06)
FORMAT(SXe ! INDUSTRY 21,15//)
FORMAT(20A6) '
FORMAY (uF20.2)° C-64
FORMAT(A(ISE$0,4))



000 FORMAT(IM1e5Xe ' TRADE FLOWIZZ/)
GO 10 §
EnD
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SENFIN
This is a program to calculate the national final demands, the
regional final demands, the multipliers, and output for the 19
sector model using the 10 sector regional input-output tables and the
10 sector regional trade flow tables. In order to invert the matrix,
I-TA, the subroutine INVERT from BMDO3R is used. For a given project
type and a given impact region, the regional final demands and the
resulting outputs can be computed. Since this program does not

require a large memory, the sensitivity analysis can be performed.

Data Files:

No tape is used.

Input Data Cards:

a) 10 sector regional input-output tables

b) 10 sector trade flow tables

¢) Household sector coefficients

d) National final demands

e) Deflators

f) Project and contract cost

g) Ratio of contract to project cost

h) Title cards

i) Control cards for the dynamic output format control
F11 and FM2

j) Control card for aggregation of the final demands.

C-66 '



In our case,

L(x)=1,5,11,13,35,65,69,70,72,78,80,84,85

Print-outs
roup 1
a) Regional I/0 table for each region (15x15)
b) Trade flows for each industry (5x5)
¢) Trade coefficient for each industry (4x4)
d) Technical coefficients (AN) (40x40) .
e) Technical coefficients with household sector (AH) (44x44)
. f) Trade coefficients (Ty) (40x40)
g) Trade coefficients with household sector (Ty) (44x44)
h) Direct requirements (TNAN) (40x40)
i) Direct requirements with household sector (THAH) (44x44)
j) Direct plus indirect requirements [(I-TNAN)']} (40x40)
k) Direct plus indirect plus induced requirements [(I-THAH)']] (44x44)
1) Direct income change (10x4)
m) Direct and indirect income change (10x4)
n) Indirect income change (10x4)
0) Income multiplier type 1 (10x4)
p) Direct plus indirect plus induced income change (10x4)
q) Induced income change (10x4)
r) Indirect and induced income change (10x4)

s) Income multiplier type 2  (10x4)
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t)

Output multiplie~ type 1  (10x4)

u) Output multiplier type 2  (10x4)

v) Sum of output multiplier type 1 (1x4)

w) Sum of output rmultiplier type 2 (1x4)

Group 2
a) National final demand vectors in 1958 (84x12)
_b) Deflators

c) National final demani vectors in 1963 (12x12)

d) Contract cost (1x5)°

e) Project cost (1x5)

f) National final demand vectors for the McClellan-Kerr Arkansas '
River multiple purpose project contract cost per $1000 in 1963
prices  (12x5)

g) Regional final demands for each impact region and for each type
of project (12x5)

h) Output for each impact region and for each type of project (12x5)
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/*

SENFIN COMPLETEZ

//STEP1 EXEC FORTRANH
//SDURCELSYSIN DD =

Ceasxzx2:SENFIN

C .

c INTER-REGIONAL INPUT-0OUTPUT ANALYSI.
c FOUR REGIONS WITH 10 SECTORS

c

(] CAals Xnl

(s NNy a0

DIMENSION JK{20)+A(15+15)ACOEFF(4410+410)4BCOEFF(4,411,11)4CCOEFF(
1¢4411),AHAT(10+10)+T(545)

DIMENSION AN{140+40) ¢AH(44,44)¢TN(40,40)TH{44,44)
DIMENSION Bl40+40)C(44,44).D(40+40)4E(444944)
DIMENSION LK(40)MK(40)LKP(44)yMKP(44)

DIMENSION FMT1(18).FMT2(18)

COMMON /BK1/FDt84,12),DEFL(84)sM.N,IOUT, INP
COMMON /BK2/FA(12412)

COMMDN /BK3/ CCOEFF. Dy E

DATA NREG«NIND/4,410/ -

DATA NR+NCyLAR/15,15+20/

INP=S

10UT=6
NREGP=NREG+1
NINDP=NIND+]1
IMAX=NREG*NIND
IMAXP=NREG*NINODP

READ FORMAT STATEMENT FGCR OUTPUTS OF PRINTA

FORMAT(18A4)
READ(INP,1) FMT1

........ FMT1:(15410F11.0)

READ{INP.1) FMTZ2

-------- FMT2:(I5+10F11.5)

10

DO 110 IREG=1+NREG
READ AND WRITE REGINAL 1-0 TABLES

READ(INP,101)(JB(J)oJ=1,LAB)

DD 10 K=1,NR

READIINP+201) KKelA(KsL)L=14NC)

CALL PRINTA{ANR NC+JBsLAB.IOUT+FMTY)
DO 60 J=1.NIND
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(g X2l

60
80

110

85

90

120
130

140

150

DO 60 I=1,NIND
AHAT{T1eJ)=A(14J)/A(NRJ)
DD 80 I=1,NIND

DO 80 J=1.NIND
ACOEFF(IREGy1+J)=AHATI(],4J)
CONTINUE

DO 85 L=1,IMAX

DO 85 M=1,IMAX
AN(L+M)=0.,0

DO 90 K=1,MREG

DO 90 1=1,NIND

D0 90 J=1,NIND
L=NIND*(K=-1)+]
M=NIND*(K-1)+J
AN(L+M)=ACOEFF(KsIoJ)
CONTINU?

HOUSEHOLD SECTOR IS CONSIDERED - TECH COEFF

DO 130 IREG=1,NREG
READ(INP+401)(BCOEFF(IREG+1sNINDP), I=1,NINDP)"
READ(INP,401)(BCOEFF{IREG«NINDPyJ)s J=1sNINDP)
DO 120 I=1,NIND

DO 120 J=1,NIND )
BCOEFF(IREGe1+J)=ACOEFF(IREG,15J)

CONTINUE

DO 140 L=1,IMAXP

DO 140 M=1,1MAXP

AH(L+,M}=0.0

DO 150 K=14NREG

DO 150 I=1.NINDP

DO 150 J=1.NINDP

L=NINDP=%(K=-1}+1]

M=NINDP*(K=-1)+J

AH{L +M)=BCOEFF(KsI+J)

CONTINUE

TRADE COEFF

READ(INP,101)(JR(J)sJ=1,LAB)
WRITE(IOUT101)(JB(J)eJ=1,LAB)
D0 360 IND=14NIND
WRITE(INUT,301) IND

DO 160 1=1,NREGP
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160

170
360

180

190

210
215

220

230

235
240

101
201
301
401
501
801
901

READ(INP,501)(T{14J)4J=1,NREGP)
WRITE(TOUT,501)(T(14d)y J=1,NREGP)
DO 170 1=1,NREG

DO 170 J=1.KREG

CCOEFI T4y IND)=T(14J)/TINREGPJ)
CONTINUE

DO 180 L=1,IMAX

PO 180 M=1,IMAX
TN(LeM)=0.0

DO 190 1=1,NREG

DO 190 J=1,NREG

DO 190 K=1,NIND
L=NIND=(]-1)+K
M=NIND*(J=1)+K
TNILoM)=CCOEFFIT4deK)

HOUSEHOLD SECTORS - TRADE COEFF
DO 210 1=1,NREG '
DO 210 J=1,NREG
CCOEFF(1,JNINDF)=0.0
00 215 K=1,NREG
CCOEFF(KyKyNINDP)=1,.0
DO 22C L=1,IMAXP
DO 220 M=1,IMAXP
TH(L+M)=0.0
DO 230 I=1 NREG
DO 230 J=1,NREG
DO 230 K=1,NINDP
L=NINDP%(I~1)+K
M=NINDP#(J~1)+K
THILM)=CCGEFF(T4JeK)
DO 240 K=1,NINDP
WRITE(1OUT,801) K
DO 235 I=1,NREG
WRITE(I0OUT,901){CCOEFF(1+JeK) eJ=1,NREG)
CONTINUE

FORMAT(20A%)

FORMAT(11043F20.2/14F20.2))

FORMAT(//T10,'TRADE FLOW FOR INDUSTRY',15,//)
FORMAT(BF10.6) ’

FORMAT(4F20.2)

FORMAT(///710,* TRADE COEFFICIENT FOR INDUSTRY!,15,77/)
FORMAT(1HO,4F20.5)
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(s XX 2] OO0

(s e NaNaXg

o0

COMPUTE T=A AND TH=AH

CALL MULTI(TNJ.AN,B+IMAX,IMAX,IMAX)
CALL MULTI{THsAH«CoIMAXP,IMAXP, IMAXP)

COMPUTE INVERSE OF (I-TA) AND (I-TH*AH)

CALL REQUIR(BsDy IMAXsLKMK)
CALL REOUIR(C.E.IMAXP.LKPoMKP!

WRITE COMPUTE VALUES

TECHNICAL COEFFICIENTS
READ(INP,+101L)(JR(J)4yJ=1,LAB)
CALL PRINTA(AN«IVAX’IMAX.JBoLAB.IOUT.FMTZ)
TECH COEFF WITH HOUSEHOLD
READ(INP+101)(JB(J)ed=1.LAB)
CALL PRINTA(AH,IMAXP IMAXP +JBsLAByI0UTIEMT2)
TRADE COEFF

- READ(INP,101)(JR(J) 4J=1,LAB)

CALL PRINTA(TN,IMAXeIMAXsJBsLARyIOUT»FMT2)
TRADE COEFF WITH HOUSEHOLD

READ(INP,101)(JB(J)eJ=1,+LAR)

CALL PRINTA(TH,IMAXP,IMAXP+JB+LABI0UT+FNT2)
DIRECT REQUIREMENTS

READ(INP,I01)(JR(J) yJ=1,LAB)

CALL PRINTA(BsIMAX.IMAX,J",LABY JOUT,FMT2)
DIRECT REQUIREMENTS WITH HOUSHOLD

READ(INP,101)(JB(J)sJ=1,LAB)

CALL PRINTA(C.IMAXPoIMAXP,JB¢+LABs IOUT,FMT2)
DIRECT PLUS INDIRECT REQUIREMENTS

READ(INP,101)(JR(J) +J=1,LAB)

CALL PRINTA(D,IMAX,IMAXsJBsLAB,y 10UT,FMT2)
DIRECT PLUS INDIRECT PLUS INDUCED REQUIREMENTS

READ(INP,101)(JR(J)sJ=1,LAB)

CALL PRINTA(E.IMAXP,1MAXP,JB,LAB, IOUT,FMT2)

TD COMPUTE INCOME CHANGES AND MULTIPLIERS
DOUBLE PRECISION SUM
DIMENSION G(4¢10)eF(4410)¢GF(4y10)4H(4410)

DIMENSION QU4410)40F(4410)e0GL4410)9S(4,10)
DIMENSION P(4+s10)eR(4410)sUlL)sV(&)
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22

50
51

12

42

&4
54

52

DIMENSION PS(40)s RS(44)+FFl444410)

D0 12 1=1.NREG
DO 12 -J=1,NREG

DD 12 K=1,NIND
JK=NINDP=(J=1)+K
IF(1.NE.J) GO TO 12
G(I+K)=CININDP%I¢JK)
CONT INUE

DO 42 J=1,NREG
D0 42 K=1.NIND
DO 42 I=1,NREG
SUM=0.0

DO 22 L=1.NIND
KK=NIND=(J-1)+K
LL=NIND#*(]1-1)+L
SUM=SUM+G(1,L)}*D(LLsKK)
FF{IeJeK)=SUM
CONTINUE

DO 54 J=1.NREG
DO 54 K=1,NiND
SUM=0,0

DO 44 I=1.NREG
SUM=SUM+FF( I ¢J¢K)
F(J.K)=SUM

DO 51 1=1,NREG

DO 51 K=1.NIND

SUM=00 0
IK=NINDP*(I~-1)+K

DO 50 J=1.NREG
SUM=SUM+E(NINDP*J, 1K)
O(I.K)=SUM

DO 52 I=14NREG

DD 52 K=1.NIND
GFLI«K)=F{I:K)=G(1.K)
HIT+K)=F{1.K)/G(1.K)
QOF(I+K)I=0(IK)=F(]IK)
OGIIK}=QUIK)=G(IsK)
SUIsK)I=0(14K)/Gl 1K)
CONTINUE

D0 72 KK=]1,1IMAX
SUM=0.0

DN 82 LL=1,IMAX
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82 SUM=SUM+D(LL+KK)
72 PS(KK)=SUM

DN 73 J=1,NREG

DO 73 K=1wNIND

KK=K+NIND*{J=-1)
T3 PLJWK)=PS(KK)

DN 95 KK=1,IMAXP

SUM=0,0

D092 LL=1,IMAXP
92 SUM=SUM+E(LL+KK)
95 RS(KK)=SUM

D0 93 J=1,NREG

D0 93 K=1.NINLDP

KK=K+NINDP=*(J=1)
93 R(J+K}=RS(KK)

c
DO 102 I=1+NREG
SumM=0.0
DO 112 K=1,NIND
112 SUM=SUM+H{],K)
102 U(I)=SUM
c

D0 122 I=1,NREG

SUM=0.0

DO 132 K=14NIND
132 SUM=SUM+S(1+K)
122 V(I)=SUM

WRITE(IQUT,900)
900 FORMAT(1H1,///T1G+'DIRECT INCOME CHANGE'///)
CALL PRINTB{G,NREGyNIND,IOUT,1)
WRITE(INUT,1000)
1000 FORMAT(1H1,///T10,*DIRECT AND INDIRECT INCOME CHANGE'///)
CALL PRINTB(F.NREGYNIND.IOUT»1)
WRITE(IOUT.1100)
1100 FORMAT(1H1,///T10."INDIRECT INCOME CHANGE'///)
CALL PRINTBIGF+NREGNIND,IOUTs1)
WRITE(IDUT,1200)
1200 FNRMAT(1H1,///7T10,'INCOME MULTIPLIER TYPE 1%,//7)
CALL PRINTB(H.NREG+NIND,IOUT,1}
WRITE(INUT,1300)
1300 FORMAT(1H14///T10,*DIRECT PLUS INDIRECT PLUS INDUCED INCOME CHANG
<v//77)
CALL PRINTBID NREG+NIND,IOUTS1)
WRITE(1NUT,1400)
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1400 FORMAT(1H1,///T10.*INDUCED INCOME CHANGE'///)
CALL PRINTB{OF,NREGNIND,I1OUT»1)
WRITE(IOUT,1500) '

1500 FORMAT(1H1,///T10.,"INDIRECT AND INDUCED INCOME CHANGE'///)
CALL PRINTB{OG+NREG+NIND+IOUT1)
WRITE(10UT,1600) |

1600 FORMAT(1H1,///T10.'INCOME MULTIPLIER TYPE 2%///)
CALL PRINTB(S+NREGyNINDsIOUT,1)
WRITE(IOUT,1700)

1700 FORMAT(1H1,///T10,* OUTPUT MULTIPLIER TYPE 1 %77/)
CALL PRINTR(P,NREGNIND+IOUT,1 YV
WRITE(10OUT,1800)

1800 FORMAT(1H1,///T10,'0UTPUT MULTIPLIER TYPE 2%/717)
CALL PRINTB({Rs+NREGeNIND,IOUTs1)

: WRITE(IDUT,1900)

1900 FORMAT(1H1,///T10,'SUM OF QUTPUT MULTIPLIER TYPE 1%///)
CALL PRINTC(U+NREG,10UT)
WRITE(IOUT,2000)

2000 FORMAT(1H1.///T10,'SUM OF OUTPUT MULTIPLIER TYPE 2'//7)
CALL PRINTC(V+NREG.IOUT)

c
c CALL A SUBPROGRAM FOR FINAL DEMAND
c
CALL “FINALE
STOP
END
Caax=MULTI
SUBROUTINE MULTI{A+B+C, M.L.N)
»
c TO MULTIPLY TWO MATRICES
»
c ClI+J)=A(T1,K)*B{KeJ)
c y

DOUBLE PRECISION SUM
DIMENSION C(MsN)+sA(MoL)oeB(LN)
DO 10 I=1.M
DO 10 J=1+N

10 C(I+J4)=0.0
DO 30 I=1.M
DO 30 J=1.N
SUM=°.°
DN 20 K=1,L

20 SUM=SUM+A({],K)*B(KyJ)
Cll.J)=SUM

30 CONTINUE
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RETURN
END

C***x=*REQUIR

an

10

SUBROUTINE, REQUIR(ARXsMsLK¢MK)

TO COMPUTE INVERSE OF (I-A)
DIMENSION A(MyM)oBXIMeM)oLK(M)yMKIM)
D0 10 I=1,M
DN 10 J=1.M
BX({I+J)==A(14J)

IF(1.EO0.J) BX{1+¢J)=1.0-A{14J)
CONTINUE

CALL INVERT(BX¢MsLK¢MK)
RETURN

END

Cx*2=2INVERT

O o

10

20

SUBROUTINE INVERT (AsNoLeM)

PROGRAM FOR FINDING THE INVERSE OF A NXN MATRIX
DIMENSTION A(NWN)oLIN),M({N)

SEARCH FOR LARGEST ELEMENT

D=1.

D080 K=14N

L(K)=K

M(K)=K

BIGA=A(K,K)

DO 20 I=K.N

DO 20 J=K.N
IF(ARS(BIGA)-ABS(A(I,.J))) 10+20,20
RIGA=A(],J)

L(K)=1

M(K)=J

CONTINUE
INTERCHANGE ROWS
J=L(K)

IF(L(K)=K) 35,35,25
D0 30 I=1.N
HOLD==A(K,1I)
AlKyI)=A0Js1)
A{J,]1)=HOLD
INTERCHANGE COLUNMS'
1=M(K}

IFIM(K)=K) 45445437
DO 40 J=1,.,N
HOLD==A(J,K]}
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40

46
50
55

56
57
60
65

68
70
75

80

100
103
105
110
120
125

130
150

A(JsK)=A(JW])

A(Jo1)=HOLD ]

DIVIDE COLUMNS BY MINUS PIVOT
DO 55 I=1.N

IF(I-K)50,55,50
A(T+K)=A(I4K)/(=A(KeK))
CONTINUE

REDUCE MATRIX

00 65 1=1,N

DO 65 J=1,N

IF{1=-K) 57¢65,57

IF(J=K) 60+65,60
AlToJd)=A(I-K)*A(KeJ)+A(]4J)
CONTINUE .

DIVIDE ROW BY PIVOT

00 75 J=1,N

IF{J=-K)T70.75.70
A(KeJ)=A{KeJ)/A(KeK)
CONTINUE

CONTINUED PRODUCT OF PlVOTS
D=D*A(K.K)

RFPLACE PIVOT BY RECIPRGCAL
A(KesK)=1.0/A(K4K)

CONT INUE

FINAL ROW AND COLUMN INTERCHANGE
K=N )

K=(K-1)

IF(K) 150,150,103

I=L(K)

JIF(I-K) 120,120,105

DO 110 J=1,N

HOLD=A(J.K)

AlJK)==A1Jy]1)

AlJe.])=HOLD

J=M{(K)

IF(J-K) 100,100,125

DO 130 I=14N

HOLD=A{K.1I)

AtKeI)==A(Js1)

AlJ,]1)=HOLD

GO T0 100

RETURN

END

Cet=t=PRINTA

c
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10

20

30
40

100

SUBROUTINE PRINTA({A+NROWNCOL+JB+LABy IOUT ¢ FMT)

TO PRINT OUT A MATRIX OF NROW BY NCOL ONTO DEVICE(IOUT).
ALPHANUMERIC STRING CAN BE PRINTED IF GIVEN.

A = MATRIX

NROW=NUMRER OF ROW

NCOL=MNUMBER OF COLUMN

JB= ALPHANUMERIC STRINGs (A4 FORMAT)
LAB= NUMBER OF J8 (TO SKIP, LAB=0)
I0UT= OUTPUT DEVICE

NOTE THAT NROW SHOULD BE LESS THAN 85.

DIMENSION A(NROWNCOL)s JE(LAB),FMT(18)
Js=1 :

JsI=9

IF(NCOL +LE. JSI) JSI=NCOL-1
NHALF=NROW/2

IF(NROW oLT. 45) NHALF=NROW
NPLUS=MHALF+1

RM=FLOAT(NCOL)/10.0

M= NCOL /10

IF((RM-FLOAT(M)).GT. 0.001) M=H+]

D0 40 KK=14¢M

JT=JS+J4S1

IF(KK .EQ. M) JT=NCOL

IF(LAB .NE.O) WRITE(IOUT.100) (JB(J)esJ=14LAB)
WRITE(IOUT,200) (Js J=JSWJT)

00 10 I=1,NHALF

WRITE(IQUT+FNT) To (A(TeJ)e J=JS,JT)
WRITE(IOUT+200) (Jy J=JS4JT)

IF(NPLUS .GT. NROW) GO TO 30

IF(LAB .NE. 0) WRITE(IOUT.100) (JB(J)sJ=1+LAB)
WRITE(IOUT200) (JeJ=JSeJT)

DO 20 I=NPLUS.NROW

WRITE(IOUTFMT) To (AlTed)e J=JSJT)
WRITE(IOUT»200) (JeJd=JS54JT)

JS=JT+1

CONTINUE

FORMAT(1H14///20A44/7/7)
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200 FORMAT(/ 10111 1)
RETURN -
END
C¥=%2=PRINTB
SUBROUTINE PRINTB(A.M.L+I0UTsINX)
DIMENSION A(M4L)

PRINT QUTPUTS IN TRANSPOSED FORM

(2N aXg]

DO 10 K=1,L
IFCINX.EQel) WRITE(IOUT.100) (A(1,K)y1=1,M)
IF(INX,EQ.2) WRITE(IOUT,200) Ky (A(I4K)yI=1,M)
10 CONTINUE ’
100 FORMAT(4F20.5)
200 FORMAT(]10,5F15.2)
RETURN
END
C=2x=xPRINTC
SUBROUTINE PRINTC(A.M.I10UT)
DIMEMSION A(M)

o000

PRINT OUTPUTS IN TRANSPOSED FORM

WRITE(IOUT,100) (AL} sI=14M)
100 FORMAT(4F20.5)
RETURN
END
sxsF[NALE

o
C
SUBROUTINE FINALE
C
C FINAL DEMAND FOR PROJECT COST
C
DIMENSION X(44)s Y(44)y XF(5412)y YF(5412)sFY{12,5)
DIMENSION CCOEFF(444411) D140,40)y E(44,044)
COMMNN /BK1/FD(B4412) +DEFLIB4)4MeN, IOUT, INP
COMMON /BK2/FA(12+12)
COMMON /BK3/ CCOEFF, Dy E
LOGICAL HOUSE
DATA KNST/1/+. HOUSE/.TRUE./ !
DATA NREG.NIND/4,10/

KnST=0 NO COMPUTATION FOR CONTRACT COST OR PROJECT COST
KNST=1 CONTRACT COST ONLY
KNST=2 PROJECT COST ONLY

OO O
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KOST=3 BOTH COST ARE USED BUT RETURNED VALUES ARE

NREGP=NREG+1
NINDP=NIND+1
IMAX=NREG*NIND
IMAXP=NREG*NINDP

COMPUTE FINAL DEMAND
CALL DEMAND(KOST. FY)
COMPUTE OUTPUT

NTYPE=12

IF(KNST.NE.O) NTYPE=5

IF(HOUSE) NIND=NINDP

IF(HOUSE) IMAX=1MAXP

DO 750 IMPACT=1,NREG

D0 750 JTYPE=1,NTYPE

DO 350 IREG=1.NREG

DO 350 IND=1,NIND

JK=NIND=(ITREG-1)+]IND

Y{JK)=CCOEFF(IREG,IMPACT.IND)*FA(IND,JTYPE)

IF{KOST.NEO) Y{JK)=CCOEFF(IREGsIMPACT,IND)*FY({INDyJITYPE)
350 CONTINUE

IF(.NOT.HOUSE) GO TO 363
DO 555 I=1,IHAX
SUM=0.0
DO 455 J=1,IMAX
455 SUM=SUM+E(T4J)%Y(J)
555 X{1)=SUM
GO TO 560
365 DO 550 I=1,IMAX
SUM=0.0
D0 450 J=1,IMAX
450 SUM=SUM+D(I,J)*Y(J)
550 X(I)=SUM
560 DO 650 IREG=1.NREG
DO 650 IND=1,NIND
JK=NIND#(IREG~-11+]INU
YF(IREG,IND)Y=Y(JK)
650 XFOIREG. IND)=X(JK)
D0 950 IND=1,NIND
SUM=0.0
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SUMY=0.0
DO 850 IREG=1.NREG
SUMY=SUMY+YF( IREG.IND)
850 SUM=SUM+XFE(IREG IND)
YFINREG+]1, IND)=SUMY
‘950 XFI(NREG+1,IND)=SUM
DO 951 IREG=1,NREGP
SUM=0,0
SUMY=0.0
DO 851 IND=1.NIND
SUMY=SUMY+YF{ IREG,yIND}
851 SUM=SUM+XF({IREG, IND)
YF{IREG.NIND+1)=SUMY
951 XF{IREG.NIND+1)=SUil
WRITE(IOUT,2100) IMPACT.JTYPE
WRITE(IOUT,.2101)
CALL PRINTR{YF NREGP «NIND+1+IDUT,2)
WRITE(IOUT,.2200) IMPACTJTYPE
WRITE(IDUT,2101)
CALL PRINTB{XF+NREGP+NIND+1,10UT,2)
750 CONTINUE
C
2100 FORMAT(1H1,///T710,"REGIONAL FINAL DEMAND: IMPACT REGION =4,
“DI55Xs*TYPE =% 15,77/}
2200 FORMAT(1HY./7/7/7/T10,'0UTPUT : IMPACT REGION ='4,i5¢5Xs'TYPE =%,15///}
2101 FORMAT(//72Xe ' INDUSTRY ' T21¢'R1"9yT36+'R214T51,4'R31,TE6,'R4L',T78,
DINATION®//)
RETURN
END
SUBROUTINE DEMANDIKOST+FY)
Cx%xxxx:DEMAND
C ’
c 70 COMPUTE THE FINAL DEMAND VECTORS PER $1.000 PROJECT COSTS FOR
C A CLOSED INPUT-OUTPUT MDODEL USING 1958 DATA WITH CEFLATOR
C

DOUBLE PRECISION SUM —

DIMENSION INDUBG) oFX(B4,12)4FY(12,534SUN(12),TOTALL12)
COMMON /KBK1/FD(B4412)+LTEFL(B4)oMeNsIQUT,INP

COMMDN /BK2/FA(12,12)

DATA NR.NC/84,12/

M=NR
N=NC
MN1=M-1
C .
C READ AND WRITE INPUT FILE
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WRITE(INUT,100)

DO 10 I=1.M

READ(INP,200) IND(I1)o(FX{IeJd)eJ=1¢N)
oo 5 J=1,8 -
FD(IeJ)=FX(]14J)

DO 6 J=9,11

FD(TeJ)=FX(1esJd+1)

FD(1+s12)=FX(1.9)
HRITE(IOUTvbOO’IND(I)o(FD(loJ['J=1'N)
CONTINUE

WRITE(IOUT.300)

DO 20 I=1,MN1

READ(INP,400) IND(I) DEFL(I)
WRITE(IOUT+400) IND(I) DEFL(I)
CONTINUE

COMPUTE THE NATIONAL FINAL DEMAND FOR 1963

D0 25 I=1,MN1

DO 25 J=1,N
FD(1,J)=FD(14J)*DEFL(1)/100.0
CONT INUE

AGGREGATION IN ORDER TO MAKE 10 INDUSTRIES

CALL AGGRGT

M=12

MN2=M-2

D0 35 J=1.N

SUM(J)=0.0

DO 45 1=1,MN2
SUM(J)I=SUNM(J)+FA(]4J)
FA{M,J)=SUMLY)

TOTAL(J)= FA(MJ)+FA(M=1,J)
CONTINUE

D0 55 I=1,M

D0 55 J=1,N
FA{I'J’=FA(l'J’*lOO0.0/TOTAL'J)

WRITE OUTPUT

WRITE(TIOUT,500)
DO 30 I=l.M
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0 WRITE(IOQUT,600) IND(1)e (FA(I+J)9sJ=1yN)

3
c
c COMPUTE THE NATIONAL FINAL DEMAND FOR GIVEN PROJECT AND
c CONTRACT COST

c

CALL CONTRC(KDST,FY)

100 FORMAT{1H1,.///T5, *NATIONAL FINAL DEMANO VECTORS IN'1958'//7)

200 FORMAT(110,7F10.2/15F10.2))

300 FORMAT(//T5+'DEFLATOR?//)

400 FORMAT(I5+F15.2)

500 FORMAT(1IH1+///T5."NATIONAL FINAL DEMAND VECTORS IN 1963%///
>T10+'PER $1,000 PROJECT COSTS FOR A CLOS:D INPUT-OUTPUT MODEL'//)

600 FORMAT(I10412F9.2)

RETURN
END
C*»%x*xAGGRGT
c
SUBROUTINE AGGRGT
c
c AGGREGATION OF 79 INDUSTRIY SECTORS INTO 10 SECTORS
c HOUSEHAOLD SECTOR INCLUDED:

DODUBLE PRECISION SUM
-DIMENSION L(13)
COMMON /BK1/FD(84412)DEFL(84) M, NvIUUT'lNP
COMMON /8K2/FA(12,.,12)
DATA NCOL NROW/12,12/
NROWP=NROW+1 .
READ(INP,100) (L(K)K=1,NROWP)
WRITE(INUT.200){L(K)+K=]1 NROWP)
D0 30 J=1,NCOL
D0 20 K=1,NROW
M1l=L(K)
M2=L({K+1)~-1
SUM:O o0
PO 10 JT=Ml.M2

10 SUM=SUM+FD(14J)

20 FAlK,J)=SUM

30 CONTINUE

100 FORMAT(1315)

200 FORMAT(///71315777)
RETURN
END

Cx=x*xCONTRC

C

Cc-83



(zia NNy

(2 haXs}

20
25

30
40

SUBROUTINE CONTRC(KOST.A)

KNST=0 NO COMPUTATION FOR CONTRACT COST OR PROJECT COST
KOST=1 CONTRACT COST ONLY

KNST=2 PROJECT COST ONLY

nNOST=3 BOTH COST ARE USED BUT RETURNED VALUES ARE

PROJECT COST
DIMENSION B(12+4)¢A(12:5)+CCT(5)4ALPHA(S),PC(5),SUNMCOL (84)
COMMON /BK1/FD(R4¢12)0EFL{8B4)yMyNyIOUTy INP
COMMON /BK2/FA(12412)
IF{(KOST.EQ.0) GO TO 999
NN=4
NNP=NN+1
MN1=M-1
MN2=M=-2
MHALF=M/72
READ{INP,100) (CCT(J)eJ=1NNP) !
WRITE(IOUT,110)
WRITE(IOUT..100)(CCT(J)¢J=14NNP)
READ(INP4150) (ALPHA(J)ysJ=1+NN)
WRITE(IOCUT 150){ALPHA(J) +J=1¢NN)
WRITE(IDUT,120)
READ(INFP4+100) (PC(J)eJ=1.NNP)
WRITE(IQUT,L100){PC{J)eJ=14NNP)

DO 10 I=1.HM
B{Il.1)=FA(TI,1)
B{I«2)=FA(I,5)
B(I.3)=FA{I,.8)
B{lsa)=FA(I.11)
CONTINUE .
IF{KOST.EQ.2) GO TO 68

CONTRACT COST

"ICOUNT=1

DO 20 I=1,M

DO 20 J=14NN
Al1,3)=BLI.J)*CCT(JI)/1000.0
CONTINUE

D0 40 I=1.M

SUMCNL(1)=0.0

DD 30 J=1.NN

SUMCOL(1)=SUMCOL(I)+A(I+J)
A(T NN+1)=SUMCOLIT)
TOTAL1=0.0
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50

CMOO

70

100
110
120
150
200

250

300

400
500
999

/%

D0 50 I=1+MN2
TOTALI=TOTALL+SUMCOL(T)
ERROR=TOTAL1-A(M.NN+1)

IF(ICOUNT ..EQs 1) WRITE(IOUT.200)
IFCICOUNT EQ. 2) WRITE(10UT,250)
WRITE(IOUT,300])

D0 60 I=1,M ‘
WRITE(IOUT+400) T+4(A(I4J)9J=19NNP)
CONTINUE

WRITE(IOUT,500) A{M,NN+1),TOTALY,ERROR
IFCICOUNT .EQ. 2) GO TO 999
IF(KOST.EQ.I’ GO 70 999

Al

PROJECT COST

1COUNT=2

DO 70 I=1,M

DO 70 J=1,NN

AUT+J)=B(1sJ1%PCIJ)*ALPHALJ)/10DD.O

IF(1 LEQ. HN1) A(I,J)=A(1sJ)+PCLJI#{1.0-ALPHALJI))

CONT INUE

G0 TO 25

FORMAT(5F15.4)

FORMAT(///T10,*CONTRACT COST!}

FORMAT(///710, 'PROJECT COST*)

FORMAT(4F10.5) ‘

FORMAT(1H1,///78+'NATIONAL FINAL DEMAND VECTORS FOR THE MCLELLAN-
>KERR ARKANSAS RIVER'/T21,MULTIPLE PURPUOSE FROJECT CONTRACT COST#*
>1//T2741( UNIT $1,006 1963 PRICES)'///)

FORMAT(1H1,+///7T8,'NATIONAL FINAL DEMAND VECTORS FOR THE MCLELLAN-
>KERR ARKANSAS RIVER'/T21,'MULTIPLE PURPOSE PRGJECT COSTS*
>1//7274( UNIT $1.,000 1963 PRICES)'///)

FORMAT(T8, ' PROJECT! »T17+ '"HULTIPLE T30, 'FLOOD' , T43, 'REVETMENTS®,
>T564'LOCK & DAMS'4T69, TOTAL'/T8, 'CATEGORY® ,T19, 'PURPOSE® 4 T33,
>1CONTROL' »T724 'PROJECT!/2X+*1-D SECTOR!/)

FORMAT (847X, 5F13,2)

FORMAT( 1H342F20.24F10.4)

RETURN

END
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Appendix A
Tape Operation for UNIVAC 1108

(1) To write or read a tape,
" CALL ‘NTRAN(Unit,Opr,Size,Namc ,LAY,22)
where |
Unit: Tlogical unit number
Opr = 1 for write on a tape
= 2 for read a tape
Size: the size of a matrix (mxn) will be mn
Name: the name of variable
(2) To rewind a tape,
CALL NTRAM(Unit, Opr,22)
where
Unit: logical unit number
Opr = 10 for rewind
(3) To assign a tape for reading,
@ASG,TJ Unit.,8C,Tapeid
where
J: option for label
Unit: Tlogical unit number
Tapeid: tape,I.D.
8C: physical unit number
(4) To assign a tape for writing,
@ASG,TJ Unit.,8C,Tapeid W
where

W: for enabling writing
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-Appendix B

Inverse Matrix and its Submatriccs

The direct and indirect and induced requirement is computed by

inverting I-TA. The inverse matrix, E, is a 320x320 square matrix.

<)

641 612 613 644
I 821 Gap Gp3 g
(I-TA)"' = E(320x320) =
: G.. G G.. G

31 932 %33 93

81 842 Gy3.84
where en e12 e]3. . .e]n
€1 €22 - * Con

6= |-

J , n=80

€1 €2 -+ - - mn

DATA9 is stored on a tape as shown in figure.

File 1 File 2 File 3 File4 Fileb5 . . . File 16

G G2 G13 Gig Gor [+ - -] B4
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