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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 usea 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-Output  
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. In addition to the project impact on the project region, 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 construct an 
interregional I/O 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 analysis 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/O 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. 

2 



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/O 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/O models: national, regional, interregional, 
and international I/O models. Depending upon the extent of impact to be 
measured, the model can also be classified into open and closed categories. 
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/O 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/O 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/O 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. 

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

3 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. 
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An Interregional I/O Model with Fixed Column Coefficients 

In an interregional I/O 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 ail, where the amount of commodity i from region r is required 
to produce one aollar'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 
variety of an interregional I/O model was developed first by Chenery and 
Moses. 	In this model, the interregional I/O coefficient (aVS) is estimated 
by two separate coefficients: i.e., regional technical coefficient (af i ) 
and trade coefficient (tTs)• aq. represents the i th input required for 

1 	1J producing one dollar's worth of j th  commodity in region s disregarding 
the region of its origin. tIs 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 purchasing 
industry in region s purchases the same proportion of the ith input from 
the region r. Thus, in the fixed column coefficient model JS = aS. • tis. 3.3 

Having estimated the above two structural coefficients, af i  and tIs , the 
solution of the interregional I/O model is obtained by the following equa-
tion, X = (I-TA) -1  TY. 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 Input-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; 
pp. 308-332; and L. Moses, "The Stability of Interregional Trading 
Patterns and Input-Output Analysis," AER, XLV (December 1955). 
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Notation 

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

(a)Designation notation 

n = designation of the number of regions. 

in = designation of the number of industries. 

(b)Matrix notation 

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

Y = Column vector (inn, 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 (nm,nm) filled with diagonal matrices (n,m). Each 
element tl's  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 

	

trs = trs 	trs . 
1 	il 	12 	im 

The above matrix notations are also expressed as follows: 
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(d) Element notation 

o xir  . 	the total amount of commodity i produced in region r. 

x9s  = the total amount of commodity i demanded by all final and inter-]. 
mediate consumers in region s. 

x?° = 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: 

or 
(1) xi . z axr ro 	r .. 	. 

	

j=1 I J J 	
Yi 

rs 	rs os (2) x. = t. x. 
1 2  

	

. 	ro 	rs 
(3) xi = E x. , and 

' 	s=1 

os 	n rs 
(4) xi = E xi 

r=1 

where i = 1, 2...m and r, s = 1, 2...n. 
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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) xOS 	ASxSO 	VS 

(6) E 

• 

es  = E Trsxos 
s=1 	s=1 

• os 	n (7) EX 	=EXso  
s=1 	s=1 

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

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: 

(8) E 

• x

S = E TrsAsxs 	E Trsys ,  
s=1 	s=1 	s=1 
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where r, s=1, 2...n. 

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

1 	 n 
(9) 	E (I - TIN-,  ) X

so 
	

TrSyS 

S=1 	 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) -1TY; är X = (T-1-A) -1Y 

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/O Model for MKARMPP 

For the application of the above fixed column coefficient interregional 
I/O 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 construc-
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/O 
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 
internai region and the industrial sector refer to the previous research 
report. 

6 	 Ungsoo Kim 
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Table 1 
Classification of 1/0 Sectors and Aggregated Industries 

Aggregated Industries  

1. Agriculture, Forestry 
Fisheries 

5. Durable Manufacturing 

6. Transportation, 
Communications A 
Utilities 

7. Trade 

B. Finance. Insurance 
Real Estate 

9. Services 

10. Government 
Enterprises 

11. Directly Allocated 
Imports 

12. Transferred Imports 

13. Value Added (Row) 
Final Demand (Column) 

14. Secondary Products 

2. Mining 

3. Construction 

4. Nondurable Manufacturing 13. 
14. 
15. 
16. 

I10 Industries  

I. Livestock & livestock products 
2. Other agricultural products 
3. .Forestry & fishery- 
4. Agricultural, forestry & fishery 

services 

5. Iron A ferroalloy ores mining 
6. Nonferrous metal ores mining 
7. Coal mining 
8. Crude petroleum & natural gas 
9. Stone & clay mining & quarrying 
10. Chemical A fertilizer mineral mining 

11. New construction 
12. Maintenance 5 repair construction 

Ordnance A accessories 
Food 6 kindred products 
Tobacco ranufactures 
Broad & narrow fabrics, yarn & thread 
mill 

17. Miscellaneous textile goods 6 floor 
coverings 

18. Apparel 
19. Miscellaneous fabricated textile products 
20. Lumber & wood products except containers 
21. Wooden containers 
22. Household furniture 
23. Other furniture and fixtures 
24. Paper A allied products except 

containers 
25. Paperboard containers 6 boxes 
26. Printing 8 publishing 
27. Chemicals 1 selected chemical products 
28. Plastics & synthetic materials 
29. Drugs, cleaning A toilet preparations 
30. Paints & allied products 
31. Petroleum refining & related 

industries 
32. Rubber A miscellaneous plastic products 
33. Leather tanning 6 industrial leather products 
14. Footwear & other leather products 

35. Glass & glass products 
36. Stone A clay products 
37. Primary iron S steel manufacturing 
38. Primary nonferrous metals manufacturing 
39. Metal containers 
40. Heating, plumbing 6 structural metal 

products 
41. Stampings, screw machine products 

bolts 
42.-  Otherlabricated metal products 
43. Engine A turbines 
44. Farm machinery & equipment 
45. Construction, mining A oil field 

machinery 
46. Materials handling machinery 

equipment 
47. Metalworking machinery & equipment 
48. Special industry machinery A equipment 
49. General industrial machinery 6 equip- 

ment 
50. Machine shop products 
51. Office, computing I. accounting 

machines 
52. Service industry machines 
53. Electric industrial equipment 

apparatus 
64. Household appliances 
55. Electric lighting A wiring equipment 
56. Radio, television A communication 

equipment 
57. Electronic components A accessories 
58. Misc, electrical machinery, equip- 

ment & supplies 
59. Motor vehicles & equipment 
60. Aircraft parts 
61. Other transportation equipment 
62. Scientific A controlling instrument 
63. Optical, ophthalmic & photographic 

equipment 
64. Miscellaneous manufacturing 

65. Transportation A warehousing 
66. Communications, except radio A TV 

broadcasting 
67. Radio & TV broadcasting 
68. Electric, gas, water I sanitary 

services 

69. Wholesale A retail trade 

70. Finance 6 insurance 
71. Real estate and rental 
72. Motels; personal 6 repair services. 

except auto 
73. Business services 
74. Research & development 
75. Automobile repair A services 
76. Amusements 
77. Medical, educational services 

nonprofit organization 

78. Federal government enterprises 
79. State A local government enterprises 

80. Directly allocated imports 

81. Transferred imports 

82. Value added (row) 
Final demand (column) 

83. Secondary products 

10 



The model is also a closed I/O 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 III 

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/O 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 atq is considered as a combination of regional tech-]...] 
nical coefficients and trade coefficients, i.e., ail = ali  • tr. The 
regional technical coefficient matrices for the IRIO 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/O 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 Karen 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. 
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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 regions 3  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/O model 
it is necessary to close the household sector in the processing matrix 
of an I/O model. The matrix of an inverse of direct I/O coefficients 
including household coefficients of an I/O 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/O 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. 4  

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. 

4  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.D We have found that the aggregation of each state's consumption 
expenditure 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/O 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/O 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. 

14 



Table 2 
Coefficients of Household Column and Row 

I/O 	 Column 	 Row  
Region 	Region 	Region 	Region 	Region 	Region 	Region 	Region 

# 	I 	II 	III 	IV 	I 	II 	III 	IV 

1 0.005508 0.005188 0.005010 0.004632 0.211664 0.185709 0.134091 0.147737 
2 0.008482 0.007677 0.008051 0.007608 0.379077 0.297771 0.261945 0.334910 
3 0.001087 0.001073 0.001113 0.001121 0.333804 0.225303 0.111793 0.253574 
4 0.000025 0.000020 0.000026 0.000043 0.301954 0.269015 0.219659 0.228539 
5 	0 	0 	0 	0 	0.386920 0.134531 0.190465 0.236915 
6 	0 	0 	0 	0 	0.325837 0.020175 0.299020 0.310879 
7 0.000478 0.000389 0.000638 0.000435 0.584982 0.530409 0.610347 0.426566 
8 	0 	0 	0 	0 	0.396186 0.352548 0.373322 0.260875 
9 0.000039 0.000041 0.000040 0.000039 0.422063 0.310377 0.419612 0.391541 

10 0.000004 0.000004 0.000005 0.000005 0.269827 0.477599 0.314888 0.324011 
11 	0 	0 	0 	0 	0.357858 0.257510 0.339855 0.328338 
12 	0 	0 	0 	0 	0.493931 0.441986 0.461193 0.458652 
13 0.000423 0.000459 0.000455 0.000486 0.002334 0.221714 0.325707 0.320410 
14 0.130895 0.127640 0.132550 0.133400 0.160490 0.158552 0.164545 0.176909 
15 0.014901 0.014162 0.013028 0.013067 	0 	0.135020 0.196558 0.152647 
16 0.002009 0.001946 0.001596 0.001655 0.218903 0.188281 0.197529 0.208810 
17 0.002041 0.002333 0.002773 0.002724 0.176034 0.047224 0.205040 0.159408 
18 0.035742 0.036462 0.036139 0.036492 0.349877 0.313596 0.326726 0.322871 
19 0.004077 0.004150 0.003755 0.003936 0.157115 0.220580 0.246555 0.201233 
20 0.001205 0.000734 0.000568 0.000601 0.336431 0.287854 0.281878 0.281490 
21 	0 	0 	0 	0 	0.300597 0.259494 0.286126 0.267494 
22 0.008490 0.008673 0.008075 0.007999 0.365180 0.322422 0.332519 0.334211 
23 0.000376 0.000370 0.000367 0.000351 0.339271 0.325201 0.365953 0.356464 
24 0.003729 0.003655 0.003149 0.003278 0.359383 0.312514 0.283148 0.288728 
25 0.000206 0.000211 0.000174 0.000196 0.321830 0.284065 0.301948 0.295961 
26 0.007675 0.007966. 0.008575 0.008452 0.455097 0.413071 0.410577 0.394476 
27 0.001211 0.001147 0.001072 0.001040 0.170601 0.317476 0.300711 0.300144 

, 28 0.000035 0.000034 0.000032 0.000033 0.092807 0.265311 0.165048 0.305975 
29 0.017264 0.016522 0.014094 0.014271 0.118663 0.169906 0.299258 0.311135 
30 0.000058 0.000058 0.000063 0.000061 0.285022 0.244234 0.276664 0.271934 
31 0.022732 0.021403 0.023409 0.028972 0.070706 0.062982 0.066931 0.062816 
32 0.005457 0.005415 0.004811 0.004926 0.356768 0.028440 0.322145 0.318465 
33 	0 	0 	0 	0 	0 	0.186287 0.220996 0.213146 
34 0.008356 0.008212 0.008313 0.008050 0.422268 0.366265 0.387377 0.371193 
35 0.000318 0.000631 0.000612 0.000636 0.476429 0.405719 0.439894 0.426780 
36 0.000589 0.000570 0.000587 0.000577 0.406321 0.348862 0.394419 0.372309 
37 0.000027 0.000024 0.000034 0.000025 0.370813 0.255065 0.363260 0.336530 
38 0.000036 0.000036 0.000029 0.000033 0.269658 0.224273 0.254035 0.234307 
39 	0 	0 	0 	0 	0.296546 0.266849 0.279128 0.274343 
40 0.000312 0.000273 0.000230 0.000231 0.345138 0.304836 0.314600 0.301930 
41 0.000734 0.000723 0.000667 0.000708 0.358345 0.264493 0.312353 0.361361 
42 0.001674 0.001653 0.001543 0.001534 0.380346 0.310799 0.367705 0.338216 
43 0.000357 0.000400 0.000236 0.000330 0.007763 0.184754 0.220385 0.314791 
44 0.000031 0.000029 0.009029 0.000028 0.272905 0.215053 0.281619 0.265397 
45 	0 	0 	0 	0 	0.401722 0.368834 0.291319 0.306112 
46 	0 	0 	0 	0 	0.238706 0.235931 0.306209 0.298300 
47 0.000213 0.000212 0.000214 0.000205 0.275151 0.246932 0.356514 0.395875 
48 0.000057 0.000057 0.000057 0.000055 0.292120 0.296333 0.340490 0.334205 
49 	0 	0 	0 	0 	0.392452 0.310269 0.322211 0.360790 
50 0.000006 0.000006 0.000005 0.000005 0.419784 0.392927 0.420498 0.400060 
51 0.000243 0.000243 0.000241 0.000232 0.409597 0.237722 0.376071 0.415751 
52 0.001602 0.001834 0.000799 0.000816 0.219749 0.274138 0.287625 0.254999 
53 0.000060 0.000059 0.000060 0.000057 0.399213 0.320948 0.387955 0.373094 
54 0.008893 0.008221 0.007364 0.007361 0.305822 0.198638 0.221811 0.261666 
55 0.001172 0.001164 0.001153 0.001117 0.371257 0.259965 0.353006 0.336094 
56 0.005369 0.005535 0.005827 0.005556 0.324576 0.368798 0.381960 0.382526 
57 0.000453 0.000467 0.000493 0.000468 0.054331 0.320383 0.291306 0.382087 
58 0.001072 0.001074 0.000949 0.000973 0.113042 0.326359 0.349237 0.349538 
59 0.041899 0.042395 0.043794 0.040718 0.206548 0.199264 0.214964 0.210797 
60 0.000141 0.000158 0.000093 0.000130 0.431639 0.379515 0.400880 0.381948 
61 0.002810 0.003143 0.001860 0.002593 0.289142 0.348161 0.246105 0.298926 
62 0.001132 0.001167 0.001053 0.001064 0.330640 0.306213 0.311537 0.352024 
63 0.001481 0.001509 0.001692 0.001613 0.059403 0.279676 0.415878 0.455617 
64 0.008517 0.008794 0.008632 0.008878 0.368897 0.284834 0.327630 0.325357 
65 0.020780 0.021417 0.022248 0.024101 0.477871 0.403102 0.441299 0.412330 
66 0.013928 0.014340 0.014568 0.014808 0.566058 0.506577 0.528567 0.525636 
67 	0 	0 	0 	0 	0.478429 0.428018 0.446646 0.444132 
68 0.034383 0.033263 0.033893 0.029816 0.260344 0.223775 0.271388 0.255329 
69 0.219974 0.215251 0.217521 0.214981 0.543340 0.484454 0.503633 0.499925 
70 0.042669 0.044602 0.044473 0.045017 0.304674 0.263305 0.282784 0.278627 
71 0.125366 0.130803 0.142289 0.144733 0.239701 0.215061 0.231721 0.236498 
72 0.033267 0.034151 0.029538 0.032079 0.399066 0.357081 0.372580 0.370554 
73 0.007610 0.007376 0.009087 0.007900 0.408239 0.394046 0.363768 0.379240 
74 	0 	0 	0 	0 	0 	0 	0 	0 
75 0.020140 0.019940 0.017102 0.017654 0.412220 0.367943 0.384952 0.380731 
76 0.010536 0.011015 0.011288 0.012742 0.308047 0.275847 0.287798 0.286752 
77 0.080398 0.081698 0.076989 0.077845 0.642439 0.574852 0.599837 0.596532 
78 0.002184 0.002221 0.002353 0.002379 0.692457 0.619663 0.646578 0.631854 
79 0.001942 0.001955 0.001632 0.001679 0.566692 0.507093 0.529129 0.526201 
80 0.011990 0.014304 0.007837 0.011511 0.011990 0.014304 0.007837 0.011511 
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Construction of Final Demand Vectors  

In order to utilize an interregional I/O model for an impact study, a 
final.  demand vector, which is an exogeneous variable to the I/O 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 'resource development investments in the 
Arkansas River Basin had its origin in the late 1930's, and many ; 
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 1957-1931 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/O 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,  rwR Report 71-6, by Charles L. Leven 
and R. B. Read, Washington University, July 1971, Part II, pp. 18-40. 

8 Ibid., Appendix C. 
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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 	1 
prices. 

Step 2: Distribution of Project Costs by Sectoral Demand 

In order to use the I/O 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. In this Bulletin, the BLS made available 
sample surveys of 45 water resource investment projects 9  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 laborl° 
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 purchase patterns 
into those of 1963, sectoral GNP deflators were used.I 2  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/O 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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122,367 
57,628 
81,976 
56,945 
79,846 

86,991 (.7109) 
46,921 (.8142) 
62,130 (.7579) 
46,706 (.8202) 
62,048 (.7771) 

35,376 (.2891) 
10,707 (.1858) 
19,846 (.2421) 
10,239 (.1798) 
17,798 (.2229) 

521,282 	396,049 (.7598) 	125,233 (.2402) 

	

44,483 	25,257 (.5678) 	19,226 (.4322) 

	

124,119 	106,643 (.8592) 	17,476 (.1408) 

404,924 	350,340 (.8652) 	54,584 (.1348) 

1,094,808 	878,289 (.8022) 	216,519 (.1978) 

II 

II 

II 

II 

n 

Table 4 

McClellan-Kerr Arkansas River Multiple Purpose Project Costs  
by Project Type, Contract and Non-Contract Costs  

. 	(in thousands 1963 dollars) 

Project Title 

Keystone 

Project Classification 

Multiplt Purpose 
incl. powerhouse 

Project Cost 

122,520 

Contract Cost 	Non-Contract Cost*** 

91,253 (.7448) 	31,267 (.2552)* 

Eufoula 
Webbers Falls 
R. S. Kerr 
Ozark 
Dardanelle 

Total Multiple Purpose Project Cost 

F. Oologah 	 Flood Control 
.o Bank 	 Revetments 

Stabilization 
NavigationLocks 	Locks and Dams** 

Total Project Cost 

Sources: 
Institute for Water Resources, A River, a Region and a Research Problem, IWR Report 76-6, 
Appendix C, Table 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 Brpject 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 MAW? 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 
I/O 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/O model (IRIO) 13  and are expressed 
in terms of T matrices. 

13 See Appendix A of this report. 
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Table 5 
NATIONAL FINAL nImAuD VECTOR PER $1000 

CONTAACT COAT FOis WATtR RiSOURCe /EVESTNENT 
AY PROJECT TYPE AND I/0 SECTOR 

1001To 1963 DOLLARS/ 
NOW 

	

Poop. 	 Largo Small 

	

Pros. 	 Earth Farth 	Local 	 Medium Lock & 
'I/0 	 Inc. 	 P111 	9111 	Flood Pile   Pewee- Caner. Concr. 

Sector 	 let.. °redo,  orla 	12?n Trate°.  Dikes 6,,.. meet house  am 	an mtge.  

1 Li eeeee ck & Its Prod 	 • 	  
2 Other Aar Prod 	 9.16 	0.81 	0.25  	0.22  	0.02 	0.05 	0.07 	1.00 
3 Perstry & rishry Prod 

.. 	• .4 Age Forstry 6 Fishry Svcs 	 , 	  
5 reon 6 Froally Ores Ming 
6 Monter Htl Ores Bing 
7 Coal Ming 
8 Crd Peer 6 Nat'l Gas 
9 Stone 6 Clay Ming & Query 	 44.88 	0.01 	0.26 25.81 44.12 171.07 77.67 324.07 	9.19 	1.71 72.07 24.59 
10 Chez 6 Tort Min Pang 
11 Hew Constr 
:2 Point 6 Rope Constr 
17 Ord & Acces 
14 Food & Kinded Prod 
15 Tobacco Mani 

•	  ' 16 Erd.6 Kew Fab Yen & Thyd Hls 	 0.46 	2.90 	  
17 %sac Tex Gds 6 Fir Coy 	 0.15 	0.79 	0.21  	0.01  	0.11 	  
18 Apparel 
19 Misc. Fab Tex Prod 	 ' 	0.32  	0.79 	0.01 	 
23 Lumb & bid Prod Ex Cont 	 5.51 	0.06 	7.46 	5.53 11.00 52.31 	1.07 42.67 11.61 	4.96 	4.74 19.51 
21 Wood Cone 	 0.02 	  
22 Houshld Turn 	 0.02  	0.24 	. 
23 0th !urn f. Fix 	 0.46  	0.04  	9.56 	  
24 Pap 6 Allied Prod Ex Cont 	 0.73  	0.14 	0.01 	  

25 Paperbd Cont 6 Bms 	 • 	0.27 	  
26 Print a Pub 	 • 0.15 	  
27 Chem & Sel Chem Prod 	 • 6.09 12.23 15.65 42.59 	2.79 13.06 	1.27  	0.80 	7.78 	1.17 21.79 
28 Plants 6 Syn mat 	 0.97  	0.10  	0.08 
29 Drys Clang 6 Tout Prep 	 0.15  	0.52  	0.59  	0.03 
73 Paints 6 All Prod 	 0.0$  	0.17 	0.08 	0.07  	0.02  	1.60 	1.12 	0.99 	0.10 
71 Pet Ref. 6 Rol Ind 	 12.22 94.17 76.19 61.60 26.51 30.84 87.22 44.76 	2.77 	5.41 14.79 91.65 
32 Rub t Mist Plastics Prod 	 ! 6.17  	8.89 	6.54 	6.40 	7.46 	9.6C 	2.7$ 	1.75 	1.74 	3.52 10.74 
33 heatar Tan 6 Indust Leathr Prod 
34 Ftwc 6 0th heaths Prod 	 0.01 	 
35 Gts & GIs Prod 	 0.01  	0.13 	  
36 Stone 6 Clay Prod 	 57:68 	 12.51 	9.30 65.71  	0.58 	0.22 13.79 90.91 115.38 51.84 
27 Prim Icon 6 Steal Manui 	 .71.0 47.40 ' 1.18 	7.25 	4.61 	4.09 	1.41 	1.70 	5.67 27.77 65.25 75.86 
38 Prim Monter Net Manuf 	 2.25 	0.67 	0.46 	0.27 	0.31  	0.07 	1.71 	7.18 	4.91 	2.52 	 
79 Metal Coot 
40 Heat Plur.b 8 Struct Meal Prod 	64.42 	0.54 49.49 25.60 109.05  	5.09 	0.19 28.19 75.71 42.92 	0.27 
41 Stamp+ Screw Mach Prod 6 Bolts 	0.15  	0.17 	0.09  	1.22  	2.47 	 
42 ath rdb Met' Prod 	 6.02 19.90 	5.19 	4.53 12.25 15.66 	4.87 	8%27 12.57 	4.70 	5.39 	4.84 
43 Eng 6 Turb 	 32.17 	  224.41 	1.17 	4.67 	0.09 
44 Farm nach 6 Equip 	 0.12 	0.02  	0.25  	0.16 	0.08 	0.05 	0.01 
45 Construct King 6 Oil Field Mach 	44.33 71.4 5  103.00 150.21 40.79 59.39 70.27 19.27 25.21 83.51 109.14 106.52 
46 Maths Handle Mach 6 Equip 	 2.42  	3.82 	2.24 • 	  31.1 1  24.39 29.84 	 
47 ntlyark Mach & Equip 	 2.47 	0.09 	0.38 	0.51 	0.20  	1.75 	2.70 	0.18 	 
48 Spec :ndust Mach 6 Equip 	 0.14  	0.45 	0.07  	0.02  	0.01 	0.40 	0.16 
49 Gen Indust Mach & Equip 	 • 2.12 	0.49 	9.47 10.12 	2.87 	6.24 	0.58 	0.05 	6.65 	9.05 	9.61 	9.14 
52 Mach Shop Prod 	 0.09 	0.26  	0.02 	0.51 11.67 ---- 46  
51 Ole Comput & Acct Mach 	 0.60  	0.55 	0.06  	0.78 	0.96 
53 Svc Indust Hach 	 2.47  	0.60 	 r 	0.12 	8.03 	  
53 Elect Indust Equip & App 	 79.62  	1.08 	0.92 	0.47  	0.20 	 262.2b 	2.60 	5.31 	 
5 5  5ousch1d App 	 0.47 	  
$5 Elect Light & Mir Equip 

' 	0.41 	0.61 	0.69 	0.11  	0.02  	2.99 	 11.34 	0.27 
56 Radio TV 6 Comm Equip 	 • 0.74  	0.23  	0.40 	  
57 Elec Comp 6 Ass 	 .  

59 mice Elect mach Equip 6 Sup 	 0.04  	0.03 	  
59 Motor Yoh 6 Equip 	 3.69 	1.16 72.66 71.70 20.14 	8.32 	8.97 	4.17 	7.97 15.92 11.79 46.91 
60 Aircraft 6 Pt. 
61 0th Transp Equip 	 1.62 146.4e  	0.01 77.26 12.70 15.06 	0.01 	7.70 	9.17 	0.80 
62 Scient 6 Cont Equip 	 1.76 	0.19 	0.02 	0.02 	0.15  	1.07 	0.28  	0.16 
67 Opt Opth 6 Phmto Equip 	 . 	  
64 Mist Vanuf 	 0.01  	0.01 	0.01 	0.00  	0.05  	1.07 	0.02  	0.26 
GS Tranapt 6 Warehous 	 77.13 15.77 14:62 29.55 26.14 82.51 49.97 174.76 22.29 17.06 57.99 72.67 
66 Comm Except Radio 6 TV Bdcst 	1.97 	1.94 	1.94 	1.96 	1.9 4 	1.94 	1.97 	1.92 	2.04 	1.97 	1.47 	1.94 
67 RaJle & TV attest 
68 Elec Sae water & Sanit Svcs 	 2.74 	2.90 	2.72 	2.73 	2.72 	2.70 	2.69 	2.67 	1.45 16.72 	1.11 	1.90 
bi m‘alesa:e & OCti Fracie 	 61.0 0  54.51 lt3.5 3  111.42 0) • 0 4 07.81 54.25 70.05 93.01 62.07 00.55 124.31 
70 Fin.nce & Incur 	 8.25 	8.22 	0.31 	0.31 	0.32 	3.25 	8.13 	0.1c 	0.65 	8.33 	9.36 	0.33 
71 Meal Cst 6 Rentl 	 7.97 	3.91 	3.45 	3.96 	3.95 	7.92 	3.89 	1.01 	4.11 	1.97 	2.87 	2.g6 
72 Hot Pars 6 Rept Svcs oxe Auto   . 	  
72 Buslaess Svcs 	. 
74 Res & Dew 
75 Auto Rep 6 Svcs 	 4.96 	4.89 	4.94 	4.95 	4.94 	4.90 	4.97 	4.09 	5.14 	4.96 	4.9 7 	4.93 
76 Amusements 	 . 	  
77 Hod Id Svcs & Horprof Organ 	1.21 	1.19 	1.20 	1.20 	1.20 	1.19 	1.18 	1.18 	1.25 	1.2 1 	1.21 	1.20 
78 Tel Govt Enter 
79 State & Local Govt Enter 	 0.27 	0.27 	0.27 	0.27 	0.27 	0.27 	0.26 	0.26 	0.28 	0.27 	0.27 	0.27 
80 Imports 	 . 	  
81 Bus Travel Entertain 6 Gifts 	4.67 	4.5 6 	4. 61 	4.62 	4.6 1 	4.57 	4.54 	4.52 	4.04 	4.63 	4.64 	4.63 
O2 Oft Sup 	 0.24 	0.24 	0.24 	0.24 	0.24 	0.24 	0.24 	0.24 	0.25 	0.24 	0.24 	0.24 
O2 Household Income" 	 494.21 540.20 47...52 402.13 501.71 059.19 000.1.1 250.46 116.61 474.52 201.86 407.69 
84 Sum of sector 1-81 	 1080.0 1000.8 1000.0 1000.0 1000.0 1044.0 3060.13 1000.0 1003.0 1094.0 1000.0 1000.0 

Footnote, This table was derived by molifyinm the unpublished table of the spending patterns of per 61.004 contract 
cost of various water resource projects for the direct purchase of material and labor by the Resource for 
the future Inc. The original table which in expressed in terns of 1950 dollars was translated in terms di 
1961 dollars by multiplyin7 asctor dcflaters. 

• means if:significant. i.e. less than $0.05 or zero. 

0. 	 Hmune%old income refers prsmarily to payment for labor. MCIWOY05. it &Ian Include. unallocated cost for the use of , 
contigoncies and tax or profit margin. 
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Table 6 
National Final Demand Vectors for the McLellan-Ferr Arkansas 

River Multiple Purpose Project Contract Cost 
(Unit $1,000 1963 Prices) 

Pro3ect Category  

	

Multiple 	Flood 	 Locks 	Total 

	

I/O Sector Purpose 	Control 	Revetments 	& Dams 	LESIEE1 

1. 	oo 	00 	 00 	00 	 On 

2 	 00 	 6.32 	00 	 305.51 	311.93 

3 	 00 	 00 	 00 	 00 	 00 

4 	 00 	 00 	 00 	 00 	 00 

5 	 00 	 00 	 00 	 00 	 00 

6 	 00 	 00 	 00 	 00 	 00 

7 	 00 	 00 	 00 	 00 	 00 

8 	 00 	 00 	 00 	 00 	 00 
9 	17774.17 	1124.37 	34559.73 	25250.03 	78708.30 

10 	 00 	 00 	 00 	 00 	 00 

11 	 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 	 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 	 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 	 00 	 00 	 00 	 00 	 00 
26 	 59.42 	00 	 00 	 00 	 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 
31 	4841.06 	669.97 	4772.91 	5179.84 	15463.79 

32 	2441.93 	161.67 	292.93 	1231.89 	4128.42 

33 	 00 	 00 	 00 	 00 	 00 

34 	 00 	 00 	 00 	 3.78 	 3.78 

35 	 00 	 00 	 00 	 00 	 00 
36 	22843.31 	1659.71 	23.07 	40596.13 	65122.22 

37 	12449.01 	116.36 	181.79 	22860.33 	35607.49 
38 	1287.96 	 7.77 	182.83 	531.88 	2019.44 

39 	 00 	 00 	 00 	 00 	 00 

40 	27340.72 	2766.87 	20.30 	15038.0. 	45165.99 
41 	 57.91 	 2.21 	00 	 865.08 	925.20 

42 	2385.85 	309.50 	878.03 	1884.04 	5457.41 

43 	13121.86 	00 	 00 	 1682.97 	14804.68 

44 	 00 	 00 	 00 	 17.53 	17.53 

45 	17555.19 	1030.15 	2055.50 	38234.99 	58875.83 

46 	957.92 	00 	 00 	10,(5,1.5e 	11412.41 
47 	961.87 	 5.03 	00 	 63.11 	1030.00 
48 	 55.42 	 1.76 	00 	 140.23 	197.41 
49 	839.17 	 71.36 	5.20 	3365.63 	4281.36 
50 	 00 	 00 	 00 	 4087.84 	4087.84 
51 	316.67 	00 	 00 	 273.46 	590.12 
52 	961.87 	00 	 00 	 00 	 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 	 00 	 00 	 00 	 00 
58 	 00 	 1.10 	00 	 On 	 1.10 
59 	1460.59 	508.59 	444.56 	3991.22 	6404.96 
60 	 00 	 00 	 00 	 00 	 00 
61 	641.53 	 0.25 	1606.05 	3213.99 	5461.83 
62 	698.29 	 3.87 	00 	 00 	 702.16 
63 	 00 	 00 	 00 	 00 	 00 
64 	 3.88 	 2.22 	00 	 00 	 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 
70 	3308.73 	210.02 	869.96 	2930.52 	7319.23 
71 	1571.60 	 99.76 	413.22 	1391.96 	3476.54 
72 	 00 	 00 	 00 	 00 	 00 
73 	 00 	 00 	 00 	 00 	 00 
74 	 00 	 00 	 00 	 00 	 00 
75 	1965.69 	124.77 	516.84 	1741.00 	4348.29 
76 	 00 	 00 	 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 	 00 	 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 
84. 	396048.99 	25257.00 106643.00 	350340.00 	878289.00 

Footnote: 
• Sector 84 10 the sum of sectors 1-8 -3 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 

in = 1...79 industry 

Tgr  indicates a matrix of percentages of various commodities received by 
r region from g region (fixed column coefficients). tI r  indicates the 
proportion of the total receipts of the first industry product by region 
r from region g, where: 	 4 

E tgr  =1 
g=1 1  

By reading TO-  along the first colmn of the T matrix one can tell each 
proportion of totalreceipts for each commodity by the first region from 
various regions including its own region. The receiving region r indicates 
a project region, and Tg r  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 i th  project (Y1) 
may be expressed in terms of Y1 = Y T R , where Y 4  and TR  indicate the total 
final demand pattern of i th  projectiand the traae pattern of the impact 
region R with other regions including his awn 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. 

Of the total contract cost about 67 percent of its cost was spent within 
the project region. Of these 30 percent was formaterial 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. 
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TABLE 7 
Regional Final Demand Vectors for the McClellan-Kerr Arkansas 

River Multiple Purpose Project Contract Cost* 
(Unit $1,000 1963 Prices) 

National 
Demand 	 Regional Final Demands 

I/O 	Contract 	Region 	Region 	Region 	Region 
Sector 	Cost 	 I 	 II 	 1J1 	 IV  

1 	00** 	00 	 00 	 00 	 00 
2 	311.83 	89.93 	73.50 	22.05 	126.32 
3 	00 	 00 	 00 	 00 	 00 
4 	00 	 00 	 00 	 00 	 00 
5 ' 	00 	 00 	 00 	 00 	 00 
6 	00 	 00 	 00 	 00 	 00 
7 	00 	 00 	 00 	 00 	 00 
8 	00 	 00 	 00 	 00 	 00 
9 	78708.30 	41943.65 	28366.47 	6391.11 	1999.19 

10 	00 	 00 	 00 	 00 	 00 
11 	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 	 00 
17 	60.93 	2.16 	29.50 	1.38 	27.89 
18 	00 	 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 	 00 	 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 	2.53 	 .12 	1.31 	.01 	1.09 
29 	13.10 	 .28 	1.03 	3.71 	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 	 00 
34 	3.78 	 .27 	 .55 	.55 	2.41 
35 	00 	 00 	 00 	 00 	 00 
36 	65122.22 	18592.39 	28438.87 	6655.49 	11435.46 
37 	35607.49 	2004.70 	4458.06 	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 	7271.72 
41 	925.20 	55.23 	186.61 	86.32 	597.12 
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 	3.11 	.23 	13.67 
45 	58875.83 	8584.10 	23850.60 	947.90 	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 	71.07 	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 	7.11 	149.73 
57 	00 	 00 	 00 	 00 	 00 

58 	1.10 	 .07 	 .20 	.08 	 .75 
59 	6404.96 	101.84 	1331.59 	2986.63 	1984.90 

60 	00 	 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 	 00 

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 	00 	 00 	 00 	 00 	• 	00 
74 	00 	 00 	 00 	 00 	 00 

75 	4348.29 	4348.29 	00 	 00 	 DO 
76 	00 	 DO 	 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 
go 	00 	 00 	 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 

	

(100%) 	(67.35%) 	(14.74%) 	(2.96%) 	(14.94%) 

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

** "0" means insignificant. 	24 



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 cost is non-contract cost, which 
consists of expenditures for land and damage expenses; engineering and 
design; and supervision and administration)-4  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. For 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. 15  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 government. 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 6 
National Final Demand Vectors for the McLellan-Kerr Arkansas 

River Multiple Purpose Project Costs 
(Unit $1,000 1963 Prices) 

Pro3ect Category  

I/O 	Multiple 	Plood 	 Locks 	Total 
Sector 	Purpose 	Control 	Revetments 	s Dams 	ILE2-3eF...t 

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 	 00 	 00 	 00 
6 	00 	 DO 	 00 	 00 	 00 
7 	00 	 00 	 OD 	 00 	 00 
8 	00 	 00 	 00 	 00 	 00 
9 	17775.12 	1124.39 	34559.74 	25250.05 	78709.30 

10 	00 	 00 	 00 	 00 	 00 
11 	00 	 00 	 00 	 00 	 00 
12 	00 	 00 	 00 	 00 	 00 
13 	00 	 00 	 00 	 00 	 00 
14 	OD 	 00 	 00 	 OD 	 OD 
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 	2181.57 	277.91 	4550.57 	1521.45 	8531.50 
21 	00 	 00 	 00 	 00 	 00 
22 	00 	 00 	 00 	 00 	 00 
23 	180.10 	1.04 	00 	 00 	 181.34 
24 	287.96 	00 	 DO 	 00 	 287.95 
25 	DO 	 00 	 00 	 00 	 00 
26 	59.42 	00 	 00 	 00 	 59.42 
27 	2411.06 	60.43 	00 	 410.40 	2881.89 
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 
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 	00 	 00 	 00 	 3.78 	3.78 
15 	00 	 00 	 00 	 00 	 00 
36 	22844.51 	1659.74 	23.07 	40596.16 	65121.50 
37 	12449.67 	116.36 	181.79 	22860.35 	35608.17 
38 	1288.03 	7.77 	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 	00 	 865.08 	925.20 
42 	2385.97 	309.51 	878.03 	1884.04 	5457.54 
43 	13122.56 	00 	 00 	1682.82 	14805.38 
44 	00 	 00 	 00 	 17.53 	17.53 
45 	17556.13 	1030.16 	2055.50 	38235.02 	58876.81 
46 	957.97 	00 	 00 	10454.50 	11412.47 
47 	961.93 	5.03 	00 	 63.11 	1030.06 
48 	55.42 	1.76 	00 	 140.23 	197.41 
49 	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 	 00 	 00 	 961.93 
53 	15690.58 	11.89 	00 	1859.19 	17561.67 
54 	00 	 11.69 	00 	 00 	 11.89 
55 	00 	 2.86 	00 	3973.45 	3976.31 
56 	294.94 	00 	 00 	 OD 	 294.94 
57 	00 	 00 	 00 	 00 	 00 
58 	00 	 1.10 	00 	 OD 	 1.10 
59 	1460.67 	' 508.60 	444.56 	3991.22 	6405.05 - 
60 	00 	 00 	 00 	 00 	 00 
61 	641.57 	0.25 	1606.05 	3213.99 	5461.86 
62 	698.33 	3.87 	00 	 00 	 702.19 
63 	00 	 00 	 00 	 00 	 00 
64 	 3.88 	2.22 	00 	 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 	 00 	 00 

68 	1084.50 	68.84 	285.13 	389.02 	1827.49 

69 	24194.50 • 	2042.09 	7534.59 	34524.29 	68295.47 
70 	3108.90 	210.03 	869.96 	2930.52 	7319.41 
71 	1571.69 	99.76 	413.22 	1391.96 	3476.63 
72 	00 	 Od 	 00 	 00 	 00 - 
73 	00 	 00 	 00 	 00 	 00 
74 	00 	 00 	 CO 	 00 	 00 

75 	1965.79 	124.77 	516.84 	1741.00 	4348.40 

76 	00 	 00 	 00 	 00 	 00 
77 	478.27 	30.36 	125.75 	423.58 	1057.96 
78 	00 	 00 	 00 	 00 	 00 
79 	106.86 	6.78 	28.09 	94.64 	236.37 
80 	00 	 00 	 00 	 00 	 00 
81 	1833.81 	116.40 	482.14 	1624.11 	4056.45 
82 	95.98 	6.09 	25.24 	85.01 	212.32 
83 	320961.57 	31974.54 	44996.39 	153330.84 	551265.14 
84* 	521282.00 	44483.00 124119.00 	404924.00 1094808.00 

Footnote: 
• Sector 84 is the sum of sectors e1-83 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 
I/0 	Project 	Region 	Region 	Region 	Region 

Sector 	Cost 	 I 	 II 	 III 	IV 

1 	00* 	00 	 00 	00 	 00 
2 	311.83 	89.93 	73.50 	22.05 	126.32 
3 	00 	 00 	 00 	00 	 00 
4 	00 	 00 	 00 	00 	 00 
5 	00 	 00 	 00 	. 	00 	 00 
6 	00 	 00 	 00 	00 	 00 
7 	00 	 00 	 00 	00 	 00 
8 	00 	 00 	 00 	00 	 00 
9 	78709.30 	41944.19 	28366.83 	6391.20 	1999.22 

10 	00 	 00 	 00 	00 	 00 
11 	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 	 00 
17 	60.93 	2.16 	29.50 	1.38 	27.89 
18 	00 	 00 	 00 	00 	 00 
19 	11.66 	.51 	1.48 	.65 	9.02 
20 	8531.50 	3108.03 	3991.89 	1.71 	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 	77.26 	35.50 	155.84 
25 	00 	 00 	 00 	00 	 00 
26 	59.42 	24.20 	16.37 	.65 	18.20 
27 	2881.89 	282.71 	1816.17 	84.73 	698.28 
28 	2.53 	.12 	1.31 	.01 	1.09 
29 	- 13.10 	.28 	1.03 	3.71 	7.98 
30 	369.83 	14.90 	51.63 	40.24 	263.10 
31 	15464.06 	7770.69 	6934.08 	332.48 	426.81 
32 	4128.56 	208.08 	925.21 	382.30 	2612.97 
33 	00 	 00 	 00 	00 	 00 
34 	3.78 	.27 	.55 	.55 	2.41 
35 	00 	 00 	 00 	00 	 00 
36 	65123.50 	18592.76 	28439.43 	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 	00 	 00 
40 	45167.51 	20867.39 	13997.41 	3035.26 	7271.97 
41 	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 	3.11 	.23 	13.67 
45 	58876.81 	8584.24 	23851.00. 	947.92 	25493.66 
46 	11412.47 	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 	.17 	7.92 
55 	3976.31 	452.11 	750.33 	208.36 	2565.52 
56 	294.94 	82.49 	55.57 	7.11 	149.74 
57 	00 	 00 	 00 	 00 	 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 	 00 
68 	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 
71 	3476.63 	3476.63 	00 	00 	 00 
72 	00 	 00 	 00 	00 	 00 
73 	00 	 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 	00 	 00 
81 	4056.45 	4056.45 	00 	 00 	 00 
82 	212.32 	212.32 	00 	00 	 00 
83 	551265.34 	551265.34 	00 	00 	 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 national 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 fnterdependencies through 80 industrial 
sectors, with 4 internal regions, 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/O model (11 sectors for the 
closed model) 1  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 government 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 leve1. 2  Since the impact of any 

1  Because of the evaluation of Type I & II multipliers both open and closed 
I/O models with aggregated industrial sectors are used. For the conven-
ience of designation, the aggregated I/O model for industrial sectors is 
defined.as s a 10 sector model regardless of whether it's an open or closed 
model. The I/O 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/O model, of course, requires more time and cost. 

28 



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) regional technical 
coefficients (A), (2) interregional trade coefficients (T), (3) interregional 
direct requirements (TA), (4) interregional direct and indirect requirements 
(I-TA) -1  and (5) interregional direct, indirect, and induced requirements 
(I-T/14) -1 . While technical coefficients provide the information of direct 
input 2equirements 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-THAu), where TuAu  includes the household sector in the TA 
matrix. Except the interregonal 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 i th  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) -1  matrix under ith industry, and 
the Type II multiplier is derived by summing the same column entries of 
the (I-THAH) -1  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, Input-Output and Regional Economics, London: Weiden-
feld and Nicolson, 1972, pp. 29-52. 
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1. Agri., For. & Fish. 

	

	2.19902 
5.78306 

2. Mining 

	

	 1.63057 
5.23693 

3. Construction 

	

	 2.02453 
6.44788 

4. Nondur. Mfg. 

	

	 2.25639 
5.59966 

5. Dur. Mfg. 

	

	 1.98911 
6.09052 

6. Trans., Comm. & Util. 

	

	1.54337 
5.26393 

7. Trade 

	

	 1.35870 
5.41506 

8. Fin., Ins. & R.E. 

9. Services 

	

	 1.53605 
5.43256 

10. Govt. Enterprises 

1.38815 
3.76161 

1.54217 
6.55986 

TABLE 10 

OUTPUT MULTIPLIERS 

Industry/Region  Region I  Region II Region III Region IV  

	

2.02980 	2.37113 	2.12281 

	

5.14996 	5.77354 	5.46875 

	

1.57140 	1.59091 	1.59654 

	

4.51719 	4.99726 	4.66353 

	

2.14464 	2.00639 	2.02987 

	

5.99102 	6.27432 	6.20891 

	

2.11513 	2.27766 	2.16246 

	

5.02116 	5.83330 	5.65134 

	

1.95374 	2.10878 	1.98400 

	

5.48312 	6.05943 	5.78564 

	

1.54079 	1.53776 	1.51712 

	

4.62095 	5.09742 	4.83282 

	

1.36581 	1.36892 	1.36295 

	

4.81465 	5.17702 	5.08862 
, 

	

1.40782 	1.38748 	1.40161 

	

3.43887 	3.65399 	3.67680 

	

1.52383 	1.50295 	1.50103 

	

4.93757 	5.21719 	5.15657 

	

1.56441 	1.51093 	1.56849 

	

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) -1  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-THAH) -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: government 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 multipliers. The government enterprise, construc-
tion, durable manufacturing and non-durable 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 

31 



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 heginning 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. 4  

(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/O 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) -1  matrix 
by the supplying industry's corresponding household raw 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 
income' 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. 

Since the household row and column coefficient for the I/O 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 region. The direct, indirect, and induced income changes 
to yield a dollar's worth of i th  output in jth  region of final users is 
shown in the household row entries in the (I-TuAH) -I matrix. Income 
changes due to the delivery of one dollar's output by the 1st industrial 
sector in Region I is the sum of the four household rows under the first 
industry of (1-THAH) -1  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 1s 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. 	2.27713 	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 MKARNPP 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, is defined as national final demand for 
the MKARNPP 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 regions. 
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 NKARNPP, see Table 4, Chapter 3, in 
this report. 
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TABLE 12 
NATIONAL FINAL DEMAND PATTERN PER $1,000 

CONTRACT COST FOR WATER RESOURCE INVESTMENT BY PROJECT TYPE (10 SECTOR MODEL) 
(Unit: 1963 Dollars) 

Multiple 
Purpose 
Project Large Small 

	

- Includ. 	 Earth 	Earth - 	Local 	 Medium 	Lock 
Power- 	 Fill 	Fill 	Flood 	Pile 	 Revet- 	Power- 	Concrete 	and 

	

house 	Dredging 	Dam 	Dam 	Protect. 	Dikes 	Levees 	ment 	house 	Dam 	Dam 	Misc. 

1 Agr, Forst & Fish 	 0.00 	0.00 	0.16 	0.81 	0.25 	0.00 	0.22 	0.00 	0.02 	0.05 	0.87 	1.00 
2 Mining 	 44.88 	0.01 	0.26 	25.81 	44.52 	131.07 	77.87 	324.07 	9.38 	1.71 	72.07 	24.59 
3 Construction 	 0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 

(.., 	4 Nondurbl Mfg 	 31.52 	108.17 	108.76 	117.34 	47.39 	99.67 	95.25 	90.17 	19.52 	24.40 	24.82 	143.91 
cy' 	5 Durbl Mfg 	 302.80 	244.96 	261.91 	280.16 	257.88 	131.54 	105.02 	50.61 	631.14 	356.46 	437.10 	258.09 

6 Transp, Comm & Utl 	 41.84 	20.61 	19.31 	34.24 	40.82 	87.15 	54.54 	183.35 	25.78 	36.15 	61.06 	36.43 
7 Trade 	 61.09 	54.57 	113.58 	115.42 	80.85 	67.86 	54.25 	70.65 	93.06 	83.07 	98.55 	104.81 
8 Financ, Insur & Real Est 	12.32 	12.15 	12.26 	12.29 	12.27 	12.17 	12.08 	12.03 	12.77 	12.32 	12.34 	12.24 
9 Services 	 6.17 	6.08 	6.14 	6.15 	6.14 	6.09 	6.05 	6.03 	6.39 	6.17 	6.18 	6.13 
10 Government Entpr 	 0.27 	0.27 	0.27 	0.27 	0.27 	0.27 	0.26 	0.26 	0.28 	0.27 	0.27 	0.27 
11 Household Income 	 499.11 	553.18 	477.37 	407.51 	509.61 	464.19 	594.46 	262.82 	201.66 	479.39 	286.74 	412.53 
12 Sum of 1-11 	 1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	1000.00 	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 
I/O 	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  
I/O 

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 	386.31 	 0.00 	 0.00 	 0.00 	386.01 
Total 	631.75 	140.27 	38.49 	189.49 	1000.00 
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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/O 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 patterns. 

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 11th sector represents household income 6 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) 	(24.4) 	(4.0) 	(40.3) 	(100) 	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) 	(100) 	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) 	(100) 	7.2 

	

10 	7.97 	3.60 	0.86 	9.80 	22.24 

	

(35.8) 	(16.2) 	(3.9) 	(44.1) 	(100) 	0.4 

	

11 	780.35 	235.59 	62.94 	661.89 	1740.76 

	

(44.8) 	(13.5) 	(3.6) 	(38.d) 	(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. The figures in the 
( ) in the last row are the regional shares of total national 
industrial output by each region. 
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The total impact of the MKABMPP 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 
MKARMIPP, the project impact based on the contract cost is underestimated 
by at least 20 percent 7  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 

I/O 	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  
I/O 

Sector 	Region I 	Region II 	Region III 	Region IV 	N4t$.ftrt 

	

1 	 0.09 	 0.10 	 0.02 	 0.08 	 0.28 

	

2 	13.93 	49.42 	 2.73 	 5411 	 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. The figures in the 
( ) in the last row are the regional shares of total national 
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/O 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 is 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 in 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 Region 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 
($334). Tlerefore, 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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1. Multipurpose project 
including power 

2. Dredge 

3. Large Earth Fill Dam 

4. Small Earth Fill Dam 

5. Local Flood Protection 

6. Pile Dikes 

7. Levees 

8. Revetment 

9. Powerhouse 

10. Medium Concrete Dam 

11. Lock & Concrete Dam 

12. Miscellaneous 

TABLE 17 

SENSITIVITY 

Project Type/Region 

OF IMPACTS BY PROJECT TYPE AND REGION .  

Region I 	Region II 	Region III 	Region IV  

5808.41 
(1849.96) 

5860.71 
(1892.74) 

5816.61 
(1832.97) 

5756.57 
(1764.08) 

5798.86 
(1857.55) 

5650.84 
(1781.84) 

5771.06 
(1908.42) 

5329.35 
(1557.03) 

5766.01 
(1611.03) 

5848.40 
(1848.35) 

5696.50 
(1665.00) 

5752.85 
(1762.19) 

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) 

Note: the first row of each project type shows the total amount of output 
due to $1,000 contract cost investment for each region. 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 investment 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/O 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/O 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 MAR/1PP 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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Table 18 
Output Resulting from McClellan-Kerr Arkansas River 

Multiple Purpose Project Contract Cost 
Per $1000 - 1963 Prices 

I/O Region 	Region 	Region Region 	 % Shares by 
Sector  I 	II 	III 	IV 	Nation 	Shares Aggregated Sector 

	

1 	7.55 	13.48 	9.14 	69.47 	99.64 	1.72 

	

2 	3.35 	18.87 	7.31 	54.83 	84.36 	1.46 

	

3 	1.59 	1.19 	.13 	3.31 	6.23 	.11 

	

4 	.90 	1.77 	.44 	3.42 	6.54 	.11 	3.40 (1) 

	

5 	.00 	.18 	.22 	6.42 	6.82 	.12 

	

6 	.04 	.32 	.03 	3.01 	3.40 	.06 

	

7 	.29 	.06 	.50 	7.66 	8.51 	.15 

	

8 	3.65 	39.80 	2.03 	10.23 	55.71 	.96 

	

9 	49.80 	35.66 	8.56 	6.32 	100.35 	1.73 

	

10 	.02 	.34 	.02 	.73 	1.10 	.02 	3.04 (2) 

	

11 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 

	

12 	23.03 	10.49 	2.55 	23.01 	59.08 	1.02 	1.02 (3) 

	

13 	.07 	.11 	.02 	.64 	.84 	.01 

	

14 	44.42 	79.25 	28.02 	162.53 	314.22 	5.42 

	

15 	0.00 	.18 	.08 	32.97 	33.23 	.57 

	

16 	.38 	1.60 	.13 	46.29 	48.40 	.83 

	

17 	.10 	1.93 	.14 	9.89 	12.05 	.21 

	

18 	4.92 	8.01 	2.77 	64.20 	79.91 	1.38 

	

19 	.18 	1.03 	.50 	10.74 	12.45 	.21 

	

20 	5.62 	9.85 	.21 	15.39 	31.06 	.54 

	

21 	.04 	.15 	.03 	.92 	1.13 	.02 

	

22 	1.11 	2.16 	.75 	11.37 	15.38 	.27 

	

23 	.04 	.13 	.04 	.69 	.91 	.02 

	

24 	.91 	5.71 	1.56 	33.29 	41.47 	.72 

	

25 	.40 	1.59 	1.34 	13.57 	16.89 	.29 

	

26 	4.33 	5.99 	1.29 	17.92 	29.53 	.51 

	

27 	1.04 	17.35 	1.85 	28.32 	48.56 	.84 

	

28 	.03 	2.95 	.23 	14.89 	18.10 	.31 

	

29 	.37 	2.55 	6.34 	27.73 	37.00 	.64 

	

30 	.11 	.84 	.59 	5.32 	6.86 	.12 

	

31 	26.22 	44.00 	3.85 	25.66 	99.73 	1.72 

	

32 	.87 	5.59 	2.05 	31.91 	40.42 	.70 

	

33 	0.00 	.05 	.05 	3.85 	3.94 	.07 

	

34 	.63 	1.34 	202 	11.84 	15.83 	.27 	15.67 (4) 

	

35 	.85 	.78 	.22 	7.02 	8.86 	.15 

	

36 	22.55 	38.16 	9.26 	20.45 	90.43 	1.56 

	

37 	3.10 	12.02 	4.84 	114.35 	134.32 	2.32 

	

38 	1.63 	3.03 	.48 	32.11 	37.25 	.64 

	

39 	.15 	1.61 	.49 	6.35 	8.60 	.15 

	

40 	24.61 	17.01 	3.73 	11.09 	56.44 	.97 

	

41 	.21 	1.02 	.57 	13.38 	15.18 	.26 

	

42 	2.17 	6.33 	1.04 	22.23 	31.77 	.55 

	

43 	3.00 	1.16 	.12 	20.46 	24.74 	.43 

	

44 	.01 	.08 	.04 	1.04 	1.17 	.02 

	

45 	10.46 	30.64 	1.28 	33.90 	76.28 	1.32 

	

46 	.32 	5.78 	.13 	9.17 	15.41 	.27 

	

47 	.16 	.29 	.24 	9.42 	10.11 	.17 

	

48 	.02 	.16 	.03 	1.58 	1.80 	.03 

	

49 	1.78 	1.39 	.32 	12.10 	15.59 	.27 

	

50 	.26 	.92 	.36 	9.22 	10.76 	.19 

	

51 	.19 	.12 	.01 	1.27 	1.59 	.03 

	

52 	1.64 	1.10 	.19 	2.76 	5.70 	.10 

	

53 	2.24 	1.79 	1.41 	24.09 	29.53 	.51 

	

54 	2.65 	.20 	.28 	12.72 	15.85 	.27 

	

55 	.73 	1.22 	.48 	6.99 	9.42 	.16 

	

56 	1.56 	1.51 	.24 	8.77 	12.09 	.21 

	

57 	.23 	.15 	.07 	5.53 	5.98 	.10 

	

58 	.12 	.52 	'.30 	5.03 	5.97 	.10 

	

59 	.80 	14.13 	31.67 	84.38 	130.98 	2.26 

	

60 	.30 	.38 	.09 	.90 	1.66 	.03 

	

61 	1.05 	2.75 	1.42 	7.82 	13.05 	.23 

	

62 	1.25 	.74 	.08 	4.50 	6.57 	.11 

	

63 	.16 	.11 	.07 	5.17 	5.51 	.10 

	

64 	1.56 	2.50 	.26 	18.93 	23.25 	.40 	13.90 (5) 

	

65 	102.10 	22.65 	6.31 	58.96 	190.03 	. 3.28 

	

66 	21.02 	7.36 	2.00 	20.06 	50.44 	.87 

	

67 	.04 	.01 	.00 	.03 	.07 	.00 

	

68 	60.95 	23.56 	5.64 	49.09 	139.23 	2.40 	6.55 (6) 

	

69 	286.63 	67.08 	19.95 	189.11 	562.77 	9.71 	9.71 (7) 

	

70 	32.77 	47.85 	5.62 	64.66 	150.91 	2.60 

	

71 	148.41 	54.49 	14.69 	137.11 	354.70 	6.12 	8.72 (8) 

	

72 	31.08 	9.42 	2.39 	24.44 	67.14 	1.16 

	

73 	11.90 	23.76 	5.03 	77.38 	118.07 	2.04 

	

74 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 

	

75 	27.54 	7.16 	2.18 	17.59 	54.47 	.94 

	

76 	11.49 	3.27 	.97 	10.48 	26.21 	.45 

	

77 	70.58 	19.76 	5.36 	52.12 	147.82 	2.55 	7.14 (9) 

	

78 	5.69 	2.99 	.70 	7.62 	17.00 	.29 

	

79 	2.40 	.66 	.17 	1.59 	4.83 	.08 	.37 (10) 

	

80 	841.17 	227.17 	66.15 	633.89 	1768.38 	30.50 	30.50 (11) 

	

Total 	1921.52 	979.16 	281.71 	2615.19 	5797.59 	100.00 	100.00 

	

% 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/O 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/O 
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. 6  However, the insignificant dif-
ferences of the total output and income and distribution pattern of output by 
industry derived by two different I/O models suggests that the difference 
between the two sets of multipliers is not significant. This conclusion 
further suggests that an aggregated I/O 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 ds-
aggregated I/O models. 
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Table 19 
Output Resulting from McClellan-Kerr Arkansas River 

Multiple Purpose Project Cost 
Per $1000 - 1963 Prices 

I/0 Region 	Region 	Region Region 	 % Shares by 
Sector I 	II 	III 	IV 	Nation 	Shares Aggregated Sector 

	

1 	8.45 	14.72 	9.78 	72.97 	105.92 	1.80 

	

2 	3.77 	20.74 	7.84 	57.32 	89.67 	1.52 

	

3 	1.71 	1.13 	.14 	3.28 	6.25 	.11 

	

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 	1.38 

	

10 	.02 	.33 	.02 	.71 	1.08 	.02 	2.61 (2) 

	

11 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 

	

12 	24.84 	10.13 	2.52 	22.45 	59.95 	1.02 	1.02 (3) 

	

13 	.09 	.12 	.02 	.66 	.89 	.02 

	

14 	51.19 	86.30 	30.19 	165.71 	333.39 	5.66 

	

15 	0.00 	.19 	.08 	35.21 	35.48 	.60 

	

16 	.44 	1.76 	.14 	48.81 	51.14 	.87 

	

17 	.11 	2.08 	.15 	10.12 	12.45 	.21 

	

18 	5.70 	8.92 	2.93 	67.21 	84.76 • 	1.44 

	

19 	.21 	1.11 	.54 	11.30 	13.16 	.22 

	

20 	4.87 	8.69 	.21 	14.82 	28.59 	.49 

	

21 	.04 	.16 	.03 	.94 	1.16 	.02 

	

22 	1.24 	2.41 	.84 	11.89 	16.38 	.28 

	

23 	.04 	.13 	.04 	.69 	.91 	.02 

	

24 	.96 	5.92 	1.66 	33.86 	42.41 	.72 

	

25 	.41 	1.63 	1.40 	13.83 	17.28 	.29 

	

26 	4.91 	6.38 	1.31 	18.23 	30.83 	.52 

	

27 	.96 	16.56 	1.82 	27.91 	47.25 	.80 

	

28 	.03 	2.94 	.23 	15.02 	18.22 	.31 

	

29 	.43 	2.73 	7.10 	29.15 	39.41 	.67 

	

30 	.11 	.81 	.58 	5.20 	6.70 	.11 

	

31 	25.93 	43.07 	3.79 	25.03 	97.82 	1.66 

	

32 	.84 	5.32 	1.99 	31.08 	39.23 	.67 

	

33 	0.00 	.05 	.05 	4.08. 	4.18 	.07 

	

34 	.72 	1.51 	2.18 	12.45 	16.85 	.29 	15.93 (4) 

	

35 	.88 	.81 	.23 	7.15 	9.06 	.15 

	

36 	18.25 	30.98 	7.55 	17.11 	73.90 	1.25 

	

37 	2.52 	10.02 	4.03 	99.37 	115.95 	1.97 

	

38 	1.40 	2.68 	.44 	29.02 	33.54 	.57 

	

39 	.16 	1.72 	.52 	6.56 	8.97 	.15 

	

40 	19.89 	13.79 	3.03 	9.20 	45.91 	.78 

	

41 	.20 	.96 	.56 	12.90 	14.62 	.25 

	

42 	1.93 	5.70 	.98 	20.90 	29.51 	.50 

	

43 	2.43 	.96 	.10 	16.88 	20.38 	.35 

	

44 	.01 	.09 	.04 	1.09 	1.23 	.02 

	

45 	8.40 	24.62 	1.03 	27.30 	61.35 	1.04 

	

46 	.26 	4.66 	.11 	7.44 	12.46 	.21 

	

47 	.14 	.26 	.23 	8.36 	8.99 	.15 

	

48 	.01 	.15 	.03 	1.54 	1.74 	.03 

	

49 	1.45 	1.15 	.28 	10.25 	13.13 	.22 

	

50 	.22 	.79 	.33 	7.96 	9.29 	.16 

	

51 	.17 	.11 	.01 	1.18 	1.47 	.02 

	

52 	1.65 	1.09 	.19 	2.74 	5.68 	.10 

	

53 	1.82 	1.47 	1.17 	20.17 	24.63 	.42 

	

54 	3.05 	.21 	.29 	13.38 	16.93 	.29 

	

55 	.65 	1.09 	.44 	6.45 	8.62 	.15 

	

56 	1.76 	1.64 	.26 	9.02 	12.68 	.22 

	

57 	.26 	.16 	.07 	. 5.66 	6.15 	.10 

	

58 	.13 	.54 	.31 	5.02 	6.01 	.10 

	

59 	.87 	15.01 	33.86 	85.95 	135.69 	2.30 

	

60 	.28 	.36 	.08 	.87 	1.60 	.03 

	

61 	.95 	2.52 	1.30 	7.25 	12.02 	.20 

	

62 	1.28 	.75 	.08 	4.47 	6.58 	.11 

	

63 	.19 	.11 	.07 	5.41 	5.78 	.10 

	

64 	1.76 	2.78 	.26 	19.69 	24.49 	.42 	12.36 (5) 

	

65 	92.25 	21.64 	6.25 	57.15 	177.29 	3.01 

	

66 	22.96 	7.12 	1.98 	19.55 	51.61 	.88 

	

67 	.04 	.01 	.00 	.03 	.08 	.00 

	

68 	67.27 	22.26 	5.44 	47.44 	142.41 	2.42 	6.31 (6) 

	

69 	302.92 	64.28 	19.76 	184.42 	571.37 	9.70 	9.70 (7) 

	

70 	35.42 	49.53 	5.55 	63.84 	154.34 	2.62 

	

71 	167.98 	52.66 	14.55 	133.99 	369.17 	6.27 	8.89 (8) 

	

72 	36.04 	8.84 	2.36 	23.80 	71.04 	1.21 

	

73 	12.73 	24.28 	5.13 	77.78 	119.91 	2.04 

	

74 	0.00 	0.00 	0.00 	0.00 	0.00 	0.00 

	

75 	29.42 	6.86 	2.17 	17.19 	55.64 	.94 

	

76 	13.36 	3.13 	.96 	10.20 	27.65 	.47 

	

77 	81.84 	18.94 	5.29 	50.76 	156.82 	2.66 	7.35 (9) 

	

78 	6.31 	2.97 	.70 	7.51 	17.48 	.30 

	

79 	2.63 	.63 	.17 	1.55 	4.97 	.08 	0.38 (10) 

	

80 	982.10 	217.03 	65.13 	616.87 	1881.13 	31.94 	31.94 (11) 

	

Total 	2109.29 	943.67 	280.93 	2556.58 	5890.48 	100.00 	100.00 

	

% Share 	(35.81) 	(16.02) 	(4.77) 	(43.40) 	(100.00) 
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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 Arkansas 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 
I/O model (fixed column coefficient variety) with four internal regions 
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 multiregional (51 U.S. 
states) I/O 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/O tables for each pair 
of substates (one for the part of the Impact Region 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/O tables and their trade with other regions in 
the MRIO. To estimate the substates' I/O 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 is 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/O tables and their trade flows, 
I/O tables and trade flows for each region of IRIO are estimated by aggre-
gating I/O data of states or substates which will be included in each IRIO 
region. From the I/O table of IRIO the regional technical coefficients 
(A), trade coefficients (T), and interregional direct requirements table 
(TA) are estimated. 

Both open and closed I/O models are evaluated. To close the I/O model, 
household column and row coefficients are estimated. Household column 
coefficients are estimated from the consumption expenditure pattern in 
the IRIO I/O 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/O 
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 is 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; transportation 
and communication; and local repair services are met by the project region, 
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 the 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 is 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 region 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 construc-
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/O 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 MKABMPP 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 economic 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,I an interregional I/O 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 tables 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/O 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. Maximum utili-
zation of the existing data developed for the multiregional I/O model for 
the United States (MRIO), 2  adjusted by the Bureau of Economic Analysis 3  
was suggested for the construction of the recommended model. These data 
were based on 1963 statistics and are considered appropriate for the eval-
uation of projects constructed before 1970. 

Phase 2 - Construction of econometric submodels to measure the project 
impact resulting from the increase in 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 U.S. Department of Commerce, Economic Development Administration, A Multi-
regional Input-Output 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/O 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/O analysis. The recommended model is a column coefficient model 4 

 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/O 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/O model (see Map 1). 

4  A fixed column coefficient model is defined as an interregional I/O 
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 (K), 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 MR10 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-Output 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/O table and I/O 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 flaws 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 
classified 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 Government 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/O tables. Each row of a specific state I/O 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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Figure 1 
Input-Output Table for a Region and Its Component States 
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derived by adding the corresponding value of each cell of the I/O table 
of the states within the region. The characteristics of the I/O 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/O table. For a Particular regional I/O table, the 
sum of all elements in 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 region, 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/O tables to arrive at a regional I/O 
table, the national table is computed by summing the I/O 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/O table. 
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(2) Interregional 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 (tg °) represents the output pf 
Industry 1 by each shipping region, while the total of each column (t on) 
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 Tl . 

Figure 2 
Interregional Trade Flows for Industry 1 
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(3) Interrelationships between Interindustry and Interregional Trade Flows 

Both regional I/O 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/O tables , . 

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

3. The relationship between the total interregional trade flows and the 
national I/O 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/O 
table respectively, and the subscripts and superscripts to represent 
industry and region respectively. 

As in the case of the estimation of a regional I/O table from the summa-
tion of the state's I/O table, each cell entry of the national I/O table 
is derived by summing the corresponding cell entries of the 44 regional 
I/O 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 
( E C 17. Likewise, the sum of all regional productions ( E Pf) becomes 

1 1=1 	 i=1 
the total input for Industry 1 for the nation from various supplying 
Industries. In the regional I/O 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/O table, i.e., C i  = 

The amount of a commodity consumed within the first region (ct) shown as 
the sum of the first row on the I/O table of Region I must be equal to 
the amount of the commodity shipped into that region (1 1) which is shown 
as the sum of the first column of the interregional tra e 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 I shipped out of a region, (4°) 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/O table. 

A-7 



I/O Table 
Region 1 
1 	82 

I/O Table 
Region 44 
1 	82 

I/O Table 
Nation 

1 	82 

c- - 

1 nli n44 
r i l r  

Ci 
44 
E 	C

1 

E  pr 
r 1 

1g 
gp 
3n 
15 
n3 
01 
 44 

. 

13 	 Tor I 	toll:  

u
.-

1.
ua

Lu
di

.L
is

  L
eu

oi
.6

9H
  

1 

44 

LT: 

i 	
44 ro  44 

T, = E t1 = 	
or 

E t 
Regional Production = Regional Shipment-out 	1 	r 	r  

1 

82 

1 EP 

Interregional 
Trade Flows 

p 	 C1 =P1 =T/  

44 

44 
P1  

til  

Figure 3 
Relationship Between Regional and 
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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. T 1 , 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 regions. 
Total trade volume of industry (r1), therefore must equal C 1  or P1  in the 
national I/O 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 flow and final demands associated with 
the combination of a few regions has already been demonstrated in Figure 
1 in deriving the regional I/O 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 that 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/O tables and associ-
ated trade flows to estimate Regional I/O data for the IRIO, therefore, 
the estimation of I/O tables and associated trade flows for the divided 
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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/O 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 regional I/O 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/O 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/O tables and trade flows for four substate's areas. Unlike the aggrega-
tion of existing regions (for which the I/O tables and interregional trade 
flows are available), the division of a region and the indirect estimates 
of I/O tables and trade flaws for the subregions are not simple. Dividing 
a regional I/O 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/O 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/O consists of two parts: the estimation of interindustry 
demand and final demands. 

(A) Estimates of substates' interindustry flows. 

An I/O 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/O 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 xi . indicates cell entry of an I/O table, and that Z ii  is 
used when referring to the same entry for the interindustry flow extluding 
final demands. Let us also assume that substate A and B indicate state 
area within and outside the impact region respectively. 

Z. is the value of commodity i purchased by j th  industry in the state of 
Arrcansas. P• is the value of total production of jth industry in the 
state of Arkansas, PP: and 0 are the level of output in .substates within 
and outside the impaat regian respectively, where• = PI + B al and Pj 	P. j  
aB  are the shares of state output of jth industry within and outsiae the 
impact region respectiyely. 

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..) by the substate's share of state output of j th  industry (al). state(Z1) 	

B The substate outside the impact region will be estimated by Z.. • a. 
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-Output Sectors by County" developed by Jack Faucett Associates. 5 

 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 sectds, and their substates' shares 
(a4 and at for each state, are shown in Appendix A. To distinguish 
eaah of t e variables associated with different states, the number given 
to each state as a region may be shown as its superscript. For example, 
Zn indicates cell entry of interindustry flows for the state of Arkansas 
based on the regional number given by MRIO, and ZilA  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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(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/O 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 
I/O 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 government 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 
assuming 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 
subitate 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. 6  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/O 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 (0) 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 (a i) required to divide the states of Arkansas 
and Oklahoma are shown in Appendix A. 

.(6) Federal Government expenditures 

The estimate of Federal Government 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' (d) 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 government expenditures 

Fairly detailed information of state and local government expenditures are 
available from the Census of Governments. The estimated state and local 
government 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 government 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 government 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 government expenditures (0) 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 government expenditures 
of a substate will be estimated by multiplying that of the state by the 
substate's share of total local government 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 ij  indicates industry i which belongs to jth component of 
final demands. y, 8, a.., d, and 0 indicate that the substate's shares of 
personal income, aggregated output for all industries, output for industry 

A-16 



1 

Y01 Y02 Y03 Y04 Y05 YO6 Y01 Y09 Y03 Y04 Y05 Y06 Y
B 

Y
A 

CO •r- 

Substate A Subs tate B 

Figure 6 
Estimates of Final Demands for Substates of Arkansas 

State of Arkansas 

YO1 YO2 YO3 YO4 YO5 YO6 

4-I. 
In 

"0 

0) • 
C 

0. 
• 

I-. 
0. 79 

 

, 

vs 	
. 

C 	W 	 X 
• 0 	01 	 W 	1/1 

	

0- 	•r- . 	C • 	 '0 

	

X 	4-3 	RS • 	 • 	
c 

	

WI 	10 	.0 	 X•la 	(0 

• E 	C-)w 	> 	E 

	

0 	W 
0.0 	>1 	 • 	CO 	Cs 

	

E 	Ls— 	L. 	 4.3 

	

= 	 0 	vs 	> 	P•• 	f■ 

	

in 	• 	4-) 	4-1 	0 	10 	(0 

	

C 	Ct. 	C 	S- 	CD 	U 	C 

	

0 	al 	Cl.) 	0 	 0 	•r• 

	

(..) 	C.-) 	> 	O. 	I— 	..-1 	LA- 
C 	X 	IC 

• In 	o-s 	LAJ 	S- 	oes 	r--• 

	

US 	VI 	 CD 	 • RS 

	

i 	0 	4-) 	+a 	13 	• 	4-1  

	

0.1 	S.. 	CU 	a) 	0.1 	4-) 	0 

	

CL 	CD 	Z 	Z 	U. 	(.1) 	1-r• 

	

cr‘e.  cia  et=  ctir crio 	cte.  

e s -I 	cv 	cfs 	cr 	Li" 	tc cs. 	o 	o 	cp 	cp 	c 
>1 	>t 	>2 	>) 	>) 	>) 

, 

CO 	03 	03 	CO••-• CO 	CO co 	-4a. 

r•-• 	CV 	el 	ch 	In 	1.0 
0 0 0 	0 0 0 

›.• 	>1 	>1 	>1 	>, 	>1 

y, 13, ai , 6, 4), R i  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 ith 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. Oi 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 (CI) for region r 
is expressed by the summation of each industry row in the regional I/O 
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, H4 
or HI, can be estimated by a division of the substate's receipts of an 
industry by that of the state. HI and Il i  for the state of Arkansas and 
Oklahoma will be calculated through a computer program and will be shown 
in Appendix E. H i  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 MR10 
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/O model which consists of four internal regions will 
be demonstrated. Assuming that the division of the third internal region, 
the state of Arkansas, creates two new regions (3A and 3B respectively). 
Figure 8 illustrates the estimation of new trade flows for industry 1. 
tln's along the 15t  row in Figure 8-A indicates the values of output of 
the 1st industry in Region I shipped to each of the other receiving regions, 
and tgl's along the 1st column show the inputs received by Region 1 from 
various supplying regions. t 10  and t01  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 Region 3 is originated from subregion 3A and 3B respeetively and is 
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proportionate with each substate's share of state's output: a A  and aB  1 	1 
respectively. 

b. The receipts of Industry 1 by Region 3 from each of the other 
shipping regions were consumed by Subregions 3A and 3B proportionate to 
each substate's share of the state's demand for that commodity (111 and 
Hi  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 (t 3g) 
by at and ir respectively, and the column entries for Region 3A and 3B 
are estimated by multiplying each column entry of Region 3 (013) by Et 
and 111 respectively. The new row and column entries for Regions 3A and 
3B an 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 (t 33 ) by the joint product of the 
subregions' shares of output and demands for Industry 1 by Region 3, i.e., 
t33aAHA. t33aAlip. t33011A. 	B B 	33 AA 

1 i' 	1 	1 l' and t3' alil l• t al
n  1 and t3344 indicate the 

values of shipments of Industry 1 from Region 3A to 3A and 3B respectively, 
and t 33aBHA  and t33aBR/ indicate those values from Region 3B and 3A and 

11 
3B respectively. at

1
and al for the states of Arkansas and Oklahoma are 

shown in Appendix A and Rt and J11.  in Appendix E. 

In the original MRIO model no trade flows were assumed foi 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, thq trade flows of 
the service sector which were represented by t3ha and tg .) Tr i  are zero 
except t33a i wi . The same assumption is adopted in IRIO; i.e., the sub-
states A an t 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, t 33404 and t3341-1 are reduced from substate B and 
A and added to substate A aid B respectively. 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: I/O 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/O 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 I/O tables and 
interregional trade flows in the MRIO into 46 regional models by replac-
ing those estimated data for each of four subs tates 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/O 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/O tables in 
the MRIO and the construction of new I/O tables for the IRIO. Each re-
gional I/O 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 Oklahoma, these 
two states' I/O 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 subs tates of 
Oklahoma as 30A and 30B. 

A brief methodology in estimating the I/O 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/O 
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/O tables, the original regional numbers 
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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 (4), and each column 
entry for the subregion will be estimated by multiplying a corresponding 
entry for the region by each subregion's share of output of Industry i 
in the region (e). Note, however, that trade flows between two divided 
subregions incluaing 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 intdrregional 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, tfh's are obtained by summing 
the trade flows among regions in the modified MRIO (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/O tables and interregional trade flows are required 
to estimate structural (interindustry as well as interregional) relation-
ships for the I/O 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 tota1. 7  

Technical coefficients (Alj—)represents interindustry input requirements 
to produce one dollar's worth of output by a purchasing industry in a 
region. The I/O model contains four regional technical coefficients 
matrices. Each 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 
(TO), 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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VI. Mathematical Note for the Interregional I/O Model 

The theoretical model employed for the recommended I/O 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 shues bf total receipts of the commodity by the receiv-
ing region). Thus TP's are the proportion of the total consumption of 
commodity i in region h that is shipped from region 2_ to region h. Other 
structural coefficients (technical coefficients) are distinguished by 
region, i.e., 0.. The following basic sets of equations specify the 11 
economic relationships between industries and regions: 

11 	 T g 	g° 	n  
li Al 	j

i., 1  a ii  xj  + 

2) xqh tqh xoh=  

i 

go 	n gh 
3) x. = 	xi 

1 	h=1 

oh 	 n  
4) xi _ - E xi . 	g.1 gh  

where i = 	m; g, h = 1,...,n. 

0°  is the total amount of commodity i produced in region 1 

oh x. is the total amount of commodity i demanded by all final and 

intermediate consumers in region h. 

. 	. yi 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 

.a.  and the total consumption in region h, respectively. 
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The multiregional I/O model can be expressed in terms of the following. 

matrix notations: 

-- .•■•. 

dim• 	 =I. 

r 	,r 
allr------- ulm 
1'321 	1  1 1 .  1 	 I, , 	. 	I 
1 	. 	1 . I 	. 	I 
1 	. 	1 . . r ar - -____ _ a ml 	mm 

1.- 	 —.‘ 

_. 
Til T12___. Ti,n 

T21 	I 
, 	1 1 

	

. 	1 

	

. 	I . 	I 
. 	1 . 	I . 	, , 	. 	. 

Ise 	 Mast 

rxri l 

aSb 

n; region, 1, 	4, 	m; industry, 1, 	79 

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

follows: 

(5) 	x0r , Arxr0 .0. yr 

n ro n 
(6) 	E x . E 

Tgr xor 

r=1 	r=1 	. 

n or n  ro 
(7) 	EX 	=EX 

r=1 	r=1 

' where r = 1,----,n; g = 1,----,n-1 

Equations (5) and (6) can be combined to obtain: 
n gr  r 

n  18) 	= 
ro 	n gr rxro .I. E Ty 

EX 	ETA 
r=1 	r=1 	r=1  

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

(9) 	E (I -TA)X 	.ETT 
r=1 	 r=1 

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

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

(10) (I - T A) X = T Y 

and when solved for X as: 

-- 	- 
(11) X = (I - T A) 1 T Y or X = (T

1  -A) 1  Y 
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APPENDIX A 

Estimates of Outputs in Arkansas and Oklahoma 
and their Sub-States' and Sub-States' Shares of Output by Industry 



APPENDIX A-1 

Estimates of Outputs in Arkansas and its Sub-States' 
and Sub-States' Shares of Output by Industry 

UNIT: $1,000 (1963) 

28A .a28A  - - a 	. Share of Sub-State's A 1 	, 	• 

28B 28B . , a 	: Share of Sub-State's B al  

i = 1 	79 



APPENDIX A-1  

Outputs in Arkansas and its Sub-States' 
and Sub-States' Shares of Output by Industry 

ARKANSAS  

Industry 

Impact Region 
(%) 	Share (%) 

Share of Rest of 

	

State 	 28A 	28B 

	

Output 	Output (ai ) State (ai ) 

1. Livstk & Livstk Prod 	399,095 	294,281 	74 	26 

2. Other Agr Prod 	 661,249 228,565 	35 	65 

3. Forsty & Fish Prod 	14,932 	6,396 	43 	57 

4. Agr, Forsty & Fish Svcs 	65,454 	22,425 	34 	66 

5. Iron & Fer Ores Min 	1,419 	879 	62 	38 

6. Non-Ferr Metl Ores Min 	18,765 	18,688 100 	00 

7. Coal Mining 	 1,558 	1,558 	100 	00 

8. Crude Pet & Nat'l Gas 	72,526 	10,163 	14 	86 

9. Stone & Clay Min & Quarry 	26,942 	20,950 	78 	22 

10. Chem & Fert Min Ming 	10,817 	9,329 	86 	14 

11. New Construction 	 445,602 347,159 	78 	22 

12. Main & Repr Construct 	189,548 	128,987 	53 	47 

13. Ordnance & Acces 	 64 	00 	00 	00 

14. Food & Kindred Prod 	745,953 584,326 	78 	52 

15. Tobacco Manufact 	 00 	00 	00 	00 

16. Brd & Narw, Yarn & Thrd 	16,659 	9,545 	57 	.43 
Mills 

17. Misc Textl Gods & Fir 	22,250 	4,185 	19 	81 
Covr 

18. Apparel 	 • 	77,543 	44,898 	58 	42 

A-33 



APPENDIX A-1 Continued 

ARKANSAS  

Industry 

Impact Region 
(%) 	Share (%) 

	

State 	 Share of Rest of 

	

Output 	Output (48A) State (a28B) 

19. Misc Fabricat Text Prod 	586 	332 	57 	43 

20. Lumber & Wd Prod 	 271,026 	123,396 	46 	54 

21. Wood Containters 	' 	13,366 	5,007 	37 	63 

22. Househld Furn 	 90,457 	67,332 	74 	26 

23. 0th Furn & Fixt 	 17,670 	10,876 	62 	.38 

24. Papr & Alld Prod 	 190,778 	79,007 	41 	59 

25. Paprbd Cont & Bxs 	 41,624 	40,453 	97 	03 

26. Print & Pub 	 47,539 	36,932 	78 	22 

27. Chem & Prod 	 135,655 	82,564 	61 	39 

28. Plast & Syn Matls 	 926 	462 	50 	50 

29. Drgs, Clean & Toilt Prep 	365 	212 	58 	42 

30. Paints & Alld Prod 	 3,168 	3,166 	100 	00 

31. Pet Indust 	 139,825 	4,033 	3 	97 

32. Rubber & Plast Prod 	41,374 	13,879 	34 	66 

33. Leathr Prod 	 00 	00 	00 	00 

34. Footwr & Othr Leathr Prod 	72,564 	32,271 	44 	56 

35. Glass & Glass Prod 	14,569 	10,866 	75 	25 

36. Stone & Clay Prod 	 50,024 	25,336 	51 	49 

37. Prim Iron & Steel Mfg. 	2,860 	2,235 	78 	22 

38. Prim Non-Ferr Metl Mfg 	122,112 	100,815 	83 	17 

39. Metal Container 	 12,122 	9,095 	75 	25 

% 
1 

1 
, 
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State 
Output 	Output (48A ) State (488) 

Impact Region 
(%) 	Share (%) 

Share of Rest of 

Industry 

APPENDIX A-1 Continued 

ARKANSAS  

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, Oil Field 	486 	365 	75 	25 
Mach & Equip 

46. Mat Hand Mach & Equip 	8,261 	336 	, 4 	96 

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. Ofc, 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 Si Comm Equip 	64,472 	64,147 	99 	1 

57. Electr Comp & Acces 	 206 	206 	100 	00 
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. 25 

100 

8 

00 

13,109 	10,109 	100 	00 

	

13,475 	10,124 	75 

	

1,075 	00 	00 

	

29,472 	27,259 	92 

	

39,180 	39,076 	100 

73. Business Serv 64,204 	52,405 82 	18 
o• 

ARKANSAS  

Industry 

Impact Region 
(%) 	Share (%) 

	

State 	 Share of Rest of 

	

Output 	Output (48A) State (48B) 

218 	131 	60 	40 58. Misc Elect Mach Equip & 
Supp 

59. Motr Veh & Equip 

60. Aircraft & Parts 

61. Other Transp Equip 

62. Prof, Scientfc & 
Control Instru & Supp 

63. Opt, Opht61 & Photo 
Equip & Supp 

64. Misc Manuf 

65. Transport & Wrhsg 

66. Comm Excpt Radio & TV 
Broadcasting 

67. Radio & TV Brdcstng 

68. Elect, Gas, Water & 
Senitary Svcs 

69. Whlsle & Ret Trade 

70. Financ & Insur 

71. Real Estate & Rental 

72. Hotls & Lodg Places; 
pers & Repr Svcs, excpt 
auto repair 

	

37,538 	30,614 	82 	18 

	

259,677 	201,621 	77 	23 

	

78,703 	54,405 	69 	31 

	

8,709 	6,453 	74 	26 

	

196,112 	112,732 	57 	43 

	

785,406 516,256 	66 	34 

187,961 	139,576 	74 	26 

603,731 	373,747 	62 	38 

97,177 	69,455 	71 	29 
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State 
Output Industr; 

17 

27 	' 

07 

24 

43 

ARKANSAS  

Impact Region 
(%) 	Share (%) 

Share of Rest of 

Output 
(28A) 

 State (
28B
9 ) 

74. Research & Develop 

75. Auto Repr & Svcs 

76. Amusements 

77. Med, educ Svcs & 
Non-profit Organ 

78. Fed Govt Enterprs 

79. State & Loc Govt 
Enterprse 

	

235 	195 	83 

	

82,187 	59,635 	73 

	

28,360 	26,329 	93 

	

. 140,268 	106,449 	76 

51,566 	29,397 	57 

31,269 	20,456 	65 	35 

TOTAL.SUM OF ALL INDUSTRIES: 	7,183,728 4,588,476 Mg anA ) 36%( 00) 

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

NS 
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APPENDIX A-2 

Estimates of Outputs in Oklahoma 
and its Sub-States' and Sub-States' 

Shares of Output by Industry 

UNIT: $1,000 (1963) 

30A 30A 
, 	• a.1 	$ 	• Share of Sub State A 

30B 30B a 	: Share of Sub State B 

i . 1 	79 
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APPENDIX A-2  

Outputs in Oklahoma and its Sub-States' 
and Sub-States' Shares of Output by Industry 

OKLAHOMA  

Industry' 

Impact Region 
Share Share (%) 

	

State 	 (%) 	of Rest of 

	

Output 	Output (4°A ) State (4") 

1. Livstk & Livstk Prod 	535,823 	428,152 	80 	20 

2. Other Agr Prod 	 420,942 	61,751 	15 	85 

3. Frstry & Fish Prod 	 1,236 	245 	20 	80 

4. Agr, Frstry & Fish Svcs 	20,567 	5,575 	27 	73 

5. Iron & Feraly Ores Min 	00 	00 	00 	00 

6. Non-Fer Metl Ores Ming 	4,694 	54 	1 	99 

7. Coal Mining 	 5,955 	4,503 	77 	23 

8. Crude Pet & Nat'l Gas 	846,052 	192,309 	23 	77 

9. Stone & Clay Min & 	18,870 	6,984 	37 	63 
Quarrying 

10. Chem & Fert Minrl Ming 	00 	00 	00 	00 

11. New Construction 	 953,979 	314,180 	33 	67 

12. Main & Rep Construct 	268,192. 115,204 	43 	57 

13. Ordnance & Accessories 	192 	128 	67 	33 

14. Food & Kindred Prod 	527,264 	153,695 	29 	71 

15. Tobacco Manufactures 	 00 	00 	00 	00 

16. Brd & Nrw, Yarn & Thrd 	1,202 	1,022 	85 	15 
Mills 

17. Misc Txtl Gds & Fir Cover 	192 	00 	• 00 	100 
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APPENDIX A-2 

OKLAHOMA  

Industry 

Impact Region 
Share Share (%) 

	

State 	 (%) 	of Rest of 
3 

	

Output 	Output (aPA) State (a08)  

18. Apparel 	 43,944 	10,607 	24 	76 

19. Misc Fab Text Prod 	 3,957 	1,143 	29 	71 

20. Lumber & Wd Prod 	 28,776 	6,964 	24 	76 

21. Wdn Containers 	 00 	00 	00 	.00 

22. Househld Furn 	 11,574 	1,491 	13 	87 

23. 0th Furn & Fixt 	 4,865 	2;069 	43 	57 

24. Papr & Alld Prod 	 12,415 	6,844 	55 	45 

25. Paprbd Cont & Bxs 	 16,068 	11,490 	72 	28 

26. Print & Pub 	 81,135 	32,147 	40 	60 

27. Chem & Prod 	 36,205 	17,414 	48 	52 

28. Plast & Syn Matls 	 926 	00 	00 	100 

29. Drgs, Clean & Tit Prep 	4,052 	1,389 	34 	66 

30. Paints & Alld Prod 	 5,994 	4,490 	75 	25 

31. Petrol Indust 	 733,760 	565,159 	77 	23 

32. Rubber & Plast Prod 	91,823 	11,881 	13 	87 

33. Leather Products 	 00 	00 	00 	00 

34. Ftwr & 0th Leath Prod 	4,230 	1,683 	40 	60 

35. Glass & Glass Prod 	65,198 	62,105 	92 	8 

36. Stone & Clay Prod 	 82,107 	35,745 	44 	56 

37. Prim Iron & Steel Mfg 	26,995 	23,695 	88 	12 
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State 	 , 30A 	30B 

	

Output 	Output kai  ) State (ai ) 

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

Industry 

' 	APPENDIX A-2 

OKLAHOMA  

38. Primary Non-Ferrous Metl 	76,057 	67,118 	88 	12 
Mfg. 

39. Metal Container 	 2,944 	423 	14 	86 

40. Heat, Plumb & Febricated 	146,163 	99,055 	68 	32 
Metal Products 

41. Screw Mach Prod, bolt, 	5,804 	3,908 	67 	33 
nuts, etc. 

42. 0th Fab Metl Prod 	 37,109 	21,410 	58 	42 

43. Engines & Turbines 	 104 	104 	100 	00 

44. Farm Mach & Equip 	 6,911 	3,618 	52 	48 

45. Constr, Mining, Oil Field 	124,281 	65,357 	53 	47 
Mach & Equip 

46. Mat Hand Mach & Equip 	2,215 	228 	11 	89 

47. Metl Work Mach & Equip 	2,118 	1,776 	84 	16 

48. Spec Indust Mach & 	 8,349 	1,945 	23 	77 
Equipment 

49. Gen Indust Mach & Equip 	48,259 	39,133 	81 	19 

50. Mach Shop Prod 	 13,438 	6,624 	49 	51 

51. Ofc, Comput & Acctg 	1,585 	729 	46 	54 

52. Svc Indust Mach 	 17,204 	3,159 	18 	82 

53. Elect Trans & Distr Equip 	19,778 	18,144 	92 	8 
& Elect Indust Apparatus 

54. Household Appliances 	2,262 	837 	37 	63 

55. Elec Light & Wiring 	 455 	100 	22 	78 
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APPENDIX A-2 

OKLAHOMA  

Industry 

Impact Region 
Share Share (%) 

	

State 	 (%) 	of Rest of 

	

Output 	Output (4°A ) State (0408) 

56. Radio, TV & Comm Equip 	175,340 	6,402 	4 	96 

57. Electr Comp & Acces 	. ' 	7,136 	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. 0th Trans Equip 	 16,100 	5,518 	34 	66 

•2. 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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State 
Output Industry 

APPUIVIA !- 

OKLAHOMA  

Impact Region 
Share Share (%) 
(%) 	of Rest of 
30A 	. 308% Output (ai ) State kai ) 

73. Business Services 	200,608 	68,016 	34 	66 

74. Research & Development 	2,218 	721 	33 	67 

75. Auto Repr & Services 	135,488 	59,426 	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 ALL INDUSTRIES: 10,824,669 4,523,942  42E0.
30A

) 58%(8
30B

) 

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, 128B : Share of Substate's A&B, Arkansas 

130A 130B : Share of Substate's A&B, Oklahoma 
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AKENDIX B-1 
State of Arkansas 

(Unit: $1,000)(1965)  

OBE 	County 	 OBE 	County  

117 	Arkansas 	55,134 	. 117 	Pike 	13,867 
117 	Clark 	37,924 	 117 	Pope 	41,515 
117 	Cleburne 	13,844 	117 	Prairie 	19,007 
117 	Cleveland 	8,679 	117 	Pulaski 	718,794 
117 	Conway 	27,078 	117 	Saline 	69,479 
117 	Faulkner 	49,156 	117 	Sharp 	10,515 
117 	Fulton 	8,045 	117 	Stone 	7,114 
117 	Garland 	107,473 	117 	Van Buren 	9,567 
117 	Grant 	14,652 	 117 	White 	58,335 
117 	Hot Spring 	43,245 	117 	Woodruff 	20,605 
117 	Independence 	35,269 	 118 	Crawford 	37,869 
117 	Izard 	 8,934 	118 	Franklin 	16,786 
117 	Jackson 	39,407 	 118 	Logan. 	26,429 
117 	Jefferson 	172,298 	118 	Polk 	17,975 
117 	Johnson 	19,792 	. 	118 	Scott 	11,619 
117 	Lincoln 	19,541 	 118 	Sebastian 	187,408 
117 	Lonoke 	42,526 	 118 	Yell 	26,438 
117 	Monroe 	25,349 	 119 	Benton 	83,600 
117 	Montgomery 	8,045 	119 	Madison 	18,108 
117 	Perry 	 6,660 	119 	Washington 	149,157 

SUM OF THE IMPACT AREA: 2,287,238 

STATE TOTAL: 3,576,700 
• SHARE OF THE IMPACT AREA: 64%(y28A ) 

SHARE OF THE REST OF AREA: 36%(1 28B ) 

SOURCE: 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)  

OBE 	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 
110 	Creek 	 51,474 
119 	Delaware 	11,348 
119 	Kay 	 111,110 
119 	McIntosh 	15,955 
119 	Mayes 	 28,418 
119 	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 
119 	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%(y30A ) 

SHARE OF THE REST OF AREA: 62%(130B ) 

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

Estimates of Share of Substates' 
Personal Income Attributable 

to Federal Employees (Civilian & Military) 
Within and Outside of the Impact Area in the 
States of Arkansas and Oklahoma Respectively 

UNIT: $1 Million (1962) 

628A 628B : Share of Substate's A&B, Arkansas 

630A 630B : Share of Substate's A&B, Oklahoma 
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APPENDIX C-1 
State of Arkansas  

OBE 	County 	 OBE 	County  

117 	Arkansas 	88.1 	 117 	Pike 	68.8 
117 	Clark 	92.0 	 117 	Pope 	173.7 
117 	Cleburne 	71.1 	 117 	Prairie 	41.6 
117 	Cleveland 	24.2 	 117 	Pulaski 	5111.6 
117 	Conway 	72.9 	 117 	Saline 	89.3 
117 	Faulkner 	103.2 	 117 	Sharp 	32.0 
117 	Fulton 	47.3 	 117 	Stone 	62.4 
117 	Garland 	219.1 	 117 	Van Buren 	45.8 
117 	Grant 	36.3 	 117 	White 	125.1 
117 	Hot Spring 	62.2 	 117 	Woodruff 	49.4 
117 	Independence 	101.7 	 118 	Crawford 	79.7 
117 	Izard 	 36.7 	 118 	Franklin 	52.7 
117 	Jackson 	63.0 	 118 	Logan 	111.7 
117 	Jefferson 	894.8 	 118 	Polk 	64.8 
117 	Johnson 	70.3 	 118 	Scott 	52.8 
117 	Lincoln 	31.4 	 118 	Sebastian 	4475.0 
117 	Lonoke 	143.7 	 118 	Yell 	120.8 
IIW 	Monroe 	49.9 	 119 	Benton 	168.6 
117 	Montgomery 	63.7 	 119 	Madison 	53.3 
117 	Perry 	50.4 	 119 	Washington 	475.2 

SUM OF THE IMPACT AREA: 13,776.3 

STATE TOTAL: 18,059.6 

SHARE OF IMPACT AREA: (6 28A )76% 

SHARE OF THE REST OF AREA (6288)24%  

SOURCE: Printout from the Bureau of Economic Analysis, United 
States Department of Commerce 
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APPENDIX C-2 
State  of Oklahoma  

OBE 	County  

118 	Haskell 	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 
119 	Rogers 	132.5 
119 	Tulsa 	2,704.8 
119 	Wagoner 	53.2 
119 	Washington 	260.7 

SUM OF IMPACT AREA: 7,157.8 

STATE TOTAL: 44,127.2 

SHARE OF IMPACT AREA: 16%(53°A ) 

SHARE OF THE REST OF AREA: 84%(6 30B ) 

SOURCE: Printout from the Bureau of Economic Analysis, 
United States Department of Commerce. 
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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, 028B : Share of substate's A&B, Arkansas 

030A , (1)30B : Share of substate's A&B, Oklahoma 
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APPENDIX D-1 
State of Arkansas 

(Unit: $1,000)(1962)  

OBE 	County 	 OBE 	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 
117 	Conway 	1,336 	' 	117 	Saline 	2,888 
117 	Faulkner 	2,592 	 117 	Sharp 	649 
117 	Fulton 	901 	 117 	Stone 	545 
117 	Garland 	5,728 	 117 	Van Buren 	751 
117 	Grant 	. 892 	 117 	White 	3,239 
117 	Not Spring 	2,594 	 117 	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 
117 	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%(4 28A ) 
SHARE OF REST OF AREA: 42%(428B) 

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 0-2 
State of Oklahoma 

(Unit: $1,000)(1962)  

OBE 	County  

118 	Haskell 	1,208 
118 	Latimer 	1,084 
118 	Le Flore 	3,652 
118 	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%(4
30A ) 

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. 
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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 

28A 28B : wi 	 Substate's A&B in Arkansas 

30A 30B 
. 9 79 : Substate's A&B in Oklahoma wi  

i = 1, 	 79 
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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) 

28A** 	28B 	30A 	30B . Industry 	 w1 	19 	ni 	Ir. 1 

1. Livstk & Livstk Prod 	 .6832 	.3168 	.4652 	.5348 
2. 0th Agr Prod 	 .6189- 	.3811 	.5283 	.4717 
3. Forsty & Fish Prod 	 .5024 	.4976 	.3959 	.6041 
4. Agr Forsty & Fish Svcs 	 .4991 	.5009 	.1939 	.8061 
5. Iron & Feroaly Ores Min 	 .7705 	.2295 	.8515 	.1485 
6. Non-Ferr Metl Ores Min 	 .8655 	.1345 	.6111 	.3889 
7. Coal Mining 	 .6001 	.3999 	.4844 	.5156 
8. Crude Pet & Nat'l Gas 	 .1544 	.8456 	.6738 	.3262 
9. Stone & Clay Min & Quaryng 	.5692 	.4308 	.4205 	.5795 
10. Chem & Fert Minrl Min 	 .6000 	.4000 	-4411 	.5589 
11. New Construction 	 .6420 	.3580 	.3806 	.6194 
12. Main & Repr Construct 	 .5806 	.4194 	.3734 	.6266 
13, Ordnance & Accessories 	 .7453 	.2547 	.1888 	.8112 
14. Food & Kindred Products 	 .6919 	.3081 	.3954 	.6046 
15. Tobacco Manufactures 	 .6409 	.3591 	.3804 	.6196 
16. Brd & Nrw, Yrn & Thrd Mills 	.5382 	.4618 	.3076 	.6924 
17. Misc Textl Gds & Fir Coy 	.4942 	.5058 	.2716 	.7284 
18. Apparel 	 .6316 	.3684 	.3696 	.6304 
19. Misc Fab Text Prod 	 .6398 	.3602 	.3981 	.6019 
20. Lumber & Wood Prod 	 .5303 	.4697 	.3492 	.6508 
21. Wooden Containers 	 :5306 	.4694 	.4166 	.5834 
22. Household Furniture 	 .7195 	.2805 	.3704 	.6296 
23. 0th Furn & Fixtures 	 .6453 	.3547 	.4025 	.5975 
24. Paper & Allied Prod 	 .6267 	.3733 	.4173 	.5827 
25. Paperbrd Cont & Boxes 	 .6464 	.3536 	.4474 	.5526 
26. Printing & Publishing 	 .7197 	.2803 	.3791 	.6209 
27. Chemicals & Products 	 .5279 	.4721 	.4459 	.5541 
28. Plastics & Syn Matls 	 .4875 	.5125 	.2117 	.7883 
29. Drgs, Clean & Tlet Prep 	 .6517 	.3483 	.3900 	.6100 
30. Paints & All Prod 	 .6475 	.3525 	.4350 	.5650 
31. Petroleum Industries 	 .5240 	.4760 	.4756 	.5244 
32. Rubber & Plastics Prod 	 .6633 	.3367 	.3511 	.6489 
33. Leather Prod 	 .4533 	.5467 	.4401 	.5599 
34. Footwr & 0th Leath Prod 	 .6179 	.3821 	.3828 	.6172 
35. Glass & Glass Prod 	 .7512 	.2488 	.5206 	.4794 
36. Stone & Clay Prod 	 .7028 	.2972 	.3674 	.6326 
37. Prim Iron & Steel Mfg 	 .7268 	.2732 	.4920 	.5080 

- 38. Prim Non-Fer Met] Mfg 	 .7973 	.2027 	.6286 	.3714 

f., 
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APPENDIX E Continued 

Industry 

ARKANSAS (28) 	OKLAHOMA (30) 

28A** 	28B 	30A 	30B 
11 ' ff -  lTj 	 79 

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. 0th 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, Oil 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 Inds -A Mach & Equip 	.6231 	.3769 	.3965 	.6035 
49. Gen Indust Mach & Equip 	 .6787 	.3213 	.5149 	.4851 
50. Mach Shop Prod 	 .7823 	.2177 	.5155 	.4845 
51. Ofc 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 & Supp 	.6916 	.3184 	.3563 	.6437 
59. Motr Veh & Equip 	 .6471 	.3529 	.3640 	.6360 
60. Aircraft & Parts 	 .6623 	.3377 	.4010 	.5990 
61. 0th 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 Estate & Rental 	 .6304 	.3696 	.3552 	.6448 
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APPENDIX E Continued 

Industry 

ARKANSAS (28) 	OKLAHOMA (30) 

28A** 	286 , 	30A 	30B 
1 	1 

n. 	n. 	ni 	ni  

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. 

*** Output of industry 74 is zero. In order to insure mathematical 
operation 11-74  is replaced by 0.5000 for each substate. 
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Appendix F-1 States for the MRIO & IRIO 

State No 	State (Abbreviation) 	MRIO Reg No 	IRIO Reg  No 
1 	Alabama 	AL 	 26 	 4 CIIT- 
2 	Arizona 	AR 	 37 	 4 
3 	Arkansas 	AR 	 28 	 1&2 (I&S) 
4 	California 	CA 	 42 	 4 
5 	Colorado 	CO 	 35 	 4 
6 	Connecticut 	CT 	 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 	Illinois 	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 	 11 	 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 	OK 	 30 	 1&2 (I&S) 
36 	Oregon 	 OR 	 41 	 4 
37 	Pennsylvania 	PA 	 5 	 4 
38 	Phode Island 	RI 	 3 	 4 
39 	South Carolina 	SC 	 21 	 4 
40 	South Dakota 	SD 	 13 	 4 
41 	Tennessee 	TN 	 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 	WV 	 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.  

	

1 	Maine(18) 	 4 (R) 

	

2 	Vermont(44) 	 11 

	

3 	.Connecticut(6), Massachusetts(20) 	 H 

New Hampshire(28), Rhode Island(38) 	 il 

4 	New York(31) 	 il 

	

5 	New Jersey(29), Pennsylvania(37) 	 II 

	

6 	Michigan(21), Ohio(34) 	 II 

	

.7 	Illinois(12), Indiana(13) 	 is 

	

8 	Wisconsin(8)  

	

9 	Minesota(22) 	 it 

	

10 	Iowa(L4) 	 il 

	

11 	Missouri(24) 	 3 (N) 

	

12 	North Dakota(33) 	 4 

	

13 	South Dakota(40) 	 11 

	

14 	Nebraska(26) 	 H 

	

15 	Kansas(15) 	 3 

	

16 	Delaware(7), Maryland(19) 	 4 

	

17 	District of Columbia(8) 	 11 

	

18 	Virginia(45) 	 11 

	

19 	West Virginia(47) 	 II 

	

20 	North Carolina(32) 	 11 

	

21 	South Carolina(39) 	 IS 

	

22 	Georgia(10) 	 B 

	

23 	Florida(9) 	 II 

	

24 	Kentucky(16) 	 11 

	

25 	Tennessee(41) 	 1, 

	

26 	Alabaman 	 • ) 	 H 

	

27 	Mississippi (23) 	 im 

	

28 	Arkansas(3) 	 1&2 
28A 	Part of Arkansas(3A) 	 1 (I) 
28B 	Part of Arkansas(38) 	 2 (S) 

	

29 	Louisians(17) 	 n 

	

30 	Oklahoma(35) 	 1&2 
30A 	Part of Oklahoma(35A) 	 1 
30B 	Part of Oklahoma(35B) 	 2 

	

31 	Texas(42) 	 11 

	

32 	Montana(25) 	 4 

	

33 	Idaho(11) 	 II 

	

34 	Wyoming(49) 	 II 

	

35 	Colorado(5) 	 IS 

	

36 	New Mexico(30) 	 1, 

	

37 	Arizona(2) 	 It 

	

38 	Utah(43) 	 II 

	

39 	Nevada(37) 	 il 

	

40 	Washington(46) 	 ti 

	

41 	Oregon(36) 	 11 

	

42 	California(4) 	 .. 

	

43 	Alaska(50) 	 I. 

	

44 	Hawaii(51) 	 n 	• 
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Missouri 
Louisiana 
Iowa 
Louisiana 
Tennessee 
California 

Mississippi 

Arkansas 
Missouri, Tennessee 

Arkansas, 
Mississippi 

Louisiana 
Mississippi, Arkansas, 

Louisiana 
California 

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 locations 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 
Elk Chute Drainage District 
Lake Ponchartrain 
Near Muscatine, Mississippi River 
Old 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 
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Arkansas 

Arkansas 

Alabama 

Arizona 

District of Columbia 
South Carolina 	• 

New York 
Georgia 
Illinois 
Washington, Oregon 

Texas 
Texas 
Florida 

North Carolina 
Texas 
New York 
Pennsylvania 
Texas 

Appendix B (Continued) 

POWERHOUSE CONSTRUCTION 
Beaver Dam Powerhouse 

MEDIUM CONCRTTE DAMS 
Beaver Dam and Reservoir 

LOCK AND CONCRETE DAMS 
Columbia Lock and Dam 

LARGE 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 
Philadelphia, Delaware River 
Sabine-Neches Waterway 

MISCELLANEOUS 
• Bayou Macon Channel Improvement 
Jetties, Gold Beach 
Outlet Channel, Sardis Dam 
Sea Wall Extension, Galveston 

Louisiana 
Oregon 
Mississippi 
Texas 

Sources: 
Robert H. Haveman and John V. Krutilla. Unemployment, Idle  

Capacity, and the Evaluation of Public Expenditures: 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 model
I 
were used 

as basic data in order to get technical coefficients and column trade 

coefficients; All 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 in the MRIO operating package 

and have been slightly modified here. Subroutine INVERT 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 

- I
Albert 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. 

2
W. 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 

SENFIN, except-for convenience oi 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 rowsx4 

columns sub-matrices as shown in Appendix B. 	Computer programs are 

arranged in order following the job steps. Subprograms for the print-

out of the matrices are quite "similar to each other, but are retained 

as are. 
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AHAT 

DATA) 	 ()ATA6) DATA2 j 

/  
Y 	 [Substate shares 

SUBIO 	rf. 	I 	a,O,Y,6,0 

PNCHTP DATA8e) 
T 

■ 	 

ISubstates shares a 

DATA5 DATA! 

Figure 1 
Flowchart for Operating Procedures 

Using UNIVAC 1108 Computer for 80 Sector Model 
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DATA8 

BKYTPC 

DATA5 	I 

BKYTAP 

TA8C DATA5C 
A 

FEEP 

FINAL 

I Household 
Sectors 

National Final 
Demands 

DRINVT 

DATA9 

A H c  

Inverse Matril 

(I-THAO - 

V 

___ 

Deflators 

Project and 
Contract Costs 

egional Final 
Demands and 
Outputs 

T
H
Y,(I-T

H
A
H
)-1T

H
Y 

Ratio of Contract 
to Project Cost 

Figure 2 
Flowchart for Operating Procedures 

Using CDC7600 Computer for 80 Sector Model 
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TABLE I 

Data Files on Tapes, 

Data Set 	 Mo. of 
Name 	 Contents 	 Computer Tables Dimension Label 	Sum 

DATA1 	MRIO data set 1. State final 	UNIVAC 	22 	53x88 	yes 	yes 
demand components 

. 	• DATA2 	MRIO data set 4. State I/O 	UNIVAC 	51 	84x84 	yes 	yes 
tables for 1963 

DATA3 	Substate I/O tables 	 UNIVAC 	4 	84x84 	yes 	yes 

DATA4 	Four regional I/O tables 	UNIVAC 	4 	84x84 	yes 	yes 

DATA5 	Technical Coefficients 	UNIVAC 	4 	84x84 	yes 	yes 

	

cn 	 DATA6 	MRIO data set 6. Modified 	UNIVAC 	79 	45x45 	yes 	yes 1 

	

—I 	 commodity trade flow 

	

, 	 DATA7 	Four regional trade flow 	UNIVAC 	79 • 	5x5 	yes 	yes 

DATA8 	Trade Coefficients 	 UNIVAC 	79 	4x4 	yes 	no 

DATA9 	Inverse matrix tables with 	CDC 	16 	80x80 	no 	no 
16 submatrices 

DATA5C 	Technical Coefficients 	CDC 	4 	79x79 	yes 	no 

DATA8C 	Trade Coefficients 	 CDC 	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 

Substate shares of state total receipts 
(a) 

°Substate shares of state total receipts 

Substate shares of state total receipts 
(a) 

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  

SUBIO(MAIN) 

SUBIO(MAIN) 

TRADE(MAIN) 

DRINVT(MAIN) 	CDC 

SENFIN(MAIN) 	IBM 

FINAL(DEMAND) 	CDC 

SENFIN(DEMAND) 	IBM 

FINAL (DEMAND) 	CDC 

SENFIN(DEMAND) 	IBM 

FINAL(CONTRC) 	CDC 

SENFIN(CONTRC) 	IBM 

FINAL(CONTRC) 	CDC 

SENFIN(CONTRC) 	IBM 

4F10.6 

8F10.6 

I10,7F10.2/ 
(5F10:2) 

I10,7F10.2/ 
(5F10.2) 

5(15,F15.2) 

15,F15.2 

4F10.5 

4F10.5 

5F15.4 

5F15.4 

UNIVAC 	14F5.0 

UNIVAC 	4F10.0 

UNIVAC 	14F5.2 

*UNIVAC: UNIVAC 1108, 	CDC: CDC7600, 	IBM: IBM S/360 
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DATA4 DATA7 

AGGREG 

ir--  10 Sector I/O 

TRAAGG 

ir 	
• 

10 Sector Trade 
Flow 

Figure 3 
Flowchart for Operating Procedures 

Using UNIVAC 1108 Computer for 10 Sector Model 

C-9 



10 Sector Trade 
Flow SENFIN 

(Household 
Sectors 

National Final 
Demands 

1 10  Sector I/0 -1 

it 	
I 

D 	 - 	  eflators 	 >1 
I 

Regional Final Demands, 
Multipliers and Output 

Tables 

(Project  and 
Contract Costs 

(Ratio of Contract 
to Project Costs 

Figure 4 
Flowchart for Operating Procedures 

Using IBM S/360 Computer for 10 Sector Model 
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II. Computer Programs 

A. 80 Sector Model  

SUB TO 

This program disaggregates the state input-output tables to make the 

substate input-output tables in 1963. 

Data Files: 

Data Set Name Logical Unit Type 	Description  

DATA1 

DATA2 

DATA3 

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

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

7 	output 	Substate input-output tables. 

Input Data Cards 	 • 

a) Substate shares of state total receipts  

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. 

ID = 0 for one section of a state (A section) 

.= 1 for the other section of a state (B section) 

C-11 



CALL TOSUS 

WRITE OUTPUT 

C 
C 
C 

C 
C. 
,c 

C 
• c 

C 

•FoR.Is suain,suaio 
cimur*sualo 
C 	TO mAKE sussTATE I() TAIMS 
C 	7) OUTPUT FILE= DATA3 
C 	8) INPUT FILE = DATA2 	DATA SET 4 OF PRID • 
C 	9/ INPUT FILE = DATA! 	DATA SET I OF mRIO 
C 
C 

DIMENSION 03(20) 	 . 
COmPON /P/2(04 , 84).ALPHA(791o9ETAtDELTA.GAmMAIPMI/O/IDIoNSUR 
DATA NROCILAd/84,84,20/gNIND/79/ 

READ INPUT DATA CARDS 

C 
C 

C 
C. 
C 

1 READ(5:100)NSUBII0. 
 IF(NSURG E0.0)STOP 	• 

READC5/2001(ALPMA(j).J:IININD) 
READ(51300)dE1AIDLLTA,(AMMAIPMI 
READC5.400)(LE)(K),K=1,12) 	. 

CALL IDSUB • 

CALL NTRAN(7 , 16LAH•LOILP.Y,22) 
CALL NTRAN(7,11NR*NCIZILAY122) 
CALL PRINT(ZILBI 

100 FORmAT(215) 
200 F0RmAT(1AF5,0) 
100 PuRmilica,10 11 0, 
400 FuRmAT(12A6) 

. 	GO TO 1 
END 

•FOROS IOSUBOOSUB 
c*****SUBROuTINE IOSUS 	 , 
C 	8) INPUT FILE = DATA2 	DATA SET 4 OF MRIO 
C 

SUBROUTINE IOSUS 	 . 
DOUBLE PRECISION FDX(74)0ZSUP(84)102(84,84) 
DIMENSION I6(20),Y(84tA4),COFF(79) 
COMMON /P/2(84I84)140ka(79),8ETA,DELTAvGAmmA,PPI/D/IDOSUS • 
DATA NRINC/LA8/84,84o?0,ININD/79/ 	 . 
NCI=NC.1 

READ INPUT FILE 

CALL NTRAN(B,10,22) 
DU 10 Km1,NSU8 
CALL NTRAN(0,21LABOBeLAT,22) 
CALL NTRAN(8o2oNR*NCIT,LATI22) 

10 CONTINUE 	• 

wR1TE INPUT FILE 

wR/TE(A,4001(IS(J),J=1.20) 
NRITE(6,500)(JIY(1.0,J=1oNCI 

C 	 INITIALIZATION 
DO 15 I=1,NR 
DO 1b J=1INC 

15 Z(111.1)=0,0 
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C 
C 
C 

COMPUTE COEFFICIENTS 

DO 20 Ir.1,Nit 
no 20 J=104IND 
COLF(J)= 6 0, HA(J)/100. 
IF(In,NE.0)CoiFCJ)=Ie0.cOLFIJ3 
ZCIIJ)=Y(IeJ) 4, COEP(1J) 

20 CONTIkUE 
DO iS J=81183,2 
00 25 1=IININD 

25 Z(IeJ)cy(I.J).COIF(/) 
C 
C 	 CALL CSUB 
C. ' 

C 	- 
C 	 CHANGE TO DOUBLE PRECIS/ON 

C 
C. 	 'COLUMN SUM 
C 

DO 50 is1oNR 
DZSUm(I)=0.0 	' 
DO 50 J=1INCI 
DZSO(1)=DZSUM(I)+DZ(I,J) 

50 CONTINUE 
C 
C 

DO 60 /c1,NR 
60 ZCI,84)=OZSUNCII 

C 
C 	 .WRITE OUTPUT 

wRITE(6/400)(IB(J),J21,20) 
wRITE(6,500)(JIZ(11J)IJ=IINU 

C 
400 FORMAT(20A6) 
500 FORHATC8CI5 , F10.0)3 

RETURN 
END , 

PFORcIS,FDSUBIFDSUB„ .  
Cf***i5u4EiluTINE EDSUB 
C 	'9.) 1t4PUT FILE = DATA1 	DATA SET 1 OF NRIO 
C 

SURN004NE FDSUB(ED) 
DOUbLE PRECISION FO(79),YYD(1087 19) - 
DINENSION Y(531681.16(203.COEF(79)!TT(10.79) 
COmPON /P/Z(8AIN)IALP4A(79)1BETAOELTA0GAMMAOMI/0/1DINSL 
DATA PENNOSKIP,NR,NC,NIND,LA8/R012.5348809020/ 

C 
C 	 READ INPUT FILE 
C 

CALL NTRAN(9110a4 
DO 10 Ic:10.45KIP 
IF(LAH.NE.0) CALL NTRAN(912.LAROBILAY122) 
CALL NT4ANC9I2oNRINCIY0LAYI221 

10 CONTINUE 

CALL FDSUB(FDX) 
DO 30 imlININD 

30 ZIII82)=FDX(I) 

CALL FDSUB(FDX) 
DO 30 imlININD 

30 ZIII82)=FDX(I) 

DO 110  I=I,NR 
DO AO J=104 

40 DZCII.1)=ZII,J) 

DO 110  I=I,NR 
DO AO J=104 

40 DZCIIOraCI,J) 

CHANGE TO SINGLE' FREOSIOH' 
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. 
V 
. 

bi .  
DD '40 J=19NIND 

40 YYD(KKIJ)=YYCKRIJ) 
20 CONTINUE 

C 
C. 
C 

C 
C. 
C 

00 20  "tlemENR 
IF(1AR.NE.0)CALL NYNANC9t2oLABONLATI22I 
CALL NTRAN(NINRANCeY,LAY022) 

CHECK /KW FILE BY hR1TING 

wRITE(6f400)CIBM.J:1.20) 
NRITE(6,500)CJ,YCNSUboneJmIoNC) 

COHPUTE NEW liCLOL8 OF COMODNEN 

DO 30 J=101IND 
IFI4K.10.1)COLF(J)=GAmmA/100, 
IFEAK.E130,UR,KA.EMICUEF(J)=BETA/100. 
IFCKK,E0.4 )COLF(J)=ALPi.A(J)/100. 
IFCKR,E0,5,0 14 ,XA.I.G.b.OR.41(.EUOICOEF(J):DELTA/1005 
IFCKK,Euo,uK, KK,E1,9)CDEF(4)=FHI/I0o, 
yy(KK,J)ty(NsuatJ)*coLF(J) 
IFCID,NE,0yry(KK.J)=YINsub.a*C1.-CDEF(J)) 

30 coNTINut 
AKIIitb.50o)(H, , Ych1i0)0=1.,10) 

! 

DO 50 1:19N/NO 
FOCI1:0,0 
DO SO :1(.11,MENR* 

50 FDCIWD(I)+YYD(KgvI) 

CmANGE TO DOUBLE PRECIS/ON 

FINAL DEMAND VECTOR 

WRITE OUTPUT 

WRITE(6,600) 
KKITE(6,700)(I,FD(1), ImllyIND) 

; 
400 FORMAT(20A6) 
SOO FURmAY(8(15,(1001)) 
600 FUNP, AT(141.5X0FINAL DEMAND VICTOR'/) 
700 FURwAYMI5010.43) 

RETURN 
ENO 

•FOR,IS PRImYOR/NT 
C*****GUBkOVTINE PRINT 
C 

SAROuT/NE PRINT(XIIB) 
DIMENSION X (e4184),Ib(20) 
IS=I 
ISI:9 
NC 84 
NWALFCN/a 
NPLUS:NNALE#I 
Ms9 
DO 10 KKNIeM 
IT=IS4151 
IFIKK,E00)1/mN 
wRITE(A , S0) 

0 
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WRITE (b.100)(1b0)0=1,20) 
wRITE(ban0)(1.1=15,11) 
DO 20 JaloNHALV 

20 WRITE(6.300)J'I(Monelm15,17) 
wRITE(6120(1 )(101:43.1T) 
wRITt(beS0) 	 , 
wRITE(h.100)(18(I)0:1120) 
wRITL(6.200)(IgIcIS,IT) 	' 
DO 30 J=NPLOSOI so wRiTE(64100)J.cminquis.ITI 
winucbammitiGis,t!) 	 . 
ts=iyst 

10 coNliNuE 	 . 
50 FORmAy(im o ulTRANSACTFON. TABLE ,  1) 

100 fORmAT(1X,20A6) 
200 FURsAy(, 10111/ ) 
300 FORmAT(I5,1011.0) 

ROURN 
END_ 
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DATA3 

DATA4 

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/O tables 

7 	input 	Substate I/O tables 

11 	output 	Regional I/O tables 

Input Data Cards: 

a) Title cards for labeling the tape. 

b) Control cards 

MEG:, 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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C 
C 
C 

PFORIIS REGIW.EGIO 
C*****REGIO 
C 
C 	TO mA(E REGIONAL I(1 TABLES 
C 	7) INPUT Pia = OATA3 	OUTPUT OF SuB/o 
C 	8) INPUT FILE = nATA2 	DATA SET 4 Of 'RIO 
C 	11)UUTFUT FILE= DATA4 
C 

DOURLE PRECISION DY(844184)IDTS(84,84) 
DleENSION Ih(20)oL8(20),T(84,84) 
DATA NRINCILA8/84o84.20/ 	 . 

READ INPUT CARDS 

, 	1 READC5.100)1REG 
READ(s$150)(LUCK)0=1,104 
IF( IREG,E0.999) STOP 

C 
C 

DO 10 ItIOR 
DO 10 J=104 

' 	10 DYS(IIJ)=0.0 
C 
C 
C 

15 READ(5.1 OCONSTATE 
IFINSTATEsEU.1000)60 TO 45 
IFINSTATE.LE.52)G0 TO 16 
CALL NTPANC7110,221 
DO 25 KK:53INSTATE 
CALL NTRAN(74, 2ILAB. IBILAYI2) 
CALL NTRANI712,NR*NCIY,LAY922Y 

25 CONTINUE 
GO TO 21 

16 	CALL NTRAN(6,10.22) 
DO-20 ,  KK=10STATE 
CALL . NTRANC8,2•LAH.ISILATI22) 
CALL NTRAN(8,211NR*NCIYILAY,22) 

20 CONTINUE 
C 
C 
21 WRITE(6,300)NSTATE 

INITIALIZATION 

READ INPUT FILLS 

WRITE INPUT FILE 
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wR/TE(611400)CIBMIJ=1.24) 
wRITE(6.500)(JyYj1t sj)ej=1,NC) 

AGGREGATION 

DO 30 Iml,NR 
DO 30 J=1,NC 

30 DY(I , J)=Y(I , J) 
DO 40 I=1,NR 
DO 40 J=IINC 

40 DYS(I.J)=DYSCI,O+DY(I.4) 
GO TO 15 

45 DO 50 1=1eNR 
DO 50 .1=1*NC 

50 Y(I,J)=DYG(I , J) 

CALL NTRAN(1111ILAB,LO.LAY122) 
CALL NTRAN(11e1INR*NC,Y,LAY122) 
WRITE(6,14.0JIREG 

• CALL PRINT(YcLEI) 
100 FORMAT(I5) 

• 150 FORMAT(12A6) 
300 FORmAT(1HIISX 1  STATE c1,15/) 
400 FORMAT(20A6) 
500 FORm4T(8(I5,E10.4)) 
600 FORmATOXOREGION vil 15/3 

GO TO 1 
END 

RITE. VUTFUT FILE 
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AHAT 

The A-coefficients (technical coefficients) are calculated from the 

regional I/O tables by this program. 

Data Files: 
, 

Data Set Name Logical 	Unit Type . 	Description  

DATA4 	 9 	input 	Regional I/O tables 

DATA5 	 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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•FON.TS AhAT,AHAT 
C 	ThI5 PRO(,KAhs AHAI, EOHVUTE5 AND OUTPUTS IN DIRECT COEFFICIENTS 
C 	FUR EACH RE6ION UN X 84) 
C 	9) INI,T1 FILE = DATAU 	OUTPUT OF REGIO 
C 	10)OUTPUT PILE= DATAS 
C 	THIS pROGHAm HAS bEEN GENERALIZED SO AS TO OPERATE WITH ANY SIZE WC:. 
C 	THREE PARAmETERS ARE NEEDED 
C 	F/RSTe THE SIV OF THE STRUCTURAL MATRICES 
C 	SECOND • THE SIZE OF 1HE A COEFFICIENT MATRICES 
C 	THIRD • THE SITE OF THE NUHEsER Of. RLPIORS 

DOUBLE PRECISION A(Elb,144).AmAT(89,89),SUmACC 
DIMENSION 3(84.84)1eASINGC84OR/ 
EGUIYALENCF CB(111).ASING(1,1)) 
DATA NROPIONAINMEG/84,8419/ 
MO: 6 	 . 	 . 
NRITE(m0.113)NROWINRAINREG 

113 V1 RhA7(IXI3I4) 
CALL OLDER (WROwipNRAINREG,A0ANAT,SUMACCoBIASIND) 
STOP 
END 	 - 

•FORIIS WIEnFRewIEDER 
SUBROUTINE ilIEDER (NRUwoNRAINREG,AgANAT,SUNACCIB,ASING) 

C 
C 
C 

DOUBLE PRECISION A(8Atii4),ARAT(8404),SURACC .,-- 
DIMENSION BC8Rob43,ASING(8RP84)1IS(20) 
EQUIVALENCE C8(1,1)$ASING(1$1)) 
DATA LAS/20/ 

HOss6 
KUNSTa0 
N2ER020 
NEGC0F90 
DO 100 IREG=IINREG 

C 	READ IN TmE IVERIA:DUiTRY FLOWS AND TRANSFER TO DOUBLE PRECISION 
CALL NTRAN(9.2fLAb./8,LAY.22) 
CALL NTRAN (9$21NROw**29BICAY,22) 
NRITE(h0.99)(18(J)IJ=1,CA8) 

99 FORmAT(lml.// 20141 //) 
DO 799 w1m1,NROw - 
DO 799 KJ21,NROw 

799 ACKIIK.11=b(KI.X.1) 
wBITE(m019) (AcI v a,40,5) 

9 FORmAT(IX0A MATRIX 1 ,10D12 0 6) 
DO 70 JOINRA 	 , 
SUmACC90 

C CALCULATION COLUMN SUMS OF REGIONAL TRADE FLOW MATRIX 
LESONE = NROw • I 
DO 20 it:Toll:SONE 

20 SUmACC=SUmACC+A(I,J) 
ACN9(1wl.1)=SUmACC 

C IF COLUMN SUM L1- 5S THAN .5 SET INTERINDUSTRY COLFFICIENTS80 
IF (SumACC,GT.0.40 GO TO SO 
DO 30 I=1,NRA 

30 AHAICI,J120 	 . 	 . 

GO 70 70 ' 
C /NTER•INDuSTRY COEFFICIENT = COLUMN OF TRADE FLOW MATRIX DIVIDED 
C AY sum OF coLumm 
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SO CONTINUE 
KUNSTOWNSTO 
DO hA isleista 
ANa7(I.J1zatI.J)/SUPA‘C 
D(=waT(1...1).(T.0.0) 	m2FR(IaNZE90#1 
IF(A-10(1.J)eLT ..0.0)-NEGCOF=NEGLOF+1 

60 CONTINUE 
70 CONTINUE 

TRAN.SFEN In SINW. PRECISION Awn OUTPUT ONTO DEVICE 10 
CALL NTRAN(10.1ILA8,I=.LAT.22) 
D8 899 / =IONA 
DO 899 J = leNRA 

899 ASING(/.J) = ARAT(I,J) 
CALL ',Mut,' (tool INRA41 4, 2,ASING.LAY,24 
wRITE(m0.1070) IREG 

. 1070 FORrAT0 %ROTE INnuSIRv COEFFS FOR REO/DN'4I0 
wRIVEtp0,11) (A(NROpeJ),J=Illo) 

11 FORmAT (IXOSUNACC 1 .10)12.0 
w9/7E(m0,13)(AHAT(IeJ),J=117) 

13 FORmAT(IWAHAT 1 110015,9//) 
CALL PRINTU(NOIASING,18) 

100 CONTINUE 
wRIT((N0o15)NUNST 

IS FORmATII1013X000LUMN5 DIVIDED THROUGH') . 
, wRITE(m0.16)NaRooNfoCoF 
16 FORmAT(/I10•Sx•  oN0NZERD ■POSITIVE COEFFICIENTS AND1,2X010,INEGAT/V 

IE COEFFICIENTS!) 
RETURN . 
END 

•FOReIS PR/NTUORINTU 
C*****SUBROO/NE PRINToCIOUTIAtIO/ 	• 

TO pR/TE OUTPUT 

SUBROUTINE PRINTU(IOuTeAlID) 
DIMENSION A(84.8a)110(201 
DATA NeNtNNALF/9,80,42ALA8/20/ 
JS=1 	_ 
JS1=9 
MPLUS*NNALF+I 
DO 10 KK=1,14 
JT:JUJSI 
IF(NR,F0,m) JTAN 
PRITi(InUT,50) 
wRITE(10uI.100)(I8(I),I=IILAO) 
WRITECIOUT.2001(J,J=JeJT) 
DO 20 I=1.1eHALF 

.20 *RITE(TOUT.300)1,(A(1,J)*J=JSW) 
WRITECIOU1,200)(JIJ=J5W) 
IF(NPLUS.GT .N) GO To 40 
wRITE(Io000) 
WRITEcTouT,100)(IN(/)•/zioLAD) 
wRITE(lowl2noi(J/J:43.J7) 
oo 30 I=NPLu 5 0 4  

30 PRITEmuto300) I, (ACIeJ),J=JSOT) 
ahITF(100000) CJIJ=JS.JI) 

C 	CuATINUE 
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40 CONTINUE 
.15r4T.1 

10 CONTINUE 
50 Fo4m4T(INI, // IDIRecT NEOuIRENENTS ,  n 
100 FORmim1x,20A6) 
200 FoRsAT(/ 10111 /) 
300 FoRm4T(/5,1011,6) 

RETURN 
ENO 
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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 (w) is computed by this 

program. 

Data Files: 

Data Set Name Logical Unit Type Description  

DATA3 	 7 	input Substate I/O 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 	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 	11 
8 	8 	15 
9 	28 	47 
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. 

fl: no change is made. 

Only one card is needed using FORMAT(80I1). 

b) Substate shares (a) 

c) Title cards for labeling the tape. 
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C 
C 
C 

C 

C 

C 

•FURIIS TNADFOWADE 
C, 	TRADE 
C 
C' 	TO MAME TML TWAnE FLUw 'WILE nF IRID USING MH/0 DATA 
C 	7) /NW' FILE = DATAS 	OUTPUT OF SUHIO 
C 	II) 1%5)1.7 PILE = 010A6 	DATA SET 6 OF mR/0 
C 	9) WIPUT FILE= DATA7 
C 

DPIENSTON IL(10)IMANIP(79) 
DImENSIDN A(96.=8)11TEmP( 48)1 RK(10), M(S), 	T(5,5)tAL28(79)0L3 
1009),JB(261v Ib(20),C195,95/ 
DOUBLE PRECISION Silm.SuNRUw.SUMCOL 
COMMON /X/P284(79)028R(79),P304(79)030BI79I 
DATA 7NPODUT/516/ININD.LA9oNRIG/70,20104/ 
DATA IREGNIIREGP,IEXNIK 1IAX/44466101b/pIRIG 1h/S/ 

READ AND wRITE MATRIX oftRATIoN 'GUIDE INPUT' 

DO 10 IEX=1,IEXN 
READCINP.100) ICK(IFX), LL(IEX) 
wRITE(IOUT,200) IEXI KK(IEX). iLCIEX) 

10 CONTINUE 	 . 
READ(INP.S00) tm(K)0(.1. 14NAX) 
wRITE(IOUTI.S00)(mMIK:11KNAX1 
READ(/NPI500)(AL28(nfAJ:IoN/ND) 
READ(/NP.500)(AL30(J),J=1,NINDI 
CALL PA! 

wRITECIDUT.600) (JtAL28(J),J=IININD) 
wRITE(100.600) WeAL30(.1)4J=ItNINDI 
READC/NP.650)(mANIP(J),J=10IND, 

CALL NTRAN(6,10,221 . 

DO 95 KKCIIININD 
AL2134:AL25(1000 
AL288=1,0..AL28A 
AL30A=AL30(KKK) 
ALSOB:1,0wAL30A. 
PI28A=P2BACKKK) 
PI209=P286(WKKI 
PI30A2P30AWK) 
PI306cP308(10110 

C 	 • 
C 	 READ AND wRITE INPUT FILE - 
C 
C 	DIMENSION OF MATRIX ICI MUST BE EXACTLY THE SAME AS ORIGINALLY 
C 	wR/TTEN DATA, 

NRLGP=NRFG.1 
CALL NTRAN(8 , 2ILABIIHTLAY422I 	 . 
wRITECIOUT.700)(IHMIJ=12LAB) 
CALL mTRAN(8,20NREGP**2*CoLAY02) 
WRITE(TOUTI8O0)(CC1eJ),J 0 104GP, 	 . 

DO 15 InieNREG 
On 15 J=1INREG 
AII$J)=CCIeJ) 

15 CONTINUE 	' 
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.c 
C 
C 

C 

C 

C 
C 

C 

CREATE NEw ROHS AND COLUMNS 

DO 20 T=IoNREG 
A(I.45)=PIP8A*A(I08) 
AC/946)=PI28H*AC1128) 
A(I017)0IICA*A(/.30) 
ACIt48)=PI3051,Ac/ 1 30) 

.20 CONTIHUE 
DO 30 J=I.NREG 
AC45..MTAL26A9A(289J) 
AC4bej).=ALP8S*A(284) 
A(47.J)=AL30A*A(300J) 
A((181.1)=AL30b*AC30I4) 

30 CONTINUE 

A(45o115)=AL28A*P1?SA*A(20/211) 
A(45.46)=AL2SAIPURB*A(28,28) 
AC45•(17)=428A*P130A*A(26$30) . 

 A(45$01)=AL28A*P/308**(28,30) 

A( 4 6 I (15)=AL28F*PI 26 A*A ( 2812 6 ) 
ii ( (1 6 egi b )=AL 2 Wv I es p loA( 28 $2 8 ) 
A( 4 6.47)=AE28S*HI3OAAA(2B930) 
Ac(3 ti e u e ):AL M*PI3 0 0** (20.30) 

4(47.45)=AE30A 1PFU8A*A(30128) 
A(47.40mALSOA 4 PII8A4A(30o2S) 
AC47.0)=A1.30A*PI30A*A(S0o30) 
A017,(18)=AL304*12/30B*A(30010) . 

AC48o45)=AL30AsP/24A*A(30,24) 
AC44.46)=AL3061*PI2Pb*A(30,28) 
A(48,(17)=AL3010PI30A*A(30,30) 
A(48•48)=AE3010PI3ORIPA(S0130) 

C 
C 	MAKE OFF•DIAGONALS ZERO FOR SERVICE INDUSTRIES 
C 

IFCMANTP(KKIOGNE.1)GO.TO 35 
A(45,(I5).14(45I4S)+AC46,45) 	 , 

. 	A(46e45)2n o 0 
A(46446)=A((16,46)+AC45,(16) 
AC45.410=0,0 
A(47,(17)=A(47.47)+A(48,473 
4(48,47)=0,0 
AC48.01):A(48,48)+A(47,48) 
AC(17.48)=0.0 

35 IF(KKK.GTO)O0 TO 45 
C 	 . 
C 	 WRITE ALL THE MATRIX ELEMENTS BEFORE INTERCHANGE' 
C 	. 

wRITE(IOUT000) KKK 
CALL OUTPOTIIOUTIIA,KKK) 
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C 
C 	 INTENCmANGE. OF ROWS AND COLUMNS 
C 	 , 

45 DO 60 1Ex=1,IEXN 
144KK(ux) 	 . 

IL=LE(IEX) 
DO 40 J=IIINCGP 	 . 
TEmF(J)=A(IK0J) 	 . 
*axon:AC/Lon 
ACIL.J)=TE 0.PCJ) 

40 CONTINUE 
DO 50 Isle/REP 
TEmP(/)4A(IIIK) 
A(ItIK)=ACI,IL) 
A(IgIL)=TE 4P(I) 

SO CONTINUE 
60 CONTINUE 

C 
C 
C 

IF(KKK,GTO)G0 TO 65 
wRITE(IUUTI1000) KKK 
CALL OUTPUT(IOUTIAIKKK) 

KRIM MATRIX AFTER CHANGE 

C 
C 
C 

65 DO 80 K41./REGN 
DO op Laio/REGN 
Inum(KM.11 
IRL=m(L#1)14 
IPS01(10 
IRSam(L) 
SUm40,0 
DO 70 ImIFSIIPL 
DO 70 J4IRSIIRL 
SUm4504A(/,J) 

70 CONTINUE 
t(KIL)4SUm 

AGGREGATION 

80 CONTINUE 
C 
C 
C 

SUMMATION 

OD 85 Lulo/REGN 
8UmCOL=0.0 
DO 84 KOsiREGN 

84 SUmCOLcSUmCOL+T(KIL) 
85 T(IREGmeL):SUmCOL 

DO 87 LnlipIREGM 
SUmR0w=0,0 
DO gh K=IiIREGN 

86 5um404:8uHROw+T(L,K) 
87 TCLeIREGm)=SUmROw 
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C 	 ORITE OUTPUT FILE 
C 

READ(/NP.701)(Jet11,1=100) 
NRITECIOUT001)(.1B(I),/=1,LA8) 
DO 90 KmleIREGN 

90 wRITECTO(JT$400/CT(KoL)a=1eIREOM) 
CALL NTRAN(9,1.LAboasLAY1221 
CALL NTRAN(9 ■ 101nOmot2ITILAY122) 

95 CONTINUE 
C 
C 	. 

100 FORm9TC2I5) . 
200 FORmAT(///3110) -  
.300 FORP.AT(s/s) 
900 FORP.AT(5E20.9) .  
500 FORmAT(14F5.2) 
600 Fo9P 8TWI5010.9)) 
650 FORmAT(80/0 
700 FORNA1(///20 16 6) 
701 FORmAy,13A6oA23 
800 FORmAY(BEIS.A) 
900 . FORmATI///10X0mATRIX BEFORE CHANGE FOR INDUSTRY allIS) 
1000 FORmAY(///10X4ImATRIX AFTER . CHANGEIOW INDUSTO :1115) 
1100 FORmAT(IM11 

STOP 0000 
END 

•FORI1S OUTPUTIOUTPUT 
SUSROuT/NE OUTPUTCIOUTIA,IND) 
DIHENSION AC98,48) 	' 
JS=1 
JSI=9 	 . 
N:48 
N=S 
DO 10 KIcaloN 
JT=JSsal 
IF(Ick,EU,P)*JT=N 
wil1F(TOUT.100, 1NO 
wRIM(TOUTI200) (J,J=JS,JT) 
00-20 1=1,N 

20 4RITECIOUT0001 I•tA(11J)eJ=J5IJT) 
wRITE(IOUT,200) (Jo J=JSIJT) 
JS=JT*1 

10 CONTINUE 
200 FoRmAT(/10I11/) 	' 
300 FORmAT(I5,10E11,5) 	. 
100 FORm9111m115XIIINDUSTRY = 1 1/5) 

RETURN 
END 
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opak 9 /s PA/ 9 PA/ 
sumintaiNt PAI 	 , 
CUmMe% /1/P20AC79)020R(79)030A(79)0308(79) 
DI' N51( A(84184),I g(20)0AURAC79),PAI208(79).PAI30A(79). 

I 
 

PAW(7q) 
DATA LAboNROC,NIND,IOU1/20,04.04,79,6/ 	 . 

C 	7) INPUT FILE = DATAi 	OUTPUT OF SUSIO 
CALL %TriANC7,10,22) 
Oa 3(1 w;1.4 	 . 
CALL NTRAN(712sLA9,180LAY,22) 
wWITECTO(JTI700)(1w(J),J=IILA8, 
CALL NTNAN(7,2oN4, NCsAILAT,22) 
wRIIE(IDUT0100)(AISoJ)IJ=IeNC) 
DO 20 1=1.NIN0 
IFC=IIEO.1)PAI28A(/)=WI/184) 
IPt=a0.23PAI208CII=A(/0 41) . 
if(w.EC,A)PAI304(1)*(1.04) 
/F(wa.0.4)PAI5Ortr A(II04) 	- 

20 CONTINUE 
30 CONTINUE 

CALL NTRAN(7,10,22) 
C 

	

- C 	REDEFINE ROPSOS FOR INDUSTRY 74 In PREVENT OVERFLOW 

	

C 	 P4120074) = PAI30(74) Is 0 8 0 
C 

n128*(74)=110 
PAI28R(74)=110 

. PAI3OA(74)=1.0 
PAI300(74)21.0 
DO 40 it:104ND 
1228A(TWA/28AC1)/(PAI2bA(I)+PAR88C1), 
P2SO(I)4PAI28b(1)/(PAl26ACI)+PAI288(4) 
P3OACIWAT30ACIMPA130A(1)+PAI308(1)7 
P305(I)=PA130B(I)/(PA130ACI)+P41308(1)3 
NRITE(IOUT000)IO228A(I),P250(I)030A(I)0306(1) 

40 CONTINUE 
700 FORm4111H1,20A6). 	. 
ROO FORNAT(8E150) 
900 FORwwT(I10.020.4) 

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 	11 	input 	Regional I/O tables 

DATA7 	9 	input 	Regional trade flows 

DATA8 	10 	output Trade coefficients 

Data Cards: 

Title cards for tape labeling. 
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eFORoIS GETCIGETC 
C*****GETC 
C 	 e0HP4TES 4 REGION TRADE COEFFICIENTS 
C 
C 	TO PkEqATE TRADE COEFFICIENTS uSIN( OUTPUTS OF REGIO AND TRADE 
C 	ALTERhATIvE mETP400 outs NUT NEE0 OUTPUTS Of 104'0 
C 	 . 
C 	9) INPUT FILE = DATA7 	OUTPUT OF TRADC 
C 	1030U7PuT FILE= DATA8 
C 	11)INPUT PILE g DATA4 	OUTPUT orfacio 
C 

INTEGER GO 	 . 
DOUBLE PRECISION SUHROwe GUmCOLo SUNCOE,. C 
LOGICAL NOTRAN,ALTER 
DIMENSION /8(?0)1019 (84•84).01 (831=1.XGC4,83),X0H(19,411XGO(4,79,, 
1C(Re=10(5.S1/X6 14(4/43.CSING(4.4).J8(20) 
DATA N4oNL,LAti/h4fRuie0/IIREGIININD/4179/11INP,IOUT/516/IIREGP/S/ 
DATA NOTRAN/JALS1 f /IALTER/ I PALSEst 

C 
C 	ALTER=sTRUEI IF ALTERNASIVE METHOD IS USED 
C 

IFCALTER) GO TO 45 
C 	• 
C 	 NOTRANA,TRUER IF TRANSFERe0OT 1S SUBTRACTED 
C 

HiaNRIpi 
C 
C 	 MI ALSO REPRESENTS THE TRANSFERS+OUT COLUMN 
C 

'DO 30 109.21,IREG 
C 
C 	 READ AND wRITf INPUT FILE FOP /NDUSTRIAL FLOW .  
C 

CALL NTRAN(11,2,LAH,IS e tAy.22), 
CALL NTRAN(11,21NR*NCIYILAY,22) 
NRITE(/OUT000)(I8(J),J=1,LAS) 
wRITE(IOUT.800)(1(1tJ)fJ 2 104) 
DO 20 1=101 
SUmR0o1:040 
SUMCOL=010 

C 
C 

: c 
SUMMATION 

DO 10 J=101 
SUmROweSUHRO*4.1(11J) 
SUmCOLzSUmCOLO(JII) . 

10 CONTINUE 	 . 
IF(NOIRAN) SUmR04.1SUmR0 00(1041) 
IfCNOTRAN) SOmCUL=5UmCOLIPT(MI,1) 
XH(IIK()=SWIROw 
XGCAN.I)=SOmCOL 

20 CONTINUE 
SO CONTINUE. 
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C 
DO gn T=IIIREG 
00 an J=1,NI,NO 
xSO(I/J)mxG(11J) 
x04(j./).:xH(J,I) 

40 CONTINUE 
WRITECIOUT.900, 
WRITECIO(JT000) (xGOC1,044=101N01 
WRITE(I00000) ocom(I.J),J=IgIRES3 

C 
C 	 READ AND WRITE REGIONAL TRADF FLU 
C 

45 DO 154 INDUSgEININD 
CALL 04AN(9.2 , LAReIB,LAYI22) 
CALL NTRAN(912eIREGP**21ToLAY,22) 

C 	wR/TE(IOUT,700) (IN(J),J=1.LAR, 
C 	wR/TE(XOUT,400) fT(110,J=IIIREGP) 
C 

DO 50 ImIsTREG 
DO SO Jr.111HEG 

50 XGH(I,J):TfleJ) 
C 
C 	. 	SET COEFFICIENT MATRIX TO. IDENTITY MATRIX 

DO 60 JgloIRES 
DO 60 IsleIREG 

60 CCIIJ)=0,0 	 . 

DO 70 1=10REG 
70 CCIeI)=1.0 

oo eo wziaREG 
DO 80 omE,IREG 

C 	• 
C 	 IF CONSUMPTION CONTROL LESS THAN 0.5 COEFFICIENT NOT 
C 	 CALCULATED I IS LEI'T IN THE DIAGONAL ENTRY, THE REST OF 
C 	 THE COLUMN IS ZERO, 
C 

IFIXONCINDUSsOoLTs0,5) GO TO 84 
C 
C 	 COLUMN COEFFICIFNTS g COLUMN OF TRADE MATRIX DIVIDED BY 
C . 	 ROW SUMS OF REGIONAL 1w0 rAnEs 
C 

IF(,NOTsALTER) GO TO 75 
C 	 . C 	COLUMN SUM IS USED 
C 	IN PLACE OF Rn% sums 
C 	OF REGIONAL 70 TABLES 

X0H(INDUStm)gT(IREGPIM) 
C 

75 C(G,H)=XGH(GIO/X0HIINDUSIH) 
80 CONTINUE 

C 
C 	 CORRECTING COLUMN SUM TO A00 TO 1 
C 

DO 120 P421o1REG .  
. 	SUmCOL=0.0 

DO 90 G:1IIREG . 
90 SUmCOF=SUACUE+C(G,H) 

A 
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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: 

	

Data Set Name Logical Unit Type 	Description  

DATA5 	 8 	input 	Technical coefficient tables 
(84x84) 

DATA8 	 7 	input 	Trade coefficient tables (4x4) 

Input Data Cards: 

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: the size of the output matrix 

IREG: the number of regions 

KEY1,KEY2,KEY3: the control keys. 

■ 

.. 

4 
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VI 
..-- 

•FOR,IS RNCHTPONCHTR 
DIMENSION C(4101), A(8 4 10 4 ). 4 04 A7(7qs10), jaC203 
0ImENSIPN IC(16)sIAHAT(79) 
DATA KEVIOCEY2.0.'3/0,114/ 
DATA NRA.N/ND /0409/ 
DATA IgEG,LAB / 4120/. 
wcOuNT 2'NTND**2 
HCOUNT 2 NRA**2 
LCOUNT = IRLG**2 
IFCKEY1a0,01G0 TO 55 

C 
C. 	READ TRADE COEFFICIENTS, 
C 

DO 50 IND11,NIND 
C 	 . 

CALL.NTRANUWILABIJR,LAT0?2, 
IFIHOptIND..1.103GNE,01G0 TO 25 
wRITE(bs10001JS 

1000 FORMAT(1X0046) 
- NRITEflo1001)CJBM,I=1.13) 
1001 FORMAT(13A6) 

C 
25 ICOUNT20 

CALL NTRAN(7.21LCOUNTIC,LAY1221 
DO 30 I21,IREG 
DO 30 KallIREG 
ICOUNT2ICOUNT+1 

30 IC(ICOUNT)2CCIIK)*10000 
50 wRI1E(t11002)IC 

1002 FORHATWII5) 
C 

SS IF(KEY2,E0,0)G0 T0 110 
C .  
C 	READ TECHNICAL COEFFICIENTS. 
C 	 . 

DO 100 WalsIREG 
CALL NTRANC812eLABoatLAY1221 
riNITECbt1000)JS 
wR/TE(1,10011(.113t/),I$111), 

C 
C 

CALL NTRAN(612000UNTIAoLAY122) 
C 	- 

IFCK,LT,KEv3/G0 TO 100 
C 

DO 60 inlININD 
DO 60 J21,NIND 

60 AHATIIeJ1 2 A(Ita 
' C 

DO 70 ImIeNIND • 
DO 65 J=IININD 

65 IAmAT(J):AwATC1,J3*10000 
70 wRITE(1,1002)ItIAHAT 

C 
IFCR.F.O.KEY3)G0 TO 110 

100 CONTINUE 
C 
C 

lin vim,  onno 
C 	THIS IS THE 

FNn 

C 
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BKYTAP  

This program creates the files ofA coefficients on a tape in the 

CDC system using the input data cards. 

Data Files: 

Data Set Name Logical Unit Type 	Description  

DATA5C* 	 8 	output Technical coefficients (79x79) 

Input Data Cards: 

a) Title cards 
0 

b) A coefficient data cards punched by the UNIVAC system. 

*DATA5C is the same data set as DATA5 except that DATA5C does not 

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

column sum and row sum. 
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• C 
C 
C 

IS PEAD(541014) ID 
1014 FORHAT(Ib45) 

wRITE(6.1015) IS 
1015 FORNAmm0/16A5) 

C 
DD 100 !ND r1ININD 
READ(50000) III:A 

1000 FORNA7(16/s) 
C 	 - 

IFCIIJOIINDIDO TO 20 
C .  

wRITE(6/1001)II$IA 
1001 FORmA7(1X.16I5) 

STOP 7777 
C 

PROGRAM BKVTAP(INPUTIOUTPUTsTAPE5=INPUTOAPO ,POUTPUTOTAPE79TAPF 
0/mENS!ON TA(19)0A4ATC79179) . 
DIMENSION 18(16) 
DATA NKFG, hIkD /449 / 
DATA KFYIKREGOKEG/0092/ 
DATA • REO ?I, 

C. 

	

10 17(NEy;GEOPEG)G0 TO 15 	 . 
C 	 . 

KEADMIKEG 
4EAD(7)AHAT 	 . 
wRITEMIKEO 	 , 

wRITEWAmAT 
wRITF(6,1005) 

1005 FoRmAt(lx,10HPKEY, TAPE) 
KKITE(60003)1REO 

1003,FORmAy(I NOON KEGION41,// ) 
/NDal 
wRITE(6,1004)IND 
wRITE(6,1002)(AHAT(104)440,NINo) 
/0279 	 . 
wRITE(60004)IND 
wRITE(6110023(AMATCNO,J).Jm1sNINO) 
KEY 'W.V.! 
GO TO 10 

1 

C 

C. 

C 

20 00 40 .1410/ND 
40 4NAT(INDeJ) a IACJIi10000, 

IFIINDAT IDIGANNINDIXT,NINCOGO TO 100 

wRITE(6,1004)IND 
1004  "RmATWOIND :gm 

w11/7E(hs1002)(ANAT(INOIJ),J:101ND) 
1002 ForimMI0CIX.E11.5/3 
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C 
C 

100 CONTINUE 
C 
C 
C 

IREGsKEY+1 
wRITE(6110n3)IREG 
wRITF(6o1006) 

1006 FoRmATtiXo8mNEw YAKI 
C 
C 

N NI T E(8)1ReG 
i 

wRITEISIANAT 
C 

I REO I IREG 41 
IF(INEG,LT,HRESIGO TO 

C 
STOP 0000 

C 	TmIS IS INt 
ENO 

I S 
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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  

DATA8C 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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C 
NRI 1 E(0 1003)  

1003 FORmAT(2N0 ) 
NRITE(6,1004)C 

1004 FORmAi(11X0F10,0) 
wRITE(6.1003) 

C. 
• 	100 wRITE(8)C 

C 
END FILE 8 
END FILE 8 
END FILE 8 
END FILE 11 
STOP 0000 

C 

	

	THIS 13 THE 
END 

IF(HODCINDelf103.NE.0)G0 TO 100 

c 
C 

PROGRAM BKYTFCCINPUTOUTPUTITOESAINPUTITAPE6=OUTPUTITAFL8) 
DImENSION I9(111)11C(4,0),C(41,41 
DATA NIND0REG /7914/ 

DO 100 /ND=1ININD 
IFCmOnt/ND.1.101,NE I 03G0 TO 10 
READ(5.1000)I0 

1 0 00 FORfrAT(16A5) 
.wRITE(6,1001)/8 

1001 FORmA1(Ixo16A5) 
t 

10 READ(5.1002)1C 
1002 FORmAT(16/51 

t 	. Do  20 pzioiREG 
00 20 J2104RE0 

20 C(I,J) a ICCI,J)/10000. 
C 
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DRINVT  

This program calculates the direct requirements, T HAH  and the direct 

and indirect and induced requirements (the inverse matrix), (I-T
H
A
H

)
-1 

with the household sector coefficients. The invelie 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 Name Logical Unit Type 	Description 	. 

DATA5C 	 11 	input 	Technical coefficients (75x75) 

DATA8C 	 12 	input 	Trade coefficients (4x4) 

DATA9 	 14 	output Inverse matrix consisted of 
16 submatrices 

Input Data Cards: 

Household sector coefficients for rows and columns 

'I 

a. 
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• c 

• 

a 

ppoGRAH DprNvy(INPuTouTPuToTApE5=INPUTITAPE6=oUTPuT,TApEll f 
 I TA2 E1eIT4PE13.TAPE143 

C*****DRINvT 

TO OBTAIN OIRFCT REOUTREmENTS AND DIRECT AND INDIRECT AL 
INDUCED REQUIREMENTS FOR 79 SECTOR Two MODEL 'WITH Hpusl. 
NUHRLR OF Ri.GION IS FOUR, 

:1) INPUT FILE g AHAT-DATAS 
12) INPUT F/LF & GETc,D8T42 
13) OUTPUT FILE& STEPI-DATA 	 INT* 	 & TAPE! 
14) OUTPUT FILE& STEP2 ■ DA1A3 	(PATA)(m/) & TAPE2 

C .  

LARGE 1(3204320 
LARGE A(4,80,80), FC80.801, G(80180)I Am41(79,791 
DIMENSION C(4o 4 )o T(4,4,80), MO(320), LKP(320) 7,//  

LOGICAL TAPE!. TAPE2 
DATA NREGININD/4179/ 
DATA TAPEIITAPE2/ 6 FALSE.,,TRUE,/ 
DATA !STEP/2/ 

IOUT=6 
NREGP=NREGO 
NINDP=NIND4I 
ImAXF=NRLG*NINDP 

FIRST STEP 

READ TECHNICAL COEFFICIENTS 

DO 20 IREG=I,NREO 
READ(11) +(REG 
viRITE(6I1000)IREGeKREG 

1000 FORmAT(1X,2/57 
READCII, AMAT 
DO 10 I=IoNIND 
Do 10 J=104/NO 

10 A(IREG,I1J)=AHATII0J, 
20 CONTINUE 

C . 	READ CARDS FOR HOUSEHOLD 

DO 30 IteloN/NDP 
30 RFAD(INP1101)(ACIREGOININDP191REGAI,NREG) 

DO 40 JPIoNINDP 
40 READIINP,101)(AtIREGoN/NDPIMIREGs1iNREG) 

READ TRADE COEFFICIENTS 

DO 60 INDzieN/ND 
READ(12) C 
Do 50 L=IINREO 
DO 50 KzI,NREO 
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50 T(100IND): C(LIK) 
60 CONTINUE 

C 
C 	HOUSEemaLD SECTOR FOR TRADE COEFFICIENTS 
C 

DO 70 L=1,NREG 
DO 70 CII.NREG 

TO TCPC,L.N/NDP1=0,0 
DO 80 K=IINREO 

go Tuiet(,NINDP)=1,0 
C 
C 	CHECK INPUT DATA 
C 

DO 90 IREG=1,NREG 
wRITHIOUTI201) (ACIREG,I,J1,11:10INDP) 
.NPITE(IOUT,201) 1A(IREGININDPIJ,,J=1I14INOP) 
wR/TECIOuT1301) 
IIIRITE(I0UTI201) CT(IREGIIREGIJ),J=IIN/NDP1 

90 CONTINUE 

COMPUTE T*A 

DO 100 07 1,NREG 
DO 100 Kti,NREO 
DO 100 JcioNINDP 

. 	DO 100 1:10INDP 
imaNINDp*polp:)*I 	, 

LL=NI NDP*(0111?4 
E(locoLL1=TCK,L,I)*A(Ltion 

• 100 CONTINUE 
C 
C 

wRITE(6•1001) 
' 	1001 FORmAT(Iml) 

C 
C 	WRITE TIIA 
C 

DO 130 10:101Rro. 
DO 130 L=I,NREO 
DO 110 J=IoNINDP 

• Do 110 I=IeNINOP 
no F(/1,1)=0,0 

DO 120 7:110/Nop 
Do 120 J=I•NINDP 
KK:NINDP*(K*1)il 
LIPNINDP*00, 1)*J 

120 F(IeJ)=E(00(04) 
C 	 . 
C 	CALL PRNIT(F,NINDP,NINDPIK,LIIIOUTII) 

CALL PRINTFOWO 
130 CONTINUE 

. 0 
C 	COMPUTE !.TA 
C 

DO 150 LL=1.1MAXP 
DO IA0 KlialeImAUP 

C 
C 
C 
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C 
C 
C 
C 
C 

IF(KK,NE,LOT(K01.0= ■E(COLL1 
IF(KK.EQ.1.0 E( 110LO=1.0-L0101.0 

140 CoNTINuE 
IF(TAPE1) wRITE(131E 

150 cnNTINUE 
IF(IS1ED.E0,1 1) GO 7O 990 

SECOsiO SIFF' 

/NVIRSION OF MATRIX PRTA 

CALL 1/kN - RTat/mAYPILKP,M10) 
DO 180 csioNREG 
DO 180 L=1,NREG 
DO 160 JmnNINDP 
DO 160 7:11NINOP 

160 DCI , J)=0 1 0 
00 170 /=1,NINDP 
DA 170 J:1041NDP 
X0A1 /40P*(Ke1)41 ' 

. LL:NINDP*(L.1)+J 
170 Ginn:F( 110LO 

CALL PRiNTECG0INOP,NINOP#01.,IOUTi2). 
IF(TAPE2) WRITE441G 

180 CONTINUE 
C 

101 FORM:J(0'101lb). 
201 FORmAT(5G2065,' 
301 FORMAT(///) 
999 STOP 0000 

END 
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SUBROUTINE INVERT (A,NoUN) 
cs****/NvERT 
C 	SUBROUTINE INVERT FOR 8NDO3R 	• 
C 

	

	PROGRAH FOR FiNDINr THE INVERSE OF A NXN MATRIX 
LANGE Af320.32n) 
DImENSioN L(Spo). M(320) 

C 	SEARCH FOR LARGrST ELEMENT 
L 

Dal. 	 .. 
DM MO W=IeN 
mnDO=(K/in)*10..K 
IFfm0cD.E(1.0)wRITE(6,1000)K 

1000 FORHAT(6H OVRTI/5) 
L(8):11 
M(K)=K 	 . RTGAmA(X,X) 	 . 
DO 20 MON 
DO PO JLIK,N 
IF(ABS(RIGA)mA88(A(I,J))) 30,20,20 

10 8IG 4 IA(I,J) 
L(K)a! 

20 CnNT/NUE 
'C 	INTERCHANGE ROWS 

Jal(K) 
/FCL('C)-10 35135125 

25 DO 30 I=1,N 
HOLD=•A(K91) 
Atm,I)=A(JII) 

30 A(J0)=HOLD 
C 	INTERCHANGE COLUMNS 

35 /om(K) 
IF(m(K) ,,() 45,45,37 

.37 DO 40 Jr-_,N 
MOLD=PACJIK, 
A(JIK)=A(J,I) 

00 AN,II=HOLD 
C 	DIVIDE COLUMNS BY MINUS PIVOT 

05 On 55 I=leN 
ab IF(II.K)50,55,50 
50 ACIIK)=ACIO)/(PA(KIK)) 
SS CONTINUE 

C 	REDUCE MATRIX 
DO 65 1104 
DO 65 JcioN 	. 

56 IF(1K) 57,65,57 
57 IFCJ100 60165,60 
60 A(I,J)=A(I,W)*A(K,J)+4(I,J) 
65 CONTINUE 

C 	DIVIDE ROW BY PIVOT 
DO 75 J-1101 

68 IF(JPK)70,75,70 
70 A(KIJ)=A(K,J)/A(K,K) 
75 CnNTINUE 

C 	CONTINUED PRODUCT OF PIVOTS 	, 
D=D*A(KIX) 

V 
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C 
C 
C 
C 
C 
C. 
C 
C 
C 
C 
C 

C 	RFPLACF P1VO AY RECiPROCAL 
Atw.w)=1,0/A(woK) 

AO CONTINUE 
C 	FTNAL Or AND COLUMN INTE.pcHANDE 

KtN 
100 Km(K01) 

IFCK, 150,150,103 
103 I=L(it) 

IF(I.() 120,1?0 ■ 105 
165 PO 110 J=10 

HOLD=A(Jog) 
A(J,K)=.A(Joll 

110 A(JI1)=H0L0 
120 Jr:m(10 

IFCJ.K3 100.1001125 
125 DO 130 T 11 10 

HOLD=A(KtI) 
A(Rol)epA(JII) 	 . 

130 A(aII)=HOLD 
GO TO 100 

150 RETURN 
END 

SUBROUTINE PR1NTEfAINROWINCOL3NPOWSeNCOL5IZOUTIID) 
CS$S$SSUBROUTrNE FRINTE .  
C 

TO PRINT OUT A MATRIX or NROW BY NCOL ONTO DEVICECIOUT)s 
A 	s MATRIX 
NRow AmummEN OF ROwS 
NCoL =NUMBER OF COLUMNS 
NR0w5 =SUEWATRIX LOCATION IN ROW 
NCOLS =SuAHATR1X LOCATION /N COLUMN 

NOTE THAT NROw SHOULD SE LESS THAN 85. 

LARGE A(86180) 
DATA ICOUNT/O/ 
XEYI:1 
1CoUNT=ICoUNT+1 
IF(ICDLINT,LE,A)KEY42 
ail 	 . 
,15/39 
IF(NOL.LE,JS/) JSI=NCoL.1 
NNALF=NPOW/2 
IF(NROw.LT,45) NHALF=NROW 
NRLus=NHALF+1 
Am=FLOATINC00/1040 
wr.NC0L/10 
IFC(kMf-FLOAl(m)).GT110.0011 M2m41 
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C 

DO 40 KK=1,0 
jT=JS JSI 
IF(KK,EG,H) JT:NCOL 
wRITE(IOUT,100) 
IF(IDDE0,1) wR/TECIOUTI400) 
IF(IDern,?) KRITECIOUT$500) 
w4ITE(IOUT0300) NROwS, hicno 

C 
C 	SYNSS SURROUTINF PRINTE TO AVOID EXCESSIVE PRINTOUT. 

IF(KLY.F.7,1) 14 FTIAN 
wRITE.(10000n) (j. J=JSW) 
DO 10 1=10HALF 

10 1, RITE(10uT.300) II(A(/,J), 	Jr44S,JT) 
pailTE(10uT,200) (.141 J:JS.JT) 	

. 

/F(NPLUS.GTOROw) GO TO 30 
wP/TE(IOUT,100) 
'F(IDGE-0.1) wRITE(I00,400) 
IFCID.E0.2) wRITECIOUT,500) 
WRITE(IOUTI600) NROwSINCOLS 
wRITE(IOUT,200) (j.jrzatjT) 
DO 20 I=NPLUB.NROW 

20 w4ITE(IOUT.300) II (A(I.Jle J=Jsf ..1T) 
wp/TE(ioutt200) (J,J=JS,JT) 

30 JS=.174.1 
40 CONTINUE 

C 

100 FORMAT(IH ) 
200 FORHAT(/10Il1 /) 	 . 
300 FORmAT(I5110F1103 	 . 
400 FORHAT(///20Xe33H0rRECT REDUI 0 EPENT WITH HOUSEHOLD /,' 
SOO EO"AT(///20X,1 4 HINVtRSE HATRIx /) 
600 FORHAT(///25X12114SU3MATRIX LOCATED AT(II5IIHIAISc1H) /) 

RETURN 
END 

SUBROUTINF PR/NTF(KeL, 
C 	DUMHY ROUTINE To'SAvE PAPER 

1,44ITE(6.100)XeL 
100 FONHAT(IH0,215) 

RETURN 
END 

a 

C-46 



DATA3C . 

DATA9 

. 	 " 
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: 

Data Set Name Logical Unit Type 	Description  

12 	input 	Trade coefficients (4x4) 

14 	input 	Inverse matrix 

Input Data Cards: 

' a) National final demands in 1958 

b) Deflators 

C) Ratio of contract cost to project cost 

d) Contract cost and project cost 
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C 
C 

( 

V 

• c 
C 
C 

PROGRAH FINAL(INPUTIOUTFUT,TAPES=INFUTITAPE6=OuTPUTITAPEI2eTA:' . 
C*****FINAL 
: 
C 	TO COMPUTE FINAL DEMAND AND OUTPUT, GIVEN CONTRACT COST v 
C 	PROJECT CO T 

12) /POO FILE gGETC.DATAS 
14) INPUT FILE gSTEP2pDATA3 

C 
C. 
t 

DoURLE PRECISION SUM, SUMV 
LARGE E(320020) 
DIHENSION G( 0,803,C(4•4)0(4,4480)0(320),Fv(8115) 
WENSION •0(503)), vP(5,81), XFC(5,81), YFC(5,81), xFR(5le1),, 
1 vFR(501).(320) 
COmmON/8KI/CCT(5),ALPHA(5),PC(5)18(81/4) /81(2/INPIIOuT 
DATA NREGININD/409/ 
/Npcs 
/oUT=6 
NREGP=NREG41 
NINOP=NINDol 
N1NoPP:NIN0+2 
ImAxP=NREG*NINDP 

READ .INVERSE MATRIX 

DO 20 K=1,NREG 
DO io L=11NREC 
READ(14) G 
DO 10 JrzIoNINDP 	. 
DO 10 1=104Nop 	. 
KK:NINDP3((1.1).0! 
LL=NINDP*(LPI)" 

10 Etitm,LL)=GCI,J) 
IP(KIGT.1)G0 TO 20 	- 
IF(LoEciel) CALL PRINTE(GtNINDP,NINDFI(ILAIOUTIE) 

20 CONTINUE .  

READ TRADE COEFFICIENTS 

DO 40 IND=IoN/ND 
READ(12) c 	 . 
DD 30.011,NREG 
DO 30 m=1,NREG 

30 T(KIL.IND)=C(Lig) 
40 CONTINUE 

HOUSEHOLD SECTOR FoR TRADE CMF 

DO 50 L=IINREO 
DO So A=I o NREO 

SO T(K,LINIhDP)=0.0 
DO 60 KuigNREG 

60 TOOKININOP)=1,0 

DO TO IREG=1-,NREG 
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S 

C 
C 

70 wRITE(IOUTe201)IT(IREG,I,J),Jc1oNINDP, 

COMPUTE F/NAL DEMAND 
C 

CALL DOAN() 
KOSTs1 

75 CALL CONTRC(OSTIFT) 
C 
.c 	COMPUTE OUTPUT 
.0 

JTYPE:5 
ImPACTal 

.0 
DO 80 IREG=1,NREG 
DO 80 IND:11N/NOP 
JKLININop*(1AFG.1),IND 
YIJK)=IIIREG , /mPAcTIINDP0 FYOND•JTYPE, 

80 CONTINUE 
C. 

• BREAK INTO REGIONAL GROUPS 

DO.  110 IREG=1•NREG 
Do 110 IND=I.NINDP 	.--- 
JK=NINDP*(IREG., 1)+IN0 
YFITREGIIND)=YIJK1 

110 O(IREG•IND)=KW, 
C . 	 . 
C 	FIND ROW SUMS AND COLUmN SUNS 
.0 

DO 130 /ND:IININDP • 
SUms0.0 
Sumy=0,0 	. 
DO 120 IREG:IINREO . 
sumv:Somy+TFC/REGIIND) 

120 Sums5um4xF(IREG,I 1JD) 
yF(N9EG+14IND):SUmY 

130 XF(NREG+1,IND)2SUM 
C 

DO ISO IREG=1,NREGP 
SUmg0.0 
SUmYm0,0 	. 
Do 140 /NO=1IN/NDP 
Sumv:SuhT+TFCIREGOND) 

100 Som=suPsxFIIRFG,INDI 
TFIIREG•NINDP+1/aSUMy 
MIREGgNINDP.1)2SUm 

ISO CONTINUE. 

mR/TE FINAL DEMAND AND OUTPUT 

DO 100 2:1,/mAXP 
SUm=0,0 
DO 90 JellImAXP 

90 S9m=SUmsEtIeJ) 9 TCJ, 
100 x/Wasum 

r 
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C 

PER 1000 DOLLARS 

CALL PRINTF(YFOREGP, NINnPP, IOUT.IrlIKOST) 
CALL PRINIFCXF,NREGP, NINON', IOUTolt2tKOST1 

IN PERCrNTAGES BY COLUMN sums 

On 160 IND=1001NOPP 
DO 160 IREG=1,NREGP 

C 	 • 
C 	CHECK FOP ItRO /N DFNOHINATOR, 	' 

IF(ABS(XFr/REO•NINDPP)).LT.,00001)wRITE(6,1501)1REG 
1501 FnR 4 AY(1X,6HTILT01,15) 

C REPLACE ZEROS wITH ONES. 
IFCABSIXFUREGI NiNoPP)),LT I .00001)XFCIREGvN/N0PP)=1, 

XPC(IREGONO)=XFUREGIIND/41100 $ 0/XFUREGIN/NDPP1 
C 
C 	CHEcK FOR ZERO /N DENOmINATOR, 

/F(ABS(YFUREO, NIOPP))1ILT..06001)10ITE(6o1502)1REG 
1502 FORweT(Ixebm1/LT0205) 

C 	REPLACE ZEROS iv/TN MS. 
IFEABSCYFCIRLGeNINDPR)).LT, 4 00001,YFC/REGeNINoPP)=1. 

C .  
YFC(IREGIIND)=YF(IREGIIND)*10 .0 11 0/YF(IREGO/NDPP) 

160 CONTINUE 
CALL PR/NTF(YFCINREG 0/NOpPtIoUTI21100ST) 
CALL PRINTF(KFCINREGP.N/NOPPIIOUTI2,2.KOST) 

C 	 . 
C 	IN PERCENTAGES BY ROw SUMS 
C 

DO 170 INDcleN/NOpp 
t 	 . 
C 	CHECK FOR ZERO IN DENOMINATOR, 

IF(ABSCWF(NPFGPIIND)),0 6 ,0000131vRITE(641503,INO 
I503 Foce4 ATtlx46HTILTO3II51 

C 	REPLACE ZEROS elITM,ONES, 	 . 
IFIABSCKFCNREGPIImD)),LT.,00001,Xf(EREGP,INO)21. 

C 
IFCAOSCYF(NREGPIIND)),Lies000O1 1KRITE(6o1504)IND 

1504 FORHAT(IX,6mTILT0405) 
IF(ABSCTF(NREGPIIND))8LT..00001)YF(NREGPIIND)=.1s 

C 
DO 170 !REG:1,s:REG/2  
XFR(IREGIIIND)xxF(IREGIIND)*100 4 0/XF(NPEGPIIND) 
Y ,R(IREGOND)=YFIIREGIIND)*100,0M.CNREGPIIND) 

170 CONTINUE 
' 	CALL PRIkTF(YFROREGPoNINOPPITOUT.3114KOST) 

CALL PRINTF(KFRINREGRININOPP,I00.3,2,KOST) 

KnST=KOST+I 
TrtKOST,LF,2) GO 10 . 75 

201 FOR 4 A1C7G20,5) 	. 
STOP 
END 

's 
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.. c 
c 
c 
c 
c 
c. 
c 
c 
c 
c 
c 

END ' C-51 . 

50b R OU T IN E P RI N TE( AI NROw I NCOLeNRO w SoN COLG,IOU TIIO) 

CSS$S S SuhRoUT I NE PkI N TE 

TO PRINT OUT A MATRIX OF NROw BY NCOL ONTO DEVICECIOUT), 

A 	2 MATRIX 
NROW eNU 6'RER OF ROWS 
NCOL :NtimPLk OF COLUMNS 
NR0w5 cSURwATRIX LOCATION IN ROW 
NCOLS .15u9mATRIX LOCATION IN COLUMN 

NOTF THAT NROw SHOULD BE LESS THAN 85. 

DIMENSION A(NRON,NCOL3 
4321 
431 2 9 
IF(NCOL.I.E.JSI) 	•1; CoLyi 
wHALF:NR04/2 
IFOROweLT, 45 ) NMALF:NROW 
NRLUS:NMALFSI 
RM=PLOAT(NCOL)/10,0 
MuNCOL/10 
IF(CRM•PFLOA1(m))0T40.001) Mr41.1 

DO 00 KK:10 
JT=JS.J51 
u(xN,E0,m) JI:NCOL 	 . WRITEC100,100) 
IF(10.E041) wRITEiIOUTe400) 
IFCIU,LC,2) wRITE(IOUT.500) 
wPITLCI001600) NROwSo NcOLS 
4m/TE1100,200) U. 4=35,41) 
DO 10 I 2 1qNHALF 

10 10/TE(100,300) /1, CACIon., J=a1111). 
wRITECI00/2001 (Je 3=.151../T) 
IFCWFLUS,G.T.NROW) GO TO 310 
wRITE(10UTI100; 
IrtIO.E0.11 KRITE(I0UTIO00) 
IFCID,E0,2) wRITE(IOUT,500) 
wR/TE(IOUT,600) NROwGINCOLS 
WRITLII0UTIP00) (J,J=JS.11T) 
DM 20 ImNFLUSINROw 

20 WRITECI0UT.300) II CACI0J), 4245,411 . 
wRITECIOUTI200) (JtJaJG,JT) 

-30 1J5=JT*1 -  
40 CONTINUE 	. 

C 

P 
to 

100 FORmATCIHI) 
200 FORmATC/10III /) 
300 FORmATC/5110F11.5) 	 . 
000 FoRmAT(//001 0 31DIRECT REOU1REmENT WITH HOUSEHOLD /1 
500 FIRvAT(///20xe14HiNvERsE MATRIX /) 
600 FORmAT(///25At21H3UBHATRIX LOCATED AT(,1510, OS, tH) /) 

RETURN 



TO PRINT A MATRIX /N TRANSPOSED FORM 

IFCR =I & 
=2 g 
113 g 

ixy al & 
s2 g 

iCOST 2 1 g 
'2 II 

PER 1000 DOLLARS 
PERcENTAGEs BY COLUMN SUMS 
PERCENTAGEs BY ROh SUMS 

FINAL DEMAND (.I TV) 
OUTPUT 	In X ) 

CONTRACT COST 
PROJECT COST 

o 

SUHROUTINE PHINTFIAsm•NolOUTIIFCR,IXVIXOST) 
C*****FRINT, 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

DIMENSION WIN) 
IpAGE=1 
IS= 1 
LT=N/2 

S IF(IXYaO41) 14RITE(TOUT11000) 
Ir(IxvsEge2) hRITF(IVuT,1500) 
IIFIKOST,EQ,1)kRITECIOUT.20011 
/F(KoST,Fo.2) ..RI7E(IOUT.2002) .  

' IFCIFCR,E0,1) hRITE(IOUT,3001) 
IFCIFCRIEC,2) wRITECI3UT.3002) 
IFCIFCR.EO,3) wRITECIOuT00033 
WRITE(IOUTI4C00) 
Do 10 K=IS,IT 

so wRITE(/OUT,100) K, (M,), 121 1 M) 
IFCIPAGF,EQ,2) GO TO 20- 
OUTE(IOUT15000) 	 . 
IS=IT4I 	 - 
/TaNg1 
/pAGE=2. 
GO TO S' 

20 wRITECIOUT.200) (AIIN), T210) 
C 

SOO FoRmiTCI10,51.15,2) 
200 FORmAT(5x.5mT0TALIBF15.2) 
1000 FORHAT(IHS1///8X+58HREGIONAL FINAL DEMAND FOR THE mCLELLANgKE 

!KANSAS RIVER ) 	 . 
ISA° FOkmATIIHI,///8XoS2M OUTPUT RESULTING FROM mCLELLANNKERR  ARKAk. 

I RIVER 3 
2001 FORPAT(15X,38HmULT/PLE PURPOSE PROJECT  CONTRACT COST ) 
2002 FoRmAT(15%29mmuLTIPLE PURPOSE PROJECT COST ) 
3001 FoRmAT(20x.23wPER $1000 • 1963 PRICES //) 
3002 PO;mAT(20x026mPERcENTA(;ES BY COLON SUmS //) 
3003 FORMAT(20X,23WIRCEkTAGES BY Row; SUMS //) 
4000 FORmAT(3XIIOHI•0 SECTOR. 0X, 2 14RI. 13X, 2MR2e 13X12NR3813Xt2 .  

I 11x, 6mNATION //) 
5000 FORHAT(//40X0HCOVER, ) 

RETURN 
END 

,4 
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C 
C 
C 
C 
C 
C 

t 
C 
C 

C 
C 
C 

50PROUT/NE DEMAND 
cseassrEmAND 

TO COmPUTF TmE lIfeAl DEMAND VECTORS PER 3.1000 PROJECT COSTS 
FOR A CLOSED TNPLJT -OuTPUT WICEL USING 1958 DATA *!TM DEFLATC:.! 

DOUBLE PRECISION SUM 
DImENBION IND(EN). FX(84I12), FD(84,12)1 DEFL184, 	, 
COON /0 1(1/ COTC514 ALFswAC), PO(53..0(01,4) /8)(2/ INNIOUT 
DATA NRocoNN/B4s1214/ 
weNR 

'14: NC 
MNI CMu i . 
NNPRNN91 

READ AND WRITE INPUT DATA 

wpITE(TOUTs100) (J, P1IN) 
on 10 Islom 
.READcINP.200) INDC1),CFx(I0), J:10) 
Dm 5 J21,8 

15 FD(I,J)=FX(I,J) 
DO 6 Jc9,11 

6 FD1I,J)=FX(II.1.11 
PD(1,12)=FX(1.9) 
hRITE(IDuT1600) IND(1),(FDIII,1). 121,N) 

10 CONTINUE 

DEFLATOR 

wR/TECIOUT83001 .  
DO 20 I=1/ 4N1 

20 R(ANINP I R00) IND(I), DEL(I) 
pRITECIOUT•450) CIND(1)/ DEFL(1)0 I=10N11 

C 
C 	CALULATF NATIONAL FINAL DEMAND FOR 1R63 

DO 25 Im1oN1 
Do 25 j:104 
FD(I,J)=FOCIon*DEFL(I)/100110 

25 CONTINUE' 
C 
C 	AG"qEGATION TO mA(E HOUSEHOLD SECTOR 
C 

m881 
MNIsMet 	 , 
Do 30 13C104 
TEP4 PmFD(80,J)0D(8141J).FD(82,7)4FD(031J1 
FD( 4 N1,J/mTEmP 

•0 CONTINUE 
C 

DO 50 JRIIN 
' 	Sumc0.0 

DO 40 Ic1ON1 
60 SUk=SUm+FD(Irj) 
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C 
C 
C 

Fn(meJ)n3Um 
50 coNT/Nut 

DO 60 Jr;1144 
DO 60 IRIeN 

C 
C 	CHECK FOR ZERO TN DENOMINATOR, 

IF(AB 3 IFDCmeJ))10.T.,00001)RITEf6,1500)MIJ 
I500 Fn1mA1t1x.omsELP1215) - 

C 	REPLACE ZEROS hiTm ONES, 
IFCADWD( 04 .J)) 10.7.,00001)PD(Non=1,0 

C 

C 
C 	WRITE AGGREGATED FINAL DEMAND 
C 

wR/TE(IOUT/500) (J•J=1,N) 
DO 70 I=1,60 

70 kDITE(IDuT.600) If(FD(IeJ)11 J:),NI 
hKITECIPUTIT00) 
oR/TE(IOUT,%00) (JIJcIoN) 
Dn 40 Imu1,80 

80 pR/TE(IOuT,600) I. (FD(I•J), Jr404 ) • 
wRITE(I0uT,800) (FD(m..1), J=10) 

READ CONTRACT AND PROJECT CO575 

C 
C 
C 

DO 90 I=10 
8(Il1)=FD(I.1) 
SCI,2):FD(IIS) 
PtI15)=FD(/o8) 
S(I44)2FD(IIII) 

90 CONTINUE 
C 	 . 	 . 

100 FORmAT(ImIt///0(153mNAT/omAL FINAL DEMAND PATTERN PER MOO CONTRA 
Id T COST / 10X,4511FOR hATER RESOURCE INVESTmENT BY PROJECT TYPE,/ 
2 15xQbHcLostm MODEL P 1958 PRICES //3X,10HIP0 SEOTORI12(I8o1X)//) 

200 FommAT(II047F10.2/(5F10$211 	 . 
300 FDPmA7(Im1t///exomDEFLATORS )  
000 poRmATIIS.Fiba) 
aSo FriRmAT(5(I5O15.2)) 
SOO F0RmAT(Ihilm8xt53HNA7IONAL  FINAL DEMAND PATTERN PER $1000 COsTR:. 

Iv C0S7,/i0x,45HEnP ...ATER RESCIURSE INVESTMENT BY PROJECT TYPE / 
2 15X#26HCLOSED MODEL • 1961 PRIoES//3x110mI - 0 SLCTOR•12(I8.1X)//) 

600 FORmAT(110,12F9,2) 	 i 
700 VOR•AT(/u0x. 6m(OVER) ) 

60 FD(If.1 )cFD(II.1 )*1000.0/F0(mta- 60 FD(If.1 )cFNIIJ)*1000.0/F0(mta- 

READ(INP,900) ICCT(J), J=IONP) 
hRITE(IOUTIRiO) 
hRITECIOUT1 9 00)(COTfOoJ2 10NNP, 
READ(INP,1000)(ALRHA(j), J;ION).. 
wRITE(IOUT.1000) CALPHACJI,JcleNN) 
READ(INP000) CPC(J),J210NP) 
wRITECIOUTIR20, 
wRITECI00000)(PC(01J=10Np, 

TAKE FOUR TYPES OF FINAL otmANDS 
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linSeCrow,v SS 
(NI)v+iinsrAinS OS 
INOT=1 Os 00 

0 6 0:02 
4NNII214  SS 00 

2 
wns=04Not3, or 

.trinii.wns=wns as 
WOW Of 00 

0 4 0302 
Wild! 00 oa sa 

anNtoo3 02 
0 . 000i/Cr)1:3*(0/302(rbilv 

rolginr 02 00 
W 1 I2! 02 oa 

tsiNnoo. 1 

99 01 - 09 Ceorls00.4I . 	 16w:trim 
i$NN=driN 

/1011 0/014N Vila 
innI l dNi /2x8/ COMO itS)Zod .(S)VHdlv 4 (5)133 /big/ N0I4•403 

. 	(VICOV NOISN3wIO 
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(01200361NO3 'P411(1°69112 
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1 
1 
: 
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C .  wRITE RESULTS 

IF(ICO1iNT.E 12.1) 0RITECIOU7I200) 
iclIc0UNT,Ea.2/ 0 RI1E(IOUT,250) 
*RITE(/OUT.100) 
DO 60 I:1840 

60 wRITECI0UT,400) '41(1(11.1)o J=IoNNP) 
wRITE(IOUTo600) 

IFEICOUNT,E0.1) wRI 1 E(100.240) 
1F(IC0UNT,E0,2) 0RITE(IOUT$250) 
PRITECIOUT,500) 
DO 65 I:0100 

65 HRITECIOUTo4011) IsCA(I.J), J=100) 
6R/TE(10011500) (A(mtJ)IJIIIINNP) . 
IFIICUUNT.E().2) CO TO 999 
IF(KCST.E( e l) GO TO 999 

PROJECT COST 

68 ICOUNT32 
DO 70 I 2 10 
DO 70 JR1INN 

ACI§J)=S(liji*PC(J)*ALP 4 A(J)/1000,0 
IF(I s LOsMNI, A(IIJ)PACItJWC(J)*(1.0 ■ ALPHA(J)) 

. 70 CONTINUE 
GO TO 25 

200 F0RHA.T(IHII///8)(q58 0NATIONAL FINAL DEMAND FOR THE MCLELLAN , KERR A 
1KANSAS RIVER / 15XI3RHmULTIPLF PURPOSE PROJECT CCNTRACT COST / 

• 2 20X125HPFR $1000 • 1965 PRICFS ///1 
250 FORmATC1 141,///8X.58HNATI0NAL FINAL DEMAND FOR THE rCLFLLAN.KERR A 

IKANSAS RIVER /15X,29hMULT/PLE PURPOSE PROJECT COST /20X.25HPER 3 
2000 • 1965 PRICES ///) 

300 FORmAT(20x,  SwmULTIRLEOXI SHFLOOD ,  8X110HREVETHENTS,3XIIIHLOCK 
IDAMSOXeSHTOTAL / 21WHPURPOSEg6X, 7 4CONTROL,33WHPROJECT / 
2 3X1 10)4 100 SECTOR /) 

400 FORMAT(I8OX.5F15,2) 
500 FORmAT(5X.5HTOTALOXOF13.2) 
600 FORHAT(/40X0H(OVER) ) 
999 RETURN 

END • 
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FEEP 

The submatrices of the inverse matrix (I-TA) -1  is printed out with 

the page numbers by this program. 

Data Files  

	

Data Set Name Logical Unit Type 	Description  

DATA9 	14 	input 	Inverse matrix 

Input Data Cards: 

No card is needed. 
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PROGRAm FEEP(INFJTOUTPUToTAPE5=INPUT,TAPEbrObTPUTITAPE14) 
nimENsinN Gcboolo) 
DATA NREGININDP/4480/ 	 . 
/OUY=6 	

. 

IRAGE=1 
no to I=IINREG 
DO 10 j=1,NREG 
READ( 1')G 
wRI1E(6.100)I0J 

100 FORmAT(IXI2I5) 
IF(I.NE.J)G0 TO 10 
CALL PRINTG(GeN/NOPOINDPII,JIIOUTI2OPAGE) ' 

IS CONTINUE 
C 	. 

STOP 0000 
thip 	 . 

SUBROUTINt PR/NTG(AINROweNCOL,NROWSOCOLS.IOUTOD,IPAGE) 
C********BUBROUTINE PRINT 
C 
C 
-C 	TO PR/NT OUT A MATRIX OF NROW BY NCOL ONTO OEYICECIOUT), 
C - 
C 	A 	s MATRIX 
C 	NROW =NUMBER OF ROWS 
C 	NCOL =NUMBER OF COLUMNS 
C 	NROWS =SUPmATRIX LOCATION IN ROW 
C 	NCOLS asusmATRix LOCATION 1N COLUMN 
C. 
C 	NOTE THAT NROR smnULO BE LESS THAN as, . 
C 	 . 

DIMENSION A(NRON , NCOL) 
JSzt 
JSIcil 	. 
IF(NCOLDLE.JSI) JSI:NCOL0I 
NHALF:NROw/2 
IF(NR014.0.45) NMALP=NROW 	 . NPLUS=NHALF+1 
Rm=FLOATINC00/10.0 
m=NcOL/10 
/FICRM.FLOAT(M)10T,0,001) MIIM.1 

C 
po 40 XXII'M 
JT=J54.al 
IF(KKIIEQ0) JLINCOL 
oRITE(inuieloo) 
IF(io,E(o) wRintiouT1400) 
ir(ro.Eno) wRin(inuT,sno)/PAGE 
NPITE(inuittoo) NRows, mcoLs 
HRITE(IOUT,200) . (J, J=JS,JT) 
Do 10 1:19NRALF 

10 wPITE(InUT.;n0) 19(A(I.J), 	Jr..1314T) 
wRITECIOUTI240) (JI j=i1SeJT) 
IF(NFLUS,GT0Row ) GO TO 30 
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IPAGE=IPAOF+1 
IF(INE13.1) l'AITE(TnuTolon) 
u(T0.En.2) wRITEcine.soo)TPAGE 
%ain(inuT.boo) NROw5041COLS 
wRITI(IPUTI200) (.1.4..75,JT) 
nn 20 1:NPLusoRow 

20 wRITE(IOUTI10 0 ) Iv fACI,J), .1 74SIJY) 
wRITE(InUT000) (J1J=JSIJTI 

30 JS=JT+1 
1PAGEFIPAGE+1 

an CONTINUE 
C , 

100 FORMAT(1141) 	 . 
200 FORHAT(/InIti 1) 
300 FOkrAT(I5 , 10F11.5) 	 . 
400 Ffik 4 0(///20XszOIRECT R(GUIRE!4ENT wT701  HOUSFHDLD 0 /) 
b00 FORmAT(///20x,x/NVERSE mATkIX*50XfoPAGExon /) 

600 FORmAT(25X0SUBHATR/X LOCATED ATIsoI51$.005,0 0 /) 

C 
RETURN 
FND 
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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/O 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 
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•FoRIIS AGGREG,A AC 
C*****AGGREG 
C 
C 	TO AGGREGATE FOUR REGIONAL TABLES FROM 80184 INTO 11X11 MAT 
C 
C 	8) INPUT FILE = DATA4 	OUTPUT OF RIGID 
C 

DATA /NPUTsIOUT/5IVIISECT/14/ 	. 
DATA KmAX,IMEGILABORUw•ICOL/1514,20.84144/ 

C 
C 	REAP AND *RITE mAIRIX OPERATION DUIDE. 
C 	 . 

READ(/NPUT.300) (m(K),K2IIKMAX) 
wRIIECIOUT.300) (m(A),KcliKMAX) 

C 
CALL NTRANCo101223 	 . DO 95 KKK:IIIREG 
CALL NTRAN(8e?.LAEOR,LAY,22). 
WRITE(IOUTI700) (IBCJ).J=IILAB) 
CALL NTRAN(8o2eIROw*ILOL,AeLAY122) 
WRITE(IOUTI800) CA(IIJ),J=IIICOL) 

C 
C 	AGGREGATION 
C 

DO BO K:1,/SECT 
DO 80 11,/SECT 
IPLcm(op1).1 
IRLem(L+1)1, 1 
IPS=m00 
IRSom(L) 
suma0,0 
DO 70 1=IPSIIIN 
DO 70 J=/RSIIRL 
SUM:SUm+A(/*J) 

70 CONTINUE 
TCKIL)cSUM 

80 CONTINUE 
C 
C 	COMPUTE SUMMATION 
C 

DO 86 1=10SECT 
Sum:00 
DO 85 J=IIISECT 

85 SumcSumO(I,J) 
TCI,ISECT+1)=SUM 

86 CONTINUE 
I5ECTP=ISECT+1 
DO 88 J=1,ISECIP 
Sum=0,0 
no 87 TralosECT 

87 SUm=Stim+T(I,J) 
T(IsEcTP,J)=SUm 

88 CONTINUE 
wRIIE(IOUT,900) 	1 

DIPt!ENSION A(84•84)0(15)0(15.15).1IBC20) 
DOUBLE PRECISION SUM 
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DO 90 KmigISECTP 
wRIT1, (1,400K, CI (icoL).1=1•ISECTP) . 

. 90 w9ITE(ToU1, 9 00) K 	(T(KeL)olmleISECTP) 
95 CONTINUE . 

C 
C 

300 FORMAT(ISIS) 
900 F09 ,4ATC5x.15.5F2(' 4 2/(tF20.?)) 
909 FORmAT(5x05$3fe0,2/( . 9 F2011?)) 
700 FoRmA1t01•20A6) 
800 FORmAT(8115.9) .  
900 FORmA7(///T100REDUCED mATRIX FOR REGIONAL 1 ■0 MODEL hITH I0 SE. 

IRS I//) 
STOP 

'4 

ENO 
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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. 
.I,  

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 sector and continues 

the oderation for the next industrial sector. 
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OFORgIS Tk4A6G.1PAAG( 
CA*AATRAAGG 	' 
C 
C 	TO mAKE AGGRWTION OF TRADE FLOW INTO 10 INOUSTRIES. 
C 
C 	8) INPUT FILE 3 DATA7 	OUTPUT OF TRADE 
C 

DOUBLE PRECISION OY(5 , 5).DYS(515) 
nImENsioN 18(20),Y(5,5) 
DATA NR,N0,LAb/5',5,20/ 

C 
C 	 , 
C 
C 	 . 	 INITIALIZATION S \  

1 DO 10 ImltNR 
DO 10 .1.110NC 

10 DYS(II.1):0 8 0 
C 
C 	 READ INPUT FILLS 
C 
C 	NSTATE IS INDUSTRY NUMS0 

IS READCS,100)N5TATE 	. 
IP(NSTATE.E.(099)5TOP 
IFCNSTATE.EG.1000) GO TO 45 
CALL NTRANC8.10t22) 	

. 

DO 20 KK=1INSTATE 
CALL NTRAN(612,LABeIRILATI22) 
CALL NTRAN(612eNRIPNCOILAT,22) 

20 CONTINUE 	. 
C 	 . 
c 	 !MITE INPUT FILE 

WRITE(6/300)NSTATE 	 . 
WRITE(6.400)(IB(J).3:1920) 	 . 
WRIT(6600)(.1011$J),J=IoNC) 	. 

C 	 . 
C 	 AGGREGATION 
C 

C 
C 
C 

DO 30 I=IINR 
DO 30 J=IINC 

30 DY(I/J)=TC11011) 
DO 40 I=10NR 
DO 40 J31INC 

40 DYS(I.J)=DYS(IIJ)+DY(IeJ) 
GU 10 15 

C 
45 DO 50 /211NR 

DO 50 .17.1,NC 
50 YCI,J)=DYS(It4) 

wRITE(6.600) 
DO 60 K.7:1,0 
wRITE(1,(Z50) (Y(KIL),L=IINC) 

60 WRITE(6.450)(Y(NeL),L 3 10C) 
100 FORHAT(15) 
150 FORm4T(12A6) 
300 FORmAT(5WINDU5TRY slo/S//) 
400 FORMAT(20A6) 	 . 
450 FoR1Al(uff!0.2) . 	C-64 
Snn FoRmAT(8(15eF10.0)) 

WRITE OUTPUT P/Le 



b00 FORMAT(1H1.5)(0.TRADE FLO•41 ///) 
GO TO 1 
ENO 
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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 10 

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 

c) 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 

FM1 and FM2 

j) Control card for aggregation of the final demands. 

..4 
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In our case, 

L(K)=1,5,11,13,35,65,69,70,72,78,80,84,85 

Print-outs  

Group I  

a) Regional I/O table for each region (15x15) 

b) Trade flows for each industry (5x5) 

c) Trade coefficient for each industry (4x4) 

d) Technical coefficients (A N ) (40x40) 

e) Technical coefficients with household sector (A H) (44x44) 

. f) Trade coefficients (TN) (40x40) 

g) Trade coefficients with household sector - (TN) (44x44) 

h) Direct requirements (TNAN ) (40x40) 

i) Direct requirements With household sector (T HAH ) (44x44) 

j) Direct plus indirect requirements [(I-T NAN ) -1 ] 	(40x40) 

- k) Direct plus indirect plus induced requirements [(I-THAN)'] (44x44) 

1) Direct income change (10x4) 

m) Direct and indirect income change (10x4) 

n) Indirect income change (10x4) 

o) Income multiplier type 1 (10x4) 

p) Direct plus indirect plus induced income change (10x4) 

q) Induced income change (144) 

0 Indirect and induced income change (10x4) 

s) Income multiplier type 2 	(10x4) 
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0 Output multiplie- type 1 	(10x4) 

u) Output multiplier type 2 	(10x4) 

v) Sum of output multiplier type 1 	(1x4) 

w) Sum of output multiplier 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) 

0 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) 

4 

, 
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I/ * SENFIN 	COMPLETE 
//STEP1 EXEC FORTRANH 
//SOURCE.SYSIN DO * 

' C********SENFIN 
C 	 • 
C 	INTERREGIONAL INPUT—OUTPUT ANALYSL, 
C 	 FOUR REGIONS WITH 10 SECTORS 
.0 

DIMENSION J6(20),A(15.15).ACOEFF(4,10,10),BCOEFF(4,11,11),CCOEFF( 
1.4.11).AHAT(10.10),T(5.5) 
DIMENSION AN140,40),AH(44,44).TN(40,40),TH(44,44) 
DIMENSION B(40,40),C(44,44),D(40,40),E(44,44) 
DIMENSION LK(40),MK(40),LKP(44),MKP(44) 
DIMENSION FMT1(18).FMT2(18) 
COMMON /BK1/FD(84,12).DEFL(84),M,K,IOUT,INP 
COMMON /8K2/FA(12.12) 
COMMON /8K3/ CCOEFF, Dt E 
DATA NREG,NIND/4,10/' 
DATA NRINC,LAB/15,15,20/ 

C 
INP=5 
IOUT=6 
NREGP=NREG+1 
NINDP=NIND+1 
IMAX=NREG*NIND 
IMAXP=NREG*NINDP 

C 
' C 	READ FORMAT STATEMENT FOR OUTPUTS OF PRINTA 

C 
1 	FORMAT(18A4) 

READ(INP,1) FMT1 
C 	 FMT1:(I5s10F11.0) 

READ(INPII) FMT2 
C 	 FMT2:(15,10F11.5) 
C 

DO 110 IREG=1,NREG • 	 . 
C 
C 	READ AND WRITE REGINAL I-0 TABLES 
C 

READ(INP,101)(JB(J),J=1,LA8) 
DO 10 K=1.NR 

10 READIINP.201) KK,(A(K,L),L=1,NC) 
CALL PRINTA(A.NR.NC,JB,LAB,IOUT,FMT1) 
DO 60 J=101IND 

049 



DO 60 I=1,NIND 
60 AHAT(I,J)=A(I.J)/A(NReJ) 

DO 80 /=1,NIND 
DO 80 J=1,NIND 

80 ACOEFF(IREG,I,J)=AHAT(I,J) 
110 CONTINUE 

C 
DO 85 L=1,IMAX 
DO 85 M=1.IMAX 

85 AN(L.M)=0.0 
DO 90 K=1,NREG 
DO 90 I=1,NIND 
DO 90 J=1,NIND 
L=NIND*(K-1)+1 
M=NIND*(K-1)+J 
AN(L,M)=ACOEFF(K,I,J) 

90 CONTINUE 
C . 

C 	HOUSEHOLD SECTOR IS CONSIDERED - TECH COEFF 
C 

DO 130 IREG=1.NREG 
REANINP,401)(BCOEFF(IREG.I.NINDP), I=1,NINDP) 
READ(INP,401)(BCOEFF(IREGOUNDP,J), J=1,NINDP) 
DO 120 I=1,NIND 
DO 120 J=1,NIND 

120 8COEFF(IREG,I,J)=ACOEFF(IREG,I,j) 
130 CONTINUE 

DO 140 1=1,IMAXP 
DO 140 M=1,IMAXP 

140 AH(L,M)=0.0 	 . 
DO 150 K=1,NREG 
DO 150 I=1,NINDP 
DO 150 J=1,NINDP 
L=NINDP*(K-1)+I 
M=NINDPV(K-1)+J 
AH(L,H)=8COEFF(KtIt4) 

150 CONTINUE 
C 
C 	TRADE COEFF 
C 

READCINP,101)(JP(J),J=1,LAB) 
WRITE(IOUT.101)(JB(J),J=1,1A8) 
DO 360 IND=1,NIND 
WRITE(InUT,301) IND 
DO 160 I=1,NREGP 

%I 

•• 
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RFAMINP,501)(T(1.J),J=1,NREGP) 
160 WRITHIPUTt501)(T(1,J), J=1,NREGP) 

DO 170 IF.1,NREG 
DP 170 J=1.NREG 

110 CCOEF(1..),IND)=T(ItJ)/T(NREGP,J) 
360 CONTINUE 

C 
DO 180 L1-- 1,1MAX 
DO 180 M=ltIMAX 

180 TN(L.M)=0.0 
DO 190 1=1,NREG 
DO 190 J=1,NREG 
DO 190 K=ltNIND 
L=NIND*(I-1)+K 
M=NIND*(J—.1)+K 

190 TN(L0)=CCOEFF(1,J,K) 
C 
C 	HOUSEHOLD SECTORS — TRADE COEFF 

DO 210 I=1,NREG 
DO 210 J=1,NREG 

210 	CCOEFF(I,J,NINDP)=0.0 
DO 215 K=ItNREG 

215 	CCOEFF(K,KOINDP)=1.0 
DO 220 1=1,IMAXP 
DO 220 M=11IMAXP 

220 TH(L,M)=0.0 
DO 230 1=1 NREG 
DO 230 j=1,NREG 
DO 230 K=1,NINDP 
L=NINDP*(I•1)+K 
14=NINDP*(.1--1)+K 

230 TH(LtM)=CCOEFF(ItJ,K) 
DO 240 K=1,NINDP 
WRITE(IOUTt801) K 
DO 235 I=1,NREG 

235 WRITECIOUT,901)(CCOEFF(1,JtK),J=1,NREG) 
240 CONTINUE 

C 
101 	FORMAT(20A4) 
201 	FOR14AT(I100F20.2/(4F20.2)) 
301 	FORMAT(//T100TRADE FLOW FOR INDUSTRYstI5t//) 
401 	FORMAT(RF10.6) 
501 	FORMAT(4F20.2) 
ROI FORMAT(///T100TRADE COEFFICIENT FOR INDUSTRY 1 015,///) 
901 FORMAT(1H0,4F20.5) 
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C 	
. 

C 	COMPUTE T*A AND TH*AH 
C 

CALL MULTI(TN,AN.B.IMAX,IMAX.IMAX) 
CALL MULTI(TH.AH.C.IMAXP,IMAXP,IMAXP) 

C 
C 	COMPUTE INVERSE OF (I-TA) AND (I-TH*AH) 
C 

CALL REOUIR(B.D.IMAX.LK.MK ) 
CALL REQUIR(C,E,ImAxP,L10,MKP) 

c 
c 
c 	WRITE COMPUTE VALUES 
C 
C 	TECHNICAL COEFFICIENTS 	 • 

READ(INP.101)(JB(J),J=1,LAB) 
CALL PRINTA(AN4IMAX,IMAX.JB.LAB,IOUT,FMT2) 

C , 	TECH COEFF WITH HOUSEHOLD 	 . 
READ(INP.101)(JB(J).J=1.LAB) 
CALL PRINTA(AH,IMAXP,IMAXP,JB,LABOOUT,FMT2) 

C 	TRADE COEFF 	 . 
- READ(INP.101)(JR(J),J=1,LAB) 
CALL PRINTA(TN,IMAX.IMAX,JB/LAB,IOUTIFMT2) 

C 	TRADE COEFF WITH HOUSEHOLD 
READ(INP,101)(JB(J),J=1,LAB) 
CALL PRINTA(TH,IMAXP,IMAXP,J3ILAB,IOUT,FMT2) 

C 	DIRECT REQUIREMENTS 
READ(INP.101)(JB(J),J=1.LAB) 

, 	CALL PRINTA(B•IMAX.IMAX,,W,LAB.IOUT,FMT2) 
C 	DIRECT REQUIREMENTS WITH HOUSHOLD 

READ(INP.101)(JB(J),J=1.LAB) 
CALL PRINTA(C.IMAXP,IMAXP.JB,LAB,IOUT,FMT2) 

C 	DIRECT PLUS INDIRECT REQUIREMENTS 
READ(INP,101)(JB(J),J=1,LAB) 
CALL PRINTA(D,IMAX,IMAX,JB.LAB,IOUT,FMT2) 

C 	DIRECT PLUS INDIRECT PLUS INDUCED REQUIREMENTS 
READ(INP.101)(JB(J),J=1,LAB) 
CALL PRINTA(E,IMAXP,IMAXP,JB,LAMOUT,FMT2) 

C 
C 	TO COMPUTE INCOME CHANGES AND MULTIPLIERS 
C 

DOUBLE PRECISION SUM 
DIMENSION G(4.10).F(4.10),GF(4.10),H(4.10) 
DIMFNSION 0(4,10),OF(4,10).0G(4,10),S(4,10) 
DIMENSION P(4,10),R(4.10),U(4),V(4) 

•4 

• 
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DIMENSION PS(40). RS(44).FF(4,4,10)- 

DO 12 I=1.NREG 
DO 12'J=1.NREG 
DO 12 K=1,NIND 
JK=NINDP-14(J•1)+K 
IF(I.NE.J) GO TO 12 
G(I.K)=C(NINDP*I.JK) 

12 CONTINUE 
C 

Do 42 J=1.NREG 
Do 42 K=1.NIND 
DO 42 I=1.NREG 
SUM=0.0 
DO 22 L=1.NIND 
KK=NIND*(.1•1)+K 
LL=NIND*(I.-1)+L 

22 

	

	SUM=SUM+G(1.1.)*D(L.L.KK) 
FF(I.J.K)=SUM 

42 CONTINUE 
DO 54 J=1.NREG 
Do 54 K=1.NIND 
SUM =0.0 
DO 44 I=1.NREG 

44 SUM=SUM+FP(I.J.K) 
54 F(J,K)=SUM 

C 
DO 51 I=1.NREG 
Do 51 K=1,NIND 
SUM=0.0 
IK=NINDP*(I—.1)44 
DO 50 J=1.NREG 

50 	SUM=SUM+E(NINDP*JsIK) 
51 	0(1•.K)=SUM 

DO 52 I=1.NREG 
DO 52 K=1.NIND 
GF(1.1()=F(I,K)—G(I.K) 
H(I.K)=F(I.K)/G(1,10 
OF(I.K)=0(I,K)—F(I.K) 
OG(I.K)=0(11K)—G(1.1() 
S(1.1()=0(I.K)/G(I.K) 

52 CONTINUE 
DO 72 KK=1,IMAX 
SUM=0.0 
DO 82 LL=1.IMAX 
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82 SUM=SUM+D(LL,KK) 
72 PS(KK)=SUM 

DO 73 J=1.NREG 
DO 73 K=lyNIND 
KK=K+NIND*(J-1) 

/3 P(J.K)=PS(KK) 
DO 95 KK=1,IMAXP 
SUM=0.0 
0092 LL=1,IMAXP 

92 SUM=SUM+E(LL.KK) 
95 RS(KK)=SUM 

DO 93 J=1.NREG 
DO 93 K=1.NINDP 
KK=K+NINDP*(J-1) 

93 R(J.K)=RS(KK) 
C 

DO 102 I=1.NREG 
SUM=0.0 
DO 112 K=1,NIND 

112 SUM=SUM+H(I,K) 
102 U(I)=SUM 

C 
DO 122 I=1.NREG 
SUM=0.0 
DO 132 K=1,NIND 	 . 

132 SUM=SUM+S(I.K) 
122 V(I)=SUM 

C 
WRITE(IOUT.900) • 

900 FORMAT(1H1.///T1(. 1 DIRECT INCOME CHANGE'///) 
CALL PRINTB(G,NREG,NIND,IOUT.1) 
WRITE(IOUT.1000)- 

1000 FORMAT(1H1.///T100DIRECT AND INDIRECT INCOME CHANGE'///) 
CALL PRINTRIF.NREG:NIND.IOUT,1) 
WRITHIOUT,1100) 

1100 FORMAT(1H1.///7100INDIRECT INCOME CHANGE'///) 
CALL PRINTB(GF.NREG,NIND,IOUT91) 
WRITEIIOUT.1200) 

1200 R1RMATC1H1,///TIOOINCOME MULTIPLIER TYPE 1'.///) 
CALL PRINTB(H,NREG,NIND,IOUTO) 
WRTTE(MUT.1300) 

1300 FORMAT(1H1.///TIOODIRECT PLUS INDIRECT PLUS INDUCED INCOME CHANC. 
0///) 
CALL PRINTB(O,NREG,NIND.IOUT;1) 
WRITE(InUT,1400) 
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1400 FORMATI1H19///T100INPUCED INCOME CHANGE'///) 
CALL PRINTBIOF,NREG,NINDOOUT91/ 
WRITE(IOUT91500) 

1500 FORMAT(1H19/W100INDIRECT AND INDUCED INCOME CHANGE'///) 
CALL PRINTB(OGAREGAIND,IOUT91) 
WRITHIOUT91600/ 

1600 FORMATI1H19///7100INCOME MULTIPLIER TYPE 2'///) 
CALL PRINTB(SAREG,NIND,IOUT91) 
WRITECIOUT91700/ 

1700 FORMATI1H1t///T100 OUTPUT MULTIPLIER TYPE 1 1 ///) 
CALL PRINTBCP,NREGAIND,IOUTar 
NRITEIIOUT91800/ 

1800 FORMAT(1H19///T100OUTPUT MULTIPLIER TYPE 2'///) 
CALL PRINTB(R9NREG,NIND,OUT91) 
WRITE(IOUT91900) 

1900 FORMAT(1H19///TI0OSUM OF OUTPUT MULTIPLIER TYPE 1°///) 
CALL PRINTC(U9NREG,IOUT) 
WRITE(IOUT92000) 

2000 FORMAT(1H19///T100SUM OF OUTPUT MULTIPLIER TYPE 2 1 //4i) 
CALL PRINTCIV,NREG,IOUT/ 

CALL A SUBPROGRAM FOR FINAL DEMAND 

CALL FINALE 
STOP 
END 

C*****MULTI 
SUBROUTINE MULTI(A,B9C9M9L9N) 

TO MULTIPLY TWO MATRICES 

C(I,J)=A( I9K)*BIK9J/ 

DOUBLE PRECISION SUM 
DIMENSION C(M9N),A(M9L)0(LeN) 
DO 10 1=19M 
DO 10 J=101 

10 C(I,J)=0.0 
DO 30 I=19M 
DC) 30 J=19N 
SUM=090 
DO 20 K=1.I. 

20 SUM=SUM+A(I,K)*B(K,J) 
C(I,J)=SUM 

30 CONTINUE 
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RETURN 
END 

C*****REOUIR 
SUBROUTINE. REOUIR(A.BX.M.LKIMK) 

C 	 . 
C 	TO COMPUTE INVERSE OF (IA) 	 . 

DIMENSION A(M.M),BX(M.M).LK(M).MKIM) 
DO 10 I=1.M 

' 	DO 10 J=1,m 
Bx(I.J)=-A(I.J) 	 . 
IFII.E0.J) BX(I.J)=1.0-A(I.J) 

10 CONTINUE 
CALL INVERT(BX,MILK,MK). 

. 	. RETURN 
END 

• C**4**INVERT 
SUBROUTINE INVERT (A9N.L.M) 

C 	PROGRAM FOR FINDING THE INVERSE OF A NXN MATRIX 
DIMENSION AIN.M.L(N),M(N) 

C 	SEARCH FOR LARGEST ELEMENT 
' C 

D=1. 
D080 K=1.14 
L(X)=K 
M(K)=K 
BIGA=A(K,K) 
DO 20 I=K.N 
Do 20 J=K.N 
IFIABS(BIGA)-ABS(A(I.J))) 10.20420 

10 RIGA=A(I.J) 
L(K)=I 
M(K)=J 

20 CONTINUE 
C 	INTERCHANGE ROWS 

• J=L(K) 
IF(L(K)-K) 3505,25 

25 	DO 30 I=1.N 
HOLD=-A(K.I) 
AIK,I)=AU.I1 	 . 

30 	A(J.I)=HOLD 
C 	INTERCHANGE COLUNMS .  

35 ImM(K) 
IF(m(K)-K) 45.45.37 

37 	DO 40 J=19N 
HOLD=-A(J,K) 
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A(J.K)=A(J.1) 
40 A(J.I)=HOLD 

C 	DIVIDE COLUMNS BY MINUS PIVOT 
45 	on 55 I=1.N 	 , 

46 IF(I-K)50,55,50 
50 A(1.1()=A(1,K)/(-A(K.K)) 
55 CONTINUE 

C 	REDUCE MATRIX 
-I  DO 65 1=1,N 

DC) 65 J=1,N 
56 IF(I-K) 57,65.57 
57 LF(J-K) 60,65.60 
60 A(I.J)=A(I , K)*A(K.J)+A(I,J) 
65 CONTINUE 	. 

C 	DIVIDE ROW BY PIVOT 
DO 75 J=1,N 

68 IF(J-K)70.75.70 
70 A(K.J)=A(K.J)/A(K.K) 
75 CONTINUE 

C 	CONTINUED PRODUCT OF PIVOTS 
D=D*A(K,K) 

C 

	

	RFPLACE PIVOT BY RECIPROCAL 
A(K,K)=1.0/A(K,K) 

80 CONTINUE 
C 	FINAL ROW AND COLUMN INTERCHANGE 

K=N 
100 K=(K-1) 

IF(K-) 150.150.103 
103 I=L(K) 

IF(I-K) 120,120,105 
105 	DO 110 J=1,N 

HOLD=A(J.K) 	. 	 . 
A(J,K)=-A(JII) 

110 A(J.I)=HOLD 
120 J=M(K) 

IF(J-K) 100,100,125 
125 	DO 130 I=1,N 

HOLD=A(K,I) 
A(K.I)=-A(J,I) 

130 A(J.I)=HOLD 
GO TO 100 

150 RETURN 
END 

C*****PRINTA 
i. 	 C 
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C 

C 
C 
C 
C 
C 
C 
C 
C 
C 
C 

.c 
C 
C.  

C 

C 

SUBROUTINE PRINTA(A.NROW.NCOLtJBILABtIOUTtFMT) 

To PRINT OUT A MATRIX OF NROW BY NCOL ONTO DEVICE(IOUT). 
ALPHANUMERIC STRING CAN BE PRINTED IF GIVEN. 

A = MATRIX 
NROW=NUMBER OF ROW 
NCOL=NUMBER OF COLUMN 
JB= ALPHANUMERIC STRINGt(A4 FORMAT) 
LAB= NUMBER OF JB (TO SKIP. LAB=0) 
IOUT= OUTPUT DEVICE 

NOTE THAT NROW SHOULD RE LESS THAN 85. 

DIMENSION A(NROWACOL), JB(LAB),FMT(18) 
JS=1 
JS 1=9 
IF(NCOL .I.E. JSI) JSI=NCOL-1 
NHALF=NROW/2 
IF(NROW .LT. 45) NHALF=NROW 
NPLUS=NHALF+1 
RM=FLOAT(NCOL)/10.0 
M= NCOL /10 
IFI(RM—FLOAT(M)).GT. 0.001) M=1.141 

DO 40 KK=1,M 
JT=JS+JSI 
1F(KK .E0. M) JT=NCOL 
IF(LAB .NE.0) WRITE(IOUT0100) (JB(J).J=1,LA8) 
WRITE(IOUTt200) (Jt J=JStJT) 
DO 10 I=1,NHALF - 

10 WRITE(IOUT,FMT) I. (A(I.J),. J=JStJT) 
WRITE(1OUTt200) (Jt J=JS,J7) 
IF(NPLUS .GT. NROW) GO TO 30 

IF(LAR .NE. 0) WRITE(IOUrt100) (JB(J)tJ=ItLA8) 
WRITE(IOUTt200) (J,J=JStJT) 
DO 20 I=NPLUS,NROW 

20 WRITE(IOUT.FMT) I. (A(I.J). J=JS1JT) 
WRITE(IOUT.200) (J,J=JStJT) 

30 JS=JT+1 
40 CONTINUE 

C 	 . 
100 	FORMAT(1H1.///20A4.///) 

a 
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C 
C 
C 

IC 
C 
C 

200 FORMAT(/ 10111 /) 
RETURN' 
END 

C****PRINTB 
SUBROUTINE PRINTB(A.M.L.IOUT:INX) 

DIMENSION A(M.L) 

PRINT OUTPUTS IN TRANSPOSED FORM 

DO 10 K=1,1. 
IF(INX.E0.1) WRITE(IOUT.100) (A(10(),I=104) 
IF(INX.E0.2) WRITE(IOUT.200) Kt (A(I.K),1=1,M) 

10 	CONTINUE 
100 FORMAT(4F20.5) 

' 200 	FORMAT(110,5F15.2) 
RETURN 
END 

C*****PRINTC 
SUBROUTINE PRINTC(A.M.IOUT) 

DIMENSION A(M) 

PRINT OUTPUTS IN TRANSPOSED FORM 

C 

C 
C 
C 

WRITECIOUT.100)(A(1).1=1.M) 
100 FORMAT(4F20.5) 

RETURN 
END 

C*** 41 41 FINALE 

SUBROUTINE FINALE 

FINAL DEMAND FOR PROJECT COST 

DIMENSION X(44). Y(44), XF(5.12), YF(5.12).FY(12,5) 
DIMENSION CCOEFF(4.4.11), 0(40.40), E(44,44) 
commilm m1/FD(84,12),DEFL(84),m,N,IouT,INP. 
COMMON /11K2/FAI12.121 
cnmmoN /8K3/ CCOEFF, D. E 
LOGICAL HOUSE 
DATA KOST/1/, HOUSE/.TRUE,/ 	 1 
DATA NREG,NIND/4,10/ 

C 
C 	KOST=0 	NO COMPUTATION FOR CONTRACT COST OR PROJECT COST 
C 	KOST=1 	CONTRACT COST ONLY 
C 	KOST=2 	PROJECT COST ONLY 
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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 
IFIKOST.NE.OY NTYPE=5 
IF(HOUSE) NIND=NINDP 
IF(HOUSE) IMAx=IMAXP 
DO 750 IMPACT=1.NREG 
DO 750 JTYPE=1.NTYPE 
DO 350 IREG=1.NREG 
DO 350 IND=I,NIND 
JK=NIND*(IREG-1)+IND 
Y(JK)=CCOEFF(IREG,IMPACT.IND)*FA(IND.JTYPE) 
IF(KOST.NE .0) YIJK)=CCOEFFIIREG,IMPACT.IND)*FY(IND,JTYPE) 

350 	CONTINUE 
C 

IF(.NOT.HOUSE) GO TO 36 
DO 555 I=1.IMAX 
SUMO. 0 
DO 455 J=1,IMAX 

455 	SUM=Sum+E(1 9 J)*y(j) 
555 	x(I)=SUM 

GO TO 560 
365 	DO 550 I=1.IMAX 

SUM=0.0 
DO 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-1)+INu 
YF(IREG.IND)=Y(JK) 

650 XF(IREG.IND)=X(JK) 
DO 950 IND=I.NIND 
SUM=0.0 
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C 
C 

SUMY=0.0 
DO 850 /REG=1.NREG 
SUMY=SUMY+YF(IREG.IND) 

850 

	

	SUM=SUM+XF(IREG.IND) 
YFINREG+1,IND)=SUMY 

950 	XF(NREG+1,IND)=SUM 
DO 951 IREG=1,NREGP 
SUM=0.0 
SUMY=0.0 
DO 851 IND=1,NIND 
SUMY=SUMY+YECIREG,INDI 

851 

	

	SUM=SUM+XF(IREG,IND) 
YF(IREG,NIND+1)=SUMY 

951 

	

	XHIREG.NIND+1)=M1 
WRITHIOUT,2100) IMPACT,JTYPE 
WRITECIOUT,2101) 
CALL PRINTB(YE,NREGPAIND+1,IOUT,2) 
WRITECIOUT,22001 IMPACT,JTYPE 
WRITE( OUT,2101) 
CALL PRINTB(XF,NREGP,NIND+1,IOUT,2) 

750 	CONTINUE 
C 
2100 FORMAT(1H1,///T100REGIONAL FINAL DEMAND: IMPACT REGION = 1 , 

•>I5,5XOTYPE = 1  I5,///) 
2200 FORMAT(1H1,///T10, 1 0UTPUT : IMPACT REGION = 1 ,15,5XOTYPE =',I51//) 
2101 F0RMAT(//2X0INDUSTRY 1 ,1210R1 1 ,T360R2 1 ,T51, 1 R3 1 ,766, 1 R4 1 ,T78, 

>INATIONW) 
RETURN 	 . 
END 
SUBROUTINE DEMANO(KOST,FY) 

C******DEMAND 	 . 

C 	TO COMPUTE THE FINAL DEMAND VECTORS PER $1,000 PROJECT COSTS FOR 
C 	A CLOSED INPUT-OUTPUT MODEL USING 1958 DATA WITH DEFLATOR 
C 

DOUBLE PRECISION SUM 
DIMENSION IND(84),FX(84, -12),FY(12,5),SUM(12),TOTAL(12) 
COMMhN /BKI/FD(84,12),FEFL(84),MIN,IOUT,INP 
cromum /8K2/FA(12.12) 
DATA NRAC/84,12/ 
M=NR 
N=NC 

- MNI=M-1 

READ AND WRITE INPUT FILE 
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C 
WR1TE(IOUT.100) 
Do 10 I=1.M 
REANINP.200) IND111.(FX(I.J).J=10/ 
DO 5 J=1.8 

5 	FO(I.J)=FX(1.J) 
DO 6 J=9.11 

6 	FD(I,J)=FX(I.J+1) 
FNI.12)=FX11.91 
WRITE(IOUT.600)INDM.(FD1I.Jk.J=1.N) 

10 	CONTINUE 
C 

WRITE(IOUT.300) 
DO 20 I=1.MN1 
READ(INP.400) IND(1).DEFL(1) 
WRITE(IOUT,400) IND(I).DEFL(I) 

20 	CONTINUE 
C 
C 	COMPUTE THE NATIONAL FINAL DEMAND FOR 1963 
C 

DO 25 I=1,MN1 
DO 25 J=1.N.  
FD(I.J)=FD1I.J/*DEFL(1)/100.0 

25 	CONTINUE 

	

. C 	 • 	, 

	

C 	' AGGREGATION IN ORDER TO MAKE 10 INDUSTRIES 
C 

CALL AGGRGT 
M=12 
MN2=M-2 
DO 35 J=1,14 	 . 
SUM(J)=0.0 
DO 45 I=1.MN2 

45 	SUM(J)=SUM(J)+FA(I.J) 
FA(M.J)=SUMIA 
TOTAL(J)= FA(M.J)+FA(M-1,J) 

35 	CONTINUE 
DO 55 1=1,14 
DO 55 J=1,N 

55 	FAII.J)=FACI,J/*1000.0/TOTAL(J) 
C 
C 	WRITE OUTPUT 
C 

WRITE( OUT.500/ 
DO 30 1=10 
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30 
C 
C 
C 
C 

WRITE(IOUT,600) IND(I), (FA(I,J),J=1 .,N) 

COMPUTE THE NATIONAL FINAL DEMAND FOR GIVEN PROJECT AND 
CONTRACT COST 

CALL CONTRUKOST,FY) 
't 
100 	FORMAT(1H1.///T5ONATIONAL FINAL DEMAND VECTORS IN - 1958i///) 
200 	FORMAT(110,7F10.2/(5F10.2)) 
300 	FORMAT(/iT5,'DEFLATORW) 
400 	FORMAT(I5,F15.2) 
500 	FORMAT(1H1,///T5ONATIONAL FINAL DEMAND VECTORS IN 1963W/ 

>T10, 1 PER S1,000 PROJECT COSTS FOR A CLOSED INPUT -OUTPUT MODEL'//) 
600 	FORMAT(I10.12F9.2) 

RETURN 
END 

C*****AGGRGT 
C 

SUBROUTINE AGGRGT 
C 
C 	. 	AGGREGATION/ OF 79 INDUSTRIY SECTORS INTO 10 SECTORS 
C 	 HOUSEHOLD SECTOR INCLUDED' 

DOUBLE PRECISION SUM 
,DIMENSION 1(13) 
COMMoN /BK1/F0(84,12),DEFL(84),M,NtIOUTIINP 
COMMON /BK2/FA(12,12) 
DATA NCOL,NROW/12,12/ 
NROWP=NROW+1 
READ(INP,100) 	(L(K),K=1,NROWP) 
WRITE(IOUT,200)(L(K),K=1,NROWP) 
DO 30 J=1,NCOL 
DO 20 K=1,NROW 
M11(K) 
M2=L(K+1)1 
SUM=0.0 
DO 10 I=M1,142 

10 	SUM=SUM+FD(I,J) 
20 	FAIK,J)=SUM 
30 	CONTINUE 
100 	FORMAT(13I5) 
200 	FORMAT(///1315///) 

RETURN 	 . 
END 

C*****CONTRC 
C 
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SUBROUTINE CONTRC(KOST,A) 
C 	KOST=0 	NO COMPUTATION FOR CONTRACT COST OR PROJECT COST 
C 	KOST=1 	CONTRACT COST ONLY 
C 	KOST=2 	PROJECT COST ONLY 
C 	K0ST=3 	BOTH COST ARE USED BUT RETURNED VALUES ARE 
C 	 PROJECT COST 

DIMENSION B(12. 4 ).A(12.5).CCT(5),ALPHA(5),PC(5),SUMCOLI84/ 
COMMON /BK1/FD(84.12),DEFL(84),M,N,IOUT,INP 
COMMON /BK2/FA(12.12) 
IFIKOST.E0.0/ GO TO 999 	- 
NN=4 
NNP=NN+1 
MN1=M-..1 

• MN2=M-2 
MHALF=M/2 

, READIINP.100/ (CCT(J).J=1NNP) 
WRITE(IOUT,110) 
WRITECIOUT.100/ICCTIA.J=1.NNP1 
READIINP.150/ (ALPHA(J),J=1.NN) 
WRITE(IOUT.150)(ALPHA(J),J=1.NN) 
WRITEIIOUT,120/ 
READ(INP,100) IPC(J).J=1.NNP/ 
WRITE(IOUT,100)(PC{J),J=1.NNP) 

C 
DO 10 I=1,14 
BII,1I=FAII.11 
8(I,2)=FA(195) 
BII,3I=FA(1,8) 
8(I,4)=FA(I,11) 

10 	CONTINUE 	. 
IF(KOST.E0.2) GO TO 68 

C 
C 	CONTRACT COST 
C 

'IcnuNT=1 	 . 
DO 20 1=1.M 
DO 20 J=1.NN 
AII.J)=B(I,J)*CCT(J)/1000.0 

20 	CONTINUE 
25 	on 40 I=1,M 

sumcnut)=0.0 
.DO 30 J=1,NN 

30 	S(JMCOLII)=SUMCOL(I)+AII.J/ 
40 	A(I.NN+1)=SUMCOLII/ 

TOTAL 1=0.0 
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DO 50 1=104142 
50 	TDTAL1=TOTAL1+SUMCOL(1) • 

ERROR=TOTAL1-A(MtNN+1) 
IF(ICOUNT,ED. 1) WR/TE(IOUTt200) 
IF(ICDUNT 'ED. 2) WRITE(IOUTt250) 
WRITE(IOUT,300) 

, Do 60 I=1,M 
WRITE(IOUTt400) 1.(A(I,J),J=ItNNP) 

60 	CONTINUE 
WRITE(IOUTt500) A(MAN+1),TOTALItERROR 
IF(ICOUNT a(3. 2) GO TO 999 
IF(KOST.E0.1) GO TO 999 

, C 
C 	PROJECT COST 
C 
68 	ICOUNT=2 

DO 70 I=104 	 . 
DO 70 J=ItNN 
A(1,J)=B(ItJ)*PC(J)*ALPHA(J)/1000•0 
/F(I .EQ. MNI) A(I,J)=A(I,J)+PC(J)*(1.0-ALPHA(A) 

70 	CONTINUE 
Gn TO 25 

• 100 	FORMAT(5F15.4) 
110 	FORMAT(///710000NTRACT COST.) 
120 	FORMAT(///T10, 'PROJECT COST') 
150 	FORMAT(4F10.5) 	% 
200 	FORMATI1H1.///T8ONATIONAL FINAL DEMAND VECTORS FOR THE MCLELLAN-• 

>KERR ARKANSAS RIVER'/T210MULTIPLE PURPOSE PROJECT CONTRACT COST* 
>'//T270( UNIT $1,000 1963 PRICES)'///) 

250 	FORMAT(1H1,///TEWNATIONAL FINAL DEMAND VECTORS FOR THE MCLELLAN-.. 
>KERR ARKANSAS RIVER'/T210MULTIPLE PURPOSE PROJECT COSTS* 
>'//T27,'( UNIT $1,000 1963 PRICES)'///) 

300 	FORMAT(T8OPROJECT'tT170MULTIPLE'0. 300FLOOD'tT430REVETMENTSIt 
>T560LOCK & DAMS'0.690T0TAL 1 /78, 1 CATEGORY',./19, 1 PURPOSE'tT33, 
> 1 CONTROLI,T720PROJECT 1 /2X0I-0 SECTOR'/) 

400 	FORMAT(I8OXt5F13.2) 
500 	HIRMAT(IHI,2F20.2,F10.4) 
999 RETURN 

END 	' 
/* 
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Appendix A 

Tape Operation for UNIVAC 1108  

(1) To write or read a tape, 

•CALLATRAN(Unit,Opr,Size,Namc,LAY,22) 

where 

Unit: logical 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 NTRAN(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: logical 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 SubmatricLs  

The direct and indirect and induced requirement is computed by 

inverting I-TA. The inverse matrix, E, is a 320x320 square matrix. 

G
11 

G
12 G13 G14 

G21 G22 G23 G24 

G31 G32 G33 
G
34 

G41  642 C43  G44 

(I-TA)-1  = E(320x320) = 

, 

e11 e12 
e
13
. ..e 

 
where 

e21 e22 ' • ' e2n 
G.. = 
1J 

, n=80 
. 	• 	 • 

enl en2 • • • enn 

DATA9 is stored on a tape as shown in figure. 

File 1 	File File 3 	File 4 	File 5 . . . File 16 

G11 	G12 	G13 	G14 	G21 	• 	' 	• 	G44 
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