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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 contrac t stud y 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 ~aodel will also be used to as;es’~ the economic
and spatial impacts of racreation and navigation among other project out-
puts.

The gross direct and indirect cons~ ruction impact of the project ~as
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 ~ the in-
come are estimated to be shared by the project region. This assessment
is based on essentially short—term construction impacts ana dnes 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 mddest 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 Impac t Study of the
McClellan—Kerr Multiple Purpose Arkansas River System, Jul 75.

IWR Contrac t 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 Interreg ional Inp ut—Outpu t
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 itt the Arkansas River Area, Aug 74.
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Chapter  I

Introduction

The ~lcC~ e1lan—K err Arkansas River Multiple Purpose Project (MKARMPP), as
a federa l  wa te r  resource development  p ro jec t  for  the Arkansas River Valley
ar ea , was ori ginated in 1946 under the r espons ib i l i ty  of the Army Co rps of
Engineers .  The purpose of the p ro jec t  was to develop the Arkansas River
Val ley th rough  the cont ro l  of f loods , the supp ly o f water and electric
power , and t he improvem ent  of the navigat ion of the Arkansas River  as f a r
as T ul sa , 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
stud y of the MKARMPP should encompass a comprehensive effect of the project
on the project region as well as those ott neighboring regions with which
the im pact 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 stud y; (2) to convert the MKARNPP
cost into regional final demand vectors; (3) to estimate the direc t and
indirect and induced construction impac t 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 ,
‘S 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.

‘a

t

I-
e

0.

~~~~~~~ ~~~~~~~~~~~~~~
I
~~~~~~~~~

-
~~ --~~

----— —
~~ — -~~ — —- —- -

~~~~~~~~~ ~~~~~ ~iii: _ _ _



An analysis and evaluation of the impact of MKARNPP are pr esented 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-
vi ty  analysis , a comparative evaluation of the investment impact resul t ing
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.
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Chapter II

The Model for  the Impact Study

An Input—Output model is widely used for an imp~mct 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 inter industry economic
analysis in both theory and empirical application is significant . For
recent developments In the i/o f ield see the annual proceedings of the
International Conference on Input—Output  Techniques at Geneva and other
empirical app lica tions .~~ -

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 MKARNPP 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 stud y 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 f i r s t , 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 Ilollis B. Chenery and Paul C. Clark , In ter indust ry  Economics, New York:
John Wiley & Sons, Inc., 1967 and William H. Miernyk, The Elements of
Input—Output Analysis, New York: Random House, 1965.

Ungsoo Kim, “Research Report for Evaluation of Interregional Input—Output
Models for Potential Use in the McClellan—Kerr Arkansas River Mult iple
Purpose Project Impact Study .’ Contract No. DACW 31—72—C—OO59 , Phase I
& ii , Submitted to 1WR, U . S .  Army Corps of Engineers , 1972.
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Am Interregional I/O Model with Fixed Column Coefficients

In an interregional  I/O model , two sets of s t r u c t u r a l  re la t ionsh ips , in ter—
industr ial  and in ter regional , are considered in combinat ion . Indust r ies
are related by input—output  act ivi t ies, on the one hand , and regions are
related by trades . Economic activities are analyzed in terms of both
i npu t—outpu t  among industries and trades among regions . Structural patterns
(coef f ic ien ts  of these s t ructural  relationships) are , in Isard ’s notation ,
expressed as af~ , where the amount of commodity i from region r is required
to produce one ~ollar ’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 interregiomal  I/O coefficient (aT~) is estimated
by two separate coefficients : i.e., regional technical coefhcient (a~~)
and trade coefficient (tf~) .  ~~ represents the 1th input required for
producing one dollar ’s worth of ~ th commodity in region s disregarding
the region of its origin . t~~S represents the fixed proportion of total
receipts (consumption) of the 1th commodity by region s from region r .
The trade coeff ic ients  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 pa t t e rn  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 a~~ = a~ . t~~~ .3 13

Having estimated the above two structural coefficients , ~~ and t~~~ , the
solution of the interregional I/O model is obtained by the following equa-
tion , X = (I —TA) ~~ TY. The following section will briefly explain some
of the theoretical and operational aspects of this model in terms of
matrices .

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 Inpu t—Outpu t  Analysis , ” AER , XLV (December 1955) .
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Not a tio n

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

(a) Designation notation

n = designation of tbe number of regions .

m = designation of the number of industries .

(b) Matrix notation

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

Y = Column vector (mm , 1) giving total final demand . Each element
describes the to ta l  amount of commodity i consumed by f inal  users

r ~ 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 (m,m). Each
element t~~ 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 = = trs
ii i2 im~~

The above matrix notations are also expressed as follows :

I --

1 s S S
A 

~~

- - -~ a11 a1 2 _ _ _ _ alm

‘A 2

(nrn,nm) -~~~~ A
S 

Wher~~A )
= 

~21 ~22 — — —~2m

L~--~ ‘An] 
~~1 arn2~~~ .~~

11 T1 1  [~~rs
I I 1

r (nm nm) T
21 Where Trk 

=

I I f ~~~~~~~~~~ ~

1.nl 
~~~~ .? — -~ T~~j  ~~~

r

7 -

tt

~

i

~~
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20 2x = x where  so V = 
‘
~‘ where S

(nm, ) 
kkO (ni,1) ~2 (nm ,1) ~,s ~2 =

,~.n0 SO ~fl

- 

Xm m

(d )  E lemen t notation

40 = the to ta l  amount of commodity i produced in region r.

= the  t o t a l  amount of commodity i demanded by all f ina l  and inter-
mediate  co nsumers in region s.

x’?° = the to ta l  amount of coimunodity i produced (consumed) in all regions .

t~
5 = a trade coefficient which is the proportion of the total consump-

tion of commodity in region s that is shipped from region r to
reg ion 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

ft model . The relationships of economic activities among industries and •
regions are specified by the following sets of equations:

( 1 )  or 
= 

j~ 1 
a~ .x~

0 + ~~

(2) ~~ S 
=

ro rs(3) x-j = 
~ x~ , and

~ Os rs-, (4) x 1 = E x 1
r=1

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

6
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V

These basic economic ri- I ationm ;hips are interpreted as f o l l o w s  : the  I irs
e q u a t i o n  shows t i m e  tot al amount of . a commnod i t’~ d i~ - mn d ed and supp i led in a
region . The total amount of commodity i demanded by time intermediat e and
final users in a reg ion must be equal to the total amount of t h e  co:: m~ d l L v
supplied to the region . The second equation sio w~ the tot~11 o su ot of
commodities traded among cog ions . The t o t a l  mi-iou i i i  ci mod I t v  i sh
from region r to reg ion s is a fixed proportion of the t oi m i amount of
commodity i purchased by region s. The third equation sin-ply defines the
total production of commodity i in region r u-bile the fourth is the told ]
consumption of the commodity in region s.

Based on the functional relationships of economic a c t iv i t i e s  ~c o n g  indus—
tries as well as regions , one can present the column coefficient model in
matrix form using the matrix notations previously g iven . Time moth- i is
written as:

(5) ~~ = A
S
X
SO 

+

(6) E ~~ = 1rs~ Os
s 1 s=1

n n
(7)  E X = 

~ X °
s=1 s=1

:~ 
where s = 1, 2. . .n and r = 1, 2. ..m .

In equation (5), for each reg ion the total amount of commodities demanded
is equal to the total amount of conunodities supplied . This form of rela-
tionship is always used in the interreg ional 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 interreg ional interindustry activities as follows :

(8) E = ~ T rS A S X SO 
+ ~

s=i s=i s=1
5.
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where r , s 1 , 2.. .n.

Transferring the f i r s t  term on the r igh t  hand side to the left , the
following equation is obtained :

(9) ~ (I - TrSAS ) ~~ = E TrSYS.
s= 1 s=1

Equation (9) is written in a general form in the set of inn 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)~~ TY; or X = (T~~ —A)~~ Y

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

Dimensions of the I/O Model for MKARMP P

For the application of the above fixed column coefficient interregional
I/O model in the impac t study of MKARMP P (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 Ncrthern
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 impac t of the project according to the
existing major trade patterns of the impact region wi th  other  regions .
The reg ional boundaries are shown in Map 1.

:~ Each region of this model has 83 industr ial  sectors , 79 sectors being
producing sectors. Table 1 shows the c lass i f ica t ion 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

L 
following chapter .  For a more detailed discussion of the division of the
in terna~ reg ion and the industrial sector refer to the previous research
report.

6 qp. cit., Ungsoo Kim
8
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Map 1
Regiona ’ Orga niiation for the IR!O
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(Iv) I
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Kansas Missouri
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T able 1
Cl us i f iwat i o n of I/O Sector s and O3qro-q.tnd Indosl.nl.s

~~~~~~~~~~~~~~~
I. Ag eic u lt u r. , fernstry I. t i o esl ock A l i v e s toc k  prod u cts

I FISi..ries 2. Other a giffol tur .) product s
3. Forestr y $ fishery
4. Agr Ic ultural , ho ostr l  A f i s hery

Se rvices

2. Rl.iog S. Iron £ fer r ual l o y ores .ining
6. Nonferrous metal ores m ining
7. Co. l d oi ng
a. Crude Petr o leu. £ natur a l  9a5
9 . Sto,,e I c lay  minin g £ guu rry i to

50. ChemicAl I f.ntili,,o •inneui ainisg

3. Construct Io n II. Nest Oons tr uot i o n
• 12. Nai n tee anc . £ rep.,, constr uc ti on

4. Nondurable Manu factur In g 13. Ordn j nce I a cc e ss orie s
I4~ Food A k indred prod uct s
15. Tob acco r,inui.cturrs
56. •,~~d I nurroo iucrn s - ~~~~ I thre ad

di’
$7. MI sce llaneou s 11.01, goodS a f lao,

co ner logs
18. Ap pare l- - 19. M Isce l lan e ous fabi - i ca t ed  t r o t i l e  pr oduc t S
20. L t,te r a .ood pr odu c ts  ,.cept conta,ters
21 . WOoden cOnt a iner s
22. Household f u rn itu re
23. Other furniture and i i . t ur es
24 . Paper Shed pr od octu eo c ep t

co nt ain ers
- . 25. Paperbo u rd ton i. tnyrt a noses

26. p
~ in t , n ~ a Publi,hing

21. Ch.n.icals £ se lec ted chem ical  prodjct s
28. Pla s tics 6 Synthetic Oate ri jls
29. Drugs. cl ru n ir l £ toilet pr epa r a tion s
30. Pa int s & allied products
31 . Petro leiai , rei,n ,tg I rel a ted

‘ Itdu s trio s
5 32. Rubb .r £ mi scellaneous pla c t lo prod uc ts

33. Leati .ee tanning & ind ut i n io l leather pr oducts
34. Foot ,ear £ other leather products

S. Norable No nuf actu rip g 35. Slas s I glass products
36 . Slot. £ clay products

— 37. Prl.,.ry iroo a stef i m&mt tac tu .ii .
$. Primary nooferrous ,.ta ls .anul.ct ur ing
38. petal con tainers
40, Heat Ing . pionOin~ a ~gr uttora l meta l

products
41 . St~~~nt 9s . scre w .achin e produ cts I

bolts
42 . Other fabricated ,setS pro ducts
43. (ngi ,e & turbines
44. Pa,. machin ery 6 egut oment

o 45. Co nstr u ct ion mining £ o i l  f ie ld
machinery

46 . Mat er ia ls handling mac hinery &
equlptt infl t

5 47 . Meta lo or h in i ma chinery N egui oonm t
48. Special ind uS try ,iachi nery H e0uipeient
49. General indu s t r i a l  mach i nery £ equip-

meet
10. Mac h ine shop products

- - SI. Office, comput ing 6 accounti ng
macb ites

52 , Sercice Industry n aChin e s
53. Elect ri C i ndu s t r i ul eguii.,eht £

App aratus
14. Househo ld a cp l r ar ces
55. E lectric li jht eg S wiring egu i poent
54. Radio te le v ision & col ,m,unicatiuo

.quipii.ent
57. tlect roni c componests I uccessorinh
5$. M isc, electri cal machinery, equip-

ment & supplies
— - 59, Motor oeh l cles £ equip m ent

60. Aircraft I parts
61. Othe r transportution eguip .nrrt
62, Scientific £ onn iro l ‘ag i rci ro n e n t
63, Opti c al Op in ha ln i t £ p h oto3 r up nic

eqoissnent
64. Miscellaneous manufacturing

6. Trannp or tat lon , 65. Transportation £ oare hoosing
C~~.u ni c at ion s A 66. CO o e ueic ations , InceSt radio & TV
Util i t ies broadcast ing

67, Radio a TV broadcasting
66. Electric. gas, water 6 sanitary

sern lcen

7. Trade 69. Wholesa le I reta i l  trade

9. Ft ,,ance . insurance £ 70. Financ , a insuraro,
— Rea l Ls tat. 71. R.al estat , and rent a l

8. Smenicas 72. M,telsm pon-sonal £ repair sh r , l nnc -
e,cept auto

23. Nos Iness sem ite,
24. Research £ development
75 . Auto mo bile repair £ ser vi ces
76 ?eoseinnnt s
77 Medical , educational se rcic es £

nonpr of It Organi zation

St Gonee~~~nt 7$. Fe dera l qoonrromient emiterorises
lnter pris.t 79. State £ local qonerinnOnt enterpr Ises

ii. EI,’ectl y Oli o c eted 90. Di rectl y allocated imports
Impo rts

ID, Transferr ed ie,gioris Al . Transfe rred leiports

12. 9aloe Added (Soo~ 92, V a lue added rn.,)
Final D,.,and IColunon) Fina l de.and (Colon n)

54. tocolidary Pr oduct s 83. Secondary pro duct s
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The model is also a closed I/O model in which the household column and
row c o e f f i c i e n t s  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 .
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Chapter III

Primary Data Input

The primary data sets of  input for the IRIO model are:  reg ional technical
coe f f i c i e n t s  (A) , trade c o e f f i c i e n t s  among reg io ns (T) , the pat tern  of
household income and consumption by each industrial sector (H), and
the pa t te rn  of f ina l  demands (Y) . Direct input requirements for the
product ion of a dollar ’s worth  of output  by a purchasing industry in a
region from various supplying indus t r ies  and the i r  regions of origin are
available by reading the direc t coefficient table in Volume II. This
tab le is de r ived 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 direc t , indirect induced requirement table is also
available in Volume I I .

• Regional Technical Coefficients

As has alread y been mentioned in the preceding chapter , the interregional
technical coef f ic ien t  a~~ is considered as a combination of regional tech-
nical coe f f i c i en t s  and trade coe f f i c i en t s , i . e . ,  af ~ = ~~ ‘ t~~~. 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 Re~ earch group for the Economic Development
Adminis t ra t ion , Department of Comm erce. 1 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 in ternal  regions f i r s t .  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

• nult iregional Input—Output  Model (MRIO) is manipulated for the IRIO is
explained in Appendix A. 2 The technical coef f ic ien t s  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 stud y. In the MRIO the trade
flows among 44 regions3 in the United States for 79 indus t r ia l  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 disaggregatimg
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
Append ix 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 impac t 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 am 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

- 
s , 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 mus t 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 196O—6l.~

Trade flows among 51 states in the United States based on 1963 trade
estimates were also est imated by the same research group a f t e r  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.

Mi 
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
O f f i c e , 1966.
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This our :ey has Ic€- c n  conducted  O v er  Our U.S . C -Il- s rt- ~~i u I i ~ , . Bul the
I t - - j u i mi l  boundar ies for this s l lrv i -v  sri- dii ) ~~l c O t  fre~ ti jost - which sri-
used in our model .  h owever t h i s s u r e t y  is utilized In .- st  i l u s t i n U ,  S t f l t o
consum~ t io n expend itu res  by  i uclust rv Sc ’ to r  in ~~~ ~- h I)) b y ‘1) l L 1 1 5 I ’ L
et a l .~ We have found  t l l : t t  t h e  ;i~’e r i ’ ~’; i t  L I I I  i f  ~~,~~i ’ } i s t a t i ’ ’ s -(c rtsllrr 1)tion

— expend i t u r e  in the  N R l i )  i n t o  T R I O r - ~.; t i f l s i s  h i -  most ap p r o p r i  L i t  0 d a t a
in e s t i m a t i n g  the  c o n s u r i p t  ion p a t t e r n s  01 Ih Iti cc - - ions a i t h o u t  a sur-
T he d ivis ion of consumpt ion  e x p e n d i t u r e s  of t i c e  s l ot  i -  of  Arkansas  and
Ok lahoma i n to  s u b s t a t e s  due to t u e  d i v i s i o n  of th ese  s t t t e ~ i n t o  sub—
s t i t e s  w i t h i n and o u t s i d e  of t i l e  l r p o - t  I-ut- i o n  are based on t h e  sh o r i : -
of eac h s t a t e ’s pe r so nal income by eael i  s u b s t . i t & - . T h e  i-st i r a L c -d reg iona l
c o n s u m p t i o n  p a t t e r ns of t RIO r eg ions fo r 1110 80 i n d u s t r i a l  S i . t r  in t 1-rr~s
of c o e f f i c i en t s  are shown in Table  2. ‘1’h~~se c O e i f i (  l en t  s show ti le I r a r ~’ I nal
p r o p e n s i ty  to  consume by th e  1/0 sector.

I n e s t ima t ing  household row c o e f l i c  l o u t s  t i 1~~ ~- u of value—added t h u
is a t t r i b u t a b l e  to personal income by i n d u s t r y  and by re~’i o n is f i r s t

• e s t ima ted . The share of v a l u e — a d d e d  by each i n d u s t r y  and by the ~RlO
reg io n is ava i lab le  f rom the  I/ O table of the t R I O .  The share  of
personal income h -tore tax , generated h industry , is estimated by summing
the proportion of value—added which is atrrihut ab le to wages and salaries ,
other types ci labor inconle , and incomes from property by industry . Tite
n a t i o n a l  sh ar es of t hese types  of income out of value—added by Industry
are available f rom the u n p u b l i s h e d  data  by the D e p ar t m e n t  of Commerce .
The household income c o e f f i c i e n t s  he i n d u s t ry  and reg ion , t h e r e f o r e , can
be estimated by multip lying the value—added coefficient of each reg ion
by industry by the household income share of value—added of each national
industry. In order  to close the house b o i r  s ecto r  i n t o  the  processing
matrix the sum of household rows and C O l U mn s  must  he made eq u a l .  However ,
the personal income is larger than the cons ’ ptI on expenditures due to

fi the inclusion of the personal income tax and personal savings .~ There—
fore , the household income coefficients are reduced by r:ul tip ly ing the
ratio of the total household sp ei id iri t’ t o  t h e  total household income ci
each region . The ratio of the total household incom e to the total con—
sur~ption of a region is the averaCe propensity to consume of each region .
The household earning pattern for the consumption (household row coeff i—
d ents) for each of the 80 industrial sectors is also shown in Table 2.

5 In this estimate the state population is subdivided Into rui 1 and urban
residence and those are further divided into 16 income groups . The s tate

- n consumer expenditures for these classifications are distributed among
each i n d u s t r i a l  sector  based on t h e consumer expenditure patterns of the
Sam e classification of those census regions where each state belongs .
For the detailed methodology see Polenske , Karen R. and Isabella B .

go i-Jh iston , State Estimates of Personal Consumption ~~ p~nditures l9~i7, 1958,
1963. EDA Report No. 14 (Harvard Economic Research Project) - August 1968.

6 It is i:rplicitly assumed that the transfer payment is less than the per-
sonal income tax and savings .
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Construct ion of Final Demand Vectors

In order to u t i l ize  an interregional 1/0 model for  an impact stud y ,  a
final demand vector , which is an exogeneous variable to the I/O model ,
must be estimated . The f inal  demand may be an increase in investment ,

- consumption , public expenditures or exports. The purpose of this s tudy
is to evaluate the construction impact of the McClellan—Kerr Arkansas
River Multiple Purpose Proj ect (MKARMPP ) . Therefore , the final demand
for this project will be the total construct ion expenditures . And the
final  demand vector will be the purchase pat tern of the project  construc-
tion expenditures from various industrial sectors .

The precise f igure  of the total project cost for the MKARMPP is d i f f i c u l t
to decide. The history of water tesource development investments in the
Arkansas River Basin had its origin in the late 1930’s, and many wa’er
resource investments in this area have contributed to this project.
The total proj ect cost for the MKARMPP varies according to d i f f e ren t
references . In this study the federal expenditures appropriated during
FY 1957 to 1971 are treated as the MKARMPP costs. These expenditures
were responsible for opening the waterway from the junction of the
Arkansas and Mississippi Rivers to the Tulsa area in Oklahoma and are
estimated in the Washington University study.8 The total expenditures
through FY 1957—1971 by types of project are estimated at approximately
1.2 billion current dollars and are shown in Table 3.

Procedures in Estimating Final Demand Vectors for a Project Contract Cost

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

Step 1: Estimation of Construction Costs in 1963 Dollars

Since the tRIO 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.

Institute for Water Resources , U.S. Army Corps of Engineers. A River,
A Region, and A Research Problem, IWR Report 71—6 , by Charles L. Leven
and R. B. Read , Washington University , July 1971, Part II, pp. 18—40.

8 Ibid., Appendix C.
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Totai project cost includos construction contract costs which are executed
through private contract and non—contra ct costs which were expended directly
by the  Army District Corps of Engineers. Non—contract costs include
expenditures such as compensation Icr land and damages; engineering and
design ; and supervision and administration of ti’.~,- pro j ec t s .  The p ropor t ion
of contract and non— contract costs by type of project , are shown in Table
‘ . The contract ‘.‘ust of t~ie whole MKARNPP os-cupy approximatel y 80 percent
of the total pro’~ect cost , which is equivalent to S873 ,298,000 in 1963
prices .

Step 2: Distribution of Project Costs by Sectoral Demand

In  order to USC the I/O model with 83 i n d u s t r i a l  sectors , the investment
%-xpLnditures 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 froi i the unpublished study by The Resource
For T~IL Future , Inc . This stud y 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 projects9 by the Army Corps
of Engineers in order to generalize labor and material requirement patterns .
In t h i s  study Haveman and Krutilla added an investigation of three more
projects and t i a v i ’ developed a detailed purchase pattern of equipment and
supp lies by major industrial sectors ; purchase patterns of on—site labor1°
by major occupations ; and unallocated costs per $1 ,000 contract costs for
12 different project cate~,ories.

11 The classification of project types
and sample projects , which mere surveyed under each project category , are
shown ía ‘.\ppendix B. The purchase p i t t e r n s  developed by Haveman and

1 ’ Koutilla s.’ere based on 1958 prices . To convert 1958 j~urchase patterns
into those of 1963, sectoral GNP deflators were used. -~

-2 The estimated

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

10 I’m —site labor is def ined  as the demand for  labor for  the pro jec t  con-
struction at the site of the  p r o j e c t .  This is the major  por t ion of
“.-a~ e and salar ies  paid out from pro jec t  expenditures .

11 Rober t  H.  Haveman and John V . r~rutilla . Unemp loyment, Idle Capacity
,,

and the Evaluation of Public Expenditures: National & Regional Analysis.
Ba l timo r e: The Johns Hop kins Press , 1968 , Table 6. pp. 20—2 1. Distrib u-
tion of equipment and supp ly requirements by 1958 I/O sectors are also
available from unpublished data.

12 For the  de f l a t ion  of project costs and sectoral demands , unpublished
c~;p and sectoral  d e f l a t o r s  f rom the Bureau of Economic Analysis , Depart—
memt of Comse rce , were used.
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1963 purchase pa t t e rns  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 ‘i’able 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 MKABMPP is composed of several types
of proj ects: mul t ip le  purpose , flood control , revetment , and the locks
and dams projects .  The demand pa t te rn  for equi pment 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 MKABMPP are shown in Table 6.

A final demand generated by a pr oj ect 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 supp lying cer tain 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 f inal  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 ty~~ of a project , and (2) the proj ect
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
o the r  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 pat terns  of a region for  each of 79 goods and service sectors
were alread y estimated in the basic I/O model (IRI O) 1-3 and are expressed
in terms of T matrices .

13 See Appendix A of this report.
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n 1. . .4 reg ion ,
g & r indicate shipping and receiving region respectively

m = 1.. .79 industry

~gr indicatl. s a matrix of percentages of various commodities received by
r region from g region (fixed column coefficients). tr indicates the

O proportion of the total receipts of the first industry product by region
r from region g, where: 4

E = 1
g=l

By reading T~~’ along the first colmn of the T matrix one can tell each
proportion of total receipts for each commodity by the first region from

1
,

, various regions including its own region . The receiving region r indicates
a project region , and ~gr differs when r changes . The matrix of trade
coefficients for each commodity for the alternative impact region , are

f shown in Volume II.

Regional final demand vectors per $1,000 for each project type are esti—
mated by multip lying 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 ~th project (Y~)
may be expressed in terms of Y~ = Y .T

R, where Y. and TR indicate the total
final demand pattern of ~

th project1and the tra~e pattern of the impact
region R with other regions including his own for each industrial product.
The regional demand vector of each region for the MKARMPP may be expressed
in terms of a matrix of regional final demand vectors as ~R = YT. The
regional final demand vectors of the ~‘1KARMPP are shown in Table 7.

Of the t o t a l  contract  cost about 67 percent  of its cost was spent wi th in
the project region. Of these 30 percent was for material and supp lies
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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“ 
48 197.41 7.70 38.53 1.05 150.05
49 4281.36 1092.17 015.48 71 .07 26 02 .6 4
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(1000) (67 .35%) (14 .74%) (2.960) (14.941)

° Project Contract Cost is defined as the part Of project co st erpende d
through a prorate Contract.

5° 0 means Imsl gntfl cant . 24
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Final Demand Vector for the Total t°fl(ARMPP Cost

In the previous section the final deraattd vector resulting from the ~(AR~’1PP
is limited to the portion of contract construction cost , which is approxi-
mately 80 percent of the total proj ect cost. As has already been explained ,
the remaining 20 percent of the project cost is non—contrac t 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 NKARNPP 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 contrac t 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.

a. The proportion of a contrac t 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 pr ’.ject
cost , one can estimate the final demand vector per $1 ,000 project cost.
Total final demand vectors by project type of the MKARNPP 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 proport ion of each component of non—contract cost varies from project
to p ro jec t .  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 superv ision and a d m i n i s t r a t i o n .

15 Some of the compensation for land and damage may be paid out to the pro-
per ty  owners who are residing uut5 ’.~ de of an impact region . Some of the
costs may be part of the taxes to the government. These facts are igno r ed
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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30 369.83 14 .90 51.63 40,24 263.10

o 31 15464.06 7770.69 5934,09 332.49 426.81
32 4128,56 208.08 928,21 382.30 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 2602.95 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
4) 925,20 55,23 186.61 86.32 597 .12
42 5457.54 971 .44 1796,62 212,84 2416.63

• 43 14805.38 2381.09 635.16 34.08 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 70.75 6454.09
47 1030.06 66,64 17 ,61 5.05 940.65
48 191.41 7.70 38.53 1 .05 80.05
09 4280,41 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
62 961,93 509.26 199.31 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 n976.31 452 .11 750.33 208.36 2565.82
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 2986,61 1984.92

-
~ 60 00 ‘ 0 0  00 00 00

61 5461.86 624.29 1289.55 758,1) 2789.92
62 702.19 301 .45 132.92 1 .47 266.34
63 00 00 00 00 00
54 6.10 .93 1.27 00 3.91
65 54994.86 54994.86 03 00 00
66 1725.12 1725 ,12 80 00 00
67 00 00 00 00 00

‘1 60 l827.49 1827.49 00 00 00
1’- 69 68295.47 68295.47 00 00 00

70 7319 . 41 3664 .03 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 08 00

— 76 00 00 00 00 00
Sn 77 1057 .96 1057.9 6 00 00 00

* 
78 00 00 00 00 110
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 651265 .34 551265 .3 4 00 00 00

- -
~ 

84” 1094808.00 808055.18 129484.81 2 6007 .1 1 13 125 9 ,24
a 

- . 
(1002 ) ( 7 3 . 8 1 % )  ( 1 1 . 8 3 % )  ( 2 . 3 8 % )  ( 11 .991)

• • ‘0’ means insign ificant

S u n  of sector 1-83 which 15 tu e project Cost. The sum of regiona l final
O demands nay not egual the n~ tien a l final demand doC to roundin g errors.
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Chapter IV

Impact Evaluation

Final demand vectors estimated from the MKARMPP in the previous chapter
hav e been app lied to the IRIO in measuring the economic impact of the
project on the regional and national economies . Prior t~ the evaluation
of economic expansion , g iven the final demand vectors , va r ious mu l t i p l ie rs
are evaluated first. Following the evaluation of the mu l u-ipliers the
economic impac t of the project , in terms of per $1,000 MKARMP P cost , is
eva lua ted .  The sens i t i v i t y  of the impacts of various hypothetical types
of water resources investments in different regions is also investigated .
The evaluation of the economic interdependencies through 80 industrial
sectors , with 4 internal regions, requires t~he 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 detai led s t ruc tu ra l  relationships at the disaggregated indust r ia l  level ,
but a disaggregated indus t r ia l  sector model is more useful in evaluating
the general characteristics of s t r u c t u r a l  relationships. For these rea—
sons we have used a 10 industrial sector I/O model (11 sectors fo r  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 ou tput  and income resulting from the MKARMPP .

Analysis of Multipliers

Input—Output Multipliers are probably the most important tool used in local
o°ind 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 o ther
hand , enables us to study inter industry  and interregional dependencies as
well as to derive sector mul t ip liers for output , income and employment at
the desired disaggregated industr ial  level. 2 Since the impac t of any

‘0 1 Because of the evaluation of Type I & II multipliers both open and closed
I/O models wi th  aggregated industr ial  sectors are used . For the conven—
ience of designation, the aggregated I/O model for industrial sectors is
def ined -as a 10 sector model regardless of whether it ’s an open or closed
modeL The I/O model wi th  79 industrial sectors , is defined as an 80

S sector model. For the sector classification see Table 1, Chapter 2.

2 This , of course , depends on availabili ty of input—output data for the
desired disaggregated industr ial  level. The greater detailed informa—
tion from the 1/0 model , of course , requires more time and cost.

28

t ’

~

’ °

~

’4

~ 

5 .  - -



change in Investment , the overall investment impact depends upon sector
mu l t ip l ie rs , the size and the pa t t e rn  of investment mix .

The basic data  sources for various multip liers arc (1) regional technical
c o e f f i c i e n t s  (A) , (2)  interregional  trade coefficients (T), (3) interreg ional
direct requirements (TA) , (4) int erregiomal direc t and indirect  requirements
(I—TA)~~ and (5) interregional direct , indirect , and induced requirements
(I_T

HAH
)
~~~
. While technical coefficients provide the information of direct

in put  requirements 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 industr ies  in various regions to yield a dollar ’s
wo r th of ou tpu t  to f inal users by a pu r chasing indust ry in a r eg ion . 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—T HAU) ,  where T54A.9,~ includes the household sector in the TA
matrix . Except the imter reglonal 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 ,
const i tute  various mul t ipl iers .3 In this stud y the o u t p u t  and income
multipliers for  both Type I and Type II for 10 sector models will be
evaluated .

Output  Multipliers

The output multiplier for the ~
th industry measures the total requirements

from all sectors needed to deliver one additional dollar of output i to the
f inal  users . Type I multiplier measures the sum of direct and indirect
requirements ; on the other hand , Type II multiplier measures direct ,
indirect , and induced requirements . The Type I multiplier is derived by
summing the column entries of the (I—TA) l matrix under ~th industry , and
the Type II multiplier is derived by summing the same column entries of
the (I—T HAIj) 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
indust ries . The output  multiplier in this study is a joint product of
(a) production funct ion of an industry in a part icular  region ; (b) linkage

3 effect of an industry ; and (c) trade relation of an industry with other
regions . The output  mul t ipl iers  evaluated for  the IRIO model are shown
in Table 10.

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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TABLE 10

OUTPUT MULTIPLIERS

~ 1

Industry/Region Region I Region II Region III Region IV

- 1. Agr i . ,  For. & Fish. 2.19902 2.02980 2.37113 2.12281
5.78306 5.14996 5.77354 5.46875

2. Mining 1.63057 1.57140 1.59091 1.59654
5.23693 4.51719 4.99726 4 .66353

3. Construct ion 2.02453 2.14464 2.00639 2.02987
6.44788 5.99102 6.27432 6.20891

4. Nondur.  Mf g. 2.25639 2.11513 2 .27766  2.16246
5.59966 5.02116 5.83330 5.65134

o 5. Dur . Mf g. 1.98911 1.95374 2.10878 1.98400
6.09052 5.48312 6.05943 5.78564

6. Trans., Comm. & tJtil. 1.54337 1.54079 1.5.3776 1.51712

4 
5.26393 4.62095 5.09742 4.83282

7. Trade 1.35870 1.36581 1.36892 1.36295
- 

5.41506 4.81465 5.17702 5.08862

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

9. Services 1.53605 1.52383 1.50295 1.50103
5.43256 4.93757 5.21719 5.15657

- 

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

-I 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 nlultip lic ’rs are s~oown in the first row in Table 10 for each indus-
trial sector. These i’~uItip liers are derived by summing the column entries
of (I—TA)’l matrix under each industrial sector in each region . The
multip liers under each region represent differences in multip liers when
the output is produced in each different region . For exam ple , in order
to deliver a dollar ’s worth of agriculture , forestry and fishery products
to final users by Region I (the Impac t 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
differentl y, 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 multip liers are derived by sununing column entries of (I—T HAH)~~matrix for each industry and region and are shown in the second row for
each indus t r ia l  sector in Table 10. Type II output  mu l t i p l ier  represents
the to ta l d ir ect , indirect , and induced requirements to deliver a do l l a r ’s
w o r t h  of output of the ~

th industry in the ~th 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 indust r ies
is less than that  of type I mul t ipliers . The variation of the same sector
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multi pliers among different regions demonstrates a larger absolute
variation compared to type I multip liers , but the relative variation is
again insignificant .

Income Multipliers

The output multip lier is convenient in measuring total shipment and link-
age effects, but it does not measure the impac t in terms of income which
is a more convenient form of the economic growth index . Income multip liers
are also derived from the basic tables discussed in the beginning of this
chapter. As in the output multi pliers , 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 indirec t 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—TAY~

1 matrix
S I  

by the supplying industry ’s corresponding household row coefficient from
the direct requirements table and summing the multip lied 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 multip lier 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 approximatel y equal to or are gr~ ater than
two are : non—durable manufacturing , agriculture , forestry and fishery
sector , durable manufacturing and construction sectors. The variation
of mul t ip l ie rs  for  the same indus t ry  among different regions is not

‘4 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 indus try. Type II mul t ip lie~ s are derived by d ividi ng t h e d ir ect ,

• 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

I ’  final users in a region . The di r ect , indirect , and induced income changes
I k - to yield a dollar ’s worth of ~th output in ~th region of final users is

shown in the household row entries in the (I_T HAH)~~
- 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 (l_THAH)~~ 

ma u --~ix. The d’.rect 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 multip lier for every

sector. Jhe 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 ’—(J~.28) industries show
relatively high multip liers. Unlike the case of output multipliers ,
induced impact does not change the ranking of the initial type I multi-
pliers .

The variation of mul t ip liers among d i f f e r e n t  regions for  the same indus t ry
shows insignificant variation.

The Impact of MKARMPP Through 10 Sector Model

In this section the impact of MKARNPP on reg ional and national economies
• in terms of level of ou tpu t  and income fo r  ten industrial sectors will be

evaluated. Since the NKARNPP cost is classified into both contract cost
and project cost , the impact will be estimated for both types of cost.
For the convenience of the structural evaluation among industries and
regions, the evaluation is made per $1,000 investment cost. One can find
the total impact resulting from MKA RNPP 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. & Uti l . 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 multip l i e r ,
and the second row of each industry shows type II income multiplier.
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example , the total impact of MKARMP P contract cost is obtained b~ multi-
plying the impact measured per $1,000 contract cost by $878,2892

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

The demand pa t terns  of water  resource inves tment 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  d i f f e r e n t  types of
water resource p ro jec t s .  The input demand for the MKARMP P , without con-
sidering the region of origin , is defined as national final demand for
the MKARI-IPP and its d i s t r i bu t ion  pa t t e rn  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 manufac tu r ing  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
fo r  locks and dams. The requirements for the input by industry also varies
greatly among types of projects .

Due to the trade pat tern  of the impact region , as explained in the previous
chapter , the total prJject demand for input will not be produced in the
impact region . The reg ional f inal  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
cons t ruc t ion  of the project. The actual share of the delivery of each
input depends upon the demand pattern of the project and the degree of
t h L -  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 supp lied 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 wi th  other reg ions . 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 MKARNP P , see Table 4, Chapter 3, in
this report.
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Table 13

NATIONAL AND REGIONAL FINAL DEMAND S 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 0.0)
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_ 31.91 114.38 386.0 1
Total 450.93 28.66 121.42 398.89 1000.00

REGIONAL FINAL DEMAND
I/o

— 
Sector Region I Re g ion II Region III Reg ion 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 12.5 3 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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Ttie regional  demand ind ica tes  the economic s t r u c t u r e s  of the p r o j e c t
region with other regions in terms of the direction and magnitude of
leakages by each industrial sec tor. The demand for labor , transportation
and se rv ice  are ge ner a l l y considered to he s e l f — s u f f i c i e n t  b u t  t l i t -  m a nu—
fac t u r i n g  goods heavil y re ly upo n out s ide reg ions , espe &: i a l l y  (fl  t h e  bes
of the U.S.

Table 14 slio~-s t h e  level of output expansion per $1,000 proj &-ct contract
- . cost 415 I n ~~ a closed 1/0 model. For the nation as a whole , L!~~- investment

of $1 ,000 ~l - ~ -~-fl’P contract cost has been estimated to increase the output
hy $5705. Th,it is , for the total economy the transaction has been expanded

i~. t i ~o .  The word transaction is used , since the output is :,1c- a—

-1 red on a shi pment basis rather than an income basis. This output
resulted fro -~ the interaction of two factors : 1) the trade pattern of
t he- ~ r - j e ~- t i s~~ ion and 2) the production function of each region of this
--a)uel . Ii i~ o l ~~o the result of d i rec t , ind i rec t , and in duc ed Impac t s
of t h ~ prs ~~~~ t -

Inc rt-g i - i t l  -.hares of the total output are : 30, 18 , 5, and 47 pe rcen t
lv tnt- Im ~~o-t , Southern , Northern lnd the Rest of the U.S. Regions res—
) e c t l v - - 1 - . . Fhe share of each industrial output by eac h r egion is a lso

~~~~ in toe same table. As one will notice , the share of output by
~odu-~tr’: ~i i~d reg ion is somewhat different from those of the  regional

~2tte rn imposed on each region. The extreme shares except the 
eii~~1d income sector , have been absorbed by other industrial sectors .

: - 1 i 5  i s  attributed to th e  d i f f e r e n c e s  of l inkage e f f e c t s  among industries
an d  i s  due to household spending patterns .

• The v , - , - ion,i l shares of industrial output as a wh ole s l igh t ly  d i f f e r s  f rom
th sc ot f i n a l  demands . For example , the share of f i n a l  demand by the
[~~~~~lC t Region was 63 percent of the national demand , but the output share
decl ined to 30 percent. The same figures for the Rest of the U.S. increased
i:-~~m 20 percent to 47 percent. This phenomena is probably attributed to
t i- c size of region and the degree of self—sufficiency in economic struc—
t~ res . The more open the economy , the more leakages and vice versa.

The 11th sector  represents  household income6 generated during the process
of increasing output resulting from construction expenditures . The total
household income which results from $1,000 construction expenditures is
$1740, 45 percent of which was shared by the Impact Region , 38 percent
by the Rest of the U.S. and 17 percent by the other two regions .

6 The household income de f ined  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.

I- -i
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Table 14

OUTPUT R E S U L T I N G  FROM Til E MCCLE l LAN — KERR
ARKANSAS M U L T I P L E  PURP OSE PR OJ ECT CONTRACT COST

(PER $1000 BY INI)USTRY AND REGION
(Unit 1963 Dollars)

Industry R~~~ion I Region II Region III Reg~ on lV 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
2 

(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) (38.0) (100 ) 30 .5
Total 1736.73 1013.57 265.44 2689.59 5705.33

(30.4) (17.8) (4.7) (47.1) (100) 100

* Except the last column each figure in the ( ) shows the  percentage
of national output by each industry by region. The figures in t h ~
( ) in the last row are the regional shares of total national
industrial output by each reg ion.
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The total impact of the MKARMPP contract cost is derived by multiply ing
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—contrac t cost of the project. Since the
contrac t cost is equivalent to about 80 percent of th e project cost in the
MKARNPP , 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 s t ruc tu res .
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 , th e 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 MKA RMP P proj ect 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 MKARMP P cost instead of per $1,000

~roject contract cost the various impacts which were evaluated in this
section must be multiplied by 1,094,808, which is the total MKABMPP 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 Impac t Region.

For the ratio of the contract cost of MKARNP P to th e tota l projec t  cos t
see Table 4 in Chapter  3.
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Table 15

NATIONAL AMP REGIONAL FINAL DIMANDS PER $1000 FOR THE MCCLELLAN-KERR
ARKANSAS RIVER Ml LT’IPLE PURPOSE PROJECT COST

(Unit: 1963 Dollars)

NATIONAL. FINAL_DEMAND

Project Category
Lock

I/O M u l t i p l e  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 D EMAND
I/O 

—— 
-

Sector Region I Region I I  Region I I I  Region IV

1 0.09 0.10 0.02 0.08 0.28
2 13.93 49.42 2.73 5.j~1 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

5~
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Table 16
OU-rPUT 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 ~~~ iom 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
(3~ .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
sam e 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 mon—contrac t costs for differen t water
resource projects . Again, the ten sector model is used for the analysis.
The demand patterns for input per $1,000 contrac t 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.

4 . 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 MKARItPP , 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). T1~ refor e, 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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‘IABLE 17

SENS iTIV iTY OF IMPACTS BY PROJECT TYPE AND REGI ON

Lojy~ t T ~ pe/Re~~~~r Region I Region II ~~gj~on III Region IV

1. Multipurpose project 5808.41 5509.32 5791.51 5713.28
including power (1849.96) (1745.31) (1833.23) (1817.08)

2. Dredge 5860.71 5557.62 5858.08 5787.62
(1892.74) (1787.72) (1880.73) (1868.70)

3. Large Earth Fill Dam 5816.61 5505.03 5803.93 5732.63
(1832.97) (1724.19) (1817.19) (1804.57)

4. Small Earth Fill Dam 5756.57 5453.01 5749.43 5673.03
(1764.08) (1658.01) (1750.63) (1735.78)

5. Local Flood Protection 5798.86 5486.62 5779.02 5700.29
(1857.55) (1748.12) (1839.61) (1823.41)

6. Pile Dikes 5650.84 5325.43 5645.33 5549.39
(1781.84) (1667.81) (1769.87) (1746.75)

7. Levees 5771.06 5437.55 5761.11 5676.27
(1908.42) (1792.08) (1894.21) (1876.05)

8. Revetment 5329.35 4998.68 5330.90 5198.72
(1557.03) (1439.21) (1548.95) (1509.79)

9. Powerhouse 5Th6 .O 1 5540.14 5762.21 5691.85
(1611.03) (1531.92) (1599.31) (1585.52)

10. Med ium Concrete Dam 5848.40 5548.66 5823.61 5750.16
(1848.35) (1743.19) (1828.44) (1814.39)

11. Lock & Concrete Darn 5696.50 5424.27 5682.71 5598.66
(1665.00) (1569.03) (1649.88) (1630.59)

12. Miscellaneous 5752.85 5450.04 5753.13 5676.44
(1762.19) (1656.73) (1751.45) (1736.76)

-t

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
(Revetmemt) 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 var ia t ion
among regions for the same proj ect type shows that the lowest range is
f o r  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 proj ect is invested in the
Impact Region is greatest  followed by Reg ions III , IV , and II in that
order. It is also noted that the highest i~icome 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 reg ion , the greater is the share of reg ional
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 sam e
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 MKARNP P 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 HKARNP P 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

45
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Tabl e 18
Output R esu l t in g from NC ClelIdn-K err Arkansas Riv e r

Mu lti ple Purpose Project Contract Cost
Per $1000 - 1963 Prices

1/0 Rc-o~~v Region Region Reg ion t 7. Shares by
- t r - I I  1 ) I ~ ~~ 

Nat i on Shares Aj~~r~~ ated Sector

I 155 13.48 9.14 69 41 99 64 1.12
335 10 .87 7.31 54.83 84 .36 1.46

3 1.59 1 .19 .13 331 6.23 .11
4 .90 .77 .44 3.42 654 .11 3.40 (1)
5 .00 .18 .22 6.42 6.82 .1?
6 .04 .32 .03 3.01 3.40 .06
7 •29 .06 50 1.66 8.51 .15
8 3.65 3940 2.03 10.23 55.71 .96
9 49 . -i? 35.66 8.56 6.32 100 .35 1.73
10 - ~? .34 .02 .73 1 .10 .02 3.04 (2)
11 DM0 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 21 .11 .02 .64 .84 .01
14 44 .4? 79.25 28.02 162.53 314.22 5.42
15 0.00 .18 .08 32.9? 33.23 .57
16 .3 0 1.60 .13 46.29 48.40 .83
11 .10 1.93 .14 9.89 12.05 .21
18 49? 8.01 2.77 64.20 79.91 1 .38
19 .18 1 .03 SO 10.74 12.45 .21
20 5.6? 9.85 .21 15 .39 3L06 .54
21 .04 .15 .03 .92 1.13 .02
22 1 1 1  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
26 433 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 .3 7 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 2.02 1L84 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 L63 3.03 .48 32.11 37.25 .64
39 .15 1.61 .49 6.35 8.60 .15
40 24.61 37.01 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 .07 553 5.98 .10
58 .12 .52 .30 5.03 5.47 .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)
63 286 .63 67.08 19.95 189.11 562.17 9.71 9.71 ( 7 )

1’ 70 32 77 47.85 5.62 64.66 150 .91 2.60
C 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.iv (9)
/8 5.69 99 .70 7.62 17.00 .29
79 2.40 .66 . 11 1.59 4.83 .08 .37 (10)
80 841 .17 227.17 66.15 633.89 1168.38 30.50 30.50 (11)

lotal 1921 .52 979.16 281. 71 2615.19 5797.59 100.00 100.006 
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 resul t 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 MKA RMPP
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

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

6 See Richardson op. cit., pp. 135—3 8, for a further discussion about the
difference between sector multipliers derived from aggtEgated and di s—
aggregated I/O models.
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i/O O~~ V I~~ Region Region ~~~~ . 1 - . l y
i .~~ I - I i  - I i i  Ii ... ‘~~~~, ~5a r , - s ~~~~~~ I

1 8.-lb 4 .‘: 9 .78 7/ 1/ 10 5 .9 2  1.80
2 3.77 211 . /4 7.774 51. I . 111 .7. /  1.52
3 1 .71 . 73 .14 3 - 1 - . 11
4 99 1 .93 .4/ 3. 57. 6.94 .12 3.55 (1)
5 .00 .15 .18 5.59 ~ o? .11)
6 .04 28 .03 2.72 1 0 /  .05
7 .2 7 .05 .46 7.02 1. 00 . 13
8 3.70 39.37 2.01 9.98 55.07 .93
9 40.03 28.11 6.90 5.37 87.02 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

- - 1.’ 24.84 10 .13 2.52 22.0-i 59.95 .02 7.02 (3)
13 .09 .12 .02 .66 .89 .02
14 51.19 86.30 30.19 165 /1 333.39 5.66
15 0.00 .19 08 35.21 35.48 .60
16 .44 1. /6 .14 48 .81 5 1 .14 .87
17 .11 2.08 . 75 10. 7 2 12 .4s .2 1
18 5.70 8.92 2.93 67.21 84.76 1.44

• 19 .21 1. 7 1  . 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 1/ .28 .29
26 4.91 6.38 L31 18.23 30.83 .52
27 .96 16.56 1.82 27.91 47.25 .80
28 .03 2.94 .2 1 15.02 18.22 .31
29 .43 2. 73 7 .10 29. 15 39. 41 .6 7
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)

a 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 13J9 3.03 9.20 45.91 .78
41 .20 .46 .56 12.90 14.62 .25
42 1.93 5. 70 .98 20.90 29.5 1 .50

~~- 4 3 2. 43 .96 .10 16.88 20.38 .35
44 .01 .09 .0 4 1.09 1.23 .02
45 8. 40 24.62 1 .03 21.30 6L35 1.0 4
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 1.96 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 1.4/ 1 .17 20J7 24.63 .42
54 3.05 .2 1 .29 13.38 16.93 .29
55 .65 L09 .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
53 .13 .54 .31 502 6.01 .10
59 .87 15.01 33. 86 85.95 135.69 2.30
0 .28 .36 .08 .87 1.60 .03
6 .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
6~ 1. 76 2.78 .26 19 69 24.49 .42 12 .36 (5)
65 92 .25 21.6 4 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

F 68 07.27 22.26 5.44 47.44 142.41 2.42 6.31 (6)
69 302.92 64.28 19.76 184.42 57 1 .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 0.07) 0.00 0.00 0.00 0.00 0 .00
15 29.42 6. 86 2 .17 17. 19 55.64 .94
76 13.36 3.13 .96 7 0.20 27.65 .47
77 1 . 4 18.94 5.29 50.76 156.82 2.66 7.35 (9 )
7~ s~~ i 2 . 97 .71) 7. 51 1 7 .48 .30

• 19 1. 0 1  .63 .1 7 1 . 55 4.97 .08 0.34 (10)
80 982.10 217. 03 65.13 1116 I l  1881.13 31.94 31.94 (11)

To tal 2109.29 14 1.07  280.93 / 556 ~I 1 5890.48 100.00 100.00
Share (35.81) 16 .0 ?)  (1 .77)  ( 4 1  40) (100.00 )
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Chapte r V

Summary and Conclusion

Summary of the Study

The historical origin of federally financed water resources development
p r o j e c t s  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.” Th is
is one of the biggest and longest federal construction projects in water
resources development investments. For this impact scudy 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.

F ’ -
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 (NRIO) for the Economic Development Administration and Trade Flow
Analysis for the same yoar 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 tradc with other regions in
the MRIO. To estimate the substates ’ I/O tables and their trade patterrs
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—
t iomal  to i ts  share of state output and requirements respectively. To
estimate substate output and requirements for each industry , t h e es t ima tes
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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 TRIO 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 coeff ic ients  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 MKARMP P 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 wateT resources projects , as a whole, shows a relatively heavy
demand f or on—site labor and manufacturing goods , especially equipment ,
fo i l  Dyed by a considerable demand for mining products and transportation
reqiirements. The MKARMP P 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  reg ion 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
t he IRIO Type I and Type II mult ipl iers  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) ’ and interregional
direct , indirect , and induced requirements table (I—THAH)~~ respectively.
These tables themselves consist of matrices of the tnterindustry and
interregional multip liers for the delivery of a dollar ’s worth of each
industrial output to the final users .

a- The output multiplier is suited for evaluating interindustry linkages and
size of transaction per one dollar ’s change in final demand , while the

• income mult ip l ier  is suited for  evaluating the magnitude of income changes
:1 induced by a dollar ’s change in household income . Type I output mul t ip l ier

by indus t ry  in Region I ranges from the lowest 1.35 (f inance , 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  mul t ip l ie rs  for  the same reg ion by indust ry  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; comniunication; and utility sectors.

I 
- 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 multip lier 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 tha t  of the Type I mul t i p l ier .  Except  fo r  a g r i c u l t u r e ,
fores t ry  and f i shery  and non—durable  and const ruc t ion  sectors , the variii—
tion of Type I and II multip liers among~ regions is insignificant.

The direct , indirect , and induced impact of the MKARMP P is evaluated for
both contrac t 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 M1(ARMPP contrac t 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
• MKARMP P proj ect cost is estimated to bring $5780 of ou tpu t  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 induptry 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 impac t 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 differen t 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

‘a
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higher output and income and conversely ,  the capital intensive project
brings re la t ive ly lower output  and income . The s tudy  shows also tha t ,
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 I I .

4

L i m i t a ti o n o f t h e S tud y

The impact of the MXA RMP P in this stud y is limited to the impact of con-
struction expenditures for the spectfic 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
f u r t h e r  extended to include s t r u c t u r a l  changes in the local economy due
to the c o n t r i b u t i o n  of the ou tpu t  of the MKA RMPP on the local economy .
These are beyond the scope of this study .

The impact of MKARMP P 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 supp ly 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 ~~CARMPP ($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 stud y 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 impac t of the MKARMPP is basically short—
term . The true impact of the investment must be the long—term economic
development of the Arkansas River Basin Area induced by the main output
of the investment .  The main ou tput  of the investment are improvement of
the water transportation system ; supp ly of water and electric power; and

S recreation sites and flood control for the region.

The assessment of the long—term economic impact is beyond the scope ~~f
this resear—h objective .
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I. INTRODUCTION

mis is n~Irt of a continuous series of reports associated with a study for
the  E v a l u a t i o n  of In te r reg ional Inpu t—Outpu t  Models for  Po ten t ia l  Use in
the McClellan—Kerr Arkansas River Multiple Purpose Project Impact Study
(MKARMPPIS) . In the previous reports ,1 an interreg ional 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 reco~amended 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 Analysis3
was suggested f or 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
impac t 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 3l—72—C—0O59 , 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—

~~~ional Input—Output Model for the United States, prepared by Karen R.
Polenske , December , 1970.

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

I

_ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _  ~~~ _____.

~~ 

-•



-___ __ _______________________________

II. BRIEF CHARACTERISTICS OF THE IRIO

The construction of an imterregional I/O model for the MKARMPPIS (IRIO) had
been recommended at the end of 1972 after a review of the basic objectives
of the impac t study and various theoretical and empirical stud ies related
to I/O analysis. The recommended model is a column coefficient model4

consisting of five internal regions , within national boundaries , having
less than 30 industrial sectors. The five internal regions are: (1) the

- 

- Impac t Region 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 Impac t 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).

1” 
_____________________________

A fixed column coefficient model is defined as an interregional I/O
model in which trad e coeff icients 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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Regional Organization for the 1RIO
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III. THE BASIC DATA IN THE NRIO

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—TAY 1- TY. The level of output (X), given
the change in project investments (Y), can be projected if the structural
relationships of the economy (T&A) are known. T and A are imterregional
trade and technical coefficients which are the major objectives of this
study. To implement this model , three basic data sets are required . These
data sets are interindustry flows, final demands of each region and inter—
regional trade flows. These data can be obtained by modifying the basic
data sets in the MRIO which was further adjusted by the Bureau of Economic
Analysis (BEA). It is, therefore , necessary to understand the basic data
sets in the Multiregional Input—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 denu..-ids

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 flows was
limited to 44 regions. Figure 1 shows an input—output table for one region
which is the summation of two or more states . A regional industry is
classified into 79 sectors. Final demands consist of six components: (1)
personal consumption expenditures; (2) gross domestic capital formations ;
(3) met 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 cor~ponents 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

r,~ - Purchasing Final Purchasing Final Purchasing Final
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State 1 State 2 Regi on 1

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 sam e as that of a state. In the NRIO , only five regions out of
44 are a combination of two or more states and 39 regions are represented

r 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

.4 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 -omputed by summing the I/O tables of all
regions , or summing all the states ’ tables . In the national taole , how—

- -~~ ever , the sums of corresponding rows and columns must he 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) Interreg ional 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 to ta l  of each row (t go) represents the output  gf

Industry 1 by each shipping region , while the total of each column (t ° )

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 T1.

Figure 2
Interregional Trade Flows for Industry 1
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(3) I n t e r r e l a t i o n s h ips bet ween I n t e r i n d u s t r y  and In t er r e g i o n a l  Trade  Flows

Bot h r eg ional I/ O tables and interreg ional trade flows are important to
t he c o m p l e t i o n  of the n iu l t i r eg io nal accou n t i n g sy s t em . Figu r e 3 shows
the interrelationships between these two sets of data. A clear under-
sta nding of these  r e la t ionsh ips is impo r t a n t  in checking the i n te r na l
cons is tencies between t he two sets of data wit hin t he nati~- i; ~l control
t o t a l s .

The t h r ee  r e l a t i o n s h ips sho wn in Fi gure  3 are:

1. The relationship between regional and national I/O tables .

2. T he r e l a t i o n s h i p  between regional produc t ion  and consumpt ion  to ta l s
and int -rreg ional trade flows .

3. The relationship between the total interregional trade flows and the
I ~ - nat ional  I/O tab le .

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
indus t ry  and region respectively .

• As in the case of the estimation of a regional I/O table from the sununa—
t ion of the s t a t e ’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 Indust ry  1 for the nation as a
whole (Cl) is the sum of all regional demands for Industry 1

44
( ~ Ci). Likewise, the sum of all regional productions ( E P~) becomes
i=l i=l

the to ta l  input for  Industry 1 for  the nation from various suppl ying
industr ies . In the regional I/O table , product ion and consumption of each
industry sector are not necessarily equal; the d i f f e rences  will  be balanced
by interregional trade flows . However , the production and consumption of
an industry will be balanced in the national I/O tab le , i . e . ,  C~ = P~ .

The amount of a commodity consumed within the first region (ci) shown as
the sum of the f i r s t  row on the I/o table of Region 1 must be equal to
the amount of the commodity shipped into that region (t? 1) which is shown
as the sum of the first column of the interregional trade flow table.
Note that regional and interregional shipments—in and shipments—out in—

— d ude intraregional shipments and nonshipped production as well as inter—
- regional movements of commodities . By the same token , the total amount

Industry 1 shipped out of a region , (40) 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 , (Pt), as shown by the total of the f i r s t  column
-a in the first region ’s I/O table.
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FIgure 3
Rela ti onshi p Between Regi onal and

National I/O Tables and Interregional Trade Flows

- I/O Ta b le I/O Tab le I/O Ta b le
• Region 1 Reg ion 44 Nation
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C&P indicate column & row matrices which include sums of each row and
column of national I/O table. A subscript indicates an industry and a

‘a superscript indicates a region.

TrO & 1or indicate column & row ma trices which include the sums of each
regional shipments-out and regional shipments- in respectively. T1 indicates
the sum of each regional shipments-out or shipments-in.
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The sum of in te rr egion a l t r ade f l ows was made cons i s t en t  w it h pro duc t ion
and consumpt ion o f t he na t ion , and the product ion and consumption of a
commodity is designed to be balanced in the national I/O table. T1, as
shown in the trade flow table , indicates the sum of produrtion of industry
1 by all regions which is equal to the sum of consumption by all regions .
Total trade volume of industry (T1), therefore must equal C1 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 NRIO 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 r~gion consists of more than two MRIO regions . A dis—
aggregation of the basic data is required because the organization of the
impact region in the IRIO requires dividing the MRIO regions of Arkansas
and Oklahoma .

The aggregation of interindustry flows and final demands associated with
the combination of a few regions has already been demonstrated in Figure
1 in deriving the regional I/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 ic 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 Pegion consists of the parts of states

‘a 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—
em 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 f]ows 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 TRIO
requires only the aggregation of those data sets in the MRIO and for the
substates of Arkansas and Oklahoma . Let us identif y each state in and
outside of the impac t region by adding A and B, respectivel y ,  to the
regional number given to the state in the NRIO: e.g., 28A and 28B f or
the substates of Arkansas and 3OA 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 imterregional trade
flows are available), the division of a region and the indirect estimates
of I/O tables and trade flows 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 interimdustry
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 reg ional 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 slate —

interindustry flows for the sam c industry sector by the substate ’s share
- - of the state ’s output for that industry . Figure 5 illustrates the process

-1~ estimating interindustry flows for each of the substates of Arkansas
thin and outside of the impact area, given the share of state output by

s - h s t a t e  and t hdus t ry . 

-~m i i ~ that . indicates cell entry of an I/O table , and that ~~ is
when r - ~~~ r~~ ug to the same entry for the interindustry flow excluding

L-11 d~~nnnk . Let us also assume that substate A and B indicate state
- - r e L  w it h i n in- i ou t s ide  the impact region respect ively.

Z 1- ~~ ~~
} -

~~ - -.~~~. ue of commodity i purchased by ~
th industry in the state of

Ar ~ ansas . :~ is the value of total production of ~th industry in the
statc of Arkansas , P~ and P~ are t i .  level of output in substates within
.AnQ )u t S t c j c the impa~ t regi~ n respectively, where Pj 

= P~ + P~~. cn~ and
are t h e  shares of state output of ~th industry within and outside the

L pact re~ ion respectively.

The 1th ~~ 1put  to ~th industry for the substate within the project region
is o b t e i n t d  by mul t ip lying the value of ~th  input to ~ th  industry  of thc-
- t a t e  (Z~~~) by t he substate ’s sh ar e of sta t e o u t p u t o f j th  in d u s t r y  ( 4 ) .

• he substate outside the impact region will be estimated by Z~~. 
.

u 1 1- - its by industry in the area of Arkansas , within and outside the
~~~~ ~~ region in 1963, can be estimated from the ‘ 1963 Output Measures fora ; - . t — ~-~~t p ut  Sec to r s by County ” developed by Jack Faucett Associates .5

~i:-ce the impact region is so organized that counties are not divided ,
-- - e p iit level of each industry in the substate area can be obtained

- a~ dt e ~ the same output by county included in the substate area . The
1963 output for the states of Arkansas and Oklahoma and their

- - .- ,u: s L~~~~~-s ’ areas b’- 79 indus t r i a l  sectors , and the ir s u b s t a t es ’ shares
- - and —z~) for each state , are shown in Appendix A. To distinguish

ir~! of t~ e variables associated with different states , the number given
to each s ta te  as a regj o~ may be sh own as i t s  supe r sc r ip t .  For examp le ,
~~ indicates cell entry~of interindustry flows for the state of Arkansas

.
1
~ ed on the regional number given by MRIO , and indicates that of

h substate in the impact area , abbreviated region 28A . The same proce—
I i ~~ es are followed for the estimate of interindus ’v f~ e~ for the substates
~ Oklahoma .

~ (Jack) Faucett Associates , Inc., ‘ 1963 Output Measures for input—Output
Sectors by County” prepared for the Office of Civil Defense , U.S. lie —
partment of Defense , December , 1968.
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Figure 5
Estimates of Substate ’s Interindustry Flows for the State of Arkansas

Purchasing Industry
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( B) E s t ima te s  of f i n a l  demands fo r  a s u b s t a t e

Both interindustry and final demands for a commodity in a reg ion consist
of total regional consumption or receipts of the commodity. The total
receipts of a commodity by a region in the 1~fl~IO model are estim ated by

- .- summing the particular industry row in the I/O tible of LIIC region. To
e s t i m a t e  the to ta l  recei p ts  o f an indus t ry  fo r  the  s u b st a t e  area , t } i i - r e —
fore , requires the estimation of final demands for the  subs ta tes  r e s u 1t in ~;
f r o m  the division of state boundaries . Final demands are included in tlic
I/O table in the MRIO as a column vector which is the aggregation of six
components: personal consumption expenditures ; gross private capital
f r t ~tatiu11s ; act inventory  changes ; net expor ts ;  f ede ra l  government  expen—
ditures and state and local government expenditures . However , independent
e’~ r m ates uf individual final demand components are also available from
the s t u dy  f o r  the ~~IO. Since the demand pattern of each final demand
c o m p o n e n t  d i f f e r s  s i g n i f i c a n t ly from the others , the allocation of the
Let~~1 state ’s final deiiands into its substates will be estimated inde—
pendentl y b r  each final demand componen~ As in the case of interindustry
flow e$timates , the basic distribution pa e m s  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.

L ~ (2)  Personal consumption expendi tures

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

In the MRIO study, the gross private capital formation consists of invest-
ments in equ ipment  an d p l a n t .  The investment in equipment was estimated
by multiplying the capital expenditures of each industrial sector by the
19b3 capital coefficient matrix .6 The investment in equipment is estimated

a by summing en~’1’ 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 informa tion 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
ti-ic same as that of the state. The substate ’s shares of output of all
industries (B) 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 ex’orts

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 m p h —
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 (u i) required to divide the states of Arkansas
and Oklahoma are shown in Appendix A.

(6) Federal Government expenditures

Inc estimate of Federal Government expenditures for a state is one of the
most unsatisfactory factors of the original study. The esti-”-ited 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 ’ (6) within and outside of the impact region in each of the

S 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 (

~~
) 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. indicates industry I which belongs to ~th component of
final demands. y, B, a1, 6, and ~ indicate that the substate ’s shares of
personal income, aggregated output for all industries , output for industry
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Figure 6
Estimates of Final Demands for Substates of Arkansas
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, c~~, o , q ,  c~ indicate substates ’ share of state personal income ;

output for all i ndustries combined; output for industry i; personal income
for fe deral emp loyees ; local governmen t ex pendit ures ; and the substate ’s
share of aggregated state fin-f demand for 1th 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 . h j  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 (Cf) 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 , H~
or H~~, can be estimated by a division of the substate ’s receipts of am
industry by that of the state. i4 and 11~ for the state of Arkansas and
Oklahoma will be calculated through a computer program and will be shown
in Appendix E. II~ of a substate will be used in estimating the substate ’s
shares of state receipts of industry from each of the shipping regions in
the next section.

(D) An estimation of the new trade flows

An estimate of new trade flows resulting from the combination of regions
in the MRIO has already been explained in the previous section . To esti—
mate new trade flows resulting from the division of a region in the MRIO
is somewhat complicated , and the proposed methodologies in estimating mew
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 1st row in Figure 8—A indicates the values of output of
the 1st industry in Region 1 shipped to each of the other receiving regions ,
and tg1’s along the 1st column show the inputs received by Region 1 from
various supplying regions . t10 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

-~~ f rom Reg ion 3 is originated from subregion 3A and 3B respectively and is
he
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Figure 7
Estimates of Total Receipts by Industry and Substate of Arkansas

Interindustry Final Total
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proportionate with each substate ’s share ol ~t - tte ’s output: ~~
‘
~
‘ and

respectively.

b. The receipts of Indust ry I by Reg ion  i I r t ~t - h ~
- other

shipping regions were consumed by Subr e-~ iotis ~~-\ -oH iB ~r i ~ ur t ionate t

each substate ’s share ot the stat&- ’s deadnd b r  tha t. commodit y (1~ and
H~ respectively). The row entries b r  Reg ion JA and 38 i -

~~IIJ thus be
- 

- estimated b~ multip lying each row entry of Reg ion 3 in Figure H— ,\ ( t 3~ )
by c~ and ii~~ respectively , and the column entries le r Region 3A and 3B
are estimated by multip lying each column entry of Region 3 (t 1

~
3 ) by ;~~

‘
~

and ri~ respectively. The new row and column entries for Regions 3A and
3B and their derivations are shown in Figure 8—B . Note that the value
of shipments and receipts between the two divided subregions , including
those values from their own subregions , are estimated by multiplying the
value of internal shipments in Region 3 (t 33) by the joint product of the
subregions ’ shares of output and demands for Industry 1 by Region 3, i.e.,
t33a~ ll~~; t

33 
~fl~ ; t33cz~ f1~~; and t~~ c~~fl~~• t33c4ii~ and t33cx~ fl~ indicate the

value~ of shipments of Industry 1 from Region 3A to 3A and 3B respectively,
and t.’3cz~ flA and t33c~~fl~ indicate those values from Region 3B and 3A and
3B respecdveiy. c~ and for the states of Arkansas and Oklahoma are
shown in Appendix A and ll~ and fl~ in Appendix E.

In the original MRIO model no trade flows were assumed fo~r 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—~ is zero , th~ trade flows of
the service sector which were represented by t3ha and ~g3 11 are zero
except t33a . r r 5 . The same assumption is adopted in IRIO ; i.e., the sub—
states A an~ ~ of Arkansas are to be self—sufficient for service products.
In order to ensure this , however , two adjustments are required associated

fi 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 33a~ -ir~ and t33c4ir~ are reduced from substate B and
A and added to substate A aM  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 methodolog ies which have been developed for the aggregation
and disaggregation of the reg ional interindustry flows and final demands
and interreg ional trade flows in the MRIO are used in the determination
of sttuctural ~o6ffic-ients 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 1R1O
model. to estimate structural coefficients for the IRIO the following
methods will be used : (1) to estimate i/O tables and trade flows for
subs t~ tes 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
interreg ional trade flows in the MRIO into 46 regional models by replac-
ing those estimated data for each of four substates as an independent
region ; (3) to construct interindustry and interregional flow tables for
the tRIO which consists of four internal regions; (4) to compute regional
technical coefficients and imterregional 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
- -I modification and reorganization of data sets in the MRIO into the tRIO
4 : involves complicated procedures , it is necessary to clarify the use of

H the new estimates and the relationships among various data sets through
a set of figures . The relationships of the number of regions between

71 the modified MRIO and tRIO 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 mew 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 substates 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 .n 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 , 3OA ,
and 30B . Each row entry for the divided part of the region is estimated
by multiply ing the original cell entry , before the division of a region,
by each subregion ’s share of regional consumption (1T~~) ,  and each column
entry for the subregion will be estimated by multip lying a corresponding
entry for the re~ion by each subregion ’s share of output of Industry i
in the region (a .). Nnt-~~, however , that trade flows between two divided
subregions inclu~ ing intraregional flows are esLiui~ ..~~i ~~j  1ti~ l~ i~; i-he
original entry both by shares of substate ’s consumption and by the output
of an industry , except service industries.

The interregional trade flow table for the tRIO 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 tRIO , t~~ ’s are obtained by summing

- - the trade flows among regions in the modified ~TRIO (Figure 10) which will
be accormnodated 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 total.7

Technical coefficients (A1~) 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
(T~~), the proportion of each commodity received by a region from various
sh~ppiiig 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 .

•1

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 emp loyed for the recommended I/O model is the fixed
column coefficient model in which the patti~rns of a commodity trade from

-: one region to other regions are expressed in terms of fixed trade coeffi-
cients (percentage shgres of total receipts of the commodity by the receiv-
ing region). Thus T~ ‘s are the proportion of the total consumption of
commodity i in region h that is shipped from region £ to region h. Other
structural coefficients (technical coefficients) are distinguished by
region , i.e., a~ .. The following basic sets of equations specify the

- 
- economic relatio 1iships between indust’ies and regions :

09 m 
~ 

go g
1) x1 = 

j~ l ~~~ 
Xj + Y1

r,p
~ 

oh
2) x~ = t~~ 

X~

go ~ gh
~ x1 = 

h~1 
Xj

4) x?~
’ = 

g~l 
~~

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

is the total amount of comodity i produced in region £-

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

intermediate consumers in region h.

y
~ 

is final demand for commodity i -in region g.

The first equation shows that the total amount of commodity ± 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 £ and h according to the fixed pro—
portion of the total amount of commodity i purchased by region Ii. The
third and fourth equations simply define the total production in region
& and the total consumption in region Ii, respectively .

~- ~~
-
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The multire gional I/O model can be expressed in term s of the fol l owing

matrix notations:

1 — - r rA 2 a l i r  - a imA a2 1
A = ‘. where A’ =

(nm.nm) 
/ 

—., . (m .m)

- - - - - a~~

~~l 1 ~12~---~~~ gr

T~
1 

~~~~
-

T = “ .‘. where 1
gr 

= 2
(nm.nm) ‘. (ni.m)

I 
, ,

__
__

_
\ ‘• ( S

‘tar

xci 

-

1x 2 (  r
I X2 r Yx = : where ~r = = : where V =

(nm.1) (m.i) : (nm.l) (m.1)

~nj

n; reg ion , 1 , 4, m; industry , 1 79

A , T, X , V are matr ices for tech n i cal coeffic i en ts , 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) > °‘ = A~X
ro 

+

(6) 
r~l 

~
ro 

r~l 
~~~~~~ 

Xor

~ or ~ ro
(7) E X = E  X

- - 
r= 1 r l

where r = 1 ,—— — — ,n; g = l ,—— —— ,n-l
Equations (5) and (6) can be combined to obtain:

~(8) ~ ~ro 
= ~ 1

gr~r~rO +
r=l r= 1 r—

Where g = i ,— --— ,n— i . Equation (8) can be wri t ten as:

(9) (I - 1
gr~r) 

ro 
= T

gryr

r=l r= 1

•
1 

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

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 - I A) 1
T V or X = (T*A1

1 
V

C-
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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
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APPENDIX A-i

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

UNIT: $1 ,000 (1963)

.a~8A , 828A: Share of Sub-State ’s A

cz?8B, 8
28B: Share of Sub-State ’s B

1 = 1  79

-V

S.
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A P P E N D I X  A -I

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

ARKANSAS

Impact Region
(%) Share (%)

Share of Rest ofState 28A 28B
Indus try Out put Out put (ti ) State ( nj  )

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 Mm 1 ,419 879 62 38

6. Non-Ferr Meti Ores Mm 18,765 18 ,688 100 00

7. Coal M i n i n g  1,558 1,558 100 00

8. Crude Pet & Nat ’] Gas 72,526 10 ,163 14 86

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

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

L 

-~~ 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 & Ihrd 16,659 9,545 57 43
Mi lls

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

18. Apparel 77,543 44 ,898 58 42
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APPENDIX A-i Continued

ARKANSAS

Impac t Regi on
(%) Share (%)

State Share of Rest of
Industry Output Output (a~

8A ) State (ct~
88)

19. M i sc Fabricat Text Prod 586 332 57 43

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

21. Wood Contai nters 13,366 5,007 37 63

22. House hid Furn 90,457 67 ,332 74 26

23. 0th Furn & Fixt 17,670 10,376 62 .38

24. Papr & A il d 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 51 39

28. Piast & Syn Matis 926 462 50 50

29. Drgs, Cl ean & Tou t Prep 365 212 58 42

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

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

32. Rubber & Piast 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. P r i m  Non-Ferr Meti Mfg 122,112 100,815 83 17

39. Metal Container 12 ,122 9,095 75 25
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APPENDIX A-l Con tinued

ARKANSAS

Impact Regi on
(% ) Share (%)

State Share of Rest of
Industry Output Output (48A ) State (a~

BB)

40. Heat, Plum b & Fabricated 37,870 28,872 76 24
Meti Prod

41. Screw Mach Prod , bolt , 8,753 1 ,389 16 84
nuts, etc.

42. Other Fab Meti 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, fling, Oil Field 486 365 75 25
Mach & Equip

46. Mat Hand Mach & Equip 8,261 336 4 95

47. Meti Work Mach & Equip 5,405 4,165 77 23

48. Spec Indust Mach & Equip 2,577 919 36 64

49. Gen In dust 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 In dust Mach 15,999 15,801 99 1

53. Elect Trans & Distr Equip 49,334 27,272 55 45
& Elect Indus t Apparatus

54. Hshld Appliances 133,617 133,522 100 00

55. Elec Ligh t & Wiring 22,728 19,177 84 16

56. Radi o, TV & Comm Equip 64,472 64 ,147 99 1

• 57. Electr Comp & Acces 206 206 100 00

A-35
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ARKANSAS

Impact Region
( % )  Share (C: )

• State Share of Rest of
Industry Output Output (c~

8A ) State (c~
8B)

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

59. Motr Veh & Equip 13,475 10,124 75 25

60. Aircraft & Parts 1 ,075 00 00 100

61. Other Transp Equip 29,472 27,259 92 8

62. Prof, Scientfc & 39,180 39,076 100 00
Control Instru & Supp

63. Opt, Ophthal & Photo 13,109 10,109 100 00
Equip & Supp

• 64. Misc Manuf 37,538 30,614 82 18

65. Transport & Wrhsg 259,677 201,621 77 23

66. Comm Excpt Radio & TV 78,703 54,405 69 31
Broadcasti ng

67. Radio & TV Brdcstng 8,709 6,453 74 26

• 68. Elect , Gas , Water & 196,112 112 ,732 57 43
Seni tary Svcs

69. Whls le & Ret Trade 785,406 516,256 66 34

70. Financ & Insur 187,961 139,576 74 26

71. Real Estate & Renta l 603,731 373 ,747 62 38

72. Hotls & Lodg Places ; 97,177 69,455 71 29
pers & Repr Svcs , excpt
auto repair

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

I •
~~
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Impact Region
(%) Share (Z)

Share of Rest of

In dustr~ Output Output (~~
8A
) State (a~

8B
)

74. Research & Develop 235 195 83 17

75. Auto Repr & Svcs 82,187 59,635 73 27

76. Amusements 28,360 26,329 93 07

77. Med. educ Svcs & 140,268 106,449 76 24
Non-profi t Organ

78. Fed Govt Enterprs 51 ,566 29,397 57 43

79. State & Loc Govt
Enterprse 31 ,269 20,456 65 35

TOTAL SUM OF ALL INDUSTRIES: 7,183,728 4,588,476 64%(~28A) 36%(~~8B)

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.
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APPENDIX A-2

Estimates of Outputs in Oklahoma
and its Sub-States ’ and Sub-State s ’

Shares of Ou tput by Industry
4

UNIT: $1 ,000 (1963)

30A B3OA Share of Sub State A

U~
OB 

B
308: Share of Sub State B

1 = 1  79

V
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F APPENDIX A-2

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

I;
F OKLAHOMA

Impact Region
Share Share (~.)

State (%) of Rest of
Industry Output Output (ctrA ) State (ct~

°8)

1. Livstk & Livstk Prod 535,823 428,1 52 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 Mm 00 00 00 00

6. Non-Fer F4etl Ores Ming 4 ,694 54 1 99

7. Coal Min ing 5,955 4,503 77 23

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

9. Stone & Clay Mm & 18,870 6,984 37 63
- • 

Quarrying

10. Chem & Fert Minri Ming 00 00 00 00

Ii. 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
Mi lls

17. Misc Ixti Ods & Fir Cover 192 00 00 100
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APPENDIX A-2

0KLAHOM .~

Impact Reg ion
Share Share (7~)

State ( % )  of Rest of
Industry Output Output ~~~~ State (c~

°8)

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;o69 43 57

24. Papr & Al id 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. Mast & Syn Mati s 926 00 00 100

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

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

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

•
1 

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

33. Leather Produc ts 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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• APPENDIX A-2

OKLAHOMA

impact Reg ion
Share Share (%)

-
• (%) of Rest ofState 3OA 308

Industry Output Output (c~ ) State (cx i

38. Primary Non-Ferrous Meti 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 Meti Prod 37,109 21 ,410 58 42

43. Engines & Turbines 104 104 100 00

44. Farm Mac h & 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. Meti 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

p 52. Svc Indus t 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

OKLA H OMA

Impact Regi on
Share Sha re (% )

State ( % )  of Rest o f

Industry Output Output (~~OA) State (a~~
8)

56. Radio, IV & Corn Equip 175,340 6,402 4 96

57. Electr Comp & Acces 7,1~ 6 801 12 88

58. Misc Elect Mach. Equip 6,567 304 5 95
& Supp

59. Motr Veh & Equip 77,545 5,010 6 94

• 60. Ai rcraft & Parts 458,202 257,539 56 44

61. 0th Trans Equip 16,100 5,518 34 66

•62. Prof, Scientifc & Control 9,784 8,276 85 15
Instr & Supp

63. Opt, Ophthal & Photo 184 184 100 00
Equip & Supp

64. Misc Manufacturin g 16,691 10,350 62 38

65. Transp & Warehousing 491,224 199,576 41 59

66. Comm Exc pt Rad io & IV 165,582 70 ,974 43 57
Broadcasting

67. Radio & IV Brdcsting 18,577 7,946 43 57

68. Elect, Gas , Water & 307 ,573 129,207 42 58
Sanitary Svcs

69. Whis le & 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. Hotis & Lodg Places ; 146,017 56 ,678 39 61
pers & repr svcs ,
excpt auto repair
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Mt~r LIw ~~A jk,-~~

OKLAHOMA

Impact Region
Share Share (%)

State ( 1) of Rest  of

Industry Output Output (u~~
A ) State (a~OE)

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
4

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 SUfi OF ALL INDUSTRIES: 10,824,669 4,523,942 42%(B3OA) 5~o~(5
3OB
)

Source: (Jack) Fawcett Associates , Inc . “1963 Output Measures for Input-
Output Sectors by County” Prepared for the Office of Ci v l
Defense, Un i ted States Department of Defense , December 1968.
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APPENDIX B

Estimates of Share of Sub—States ’ Personal rnconie
I Within and Outside of the Impact Area

in the States of Arkansas and Oklahoma Respectively

.y28A , y28B: Share of Substate ’s A&B , Arkansas

130A 13OB: Share of Substate ’s A&B , Oklahoma

‘~1
1
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AP i E N D I X  B- i
Sta te  of Ark a nsas

(Unit: $l ,000 ) ( l 9 6 5 )

ODE Cou~~~ OBE County

117 Arkansas 55,134 117 Pike 13 ,867
117 Clar k 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 Lono ke 42,526 118 Yel l 26,438
117 Monroe 25,349 119 Benton 83,600
117 Montgomery 8,045 119 Madi son 18,108
117 Perry 6,660 119 Washington 149,157

SUM OF THE IMPA CT AREA : 2,287,238

STATE TOTAL: 3,576,700

SHARE OF THE IMPACT AREA : 64%(128A)

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

SOURCE: Colle ge of Bu sin ess Adminis tration , Un i versity of Arkansas ,
• Arkansas Personal Income Handbook 1973.
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APPENDIX B-2
State of Oklahoma

(Unit: $1 ,000)(1962)

OBE County

118 Haskel l 7,824
118 Latimer 6,350
118 Le Flore 28,265
118 Pittsburg 54,292
118 Pushmataha 7,384
1 18 Sequoyah 13,807
119 Adair 10,033
119 Cherokee 17 ,861
119 Creek 5~I,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

SHA RE OF THE IMPACT AREA: 38% (~ 30A )
SHARE OF THE REST OF AREA : 62%(y 308 )
SOURCE: Bureau for Economic Research , U n i v e r s i t y  of

Oklahoma , Coun ty Personal Income in Oklahoma ,
1960-1970 Table B-l , 1973.
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APPENDIX C

Estimates of Share of Substates ’
Personal Income Attributabl e

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

UNIT: $1 M i l l i o n  ( 1962 )

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

630A &30B: Share of Substate’s A&B, Oklahoma

I.

V

‘ i .
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APPENDIX C- i
State of Arkansas

‘

~~ ODE County OBE Coun ty~
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

p 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
117 Monroe 49.9 119 Bentori 168.6
117 Montgomery 63.7 119 Madi son 53.3
117 Perry 50.4 119 Wash ington 475.2

SUM OF THE IMPACT AREA : 13 ,776.3

STATE TOTAL: 18,059.6

SHARE OF IMPACT AREA: (6 28A )75~
SHARE OF THE REST OF AREA (& 28B ) 24%

SOURCE: Printout from the Bureau of Economic Analysis , Uni ted
States Depar tment  of Commerce

‘.4
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APPENDIX C—2
State of Oklahoma

• OBE County

118 Hask :l l  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 Wagone r 53.2
1)9 Washin gton 260.7

SliM OF IMPACT ARE A : 7,157.8
• STATE TOTAL : 44 ,127.2

SHARE OF IMPACT AREA: l6% (6~~~
)

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

SOURCE: Prin tout from the Bureau of Economic Analysis ,
Un i ted States Department of Commerce.

V
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APPENDIX D

Estimates of Share of Substates ’ State & Loca l
Government Expenditures With in and Outside

of t h e  Impact Area in the States
of Arkansas and Oklahoma Respecti vel y

•
28A, ~28B: Share of substate ’s A&B , Arkansas

$30A, ~3OB: Share of substate ’s A&B , Oklahoma

Fr ,

4 ,
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APPENDIX 0-1
State of Arkansas

(Unit: $l ,~)OO)(i962)

OBE Coun ty OBE Coun ty

117 Arkansas 3,538 117 Pike 786
117 Clark 2,196 117 Pope 1 ,756
117 Cle burne 1,078 117 Prairie 1 ,066
117 Clevelan d 584 117 Pulaski 34,892
117 Conway 1 ,336 117 Saline 2,888
117 Faul kner 2,592 117 Sha rp 649
117 Fulton 901 117 Stone 545
117 Garlan d 5,728 117 Van Buren 751
117 Grant 892 117 Wh ite 3,239
117 Hot 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

~
I

STATE TOTAL : 198 ,693

SHARE OF IMPACT AREA : 58%(4~28A)
SHARE OF REST OF AREA : 42%(428B)

SOURCE: Bureau of Census , United States Depar tment
of Commerce, Census of Governmen t 1962
Government in Arkans as, Vo l . IV and VI I.
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APPENDIX D-2
State of Oklahoma

(Unit: $l ,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
11 9 Delaware 1 ,691
11 9 Kay 8,255
11 9 McIn tosh 1 ,731
119 Mayes 3,029
119 Muskogee 8,442
119 Nowata 1 ,442
119 Okmul gee 4,797
119 Osage 4,824
1i 9 Pawnee 1 ,662

* 
119 Payne 5,013
119 Rogers 3,096
119 Tulsa 55,990
119 Wa goner 1,790
11 9 Washington 6,872

SUM OF IMPACT AREA : 131 ,784

STATE TOTAL: 353,998
SHARE OF IMPACT AREA : 37%(~30A)
SHARE OF REST OF AREA: 63%(~t,

3OB)
SOURCE : Bureau of Census , Un i ted States Department of

• Commerce , Census of Government 1962 Government
in Oklaho ma , Vol . IV and VI I.
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APPENDIX E

Shares of State Total Recei pts by Industry
and Substates Within and Outside of the Impact Region

in the State of Arkansas and Oklahoma

.~.28A, ~~
8B: Sub~tate ’s A&B in Arkansas

~~OA, ~~OB~ Substate’s A&B in Oklahoma
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APPENDIX E

Sha res of Sta te ’s Total Receipts by Industry
and Substates Within and Outside of the Impact
Region in the States of Arkansas and Okiahoma *

ARKA NSAS (28) OKLAHOMA (30)
28A** 288 30A 30BIndustry it1 lTj

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 Mm .7705 .2295 .8515 .1485

6. Non-Ferr Meti Ores Mm .8655 .1345 .6111 .3889
• 7. Coal Mining .6001 .3999 .4844 .5156

8. Crude Pet & Nat ’l Gas .1544 .8456 .6738 .3262
9. Stone & Clay Mm & Quaryng .5692 .4308 .4205 .5795

• 10. Chem & Fert Minri Mm .6000 .4000 .4411 .5589
11. New Construction .6420 .3580 .3806 .6194
12. Main & Repr Construct .5806 .4194 .3734 .6266
13. Ordnance & Accessor ies .7453 .2547 .1888 .81 12
14. Food & Kindred Products .6919 .3081 .3954 .6046

* 15. Tobacco Manufactures .6409 .3591 .3804 .6196
16. Brd & Mrw , Yrn & Thrd Mills .5382 .4618 .3076 .6924
17. Misc Textl Gds & Fir Coy .49.42 .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 Matis .4875 .5125 .2117 .7883
29. Drgs, Clea n & 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 & Oth’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 Metl Mfg .7973 .2027 .6286 .3714
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APPENDIX E Cont inued

ARKANSAS (28) OKLAHOMA (30)
28A** 28B 30A 308

Industry ‘n.j it1 -

39. Metal Container .7241 .2759 .4537 .5463
40. Heat, Plum b & Fabricat .7391 .2609 .3931 .6069

Metal Prod
41. Screw Mach Prod, bolt , .7801 .2199 .4104 .5896

nuts , etc.
42. 0th Fabric Meti Prod .6580 .3420 .4271 .5729
43. Eng & Turb .6870 .3130 .4056 .5944
44. Farm Mach & Equip .6053 .3947 .3744 .6256
45. Constr, M iii , Oil Field .6732 .3268 .4341 .5659

Mach & Equip
46. Mat Hand Mach & Equip .5668 .4332 .3991 .6009
47. Metl Wor k Mach & Equip .6837 .3163 .4673 .5327
48. Spec Ind ;t Mach & Equip .6231 .3769 .3965 .6035
49. Gen Indust Mach & Equi p .6787 .3213 .5149 .4851

* 
50. Mach Shop Prod .7823 .2177 .5155 .4845
51 . Ofc Comput & Acctg .7149 .2851 .3798 .6202
52. Svc hndust Mach .7510 .2490 .3616 .6384
53. Elect Transmis & Distr Equip .6864 .3136 .4136 .5864

& Elec t 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 E’ act Mach Equ ip  & Supp .6916 .3184 .3563 .6437
59. ~1otr Veh & Equip .6471 .3529. .3640 .6360
60. Aircraft & Parts .6623 .3377 .4010 .5990
61. 0th Trans p Equ ip .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 Manufactur ing .6865 .3135 .3949 .6051

65. Transport & Warehous ing .6445 .3555 .4084 .5916
66. Comm Excpt Radio & TV Bdcsti ig .6641 .3359 .3902 .6098
67. Radio & TV Broadcasti ng .7384 .2616 .4293 .5707
68. Elect , Gas, Water & Sanit Svcs .6219 .3781 .4103 .5897

1 • 69. Whole sale & Ret Trade .6476 .3524 .3860 .6)40
70. Fun,iru.c & Insurance .6517 .3483 .3926 .6074
71. Real Estate & Rental .6304 .3696 .3552 .6448
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APPENDIX E Continued

ARKANSAS (28) OKLAHOMA (30 )

Indt~stry ,1~8A** ~28B ~3OA ~3OB
‘I ~I ‘I 1

72. Hotis & Lodg Places; pers & .6458 .3542 .3713 .6287
repr svcs , excpt auto repr

73. Bus iness Serv i ces .6740 .3260 .3677 .6323
74. Research & Develop *** .5000 .5000 .5000 .5000
75. Auto Repair & Services .6466 .3534 .3799 .6201
76. P~nusements .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 recei pts are derive d by estimat ing

each su bs tate share of intermed iate 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
eac h final demand component is derived by various census data .

** Represents substate share of demand for each industry product for
that state . Superscr ip t 28 and 30 represent the states of Arkansas and
Oklahoma respecti vel y. A and B represent substate wi th i n and outside of
the impact regi on respectively.

~~ Output of i ndustry 74 is zero. In order to insure mathema tical
operation 1174 is replaced by 0.5000 for each substate.

4
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APPEND IX F

Class i fication of States
for

The MRIO and IRIO
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Appendix F-i States for the MR IO & 11(10

State No State_ (Abbreviationl MRIO Req No IRIO Req No
Alabama AL 26 4 (

~Y2 Arizona AR 37 4
3 Ark~nsas AR 28 1&2 (ISS)
4 Cal i fornia CA 42 4
5 Colorado CO 35 4
6 Connecticut CT 3 4
7 Delawa re 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 I l l i n o i s  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 Lou i siana LA 29 2
18 Maine ME 1 4
19 Maryl and MD 16 4
20 Massachusetts MA 3 4
21 Mic hig an 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 Nebras ka NE 14 4
27 Nevada NV 39 4
28 New Hampshire NH 3 4
29 New Jersey NJ 5 4
30 New Mex ico NM 36 4
31 New York NY 4 4
32 North Carol i na 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 Islan d 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 Washi ngton WA 40 4
47 West Virginia WV 19 4
48 Wisconsin WI 8 4
49 Wyoming WY 34 4
50 Al a ska AK 43 4
51 Haw aii HI 44 4
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Appendix F-2 Modi fied MRIO Regions for States and IRIO Region

Modified MRTO
Region No Constituent State(s) and No. IRIO Region No.

1 Maune(l8) 4 CR)
2 Vermont(44)
3 Conn cticut(6) , Massachusetts(20)

New Hampshire(28) , Rhode Island(38)
4 New York(31 )
5 New Jersey(29), Pennsylvania(37)
6 Michiga n (21), Ohio(34)
7 Ill inois(12), Indiana( l3~8 Wiscons i n(8)
9 Minesota(22)

10 Iowa(L4)
11 M issouri(24) 3 (N)
12 North Dakota(33) 4

• 13 South Dakota(40)
14 Nebraska (26)
15 Kansas(15) 3
16 Delaware(7), Maryland(l9) 4
17 District of Columbia(8)
18 Virginia(45)
19 West Virgir,ia(47)

* 
20 North Carolina(32 )

• 1 
21 South Carolina(39) “

22 Georg ia( l0) ‘I

23 Florida(9)
24 Kentucky( l6)
25 Tennessee (4 l)
26 A laba ma(l)
27 Mississippi(23)
28 Arkansas (3) 1&2
28A Part of Arkansas( 3A) 1 (I)
288 Part of Arkansas(3B) 2 (S)
29 Louis ians ( 17)
30 Oklahoma(35)
3OA Part of Oklahorna(35A) . 1
30B Part of Oklahoma(35B) 2
31 Texas(42)
32 Montana(25) 4
33 Idaho(ll )
34 Wyoming(49)
35 Colorado(5)
36 New Mexico (3O)
37 Arizona(2)
38 Utah(43)

• 39 Nevada (37)
40 Washington(4 6)
41 Oregon (36)
42 Califo rnia (4)
43 Alaska(5O )
44 Hawaii(5 I )
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APPENDIX B

WATER RESOURCE PROJECTS GENERATING
BASIC COST DATA
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Appendix B

WATER RESOURCE PROJECTS GENERAT ING
BASIC COYT DATA

The data analyzed in this study refer to the following twelve types of
public deve1opu~ent projects , for wh i ch the names and loca ti ons of
individual projects are listed .

LARGE EARTH FILL DAMS
Painted Rock Dam Arizona

SMALL EARTH FILL DAMS
Buckhorn Reservoir Kentucky
Dillon Reservoir (clearing) Ohio

• 
¼ Mansfi eld Rescrvoi r Indiana

LOCAL FLOOD PROTECTION
Big Dalton Wash Channel California
Cape Gi rardeau Missouri
Woonsocket, Bl ackstone River Rhode Island

PILE DIKES
Ackl ey Bend to Leavenworth Reach , Kans as

• M issouri River
• •

~ Ashpor t-Gol dust, Mis s i ssi pp i Riv er Arkansas
Miam i to Glas gow Bend , Missouri Missouri

River
Near Bigelow , Arkansas River Arkansas
Bend , Missour i  River Missouri

LEV E ES
Elk Chu te Dra i nage District Missouri

• Lake Ponchar train Louisiana
Near Pluscatune , Mississippi River Iowa
Ol d Lake Louisiana
Ripley , M ississippi River Tennessee
San t~ Mar ia Valley and Bradford Cal ifornia

Canyon
Yazoo River Mississippi

REVETMENTS
A rkansas River Revetment Arkansas

I I Bank Paving , Mississippi River Missouri , Tennessee
Arkansas ,
Miss i ssi pp i

Board Revetment , Red River Louisiana
Cessions to Ketiipe Bend , Mississippi , Ar kansas ,

Mississi p pi River Louisiana
Sacramento River Bank Protection California
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Appendix B (Continued)

POWERHOUSE CONSTRUCTION
• Beaver Dam Powerhouse Arkansas
4

MEDIUM C O N C R E T E  DAM S
Beaver Dam and Reservoir Arkansas

LOCK AND CONCRETE DAMS
Columbia Lock and Dam Alabama

LARGE MULTIPLE-PURPOSE PROJECTS
Glen Canyon Dam and Powerhouse Arizona

DREDGING
Anacostia River District of Columbia

- 

~
- Atlantic Intra-Coastal Waterway, South Carolina

Port Royal Sound
Bronx River New York
Brunsw ick Harbor Georgia
Calumet-Sag Channel Illinois
Colum bia River between Bonneville Washington , Oregon

and Vancouver
* Duxburg Harbor Texas

Gulf Intra-coastal Waterway , Freeport Texas
Intra-Coastal Waterway , Flor ida

• Caloosahatchie River to Anclote River
Manteo to Oregon Inlet North Carol ina

T I Matagorda Channel , Point Lavaca Texas
New York Harbor New York
Philadelphia , Del aware River Pennsyhania
Sabine-Neches Waterway Texas

MISCELLANEOUS
‘ Bayou Macon Channel Improvement Louisiana
Jetties , Gol d Beach Oregon
Outlet Cha nnel , Sardis Dam Mississippi
Sea Wall Extension , Galveston Texas

4

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

Cap~açj~y, and the Evaluation of Public Expenditures: National and
~ional A~~jysis. Bal timore: The Johns Hopki ns Press , 1968,

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

I. :ntroduct ion

In the course of the study of the inter- regional input-output models

(80 and 10 sector models), the da ta sets of the MRIO mo del 1 were use d

as basic data in order to get techn ical coeff i c i ents an d column trade

coeff icien ts . All  pro grams were wri t ten in FORTRAN IV and three

different compu ters were used due to the core size and convenience.

Programs AHAT an d GETC were intro duce d i n the MR I O operat i ng packa ge

and have been sl ightly modi fied here. Subroutine INVERT is also

adapted from the BMD program.2 The rest of the pro grams were crea ted

for the IR IO mo dels .

In order to obtain the reg ional f inal demand sectors an d regi onal

outputs of the 80 sec tor model , two computers , UNIVAC 1108 an d CDC 7600,

‘1 were used . Technical coefficients and trade coefficients were computed

by UNIVAC 1108 but the ma trix inversion and output computat ions were

carrie d out by CUC 7600 because CDC 7600 ha d a suf f ic i ently lar ger

core memory than the UNIVAC system and could handle the direct matrix

$ invers ion of a 32Ox32O matrix.

To preven t system problems in transferri ng data on the tape from

one sys tem to ano the r system , technical coefficients and column trade

1Al bert J. Walde rihaug , Raymon d C. Ro dgers , and Howard L. Schreier
“Implementation and Evaluation of the Mu ltireg lonal Input-Output Model
of the Uni ted States .” U . S . De par tmen t of Commerce , Washington , D.C.
August 1972.

• 2 . . . .W . J. Di xon , 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

SENF IN , except for conven i ence of com pu ter use . There were two compu ter

• :~ 
programmers involved in the computer programming. One of the programmers

was res pons ib le for wr iti ng the source pro g rams an d the other was

• 
- respons ib le for the system anal yz i ng and mod i f i ca tion of p ro g rams

• whenever needed for the specific computer. It should be noticed that

• subroutine , NTR AN , 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 pro grams ,

requesting a large core memory in the COC system, LARGE is used instead

of the DIMENSION statement. Pro gram , FINAL , may be modi fied without

great diffi culty to reduce the core storage requirement by partitioning

I 

the matr i x . The inverse matr i x is alrea dy part iti one d i n to 4 rowsx 4

columns sub-matri ces 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.

C—4
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Flowc har t for Opera ti n g Proce du res
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Ta b le I I

Data Sets on Cards

— 
Data Set Callinc ’ Program Computer* Format

Substate shares of state total receipts SUBIO(MAIN) UNIVAC 14F5.O
(ci)

Substate shares of state total receipts SUBIO(MAIN) UNIVAC 4F10.O
(~ ,y,S ,4 )

Substate shares of state tota l receipts TRADE(MAIN) UNIVAC 14F5.2
(cs)

Househol d sectors (80 sector model) DRINVT(MAIN) CDC 4FlO 6

Househol d sectors (10 sector model) SENFIN(MAIN) IBM 8F10.6

National final demands in 1958 FINAL(DEMAND) CDC IlO ,7F1O. 2/
(5FlO.2)

SENF I N (DEMA N D) IBM I l O ,7F1O 2/
(5FlO.2)

Deflator - 

FINAL(DEMAND) CDC 5(15,F15.2)

SENFIN(DEMAND) IBM 15,Fl5.2

Ratio of contract cost to project cost FINAL(CONTRC) CDC 4F10.5

SENFIN(CONTRC) IBM 4FlO .5

Contract cost and project cost FINAL(CONTRC ) CDC 5F15.4

SE NF IN(CONTRC ) IBM 5F 15.4

*UNIVAC : UNIVAC 11 08, CDC: CDC7600, IBM: IBM Sf360

--I
‘*
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Flowchart for Operating Procedures

Us ing UNIVAC 1108 Computer for 10 Sector Model
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II. Computer Programs
A. 80 Sector Model
SUBIO

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

substate input-output tables in 1963.

Data Files :

• Data Set Name Logical U n i t  ]YP! Descr ip t ion

DATA 1 8 input MRIO data set 1.
State f inal  deman d componen ts.

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

- 
DATA3 • 7 output Substate input-output tables .

In put Da ta Car ds

a) Substate shares of state total receipts (a,B,~ ,y,4)

b) Title cards for labeling the tape in alphanumeric mode.

c) Control cards

NSUB : The state number for the state which is d iv ided  into

two sections.

In our case ,

NSUB=3 for Arkansas and 35 for Oklahoma state.

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

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

‘C

I
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•F OR.)S SLR Ifl .SURZ O
Cs.. S. 5U~~~a
C To NA KE SU R S TA T~ 10 TAR LIS
C fl OUTP U T f1 L ~~ DAT A 3
C fl )‘4P(I T fI L L = DA TA 2 DAT A SET ‘~ OF N R IO
C 9) ~‘~PLJT f IL E = D A T A )  D A T A  5~- 1 OF MR IO
C
C

DI M E N S TO ~ LB (2 0)
coM ~ oN /P/Z (84 , ).ALP ~ A ( 7Q) ,B~ T A ,DLLTA.G A M ~ A I P th I /Q/ ID . tCCS U R
DAT A FQ ,  NC .L A~j/8C ,84 ,20/ ,~.II4)/19/

C
C READ INPUT D A T A  CA K OS
C

I REA OC S ,100)NSU B ,I0
( S h R. Eu ,o) ST OP

RFAD (5.200 ) (A L P P 4 A ( J )  ,J:1 ,NIND)

RLA D (5 .4OO)(L b C I~),.(s1, 12)C
C CALL IOSUB

CALl.. 1051.18
C
C w R~ y E OUT PUT
C

CAL. L NTR A ~~C 7.1 .LA B .LB ,L V .22)
CAL L N T~~A N(7 ,1 ,N R;i.~C ,Z ,LA y .22)
C A L L  P~ INT CZ ,L 8)

100 F OR M A TC 2 I 5 )
200 FOW ~ A r( 1CF5 .0)
%00 ~U PM A 1CU c 1~~,0)
~0O FO RMA TEI2 A6)

- GO TO I
END

•FOR .IS ID SUB.I DSUB
C*$s*1$U~ RO U1 )P~E IOSU B -

C 8) INPUT FILL DAT A 2 DATA SET ~ OF M R IO
C

SL’B Rf~UT I9E IOSU S
DO UBLE PR L C 1SI0 ~ X (7~~)óDZS U F(~~C),DZ(5~ ,8U)
!~IM E N SI DN 1bC 2 0) ,Y C ~~u ,R4) , C U f F C 7 9
C0MM O~ /P/~~( , ).AL (7q ),h ~ TA .OE L T A.C A~ MA .PFI I/Q /XD ,~aSU 8
D ATA NS~, 9C .LA ~ /~ C ,8Q,~~0,,N1ND,79/
NC1 :C~C.IC

C KIA D IN PUT FILE
C

CA LL N T R A N C S 4 ) 0 , 2 2 )
DO 10 K:j,Pd SU~
CA LL N TRA N C8 .2 ,LA B ,IB ,LA V ,22 )
CALl . 9TPAN (8,~~,F.R SN C ,Y ,LAY .22)

1 0 CONTINU E
C
C wR ITE INPUT FILE
C

w ISIT I (A,aOO ) (18(J) ,J:) .20)
WK ITE( b ,S00)CJ ,Y( 1 ,J) ,J :1.W C )

C IW IIIA LUA ?I O K
00 15 1:1,9K
1)0 1’, J :1 ,NC

15 1(1.J):0.0

C— i 2
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C
C COMPUT E CO EFf ICI ENT S
C

DO 20 1:1,9K
flC’ 20 J :) . F I N D
C~~ ~ t 5 ) ~~~L’~~ C J )/ I 00.
I F( 1 r .P.(.0)C~J~~~CJ) : 1.O .COLF(J3
Z ( 1 , J ) : v ( I . J ) C C E f  ( IJ)

20 CO N TI ’~sJt
DO ~“, J:Bj,M3,2
00 ~~

25 Z (  I .J ):y (1.J )SCU IF( I)
C
C CAL L FOSUB
C.

CA LL rD SU8 ( FDX )
• • DO 30 1:1.9190

30 Z (I,823 :PPXC I)
• C • 

-

C CHA NGE TO DOUBLE PRECIS IO N
DO 00 T ),NR
DO CO J:I.WC

40 DZ CI ,J):Z (I,J)
C

- C COLUMN SUN
C

DO 50 1:1,9K
DLS UM (T):0 .O
DO 50 .l;1,NCI
DZS U’( 1) :DZSUMU)+02 (I.J3

50 CO NT INU E
C
C CHA NGE TO SINGLt PREC IS IO N-

DO 60 1 1.NR
60 ZCI ,80):DZSUM (I)

ij C
C WR ITE OUTPUT

W R ITE( 6,000) (113 (J),Jsj ,20)

C
400 FORMA T (2 0A 6)
500 FDR P4A TC8(I5 ,F I 0 ,0))

• R E TURN
£N0

• Ø FO R ,IS FDSUB ,FDS UB ..
CS**S$S U~ j4 0IJTI IC ’F fO SUB
C q) I~ PUT FIL E : D A TA I DATA Sf T I OF MRIO
C

SUBR O II T I’.sE FDS U S3 C fD)
D OUbLC. f’RE C ISIO~. fO(7 9).VYD(1 O.79 )
DIM ~~9c T O ~ Y(5J .~~~) .IR(20) .CUUC79) ,YVt10 ,79)
CL)MF0~s /P/Z(R~4i~)L) ),4L PC4A(7Q),bf TA .D E L 1A,CA KMA, PM I /Q /ID, N$~
DATA P(h~~,M S41P ,N1~.9C ,NIND,LAB/9, 1.~sb 3. 8B. 79.20/

C
C READ INPUT FlU
C

CA LL NT PA ’ 4 C 9 , 10 , 22 )
DO 10 K:).M SKIP
I F ( LA M .Nf .n) CELL. N T R A N ( 9 1 2 , L A B , X B , L A Y , 2 2 )
CA LL P~T~~ANC 9.2.9~ *~ C , y ,LA?, 22)

10 C O NT I9 U~

C—i3
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DO 20 KK~~1,~iLP I R 
C
,

D (L AP .~i I. .O )CA L L N T4A t.( (~,2 ,LA 9 ,IU, LA y ,?2)
CA L l. Nt WA4(9 ,~~.f4 R$ N C , Y.LA Y, 22)

CwECK INPUT FI LE BY ~P1TI9 G

Ks ~1 T E ( a , 5 0 o ) ( J , Y ( ~~~ut ~iJ ) .J : 1,F.C)

CO~ PU TI ~~~ ~a~ u~ s OF C 0MPO~4~.

00 30 J :I,9INO
I F ( K K , IO . 1 ) C O E F ( J ) : & A ~ M A / 1 O O ,
IF (~ C(.E0 ,?, U~ . .Et) 1 3) CU EF (J):BLTA ,100 .
IF ~~~~~ )C L.ak f C J ) = A L P F A ( J ) / j 0 0 1
IF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ (J ): D F L T A , I O o ,
I f ( C K .EU,8 ,UR . KI~.f’J ,Q)C 0EF(J ) Pp l I /1 Ofl .
VYC scK , J ) :Y LI 53 , J) C O~ F C J)
I F( I D .NE . O ) Y Y ( M .~~.J ) V ( 5 ~S1It C ,J ) . ( 1. — C O E F ( J ) )

• 30 Co~- T I..ii~
—

CHA NGE TO DOU BLE PRE CISION

DO CO J:I,N I9O
40
20 CO N TINUE

C
C FINAL DE MAND VE CTO R
C

00 50 T 1 ,NZ N D

DO ~O K~ :1,ME HR
• 50 FD( fl gFD(I )+YYD (Kt !,I)

C
C WR ITE OUT PUT

1’ Cp WR ITE (6,600)
W R I T E ( b , T O O ) ( I . f D ( I ) ,

C
400 F O R M A T C 2 O A 6)
500 FOK~CA T(8 (I c ,(1O ,a))
600 fU ~~’ A T ~~~H t . 5 X , 1 F I N A L  UI NA N D
700 f U~~~1T( ~k ( 1~, , D 10 .C ) )

RE. TuR..
~ N D

•FO R ,IS P~4I” T.PR 1N T
C$ S** * S U8 5 ~Ot ’ T I N E P’~IW T
C

SUBR O U TIN E PNINTC X ,IB )
D I M E NSIO N X ( E0 ,8 4 ) , W (20 )
15:1
151:9

• N 8 4
F4MA L F :N/2
NP LU S :NP4A LF , I
P4:9
DO 10 KK :1 ,Pl
I t : IS, ISI

L -
~~ If

W R I T E (6 .  50)

C— b 4
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W R ITE (b .*00)(IbCI) ,151 ,20)
W R IT E (b,2~ C5) (I.l:ZS ,I1)
DO ~O J :1,NMAL F

20 wRIT E (b.iOO)J. (K(J.I).1= IS ,IT )
w PITE(4~,2 0(s) C I. 1: iS, IT)
wR1TF(~~,5o)W W I 7 E ( . ~.I f l f l )  (1.8 (13,1:1.20)
W R ITL(a ,200) (I. 1:15, IT)
DO 3(5 J:NPLUS,N

-: 30 w R I T E  C61300)J. Cz (J .I) ‘ I:IS.IT).
W RITE(o.200) Cl , 1:15, II)
IS:IT,t

10 CON TINUE
50 FOKMAT (1H 1. ,/JTR AN SA CT I .O N. TABLE ’ /1

C
. 100 FOR~IA T (I K ,2OAb)

200 FOR~- A T ( /  20111 / )
300 rO5~MA T t I 5 , ,0 F 1 1 .0 )

I F RE TURN
END

ii
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REGIO

This program aggregates the MRIO state input-output tables p lus

the substate input-output tables intp reyion al input -output tables.

Data Files:

Data Set Name Logical Unit Typ~ Description

DATA2 8 input MRIO data set 4.
51 state I/O tables

DATA3 7 input Substate I/O tables

DAT44 11 output Regional I/O tables

Input Data Cards:

a) Title cards for labeling the tape.

b) Control cards
a IREG : The i dentification number of the region .

Last card of the deck must be IREG=999 to termi nate

the process ing.

NSTATE: State identificati on number. If NSTATE is 1000, the

aggregation is termi nated for a given reg ion. Substa te

identif ication number should be greater than 52.

C-].6
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PF 0R.15 P~E GI (1,’.t f Z D
Cs*s*$REGIO
C
C TO fi4g~~ REr,IO:~A ,.. ID TA B L E S
C 7) INPUT F 7 L E  = D A T A S  OUTPUT OF SUR TO
C ~ ) 1’~PtST F I L E  : rA T A 2  D A T A  SET ~ O~ ~ i7O
C . 11)IJUTPUT FILE 0*7*4
C

DOU B LE PR ECI S ION DY (~~a .b14) .DYSCB4 .84)
D I~~E N S T O ~Cv Ti,( 2O) .L I~(?Q) ,Y(BLI,84)
D A T A  NR,~~C , L * b / 6 4 s 8 ~S .2 0/

C
C READ I~jPut CARDS
C

I READ (L..1OO )lRE~G
-.

IFI IREG ,EQ .999) SlOP
C
C lN IT~ A L1Z A T10N

DC 10 I:1,NR
DO 10 J:1,NC

10 DYS(I,J):0,O
C
C REA D INPUT FILLS

a C
IS R E A D C5 ,IO O )~.STATE

F~CN S TAT E .EL ~.13C0 C0 70 45
1F (NSTA TE .LE. 52)GO TO lb
CA LL. IJTP A~~ 7,10 ,22)
DO 2 lc~(=53 , N 5 TA7E
CALL PJ IRAN(1. 2 ,LA I3. IB ,LAv .2?3
CALL f .iTRA f~C1 ,2,NRsI ~iC , Y ,L.AY ,22)

25 CO N T IwU E
GO TO 21

lb CA LL NT RA N (b,IO ,2 2)
00 20 . ,oc :3 ,(.SIATE
C A LL ~~~~~~~~~~~~~~~~~~~~~~~~~
C AL L NTR AN( a,2.N R SNC ,Y, LAY, 22)

20 CON T I NUE
C
C W R 1TL INPUT FILE
21 WR ITE Co ,300 )NS TAT E

‘C

I
I
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w H ITe C b . 5 0 0 )  ( J ’ Y (  1 .J) e J= 1 ,NC)
C
C A G(..REG*TION
C

00 30 T :1 ,NR
DO 30 J :1 ,NC

30 DY (I ,J):YCI ,J)
DO 40 I I ,NR
00 40 J:I ,NC

40 0~’S( I,J) :0Y5C1 ,J),DY (I.J)
GO TO 15

C
45 00 ‘,O 1=1.14W

00 50 J 1 .~ C
50 Y (I ,J =D rS C l ,J )

C
C RiTE PIJTPUT FILE
C
C C ALL P~T PAN CI1 ,I. L AB ,L ~ .L*Y,22 )

- C CALL N T R A N ( 3 1 . l , ~~R$ N C , Y , L A Y , 2 2 )
W R ITE (b. 4~Q 9)IREG

CA LL pR 1~tT(~’cLB )
100 FOR P~A T C I 5 )
150 F O W M A T C I 2 A 6 )
300 F O k M A T (IB 1 ,b X I  S T A T E  :1 ,15 /)
400 F OR MA Y C? OA 6)
500 roR~ A , 8 (1s ,E1 0.4)
600 FOR?4A 7(SX . IHL &IUN s I p  !5/)

GO IQ I
END

I 
.
~~
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AHAT

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

regional I/O tables by this program.

4

Data Files :

Data Set Name Logi cal Unit ~~~ Description

• DATA4 9 input Regional I/O tab les

DATA5 10 output Technical coefficients

Input Data Cards :

No card is needed~ But the size of the structu.a1 matrices, the

size of the A coeffic ient matri ces , and the number of the regions

should be stated in the DATA statement of the main program.

C— 19
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•POM .T S
C TI’IS ~~~~~~~~ A C A T .  CUM.~ i T I~ A N D OUT PL ITS 1H~ DIRECT C O E F F I C i E N T S
C FO5 ~ EAC H ‘~€ (.I U’~ (P~ * BC)

C 9) IN P .IT F I L L  D A T A C  OUTPU T OF R EG Z O
C lO uuiPt ’T I .ILF : D ATA S
C Tsi !S ~~~~~~~~~ piA 5 ~~~~~~ r,I~~E R A L I Z L D  SQ *~ ~o OP E RAT E W IT H ANY SIZE ~~~C T wW ~ E P A W A .~F T E I ~S A P~ NE (UI.D
C FI R ST q TNE SI ZF (‘F T~~E STki IC 1u ~~aL M A T R I C E S

• C SE COND TsE SIZE Of 1~4E A C O E F F I C I E N T  MA T R ICES
C TP l I Il O — t~~E SIZ E OF TP9 NU~~t i F R  Of RLG IONS

DOUE ~LL P R E CI SIO N £CBC,Mu).A M A TC 8C,8C), SUMACC
D IM E N S T O?C H(SU.531s ) .ASIN( ,(8a.84)
EQ UI V A L E N C E  (53 (1. 1 ) ,A SIN (C1 .1 ) )
DATA wR OW ,NNA , NW I G/BU ,8C.4/
P40: 6

• . W PS ITF (MO ,11 3 )NROIC ,NRA ,14R16
• - 3 13 F NH-A 7(3X ,314)

CA LL w IL D E R (~CR OA .NRA.hKEG ,A,AHA T, SUMA CC ,B , £5196)
• ST OP

END
•FO R, IS W IEflF R.s I (D~ R

SU BR OUTI NE A U D L R  (NRUt. ,N~ A ,NKI G ,A,A MA T ,$UM A CC ,B,A S ING )
C
C

- C
DO UB LE PR ICI S IO P . A( 14 ,RC) ,A HAI (I5C,(54), $lJP4A CC
D IM F P J S I O I  H (80.6C),ASING(BC,814) ,IM(20)
EQ U i V A L E N C E  CBC1.1) ,AS IN6( 1 ,1))
DATA LAB/ 2 n/

P40:6
• kUN$Ts 0

NZE RosO
NE CC OF: 0
DO 300 IREG :1.NREG -

C READ IN T~i~ INT LRI P~DUST RY PLOW S AND TRANSFE R TO DOU BLE PRECISION
CALL FITRAN( 9 .2 ,LAb. IR ,L AY ,~~a)
CALL N7RA P. C 9 ,2 . NR O .* $2 .53 , l .AY ,2 2 )
.NITE(MO,99) (IB(J ,J :1 ,LAB)

99 FO RM A T LI N I ,/ / 20*6 II)
00 790 K1:1 ,NM O~
DO 7~ 9 KJ :I,PIROIII

794 A(K I ,KJ):b (I(I ,PCJ)
WH ITE(PQ ,9) (A (1 ,J ),Jz1,5)

9 FOR M A T (1X.I A M A T I1 IX I ,1 0012 ,b)
00 70 J= $ ,NRA

) SUMAC C :0
C C ALCULATION COLU M N SUMS OF R E G IONA L TRADE FLOW MA TRIX

LESON E : N R OW  • *
DO 20 I I ,IESONE

20 Su1 AC C :SUM ACC .A C I,J )
• A (N kUw .J ) SU MAC C

C IF COLU M N 5tj M LES S T h A N  ,~~ SET !P.TLR. INDU $TRY COL FF IC IEN T SaO
IF (S UW A CC .GT .0.Ub ) GO TO SO
DO 30 I :1 ,NRA

30 AMAT (!,J) :O
GO TO 70

C INTER I’~nU ST RY COEFF I CIE N T ~ COL UMN OF TRAD E PLOW M A T R IX  DIV IDED
C BY SliM fl~ r fl LtIMN

C—20
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SO CO” T 1’~L L
K U~ S T tIN S t. 3
00 ~fl I:l.’~1A

T .J I:a( I • J ) ~SUP A CC
I1tA~~.T (  7 ,J) .LiT .O.fl) .IZIR(I :M ZFRD , I
I~ tA1 * T (1. J) .LT .0,O) ~L .COF:P.EGLOF, 1

b~ C0~ t I ME
70 CO~1 11v ~I LC T R A N S F E R  lfl S INDL PW U CTS ! U N A P~fl OUTPUT ONTO DEvICE 10

C CALL %TRA N C *0 ,1.LA B ,Ib .L &Y. 22)
DO b94 I :$,N14 4
00 699 J = 1 ,NRA

699 AS IN G(I .J) A IIAT (I ,J)
C CALL ITRA N (10.1 ,N~ A **2 ,A5IPJ6.LAY .22)

WIi I T E ( M O . 1 0 7 0 )  3 R EG
*070 r0RPA 7( I WR O T E IM)US1R~ C OE FF S FOR REGfON I ,137

WWIT E (P0. 1I ) (A(t ~RUW, J ).J j,$0)
11 FD~~ A T (3X . l SU MA CC ‘ PIDD 12. b)

N W R ITE (M O ,13) ( A M A T ( t . J ) , J 1 . 7 )
33 F O RM A T (1X , SA H * T I ,1OD1 ~~.9//)

CAL L PR IN TU (M O ,AS LNG,IB)
100 CONTIN UE

W~ ITE(MQ, 1S )KU NST
IS F OR M A T (II O ,3X . ICOLU B NS DIV IDED THROUGH ’)

WRIT E (MD. 16) N ZERO, N E GCO F
lb FORMA T(/Ilri ,A X . INON ZEH Q PO$ITI VE COE FF ICIE PI IS A~ D ’ .2X.i1O , ‘NECA T !,

1E COEF F IC IEN T SI)
R ETURN
END

•FOB ,IS PR~ pjT U ,PRi# TU
C*$*$*SUBR OU TZP4E P1419TU(jOUT,A ,iB )

C TO ~RjTE OUTPUT4 c
r SUBROUTI NE PR INYU (IOU I.A ,jB)

DI M EN SION A( 8Cs8LI),)8( 20)
DATA M, N, N .1ALP / 9,8A,4 ~ / , LA B/2~~J5r3 .

JSI:9
PIPLUS:1JhALF+$
DO 10 KK 3,P~
JT :JS ,JS !
If (p ~lc ,f~~,H, J u N
$RITI(! OUT ,50)
WRI TE( b u t  • 100) ( 113(1) ~ 1 1 .  LAB)
W R I T L (IO (JT,~~On )(J,J:J5,JT)

.~ DO 20 1 1, NPIA L F
20 W R I T E ( ? O ( I T , . 3 0 0 ) Z , ( A ( 1 . J ) . J J S,JT )

WR 1T ( ( I O U 1 , ~~O O ) ( J , J J S ,J t )
ZP (NPtJiS .GT.’~) CO TO 40

lOUT .50 )

WR ITI- (?fl U t ,2OO~~(J,J :Jb,J1)
DO 30 !:NPLUS .W

30 w R) T E ( I n h J T .300) I. (A (T ,J),J :JS,JT)
~.hI IE ~~~()Uf ,?OO ) CJ ,J :JS ,JT )

C DuM ’~Y C I J N T IN U L
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90 CO~ TI9uE
JS JT , t

* 0 CO N TINU E
SO PO R ~ A T(3 B ~ , // ‘DIR ECT RE Q UIR L M L N T S I /)

*00 FOR~ A T(IX.2 OA 6)
200 FORI- A T (/ b i l l I)

• 300 F U R M A T ( 1 5 , b 0 F 1 1 , b)
I RE TUR N

- 
END

at

4-
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TRADE

This program disaggreciates the trade flows of the regions identif ied

- 
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 (iT) is computed by this

program.

Data Files:

Data Set Uame Logica l Un it ~~~~ Descri ption

DATA3 7 Input Substate I/O tables

DATA6 8 input MRJO data set 6.
Modified corr~iodity trade flow

DATA7 9 output Regional trade flow

I!put Data Cards:

: a) Control cards

KK( IEX) ,LL(IEX): Row or column numbers of the matri x to be

exchanged with each other. The rearrangement

of the modif ied matri x with substate trade

flows is carried out in a number of exchange

operations.

IEXN is the total number of exchange operations. ‘ 1

In our case ,

TEX KK( IEX) LL( IEX)

1 1 45
• 2 2 47

(continued on next page)

C 2 3
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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 col umr 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)=l: for making the off-diagonal elements zeroes for

service indus t r ies .

11: no change is made .

Only one card is needed using FORMAT(8011).

b) Substate shares (a)

c) Ti t le  cards for labeling the tape. -i

H

C—24
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•FUR ,!S TkAn1.T ’~AD E
C*~.s. TR A D E
C
C TO 4

~~u~E T~ L INA nE  fLU .~ 1AI ~L F OF IRI O uSINC MRIU DATA
C 7) I~~p~ T I -TLI  D A T A S  OUTPU T QF SUE~1O
C ~

) 1~~P’ i  f I L L  I )AlA b DATA SET ~ OF MRIQ
C 9) t,j~ PLT E L L E ~ 04147
C

D IM E N S t N~d IL ()O), M A PaI P (79)

DI ME.N S ION A ( C b .  )•TE ’~~(’-~b)’ uPK (1O), H(S), T(5,5),4L28C79),4L3
10 (70) •Jf3 (?fl ). )~,(2O ) ,C(C5 ,L~5)
DOU BLE P R E C I S IO N  5 I I ~. S M S~U a~,SUMC0L

• COHW ON /x/P~’B A(7o) ,p213R (19)•P3oA (7o)•P308(79)
D ATA I~”~ s I O U T / ~~.h / , N I N D , L A ~~,~~N F & / 7 0 4 2 P . 1JU/
D ATA 1W E G N ,1RE ~ P .IExN ,I(~ A */C ,1 .~~.t U ,b /, IRIb ~ /~,/• C

C RE AD ARC ) iaRITC MATR IX OP E RA T iON GU2L )E IN PU T
C

00 10 IEX 1.IE XN
RE A D (TN P ,b 0 0 ) u c K ( 1 E X ) ,  LLC IE X)
W RITE(iQUT,200) ZEX . KW(ILX) . LL (IEX)

10 CON TIN u E
RE A D(I %P .jOO ) (~~(Ic), K: 1 ,KMAX )
W RITE(IoUT,SOC )(M(K )sI~:3.KMAX)
RE AD ( IM P .S0Q) (AL2B(J ) ,J:1 •NIN D )
REAO( Iw P ,5O0 )(hL 3O (J ) ,J t ,NIND ~
CA LL PA l
wR IT (CIOUT ,b 0O ) CJ.AL I’ 8(J),J 1.NIND)

• W R X T E (TO (JT,600) C J . AL 3 O C J 3 . J 1.N 1ND)
RLAD( IN P ,b5 0) (M A N 1 PC J ), J 1, N I9D)

C
CA LL P4 F R A N ( 6 , 1 0 , 2 2 )

r c
DO 9S KPTK: I , N IN D
A L 2 8 A A L 2 5 ( K K P ~)

• A L288:1, 0 — 4 L28A
A L. 3OA:A L3 O (KKI~)
AL~~OB:1 .o sAL 3 0A
P 1 2 a A = P 2 5 3 4 ( P M K )
P128~ =P28U(Ic’~W )
P130 4= P30A( P.KK)
P1306 :P30130c1(K)

C
C READ A ND WRITE INPUT FILE
C
C DIMEN SION OF MATR IX ‘C’ M U ST BE EXACT L Y TIlE SAM E AS ORICI NAL L Y
C W R I T T E N  DATA 1

NRL GP :NRFC ,*
C A LL N T PAN(B ,2 ,LA B. IR. LA Y I2 2 )
w R ITE (7fl tIT, 7O O)(IIl(J)I J~~1 .LAB )
CA LL ~uTRAN(B ,2 .NN F GP**? ,C .LAY,? 2)
W R ITE(T Q UT ,$O0 ) (C(* ,J ),J 3 .NR IGP 3

C - 
-

DC IS
D(’ 1’~ 

J : 3 , N 4 E G

I S  CO~~T INU E

C— 25
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-C
C C~ L A T E  ~~~ W C Iw 5 A N D COL UMN S
C

00 20 !:1.NREG
A (  ! ,C 5 ) : P I ?~i i * A ( 1 , ? 8)
A C ! ,  C8 )  :P I 2 c t 3 $ A (  I ~ 28)A (  I, L~~7)  :Pj  ~~ O A ~~~ A (1,30)
A C  I ,  C B )  : P13 0 1 3 1 6(  I, 30)

- 20 C O N T I N u E
00 30 J :1. NREG
A (U5,J ) A L2 6A $A (2 8 ,J )
A ( C b . J ) : A L ? 8 1 3 * A ( 2 8 , J )
A ( C 7 a J ’, :A L 3 U A S A ( 3 0 , J )
A (CB.J ) :A L 3QbIA( 3O ,J )

30 CONTINuE
C
C

£ (45,,j5,:AL~~B A*PI ?8A*A (2R ,28 )
A (45• ~~~ =AL2e A sP I~~Sfi*A( 28 ,?a)
A C C5 , £ 8 7 ) : A E~~SA ; p I 3 O A s A ( 2 ~~, 30)
A ( ,u~ ) A L 2~ A * P I 3C e .*A (~ B ,30)

C
A (Cb,C5) :A L28f~*P I2F~4*A t28,26 )
A (Cb. )= A12 ~~~~~1.~R I~S A (28 ,2$)
£ ( C b .a 7 ) :AL~!8B$i.~I3~~A * A ( 2~~,3 0)
A ( C b , C 5 ) : A L ~ 8bSP i3 Ob A ( 2 B . 3 O )

C
A (U7. u S )  : AL 3OA *P I~ 8A*A (3O ,2$)
A (Cl . U 6) = A L ~ OA~ ~ I g ~ A * £ (30,28)
A(U 7 .u7 ):A j3 O A Ii ’I5Q A aA (~~O ,3O )
A C  I ll  , i48) A L 3OA*PI3 O BIA (30. 30)

C
£ ( 138, uc) :AL 3OR* P I2RAS A C 30,28)
£ C C~T .Q6) A L 3 0B* P I2 *A (30,2LS)
A (U8,u7):AL3Ob* P I3OA *A (30 ,.30)
A (i18,C8) :A L3053 $PI3OES SA( 30 ,30)

C
C MA IC E OF Fp DI A G O N A L S ZERO FOR SE RVIC E INDUSTRI ES
C

• IFC M A NT P( u cK k) .NE .1)GO . TO 35
A C US. aS) :4 C 45~ C~~) +A ( 40, 45)

A (C b .  ~~ ) A ( ~16~ U6) +A( j i 5 .M b )

A ( u 7 , C 7 ) = A ( a 7 . q 7 ) + A C 4 8 , U 7 )
4(48.C7):0 ,O
A C4h j . ) : A ( Q 8 , 4 1 ~) + A ( G 7 , U 8 )
A C  47 . ii~~) O  .0

35 I F ( K K K .GT . 3) G O  TO 45
C
C W R 3 T E A L L THI M A T R I X  ELE MENTS BEFORE INT ERCHA NG E
C

MRITE (!QUT.400) XK K
CAL L OUT PU T (IOU T ,A ,XKtc )

C—26
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C
C IN TERC HAN GE O~ R O d S AN D COLUMNS
C

45 DO 60 IE X t ,IEXN
Ik kk( IEX)
IL LL (II X)
DO ~0 J:1,IKCGP
T E M P C J ) A ( I K , J )
A( IJ~.J):A(IL ,J )
A (lL.J) Tt~~P(J)

40 CON TINUE
00 50 1:I ,XRE GP
TE”P ( I):AC I~ 1K)A C I’ 1u):A ( I, IL)
A L l s  IL):TE’IPC I)

50 CON TINUE
60 CONTINUE

• C
C K R ITL WA TR IX A FTER CHAN GE
C

I~~C K K k ,GT .3)G 0 TO 65
wR I1E~~b uUT ,1 0O O ) KKK
CALL . OUTPUT (ZOUT ,A ,K1 (k)

- C
C AGGR E GATION
C

65 00 80 K:l .IRE&N
DO 80 L. l,IREGN
lPL~ U(K , l3~ j
IRL M CL ,1 ).3
IPS M C K)
IRS :M(L)
SUM : 0.0

U DO 70 i:IPS,IPL
oo io J=zR s ,IRL
SUM ZSUM,A( I ,J)

70 CONTIN UE
T (K ,L):SUW

$0 CONTI NUE
C
C SU MMA TION
C

00 65 1:1,!REGN
$UM COL :0 .0
DO $C K :1 .!RCGN

64 SUM COL :SUM CUL ,T(k,L)
$5 T (I HEG M ,L) SUMCO L

I -. 00 87 L:1.IRLGM
I ~ SUM ROw=0 ,O

DO 86 k :1 ,IREGN
86 SUMRO .~:SUMR O ~ +T (L ,K)
67 TCL ,IR FG M ) SUM R OW

-

. C—27
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C ~R ITL OUTPUT FILE
C

R E A D C ! N I ’ .7 01  ) C J B ( . I )  , 1 ’t , *R )
W R I T E  C 1001. 701) CJU ( I). X 1,LAB)
00 90 ~~ 1 ,IRE( i”

90 ~PIT I.C!O (it,40Q)C T . (K•L ),L. 1 ,IkEGM )
CALL pJ T R A N C ~~,b ,LA h.Jh .LAY ,22 )
CALL N TR AN (9. 1’ 1W EG MI 2,T,L AY ,22)

95 CONTINU E
- C

C
100 FORf IA T(215)
200 FOR PiA T( // ,3 110 )
300 E O RfrA TCSIS)
400 FO~ f r A T (t,E~~Q ,4)
500 F0R~ A T ,~1UF S. 2)
600 FOR P~a T(8C15 , F *0 .a) )
650 EO~~ A T(R0I 1 )
700 FO~ MA 1C, /,2QA b )

N 701 FCN ’~A T .b3A b .A 2 )
$00 E O P f r A T C B E I S . U)
900 FOP~ A T (// /b OX, ’~~A TR IX R~ FOR E CHA N GE FOR 1’~OUS IRY ‘‘.15)

*000 EO Rl ~AT (,// b 0~~,IP1 AT R 1X A l T E R CHA NG E EON INDUST ~ Y ~ 1 ,15 )
1100 E U R M A T C I M I )

- STOP 0000
END

•FOR ,IS OUT PUT •OLJ T PL T
SL’aR OL IT INE O (rPU T (IOUT ,A .INP)
DI M EN SION A(4e ~~48)
JS’I
JS I 9
PJ:4$
M:5
DO *0 KK s1, M
JT:JS,JS !

fi 1FC I~k~ Eu.M ) JT :N
W R I I F (1 O I .J T , b O O ) IND
.IRITE (TOUT ,200 ) CJ , J :J S , J T )
D 0 - 2 0  2 t , N

20 N R I T E ( ! O U T , 3 0 0 )  I, (A(IçJ) ,J:J5,JT)
WR ITL(I(I U T ,200 ) (J, J:J$~ J~ )
JS JT ,j

10 CO NT INU E
200 EOR ,~A T( ,b 0 !11/)
300 FO RM A T CIS.b0I11 .3)
10 0 FO R PIA Tfl H 1 ,SX , ’INDUST RY ~~~~~

RETUR N
END
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•EO M , IS  PA 1 , paI
SLu ”W) Is T 3 PJf PAl
Cu~”e~. ,~ /P~ $A C 7q),P?8~ (7N). P3nA( 7Q ) ,P3oR(7q)
014 P ~STC’~ a(~~u .84), IH(pfl). PA 3~~HA( 79), pA ~~ t4B(79), PAI30A (’9),

I P~~15o~~(7q)
O ’’A LA M ,Nq . NC .NI ND , I 0U T / 2 0 . $ 4 . 8 ’J,79,6I

C fl 1~~Pu T F ILL : DA TA I  OU TPU T QE SUB IO
• C~~t.L .T.4A%(7 ,10,2~ )

00 30 K:t . ( I
CALL R TRAW C 7 •a ,LA B, 1B ,L 4Y ,22 )
W R ITE(lO tI T ,700)(lb( J ), J 1,LAB)
CAL L N TN A N ( 7  ,~~,NPIN C ,A ,L AY,22)
w RITE cIOIJ T ,b OO )(ACI ,J).J :1 ,NC)
00 20 1 1 . N IN D
IE C K .Et3.1)PAI28A(i) ACI,84)

EQ . 2) P*  !28B( 13 :At I. 134)
• IE (’ .EC . c)PAI 3OACI):A(!,64)

IF (A .I0 .4) PAI - SOi ~C I ’  A (I,~~4)
20 CGNT I~ UE
30 CON TI NUE

CA LL N TRAN C1 ,10 .22)
C
C RE DE F INE RO sSUM S lOR INDUSTRY 74 Tn PREVENT OVER FI .OM
C P4128(714) = P4130(74) • 0,0
C

PA 1 28 A ( 74 1:1,0
PA I28M( 74 )= 1 .0
PA I3Oa(7a) :t.O
P41 308 (7C):1.O

- - .~ 00 CO 1 1 ,N !ND
- 

. P2*A ( I ,:PA I28A (1)/(PA- I?13A( I).P41288 (!))
P213 0 (I3 :PA I2 13tI(1) /CPA1 28A( I)#P41288 (I))
P3OA( 1 ): PA T3OA C 1) / (PA1SO A( I) 4P 4 13 013(!))
P3Db (1) :~~* 13 013(1) / (P41304(I) •FA 13081!))C, W R I T E ( y QUt,900)l ,p28A (Z),P288(1),p30A (2) ,p30B (7)

40 CON TI NUE
700 FORMA T(1Hl ,2 0A6 )
800 FO N M A T C B E I S . a)
900 FORMA T (I10.4F2 0 .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 :

1: Data Set Name Logical limit ~~~ 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.

C—30
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•EQR, !$ GET C ,GET C
(..I.SeGLTC -

C C0’~P ’TES 4 R~~~3O~ TRAD E COEFFICIENTS
C
C TO c ~~~~A T E  I 1 A L E  C0E~~F I C I E N T S  uS 1~~1, OiIT Pu,T5 OF REGIO A ND TRAD E

- 
C A L TE N I . A T I V E  M L TP 4 00 DUE S NUT N EED OUT PUTS CE 14E010
C

— C 9) jNPL J T F IL E = DATA ? OUTPUT OF TRA DC
- 

- C IO )OUTPUT FILE : DA A8
C $j)J N PU T F IL E s DAT A C  OUTPUT OF MEG IO
C

IN T E G E R  G.M
DOUBLE PRECIS ION SU~ RO.., SUMCOL , SUMCOP.. C
LOG Ir AL N Q TW A N , AL T I R  

-

D I M E N S I O N  IMC ~~0 ),YCs4,Ru,.x HC8 3 , a).xr. (4,83),xuH( ~c.a),x~ OCa,79 3 ,
I C  (4, Li ) , T (~~.5 )  • ( U  .4) , (.5 l’~G (u. u) , J0 (20)
QAT A ~~~~~~~~~~ A t4/ .RU.dO,.I ~~tr,,’~IP~O ,U,7 9/.,!NP ,1OUT,5,6/.IREGp/5/
DAT A N O T 9AN / .EAL S 1. / ,AL IE I~/.f A L SE .,

C
C ALTER:,TRUE. IF AL TF P IA .TIVE METHOD IS USED
C

- ZEC A L TE R ) GO TO 45
C
C NO TRA N~ .TRUE. iF TRA ~ SrER,OU~ 1S SUI3IRACTEO

• C
M ICNR .1

C
C 4 $ AL SO R EPR E SE NT S THE TRA N S F E RS ~ OUT COLU MN
C

00 ~~ Kr . 1,IREG
C
C RE AD AND M R ITr INPUT FILE FOP iNDUSTR iAL FLOH
C

C AL L N TRAN (1I ,2 ,LAB ,Ib .LA Y.22) -

• C AL L . N TNA N(Ii ,2.NN *NC,Y,L. A Y ,22)
w R I T C c  7001,700) C IR (J ) , J 1  .LAB )
W R ITE (IOU T.8 00)(Y C1,- J ),J 1 .NC)
DO 20 I;t ,M1
SUMROw:0 .0
SU MCOL :O.0

C
C SUM MAT ION

DO 10 J:$~~M j
SUM RON :SU ~ RO ’~+Y (1 ,J )
SUM CO L :SUM COL +Y CJ ,I )

3 0 CO N T IN u E -

I F C N O T R A N )  SU~ RON SU ’~K O~.Y( I ,R$3
IE-C N O IR A N )  SUM CUL :SUM COL .Y(M 1 ,I)
X P4 C I.KW) SL11 R Q w
XG(~’I~.T) S(,MCOL

20 C ON T !P ~lJE

SO C O N T I N U E

C— 31
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C
DO 40
00 40 J:1,NI,~ O
XGO( I.J) :XGC !,J)
~~(j .i ( J ,  t) *NC J ,I )

‘10 CO N TIN U E
W R I T E C  IPUT ,900)

— W R IT((TOU T .$03 ) (XGO (1 ,J) .J:1,IdINQ)
WI4ITE(!OUT,e0O) CX0P4C 1,J ) ,J:1,IREG)

C
C READ AND ~R I1E RE GIO NAL TRAD E PL0~C

45 DO 150 INDIJ S :1 ,NIND
C AL L. N TRAN (9,? ,LAR ,IB ,I .AY,22)
CA LL P.TRAN( Q, 2 .IRLG PS *2 , T,L AY ,22)

C WRITE. CI OUT .700) (IH(J).J 1 ,LA13 )
C sR ITE( IOUT .Q 0O) (T (1,J,,J:1,IRLGP)
C

Do so ):1.TREG
00 50 J :1 ,IREG

SO XG ul (I,J );Tt1 ,J)
• C

C - S(T COE FFICIENT MATR IX TO. IDE N T ITY MA TR IX
00 60 J :),IRLG
DO aO I:1.I~ E(

60 CC I.J ):O.0

DO 10 I=1 ,IREG
70 C (I.I =1 .O

00 80 $:3 ,IREG
DO 60 &=I9IREG

C
C IF CO NSUMP TION CO~iTROL LESS TW A N 0.5 COEFFICIENT NOT
C C ALCUL A TED 1 15 L Il T IN THE DIAGO NA l . EN TRY, THE REST OF
C THE COLU E~N Is ZERO ,
C

IFC XO HCINDU S .H).LT.0.5) GO TO 80
C
C COLU MN CO EF EI C IFN TS s COLUMN OF TRADE MATR IX DIV iDED BY
C ROW SUMS OF REGIONAL IwO TA 8LE $
C

!FC.N OT .ALT EN ) GO TO 75

C COLUMN SUM IS USED
C IN PLA CE OF Rn. SUM S

• C OF RE G I ON A L 10 TABLES
XOk (INOUS ,M) TC1REG P ,H)

14 C
75 C(G .M ) :XGH(G.M )/XOHCINDUS ,N )
80 CON TINUE

C
C COR R EC TI N G CO LU M N SUM TO ADO TO I
C

00 120 H 1 ,IREG
- SUMCOE :O .0

• DO 90 r.:I ,IREG
90 SUM CO F :SU 4CU 1 .+CCG .N )

C—32
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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 L2~ 
Description

• DATA5 8 input Techrlical 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 matri x

NIND: the size of the output matrix

- - IREG: the number of regions
-

~~ KEY 1 ,KEY2,KEY3: the control keys.

I

- - 
C—33
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‘POR ,!S PN CkT P,P’JCHT’
D IM IN St ON C( ’1,’J), £ CB C ,8L4), ANA T (7’5,79), .113(203
DI M E N SION IC (1b ).!AHA T (79)
DAT A KI Y I, (F Y2 .IcL 3/ fl ,I ,4l
DA TA P~~~ A . NI N f )  /Mi~.79/
DA T A TR E r , , IA B  / 4~ .~QtS 
NCOU P4 T : J TN D* U 2
MCOUNT = p

~RA s s 2
- 

-• LCOUNT = !RL~ ’’2
IF (iCEY t.CQ .O )GO TO ~3

C
C~ RE AD TR *OI CO E FF I C IE NTS ,
C

00- 50 INO ~ I ,N I ND
C

CAL L NT qAwc - ;.?.LAB, Jq,LAY ,p2~
!FCMO DCIJO .1,1O ) .%E.0)GO TO 25

• ~RITEC4.IOOO )JB
1000 FOR U AT( 1X ,? OA b )

- WR ITEU ,1001 ) (JBCI),I :1 ,13 )
1001 FO RM A T( 3~~A 6)

C
25 ICOUW ,:0

- CALL N TRAN (7 .2 ,LCOU N T ,C,L Ay,2 2 )
DO 30 I t ,IRE G
DC 30 K:1.TREG
!COUN T=I COUNT ,1

30 IC (IC0U N T :C (I,K)*l0000
SO W~ IT~u,loo~)!C

1 002 FDW MA -r( % 6I5)
- 4  C

55 IF (I(IY2.E Q .0)GO T0 110
C

- -

~ C PE A D TECWN ICAL COEFFICIE NTS .
C

00 100 K:~~,~~REG
CAL L W T RA NCR ,2 .LA B, J 8 ,LA YI ?2 )
WR I T E  (6’ 10001.18
WR I TE CI ~ 1001 ) CJB (I) ,!~~1,13)

C
C

CALL NTR A P- 4C 8 ,2 ,M COU NT ,A ,t.AY.22)
C

IFCK .L7 .K 1Y 3)GO TO 100
C -

00 ~o T:1,NIND
• ‘c DO 60 J:I,MIND

60 A HA T C I. J ) • A ( I , J )
C

00 70 1a1. tjIND -

DO 65 J : I , W I N D

65 !A NAT C~j) A W A T (I,J)*100O0
70 W R I T E ( 1 , I O 0 2 ) I . I A H A T

-~~~~~ C
IF (M .EO. ’(E V J)G O TO lID

100 CONTINUE
C

-
‘ C

110 SlOP 0000
C TH IS IS THE .

f NI)

C—34
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B KY TAP

This program creates the fi l es of A coefficients on a tape in  the

CDC system using the input data cards.

Data Files:

Data Set Name Logical Unit ~~~ Descr ip tion

DATA5C* 8 output Technical coefficien ts (79x79)

~~put Data Cards:

- a) Title cards

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.

C—35

-1

$

~~~~~~~~~~~~~~~~~~~~ ~~~~~~ ~~—~ii. -

— 

~
—

~~~~~~~~~~~~
-
~~~~~~~~

- 

~~~~~ 
•~~-



— 
~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ --- - ...z~z~-

PROGRAM 8~~ TA PC INPtI T ,OUT PUt .TAP L S IN PU T ,TAPf 6 OUT PUt .TA PE1 ,TA ~ ,
DP~EN SI ON IAC 7 9) ,A M A T C 7 9 ,7 9)
OIM EN S I ON 18 (16)
D A TA N R FG , hI’~D 14.79 I
DA TA KFY ,~ REG ,MREG/O ,3 ,2/
DAT A IREG /1/

S C
10 IUKEY GE ,KPE G)GO To 15

C
REA O (7 ) !REG
RE AD C 7) AM A ?
W R ITE C 8)IRLG

- - W R ITL(8) AHAT
W R lIE (6~ 1005)• 1005 FO RM A y (~~X ,t0H PR LV , TAPE)

1003 FORMA TC IH O ,7H RL010p4,15,// 3
IND I
viR ITE(b,IOO4IIND
WR ITE( b,3002 ) (ANA T(IND ,J) ,J:1 ,W IND )
IND*79

• WR ITE(e,!O04)1N0
W qZTE( 6.iooa ) (A HA T( ~ ND ,J),J~ j .NIND)
kIY suc lYsi
GO TO 10

C
• C -

15 PEAD( 5 .10143 18
• 1014 FORMA T (16A 5 )

wR ITE( 6,1015) IS
1015 FORP1L TC1 u4 O ,I6A S)

C
00 100 IND e3,NIND
RE AD (5 .1000) 11.1*

1000 FORMA T (16I5 )
C —

1c(1!.Eo.Iw0)cO TO 20
C-

NPITE C6 ,100 1) u siA
1001 FORMA T (IX ,16 15 )

STO P 7777
C

20 00 ~io J s Ip N IND 
-

40 At4AT(IPJD,J ) IA (J)/I0000,
C

DCIWD.GT ,t.AND ,IND .LT ,N IND )GO TO 100
C

WR !TE(6,3004 ) !ND
10 04 FO RMA T (6M OI ND ~~~~~~

W R ITE (6.1002) (AEIAT (!ND, J) ,Js1, N 1ND)
-

• 
1002 FORM A TUO(, X .L11 ,S))

-
~~

C-m36
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100 CO N TINU E
C
C
C

IRFr. :KIv .1
- -

006)
1006 FOR ,~AT (1 X ,8HN EW TAPE)

C
C

- - 

C 
W R ITE(6 )IR~ G

WR ITEC 5 )&HAT
4 C

IREG • T REG •1
IF~~I9EG .LT .$REG )GO TO 35

C
STOP 0000

C THIS IS THE
- END

I

4

I-

1.

C—37
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- 
This progr. m creates the files of T coefficients on a tape in the

CDC system using the input thta cards .

Data Files :

Data Set Name Logical Unit ~~~ Description

DATA8C 8 output Trade coefficients (4x4)

Input Data Cards :

- a) Title cards

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

1-

0-
j
-
- C—38
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PRO GRA M ~Ky TPC (INPUT,OUT PUT,YaPL !,u!lIePUt , TA~ Lb OUTPUT,TA PL8,
DIMtNsT OP4 9(16) ,IC(G.0).C(4.11)
DATA NIND , RE G / 19i1~/C

S C
00 100 IND :1,NIND
IFCM OO( INfle l,10)sNE ,OIGO TO 10
READ(5,1000) lB

1000 F0~l frA T (1 6A 5 )
W RITEC 6, I ool)IB

1001 F Q R M L T ( I X , 1 6 A 5 )
C

10 RFAD(5.100?)IC
1002 FORM A T (1 615 )

C
00 20 T :I,NPEG
DO 20 J:I.NRLG

20 CC Ie3) ft
C• IF (MOD (IND.t,10).NF.O)GO To 100
C

W R II~~(e ,10O3)
1003 FORHA, (2H0 3

100 0 FORP4A T( IIX ,OFIO .0)
• W R ITE(o ,1003 )

C
100 WRIT((8)C

C
END FILE 8
END FILE 6
END F ILE 8
END FILE 8
STOP 0000

C THIS IS THE
END

‘S

I

C—39
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DR I IIVT

This program calculates the direct requirements , THAH and the di rect

and in direct and induced requirements (the inverse matrix), (I_T H
A
H
)
~~

with the household sector coefficients . The i nve ~e matrix is obtained

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

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

strategy is utilized in the subroutine , INVERT . W i th this subroutine ,

the inversion is carried out in place .

Data Files:

Data Set Name Logical Unit ]~p~ 
Description

DATA5C 11 input Technical coefficients (75x75)

DATA8C 12 input Trade coefficients (4x4)

DATA9 14 output Inverse matrix consisted of
16 submatrices

In put Data Cards:

Househol d sector coefficients for rows and columns

-S

*
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p~~()(4AM ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I TA ~~1~t ? . 1 A P E 1  3. T.~’E1~ 3

CS s .ssOR I~4V T
C
C TO N4~ aTN I~!~ ECT PE~ tJT~~~ FN7 S A~~O D IR E C T  AN O T’~J O I P f c Y  A-
C I~ t~UCF D kEQU1R ~ M FNTS FOR 79 SECIUR ~.O MQr~CI ~ ITH ~~~~
C ~~~~~ OF REG IO ’~ IS FOUR .
C
C II) !‘J PUT F IL E & A H A T — O A T A S
C 1 2) INPUT F ILE & T D - ~TA ~~
C j3 ) OUT PUT F IL I & S T E r I — D A T A  I.TA & TA P II
C 10 ) OUTP UT F1LE & STEP2 DAT *3 (I TA )( t) & 1A PE2
C
C

LA RGI E (3?0.320)
LAR G E A (U.80.8O), F(~ 0,50), 0(130,80), A ’4A1C 79,79)DIMENS IO N C(o.(4). T (0,0,RO), MK P( 32 0 ) ,  L.~ PC32O)

• C
C

LOGICAL lAPE l . TAPE2
D A T A  N R E G , N I N D / L ~,79/

D AT A  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S DA TA ISTEP/2/

INp= 5
IOUT:b
NRE C.P NREG+1
NTN OP N!N0, I
1M A X P EG ~ N INDP

C
C FI RST STEP
C
C REA D TECPIW ICAL COEFFICIENTS
C

DO 20 IREtI:1,NREG
R FA D ( 1 1 )  XRE G
.~R ITE (b. 1000)IPEG,l(REG

1000 FORMAT (IX ,215)
R IAD C II ) AHA T
DO 10 I:hNIND
0~ 10 J I,N !ND

10 acI REG ,!,J~~A HAT u ,J
20 CON T IN UE

C
C READ CA RDS FOR HOU SEHOLD
c

00 30 I:~ ,N !Nf~P
SO READ(INP, IO1 ) (A(IR EG ,I,NINDI’),I REG I,NREG)

00 00 J 1.NINDP
00 R FA D (IN P ,I01 )(A C IR EG , W IN D P ,J ),IRLG*1 ,NREG )

0

C REA D TRADE CO E F F ICIE NTS

-
~~ DO 60 jNV:~~,NIND

REA DCI 2 ) C
00 ~O L :1,NREO
DO 50 ‘~:1,\~~L G

C—41
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51) TCK,L .IND): C (L,K)
60 CONT INUE

C
C #.IOUSE.Hc)Lr) SECTOR FOR TRaDE COEFFICIENTS
C

DO 7~ L 1 , PIPEQ
00 70 l~:1,NREG

70 T (,(,L ,N INr)P) 0,O
DO 80 K :1,NREG

80 T (K.P (,NINDP) 1.0
C
C CMLC~ INPUT DATA
C

- - 00 90 IREC:l ,NREG
MRI T E ( IOUl .201) (4(IREG ,l ,J),J :1, N INDP )

- . w PlEE (l flUT,201) (A(IREG,NINDP .J),J 1,NINDP)
I.RITE ( jfluT, 301)
WRITF(IOUT,201 ) (T (IREG,IREG ,J),J=1,NINDP3

90 CONTINUE
C
C COM PUTE IsA

5- C
DO 1 00 L :1 ,NREG
DO 100 K~~I,NREGDO 100 J:1, N !NDP
00 100 !1,NINDP

• KIC:N1N0P*(K.~~)4I
LL NINDP* (L.1,

~
J

300 CO NTINUE
-C

#~ 
C

WRiTE. C 1 00 1)
tool FO R M A T C 1H I )

C
C wR ITE T$A
C

DO 130 IC:t,NREG
DO 130 L:I,NREG
00 110 J:j,E4IP4DP
00 110 1 1,NINDP

IS O F(I,J)CO ,O
DO 1 20 !1, NIPJDP
DO 12 0 J 1 ,NINOP
K ,(:N INDPSCs.l)+1
LI N I N D P *( L e 1) , J

120 FC I ,J ):E.CI(K,LL)

C CALL PRINTE(F, NINDP.NIMDP,K,L,IOUT,I)
C ALL PR !N TFCK ,L )

13 0 CON TIN UE
C
C COMPUTE !.1A
C

00 150 LL :j,IMAXP
DO t~4O KP~31,IMA ~ P

t
C—4 2
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I~ C”~- .~ ~.LL) E (K~ .LL~~ 1 .O—LCK I(,LL )
too CONT P~UE

IF(TA ~~~i ) ~P ITE (t3 )E
‘ 150 Cr~~TINU E

- IcC!5 T~ P,EO .I GO TO 999
C
C 5E COND STfP
C
C INV FW SIQh flF ‘~A 1RI X I— TA
C

CALL PVRICE.IMAY P,LKP,Me(P )
Do 160 (:1,Ni~EG
DO 181) L :l ,NREG
DO 180 J:1,NINDP

• DO 160 7~ j,N1 NDP
160 G ( I , J ) : 0 ,O

DO 170 ~:j,NIP .J0P
DO 170 J~ I,NINDP

LL~~J I NDP* (L .1)+J
170 G C l . J ) : F C c ~~;LL~

- - CALL PRINIEC (;,NI NOp,N!Nop,K,L,IOUT,2) -
IF (TAPE? ) WRITE.C10 )G

180 CONTINUE
C

• 101 FCI RMAT (OFIO,b,
21)1 FO~ M A ’TC 5G~ O ,53

5

- 
301 FC~R~lA T (///)
999 STOP 0000

END

I
C—43

-1

-
- ‘ 5 - 

~~~~
S 

~~~~~~~~~~~~~~~~ ‘
~~~~~~~~~L —~~~~~~ ~~~~~~~~~~~~~ - ~~~~~~~~~~~~~ 

- ... ~~~~. . . — — - — — •

--—--S -—5---- ~~~~ ——---  - - - -~~~~~~~---- ---- - - — - - -~~~~~~ - -~~~~~~~ -- -~~~~~~~~ - .
—--- - -~~~ ~~~~~~~~~~~~~~~~~~ -



F,-— - - - ---5 • _
~~~~~~_5•~~

SUBROUTINE INVERT (A ,N,L,M)
CS *SS$IP4V ER T
C StJBPO tJT !NE INVERT FOR 8H003R
C ppnr, R A M  Ff lR  FIN DIUr THE INVERSE OF A N X W  MA TR IX

1A’i~ E A (3?O.120)
DTM L r~SION L (3”O). P’(320)

C SEAR CH FOR LARGFST ELEMENT
C.

0:1.
or’ RO ~~ 1.N
M fl Dfl~~(K /jfl)S10.K
IF C M O l ~

).EQ ,O) wR ITE C 6, 1000 3K
1000 Fr)KMAT (8H INVRT,15)

L (K)~ K
M(K)~ K
R TG A~ A CK,K )

-
5 

DO 20 I~ K.NDO PD J:l(.PJ
IF(A B S(R IGA ).AB SCA (I ,J) )) 10,20 ,20

30 8IGA:A C I ,J )

- - 20 CON T IN UE
INTERCHANG E ROWS
J: I. (K)
IFCLC K)— K) 35,35.25

25 DO 30 1 3,N
Il OL. D~~~A (K , I)
A C P. I) :A C J .  I )

SO A(J.fl:HOLD
C IN TE RC HAN GE CO LUMNS

35 I= M(K)
lF (M~~).~() 05,05,31

-37 00 Oe
H0L0 ”ACJ ,K)
( I c C )

ao A (J ,I) :HOLD
C DIV IDE COLUMN .5 BY MINUS PIVOT

• 115 D C’ 55 1 1.N
t~~ IF(I.’~)S0,55,50
50 A CI , K) A C1, K) / (UA (K ,K))
55 CONTINUE

C RE DUCE M ATRIX
DO 65 I~~j.N
DO 65 J~ 1.N -

56 Ic(I•K) 57,65,57
57 IF(J .K) 60,65,60
60 A C I ,J ):A (1,k) *A C K ,J)+A (I,J)
65 CON T IWU E

C DI V IDE ROW BY PIVOT
00 75 J~ 1,N

68 IF(J .K)7O .7i,7O
70 A( P. ,J ) A( K ,J )/A (I(,K)
75 CflNTINUF

C CONT INUED PRODUCT OF PIVOTS
D=D ’A (K ,P ()

C—44I
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C R F P LACF P !VO M Y R E C I PRO CAL
A C P . .~c)~~t ,O/A(I( ,K)

$0 CO N T IN U E
C F T NA L RO.’~ A~ D COLUMN INT ERCHANGE

P.c N
- 100 k~ (P..1)

IF (’) 150 ,150,103
303 I:L(P.)

IF (I— P. ) 120c1?0.1O5

~~~ 
00 I j O
pin~ orA (J,~~)
£r J ,P.) :— A C J ,I)

11 0 A (J ,j) :HQLD
320 J=M (K)

- 
IF(J .K) 100 ,100.125

125 DO 130 1 1 , N
MOL D A (K,I)

130 A( J ,i ) HOLD
GO To too

IS O RETURN
- END

SURRQUT !WE PR !NTEf4,~sJROW ,NCOL ,I4ROWS,NCQL5,IQUT,!D)
CSSS$~5UBR0UTXNE PRINTE-
C
C
c 10 PR INT OUT A M A TR IX OF IsJROW BY NCOL ONTO DLVICE(IOLJT),
C
C A i MATRIX
C NROW 3NU1~AER OF ROWS
C NCOL :NUMB~~R OF COLUMNS
C UROWS :SURMA TRIX LOCATION ZN ROW
C NCOLS :5U$MATRIX LOCAT ION IN COLUMN
C
C NOTE THAT N R OW SHOULD BE LESS THAN 85.
C

-
~~ L ARGE. A C80,8 D )

DAT A ICOUNT/O/
KEY~ 1
ICOUNT :TCOUNT,1
IF (ICOUN I .LE ,il)XEY 32
Jsuj

-~~

IF (NCOL.LE .JS!) JSI:fJCOL.1
NH A L F NP OW /?
IF (NWO . .L.T ,1J5 ) NHA LF:NROW
NP LU S NHA LF ,1
H M F LOA T (NCOL )/3O .O
P4:NCOL /10

- y  IF (C~ MPFLOAT (H)).GT .O.O01) P4~M43

C—45
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DO 13Q ~I( 3 ,M

JT :JS 5551
IF(~~ .~ r~~~) JT :NCOLwR 1TE ( IUUT, 1001
Ir(IO. EQ .t) 4sRjTf (!OUT,000)
I~ C ID .F f l ? )  W R IT E (IOUT,500)
..PITL (IfltJT .600) NRO~,5, NCOLS

C
- - C R~’PASS SU’”~’)UT IN F PR INT E To A V OID EX CE SS IV E PR INTOUT ,

IF( k F - V .F~~.I ) R f  TUPPI

~R I T F - (IOu1.? 0fl) C T ’  j J S ,j T )
0’) Ic ’ I :1 , Ni~A L F

10 ..RI TECIrUT. 300) I.(AU,J). j=JS ,JT)
*RI T FCI C’ uT ,?OO ) (55. J :J5.J~~)Ir (N~ LuS ,GT .N R O * )  GO TO 3~

T O U T ,  1 01))
IF(! .1r~.I) ‘~RI TE (IOUI,4OO )
IF C 1 ’~.EO ,2) ~R1TL(IOUT,5OO)

• WR ITErIOUT. 800 ) NRD~dS .PJCOL S,~P I T LCI O U T ,?0fl) CJ ,J:JS ,JT)
DO ?O j :P~P~~US.NHO W

20 MPIIE C IOU T. 3 00) I. (A ( I. .J ) ,  JsJs ,JT)
hP T TECIOUT,?.O 0 ) (J ,J :J S ,J T )

30 J~~~J 7 + I
00 CO N TINUE

C

11)0 FORMA TC IM 3
~ 0O F~~~’~A T C / 1 0I i l  /3

-

- 

5 
300 F f l R M A T ( 1 5 ,1 0 F 1 1 , 5 )
001) ,- r 6RMAT( ,/, ?ox ,33HtnRECr RF QU I~ EM FN T W IT H HQUSErIOL~ /3
500 FC’1~MA TC / ,,2OX .114 M IN V E R S E  M A T R T~ /)
o1)0 FO~~M A T(/// 2 5X ,21P 5, SUB MA ’~R IX LOCATED A T( ,15 ,IH, ,IS, IHI /3

C
RETURN
END

SuBROUTI NE P~~!NIf (~(,L)
C DUMMY ROUT INE TO SAV E PAPER

~RX TE Cb ,t1 )O )K,L
1 100 FORMA TCIHO,215

R E T U R N
END

i
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F I NAL

This program is to calculate the national fi nal 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 Ri ver 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 Loatcal Unit ~~~~ Description

DATAOC 12 input Trade coefficients (4x4)

DATA9 14 input Invers e matri x

Input Data Cards:

a) National final demands in 1958

b) Defl ators

c) Ratio of contract cost to project cost

d) Contract cost and project cost

I

- C—47
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PQQ~ RA M FINA LC1N PUT ,OU TPUT ,TAPE5 ;1NPUT ,TA PLh flUTP UT.TAP~~12 ,TA ~
~sss$~ F N A ~

TO COM PUTE FINA L DEMAND AND OUTPUT, GIVEN CO’~TRA CT CCST £
C PR OJECT CO T
C
C 12) I%PUT FILE ~GETC..O A TA 9
C 10) INPUT FILE ~STEP�~DAIA S

4 C
C

DOURLE PRECISION SUN , SUMY
LAR GE E-C320.320)• D T~ E~ S ZON GC 0,80) ,C(0,0) ,T(0.Q,80).V (320) ,F Y C B I .5)
DIMENSION xc.(S.81), YF(5,B L ), xFCC5,8t), YFC (5,81), XFRCS ,el) ,

I yFQ( 5,$1),~!(320)CO~~MO N/ BK 1/CC 1 (5), ALPHA (S), PC (53,B(8t ,0) /8K2/INP ,IOUT
• DA TA NRE G,~ 1NQ/0,79/
• IP4P:5

ICUT :6
NRE GP :N-REG,t
N7~vDP:NINO,1
NIP

~
)PP:NjNO+2

IMAXP :NR ~ G*NIMDP
C -

C REA D •INVE .RSE MATRIX
C 

-

DO 20 K:I,P4REG
DO 20 L:1,NREG

S DO 10 J~~ ,WIN 0P -

DO 10 Jc !,NINDP
KK~~P J I I~DP~~C KP t)+I
LL~~4 I N D P * C L ~

.1)+J
10 E (KK .LL) :G(I,J3

D(K,GT .1)GD 10 20 
-

IF(L ,EO ,t) CA LL PR I NTE C G ,NINDP ,NINDP ,X ,L,IOu1,~~)
20 CONTI NUE -

REA D TRA DE CoE FFIC IEN TS

DO 00 1~4Dc1,NIND
RE AD (12) C
DC’ 30 L~ 1 ,NRE 0
00 30 K:1,N~ EG -

30 TC~~.L.1).~D)cC (L ,K)
00 CONTINUE

HOUSEHOLD SECTOR EaR 7RA OF COEH’

00 50 L:j,NRIG
DO 50 $ 3 . NREG

50 TCK.L,Ps
~PDP)c0,0

DO 60 ~:1.N Rk G
-~ 60 TCK ,K ,NP ’)P )al,O

DO 70 IREG :1 ,NRE G

C—~8
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70 i.RITLUOUT ,201 ) (T(IM E G ,I,J),j~~~,NIND P)

C: COMPUTE FINA L DEMAND
C

CALL DEMAND
(051St

75 C ALL CC N TR CCKO S T, FY )
- C

C COM PUTE OUT PU T
C

JTY P E S
I AC Taj

C
00 ~0 IREG :1,NREG
DC’ 80 IND:t .NINL)P

Y(J()~~T C IR ~ 5’ I ,tPA C T , IN O ) FY (IM D ,JTYPE)
80 CO N T IN UE

C
DO 100 T :I,IMAXP
Su~ :0.O
DO ~0 Jc1,IP4AXP

- 
90 S JM SUM, ECI ,J )$Y (J )

100 X CI )~~SUMr
C BREAK IN TO REGIONA L GROUPS -s

C -

00 110 IRF5G~ 1,NREC
D~ 110 I N D = 1 , N I ’ .OP

YFCI R F G , I d D ) Y (JK3
Ito XF (IREG4IND ) X (~~()

II C
c - 

~1ND ROW SUMS AND COLUMN SUMS
C

DO 130 IND: 1 ,W I P
SU M-c O.0
SUMYcO,O 

_

DO 120 IREC ~~1 ,N REG -

SU MV SUMY4 Y F(IRE G ,1N03
120 SUM S UM 4 X F C ! R E G ,X N D )

YF(~4R~ G,1,IND):SUMY330 X F C N~ EG +1,IP4D)3SUM
C

DO 150 IREG :1,NREGP
SUM ~ O .0
$ tj MY :0 ,0
DO 100 !Nr):t,NINDP
SUM V:SUhY+VF( IREG,IND)

100 s (iM:su~ ,xp (x ~lfG ,zND )
YF (IREG ,N It~DP41)*SUMYxr(I~ EG,N!I~Ir)P,i)asUM

150 CONTINUE

WRITE FI N A L DEMA ’~D AN D OUTPUT

C—49
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PER 1000 DOLLAR S

CAL L PR IN TF C Y ~~,N~ EGP , NINc ’PP , IOUT. 1,1, k03T)
C A LL P W IN T F (X F ,~lR EG P , NINO PP , 1OUT. 1 ,2 ,~cDS1)

IN PFRC~~~TA GE S BY COLUMN SUM S

00 i~~o
DO *6 0 I,~EG :1,’~R E G P

- - C
C C HEC’( FOR Z~ R0 IN DEN OM INAT OR .

Ir ( U3S( YF( I~~EG. NI~sJDPp fl ,LT , ,OnO fl *) WRITE (6, 1501) IREG
1503 F 0 R M A T ( 1 X ,b 5 ~T TL TO 1 ,I5)

C RE PLAC E ZEROS ~ITM ONE S,
IF (AB S (X F (IR L G , N ZN D P P ) ) ,LT .,00001 )X FC !R FG , N INO PP )a I ,

C
X FC(IREG,IND ):XF (IREG ,I ND )*100,O /X FCIRE G , N IMD PP )

C
C CHECK FOR ZERO IN DENOM INAT O R ,

ZF (A BS (YFCIREC ,,NI rJDPP)) .LT..onoo1 )ARITE (6,1502)IREG
151)2 FO R W A T C tX. b~’TILT02,!5)

C RE P L A CE ZEROS ~!TH O~ ES,
- I~~(A bS (YF (IR LG ,NIN D P P )) .LT ,.OOO n 1 )Y F C TR EG ,NINO PP) :t .

C-
YF C (IR EG,I N D ):YF (IREG ,IND );100, O /Y F CZ PE.G,N IND PP)

260 CONT INUE
CALL PRIN TF (YF C ,I JRE G ,N IN OP P ,TOU T ,2 ,1 ,KQ 5T)
C ALL PR IN TF (X FC ,N R EG P ,I.,IPWDP P , IOU1,2,~~,P.OST)

C
C V . P1.PCE~iTAGES BY ROi~ SUMS
C

DO 170 !~‘Oc1,NINDPP-c
C CP~ECK FO R ZERO IN D E N O M I N A T O R ,

I~~(A B SC ~~F C N P F G P , IN D ) ) ,LT ,, OO OO j)~~R ITE (b ,15O3 )TND
1503 F OR M A TCIX .h’ .IT IL TO 3 ,I5)

C RfPLACE ZERO S “ITP1~ ONE~S1
I CAB S (XFCNREGP,IN ’D)).L1’..00001,Xt(PREGP,!ND)al ,

C
IF (A C S CV F ( NP E G P .IwD) ),LT ,.000 01)WR ITL(6, 1500)IN D

1500 F O R M A T (1X , 6WT IL TO O, 15 )
IF (ABS (YfCNRLGP,IND)),LT ..00001)YF(NHEGP,IND)aI,

C
I DO 170 xR rG :1 .NR EG P

X FRCI REG.IND):x F(IREG.I P~D)*300.0fXF(NREGP,ZND)Yc RC 1PEG ,IND3 :YF(IRLG ,IK~D)*1OO,0/YF (NREGP,IND)170 CONTINUE
- 

CA LL PR IN T~~(YFP ,NP~ (p, Pj !NQPP ,T~ (JT ,3 ,1 , KO ST)
CALL PR !N TF (XFR,NPEGP,NIWDPP ,Iou 1,3,2,IcOST)

KOST KO ST+ 1
!,C KOST .LF ,2) GO TO 75

~ 
-
~~ 201 FO~~ AT C r G 2O.s,

F.. STOP
END

H -

I

I,.
I

- 
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5ihb WO UTI N~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ IOU1,tZ~3
~~~~~~~~~~~~~~ I~ E ~ k I’~T~

C
t C TO FR !P~T OUT A M A T R I X  OF ~iR OW BY P’JCOL O N TO DEV IC EC louT),

C
— C A ~ M A T R I X

‘- C ~MROW :NUMRER O~ ROWS
- - - C NCO L ~ M’MP L~- OF CO L U M NS

C NR QW 5 :SUR~~A TR IX LO CATION IN RCW
- - - :- 

C N COL S ~5lJ R~ A7R I X LOCA TION IN CO LU MN
C

-;~ C NOTE T~ A T r~ROm SHOULD BE LESS THAN 85.
- C

-~ 5 D !HENSIO?~ £CNR OW ,NCOL)
,JS31
JSI~ 9IFC NCOL .LE ,JSI) Js’I COL..i

I -
~ Ic(~~ OW ,LT .~4 5) NM AL F :NR OW

• NPLUS NH*LF$I
RM:FL.OA I (NCOL)/1O ,O

- IP (C~ M~FLOA1CM )),GT.0,001) 4:t~+~
C -

DO 40 (K:1,M
JT:JS.JSI
IF C KK .EQ .M ) JYaNCO!.

• W R ITE C1 OuT,100) -

IV (ID ,E 0,t) ‘PITE (IOUTe i400)
S IFCli ),LC ,2) “R ITE (IOUI.500)

.~~ITL (I OUT, ’~O0) NROW S, NCOLS

~Q 1TFCI o u T ,?Oo) Ci , J:JS,JT)
r 00 1 0 11, NHA LF
1 10 *P ITEUOU T ,300) I,(ACI.J). jc~S,Jt)WRITE(IOUT.20 0) (55, J J5,JT)
• IF (NPLUS ,C.T,’~IR O”i 3 60 TO 3o

MPITE ( louT , 100)
IF(I O .EO.1 WR ITE(IC UT ,400)
I~ (I D.EQ ,2) WR ITE (IOUT ,500)
W RITE (I0UT,~,0O) NQO’S.NCOLSWR X T L( IC’ U1.~~O O )  ( J ,J :J$,J~~)
DO 20 I~ NPLLJ S,NRO*

j  20 W R I T E C I O U T . 3 0 0 )  I, CACI ,J ), J3JS.JT)
WRITE(I OUT,200) (J,J:Js,j1)

-3 0 Js:JT.1
00 COWTINU~ -

1 
~~~~
p00 c(~~M A T (,1oZI1 /3 —

300 FO A Y CIS ,* 1 )F 1 * .S3

~ 0O Ffl~~MA 1(/ ,,PO* .33 l4 OI R ECT REQU IREME NT ‘~IT N HOUSEMOLD /3- 

500 ~~~~~~~~~~~~~~~~~~~~~~~~ M A T R I X  I)
600 FOR~ ATC///25* ,2 3Ur~iM 4 T P ~ IX LOCATE D AT (,15,1H , .15, 3$) /3

RETURN

EN D C—51
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Sut~RO UTINE PNINTF (A,M ,N. lOUT , IF CR ,lXY, KOST )
CS...SPRINIF
C
C
C
C TO PR IN T A M A T R I X  IN TRANSP OSED FORM

- C

~ . C IFCR ~~ ~ PEP 301)0 DOLLARS
~ 

S C ‘2 ~ PE R C~—~~TA &E S B~y COLUMN SUMS
C ‘3 & PERCE ’,TA&ES BY RO~ SUM S
C
C IX Y :i I FI NA L CE$A!40 Cs TY)
C s2 I OUTPUT (S X 3
C
C ‘(051 :~~ ~ , CONTRA CT CO8T
C ~2 ~ PROJECT COST
C

5 - D IMENS ION A (M ,N)
IPA C

~E~
:1

IS: I
IT :N/2

5 I F( IXY ,E C .1) A R ITF (IOU T ,1000)
- I~~(Ix Y .E~~.2) ~R ITE(IO u j1 ,15 0O)

T IC K O S T  ,I~~. 1) ..RIIE ( lOU T .2001)IF (KOSI .E 0.2) r.RI~ I. ( I OUT .2002)
IP CIFC R .EQ , I 3 W~ ITL (J OL~T ,3001)
IP (IFC~~.E~~.23 ~RITE (I3UT ,3O02,

S 3 P C I F C R .~ C ,3) ~I R IT L CI 0U T ,3OO33
- r~RITE (IOL’T,~~COO ): ; Do ~~ ~c :IS ,IT- •i 10 ~RI1E (!OU?,100) K , (A CI,K.), 2:1,P1)
Ii IF (IPAG F ,E Q .2) G O TO 20-
r ~Q ITC (XO U T ,5O OO3

15:11+1
ITSN.t
IP AG E ~2-

~ 60 105
20 is RIT E (IOU I ,2 00) CA ~(I, N 3 , I:1,M)

, C

~ 1 00 F flR M AT( I 1o ,5~ 15 ,2)
~ 21)0 FO RM A T (5X .SM T O TA L ,SFIS. 2 )
I 10 00 FORMA 1(Ih1,//,8x,S8M~ EGIOMAL FINAL D EM AND FOR THE. M CLELL AN ,KE

I I c A N S A S RIV E R 3
151)0 FQ~ MA T(1M 1,///8X,52M OUTPUT RESULTING FROM MCLLLLAN.(ERR ARKA N

$ P IV E R 3
- - 2001 FO~~~AT C 1 5 X ,3 8 W M U L T 1 P L F PUR POS E PROJECT CONTRACT COST 3

2~fl2 F OR” A T( 2 SX ,2QMM U LT IPLI PU~~P0SF PPOJLCT COST 3
3001 FOPMAT (20X,23MPER ~~~~~ -1963 PRICES //)
3002 PO ~~ a T (2Ox ,2h M PER C L N T A OL S BY COL U M N S1jM S 1/)
3o03 F O R P I A T ( ? O X , 2 S M P I R C E . P . T A & f S  bY Pn~ Su MS //)
0000 FORMAI C 3X ,IOM I .U SECTOR, 8X, 2HR1, )3X, 2HR2. 13X,2MR3,13X,2

- I I IX ,  6~~NA 1!ON / / ,
5000 FO R ~ A 1(//a O X ,oM C OV E R 3 3

R ETURN
END 

- - -

C—52 ~ 

- - 
-

- ~~
•
~~~~~~

- •
-
~~~

S

----~•--~~~ :~~~- - ~~~~
-
~~~

‘• 
~~~~~~

- 
~~~~~~ 

- •--
~~~~

- — -
- -- ~~~~~~~~~ 

- T7—---—:~
- -- -
~

• 
~~~ 

—

— -- 5 — - - - - - — - - - 5- - -5— — --5— ~~~~~~~~ — 5---- — -— —
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S~
I I -R C U T T N f  DEMA N D

C **’~~’r E~’A ~~D -

C
C
C

‘: C TO rfn~Pt$T~ TME IPAL DEM AND VEC TORS PE~ ~iooo PRO JEC T COSts
-
~~~ C PO P A CLLSH) IN PUT .OUTPUT WO CEL USlI~G 1~~S~ DATA *11W C E F L A T C :

-
-
5 C

DOUDLE Pb ECTS ION SUM
O TM E P4S I OP~ Pr~(8R), ~X (8~

4 ,12 ), FO (t”4.12), DE FLCBO)
• CO~

514ON /~lK 1 / CC TC~,)s ALPMA (5) , ~C (5)~ B(R1,o) /t3X2/ lNp ,XDUT
D A TA  NR. .C, NN /8U,12 ,4/

— !

;
- ; MM I M.j
• PSJP4P NN,1

~~~~~
• - C -

-5 C READ AND WR ITE INPUT DAT A
-
~~~~ 

C
W PITICIO UT ,100 ) Ci, J:IiN)
nfl io

- PEAD (IkP ,200) INDCI), (FX(I,J), J:1,N)
DO S J:t,B

S FD(I, J )~ FX ~ I,J )
DO 6 55:9 ,11

6 FD (l,J) FX (T ,J ,$)
F 0 ( I ‘ I 2 1 : F X C i ‘ 93-

~~~~

- 

~.R1TE(IDUT ,bQO ) IND (l),cF0C1,J), J:1,IJ): 10 CONTINUE
• -: C

- ——5- C DE FLATO R

~ C

~ f~ hRIIECIOUT.300)
- DO 20 I:1,MN t

20 REAO (IN P ,R00) INDC1), DE~ L C )
psR~~T~~( I O UT ,~ $5 0~ (INDU), DEFL (I), !:1,MNI)

C
C CALU L AT F N A T I O N A L  F INAL DE P ’AN D FOR ~~b3

DO 25 3~~~~,MN t

D~ 25 J:$,~FD (I,J3 FD (1,J)*DEFL (l)/~O0,O
25 CONT INUE

C
C AG~~EGA T ION To MAK E HOUSEHOLD SECTOR
C

- P4:81

Do 30 J:1,w
TEPP:PD (b0,J)+ID (81,J).FD(82,J)610 (63,J3

.5 FO(MN 1,J)~~TEMP
-30 CONTINUE

C
DO 50 JCj~~N

I -
~~ 

Sup~c O .0
— D O ~0 Ie I.~ N1

uO SU~~~SU’~4fD(I,J)

- 
~_ 53
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Fr’ ( ~~, 5,) ‘tJM
50 r-r - T I ~~L~Dc~ 60 J~~1,N

• 0~ 60 ~~~~1 M

C
C CH~ C~ Fo R ZFRO TN DINC~M !NA TOR ,

T F(At 5( r 5 5
~

C
~

-
~
,J
~~
) ,LT .,00001 ) RITEC6.L500)M,J

Isno m fl~~ A T( 1x.u kkELP ,2 I5)
S C ~ f~~L L C E  ZN- ’S ~~~~ O NES ,

1~~C A L ~S C ~~~C M , J ) ) . L ..O O O O 1 ) F D C M ,J) 1,0
C

60 Ft’~~I,J)~~F~~ I ,J~ *1O O O ,O/FO(~ ,J)-C
C bs R ITE *GOR ~$ATED FIN A L DE M AN D
C

~PI1E( IOLJT ,500) (55,55:1 ~N)
Do 10 I~ 1~~O

70 ~~ITu InuT .6oo I,(FD(I,J), J j ~~N~5 s~~~~ L C I CL1 T ,7OO )
.~~:TE (I~~L•T,’.Oo) (J,J~~1~~N)L 
DO ‘~O I~~u1,~~O80 —~ ITE C IO UT, bO O) I. (FD(IsJ)’ J:1,W)

5 ~p IT E C 1O uT ,~~O1) (FDCM .J), J~~t.N,
C
C READ CO NTRACT AN D PROJEC T COSTS
C

RF AO (IN~ ,9OO ) cCCt(J~ , J:1.NNP)N P I IE (1OUI ,910)
S 

~~!TE C IOu T ,QO O )CC C t( J )eJ :1 .NN P3
R fA O C i~’.P ,% OOO) (~~LPrU(J), J:t,~~~)~S 

~PITE (IOU T .1QO e ) C A L P I A ( J 1  ,J:1,NN)
P
~

A 0(INP ,coO ) (PCCJ ),J~ j,NNP )
H

W R1 T ECX O UT . QOO )( PC(J),J:1,NNP)
C
C TA KE FOUR TYPES OF FINAL OI~~A NDS
C

DO 90 1:1,14
B(l s t):FD(Iel)
~
, C I , 2 ) : ~ ~ ( ~ , S 3
~ C l ,3 )~~FD (!,838 (I.R):FDCI,Ij)

go CONTINUE
t

100 FO RuA T (1Mt ,//,~~X,53~~NA77O ~~A L rI~~A L DEM AN D PATTE RN PER ~ jO OO CC~ .7~~A
ICT COST / 1OX .u5MFOR NAT E R RESOIJN CE I~~V~~STM. U,T ~~~~ P R o j t C t  T Y P~~,/
p 1~~X ,?bMCLOSEI ) MODEL ~ 1958 PRICES /f3X,IOPII.O SECTOR ,1pCI 8 .1X )//~

~~~ 
r — A ~~U1~~,7f 1O .2/ (5F10,2))

‘- -5 

~~~~~~‘ ( 1 M 1,/ / / ~ X , 9 HD LF L A T O R S  
~•~ •

,~~ , i~~~~~~*~~ t S t ~~5,~ iS.2))
~p • •~~~~~~ t j~~l,///~-X, S 3MN ATI O N A L FINAL DEMA N D PATTE RN PER S i 0 0 0  CO~,1R

~~~
• C . r~~~, sf ~~~~ sATE P RESn1~R SN PVEST~ LN1 IJY P~ t)J (C? T~~P~ /

? ~~~~~~~~~~~~~~~~~~~~ ~~ cEL • 1961 PRIC ~~S / / 3 X , 1 0 I - 4 I — O  S L C T O R ,~~2 ( I~~. 1X ) / / ~
• - •  I —

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~
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-I

~00 FOR’~ATC 5 X ,5$TOTAL,12F9.2)
900 FORMAT( 5~ 15.2)
910 FC ’RMA T (,M l ,f//iOX ,13N CON TRA CT COST )
920 FO RM AT (//, 1 0~~,12hP ~ U JEC T COST 3

,

- - 1000 ~(~~M A T C U F3 0. 5)
_

-‘;~ 
R ETU RN

~ : 

END

SUBROUTI NE. CONT R C (KUST,A )
•- C*+ ***CONTRC

t5 •-
~ 

C
~ C

C KOST: I I CON TRA CT COST
-C cOS T a 2 1 PROJEC T COST

- C
DOUBLE PRECI S IO N SUM
DIME NSION AC81.5)
CnP~MON /BKI/ CCT (5), ALPHA( S), PC (53, 8(81,4) /81(2, INP ,IOU I
D A T A  NN ;M /4,81/
IVN P N N4 I

L 4 MW 1 M~~1
IF’ C KOST,E0 ,2) GO 70 68

5 . 5—

C C ONTRACT COST 
-•

ICOU NISI
DO 20 h u M
00 20 J~~j,NP4AtI,J )~ BCI,J)*C T(J)/1OOO.O

20 CONT IN U E
25 DC’ 40 I:j,M

Su~~~O,0
00 30 JC 1 ,NN

30 SIJM :SUM ,A (X ,J)I ~ 4$0 A (j,N N + j )C SUM

c-

- 00 55 J :1,NNP
S UTM: 0,0
Do So I:1,P~N1L 50 St ,M S U W 4 A C I ,J )  -s

S 
55 A ( M ,J ) 3 S U M

C—55
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C
C WR IT E  R E S UL TS
C

ic C ICDU~’T ,E 2. 1 3 ‘PlT ~ C IOU T,pO0)

— 
jc c IcO UNT ,C1~,2) i~R ITECIOuT ,25O I
t~R !TE (IOL’T,300)5- 
CO 60 I~~1 .aO5 60 N~~ITE (IOUT,~~OO ) I.(ACI ,J), J:$,P4NP)
wR ITECI O UT ,6 0 03

~-
_ -s5 C

•- - !F~~ICOU~~T.LO .1 ) ~RI TI CIOUT,200)
lr (ICOL’ N T .E0 ,2) ~ss P I T E (IDU t ,25O )

~ 
,~R IIECIOUT ,3O O)

•: Do 65 l:a1.80
- 65 WR I TE (I O U Y .~ O O ) I. (A( 1.J), J:1,NNP )

~ .RlTE (IO~~’,5O~~) 
(4(N ,J) .J:1,NWP)

;~ IFC~~CUUNT .E~~.2) GD TO 999

I 
•

~ 

IF~~ CST .EO ,1) ~O TO 999

~ C PR O JE C T  COST

C
I -: 68 lcoU N T32 -

. DO 70 I:1,M
DO 10 J:$,NN

S IF C I.LO .M NII A (I,J) ;A (I,J).PC(J )*C1 ,0— A LP HA (J ))

~ To CONTINUE -

-~ G0 10 25
4 

C
r 200 ~ORMA1( 1H1,///8X ,58MNaTI CNAL FINAL DEMAND FOR THE MCLfL1~~N .KETRR ~
~ $X &N SA S  R IV E R  I 1 SX .3R k ”U L I ID L E  PU R PO SE PR OJECT CC ’~TPaC T COST /

- 2 20X .2IHF’FP ~10oO • i963 P~ ICE5 I/I)
250 F O R M A T ( IM I , / / / 8 X .S 8 M N A T I D N A L  P IN AL DEMAN D fOR IME P C L E L L A N K E RR

- $ K A N SA S  R I V E R  / 1 5X ,2 9M M L J L T I P L E  PU R POSE PROJECT COST /p0X .2IHPER ~
20 0 0  — 3 Q~ P R !CE S /1/)

a 300 F O P M A T C 2 O X .  b~~M U L t I P LE ,5X , SNFL000 , 8X ,IO H R EV E TM E N T S ,3X ,II HLOC K .

~ ID A P4 S ,3X .SM IOT A L / 2 1X ,7M PUR POSE ,6X , 7W CO NT RD L ,33X .1 II PR O JLC T
2 3X . 1ONI .O S~ C T D R / 3

I 000 F O R M A T ( I 8 . 7X , 5 ~~13 ,23
500 FO RM AT (5X ,5HT OI A L,5 X ,5 I1 3,2)
600 FOW ’~A TC /UOX,bH (OVER) 3
999 RETUR N

- END

I-i 
-

I 
~ C— 56

I

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~ S~~~~~~~ L. ~~~~~~~~ 
-

- - ~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- - _~~_i - .



r - -—— ----- - - 5- 5  —

~~

--5- -

~~~~~~~~~~~~

--
~~

--•--5-- —5- - - --- 5- •—r-- --~~~~—— - - -~~~- ---

-
- FEEP

-
~~ The submatricés of the inverse matrix (I-TAY 1 is printed out with

the page numbers by this program.

Data Files
- . 

Data Set Name Logical Unit ~~~~ Description

DATA9 14 input Inverse matrix

H
Input Data Cards :

L w  No card is needed .

C—57 
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P I7C &RAM F E L P (IN -  JT ,flUT 1U T ,TAPE~~~IN P~JT ,TA P E 6 :O !ITPU 1 .TAPEi0 3
flI’~’Er- SIfl 1~ r,(~~O,F~O)DAT A Np ~~G ,Nl P ,~Dp/4 ,80/

5- !OUT:6 -

-
~~ 

IPA GE I
‘: 00 10
- 

DC’ 10 J 1 , NREG
~ RE A D( I 4)G

•-~ ~R ITECb ,i003I ,J
L 100 FO RM A T ( IX ,2 1 5 )
~p IF (I.NL .J)GD TO 10
- : CALl. PN!NTG ((.,NINDP,NTND P, I.J, lOUT,?, IPAGE)

• 10 CONT IN UE
S C
~, 

Stop 0000
‘- :- END

~ 
SUBROUTINE PRINTGCA ,NROW .NCOL ,NROW S ,NCOLS,IOU T,ID,IPAGE)

- C********SU BROUT INE PR IN IG
C
C
C TO PR INT OUT A MATR IX OF WROW BY NCOL ONTO DE V ICEC IOUT ) .
C

• C A m MA TR IX
• C PdROW NUMBFR OF ROWS

5 - C NCOI. :NUM BER OF COLUMNS
I C NR OWS :StJ RM A TR IX L OCA T IO N IN ROW

~ C NCOL S :SUBHA TR IX LO CA T IO N IN COLUMN
f~ C -
~ C WOlf IMAT NROW SHOULD BE LESS THAN 85.

C
J!MENSION A (NROW ,P4COL)

I 
:- JSg1

: -  JSI~ 9
I IF (P4COL .LC .JSI) JSIsNCOL’l
I P,IHA L F :NROW /2

~ IF (w RO ’~.LT .o5) NMA LF :NROW

~ N PL IJS NHA LP- + 1
—~ RM: FLO AT( P. JC OL )/ 1O ,O

- I M3 N CC IL / IO

~ ?~ IFC(RM.FLOATCM )).GT.O.001) M~M,1S C
DO £10 KK I1 ,M

S JT:JS .JSI
; IFC K K .IO ,M) JT:NCOL

- .iR ITE CIO U T ,100)

~-: 
IF (!D .L1),1 ) bR ITE (IfltI 7 ,4 00)

- 

IT(TD.EO.?) ‘~~ITL (lnUT,5OO)lP~
5-

w~ I Y I (I f l UT ,#~C)0) NRQW S, NCOL S
5- ~k1 TE (Inu T ,2oO ) (J. j:jS,JT)

DO 10 I:t,I~HALF
10 M Q I T F  C I r IUT , ~~1)) $ , ( A ( 7 , J) ,  J:J3 ,JT)

NRI T ICIOUI ,200) (3, j:JS.JT)
IF(NP1U5 .CT .~~~Ow) GO TO 30WRI T( (IOUT ,300) C—58
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IPAr ’E IPA G f+l
1 c C 1 t~.EO.1) P.RITE t inUT,L&Ofl )
IF (Tfl.iO.2) ~~ITE C jrnJT ,500) IPAGE

~ I~P IT E t l flUT ,bO 0) NROWS,NCOLS
~~ IYICI flUT.2O0) (J,j:jS,JT3

‘

~ - on ?O l :NPLISS,NRVW
4- 20 wRl T E (IO L $ T ,~~OO) I ’ ~AC l i J ) ’ J~ JS~ -JT)

— ~P l T L C I ~ U T ,?OO ) CJ ,j~ JS,JT3SO JS:,IT+1
IP AGE :IPAGE.1

111) CONTINUE
- C

- 11)0 Ft ~ l P1A T( IH 1.
21)0 F O N M A T ( / 1 n h 1 1  /3
~00 FCNM A T (T~~,1OF1 $.S)
000 PPk ~4 A T ( , / / 2 0 X , x t ) 1 P E C T  R(Q UIRE~ 4 € N T  W T T M  HOUSEHOLD */)
500 FOk~4ATC///2 OX ,�INVLRSF ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I)

600 FOH M A T C P S X , �S UB M A TR IX LOCAT ED AT (* ,Ib.~~,~~.I5,~~)�/)

C
- RETURN

END

~

- 4
- N

‘a

C—59
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B. 10 S’ctor 9odel

AGGREG

5- This program performs the aggregation of the i ndustrial sectors

~ 
from 84x84 into an lix i l matri x using a regional input-output table.

Punched cards can be obtained as output.
- Si

- 

a Data Files :

~ Data Set Name Lqgical Unit 
~~~ 

Description

~ 
DATA4 8 input Regional I/O tables (84x84)

S 
Input Data Cards :

Control Card :

M(K): The row or the column number where the aggregation starts .

~_l Aggreaation continues up to the row or the column before

~ 
S~~ the next M.

~ In our case,

M(K) = 1 ,5,11 ,13,35,65,69,70,72,78,80,8l ,82,83,84

4

; -: C—60
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•FOi~,IS A G~,REG , A IQ~~~~

C.;... AGG RE 6
C
C TO AG G R EG ATE. FOU R RI a IO~ A L TA E4 L E. S FR OM 8isX 8O IN TO 11* 1 1 M A T

C
C 8) INPUT FIL E : D A T A 4  OUT PUT OF RIGIn

- C
DIMENSION A(BL~.8U),M C1’~) .1 C 15. 1”) ,IB (~ O)

- 
DO U L~LE PREC ISION SUP’

~~ 
D A T A  I N PUT , IOUT/5,hi . IS~ CT/10/

~~5 DA TA IM A X ,IM E G ,L A b . IQ U ~ ,IC OL/1S,0,2O ,8o ,84/

~ C
~~
, - C R E AD AND øR ITE M A T R I X  O PE RA T ION GU IDE
5 C
S 

RI £D(p.P~JT , 30O) (Pl (~~ ),K ;$.IçMA ~~)
S w~~ITL (IQIJT,30O) (M (~~3 ,‘~:1 ~KM A x )

I
_ :~ C

5~~~ C AL L N T R A N C - ~.1 0,22)

~ 

- DO 95 K i’c~~~1,IME G
CAL l . uTRAN (d.?.t. AE . 1 4,L.A Y,22)

S WR IT F( TO UT ,7 00 ) (I~~CJ ).J :1.LaB)
CA LL N TR *NU 4 ,~~, IR O - S IL DL .A ,L AY ,2?3
WRI T E ( I L J U T ,8O C 3  C A (1 .J) ,J:1 ,ICQL)

C
C AGG RE GATIO N

~ C
DO 80 K :1.75ECT

. 00 80 t~~1.!5E.CT.1

t .  IRLBM (L,1)~ 1
~ i 1PSZ ~t ( K )

INSs4 (l..)
SU M s 0,0
DO 70 I:IPS,IPL
DO 70 jx IR S ,Ip I L
SU MIS UM .A( I,J )

70 CO N T IN UE
S TC ~~.L).SUM•
~ 

So CONTINJE
I C

~ 
C COM PUT E SU M M A T I O N

-
~ C
,~ DO 8’ Isl ,IS (Ct
S SUM :O,0

Do e~ J zI .ISIC T
( .5 SUM ~~S u I . T (!,J)
; T(I,ISECT ,13 :SUM

•8 CONTINUI
- !S IC TI :IS ~~CT.1i~ DO 88 J:i,ISICTP

SU.4c0.0
5- nO ~~

1 T :i,ISECT

~ 87 SUM :Sl M .T(I,J)

~ ?~ oo CC’NTIN(,F
i~P 4 I11 t IO I J T,9O 0 ) C—61
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DO 90 ~(;1 ,TSEC1P
AR I T~ C1 , ’~OqP~.(1(~~,L).L 1.I 5ICTP)

90 MW ITE(T1 IU 1,~~OO ) K (T (K .L) .L :) .ISECTP3
5- 95 CU N TI N UE
. C

C
- .400 FCJRMA,( 1I,Ic)

OQt )  FU~I°4AT C5X ,I’.i,~~F2D ,2/(c,F2O ,?))
009 FOWM AT( ~~~, I~~’S~ c~O.2/ (44F20 s?))700 F OW ~~A T (1 M 1 ,2 O A b 3
800 FO NM A T CbI IS , 0)
900 Fw~P’ATc ,//T3o ,’REDucE.D MATRIX FOR REG IONA L I~ O MDUEL ‘.IT’4 30 SE5

- 2R S 1~~/~
I 

STOP

S END

p

-
‘I

t~
0~ C—62
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TRAAGG

The trade flows of the 80 sector mode l are aggregated into the ones

‘ of the 10 sector model by this program.

~: Punched cards can be obtained as output.

Data Files :

Data Set Name Logical Unit ]y
~~ 

Descri ption

I DATA7 ~ 8 input Regional trade flows (5x5)

j~!~put 
Data Cards :

S 

Control Card:

NSTATE: The identification number of the industry sector.

S If NSTATE=999, the execution is terminated.

~ 
:~ 

if NSTa4TE 1000, the aggregating operation is interrupted

~ 
to make a new industrial sector and continues

I the o~ierati on for the next indu stria l sector.

E 3  
-

5

~~~~ c—63
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PFQN ,Is TI~A A ( G . 1 R A A G t i
C I S S ~ T N ~~

C
C TO P’Ai~E A(.GP4E (, T IO N OF TRA DE F L O W  INT O 10 IPd u.)USTM IES .
C
C 8) IN PUT FILE : DATA7 OUT PUT OF TRA DE
C

- ~ DOUBLE PRECI SION DY(5’S).OYS (S,S)

~ 
DIM INSIOPJ 1t3 (203,YCS,5)

-
s - - D ATA NR ,NC ,L Ab / ’,,S,20/

~ C
~‘ C

C
- 

C IN ITI A LIZ ATION
I DO 1 1) I :h ,NR

~ 
- DO 10 J:I,NC

~ 10 DYS (I,J )~~O~ 0
H C

C READ INPUT FIl.E$
: ‘ C

--S 
C P -J STAT E IS INDUSTRY N UM ~ E?

~ 15 REAT) cc,100)NS TA TL .
i_ S I f C N S T A T E .EU .999)STOP 

-

- ‘ -
S IF (NSTA TE .EG ,t000) GO TO 45

- - CALL N TRA ~~(6.1O ,22)
DO 20 KI( 1.NST*TE

- C AL L p,j TRA~4 (b ,2 ,LA B ,Ifl ,LA Y~ 22)
CAL L N1~~AN (b,~ .NR*N C,Y.LAY,22)

20 CO NTINU E
-

a 
~~ C

S 

• 
~ C WR TL IN PUT FILE

~ 
.- W RI T ((6.300)N STATE 

-

~ ~ 
wPIIE (6,~~OO )(1~4(J),J:1,2O)- 

£‘~ 
ej~RITE(6,SO0)(J~ Y C1 sJ 3~ J:i,NC)

~F C
~ i C AG GR EGA TI O N

S 

C 
-

~ DO 30 T= 1 ,NR
S no 30 J:1,NC

30 DY (I.J):YC! ,J)
- DO 40 I=1 ,NR- I DO £10 J:l ,NC

~ 
40 oY scr ,J :oYsuiJ ,oYu.~n

I GO TO 15
~ C
-

~ 
05 DO 50 I:IØJR

~S; 00 50 J:t,NC
~ 50 YCI,J3 :oY5(I.J3

~~~~ 
C

; C wR ITe OUT PUT l ILt
; C
S

. WR ITE(o.600)

~j  
DO 60 K :1,NR

.-~ WR ITE(j ,~Z5O ) (Y(’(,L),L:IsNC)
-S 60 WHI TE( E ,,’450)(Y (P¼ ,L ) ,L :1 ,NC )

- 

,~ 100 F ()~~P 1A I(I ~~)

~ 
It,f) FO~~MA T(1 ? Ab )

-:- • 300 FU~~ A I(5X . t IN DU 5TRv :1 ,15/13
S 400

- ;- ~11,0 F~~RMA ~~(uf~~O , 2) C—64
S son FO~~M A T C ~~(I~5 ,E 1 O ,U) )

S
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b OO FO~~HAT (1M 1 ,~~X ,’TRAOE ~LO’~’///)
Go TI) I

~ END

S

~~

;~ 
C—65 
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SENF I!~

This is a program to calculate the national final demands , the

- regional final d~mands , the multipliers , and output for the 10
- i

i: 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 fi nal demands arid the

i resulting outputs can be computed. Since this program does not

~ 
requi re a large memory, the sensitivity analysis can be performed.

- ~ Data Fi l es:

No tape is used.

S Input Data Cards :

S a) 10 sector regional input-output tables

~ 

b) 10 sector trade flow tables

~ c) Household sector coefficients

. d) National final demands
- 

e) Def lators

- I f) Project and contract cost

~ d g) Ratio of contract to project cost

~ 
l-

~ 
h) Title cards

S ~ 
I) Control cards for the dynamic output format contro l

; F•1l and FM2

~ 
j) Control card for aggregation of the final deni~nds.

- -S

5-

- 
;~ _ C—66
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~ In our case ,

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

- 
~~~J Print-outs

Group 1

- a) Regional I/O table for each region (lSxl5)

~ 
b) Trade fl ows for each industry (5x5)

~~
- 

S 
c) Trade coefficient for each industry (4x .4)

F’ 
~ 

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

- e) Technical coefficients with household sector (A
H

) (44x44)
S f) Trade coefficients (TN ) (40x40 )

I g) Trade coefficients with household sector- (TH ) (44x44)

~~ 
S h) Direct requirements (TNAN) (40x40)

- . i) Di rect requirements with househol d sector (THAH ) (44x44)

- 

~i j) Di rect plus indirect requirements [(I_TNAN)~~J 
(40x40)

- ~ k) Direct plus indirect plus induced requirements [(I- -THAH )~~] (44x44)

- 
1) Di rect income change (10x4)

S 
m) Direct and indi rect income change (lOx4)

~ 
n) Indirect income change (lOx4)

- 

S 

o) Income multiplier type 1 (lOx4)

I -

~ 

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

~ - 
q) Induced income change (10x4)

; r) Ind irect and induced income change (10x4)

:~ s) Income multiplier type 2 (10x4 )

- 

: C—67
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t) Output m ultip lie ’ type 1 (10x4)

___________ u) Output niu~tiplier type 2 (10x4)

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

w) Sum of output multiplier type 2 (1x4)

Group_ 2

a) National fina l demand vectors in 1958 (84x12)

b) Deflators

c) National final deman i vectors in 1963 (l2x12)

d) Contract cost (1x5)

e) Project cost (lx5)

1) 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)

C—6 8
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/1* SE NFI N COMPLETE
//STE PI EXEC FORTRANH
/ / S O U R C E . S Y S I N  DO *
C**C*~ *~~~SENF1N
C
C INTE R—REGIONAL INPUT—OUTPUT ANA LYSI..
C FOUR REGIONS W I TN 10 SECTORS
C

D IMENSIO N Jt~
( 2 0 ) ,A (  15 , 15) ,AC O EFF(4 ,1O , I0} , BC0E FF( ~~,11,1f l ,CCQEFF(

j,4, 11) .AHAT ( 10,10) ,T( 5,5)
DIME NSION A N (40 , 4 0 ) . A H(4 4 ,4 4 ) , I N (4 0 , 4 0 ) ,T H (4 4 , 4 4)
DIMENSION B(40,40) ,C(44.44) ,D(40,4Cj),E(44,44)
DIMENSION L~~( 4 O ) , M K ( 4 0 ) , L K P ( 4 4 ) , M K P ( 4 4 )

• DIMENSION F MT 1 ( 1 8 ) . F M T 2 I I8)
COMMON /f~K1/FDi~~4,12),DEFL (84),M,W, I OUT,INP
COMMON / 8 K 2 / FA ( 12 , 12)
COMMO N /BK3/  CCOEFF , 0, E
DATA NREG,NIND/4,1O/
DATA NR,NC, LAf ~/ 15,15,2O/

C
INP=5
IOUT= 6
NREGP=NR EG+1
NINDP~ NIND +1
IMAX NREG*NIND
IMAXP NREG*NINOP

C
C READ FORMAT STATEMENT FOR OUTPUTS OF PRINTA
C
1 FORMAT(18A4)

REA D(INP ,1) FMT1
C FMT1 : (15 ,1OF11 .O)r READ (INP,1) FMT2
C FMT2 :(15,1OFI1.5)
C

• DO 110 IREG~~1 ,NREG
C

• C READ AND WRITE REG INA L 1—0 TABLES
C

REA D HNP, 101) IJB (J ) ,J =1,LAB )
00 10 K=1.NR

10 R E A D ( J N P , 2 0 1 )  K K , ( A ( K , L ) , L ~~1,NC)
CALL PR I N TA ( !~,NR .NC ,J M, LAM ,  IOUT ,FMT 1)
DO 60 J 1.NIND

0—69
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DO 60 I=1,NIND
60 AHAT (j,J ) A (1,J)/A (NR ,J)

DO 80 I=1.NIND
DO 80 J=1,NIND

80 AC O EF F( I REG , I ,J ) =A HAT ( I ,J )
110 CONTINUE

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

85 AN (L,M) 0.O
DO 90 ~=1,1IREG
DO 90 I=l,NINO
DO 90 J=1,NIND

M=NIND-~( K—1 ) +J
• AN ( L . M) =ACOEFF ( K , I ,J )

90 CONTINJE
C
C HOUSEHOLD SECTO R IS CONSIDE RED — TECH COEFF
C

DO 130 IREG=1 ,NREG
READ (INP,4O1)(I~COEFF (IREG,1,NIND P), I=1,NINDP)READ (INP ,401)(BCOEFF (IREG,NINDP,J), J=1,NINDP)
DO 120 I=1,NIND
DO 120 J 1,NIND

120 BCOEFF (IREG,I,J)=ACOEFF (IREG,I,J)
130 CONTINUE

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

140 A H( L,M)=0.0
DO 150 K=1,NREG
DO 150 1 1.NINDP

• DO 150 J=I ,NINDP
L N I NDP*( K— i) +1
M=N INDP*(K—1)+J
A H ( L , M ) =BCOEFF(K,I ,J)

150 CONTINUE
c
C TRA DE COEFF
C

• READ( I NP , 1O 1) (J~~(J~~,J 1,LAB )
w R IT E ( I O U T , 1O 1) ( J M I J ) , J = 1 , LA B )

I 
~ , 

DO 360 1 ND=1,NIND
WRITE (JOUT ,301 ) IND
DO 160 I=1 ,NREGP

‘S
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RFA D(INP ,501)(T ().J),J=1,NREGP )
160 WRJTE (IflUT,501)(T(j,J), J=1,NREGP )

DO 170 I=1,NREG
DO 170 J=l.S~REG

170 CCOEF ( I,J,IND )=T ( I,J)/T (~~REGP,J )
360 CONTINUE

C
• DO 180 L 1,IMAX

00 180 M= 1 ,JMAX
180 TN(L .M) 0.O

DO 190 1=1,NREG
DO 190 J 1 ,~ REG

H DO 190 K=1,NIND
L~ NINO~~(l—1I+K
M~ NIND* (J—1 )+K

190 TN (L,M )=CCOEFF (I,J,K)
C
C HOUSEHOLD SECTORS — TRADE COEFF

DO 210 !=1,NREG
00 210 J 1,NREG

210 CCOEFF (I,J,NINDP ) 0.0
00 215 K=1,NREG

215 CCOEFF (K,K,NINDP) 1.O
DO 220 L=1,IMAXP
DO 220 M=1,IMAXP

4
; 220 TH (L,M) 0.O
4 DO 230 1 1  NREG

DO 230 J=t,NREG
DO 230 K 1,NINDP
L N I NDP~~(I—1 )+K
M= NINDP~~(J—1 )+K

230 TH (L,M) CCOEFF (I,J,K)
DO 240 K=1,NINDP
WRITE (IOUT ,8O1) K
DO 235 I=1,NREG

235 WRITE(IOUT, 901)CCCOEFF (J,J,K),J=1,NREG )
240 CONTINUEH

101 FORMAT (20A4 )
201 FORMAT (I1O,3F20.2/14F20.2))
301 FORMAT (//T1O , ’TRADE FLOW FOR INDUSTRY ’ ,15,//)
401 FORMAT (RF1O .6)
501 FORMAT (4120.2)
801 F (1RMAT (///T1O, ’TRADE COEFFICIENT FOR INDUSTRY’,15,///)
901 FOR MAT ( I HQ , ’,F20 ,5)

C-71 
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C
C COMPUTE T*A AND TH~ AH

• C
CA LL M U L T I ( T N . A N , B . I M A X , I M A X , I MA X )
CALL MULTI (TH,AH,C ,IMAX P,IMAXP ,IMAXP )

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

CALL REOUTR (B,D,I MAX ,LK ,MK )
CALL REQUIR (C,E ,I MAXP ,LKP ,MKP)

c
C
C WRITE COMPUXE VALUES
C
C TEC HNICA L COE FFICIENT S

READ (INP ,101)(JF~IJ ),J=1,LAB)
CALL PRINTAf A N, IPAX , IMA x ,JB , LAB,J O UT ,fM 12)

• C TECH COEFF WITH HOUSEHOLD
REA D( I N P , 1O i ) ( J B(J ) . J = 1 , L A B)
CALL PRINTA (A H , IMAXP , 114Ax p ,JB , LAB , IOUT , FMT2 )

C TRADE COEFF
R FA D ( I N P . 1O i) ( J R (J ) , J = 1 , L A B)
CALL P R I NT A ( T N , I ’ I AX ,J M AX ,J B , LA B , I O U T , F M T 2 )

C TRADE COEFF W I T H  HOUSEHOLD
R EAD ( INP. 101) ( JB( J) .J=1 ,LA R)

• CALL PR I NTAC T H , I MA XP , IMAXP ,J B , L b8 , IOUT , FMT2 )
C DIRECT REOUIRE MENT~

READ (INP .1O1)(JR (J),J=1,LAB )
CALL PRINTA(B .It~t4X ,IMAX ,J~ ,LAB, I OUT,FMT2)r C DIRECT REQUIREMENTS WITH HOUSHOLD
READ (INP .1O1) (JB (J ),J 1.LAB )
CALL PRINTA (C, IMAXP,IMAXP ,JB,IAB,IOUT,FMT2)

C DIRECT PLUS INDIRECT REQUIREMENTS
REA D ( I N P , 1 O 1 ) ( J B ( J ) ,J 1,IA B)
CALL P R I NT A ( D , I M AX , I M AX ,J B , LA B , I Q U T , F M T 2 )

C DIRECT PLUS INDIRECT PLUS INDUCED REQUIREMENTS
¶ READ ( INP, 101) (JB ( JI , J= 1 ,LAB )

CALL PRINTA (E ,IM AxP ,IMAxP ,JB,LAB ,IOUT ,FMT2 )
C
C TO COMPUTE INCOME CHANGES AND MULTIPLIERS
C

DOUBLE PRECISION SUM
DIMENSI ON 6(4.10) .F(4,1Q),GF(4, 1O),H (4.1O)
OIMFNS ION 0(4, 1O ),QF (4,1O ) .06(4,10) ,S(4,10)
DIMENSION P(4,1O).R (4,10),U (4),V(4)

C—72
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DIMENSION PS(40). RS(44),FF(4,4,1O).
C

00 12 I=1,NREG
DO 12 J=1,NREG
DO 12 K 1,NIND
JK NINDP* (J—1)+K
IF (I.NE.J) GO 10 12
G (I,K)=C (NINDP~~I,JK )

12 CONTINUE
C

• Dfl 42 J I,NREG
DO 62 K=1,NIND
DO 42 I=1.NREG
StIM O.O
00 22 L=1,NIND
KK NIND*(J—1)+K
LL NIND* (I—1)+L

22 StiM~ SUM +G (I,L)*D (LL,KK)
FF( I,J,K) SUM

42 CONTINUE
DO 54 J=I.NREG
DO 54 K = 1 , N 1 N D
SUM O.0
DO 44 1 1.NREG

44 S(IM SUM+FF (I.J,K)
54 F(J.K)=SUM

C -

DO 51 I=1,NREG
DO 51 K=1,NIND
SUM O.0
IK NINDP~ (I—1)+K
DO 50 J 1,NREG

50 SUM=SUM+E (NINOP*J,IK)
51 0 (I,K)=SUM

• DO 52 I=1,NREG
DC) 52 K=1,NIND
GF(I,K) F (I,K)—G (I.K)
H (I,K) F (I,K)/G(I,K)
OF ( I ,K)=Q ( I ,KI— F ( I ,K)
0G(I,K) 0 (I,K)~~G (I,K)
S(I,K)=Q(I,K)/G (I,K)

52 CONTINUE
DI) 72 KK 1,IMAX
SUM O.0

I’ 
00 82 LL 1,IMAX

• C—73
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82 SUM~ SUM+DILL,KK )
72 PS (KK)=SUM

• 00 73 J=1,NREG
00 73 K=l,NINO

-: KK= K+NIND * (J— j)
• 73 P (J,K)=PSU(K)

Dfl 95 KK=1,IMAXP
SUM=0.0
DO 92 LL 1,IMAXP

92 S (JM=SUM+E (LL,KK)
95 RS(XK) SUM

DO 93 J=1,NREG
DO 93 K =1,NIt~OP
KK=K+NINDP * (J—1 )

93 RIJ .K)=RS (KK)
4 C

00 102 I=1.NREG
SUM O.0
DO 112 K~~1,NIND

112 SUM=S UM+H (I,K)
102 U (I)~ SUM

C
00 122 1=1.NREG
StJM=0.0
DO 132 K=1,NIND

132 S ( JM =SU M+ S ( I , K )
122 V (I) SUM

C
WRITE(TOUT,900)

900 FORMAT (1HI,///T1 (’,’DI RECI INCOME CHANGE’!//)-
C A L L  P R I N T I ~(G,N REG,NINO,IOUT ,1)

f WR !TE (IOUT .1000)
1000 FORMAT (1H1,///T1O, ’DIRECT AN D INDIRECT INCOME CHANGE’///)

CALL PRINT8(F,NREG .NIND,IOUT ,3 I
WR ITE( IOUT,1100)

11 00 FORMAT(1HI.///T10. ’INDIRECT INCOME CHANGE ’///)
CAL l. PRINTA( GF,NREG ,N IND ,IOUT ,1 )
WR ITE ( I OLJT,1200)

1200 FORMAT (1HI .///TlO , ’INCO ME MU LTIPLIER TYPE 1’,///)
CALL PRINTB (H ,NRE G,NINO .IOUT,1)
WR ITE ( lOUT . 1300

1300 FORMA T (1H1,///T1C ),’OI RECT PLUS INDIRECT PLUS INDUCED I N C O M E  CHA
<‘I/I )
CALL PRINT R(O.N REG ,N INO,I0 U11 )
W R ITE ( )fltJT .1400)

C~74
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1400 FORMAT(IH1,///T1O. ’INPUCEr) INCOME CHANGE’///)

CALL PRINTB(O F,NREG,N IND, IOUT,1)
WR ITE (IOUT,1500)

1500 FORMAT (1H1,///T10 .’IND IRECT AND INDUCED INCOME CHANGE’I//)
CALL PR INTRI QG.NREG .NIND , IOUT,1)
WRITE (IOUT,1600)

1600 FORMAT (1HI.///T1O, ’INCOME MULTIPLIER TYPE 2’///.)
CALL PRINTB (S,NREG ,NIND ,IOUT ,1)
WR I T E( I O UT , 17 0 0)

1700 FO R MA T ( 1H 1,/ / / T j O , ’ OUTPUT MULTIPLIER TYPE 1 / I/ )
CALL PRINTB (P,N ~~EG,NINO,IOUT,jJ• .WRITE(IOLJ T ,iBOO )

1800 FORMAT (1H1,///T10, ’OUTPUT MULTIPLIER TYPE V/ / I )
CALL PRINTR (R,NREC,,NIND,IOIJT,1)
WR ITE (IflUT,1900)

1900 FORMAT (JH1,///T1O, ’SUM OF OUTPUT MULTIPLIER TYPE 1 ///)
CALL PRINTC (U,NREG,1OUT )
WRITE (JOUT,2000)

2000 FORMAT (1H1,///T10, SUM OF OUTPUT MULTIPLIER TYPE 2’//’)
CALL PR IN TC (V ,N REG. IOUT )

C
C CALL A SUBPROGRAM FOR FINAL DEMAND
C

• CALL FINALE
STOP
END

C*****MULTI
SUBROUTINE MULTI (A,B.C,M,L,N)

p c
C TO MULTIPLY TWO MATRICES
C
C C (I,J)=A (I,K)*B (K,J)
C

• DOUBLE PRECISION SUM
DIMENSION C(M,N),A(M,L),B (L,N)
DO 10 I=1,M
DO 10 J=1,N

10 C (I,J)=0.O
4 DO 30 1 1,M

DO 30 J 1,N
SIIM=O .O
00 20 K 1.L

20 5ljM=suI .1+A I,K *~~~K,J
C (I,J) SUM

30 C O N T I N U E

C~-75
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RETURN
END

C*~~~~~REOUIR
SUBROUTINE. REOUIR (A ,BX .M,LK,MK )c

C TO COMPUTE INVERSE OF (I—A )
DIMENSION A (M,M) ,BX (M.M),LK (M),MK (M)
00 10 1 1,M
DO 10 J=1.M
BX (I,J) —A ( T ,J)
IF (I.EC).J) BX ( I,J)=1.O—A (I.J)

10 CONTINUE
CALL INVE RT(Bx,M,LK,MK )
R E T U R N
END

C~ *~ **INVERT
SUBROUTINE INVERT (A,N,L,M)

C PROG RAM FOR FINDING THE iNVERSE OF A NXN MATRIX
DIME NSION A (N,N),L (N),14(N)

C SEARC H FOR LARGEST ELEMENT
C

D1 .
D080 K=1,N
L (K) K
M (K)=K
RIGA A (K,K )
00 20 I=K,N
DO 20 J K,N
IF (ABS (BIGA )—ABS (A( I,Jfl) 10,20,20

to PIGA~~MI,J)
L (K) 1
M (K )=J

20 CONT INUE
C INTERCHANGE ROWS

J~ L (K )IF (L (K)—K ) 35,35,25
25 00 30 I=1,N

HOLD —A (K,I )
A (K,I ) 4(J,I)4 30 A (J ,I )HOLD

14 C I NTERCHANGE COLUNMS
35 j = M ( K . )

IF (M( K )—K) 45,45,37
t 37 DO 40 J 1,N

HOLD —A (J,K)

‘4
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A (J .K)=A (J,J )
40 A (J,I)=HOLD

C DI VIDE COLUMNS BY MINUS PIVOT
• 45 DO 55 1=1,14

4h IP(I— K )50,55,50
50 A (I,K )=A (I,K)/(— 4(K,K))
55 CONTINUE

C REDUCE MATRIX
• DO 65 I=1,N

00 65 J=l.N
56 IF (I—K ) 57,65,57
57 IF (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
Of) 75 J=1,N

6. IF (J—K )70.75.70
70 A (K .J)=A (K,J)/A (K,K)
75 CONT INUE

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

C RFPLA CE PIVOT BY RECIPROCAL
A (K,K)=1.O/A (K,K)

80 CONTINUE
C FINAL ROW AND COLUMN INTERCHANGE

K=N
100 K=(K—1 )

IF (K) 150.150,103
103 1 L (K )

IFII—K ) 120~ 12O,]05
105 DO 110 J=1,N

HOLD A (J,K)
A (J .K ) —A (J .1)

110 A (J.I) HOLD
120 J=M (K)

IF (J—K) 100.100,125

-f 125 00 130 I=1,N
HOLD A ( K, I)
A C K. I )=—A( J. I)

130 AIJ,I)=HOLD
GO TO 100

150 RETURN
END

Cc**~~*PRINTA
C

C—77
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C
SUBROUTINE PRINTA (A .NROW ,NCOL,J5,LAF3,IOUT,FMT)

C
C TO PRINT OUT A MATRIX OF NROW BY NCOL ONTO DEV ICE C lOUT).
C ALPHANUMERIC STRING CAN BE PRINTED IF GIVEN.
C
C A = MATRIX
C NROW NUMRER OF ROW
C NCOL=NUMBER OF COLUMN
C JB= ALP HANUMERIC STRIr~G,(A4 FORMAT)
C L A B~ NUMBER OF JB (TO SKIP. LAB O)
C IOUT= OUTPUT DEVICE
C
C NOTE THAT NROW SHOULD BE LESS THAN 85.
C.

DIMENSION A (NROW,NCOL ), JR (LAB),FMT (18)
JS=1 •

JSI=9
JF (NCOL •LE. JSI ) JSI=NCOL— 1
PJHAL F=NROW/2
IFINROW .LT. 45) NHALF NROW
1JPLUS=NHALF+1
RM=FLOATUJCOL )/1O.O
M= NCOL /10
IF ((RM—FLOAT (M)).GT. 0.001) M=M+1

C
DO 40 KK 1,M
JT=JS+JSI
IF (KK .EO. M) JT=NCOL
IF (LAB .NE.O) WRITE (IOUT.100) (JB (J),J=1,LAB)
WRITE (IOUT,200) (j, J~ JS,JT)

ft 00 10 I=1,NHALF
10 WR ITE (IOIJT ,Ft’T ) I, (A (I.J), J JS,JT)

WRITEUOUT,200) (J, J=JS,JT)
IF (NPLUS .GT. NROW ) GO TO 30

H C
IF (LAB . N E .  0)  W R I T E U O u r . l o o )  ( J B ( J ) , J 1, L A B )

• W R IT E ( I O UT ,2 0 0 )  ( J , J - J S , J T )
DO 20 I=NPLUS ,NROW

2O WRI TECIOUT .FMT ) ~~~
, (A (I,J), J=JS,JT )

WRITECIOU T ,200) (J,J JS.JT)
30 JS=JT+1
40 CONTINUE

C
100 F ORM A T (1H 1 ,///2 0A6 ,I// )

C—7 8
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200 FORMAT (/ 10111 /1
RETUr,N
EN D

C*~~~~~PRINTB
SUBROUTINE PRINTB (A,M ,L,IOUT,INX )

DIMENSI 3N A (M,L)
C

• C PRINT OUTPUTS IN TRANSPO SED FORM
C

00 10 K=1,L
IF (I NX .E0.1) WR ITE (IOUT. 100) (A(l ,K), I 1,M)
IF (INX.E0.2) WRITEIIOUT .200 ) K, (A(I,K),I=1,M )

10 CONTINUE
100 FORMAT(4F20.5)

200 FORM1~T (I1O,5F15.2)R E T U R N
-4 END

C~~~~~~PR I N T C
SUB ROUTINE PRINTC (A .H,IDLJT)

DIMENSION A CM )
C
C P R I N T  OUTPUTS I N  T R A N S POSED FCRM
C

WR IT E ( lOUT , 100)1 A C I) • 1=1.14 )
100 FORMAT (4F20.5)

RETURN
END

C~~~~’4~ FIN t41E

• C
SUBRO’JTINE FINALE

• C
• C FINAL DEMA ND FOR PROJECT COST

c
• DIME NSION X (44). Y(44), XF (5 .12), VF (5,12),FY (12,5)

DIMENSI ON CCOEFFI4 .4 .11), 0 ( 4 0 .4 0 ) .  E ( 4 4 , 4 4 )
COMMO~I /RK1/FO (84 .12).DEFL (H4),M,N,IOUT ,INP
COMMON / B K 2 / F A (1 2 , 1 2 )
COMMfl’~ / 8 1 ( 3 /  CCOE FF, 0, E
LOG ICA L HOUSE
DATA t (O S T / 1/ .  HOUSE/ .TRU E./

• D A T A  NREG , N IND/4 .10 /
C

•
~ C KOST=0 NO COMPUTAT ION FOR CONTRACT COST OR PROJECT COST

C KOST= 1 CONT RACT COST ONLY
C KGST=2 PROJECT COST ONLY

,1
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KOST=3 BOTH COST ARE USED BUT RETURNED VALUES ARE

NREGP NREG +1
N I NO P = N IN D +1
IMAX ~ NREG*NIND

4: IMAXP NREG*NINDP

COMPUTE FINAL DEMAND

CALL DEMAND (KOST .FY)

COM PUTE OUTPUT

NTYPE 12
IF (KOST~ NE.O ) NTYPE=5
IF (HOUSE) NIND NINDP

-~~~~ IF (HOUSE ) IMA X IMAXP
00 750 I M P A C T = 1,N R E G
DO 750 JTYPE=1.NTYPE
DO 350 IREG=1 ,NREG
00 350 INO=I .NIN D
JK N JND (JR EG—1 )+ IND
Y (JK) CCOEFF (IREG .IMPACT.IND )*FA (IND ,JTYPE)
IF (KOST,NE.0) YCJK1=CCOEFF (IREG,IMPACT.IND)*FY (IND,JTYPE )

350 CONTINUE
C

• IF(.NOT.HOUSE) GO TO 36~
00 555 I=1,IMAX
SUM O.0
DO 455 J=1,IMAX

655 S(JM SUM+E (r,J)*Y (J)
555 X (I)=SUM

GO TI) 560
• 365 DI) 550 I= 1,IMAX

SUM O.0
- 

• DO 450 J=1,IMAX
450 SUM SUM+DCI,J )*Y (J)
550 X ( I ) SUM
560 DO 650 IREG=1,NREG

DO 650 IND= 1,NIND
JK~ NIND~- (IRE G—I )+INt)
YF (IREG ,IND ) Y (JK)

650 X F ( I P.E G , I N D ) = X ( J K )
Of) 950 IND=1,NIND
SUM O.O

i
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SUMY= 0.0
DO 850 IR EG= 1,NRE G
SIJMY=S (JI-~Y+ YF ( IREG .IND )

850 SUM=SUM +XF (IREG ,IND )
YF CN REG+ I,IND)~~SUM Y

950 xF (N’~Er1+1,IND)=SuM
DO 951 IREG=1,NREGP
SIJM=0.0
SUMY=0.0
DO 851 IND=1.NIND

• SUMY=S UMY+VFUREG ,IND )
f 851 SUM=SUM +XF (IREG ,IND )
• YF II REG .NIND+1)=SUMY

951 XF (IREG.NIN D+1)=5U i
WR ITE (IOUT ,2100) IMPACT,JT’fPE
WR lIE C l OUT .2 101)
CALL PRINTP,(YF,NREGP.NIND+1,IOUT,2)
WRITE (IOUT .2200) IMPACT,J1YPE
WRITE C IOUT,2101)
CALL PP~INTB (XF,’4REGP,NIND+1,IOUT,2)

• 750 CONTINUE
C
2100 F O R M A T ( 1 9 1 , / / / T 10 , ’REGION A L FINAL DEMAND: IMPACT REr,ION =1~~

->I5 .5X.’TYPE = 15,/Il)
2200 FORMAT (IHI,///T10, ’OUTPUT : IMPACT REGION = ‘, 5,5X, ’TYPE = ‘,15/Il)
2101 FflRMAT (//2X,’INDUSTRY ,T21, ’R1’ ,T36,’R2’ ,T51, ’R3’,T66,’R4’,T78,

>‘NATION ’//)
RETURN
END
SUBROUTINE DEMA ND( i (OST ,FY)

C****~ *DEMAND
‘p C

C TO COMPUTE THE FINAL DEMAND VECTORS PER Sl.000 PROJECT COSTS FOR
71 C A CLOSED INPUT—OUTPUT MODEL USING 1958 DATA W ITH DEFLATOR

C
DOUBLE PRECISION SUM

• DIME NSION IND (84) ,FX(84,12),FY(12,5),SUM(12),TOTAL (12)
COM MON /8K1/FD(84 .I2),[EFL (84hM,N,IOUT,INP
CflMMON /8K2/FAC 12.12)
DATA NR,NC/84,12/
M=NR
N N C
MNL M— 1

C
C READ AND W R I T E  INPUT FILE

t4

‘a
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C
• b~R IT E( If l UT , 1OO )

DO 10 I=1 .M
READ(INP,200) IND (I).(FX (l,J),J=I,N)
DO 5 J 1 , 8

5 F0(I.J1=F)ç(I,J)
DO 6 ,I=9,11

6 FD (I.J)=FX (I,J+1)
- 

• - FD (I,12)=FX (I,9)
WRITE (IIJUT,600)IND (I),(FD (I,J),J=1,N)

10 CONTINUE
C

• WR ITE (IOUT,300)
DO 20 l 1,MN1
READ(INP,600) IND(I).DEFL (I)
WRITE (!OUT,400) IND (I),DEFL (I)

20 CONTINUE
C
C COMPUTE THE NATIONAL ‘FINAL DEMAND FOR 1963
C

DO 25 1=1,14)11
DO 25 J 1.N
FD (I,J)=FD ( I,J)*DEFL (I)/100.0

25 CONT I NUE

C - AGGREGATION IN ORDER TO MAKE 10 INDUSTRIES
C

CALL AGGRGT
M 1 2p 14N2=M—2
DO 35 J=1,f1
SUM (J)=0.0
DO 45 1=1,11142

45 SIIM(J)=SUt4(J)+FA (I,J)
FA (M,J)=SU M (J)
TOTAL (J)= FA (M,J)+FA (M—1,J)

35 CONTINUE
DO 55 I 1,M
DO 55 J=I,N

• 4 55 FA ( I , J ) = F A ( J ,J ) * 10 0 0 . O / T Q T A L(J )
C

4 C WRITE OUTPUT
H C

WRITE C lOUT . 500)
DI) 30 I=1,M

C—82
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30 WRITE (IOUT,hO0 ) I I ¼ D ( 1) ,  (FA (1,J),J=1.N )
C
C COMPUTE THE NATIONAL FiNAL DEMAND FOR GIVEN PROJECT AND
C CONTRACT COST
C

CALL CONTRC (KOST,FY)
S
C
100 FORMAT (1H1,///T5, ’NAT!ONAL FINAL DEMAND VECTORS IN 1958’///)
200 FORMAT (I1O,7F10 .2/ (5F10.2))
300 FflRMt~T (//T5,’DEF 1ATOR’//)
400 FORMAT (I5,F15.2 )
500 FORMAT (1HI,///T5, ’NA TIONA L FINAL DEMAND VECTORS IN 1963’///

>T1O. ’PER $1 ,000 PROJECT COST S FOR A CLOSED INPUT—OUTPUT MODEL’!!)
600 FORMAT(I10,12F9.2)

RETURN
• END

C*~ *~ *AGGRG T
C

SUBROUTINE AGGRGT
C
C AGGREGATIO~I OF 79 INDUSIRIY SECTORS INTO 10 SECTORS
C HOUSEHOLD SECTOR INCLUDED-

DOUBLE PRECISION SUM
- DIMENSIO N L (13)

CO MMON /BK1/FD (8A,12),DEFL(84),M,N,1OUT,INP
COM MON /BK2/FAC12,12)
DATA NCOL,NROW/12,12/
NPOWP=NROW+ 1
RF AD (INP,100 ) (LCK ),X 1,NROWP)
WR ITE (I OUT~ 200)(L (K)~~K=1,N~ OWP)

.

5 

DO 30 J=1,NCOL
DO 20 K=1,NROW
M1=L (K)
r42 L ( K + 1 ) — 1
SIJM=O.0
00 10 I=M1,M2

• 10 SIJM=SUM+FD (I,J )
• 20 F~~(K .J)=SUM30 CONTINUE

100 FO RMA TC1 3 I5)
200 FORt-IAT (///1315///)

RETURN
END

C~~~~~~CONTRC
C

C—83
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SUBROUTINE CONTRC (KOST.A)
C KOST=0 NO CO 1 (PUTATION FOR CONTRACT COST OR PROJECT COST
C KOST=1 CONT RA CT COST ONLY
C KOST=2 PROJECT COST ONLY
C ~OSTz3 BOTH COST ARE USED BUT RETURNED VA LUES ARE
C PROJECT COST

DI MENSION B( 12.4).A( 12,5).CCT (5),ALPHA(5),PC (5),SUMCOL (84)
• COMMON /BK1/FD (86,12),DEFLI84),M,N ,IOUT,INP

COMMON /B K2/FA (12,12)
IF (KOST.E0.0) GO TO 999

• NN=4
NNP=NN+1
MN1=M— 1
MN2=M—2
MHALF=M/2
READ (INP.1 00) (CCT (J).J=1,NNP)
WRITE( lOUT. 110)
WRITECIOUT ,100)(CCTCJ),J=1.NNP )

• RE AD (INP,150) ,,ALPMIp IJ),J=1,NN )
WRITE (jcJUT,150)(ALPHA(J1,J=1,NN)
WR ITE ( lO UT, 120)
READ (INP,1 00) (PC(J).J=1,NNP)
WR lT E( I O UT , 1O 0 ) C PC ~ J),J =1,NNP )

C
DO 10 1=1.14
B (I,1)=FA (1,1)
BCI ,2 )=FA ( 1.5)
BC I.3)=FA ( 1,8)
81 1,4) =FA ( I. 11)

10 CONTINUE
IFCKOST.EO .2) GO TO 68

C CONTRACT COST
1’ c

ICOUNT=1
• DI) 20 1=1.M

DO 20 J=1,NN
A( I,J)=8 ( I ,J)~ CCTCJ)/1000.020 CONTINUE

25 DO 40 1=1,14
S SUMCflL ( I1=0.0

DO 30 J~~1,NN
30 SIIMCOL ( I )=SUMCOLC I)+A ( I.J)
40 A ( l,NN+ 1 ) SUMCOL (l)

TOTAL 1=0.0

~

‘a
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DO 50 I=1,MN2
50 TO TAL 1=TUT A L L+ S (JM CO L (1)

ERRO ’~ = T O T A L  1 — A l  M,NN+j
I FC I C OUr-4T- .E0. 1) WRITECIOUT,200 )
IF (ICO UNT .EO. 2) WR ITE IIOUT,250)
WRITE (IOUT,300)
DO 60 I=1,M
WR I TE C lOUT,400) l .CA (I,J ),J 1,NNP)

60 CONTINUE
WRITEC IOUT,500) A (M ,NN+1),TOTA1~~,ERRORIFC ICOUNT .EQ. 2 )  GO 10 999
I F CK OST .E Q .1 )  GO TO 999

• C
C PROJECT COST
C-
68 ICOUNT=2

¼ DO 70 1=1,14
DO 70 J=1,NN
AC l ,J )=B (I ,J )~ PC (J)*ALPHA(J)f1000.0
!FCI .EO . M!~I1) A (I,J )=A( I,J)+PC (J)*C1.Q—ALPHA (J))

70 CONTINUE
Cr1 10 25

100 FORMAT (5F15.4)
110 FORMAT (///T10, ’CONTRACT COST’)
120 FORMAT (///T1O , ’PROJECT COST’)
150 FORMAT (4F10.5)
200 FORr~AT (1H1,///T8 .’NA TI3NA L FINAL DEMAND VECTORS FOR THE MCLEL IAN—

>KERR ARK A NSAS RIVER’/T2 !. ’ MUL TIP LE PURPOSE PROJECT CONTRACT COST *
)‘//T27,’( UNIT $1,000 1’963 PRICES )’///)

250 FORMAT (1H1,///T8. ’N A T IONA L FINAL DEMAND VECTORS FOR THE MCLELLAN—
>KER~ AR KA NSAS R IV E R ’ / T 2 ~ ,’MiJLT iPL E PURPOSE PROJECT COSTS *
> ‘/1T2 7.’( UNIT $1,000 1963 PRI CE S) ’/// )r 300 Ff lR M4T (T 8 , ’ P ROJ ECT ’ ,T l 7 . ’MULT1P L!~’ ,T3D, ’FLOOfl ’ ,T4 3 , ’ R EVETMEN TS ’ ,
>T56.’LOC K ~ DA MS’ ,T69,’IOTAL’ /T R, ’CATECORY ’ ,T19,’PURPOSE’ ,T33,
> ‘CONTROL ’ ,T72.’PROJECT’/2X ,’I—O SECTOR’/)

400 FflRMAT (I8,7X,5F13.2)
500 FORMAT (1H3,2F20.2,F10.41
999 RETURN

END
1*

‘a
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Appendix A

Tape Operation for IJIUVAC 1108

(1) To wri te or read a tape ,

CALL NTRAN (U n i t ,Opr ,Size ,Namc ,LAY ,22)

where

Unit: logical unit number

Opr = 1 for wri te 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 1.0.

8C: physical unit number

(4) To assign a tape for wri ting,

@ASG,TJ Unit. ,8C,Tapeid W

where

W: for enabl ing writin g

C—86
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Appendix B

Inverse Matri x and its Suhmatric~~

• The direct and indirect and induced requirement is computed by

inverting I-TA. The inverse matrix , E, is a 320x320 square matrix.

G11 G12 G13 G14

1 
G21 G22 G23 G24

(1—TAI = E(320x320) =
G31 G32 G33 G34

41 42 43. 44

where e11 e12 e13. . .e
1~

e21 e22 . . . e
2~

ii G . = •

• • • ,n=80

e
~i en2 • .

• DATA9 is stored on a tape as shown in figure.

File 1 File 2 File 3 File 4 File 5. . . File 16

L~
ii G13 G14 G21 . • G44
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