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Abstract:
One of the major problems facing regional input-output studies, is the lack of an efficient method for
updating the existing input-output tables. This thesis updates the 1963 Montana Input-Output tables
and examines the problems of such an undertaking.

The basic characteristics of a technical coefficient are explored and these characteristics are used to
develop a new updating method. The technical coefficients are shown to support the assumption of
temporal constancy. Two techniques using sequential sampling arc developed to test and update
technical coefficients. Both techniques derive their precision from the importance of die technical
coefficient as shown by sensitivity analysis of the coefficients on input-output projections This permits
a table to be developed with each coefficient assuming approximately the same level of importance for
projection purposes. The technique for updating a technical coefficient is demonstrated on primary data
and found to be reasonably good, but requiring additional modifications. 
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ABSTRACT

One of the rntjor problems facing regional input-output studies, 
is the lack of an efficient method for updating the existing input- 
output tables. This thesis updates the 1963 Montana Input-Output 
tables and examines ihe problems of such an undertaking.

Tha basic characteristics of a technical coefficient are ex
plored and these characteristics are used to develop a new updating 
method Tne technical coefficients are shown to support the assump
tion of temporal constancy. Two techniques using sequential sampling 
arc developed to test and update technical coefficients. Both tech
niques derive their precision from the importance cf cue technical 
coefficient as shown by sensitivity analysis of the coefficients on 
input-output projections. This permits a table to be developed with 
each coefficient assuming approximately the same level of importance 
fcr projection purposes. The technique lo-r updating a technical co
efficient is demonstrated on primary data ana re and to be reasonably 
good, but requiring additional modifications.



CHAPTER 1— INTRODUCTION

Montana has lagged behind the rest of tne United States in 

economic development during recent years. In 1950 Montana ranked 

Ilth as a state in per capita income while in 1967 it has dropped tO 

Jlal piece. (36, p. 15) If we hope to reverse tnis trend, we must 

understand the structure of *~ne MmLana economy. This will help ns 

to prescribe policies which will make the greatest contribution to 

Montana's economic development.

In 1369, the first input-output study of the Scale of Montana 

was completed by Ted Hoff. The base year, 1963. represented the most 

current data obtainable from secondary sources at the time the work 

was done in 1963 and 1969. This study has already been used in mak

ing policy recommendations, and it is noped that it will oe useful 

in the rUtvra.

1.1 Existing Model

Hoff's input-output model contained 12 endogenous sectors and 

7 exogenous sectors classified according to the Standard Industrial 

Classification Code. (6, p. 49)

EidogcnLUQ Sectors

1. Livestock & Livestock Products

2. Crops



3. Food and Kindred Products

4. Lumber and Wood Products

5. Manufacturing

6. Transportation and Public Warehousing

7. Communications and Public Ucilities

8. Real Estate, Finance, and Insurance

9. Mining

ad. Services

11. Trade, Wholesale and Retail

12. Construction, Maintenance

Exogenous Sectors

13. Construction, New

14. State and Local Government

15. Federal Government

16. Households

Wages and Salaries

Proprietor Income

Property Income

17. Import-Export

The U.S. sectors corresponding to the Montana sectors are given 

in Table 1.1. Table 1.2 presents Hoff's 1963 Transactions Table for 

the Montana Economy and Tables 1.3 and 1.4 present the table of
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Technical Coefficients and Direct and Indirect Output Requirements 

Per Unit of Final Demand respectively. The Type I and Type Il Out

put Multipliers and Personal Income Multipliers developed by Hoff 

are presented in Table 1.5.

1.2 Primary Objective

The primary objective of this study is to develop an updated 

version of the input--outpvt tables which presently exist for the 

state. These updated tables will be based on data collected in 

1967. Secondary sources will be used to obtain most of the data. 

This infrmatron will Ie suppleiranted with primary data when needed 

Slight modifications will be made to the existing model. The two 

Construction sectors used in the original model will be comoined 

into one sector labeled Construction. All other sectors are compar 

able and the U.S. sectors correspond in tne same manner as Ir the 

original rrcdel.

1.3 Secondary Objectives

My secondary objectives are in some respects more important 

than the primary objective. The existing state input-output tables 

have not been employed to their fullest advantage. These tables 

could be very valuable as a planning aid to many state and govern

mental agencies. They could also be used by local communities and

business firms.
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Input-Output has not been used because it. has ret been under

stood. One of ny secondary objectives is to speed up the adoption 

of input-output. I hope to accomplish this by demonstrating a num

ber of uses of inpuL-output on the state and Ioca\ level. Develop

ment of analytical tools futile if they aren't vised.

My five I obj ectix e is to develop a method cf estimating the 

technical coefficients of an input-output table based on primary 

data. This technique must overcome the major faults of using 

primary data without sacrificing statistical reliability. Such a 

technique would facilitate development of future input-outnut tables. 

It would reduce the cost of maintaining an input-cutpuu cable and 

should mr.ke it possible to keep a current input-output table for

the state.
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Table 1.1 Correspondence of Montana and U.S. Sectors

____________Montana Frrtois_____________________________

1. Livestock & Livestock Products 1.1
2. Crops 2.1
3. tood & Kindred Products 3.1
4. Lumber ar.d Wood Products 4.1

5. Manufacturing 5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8

5.9
5.10
5.11

5.12 
5.0.3
5.14
5.15
5.16
5.17

6. Transportation & Public Warehousing 6.1
7. Communications & Public. Utilities 7.1

7.2
7.3

8. Real Estate, Finance, end Insurance 8.1
8.2

9. Mining 9.1
9.2 

. 9.3
9.4
9.5

10. Services 10.1

10.2
10.3
10.4
10.5
10.6

11. Trade, WhoJesale and Retail 11.1
12. Construction, Maintenance 12.1
13. New Construction 13.1
14. State and Local Government 14.1
15. Federal Government 15.1
16. Imports 16.1

_________ U .S. Sectors__________________________

Livestock & Livestock Products
Other Agricultural Products
Food & Kindred Products
Lumber & Wood Products, except 
container's

Apparel
Household Furniture
Paper & Allied Products
Printing & Publishing
Chemicals & Selected Chcrical Irrd.
Petroleum Refining 6 Related Prod.
Rubber S Misc. Plnstlns Products 
Leather Tanning & Industrial Leather 
Products
Stone & Clay Products
Primary Nonferrous Metals Manufactures 
Heating, Plumbing f. Structural Metal 
Products

Other Fabricated Metal Products 
Construction, Mining S OiJ Field Machinery 
Machine S'.up Products 
Other TransportUtlc ' Eauipmtrt 
Scientific & Controlling in-truments 
Miscellaneous Manufacturing 
Transportation & Public WareJ c asing
Communications, except Radio & T.V.
Radio & T .V . Broadcasting
Electric. Cao, Water 5 Sanitary Services
Finance & Insurance 
Real Estate
Nonfrrrous Metal Ores Mining 
Coal Mining
Crude Petroleum & Natural Gas 
Stone & Clay Mining & Quarrying 
Chemical & Fertilizer Mineral Mining
H.tels; Personal S Repair Services, 
except Autc o 

| Easiness Services 
Research & Development Services 
Automobile Repair & Services 
Amus emen Ls
Medical, Educational Services 
Wholesale and Retail Trade 
Construction, Maintenance 
Nev Construction 
State and Local Government 
Fedemai Government
All sectors in the U.S. model that did not 
exist in the Montana economy, .-or example, 
Tobacco Manufactures.
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Table 1.2 1963 Transactions Table of Lhe Montana Economy, In Thousands of Dollars

i  jC uete Croya FroD urta F ie iu c ia Veteh.-u# In i

Cl o u n lc a -  Keel t a l a t e ,
t lo e  4 F u k llc  F I. —r e .  I  
V t lU t ie u  Xaauraoe# W a la t S a rv lcee

a a  a  4  'a t a l l

•2
't T r m o r c a

F r . t e  I  F edera l
Lor« l C e -ero -C « w r. -

F oueehelia

I  U v e e ie tk  I  U » « e teck r ro v  ^ v e O . o , 0 o 0 0 0 iM .2 ? S . 1.6*1 6 .510

I .  t r e » e 4 7 ,U l * . » » 1 .W 4 0 0 0 0 0 0 o 0 0 o 14,710 3. M2

>. k C tae re e  F reeu c l I  W O O a 0 0 0 0 0 o 0 0 • *41 4*1 116.41»

4 . I J e te r  * WaeC r io C u c te 21 M .144 1.141 21 0 3.12« 112.213 "

$ . t # * .Z e r iu i ia e 20.47* 1.112 1,117 1 .310 1.41* 4 .442 S .* * l 2 ) 4 .2»0 3 .0M • '.0 * 4

1.771 1.714 1.4*2 3 .2 '» 3» IOF 1.214 2 2

I. C- - e e w i i i i l o e e  t  F u t i l e  W.<11 U a e  I . I l l 1 .124 4.4*1 * .•3 7 1,742 i .S .1 1.2*1 1.271 2 1 .4 ,7 I . -01 4.404 *> .i..<

I . I l l 1.77* '. • 1 1 1.712 1.274 1 1 .1 1 ' :.$ ■ * 1 . 3 »

*» 1.720 O 1*1.417 0 2.174 0 2 .47* 0 11* 1.471 1.1*3 o

I . W 4.F11 2.444 I .  *70 4.4*1 1.424 1.041 * .24? 17.421 * .*11 I . «72 1.010 13.133 4 .M 7

S ,.? * 1 1 .» > 4.0*4 2.11* M / 4 1,441 1,2*7 i  m 1,717 I  721 I :  '1 3 22.81* 13.472

11. C a e e t ie c t l e e .  Nel a t n a a r e 701 IM 1*1 1.212 114 1,0*2 l . j I . <31 0 7.4*2

11. C o e e i ru c t le a ,  B«e I . M2 1».2M 4.244 1*2 1 .7*3 o V 72.2*6

M.17® *0.110 14.14; 1 7 .SI* 17 .1  0 21,127 71.471 3 1 .*  I *0.171 1.171 2 .1 )1 11.132 34 .(11 422.741

IS . I i a t e  fc V ete t C o e a re a w i n . r i # i ' . m *.1*7 4 .401 7.*12 17,41* l . l ’ l J . J u l 1.430 11.2*7 161 *11 * :2 .7 4 1

14. F e I e r a t  C overuooat 1.004 4 .  D-F 4 .441 2 4 .e o 2 . IM i e . n i 1 .171 3 .1** 1 ? .8 ,1 *.221 1 .773 0 132. F 7*.

D b  Were I  I a l a r t e a 17.»52 21.212 44.114 >».$24 74.712 I f  .442 i : . i e * 4 » ,:0 7 17.77* 1 4 4 .1 /1 13.21* 67.31* 141.411

I K  F r e f i  t a l a r  Ia re e e 121.711 11,110 11.321 .1 .1 * 1 7.01* 1 0 .OM 2*.*71 *0.140 I ,  ZM 1,437 o

I k -  F rn y e rtv  Iatamo - L i U -• - J i l i O __ L -1IZ '-0 7 ? — L f 4 J L L l i l - J J l i J lL 1J I - i l l ____ I i l _____JL
M . T o ta l I iy u ta * * . • » 4 » 7 . FSS >**.*11 11*.014 1*1,31* 171.121 a c t , /7# 174 .7)4 113.142 I . '1 4 ,  i n



'Iable 1.3 Technictl Coefficients of the Endogenous Sectors of the 1963 Montana Modal

SeCter I 2 3 4 _ 5 6 7 8 . 9 10 11 12

I. Livejtook 6 LIVCdto^k Products .04549 0 .24064 C 0 0 0 0 0 0 0 0
2. Cccrs .ono.7 .19234 .01005 0 0 0 0 0 0 0 0
3. Po..J » !Cindied Products .01783 0 .0952? 0 0 0 0 0 0 C 0 0
4. Lumber & Wooci Products .00055 .00007 0 .21451 .00314 .00013 .00617 0 .00089 0 0 .11032
5. M^nulactuvlns .00499 .06649 .00404 .00597 .01966 .05956 .00413 .00560 .00919 .00368 .01724 .09682
A. Transportation & Publvc 

Warehousing .01023 .01213 .00241 .1554? .03171 .00270 .01236 C .03044 .00298 .0/727 .02262
fomrounicatln.is & PibVlc 
Utlll ties .01098 .01015 .00616 .02665 .04061 .0117/ .03569 .00603 .03326 .00615 .06043 .00326

8. Real Estate, tlnanee, 
dn.J Insurance .04404 .03269 .01334 .01650 .01076 .01370 .01410 .01750 .01657 .01100 .03183 .01598

9. Mining .00024 .01208 0 .00127 .4-612 0 .01640 0 .0:430 0 0 .00936
10. Services .00962 .OlCOo .01750 .00932 .Ci.277 .01042 .00 •85 .02959 .10062 .02714 .02809 .04142
11. Trade, Wholesale & Retail .02743 .04271 .02878 .04341 .02699 .01053 .00939 .01193 .0:086 .01807 .02893 .10469
12. Construction, Maintenance .00098 .00261 0009 ; .00588 .00879 0 .0ol93 .00321 .00602 .00109 .00397 0

13. Construction, New .00060 .00207 .00451 .02304 .04174 0 .01108 0 .02431 .00069 .00332 0
I*. Iupcrto .13501 19030 .10(39 .09385 .0 150 .23960 .22077 .49842 .30910 .24267 .33703 .06280
15. Sta-e S Local Government .0(599 .05622 .03660 .03919 .06103 .04730 .13276 .02450 .03380 .00933 .03136 .00476
H. Federal Government .00495 .00219 .02966 .0?°33 .07331 .0140? .13655 .06757 .06387 .02880 .04776 .05832

I'd. Wages and Salaries .0522? .05829 .1(533 .26295 .15461 .49182 .2s572 .21748 .26055 .42451 4391/ .42807
1/b. Proprietor Income .16784 .41799 02375 .03041 .03045 .03536 .07635 .04(08 .0579 7 .10867 .10717 .03478
17c. Property Tmome .01655 .01746 .01249 .00914 .00659 .01329 .01329 .07909 .01868 .08327 .06204 .00650



Table 1.4 Direct and Indirect Output Requirements Per Unit of Final Demand for 1963

Sector I 2 3 4 5 6 7 8 9 10 11 12

I 1.05320 .00014 .2.3955 .COOl7 .00012 .00004 .ccoo? .00004 .00007 .00005 .00282 .00035
2 .35803 1.03159 .32531 .01341 .00020 .OOOJj .00013 .00005 .00011 .00006 .00318 .00184
3 .02127 .00053 1.11154 .00066 .00045 .00015 .00013 .00014 .00027 .00021 .01081 .00127
4 .00152 .00113 .00098 1.27478 .00689 .00071 .00897 .00058 .00246 .00028 .00135 .141d3
5 .03345 .07350 .03159 .02759 1.02974 .06214 .006 9 .00667 .01249 .00478 .02441 .10715
6 .02353 .02053 .01337 .20584 .05221 1.00796 .01579 .00168 .03405 .00492 .07760 .05932
7 .02324 .02059 .02129 .04604 .06640 .01783 1.09150 .00824 .04065 .COSoS .07125 .02382
e .07335 .06966 .05213 .02851 .02297 .01553 .01697 1.01379 .07052 .01242 .03680 .02655
n .01988 .04555 .01847 .01485 .45685 .02780 .92107 .00312 1.02078 .00227 .01208 .05814

10 .02352 .02689 .03435 .01996 .06440 .01556 .01232 .03188 .10014 1.02933 .03445 .05666
11 .04975 .05069 .0.876 .06293 .04278 .01404 .01249 .01380 .02615 .01979 1.03446 .12105
12 ' .00291 .00411 .00300 .00832 .01229 .00088 .00/46 .00344 .00664 .00131 .03472 1.0C280
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Table 1.5 1963 Sector Multipliers

Sector
Households 

Excluded-Type I
Households 

Included-Type II
Personal
Income

Livestock & Livestock 
Product.s 1.69 2.56 .54139

Crops 1.35 2.83 .63271

Food & Kindred Products 1.97 3.29 .56688

Lumber & Wood Products 1.70 3.19 .62971

Manufacturing 1.75 OCOCN .48906

Transportation & Public 
Warehousing 1.16 2.68 .64727

Communications & Public 
TJtiliti as 1.19 2.10 .42017

Real Estate, Finance 
and Insurance 1.08 1.98 .38546

Mining 1.27 2.32 .47831

Services 1.08 3.07 .69209

Trade 1.31 3.30 .75059

Construction 1.60 3.27 .72044



CHAPTER II— FRAMEWORK OF INPUT-OUTPUT ANALYSIS

Work concerned with interdependence of economic activity was 

published more than two hundred years ago. However, it was not un

til the 1910's that input-output economics in its present form was 

developed. Wassily W. Leontief developed a general theory of pro

duction bared on the concept of economic interdependence and 

published the first model of the United States Econoty in 1936.

(11, p.i)

Inrut- output analysis is concerned with the relationships be

tween industries within an economy. This information is obtained 

by breaking the economy into sectors and identifying the trans

actions between these sectors. Knowledge cf these transactions 

contributes to our understanding of an economy and provides a basis 

for econonic planning and development. For example, an input- 

output study can be used to estimate both the direct and indirect 

impact to the state of either economic events or specific types of 

industrial development.

2.1 Transactions Table

The heart of input-output analysis is the Transactions Table 

which shows sales and purchases oetween sectors of an economy.

Table 2.1 presents a Transactions Table for a hypothetical economy 

consisting of three producing sectors: Agriculture, Manufacturing,
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and Services. Sy reading across any row of Table 2.1, it is pos

sible to see how the output of each sector is distributed. For 

example, the firsc row tells us the Agriculture sector sold $80 of 

its output to icseif. $160 to Manufacturers, and none of its out

put to Services. The remainder of its gross output or $160 was 

sold directly to consumers as Final Demand. The Final Demand column 

indicates the final use or consumption of the product as opposed to 

intermediate use as illustrated by sales from Agriculture to itself. 

Manufacturers, and Services. Reading down a column tells the inputs

Table 2.1 Hypothetical Transactions Table 

Output to
Input
From Final Gross

Agriculture Manufacturers Services Demand Output

Agriculture SG 160 0 160 400

Manufacturers 40 40 20 300 400

Services 0 40 10 50 100

Labor 60 100 80 10 250
_ - - -

a sector used to produce its gross output. For example, the second 

column tells us that Manufacturers used $160 of Agricultural output, 

$40 of output from itself. $4C from Services, and $100 of Labor to 

produce the gross output of $400.
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An Input-Output Table has two types of sectors, the process

ing or endogenous sectors and the non-processing or exogenous 

sectors. In the example presented in Table 2.1, the Agriculture, 

Manufacturers, and Services sectors are the endogenous sectors: the 

Final Demand and Labor sectors are the exogenous sectors The en

dogenous sectors are intermediate production sectors responding tc 

the demands of the Final Demand sector. Their production levels 

change only in response to changes in Final Demand. The exogenous 

sectors have two parts; the column, labeled Final Demand in Table 

2,1, and the row labeled Labor. The Final Demand column shows how 

much output is purchased as a final demand item from each of the 

producing sectors. Typically, the Final Demand sector includes 

Household or Consumer Demand, Government Demand, and Exports. In a 

regional or state input-output analysis, the final demand sector is 

often referred to as the export sector. The Labor row shows the 

distribution of the primary input, labor. Exogenous rows usually 

include sectors such as Government, Imports, Labor, Property Income, 

and Proprietor Income. A sector may be placed in either the. endo

genous or exogenous portion of the table depending on the researchers 

objectives. (6 , p. 16)

2.2 Technical Coefficients

Recall that each column of the Transaction Table shows the in
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puts reuuiiei to produce the output of a sector. By dividing each 

input by tne gross output, we could obtain inputs required from each 

sector to produce one unit of output. If this is done for the pro

cessing sectors of Table 2.1, we obtain Table 2.2. The values in 

the tabJe are called technical coefficients and they show the inputs 

required per unit jf output.

Table 2.2 Technical Coefficients

Cuv.put to 
Inpuc^- 
From

"X- Agricullure Manufacturers Services

Agriculture CMnOO<r
OOO

160/400 = .4 °/100 = 0

Menufarturers 40/400 - .1 40/400 = .1 "0ZlOO = .2

Services °/400 - 0 100MOO = .25 10Zioo = .1

2.3 Direct and Indirect Output Requirements Per Unit of Final Demand 

When a column of Table 2.2 is multiplied by the corresponding 

sectors Final Demand, this determines the direct inputs required.

The Agricultural sector, for example, may have a Final Demand of 

$1,000 which would require $200 of inputs from itself, $100 from 

Manufacturing and $0 from the Service Industry, which is calculated

as fellows: .2 [200'
$1,000 x .1

0
= |100 

L Oj
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Thio represents the direct requirements to produce $1,000 of Final 

Demand for the Agricultural sector. The Agricultural sector had a 

Final Demand of $1,000, but its output was $1,200 since it was 

required to supply $200 in inputs. To supply this additional $200 

input it required

$40 from itself and $20 

al $40 it requires

$200 x .1
Ioj

from Manufacturing. To obtain the addition-

r.i] "8XO<■</> .i 4
0 0

etc. The manufacturing sector experiences the same cycle of demands. 

The direct requirements of $1,000 Final Demand of Agricultural out

put were

200
100
0

however additional indirect requirements are generated in the pro

duction of these direct requirements. The sum of these direct and 

indirect requirements are termed the total requirements. These 

values can be obtained through an iterative procedure end are pre

sented in Table 2.3.

The three tables developed up to this point form the basis of 

an input-output model. From these tables it is possible to develop
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Table 2.3 Direct and Indirect Reauirements Per Unit of Output

Agriculture Manufacturers Services

Agriculture 1.328 .629 .140

Manuf acturers .157 1.259 .280

Services .044 .350 1.189

all relationships used in an input-output analysis. Since such 

great importance is given to this basic framework, it is essential 

to state these, relationships in ? more precise notation.
i

2.4 Mathematical Notation

Consider the following notation:

is the gross output of sector i 

X 4 . is the sales of sector i to j 

D^ is the final demand of sector i 

Using this notation, the basic row relationship in Transaction 

Table 2.1 is given by:

" xil 12 13 i
gross output intermediate output of sector i final demand
of sector i of sector i

The three processing sectors of our hypothetical economy can then

be stated by:
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xJl + X12 + xI 3 "D1 "Xl_

X21 + X22 + X23 + D2 = X2

X31 + X32 + Cu D3 X3

The technical coefficients can similarly be expressed in this 

notation. A technical coefficient, denoted by a.., is equal to the 

input requirement, , per unit of output X^. So

ij Iii
x j

•ij aU sJ

Matrix notation can now he introduced where

X D

D

D

D

1

2 

3

aIl a12 a13

A " a21 a22 a23

a31 a32 a33

Tne processing rows of the Transaction Table can now be given in 

matrix notation as:

V aIl a12 a13 X1

X2 = a21 a22 a23 X2 + D2

X3 a31 a32 a33 X3
-

_D3

X = AX + D
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or

D = X - AX 

D = (I - A)X

This HorrTi shows that a level of sector outputs, X, can be found for 
any specified final demand, D , when a matrix of technical coeffi

cients is given. The matrix form, X = AX + D, can also be expanded 

to show

X = AX + D 

X - AX = D 

(I - A)X = D

(I - A)"1 (I - A)X = (I - A)"D 

X = (I - A)_1D

This allows us to determine the gross output requirements from each 

sector for a projected level of final demand. (42, ?. 34)

Final demand projections constitute one of the principle appli

cations of an input-output study. However, it is an application 

that can easily be misused. This type of input-output projection 

is not intended to be used as a precise projection tool because of 

the broad definition of the sectors. It is capable of broad over

all projections, and it should be used with this in mind.



CHAPTER III— UPDATING AN INPUT-OUTPUT STUDY

3.1 Methods of Updating an Input-Output Study

During the last decade we have seen a proliferation of regional 

input-output studies for base years in the early 601s or late 50*s. 

(2, p. 9-2x) As these regional tables age, their predictive values 

decrease. Therefore, one of the serious problems of a regional 

input-output study is concerned with efficient methods for testing 

and updating the existing tables. Unfortunately, commonly used 

methods contain few provisions for using the information contained 

in ihe already existing input-output table for either testing oi 
updating and this forces each researcher to essentially start from 

scratch when he attempts to update an input-output study.

Updating efforts in the past ha'Te usually been bss^d on an 

examination or the control Cctsds and not the technical coefficients. 

(4, p. 164) The control totals do present an informative overview 

of the. economy, and they are important for Chat reason alone. But 

the technical coefficients form the basis for both projection 

analysis and the various multipliers to be developed. For projec

tion work, it could be said that the technical coefficients represent 

the heart of the input-output model. Any attempt to update an input- 

output model which does not examine these coefficients is of limited 

value. If an input-output study is to be us ad for prediction, up
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dating eiforts shculd be primarily concerned with updating the 

technical coefficientr.

There are two general methods of updating technical coefficients 

for a regional input-output table. The first method is Lc essential

ly ignore tne information in the existing table, or to use it in a 

nonsystematic way. This ic done when the existing tables are used in 

a nonsystematic wry to check the reasonableness of new coefficients 

or to provide values for coefficients where new estimates are not 

made. A new table is constructed using I) primary data, 2) secondary 

data, or 3) one of severaJ methods of adapting national coefficients 

to a regional study. Alt three techniques have several major disad

vantages. When primary dr La is used, the costs of constreeving an 

input-output table arc extremely high. Secondary data is not usually 

available in a directly uscable form fur all sectors with the same 

time basis. Adjusted national coefficients have not proved an ade

quate means of estimating technical coefficients in many cases. The 

basic method of this study was to use secondary data and the existing 

input-output table for Montana in a nonsystematic way. It was while 

this work was being done that some of the difficulties of this method 

became apparent. It was this realization thnt prompted the work that 

is reported in this third chapter. It is hoped that future updating 

work can benefit from the material presented in this chapter.

The second method of updating technical coefficients, although
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rarely done, would be to use the Information contained in the exist

ing table in a systematic way to obtain a new table. The availabil

ity of an existing coefficient estimated at one point in time permits 

an opportunity to test whether that same coefficient at some later 

point, in time has undergone any statistically significant change.

If no significant change is found, the "old" technical coefficient 

can be used in the new table. if the technical coefficient has 

changed significantly, the "old" technical coefficient is used as a 

basis for starting the estimation of a new technical coefficient.

In order to use this approach, it is necessary to overcome some of 

the barriers presented by data requirements.

Yan's Introduction to Input-Outpuc Economics, published in 1969, 

examines the problem of data collection and comments:

...Census of all kinds requires tne collection of all data 
involved. It is expensive and hence difficult to conduct 
frequently. However, instead of collecting all data, if 
we can estimate them by collecting only part of them, a 
great saving of time and effort will result. This method 
is called "sampling" which is a basic subject matter of 
statistics. Instead of gathering data from all establish
ments in an industry, if only data, on some of the estab
lishments are collected and the industry input-output 
coefficients can be estimated accurately from the sample 
data, it will greatly reduce the cost of data collection 
and make it possible to construct input-output tables more 
frequently. The sampling method indeed is a promising way 
of improving input-output projections. However, before 
applying it, efforts are required to develop the particu
lar sampling techniques required for the construction of 
input-output tables and appropriate lists must be derived 
to evaluate the reliability of the estimate. (&2, p. 129)
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As Yan suggests, if we plan to update the technical coefficients by 

using primary data, it seems logical to consider various sampling 

techniques.

The value of the information contained in existing tables for 

purposes of constructing r. new table will depend on both the temp

oral stability of the technical coefficients and the impact of a 

particular coefficient on the level of confidence placed on projec

tions. Thesa subjects will be discussed in the next two sections.

In section 3.4 and 3.5, the potential use of sequential sampling will 

be investigated.

3.2 Stability of Technical Coefficients

In order to develop updating procedures, it is necessary to un

derstand the characteristics of the technical coefficients. They 

represent the weighted average of input requirements per unit of 

output for an industry. These production ratios or technical coef

ficients form, the basis of input-output projections. If the basic 

assumptions are realistic for the case at hand, an acceptable level 

of confidence can be placed on the predictions based on the model, as 

long as the technical coefficients remain accurate.

Technical coefficients will be affected by several types of 

changes over time. Relative price changes will affect technical 

coefficients directly due to inclusion of two price variables in a
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technical coefficient. Relative price changes may also cause sub

stitution between production inputs. Changes in the structure of an 

industry may also change the technical coefficients. This could 

occur through changes in the size of a typical firm in an industry. 

When the production process changes, new technical coefficients are 

needed to express this change. (11, p. 38-41) It Is essential to

keep our matrix of technical coefficients updated if we hope to have 

confidence ii. our projections. We do not knew hew long technical 

coefficients remain adequate for our projection purposes.

The importance of such information became apparent during the 

early 1940’s and sparked empirical explorations. A typical approach 

to the problem was to examine technical coefficients at several noints 

in time. I his tjpa of studv .as undertaken for Japan, Australia, and 

several other countries. Although not conclusive, the information 

obtained was certainly valuable.

Comparison of rhe 19II and 1954 input-output Laoles for Japan 

showed that the thirty-six sector economy was relatively stable over 

the three year period. More than three-fourths of the technical 

coefficients varied by less than 20 percent. (4, p. 160) This 

cannot be taken as proof of the stability of technical coefficients 

since the time involved was too short to allow major changes in pro

duction techniques. However, the study does lend support to the 

hypothesis of temporal constancy of technical coefficients when



23

relatively few sectors are involved. Work by Klien has suggested 

that technical coefficients will be more stable when sectors are 

broadly defined. He reasons that a broadly defined sector remits 

small changes within a sector to offset one another. Wliereas, narrow

ly specified sectors do not permit this interaction. (10)

Additional support to the assumption of temporal constancy of 

input coefficients can be obtained from a study of the Australian 

economy by Cameron. His work involved inputs and outputs of 52 

industries over five to ten year intervals. Price influences were 

removed by examining coefficients in physical units. Cameron found 

that the average deviation from the mean of major material coeffi

cients was less than 12 percent in all cases. This lead to the 

conclusion that "his results on the whole support the Leontief hypo

thesis of input proportionality in the short run for major material 

inputs in the sample of industries studied." (4, p. 164)

3.3 Identifying Important Coefficients

In 1953, E. 3. Berman published a study which dealt with the 

sensitivity of input-output projections to changes in technical 

coefficients. (4, p. 161) Berman made projections based on a 

matrix of technical coefficients; he then changed one technical co

efficient and made another projection. Since nothing else was 

changed, he labeled any differences in sector outputs between the
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tvo projections as "projection error' attributable, to change in the 

technical coefficient. This was done for every coefficient in the 

matrix. He was then able to describe the effect of an error in any 

single given technical coefficient.

Tlie conclusions of this study were very impressive. Very few 

coefficients, when doubled, were capable of producing projection 

errors of the magnitude deemed unacceptable. An unacceptable error 

was based on the magnitude of projection error Berman was not willing 

to accept. The Berman study uncovered only 320 "important" coeffi

cients out of the more than 10,000 non-zero coefficients under 

consideration. The direct implications of such results are clear; 

the unwieldy cask of updating all coefficients is not necessary. 

Input-output projections are sensitive to changes in only a few co

efficients and the task of examining these important coefficients is 

a reasonable one. The task of identifying them however, requires 

considerable effort.

A modification of the above technique was applied to the 1963 

Montana Input-Output Table. Input-output projections take the form:

X = (I - A)_1D

The level of final demand for each sector is specified in the sector 

D. The matrix (7 - A)-1 allows us to determine the projected vector 

of gross output X. The crucial factors are the elements in the 

(I - A)-1 matrix. It determines the accuracy of any projection, X,
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based on a final demand vector D. Since the projection depends on
-ithe (I - A) " matrix, we would like to know how sensitive the projec

tions are to changes in the A, matrix of technical coefficients.

Following the procedure outlined by Berman in his 1933 study, 

one at a time, each of the â _. 1 s in the Montana input-output table 

for 1563 was doubled in value and the resulting vector of sector 

outputs calculated and summed. The impact on total output was then 

recorded in percentage terms. The difference between the projected 

output using and 2a _ wixl be referred to at "projection error" 

caused by that technical coefficient. It is possible, from this 

analysis, to determine which coefficients can produce the greatest 

value cf the projection error. The results shew that of the 144 

coefficients, only four coefficients could cause a total projection 

error of more than 30 percent. Three coefficients had the potential 

of causing an error in the 20 - 30 percent range. The number of co

efficients per category increased as the magnitude of projection 

error decreased. The 10 - 20 percent error category contained twelve 

coefficients while the 5 - 1 0  percent category ha I twenty-four 

coefficients. Most of the coefficients, 101, were not capable of 

causing an overall projection error of five percent.

Projection Error Number of Coefficients

30% 4
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20-30% 3

10-20% 12

5-10% 34

0-5% .101

Each technical coefficient has a value associated with it, in 

percentage terms, referred to as it's projection error. This value 

can be used to rank the coefficients on importance for projection 

purposes. This projection error is developed by assuming that only 

one coefficient changes at a time. This may present a problem with 

our error projection. For example, we know the projection error 

caused by replacing an a_ with 2ai_. while holding all other a „  's 

constant, but what about the error associated witn replacing a„ and 

ai(j + I) by 2a„ and 2ai(j r I)? Is it the summation of the indi

vidual errors or would an interaction error be expected? Preliminary 

tests indicate that the projection error associated with combinations 

of a.j's taken independently is less than the projection error of the 

same combination of a _ 's taken simultaneously. For example, the 

summation of the projection error caused by doubling each coefficient 

in the third column, one at a time, is 65.8 percent. The projection 

error caused by simultaneously doubling all third column coefficients 

is 71.8 percent. This indicates that the method used to estimate the 

projection error for a technical coefficient shows a downward bias if 

groups of technical coefficients increase simultaneously. However,
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there is no indication, that the. ranking of the technical coeffi

cients are charged when technical coefficients are simultaneously 

changed.

This knowledge of a technical coefficient's relative importance 

can be used in obtaining statistically reliable tables. If one tech

nical coefficient, say a ^ , has a projection error that i° fi^e times 

as large as another, say , the same percentage error Jn the value

of the coefficient used in the table will cause five times as great a 

projection error in the more important coefficient a , T h i s  implies 

that the nrccision used to estimate the value of a technical coeffi

cient should be directly related to the value of the technical 

coefficient's projection error. Precision, in this case, is defined 

as the width cf the confidence interval about the mean of the techni

cal coefficient. Every coefficient would assume the same level of 

importance for projection purposes. If sampling were used to examine 

and update the technical coefficients, the method used should be 

capable of insuring a level of precision with the lowest expenditure 

of resources.

3.4 Sequential Sampling

The basic principle of sequential sampling is that the size of 

the sample will depend upon the results of the sample itself. The 

sample size required to test a hypothesis using sequential sampling
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till be approximately half as large as the size required to test the 

same hypothesis ising a fixed sample size approach, (17, p. 384)

The distribution of the population being sampled will affect the 

sample size required to test a hypothesis. If the population being 

sampled shows a bell-shaped frequency distribution, such as Figure 

3 .1, the number of observations 'required to obtain a given level of 

reliability may be quite small. The population represented by the 

frequency distribution in Figure 3.2 may require a much larger sample 

to obtain the same level of reliability. A third situation as shown 

by Figure 3.3 seems possible in some sectors such as Agriculture.

This situation could be interpreted as representing the uses of a 

resource by different scales cf firms. The same level of reliabilx'rv 

found for the a.. in Figures 3.1 anu 3.2 would prooably require a 

considerably larger sample for the a „  in Figure 3.3. Without the 

help of the. sequential sampling technique, it is possible to over

sample in a case such as Figure 3.1 and undersample in a case such as 

Figure 3.3 Both errors are costly in terms of wasted resources.

Since the sample size depends on the results obtained when using 

sequential samnling, the chances of Ovavsampling or undersampling 

should oe reduced. Two variations of sequential sampling cun be 

used to implemcnc the updating of a technical coefficient. First, 

sequential sampling can be used tc test the. null hypothesis, that a 

particular technical coefficient from the existing table has not
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Figure 3. I Normally Distribuccd Frequency 
Distribution for a..

Frequency

Figure 3.2 Wide Variation Frequency 
Distribution for s .n

Figure 3.3 Bi-Modcl 
Distribution for a

F re _|ucncy

ij
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changed. The alternate hypothesis would be that the technical co

efficient has changed. Secondly, sequential sampling can be used to 

estimate a new value of a technics] coefficient. In both applica

tions, the projection error of the technical coefficient is used tc 

determine a confidence interval for that technical coefficient. When 

the projection error of a technical coefficient is low, a large con

fidence interval should be chosen, and when the projection error is 

high, a small confidence interval should be chosen.

For the first application of sequential sampling. Mood and Gray-

bill present a technique that can be adapted to testing the null

hypothesis that the value of the existing a _  has not changed against

the alternate hypothesis that it has changed. (17, p. 399) This

test can be applied since it only requires the assumption of a nom-

ailv distributed population. Denote the population mean of the

coefficient a.. by a.. and the value of the technical coefficient 
ij ij

from the existing table by a _. The test of hypothesis will then 

determine whether the existing value a „  can be used as an estimate 

of the population mean â .. In order to test this hypothesis, it is 

necessary to denote the probability density function for t with 

sample size n and population mean a,  ̂by g^ (t;a„). This allows us

iV t ^ i i  + h i  + V t i a I i  -  h i )

gn(t;iy)

tc define
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where a., is tne sample mean of n observations and 6,. defines an in- ij ij
terval about the sample mean a^j• After assigning values to a and 3, 

the probability of a Type I and Type il error respectively, it is 

possible to compute upper and lower rejection regions by the 

formulas:

A = (I - 3)/a

B = 3/(1 - a)

The test can be made very sensitive by choosing 6 „,u, and S to be 

small. Or, by assigning constant values to a and B, the value chosen 

for £ _  will control the confidence interval on a.  ̂ and consequently 

the number of observations required to reach a conclusion. Since seme 

technical coefficients have a greater projection error than others, 

the value of should depend on a previously established level of 

acceptable precision defined in terms of percentages. For example, 

the acceptable level of precision could be defined .as 10 percent.

This means that the difference between the projected value of total 

output using the existing value of and the estimated value a„ 

must be less than or equal to 10 percent at a specified confidence 

level, a. If this condition cannot be met, it is not justified to 

use a _  in the updated table and a new value for that a „  must be 

estimated. k_. is defined as the acceptable level of precision 

divided by the projection error for the coefficient /1̂ .. Therefore.
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6 . . is defined as k ..a... Then 5,. becomes the magnitude of the in- 
i j  i j  1J

terval allowed on each side of a... For example, with an acceptable1J
level of precision set at 10 percent and the projection error of the

coefficient is .5 the value of k „  will be .2. This defines

6 .. = .2a.. and the confidence interval on a., is 
I j  i j  1J

(aij " ‘2aij - aIj - aIj + "Za±j)
The statistical rest car. then be stated as:

V  h j  " aIj 

Hi  aU  * aIj
and rested by the criterion

If X < B, accept Hq .

Tf X > A, reject H .

If B < X < A

then take another observation at random and repeat the test. If a 

conclusion is reached to accept Hq1 that the technical coefficient 

has not changed within a confidence interval 1-a, the technical co

efficient is included in the new table and another coefficient is 

tested. If a conclusion is reached to accept the alternate hypo

thesis , that the technical coefficient has changed within a con

fidence interval 1-a, the technical coefficient must be updated.

Any method of updating can now be used to obtain a new estimate 

of the technical coefficients. However, sequential sampling merits 

consideration in determining this new estimate.
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The second application of sequential sampling is concerned with

obtaining a new estimate of the technical coefficient. To do this

a fixed sample size confidence interval formula is modified to a

sequential sampling framework. Usual fixed sample size theory allows

us to construct a confidence interval a.. -r S t^n ^ // n _ for a .13 —  n a ij
with confidence coefficient (I - a) after any preassigned number n of

observations have been taken where a., is the mean of the n obser-ij
2 2 vations and S is the iv.uai unbiased estimate of o . This test n

requires normally distributed a „  's but does not require a knowledge 

of the variance. If this test can be modified to a sequential sampl

ing framework, the sample size n would not need to be chosen in 

advance, and a smaller average sample size would be recuired. (13, 

p. 333) Consider the following modification. Observations are taken 

one by one until first

= X n"1^   ̂ V i j
The only change between this formula and the fixed sample size

formula is the introduction of a factor V  and allowing the sample 

size to vary. A sequential sampling framework has been developed 

with the termination criterion depending on the size of k _  and the 

variability of the observations. The value of k _  will determine 

the precision or confidence interval about, the technical coefficient 

a4^. As in the first application of sequential sampling, the k _  is
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defined as the =Iccer-Cable level of precision divided by the projection

error for the coefficient a _. This insures that the precision with

which a . is estimated will correspond to the importance of a.., for

projections, shown by its value of projection error, and with the

chosen level of acce ntable precision. Recall that k a . = <5. . andij t-J iJ
rewrite the formula as:

Sr- ^ - 1V n -  s O .

The modification of the fixed sample size formula has introduced

difficulties in the unbiased estimation of means. (I, p. 97) It is

necessary to overcome this if the confidence coefficient, I - a, is

to apply. Provided 6 is chosen small, so that n is large, it can1J
be shown that the confidence interval (a^  has very nearly the

required confidence coefficient I - a. If sequential sampling rule 

is modified so that observations are taken one by one until first tne 

inequality

V s h j
is satisfied, and then one further observation is taken, the confi

dence interval has the required confidence coefficient for practical 

purposes. (I, p. 97) It is necessary, however, to keep the number 

of observations above 4 to insure the confidence interval has the 

required confidence coefficient I - a. (I, p. 97)
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3.5 Fmpirical Example

To empirically demonstrate this technique for updating technical 

coefficients, it would be desirable to examine a technical coefficient 

that has been estimated by secondary sources such as the USDA 

statistical publications. The Agricultural Finance Review published 

by the USDA Economic Research Service provides information on farm 

mortgages and finance charges.

Average Mortgage & Finance Interest
Charges: 1968 Rate Interest

($1 ,000) (Percent) ($1 ,000)

Farm Mortgage Debt 486,009 5.5 26,730

Non-Real Estate
Loans 276,091 5.5 15,185

Total 762,100 41,915

These figures do net correspond directly to a technical coefficient 

found in the 1967 input-output table, but a technical coefficient can 

be obtained by dividing by the appropriate gross output figures.

Since a distinction is not made between agricultural sectors, the 

total interest 541,915,000 is divided by the combined output of both 

agricultural sectors to obtain a technical coefficient of .06848. If 

the results of the proposed updating technique provide a technical 

coefficient similar to this value, indications would be that the 

technique merits consideration.
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The data to be used to test the updating technique was obtained 

compliments of the Economic Research Service and Dr. Walter Heid.

His work has led him to collect a very detailed and complete cost 

and returns survey of Montana grain and livestock farms for 1968.

This work is completely independent of the Agricultural Finance Re

view publication. The original questionnaires will be randomly 

selected as though they were being collected for the first time.

Among the information to be obtained, will be the number of obser

vations required to terminate the sequential sampling under various 

assumptions on 6 „  and a and the actual value obtained for the 

technical coefficient.

The results are shown in Table 3.x. With a confidence interval 

of width . 7aUj, the criterion to stop sampling S^t^ //n~ < .35a^

was met with n = 14 and n = 10 when a = .05 and .10 respectively.

The sequential sampling criterion requires one additional observation 

be taken to insure the confidence coefficient I-a applies and this 

provided the values n = 15 and n = 11 shown in the table. It is not 

possible to infer from these results that sequential sampling can 

provide quick and easy results, however, this preliminary test is 

encouraging.
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Table 3.1 Results of Sequential Sampling on One 
Technical Coefficient

Sampling Criterion:

Sample until S t^n ^/ZrT < 6 . .n a ij
where 6.. = k ..a..

ij iJ iJ

Value of
No. Observations to 
Satisfy Sampling Value of

Criteiion
.5

1.0 10 .05588

.7 15 .04887

.5 >51

.10

1.0 7 .05357

.7 11 .0508

.5 16 .0652



CHAPTER IV— EMPIRICAL UPDATE OF THE I/O MATRIX

The initial task of updating an input-output model involves re

placing the original estimates of gross sector output with new 

estimates. Secondary data is the major source of these figures 

since it represents the most accurate information obtainable for 

most industries. In many cases different data sources provide dif

ferent values for the same industry. This forces a reconciliation 

of the data based on subjective criterion.

4.1 Livestock and Livestock Products

The value of livestock and livestock products increased by 60 

million dollars during the 1963-1967 period. This huge increase was 

largely accounted for by large increases in production of cattle and 

calves. In 1367, Montana produced 145 million pounds more mean than 

the 829 million pounds produced in 1963. This along with increases 

in calf orices of 9 percent and cattle prices of 8 percent accounts 

for the observed Increases.

Livestock: 1967 - 1963 -1
($1,000) ($1,000)

Cattle and Calves 220,399 155,926
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Dairy Products

Sheep, Lambs, and Wool

Hogs

Foulcry Products 

Other

Total

17,131 15,875

16,321 18,171

11,837 9 ,202

5,995 5,80.1

4,047 1,881

275,730 206,556

4.2 Crops

Although the 1967 value of crops produced showed little changa 

over the 1963 figures, the quantities produced showed significant 

changes. A 26 percent drop in wheat prices offset a record 119 

million bushel wheat crop compared with less then 92 million bushels 

produced in 1963. Production changes for other commodities varied 

and were often offset by an inverse change in price, thus showing 

little change in value.

Crops: 1967
($1 ,000)

1963
($1 ,000)

Wheat 154,040 168,236

Barley 31,839 32,157

Hay 86,940 66,600

Sugar Beets 14,400 15,314

- /(12, p. 11-67) 

-/(6 , p. 97)



Other Crops 14,827 25,678

Total 302,046 307,985

4.3 Food and Kdndred Products

The total value ot Food and Kindred Product shipments in 1967, 

198.4 million dollars, represents a substantial increase over the 

140.89 million dollars produced in 1963. Major increases occurred 

in meat and grain products; both industries of which showed large 

increases in physical volume.

Food and Kindred Products: 1967
($1 ,000)

1963
($1 ,000)

Meat Products 75,000 36,538

Dairy Products 33,603 28,871

Grain Mill Products 33,700 21,441

Bakery Products 10,600 11,602

Beverages 9,000 3,904

Other 36,500 38,529

Total 198,400 140,885

4.4 Lumber and Wood Products

Direct comparisons by category of producuion were difficult for
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the LuiTiuer Industry in 1963 and 1967 due to changes in reporting 

procedures, however aggregate output values were comparable. The 

1967 figure of /192,300,000 represents a substantial increase in 

the value of lumber and wood products over the 1963 total of 

$168,504,000.

Lumber and Wood Products: 1967 - 
($1,000)

1963 -/ 
($1,000)

Logs and Bolts 19,100 20,741

Contract Logging 12,200 16,318

Rough Lumber 12,700 14,790

Dressed Lumber 84,500 62,975

Softwood Cut Stock na* * 3,710

Custom Sawing 1,400 1,993

Plywood na 14,251

Laminates na 1.553

Miscellaneous Products na 32,173

Total 192,300 168,504

-/(31, p. 16-19)

-/(6, p. 106)

* not available



Montana manufacturing owes much of its importance to the pro

cessing of Montana's mineral output. The copper strike which began 

on July 15, 1967, caused considerable loss of income to this in

dustry as well as to the displaced laborers of the mineral industrj. 

Manufacturing output derived from processing primary metals was not 

released for 1967 because of disclosure regulations. However, an 

estimate of this output can be obtained from the 1963 figures. The 

1963 ratio of primary metals manufacturing output/primary metal 

production can be applied to the 1967 primary metal production to 

yield manufacturing output derived from processing primary metals 

in 1967 of $126,137,000. Compared with the 1963 figure of 

$205,000,000, the impact of the copper strike become apparent.

4.5 Manufacturing

Manufacturing Output: 1967 - 
($1 ,000)

1963
($1 ,000)

Primary Metals 126,137 205,000

Fabricated Metal Products 9,600 7,618

Machinery 4,300 1,947

Stone, Clay, and Glass 
Products 24,500 13,763
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Chemical and Allied
Products 16,OOC 5,231

Petroleum Products 169,400 103:094

Printing and Publishing 20,900 13,478

Commercial Printing 3,700 3,316

Miscellaneous Manufactur
ing 2,500 7,086

Total 377,037 365,533

4.6 Transportation and Public Warehousing

Data for this sector was extremely scarce. Gross output fig

ures were a/:1 liable for rail transportation but not for truck 

transportation. Figures for- storage and warehouse charges, when 

available, were included as reveiue to the railroad or trucking 

company and could not be accurately separated.

It was necessary to estimate revenue of the trucking industry 

based, on employment figures. This was done through the use of an 

a/erage valu ̂ of gross receipts to the transportation industry per 

employee. According to R. D . Peterson, the relationship of gross 

receipts to employees is relatively stable in the Transportation 

Industry. (19, p. 3b) Since figures are available on the total 

employees engaged in transportation, this criterion was used for 

estimating all non-railroad transportation output for the state. 

However, since the self-employed person is excluded from my employ
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ment figures, this would cause a downward bias in the trucking 

revenue because self-employed truckers are excluded.

Employees by Transportation 
Mode: 1967 - 1963 -/

Railroad 7,200 3,250

Motor Passenger 800 780

Motor Freight 2,930 2,590

Air 390 340

Pipeline 140 140

Transportation Services 9° 90

Other 50 60

Total 11,600 12,250

Based on the total receipts and employees of railroads, the expected 

total receipts per employee can be obtained and used to estimate the 

total receipts of all non-railroad transportation. When this is 

done, we obtain a value of $112,442,000 for total output for non- 

railroad transportation. The 1963 employment figures are estimated 

and may not be as accurate as the 1967 figures.

-/(13, p. 14.4)
- 1Estimated from (13, p. 14.4)
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The. Board of Railroad Commissioners, located in Helena, 

receives annual reports from all regulated industries such as rail-

roads and public utilities. Their 

railroads within the state as:

figures show gross receipts

Railroad Transportaricn: 1967 -/ 
($1 ,000)

1963 -/ 
($1 ,000)

Great Northern 77,475 58,568

Northern Pacific 63,400 52,872

Burling ton 4,504 3,460

Soo Line 2: 34

Lnion Pacific 3,179 2,078

Milwaukee. 34,292 24,499

B A and P 1,799 na

Total 184,674 147,511

To :el output of the transportation and public warehousing sec

tor is given as:

Transportation and Public .
Warehousing Output: 1967 1963 —

($1,000) ($1,000)

-/(15)
b/

c/
(6 , ?. 117)

These figures do not coincide with those developed by Hoff, 
due to a difference in methodology.
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Railroad Transportation 184,674 147,511

Non-Railroad Transporta
tion 112,442 71,520

Total 297,116 219,031

4,7 Communications and Public Utilities

Public utilities operating in Montana are require! to report 

their gross revenue and other figures to the Board of Railroad 

Commissioners. Gross output figures were obtained from these re-

ports. Tlie data is believed to be accurate. However, the problem

of differentiatii g Montana revenue from other revenue of muiv.istate

figures may cause some errors.

Communications and Public
2967 - 1963Utilities Output:

($1 ,000) ($1 000)

Electrical Utilities 52,281 01,821

Natural Gas Utilities 35,040 26,975

Communications 48,306 38,144

Private Water Utilities 2,171
5,900

Public Water Utilities 8.130

Total 143,928 132,940

-'(15)

-/(6 , p. 137)
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4.8 Real Estate, Finance, and Insurance

Internal Revenue Service records list the business receipts of 

the real estate, finance, and insurance sector by category accord

ing to ownership of the business. This source provides the follow

ing information. Figures for 1963 were not available for 

corporations or proprietorships.

Real Estate, Finance, and
Insurance Output: 1967

($1 ,000)
1963 

($1 ,000)

All Corporations 112,012 -/ na

Partnerships 18,319 -/ 9,785 -/

Proprietorship C /43,1.19 - na

Total 173,450 143,398 -

4.9 Mining

Montana's mineral production suffered a severe blow during the 

1967 copper strike. Even though copper production in 1967 was 42

-/(41, table 5.7)

— /(41, table 3.6)

-/(41, p. 97)

-/(40, p. 118)

-/(6 , p. 121)



percent below the previous year, the mineral industry showed an in

crease in the value of production. Oil and gas production increased 

enough to partially offset the copper strike.

Mining Outputs:

Oil and Gas Extraction 

Primary Metals 

Other Minerals 

Total

1967 - Z 1963 - Z
($1 ,000) ($1 ,000)

87,543 73,930

54,785 82,172

44,196 17,019

186,524 173,121

The ramifications of the 1967 copper strike are difficult to 

evaluate, but the reduction in output can be easily approximated by 

using a linear projection based on 1965 and 1966. Using this pro

cedure, we obtain an estimated copper output of $104,957,207 for 

1967. Combining this figure with the output of primary metals and 

other minerals, we obtain an estimated output of $236,696,207. This 

figure will later be used to show the impact of the 1967 copper 

strike as told b/ the Input-output model.

4.10 Services

The value of services provided showed some increase in all but

-/(37, cable I)
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two selected areas. The Census of Business provided most of the 

data on the services sector. An exception was in the medical serv

ices category. Medical services output was adjusted based on a

consumer price index of medical services. (33, p. 345)

Services Output: 1967 -/ 1963 -/
($1 ,000) ($1 ,000)

Public Lodging 32,370 28,267

Personal Services 25,831 23,958

Business Services 16,371 11,766

Auto Repair Services 16.20° 16,730

Other Repair Services 8,174 9,826

Amusement Services 12,365 12,120

Mining Services 25,800 - 14,595

Medical Services 94,388 - 77,987

Legal Services 16,606 - 11,532

Total 248,1:4 206,777

-  (28, p. 4-5) 

- Z(6 , p. 125) 

- 0 2 ,  P- 3) 

- Z(33, p. 345) 

-/(27, p. 3)
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4.11 Trade, Wholesale and Retail

According to the Office of Business Economics, the output of 

trade sectors is measured in terms of margins. A margin is equal to 

operating expenses plus profit or total receipts minus cost of goods 

sold. Total receipts for retail trade are $1,136,643,000 in 1967 

and $565,734,000 in 1963 according to the 1967 Census of Business 

publication Retail Trade, Montana. (25, p. 4-5) The 1967 Census of 

Business also published total receipts for wholesale trade in Whole

sale Trade, Montana. They arrive at a figure of $1,081,494,000 in 

1967 and $844,249,000 in 1963. (26, p. 5)‘

In the earlier input-output study completed by Ted Hoff, he as

sumed that the ratio of cost of goods sold to total receipts was 

similar to the national ratios. From this he determined the output 

of the trade sector. By using this analysis, the total output of 

the trade sector was $454,356,000 in 1967 and $374,734,000 in 1963. 

(6 , p. 127)

4.12 Construction

Montana's construction industry has grown in a rapid but irregu

lar fashion. The value of new construction in 1963 was 20 percent 

lower than the previous year and the 1967 value was 75 percent higher 

than the 1963 figure. (14, p. 13) Three categories of construction 

were included in the sector construction. These three categories
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and their values are:

Construction Output: 1967 -/ 
($1 ,000)

1963 - 
($1 ,000)

"on-Residential Building 52,202 33,211

Residential Building 46,593 54,02.6

Total Non-Building 170,149 87,237

Total New Construc
tion 268,944 153,962

4.13 Imports, Exports

This category represents a unioue situation. Since imports and 

exports are independent, efforts to obtain a value of gross output 

seem wasted and would also be quite difficult since no control totals 

are available. Therefore, no gross output figures will be attempted.

4.14 State and Local Government

Revenue of state and local government are published by the 

Bureau of the Census in three publications entitled Census cf Govern

ments , Compendium of Government Finances, and Governmental Finances. 

(13, p. 3.15) According to these figures, revenue has increased at 

a steady pace for most years. In 1967 it reached an estimated 

$432,312,000 for the calendar year compared to $332,295 ,COO for 1963.

-/(14, p. 13)
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4.15 Federal Government

Federal Internal Revenue collections consist of individual in

come and employment taxes, corporation income taxes, excise taxes, 

estate taxes, and gift taxes. The 1967 calendar year revenue can he 

estimated as the average revenue collected in the 1967 and 1968 fis

cal years. This figure is $227,285,000, (13, p. 3.10% For 1963,

the figure was $189,589,000.

4.16 Households

Total output of the'household sector is assumed to equal the 

total personal income received in wages and salaries, proprietor 

income, and property income. This figure was $1,915,000,000 in 196"!’ 

(13, p. 2.6) and $1,516,170,000 in 1963. (6 , p. 141)

Having completed the initlax task, we proceed to updating the 

technical coefficients. Since the accuracy of some coeffxcients is 

mere important than others, the more important coefficients will be

examined first. Listed below are the coefficients capable of cans-

ing greater than ±0 percent projection error in the order of their

importance.
Purchased Purchased Proj ection

Coefficient by from Error

8(9,5) Manufacturing Mining 1.20

a(4,4) Lumber Lumber .50

8 (2 ,1) Livestock Crops .34
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a(l,3) Food & Kindred

a(6 ,ll) Trade

a(7,11) Trade

a(6,4) Lumber

*(3,3) Food & Kindred

a(5,2) Crops

a(3,2) Crops

a(2,3) Food & Kindred

a(7,5) Manufacturing

These coefficients will be examined 

secondary sources.

4.17 &(9,5)

Livestock .28

Transportation . 20

Communications .20

Transportation .18

Food & Kindred .17

Manufacturing .16

Real Estate .15

Crops • 14

Communications . 13

and updated, where possible, from

sector from the mining sector 

the mineral sectors output.

Purchases of the manufacturing 

represent the major distribution of

This seems reasonable when you consider the expense of shipping raw 

ore compared to processed metal. Mineral production decreased 

primarily due to a 24 million dollar reduction in copper production 

and an 8 million dollar reduction in the production of lead and

zinc.
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Table 4.1 Total Output Per Sector

Sector 1967
($1 ,000)

1963
($1 ,000)

I. Livestock and Livestock 
Products 275,730 206,865

2 . Crops 302,046 307,985

3. Food and Kindred Products 198,400 140,885

4. Lumber and Wood Products 192,300 168,504

5. Manufacturing 377,037 365,533

6 . Transportation and Public 
Warehousing 297,116 219,031

7. Communications and Public 
Utilities 143,926 132,840

8 . Real Estate, Finance, and 
Insurant a 173,450 143,398

9. Mining 186,524 173,121

1 0. Services 243,040 206,777

1 1. Trade, Wholesale and Retail 454,356 374,734

1 2. Construction 268,944 153,962

13. Import, Exports

14. State and Local Government 432,312 329,640

15. Federal Government 227,285 169,589

16. Households 1,915,000 1,516,170



Purchases by Manufacturiag:

Crude Petroleum 

Crude Mineral Ore 

Other Mineral 

Total

1967 - 1963
($1 ,000) ($1,060)

87,543 72,752

54,865 82,172

2,827 4,493

145,236 159,417

4.15 a(4,4)

Sales of the lumber and vooc' products industry to itself would 

be the value of contract logging and the output from logging camps.

The 1967 Census of Manufacturers lists a figure of 32.8 million dol

lars fcr the 'ral.ue or output from loggirg camps and logging contrac

tors. Tbis figure is below the 1963 figure from the same source of 

35.2 million dollars. (30, p. 5)

4.19 a(2,1)

The purchases of the livestock and livestock products sector 

from the crop sector would be primarily feed for livestock. Not all 

production of the crops sector is sold; much of the production is 

used on the same farm that produced it. The possible uses of most 

crops are limited to sale, storage, planting, or feeding to livestock.

-(37, table I)
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The Montana Agricultural Statistics reports two figures on crop 

production relevant to this analysis. They report (I) gross receipts 

from sales and (2) total value of production. The latter figure in

cludes the value of production used by the producing farm.

The value of the 1967 hay crop was $80,662,000. (12, p. 24)

Only $9,035,000 was sold, the remainder was retained by the producing 

farm and is assumed to have been used for livestock feed. Since no 

figures are. available on volume or value of hay exported from the 

state, it is assumed that all hay produced in the state was used for 

livestock feed in the state.

Barley is tne primary feed grain used in livestock production. 

The value of this crop used in livestock production will be estimated 

as the value of production after adjustments for grain used for seed, 

grain exported from the state, and inventory adjustments. The value 

of barley produced in 1967 was $31,839,000 after inventory adjust

ments. (12, p . 20) Information supplied by an expert on Montana 

grain transportation, George St. George, suggests that essentially 

all grain shipped by rail leaves the state. Under this premise, 

$9,032,530 of barley was exported by this route. The same source 

indicates that barley valued at $2,755,268 was exported from local 

elevators by truck transportation and $1,776,616 was shipped directly 

from farms by truck transportation. An additional $1,032,000 worth 

of barley was used to have been used as livestock feed in Montana.
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The value of oat production was $3,315,000 (12, p. 20)

If an adjustment us made for changes in inventory and oats used as 

seed grain a figure of $3,106,000 is obtained. This production is 

assumed to remain in Montana and be used for livestock.

Coin constitutes the last major feed grain crop produced in 

Montana. In 1967, 69,000 acres of corn were produced for grain, 

silage, and forage. According to the Montana Agricultural Statistics, 

corn used for grain was valued at $88.40 per acre in 1567. (12, p.20)

Corn used for silage is generally valued, per ton, at one-third of an 

acre of hay, according to an Extension Economist at MSU. This indi

cated that silage was valued at $7.50 per ton times 15 tons average 

yield per acre or $112.50 per acre. If these figures are applied to 

all corn acreages we find that corn produced for seed was valued at 

$618,800 and corn used for silage and forage is valued at $6,975,000. 

The total value of Montana's corn crop was $7,593,000 of which 

$Cv975,00C was assumed to be used as livestock feed.

Wheat has been recognized as a potential feed grain. However, 

the majority of Montana wheat is not used for this purpose and data 

is not available on wheat used as feed grain. Consideration of wheat 

as a feed grain was excluded on the basis of lack of information.

The total value of purchases of the livestock sector from the

crop sector are:



Value of Crops Used for 
Livestock Production: 1967

($1,000)
1963

($1,000)

Hay 80,662 66,600

Bailey 17,242 17,397

Oats 3,306 4,366

Corn 7,594 5,185

Total 108,604 92,548

4.20 a(l,3)

Purchases of the Food and Kindred sector from the Livestock sec-

tor have changed considerably between the years 1063 and 1667. These

purchases represent sales of livestock to commercial Montana slaughter

houses.

Commercial Livestock 
Slaughter: (number cf

1967
head)

1963

Cattle 243,400 114,000

Calves 1,400 1,500

Hogs 364,000 299,500

Sheep and Lambs 5,100 7,700

Total 613,900 442,700
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1903 and 1967 comparisons are not directly comparable due to a change 

in reporting procedure. The 1907 figure includes custom slaughtering 

in plants for farmers as part of the commercial meat production esti

mates. This does not negate the large increase observed between the 

two years. For example, the number of cattle slaughtered increased 

from the 1963 value of 114,000 to 219,600 by the end of 1965 and be

fore the reporting procedure changed. The huge increase in livestock 

slaughter did occur, however the exact increase is clouded by the 

change in reporting procedure.

The value of livestock slaughtered can be estimated Ly the use

average nrice and average weight figures for 1967.

a a/Average —
Weight
(Pounds)

Average Price — 
Per 100// Live 
Weight (Dollars)

Value Per — 
Head
(Dollars)

Cattle 1,011 23.16 240.21

Calves 342 25.97 88.82

Hogs 232 19.18 44.50

Sheep and lambs 105 22.03 23.13

We can now obtain the total value of sales of the livestock sector to 

the food and kindred products sector by multiplying the number of head 

slaughtered by the average value per head.

-/(24, p. 87-90)
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Value of Livestock Slaughter ed: 1967 
($1,000)

1963
($1,000)

Cattle 58,467 24,463

Calves 124 118

Hogs 16,198 10,255

Sheep and lambs 124 140

Total 74,906 34,976

a(8,2), a(8,l)

Purchases cf agricultural sectors from Real Estate, Finance and 

Insurance sector. This figure is difficult to obtain due to the 

broad categories under consideration. The Agricultural Finance 

Review published by the USDA Economic Research Service provides in

formation on farm mortgages and finance charges. This source show=

Mortgage & Finance Charges: 1967 1963

Total Farm Mortgage 
Debt $467,244,000 - $281,259,000

Farm Mortgage Interest 5.4% 5.3% k/

Debt x Interest Rate $ 25,231,176

-  <22, p.6)

-/(22 p. 41)

-(21, p. 12)

$ 14,906,727
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that farm mortgages have increased approximately 66 percent from 

1963 to ly67. This represents only one part of the total transaction 

between agriculture and real estate, finance, and insurance sector. 

Problems are further complicated since no distinction is made between 

livestock and crop farming.

In addition to farm mortgage loans, the Agricultural finance 

Review publication also gives figures on total non-real estate loans 

to farmers Ly all operating banks for

1967 1963

Total Non-Real Estate . .
Loans $266,330,030 0112,803,000 -

Assuming same Interest
Rate 5.4% 5.3%

Debt x Interest Rate $ 14,492,952 $ 5,978,559

1963 and for all principle lending institutions in 1967.

The Chief Deputy Insurance Commissioner in Helena supplied 

figures on the Montana Hail Insurance program. In 1963 expenditures 

by farmers for hail insurance amounted to $5,356,395 while in 1967 

the figure was $4,901,579. Private companies issuing hail insurance 

are not included due to lack of data. According to the state office

- /(22, n. 25)

-/(21, p. 30)
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of the Federal Crop Insurance Corporation located in Lewistown, the 

expenditures by Montana farmers on Federal Crop Insurance were 

$1,922,806 in 1*63 and $2,293,873 in 1967.

The third category that must be considered is the expenditures 

on real estate services. This involves the selling of agricultural 

lands. According to the Agricultural Finance Review, 14.6% of all 

farms changed ownership in 1963 and 12.9% in 1967. This same source 

also lists an average value of $40 per acre for all agricultural land 

sold in Montana in 1963 and $48 in 1967. The Montana Agricultural 

Statistics provides figures of 2,264 in 1963 and 2,431 in 1967 for 

the average size farm in acres. The average number of farms is also 

given as 29,500 in 1963 and 27,600 in 1967. This yeilds a value per 

farm of $90,j6G in 1963 and 8116,688 in 1967. The fetal value of 

farms for the state is computed to be $2,671,520,000 in 1963 and 

$3,220,588,800 in 1967. The standard real estate fee for sale of 

property is 5%. If all agricultural land were sold by a real estate 

broker, the value of this service would have been $19,502,096 in 1963 

and $20,772,977 in 1967. Crop and livestock farming each earn about 

half of the receipts from agriculture and I am assuming that they 

each control about half of the resources. Not all land is sold 

through a real estate broker. Based on several educated guesses by 

real estate brokers, only 50 percent of the total agricultural land 

is sold by brokerage firms.
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Combining these figures gives an estimate of the transactions 

between the two agricultural sectors and the real estate, finance.

and insurance sector.

Livestock Sector: 1967
($1,000)

1963
($1,000)

Interest on Mortgage 
I cans 12,041 7,453

Interest on Non-Real 
Estate Loans 6,915 2,939

Real Estate Brokerage 
Charge 5,193 .4,875

Total 24,149 15,318

Crop Sector: 1967 1963

Interest on Mortgage 
Loans 13,195 7,453

Interest on Non-Real 
Estate Loans 7,575 3,999

Montana Hail Insurance 4,901 5,356

Federal Crop Insurance 2,293 1,922

Real Estate Brokerage 
Charge 5,193 4,875

Total 33,152 22,597

4.22 Conclusion

Difficulties were encountered with the remainder of the "import

ant" coefficients. Secondary sources were not of a directly usable



form. Considerable difficulty was encountered with the public 

utilities. Since these industries are government regulated, this 

was surprising. Privately owned industries such as wholesale and 

retail trade also showed a major deficiency of data. The results 

of this chanter are presented in the form of the three basic tables 

of an input-output model. Table 4.2 shews the Transactions Table, 

Table 4.3 shows the Table of Technical Coefficients ard Table 4.4 

shows the Table oc Direct and Indirect Output Requirements Per In:t

64

of Final Demand.



Table 4.2 1967 Transactions Table of the Montana Economy, In Thousands of Dollars

EectO' I 2 3 4 5 6 7 8 9 19 11 1$ 13 14 15 J 6

I. Livestock 4 Livestock Products 10,508 0 74,90b 0 0 0 0 0 0 0 0 0 207,579 0 1,919 8.317

2. Crops 309,299 9,203 32,696 2,040 0 0 0 0 0 0 0 0 182.695 0 14,C«6 4,182

3. Food 4 Kindred Products 4.119 0 15,648 0 0 0 0 0 0 0 0 0 2,311 1.245 1.260 147.290

4. Lumber * Vood Products 127 21 f) 32,800 3.289 39 6b8 0 166 0 0 25.162 128,151 0 0 73

3. Manufacturing 1,153 20,083 714 1,820 8,084 17.726 594 971 1,528 894 7,333 26,859 245,769 3,984 123 67,027

6. Ti'nsportatloo 4 Public 
Warehousing 4,210 3,664 397 31,574 13,034 803 1,779 0 5.678 724 32.836 5.836 127,328 1.222 1.458 2.842

7. Cooaun!rations 4 Public 
Utilities 2,537 3,066 1,012 5.411 10,695 3,497 11,756 1,046 6,204 1.495 27,457 1.243 1,301 16.814 5.885 54.815

8. Real Estate, Finance, 
end Insurance 20,824 28,020 2,192 3,350 4,423 3,922 2.029 2,168 S.O-'l 2.574 ’6,453 4,430 0 3.382 11,163 86,629

9. ■.lining 55 3,649 0 258 145.236 0 2,360 0 2,667 0 0 5,427 0 1.630 0 0

10. Services 2,222 4,857 2,877 1,892 5,248 3,096 1.130 5,132 18,770 6.596 12,763 9,311 0 18.275 5,211 158,911

11. Trade, Vholeeale 4 Retail 6,336 12,900 4.730 8,815 11.096 3,129 1,351 2,069 3.891 4,392 13,145 25.617 18.700 29.920 16.390 305.557

12. Construction 364 1,414 897 5.875 20.770 0 1,673 55/ 5,750 433 3,312 0 0 9.747 0 89,273

13. Imports 42,731 57,479 17,487 19,057 17,061 71.189 32,230 86,451 57,6j4 3P,978 16.825 2/,926 0 94,749 0 151,72*

14. St'te 4 Local Government 15,.'. 74 16.981 6.015 7,957 25,087 14.113 19,334 4,250 6,316 2.268 23.336 966 0 4m,041 0 533.942

15. Federal Government 1,119 661 4,375 5,956 30.220 4,166 19,881 10.£5? 11,913 7,000 21,700 11,756 2,104 31,501 0 167.823

16». Wages and Salaries 12,063 17,606 27.173 53,403 63,5uJ 146,125 35.821 37,722 48,549 103,173 202.231 117,123 0 0 169,778 «9,805
16b. Proprietor Income 38,768 117,168 4,726 10,236 12,518 25,302 10,989 8,513 10.813 33,702 43,275 9,470 0 171.802 C 0

He. Property Inccme 3,8/2 5.274 2.053 1,356 2,711 3,949 1,913 13,718 3,484 20./11 28.188 618 0 0 0 86,790

total INPUTS 275,730 302.044 198.,00 192,230 377.037 297,114 143,928 173,450 186,524 243.040 454,334 263.944 432,312 227,285 1,915.300



Tabic 4.3 Technical Coefficients of the Endogenous Sectors of the 2967 Montana Model

Sec tor i 2 3 4 S 6 7 8 9 10 11 12

I. Livestock & Livestock Prodc-ts .03960 0 .37756 0 0 0 0 C 0 0 0 0

2. Crops .39388 .03047 .16480 .01061 0 0 0 0 0 0 0 0

3. Food & Kindred Products .01352 0 .07887 0 0 0 0 C 0 0 U 0

A. Lun.x«er & Wood Products .00048 .00007 0 .1-357 .00342 .00013 .00617 0 .00089 0 0 .09356

5. Ifanufacturing .0043'. .06649 .00363 .0094/ .02144 .05966 .00413 .00560 .00819 .00368 . Oi.724 .09987

6. Tran:.porta Lion & Public 
Warehousing .OJ 58/ .01213 .00200 .16419 .03457 .00270 .01236 0 .03044 .00298 .07227 .02170

7. Communications & rublic 
Utilities .03956 .01015 .00510 .02814 .04428 .01177 .08168 .00603 .03326 .00615 .06043 .00462

8. Real Fstaic, Finance, 
and Insurance .05739 .09277 .01105 .01,42 .01173 .01320 .01410 .01250 .01657 .01100 .03181 .01647

9. Mining .00021 .01208 0 .00134 .38520 0 .01640 0 .01430 U 0 .02018

10. Services .00838 .OluOS .01450 .00984 .01392 .01042 .00785 .02959 .10063 .02714 .02809 .03462

11. Trade, Wholesale & Retail .02388 .04271 .02384 .04584 .02943 .01053 .00939 .01193 .02086 .01807 .02893 .09525

12. Construction .00137 .OvA68 .00452 .03035 .05509 0 .01301 .00321 .03083 .00178 .00729 0

13. Inports .16:03 .19030 .08814 .09910 .04525 .23960 .22393 .41842 .30910 .24267 .03703 .09268

14. State & Local Government .05831 .056:2 .03032 .04138 .06654 .04750 .13434 .02450 .03386 .00933 .05136 .00359

15. Federal Government .00422 .00219 .02454 .03297 .08015 .01402 .13313 .06237 .06387 .02880 .04776 .04371

16a. Wages and Salaries .04546 .05829 .13696 .27770 .16859 .49162 .24887 .217/8 .26055 .42451 .44730 .43550

16b. Proprietor Income .14610 .38791 .02302 .05323 .03320 .03536 .07635 .04904 .05797 .13867 .10845 .03521

16c. Property Income .01440 .01746 .01035 .00965 .0C7J9 .01.329 .01329 .07909 .01868 .08522 .06204 .00304



Table 4.4 Direct and Indirect Output Requirements Per Unit of Final Demand for 1967

Sector I 2 3 4 1 6 7 b 9 10 11 12

i 1.04S40 0 .42350 0 ) 0 3 0 0 0 0 0

2 .427M 1.030^4 .35958 .01324 .OOOlS .00001 .00011 0 .00006 0 .00002 00126

3 .01664 0 1.092/4 0 0 0 0 0 0 0 0 0

4 .00177 .00135 .00180 1.21074 .01373 .00:10 .00996 .00054 .00525 .00037 .00183 .11498

5 .03/37 .07327 .03401 .03112 1.03781 .06256 .00796 .00674 .01546 .00491 .0247' .11090

6 .02706 .02070 .01968 .20727 .0:689 1.00670 .01749 .00170 .03625 .00497 .07764 .05333

7 .02127 .02094 .02144 .04689 .07025 .01804 1.09184 .00327 .04134 .00869 .07124 .02489

8 .14385 .11890 .09389 .02995 .02472 .01561 .01733 1.01380 .02122 .01244 .03645 .02672

9 .02048 .04161 .01828 .01557 .406/2 .02484 .02162 .00285 1.02193 .00211 .01108 .06456

JO .02466 .02797 .03327 .02139 .0631: .01546 .01294 .03186 .10938 I.029*5 .03427 .05034

11 .04826 .05*20 .05705 .06644 .05066 .01451 .U1393 .0130* .02905 .01590 1.03451 .11169

12 .00729 .01118 .01069 .04048 .07164 .00/66 .01:80 .00400 .03353 .00248 .01041 1.01294



CHAPTER V— APPLICATIONS OF INPUT-OUTPUT

5.1 Introduction

An input-output model can aid decision making in several ways.

It can be used to forecast, describe, evaluate and compare an 

economy's operation. Merely developing an input-output model con

tributes to the understanding of an economy. Information about the 

interdependence between sectors broadens our knowledge of an economy. 

Those sectors that depend heavily on import and expert products and 

those that do not can be seen at a glance.

Input-output models make comparisons between regions possible. 

Montana can be compared with another state or with the U.S. Such a 

comparison between two states possessing the same basic industries 

may uncover potential markets that can be developed. This may be 

shown as greater sales between two sectors than we observe in Mon

tana. A business firm could profit from such information if it 

altered its marketing efforts to explore this dormant market.

Many possibilities exist for application of input-output tech

niques to decision making. Several examples are presented in the 

remainder of this chapter. The list is by no means all inclusive 

and is not intended to be. It is hoped that the examples presented 

are instructive enough to prompt other applications that meet 

specific needs.
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Economists have been investigating multiplier effects since 

birth of the concept by Keynes. Input-output analysis makes use of 

the multiplier to show the importance of each sector. The Keynesian 

multiplier shows the effect of an increase in investment or income; 

the input-output multiplier shows the effect of an increase in a 

sector's final demand on various parameters. Sector multipliers can 

be developed to show output effects, nersonal income effects, em

ployment effects, and a number of other effects limited only by 

data.

The sector output multiplier shows the changes in output Deem

ing because of an increase in the final demand of a sector. When a 

sector increases output to meet the greater final demand, a chain 

reaction occurs. The direct resource requirements needed to produce 

additional output are shown by the sector's column of technical co

efficients. However, this is only the first in a series of require

ments. In order for the resources in the column of technical 

coefficients to be supplied, those sectors supplying them must also 

demand greater resources as shown by their columns of technical 

coefficients. Their demands again cause other sectors to supply more 

resources which requires even more resources. A chain reaction has 

begun with each cycle growing smaller than the preceding one.

The direct output effect of a one dollar increase in the final

5.2 Multiplier Analysis
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demand for sector 1's output is given by adding the coefficients of 

column I in the matrix (I +A). The total direct and indirect out

put requirement needed to satisfy one additional unit of final demand 

for sector I is given by summation of column I of the (I-A) 

matrix. Indirect requirements are easily obtainable by subtracting 

the direct requirements from the total requirements. The total out

put requirement is denoted as the sector output multiplier, and it 

shows how much the cucput of the economy must increase uo support 

one additional unit of output of a sector. The Table 5.1 shows that 

the sector Livestock output multiplier is 1.81. This teiIs us that 

an increase )f cue dollar in output from the sector Livestock will 

stimulate the economy to increase total output by $1.81. For example, 

sector eight; Real Estate. Finance, and Insurance, has an output 

multiplier of I 08, which indicates that an increase in output of 

this sector's output would dc very little to stimulate the economy's 

total output.

This type of output multiplier is referred to as a simple or 

Type I multiplier, because it considers only the producing sectors.

It does net consider effects that changes in personal income will 

have on final demands of consumers. Increases in consumer final 

demand will require greater sector output and will ceuse the sector 

output multipliers to understate the true effect of an increase in 

final demand. To overcome this problem, a Type II multiplier is
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computed.

Type II multiplier with households included, implies that house

hold expenditures will change proportionately to changes in personal 

income. Thus the Type II multiplier will yield a higher estimate of 

the total impact of changes in final demand than will the Type I 

multiplier. The Type II multiplier is calculated by introducing the 

household sector into the processing portion of the. table and includ- 

ing it in the (I - A) matrix. The remainder of the ralculation 

coincides with calculation of the Type I multiplier.

Table 5.1 presents both Type I and Type II sector output multi

pliers. Notice the magnitude of the Type II multipliers compared Io 

the Type I multiplier.

When using the sector output multipliers, it is necessary to 

consider the possibility that resources may be imported or not ex

ported, rather than produced. Hoff illustrated this possibility as 

follows:

"...consider the effect of a change in final demand of 
the Food & Kindred Products sector. If the change is $1 
million, application of the Type II multiplier would 
indicate an increase in the output of the economy of 
$3.70 million. Part of this increase, however, is the 
result of an increase in the output of the Livestock & 
Livestock Products sector of $378,000. This is the in
crease in intermediate inputs required by the Food & 
Kindred Products sector and supplied by the Livestock & 
Livestock Products sector. If so, then the Livestock and 
Livestock Products sector would not expand and the 
multiplier indicates a greater increase than would 
actually occur." (6, p. 58)
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Table 5.1 Sector Output Multipliers for 1967

Ix r l J. Type II

Livestock & Livestock Products 1.81 3.29

Crops 1.39 3.08

Food and Kindred Products 2.16 3.70

lumber and Wood Products 1.68 3.47

Manufacturing 1.30 3.25

Transportation & Public Ware
house 1.16 2.94

Communications & Public 
Utilities 1.21 2.36

Real Estate, Finance, Insurance 1.08 2.14

Mining 1.31 2.67

Services 1.09 2.98

Trade 1.30 3.37

Construction 1.57 3.53
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Hoff goes- on to say that the sector output multiplier should be re

duced by remeval of this factor.

In ,ut-output multipliers can also be developed to show the im

pact of final demand changes on many other factors. A personal 

income multiplier can be developed to show the affect on personal 

income of a change in a sector's final demand. Derivation of the 

personal income multiplier requires construction of a new matrix, P , 

with diagonal elements P „  equal to the personal income of the i"n 

sector per dollar of output of the sector and off-diagonal 

elements equal zero. The P matrix is then post-multiplied by the 

(I-A)  ̂mrtrix to yield a vector of sector personal income multi

pliers. These multipliers are given in Table 5.2.

Personal income multipliers can be very useful in attempts to 

raise the standard of living. The sector multipliers presented in 

Table 5.2 show wide variation between sectors. The Type II multi

pliers show that personal income will benefit most from Trade and 

Service type Industries. Lumber and Livestock sectors rank very 

low in this category in contrast to a ranking of 3rd and 4th in the 

sector output multipliers.

Other multipliers could be developed to show effects of final 

demand on employment, pollution, resource use and others. However, 

difficulties will invariably develop before these multipliers are 

complete. In some cases these difficulties may prove to be major
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Table 5.2 Personal Income Multipliers for 1967

Personal Income Multipliers
IZPe I Type IT.

Livestock & Livestock Products .281 .517

Crops .631 .832

Food & Kindred Products .190 .720

Lumber & Wood Products .479 .520

Manufacturing .394 .705

Transportation & Public 
Warehousing .792 .925

Communications & Public 
Utilitdcs .507 .817

Real Estate, Finance, Insurance .517 .910

Mining .524 .660

Services .818 1.44

Trade .810 1.93

Construction .546 OO OO
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barriers.

5.3 Industry Evaluation

State planning boards often attempt to draw industries into 

their state in the hope that such activities will stimulate the local 

economy. In most situations the benefits of a prospective industry 

are unknown. Input-output analysis can be used to evaluate these 

benefits and permit an objective appraisal of a new industry.

For example, assume that the State Planning Board of Montana 

had been approached by the executives of a major household furniture 

manufacturing firm. These executives were interested in locating a 

large manufacturing plant in Montana to produce wood, upholstered. 

and metal furniture plus mattresses and belsprings. They had re

quested certain favors from the state such as tax breaks during the 

first few years of operation. The State Planning Board could esti

mate the impact of the new industry on Montana.

Assume the State Planning Board uses an Innut-Output study.

Since a major household furniture manufacturer has never* operated 

within our state, we must look outside the state to determine the 

resource requirements of such an industry. The Input-Output tables 

for the U.S. would contain information on this industry and it is 

easily obtainable. We could manipulate the data from the U.S. table 

until it corresponds to the sectors of the Montana table. We now
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have a prefile of input and output requirements of this prospective 

industry. The profile is presented in Taole 5.3.

This profile is a good approximation to the industry's operations 

in our state, out it may not apply in every inspect. Households, for 

example, may not consume as large a portion of output as the U.3. 

figures show, due to lower population figures. If this were the case 

exports would increase and purchases by the Households Sector would 

decrease. The 196V Census of Business publication on Retail Trade 

supports this idea. According to this publication, Montana consumers 

spent slightly more than $68 million on all furniture, sleeping 

equipment and floor covering. Since this category encompasses floor 

covering, she actual expenditures on furniture and sleeping equipment 

were significantly smaller than $68 million. It also seems unlikely 

that this new industry could succeed in capturing the entire Montana 

market. rIie proportion of production exported from the State would 

be much greater than that shown by the U.S. figures. Exports would 

represent an Increasing percentage of sales, as the industry's out

put inevased beyond the saturation point in the local economy. It 

is dangerous to adjust rhe industry's output distribution, but it 

could be disasterous not to. The household furniture industry can 

be introduced into the Montana economy as a new sector in the Input- 

Output table. This procedure will make it possible to isolate the 

affects due to inclusion of this industry. We can compute an income
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Table 5.3 Input Requirements and Output Distribution 
Per Million Dollars of Output For the Furniture Manu
facturing Firm

Sector Inputs Outputs

Livestock & Livestock Products 0 0

Crops 0 C

Food & Kindred Products 0 0

Lumber & Wood Products 131,908 0

Manufacturing 135,625 15,095

Transportation & Public 
Warehousing 20,669 0

Communications S Public 
Utilities 9,754 0

Real Estate, Finance, 
Insurance 28,101 1,162

Mining 233 0

Services 21.365 0

Trade 40,409 5,342

Construction 1,161 0

Itself 17,703 17,703

State & Local Government 4,181

Federal Government 1,161 3,947



Table 5.3 (Continued)

Sector Inputs Outputs

Impoits or Exports 160,885 218,265

Household or Proprietors 431,026 731,305

78

Total 1,000,000 -I ,000,000
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multiplier for comparison with present industries and upon completion, 

an objective appraisal car. be made of this new industry -

b.4 Input Output Projections

An irput-output model can be used to project the level of sector 

output required to satisfy a specified final demand. This property 

becomes useful when future final demand levels can be anticipated.

For example, the levels of sector output, needed to support a mili

tary installation could be projected if such an installation were 

under consideration. The impact of an expected Iaacr strike coul d 

also be projected prior to its occurance. The ability to project 

sector outputs contingent on some occurance prevents us from being 

surprised by economic reprocussions.

The basic properties of an input-output model lend themselves 

uo this type of projection. Recall that

X = (I - A)_1D or 

AX = (I - A)'1AD

where AD represents the vector of additional final demand and AX 

represents the vector of additional sector outputs. The same infor

mation could be given as the original final demand plus the augmented 

final demand (D + D') Total sector output will then be Y represent

ed by (X b X') where X is the original sector output and X' is the 

additional output required by the change in final demand.
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If a change in final demand, D ', is specified, the resulting 

change in sector outputs X 1 can be determined.

In the same way that we can project the future, we can project 

into the past. The 1967 copper strike is a likely area for projec

tion. Using our model we can project the reduction in each sector's 

output caused by the nine month strike. Beginning on July 15. 1907, 

and continuing until March 1968, the copper strike reduced mineral 

production an estimated $115,656,000. —  ̂ When this number is evalu

ated in the input-output model, we can determine the reduction in 

sector output which occurred. An evaluation was made with and with

out consumers included as a processing sector. The results, shown 

in Table 5.4, indicate that Montana lost over $100 million worth of 

output during that nine month copper strike. Examination of Table 

5.4 shows many expected results and several surprising results. The 

brunt of the output reduction fell on the Mining Industry, but many 

other sectors shared the loss. The Food and Kindred Products sector 

suffered a $7 million loss in consumer expenditures and no losses 

of a direct nature from the mining strike.

—  ̂ This figure is based on a linear projection through 1965 and 
1966 to obtain the expected 1967-68 output. The value obtained was 
then reduced by the actual output in 1967-68 to arrive at the esti
mated production loss due to the labor strike.
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Table 5.4 Impact of the 1967 Copper Strike

Reduction in Sector Output
Type I Type II

Livestock & Livestock Products 0 3,474

Crops 7 2,967

Food & Kindred Products 0 7,787

Lumber & Wood Products 608 1,225

Manufacturing 1,788 6,368

Transportation & Public Ware
housing 4,195 6,153

Communications & Public 
Utilities 4,781 9,332

Real Lstate, Finance, Insurance 2,454 8,237

Mining 118,192 120,197

Services ]2,651 21,844

Trade 3,360 19,978

Construction 3,878 8,797

Households 0 92,593

151,919 308,952Total
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5.5 Conclusion

"Th= ad van t. iges of input-output analysis in the study 
of economic development is that it shows in detail how 
changes %n one or more sectors of the economy will af
fect the total economy. No one has claimed that all 
that is needed is an input-output table to achieve eco
nomic growth. Leontief has put the case well: '...
The mere existence of an elaborate projection will not, 
of course, bring about economic growth. Much political 
acumen and drive, much sweat and tears goes into the 
actual realization even of the best-conceived developmental 
plan. Progress, however, will be faster along a road well 
mapped in advance and the cost of progress in terms of 
labor. capital and human sacrifice considerably less.'"
(16, p. 102-3)
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