
BUREAU OF BUSINESS ANO ECONOMIC RESEARCH 
SCHOOL OF BUSINESS ANO ECONOMICS 

UNIVERSITY OF MINNESOTA, DULUTH 

WORKING PAPER NO. 81-11 

HOW TO MEASURE THE IMPACT OF 
AN FPU PROGRAM 

by 

. Richard W. Lichty 
University of Minnesota, Duluth 



INTRODUCTION 

This report is intended to deal with two common methods for assessing eco-

nomic impacts. These methods could, presumably, be used to assess impacts from 

new utilizations of forest products, although they are capable· of use for a wide 

variety of purposes that are similar to new forest product utilizations as well. 

Portions of this report were taken from discussions associated with other 

projects; in particular, a project dealing with the probable impact from a 

closing of Reserve Mining's plant in Silver Bay, Minnesota. Copies of these 

other reports are available upon request. 
..;. 

The two methods to be discussed are: Economic (Export) Base Analysis and 

Input-Output Analysis. The assumption is made that the reader is currently 

unfamiliar with these techniques so that the presentation will be very basic in 

its level. 

ECONOMIC BASE ANALYSIS 

The term economic base is used widely and is subject to a number of dif-

fere.nt interpretations. The term generally highlights the fact that no region 

is self-sufficient. Most of the regions of the world depend on one another for 

the many goods and services they consume as well as for the demand for at least 

a portion of the goods they produce. In other words, regions trade with one 

another in order to take advantage of the economies that result from 

speci a 1 i zati on. 

In general, the smaller the region, the less self-sufficient it is. This 

means that sub-nati ona 1 economies probably depend. more on trade than does the 

nation as a whole, sub-state economies depend more on trade than does the state, 

and so on. This dependence on trade means that any region must be ab 1 e to pay 

for its impor.ts_over the long run. One usual source of import financing comes 

from a region's exports. 
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Economic base analysis asserts that a reg1 on' s prospects for growth and 

prosperity are dependent in a very real way on the strength of its exporting 

industries. These industries bring in outside monies which, in turn, enables 

the region to import the goods and services that it needs to function. 

It follows that the industries engaging in export activities are termed as 

basic while the industries that import and/or service basic activities are 

.regarded as non-basic. The prospects for the non-basic act~vities depend both 

directly and indirectly on the health of the basic activities. For example, 

every employee in the basic activity generates a certain number of additional 

emp 1 oyees in the non-basic industry. These second-1 eve 1 emp 1 oyees are there to 

produce goods and services that are used either as inputs to the basic 

industries' production or as consumer goods and services for the basic 

industries' employees. 

There are a number of procedµres that can be used to identify the baste 

industries in a region. The most direct of these involves asking local industry 

representatives, usually on a samp 1 e basis, the percentage of their business 

that is oriented toward exports. An export is defined as any activity that 

results in monies that are earned outside of the boundaries of the reference 

region being spent inside that region. 

location of the transaction. 

It is the payment that matters, not the 

For example, in interviewing a restaurant, an export would exist any time a 

visitor from outside of the region bought a m.eal---Even though the-_transaction 

takes place inside of the region being studied, the fact that the money origi• 

nated elsewhere constitutes an export by that amount. 

Direct survey usually involves as much guesstimati on as estimation on the 

P~rt · of cooperating firms. The amount of detail needed._ (some .would_ say the 
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amount of accuracy required) dictates the amount of problems encountered 1 n 

refining these guesstimates. At one extreme~ the survey may involve sampling 

customers to determine their places of residence and work. However, store 

owners often have a pretty good idea of their sources of revenue. This makes 

such extensive work unnecessary •in most cases. 

A second approach is to estimate the proportion of a given industry's 

exports based on experience or 11 feel 11 for the community. While this might sound 

1 ike guessing in the extreme, it is often true that,_;..an individual or group of 

individuals involved with the region's economy can come up with fairly accurate 

estimates for the more important industries in the area. 

A third method uses information collected for other purposes to estimate 

the level of industrial exports from the region. This 11 secondary information•• 

usually needs to be organized unde·r some type of model, with attending assump-

tions about the character of both the industry and the region. The most common 

procedure for export-level estimation involves the use of the so-called location 

quotient. Discussion of this technique will be deferred to a later section in 

this chapter. 

The reader might suspect by now that the most usual procedure is to combine 

techniques in -some fashion. A survey is often used for the larger and mot~ 

important 1 ndustri es in the region. Guesses by experts might be used for those 

industries that have obvious export or local service orientations. Secondary 

data techniques might be used for those industries where such information is 

readily available and reliable. Cost considerations, the need for accuracy, the 

time available for completing the analysis, and levels of cooperation from local 

-business fir.ms dictate the methods used. 
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DATA-REQUIREMENTS 

Anothe~·consideration in base analysis deals with the unit of data to be 

used. One example presented earlier talked about economic base in terms of 

employment. Two other measurements corrmonly used are those of sales and value 

added. A few corrments on each possibility follows. 

If sales are used as the unit of account, the researcher is trying to 

determine the output of local industries that are directly or indirectly 

oriented to ·exports. This is often of importance to the business community 
.,. 

itself. One problem with using sales information 1s that sales are dollar 

measures. Therefore, they are subject to price level changes. During periods 

of price instability, the estimated relationships are likely. to be valid only 

over short periods of time. 

The same concern exists for the value added measurement alternative. Value 

added is the extra va 1 ue that is attached to a good or service at successive 

stages of production. For example, if the value of wheat at the farm 1s $0.10, 

an elevator might add an additional $0.03 for the service of storing the wheat, 

the rail roads might add another $0. 02 for transportation, a mill er might add 

another $0.13 for his/her contribution to production, a baker another $0.10, and 

the retail store another $0.10 for its collection and sales services. These 

additions to the value of a loaf of bread are the wages, int~res't, re,nts, arlc( 

profits paid to factors of production at each successive stage of production. 

They represent the value that each production stage ~OJltrib.u.tes to the price of 

the final loaf of bread. 

Value added can be a very important measure for economic planning. It 

avoids the double counting that is possible with sales estimates (counting both 

the -va 1 ue· o·f the 1 oaf of bread and the value of the services of a 1 oca 1 mi 11 er), 

and it provides a good indication of payments to local resources of producti.on. 
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This measure is subject to inflation, as noted above, as well as to changes 

in the location of the unit. adding value to the final output. This latter 

problem is especially troublesome when there are many local and external sources 

of supply for a given intermediate input (goods that are bought and sold for the 

purpose of production rather than consumption). Value added is also one of the 

more difficult measurements to collect. 

By far, the most corrmon unit of measurement used for economic base analysis 

is employment_. Employment levels are not subject to inflation-related measure-
,,. 

ment problems, employment figures are generally available, and employment 

figures are ~he least sensitive of the alternatives in terms of disclosure. 

Employment figures are reported at reasonable levels of detail by many govern-

ment sourc·es~ such as the Census of Population (employment by pl ace of 

residence) and the· Census of Business (employment by place of work). 

The primary _difficulty with using employment is that it is hard to judge 

when changes are taking place due to changes in export levels, as the economic 

base mode 1 as·sumes, or due to changes in technology,. such as the substitution of 

machinery for labor in the production process. Also, employment provides little 

insight into what is often the reason for an economic base study in the first 

place--the at~empt to look at the monetary importance of certain key industries 

to the region being studied. 

Employment data, taken from secondary sources, were used in the Reserve 

Mining Study. The time element made this approach the most feasible. Secondary 

data were used because such information could be easily acquired. Employment 

was used because of its availability in reasonable amounts of detail from these 

secondary data sources. The reader should be aware of the aforementioned 

strengths and weaknesses of taking this approach when interpreting-the results. 
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The next section will describe the location quotient method and its assump-

tions. This wi+l· ·be followed by a sununary of the results from applying the 

location quotient methodology to the Reserve Mining Case. Following that will 

be a presentation of more general techniques for analy-z-ing the·-trends in- the 

economy apart from the Reserve Case and the questions that it raised. The model 

chosen for this task is most conmonly called "shift-share analysis" which, 1 ike 

the location quotient, utilizes secondary data--usually employment. The final 

section of this chapter will sumnarize and conclude the analysis. 
,. 

THE LOCATION QUOTIE"Nr" 

The primary use of location quotients is to identify a region's exporting 
- ~<?-•"¥ ___ _ 

industries. The results depend on one primary assumption: • ''The regional 

industries ar~'""',;·p""resentative of their national counterparts." It follows from 

this that the percentage of regional employment in any given industry to total 

regional employment will be equal to the percentage of employment in that 

industry nationally to the total national employment when the region is self-

sufficient in that industry's output. For example, if 12 percent of the total 

nat i ona 1 1 abor force is emp 1 oyed by retail trade est ab 1 i shments, one would 

expect 12 percent of the labor force in a self-sufficient region to be employed 

in reta i 1 trade· as-- well. 

To compute loc·ation quotients, total regional employment in each industry 

is divided by tota 1 reg1 ona 1 employment. This g1 ves the local percentage of 

employment in each industry, or the local coefficient. The same computation is 

made for each industry at the national level, giving national coefficients. 

These two percentages. are then compared on an industry-by-industry basis. That 

i_s,- the local coetficient for each industry is divided by the national coef-

ficient for that same industry. The resulting number is a location quotient. 
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Mathematically, the location quotient is: Ri/R 

N;/N 

where: Ri is the regional employment in industry i 

__ R._is the total regional employment 

N; is the national employment in industry i 

N is the total national employment. 

A hypothet i ca 1 examp 1 e wi 11 i 11 ustrate the method. Assume the fo 11 owing 

figures: the national labor force is 1,200,000; the retail trade industry 
;,. 

employs 80,000 people nationwide; Region X, within· the nation, has a total 

employment of 100,000; and retail trade in Region X employs 7,500 people. 

Performing the necessary calculations, the regional coefficient is 7,500/100,000 

or 7.5 percent. The national coefficient is 80,000/1,200,000 or 6.7 percent. 

The location quotient in this instance would be 7.5/6.7 or 1.12. 

A 1 ocati on quotient greater than one indicates an 1 ndustry that produces 

more than is needed locally. The excess is for export. Conversely, a location 

quotient less than one indicates a good or service that is imported into the 

region. This interpretation arises from the assumptions of the model. Since 

quotients greater than one occur when the percentage of regional employment in a 

given industry is greater than the percentage of nati ona 1 employment in that 

industry, implying that the industry is producing more product than it can use; 

it follows that it must be exporting the surplus. The res~rve argument can be 

made for the importing sectors. These industries are producing les~ regionally 

than their national counterparts. The deficiency is assumed to be imported from 

outside the region. 

The next step is to compute an economic base multiplier for the region by 

utilizing the total and "excess" employment estimates- ·for the region. -This 

multiplier is calculated by first computing the total excess employment for the 
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region. This is the employment in excess of what would be in the region if the 

1 ocat ion quotient were equa 1 to one. The total regional emp 1 oyment (basic pl us 

non-basic. employment) is then divided by that figure. 

The resulting multiplier can be used to forecast the future growth or 

decline of a region. That is, the impact of changes in basic industry 

employment on the total employment of the region can be estimated. This 

multiplier follows from the assumption that exporting industries are the growth 

and income generating sector of the regional economy. 
·"" For example, if the total regional employment in all industries is equal to 

100,000 and the total of excess employment for all of the basic industries is 

50,000, the multiplier is calculated to be 100,000/50,000 = 2. This is 

interpreted as saying: For every job in the basic (exporting) industries for the 

region, one additional employee is required in non-basic (local servicing) 

industries, for a total of two employees. Note that the multiplier includes the 

basic emp 1 oyee. Now, if there is an increase of 200 emp 1 oyees in the basic 

industries due to the expansion of an existing plant, the model would predict 

that the region's employment would grow by an additional 200 non-basic 

employees. 

At this point it shou 1 d be noted that the economic base mu 1 tip 1 i er is a 

short-run concept. Many of the variables assumed constant in this model are··· 
subject to change over time. There may be other effects on the income of a 

region in addition to export levels. One such effect comes from technological 

changes in the region's production methods. 

Fina 11 y, it is necessary to have data that can be manipulated to fit the 

particular industry sectors that are chosen. Much of the census data is broken 

down by two digit SIC's (Standard Industrial Classiffcation). Therefore, it is 

usually no problem to fit employment data to the relevant industrial sectors of 
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the re·gi on. The data used for the purposes at hand are. broken down for the 

eight counti~~ by two digit SIC .. s. Thu·s, the data are reasonably detailed and 

provide the possibility for subsequent aggregation ·should such aggregation be 

necessary. The most important data requirement is that the same amount of 

industrial detail be available on a national level to allow for comparison. 

The location quotient approach will be demonstrated through an example for 

Northeast Minnesota. The derived multiplier will be estimated and applied to 

the identified regions. 

A SAMPLE ANALYSIS 

Refer to Table 1. There were 125,817 employees in the eight counties of 

Northeastern Minnesota and Northwestern Wisconsin as of the 1970 Census of 

Population. These 125,817 employees were subdivided into thirty-six industrial 

groups in accordance with the divisions made for census purposes. 

The largest employing county was St. Louis, with 75,930 employees. Cook 

County was the smallest, with 1,296 employees. The largest industry in the 

efght counties was Mining, with 12,345 employees. This was followed closely by 

Education, with 11,893 employees. 

The location quotients in Tab 1 e 1 were computed from the employment data 

for the combined eight counties as well as for the nation as a whole. The com-

bined county coefficients represent the percentage of total employment in each 

i ndustri a 1 grouping. As is cons fstent with the rankings for tot a r emp 1 oyment, 

Mining employs the largest percentage with 9.8 percent foll owed by Education 

with 9.4 percent. The corresponding percentages for the nation as a whole are 

a.a percent in Mining and a.a percent for Education. 

Finally, the location quotients are derived by dividing the local coef-
.. -

ficient by its national counterpart. It can be seen that employment in Mining 
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is quite high ~n the eight counties as compared to what would be expected if the 

local industry -just matched the national average. When the loca·l coefficient is 

divided by the. national, a quotient of 11.92 is derived. Since this is 

significantly greater than one, the conclusion is that most of the local Mining 

employment is utilized for export purposes. 

It is further seen that the proportion of total employment in Education is 

also greater than the national industry average would lead one to expect. The 

quotient is again greater than one (1.18), leading to the conclusion that ·the 

11,893 employees in Education serve more than just the~ eight county region. 

Just by the way of example, the Finance, Insurance, and Real Estate sector 

(F.I.R.E.) accounts for a lesser percentage of total local employment than its 

national counterpart. The conclusion is, therefore, that the F.I.R.E. industry 

is not basic tQ the region and that it must be considered to play a service role 

to local exporting firms. In fact, the indication is that at least a portion of 

the services of F.I.R.E. must be imported into the region in order to bring the 

local economy up to the national average. 

Table 2 surrmarizes the results of Table 1 by dividing the industries into 

their basic and non-basic components. The basic industries employed 69,597 per-

sons (55.3% of the total), while the non-basic industries employed 56,220 per-

sons (44.7% of the total). 

Table 3 presents the estimated excess employment along with the computed 

value of the employment multiplier (5.178). This multiplier was .. computed by 

dividing the excess employment into the total regional employment, or in other 

words, by determining the number of non-exporting employees that exist for every 

exporting emp 1 oyee. In essence, the va 1 ue 5 .187 te 11 s that for every exporting 

employee.-:i:n t~e. region, 4.187 employees are needed to prbv1-de local goods and 

services, coming to the total of slightly more than five. 
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TABLE 2 

BASIC SERVICE INDUSTRIES FOR THE REGIO~ - 1970 
Multiplier= 5.178 

Basic Industries 

Mining 
Railroad and railway express 
Furniture, lumber & wood products 
Hospital and medical 
Primary metal products 
Nonprofits and religion 
Eating and drinking stores 
Motor vehicle retail & serv-ice stations 
Ut.:Ll:i.t:ies and. san:Lta:ry service "• 
Educatj,on 
Other trauspor~ation 
Food~ dairy and bakery products 
Other ·ret:ail 

Total .. 

Service Industries 

Elec., t.1a.chinery, equipmenc & supply 
Chemi.cal and allied 
Machinery except elec.cric 
Business services 
Textile ~ills and fab. textile 
Fabricated metal products 
Finance, insurance and real estate 
True.king and_warehousing 
Agricu1t.ura., fores1:·,, fish 
Prof essionai" - - _. 
Other durables - non-durables 
Banking and credit 
Entert:ain:ie.nt 
Co=nunications 
General ~erchandise, retail 
Printing> publishing & allied 
Wholesale 
Households 
Governoent: 
Repair services 
Food and kindred produces 

·construction 
Other~pe~sonal service 

... 

To:al ........ . 

Eaployment 

12,345 
4,144 
2,462 

10,066 
2,783 
2,486 
4,784 
3,364 
2,515 

11>893 
2,113· 
3,474 
7,168 

69,597 

363 
326 

1,198 
818 

1,477 
1 11 248 
2,219 
l,,117 
2,946 
2,086 
7,757 
1,570 

776 
1,429 
2,782 
1,611 
4,294 
1,591 
6.,059 
1,609 
2,051 

.. 6,950 
3,943 

56,220 

"' 

Location 
Quotient 

11.922 
3.964 
1.531 
1.44.3 
1.397 
1.301 
1.266 
1.206 
1.192 
1.177 
1 .. 159 
1.105 
1.028 

.116 

.201 

.366 

.384 

.411 

.519 

.530 

.628 

.631 

.650 

. ri2 

.739 

.749 

.810 

.811 

.823 •• 

.834 

.861 

.878 

.891 

.898 
.. 925 

.996 

Pere.em::• of 
The kagion 

Total 
Emploz.,an t 

.09812 

.03294 

.01957 

.08001 

.02212 

.. 01976 

.03802 

.02674 

.01999 

.09453 

.01679 

.02i6l 

.05697 

.55317 

.00289 

.00259 

.00952 

.00630 

.01174 

.00992. 

.01763 

.ooaaa 

.02341 

.01658 

._Q.6165 

.·01243 

.00617 

.01136 

.02211 
Ol.,;:,o 

• ...,,,j 

.0.3413 

.012;5 

.O!:o!6 

.lH2i9 

.02.~;Q 

.i..'5324 

.t131·~4 --

.. ~:..61:, -·---
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TABLE 3 

~CCESS E.t1PLOYHENT BASED 0~ EIGHT cou-::.r'i DATA 
Mm LOCATION QUOTIE~r-r A!{i\LYS!S 

Industry 

Mining· 

Railroad and railway express 

Furnit:ure, lumber and wood products 

Hospital and medical 

Primary metal products 

Nonprofit and religion 

Eating and drinking stores 

Motor vehicle retail & service st. 

Utilities and sanitary services 

Education 

Other transportation 

Food, dairy aud bakery products 

Other retail 

Total ......... . 

Total 
EcploEent 

12,345 

4,144 

2,462 

10,066 

2,783 

2,486 

4,i84 

3,364 

2,515 

2,113 

3,474 

7,168 

69:,597 

_ Emplc;:,yment. Multiplier = Total Employoent/E:-:cess Ec.;,~oyn:ent = 

125~817/24,297 = 5.178 

Excess 
·Empl0Yt.1ent 

3,100 

851 

3,077 

795 

574 

1,009 

571 

401 

1,790 

289 

329 

198 

24,297 
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INPUT-OUTPUT MODELS 

The input-output mode 1 was ori gi na lly deve 1 oped in the 1940' s by Wassi ly 

Leontief._ In .theory, the model attempts to make operational the concept of 

general equilibrium. General equilibrium recognizes that every economic unit in 

an economy relates, directly or indirectly, with every other unit. When the 

demand for corn increases, for example, the price of corn is expected to rise, 

while everything else is held constant. Everything is not constant for very 

long, however. The rising price of corn entices entrepreneurs to put additional 

resources into the produ.ction of that co11111odity. Farm,rs respond to higher corn 

prices by bidding resources out of non-corn related production. This means that 

the price of resources in corn production will increase relative to other pro-

duction options. It also means a shift of resources out of alternate production 

options in fa~o~ of corn-growing activities. 

The demand for corn might have increased for any number of reasons. There 

might have been an increase in the price of wheat, causing consumers to switch 

to corn because of its relatively low cost. Or, there might have been an 

increase in tastes related to corn consumption. Or, new customers might have 

entered the market for corn, as was the case when the Soviet Uni on began to 

purchase grains from the United States. 

Whatever the reason, re 1 at i ve prices of corn and other co11111odi. ti es change/ 

re 1 at i ~e product i ans change (as the resources are taken out of other farms of 

production and put into corn), and relative prices of resources change, all as a 

result of the initial change in demand. In fact, if there are unemployed resour-

ces, or if new resources are put into the market because of higher resource 

returns, there is even a change in the general 1 eve 1 of resource use associated 

with thi~-~hange in demand. 
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In short, virtually every sector of the economy is changed, at least 

somewhat, due to this initial change in demand for one commodity. These changes 

con_tinu~ to o_c_cur until the total adjustment to the initial change has had time 

to p 1 ay i tse 1 f out and the economy sett 1 es down into a new "equ i 1 i bri um 11 pos i-

t ion. General equilibrium would simultaneously solve for all of these changes 

and would simultaneously estimate new variable values associated with the 

shifting demands and supplies for all goods, services, and resources. 

Although the general equilibrium model is conceptually complete, it has the 
-,. 

deficiency of being non-opera ti ona 1 for empi ri ca 1 a·na lysi s. No computer yet 

exists with the memory capacity to simultaneously solve for all prices and quan-

tities in an economy. Even if there were a computer large enough for such a 

task, the data requirements of such a model would be out of reach. However, the 

alternative of looking at a change in one industry or resource market at a time, 

assuming all other markets to be constant an~ unaffected, creates an extremely 

unrealistic estimate from another direction. 

Input-output attempts to move toward general equilibrium while staying 

within the data and computational capabilities of most research projects. 

Certain assumptions have to be made in order to make general equilibrium more 

operational: 

(1) Prices are assumed to be constant. This means that the model no longer·-

solves for this variable, but, rather, makes price a parameter to the equation 

system, thereby eliminating the solution requirements for one-set var.iables. 
:.-------- -

(2) Individual firms are assumed to be capable of being meaningfully aggre-

gated into industrial sectors. This eliminates the requirement of solving for 

output levels of every firm in the economy and reduces the number of production 

equations- ta .. a·. manage ab 1 e size. 
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(3) The .production function for the region is assumed to be linear and 

homogeneous._This simply means that the production input pattern is constant for 

"" • a 11 1 eve 1 s .. of regi ona 1 output. A doub 1 i ng of output requires that a 11 inputs• 

also be doubled, a tripling of output requires that all inputs be tripled, and 

so on. 

(4) Production coefficients, per dollar of output, are assumed to be 

constant. This means that if industrial sector A requires 10¢ of input from sec-

tor B, in order to product $1 worth of sector A I s output, it wi 11 require 10~ 

.e,er dollar no matter how many total dollars of A's output are produced. 

( 5) Intermediate production requirements by local industries from other 

local industries are assumed constant. This means there is no substitution 

through changing trade patterns between regions. 

These assu!"pti ons have the effect of greatly reducing the number of com-

putations necessary for the implementation of a full-scale general equilibrium 

model. Now, in~tead of having a separate equation for every firm in the market, 

there .are only as many equations as there are identified_ aggregate industrial 

sectors. Instead of a separate equation for every resource market, the resources 

are lumped into an exogenous final payments sector. 

The model is triggered by changes in final demand; that is, demand for goods 

or services related to final uses. The components of final demand·are exogenou1-

to the model's structural characteristics in much the same way as final payments 

are, but the role of final demand as an initiator of impacts give$ it a very 

unique role-tn the input-output scheme. 

The basic input-output model consists of a series of three separate tables. 

The first is ca 11 ed the transactions tab 1 e. The transactions tab 1 e 1 i sts a 11 

industi·ial sectors defined for the purposes of the analys·ls··befng -conducted •. It 

should be noted that these sectors have to be defined so as to account for every 



J 

17 

firm in the re~i, on. The i ndi vi dua 1 sectors • shou 1 d be relatively homogeneous in 

terms of. thejr input requir~ments and output distributions. They should 

generally be ~isaggregated enough to nighlight the true structure of the region 

without being so disaggregated as to cause significant problems in data collec-

tion or in disclosure of the operations of any one firm in the region. 

The transactions table also contains values for final demand, as discussed 

briefly earlier, as we 11 as the va 1 ues for fi na 1 payments. The grand totals of 

such a table contain the gross outputs for each industrlal ~ector and the grO$S_ 

inputs required_ to produce those outputs. 

Table 4 represents the structure of a hypothetical input-output table with __ . 

three industrial sectors: Extractive, Manufacturing, and Services. Remember, 

the sectors should be defined so as to account for every firm in the region. The 

sectors should also, ideally, be. as disaggregated as possible. For these 

reasons, Table 4 represents a very unrealistic exampJe_gf .~!l actua,1 table._ 

Keeping the size of the model to just three industries, however, makes required 

computations much simpler. The structure and use of larger tables remains much 

the same. 

TABLE 4 

DOLLAR VALUE OF TRANSACTIONS FOR A HYPOTHETICAL REGIONAL ECONOMY 

Final Gross 
Industrial Sector Extractive Manufacturing Services Demand Outeut 

Extractive· 100 700 000 4,62L- 5,425 .. ·;...---

Manufacturing 50 200 50 6,400 6,700 

Services 75 300 75 4,905 5,355 

Value Added 5,000 5,500 230 18,000 23,730 

_;· .. Imp:orts_ 200 000 5,000. ~- 000 s,-20O -
., 

Total Inputs 5,425 6,700 5,355 33,930 
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One of the- most imp·ortant things to remember when reading an input-output 

table is that the rows of the table represent sales and.the columns of the table 

represent purchases. Thus, the 700 that appears in the Extractive· row and the 

Manufacturing column indicates that firms in the Extractive industry sold $700 

worth of goods and services to firms in the Manufacturing sector. Looked at the 

other way, we could say that the 700 also represents a $700 purchase by the 

firms in the Manufacturing sector from firms in the Extractive sector. The 50 

in :-the ~~.!l.~.f~_cturing row and the Services column represents a $50 transaction 

between Manufacturing (the seller) and Services (the buyer), and so on. 

The same i ndustri a 1 sectors are i dent ifi ed on the 1 eft hand margin of the 

tab 1 e as appear a 1 ong the top of the tab 1 e. The sa 1 es and purchases between 

these sectors represent sa 1 es and purchases of 11 i ntermedi ate 11 goods and 

services. These are goods and services produced for the purpose of facili~ating 

further production. Semi-finished goods would be an obvious example of inter-

mediate production, but so would the services of lawyers, bankers, transpor-

tation agencies (in all cases not involving a final transportation use), and any 

other sector a 1 input or output oriented towards helping other i ndust ri es with 

their own production. 

The Value Added row of the table represents another form of sale--the sale 

of resources of production to each sector. In a theoretical sense,:~he resources 

of production include land, labor, capital, and enterprise. In a more practical 

sense, this row generally includes the income received by local households for 

whatever contribution they make to the production process. These resource inputs 

are not generally considered to be intermediate even though the sale takes place 

so further production can take place. Rather, they represent final inputs that 

-add to: the income of households as opposed to 1 ndustrfa V sectors.' 
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Imports represent sales to local industries by industries and resource 

holders outside·of the locality's defined boun~ari~s. Imports (and exports, too, 

for that matter) are defined in terms of . payments. Thus, any ti me a 1 oca l 

industry buys something that results in a payment going outside of the locality, 

the purchase constitutes an import into the reference economy. 

Finally, final demand consists of sales for final uses. The usual categories 

making up final demand include Household Consumption (by households located in 

the region), Government Purchases of Goods and Servic~s, Gross Private Domestic 
. ·• 

Investment (including inventory changes), and Exports (again, ·defined in terms 

of the payment made). 

The gross output and total input values are equal. This is due to the·fact 

that the transactions table really represents a type of cost accounting sheet 

for a regional economy--debits equ·a1 credits. The elements in the table that 

forces this balance (which is a balance by definition) are profits or losses. 

This is because the final value of output is made up of all the costs that go 

into production, with profits and losses making up the difference. 

In summary, the transactions table has three identifiable parts: the inter-

•• --- - -·-- -- mediate- transactions component, represent 1 ng sales and purchases between firms; 

the final payments plus imports component, representing resource inputs into the 

firm's production plus inputs from outside of the region; and the final demand, 

representing the sale of goods and services for final use. The table balances 

between inputs and outputs, with profit as the balancing mechanism. 

The transactions table contains a great deal of useful information in its 

own right. The ··regional balance of trade (exports - imports) can be discerned 

from this tabTe ·as can gross regional product (the dollar-:--value of all final 

•• goods • and -::;s~/iices produced with the economy minus imports). The level of 

interaction between 1 oca 1 industries and between industries in the region and 
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households can:~e seen in this table. Finally, the relation between local house-

hold income and. production is depicted in the transactions matrix. 

The princtpal use for this table is found in the"'construction of the o1:her 

two tab 1 es of the input-output system, however. As ment 1oned, the transac-

tions tab 1 e a 1 one represents a cost accounting sheet for the reg1 on, nothing 

more or less. It is descriptive rather than analytica1, and it does not allow 

for general equilibrium analysis of the type previously described without 

further modification. The next step uses the transactions table to construct a 

table of direct requirements, often called the technit~l coefficients matrix. 

The question answered by the technical coefficients table is as follows: .. If 

each local industrial sector sells to other local industrial sectors some total 

amount in intermediate goods and services so that the purchasing sectors can 

produce their own output, how much do the purchasing sectors require from the 

other local sectors per dollar of output?11 For example, Manufacturing purchased 

$300 worth of intermediate output from the Services sector in order to facili-

tate its own production of $6,700 worth of intermediate and final outputs. How 

much did Manufacturing buy from Services per dollar of gross output? The answer 

is 300/6,700 =- $.045. The same computation can be made for each intermediate 

sale and purchase in the transactions table. The result of these divisions is 

shown in Table 5. 

TABLE 5 

DIRECT DOLLAR REQUIREMENTS FOR A HYPOTHETICAL REGIONAL ECONOMY 

Industrial Sector Extractive Manufacturing Services 

Extractive .018 .104 .ooo 
Man_uf a~tu_r..i.ng .009 .030 .009 

-
Services .014 .045 .014 
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The rows are still read as sales and the columns as purchases. Only now the 

sales are in terms of cents per dollar, and the purcha.ses have the special 

i.nterpretatio_n. of ."input requirements" per dollar. of output. We call these 

"input requirements" because they represent requirements during the period of 

analysis in order for each sector to produce their own outputs, scaled down to a 

"dollar of output" basis. 

The technical coefficients matrix represents a recipe for production. In 

order to produce one dollar's worth of output, the Extractive industry needed a 

pinch (1.8¢) of its own intermediate outp.ut, a dash ·{.9¢) of the intermediate 

output of the Manuf actu ring sector, and a smidgen ( l. 4¢) of the i nte rmed i ate 

products of the Services industry. In order for Manufacturing to produce a 

dollar's worth of output, it required a pinch (10.4¢) from the Extractive firms, 

a dash {3¢) from Manufacturing, and a smidgen (4.5¢) from Services. And so it 

goes through all of the identified industries for the region. 

One of the key assumptions of input-output analysis, mentioned earlier, is 

that this recipe does not change, regardless of the level of output. Thus, if 

the extractive industry were to experience an increase in final sales equal to 

$10,000, it would require another $180 worth of intermediate products from its 

own firms, $90 from Manufacturing, and $140 from Services. It should be empha-

sized that this process starts with a change in the final sales ·of an industry:··· 

or from 11 exogenous 11 forces. The coefficients in the interindustry section of the 

table represent the 11 endogenous 11 component of the table. 

It can be seen that this first computed table gives the analyst limited abi-

lity for impact analysis. He or she could go through the process of assuming any 

number of changes in the final sales of the identified __ industries, multiply 

these assumed _changes times the direct requirements <;qefficients, and come. up 

with estimates as to the direct effects from these changing· final sales on each 
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identified -i-n:dustry in the region. Just to make sure that-there is understanding 

of this process, the questton might be asked: "What is the ~irect effect on each 
.... 

regional indus~ry from an increase in the exports from the Manufacturing sector 

equal to $10,000,000?". The answer is that Manufacturing would increase by 

$10,000,000 plus a direct intermediate production effect of $300,000, for a 

total of $10,300,000; the Extractive industry would find its intermediate 

production increasing by $1,400,000; and the Services industry would see its 

intermediate production increase by $450,000. 
;. 

But this is not the end of the story. If each industry has to increase its 

output in order to service the increase in final sales of the Manufacturing 

industry, then each must, in turn, increase their intermediate purchases and 

sales from and to one another to service this secon~-round expansion in acti-

vity. The second round must then be serviced by a thi rd round of outputs. Each 

round is sma 11 er than the 1 ast due to 1 eakages to imports and to 1 oca 1 va 1 ue 

added, until the process has completely played itself out. The first three 

rounds of such an increase will be shown below. 

Tab 1 e 6 shows the first round of increase in intermediate and f i na 1 produc-

tion from an increase in the final sales of Manufacturing of $10,000,000. 

TABLE 6 

ROUND ONE FROM AN INCREASE IN MANUFACTURING FINAL SALES EQUAL TO 
$10,000,000 

Manufacturing 

Extractive 

Services 

Total 

Final Sales Change 

$10,000,000 

$10,000,000 

Intermediate Sales 
Change 

$ 300,000 

1,040,000 

450,000 

$2,150,000 
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Note that the only exogenous change is the initial change in final demand 

assumed for the Manufacturing industry. The rest of the sa 1 es represent the 

direct first round results- from those sales on the intermediate output of all 

industries in the region including Manufacturing. TheS:e:--a-re-recipe requirements 

in order for Manufacturing to produce the hypothesized increased final sales. 

Table 7 presents second round totals. Note that Manufacturing requires still 

more intermediate inputs from its own firms, this time to service the additional 

$300,000 of output it had to produce to directly allow for the initial 
,. 

$10,000,000 increase in final sales. Similarly, the Services industry needs to 

buy from each of the other industries to enab 1 e it to produce the addi ti ona 1 

$450,000 directly required by Manufacturing. Finally, the Extractive industry 

must have additional inputs to produce its additional $1,040,000 for 

Manufacturing. The rounds of production in Table 7 are indirect impacts. 

TABLE 7 

ROUND TWO FROM AN INCREASE IN MANUFACTURING FINAL SALES EQUAL TO 
$10,000,000 

Extractive 

Manufacturing 

Services 

Manufacturing 

$31,200 

9,000 

4,200 

Extractive 

$18,720 

9,360 

14,560 

Services 

$ 000 

4,050 

6,300 

Total 

$49,920 

25,060 

Now, Manufacturing has increased its sales three times: the $10,000,000 that 

was initially assumed, the $300,000 needed to directly service that increase in 

final sales, and the $22,410 to service the $300,000 in the first round. The 

Extractive industry has increased its sales by $1,040,000 to service the final 



J 
24 

sa 1 es change for Manufacturing p 1 us the $49,920 to service that first round 

increase, for a total of $1,089,920 to this point. And so it goes. 

We will now run through one more round of increased production, this time to 

service the second round. Table 8 presents this third round. 

TABLE 8 

ROUND THREE FROM AN INCREASE IN MANUFACTURING FINAL SALES EQUAL TO 
$10,000,000 

Extractive 

Manufacturing 

Services 

Manufacturing 

$ 2,331 

672 

1,008 

Extractive 

$ 899 

449 

699 

Services 

$ 000 

225 

351 

Total 

$3,230 

1,346 

2,058 

Each additional round is computed in the manner shown above, and the totals 

are added to determine the total direct and indirect effects from the initial 

assumed change in the final sales of one of the regional industries. This 

process is obviously cumbersome. It would even be more difficult, impossible 

probably, to work such an iterative scheme for a larger number of· industries or· 
for higher direct coefficient va 1 ues. Fortunately, the system of s1 mu ltaneous 

equations re~nted by an input-output system can be solved using high speed 
-----

computers in a matter of seconds, even for the largest of tables. The solution 

for the system in this example appears as Table 9. 

The di agona 1 of the tab 1 e shows 11ones 11 p 1 us some other factor. These "ones 11 

represent the dollar increase to final sales of the industry for which such an 

exogenous change is assumed. The numbers appearing after the decimal represent 
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the direct (shown in Table 5) plus indirect effects from each assumed change in 

final sales. Thus, the $10,000,000 change for the example- using Manufacturing 

turns into a· $10,320,000 total increase in Manufacturing sales: $10,000,000 ·to 

final sales, $300,000 in direct sales, and $20,000 in indirect sales. That 

$10,000,000 in Manufacturing sales turns into an increase of $1,090,000 in sales 

by the Extractive industry: $1,040,000 of that directly and $50,000 indirectly. 

Finally, the $10,000,000 assumed increase in Manufacturing leads to an increase 

of $490,000 in the sa 1 es of Services: $450,000 of that di rect and $40,000 of 
;. . 

that indirect. 

TABLE 9 

DIRECT ANO INDIRECT DOLLAR REQUIREMENTS FOR A HYPOTHETICAL 
REGIONAL ECONOMY 

Extractive 

Manufacturing 

Services 

Total 

Extractive 

1.019 

.010 

.015 

1.044 

Manufacturing 

.109 

1.032 

.049 

1.190 

Services 

.001 

.010 

1.015 

1.026 

The total impact on all of the industries in the regi~ri combined fi~ 

$11,900,000 {l.190 x 10,000,000). The 1.190 is called the demand multiplier for 

Manufacturing, or the total direct and indirect purchases this sector must make 

from itself and from the other regional industries in order to produce one 

dollar's final output. To conduct an impact study, simply take an assumed change 

in final demand for any of the industries times the demand multiplier for that 

same industry. This 1 ndi cates the direct and ·; ndi.rect effects on the region 



26 

resulting· fronr--th·e· assumed change. The impacts stem from the fact that 

i ndust ri es in_ a _r_egjon interact with one another th rough their purchases· and 

sales from and to one another .. The greater this 1 eve 1 of interaction, the 

greater the industrial demand multiplier. 

THE TWO-REGIONAL MODEL 

Many extensions of the basic input-output model. are possible, each providing 

more detailed analysis than the Direct and Indirect table taken alone.• One of 

these extensions is to take interregional trade impacts into account in the· 

endogenous portion of the table rather than as an exogenous factor, as trade was 

taken to be in the previous examples. A discussion of this interregional table 

1s presented here since this extension will be made in the construction of the 

input-output model for the region being investigated. 

Input-output analysis has many strengths in terms of its ability to predict 

impacts of changes in the final demand component of a regional economy. Its suc-

cess as a predictive tool is weakened somewhat by the restrictive assumptions 

necessary for the table 1 s construction. Three important limitations are con-

tinually mentioned in this regard: {l) all production relationships are assumed 

to be linear in form, {2) the element of time is completely ignored, and (3) the 

"feedback" effects resulting from interregional trade are not taken int9_ 

account. 

Experts in the field are currently working on the changes required to answer 

some of these criticisms. Much of this work has been directed toward the third 

limitation--omission of interregional feedback effects. 

The essence of the work dea 1 i ng with i nterregi ona 1 feedback is this: The 

single-region models ~o prevalent in t~e United States today do an excellent job 

of tracing through internally transmitted impacts. In other words, single-region 

mode 1 s treat 1 oca 1 economies as being free of effects from trade patterns 

------··. 
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resulting from-TocaTJ.f.·Jnduced production. Trade with other regions 1s treated 

as an exogeno.us.c.amp.onent of the model. 

', Assume, for example, that there are two defined regions, each with its own 

i nterna 1 i ndustri a 1 structure and each carrying on trade with the other. Reg1 on 

A has an input-output tab 1 e with exports as an exogenous component of fi na 1 

demand and imports as an exogenous component of final payments. Region B has the, 

same. Now assume that Region B increases its demand for the products of Region 

A. This represents an increase in . the fi na 1 demand for a certain set of Region 

A's industrial outputs. 

Region A, with its single-region input-output model, will provide a strong 

capability for tracing through the rounds of internal changes required to 

satisfy B1 s increased demand. This is certainly useful information for the plan-

ners of Region A, but 1 t fa 11 s short of a full analysis for the two regions 

taken together. 

In order for Region A to increase production, its industries will need to 

buy more -from one another as well as increase their intermediate imports from 

other regions, inc 1 udi ng Region B. What is more, 1 oca 1 househo 1 ds 1 n Region A 

will find their incomes increasing as a result of increased industrial activity, 

and they, too, will buy more products locally and from other regions. In tu~n, 

Region B shou 1 d find that its exports to Region A are increasing as a seconda,ry·· 

impact of its original changing demands for A's output. The increased activity 

in Region B will then indirectly affect the level of Region A's output, and so 

on, until the trade multiplier effect has worked itself out. 

Unfortunately, single-region models for the two regions are only capable of 

analyzing the impacts on region A from the original demand change on the part of 

Region B, as if Region A were an isolated economy reacting only to exogenous 
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changes. No "feedback" analysis is possible with respect to Region B, thereby 

understating· ·tnif-tot-aT changes that affect the two regions taken together. 

One response. .mtght. be to create a combined· tab 1 e for the two regi ans, mak·i ng 

them into one larger region. This logic may eventually lead us to the conclusion 

that only national tables are worthwhile, since any sub-national table would 

ignore the trade patterns and their impact. This would 1 eave sma 11 er regi ans 

without the ability to analyze specific effects from changing demands on their 

local industries. Region A and Region B may be different enough from one another 

so that separate tables would be useful to their indi;idual planning needs. 

An alternative approach to constructing a single table is to make the trade 

components either more detailed in their exogenous capacity or to make trade an 

endogenous component of each region• s tables. Each region wou 1 d retain their 

capacities for analyzing internal impacts from changing demands while the 

greater region will be capable of more accurate and detailed analysis. 

EXAMPLE 

A table is currently available for the Northeast Minnesota region that is 

scaled down from a larger, two-region table of the type described immedia~ely 

above. This tab 1 e 1 s a 75-sector tab 1 e; the direct and indirect component of 

this table is presented as an Appendix to this report. This table can be used 

to assess the impacts from changes in activity due to new forest product 

utilizations. 

Assume, for example, that a new utilization of forest products in this 

region results in an increase in the exports of the Logging industry equal to 

$1,000,000. Table 10 shows the interindustry direct and indirect effects from a 

hypothetical $1 increas~ in Logging industry exports on selected industrial sec-

tors in the region-{sectors that interact with Logging to the extent of .3% or 
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• more). These---ceef-ficients are then taken times the change in exogenous 

"" -For exampl~, an increase of this type would require that the Forestry and 

Fisheries industry increase its output by $38,263, the Agriculture, Forestry, 

and Fisheries Services industry increase its output by $2,266, and so on through 

the extent of the Logging column. The total impact of $1,331,689 shown at the 

bottom of Table 10 represents the total output impact of an increase in the sale 

of Lo~ging on itself and on all other identified regional industries. 
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TABLE 10 

tbiACANiY.SEL-ECTED IMPACTS FROM $1~000,000 INCREASE IN LOGGING EXPORTS 

Industry Industry Multiplier Effect 

Forestry Fisheries Products .038263 $38,263 
Agriculture, Forestry, 

Fisheries Services .002266 2,266 
Construction .003830 3,83"0 
Textile Goods .003125 3,125 
Logging 1.018443 1,018,443 
Sawmills .031502 31,502 
Other Wood Products • .002395 2,395 
Pulp and Paper Products .00236'0 2,360 
Printing and Publishi~~ .001167 1,167 
Chemicals and Allied Products .003993 3,993 
Petroleum Refining and Production .065266 65,266 
Glass, Stone, Clay .003043 3,043 
Primary Iron and Steel .015646 15,646 
Fabricated Metals .033094 33,094 
Other Electrical .005592 5,592 
Railroad Transportati~n .005796 5,796 
Electric Utilities .003546 3,546 
Gas Utilities .002888 2,888 
Whol esa 1 e Trade .025104 25,104 
Retai 1 Trade .002585 2,585 
Finance, Insurance .004265 4,265 
Real Estate .003945 3,945 
Business Services .006784 6,784 
Eating and Drinking Places .003198 3,198 
Automobile Repair .008884 8,884 . . . . 
• . • 

Total Interindustry 1.331689 1,331,689 
, .... 
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