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Introduction

Jo‘hn Kenneth Galbraith once sﬂemar‘ked that an engineer who develops

a new carbureator for which the public feels no need and will feel none
until an advertising campaign arouses it, is considered a valuable member
of society. On the other hahd, a politician or a public servant who dreams
up a new public service is considered a wastrel, no matter what the need.
In some respects economists and planners have acted like the engineer-—
both have their talismen to which they regularly make cbeisance. The role
of the politician or public servant has been carefully avoided. The distrust
which the general populace harbors for the economist and the planner does
not spring only ocut of mere ideological differences; it has been bred by
past experience. G. A. Fel'dman and Wassily Leontief, as did many early
American and British economists, saw the connection between economics
and planning. Economics and the study «f economics is valid only to the
extent that it is oriented towards directing social action. Planning is the
counterpart of economics—its function is to see that economic development
does not conflict with the human and natural environment.,

Cven with existing inadequate legislation necessary to achieve proper
planning and economic development, we still find large numbers of profes—
sionals who are content taying with production functions and drawing up
master traffic plans; they are the modern Neroes, playing their fiddles
while Rome burns. Colorado has not yvet become another Caiiférniag but
that day nolonger seems toofar distant. It is past time for wringing hands

{or necks); it is time for brutal honesty . If we seek an environment of



guality and not merely a warmed-over Los Angeles, we had better speak
ups the’stick which we wield must be hard, cold facts.

This paper, to a very large extent, is a first attempt to give the planner
the weapons he needs to act effectively as a public servant., The weapons
are taken from the economists' armory; the input—output model which is
discussed in one part of this paper has been widely used in studying national
economies. If properly used, the inpubt—output model is well suited for analyz-
ing the interrelationships of a local economy and determining the effects of
exogenous investment in the overall development of the local economy . It
can also be a very useful tool in establishing economic and social priorities
that are consistent with the human and natural environment of the area.

Two other sections of this paper will discuss specific problems of data
collection and the relation of field reconnaissance to an input—putput model .
A appendix includes a proposal to the Four Corners Commiission as a

practical application of the input=cutput model.

The Input=-Output Model as a Framework for an Economic Base Study

Introduction

Input=output analysis is basically a simplified general theory of prod-
uction and is based upon the premise that it is possible to divide all economic
activity into sectors whose interrelations can be expressed in a set of
simple input functions. The model includes the interdependence resulting

from the sales of commodities from one sector to ancother and from the use



of the same primary factors, It excludes substitution among outputs of
diﬁ?er‘e’nt sectors, either in final uses or as inputs to other sectors. Sector
analysis is disagretive as opposed to a general or partial equilibrium analysis
and conseguently is particularly well suited to studying an increase (or
decrease) in demand in one sector or other sectors.

Properly employved, input-outpul analysis can be a powerful tool for the
plarner, both in determing social and economic priorites and implementing
them through the political processes. The Appendix (proposal to Four
Corners) indicates someaf theways an input—output model can be manipulated

to indicate serious social—economic constraints in the local area.

The primary difference between a local community input—output model
and Leontief's original model for a national economy is that the small local
community is dependent upon exogenous forces in driving the local community's
econommy . 1 his dependence, of course, will show up quite clearly in any
quanitative study of a local community’s economy employing an input=output
framework. It also coincides with our own intuitive notions about a small
community's economic 1ife, that it is strongly dependent upon outside forces.
If this were not so, then we would not have ghost towns.,

In developing an input—output model for a small local community, two
rather strong assumptions are made; and these should be kept in mind.

The first is that each producing or consurming unit maintaing a constant
input pattern as total oculput varies,; i.e. we have a linear homogenous
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function of the 1st degree. The second is that the product rmix with the cutside
world éemains congtant. These assumptions may seem unrealistic in a

real world economy for the following reasons: (1) economies—of-scale may
be realized; (2) external economies may occur; (8) technological change

may occury (4) relative price changes causing substitution in inputs; and

(8y changes in trading patterns which may change relative prices, thereby
causing substituion in inputs. Of course, there are forces working for a
constant input coefficient. Among them are custom, habit, and plain inertia.
More important, however, is the nature of the analysis itself. Rarely will
we see a local industry expanding so rapidly that its input coefficient is

going to change appreciably. Moreover, the study using an input-output
framework is more of a short~term analysis where other long~term factors
cannot be expected to have a significant effect on ’the input coefficients.
However, when the input-output framework is used in a dynamic analysis

of a local econormy, the analysist should be aware that these constant input
coefficients may well change substantially. This problem can be Qér‘t!y
avoided by having a thorough knowledge of how a particular sector has

changed in the past to technological innovations and other factors that may
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be of crucial importance in changing the input coefficient of that sector.
With these thoughts in mind, we are now ready to develop an input—output

model for a small community .

1. These assumptions can be relaxed; see Cherney and Clark, Interindustr
Economics, Chapter 4,

,.,4@



From our initial two assumptions, we can produce a community multiplier.

}5 R wherejﬁi z total input by the {th producing unit and

total output by the ¢th producing unit,

Agtotal community input and yg total community output.
Now Tet ?Z??tata? input coefficient for the local community, that is:

?? s 1t will be ﬁeﬁed is a constant by virtue of cur assumption of a constant

output relationship. Our total nonlocal input is represented by

since

mg%?E{ is equal to the community’'s total efforts.

:3; {gm?ﬁ

It can readily be seen that {5@*???4 is the community multiplier. The

@5

above equation indicates that output is directly related to the level of

community exports.



From the community multiplier we can now develop an input-output
m@éé? for the local community. Economic activity can readily be divided

into sectors, Suc% as’ @gr%ca?tﬁre, retail sales, mining, etc. Thus

¢ &éﬁggézkaseb

3

e -
where yﬁ 3 total output for the Lth industry, and where Yig z output by

the ¢ th industry which goes to thejﬁi industry,

and where é

and where, as we have assumed, that the input coefficients are linear

ztotal exports,

homogeneous functions of the 1st degree for all values of output, then

‘e %ﬁfg (a constant)

then, . - L. .
.ﬁiﬁxg&gj%% Lo bj=ba,...n
rewritten VA
@az i = ?ﬁgbﬁ Y

where @ = col i“ﬁ?;%iz” : ‘gﬁ)
y@ C@é éyﬁg yzgncayg%}
A = €§;§Eﬁ§§‘§ and I is an NxN identity matrix.
The inverse matrix is %
where each element of the inverse matrix denotes the amount of output from

the { th industry used directly and indirectly per unit of output by the



ﬁvii industry exogeneously. This establishes the framework for the
input-output model. Before we set up a transaction table, etc., however,
let us disgress ?ér a monent and alter our basic model. It will be
remembered that |

Yij = 5 Yj .

Let us now assume that i F

but where i = @%ﬁ,}& }gg + Cij
and €3 j is a constant denoting input to %he(ﬁj%} industry from the
industry regardless of ﬁﬁegﬁ;ﬁhfﬁégstry*s output. Thus
Y2 ey
or the output of theé'ﬁkﬁﬁéas%ry can never by less than its constant input.

In matrix form w%e%eg¥f}$ an m x n vector in which each e?ement is equal

to ?g%
Y=A+Y+ @,
and v = [2-A1"'@ + E-A1T YW
et k= [£-A1""YS
S0 = igfmﬁgzmg N & éi \

The Tower limit of each %2 is each corresponding element é%é rather than
%g% but are of not consequence if the values of L, 3 for each \ffé are
realistic. This gives us a model which is highly manipulative, but for
ordinary purposes the value for @éé may be taken as zero except where

%

there exist some highly critical interrelationships.

i

We are now ready to set up a "transactions" table for our input-

output modei. A simple example of a 3 sector economy is given below.

Y



#1 ' #2 #3
Minerals Agric. Retail

Minerals
Agm%é Yay Yz Yas gz; Y.
#3
Retail 3; v
Imports
4&8 ? 35 v : 3& E
J Output yi yg

’The table shows the transactions of a 3 séétar’eQSﬁ@myféﬁumeraEs,
agriculture, and retail tmée,k ?hekg,,j?g show eaé@gemus transactions
between each sector of the economy. Thus, eatﬁ?gés represents a sale by
the ¢ th industry to theigﬁﬁ_éndustry; or a?té?ﬁat%ve?yg eacﬁx%%g represents
& purchase by thajgﬁ industry from the {th industry. Each@represents
exports by the &'th industry, and each Y represents total sales by the ith
industry. The total community output in our 3 sectér model is equal to
Ey@%{?sﬁ&zﬁ should be noted that the %mpért pérf; ysf the table serves
no functional purpose but is included only for purposes of completeness.
This table above wi}? tell us a lot about é semmanftyag’e56nam%c activity.
For example, even though the vaiue of mineral production may be higher
agriculture, Tittle of mineral production income may be spent Tocally, and
this also %ad%cateé that little exploration work is taking place, i.e. the
factor earnings to now-residents are quite high. (See the example of a

transactions table at the end of this section) From the monetary transactions

=8 -



table we can construct a "structural matrix" fable, also calied an

"input coefficient" table. An examplt of this is illustrated below:

Total
Exports-8- Output

i gﬁ | %y | %y & /76 Yi[(ZY+Z6)
#2 %2 Hgz %23 &, fz‘@s y’g g§§§§§§}
#3 %3 L3z %33 e, /L6 Y 5{2 V+L6]

AT RET D To/ltyIe)
Total § 1.0 LO [.0 Y, » [.0

s
s
:‘@:@’;
o
e
Cad

Each %igé is equal to gégi%% which is a constant. From this it will
5y . 2 . N . 1 - sasgé s . M

be recalled that we derived the inverse matrix §§%£2§ which is in fact a
muitiplier showing the direct and indirect effects upon a row sector by
income received by a column sector. The final step in creating an
inverse matrix table (&r a Direct and Indirect Benefit Table) is somewhat
complicated, but its construction is of crucial importance in understanding
a local economy. With this in mind, we can proceed.

The transactions can be represented by the following set of n

equations {in our 3 sector model there would be, of course, three equations).

{?fs‘m L ITY } - ?fgz e T %ﬁggs = Ei
%wﬁﬁ%g%zm%ag}m’"“ = Yan ® g@



By substituting @Q;,}?* %jj%inis these equations, we can derive
a general equilibrium relationship between each sector input 3“3& Y,
RPN

and total output absorbed by the various sectors. Thus:
(5"”5@@)% m@iézi‘fﬁm“‘”&mﬁﬁgys'
i . ; w4 6 8 WD & h =
%20 Y, %‘@ ﬁ“‘m}‘ﬂa 2nYn y‘z

2 &8 & @

ey s Ut

Lomespe LT
5t IOWH

Where éach yﬁis known we can solve for each ’3&3% terms of each yﬁ

50 thégi = Aeeyg + é:z YL +‘a v 4 Aiﬁ\{n |
go? Rt A Yot ot A Tn |

é;ﬁ“"‘; Am\;g + ém;\fﬁ oot Ae’m gh,

§

[1]

The constant @éj indicates how much the output Y of the Lth sector
wcu?yd increase if %, the guantity of gooods absorbed by any final user
increased by one unit. Such an increase affects sector 4 directly and
indirectly ’?figjﬁ Where é#jl the output 4 is affected only indirectly.
This means that the magnitude of each coefficient Aéependg on the input

coefficients (&g{g‘f}. In matrix form

~§u fgsz @M
Q’%& sz A

€ 2 s

Qﬁ% é’gﬁg e é?’%ﬁ

- 10 -



is the inverse of the matrix of constants on the Teft hand side of

{g‘“eﬁ’ﬁ)%g ”@iszgz“’” mg@i%?ﬁnﬁyg
- @izs%g %»ié “&’m)%zm v %anya ﬁ\fz

— Yy = %nas = - o+~ %nn)y, = Vi
which we derived above and is the inversion of the coefficient matrix of
these original equations which is what we are looking for. Note that a
condition for equilibrium is that all elements ﬁgginugt be non-negative
which is satisfied i%sghe sum of our coefficients in our structural matrix
table is(gs i.e. if%g&&g and at least one of these column {or row)

sums is &f. We can now set up on inverse matrix or Directo and Indirect

Benefit Table, a sample of which is shown below:
-
[I-A]
#1 #2 #3
# ggg} éz%i éigg

#2 ﬁz; gzz, ‘%23

#3 = : ﬁ@; Qgg §§3
ota

Multipliers EA EA gé

The reader can quickly appreciate the need for a computer in deriving
these multipliers in a myltisector analysis. It should also be noted that by
summing the columns, we have a total multiplier from one unit of export by
the column industry. Each gg%éés a sector multipiier showing the direct

and indirect effects upon a row sector by income received by a column sector.
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Data Quality and Planning Models

Introduction

This section of the paper provides a generalized mathematical
statement about errors of measurement and their effect on planning
models. Errors of measurement can have a devastating effect on disagree-
able m@daés, Fortunately, however, the effect of measurement errors can
be minimized so that an input-output model will still have a high degree
of svédici&é?e value. This section ésyef cgﬁsider&b1e importance
to field reconnaissance work which is discussed in Section IV of this

paper.

This section will discuss errors of measurement and their effect on
the predictable value of models. Some simple rules will then be stated
that the researcher should keep in mind when building or working with a
model so as to minimize the effects of errors in data collection on
the overall predictable va?ﬁe @? tﬁe model.

There exists a standard eqﬁaﬁien for measuring output error generated

by input error.

If 2 = g{@;g%ﬁ;“”'sgﬁﬁé

then, ﬁgg = gﬁ;;éig %” g %é‘&,@ ‘%g’ €a,; g”@j‘ ?25

where €5 is the error ofg

whe?e’fé is the partial derivative af”éiwi%h respect to %;;

where €4, s the measurement of error in%;;

and wﬁsrénﬁié is the correlation between %, and %&;.
We w%%% now use this equation and run through some simple arithmetic

operations to see which operations have an "explosive" -effect when used

in a given model.



Let 2 =f(x,y), and x=12 £ 1 andy = 8% 1.

Addition:

2 =x+ty
20 =12 + 8
2 > s =
€y = € * &y
éggéf‘g
It can readily be seen that the operation of addition has the effect

é%—é%?;e

of increasing the absolute magnitude of error in the dependent variable
and is greater than in the independent variables, but the percentage error
in the independent variables (10 percent and 12.5 percent) is greater than
in the dependent variable (7 percent). Thus, the operation of addition
reduces relative error, even though the size of absolute error increases.
In the situation where addition is performed on an independent variable
raised to a power whose absolute value is less than one, both the relative
and absolute error are reduced.
Subtraction:

Z2=x-y

%%x 12 -8 )

€y eﬁ%‘? ﬁ% =2 5 €= id

In the case of subtraction, the error in the dependent variable is 70
percent which is a significant increase in the relative error over the inde-
pendent variables. It can be seen, then, that subtraction is an especially
explosive operation with respect to relative error when the difference is

small compared to the independent variables.

~13-
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Multiplication and Divison:
§.é Xy
96 = 12(8)
= ot e = fgd(1) =208
@2 =y € 4 "Léﬁ %%{g} 4+ i}

gg 2 H%éé

This simple operation has increased the relative error to 15 percent.
The absclute error has increased as well. Diversion has the same effect

as ma%tip?icaticn,

& number raised to a power:

& = (2a)e, = s#6 (1)
‘&g g 2@;

It is obvious that a variable raised to a power increases the relative
error. If, however, the independent variable is raised to a power between
1 & -1, both the absolute and relative error decrease.

By examining our initial equation for estimating errors of measurement,
we can see that the second term on the right-hand side indicates that the
error in the dependent variable increases rapidly if the independent variables
are highly correlated.

We can now make some general observations about models and model
building given known limitations on data that has been collected: (1) add
wherever possible; (2) avoid subtraction and raising variables to powers;

{3) don't use intercorrelated variables. As a concrete example of these

-14-
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rules, suppose that we wish to project growth in personal income from

1680 ar;d 1960 data to the year 1880:

If ys'a - 100 + 13
yé@ =105 + 1;

ey Yoo = Yoo (%ﬁy@ ) Yeo f Veo

yg . 1§76 + 4.03
o

The relative error has risen to 3.5 percent from 1 percent; but if we

i

examine the accuracy for predicting the change in growth in personal income,
we have 10.76 + 4.03 which is an error of 38 percent (which accounts for
errors of measurement only and does not include any errors in specification).
As a predictive tool an errorthislarge somewhat limits its value.

It is apparent from the relatively simple numerical examples that the
choice of a model should depend to a great extent on the quality of data
available. If the data is somewhat unreliable, the use of a complex maodel
will result in the cumulation of measurement errors and will more than
offset any gains made in more explicit specifications of the model. This is
merely to say that in many instances the researcher should satisfy himself
with asimple disaggregative model over a complex aggregative modetl, and
that the use of several simple models aimed at solving a similar problem
may be more valuable from an analytical framework than a single complex
model. Finally, it should be added that a good researcher can avoid some
of the problems related to measurement errors by concentrating his efforts
on obtaining good data for the important independent variables and improving
the data on variables that are known to have large measurement errors,



v, Field Recormnaissance and the Economic Base Study
i

introduction

Sections 11 and 11l have established the framework for field recornnais—
sance work. Unlike the proverbial black box with flashing lights, Tield
reconnaissance is not in league with the black arts. Good field reconnais—
sance iz, however, an art and involves much more than the collection of a
mass of data. "Everything including the kitchen sink" approach to field
reconnaissance will probably give the economist a severe case of indigestion
when he tries to correlate the number of stopped up sinks with the income
level in a community . This section of the paper will, therefore, provide
some general rules about collecting information on a community's economic
activities.

The requirements of data collection for an input—-output model are
quite specific after the sectors have been defined. Normally there will be
about ten sectors for which data must be collected. These include;
Agriculture
Minerals
Construction
Manufacturing
Transportation and utilities
Wholesaling
Retailing
Services

L.ocal government
Household

) e
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The first function of a field reconnaissance is o determine what data is

available on & current basis for these sectors, both on an income (sales)



side and on an expenditure {purchases) side. There should also be an inguiry
into what d'aia the community or region is collecting that might be useful,
and whether the cormmunity would be willing to cooperate in the collection

of current data that is not available.

The second purpose of a field reconnaissance is to discover particular
socio—economic problems that a community or region is facing. These
problems may be physically observable as dilapidated housing, large numbers
of elderly citizens, a deteriorating business district; or they may be elicited
from conversations with mayors, councilmen, county commissioners,
planning board members, and citizens. If these socic-economic problems
are acting as serious constraints on the economic development of the com—
munity or region, they must be brought out in the input—ocutput model which
can be accomplished by redefining certain sectors or subdividing some of
the sectors. The model itself is flexible enocugh to permit this. Once a
sector has been redefined or subdivided, the requirements for collection
of data becomes quite rigid; so it is necessary tc define the sectors and
subsectors abinitio before the actual collection of data begins. The division
of a local economy into sectors will depend largely on the specific problems
that the community or region is particularly interested in solving——knowledge
which can be obtained only through thorough preliminary reconnaissance
worlk,

The third function of field reconnaissance work is to determine the
orientation of the local economy being studied. This is particularly important



where the local economy is heavily dependent on a single activity such as
mining. T%is dependence must be brought out in the input—output model

and its implications for future development in the local economy established.
If the local economy is more diversifiad but still dependent. on a particular
economy such as agriculture, it may be important to subdivide the agricul-
tural sector; especially where, forexample, livestock is.an important part
of agricultural activity in the community or region. Correspondingly, if -
agriculture is playing an important economic role in the local economy,

the other sectors of the economy should probably be subdivided to show the
services and products that are being provided to the agricultural sector .,

The fourth function of a field reconnaissance is to determine what
economic sectors are uritmportant or nonexistent in the local economy .
This may warrant the slimination of a sector in the input-output model or
its combination with some other sector.

The fifth function of a field recomnalissance is to determine if there are
large anticipated structural changes in the local economy. These may
include any mumber of things: construction of a dam, the construction of a
jet port, active mineral exploration, or the opening of riew tourist facilities
in the area. These anticipated changes must be incorporated into the input—
output model and should be used as a basis for making projections of future
economic activity in the area including the creation or elimination of any

constraints onthe local economy .



Anocther purpose of field reconnaissance is to inform the elected officials
and citizer;s of a community or region of legislation that has besen passed
or pending that may affect the conduct of existing economic activity in the
area. The effects of such legislation can be both positive and negative.
it may affect only the private sector of the economy, it may affect only
the public sector, or it may affect both. Related to this, of course, is
informing the community or the region of specific statutory requirements
that they must meet to participate in a particular state or federal program.

Finally, it is important to ascertain how the people in the local area
feel about the performance of their economy and the type of develobment
they would like to see in the future. Some types of economic development
are inconsistent with others, and they may also be inconsistent with some
other goals that the community or region is seeking.

In order to elicit widespread support for an economic base study; the
communiby or region must be made aware of the purposes of such a study,
its relation to planning, its limitations, and the effects of certain types of
economic development on the physical and natural environment of the area,
In some respects, the education of the community to the aesthetics of
economic development and planning may be the single most important
aspect of Tield reconnaissance. Done improperly, it may mean that a
community or region, nc matter what the economic base study may suggest,
will not be able to get itself together for purposes of economic cooperation
or controlling undesirable intrusions into the physical and natural environment

of the area,
- 19 .



The planner, if he is to accomplish the purposes of a field reconnaissance,
should have his senses well tuned; not only should he ask the right questions,
but he should also act as a listening post.  Otherwise, no matter how good
the data collected, the economic base study may prove to be totally irrelaevant

to the needs of the area.
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V. Appendix

(Consists of Region 12 Proposal to Four Corners. See J. Miles for copy
of this)



THE ECONOMIC DEVELOPMENT INTERNSHIP PROGRAM

The preceeding report was completed by an intern during the summer
of 1969. His project was one of 93 under the Economic Development Internship
Program sponsored by the Western Interstate Commission for Higher Education
(WICHE).

The purpose of the intern program is to bring together organizations
involved in economic development and institutions of higher education in
the West. It is felt that this will be of benefit to both.

For economic development organizations, the program provides the
problem-solving talents of student manpower while making the resources of
universities and colleges more available. For institutions of higher
education, the program provides relevant field education for their students.
while building their capacity for local problem solving.

WICHE is the organization in the West uniquely suited for sponsoring
such a program. It is an interstate agency formed by the thirteen western
states for the specific purpose of relating the resources of higher education
to the needs of western citizens. WICHE has been concerned with the economic
health of the West for some time, since it bears directly on the well-being
of western peoples and the future of higher education in the West. WICHE
feels that the internship program is one method of meeting its obligations
within the thirteen western states. Appreciation is due Dr. Roger Prior
of the Office of Economic Research, Economic Development Administration,
United States Department of Commerce, for the initial financial support
which made this program possible.

For further information write Bob Hullinghorst, Program Director,
Economic Development Internships, Western Interstate Commission for Higher

Education, Drawer P, Boulder, Colorado 80302
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DEPOSITORY LIBRARIES

Copies of economic development intern reports printed by WICHE may
be obtained on loan directly or through your local Tibrary from any of the
following depository libraries:

University of Alaska Library
College, Alaska 99735

University of Arizona Library
Tucson, Arizona 85721

University of California Library
Berkeley, California 94720

University of California Library
Los Angeles, California 90024

Norlin Library
University of Colorado
Boulder, Colorado 80302

Gregg M. Sinclair Library
University of Hawaii
Honolulu, Hawaii 96827

University of Idaho Library
Moscow, Idaho 83843

University of Montana Library
Missoula, Montana 59801

University of Nevada
Reno, Nevada 89507

University of New Mexico Library
Albuguerque, New Mexico 87106

University of Oregon Library
Eugene, Oregon 94703

University of Utah Library
Salt Lake City, Utah 84112

University of Washington Library
Seattle, Washington 98105

University of Wyoming Library
Laramie, Wyoming 82070
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