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HIGHLIGHTS

This report is concerned with the development and utiliza-
tion of an econometric model for planning economic develop-
ment in small rural areas. The planning model was devel-
oped for a S-county area in south central Kentucky {Glasgow
trade area) selected as a case study area.

The model is a highly disaggregated form of linear pro-
gramming. It was designed to determine: (1) The amount of
autside financing needed to mect the in¢crease in income and
consumption adopted as the targets for the development plan;
(2) the mix of new manufacturing and agricultural activities
that will cost the least in outside financing; (3} the techniques
of production to employ where alternative techniques are
available; (4) the amount of technological change required in
exirting economic sectors, especially agriculture; {5) the
amount of labor, by level of skill, required for the plan, and
any shortage or surplus in the local labor force; and {6} the
amount of local capital formation required,

The model contains a pricing mechanism that tends to
make the optimal solution conform to a2 competitive solution
for the area. This is done by including activities in the solu-
tion that could be profitably established in the case study
area under conditions specified for the model. The optimal
solutiun is made to conform to the competitive solution by
sirulating the trade pattern of a free economy. The inclu-
sion of the trade element in the model also allows it to
specify a foreign exchange requirement for the area.

The methodology utilized in this report permits an inter-
nal check as to whethex the proposed development area is a
satisfactory size for analysis and planning. Such a check is
provided by the derivation of a labor balance account, which
shows the required in and out flow of various types of skills
necessary to implement a particular economic development
plan. Also, if it is established that an area is capable of
sustained growth, the methodology indicates the direction in
which the area’s economy could move in order to achieve
specified income goals with minimum capital requirements.

The methodology employed in this study adds an impor-
tant feature to the market mechanism in that it achieves a
simultaneous solution, thereby taking into account the exter-
nal economies that result from sirmnultaneous expansion of
sources of material supply, markets, supporting public and
private services, and labor supply. Thus, it suggests that
an important policy instrument for regional development
planning is coordination of both public and private invest-
ment decisions in order to assure that there will be simul-
taneous investments in interrelated and mutually supporting
sectors, Also, the model provides a means of testing the
effects of alternative policies on a solution.

iv




The model is especially useful for planning in small, low-
income, rural regions having the following characteristics:
{1} The region is not expected to become capital goods pro-
ducer, rather, most capital goods required for industrial
expangion will have to be imported; {2) agriculture occupies
a dominant position in the region's economy; and {3) an ex-
ceptionally large proportion of the region’s labor force is
unskilled,

The model contains features not contained in any of the
current programming models used in development planning,
Some of the more important of these features are: {1) A
highly disaggregated foreign trade sector that permits com-
petitive comparisons between local and foreign industries;
(2) the endogenous inclusion in the model of technological
change; and {3} the detailed analyses of labor demand and
supply, permitting the construction of realistic labor bal-
ances.

The outside capital required for a development program
for the Glasgow, Ky., trade area is not excessive, In order
to implement a program designed to raise incomes in the
area by $48 million, equivalent to a per capita rate <f 5.6
percent per annum, fixed investment by outside agencies
(i. e., public and private} of $37 million is required for the
total 10-year development pregram. In addition, the outside
investment is expected to bring about local capital formation
of $71 million, These relationships are acceptable. COn the
other hand, the annual deficit in the {oreign exchange bal-
ance on current account for goods and services of about §15
million is high, The results of the program indicate that
self-sustaining growth has not been achieved by the end of
the 10th year, It was found, however, that the amount of in-
come created and the net export balance in the regicnal
development program are affected by the constraints on
exports,

It is possible that the study area can achieve 3 self-sus-
taining growth rate less than the original goal of 5.6 percent,
but considerably above what it is presently experiencing.
Also, it may take such an area more than 10 years to reach
gelf-sustained growth.

There is 2 significant scarcity of persons available for
managerial and skilled positions in many areas. Unless the
region in which the development program is tec be imple-
mented can import a large number of persons in these cate-
gories, or unless the area encompassed by the program is
expanded to include a larger, more diversified labor force,
it will not be possible to carry out the program,

Varying some of the major parameters, such as wage
rates, did not significantly alter the composition of the
optimum program, This stability factor indicates that the
general composition of the program is focused in the right
direction and tends to increase confidence in the results of
the program. With the composition of the program pretty
well established, the basic plan ts set forth, and program

v
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oriented agencies can proceed in an organized manner to
develop the detailed follow-up studies that 2re required for
the formulation of development programs in specific areas,

Since the model is quite flexible, resources which act as
restraints on development prospects can be identified and the
effects of changes in these resources evaluated, Planners
need such information. It allows them to redirect the devel-
opment program and to prevent gross planning errors, In
addition to providing a development in an aggregate sense for
an area as a whnle, the model provides guides to investment
decisions by individual entrepreneurs.

vi




Application of Activity Analysis to
Regional Development Planning,

A Case Study of Economic Planning in
Bural South Central Kentucky

By

Robert G. Spiegelman
Stanford Research Institute
and
E.L. Baum and L, E, Talbert
Resocurce Development Economics Divisien
Economic Research Service

I INTRODUCTION

The problems of chronic high rates of unempleyment and
relatively low family incomes in many rural areas of the
United States are by no means recent phenomena, The prob-
lems have received considerahble study and discussion over
the past several decades. Only in recent years, however,
have comprehensive efforts been made to analyze the low-
income problem for its effects on the economic well-being of
the people involved and for the differential rates of economic
growth of these areas and the Nation. Millions of people are
known to be living in poverty, and billions of man-hours of
productive energy are wasted each year through unemploy-
ment and nnderemployment. Because of the inability of the
individuals themselves to cope with this situation, Federal,
State, and local governments have recently begun to focus at-
tention on ways and means of amelicrating theae conditions in
low-income areas.

Government agencies which are in a position to formulate
active and comprehensive development programs need guides
for developing practical methods of improving incomes and
levels of living through more efficient use of all available re-
sources. Because research in esmall-area development is rel-
atively new, there is a lack of proven methedology., Planners
are not able to determine whecher or not 2 small-area econ-
omy is viable, and whether a particular area has sufficient
size and resources to accomplish the needed development,
Research, then, is a necessary firs" step to any area devel-
opment program.
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One way for ameliorating underemployment, unemployment,
and low incomes of farm families and other residents of de-
pressed rural areas is additional capital investments in new
industries, public facilities, and both private and public de-
velopment of higher levels of skills and education among the
labor force in the particular area. But those in charge of
planning area development programs have no way of knowing;:
(1) Whether the area has development potentiai; {2) the types
and sizes of investments that are econerically suitable for
lew-income areas having different resources; and (3) the ef-
fects of differing amounts of investment associated with vari-
ous preopoesed programs on incomes and employment in small-
drea economies,

In particular, analytical methods and procedures are
needed to estimate the effects on income and employment that
can be expected in low-income rural areas from additional
public and private investments in the area. The primary pur-
pose of the research reportad here was to develop a planning
model that, with adaptati =« o varying local conditions, will
be suitable for appraising the overall potentials of additional
industrial, commercial, and other forms of public and pri-
vate capital investment in such areas, In addition, the model
could direct the follow-~up studies that are required for for-
mulating a comprehensive economic development program of
a specific area.

It is important, therefere, that an analytical method which
would serve in this capacity meet at least four bagic criteria.
First, many factors are associated with and influence the in-
comes of individuals and families. Low incomes in rural
areas often result from low productivity in agriculture and
inadequate opportunities for members of farm families to
earn incomes cutside agriculture and rural based agri-
businesses. Low incomes may also be attributed to the set-
tlement pattern of an area, to technological advances which
have benefited some areas relative to others, or to a2 more
rapid capital formation in some areasa than in others, These
causal factors are certainly interrelated, and each of them is
responsible to some extent for the conditions in low-income
rural areas. Because the combination of factors that cause
low incemes vary among regions, no one standard treatment
can be prescribed for all situations. Therefore, one criterion
of this methed of analygis is that it be applicable to a wide
variety of economic conditions.

Second, economic growth and development of an area is
certainly a function of progress rmade in each individual sec-
tor in the area. As new technologies are advanced, each sec-
tor has its own internal adjustment problems. But if growth
of the entiie area is to be considered, interinduastry relation-
ships must be brought into proper focus. In recent years,
more than ever before, the agricultural sector is being rec-
cgnized as only one of many interacting sectors of a regional




or national economy. Therefore, another criferion of an ana-
lytical method is that it must embrace all sectors of the econ-
omy of an area.

Third, consideration must be given to interarea as well as
interindustry relationships. A fundamental difficulty with
regional planning is that a region is essentially an open econ-
omy permitting a free flow of capital, labor, and commodities
among areag of the Nation. Any plan that attempts to alter the
existing pattern of these flows is battling a powerful market
mechanism. Furthermore, a free enterprise system provides
few tools with which to wage this battle. The model developed
here contains a pricing mechanism that tends to make the op-
timal solution conform to a competitive solution for the area
by simulating the trade pattern of a free economy.

There are activities in the model to export from the area
and to import to the area all producible commeodities at real-
istic market prices. Thus, a production activity is included
in the solution only if it can sell profitably in the local market
at a price less than the import price, or it can export only if
it can sell in outside markets profitably at less than the de-
livered price from competitive areas.

The trade element in the model also allows the rmodel to
apecify a foreign exchange requirement for the area, i.e.,
the amount of funds which must be provided from outside
the area to promote a given development plan.

The fourth criterion of the model is that it should serve to
answer two major questions from a public policy point of
view. First, is the task of raising incomes in an underdevel-
oped region worth undertaking in terms of economic costs
and benefits ? The solution to the model provides information
necessary to compute the ratio of investment te income. By
comparing this ratio for one area with those computed for
other areas, or that used as a standard for acceptable return
on investment, it is possibly to determine the economic feasi-
bility of the suggested development program. In addition, the
methodelogy used in this analysis permits an internal check
on whether the size of the region is satisfactory for analyti-
cal and planning purposes. Such a check ia provided by the
derivation of a labor balance account, which shows the re-
quired in and out flow of labor of various types and skills nec-
essary to implement a particular economic development plan.
An excessive in-flow relative to local labor supplies indicates
either an overambitious program, or a poorly delineated
region,

Second, if the answer to the first question is yes, what is
the most efficient way of doing this, given the present condi-
tions ? In other wordas, if it is established that an area is
capable of sustained growth, in what direction should the
economy move in order to achieve specified income goals
with minimum capital requirements.




This report describes the development of a2 methodology
which fully meets the criteria presented above for any low-
income rural region. In addition, it specifically provides
means for determining:

{1} The amount of outside financing needed tc meet the in-
crease in income arnd consumption adopted as the targets
for the development plan,

{2} The mix of new manufacturing and agricultural activ-
ties that will cost the least in outside financing.

{3} The techniques of production to employ where alterna-
tive techniques are available.

{4} The amount of technological change required in existing
economic sectors, especially agriculture.

{5) The amount of labor by level of skill required for the
plan, and any shortage or surplus in the local labor
force.

{6} The amount of local capital formation required.

{7) The variations in the cost and content of the plan that
result {rom varying the assumptions concerning out-
migration,

The methodology presented below adda an important feature
to the market mechanism in that it achieves a simultaneous
solution, thereby taking into account the external economies
that result from simultaneous expansion of sources of mate-
rial supply, markets, supporting public and private services,
and labor supply. Thus, the methodology suggests that an im-
portant policy instrument for regicnal development planning
is coordination of both public and private investment decisions
in order to assuve that there will be sirmultaneous investments
in interrelated and mutually supporting sectors,

In addition, the methodology provides a means of testing
the effects of alternative policies or alternative projections
on a solution. In other words, it provides policymakers with
an opportunity to observe the effects upon the final solution of
altering certain parameters or constraints.

The methodology employed must "seek an equilibrium seclu-
tion which simultaneously allocates investment resources
among various uses' (A2).} Activity analysis or mathematical
programming is equipped to handle this type of problem. The
purpose of this study is to apply an activity analysis moazl in
the form of linear programming to optimal development pro-
grams for small regions. The model as applied here has been

1 Underscored numbers in parentheses refer to items in List of Technical
Data Sources, p. 61; underscored letters refer to items in Literature Clted,
p. 79.
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particularly adapted for planning in small, low-income, rural
regions with three special characteristics: {1) The areas are
not expected to become capital goods producers; rather, most
capital goods required for industrial expansion will have to be
imported; {2) agriculture occupies a dominant position in the
region's economy; and (3) an exceptionally large proportion
of the region's labor forces are unskilled,

The model developed in the report contains features that
are not found in any of the presently existing programming
models. Three important features are: (1) A highly disaggre-
gated foreign trade sector that permits competitive compari-
sons between local and foreign industries; {2} the endogenous
inclusion in the model of technological change; and (3} the de-
tailed analysis of labor demand and supply, permitting the
construction of realistic labor balances, These features make
this model useful for planning predominantly rural areas.

In order to assure realism, the methodology was developed
for a particular low-income rural area in south central Ken-
tucky, the Glasgow trade area. A brief discussion of the
region follows.




I THE GLASGOW TRADE AREA, 1360

Demographic Characteristics

In 1960, the population of the 5 counties of Barron, Cum-
berland, Hart, Metcalfe, and Monroe, Ky., was 70,423,
This was an 8.2 percent decline from the 1950 population of
76,712,

The region is predeminantly rural. It has only one city
with a population large encugh to rank it as an urban center
(2,500 or more population), This city is Glasgow, the central
city of the region; in 1960, it had a population of 10, 069,
From 1950 te 1960, Glasgow's population increased 43 per-
cent, the only bright spot in an area of generally declining
population,

The decline in population in the area from 1950 to 1960
resulted from extensive out-migration. An estimated 25 per-
cent of the potential 1960 population left the area. Since the
migrants were concentrated in the age group under 40, the
population remaining in the area became relatively older,
This clder population is important in determining the labor
force available for the development program. The educa-
tional attainment of the population is important for deter-
mining the proportion of the local labor force that can be
expected to fill skilled positions in a regional development
plan. In 1960, the educational status of the people in the
Glasgow trade area was considerably below that of Kentucky.
The proportion of the population having completed 4 years oi
high scheol for the study area and for Kentucky are pre-
sented in table 1.

Table 1.--Proportion of the population having completed 4
years of high school, by sex snd age group, 5-county study
area and Kentucky, 1960

S-county study area Kentuecky
Age group
Male Female Male Female
Percent fercent Percent Percent
1o-Bherereeeneananas | *20.2 128.1 244 33.6
25 and OVETevrr st rna 8.2 11.1 14.3 18.%

1 Estimated.

Source: U.S. Cc)ansus of Population (132, 1960, Kentucky
Ser. C).




The data on the percentage of population enrolled in school
in 1960, by age, show that the future proportion of high
school graduates can also be expected to be lower in the 5-
county area than in Kentucky (table 2).

Table 2.--Proportion of population, 5-24 years of age enrolled
in school in 1960, 5-county study area and Kentucky

S5-county study ares Kentucky

Percent Percent

37.6
93.7
85.5
€3.4
22.9

3.8

g.s. Ct)ansus of Population (132 , 1960, Kentucky
er, C).

Agriculture in the Region

The dominance of agriculture in the 5-county area must
be considered in any development program. The data in
table 3 show the most important crops in this area, the
acreage devoted to each, and the crop production. Acreage
and production are also shown as a percentage of the totals
for the State. Table 4 shows livestock and poultry products,
and compares the numbers in the study area with the totals
for Kentucky.

The 5~ccunty study area is located in the Eastern Penny-
royal type-of-farming area. Agriculture is devoted predom-~
inantly to small-scale, diversified family farming. Tobacco
is the major commercial crop, with considerable quantities
of corn and hay raised, mainly as feed for the farm livestock
and poulitry. The sale of hogs, manufacturing milk, eggs,
and poultry provides most of the other cash income.

Agriculture in this area has low capital/labor and capital/
output ratios (17), Only 44 percent of the tobacco acreage
was farmed by mechanized methods; only 10 percent of the
corn acreage was farmed by fully mechanized methods, Corn
production averaged only 42 bushzls per acre because of in-
adequate application of fertilizer, Yields of milk from dairy
cows were low because of the poor quality of stock, Yields of
eggs were low because of inadequate investtment in laying
facilities, equipment, and feed (17}).




Table 3.--Major crops harvested in the 5-county study area: Acreage harvested, yield, and quantity sold,
and percentage of total for State, 1959

" 1 Percentage of Kentucky total
Total |[Yield .
\ Acreage Quantity Yield .
Crop Unit |y orvested] PYOT per sold Acreage | 409 per Quantity
duction | acre harvested ‘ sold
acre
Acres Thous. Thous. Pet. Pet. Pet. Pect.
Tobacco (burley)...... .. | Ib. 13,411 23,489 1,689 ) 6.6 7.7  105.1 (*)
COrN2.veuvessencnasaasss | BUL 97,546 4,047 41 811 6.2 5.8 93.2 4.1
Soybeans3..ceeveeeveanss | Bu. 414 8 20 &) .2 .2 90.9 Y
Hay:
Lespedez.cecoesessess | TON 46,972 58 1 2 8.6 8.3 96.9 4.7
Other®...eeeceenessess |Ton. | 50,457 81 2 (1) 5.5 5.5 101.3 )
Other small grains®... | Bu. 12,155 261 21 ) 3.7 3.0 80.8 (*)
Other seed crops...... | Bu. 8,228 - - - - - -- --
All cropland
harvested...ovoe.n. 229,183 -- - - -- -- -- --
1

Not available.

Harvested for grain only.

Harvested for beans only.

Includes alfalfa, clover, timothy, grass silage, and small grains cut for hay.
Includes sorghum, wheat, oats, barley, and rye.

Source; U.S. Census of Agriculture (126 , table 11, 1959),

»WoN
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Teble 4.--Livestock and livestock products in 5-county study area: Production,
value, and percentage of total for State, 1959

5-county study area Percentage of Kentucky total

Livestock and products ‘ Total Sold Nugﬁer Sold alive

on f Total farm Number Value

Number Percent Percent Percent

Livestock:
Milk COWS.vsooonecsocaans 46,683
Heifers that have calved 17,487
Heifers and heifer

CBLVES eesosiosennssssnse 38,338
Steers and bullsS.eeeesess 16,832
Cattle..eeoeesnensaansnns
CalVESeeessnassionncsansa 119,340
Hogs and pigSiescesosssss 98,411
ChickenS.seevssessssssses | 2 372,150 3 123,900
Broilers..eeceseeenscecee ) 2,211,400

| ol i o

HoFe e

A~ OY P~ —~—~
o O ..I.\\./v e

Livestock products:
Milk? (1D )eeeereceonnnas ) 149,930,000
Cream® (1b.)eceeieseacans () 46,600,
Eggs (A0Zu)esvenconvnneas (1) 1,424,700

1 Not available. 2 Chickens on the farm 4 months or older. > Chickens other than
broilers. 4 Milk sold as whole milk. 3 Cream sold in pounds of butterfat.

Source: U.S. Census of Agriculture (126, tables 8-10, 1959).




Labor Force and Employment Characteristics

The proportion of population age {4 and over in the labor
force in the Glasgow trade area is lower than in the United
States. This difference is appreciable for females (26 per-
cent in 5-county study area, compared with 34 percent in the
United States}, This lower labor force participation in the
S5-county region implies ""hidden’ unemployment, i.e., more
pecple would be in the labor force if jobs were available at
competitive wage rates. The amount of hidden unemployment
was estimated to be the same as that found to exist in Adair
County, Ky., in a 1960 survey conducted by the State for
that county (58). Adair County is adjacent to the counties in
the Glasgow trade area and is similar in social structure.
The Adair survey showed that about 30 percent of the people
not now gainfully employed {i.e., housewives, retired per-
sons, persons in school, unpaid family workers, etc,) con-
sidered themselves to be avatlable for either full- or part-
time employment.

The data in table 5 present the number of persons em-
ployed and the percent of total employment in each major
industry group in the S5-county region., A percentage break-
down of employment for Kentucky and for the United States
is also presented for comparison. The 5-county study area
has a higher proportion of its work force in agriculture
{almost half} than Kentucky as a whole, The study area has
a much lower proportion in the manufacturing industries,
with the exception of the apparel industry and the lumber and
wood products industry. Since the Glasgow trade area is
predominantly an agricultural region, it is perhaps surpris-
ing that the region has a lower proportion of its work force
in the food processing industry than Kentucky as a whole.
The region also has lower than average proportions of its
work force in transportation, utilities, and business and
professional services. This reflects the low level of indus-
trialization of the area's economy.

The data in table 6 present the number of employed per-
sons in each of the major occupational groups. Comparison
of figures for Kentucky and for the United States emphasize
the low percentage of professional, managerial, and skilled
workers in the S5-county study area. A lack of workers in
these categories is an important constraint in the operation
of a regional development program. The characteristics of
the 5~county area are the foundations upon which a develop-
ment program must be built,
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Table §.--Muher of persons employed inm the 5-county stuly aree, end percentage employed in
each mejor induwatry group, S-county atudy ares, Kentuely, and the United States, 1960

United
States

S-ccunty study

aren Kentucky

Induatry group

Humber Percent  Percent Percant

AGIACULEUT® 1 1 v e vsrcannrnsssnnesssasraonconerssres | 9,989 417 5.6
Foreatry and fisheried...... El ()

358 1.5
Congtructlon. .o irnarrassariaansnssa st saanannnn 1,429 &.0

Y

e
oo

MATUTASLUT N v v nssaranararrrsmsasnasnnranrssstans 2,681
Furniture, lumber, and woed.....vaes 438
Primary metals.. . vovinasansrarassana 15
Fabricated metalf. . civerrnvaanarnrrs

24

. AT N N VORI L e R R I

Electrlcal machinery and equipment.....ccvvvvu-s
Untor vehleles and equUipment.ceaviersrmsussarns
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Table 6.--Distribution of the male and female employed labor force, by occupational grouping, 5-county
study area, Kentucky, and the United States, 1960

Male Female
Qccupation 5.0 . .

-county United 5-county United

study area Kentucky States study area Kentucky States

Numher Percent Percent Percent Number Percent Percent Percent
Managers and professionél....... veo 1,948 10.9 15.9 20.9 934 15.2 17.1 16.7
Clericaleceecsesssosracosaoseaconnnes 365 2.1 5.4 6.9 900 14.7 24.1 29.7
Craftsmen and foremen:....seeeeveces 1,818 10.2 17.3 19.5 71 1.2 1.0 1.2
Operatives..viveseeereveenescocscans 1,853 10.4 21.2 19.9 1,389 22.7 16.5 15.4
01701 11,822 66.4 40,2 32.8 2,826 46.2 41.3 37.0
Tobaleeeeencansaosoonnconcansse 17,806 100.0 100.0 100.0 6,120 100.0 100.0 100.0

1 Includes farmers ; farm managers, sales, service workers, and laborers.
Source: U.S. Census of Popul&tiﬁﬁzé:];}g,' 1960, Kentucky, ser. C, table 84, and U.S. Summary, ser. c,

table 87).




OI. GENERAL FORMULATION OF THE MODEL FOR A
REGIONAL DEVELOPMENT PROGRAM

The methodology for formulating an activity analysis model
is presented below. First, the goals and time span of the
development program as expressed in the model are dis-
cussed; second, the formal model selected for the analysis,
is described, including a comparison of the selected model
with similar models used in development planning; and finally,
the operation of the model is described.

Goals and Time Span of the Development Program

The essential goal of planning for economic development is
to increase per capita income. In the context of planning for
depressed regions of the United States, the goal may be ex-
pressed in terms of decreasing the per capita income gap
between the residents of the region to be planned for and the
average for the Nation over some specified time period.

Like Sandee (Ab), Chenery and Kretschmer {AZ), and
Manne {AS5), a time span of 10 years was selected for the de-
velopment analysis. A 5-year period does not take care of
lags between investments and outputs; a 20-year period ap-
pears to be too long in view of the uncertainty regarding
technology and overall economic conditions.

As in the models developed by Manne {AS5) and Chenery and
Kretschmer {A2), the model is stated in terms of planning
increases in production above existing capacity levels to
meet targets of increased income and consumption. It is
generally assumed that the existing economy is in a state of
equilibrium at full utilization of capital, The model considers
changes in the existing economy in two respects: (1} Available
additions to the labor force of persons currently not con-
sidered to be in the labor force, but who would accept jobsat
competitive wage rates if such jobs existed, i.e., ""hidden"
unemployment; and {2} technological change in existing agri-
cultural activities. This process of technological change often
involves substituting capital for labor in existing agriculture,
The first mentioned change is cutside the formal framework
of activity analysis; but, the second has been introduced in
the model framework by the use of ''conversion' activities
and is unique in the model applied in this study.

As for the time path of development, Manne's method was
followed, wherein the economy must achieve the consurnption
goal in the 10th year, and balance the flows of commeodities,
capital, and labor. To avoid the ''edge effects” of a finite
timme span, however, we assume, a8 does Frisch{A4}, that
development must be continuous during the decade, and self-
sustained growth occurs beyond the terminal year, The extent
to which the goal of self-sustained growth is in fact achieved
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by the end of the planning period is shown in the model by the
foreign balances on current account.

Since we are concerned with the situation in the terminal
year, it is necessary tc determine what proportion of the
capital stock required by the various activities should be in-
vested in this year. We assumed, as did Manne, that this
proportion is 15 percent of the 10-year investment. Qur rea-
soning ig as follows: If capital stock grows at a constant ab-
solute amount every year, then 10 percent would be invested
in the final year. But if capital stock grows at a constant
proportional rate, the proportion invested in the final year
would be more than 10 percent. Obvicusly, this proportion
would depend on the overall rate of growth of output and ca-
pacity, but it can be shown that for annual rates of growth
ranging from 5 to 10 percent, the proportion of total capacity
to be invested in the final year would be close to 15 percent
{A5). Also, 15 percent approximates the average rate of re-
turn on capital in the United States, and rate of return on
capital is an item of cost in the model.

The actual demand for capital in the final year exceeds 15
percent of the total by the estimated depreciation or replace-
ment rate. For the sake of simplicity, capital is considered
as being either equipment, with a 10-year life, or plant, with
a 20-year life. Since imported capital is exclusively equip-
ment, and local capital formation is almost exclusively con-
struction, 10 percent is added to the annual requirerent for
imported capital, bringing the total to 25 percent, while 5
percent is added to the annual requirement for local capital
formation.

Description of the Formal Model

A linear programming model is used here for the applica-
tion of activity analysis (Al).2 This linear programming
model consists of a technological matrix which may be de-
fined as a2 collection of vectors {activities}. Each activity is
comprised of a list of commodities, various quantities of
which are required as inputs in order to produce a unit of
specified outputs.3 When the vectors are put together, they
form a matrix of all the conceivable commodity flows in the
program.

Flexibility is provided in the model by including alternative
economic activities that may be selected in the solution to
satisfy the basic requirements (constraints)., The model pro-
vides a procedure which searches for an optimum solution
such as cost minimization or income maximization. In the

2 Section IV comtains a detalled discusaion of this basic model, The com-
puter routine used i8 an M3 linear and separable programming system de-
veloped at Standard Ol of California, and routined for solution on the [BM
7090, The same routine was used by Manne (AS5),

A commodity in the sense used here refers to all economic flows--
goods, services, labor, and capital,
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procedure, those activities and the levels at which the activi-
ties are to operate are selected to achieve the optimum solu-
tion.

Our medel uses the highly disaggregated form of the tech-
nelogical matrix, found only in Manne's partial equilibrium
model, in an application to the analysis of a whole economy.
Unlike any of the applied models for economic development,
except the one used by Chenery and Kretschmer {A2}, the
model used in this study has an endogenous determination of
the level of individual exports,

Another feature of the technological matrix in this model
is the inclusion of alternative technologies, alternative scales,
and joint products. Alternative scales are permitted by hav-
ing "small'' and "large' scale activities; the large-scale ac-
tivity is frozen out of the solution in those cases where a
preliminary solution indicates that the market is inadequate
to justify its inclusion. Joint products create no problem in
the model because cach of the outputs can be exported at the
market price.

The labor requirements are detailed to a far greater extent
than in any other applied model. Unlike the Chenery-
Kretschmer (A2) and Manne (A5} models, labor is viewed as
a major limiting resource, and careful consideration is given
to the consistent projection of the labor force constraints,
These constraints are discussed in more detail later. The
inclusion of activities to import and export labor of different
kinds and in different seasons makes it possible to calculate
labor shortages and supluses at competitive wage rates. This
provides an important internal check on the feasibility of
development planning for the region.

A major feature of the technological matrix is the large
nurmber of activities that delineate the complex interrelations
of agriculture and manufacturing. This is essential for plan-
ning industrialization of a rural region. The activities included
in the matrix permit testing various vertical combinations of
manufacturing and agriculture, often termed '"agri-business';
e.g., soybean production and processing, hog production and
slaughtering, truck crop farming and freezing, dairying and
manufactured milk processing, and the like. The various
vertical combinations are not forced in the model solution,
since all commodities used can be either locally preduced,
imported, or exported.

The agricultural activities also are related to, and in-
fluenced by, the needs of the manufacturing sectors through
the operation of the "conversion activities". Thus, agricul-
tural labor is freed for use in industry by introducing aspects
of technological change in the existing agricultural sectors,

Functioning of the Model

In the model, targets for population, income, and local
consumption for the 10th year of the development program
are given. The size and composition of the local labor force
available and the constraints on natural resource use and on
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export demand are also given. The model predicts the follow-
ing: {1} The income generated in the area by the development
program; (2) the activities to be included; {3} the net "foreign
balance' both on current and capital account; (4} the fixed
investment required by industry and government; and {5) the
labor surplus and deficit, by type.

Figure ] shows {a) which aspects of the development pro-
gram are given and which are solved by the computer routine,
and (b} the interacting real flows of commodities, capital,
and labor that would be taking place in the 10th year.

The level of production in each of the manufacturing, agri-
cultural, and local service activities included in the model
is determined by the operation of the model in Tesponse to
local consumption demand, local interindustry demand, and
export demand. The model also allows for alternatives in
imported commeodities should domestic production be too
expensive. .

The demand for a good or service that results in a local
production order sets in motion a series of subsequent de-
mands for one or more of the following: {1} Imported com-
modities and services representing charges against foreign
exchange on current account; (2} commodities and services
produced by other industries in the model (interindustry
demand}; (3} local natural resources (stumpage, tobacco
allotment, new land); {4} fixed domestically produced capital;
{5} fixed imported capital representing charges against for-
eign exchange on capital accounts, and {6) labor, both locally
available and imported.

The result of a demand created for a unit of fixed capital
or labor can be followed in the flow diagram. Some capital
requirements are translated directly into import demand,
Most machinery and equipment requirements fall in this cate-
gory. Scme capital requirements, especially for construction
of buildings, are translated back to a local industry produc-
tion order. The model, however, represents only the 10th
year of the development program, and the capital require-
ments are those of that year, not of the entire 10 years,

Labor for the required output is separated into four cate-
gories: (1} Managerial {including professional and supervi-
sory}); {2) clerical (including teaching); {3} skilled; and {4}
unskilled {including semiskilled}. Unskilled labor is further
divided into six parts because of its seasonality {each part
accounting for a Z-month period).

Projections of population, age distribution, school enroll-
ment, and existing “hidden'' unemployment provide the basis
for determining the labor force available from local sources.
In addition, the model provides for labor to commute from
neighboring areas {as well as to neighboring areas) at com-
petitive wages and salaries. A scurce of local unskilled labor,
in addition to new entrants to the labor force, is the pool
created by technological change where capital is substituted
for labor. It is assumed that there is no pool of already

Ié




DEVELOPMENT PROGRAM FLOW CHART FOR THE
ACTIVITY ANALYSIS MODEL
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trained skilled workers; skilled labor from local sources is
provided in the model via a labor training activity,

Prices in the model are shadow prices; that is, they reflect
the value of scarce resources as determined by the constraints.
Each commodity on which there is an effective constrant
carries a positive price. A commodity on which there is no
effective constraint has a price of zero.

A shadow price for a preduced commuadity is the sum of
the shadow prices for the imputs. The export capacity of a
commeodity has a shadow price if exportation of that commod-
ity is constrained by the export constraint. This shadow
price may be interpreted as export profit.

The wages received by labor (shadow prices of labor in the
model) are determined by the value of the consatraints, as for
other commodities. If labor could not be imported or export-
ed, the price of laber would reflect the value of the labor to
the marginal user. Any unemployment {implying no effective
constraint on use) would result in a zero wage. Since labor
may be imported and exported (labor commuting), the wages
must be within the range set by the import and exportprices,
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IV, MATHEMATICAL FORMULATION OF THE REGIONAL

Notation

DEVELOPMENT PROGRAM MODEL

It is first necessary to introduce some notation that will
bhe uged in the mathematical presentation:

ij

ij

i}

i)

10-year increase in the rate of yearly production
of activity j, where j = 1...Np (including industry,
agriculture, and services, and excluding foreign
trade}.

10-year increase in the rate of export of com-
modity i, where i =1,.. Vl; u=1,2,

10-year increase in the rate of import of com-
modity i,

10-year increase in rate of utilization of conver-
sion activity j.

Input {-) or output (+} of commmedity i on current
account per unit of activity j, where i =1.,., Vl
and j=1...N .

P
Conversion coefficient for conversion activity j,
input (-) or output {+) cf the ith commaodity due to
the jth conversion activity, where j = NP+ ... Nc .

Fixed, domestically producible capital goods of
type k required per unit of annual capacity of activ-
ity j, where i = VI +']....Vk.

Amount of foreign exchange required on capital
account per unit of annual capacity of activity j
{(negative number in the matrix}.

Amount of foreign exchange required on current
account per unit of annual capacity of activity j
(negative number in the matrix).

Amount of labor of type i used {-) or freed (+) per
unit of activity j, i -——Vc +1... VI .
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Amount of labor of type i used {-) or freed {+) per
unit of conversion activity j,

i0-year increase in the rate of consumption of
commodity i {domestically producible).

Total 10-year increase in the rate of import of
non-domestically producible consumption goods.

Export price of commodity i; u =1, 2.
Import price of commodity i.

Limitation on the export of commodity i; u =1, 2,

Limitation on availability of labor of type i, where
i =Vc+ ooV,

Fraction of capital of type i assumed to be invested
in the terminal year, where i = VI +1... Vk.

Fraction of foreign exchange on capital account in-
vested in the terminal year.

Total foreign exchange cost on current account,

Z2 Total foreign exchange cost on capital account.

In order to facilitate the reading of this report, the follow-
ing may be noted;

A. Activities are designated in the model as follows;

{t}y j=1... NP for all production activities,

{(2) j = NP +1... Nc far all conversion activities,

The N, activities are involved in the interrelated com-
modity flow. In addition to these N_ activities, we have
export and import activities. In general, we should
designate the export and import activities in addition to
j =1...N_, but, since there is a unique correspondence
between the'list of commeodities in our model and the
list of export and import activities, we designate export
and import activities with a superscript E or M but use
as a running index the list of commodities i = 1..,Vy.,
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B, Commoeodities are designated in the model as follows:

(1) i=1...V, for producible domestic commodities
{except domestic capital goods),

2 i=v;+1,..V_ for the "dummy" commodities
1 c
controlling conversion from the old sector.

3 i=y._+1...V,; for varicus types of labor,
c i YP

{4y i =Vv; +1...Vy for domestically produced capital
i k p P
goods,

We note that X? refers to export activity to far

2
regions (Area 2), wherei=1,., Vk' We note also that
X}; =}(¥§ Ofori=VvV +1...¥V ,u =1,2, since the
iu i 1 c

conversion commodities are dummy commodities that
are neither exportable nor importable.

Treatment of Exports

In a linear model, a paradox can arise with regard to ex-
ports: If an export activity is "profitable" but unconstrained
it will be operated at an unlimited rate. One could intreduce
""decreasing returns' in production into the model to limit
exports in such a case, but it was felt that market restric-
tiocns and increased transportation and sales costs would lead
to decreased net realized prices and thus serve the same
purpose. A downward sloping
demand curve was approxi- P
mated by a step function with
the following interpretation:
Our region can export com-

£
PII

modity i for a price PEi:1 up
to the level E ;;. Further ex- Pz
pansicn of exports can be

made for the price PEiZ, with
the maximum rate of export
oi this additional activity of E, €

[Eiz - E;i). Hence, we have

for each exportable com-

modity two export activities (except for a few special cases),
each having an upper bound.
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Treatment of Technological Change

As pointed out earlier, technological change in this study is
viewed as the adoption of up-to-date technnlogy leading to a
conversion of part of the economy. It is true¢ that within a 10-
year period new technologies will arise, but available alter-
natives in the existing technology provide ample room for
improvement at the present stage of a backward region's de-
velopment, Further technological changes can be introduced
by revising the technological coefficients in the matrix.

Since the amount of manufacturing currently existing in the
Glasgow trade area in Kentucky is insignificant, the possi-
bilities of technological change may be confined to agri-
culture. The basic tool for introducing such changes is the
"conversion activity.! In every agricultural process about
which data were available and applicable to the Glasgow
study area, conversion activities whose level of operation is
denoted X were introduced. Conversion activities consist of
the introduction of mechanization into agriculture with a
consequent release of labor without a change in output, or
the introduction of mechanization and other inputs with a
consequent release of labor and increase in output. Conver-
sion activities are introduced in addition to the usual expan-
sion programs of agriculture.

Appendix A contains a more detailed discussion of conver-
sion activities. But the general nature of these activities is
described here s0 as to incorporate these activities in the
balance equations that fellow.

The Balance Equations

Commodities

i.et us consider first the commodities that are producible
Np
in the region. Now s a ijxj is the 10-year increase in total
j=l
domestic production of commodity i net of current industrial

NC

demand for these commodities. Z c, .X? is the total
j=Np+l
increased (or required) output of commeodity i as a result of

. B . . .
the conversion process; X + Xi is the total increase in

il 2
the export of commodity i; Xi is the total increase in the
import of commodity i; and Ci is the total increase in the
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consumption of commodity i, Since among our "producing®
activities we have introduced services and trade and have
treated them symmetrically for all commodities, there is
no need for explicit staternents of these demands. Qur first
get of balance equations, therefore, becomes:

NP NC
Zai,}{_i- 3 ci_xc_+xl‘f_
PR B} R
P
E E
+ -3 =
(x“ XiZ}ZCi,l 1...V1. {1)

This essentially states that net increase in output from pro-
duction plus net increase as a result of conversion plus in-
crease in imports minus increase in exports should be at
least as great as the increase in consumption. For all purely
intermediate goods (non-consumables), Ci = 0.

Exports

In addition to the constraints in equation (1), there are
constraints imposed on exports representing limitation of
expert demand. In order to put separate constraints on ex-
ports, it is necessary to have equations expressing export
demands for each exportable commodity. These balance
equations are:

E —
X B =0 )
i=1.,.V, .
E = - : * k
Xipg (Eyy-E; =0 (3)
Conversions

Each conversion activity is restricted by the existing size
of the sector, For example, if we are contemplating the con-
version of the corn sector of agriculture, then total converted
acreage cannot exceed existing acreage, Since there are
several possible means of conversion (highly mechanizing,
mechanizing and improving with fertilizer, etc.), we intro-
duce for each sector a durmmy commodity called, for example
in the case of corn, "corn conversion.! These conversion
commodities are enumeratedi =V _=1,..V ¢

1
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Let Sij be defined:
1 if X;: is a conversion activity of commodity i.
0 if X; is not a conversion activity of commaodity i.

Let A, be the upper limit to the conversion of commodity i.
Then we have a set of constraints of the form:

+
1,...VC. {4)

Y s..x%-a<0;i=V
. J i 1

Labor

There are 11 labor equatiens, 1 for each of the 4 labor
categories (managerial, clerical, skilled, and unskilled}, one
for each of the 2-month seasons applying to unskilled labor,
and one expressing the transfer of educated persons from
the unskilled category to the skilled category by operation of
the labor training activity. The use of local labor in each
category is constrained by the amount of local labor avail-
able, The model provides for labor to commute into and out
of the area by including activities to import and export labor
at given wage levels. As in the commodity equations, the use
of labor in production or exportt is negative, and the avail-
ability of labor through conversion or import is positive,
Thus, the set of balance equations is as follows:

N N _
Sox.+ L :f:.x‘.:+thi-xE.l+
j:l 1] J j=N +l 1] ] 1 1

P

— Lo +
Li20,1 Vc 1"'vl (5)

Domestic Capital Goods

The structure of domestically producible goods is very
simple, consisting primarily of the construction industry and
livestock capital, We are interested here only with the fraction

4 Export represents surplus at the prevalling wage, and may be considered
as equivalent to unemployment.
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of domestic capital that will be required for the 10th year;
let r; be this fraction, The set of balance equations for
domestically producible capital goods is, therefore:

E .
X{ph=05 4=V +1...v (6}

Since most of the domestic capital goods required in our
region are of the nature of construction, they are not export-
able, importable, or consumed.

Foreign Exchange

The economy of the 5-county study area is small and
agrarian in nature. Industrial raw materials, fuels, and most
other types of intermediate goods, business services, and
fixed capital must be imported. In addition, a significant
portion of consumer goods, also not producible in the study
area, is imported (C¢). "Foreign exchange' is earned by
exporting goods produced locally and is used to finance im-
ports into the region of required goods not locally produced,

Financing from outside the region covers the remaining
deficits on current account and on fixed capital account, If
we let Z,; be the funds required from outside for current
account, and Z, be the funds required from outside for fixed
investments, then we have the following two balance equations;*

Vo
Y ork Xt 2, rk“fx‘f+zzao.
j=r 44 =N H1 I

* By definition, all q's and k's are cost items and are negative numbers.
P's are prices and are positive numbers.
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So far, there has been no discussion of savings, In this
type of a regional model, the easiest way of treating savings
is as a substitute for Z 10T Zy. In other words, we have
specified a certain target for the consumption sector
{C1...CLs Cy) of locally producible or importable com-
modities, If the income created by the program exceeds
consumption, then the positive difference is savings or in-
come taxes available to cover a certain fraction of the capi-
tal or government service requirements, This is so since
savings are a perfect substitute for foreign exchange. For
this reason, there is no need to introduce savings explicitly
as a constraint,

The Cbjective Function

The complete structure of the activity analysis model has
been developed. The remaining question now is what is the
objective function? The belief that the scarcest resource in a
depressed area is capital, our objective is then to minimize
the total foreign funds required for the program. In other
words, the activities and activity levels were selected to
minimize the total imported funds required for the program,
i.e., minimize the sum of Z| and Z,.* On the surface, it
may appear that the criterion for the selection of industrial
activities should have been profitability, i.e., rate of return
on capital. In fact, by introducing major elements of compe-
tition between our region and the outside world, the model
reaches a solution that is not significantly different from that
which would have been reached if profitability had been the
criterion, The products of the industries chosen must com-
pete with imports; they must sell in export markets at prices
that represent competitive market prices. In addition, the
most important local resource is labor, and the price of
labor is forced into a competitive range by the prices as-
signed to the import and export activities for labor.

¥ The same objective was used by Manne (A3), Also, as mendoned above,
the cost calculatons in the objectve functlon are for the last year of the
program, and thus, include only a portion of the fixed capital {Z,). This
portion is made up of two parts: {i) Estimated investment required in the
10th year, or antdcipated rate of return on capital, taken as 15 percent; and
(2) depreclation, taken as 10 percent on imported capital {mainly equip-
ment); 5 percent on factory buildings; and zero on farm bulldings, office
buildings, and school bulldings. Road and residence building constructon
was estimated directly in terme of annual requirements,
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V APPLICATION OF THE MODEL TC THE GLASGOW
TRADE AREA

The worth of the mathematical model described in Section
IV is measured by the ability to apply it to the development
planning of a region. A principal task of this research effort,
therefore, has been to determine whether adequate data can
be gathered to permit realistic quantification of the param-
eters and constraints in the equations. The test was made for
the Glasgow trade area. Results of this test show that such
a model can be used as a tocl for regional development plan-
ning in the United States,’

The construction of the applied model is described in this
section, The description is divided into two parts: (1) The
construction of the activily vectors {together with an expla-
nation of the sources of data}; and {2) the construction of the
targets (population, income, etc.} and constraints {labor
force availability and export demand}.

Construction of the Activity Veectors

The medel as applied to the Glasgow trade area has 586
columns representing activities and 239 rows representing
balance equations. Of the 586 columns, 339 represent real
activities, and 247 are "slack variables.'® Of the 239 rows,
115 represent equations showing flows of commodities, and
124 represent "dummy' equations for exports.

The real activities are as follows:

62 manufacturing production activities
32 agricultural production activities
13 agricultural conversion activities
15 other production activities {including local serv-
ices, construction, government, livestock capital
production, and labor training)
129 export activities
88 import activities

T Background data and informatfon used In this study and as a basis for
this report are in the flles of the Area Economic Development Branch,
Economic Research Service, U.5, Department of Agricuiture, and the Eco-
nomic Development Division, Stanford Research Institute, The available
background information include the following malor items: Basic tables for
projecring population, labor force, income, and consumpticn; detatled de-
scriprion of selected activities; export and import prices; worksheers for
conatructing the activity vectors; and computer runs,

tSlack variables are artificial variables required in the simplex solution
to the linear programming problem o convert inequalities to equaliries,
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It is theoretically possible to have many more activities,
but the desire ta complete the construction of the matrix
in a reasonable period of time made it necessary to limit
the number. Besides, many manufacturing and agricultural
activities are not likely to be suitable for the region, There-
fore, it was not desirable to construct activity vectors for
them. Examples of such activities are heavy capital goods
industries, chermical industries requiring large water sup-
plies, and advanced engineering industries requiring large
numbers of highly trained engineers and technicians.

Precise research tools were not available to aid in select-
ing manufacturing and agricultural activities suitable for the
area, However, we believe that we have selected a reason-
able set of industries on the basis of a general knowledge of
the economy of the area and through studies on economic
opportunities and resources in the area. It is possible that
some suitable industries have been missed, in which case,
expott earning potential has been understated,

The 62 production activities in manufacturing represent 37
different industries; the others represent variatiens in prod-
uct mix or in scale of operation., There were 10 cases in
which scale economies could be guantified and which seemed
sufficiently important to warrant construction of vectors for
two scales of operation,?

Of the 37 manufacturing activities, 7 are for food proc-
essing, 8 for lumber and wood products, 4 for apparel, and
5 for cement and concrete products. The remaining ones are
widely scattered among the 20 two-digit Standard Industrial
Classification codes, In fact, 15 of the 20 two-digit SIC
manufacturing industries are represented in the applied
model,

Of the 32 agricultural production activities, 18 represent
separate agricultural processes and 14 variations in scale
or level of efficiency. Five of the 13 agricultural conversion
activities represent alternative ways of converting corn.

A wide variety of sources was used to construct the pro-
duction vectors. Appendix A presents a brief description of
each activity vector, and the sources used to construct it,

About 115 commodities {representing goods and services,
capital, and labor} were used in the matrix as the inputs and
outputs of the production activities. When an input required
by or.z activity appeared to be similar to an output of another
activity within the region, this output was assumed to satisfy
the input requirement. For example, paper containers might
be required for packaging frozen snap beans, If some other
Tegional activity was producing paper containers that ap-
peared to be suitable for such ause, it was assumed that they
satisfied the regquirement by the frozen snap bean activity

*In the operarion of the model both scales are included In the matrix on
the first run; the efflcient scale wili always be chosen for the solution. Then,
if rhe level of operation of that activity is toc small o juscify use of the
efficient scale, thar activity wil!l be "frozen ocut' on the second run,
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for paper container. However, a certain amount of judgment
went into this decision, and, in some cases, the output and
input might not be a perfect match, Where there appeared to
be no commodity produced within the region to satisfy a
specific input requirement, the commeodity was considered
to be an import.

In the case of labor, a decision had to be made as to
whether the labor required was skilled or unskilled, In most
industries, occupations earning $2.00 an hour or more were
classified 2s skilled. However, in some highly unionized in-
dustries, such as slaughtering where the basic wage is $1.88
an hour, only occupations earning $3.00 an hour or more
were classified as skilled,

Where the buildings needed for a production activity were
not simple factory shells, it was necessary to combine fac-
tory construction with other kinds of construction, so that
the construction cost would approximate the actual situation.
Thus, in the model, cattle are slaughtered and fluid milk is
produced in "office buildings,'' because the labor and mate-
rials used in constructing office buildings comes closest to
the labor and materials required for a slaughterhouse or a
fluid milk plant., In other words, it was not feasible to create
a new construction activity for each type of plant needed,

The import and export vectors were created by determin-
ing the wholesale price of a unit of the commodity to be
traded and then adding transport costs for imports and de-
ducting transport costs and other distribution costs for
exporis,

An export demand function is approximated in the model
by two points on a demand curve. {See Treatment of Exports
in Section IV,) The point representing the smaller amount of
sales at the higher realized price may be considered to be
for exports to a regional market that is contiguous with the
Clasgow trade area (perhaps central and western Kentucky
and Tennessee), called area 1. A second poirt on the curve,
representing larger sales at a lower realized price, may be
considered to be for exports to a broader, national market,
called area 2. The realized export price for shipments to
area 2 would be lower than that for shipments to area |
because shipping distances, other distribution costs {e.g.,
maintaining a national sales agency}, and the potential com-
petition from other producers located nearer the more
distant markets are all greater, Peductions from gross
export prices for distribution costs other than for trans-
portation ate considered to be 5 percent of the gross price
for shipments to area 1, and 8 percent of the gross price for
shipments to area 2. These percentages are varied somewhat
for products known to bear particularly heavy or light dis-
tribution cost burdens.

Transportation costs are for the most part trucking costs
on less than load shipments of over 2,000 pounds, taken as
the class rate on shipments from Glasgow to Bowling Green,
Ky., for area | exports, and to Chicago for area 2 exports,
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Railroad rates were used for a few bulky commodities known
to be shipped largely by rail.

Figure 2 gives an idea of the matrix and shows the activity
columns and commeodity rows. The activity vectors that ap-
ply to the production of three commoedities, wooden handles
(C060), brooms {C061}, and factories {K003) are quantified
in the figure." Wceoden handles are producedbyactivity 1015,
One unit of intensity of activity I015 produces !4 million
handle units {a handle unit is a handle containing one-seventh
of a board-foot of lumber), This activity uses various
amounts of finished lumber of less than No. 1 common, hand
tools, corrupgated fiber boxes, local services, labor, factory
buildings, and imported goods, services, and fixed capital.
Wooden handles are not required for final consumption within
the Glasgow trade area, thus the zero in the right-hand side
of the matrix (R013)}), However, they are used in the produc-
tion of brooms (I016), and they may be exported (XI029 and
X1030) to the constraints shown on the right-hand side. If
broems {C061l) or some ather product using wooden handles
are to be produced in the region, and the domestic cost of
production for activity I015 is too high, then the wooden
handles may be imported by activity MIO1T at a price of 1,26
units of foreign exchange per one activity unit of handles
(i.e., at $0.09 per handle}.

The production of wooden handles requires a certain
amount of factery construction, 20 percent of which is taken
as investment in the 10th year. The vector to produce fac-
tories is 0003,

The coefficients of production or use of each commodity in
an activity are expressed in terms of the number of units of
that commeodity produced {+) or used (-) in operating the
activity at one unit of intensity. A unit of intensity of a pro-
ducing activity usually represents a small- or medium-sized
plant of reasonable efficiency. The optimum solution deter-
mines the number of units of intensity at which each activity
is to operate. Thus, if activity 1015, production of wooden
handles, is shown to operate at an intensity of 5.9, it means
that the cutput of wooden handles is to be 5.9 tirmes that of
the size plant used in the model. This increased output may
be handled by a much larger plant than the one used in the
model or by several small plants, Since the form of the
model is linear, all inputs to the activity are also 5.9 times
that for one unit {thus, the need for considering alternative
plant scales in the form of alternative activity vectors),

Sources of Data for Activity Vector Construction

The complete matrix has approximately 3,000 entries from
176 separate sources. These sources are listed at the end of
this report, and the activities are described in Appendix A,

¥ The list of commodities and the identiflcation of their associated activi-
ties of productlon and trade are presented in Appendix B,
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The data used for constructing the agricultural activity
vectors,including experts and imports, are believed to be
highly reliable. Farm management manuals and other litera-
ture, especially of the Universities of Kentucky, North Caro-
lina, Tennessee, and California, were used to construct
these vectors, In addition, data for tobacco, corn, and live-
stocks for the 5-county study area were secured from a
sample survey {17). Since apricultural commodities are
relatively standardized and the prices for most of these are
published by the U.S. Department of Agriculture, the esti-
mates of import prices and export earnings are considered
to be quite reliable,

Departments of Agricultural Economics in the various
universities were excellent sources of data on food process-
ing activities. Data on inputs to about 20 manufacturing in-
dustries included in the model were obtained from the indus-
try profiles of AID {formerly ICA). These profiles were
constructed for use in underdeveloped countries {159, 160,
and 161}, The main advantage of using AID data is that it
provides consistent gets of inputs for a large number of
industries and is complete in that it details commodity,
tabor, and capital requirements. Its disadvantages are that
it provides input data for only cne scale of activity for each
industry, and that the research content of the profiles
appears to be quite superficial. The results of our model
would be more reliable if better data were available for the
manufacturing activities,

Satisfactory published prices were available for standard-
ized manufacturing commodities {except for frozen faods),
but for nonstandardized products, the prices relate to the
casts afproduction, The inclusion in the solution of an ac-
tivity of this latter type {particularly furniture and some
apparel industries) is less indicative of true feasibility than
the inclusion of an activity producing a standardized product.

Targets and Constraints

The income target selected for the development program
in the Glasgow trade area implies certain consumption goals,
and the population target implies particular labor force
availabilities. These targets, together with the constraints
on important natural resources that arve available for use
in the area in any 1 year and the export demand constraints
on potentially exportable commodities, make up the right-
hand side of the matrix,

Income and Population Targets

The principal goal of the regional development program is
to increase real per capita income by 69 percent, i.e., from
about $1,000 in 1960 to about $1,740 in 1970. This is a 5.6
percent growth per annum during the decade. The income
goal is designed to increase relative per capita income from
46 to 70 percent of the 1970 per capita income in the United
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States. In 1959 dollars, $2,485 is the projected U.S, per
capita income; 70 percent of which is $1,740." Seventy per-
cent of the U.S, level was chosen for the 5-county goal
because this is Kentucky's current relative position and has
been its position for the past decade.

Tentatively, four alternative populaticntargets weretested,
with a development program designed for each. Thesetargets
were based on a projected natural rate of increase equal to
average fertility rates in Kentucky and average survival
rates in the U.5. and on manipulations of the net migration
rate. They are as follows: (1) Population to decrease by
4,255 persons in the decade (based on rates of out-migration
equal to those for each age-sex group experienced by the
area in the 1950's); (2) population to be the same in 1970 as
in 1960; (3) population to increase by 5,780, half the increase
of population target No. 4; and (4) population to increase by
11,560, based on a net out-migration of zero in each age group.

Total income associated with each population target is the
change in per capita income from 1960 to 1970 times the
1960 population plus the 1970 per capita income times the
change in population.®

Labor Force Constraints

To find the number of local workers that would be avail-
able to implement a development pregram, projections were
made of the net additions to the labor force that would be
consistent with each population target. In order to make
these projections, three major items had to be taken into
account, in addition to the change in total population, They
are as follows: (1) Changes in age distribution; (2} changes
in the proportion of the population 14 and over attending
schoel; and (3) the amount of hidden unemployment in the
present population that would be available for waork if jobs
were available. As shown in Section II, this hidden unem-
ployment was estimated as being about 30 percent.

The Census-survival method was used to project the age-
sex distribution of the 1970 population. By using this method
(82, 131, 132, and 143}, it was found that the proportion of
males and females 14 to 64 years old in each population
target would be as follows:

Population target, 1970
No.l No,Z2 No.3 No.4
Males (14-64) .., ... 0,556 0,567 0.58] 0,596
Females {14-64), , ... 571 577 .585 .593

% The .8, projection 15 based on a straight-line linear extrapolation of
real per capita income from 1950 to 1960, resulting in U, S, per capita in-
come projected o increase from $2,000 (1954 dollars) in 1960 to $2,290 In
1970 (1954 dollars),

2dY = dyP + ydP; where Y is totzl income, y is 1970 per capita Income,
P is 1960 population, and d is the amount of change from 1960 to 1970,

34



http:population.1Z

School enrollment was projected by sex for twoage groups,
under 14 years and 14 to 19 years. The projections were
made by increasing the proportions of each of these groups
enrolled in school to the average for Kentucky,

As a result of the increasing proportion of persons over
65 and the tendency for teenagers to remain in school, the
rate of males participating in the labor force can be expected
to decline from about 74 t¢ 70 percent. This rate can be
raised back to about 75 percent, however, if the persons
presently available for jobs but not employed (hidden em-
ployment) are provided jobs, The greatest potential for
increasing the number of persons in the labor force at the
present time lies in increasing the participation of females,
The following tabulations shows the relevant ratiocs of labor
force to population {14 and over).

Male Female

United States, 1960.,,........ ©0.75
S5-county study area, 1960 ., ..... .74

S-county study area, 1970, no
change in job availability ..., . 70

S5-county study area, 1970,
adequate job availability. ..., .. .15

* On the basis of the Adair County Study (58), this
would have been higher, but it was limited in this
study to the proportion of females in the 1,8, labor
force.

Net additions to the labor force for the development pro-
gram consist of those persons considered available for jobs
under the conditions of adeguate job availability, less those
actually employed in 1960.%

The available labor force was divided into the categories
required by the model, as follows: (1)} Managerial (including
professional), (2} clerical (including teaching}, {3) educated
persons available for skilled training, and {4) unskilled. No
internal training costs were attached to managerial or cleri-
cal posilions because, to the extent needed, this type of
training was assumed to take place outside the area,

Since the income target is to raise the per capita income
to that of Kentucky as a whole, managerial and professional
workers were assumed to account for the same proportion of
the work force as they did in Kentucky in 1960, This propor-
tion, however, was applied only to the No. 4 population target

B Some of these may also become available for jobs as a result of conver-
glong in agriculture.
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to avoid possible understatement of available managerial
workers in targets 1, 2, and 3 (table 6).

It was assumed for population targets 1, 2, and 3, that the
mumber of managers would be in the same ratzo to the num-
ber of educated malesasintarget4d (i.e., ratio of 31 to 100).4
This was done to account for the effect on the area's labor
force of upgrading the level of education, including the possi-
bility that some unskilled workers in the 'old sector" would
become managers and skilled workers in the 'mew sector''.
By using this method of calculation, the number of managers
available in the local labor force is much greater than if the
number was calculated as a proportion of the additional labor
force.

The number of educated males available for managerial
and skilled jobs, i.e., high school graduates, was estimated
by assuming that (a) in age groups now over 19 the propor-
tion completing each school level would not be changed by
death or migration, and (b} in age groups under 19 the high
school graduates would increase in proportion to expected
increases in school enrollment. All male high scheol gradu-
ates (not in college}, who are not listed as managers or pro-
fessional workers, were considered as being available for
training for skilled positions.

Discrimination by sex is introduced for convenience, Only
males are considered eligible for managerial and professional
jobs, and only females for elementary and secondary school
teaching and clerical positicns--provided they are kigh
school graduates. There are undeoubtedly some of each sex
in the other categories, but the number to move is not esti-
mable, and would not significantly affect the proportion of
the laber force in each labor category.

The resulting labor force projections are presented in
table 7. Since the Glasgow trade area presently has a notable
absence of jobs for skilled workers, it is assumed that
skilled positions would have to be filled in the first decade
of the development program. Workers would either be im-
ported from other areas or local persons trained for these
jobs, Importing workers is allowed in the medel in the form
of in-commuting, and labor training is explicitly introduced
by a training activity., The training activity takes an un-
skilled worker and transforms him into a skilled worker
at an estimated training cost of $1,050,%

Note that the declining population in target 1 results in a
net decline in males available for jobs, This led us to

M Fducated males are considered to have completed 4 years of high school.

¥ Training a skilled worker is estimated to require an average of 2 years
of vocational training, or its equivalent, at a current operating coat of $300
per student year, This is estimated at current cost of the vocarional pro-
gram of the Kentucky Department of Education, plus fixed costs for space
and equipment of $430 per student (150 square feet per pupil at $30 per
square footr, amortized over 10 years, (Based on data in the offlcial files of
SRI1,)

36



http:1,050.15

Table 7.--Estimates of local labor available for 4 population targets, by labor category, 5-county study area, 1970

Population target

Labor category No. 1 No. 2 No. 3 - No. .4

Male Female | Total Male Female Total Male Female Total | Male Female Total

2,000 hours per unit 2,000 -hours_per unit 2,000 hours per unit 2,000 hours per unit

Managerial 1-89 -- 89 1230 - 230 - 1348 - 348 2 497 - 497

Clerical 465 649 649 881

Educated persons
available for
skilled train-

3 198 -- 3198 3 510 - 510 = 3 772 - 772 1,102 -o 21,102

-1,046 1,691 645 360 2,154 2,514 1,542 2,543 4,085 1,927 3,033 4,960

-759 1,937 1,178 4 1,100 - 42,619 3,719 % 2,662 4 3,192 5,854 3,526 3,914 7,440

1 31 percent of the men having 4 years of high school who are in the labor force.
2 Fqual to the percentage of. labor force in Kentucky in professional and management positions in 1960, i.e., 14.1 percent.

3 69 percent of the men having 4 years of high school who are in the labor force.
4 Interpolation between targets 1 and 4, based on population ratios.




conclude that population target 1 was inconsistent with a
feasible development program to increase per capita income
in the region by 70 percent in a decade, as will be shown
later.

Consumption Targets

Per capita consumption in 1970 was projected by deducting
from the per capita income targets described above, 10 per-
cent for income taxes, 7 percent for savings (present U.5.
average), and 1 percent for property taxes (southern average
in 1955} (114). State sales taxes were not deducted, The re-
sults are as follows:

1970 per capita income = $1,740
Deductions = 300
1970 per capita consumption = 1,440

The difference between 1960 consumption and 1970 is as
follows:

1960 per capita income = $1,008
Deductions = 101

1960 per capita consumption = 907
Difference in per capita consumption = 533

Table 8 shows how the difference in total consumption as-
sociated with each population target was determined,

Table 8.--Total consumptlion targets, 5-county study area,
south central Kentucky

Change in con- Total 1970 T, 1
. sumption from consumption otal ncrea?.se
Populatlon | 1960 t5 1970 | for the change | 10 consumption
target for the 1960 | in population from 1960
population |from 1960 to 1970 to 1970
1,G00 1,000 1,000
dollars dollars dollars
No. 1...... 37,335 -6,127 31,408
No. 2..... 37,535 0 37,535
No. 3...... 37,535 8,323 45,858
NOw 4uvvrnn 37,535 16,648 54,133

Total consumption for each population target was then
allocated to each of the domestically producible commeaodities
in the model, The residual represented demand for imports,
transformed directly into demand for foreign exchange on
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current account., Different sources of information and some-
what different methods were used in determining the con-
sumption targets for individual cermmodities, In general, the
consumption commodities may be considered as being in two
groups: nonfood and food, discussed below. Additional tar-
gets were established for residential construction, road
construction, and government services by special methods,
also discussed in this section.

For Naonfood Commaodities

1. Total consumption expenditure per southernfarmfamily
was reported as $2,840 (114). It is assumed that the relative
amounts spent on each nonfood commodity is the same for
the families in the Glasgow trade area as for the southern
families in the cited study (114). Second, it is assumed that
increases in income would be apportioned among the nonfood
commodities as the average income is apportioned (i.e,, that
the elasticity of demand with respect to income is 1},

2, The expenditure data are in terms of value of purchases
in 1955 (114), whereas the model requires that consumption
targets be in the commodity units of the matrix, Many are
physical quantities, It was necessary, therefore, to perform
certain operations before the data could be used in the
matrix. These consisted principally of the following:

(1) Where the commodity categories in the source table

did not correspond exactly to catepgories in the matrix, we
had to determine what part of the arnount spent on a com-
modity listed in the table was spent on the commodity desip-
nated in the matrix; and (2)to determine quantities consumed,
where required, it was necessary to estimate retail prices
for 1955 and then divide the value of purchases by these
prices.

3. Expenditures on consumer services were determined
in (114}, but estimates had to be made as to whether these
would be domestically produced or imported. All autemotive
and miscellanecus repair services {C080) were considered
to be produced domestically. Location quotients were used
for medical expenses, legal fees, school tuitions, and the
like.® Banking expenses were allocated two-thirdstodomes-
tic and cne-third to imports (79), and most other services
were considered either all imported {(for example, insur-
ance}, or all domestic {for example, personal care, recrea-
tion admissions, local travel, membership dues, and funeral
expenses). As noted elsewhere, these divisions of the
services were necessary because domestic and import
services were considered as noncompeting activities, with
demand for import services going directly into the foreign
exchange, current account row.

# Ratio of the percent of Kentucky employment ir a given industry in the
S-county study area to the percent of Kentucky income in this area,
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4. Consumption per family was transformed into con-
sumption per $1,000 of total expenditure by dividing by the
total expenditure of the average southern family, i.e., $2,840.

5. Expenditures for each nonfood item per $1,000 of total
expenditure were adjusted upward by a constant, one for each
population target. This adjustment was needed because dif-
ferent sources were used to determine food and nonfood
expenditures and had to be reconciled (table 9},

Table .9.--Ad justment muitipliers applied to the nonfood
items, 5S-county study area

Proportion of total expenditure
on nonfoods (3)
Population Ad justment
target {1} {2) multiplier
According to | fccording to sources | (2) (1)
souree {114)* (95) and (122)?

No. L...... 0.736 G.935 1.290
No. 2...... 2736 .806 1.230
Ho. 3...... .736 .880 1.195
Ho. 4...... .36 .862 1.171

1 Source used for deriving individual nonfood consumption
indexes.

? Source used for deriving individual food consumption in-
dexes.

6. Expenditures on each nonfood item per $1,000 of total
expenditure was multiplied by total consumption ($1,000)
associated with each population target to determine total
purchases of each item,

7. Expenditure on trade was equal to the trade markup
per $1,000 on all purchases of goods that would be handled
by retail trade, i.e., 58.15 percent of all consumer pur-
chases, It was assumed that all goods locally consumed
were purchased through local trade activities, even if the
goods themselves were produced elsewhere, The trade
markup {tentatively estimated as 29 percent of the retail
market price based on the 1947 interindustry study) was
deducted from the value of imported goods to avoid double
counting,

For Food Commaodities

1. In Table 8, consumption was divided into two parts:
{1} Increased consumption for the existing 1960 population;
and (2} total consumption for the change in population from
1960 to 1970, Food consumption was computed separately
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for each group to account for the low income elasticity in
food consumption.

2. For each food commodity to be included in the model,
and for all food commodities, an income elasticity was cal-
culated on the basis of the elasticities reported in {35). A
weighted average of the elasticities for the low income non-
farm families and the medium income farm families was
used to compute the elasticity of.consumption for the 1960
population in the 5-county study area.”

3. The total increase in the amount of each food com-
modity consumed by the existing population'was found by
multiplying the average quantity consumed per household,
as reported in (122}, by the percentage change in consump-
tion of each food commodity.® The percentage change in
consumption is the product of the income elasticity (i.e.,
percent change in quantity consumed/percent change in after
tax per capita income) times the percent change in after tax
per capita income, which has been set at 62 percent for this
model.

4. To the total reported in 3, above, the consumption of
new families had to be added for population targets 3 and 4.
Since it is the total consumption of these additional families
that is involved, the average quantity consumed per family
reported in {122) was used directly, multiplied by the total
new families in the relevant population target.”

Final demand targets were also established for three
special items not a part of regular consumption:

l. Residential Construction.--This item consists of new
construction and repair. Projection of new construction was
made by using a linear regression that related the value of
residential starts in the United States, by State, to changes
in income, changes in population, and income per capita
{135, 136, and }42). A satisfactory correlation was found
{0.835} using the following equation:

Z/P = -63.3 + 277.4 Y/Y + 1300.5 P/P + 38.67 Y/P,

where

Z/P is per capita new residential construction expenditure
in vear n,

Y/Y is change in total income in the area from year n-1 to
year n, divided by total income in year n-1,

T Medium income farm families were used because the increases In
income to farmers represent a high degree of commercialization and the
transition of the farmers so benefiting to medium income levels,

2 The number of families, or households, was determined by dividing the
popularion by 3.3, the number of persong per household reported by the
Census of Population in the S-counties in 1930,

1 Food consumption per household for different population groups, farm,
rural nonfarm, ail nonfarm, and urban, are found in (122). Consumption data
for the rural nonfarm families were used here for the existing population,
and consumption data for the southern nonfarm {combined rural and urban)
for the new famlilies.
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1'3/13 is change in population in the area from year n-1 to
yvear n, divided by total population in year n-1,

Y/P is income per capita in thousands of dollars in year
n-1,

In target 1, where population is assumed to decline, P/ P
was taken as zero in the equation. Negative effects are not
considered for two reasons: {1} In the period considered,
observed changes by State were almost all positive; there-
fore, extrapolation to conditions of negative population
change are not warranted for this equation; and {2} a decline
in population has the same effect on new residential con-
struction as a zerc change in that both create zerc demand
for new residences.

The value of house repair was added to the goal for resi-
dential construction, using {114) to estimate the value of
house repair associated with changes in income,

2. Roads.--Road construction is also not generally a2 part
of consumption, yet the annual requirement for road con-
struction must be taken into account in a development pro-
gram. A Virginia study conducted by the University of
Virginia in 1956 provided the basis for projecting road needs
in the Glasgow trade area (163), This study showed the
changes in motor vehicle use in a rural area in Virginia that
resulted from the introduction of a manufacturing plant--
exactly the same type of change as was contemplated in this
study. In the Virginia study, it was found that a $100 increase
in annual income was associated with an increase of 1 vehi-
cle mile per day. This increased motar vehicle use was
related to road requirements indicated in the 1954 Kentucky
Highway Development Program report, in which it was esti-
mated that road development in the State would cost 1.2 cents
per vehicle mile (about .4 cents in 1959 dollars), Thus, new
road requirements resulting from the increase in income in
the area were considered to be as follows:

dY/$100 x 365 x 1.4¢ = annual road construction cost,

No consideration is given to road construction to cure exist-
ing deficits in the road network in the area under study.

3. Government.--Federal Government expenditures are
not included in cur model, All other State and local govern-
ment activities except road construction and maintenance,
which are considered separately, are lumped into one vector’
and provided with a constraint for each consumption case.
The level of government activity is assumed to depend upon
the size of the population and projected school enrollment
corresponding to that population, rather than on increase in
income. Thus, in population target 1, the declining population
results in no increases in government services, and the
constraint is zero. Population target 2 has a special vector
in that there are some increases in government services
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required for school construction and education only, despite
the absence of growth in total population. For population
targets 3 and 4, government services were based on the
number of employees per 10,000 population {138},

Export Constraints

Export constraints were arbitrarily chosen in the absence
of proper market analysis. However, in many cases, a gen-
erzl knowledge of the market aided in determining reason-
able constraints for exports to the nearby market {(area 1}
and the national market {area 2}). In other cases, exports to
areas 1 and 2 were permitted to expand to the output level of
the producing activity operating at one unit and three units of
intensity, respectively. The export constraints were varied
to determmine the effect of such variation on the optimum
solution (Section VI},

Conversion Constraints

The constraint on each conversion activity is determined
by the amount of the basic resource, such as land or size of
herd, thatis to be technologically changed in use. The con-
straints used in the model for each of the conversions are
shown in table 10,

Once the model was completed to the point of fully quanti-
‘fying the equations and activities in the matrix, the informa-
tion was placed on punched cards, A card was punched for
each slack variable and each dummy export commodity. Also,
a card was punched for each nonzero item in the matrix. The
data deck, consisting of over 4,000 cards, was run on the
computer, The results are discussed in Section VI,

Table 10.--Constraints used in the model for each of the
conversions

Activity number Descripiion

CA-1 to CA-5.... | Constraint based on 4,046,000 bushels
harvested in the S-county area in 1959
(126).

CA-6 to GA-71.... | Constraint based on 13,400 acres of to-
bacee harvested in 1959 (126).

Ca-82............ | Constraint based on number of chickens 4
months old and over on farms in 1939
(126) multiplied by 35.5 percent (117,
the percentage of chickens in Kentucky
that are layers; and adjusted by 40 per-
cent decline in layer flocks based on
rate of decline from 1950-60 (126).

See footnotes at end of table.
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Table 10.--Constraints used in the model for each of the

conversions~~Continued

Activity number

Desceription

CA-9, CA-12 and
CA-13%.........

CA-10%. ... e,

CA-11%,..........

Constraint based on 46,600 cows in the 5-
county area in 1959 (126); proportioned
20 percent market milk herd and 80 per-
cent manufacturing milk herd (17).

Constraint based on number of acres in
1959 used for pasture, excluding woodland
{126).

Constraint based on 17,400 head of beef
feeder heifers in 1959 (126).

* See table 3.
2 See table 4.




VI RESULTS OF COMPUTER RUNS

The flexibility of linear programming techniques allows
the analyst to study the effects on the development program
of variations in the parameters of the model. For example,
variations in export constraints will show changes in the
foreign exchange cost of a given program; variations in
competitive wage rates will show what industries are most
sensitive to wage shifts; variations in consumption targets
will show the differences in programs necessary to meet
these targets, etc. By successively varying prices or wages,
demand and supply schedules can be constructed. In general,
the ability to make successive iterations with the model at
relatively modest computer costs is a major feature of this
model for development planning.

In this study, seven runs were made. They were as follows:

I, RO!3-1, This trial is referred to as the "basic solu-
tion." It has the following characteristics: (1) Con-
sumption targets are for population target 4,thelargest
increase allowed; (2) if labor has to be imported, rates
are $10,000 for managers, $6,000 for clerical and
skilled workers, and $3,000 for unskilled workers; and
(3) seasonal use of unskilled labor is provided for.
Cther specific targets and constraints in this program
concern consumption, government services, roads,
housing, export demand, local labor availability, and
natural rescurce use,

2. RO13-2, Same as R013-1, except that seasonal use of
unskilled labor is disregarded, and only total use is
considered.

3. RO13-3. Same as R013-1, with wage rates for imported
labor changed as follows: Managerial rate is raised
from $10,000 to $12,000; skilled labor rate is raised
from $6£,000 to $6,500; and unskilled labor rate is
reduced from $3,000 to $2,500.

4. RO13-4, Same as R013-1, with wage rates for imported
labor changed as follows: Managerial rate, $15,000;
skilled labor rate, $7,000; and unskilled labor rate,
$2,500.

5, RO16-1, Same as RO13-1, except that certain con-
straints on exports to area 2 are increased by 60 per-
cent: the constraint on tobacco allotment is doubled; and
the constraint on stumpage is increased by 50 percent.

® guccessive trials took 10 to 153 minutes each;this time can be reduced
by choosing units for the commodities that reduce the range of sizZes ina
column vecror,
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R012-1, Same as R013-1, except that the consumption
target is based on population target 3.

7. ROLl1-1., Same as R013-1, except that the consumption
target is based on population target 2.%

Within the financial limits of this project it was possible
to analyze the results of only onetrial, the basic solution;
these results are discussed below.

Basic Solution R013-1

The basic solution requires a net outside financing of
$29,700,000 annually, of which $20,400,000 is used for fi-
nancing current account expenditures, and $9,300,000 is
used for financing capital expenditures. The income and
product account resulting from this program for the last
year of the 10-year program is as follows:

Uses of income Sources of Income

Millicn Million
dollars dollars

Consumption , .., ..... 54,9 Wages and salaries to
Domestic investment, , 11.2 local workers, . .......
Government services , 6,4 Rents and profits
Net exports.,...... -29.7

L I I

Total uses ., . ... . 42.8
Less: unemployment .,.. -.6

Total income ., ,...,, 422 42,2

Total fixed investment required for the program is as fol-
lows:

10th year 10-year toral
Mil. dol, Mil. dol.

Domestic Investment. , ..., ... 10,0 S0.C {approx.}
Imported investment, .. ...... 2.3 37.2
Reoad construction, , . ... ..... 3.2 21.3 {approx.}

Total, . ... i, 22,5 108,5

The imported investment content of domestic investment
and road construction, such as for road building equipment,
were deducted to avoid double counting.

" After the matrix was constructed, it became evident that the supply of
managers and skilled labor in the area would be so inadequate using the No,
1 population targer, that a development program would be Impractical;
therefere, we used another population target.
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The income created by the fixed investment is as follows:

Mil., dol.

Income for arearesidents . .. ... vvervassen 42,2
Income for incommuting labor, . . .. .o ue v v 3.6

Total, & Lt s s v e n e s s s s s s e n s 47.8

Thus, the output/capital ratio for the program is 0.44
(47.8/108.5), compared with 0.35 te 0.40 for the United
States (A3, p. 244).%

The amount of income created and the net export balance
in the regional development program are strongly affected
by the constraints on exports, Income could be increased
and the negative foreign balance decreased by relaxing the
constraints on exports that are profitable and expanding their
production. Althcough the export constraints adepted in the
model are arbitrary, they are based on our judgment of
attainable export goals in the 10-year period. We believe
further expansion of exporting activities is more specula-
tive. Nevertheless, the possible effects on the program of
further expanding those activities selling profitably in the
national market (i.e., exporting to area 2} are worth con-
gidering.

Only seven commodities showed profits in sales to area 2.
They were: (1} Other hand tools; {2) men's socks; {3) cotton
housedresses; (4) rough lumber No. 1 common or better;

{5} wooden handles; (6) brake linings; and {7) frozen snap
beans. Therefore, for the basic solution program, a second
run was tried in which the export demand to area 2 of these
commodities was increased by 60 percent. (This second run
is designated RO16-1},

Wages and salaries paid to labor is the product of the
guantity used of each kind of labor times its shadow price
summed for all kinds of labor, The guantity used of each
kind of labor in RO13-1 is shown in table l1. As shown pre-
viouslty {fig. 1}, additions to the supply of local labor result
from growth of the labor force, hidden unemployment, and
job training (column 1} and by technological change in agri-
culture {column 3). The supply of labor is made equal to the
demand by the export, i.e., unemployment and import of
labor.®

Wage disbursements are found by multiplying the quantity
of labor used in 2,000-hour units by the wages per unit for
each type of labor. Wage disbursements to local labor only
are found by deducting the value of disbursementsto imported

2 gince the emphasis in cur model was on agriculture and labor intensive
industries, an above average ratic of output to capital must be expected.

B An export activity for labor is necessary so that the existence of unem-
ployment does not force the price of labor (in the category having unemploy-
ment) to Zero, This would be the price assigned to the linear programming
solutlon to any local resource not fully utilized,
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Table 1l.--Labor use in the basic solution (RO13-1)

Local labor

Imported | Total labor
Type of labor use Exported Produced by |  1abor used

Available (unemployed) | conversion

2,000 hours per unit

497.0 665.8
Clerizal labor (1002)....... R 881.0 935.3
Skilled labor (I1003) - 1 587.2
Educated persons available for

skilled training (1011)........ 1,102.0 1 1,102.0

Unskilled labor (I004):
Jan. - Feb. 21005;.. 2 826.6 125.1 851.8
Mar. - Apr. (1006 826.6 79.3 ‘ 905.9

May - June (I007)..vevue.n. 826.6 288.4 1,115.0
July - Aug. (I1008).v.iveeesecmnnss 826.6 126.3 . 975.0
Sept. .~ Oct. (1009) 826.6 - 89.2 . 925.4
Nov. - Dec. (I1010) . e 826.6 -215.6 285.1 —— 896.1

Total 1aboreeeeeevensass sene 7,439.6 -315.5 993.4 842.0 8,959.5

! Total number of skilled laborers used is 1,689.2 (587.2 + 1,102.0).

2 To determine the amount of unskilled labor avallable, the number of educated persons used in training
for skilled jobs, 1011, is deducted from the number of unskilled laborers available shown in the computer
runs I004-1010.




labor, in this case $5.6 million, from total wage disburse-
ments, in this case $36.3 million, Thus, local wage dis-
bursements total $30.7 million per year.

Comparison of Foreign Exchange Balances and Industrial
Composition of the T Computer Runs

Insight into the stability of the solution, the sensitivity of
various aspects of the program to changesinthe parameters,
and the marginality of certain manufacturing and agricultural
activities can be achieved by analyzing alternative runs of
the model.

Full analysis of income generation and laber balance was
not made for the six runs subseguent to R0O13-1. However,
an analysis was made of differences in the foreign exchange
balances among the solutions and in the industrial composi-
tion of the optimum programs. Table 12 presents the foreign
exchange balances on current and capital account for the
seven runs.

The main conclusion drawn from this table is that the big-
gest causes of variations among the solutions are changes in
consumption demand for imported goods and services (F001)
and changes in the value of imported labor. The value of im-
ported labor moves inversely with the size of the population
projection; that is, it is the lowest for R013, which relates to
population projection 4 and highest for R011, which relates
to population projection 2. The relaxation of export and re-
source constraints (R0O16) makes the program cheaper in
foreign exchange by $2.1 million.

Significant differences showed up in the computer runs in
faoreign exchange requirements on capital account, as well
as on current account, Capital account requirements for
RO11-1 are 18 percent less than for R013-1, Part of this
difference is due to less investment needed for I>cal con-
sumption because of the smaller population increase as-
surned for RO11l-1, but also part is due to less expoart,
Dairying, hog raising and slaughtering, and manufacturing
boxes, shocks, and pallets were all adversely affected by
reduced exports in the lower population runs. These results
should be more carefully analyzed to determine which con-
straints entered into the lower population targets to ad-
versely affect these activities,

As one would expect, the wage chanpes that make imported
managers and skilled workers more expensive and unskilled
workers less expensive shifted the solutions for R013-3 and
RO13-4 toward more agricultural than manufacturing activi-
ties. This was especially true for R013-3, which assumed
lower skilled and managerial wages than R013.4, but ths
same unskilled wages. The lower unskilled wages expanded
freezing strawberries, manufacturing milk production, and
raising snap beans for processing in R013-3, but the much
higher managerial and skilled wages contracted wood prod-
ucts industries and hog raising from the basic scolution in
R013-4, and ne additional dairying in R013-3,
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Table 12.--Comparison of foreign exchange balances for the computer runs

Columr number

(1) (2) (3) (4) (5) (6) (7) (8)

Net foreign Value of ZFOO1 Net foreign
exchange Value of exported for exchange Fool for
Computer run on current imported labor goods on capital W final con-

account labor (unem-~ and account (5) + (6) sumption
(ZFOOL) ployed ) services (ZF002)

1,000 dollars

15,395
14,233
14,597
15,655
11,464
10,921

6,283




In general, the wage changes from R013-1 to R013-3 im-
proved somewhat the foreign exchange balance on current
account and possibly some increased income because of the
increased exports. Further increases in wage costs in
RO13-4 probably resulted in some decreases in exports and
in income,.

Eliminating the seasonality of labor in R013-2 improved
the foreign exchange balance on current account and caused
expansion of some agricultural activities,

Relaxing export constraints in RO16-] considerably im-
proved the foreign exchange balance on current account,
reducing the deficit on current account by almost $4 million,
or 25 percent. The $0.6 million rise in deficit on capital
account represents increased investment and indicates
increased income over the basic solution.

In general, the industrial composition of the preogram
shows considerable stability, The six major manufacturing
complexes, the five new agricultural complexes, and the
seven conversicns--all of which were included in the basic
solution [R013-1)--were also included in the other six runs,
Within the complexes, there were some interesting specific
variations among the runs.

The manufacturing complexes are: (1) Hand tools, 1001
and I002; {2} apparel, I004 to I007; {3) lumber and wood
products, 1008 to 1019; (4) concrete products and building
materials, 1020 to 1026; (5) food processing of crops, 1032,
1034 to I037; and (6} food processing of dairy and livestock
products, 1038 to 1047 and 1049 to 1053. A discussion of each
of these follows,

!. Hand tools.--The production and export of the hand
tools are profitable in all seven runs. Production is
carried to the maximum export constraint; these con-
straints were chanped for R0O16-1.

2. Apparel.--All four apparel industries are included for
production in all seven solutions. However, there are
no exports in any of the sclutions of men's underwear
{CO048); exports of men's work clothes {C049) are con-
fined to area 1 for all runs except R013-1 and RO13-2,

3. Lumber and wcod products.--In the basic solution, all
the wood products industries are included except pro-
duction of finished lumber (I010 and 1012), Paint and
varnish brushes (C062) are produced only for local
consumption. Boxes and shooks (C058), pallets (K002},
bedroem, dining room and living room furniture {C063,
C064, C065) are exported to area 1 only. Both local
stumpage and imported logs are used to produce rough
lumber. In the high-wage run (R013-4), exports of
boxes and shooks, pallets, and living room furniture
are eliminated, and consequently, producticon of indus-
tries 1013 and 1019 are curtailed. In run R016-1, export
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constraints are relaxed on rough lumber (C052 and
G053}, wooden handles {C060) and brooms {C061), and,
consequently, production of these commodities in-
creases to the new limits in this run. In the low popu-
lation projection run {R01l-1}, the composition is the
same as in the basic solution, except that exports of
boxes and shooks and pallets are confined to area 1;
thus, production of 1013 is lower.

4., Concrete products and building materials.--All these
industries are in all seven solutions, Production of
dry-mix concrete {C069) is sufficiently profitable to
export it in all solutions.

5. Food processing of ¢rops.--Production and export of
soybean oil and meal is highly profitable, based on
local supplies of soybeans. The output of the soybean
oil and meal plant {I032}) is constrained by the amount
of land available to raise soybeans. This varies in each
solution depending upon the amount of available new
land (C086) used for expanded soybean production."
Freezing is profitable, and a combination of 1034 and
1036 is used by each run. In runs R013-2, R013-3, and
RO13-4, frozen sirawberries are profitably exported,
thus maore of 1036 and less of 1034 are used than in the
basgic solution. In run RO11-1, 1036 is eliminated,

6. Food processing of dairy and livestock,--In all runs,
market milk is produced only for local consurnption;
manufacturing milk is processed into ice cream, con-
densed skim milk, and cottage cheese in industries
1046 and I047 for local consumption and export. Exports
to area 2 vary among the runs with the profitability of
manufacturing milk herd expansion, i.e., more area 2
exports for ice cream and cottage cheese inruns RO13-2
and R013-3 and less in runs RG12-1 and ROl1-1 than in
the basic solution., Hog slaughtering (1049} is included
in all runs, constrained by the export potential of lard
in the basic solution and in R013-2 and R013-3, but with
exports less than this constraint for the cther runs,
Beef is slaughtered in all runs in activities 1051 and
1053. In runs R0O13-2 and RO13-3, more cull cows are
slaughtered because of expanded dairying activities.

The agricultural complexes included in all solutions fol-
low: {1} Tobacco {AGO0L); {2) truck crops (ACQ2 to ADQ4,
AQO07 to A010}; {3) dairying (ACL3 and AD14}); (4) hog raising
{AD17 and ADI8); and {5) other crops {AC11, AD12, and AO19).

|. Tobacco.--Tobacco raising is a highly profitable ac-
tivity in all seven runs, expanding tothelimit permitted

Hgoybean production varies inveraely with the reguirements for hay,
which has firgr claim on new land in the model,
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by a 6 percent increase in allotment for all runs except
ROl6-1, which was permitted to expand by 12 percent,

Truck crops.--In the basic solution, strawberries, lima
beans, and okra are raised for the frozen food plant;
strawberries for processing are also exported fresh.
Snap beans are raised onl*é for the fresh market, while
peas are not raised at all, The production of straw-
berries is sensitive to changes in assumptions, declin-
ing in ROI3-2, R0O13-3, and RO1!1-1, and increasing in
RO13-4, Production of snap beans for processing {AQQ03)
appears only in RO13-2 and R0O13-3,

Dairying.-- Production of manufacturing milk in A013
appears in all seven runs, although it is expanded
beyond the basic solution in R013-2, RO13-3, and
RO13-4, while it is expanded less than in the basic
solution in RO12-1 and RO11-1. Production of market
milk in AQ!4 is not included in the solution in any run,

Hog raigsing.--In the basic solution, producing both
feeder pigs and market hogs are included, with feeder
pigs going both to activity A018 and te exports, Expand-
ing activity AOl7 is constrained by the export capacity
for cull sows {C002), Both hog production activities are
expanded less in R0O13-4 and R012-1 than in the basic
solution, In run R011.1, expanding the production of
feeder pigs is more restricted than in the basic solu-
tion, and production of market hogs (A018) is elimi-
nated,

Other crops.--Expanding production of three other
crops, competes for available new land (C086). These
crops are soybeans, hay, and pasture. New pastureland
appears only in runs R012-1 and RO!1-1, when expan-
sion of hay and soybeans is not adequate to absorb all
the 100,000 acres of crop and pastureland considered
available for new crops. Hay production is the most
important use of the new land, expanding to the extent
required by the increased livestock and poultry enter-
prises. Soybeans are grown for the soybean oil and
meal mill.

Two sets of agricultural activities that were included in

the model but not entered in any of the sclutions are ex-
panded poultry and cattle and calf production. Some of these
enter in a limited way through conversion, as discussed a
little later,

B The reason is that the price tifferential for expo: t is greater than the

cost differential in the model, However, basing a froz.n food plant on raw
materials that must be brought from any appreciable distance {over 50
miles), 1s apt to be unsuccessful, because of difficulties in quality conrrol
that are not reflected In the linear programming model,
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The seven conversion activities listed below were included
in the model. All are included in all selutions, They are as
fellows: (1) Corn (CAD01 to CADO0S); (2} tobacco (CA006 and
CAQQT); (3) commercial layer flocks {CAO08); (4) manufac-
tiring milk herd. {CA009); (5) pasture {CA010); (6} cow-calf
(CADLL); and (7) market milk herds (CAD12 and CADI3),

Only in the case of corn conversion are there any signifi-
cant differences among the runs. The merchanization of
corn, &s represented by activities CA00! and CA004, is
shown to be of marginal value in the model and therefore
sensitive to changes in the assumptions. Runs R013-1 and
RO16-1 include partial mechanization, Mechanization is
complete in runs RO12-1 and RO11-1, It does not occur in
tuns RO13-2, R013-3, and R013-4, In all seven runs, addi-
ticnal requirements for corn by the expanded livestock
enterprises are met by adding fertilizer to existing corn
acreapge to increase corn yilelds (CA004 and CAQO05),

Mechanization of tobacco acreage is somewhat profitable
and occurs in all trials. Commercial layer flock, manufac-
turing milk herd, and cow-calf conversions are all very
profitable and occur in all runs.

Market milk herd conversion is not in itself profitable,
but occurs in all runs. This conversion activity supplies the
market milk for the local fluid milk plant. Since the herds
already exist, improving these herds was found to be cheaper
than importing milk.

Pasture conversion is not profitable but occurred in all
solutions because of the necd for more pasture units. New
land was not available for pasture in most solutions because
it is absorbed by soybean and hay crop expansion.

Where the conversion activity is profitable but there is no
expansion of new enterprises indicated in the solutien, it may
be that the truly economic solution would be to eliminate the
entire enterprise, However, our model permits only positive
changes. The solution says in effect, '"the present level of
enterprise in these activities is very inefficient and conver-
sion is better than continuing at the present levels; however,
if the activity does not now exist, there is no profit in estab-
lishing it."




VI GENERAL EVALUATION

The results obtained from application of the model to the
Clasgow trade area are summarizedinSection VI, The result-
ing industrial composition of the various solutions was given
along with their foreign exchange requirements, labor de-
mand, and other information. Given these results, what can
be said about their implications to economic development in
the area? The first part of this section deals with that ques-
tion. The other two parts cover implications of the model for
general use and certain modifications in the data or model
which might be desirable,

Evaluation of the Prospects for a Development Program in
the Glasgow Trade Area

The most important question in establishing a public policy,
is whether an overall development program is worth under-
taking for a given area in terms of economic costs and bene-
fits. The answer {o this question is a matter of policy
decigion. It is not to be found in the solution derived from the
planning model. However, the sclution does provide impor-
tant information to the decision maker. The two items of
most interest are; (1} The relationship between foreign ex-
change requirements, both on current and capital account,
and the income generated by the program; and (2} the labor
balance,

The deficit in capital accounts for a development program
for the Glasgow trade area is not excessive. A total 10-year
fixed investment for the ROL3-1 program of $37 million (4
times the 10th year requirement of $9. 3 million} by outside
agencies (e.g., public and private} will increase annual in-
come about $48 million. In addition, the outside investment
is expected to bring about local capital formation of $71 mil-
lion. These relationships are acceptable. On the other hand,
the annual deficit in the foreign exchange balance on current
account for goods are services of about $15 million is high
{table 12}, Onthe basis of the activities that have been investi-
gated in the present program, the per capita income goal of
the program appears to be ambitious relative to the costs in
foreign exchange, In other words, self-sustaining growth has
not been achieved by the end of 10th year,

However, this does not mean there is no hope for this area,
It means that efforts must be made to alter the present pro-
gram in the direction of a lower deficit in the foreign ex-
change balance on current account. Run RO16-1 shows that
this account could be reduced by relaxing the constraints on
profitable exports. The way in which the export constraints
used in this program are constructed makes some of them
conservative. Those commeodities which do not appear profit-
able to export to area 2 can usually be disregarded as having
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strong export potential. But those which show to be profitable
for area 2 may warrant further investigation as to their ulti-
mate potential.

Another possibility for altering the foreign exchange bal-
ance should be considered. Because of the way the model is
constructed, all imperts required for the consurmption targets
are taken into account. However, only the exports of those
industries included in the model are taken into account, Thus,
there may be export possibilities not investigated in this
model, This bias in the results may tend to overstate the
balance of imports over exports on current account,

Finally, the possibility of a lower income goal may have to
be considered. A growth rate of 5.6 percent per annum may
be foc ambitious and may have to be lowered to 4,5 or 5.0
percent, Whether or not this will yield a more favorable in-
come/capital ratio would need to be determined. In other
words, perhaps the area can achieve a self-sustaining
growth rate which is less than the original goal of 5, 6 per-
cent, but considerably above what it is presently experienc-
ing. Also, it may take such an area more than 10 years to
reach self-sustained growth.

Another conclusion that comes out strongly from the oper-
ation of the model is that there is a significant scarcity of
persons available for managerial and skilled positions, Un-
less the region in which the development program is to be
implemented can import a large number of persons in these
categories, or the area is expanded to include a larger,
more diversified laber force, it will not be possible to carry
out the program, Since inland rural regions have difficulty
importing such people, the region may have to be enlarged
ts ensure the needed labor resocurce base. Moreover, a na-
tional program of increasing the educational level of the
working and potential working population is a necessary pre-
conditien to growth of underdeveloped areas.

The stability of the compeosition of the program over all
runs sheuld be considered in planning the development of an
area. The seven runs examined in this study by no means
constitute a complete set of all possible runs. It is quite pos-
sible that other profitable activities were omitted from the
program, Nevertheless, this stability factor indicates that
the general composition of the program is focused in the right
direction and tends to increase confidence with the program
results. The cost of the development program, in terms of
foreign requirements, varied considerably among soluticns.
Most of this variation, however, was due to changes in the
size of the population projection which resulted in a variation
in consumption demand for imported goods and services and
the value of imported labor {table 12). Variation in the cost
of the program is shown to be more attributable to the mag-
nitude of the program rather than its composition. With the
composition of the program pretty well established, the basic
plan is set forth, and agencies can proceed in an organized
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manner te develop the detailed follow-up studies that are
required for the formulation of action programs for specified
areas,

Implications for General Application of Activity Analysis
Planning Model

Most of the features of the model developed in this study
have been discussed in previous sections. However, there are
a few additional peints of interest which need to be considered
regarding the implications of the overall model for general
use. The structure of the model, or the degree of modification
of the present model, depends upon the structure of the area
being studied and the objective of the analysis.

The mathematical formulation of the exact model will de-
pend upon the structure of the economy of the area. When one
moves from a predominantly rural area with little industrial
base, such as the (Glasgow trade area described in an earlier
section, to a more urbanized area, the technological matrix
of the model must be expanded to include a larger number of
industries. One must know what industries zre technically
possible in the area. Once this expanded matrix has been pre-
pared for a specific area, the rmodel becomes semicperational
in many other similar areas, since the technological coeffi-
cients for many industries do not vary significantly among
areas. From this standpoint, the cost of preparing such a
matrix can be spread over many projects, When one studies
less agriculturally based areas, there may be need for inciud-
ing conversion activities for nonagricultural industries,

In a very poor agricultural economy, which has little or no
petential for industrial development, the most important
means for raising income is through increasing farm in-
comes, In addition, some institutional requirements should
be provided to enhance the mobility of the unemployed and
underemployed, such as education, vecational and technical
training, and job information services, Some of these rural
areas may have potential for recreation enterprises or even
recreation complexes. This possibility should be considered
and allowed for in the programming procedure,

Adaptability and Additional Uses

The basic model developed and applied here lends itself
very well to the modifications necessary in meeting varying
conditions among areas. Extensions and adaptations of the
model are possible at the present time to include a larpe de-
gree of flexibility; such as a sensitivity analysis on the objec-
tive function, the restriction set, and the resource set (A7).
Selected parameters in the model can be varied over a whole
range of values. By making these changes and recomputing
the solutions, much can be learned about the sensitivity of
planning requirements to changes in economic phenormena or
the cunsistency of economic goals under varying resource
structures. For example, often agencies in the U.S.
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Department of Agriculture have been called upon to estimate
the effects of changes in various programs, such as price
support and land retirement, on the economies of certain
rural areas. Usually, these requests require comprehensive
answers on short notice. The availability of a comprehensive
moedel of a complete area economy would permit mutually
consistent answers to a variety of questions, or to the same
question in a variety of situations, or in different years,

The pegsibilities for testing various alternative structures
is almost unlimited. Some of these were demonstrated in the
applied gections of this report. A few other such possibilities
that are particularly important are as follows:

1 How would changes in the amount and age distribution of
net migration affect the size and nature of the labor
force, thus, the shadow price of labor, and the resulting
allocation of activities in the model? Is there a maxi-
mum amount of net outmigration that is consistent with
any reasonable expectations of improving per capita in-
come ?

2 How would changes in the level of education of the local
population affect the availability of persons fer training
for skilled positions, andthe likelihoodofindustries that
are heavy users of skilled laborers being identified in
the model solution as suitable for the area?

How would changes in the prejected per capita income
affect the composition of consumption and the selection
of industries in the model?

L

4 How are government budgets affected by differences in
the income projections in the model solution?

5 How would changes in the seasonal pattern of industrial
operations change the activity mix in the solution,
eapecially in the choice between agricultural and indus-
trial activities ?

For each of these questions, a schedule can be set up in-
volving a series of values of the relevant parameters and con-
straints, and the model may be run for each thereof, provid-
ing a schedule of solutions. These schedules will show how
sensitive the solution is to various economic phenomena,

Because the model is guite flexible, resources which delay
development prospects can be identified and the effects of
changes in these rescurces evaluated. Such information is
important to planners in that it allows them to redirect the
development program and prevent gross errors in planning,

In addition to providing a development program in an ag-
gregate sense for an area as a whole, the linear program-
ming tool provides guides to investment decisions by individ-
ual entrepreneurs, In contrast to other methods of analyzing
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area development programs, linear programming produces
ag a part of the solution tests of efficiency in the form of
shadow prices. These tests could serve as guides for deci-
gions concerned with either establishing branch plants or
developing new enterprises. An important feature of the price
solution is that it serves to direct the 'type'' of investment
which should be made, It is usually a more serious error to
select the wrong type of investrment than to be in error as to
the amount of capacity. The latter error is more likely to be
corrected over time through increased demand.

Evaluation

A criterion of evaluation of a model such as the one devel-
oped in this study is not easily established. Either of twe
criteria are desirable, namely, (a} that it has been tested
through implementation, or {b} that it can be compared with
the regults from an equivalent study using conventional tech-
niques of analysis. The former requires an elapse of time
and is therefore not a possibility for a new technique. As to
the latter, there is really no alternative study for compari-
son. This model generates results for a wide range of in-
dustries, and all are derived simultanecusly. Results from
the use of conventional techniques are not likely to cover
such a wide range and usually do not take the interdependency
of activities into account.

Many successful applications of the linear programming
technique have been made., Most of them were for resource
allocation problema of single industries or firms. We do not
know at this time just how much these methods can contribute
to policymakers concerned with area economic development.

Suggestions for Improving Data and Methodology

The methodelogy developed for this study appears to be a
powerful tool for regional development planning and planning
evaluation. However, this methodology is pioneering and ex-
perimental in nature, and much needs to be done to improve
it. Some of the areas where improvement can be made are
suggested below, The first four relate to the data required
and the last two to the model itself.

1. A more convenient and simple system of designating
commodity units should be devised, giving consideration
to the range of unit size that can be expected to be en-
compassed in an activity vector. By minimizing this
range, the computing time for successive iterations of
the model can be reduced.

2. The industry profile approach to providing basic data
for industrial activity vectors should be vastly ex-
panded, The present project could not have been car-
ried cut without the use of the ICA-AID industry pro-
files and fact sheets (159, 160, and 16l). However,
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better data are needed in which nonmaterial inputs are
more carefully defined and analyzed, and in which
economies of scale and alternative techniques of pro-
duction are considered. In addition, many sectors,

such as electronics, are not covered by any satisfactory
sources of data.

It is probable, though not certain, that more disaggre-
gation of the service sectors is desirable for develop-
ment planning. Research is needed to determine the
optimum amount of disaggregation of the service sec-
tors that is desirable and possible. Certainly, more
disaggregation would help to identify service sectors
that have import competitors or that have export poten-
tial {(for example, recreation and tourism).

Better integration of the program with the existing
economy of the region could be achieved by relaxing the
assumption that the existing economy is in balance at
full utilization of capital. In this way, possibilities for
expanding existing sectors through better utilization of
capital and import substitution could be investigated.

A dynamic element could be added to the model by pro-
viding for reinvestment of depreciation funds and by
putting the model solution on an annual basis so that the
sclutien in year n-1 becomes an input for the solution
in year n,

Experimental investigation should be conducted to find

satisfactory methods for including allowance for ran-
dom variability of key parameters.
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Vegetables Under Agricultural Exemption,
U.S. Dept. Agr. Mktg. Res. Rpt. 316, table
30, p. 51; tables 31-34, pp. 54-57. Mar.

Stanton, B. F., and Stevens, D. M.
1956, GCosts and Returns in Producing Snap Beans
for Processing - Western New York, 1455.
Cornell Univ., Cel. Agr,, Dept. Agr. Econ.
A, E. 1018. Ithaca, N.Y, Feb.
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106.

107.

108.

109.

110.

Stauber, B. Ralph, and Hale, Roger F.
1657. The Index of Prices Paid by Farmers for

Commodities and Services, Including Interest,
Taxes, and Wage Rates. In Major Statistical
Series of the U.S. Department of Agriculture,
How They Are Constructed and Used. Vol, I,
Agricultural Prices and Parity. U.S. Dept.
Agr., Agr. Handb. 118, Ch, 2, p. 55,

Sutherland, J. G., Bishop, C. E., and Hannush, B. A,
1959, An Economic Anzlysis of Farm and Nonfarm
Uses of Resources on Small Farms in the
Southern Piedmont, North Carolina. N.G.
Agr. Expt. Sta. Tech. Bul. 138. Raleigh.
May.

Taylor, C, C., and Elrcd, J. C.
1952. Snap Beans: Production Practices and Costs
in the Coastal Plain of Georgia, Ga. Agr,
Expt. Sta. Mimeo. Ser. 43, Athens. Apr.

Time, Inc.
1961. The Hard Realities of Retraining, Fortune 64:
241-246. July.

Tompkinsville Chamber of Commerce, and Kentucky
Department of Economic Development.
1962, Industrial Resources: Tompkinsville, Ken-
tucky, Frankfort, Jan.

U. 5. Bureau of the Budget,
1957. Standard Industrial Classification Manual,
Washington, D. C.

U. 5. Department of Agriculture,
1652-61, Agricultural Statistics. Annual. Wash-
ington, D, C.

Agricultural Marketing Service.
1957. Prices of Hogs and Hog Products 1905-1956,
U.S. Dept, Agr. Statis, Bul. 205. Mar,

: Agricultural Marketing Service.
1958, Farmers' Expenditures in 1955 by Region.
U.S. Dept. Agr. Statis. Bul. 224. Apr.

Agricultural Marketing Service,

1960. Supplement for 1959 to Livestock and Meat
Statistics. U.S. Dept. Agr. Statis, Bul. 230,
June,
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116,

117.

118,

119.

120,

121.

122.

123.

124.

125,

126.

U.S. Agricultural Marketing Service,

1960,

1961.

1961,

1962.

1962.

1960,

1956,

Board.
1960,

Board.
1959.

Beard.
1959,

Dairy and Poultry Market Statistics 1959.
U.S. Dept. Agr. Statis. Bul, 266, table 125.
June.

Agricultural Marketing Service.

1955-60 Livestock and Poultry Inventory
January |, Number, Value, and Classes by
States, U.S. Dept. Agr. Statis. Bul, 278.
Feb.

Agricultural Marketing Service.
Annual Report on Tobacco Statistics, 1960.
U.S. Dept. Agr. Statis, Bul. 281, p. 17. Apr,

Agricultural Marketing Service.
Annual Report on Tobacco Statistics, 1961.
U.S. Dept. Agr. Statis. Bul. 308, Apr.

Economic Research Service,
Dairy Statistics Through 1960. U.5. Dept.
Agr. Statis, Bul, 303, Feb.

Forest Service,

Forest Industry Opportunities in Rural De-
velopment. U.S. Dept. Agr., Agr. Inform.
Bul, 222, pp. 10-15. Mar.

Household Food Consumption Survey.

Food Consumption of Households in the South.
Household Food Consumption 1955, Rpt. 4,
Dec.

Statistical Reporting Service, Crop Reporting

Agricultural Prices 1959, Annual Summary.
Wash,, D.C. Dec,

Statistical Reporting Service, Crop Reporting

Vegetables--Processing 1959. Annual Summary,
Wash., D.C.

Statistical Reporting Service, Crop Reporting

Vegetables--Fresh Market 1959, Annual Sum-
mary. Wash., D.C., Dec.

U.S. Department of Commerce, Bureau of the Census,

1961.

Census of Agriculture, Kentucky 1959. Wash.,
b, C.
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127, U.S, Department of Commerce, Bureau of the Census.

128.

129.

130,

131,

133,

134,

135,

136,

137.

1940,

1962,

1959,

1960,

1960,

1953,

1963,

1962,

1961,

1962,

Census of Business, 1958. & vol; illus.
Wash,, D.C.

Bureau of the Census.
Census of Government, 1957, Vol. §, No, 15,
Government in Kentucky, Washington, D, C,

Burezu of the Census,
Census of Manufactures, 1958, 3 vol: illus.
Washington, D, C,

Bureau of the Census,

Supplementary Employee Costs, Cost of Main-
tenance and Repair, Insurance, Rent, Taxes,
and Depreciation, and Book Value of Depre-
ciable Assets by Industry: 1957, U.S. Bur.
Census, Census Manufacturers Spec. Rpt,
MC58 {1}-Dll-1, Dec.

Bureau of the Census.
Census of Population, Kentucky 1950. 4 vol;
illug, Washington, D, C,

Bureau of the Census,
Census of Population, Kentucky 1960, 3 vol:
illus, Washington, D, C.

Bureau of the Census,

Components of Population Change, 1950 to
1960, U.S. Bur. Census, Currant Pop. Rpt,
P.23, No. 7. Nov.

Bureau of the Census.

Preliminary Intercensal Estimates of the
Population, July I, 1950 to 1959, Current
Pop. Rpt. P-25, No. 229, May,

Bureau of the Census.

Estimates of the Population of States and
Selected Outlying Areas of the United States:
July 1, 1961 and 1960. U.S. Bur. Census,
Current Pop. Rpt. P-25, No. 258, Nov,

Bureau of the Census,.

1960-62. Construction Reports--C42-14, Sept. 1960;

Aug. 1961; and C49-1, Sept. 1962.

Bureau of the Census.

U.S5. Exports of Domestic and Foreign Mer-
chandise~-~1959 annual issue. U.S. Bur.
Census FT 410.
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138, U.S. Department of Commexce, Bureau of the Census,

139,

140,

141,

142,

143,

144,

145,

146,

1962, State Distribution of Public Employment in
1961, U,S. Bur, Census. G-GEél--No. 1.
Apr.

Bureau of Public Roads,

1957. Labor Usage in Highway Construction as In-

fluenced by Improved Equipment. Public
Roads 29 (6); 151-152, Feb.

Bureau of Public Roads.

1961, Highway Construction: An Employment Gen-

erator. Public Roads 31 {7): 162-166, Apr.

Business and Defense Services, and U.S.

Department of Labor Statistics, Bureau of Labor Sta-

tistics.

1955-62. Construction Review. Manpower Impact of
the Proposed $101 Billion Highway Program.
Construct. Rev., 1(2}: 5-7. 1955; Shipments
of Selected Wood Products Used in Construc-
tion. Construct. Rev, 4{1): 4-7, 1958;
Material Requirements for School Construc-
tion, Construct, Rev. 8{2}: 7-9. 1962; Ma-
terial Requirements for Highway Construc-
tion. Construct. Rev, 8 {3): 7-10, 1962,

Business and Defense Services, Office of

Business Economics.

1960-62. Survey of Current Business, Vol. 40, No,
7. July 1960; vol. 42, No, 7. July 1962;
vol, 42, No, 8., August 1962,

U.S. Department of Health, Education, and Welfare,

National Office of Vital Statistics.
1956-60. Vital Statistics of the United States. Vol. 1,
annual,

U.S. Department of Interior, Bureau of Mines.

1961. The Mineral Industry of Kentucky., Minerals
Yearbook 1960.

U.S. Department of Labor, Bureau of Apprenticeship
and Training.
1962, The National Apprenticeship Program.

Wash., D.C.

Bureau of Apprenticeship and Training.

1960. Employee Training in New Jersey Industry.

Wash,, D.C. Sept.

T4




147,

148.

149,

150.

152,

153,

154,

155,

156,

U.S. Department of Labor, Bureau of Employment

Security,
1961, Estimates of Worker Trait Requirements for
4,000 Jobs. Wash., D,C,.

Bureau of Labor Statistics,

1953, Wholesale Prices 1951 and 1952, U.,5. Bur.

Labor Statis. Bul, 1143, June.

Bureau of Labor Statistics.

1958. New Housing and Its Materials, 1940-56,

U.S. Bur. Labor Statis, Bul. 1231, table 9,
p. 39; table 12, p. 56,

Bureau of Labor Statistics.

1961, Wholesale Prices and Price Indexes, 1959,

U. 5. Bur, Labor Statis. Bul. 1295. June,
... Bureau of Labor Statistics,
1961. Labor Requirements for Schoal Construction,
U.5, Bur. Labor Statis. Bul. 1299, July,

Bureau of Labor Statistics,

1962, Labor Requirements for Federal Qffice

Building Construction., U. S5, Bur. Labor
Statis. Bul. 1331.

Bureau of Labor Statistics.

1960-62. Employment and Earnings, monthly,

Wash,, D,C,

_ Bureau of Labor Statistics.
1961-62. Monthly Labor Review, Labor Require-
ments for Highway Construction, Monthly
Labor Rev. 84(8}: 858-861. 1961; Eight
Months Training fZixpertence Under the
Area Development Act. Monthly Labor
Rev., B85 (12): 1375-1378.

Bureau of Labor Statistics, Division of Inter-

industry Economics.

1355. 1947 Interindustry Relations Study., Wash-
ington, D,C. June,

Bureau of Labor Statistics, Division af Inter-
industry Economics,
1959. Occupational Qutlook Handbook, 1959, U, S,
Bur. Labor Statis. Bul, 1255, 785 pp. illus,

i57. U.S. Department of State, Agency for International

Development, Communications Resources Division,
1960. Starting and Operating 15 Different Service
Industries. Wash., D.C. June.
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155, U.S5. Department of State, Agency for International
Development, Communications Rescurces Division.
1960, Starting and Operating 22 Different Stores.,
Wash,, D.C.

159. Apgency for International Development, Com-
munications Resources Division.
1957-62. Plant Requirements for Manufacture of:

Automobile Batteries, January 1962,
Boxes and Shooks, May 1962,

Bread Bakeries, May 1962,
Brooms, May 1957.

Cement, December 1961,

Corrugated Fibre Boxes, May 1959,

160, International Cooperation Administration,

Technical Aids

Branch.

1859-1960. Industry Profiles,

a,

b.

Asphalt Paving Material,
Automobile Batteries, January 1960.
Bedroom & Dining Room Furniture,
Boxes & Shooks, November 1959,
Brake Lining Sets,

Brooms,

Concrete Blocks, November 1959,
Concrete Pipe, November 1959,

Corrugated Fibre Boxes, Nevemberx
1959,

Dry Mixture Concrete in Bags.
Fertilizer Mixing, October 1959,
Hand Tools, November 1959,

Hardwood Parquet Floors, February
1960,
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161,

162,

163,

164,

n. Men's Work Pants,

o. Men's Work Shirts,

p. Overstuffed Furniture.

q. Planing Mill, January 1960,

r. Rough Sawing of Logs, January

1960,

U.5, Department of State,
1957-1961, Plant Requirements for Manufacture of:

a. Animal Feed Pellets, May 1959,

b. Cotton Dresses, May 1959.

¢, Farm Hand Tools, May 1959,

d. Fertilizer Mixing Plant, May 1959.
e. Meat Processing Plant, May 1959,
f. Men's Socks, May 1959,

g. Men's Underwear, May 1953,

h. Paint and Varnish Brushes, May
1959,

i. Refrigerated Walk-in Coolers,
September 1957,

j. Soybean Oil and Meal, September
1961,

U.5. Interstate Commerce Commission, Bureau of
Transport Economics,
1960, Carload Wavybill Statistics, 1959, Oct.

University of Virginia, Bureau of Population and
Economic Research.
1956. The Impact of Industry in a Southern Rural
County. (In coop, with Va. Dept. Highways
and U, S. Bur. Public Roads,)

Williams, F. W., and Allen, M, B.

1963, The Southeastern Vegetable Processing In-
dustry: Marketing Practices and Management
Problems, 1960. U.S5. Dept. Agr. Mktg,
Res. Rpt. 583, Jan,

77




165, Williams Publications, Inc,
1961, Quick Frozen Foods., N. ¥, July,

166.
1962. Frozen Foods Almanac, Pp. 177-199,
New Yorlk,

167, Williams, W. F., Bowen, E. K., and Genovese, F. C.
1959, Economic Effects of U,S, Grades of Beef.
U.S. Dept, Agr. Mktg. Res. Rpt, 298,
table 53, p. 162,

168, Wilson, Dalton L., Pence, Betty Sue, and Phillips,
Victor B.
1960. Marketing Costs and Margins for Livestock
and Meats, U.,S, Dept. Agr. Mktg. Res,
Rpt. 418, Nov.

169, Woodroot, J. G., and Shelor, E.
1958, ©Okra for Processing, Ga. Agr. Expt. Sta,
Bul, N. 3. 56, Athens, Oct.

170, Worley, D. E.
1962. Local Benefits of Timber Expansion, U.S.
Dept. Agr,, Central States Expt, Sta. Tech,
Paper 172, Ceclumbus, Chio. May.,

171,
1960, Recent Developments Stimulate Hardwood
Lumber Business in Eastern Kentucky,
U.&. Dept. Agr., Gentral States Forest
Expt. Sta. Tech. Paper 176, Golumbus,
Ohio., Sept.
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APPENDIX A.--ACTIVITY VECTORS IN THE REGIONAL DEVELOPMENT MODEL

keuivity SIC
Nupher Code

Aotivity

Desacription and Sources

Deacription Sources®

I - MANTFACTURING INDUSTRTES

I-1 L)

2551

Farm band tools

Qrher hand icola

Corrugated Tibar
boxes

Man's aockn

Nan's wnderwenr

Mun'e work clothes

Lotton dreasea

Logging

Suwmill

Finished lumher

Farm building &
farm lurher con-
struation

Hardwood dimenaicn
lumber & floaring

Wooden boxen,
shooks, & pallets

Charcoal

Wooden handlea

Brooms

Paint & vamish
bruahen

Bedroam & dinlng
romn furndture

Cvarstuffed furnf-
fure

Cement

Conerate blocin

Conerets pipa

Ready-mired
sonerete

Sand, gravel, &
limestione

Aaphelt paving
materisl

Sae footnote ai end of table,

May fork, digging fork, rake, mattock
hoe, planter's hoe, mattock mpade, plck,
ahowel, and oachete.

Hammer, scrow driver, plierz, aonkey
wrench, open-znd wrench, tin anips, and
wreckdng bars rom purchesed handles.

CorTugated [lber boxes. 1597, 1808

Men's short eottan ¥nit aceka, 2-shirt
ovperation,

1&6LL

Bet of a cotion knit brief and “T" shirt. 16te

Seta of denfn work pants end chasbray 160n, 1600

work shirts.

Cotion housedresass. 161k

Hardwooed Loga.
Labor: 170

Produces rough lumher: 3% o, 1 coomon 129,
ar hettery 180q
0% leas than Ha. 1 coomon,

Froduces Tinighed lumber: less than He. 1
ToTmen.

129,
160

For conatructien and repeir of barns and SRI
ather farm capltel reguiring lumber,
using rough and Fintshed lumber legs than

Mo, 1 ecomeon.

Fough lumber Ho. 1 common or betiser;
produces 53% flooring; 30% dimension, and
17% mlabe and sdginga.

129,
170,

150m,
160

produszes 70% pallete and 0% unsanded 159p, 1604,
nalled wooden boxes and ahoaks. 170, 171

103, 13t

Rough lumber lesg than No. 1 comman; {-’.6, 51, 121,

Bulk chorcoal made frem elabs and
edgings,

¥ooden handles for brooms, brushes,
pumpa, and toola made from findshed
lumber, lese than Ho. 1 commen.

61, 170,
SRI

Broome Coom purchased hendles,

51, 170,
1594

Paint end varnish brushes (1 to & inches) 161h

from purchesed handleg.

Set of one bedrocm sulte (3 pleces) and
one dining roem sulte (8 piecea) frcm
dimension lusber, Ho. 1 ccomon or better.
Set of one living rooo safe and two
chalra made of wonden frames {rough lum-
bar No. 1 common or better} steel
springa, cotton psdding, and febric cover.

Fortland eement, J-shift operatlcn.

Lightwelght sggregate hollow concrete
Plotkn in atandard unit of B x 3% x 16",

Flain bell end spigot plpe 4" to 24"
dismater, reinforced ball and spigot pipe
12" to 26", and piain end reinforcoed
tongue end groove plpe 13" to 36",

Ready-mlixed conerete
Jand, gravel, and imestone.

Asphalt paving materisl.




Aotivity SI2

jhmbe r Acrlvity Lescription Eovrcest
Y-¥% 1M5BS fLold storage in- Mapefactire and ineisllsticn of cold 1o, 181f
sigllstlion aturage units equipped with an eleacsiz
sogling syptem with motor,
1-22 %91 Autooebile buett Lead meid eutcmebile gtorage batteries. 149a
terics
1-29 3714 Bruke Lining sets  Set of 8 broke lininps (or sutcemoblles 180e
mnd 1ight bruchy.
I-30a JE?2 Fertilizer mixiog Mixirg of A variety of aiircgsn, phoa- 7, 1624
phorg, and potassfum fertidzers, Plant
egrtivity caloulated from olx of: 4%
5-10-70 end 564 10-10-13.
I-30% is 11% of the comopxdity unit.
I3l 247 Animal feed pellets Mixed feed pellevs For Eiveetock and £6, l&la
poultry, l-shifi speration.
I-32n  20%2 Soybean ol & wral Crude noybean oll and soybean menl, 15, 161)
3 ghifts per day, 300 days per year.
1-32b 15 25% of the commedlty undw.
I-2i 205L PBresd bapecy Breed end other batery products (i.e., 1289, 159c
cakes, roiln, ond poatriea} deliverced.
I-3n 2037 Frozen anop beana, Packed 50% fa retsll peck and SO% in
limn benona, % pear bulk pock for instiiutions; produces 504 Saasomlity:{&?, 9%,
Lrozen snap beans, J0% Irozon idma beans, Slze of wxpast {36,782,94, 168
and 204 frozen pess, Market: 64
I-3b Lo 313 of the cemoedity unit.
I-3wn 257 Fruzen soop beana  Peshed 50% in retsll pack and 50% in
bulk peek for institutioma. Seaacnality:{é?, G
Size of export {26,78,94,166
1-35h Ig 33% ol the comsedity unit. Morket; 104
i-wa .5 Prizen Snap benng, Pachked 503 in reteil pack and 50% in
oxra, & cirew- bulk paek for fastitutiona; produces 45% Seascnality: {33, 67, ¥
berelos frozun snap besns, 37% [rozen okra, and Size of wxport 136,74,94,166
18$ frozen etromberries. Market: 164
I-36b 1z 33% of the commodity unit.
I-37n 2037 Frilen anap beans Yaered 504 in retail pack and 504 in
& shrewberrigg bul¥ puck for Institutiona; produces 72% Seasopallty; [30, 67, ¥
Irogen anep beans amt 28% frogen atram- Size of expori i36,78,94,166
erTied. Harket: 164
I-38 2026 Fluid milx Preparation of fiufd milk for retall end 20, 63, B3,
ingiitutional sales--delivered. ;so‘ 2, 24,
1-3%b 13 23F of the commodity unlt,
I-39 X126 Croem & powdered 2% cream ond A8% powdered sida milk. 84
oiim milk
-4 2026 Conde o4 okim milk P4% condenmed skim pilk snd 264 crean. 84
& oruus
I-41 2026 “Cottege cheese 2 694 cottage cheese and 31% cream. 84
Eream
I-42 2026 Pomdored alim milk 66% powdered akim milk and 34% butter. B
2L & bukter
I-43 2026 Condenped oldm milk #5% condonsed eldm miik and 134 butter, Ba
2021 & bucter
I-44 2036 Cottage cheeap & #2% cottage cheese and 183 butter. B
221 butter
145 02 Ice cremm & poe- 3% lce creom and 174 poderad aldm eddk. 74
2026 dered pilm milk
I-46 2024 I2e crdem & eon- £1% ice crenc and 394 condensed sidm b
2026 densed oidom milk milk.
I-47 024 Tee crean & cottage £7% ica cresm and 33% cattege cheege. 84
2026 cheeaw
I-48 504 Padiking Z market-  Grading and paciking cggs: 50% packed W, 91
ing eggo lease and 50% packed in reteil con-
teinerg--deliverad.
See footngte at end of table.
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Actielty SIC

fuzker Code Aztivity Beaceiption Sourceat
I-49 2011 Hog slavghtering Slaughtering of mrist hoge and cull Proditct breukda!n:{ll.’i
sowy and venl celves and production of 161e
fresh pork cuts*{16%), cured park cuts
{28.68), sauzage (12§}, and laxd {15%).
I-50e 2011 Cull delry herd Slavghtering of 454 veal calwsn and 56% L2, 62, 168
alatghtering cull cows [rom dalry Derd produelng beefl
{19.68), verl carcasses [9.7%), mnd
zeat byproducta {50.6%)
I-50k La &04 of whe sorrodity tnit.
I-5la 2011 Cattls alsughtering Slaughvering af fat steers and heifers, 432, 82, 168
average weight of 900 lts, producing
beef enrcazdes {55%) and oeat by~
products (206) .
I-51b ix 40% of the commedity unic.
I-32a 2ULl Cuwll cow alaughter- Slaughterirng of cull cows frem feeder 42, 62, 188
ing berd, everage weigbt of 900 lbe, produc-
tay buel carcezgea {234} mnd meat by-
produsts {56%).
I-52b fa &% of the comedity unit.
I-53a 2011 Cull dairy herd 0% esch of {-50 amd I-51. 42, &2, 188
Alaughtering &
cettle gleughtering I-57b Is 404 of the comedity umft.
A ~ ACGRICULTURAL ACTEYITIES
27, 33, 85,
A-1 Tobaceo Burley tobaccoe-mverage yleld 1750 lua/ 106, 119,
acre 2, 17, 93,
97, 104,
la - Lechanized 12, &, &
1b - Present mix {564 horse, cif
cechend zed}
h T .
Horse 6, 17, 27,
3, 89, 11
A2 Strawbarrl i ' * 4
rawberries Hand harvested £5, 70, 7L,
28 - High efflciency: yleld 3.35 tons/ 72, 3%
acre
Zb - Low efficlency: yleld 1.08 tans/
aLoe,
A-2 Snap teans for Hand harvested Tertilfzer: 7, 105
precesaing Labor: 89
3a - ltigh effisfency: yleld 3 tons/ Gther: 27
acre Mechanization: 108
3b - Medivm efriciency: yleid 1.8 toms/ (thar: 34
Bere.
At Snap beans for Hand harvested Fertilizer: 2, 27
I'resh Lebor: B3
4a - High efficiency: yield 3 tons/ Otber inputs: 27
aere sechandization: 104
4b - Medium efficlency! yield 1.8 tans/ dther: 34
BOId.
A-5 Brollera 3-1/2 1b birds rataed from chicks Lapital: 27
Varieble inpute: 154
Secale: or: 83
5a - Specislized commercial broiler Other: 34
reising; requires managerisl
input of 1/2 day per weex
59 - Farm integrated.
Al Commerciel laytng  Soale; Yariable Iinputs: 154
[ioei tor; 89
fa - Gogd produstivity: specialized Qther: 3
5,000 hen [lock, 20 doz eggs/
hen
&b - Yair productlvity: lfarz integreted
1,000 hen fieck, 17.5 doz. egga/
hen.
AT Okre Hand hacvested
e - Ildgh productivity: 3.75 tons/ Inputa: 43
acre. trchinery eapitsl: 27
Qther; 169
7o - Mediun produetivity; 1.135 tons/f 'anm: Bs
Acre. Mechinery capitel: 27
(ther; 169

See footnote at end of table.
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Aetivity
Humber

1

Aetlivity Eeecriptlon Sourcea
A-3 Feas Green pees, cachine harvested: yield Labor: B9
.85 wannfacre. Other inputs: 49
Uachinery: ¥, 59
&9 tiom beand Erall Iimu beans, oachioe harvested: labor: 59
yleld .35 tonmfucre. Other loputs: 59
Hachinery; 27, #9
A-1% Pean 4 lios beann  Machine harvested: yield .85 tocns/ scre. Lapar; 89
Based o 50% pema, 50% lima beans. Gthar irputa; 49, 69
Machinery: 27, 89
Other; 22
A-11 Soybeans vizid 2 tushels'ssre. Labor: 27, 87
Machinery; 27,
Other fnputa:r 27, 154
A-12 Hay Leapefeza hay: yield 1.2 tons/ scre. Labor: 1%, B2
Other inputa: 154
Capitalr 27
A-13 Manufecturing milk 13a - ilew L5 cow and 23% depreclation. 3, 92, 12
preduction Feed: 17, 92
Other ipputg: 87, 92
1 - Present FH0/cow mnd 104 deprecia- 17, 120, 136
tion. Yalee of ecow: 17, 120
A=14 Market 2ilk pro- s - Better-high capitsl. Labort 3
ductian
14b - Batter-lew capltal. {2‘?, 13, 80,
02, 3, 92
14t ~ Pregent. Oqtput: 17
Feed: 3, 73, BO,
150, 167
Capitel: 120
Buildings; 17
A-1% Jow-calf productlon Feeder eell production. Each colf 500 lbe Fixzed cepitel: 3, 27, 44, 51
Pasture: 17
oa - Beiter
15h - Present.
Colving rate; 112
Culling rate: L7
A-15 Cattle feedipy Cettle feeding--grass end grasa-lot feed- _{29, iz, 33,
ing of steers and hekfers--good yield, Inputs:fyg, 3, 27
A-17 feeder pig produc- Productlon for sele of 14-45 Lb Cesder 3, 5, 17,
tion plga pet acw. 7
A-18 Marret hog feeding Production of a 230)-1h marker hog. 3, &7
A-19 Feature 50,000 seres of upused pagture land

CA - CONYERSION OF AGRICULTURE

fA-1

Ca-7

Com convessicn

Comn conversion

Corn zomveraion

Corn conversion

Com converalon

Tobaceo conversion

Tobaces convergion

Ses fogbnote at end 20 tebla,

1%a - Hew improved
19b - Wen-improved.

Changing [rom present level of inputs
and outputs {present yield 42.6 bufacre)
to: mechanized production at 43.5 b/
Bere.

Lombined rmechandzed-liorge Leam produc-
tien at £1.5 bufaczru.

Horae tean production at 36.8 buw/nere.

tlechanized production plus eddition of
fart{lizer st 72.0 bi/acre,

foambined mochanized-horse team produc-
ticn plus addition of fertilizer ml
72,0 tw/sere.

To Dully oechanized from present mix ol
techniqung et 175Q lbefncre.

To horge U'raz present mix of techniques
st 1750 lbe/acre.

B3

Lakber: 17, 27, 87

Saed: 3
Fertllizer: D
Hachinery: 3, 27

27, 45, 85,
107, 126,
12,13, 17,
87

See A-1



Autivity
Ngzber

AR

Ativity

Devcriptizn

Sourcea®

Turmireial laying
flock converaion

Masulfacturing milk
herd canversion

Pasture convareion

Cow-call zonveraica

Matket aflk hord
converalon

Murket o1k herd
conversion

- OTHER ACTIVITIES {LOCAL)

O-1

O-2

23

Mew constructlon
Hew censtruetlon
Hex construction

Hew copztruation
songtructlon
Her zoastruetlon

Trade

Local services

Autemative asrve-
ices % mizcellane-
s regair

Zee foobnoloe ab end »f tablo.

Coxrercinldzation of the leying flock
aetivity with the fncreased use al {eed
and capital in place of wmokflled lgkor,

resulting in an ineressed cutput of epge

frem $ dogfhen to 17.3 dogfhen,

Change from 0 caw and 04 deprecle-
ticn 1o $20C cow and 204 depresistion.

Lonverslon of 355,000 acres of pegture
land from 5 meres per anisal wnit to
3 ecreg pur andmal ugpit,

cunveraicn from A-1%b ta A-1Sa (f.e.,
from “pregent" to “hettert!.

High ¢epital-uzing enterprise. Conver-
aion of A-lie to A-Yée (I.a., Crom
“pregent” (o “beiter"-high capitel}.

Lesger capital-using enterprise. Con-
vernfen af A-14c to A-140 (l.e., from
Pareventt to0 "better"-low cepital}.

School bufldings et approxizate value
of 3L2/aq .

Qffice buildingas st opproxioets valus of

$19/sq {T.

Factory tuildingg ot approrioate velte
of :3.503q {t.

Single-lamily residencen at approximeta
value of 311739 ft.

Roudy .

¥ling.

The aerviees of retoil and wholesnle
brode activities representing the trode
markup to consumers on [actory pricesn.

Servieos include finande, ingurence,
resl estote, trensportation, communica-
tion, utilitiea, personal business, end
professional services included in SIC
Codes 70-89 {axcept 75 and 76}, Esti-
mated proporticn of zervices purehnasd
nutalde the ares deducted.

Those ackivitier included in 5IC Codos
75, 76, 583, and 554,

Labor:
Usteriain:

Labar & materinis:

Eabor sergonslity:
Other:

Lebor scasonality:
Wood

Qther:

Labor gensonslily;
{ther:

Labor:
Coamoditiog:
Building & peving;
Other capitel:
Other;

Commedity inputs
& retio of gross
domestic outlaye
to volue ndded:
Copltal:

Aatie of receipta
per eumployea in
Fentucky & the
U.5.:

Rutic of proprie-
torg & sell em-
ployed per paid
enployed;
Eotimates of in-
vame por Cull
time erployea:
Jther:

Comedity fnputa:
(ther:
"Peductlonn for
guseline taxes

tenen ag 25% ol
asleg'';

Sea

iz7, 131

142
157

155

26 (pp. 56-
{52}

! *
157 {Ch. 8}

26 {p, 62)




hatlyidy

Hitiber Asvivivy Puscription Sturcen®
s I Zating ¥ drinking Esting mad dripgking pleces, Food tnputs: 99
Lepversion of
oot inpuse to
modal unity: 73, 112, 148,
185
feher inputs than
ood & coot of
gooda sold: 26 (pp. 47-
&9, 543
*Tazdg vere
eliminerad™: 25
Labor: 127
Butlding: 157 {p. 32;
Tther capltal: £1
Qrher: 152
11 Stere & Local gev- Eased .o pophlab!ns end grhool enccll- izg, i3z,
erpcant oent changea 138, 1535
11a - Stete and Iacel govermmens serv-
i fer firat populatizn tar-
g, f.e., o lnarease blank
enhir
1ib - Srate ind lucul gavernoent secv—
12¢ fur peround populstlan tar-
got nly {nereste in achecl
peryizen
1it - State end lecal governoent serv-
ize for thinl pcpulatlon target
lig - Itate and local goVernoent serv-
i:e fur [ourth population iar-
L
L-1F irnde f 38lf Kelfer irade A rall helfer stoak. Inputa: 132
GYLlE Cuplial: 27, 112
~1a Zael Lot :sli EBeef it :alf heffer stoox, Inputar 1, 27
huifer 5%.ck Tapital: 120
LT = Lamoi TEADITIG
LI-1 labter trnfnicg Tralning edutated pertona for scilled ta, 14, 3R
At A8
* ¥here T ur e are £oroa gpetifis Lrput, thi: fnput o chown, - Mumber: refer 1o {tems inted in List of

Teshni gl Luta,

L. A5,

B5
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APPENDIX B, -- ACTIVITY AND COMMODITY INDEX

Activi 1{ Commedity . Expr‘art to-- Export capacity
yumber rumber Lmport: Area 1+ Aren 21! Area . ATERa 2
001 0044 MIOD1L — XICOL X1002 EGOL EOQ2
g2 coas MIDQ2 003 X100 EODD E0Q4
003 c04e MINO3 XICO5 X1005 E0QS EOC&
1004 o047 WIOOA ATCLT ¥1008 EOO? EOCB
008 C0a8 HI005 AI003 XIno EQ09 E010
1006 cO4e 1004 XI1011 Kra1z ECG11 EQ12
1007 £as0 WICO7 X013 polviT EQL3 EQL4
1008 cos5L MI008 -— -— -—- —

cogs --- - ——— . P
1000 €052 MICOY XI0L5 ¥1016 EQLS EQ16

0053 WIDAG  X3onv X1ms EQL? EQ18
010 Cc054 MIOIA 1019 X1020 E019 E020
1011 KOO -— - -— - -—
oz c055 MIDLZ  XI021 b aLrrd EQ21 EG22

cose MIOL:  XI023 KI024 EQ23 EQ24

CO57 - X1100 -— El24 -
I013 o058 MIGL4  XIO25 X3026 EQRS EQ26

Koo2 MIOLS %1027 £1028 EQZ7 EQ28
1014 co59 -—— X1083 -— EQ82 —
1015 06D MI017 1in29 ¥IQE0 EQ29 E030
e coeL Mifng o3l X1032 EO3 EQ32
1017 062 MIDIS LIN33 KIO3L EQ33 BG4
1618 o063 MIO20 XI035 RID36 035 EQ36

co&s, WI0Z1 L1037 XI038 EOAT EQ38
oy CORS MI022 A1I03s AL EQ39 £O00
1020 [elal Mioz3 X104 -— EQ41 ——
1021 [¥lirg MID24 ¥iodz - EDAZ ——
1022 o068 - -— - - —
1023 cOs9 MIO25 AICL3 -— EC43 -—
1024 co71 - —_— - - _—
1026 co70 MI027 X104 - ED44 -——
1027 KOOL MIO28 -— — — _—

See footnote at end of table.
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Aativity Coomnodity Export to-— Export capacity

mambert numher import® Area 1T Area 2° Area 1 Ared 2
1023 co7e MI02% XT045 XI045 EQS EQ4E
pivpa] cor? MIO39 X047 3oz EQLY EOLE
030 2031 MIQ32 X1951 X10s2 EQ51 EQ52
1031 €030 MIQ033 XI1053 XI1G54 EOS3 EQS4
icaz c033 MIO34 XI0ss 11056 EOS55 EQs6

€034 MIC35 XIG57 XT058 EQ57 EQs8
1033 €035 — - —- - -
1534 €03 MIO36 1059 XI0s0 EQ59 EQ60
co37 MIQ37 XICs1 1062 EQ61 EQs2
G338 MID3B Xi0a3 XITs4 ED63 EQ64
I035
103
c039 HT039 X1065 XI066 EC6s EO66
205 —-—— XI0B4 XI085 EQ#4 EC85
1037
538 Cl25 MIGAD -— ——_— —— -
1039 co15 MIOAT XIosg XI06% ECs8 EQsS
co2z MIDAL X1074 XIOP5 EQ74 EO7s
1040
co23 WIGLS | XIOTE XIG77 EQ7G ECY7
I04Y
042 CO20 MYQL2 Xiove L1071 ECT0 EC71
1042
AL
1045 co21 MI0L3 X1072 XI073 EG72 EQ73
o6
14y
048 Coos MIOLT7 X081 xigsz2 EOE1 EC82
IS co72 MTO51 XI0B6 XTOBY EQBE EQ87
6073 MIOS52 X3088 XI1089 EQ88 EQ89
Cov4 KIO53 X1080 X109 EOQSC EO9L
Q075 MIO54 A1082 X3083 E092 EQ83
1050 Coal 147058 AI0as oo EQ95 K132
co4z MIOSS LIi0ed 1I097 EQG4 E1Z1L
o043 MIOST XI0%6 XI1099 ECQ98 E123

See lootnote at end of table, 87




Activiy Commodd Ty Export to-- Export capaclty
mumber mmber Tmport!  Ates 11 Ares 2% Area 1 Area 2

1051
1352

353

CAQCL

through

CAZLS

CATDE

[

CACLY TI0L
CACCE TOJ3
CATGY TUCS
CADLD TOf4
GAGLL TODG

See footnute at and of teble.




Activit Commodity Export to-- Export capacity
mumbe mmber Import® Erea LV Area 2% Area ] iven £

camz
[#3
CADL3
GO
Loo2
0003

QC04

LooL

1005

LCOs MLOOE

LoQ? MLOC?

Loos MLaoEe paee:
LGOS MLOQS XL00s

Lo1D MLO1G X016
Loul -—- ——-

1 The follewing numbers have been dropped:
I1-25 MIO16 XID49

MI026 XIO30
MIO31







