
 
 

Give to AgEcon Search 

 
 

 

The World’s Largest Open Access Agricultural & Applied Economics Digital Library 
 

 
 

This document is discoverable and free to researchers across the 
globe due to the work of AgEcon Search. 

 
 
 

Help ensure our sustainability. 
 

 
 
 
 
 
 
 

AgEcon Search 
http://ageconsearch.umn.edu 

aesearch@umn.edu 
 
 
 

 
 
 
 
 
 
Papers downloaded from AgEcon Search may be used for non-commercial purposes and personal study only. 
No other use, including posting to another Internet site, is permitted without permission from the copyright 
owner (not AgEcon Search), or as allowed under the provisions of Fair Use, U.S. Copyright Act, Title 17 U.S.C. 

https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
https://makingagift.umn.edu/give/yourgift.html?&cart=2313
http://ageconsearch.umn.edu/
mailto:aesearch@umn.edu




----

" . 

~ ~~ 2 8 ~112.51.0 ~ - !iI!Iii 

:: Iii _1 2.2 

I.:.: W ­

1.1 ......~M w ""I~ 

111111.25 11111 1.4 111111.6 

MICROCOPY RESOLUTION TEST CHART 
NATIONAL BUREAU or STANDAROS·1963·A 

1.0 ~ I.i£ II~I~ 
:: Iii 12.2 
11.1 W .­
: ~ 11 2. 
... M jfi1.1 ...... 

0 

--

111111.25 111111.4 1111.6 

.' 
MICROCOPY RESOLUTION TEST CHART 

NATIONAL BUREAU or STANOARDS-1963·A 

http:111111.25
http:111111.25


Technical Bulletin N". 1339 

APPLICAliON OF 

ACTIVITY ANALYSIS 

TO REGIONAL 

DEVELOPMENT PLANNING:,... 
~ 

~;; 
.I·~ 

....:) 

.'~J ~!..,~ ~.:.. , ..... 
~ 

' I; ,.,"", 
:0':) 

-~) 1 -X ~J,-> j
rr1 

'" +Zl A Case Study of Economic Planning 
f/l 
~ 

1=<' in Rural South Central Kentucky 

esource Development Economics Division Ecol'!omic Research Service 

United States Department of Agriculture 



ACKNOWLEDGl\IIENTS 

The authors are grateful to Dr. Mordecai Kurz, Assistant 
Professor of Economics, Stanford University, who was pri­
marily responsible for the mathematical formula of the 
model and who made extensive contributions to all phases 
of the research; to Dr. Robert C. Brown, Agricultural 
EC{>TIomist, Stanford Research Institute, and Dr. Irving Hoch, 
Associate Professor of Agricultural Economics, Unboersity 
of California, who were primarily responsible for construct­
ing the agricultural sectors of the model; and to Mrs. Patricia 
Carlson, Research Assistant, and Mrs. Carol Davis, Stan­
ford Research Institute, who collected the data. Mrs. Carlson 
also made extensive contributions tv \ohe quantitative construc­
tion of the m.odel. 

Others outside the Stanford Research Institute who contrib­
uted to the study were: John H. Southern, Chief, Area 
Economic Branch, Resource Development Economics Division, 
Economic Research Service, who gave valuable assistance 
in formulating the research; Dr. James Thompson, Depart­
ment of Agricultural Economics, University of Kentucky, 
advised on agriculture in the Glasgow area; Professor Allen 
Manne, Stanford University, advised on model construction 
and prograTIlming; Roy Harvey, Standard Oil Company of 
California, and Joel Bergeman, Stanford University, assisted 
in programming. 

This study was conducted by Stanford Research Institute, 
Mendo Park, Calif., under contract with the U. S. Depart­
ment of Agriculture (Contract No. 12-17-0017-75). 



CONTENTS 


Page 

HIGHLIGHTS................................•. vi 


I INTRODUCTION............................... 1 


II THE GLASGOW TRADE AREA. . . . . . . . . . . . . . . . .• 6 


Demographic Characteristics. . • . . . . . . . • . . . . 6 

Agriculture in the Region. . . . . • . . . . . . • . . . . . . 7 

Labor Force and Employment Characteristics. 10 


III GENERAL FORMULATION OF THE MODEL FOR 

A REGIONAL DEVELOPMENT PROGRAM 13 


Goals and Time Span of the Development 

Program......... .................•..... 13 


Description of the Formal Model. . . . . • . . . . •. 14 

Functioni.ng of the Model ..•......•....•.... 15 


IV MATHEMATICAL FORMULATION OF THE 

REGIONAL DEVELOPMENT PROGRAM MODEL 19 


Notation. . . • . . . . • . • • . . . . . . • . . . . . . . • . • . . . .. 19 

Treatment of Exports. . . . . . . . . . • . • • • . . • . . .. 21 

Treatment of Technological Change •...•...• , 22 

The Balance Equations. • . . . . . . . . . . . • • • • . • •. 22 

The Objective Function. . . . • . . • . . • . . • . • . . • .. 26 


V APPLICATION OF THE MODEL TO THE 

GLASGOW TRADE AREA. • • . . . . . • . . . . . • • . . • •• 27 


Construction of the Activity Vectors. . • • . • • •. 27 

Sources of Data for Activity Vectors 


Construction . . . • • . . • . • • . • . . • • • . . . . • . • . . •. 30 

Targets and Constraints...... ......•.••.•.. 31 


VI RESULTS OF COMPUTER RUNS.. . . • • • . . • • • . • •• 45 


Basic Solution R013-l... .••••••• •••••. . . ... 46 

Comparison of Foreign Exchange Balances and 


Industrial Composition of the 7 Computer 

-Runs.................................... 49 


VII GENERAL EVALUATION. ..••.. .• ..•..•.••..••• 55 


Evaluation of Prospects for Development 

Program in Glasgow Trade Area. . . . • . • . . .. 55 


Implications for the General Application of the 


Suggestions for Improving the Data and 

Activity Analysis Planning Model. . . • • . . . . •• 57 


Methodology. . .. • . . . • . • . • • . • • • . . . . • . . . . •• 59 


ii 

http:Functioni.ng


LIST OF TECHNICAL DATA SOURCES USED IN CON­
STRUCTING THE ACTIVITY V'ECTORS •........... 61 

LITERATURE CITED ...•..............• : ....• ".... 79 

APPENDIX A. --ACTIVITY V.SCTORS IN THE RE­
GIONAL DEVELOPMENT MODEL: 
DESCRIPTION AND SOURCES. • . . .. 80 

APPENDIX B. --ACTIVITY AND COMMODITY INDEX. 8(, 

iii 



HIGHLIGHTS 


This report is conc::erned with the development and utiliza­
tion of an econometric model for pl;:nning economic develop­
ment in small rural areas. The planning model wa.s devel­
oped for G. 5-county area in south central Kentucky (Glasgow 
trade area) selected as a. case study area. 

The model is a nighly disaggregat<:d form of linear pro­
gramming. It was designed to determine: (1) The amount of 
outside financing needed to mett the increase 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 
exif'ting 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 ITlechanism that tends to 
ITlake the optimal solution conform to a 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 ITlodel. The optimal 
solutiun is made to conform to the competitive solution by 
simulating the trade pattern of a free economy. The inclu­
sion of the trade eleITlent in the ITlodel 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 whether: 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 simultaneous 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. 
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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 
exp:'l~t;ion will havr~ to be imported: (2) agriculture occupies 
a dominant position in the region's economy; and (3) an ex­
ceptionally large proportion of the region I 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; aIld (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 cf 5.6 
percent per annum, fixed investment by outside agencies 
(i. e .• public and private) of $37 million is required fOl' the 
total lO-year development program. In addition, the outside 
inve·Hment is expected to bring about local capital formation 
of $','1 million. These relationships are acceptable. On the 
othel' hand, the annual deficit in the foreign exchange bal­
ance on current aCCOUi1.t 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 lOth year. It was found, however, that the amount of in­
come created and the net export balance in the regional 
development program are affected by the constraints on 
exports. 

It is possible that the study area can achieve a 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 a.n area more than 10 years to reach 
self-sustained growth.. 

There is a significant scarci.ty of persons available for 
managerial and skilled positions in many areas. Unless the 
region Ln which the development program is to 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 diver"sified labor force, 
it will not be pos sible 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 est.ablished, the basic plan is set forth, and program 
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oriented agencies can proceed in an organized manner to 
develop the detailed follow-up studies that are required for 
the formulation of development programs in specific areas.. 

Since the model is quit~ flexible, resources which act as 
restraints on development prospects can be identified and the 
effects of changes in these resources evaluated. Planners 
need such inform.ation. 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 whole, the model provides guides to investment 
decisions by individual entrepreneurs. 
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I INTRODUCTION 

The problems of chronic high rates of unem.ploym.ent and 
relatively low fam.ily incom.es in many rural areas of the 
United States are by no m.eans recent phenom.ena. The prob­
lems have received considerable study and discussion over 
the past several decades . Only in recent years, however, 
have comprehensive efforts been made to analyze the low­
incom.e problem. for its effects on the economic well-being of 
the people involved and for the differential rates of econom.ic 
growth of these areas and the Nation. Millions of people are 
known to be living in poverty, and billions of m.an-hours of 
productive energy are wasted each year through unem.ploy­
m.ent and underemploym.ent. Because of the inability of the 
individuals them.selves to cope with this situation, Federal, 
State, and local governments have recently begun to focus at ­
tention on ways and m.eans of am.eliol·ating these conditions in 
low-incom.e areas. 

Governm.ent agencies which are in a position to form.ulate 
active and comprehensive developm.ent program.s need guides 
for developing practical methodl3 of im.proving incom.es and 
levels of living through m.ore efficient use of all available re­
sources. Because research in sm.all-area developm.ent is rel ­
atively new, there is a lack of proven m.ethodology. Planners 
are not able to determ.ine whether or not a sm.all-area econ­
om.y is viable, and whether a particu:lar area has sufficient 
size and resources to accom.plish thfl needed developm.ent. 
Research, then, is a necessary firs', step to any area devel­
opm.ent program. 

I 
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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 cha.rge of 
planning area development programs have no way of knowing: 
(1) Whether the area has development potentia.l; (2) the types 
and sizes of investments that are economically suitable for 
low-income areas having different resources; and (3) the ef­
fects of differing amounts of investment associated with vari­
ous proposed programs on incomes and employment in small­
area 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 report~d here was to develop a planning 
model that, with adaptati .. D varying local conditions, will 
be suitable for appraisin5 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, therefore, that an analytical method which 
would serve in this capacity meet at least four basic criteria. 
First, many factors are associated with and influence the in­
comes of individuals and families. Low incomes in rural 
area.s often result from low productivity in agriculture and 
inadequate opportunities for members of farm families to 
earn incomes outs:de 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 a more 
rapid capital formation in some areas 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 incomes vary among regions, no one standard treatment 
can be prescribed for all situations. Therefore, one criterion 
of this method of analysis 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 made in each individual sec­
tor in the area. As new technologies are adva~:'lced, each sec­
tor has its own internal adjustment problems. But if growth 
of the entil e area is to be considered, interindustry relation­
s hips must be brought into proper focus. In recent years, 
more than ever before, the agricultural sector is being rec­
ognized as only one of many interacting sectors of a regional 
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or national econoITly. Therefore, another crit"erion of an ana­
lytical ITlethod is that it ITlust embrace all sectors of the econ­
OITlY of an area. 

Third, consideration must be given to interarea as well as 
interindustry relationships. A fundaITlental difficulty with 
regional planning is that a region is essentially an open econ­
OITlY perITlitting a free flow of capital, labor, and cOITlITlodities 
aITlong areas of the Nation. Any plan that atteITlpts to alter the 
existing pattern of these flows is battling a powerful ITlarket 
ITlechanism. Furthermore, a free enterprise system provides 
few tools with which to wage this battle. The ITlodel developed 
here contains a pricing mechanisITl that tends to make the op­
tiITlal solution conforITl to a cOITlpetitive solution for the area 
by simulating the trade pattern of a free econoITly. 

There are activities in the model to export frOITl the area 
and to import to the area all producible conunodities at real­
istic mark'?t prices. Thus, a production activity is included 
in the solution only if it can sell profitably in the local ITlarket 
at a price less than the iITlport price, or it can export only if 
it can sell in outside ITlarkets profitably at less than the de­
livered price froITl competitive areas. 

The trade eleITlent in the ITlodel also allows the ITlodel to 
specify a foreign exchange requireITlent for the area, 1. e. , 
the aITlount of funds which must be provided froITl outside 
the area to promote a given development plp-.n. 

The fourth criterion of the ITlodel is that U should serve to 
answer two major questions froITl a public policy point of 
view. First, is the task of raising incoITles in an underdevel­
oped region worth undertaking in terITlS of econoITlic costs 
and benefits? The solution to the model provides iniorITlation 
necessary to cOITlpute the ratio of investITlent to incoITle. By 
cOITlparing this ratio for one area with those cOITlputed for 
other areas. or that used as a s'candard for acceptable return 
on investment. it is possibly to deterITline the econoITlic feasi­
bility of the suggested developITlent prograITl. In addition, the 
ITlethodology used in this analysis perITlits an internal check 
on whether the size of the region. is satisfactory for analyti­
cal and planning purposes. Such a check is 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 iITlplement a particular econoITlic developITlent plan. 
An excessive in-flow relative to local labor supplies indicates 
either an overaITlbitious prograITl, or a poorly delineated 
region. 

Second, if the answer to the first question is yes, what is 
the ITlost efficient way of doing this, given the present condi­
tions? In other words, if it is established that an area is 
capable of sustained growth, in what direction should the 
econoITlY ITlove in order to achieve specified incoITle goals 
with ITliniITlUITl capital requireITlents. 
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This report describes the development of a 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 to meet the in­
crease in income a.rrd 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 from varying the assumptions concerning out­
mig.ration. 

The methodology pres ented below adds 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 regional development planning 
is coordination of both public and private investment decisions 
in order to assure that there will be simultaneous 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 solu­
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 mOCi':,l in 
the form of linear programming to optimal development pro­
grams for small regions. The model as applied here has been 

~ Underscored numbers in parentheses refer to items in List of Technical 
Data Sources, p. 61; underscored letters refer to items in Literature Cited, 
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 indust.rial 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 d.eveloped 
for a particular low-income rural area in south central Ken­
tucky, the Glasgow trade area. A brief discussion of the 
region follows. 
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II THE GLASGOW TRADE AREA, 1960 

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 i" predominantly rural. It has only one city 
with a population large enough 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 to 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 older 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 of 
high school for the study area and for Kentucky are pre­
sented in table 1. 

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

5-county 	study area Kentucky 
Age group 

Male Female Male IFemaleI 

Percent Percent Percent Percent 

14-24•.••••••••.•.•• J. 20.2 J. 28.1 24.4 33.6 
25 and over••.••..•• 8.2 11.1 14.3 18.7 

J. Estimated. 

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

.Age group 5-county study area I Kentucky 

Percent Percent 

5-6 •••.••••••.••••••••• 37.6 44.9 
7-D ••••••.••••••.•.••. 93.7 95.8 

14-15 ..•........... , .... 85.5 88.5 
16-17•.••••.•.•••••.•.•. 63.4 70.1 
18-19••••••......••••.•• 22.9 35.5 
20-24•••.••••.•••.••...• 3.8 U.8 

Source: 	 U. S. Census of Population (D2 , 1960, Kentucky 
Ser. 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 Kentl.1C ky . 

The 5-county study area is located in the Eastern Penny­
royal type-of-farming area. Agriculture is devoted predom­
inantly to small- scale, diver sified family farming. Tobacco 
is the major commercial crop, with considerable quantities 
of corn and hay raised, mainly as feed for the farm livestock 
and poultry. 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 bymechanized methods; only 10 percent of the 
corn acreage was farmed by fully mechanized methods. Corn 
production averaged only 42 bushels 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 investment in laying 
facilities, equipment, and feed (..!2). 
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fable 3.--Major crops harvested in the 5-county study area: Acreage harvested, yield, and quantity sold, 
and percentage of total for state, 1959 

Percentage of Kentucky total 
Total YieldAcreage Quantity 	 YieldCrop Unit pro- per Acreage 	 Quantityharvested 	 sold Total perduct ion acre harvested 	 sold acre 

Acres Thous. Thous. Pct. Pct. Pct. Pct. 

Tobacco (burley) •••••••• Lb. 13,411 23,489 1,689 (~) 6.6 7.7 105.1 (~) 

Corn2 ••••••••••••••••••• Bu. 97,546 4,047 41 811 6.2 5.8 93.2 4.1 
Soybea:ns 3 ••••••••••••••• Bu. 414 8 20 (~) .2 .2 90.9 (~) 

(X) 	 Hay: 
Lespedeza••••••••..••• Ton 46,972 58 1 2 8.6 8.3 96.9 4.7 
Other' ...•.•..••..•••. Ton 50,457 81 2 (~) 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 •••••••••• 229,183 -- -- -- -- -- -- -­

~ Not available. 

2 Harvested for grain only. 

3 Harvested for beans only. 

4 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). 



---------- -------- - ------

Table 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 Sold Number I Sold aliveITotal 
on farms on 

Total Value farm ValueI Number II 
Thous. 

Number Number dollars Percent Percent Percent 
Livestock: 
~lk cows ...•...•........ 46 J 683 eo) (1- ) 10.0 eo) (1) 
Heifers that have calved 17,487 (1) (1 ) 3.6 (1) (1) 
Heifers and heifer 

calves .................. 38,338 (1) (1) 6.8 (1) (1) 
Steers and bulls .•••••••• 16,832 (1) (1 ) 3.9 (1) (1 ) 
Cattle ................... 21,300 3,516 4.6 4.4'" } 119,340 } 6.1
Calves ................... 38,500 2,455 7.3 6.0 
Hogs and pigs •••••••••••• 98,411 92,400 2,680 6.0 5.2 5.2 
Chickens ..••..•..••.•..•. 2 372,150 3 123,900 (1) 6.8 7.2 (1) 
Broilers •.••.••..•.••...• (1) 2,211,400 (1) (1) 16.2 (1 ) 

Livestock products: 
Milk4 (lb.) •••••••••••••• (1) 149,930,000 (1) (1 ) 8.7 (1) 
Cream5 (lb.) ••••••••••••• (1) 46,600. (1) (1 ) 3.6 (1) 
Eggs (doz.) •••••••••••••• (1 ) 1,424,700 (1) (1) 6.3 (1 ) 

1 Not available. 2 Chickens on the farm 4 months or older. 3 Chickens other than 
broilers. 4 Milk sold as whole milk. 5 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 14 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 
5-county region implies "hidden" unemployment, 1. e., more 
people 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 CoUl'1.ty (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 (1. e. , housewives, retired per­
sons, persons in school, unpaid family workers, etc.) con­
sidered themselves to be available 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 5-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 proces sing 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 5-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 5. --Number of persons employed in the 5-county stl!1y area, and percentage employed in 
each major industry group, 5-county study area, Kentucl!y, and the United States, 1960 

Industry group 5-county study TIKentucky IUnited 
area States 

~ 

14.1 6.6 

Forestry and fisheries ••••••••••••••••••••• ••••••• 
Agl;·iculture ..................................... .. 9,989 


5 .1 .1 
Mining •••••••••••••••••••••••••••••••••••••••••••• 358 4.0 1.0 
Construction•••••.•••••••••••••••••••••••••••••••• 1,429 6.3 5.9 

Manufacturing••••••••••••••••••••••••••••••••••••• 2,681 11.2 21.2 27.1 
Furniture, lumber, and "ood .................... . 438 1.8 1.9 1.7 


15 .1 1.0 1.9Primary metals ................... • .... ••• .. • .. .. 

Fabricated metals .............................. . 
 12 ('. ) 1.4 2.0 
lIachinery, exc1.. electrical•••..•••••••••••••••• 24 .1 1.6 2.4 
Electrical machinery and equipment •••••••••••••• 24 .1 2.5 2.3 
Motor vehicles and equipment .................. .. (1) .7 1.3 
Other transportation equipment •••••••••••••.•••• 4 (1) .3 1.5 
Other durable goods ............................ . 56 .2 1.2 2.1 
Food and Jdndred products ...................... . 425 1.8 3.2 2.8 

Textile mill products ......................... .. 4 
 (1) .3 1.5 
Apparel, etc ....................... ·• .... ·•• .. .. 1,448 6.1 2.2 1.8 

Printing Slid publishing........................ . 135 .6 1.4 1.8 

Chemicals and allied products ................. .. 
 24 .1 1.4 1.3 
Other nondurable goods ........................ .. 68 .3 2.1 2.7 

61 .3 2.1 1.5 

Trucking service and warehouses ••.••..••••••••.••• 207 .9 1.5 1.4 

Other transportation............................ .. 96 .4 1.0 1.4 

Communications •••.•••••••••••••••••.•••••••••••••• 131 .5 1..1 


Railroad and railway express ..................... . 


1.3 
utilities and sanitary........................... . 213 .9 1..5 1.4 

Wholesale trade .................................. • 
 585 2.4 2.6 3.4 
food and dairy product stores .................... . 644 2.7 2.8 2.6 
Eating and drinking places ....................... . 471 2.0 2.5 2.8 
Other retail trade ............................. • .. 1,985 8.:1 9.4 9.4 
Finance, insurance, and real estate ••••••••.•••••• 310 1..3 3.0 4.2 
Business services ............................... .. 28 .1 .6 1.2 
Repair services ....................... ·· .. ·•• .. ••• 380 1.6 1.5 1.3 
Private households .............................. .. 820 3.4 3.1 3.0 

Other personal services .......................... . 655 2.7 2.8 3.0 

Entertainment and recreation•••••••••••••••••••••• 123 .5 .7 .8 
Hospitala •.••••.•••••••••••••••.••••••••••••••••.• 353 1.5 2.3 2.6 

Educational services: 
Government ••.••••••••••••••••••••••.••••••••.••• 879 3.7 4.0 3.9 

72 .3 1.2 1.3Private .•••.•••••••••••••••••••.••••••• •••••••• • 
Welfare, religious , nonprofit •••••••••••.•••••••.• 182 .8 1.3 1.3 
Other professional........................... • .. •• 
 282 1..2 1..9 2.5 
Public administration........................... .. 629 2.6 3.9 5.0 
Not reported .................................... .. 352 1.5 3.5 4.0 

23,926 100.0 100.0 100.0TotaL .•••••...••••.•••••••••• ••••••••••••• . 

1 Less than 0.05 percent. 

Source: U.S. Census of Population (ill, 1960, Kentucl!y, ser. C, table 85, and U.S. Sum­
mary, ser. C, table 91). 
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Table 6.--Distribution of the male and female employed labor force, by occupational grouping, 5-county 
study areq, Kentucky, and the United states, 1960' 

Male Female 
Occupation 

5-county United 5-county UnitedKentucky Kentuckystudy area states study area states 

Number Percent Percent Percent Number Percent Percent Percent 

Managers and professional ••••••••••• 1,948 10.9 15.9 20.9 934 15.2 17.1 16.7 

Clerical •••..•••••••••••••••..•...•• 365 2.1 5.4 6.9 900 14.7 24.1 29.7 
.... 
N Craftsmen and foremen ••••••••••••••• 1,818 10.2 17.3 19.5 71 1.2 1.0 1.2 

Operatives .......................... 1,853 10.4 21.2 19.9 1,389 22.7 16.5 15.4 

Other~ ............................... 11,822 66.4 40.2 32.8 2,826 46.2 41.3 37.0 

Total ......................... J.7,806 100.0 100.0 100.0 6,120 100.0 100.0 100.0 

1 Includes farmers, farm managers, sales, service workers, and laborers. 


Source: U.S. Census of Populat±'6i'l~32'; 1960, Kentucky, sere C, table 84, and U.S. Summary, sere C,

table 87). 



m. 	 GENERAL FORMULATION OF THE MODEL FOR A 
REGIONAL DEVELOPMENT PROGRAl'vI 

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 (M), Chenery and Kretschmer (A2), and 
Manne (AS), a time span of 10 years was selected for the de­
velopment analysis, A S-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 (AS) 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 jobs at 
compehtive 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 outside 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 consurflption 
goal in the 10th year, and balance the flows of commodities, 
capital, and labor. To avoid the "edge effects" of a finite 
time span, however, we assume, as does Frisch (A4). that 
development must be continuous during the decade, and sel£­
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 to 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 investm.ent. Our rea­
soning is 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, Obviously, 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 
(AS). 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 requirement 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 (AI). 2 This linear programming 
model consists of a technological matrix which may be de­
fined as a 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 contains a detailed disCUSSion of this basic model. The com­
puter routine used is an M3 linear and separable programming system de­
veloped at Standard Oil of California, and routined for solution on the IBM 
7090. The same routine was used by Manne (AS). 

3 A commodity in the sense used here refer-Sto 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 model uses the highly disaggregated form of the tech­
nological 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 (A2l. 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 e;::,ch 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 (AS) 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 sea.sons makes it possible to ca.lculate 
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 
number 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 a!":.::j 
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 produced, 
hnported, 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; a.nd (5) the 
labor surplus and deficit, by type. 

Figure 1 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 response to 
local consumption demand, local interindustry demand, and 
export den'land. The model also allows for alternatives in 
imported commodities 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: (I) ITI'lported COTI'l­
TI'lodities and services representing charges against foreign 
exchange on current account; (2) cOTI'lTI'lodities and services 
produced by other industries in the TI'lodel (interindustry 
deTI'land); (3) local natural resources (stumpage, tobacco 
allotment, new land); (4) fixed dOTI'lestically produced capital; 
(5) fixed iTI'lported capital representing charges against for­
eign exchange on capital accounts, and (6) labor, both locally 
available and iTI'lported. 

The result of a demand created for a unit of fixed capital 
or labor can be followed in the flow diagraTI'l. SOTI'le capital 
requireTI'lents are translated directly into import deTI'land. 
Most machinery and equipment requirements fall in this cate­
gory. SOTI'le 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 prograTI'l, and the capital require­
ments are those of that year, not of the entire 10 years. 

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

Projections of population, age distribution, school enroll­
ment, and existing "hidden" uneTI'lploYTI'lent provide the basis 
for determining the labor force available froTI'l local sources. 
In addition, the model provides for labor to comTI'lute from 
neighboring areas (as well as ~ neighboring areas) at COTI'l­
petitive wages and salaries. A source 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 
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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 p.dces; that is, they refh-.ct 
the value of scarce resources as determined by the constraints. 
Each commodity on which there is an effe·ctive constrant 
carries a positive price. A commodity on which there is no 
effective constraint has a price of zero. 

A shadow price for a produced commodity is the sum of 
the shadow prices for the imputs. The export capacity of a 
commodity 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 constraints, as for 
other commodities. If labor could not be imported or export­
ed, the price of labor 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 comrnuting), the wages 
must be within the range set by the import and export prices. 
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IV. MATHEMATICAL FORMULATION OF THE REGIONAL 

DEVELOPMENT PROGRAM MODEL 

Notation 

It is first necessary to introduce some notation that will 
be used in the mathematical presentation: 

x. 	= 1a-year increase in the rate of yearly production 
J of activity j. where j = 1 .•. Np (including industry, 

agriculture, and services, and excluding foreign 
trade ). 

x~ = 1a-year increase in the rate of export of com­

1 U 

modity i, where i =1 .•. V 1; u = 1,2. 


x~ = 1 a-year increase in the rate of import of com­
1 

modity i. 

x~ = 1a-year increase in rate of utilization of conver­
J sion activity j. 

a. = Input (-) or output (+) of commodity i on current 
1j 

account per unit of activity j, where i = 1 ... V 1 
and j = 1. ••• N . 


P 


c .. = Conver sion coefficient for conver sion activity j,
1J input (-) or output (+) of the ith commodity due to 

the jth conversion activity, where j = N +1 ..• N . 
. P c 

b .. = Fixed, domestically producible capital goods of 
1J type k required per unit of annual capacity of activ­

ity j, where i = V +1 •.• V •
l k 

k. = Amount of foreign exchange required on capital 
J 	 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). 

l .. = Amount of labor of type i used (-) or freed (+) per
1J unit 	of activity j, i = V c t 1 ••• V l • 
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l~. = Amount of labor of type i used (-) or freed (+) per
IJ unit 	of conyer sion activity j. 

c. := lO-year increase in the rate of consumption of 
1 

commodity i (domestically producible). 

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

p~ = Export price of cornm.odity i; u = 1,2.
l U 

p ~ 	= Import price of commodity i. 
1 

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

L. 	= Limitation on availability of labor of type i, where 
1 

i=Vc+l ... V Z • 

r. = Fraction of capital of type i assumed to be invested 
1 

in the terminal year, where i = V Z + 1 •.. V k' 

r = 	 Fraction of foreign exchange on capital account in­
ve sted in the terminal year. 

Zl = 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 f9llows: 

(1 ) 	 j =1 ••• N for all production activities. 
p 

(2) j = N + 1 ..• N for all conver sion activitie s. 
p c 

The Nc activities are involved in the interrelated com­
modity flow. In addition to these Nc activities, we have 
export and import activities. In general, we should 
designate the export and import activities in addition to 
j = 1 .•• N c ' but, since there is a unique correspondence 
between the·list of commodities 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 •.. Vk' 
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B. Conunodities are designated in the model as follows: 

(I) 	 i = I ••• V I for producible dome stic commoditie s 
(except domestic capital goods). 

(2) 	 i = VI + 1 ••• V c for the "dummy" commoditie s 
controlling conver sion from the old sector. 

(3) 	 i = V c + I ••• V Z for various types of labor. 

(4) 	 i = Vz + I ••• Vk for domestically produced capital 
goods. 

E
We note that Xi 2 refer s to export activity to far 

regions (Area 2), where i = 1 ••• Vk' We note also that 

X~ u 	=X~ == 0 for i = VI + I ••• Vc' u =1,2, since the 

conver sion commoditie s are dummy commoditie s 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 introduce 
"decreasing returns" in production into the model to limit 
exports in such a case, but it was felt that market restric­
tions 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- P~, 

modity i for a price P~1 up 
to the level E i l' Further ex- P~2 
pansion of export s can be 

made for the price P~2' with 
the maximum rate of export 

~----~----~-------Eof this additional activity of Ell 
(E i2 - E i 1)' Hence, we have 
for each exportable com­
modity two export activities (except for a few special cases), 

e3ch 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 technology leading to a 
conversion of part of the economy. It is trut': that within a 10­
year period new technologies will arise, but available alter­
native s in the existing technology provid-e ample room for 
improv.ement at the present stage of a backward region's de­
velopment. Further technological changes can be introduced 
by revising the technological coefficient s in the matrix. 

Since the amount of manufacturing currently existing in the 
Glasgow trade area in Kentucky is insignificant, the possi­
bilitie s of technological change may be confined to agri­
culture. The basic tool for introducing such change s 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 xj were introduced. Conver sion activitie s 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 discus sion of conver­
sion activities. But the general nature of these activities is 
described here so as to incorporate these activities in the 
balance equations that follow. 

The Balance Equations 

C ommoditie s 

Let us consider fir st the commoditie s that are producible 

Np 
in the region. Now ~ a .. X. is the la-year increase in total 

1 J Jj =1 
dome stic production of commodity i net of current industrial 

Nc 
demand for the se commoditie s. 2: c .. X ~ is the total 

j =Np+l IJ J 

increased (or required) output of commodity i as a result of 
E E

the conversion process; X i I + Xi 2 is the total increase in 

the export of commodity i; X~ is the total increase in the 
1 

import of commodity i; and C. is the total increase in the 
1 
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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 statements of these demands. Our fir st 
set of balance equations, therefore, becomes: 

N N 

P c 


c+ ML a .. X. + L c ..X. X.­
j= 1 1J J j=N +1 1 J J 1 

P 

(X ~ 1 + X ~ 2) 2: C i ; i = 1 ••• VI. (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), C. = o. 

1 

Exports 

In addition to the constraints in equation (1), there are 
constraints imposed on exports representing limitation of 
export 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: 

(2 )
-Ei1<O } 

- (E i 2 - E i 1 ) ::; 0 (3) 

Conversions 

Each conversion activity is restricted by the existing size 
of the sector. For example, if we are contemplating the con­
ver sion 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 dummy commodity called, for example 
in the case of corn, "corn conversion." These conversion 
commoditie s are enumerated i =V 1 = 1 ... V c 
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Let S . . be defined: 
1J 

1 if X~ is a conversion activity of commodity i. 
J 

S .. ::: 
1J 0 if X~ is not a conversion activity of commodity i. 

J 

Let A. be the upper limit to the conver sion of commodity i. 
Then .ire have a set of constraints of the form: 

N 
c 

L s .. X~ A. < 0 i = V + 1, ••• V (4)
1J J 1 1 c

j=N +1 

P 


Labor 

There are 11 labor equations, 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 tra.ining 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 export' 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 
P c 

~ c c XM. _ XE +L 1 .. X.+ L.J Li J.X . + 1 il
·-1 1J J Jj=N +1r 

P 

L.;:::O;i=V +l. .. V (5)
1 c Z 

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 

, Export represents surplus at the prevailing wage, and may be considered 
as equivalent to unemployment. 
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of dome stic capital that will be required for the 10th year; 

let ri be this fraction. The set of balance equations for 

domestically producible capital goods is, therefore: 


N N 
P c 
L r.b .. X.+ L r . b .. X ~ + X M . - (X E· 1 + 


j =1 1 1 J J j =N +1 1 1 J J l l
 

P 


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 f). "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 1 be the funds required from outside for current 
account, and Z 2 be the funds required from outside for fixed 
investments, then we have the following two balance equations: 5 

N Nc VP k 

c+"
z:: q.X. +" c L..JL..J q.X. 

j =1 J J j =N +1 J J i =1 
P 

N N 
P c 

L r k . X . + L r k ~ X ~ + Z2 :2:: 0 • (8) 
j =1 J J j =N +l J J 

P 

5 By definition, all q's and k's are cost items and are negative numbers. 
pIS 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 Inodel, the easiest way of treating savings 
is as a substitute for Z I or Z 2. In other words, we have 
specified a certain target for the consuInption sector 
(C I .•. C n' C f) of locally producible or iInportable COIn­
Inodities. Ii the incoIne created by the prograIn exceeds 
consuInption, then the positive difference is savings or in­
COIne taxes available to cover a certain fraction of the capi­
tal or govern=ent service requireInents. This is so since 
saving s are a perfect substitute for foreign exchange. For 
this reason, there is no need to introduce savings explicitly 
as a constraint. 

The Objective Function 

The cOInplete structure of the activity analysis Inodel has 
been developed. The reInaining 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 IniniInize 
the total foreign funds required for the prograIn. In other 
words, the activities and activity levels were selected to 
IniniInize the total iInported funds required for the prograIn, 
i.e., IniniInize the SUIn of Z I and Z2. s On the surface, it 
Inay 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 Inajor eleInents of COInpe­
tition between our region and the outside world, the Inodel 
reaches a solution that is not significantly different froIn that 
which would have been reached if profitability had been the 
criterior... The products of the industries chosen Inust COIn­
pete with iInportsj they Inust sell in export Inarkets at prices 
that repre sent cOInpetitive Inarket price s. In addition, the 
Inost iInportant local resource is labor, and the price of 
labor is forced into a cOInpetitive range by the prices as­
signed to the iInport and export activities for labor. 

• The same objective was used by Manne (AS). Also, as mentioned above, 
the cost calculations in the objective function are for the last year of the 
program, and thus, include only a portion of the fixed capital (Z2>. This 
portio.n is made up of two parts: (1) Estimated investment required in the 
lOth year, or anticipated rate of return on capital, taken as 15 percent; and 
(2) depreciation, taken as 10 percent on imported capital (mainly equip.. 
ment); 5 percent on factory buildings; and zero on farm buildings, office 
buildings, and school buildings. Road and residence building construction 
was estimated directly in terms of annual requirements. 
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V APPLICATION OF THE MODEL TO 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 tool for regional development plan­
ning in the United States. 7 

The construction of the applied model is described in this 
section. The description is divided into two parts: (1) The 
construction of the activity 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 Vectors 

The model 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. lIS 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 activitie s 
13 agricultural conversion activities 
15 other production acti vitie s (including local serv­

ices, construction, government, livestock capital 
production, and labor training) 

129 export activities 
88 import activities 

7 Background data and information used in this study and as a basis for 
this report are in the files of the Area Economic Development Branch, 
Economic Research Service, U.S. Department of Agriculture, and the Eco­
nomic Development Division, Stanford Research Institute. The available 
background information include the following major items: Basic tables for 
projecting population, labor force, income, and consumption; detailed de­
scription of selected activities; export and import prices; worksheets for 
constructing the activity vectors; and. computer runs. 

I Slack variables are artificial variables required in the simplex solution 
to the linear programming problem to convert inequalities to equalities. 
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It is theoretically possible to have many more activities, 
but the desire to 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, chemical 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, 
export earning potential has been under stated. 

The 62 production activities in manufacturing represent 37 
different industries; the others represent variations in prod­
uct mix or in scale of operation. There were 10 cases in 
which scale economies could be quantified and which seemed 
sufficiently important to warrant construction of vectors for 
two scales of operation. 9 

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 acti vities. When an input required 
by OI.e acti vity 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 
regional activity was producing paper containers that ap­
peared to be suitable for such a use, it was assumed that they 
satisfied the requirement by the frozen snap bean activity 

9 In the operation of the model both scales are included in the matrix on 
the first run; the efficient scale will always be chosen for the solution. Then, 
if the level of operation of that activity is too small to justify use of the 
efficient scale, that activity will be "frozen out" 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 commodity 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 as 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, II 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 
exports. 

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 
Glasgow trade area (perhaps central and western Kentucky 
and Tennessee), called area 1. A second poir4t 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?" would be lower than that for shipments to area 1 
because shipping distances, other distribution costs (e.g., 
maintainirlg a national sales agency), and the potential com­
petition from other producers located nearer the more 
distant markets are all greater. Deductions from gross 
export prices for distribution costs other than for trans­
portation are 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 1 exports, and to Chicago for area 2 exports. 

29 



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 commodity rows. The activity vectors that ap­
ply to the production of three commodities, wooden handles 
(CObO), brooms (CObl), and factories (K003) are quantified 
in the figure. lo Wooden handles are produced by activity IOlS. 
One unit of intensity of activity 1015 produces 14 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, corrugated 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 (ROl3). However, they are used in the produc­
tion of brooms (IOlb), and they may be exported (XI029 and 
XI030) to the constraints shown on the right-hand side. If 
brooms {COb I } or some other product using wooden handles 
are to be produced in the region, and the domestic cost of 
production for activity IOIS is too high, then the wooden 
handles may be imported by activity MIOl7 at a price of 1.2b 
units of foreign exchange per one activity unit of handles 
{Le., at $0.09 per handle}. 

The production of wooden handles requires a certain 
amount of factory 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 a,re expressed in terms of the number of units of 
that commodity produced {+} or used (-) in operating the 
acti vity 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 IOIS, production of wooden 
handles, is shown to operate at an intensity of 5.9, it means 
that the output of wooden handles is to be 5.9 times 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 
17b separate sources. These sources are listed at the end of 
this report, and the activities are described in Appendix A. 

10 The list of commodities and the identification of their assoclated activi­
ties of production and trade are presented in Appendix B. 
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The data used for constructing the agricultural activity 
vectors,inc1uding exports 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 agricultural commodities are 
relatively standardized and the prices for most of these a·re 
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 ill). The main advantage of using AID data is that it 
provides consistent sets of inputs for a large number of 
industries and is complete in that it details comInodity, 
labor, and capital requirements. Its disadvantages are that 
it provides input data for only one 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 
Inanufacturing acti vities. 

Satisfactory published prices were available for standard­
ized Inanufacturing comInodities (except for frozen foods), 
but for nonstandardized products, the prices relate to the 
costs of production. 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 are available for use 
in the area in any 1 year and the export deInand 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 froIn 
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 $I,740.u 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 population targ~ts were tested, 
with a development program designed for each. These targets 
were based on a projected natural rate of increase equal to 
average fertility rates in Kentucky and average survival 
rates in the U.S. 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 ih the 1950 I 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:z.ero in each age group. 

Total income as sodated 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.1Z 

Labor Force Constraints 

To find the number of local workers that would be avail­
able to implement a development program, 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 
school; and (3) the amount of hidden unemployment in the 
present population that would be available for work 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. 1 No.2 No.3 No.4 

Male:> (14- 64) .. 0.556 0.567 0.581 0.596 

Females (14- 64) •• .571 .577 .585 .593 

U The U.S. projection is 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 to increase from $2,000 (1954 dollars) in 1960 to $2,290 in 
1970 (1954 dollars). 

12 dY = dy P +ydPj where Y is total income, y is 1970 per capita income, 
P is 1960 population, and d is the amount of change from 1960 to 1970. 
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School enrollment was projected by sex for two age 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 to 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 per sons in the labor force at the 
present time lies in increasing the participation of females. 
The following tabulations shows the relevant rqJios of labor 
force to population (14 and over). 

Male Female 

United States, 1. 960 ...•• 0.75 0.34 

5-county study area, 1960 .74 .26 

5-county study area, 1970, no 
change in job availability .70 .25 

5-county study area, 1970, 
adequate job availability. ..... .75 ~ .34 

~ 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 U.S. 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 adequate job availability, less those 
actually employed in 1960.13 

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 positions 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 

13 Some of these may also become available for jobs as a result of conver­
sions 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, anJ 3, that the 
number of managers would be in the same ratio to the num­
ber of educated males as in target 4 (i.e., ratio of 31 to 100).10& 
This was done to account for the effect on the area I s labor 
force of upgrading the level of education, including the possi­
bility that some unskilled worker s in the "old sector" would 
become managers and skilled workers in the "new 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 es::imated 
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 school gradu­
ates (not in college), who are not listed as managers or pro­
fe.ssional 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 positions--provided they are high 
school graduates. There are undoubtedly 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 labor 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 model 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. 15 

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

WEducated males are considered to have completed 4 years of high school. 
15 Training a skilled worker is estimated to require an average of 2 years 

of vocational training, or its eqUivalent, at a current operating cost of $300 
per student year. This is estimated at current cost of the vocational pro­
gram of the Kentucky Department of Education, plus fixed costs for space 
and equipment of $450 per student (150 square feet per pupil at $30 per 
square foot, amortized over 10 years. (Based on data in the official files of 
SRI.) 
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Table 7. --Estimates of local labor available for !, population targets, by labor cat.egory, 5-county study area, 1970 

Population target 

Lubor category No.1 No.2 No. 3 No.4 

Male I Female ITotal Male I Female ITotal Male I Female I Total Male IFemale I Total 

2 1°00 hours Eer unit 2 1000 hours Eer unit 2 1°00 hours Eer unit 2 1000 hours Eer unit 

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

v.> ClericaL .....•. -- 246 246 -- 465 465 -- 649 649 -- 881 881 
-J 

Educated persons 
available for 
skilled train­
ing ...•....... J 198 -- J 198 :l 510 -- 51O J 772 -- 772 1,102 -- :l 1,102 


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

TotaL ..•... -'159 1,937 1,178 4 1,100 4 2,619 3,719 4 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 Equal to the percentage of labor force in Kentucky in professional and management positions in 1960, i.e,., 14.1 percent. 

J 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.S. 
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 consumption targets, 5-county study area, 
south central Kentucky 

Population 
target 

Change in con­
sumption from 
1960 to 1970 
for the 1960 
population 

Total 1970 
consumption 

for the change 
in population 

from 1960 to 1970 

Total increase 
in consumption 

from 1960 
to 1970 

1,000 
dollars 

1,000 
dollars 

1,000 
dollars 

No. 1 ..••.. 
No. 2 .••..• 
No. 3 ....•• 
No. 4 ....•. 

37,535 
37,535 
37,535 
37,535 

-6,127 
0 

8,323 
16,648 

31,408 
37,535 
45,858 
54,lS3 

Total consumption for each population target was then 
allocated to each of the domestically producible commodities 
in the model. The residual represented demand for imports, 
transformed directly into de:nand 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 commodities. 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 Nonfood Commodities 

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 
increase s 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 categories in the matrix, we 
had to determine what part of the amount spent on a com­
modity listed in the table was spent on the commodity desig­
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 automotive 
and miscellaneous repair services (C080) were considered 
to be produced domestically. Location quotients were used 
for medical expenses, legal fees, school tuitions, and the 
like. 1I Banking expenses were allocated two-thirds to domes­
tic and one-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 beca.use domestic and import 
services were considered as noncompeting activities, with 
demand for import services going directly into the foreign 
exchange, current account row. 

II Ratio of the percent of Kentucky employment in a given industry in the 

5-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.--Adjustment multipliers applied to the nonfood 
items~ 5-county study area 

Proportion of total expenditure 
on nonfoods (3 ) 

Population Adjustment 
target (1) (2) multiplier 

According to According to sources (2) .; (1) 
sourc~\ (114) 1 (95) and (122)2 

No. 1 •..•.• 0.736 0.935 1.270 

No. 2 ...••. .736 .906 1.23G 

No. 3 •••••. .736 .880 1.195 

No. 4•••••• .736 .862 1.171 


1 Source used for deriving individual nonfood consumption 
indexes. 

2 Source used for deriving individual food consumption in­
dexes. 

6. Expenditures on each nonfood item per $1,000 of total 
expenditure was multiplied by total consumption ($l,OOO) 
as sociated 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 Commodities 

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 cornmodities, an income elasticity was cal­
culated on the basis of the elasticities reported in (95). A 
weighted average of the elasticities for the low income non­
farm families and the rnediurn income farrn families was 
us ed to compute the ela sticity of, consumption for the 1960 
population in the 5-county study area. r1 

3. The total increase in the amount of each food com­
rnodity consumed by the existing population'was found by 
rnultiplying the average quantity consumed per household, 
as reported in (122), by the percentage change in consump­
tion of each food cornrnodity.1S The percentage change in 
consumption is the product of the incorne 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 incorne, which has been set at 62 percent for this 
rnodel. 

4. To the total reported in 3, above, the consumption of 

new farnilies 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.

19 


Final demand targets were also established for three 

special items not a part of regular consurnption: 


1. 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 incorne, changes in population, and inconle per capita 
(135, 136, and 142). A satisfactory correlation was found 
(0.835) using the following equation: 

zip = -63.3 + 277.4 Y/Y + 1300.5 pip + 38.67 yip, 

where 

ziP is per capita new residential construction expenditure 
in year 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-l, 

r1 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. 

IS The number of families, or households, was determined by dividing the 
population by 3.3, the number of persons per household reported by the 
Census of Population in the 5-counties in 1950. 

19 Food consumption per household for different population groups, farm, 
rural nonfarm, all 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 families. 
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pip is change in population in the area from year n-l to 
year n, di vided by total population in year n-l, 

yip is income per capita in thousands of dollars in year 
n-l. 

In target 1, where population is assumed to decline, pip 
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 zero 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 a 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-­ t. 

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 as sociated with an increase of 1 vehi­
cle mile per day. This increased motor 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 1.4 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 our 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 as sumed 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, governInent services were based on the 
nUInber of eInployees per 10,000 population (138). 

Export Constraints 

Export constraints were arbitrarily chosen in the absence 
of proper Inarket analysis. However, in Inany cases, a gen­
eral knowledge of the Inarket aided in deterInining reason­
able constraints for exports to the nearby Inarket (area 1) 
and the national Inarket (area 2). In other cases, exports to 
areas 1 and 2 were perInitted 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 deterInine the effect of such variation on the optiInuIn 
solution (Section VI). 

Conversion Constraints 

The constraint on each conversion activity is deterInined 

by the aInount of the basic resource, such as land or size of 

herd, that is to be technologically changed in use. The con­

straints used in the Inodel for each of the conversions are 

shown in table 10. 


Once the model was cOInpleted to the point of fully quanti ­
'fying the equations and activities in the matrix, the inforIna­
Hon was placed on punched cards. A card was punched for 
each slack variable and each dUInInY export COInInodity. Also, 
a card was punched for each nonzero iteIn in the Inatrix. The 
data deck, consisting of. over 4,000 cards, was run on the 
cOInputer. The results are discussed in Section VI. 

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

Activity number 	 Description 

CA-l to CA-5 1 
•••• 	 Constraint based on 4,046,000 bushels 


harvested in the 5-county area in 1959 

(126). 


CA-6 to CA-71 •••• 	 Constraint based on 13,400 acres of to­

bacco harvested in 1959 (126). 


CA-8 2 ••••••••••.• 	 Constraint based on number of chickens 4 

months old and over on farms in 1959 

(126) multiplied by 35.5 percent (117), 
the percentage of chickens in Kentucky 
that are layersj 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 

CA-9, CA-12 and 
CA-13 2 ••••••••• 

CA-I0 2 .......... . 


CA-112 ..••.....•. 

•1. See table 3. 
2 See table 4. 

Description 

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) . 
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VI RESULTS OF COMPUTER RUNS 

The flexibility of linear programming techniques allows 
the analyst to study the effects on the development program 
of va'riations 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 win 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 succe.ssive iterations with the model at 
relatively modest computer costs is a major feature of this 
model for development planning.!O 

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

1. 	 ROn-I. This trial is referred to as the "basic solu­
tion. II It has the following characteristics: (I) Con­
sumption targets are for population target 4, the largest 
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. 
Other specific targets and constraints in this program 
concern consumption, governn1.ent services, roads, 
housing, export demand, local labor availability, and 
natural resource use. 

2. 	 ROI3-2. Same as ROn-I, except that seasonal use of 
unskilled labor is disregarded, and only total use is 
considered. 

3. 	 R013-3. Same as ROn-I, 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. 	 R013-4. Same as ROn-I, 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. 	 RO 16- 1. Same as RO 13 -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. 

!O Successive trials took 10 to 15 minutes each; this time can be reduced 

by choosing units for the commodities that reduce the range of sizes in a 

column vector. 
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6. 	 RO 12-1. Same as ROl3-I, except that the consumption 
target is based on population target 3. 

7. 	 RO 11- 1. Same as RO 13- 1, except that the consumption 
target is based on populatlon target 2.u 

Within the financial limits of this project it was possible 
to analyze the results of only one,trial, 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 

Million Million 
dollars dollars 

Consumption ...•...... 
Domestic investment ..•.. 
Government services .... 
Net exports .....••..•• 

54.9 
11.2 
6.4 

-29.7 

Wages and salaries to 
local workers••••••••• 

Rents and profits •.••••• 
30.7 
11.5 

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

Total income . • . . . . •• 42.2 42.2 

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

10th year 1O-year total 

Mil. dol. Mil. dol. 

Domestic investment .••.•...•.•• 10.0 50.0 (approx.) 
Imported investment ....•.•.•••. 9.3 37.2 
Road construction •..••...•....• 3.2 21.3 (approx.) 

Total. •.•.•...•••.•....•.• 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. 

11 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 target, that a development program would be impractical; 
therefore, we used another population target. 
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The income created by the fixed investment is as follows: 

Mil. dol. 

Income for area residents • . • • • . • . • • . • • • • . • 42.2 
Income for incommuting labor. . . . . . . . • . . • • . . 5.6 

Total. • . • • . . . . • . . • . • • • . • • . • • . • . . • • . 47.8 

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

The alnount 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 
constraint s on exports that are profitable and expanding their 
production. Although the export constraints adopted in the 
model are arbitrary, they are based on our judgment of 
attainable export goals in the la-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
sidering. 

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 COlnmon 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 ROI6-l). 

Wages and salaries paid to labor is the product of the 
quantity used of each kind of labor times its shadow price 
summed for all kinds of labor. The quantity used of each 
kind of labor in RO 13- 1 is shown in table 11. As shown pre­
viously (fig. 1), additions to the supply of local labor result 
from growth of the labor force, hidden unemploYlnent, and 
job training (colulnn 1) and by technological change in agri­
culture (colulnn 3). The supply of labor is made equal to the 
demand by the export, i.e., unemployment and import of 
labor. Z3 

Wage disbursements arE: found by multiplying the quantity 
of labor used in 2,OOO-hour units by the wages p""r unit for 
each type of labor. Wage disbursemen1::s to local labor only 
are found by deducting the value of disbursements to imported 

!% Since the emphasis in our model was on agriculture and labor intensive 
industries, an above average ratio of output to capital must be expected. 

Z3 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 assignee. to the linear programming 
solution to any local resource not fully utilized. 
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Table ll.--Labor use in t.he basic solution (R0l3-1) 

local labor 
Type of labor use Imported Total labor

Exported Produced byAvailable labor used
(unemployed) conversion 

2 1000 hours Eer unit 

Managers •.••••••..••••••••.••.••..... 497.0 -- -- 168.8 665.8Clerical labor (L002) ....•••••••..••. 881.0 -- -- 54.3 935.3Skilled labor (LOO3) ................. 
 -- -- -- 587.2 1. 587.2Educated persons available for 
~ 
OJ skilled training (LOll) .••••••••••. 1,102.0 -- -- -- 1. 1,102.0 

Unskilled labor (L004): 
Jan. - Feb. ~L005~ .••••.••••.•••••. 2 826.6 -99.9 125.1 -- 851.8Mar. - Apr. L006 ••••.•••••••.••.. 826.6 -- 79.3 -- 905.9May - June (L007) •.•••.•••••.••••.. 826.6 -- 288.4 -- 1,115.0July - Aug. (L008) .•••••••••••••••• 826.6 -- 126.3 22.1 975.0Sept. - Oct. (L009) ................ 826.6 
 -- 89.2 9.6 925.4Nov. - Dec. (LOIO) ••••••••••••••••• 826.6 -215.6 285.1 --- 896.1 

Total labor••••••••••••••••••••.• 7,439.6 -315.5 993.4 842.0 8,959.5 

1. Total number of skilled laborers used is 1,689.2 (587.2 + 1,102.0). 
2 To determine the amount of unskilled labor available, the number of educated persons used in training 

for skilled jobs, LOll, is deducted from the number of unskilled laborers available shown in the computer 
runs L004-LOIO. 



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 7 Computer Runs 

Insight into the sta.bility of the solution, the sensitivity of 
various aspects of the program to changes in the parameter s, 
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 labor balance was 
not made for the six runs subsequent to R013-1. 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 servi.ces (FOO 1) 
and changes in the value of imported labor. The value of im­
ported labor moves inver sely with the size of the population 
projection; that is, it is the lowest for ROl3, which relates to 
population projection 4 and highest for ROll, which relates 
to population projection 2. The relaxation of export and re­
source constraints (ROI6) makes the program cheaper in 
for eign exchange by $2.1 million. 

Significant differences showed up in the computer runs in 
foreign exchange requirements on capital account, as well 
as on current account. Capital account requirements for 
ROll-l are 18 percent less than for R013-1. Part of this 
difference is due to less investment needed for: Jcal con­
sumption because of the smaller population increase as­
sumed for ROll-I, but also part is due to less export. 
Dairying, hog raising and slaughtering, and manufacturing 
boxes, shooks, 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 changes that make imported 
managers and skilled workers more expensive and unskilled 
workers less expensive shifted the solutions for R0l3-3 and 
R0l3-4 toward more agricultural than manufacturing activi­
ties. This was especially true for R0l3-3, which assumed 
lower skilled and managerial wages than ROI3-4, but the 
same unskilled wages. The lower unskilled wages expanded 
freezing strawberries, manufacturing milk production, and 
raising snap beans for processing in R0l3-3, but the much 
higher managerial and skilled wages contracted wood prod­
ucts industries and hog raising from the basic solution in 
ROI3-4, and no additional dairying in R013-3. 
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Table 12.--Comparison of foreign exchange balances for the compQter runs 

(1) 

Computer run 

l.1l 
o 	 ROD-I•......•.. 

R013-2 •..•...... 

R013-3 .•.•..•... 

R013-4••.•.....• 

R016-1•.......•. 

R012-1 .......... 


ROll-I .......... 


Column number 

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

Net foreign Value of ZFOO1 Net foreign 
exchange 

on current 
account 
(ZFOO1 ) 

Value of 
imported 
labor 

exported 
labor 

(unern­
ployed) 

for 
goods 

and 
services 

exchange 
on capital 

account 
(ZF002) 

W 
(5) + (6) 

Fool for 
final con­
sumption 

1,000 dollars 

20,396 5,632 631 15,395 9,292 24,687 25,280 

19,576 5,343 -­ 14,233 9,180 23,413 25,280 

20,34? 6,249 504 14,597 9,133 23,730 25,280 

21,201 6,164 618 15,655 8,964 24,619 25,280 

17,605 6,562 421 11,464 9,876 21,340 25,280 

17,662 7,010 269 10,921 8,626 19,547 21,580 

14,394 8,195 84 6,283 7,563 13,846 17,880 
----_ .. _-­



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 
R013-4 probably resulted in some decreases in exports and 
in income. 

Eliminating the seasonality of labor in RO 13-2 improved 
the foreign exchange balance on current account and caused 
expansion of some agricultural activities. 

Relaxing export constraints in RO 16- 1 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 program 
shows considerable stability. The six major manufacturing 
complexes, the five new agricultural complexes, and the 
seven conversions- -all of which were included in the basic 
solution (R013-l)--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, roOI 
and ID02; (2) apparel, ro04 to 1007; (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 1037; and (6) food processing of dairy and livestock 
products, 1038 to 1047 and 1049 to 1053. A discussion of each 
of these follows. 

1. 	 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 changed for R016-1. 

2. 	 Apparel.--All four apparel industries are included for 
production in all seven solutions. However, there are 
no exports in any of the solutions of men's underwear 
(C048); exports of men's work clothes (C049) are con­
fined to area 1 for all runs except RO 13-1 and RO 13- 2. 

3. 	 Lumber and wood products.--In the basic solution, all 
the wood products industries are included except pro­
duction of finished lumber (1010 and 1012). Paint and 
varnish brushes (C062) are produced only for local 
consumption. Boxes and shooks (COS8), pallets (K002), 
bedroom, dining room and living room furniture (C063, 
C064, C06S) are exported to area 1 only. Both local 
stumpage and imported logs are used to produce rough 
lumber. In the high-wage run (ROI3-4), exports of 
boxes and shooks, pallets, and living room furniture 
are eliminated, and consequently, production of indus­
trie s 1013 and 10 1 9 are curtailed. In run RO 16- 1, export 
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constraints are relaxed on rough lumber (COSZ and 
'COS3), wooden handles (C060) and brooms (C06l), and, 
consequently, production of these comIllodities in­
creases to the new liIllits in this run. In the low popu­
lation projection run (RO 11-1), the cOIllposition is the 
saIlle 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 Illaterials.--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 crops.--Production and export of 
soybean oil and 1l1eal is highly profitable, based on 
local supplies of soybeans. The output of the soybean 
oil and meal p1.ant (103Z) is constrained by the amount 
of land available to raise soybeans. This varies in each 
solution depending upon the aIllount 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-Z, R013-3, and 
R013-4, frozen strawberries are profitably exported, 
thus Illore of 1036 and less of 1034 are used than in the 
basic solution. In run RO 11-1, 1036 is eliIllinated. 

6. 	 Food processing of dairy and livestock.--In all runs, 
Illarket Illilk is produced only for local consuIllption; 
Illanufacturing Illilk is processed into ice creaIll, con­
densed skiIll Illilk, and cottage cheese in industries 
1046 and 1047 for local consuIllption and export. Exports 
to area Z vary aIllong the runs with the profitability of 
manufacturing milk herd expansion, i.e., more area Z 
exports for ice cream and cottage cheese in runs R013-Z 
and R013-3 and less in runs ROIZ-l and ROll-l 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-Z and R013-3, but with 
exports less than this constraint for the other runs. 
Beef is slaughter ed in all runs in activities 1051 and 
1053. In runs R013-Z and R013-3, more cull cows are 
slaughtered because of expanded dairying activities. 

The agricultural complexe s included in all solutions fol­
low: (1) Tobacco (AOOl); (Z) truck crops (AOOZ to A004, 
A007 to AOI0); (3) dairying (A013 and A014); (4) hog raising 
(AOn and A018); and (5) other crops (AOll, AOIZ, and A019). 

1. 	 Tobacco.- - Tobacco raising is a highly profitable ac­
ti vity in all seven runs, expanding to the limit permitted 

"Soybean production varies inversely with the requirements for hay, 
which has first claim on new land in the model. 
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by a 6 percent increase in allotrnent for all runs except 
RO 16-1, which was perrnitted to expand by 12 percent. 

2. 	 Truck crops.- -In the basic solution, strawberries, lirna 
beans, and okra are raised for the frozen food plant; 
strawberries for processing are also exported fresh. 
Snap beaps are raised only for the fresh rnarket, while 
peas are not raised at all.!S The production of straw­
berries is sensitive to changes in assurnptions, declin­
ing in R013-2, ROI3-3, and ROll-I, and increasing in 
R013-4. Production of snap beans for processing (A003) 
appears only in R013-2 and R013-3. 

3. 	 Dairying. - - Production of rnanufacturing milk in AO 13 
appears in all seven runs, although it is expanded 
beyond the basic solution in R013-2, R013-3, and 
RO 13-4, while it is expanded less than in the basic 
solution in R012-1 and ROll-I. Production of market 
milk in A014 is not included in the solution in any run. 

4. 	 Hog raising. - -In the basic solution, producing both 
feeder pigs and rnarket hogs are included, with feeder 
pigs going both to activity A018 and to exports. Expand­
ing activity AO 17 is constrained by the export capacity 
for cull sows (C002). Both hog production activities are 
expanded less in RO 13-4 and RO 12-1 than in the basic 
solution. In run RO 11-1, expanding the production of 
feeder pigs is rnore restricted than in the basic solu­
tion, and production of rnarket hogs (AO 18) is elimi­
nated. 

5. 	 Other crops.--Expanding production of three other 
crops, competes for available new land (C086). These 
crops are soybeans, hay, and pasture. New pastureland 
appear s only in runs RO 12-1 and RO 11-1, 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 
rneal mill. 

Two sets of agricultural activities that were included in 
the rnodel but not entered in any of the solutions are ex­
panded poultry and cattle and calf production. Some of these 
enter in a limited way through conversion, as discussed a 
little later. 

!S The reason is that the price differential 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), is apt to be unsuccessful, because of difficulties in quality control 
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 solutions. They are as 
follows: (1) Corn (CAOOI to CA005); (2) tobacco (CA006 and 
CA007);. (3) commercial layer flocks (CA008); (4) manufac­
hring milk herc._ (CA009); (5) pasture {CAOIO); (6) cow- calf 
(CAOll); and (7) market milk herds (CAOI2 and CA013). 

Only in the case of corn conversion are there any signifi­
cant differences among the runs. The mechanization of 
corn, as represented by activities CAOO 1 and CA004, is 
shown to be of marginal value in the model and therefore 
sensitive to changes in the assumptions. Runs R013-1 and 
R016-1 include partial mechanization. Mechanization is 
complete in runs R012-1 and ROll-I. It does not occur in 
runs R013-2, R013-3, and R013-4. In all seven runs, addi­
tional requirements for corn by the expanded livestock 
enterprises are met by adding fertilizer to existing corn 
acreage to increase corn yields (CA004 and CAOOS). 

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 net'd for more pasture units. New 
land was not available for pasture in most solutions because 
it is absorbed by soybeaJ1 and hay crop expansion. 

Where the conversion activity is profitable but there is no 
expansion of new enterprises indicated in the solution. it may 
be that the truly economic solution would be to eliminate the 
entire enterprise. Howeve,r, 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." 
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vn GENERAL EVALUATION 


The results obtained from application of the model to the 
Glasgow trade area are sununarized.inSection 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 us e and certain morlifications 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 to this question is a matter of policy 
decision. It is not to be found in the solution derived from the 
planning model. However, the solution does provide impor­
tant information to the decision maker. The two items of 
most interest are: (1) The relations hip 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 la-year 
fixed investment for the R013-1 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 relationf'hips 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). On the 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 lOth 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 R016-l 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 commodities 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 imports required for the consumption 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 ~ot 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 too 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 
implem ented can import alarge nUITlber of pers ons in thes e 
categories, or the area is expanded to include a larger, 
more diversified labor 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 
to ensure the needed labor resource base. Moreover, a na­
tional program of increasing the educational level of the 
working and potential working population is a necessary pre­
condition to growth of underdeveloped areas. 

The stability of the composition of the program over all 
runs should be considered in planning the development of an 
area. The s even runs examined in this study by no ITleans 
constitute a complete set of all pos sible 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 prograITl is focused in the right 
direction and tends to increase confidence with the prograITl 
results. The cost of the development program, in terms of 
foreign requirements, varied considerably among solutions. 
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 iITlported 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 to develop the detailed follow-up studies that are 
required for the formulation of action prograITls 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 points of interest which need to be considered 
regarding the i-mplications of the overall ITIodel 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 ITIodel will de­
pend upon the structure of the econo-my of the area. When one 
moves fro-m 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 
i.ndustries. One must know what industries are technically 
possible in the area. Once this expanded matrix has been pre­
pared for a specific area, the model becomes semioperational 
in -many other si-milar areas, since the technological coeffi­
cients for -many industries do not vary significantly a-mong 
areas. Fro-m 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 includ­
ing conversion activities for nonagricultural industries. 

In a very poor agricultural econo-my, which has little or no 
potential for industrial develop-ment, the most important 
means for raising inco-me is through increasing far-m in­
comes. In addition, some institutional requirements should 
be provided to enhance the mobility of the unemployed and 
underemployed, such as education, vocational and technical 
training, and job infor-mation 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 neces sary in -meeting varying 
conditions among areas. Extensions and adaptations of the 
model are possible at the present ti-me to include a large de­
gree of flexibility; such as a sensitivity analysis on the objec­
tive function, the restriction set, and the resource set (A 7). 
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 phenomena or 
the consistency of econo-mic goals under varying resour<.;e 
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 
model of a complete area economy would permit mutually 
consistent answers to a variety of questions, or to the same 
question in a vC/,riety of situations, or in different years. 

The pos sibilities for testing various alternative structures 
is almost unlimited. Some of these were demonstrated in the 
applied sections of this report. A few other such possibilities 
that are particular!y 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 iInproving per capita in­
corne? 

2 	 How would changes in the level of education of the local 
population affect the availability of persons for training 
for skilled positions, and the likelihood ofi.ndustries that 
are heavy users of skilled laborers being identified in 
the lTIodel solution as suitable for the area? 

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

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

5 	 How would changes in the seasonal pattern of industrial 
operations change the activity mix in the solution, 
especially 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 lTIodel is quite flexible, resources which delay 
development prospects can be identified and the effects of 
changes in these resources 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 
as a part of the solution tests of efficiency in the form of 
shadow prices. These tests could serve as guides for deci­
sions concerned with either establishing branch plants or 
developing new enterprises. An important feature of the p.rice 
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 investment 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 two 
criteria are desirable, namely, (a) that it has been tested 
through implementation, or (b) that it can be compared with 
the 	results 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 simultaneously. 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 succes sful applications of the linear programming 
technique have been made. Most of them were for resource 
allocation problems of single industries or firms. We do not 
know at this time just how much thes e methods can contribute 
to policytnakers concerned with area economic development. 

Suggestions for Improving Data and Methodology 
The methodology 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 out without the use of the lCA-AID industry pro­
files and fact sheets (159. 160, and 161). However. 

59 



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. 

3. 	 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 i-mport competitors or that have export poten­
tial (for exa-mple, recreation and touris-m). 

4. 	 Better integration of the program with the existing 
econo-my 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. 

5. 	 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 
solution in year n-l becomes an input for the solution 
in year n. 

6. 	 Experimental investigation should be conducted to find 
satisfactory -methods for including allowance for ran­
dom variability of key parameters. 
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e. Brake Lining Sets. 

£. Brooms. 

g. 	 Concrete Blocks, November 1959. 

h. 	 Concrete Pipe, November 1959. 

i. 	 Corrugated Fibre Boxes, NoveTIlber 
1959. 

j. 	 Dry Mixture Concrete in Bags. 

k. 	 Fertilizer Mixing, October 1959. 

1. 	 Hand Tools, November 1959. 

m. 	 Hardwood Parquet Floors, February 
1960. 
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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. 

161. 	 U.S. Department of State. 
1957 - 1961. Plant Re qui rernents for Manufacture of: 

a. 	 Animal Feed Pellets, May 1959. 

b. 	 Cotton Dresses, May 1959. 

c. 	 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 1959. 

h. 	 Paint and Varnish Brushes, May 
1959. 

i. 	 Refrigerated Walk-in Coolers, 
September 1957. 

j. 	Soybean Oil and Meal, September 
1961. 

162:. U. S. Interstate Commerce Commission, Bureau of 
Transport Economics. 

1960. Carload Waybill Statistics, 1959. Oct. 

163. 	 University of Virginia, Bureau of Population and 
Economic Research. 
1956. The Impact of Industry in a Southern Rural 

COWlty. (In coop. with Va. Dept. Highways 
and U. S. Bur. Public Roads.) 

164. Williams, F. W., and Allen, M. B. 
1963. 	 The Southeastern Vegetable Processing In­

dustry: Marketing Practices and Management 
Problems, 1960. U. S. Dept. Ag-x. Mktg. 
Res. Rpt. 583. Jan. 
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165. Williams Publications, Inc. 
1961. Quick Frozen Foods. N. Y. July. 

166. 
1962. Frozen Foods Almanac. 

New York. 
Pp. 177-199. 

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. 

Bul. N. S. 56. Athens. Oct. 
Sta. 

170. Worley, 
1962. 

D. E. 
Local Benefits of Timber Expansion. U. S. 
Dept. Agr., Central States Expt. Sta. Tech. 
Paper 172. Columbus, Ohio. May. 

171. 
1960. Recent Developments Stimulate Hardwood 

Lumber Business in Eastern Kentucky. 
U. S. Dept. Agr., Central States Forest 
Expt. Sta. Tech. Paper 176. Columbus, 
Ohio. Sept. 
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APPENDlX A. --ACTIVITY VECTORS IN THE REGIONAL DEVELOPMENT MODEL 
Description and Sources 

Aetivity SIC 

"umbel' COde Activity Description 


I - IlAllUFACTtnuNQ IIlDl5TRIlS 

1-1 3423 Fum hand tools 	 Hay fork, digging fork, rake, mattock 
hoe, planter's hoe, matt.ock spade, pick, 
shovel, and machete. 

1-2 3423 OUler band tools 	 Hm!mer, screw driver, pliers, monkey 
wrench, open-end wrench, tin snips, and 
wrecking bars fran purc.he.sed handles. 

1-3 2653 Corrugated fiber 	 Corrugated fiber boxea. 
bo.t.es 

1-4 2252 Mants Boom 	 Men's short cotton knit socka, 2-shirt 
operation. 

1-5 2322 Men's uoderwear 	 Set of a cotton knit brief and "T" sh,!rt. 

1-6 2328 LIen's work clothes 	 Sets of denim work pants and chambray 

work shirts. 


1-7 2361 Cotton dresses 	 Cotton housedresses. 

1-8 2411 Logging 	 Hardwood Logs. 

!-9 2421 Suwmill 	 Produces rough lumber: 3~ No. 1 ccmmon 
or better; 
70;' less than No. 1 CCilllllOll. 

1-10 2421 Finished l\llllber 	 Produces finished lumber: less than No. I 
oanmon. 

1-11 	 Farm building '" For construction and repair or barns and 
farm lumber con­ other farm capital requiring lumber, 
struction using rough and finished l\llllber less than 

flo. 1 COlIlllOll. 

I-12 2426 Hardwood dimension 	 Rough lumber No. 1 COllJIlOIl or better; 
lumber'" flooring 	 produces 53«, flooring; JO'f, dimension, and 

171> slabs and edgings. 

1-13 2441 Wooden boxes, 	 Rough lumber less than No. 1,. ccmnon; 
shooks, '" pallets 	 produces 701> pallets and 30:£ \U1Sanded 

nailed wooden boxes and shooks. 

1-14 2861 Charcoal 	 Bulk charcoal made frem slabs and 
edgings. 

1-15 2499 Wooden handles 	 Wooden handles for brooms, brushes, 

pumps, and tools made from C1nished 

lumber, less than No. 1 cOlllDOn. 


1-16 3981 Brooms 	 Brooms from purchased handles. 

1-17 3981 Paint & varnish 	 Paint and varnish brushes (1 to 6 inches) 
br\l9hes from purchased handles. 

1-18 2511 Bedroom.l< dining Sat of one bedroan suite (3 pieces) and 
roaD fUrniture 	 one dining room suite (8 pieces) from 

dimension lumber, No. 1 com:non or better. 

1-19 2512 OverstU£fed!'Urni-	 Set of one living room sofa and two 
ture 	 chairs made of wooden frames (rough lum­

ber No.1 common or better) steel 
springs, cotton padding, and fabric cover. 

1-20 3241 cement 	 Portland cement, 3-shit't operation. 

1-21 3271 Concrete blocks 	 Lightweight aggregate hollow concrete 
blocks in standard unit of 8" x: B" x 16". 

1-22 3272 Conerete pipe 	 Plain bell and spigot pipe 4" to 24" 
diameter, reinforced bell and spigot pipe 
12" to 36 11 , and plain and reinforced 
tongue and groove pipe 12" to 36 11 • 

1-23 32?2 	 Ready-mixed Ready-mixed concrete 

concrete 


1-24 3295 	 Sand, gravel, & Sand, gravel, and limestone. 

limestone 


1-26 2951 	 Asphalt paving Asphalt paving material. 

material 


Sourcesl. 

161c 

1601 

159f, 160i 

161f 

1618 

16On, 1600 

161b 

Labor: 170 

r29, DO,
160q 
160r 

129, DO, 
160q 

SRI 

il29, 160m, 
170, l60q 

r6, 61, 121,
159b, l6Od, 
170, 171 

103, 121 

61, 170, 
SRI 

61, 170, 
159d 

16lb 

77, 1600 

77, 160p 

15ge 

160g 

160h 

160J 

8, 60, 11.4, 
SRI 

160a 

See footnote at end of table. 
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------
Aetivity SI~ 


!lumber :;ode Activity Des.cription Sov.rcesl. 


1-2:7 3585 Ccld storage 1n­ lJanufac.ture and installation or cold 10, 16li 
o'tallation sturage unita equipped with an eleetrl:: 

cooling system nth l!IOtor. 

1-28 .l691 AU1;:mcblle bat!. Lead acid aut.OOI:lbile storage batteries. 159. 
terles 

1-29 )714 Brake lln1..ng seta Set of" a brake linings for automobiles 160e 
and light truc'kB. 

1-30a J872 re,."lltzec ml.xing Mixing or 8 "/anet:f of nitrogen, phos­ 7, i61d 
phorus, and potassium fertilizers. Plant. 
aetivi'~y calculated trom mix of: 44~ 
5-10-10 and 56~ 10-10-10. 

1-30b 1s 11:£ of tbe c()l!lllJOdHy Wlit. 

I-31 204;( Animal feed pellets Mixed feed pelle'Cs for livestock and 86, 1618 
poultry, 3-ahirt. ,,)per·stion. 

1-320 .2092 SOybo2!an oil &. meal Crude soybean oil and BOybeWl. ~al; 15, 161J 
3 shirtn per da:r, JOO days per year. 

I-J2b 1. 25~ or the acmmodity Wlit. 

I-Jl 2051 Bread baker/ Bread and other bakery prcxlucto {i.e., 129, 159c 
cakes, rolls, and "p88tr1ea} delivered. 

1-340. 2CJ.l7 Frozen aMp henna J Packed ,50'" in retail pack and 50';£ in 
lima 'benns, &. pean bulk pack tor institutions; product!s 5~ 

(rozen snap beans J 30<.' Crown lima beans, 
and 20:' rro""n peru!. 

seusonalitY:{67, 9~, 
Size of export 36,78,94,166 

Market: 1€4 

I-J4b 1. JJ~ of the cCllJl>OdUy unh. 

I-)~n 2f;n FrlJ2.en !lOOp beRIlB Packed 50',1, in retail pack and .50';(. in 
bulk 'Pack for institutions. 

I-J5b 1s Jl1- ",r the con:mcdity Wlit. 

seasonalitY:{6?, 94 
Size of export 36,78,94,166 

Market: 164 

1- 3tll 2fJJ.''",1 Frr;wn Gnap henna, 
olan, &; atra'W­

Pocked 50~ In retail pack and 50~ in 
bulk pnck for lnsti tUtiOllB; produces 45~ Seasonality: (JOJ 67, 94 

berrio.l frozen snap beans, 37~ frozen okra, and 
18;' frozen strawberries. 

Size of export P6,78,94,166 
Market: 164 

I-J6b is JJ~ or ,he c()l!lllJOdity Wlit. 

1-378 2037 Fr'.~zen snap beans Paciwd 50'-' in retail pack and 50~ in 
&- strawberries bulk pack for institutions; produces 7~ 

frozen snap beans and 28;(. frozen straw­
berries. 

sessonalitY:{JO, 67, 94 
Size of export 36,78,94,166 

Market: 164 

1-38 2026 Fllrld ml.ll< Prepar'ltion of nuld milk for retail and 
institutional sales--delivered. { 

2O' 63, 83, 
120, 21, 24, 
37 

1-37b i. 33~ or the cOlllllOdlty unit. 

I-J9 202.6 Crown &: powdered 52:'£ cream nnd 48~ powdered skim ml.lk. 84 
skim ml.lk 

1-40 20<6 Condf" .'<1 .kim milk 741> .ondeneed skim milk and 26:£ cream. 84 
&: cr\;.,Jil; 

1-41 2026 ~ottage cheese &: 69~ cottage cheese and 31;t. cream. 84 
c.rea:n 

1-42 2026 powdered skim milk 66~ powdered skim milk and 34:£ butter. 84 
2021 &: butter 

I-4J 2026 Conrlenned skim !:1ilk 85'1> condensed skim milk and 15:£ butter. 84 
2021 & butter 

I-44 2026 
2021 

Cottage cheese &: 
butter 

82:£ oottage cheese and 18~ butter. 84 

1-45 2024 
2026 

Ice cream &. P01t'­
dered akim mil.k 

~'J'" ice cream and 171> powdered skim milk. 84 

1-46 2024- Ice -cream &. con­ 61~ ice cream and 39'1- condensed skim 
2026 denaed akim mllk milk. 

1-47 2024 Ice Grewn &: cottage 67ft, ice cream and JJ;£ cottage cheese. 84 
2026 cheese 

1-48 501.J. Packing & market- Grading Ill\d packing oggs: 50~ packed 90, 91 
ing eggs 1000e and ,50" packed in retai~ con­

tainers--delivered. 

See footnate at end or table. 
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AcHvity SIC 
!fumter Code Activity Deecript.ioo Sourcesl. 

1-1.9 <OU Hog slaughtering 	 Slaugbt.er!ng oC marke't. hc:€s and cull Product breoJa!own: {113 

SOlI'S and veal cal'/es e::d. production of l610 

fresh pork cdte' (16~l, cured pork cut. 

(2S.6~), sausage (~), and lord (15·). 


I-SOa <011 CUll dairy herd 	 Slaughtering of 44~ veal cal.ves and 5£>1, 42, 62, 168 
slaughtering 	 cull cows !ran da.i.r:f hero prodtlC1.ng beer 


(19.6~), veal. carcas.es (9.7~), and 

"",at byprodUCUl (50.c~l 


I-SOb 18 ~ of the e<=Odity unit. 

I-sla 20U Cattle slaughtering Slaughtering ot fat steers and heifers, 42, 62, 168 
average weight or 900 1bs, produc:1ng 
beet care••se. (5~) and "",at by­
products (~l. 

I-51b is ~ ot the cc=od1ty unit. 

1-:>20. :201.1 	 Cull. cow slaughter... Slaugbterir..g of cull cows frcm reeder 42, 62, 168 
1.ng herd, average weight or 9(X) lba, produc­

ing beef carc..ses (2J~) and. ""at by­
products (56~). 

I-52b is ~ of the ccm:x:.dl.ty unit. 

I-"a 2011 	 Cull dairy herd 50~ each of I-SO and 1-51. 42, 62, 168 
slaughtering & 
cattla slaughtering 1-53b is 4Q1, of the co=odity unit. 

A - AGRICULTURAL ACTrlITIES 
27, 35, 85, 
106, 119,A-I Tobacco 	 BUrley tobaceU--Rverage yield. 1750 lDa/ 
2, 17, 93, 
97, 101,

acre 

10. ... lJechani zed 	 112, frl, 89 
lb - Present mix (56~ horse, 44~ 

cecheni zed) 
lc ... Horne. 

6, 17, 27, 
31, 89, 11, 
65, 70, 71, 

A-2 Strawberries 	 Hand harvested 

172, 39 

acre 
2b - Law efUcleney: yield 1.08 tons/ 

2a - High eUiciency: yield 3.35 tons/ 

acre. 

10.-3 	 Snap bea..na for Hand har/eated Fel.'"t!lizer: Z7, 105 
pre<:essing Labor: 89 

3. - l!igh efficiency: yield 3 tons/ Other: Z7 
acre Mechanization: 108 

3b - Medium efUciency: yield 1.8 tonal other: 34 
acre. 

10.-1. Snap beans for Hand harvested Fertilizer: 2, 'Zl 

fresh Labor: 89 


4a - High efncieney: yield 3 tons/ Other inputs: V 

acre Mechanization: 108 


I.b 	 - Medium efficiency: yield 1.8 tons/ other: 34 
acre. 

A-5 Broilers 3-1/2 lb birds raised from chicks Capital: 27 

Variable inputs: 154 


Scale: Labor: 89 

.5a - Specialized ccmcercial broiler Other: 54 

raisingj requires managerial 
input of 1/2 day per Wt:t:j( 

5b - Fs= integr<;ted. 

10.-6 Commercial laying Scale: Variable inputs: 154 

neck Labor: 89 


68 - Good productivity: specialized Other: J 

.5 ,000 hen nook, 20 doz eggs/ 

hen 

6b - Fair productivity: £8.1'I:I. integrated 
l,QCO hen ncek, 17.5 doz. eggs/ 
hen. 

10.-7 Okra 	 Hand hat""/ested 

7a - High productivity: 3.75 tons/ Inputs: 43 
acre. 	 Uachinery capital: V 

Other: 169 

7b - IJedium productivity: 1.125 tone/ Inputs: 89 
I!cre. 	 Machinery cap!tal: Z7 

other: 169 

See footnote at end oC table. 
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A-15 

Act.1vity 
l/umber 

A-a 

A-9 


A-lO 

A-ll 

A-12 


A-U 

Activit:! 

?eas 

Ul::a beans 

Peas & lima beans 

Soybeans 

Manutacturing milk 
prcduc-tlon 

Market :nilk pro­

Descr:iption 

Creen peas, -.:acblne harvested: yield 
.85 .one/acre. 

Small lima be8.n9 J Q8.chine h&r"/ested: 
yield .85 tons/acre. 

J.Lachlne harvested:. yield .85 'tons/ acre. 
IMsed on 50~ peas t 50~ Uma beans .. 

Y",l~l.d JC b"JShel.e/.e;.::re. 

Lespedeza hay: yield 1. 2 tons/ acre .. 

13a - lIew $lSG/cow and ~ depreciation. 

lJb - 1':cesent :$l00/cow and 1O~ deprecia­
tion. 

14a - Better-high capital. 
duction 

14b - Better-1C7W capital. 

14C - Present .. 

Cow-ealC production Feeder calf production. Each -calf 500 100 


A-to 	 Cattle reeding 

A-17 	 Feeder pig produc­
tion 

A-18 Market hog t.oding 

A-19 Pasture 

cA - COINERS1011 OF AGRICULTURE 

CA-l Corn ~onv~rDlon 

<;,\-2 Corn conversion 

CA-3 Corn zc;mversion 


CA-4 Corn conversion 


CA-5 Corn conversion 

CA-6 Tobacco conversion 

CA-7 Tobacco converaion 

See footnote at end or table. 

158 - Better 
l5b - Present .. 

Cattle feeding--graas and grass-lot feed­
ing of steers and heifers--good yield. 

Production tor aale of 14-45 Ib feeder 
pigB per s~ .. 

Production ot a 22O-l.b market hog. 

50,000 acres of unused pasture land 

198 - New improved 
19b - Non-improved. 

Cha.nging frcn present 1eve~ of inputs 
Blld outputs (present yield 1.2.6 bu/acre) 
to; mechanized production at 43.5 bu/ 
acre. 

Caobined r..echanized-horse team produc­
tion at 1.3.5 bu/acre. 

Horae team production at 36.8 bu/acre. 

Mechanized production plU9 addition of 
fertilizer at 72.0 btl/acre. 

r.ombined mechanized-horse team produc­
tion plus addition 01° fertilizer at 
n.o bulacre. 

To fUlly mechanized from. present mix of 
techniques at 1750 1bs/acre. 

To horse tram: present mIx or techniques 
at 1750 lbo/Bcre. 
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labor: 89 

Other inputs: 49 


I.Iachinery: <:7, 89 


labor: S9 
Other inputs: 69 


I.Iach1neI;Y: 27, S9 

Labor: 89 

Other input.s: 49, 69 


l/achinery: 27, 89 

Other: 22 


Labor: 27, 87 

l/ach1nery: 27, 


other input.: 27, l.54 


labor: 13, 89 

other inputs: 1.54 


Capital: 27 


3, 92, 102 

Feed: l.7, 92 


Other input.S! 87, 92 


17, 120, 126 

Value of 'cow: l.7, 1.20 


Labor: 3 


2:7, 7J, 80,

{102, J, 92 


O.Itput: 17 

Feed: 	J, 73, 80, 


120, 167 


Capital.: 120 

Buildings: 17 


Fixed capital: J, 'ZI, 44, 51 

Pasture: 17 


Calving rate: 112 

CUlling rate: 17 


t {29, 32, JJ,
Inpu a: 126, 3, Zl 

J, 5, 17, 

27 


J, 27 


Labor 17, V, 87 

Seed 3 


Fertilizer 3 

Machinery 3, 27 


V, 45, 85, 

107, 126, 

12, 13, 17, 

87 


See A-I 



Activity 

Uumber ,,"'tivitl 


:A-8 	 ~"",,",rei.l laying 
nook l!onversion 

Dcaeclpt.l::n 

C=roiaUzation of """ laying nook 
activity wIth the increased use of feed 
and capital in place o( tmDkU1ed labor, 
resulting in an increased cuti'ut of eggs 
fran 5 do7/hen to 17.5 do7/hen. 

'=A-'l ManUfacturing milk 
herd jOfiversion 

Change from *100 00" and ~ deprecia­
tion to $200 cow and 20:£ depredation. 

CA-lli l'f!!ltttrc eonversion Conversion Of 15.5"CX)O ac.re.:l or pasture 
land from 5 acrea par an.:i.=la.1 'Unit to 
J acreD per wrlmal un!t. 

CA-ll caw-calt t.:onveralon CCllversion from A-l5b "to A-15a (iae., 

CA-12 Market milk herd 
cGnversion 

CA-lJ /.!arket milk herd 
CI',lnveraion 

a - 0TIlE!! ACTIVrrIES (LOCAl, 

0-1 New cOll.!Jtruutlon 

0-2 tlew construction 

1)-) new c.onstrUd;tion 

()..4 New COMtMlQ tlon 

Q..5 New construc:tlon 

0..6 	 Hew cOODtructian 

0-7 	 Trade 

0-8 	 Local services 

0-9 	 AutClIXltive serv­
ices &. miscellane­
"..Us repair 

.fra:l "present" to "better"). 

High capital-using enterprise. Canver­
sion Of A-14c to A-14a (i.e., from 
"present" "to "better"_hlgh capital}. 

Lesser capital-using enterprise. Con­
veraion ot A-lAc to A-14b (Le., from 
"present" to "better"_low capital,. 

School buildings at approximate value 
of ~l2/aq ft. 

Office buildings at approximate value of 
$19/sq ft. 

Factory buildinga at approx:imate value 
or ~.50/sq ft. 

Sing::"e-(amily reGid~nces at approximate 
value of $l1/sq rt. 

Roadd. 

Kilna. 

The eer-rices of retail and wholesale 
trade activities representing the trade 
markup to oonaUInet:'s on factory prices. 

Services include finance, insurance, 
real estate, transportation, communica­
tion, utilities, personal busineso, and 
pro£essiona.l services included in SIC 
Codes 70-89 (except 75 and 76). Est!­
mated proportion of services purchased 
outside the area deducted. 

Those activities inc.luded in SIC Codes 
75, 76, 553, and 551 •• 

Sourcea1 

See A-6 

See A-13 

See A-19 

See A-15 

See A-14 

See A-1.4 

labor: 151, 153 
Materials : 141 

Labor &: materials: 152, 153 

Labor seasonality: 153 
Other: 3, 17 

Labor seasonality: 153 
Wood: 141 

other: 149, SRI 

Labor seasonality: 153 
Other: 139, 140, 

141 

121 

Labor: 127 
Commodities: 155 

Building & paving: 81 
Other oap! tal: 41 

other: 158 

Commodity inputs 
'" ratio of gross
domestic outlaya 

to value added: 155 
Capital: 41 

Ratio of receipts 
per employee in 

Kentucky & the 

U.S.: 142 


Rntio of proprie­
tors &: self em­
ployed 	per paid 

employee: 127, 131 
Estimates of in­

come per ful.l 

time employee: 142 


Other: 157 

Commodity inputs: 155 
f6 (pp. 56-

Other: 62), 127, 
1.57 (Ch. 8) 

"Deductions for 

gllSoline taxes 


taken as 25~ of 

sales": 26 (p. 62) 

See footnoto nt end of table. 
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0-11 

A::u·t1ty 

~ 
;J-l\; 

Aztlvity 

Eat.ing '" dritlJdng 

:;t.atb k 1...ca1 gcv... 
err.me.m; 

'lr:'utle A '!alf helter 
6t,;~k 

!!ear l:lt ~alr 
hf!':'fe:r .;t,:,.ck 

OeacriptbJn 

Eating and dril1'dng plaees_ 

B6$ed ...n ?OI'\1lutL,n a."ld. nohOOl enrcll... 
%:lent ,'!ha.~e3 

lla ­

lib ­

11-: ­

lld ­

ttate and I.ocal government. serl­
ice for first popUl.a1;.!.~ tar­
get., i.e., nt.1 incl;'Case ,blank 
veatur 

Ctate :md lueal govel"Ilr.le.!1t- t;erv­
i'!e !";Jr 3eeond populat!~ t.ar­
getj cnly increase in 4chool 
nervices 

.state and local gov~rnment Serv­
ice tor "third pcpulatlon t8.l;"get 

=:;t:ate and local gOVI:rn::lent aerv­
i''!e t';r f0urth popUlation t.fU"­
get. .. 

~I'ade A ':aU' heifer :.tock. 

Beef l..:..l:t .:n.lf heifer !ltoC:C. 

Training edu,oated perzcll3 for _Milled 
!(.:t~ • 

Sourcea!. 

Food 1l1puts: 99 

Cc.nvers.1cn o!" 


food inpuUJ "to 
l:IOdel unit.: 76, 112, 1~6, 

165 
Other illputs than 

food '" "cat of 
goods sold: 26 (pp_ 47­

49, 54) 
"Taxes: ..ere 
el.1.m1.natedIt: 26 

lsbor: 127 
BUilding: 157 (p. 3:<) 

::tiler capital: 41 
a"'..her: 154 

128, lJ2,1 
138, 155 

Il1pm.: 102 
Capita~: 27, 102 

Inputs: 1, 'Z7 
Capital.: 120 

14, 18, SRI 

.. Where :; .~~elJ are _r l\ :;~c~lf"i! input, thl.;-.; !n~u.t is crhown. ',Humberc ret~er t:) items listed in List of
TechnLtil ~ata, ._ e5. 
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APPENDIX D. --ACTIVITY AND COMMODITY INDEX 

Mtiv:!ti 
=be'r 

Commodity 
n..lllIber Import~ 

Expert to--
Area ~J. Area 21 

~ort 
Area 1 

capacit:Y 
Area 2 

1001 0044- MIool XICO~ XlOO2 EOOl E002 

1002 C045 lAIOO2 XIOD3 XIOO4 E003 EOO4 

1003 C046 MI003 XIODS X1006 EOOS EOO6 

1004 C047 MIOO4 XI0C7 XIOOS E007 EOC8 

1005 c048 MI005 XIOO'l XI010 E009 E010 

1006 C049 MIOO6 XIOll XI012 EOll E012 

rOO7 COSO MlOO7 XI013 n014 E013 E014 

100B C051 MIOO8 

C085 

1009 C052 MI009 XIOlS XI016 E015 E016 

C053 MI010 XI017 lCI018 E017 E018 

1010 COS4 MIOll XI019 lCI020 EOl9 E020 

1011 KOO9 

1012 C055 MI012 XI02l XI022 E021 E022 

C056 ~U013 XI023 XI024 E023 E024 

C057 XUoo E124 

1013 C058 MI014 XI025 lCI026 E025 E026 

K002 MI015 XI027 XI028 E027 E02S 

1014 0059 XI083 E083 

1015 C060 MIOl7 XI029 lCI030 E029 E030 

1016 C061 MI018 XI03l X1032 E03l E032 

1017 0062 MI0l9 XI033 lCI034 E033 E034 

1018 C063 MI020 XI035 XI036 £035 E036 

C064 MI021 1.1037 lCI038 £037 £038 

1019 C06s MI022 XIOJ9 lCI040 £039 £040 

1020 C066 MI023 XI041 £041 

1021 C067 MI024 XI01.2 £042 

1022 C068 

1023 C069 MI025 XI043 E043 

1024 con 

1026 0070 MI027 XIOM £044­

1027 KOOl MI02B 

See footnote at end ot table. 
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Azti'lit:r Commodit:r E~ort to-- Export caEacityIlllInberl. IUlJDber ~1 Area P Area 2l. Area l Area 2 

1023 C076 MI029 XI04S XI046 E045 E046 

1029 cm MIO:39 XI047 XI048 E047 E048 

10:30 con MIO:32 XI051 XI052 E051 E052 

IO:31 COJO MIO:3:3 XI05:3 XI054 E05:3 E054 

IOJ2 CO:33 MI034 XI055 XI056 E055 E056 

C034 MIG:35 XI057 XID58 E057 E058 

10:3:3 CO:35 

1034 COJ6 MIO:36 XI059 XI060 E059 E060 

CO:37 MIO:37 XI061 XI062 E061 E062 

CO:3d MI038 XI06:3 XI064 E06:3 E064 

10:35 

ID:36 

C039 J.U039 XI065 XI066 E065 E066 

C040 XI084 XI085 E084 E085 

10:37 

rO:38 C025 MI040 

1039 C019 MI041 XI068 XI069 E068 E069 

C022 MI044 XI074 XID75 E074 E075 

1040 

C023 MI045 XI076 XIr:t77 E076 E077 

1041 

1042 C020 MI042 XI070 XI07l E070 E07l 

104:3 

1044 

I04!> C021 MI043 XIon XI073 E072 E073 

1046 

1047 

I048 C009 MI047 XI081 XI082 E081 E082 

1049 con MIOSI XI086 XI087 E086 E087 

C073 MIOS2 XI088 XI089 E088 E089 

C074 MI05:3 XIOO0 XIOO1 E090 .E091 

C075 MI054 XIOO2 XIOO3 E092 E09:3 

1050 C041 MID56 XIOO5 XIOO8 E095 E122 

C042 MID55 XI094 XIOO7 E094 E121 

C043 MI057 XIOO6 XIOO9 E096 El23 

See footnote at end of table. 87 



Activitr 
IlllInber 

Conmodity 
number ~1. 

Export 
Area 11 

to-~ 

Area 21. 
Export 
Area 1 

capacity 
Area 2 

1051 

1052 

!OS3 

AOOl cOO4 XAOOl 

C083 

ACO;; CQ25 MAOO4 XAOO2 E098 

Af,('3 CG14 MA005 XA003 E099 

AOO/. COD MAOC6 XAOO4 E:"OO 

ADOS C006 XAOOS EIOl 

AOC6 C007 XAOO6 EI02 
COlO 

AOO7 C016 MAOO7 XAcx,'7 EI03 

AOOa COll MAOO8 XAOO8 EI04 

AOO9 C012 MAOO9 XAOO9 El05 

AOIO 

AOll C008 MAOOl XAOIO EI06 

A012 C032 MA003 

ADD C018 XI080 EOSO 

C026 1.U05C XA019 XA020 EllS E1l6 

C027 XA02~ XA022 E1l7 E1l8 

ADl!' C017 XI067 E067 

A025 C028 MAOIO XAOll XA012 EI07 El08 

AG16 C029 I.tAOll XA0l3 XA014 EI09 EllO 

AG17 COOl w,.012 XA015 XA016 Elll E1l2 

C002 MI049 XA023 XA024 E1l9 E120 

Al1S COO:; MI04$ XA017 XA018 Ell3 E1l4 

A:.)l'l C084 

C086 

CAGCl 
thr::.ugh 
CAC'G5 COOS MAOO2 

T002 
CAOO6 

iJ: 
CAOO7 TeOl 

CAOGa TOJ3 

CADOS! TOG5 

CAnlO T004 

CAOll T006 

See footm,te at end of table. 
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Act.in,. Commodit.y Export tn-- Export cal2aci~IlIllIIbe number Import1. Area 11 Area 21. Area 1 Area "-

CA012 
i'L 

CA013 TOO? 

0001 K005 

0002 K006 

000.3 KOO.3 

0004 KOO7 

0005 KOOS 

0006 KOO4 

0007 C081 

0008 C079 

0009 C080 

0010 C082 

COlI C078 

0012 KOI0 MA013 

0013 KOll MA014 

I.TOOI LOOI MLOOI 

L002 MLOO2 XL002 

L00.3 MLOO.3 

L004 

L005 MLOO5 nOO5 

L006 MLOO6 nOO6 

LOO7 MLOO7 nOO7 

L008 ML008 n008 

LOO9 ML009 n009 

LOlO MLOlO XLOIO 
LOll 

l. The £ollowing numbers nave been dropped: 

I-25 	 MI016 XI049 E097 
MI026 XI050 
MIOn 
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