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SUMMARY AND CONCLUSIONS
 

The over-all purpose of this study is to investigate the inter-relation­

ships between the agricultural and nonagricultural sectors during the process
 

of economic development, with some particular attention to the effects of
 

food aid. The major portion of the study is devoted to a theoretical analysis
 

of these intersectoral relationships. A five-sector, optimizing model of an
 

underdeveloped, dual economy is formulated and extensively analyzed. The five
 

sectors include subsistence or traditional agriculture, commercial agriculture,
 

manufacturing goods production, capital goods production, and a government
 

sector. Three products are produced: agricultural goods, which can only be
 

consumed, manufacturing goods which can either be consumed or used as non­

durable factors of production, and capital goods, which can only be used as
 

durable factors of production.
 

The factors of production included in the model are land, labor, capital,
 

and manufactured inputs. Production in the traditional agricultural sector
 

requires land, labor, and manufactured inputs; production in the commercial
 

agricultural sector requires capital goods in addition to the factors employed
 

in the subsistence sector. Manufactured goods and capital goods production do
 

not require land as an input and employ only labor, manufactured inputs, and
 

capital as factors. Labor is assumed to be employed at a constant wage rate
 

(measured in terms of manufactured goods) in the commercial agricultural
 

sector, the manufacturing goods sector, and the capital goods sector. Any
 

labor that cannot earn its marginal value productivity in these three sectors
 

is employed in the subsistence sector at a lower wage rate.
 



Two formulations of the model are considered, a centralized and a de­

centralized model, with the role of the government being the principal
 

difference between the two models. In the first formulation, the government
 

has control over four investment alternatives. These four alternatives are
 

investment in social overhead capital in either the subsistence or commercial
 

agricultural sectors and investment in "private" capital in either the manu­

facturing or the capital goods sectors. In the second formulation, the
 

government's role is expanded considerably to include control over the allo­

cation of private investment funds as well as public tax revenue.
 

These two versions of the model are extensively analyzed in an attempt
 

to discern the economic and physical characteristics of an economy that would
 

tend to make it socially desirable to develop agriculture relative to industry,
 

and vice versa. Similarly, an attempt is made to delineate the conditions
 

under which food aid has the most positive effect on agricultural development,
 

employment and consumer welfare. A detailed descriptive summary of the con­

clusions of the study follow.
 

1. Public investment in subsistence agriculture. In an economy with a
 

given resource base, capital stock, level of technology, and wage-price
 

configuration, the proportion of the labor force engaged in subsistence em­

ployment will increase as the size of the labor force increases. This is
 

true since, for a given level of wages and prices and a fixed productive
 

capacity, only a limited number of jobs are available in advanced sectors.
 

Thus, as the ratio of labor to resource base increases, the proportion of the
 

labor force in the subsistence sector also increases.
 

It is demonstrated later that, as the proportion of the labor force 

employed iti subsistence agriculture increases, it becomes relatively more
 

important to increase the productivity of this sector. There is no a priori
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reason to suggest that there should not be a net inflow of savings into the
 

subsistence sector if the proportion of the labor force employed in this
 

sector islarge enough. Conversely, there is no reason to suggest that the
 

subsistence agricultural sector should not be used as a source of savings to
 

finance nonagricultural development in an economy with a different resource
 

endowment, labor force distribution, and capital structure. Whether there
 

should be a net inflow of savings into subsistence agriculture will depend
 

on the individual country concerned and the relevant data and parameters
 

pertaining to that country. The following characteristics, however, may be
 

itemized as relevant to the decision regarding investment in the subsistence
 

sector.
 

The first and most obvious consideration is the physical productivity of
 

the investment project. 
Ceteris paribus, the physically more productive an
 

investment project, the greater is the likelihood that it will be a desirable
 

undertaking. The productivity of a particular investment may crucially
 

depend on one or more related investments. For example, an extension program
 

extolling the virtues of a new crop variety may have an extremely low payoff
 

if the necessary complementary fertilizer is not available. 
If the appropri­

ate investment in providing fertilizer also is made, the same extension
 

program may have a very high payoff. Considerations such as these have led to
 

package approaches for agricultural development.
 

The physical productivity of an investment project is not, however, the
 

only consideration in investment decisions. Productivity must be weighted
 

by an appropriate value which is placed on the output. 
In this study, the
 

social value of the output, reflected by the social welfare function, is used
 

as the weighting factor (a) in the decision criteria for allocating govern­

ment funds in both the centralized and decentralized models and (b) in the
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allocation of private savings in the centralized model. However, prices are
 

used to value the output in decisions regarding the allocation of private
 

savings in the decentralized model. It is demonstrated for a closed economy
 

with a given level of consumer income that both the social value and price
 

of agricultural output relative to nonagricultural output will increase as the
 

ratio of the consumption of agricultural goods to manufactured goods declines.
 

'It also is suggested that this result will not necessarily hold if the decline
 

in the ratio of agricultural:nonagricultural goods consumption is accompanied
 

by an increase in real income. Then the social valuations will move in favor
 

of the agricultural sector only if the rate of decline in the consumption
 

ratio is sufficient to offset the influence of Engel's law at higher income
 

.levels. This suggests that, as the economy achieves higher levels of output
 

in both agricultural and nonagricultural production, investment in agriculture
 

might become relatively less desirable than at lower levels of output. This
 

statement does not mean that investment in agriculture is undesirable at
 

higher income levels, nor does it mean that it is desirable to invest in
 

agriculture at lower income levels.
 

It is assumed that public investment in the subsistence sector involves
 

employing labor of this sector at a higher wage rate than it was previously
 

earning; where this is true, the social desirability of investing in the
 

subsistence sector tends to increase as the disparity between the government
 

.wage rate and the subsistence wage rate widens. This condition is consistent
 

with the condition of diminishing marginal utility, together these conditions
 

affect the social benefit derived from investments in subsistence agriculture.
 

Whether thia investment should be made depends on the size of the anticipated
 

social benefit relative to the social opportunity cost of using resources in
 

this manner. This criterion differs from the conventional cost-benefit anal­
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ysis where anticipated actual costs are compared with anticipated returns.
 

Actual costs of a project may differ substantially from the opportunity costs
 

of using the resources in this manner. These conclusions are obtained from an
 

analyis of the decentralized economy model. Similar results are derived from
 

the centralized model.
 

Throughout this investigation it was assumed that investment in social
 

overhead capital in subsistence agriculture has no productivity influences on
 

the commercial agricultural sector or vice versa. This is 
a fairly realistic
 

assumption for some forms of investment. For example, an irrigation system
 

may be built to provide water for either subsistence producers cr commercial
 

producers. Under the assumption that there is no complementarity between
 

sectors, investment in social overhead capital specific to the-subsistence
 

sector becomes realtively more desirable as the amount of labor employed in
 

,subsistence agriculture increases relative to that employed in commercial
 

agriculture. Similarly, the larger the proportion of cultivated area used in
 

Efubsistence agriculture, the more desirable the investment in this sector
 

becomes relative to investment in commercial agriculture.
 

Investing in either commercial- or subsistence-sector social overhead
 

capital in one period reduces the relative social desirability of investing
 

in that sector in the subsequent periods. Increased output resulting from
 

public investment in either of these sectors reduces the relative social
 

value of agricultural production. Hence, investing in the subsistence sector
 

in one period also reduces the desirability of investing in commercial
 

agriculture in subsequent periods and vice versa.
 

2. Private capital accumulation. The conclusions in this section are
 

derived from the centralized model. Two constructs of this model are possi­

ble. First, the government owns all the reproducible capital stock and rents
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it to entrepreneurs, and rent collected is used to accumulate more capital.
 

Second, the capital is privately owned and the income earned by the capital­

owners is used to accumulate more capital according to guidelines detcrmined
 

by the central planning authoritieS. Regardless of the construct, savings are
 

referred to as private savings (as compared with public savings out of taxes)
 

and are allocated among investment alternatives in a manner consistent with
 

maximizing welfare over the planning horizon.
 

The allocation of investment funds to expand capacity in capital goods
 

as opposed to consumer-goods industries involves a difficult intertemporal
 

comparison. Satisfactions to be derived from expanded present versus future
 

consumption must be estimated. Capital investment in the capital goods in­

dustry requires additional periods of waiting (as compared with placing these
 

capital goods in the agricultural or manufacturing goods sectors). Higher
 

rates of future consumption require sacrifice of current consumption. Thus,
 

expansion of the capital goods industry will be desirable from society's
 

standpoint if incomes are not too low and consumers are not too impatient. In
 

countries where pressures exist for immediate improvements in living standards,
 

emphasis on expansion of the capital goods sector will be less. Conversely,
 

when income is higher and more emphasis is placed on longer-run improvements
 

in living standards, the social payoff for increasing capacity in the capital
 

goods industry will be greater.
 

If the productivity in a particular sector increases more rapidly than in
 

other sectors, the social desirability of investing in this sector will in­

crease if there are no adverse effects on terms of trade. This condition
 

prevails whether the productivity increases arise from investments in infra­

structure or through the adoption of new techniques developed in advanced
 

countries.
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3. Population growth and economic development. The supply of labor has,
 

to this point, been assumed to be perfectly inelastic with respect to the wage
 

rate. 
Relaxing this assumption has no essential effect on the conclusions,
 

althiough the magnicudes of some policies' impacts may be dampened. For
 

example, if the labor supply is elastic, an expansion of government employment
 

will have a smaller impact on the incomes of laborers in the subsistence
 

sector.
 

The effects of an increased population depend on the magnitude of the
 

population growth rate relative to (a) the size and growth rate of the
 

capital scock and (b) the rate of technological improvement. If the popula­

tion growth rate is too high relative to these changes, per-capita production
 

and consumption will remain constant or decline, even though total production
 

is increased. This underscores the importance of combining policies to con­

trol the rate of population growth with policies to promote economic develop.
 

ment.
 

4. Intracountry effects of food aid. The principal commodity of U.S,
 

foreign aid has been food. 
Some effects of food aid are analyzed below within
 

a comparative static, partial equilibrium model. It can be viewed as a sub­

model of the centralized model. Problems associated with repayment of loans
 

based on food aid are not considered. To investigate those types of problems
 

requires a somnewhat more comprehensive model than employed in this study.
 

Specifically, a foreign sector must be included to incorporate foreign ex­

change earnings. 
Another study in this series deals with methods of repayment
 

and fiscal aspects of concessional sales as they relate to economic develop­

ment and economic stability.
 

The impact of three alternative methods of food distribution are consider
 

sidered: 
 Under the first, food is given as an outright grant to cortaumers.
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Under the second, food is used by the government as wages-in-k idfor labor
 

employed on Social Overhead Capital (SOC) projects. The third method supposes
 

that the government sells the food in the market at prevailing prices, revenue
 

generated by the food sales being added to the general tax budget.
 

The intraperiod relationships between prices and quantities of agricul­

tural goods under the three distributicn methods can be compared diagramma­

tically in Figure 1. (p, ix). Demand and supply curves in the absence of aid
 

are represented by the curves D and S , respectively. These demand and
 

supply scheeules result in a price of P0 and quantity consumed of Q0 "
 

Distributing the food aid in the form of grants, A, results in the
 

,largest shift in the supply curve since employment in the subsistence sector
 

remains unchanged. Thus, S g 
= S 

a 
+ A, wherp S represents the total supply


g 

curve. Granting food to consumers has the effect of bolstering effective 

aggregate consumer income. Hence, the demand schedule shifts to the right and 

is represented by curve Dg . The intersection of the resulting demand and 

supply curves results in a price-quantity configuration where P g P and 

Qo < Q 9 The equilibrium price with food grants must be lower than without 

them unless (a) the marginal propensity to consume food (out of income) is 

unity or (b) consumers affected are completely insulated from the market. 

In other words, if recipients of aid grants divert some of their income 

previously spent on food to nonfood commodities, a drop in food price will 

result. 

Turning now to distribution under work projects, the income effect of 

this distribution system is identical to that of direct grants and D w 
= D

g 

The domestic supply curve for food shifts to the left since labor is trans­

ferred from the subsistence sector to SOC projects. The leftward shift in 

the domestic supply curve, however, will not be sufficient to offset the 
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Figure 1. 
Prices and quantities of food consumed under alternative
 
distribution methods
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positive influence of the aid. Although the equilibrium quantity consumed is
 

greater than in the absence of aid, the increase is less than when the food
 

grants are given directly to consumers. This leads to equilibrium price and
 

< < 
quantity, Pw and with the characteristic P > Pw > Pg and Q Qw Q 

With food aid sold in the market place and the revenue, used to hire 

same as whensubsistence labor for SOC projects, the economy, is affected the 


food is distributed as wages in kind, (we suppose the revenue earned from
 

If, however, the revenue from government
sales is all paid out in wages). 


food sales is used to purchase capital goods, the domestic supply schedule
 

shift S to the left by a smaller amount than in
for agricultural goods S 


the case of distribution as wages in kind. The increased demand for capital
 

goods draws labor from the subsistence sector. The leftward shift in the
 

demand curve, D , is less since all additional food must be purchased from
 

income earned in employment. Income is augmented only if the increased pur­

chase of capital goods leads to increased employment in the capital goods
 

industry where labor return is higher than in the subsistence sector. This
 

income effect is smaller than that experienced with food aid distributed
 

either as grants or as wages in kind. Hence D must lie between D and D
 

For the same reason, the amount of labor removed from subsistence production
 

is smaller if capital goods are purchased than if SOC projects are undertaken,
 

and the new supply schedule Ss, must lie between S and S . The resulting
 

equilibrium price, P , and quantity, Qs, have the properties that P > P > P
 

and Qs rela­and Q < Qs< Q . The equilibrium magnitude of Ps relative to P 

tive to Qwwill depend on the extent of the shifts in the supply and demand 

schedules. These orderings may change if the labor hired in each of these
 

situations does not come from the subsistence agricultural sector and is
 

hired from an urban or rural pool of unemployed workers.
 



INTRODUCTION
 

A central, unresolved issue in the investigation of the determinants of
 

economic growth is the nature of the interrelationships between agricultural
 

development and industrialization. 
In earlier studies of developmental prior­

ities, industrialization typically was emphasized as 
the means for successful
 

economic development. 
Studies of the,1940s and 1950s advocated development
 

for underemployed and unemployed labor and to increase the demand for agri­

cultural products. It was supposed that the industrial sector, as the leading
 

sector, would pull the backward agricultural sector to higher levels of devel­

opment. 
Agriculture wap considered largely,passive in the developmental
 

process.
 

During thelast decade, however, several. theories of economic development
 

andmuch empirical evidence have indicated that a significant role for agri­

culture may be appropriate in development. Increased emphasis nowis being
 
placed on developmental policies that exploit ,initerrelationships between the
 

industrial and agricultural sectors so as to promote mutual and simultaneous
 

development. 
These studies propose that there is not aunique and best blend
 

of agricultural development and industrialization for all countries.I
1,:The
 

1Eicher and Witt [10, pp. 7-10], Meier [37, Ch. 6], Ruttan [54, pp. 1-2],
Thorbecke [59, pp. 3-7], and Witt [66] express similar view. 
However, these

views are not unanimously endorsed by either policy-makers or ecnomists. 
Enke
 goes so far as 
to suggest that "...most LDC (less-developed country) govern­ments associate industrialization with development and hence favor an expan­
sion of industrial output that exceeds the ability of a neglected agriculture

to support it." 
 [11, p. 1127]. As another example, in 1968, Higgins wrote

that "Economic development in the past has consisted very largely of trans­
ferring population from low-productivity agriculture to much higher productiv­ity industrial occupations, thus reducing population pressure on the land and

permitting agricultural improvement in the form of large-scale mechanized
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relative emphasis given to each should vary according to resource endowment
 

and the phase of development of the particixlar country.
 

Objectives
 

The purpose of this study is to investigate the nature of the relation­

ships between the agricultural and nonagricultural sectors during the process
 

of agricultural development. In addition, the following specific objectives
 

are pursued:
 

1 	 To develop a rigorous, theoretical model encompassing as many
 

agricultural-nonagricultural Intersectoral relationships as consis­

tent with operationalism.
 

2.; To incorporate into this. m~dela muh ealism'or -empi cal rele­

'vance as is possible-withina rigorous, operatinal.framework. 

3. 	To include the government as an integrated entity in the modeL.
 

:4'. 	 To use this modei to analyz the ptimal allocation of privte 

and'public (government)-savings between the agricultural and non­

' agric1u6ural s &rs.

5 To idetify charaterstcs of en that tento mak'agricul, 
uraldevelopmentsocially desirable relative' to iustialia' 

eversa. 	 ­anr 	 evi . 
6. To esg e weter, and under what conditions, it is.esirable 

to havea,,net inflow of savingsinto the agricultural sector.,-. 

'T 'a a ''t 6 'c m o t , , an .:i par ood aid7. 	To analyze the impact of in paticular,
 

- Produced and on,,the,investment priori­'the prices and quantiti 


ties'within the economy.
 

.Footnote 1 continued from Page 1: agriculture at the same time" [17, p. 464­
465]. Higgins uses this as a basis for advocating industrialization as the
 
"engine for growth."
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8. 
To investigate the implications of alternative rates of population
 

growth on the optimal investment priorities and development plans.
 

Organization of the Study
 

The following section is devoted to a nontechnical discussion of the
 

agricultural development, industrialization issue. 
The immediately following
 

section includes a review of some of the better-known arguments pertaining
 

to this issue. 
It is followed by.a brief discussion of alternative methods
 

of analyzing the problem. We then present a heuristic description of the 

models developed in this .study. 'The discussion immediately following primar­

ily is a nontechnical exposition of the :methods of analysis We; follow"with 

the formulation of a model termed the decentralized model. It 's an-pt miin 
modei and the optimizing technique is after presentationof the model> Are­

formulation of the model, then is'made within a cen 
 , 
 - ... ....
 
witiresults very similar to those obtained for a-decentralized-ecdImy;.In
 

addition,' a number 'ofhighly..restrictive and unrealfstic--a tionsare re­

laxed throuah :.this reformulation.
 

Endustrializati0n and Agricultural Development
 

Manyof,-the,arguments for either industrialization or agricultural
 

development are doctrinaire. 
 An argument in favor of industrialiat'ion.is
 

..
freauently viewed.as an argument against agricultural aevelopment and vice
 

versa. 
 Although it is true that industry and agriculture compete fo;r re
 

,sources, 
an argument in favor of one need not be an argument against the other
 

because there are certain interrelationships and complementarities between the
 

two sectors which can and should be exploited. A brief review of some of the
 

arguments in favor of industrialization and agricultural development, however.
 

http:industrialiat'ion.is
http:ecdImy;.In
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may.be useful.
 

Industrialization
 

Some of the more common arguments in favor of induetrialization in less­

developed areas are briefly outlined in this section. Not all are logically
 

defensible arguments and some are based on erroneous assumptions. Some of
 

these arguments are more appropriately considered to be emotional or passion­

ate appeals favoring industrialization.
 

Perhaps the most common argument presented in favor of industrialization
 

is the high correlation in various countries between per capita income and
 

the proportion of the labor force employed in nonagricultural activities.
 

Economic history suggests that rising per capita incomes have always been
 

accompanied by a reduction in the relative size of the agricultural labor
 
3
 

force. Similarly, the proportion of the total output originating from the
 

agricultural sector tends to decline as per capita income increases.4 Thus,
 

economic development is associated with industrialization. Prebisch goes so
 

2No attempt has been made at completeness. When this study was essen­

tially completed, a relevant survey article by Johnston [20] appeared with
 
fairly extensive bibliography. Interested readers may consult his biblio­
graphy for additional references.
 

3See for example, Ojala [46], or the massive works of Clark [8].
 
Zimmerman conducted a cross-sectional study in which he regressed the log of
 
per capita income (y) on the percentage of the labor force (x) employed in
 
nonprimary (secondary and tertiary) sectors for a number of economic-geographic
 
regions and various points in time. He found the relationship log y = 0.0202x
 
+ 	1.3235, with a high correlation (R=0.92). As Zimmerman indicates, however,
 
this does not imply causation. A country need not be poor because a large
 
portion of the population is in the agricultural sector. See Zimmerman [67,
 
ch. 3]. Conversely, industrialization and the accompanying structural changes
 
are neithernecessary nor sufficient conditions for increasing per capita income.
 
Viner [62, ch. 3] is very critical of this type of argument, which Ruttan
 
[53, p. 19] has called the structural transformation hypothesis.
 

4See for example, Kuznets [30, pp. 43-58]. 
 Additional references can be
 
found in Johnston [20].
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far as to state that "...industrialization is an inescapable part of the
 

process of change accompanying a gradual improvement in per capita income"
 

[48, p. 251].
 

Along similar lines, Myrdal [41, p. 1151] suggests that the very rapid
 

development of industry through government planning in the Sqviet Union has
 

had a very important influence on planning activities in many countries in
 

South Asia. An economy centered around a comprehensive and heavy industrial
 

structure is widely accepted by many leaders as an obvious target for attain­

ment by an underdeveloped country. Soviet experiences in.planning-provide
 

the illustration for leaders in many countries.5
 

A compelling and logical reason for.industrialization.in,some developing
 

countries is the prospect of foreign exchange;to, allow,imports of manufactured
 

goods. Bhagwati suggests- that, "...It..i.s.pssibleto
argethatpoor countrtes
 

should continue producing: primary products only, if,it,.can be,established that
 

they could always earn enough foreign exchange:to,,import ,theirmanufactures.
 

3
Where this is not so, industrialization,is a rational, consequence'[ ,, 165].
 

The implicit assumption in this ,argument is.thatindustrializationwill.improve
 

the balance of payments positioneither, through import:'substitution or by
 

expanding exports.6 However,,Myrdal,suggeststhat, 1.'.Import.,substitution may
..


ease the foreign exchange position in the long run, but in the short'run-it
 

5This argument suffers from the same logical weakness as the structural
 
transformation hypothesis. Success with this method in the Soviet Union does
 
not mean repeating the same process elsewhere will produce similar results.
 

6Bhagwati uses the following example to illustrate the necessity of
 
investing in heavy industry (such as steel plants). If a country wants to
 
invest $250 million in plant and equipment (e.g. tractor and fertilizer plants)
 
in a particular year, but only expects to earn $100 million in foreign exchange,
 
the only possibility for carrying out the investment program is to produce the
 
necessary plant and equipment [3, p. 166-168]. In this example, there is an
 
implicit assumption that using the limited foreign exchange earnings to estab­
lish heavy industry will allow the investment program to be successfully
 
executed.
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usually aggravates it"'[41, p. 1161]. ,This consequence arises because short­

run imports of capitil goods are usually required to establish import-substi­

tution industries. The establishment of import substitution industries need
 

not ease the balance of payments situation if raw materials must be imported
 

to manufacture the import substitutes.
 

Industrialization also is cited as a means to raise the productivity of
 

the labor force. Generally the product per worker in agriculture is below
 

that of the economy as a whole in both developed and underdeveloped countries.
 

7 
The'Adsparity in less-developed nations seems even greater. Industrialization 

thus is suggested as a means toincrease.,the portion'
of the laborforcein, 

them6re"productive; .nonagricultural. sectors..i Additionally, an indirect 

iDfln-may be realized:and isince due -,to . limited land area:,,., agriculture, is 

subjidtl to Uiminishingl retuirs '-, reducesTransferring, labor.fromi agriculture 

tl e iabori/1and~ratio ,.And" shlould .raise, labor,'productlivity. 'This, possibility, is 

Vii'~d hnthere. is so much 'labor in the.? agriculture.that: itsf,marginal, 

'physical productivity isl zero.. Lbor-then, can,, be, withdrawn- withouti a conr 

'cimitant"reduction. in agricultural producticn., The assumed, pool of redundant 

labor in agriculture*: inthe"form of' disguised unemployment .led to, great 

8
 
dp6timism' for' developmentalpossibi'lties during ,the1950s. 

7See, for example, the works by Bellerby [2] and Kuznets [29, pp. 415-417],
 

Kuznets makes the additional observation that the ratio of population to labor
 
force in the agricultural sector is higher than for the nonagricultural sectors.
 
Cdnsequently, the disparity of product per capita between the sectors is 
even
 
greater than the disparity of product per worker. Myrdal [41, p. 1157] points
 
out that since the capital:labor ratio in manufacturing usually is higher than
 
in traditional agriculture there is some question concerning the meaning of
 
comparisons of product per worker between manufacturing and agriculture.
 

8The implications for the development of an economy with "surplus" labor:
 

in the sense of zero marginal physical productivity of labor in the subsistence
 
.bectorswas first discussed by Lewis [33]. There has been a great daai of
 
controversy over the assumption of surplus labor. After surveying the relevant 
lite -ature, Kao, Anschel, and Eicher conclude that, "To date, there is little
 
reliable empirical evidence to support the existence of more than token ­
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.Closely related to the productivity argument is the notion thatindustri­

,.alization will create new jobs and result in employment for unemployed members
 

of the labor force. The provision of new jobs is deemed extremely important
 

,.in less-developed nations where the population and labor force are
 

expanding very rapidly. Widespread unemployment is considered to result'from
 

the failure of capital and complementary means of production to increaseat
 

the same rate'as the labor supply.9 The proposed solution is to'increase.the
 

,;rate.'of.:capital accumulation. 
While employment creation .'i. qentIY"used
frequ 


as..an":argument in :favor of industrialization 
the number of" jobs: rie ted'-o'ften
 
:is 'insufficient .to absorb the natural ,increase in the'lab6rf~iceJ:- Tpiclly,
 

ro
,;i:in u rffia epomnsats: a " ;r ' i i........ " f ;"6.... 


tstartsfrom a, basewhich is very small,-relative to' the 

totaL labor force.10 

Another view holds industr'ialization :toibe:' crucial, _to' development because 
.it:radiates stimuli throughout 'the economy. ::"Establishment' of'industry will
 

generatevai demand-fori inputs which are'not prod0cedomesticaly because of
 

Footnote 8 continued from Page 6: five percent - disguised unemployment in 

under-developed countries as defined by'a zero marginal product'of labb' 
and
 
the condition of ceteris paribus" [26, p. 141].
 

9See, for example, Navarrete and Navarrete [42]. Under strictly-.neo-­
classical assumptions with flexible wage rates and prices, there is 
no
 
reason for any labor to be unemployed even'with"a rapidly:expanding"labor

force. 
For an excellent analysis of why unemployment may continue to persist

in less-developed economies, see Eckaus [9].
 

10Myrdal cites several statements from the development plans of Burma,

India, Pakistan, and Ceylon indicating the awareness of planning authorities
 
in those countries where industrialization does not create very many new jobs.

In addition to not creating many new positions, industrialization also tends
 
to have "backwash" effects on existing industry, especially cottage industry.

4yrdal concludes that, although the estimates made by the planners are crude,
 
...
an important conclusion about the employment-creating potential of indus­
trial expansion can be sustained by the statistical calculations of govern­
nents - namely, that industrial expansion, when beginning from a low base,

:annot directly have more than a peripheral uplifting effect on (occupational)

)articipation ratios during a very considerable early period" [41, p. 1199,
 
.172-1205].
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insufficient demand. 
The additional demand resulting from the establishment
 

of industry provides an incentive to establish an import substitution industry.
 

This type of stimulus has become known is 
a backward linkage. In addition to
 

backward linkages, forward linkages or stimuli may also be operative if indus­

try provides products which require further processing.11
 

A second type of stimulus also has been cited as 
an argument in favor of
 

industrialization: 
 The increased incomes from new industries leads to in­

creased demand for consumer goods. 
 These, in turn, result in expanded markets
 

and, hence, provide additional profitable investment opportunities. These
 

considerations are used to argue that initiatiohof,investment projects in a
 

number of industries at the same,time is,desirable and -even 
necessary to make
 

investments in the individual industries more profitable.,:This thesis'has
 

become,,known. as. the, bala~~ 12i 
Greater income, f roma industrialization is proposed to have a addition­

al positive feature.,-The.volume of savings~is expectedto be 'larger 'with 

higher income levels. Hence, additional investments shoid.become progres-, 

siv!aly easier if,, as, is, often-.assumed, ;4e;saving rate,rises with hiRher .user 

capita incomes.13
 

' _An extensive-discussion of the importance and nature of linkage'can'be
 
!_.7;,,found
in Hirschman [18]. Regarding the industrialization issue, Hirschman
 
concludes that agriculture in particular has very weak linkage effects and that
 
"...the superiority of manufacturing in this respect is crushing. 
This may yet
be the most important reason militating against any complete specialization of

under-developed countries in primary production" [18, p. 110].
 

12Many versions of the balanced growth argument have been presented. The
 
demand version was first discussed by Rosenstein-Rodan [50] and later popular­
ized by Nurkse [45]. For a criticism of the balanced growth argument, see
 
Hirschman [18, Ch. 3J.
 

13The importance of this point has been emphasized by many writers. 
For
 
example, Rostow [51, p. 281] regards raising the net saving rate in less­
developed countries to over 10 percent of national income an a necessary (but

not sufficient) condition for take-off into self-sustained growth. See alsb
 
Lewis [33, p. 155].
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Industrialization also is promoted for political reasons. Two reasons are
 

frequently cited. First, in the interests of national security, a certain
 

amount of self-sufficiency in manufactured and 'iapitalgoods production may be
 

desirable. Second, many ngwly independent countries have a strong desire to
 

reverse colonial economic patterns 'basedon export of primary products and
 

14
import of consumer goods for local consumption. Many countries place heavy
 

emphasis on industrializ,'tion in their development plans to circumvent this.
 
15
pattern.
 

It is sometimes argued thatl industrializationrc'conditions :culturalvalues
 

16
manner 'athat favors further.development. -6 Industrialization supposedly 

modernizes the outlook of individuals and creates a more suitable environment
 

f6r technological 'progress.
 

'Thus, a milieu .of-economic,:"sociological,-political, andhistorical.
 

facors may 'interact to make industrialization,'attractiv'e,as; aipolicy. It
 

d6es 'not h owever make-industrializati on :imperative -There.may well .be
 

certain"underdeveloped countries,:that will find specialization-in traditional
 

and 'iprimaryproduction to be.profitable. Some of the reasons favoring agri-


Cultural'develoment'are .reviewed in ,the-followinasection,
 

Agricultural Development::
 

;An'.-obvi6us reason ±£or' emphasizing.agricultural;development-in less­

devel6ped 'economiesIis :its'contribution :.tothe growth,ofqtotal andper capita
 

14Myrdal [41, pp. li51-152j-refers to:this as the,Co munist-doctrine-of
 
colonial exploitation.
 

15The failure of industry to develop under laissez-faire poiicies is
one
 
of the arguments advanced to Justify development planning. See:Meier
 
[37, Ch. 8].
 

16An interesting attempt to empirically identify the relative importance
 

of certain social and political elements on the potential for economic devel­
opment has been made by Adelman and Morris [1].
 

1 
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product. In many less-developed economies, agriculture frequently contributes
 

from 40 to 50 percent of the net output-and employs over half the labor
 

force. 1 7 If agricultural output does not increase, the rate of growth of
 

national income will fall short of growth in nonagricultural income. With
 

the advent of the green revolution in agriculture, the possibilities for
 

tremendous increases in agricultural productivity and output has led to in­

creased emphasis of agriculture as a source of growth.
18 Also, failure to
 

increase productivity in agriculture will tend to skew the Lorenz curve even
 

further, unless the creation of employment opportunities in nonagricultural
 

pursuits permits sufficient migration of labor out of agriculture to offset
 

19
 

these productivity increases.1
 

A second type of benefit cited for agricultural :development is the various
 

stimuli.resulting from increased,demand,formanufactuied goods, These in­

crdased .demands,: opportunity for .other sectors
from,.agriculture, ,propvding-an 


20
 
to develop, havebeen designated !as market',contributions. ,,Market..contribu
 

tions are essentially of two types: The development Of agriculture may
 

17Kuznets presents data for 1958 indicating that for 12 cotintries with
 

gross domestic product less than $200 per capita, 46 percent of the product
 
originated from agriculture and related industries while employing 57.6
 
percent of the labor force [29, p. 402]. Myrdal presents similar data for
 
various low income countries in Asia. For example, during the 1954-56
 
period, 57 percent of the income in Pakistan originated from agriculture,
 

while employing 71 percent of the labor force. The analogous figures for
 

South Vietnam indicate that 82 percent of the labor force was employed in the
 

agricultural sector but that this sector only contributed 34 percent of the
 
income [41, p. 4941.
 

18Mellor L 19] 
exhibits great enthusiasm over the developmental prospects
 

afforded by the green revolution. A more balanced viewpoint is presented by
 
Wharton [64].
 

1 9The disparity between agricultural and nonagricultural incomes is not
 

limited to today's less-developed countries. This disparity persists in
 

modern developed nations and has existed during the earlier phases of their
 

development. See Bellerby [2].
 

20See, Kuznets [28, p. 63].,
 

http:growth.18


increase the demand for off-fram purchases such as fertilizers and insecti­

cides. 
 Increased demand for consumer goods by workers in the agricultural
 

*sector is expected to result from increased incomes. 21
 

The process of economic development usually results in severe strains
 

on the balance of payments. Primary exports are frequently the principal
 

source of foreign exchange earnings in less-developed countries. In many
 

cases, expansion of agricultural output can contribute significantly to easing
 

of the balance of payments constraint through (a) expansion of exports if the
 

country is in 
a food surplus situation or (b) through import subsitit-inn if
 

the country is in a food deficit situation.22
 

The development of an investable agriculturai surplus also contributes
 

' 
to general economic development thrcugh the factors which may be provided
 

to'the nonagricultural sectors.23 
 Two types of factors generally arie con­

sidered,:- First, an agricultural surplus provides capital or, more correctIv;
 
funds for the purchase of material capital goods by the nonarcultural
 

sectors 
 In a free-enterprise system 'this capital can be transferredthroug
 

eitheritaxation or in the form of private savings. 
Kuznets [28, p. 69) 

21The strength and importance of these stimuli to the industrial sectors
 
will depend on, among other things, the size of the market created and the
seriousness of the balance of payments situation. 
The establishment of one
 
or more supply (or consumer goods) industries may also have second-round
 
effects through various linkages stimulating the establishment of satellite
 
industries.
 

22Industrialization in the absence of agricultural development will lead
to increased strains on the balance of payments in the short run for at least
 
two reasons. First, industrialization requires the import of vital capital

goods, which must be financed through either capital inflows or exports.

Second, as higher proportions of labor move to nonagricultural employment,

increased food is required to feed the nonagricultural population and must

be imported or deducted from the exportable surplus if the economy is a food
 
exporter.
 

23Nicholls [43) discusses the concept of an agricultural surplus and its
 
potential contributions to development.
 

http:sectors.23
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suggests that the burden of taxation on the agricultural sector frequently
 

exceeds the extent of the services provided to the agricultural sector by
 

government spending. The residual benefits accrue to nonagricultural sectors
 

either in the form of social overhead capital or a subsidy to a particular
 
24
 

industry or industries. Private savings may be used to finance the purchase
 

of essential capital goods in ncnagricultural sectors, either through lending
 

25
 
or direct investment.
 

The second type of factor provided to the industrial sector is labor.
 

The release of labor from food production is possible only when a marketable
 

surplus of food is being produced. The transfer of labor implicitly involves
 

a transfer of capital in the form of human capital since the agricultural
 

sector has financed the rearing and training to maturity of migrating laborers.
 

In earlier'discussions of development, the provision of labor for industrial­

ization was considered to be one of the principal contributions of the
 

agricultural sector in the earlier phases of development.
26
 

The emphasis now seems to be shifting to providing employment for the
 

24Mellor suggests that the central issue in agricultural developmental
 
policy is "what level of taxes or other means of capital transfer can be
 
placed on the agricultural sector and under what circumstances?" [40, p. 27].
 
Schultz thinks that Mellor goes too far in his taxation proposals [56].
 

25Owen [47) discusses another type of forced intersectoral transfer of
 
agricultural surplus. This transfer arises from the asymmetric market
 
structures existing in the farm sector (competitive) and the farm supply and
 
processing sectors (monopolistic and monopsonistic). Owen argues that this
 
market structure leads to an efficient means of intersectoral taxation since
 
the farm supply and processing sectors manage to extract any profits arising
 
from productivity increases in agriculture. These profits accrue to these
 
farm supply and processing industries where they can be used for industrial
 
capital accumulation. Owen also discusses the extraction of the agricultural
 
surplus in the "Communist" model of development.
 

26See for example, Lewis [33) and Johnston and Mellor [22].
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rapidly expanding labor force.
27
 

Economic historians have compiled considerable evidence on the "necessity"
 

for increases in agricultural productivity to sustain economic growth.2 8 In
 

this connection, Kuznets concludes that "...an agricultural revolution - a
 

marked rise in productivity per worker in agriculture - is a precondition of
 

the industrial revolution for any sizeable region in the world.''2 9 
 Based on
 

a review of the historical development of a number of nations, Nicholls reached
 

a very similar conclusion when he stated that "...until underdeveloped coun­

tries succeed in achieving and sustaining (either through domestic production
 

or imports) a reliable food surplus, they have not fulfilled the fundamental
 

precondition for economic development" [44, pp. 366-367]. Eicher and Witt go
 

so far as to state that, "Economic historians generally concur that there are
 

no cases of successful development of a major country in which a rise in
 

agricultural productivity did not precede or accompany industrial development"
 

[10, p. 8].
 

Based on the preceding summary, it is apparent that the issue of indus­

trialization versus agricultural development has not been resolved. 
Agreement
 

2 7Compare the change in emphasis between Johnston and Mellor [22] and
 
Johnston and Cownie [21]. See also the recent articles by Todaro [61] which
 
suggest that the current interest seems to be more concerned with providing

employment rather than releasing additional labor from agriculture.
 

281n this connection, Gerschenkron [15a, p. 357] suggests, "There should
 
be a fine on the use of words such as 'necessary' or 'necessity' in historical
 
writings. As one takes a closer look at the concept of necessity as it is
 
appended to prerequisites of industrial development, it becomes clear that,
 
whenever the concept is not entirely destitute of meaning, it is likely to
 
be purely definitional: industrialization is defined in terms of certain
 
conditions, which, then.. 
 are metamorphosed into historical preconditions."
 

2 9Kuznets [30, pp. 59-60]. In another statement, he suggests that,

"One may conclude that a substantial rise in productivity of resources in the
 
domestic agriculture sector is a condition of the large increase in overall
 
productivity in modern economic growth" [29, p. 120].
 

http:growth.28
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probably will never be unanimous regarding the "best" route to development.
 

The general trend in the literature seems evolving toward the view that there
 

are certain complementarities between agriculture and industry which should be
 

exploited. Essentially, it is the purpose of this study to investigate the
 

agriculture-industrialization issue. In the following seclion, several al­

ternative methods of investigation are discussed.
 

ALTERNATIVE METHODS OF INVESTIGATION
 

Three alternative approaches t~o the investigation of the industrializa­

tion-agricultural development issue are briefly discussed in this section.
 

These are the interdisciplinary approach, the examination of economic history,
 

and development theory.
 

Interdisciplinary approach
 

It has been widely acknowledged by economists that cultural, social,
 

psychological, and political factors are extremely crucial elements in the
 

development process. Unfortunately, these factors are too frequently simply
 

dismissed as necessary "preconditions" for economic development or given a
 
30
 

very superficial treatment. Whyte and Williams suggest that a major obsta­

cle to conceptual integration of development research by economists and other
 

social scientists is the difference in case size. "The economist generally
 

focuses his analysis at the level of the nation, the economy as a whole, or
 

some nationwide sector (the agricultural sector, for example). ....Sociolo­

gists, anthropologists, and psychologists occasionally give attention to the
 

nation level, but their studies are more often concentrated on the behavior
 

30See, for example, Tinbergen [60, pp. 3-4] and Rostow [51, p. 11]. 
 Hoselitz
 
[19, p. 53ff] suggests the preconditions that Western economists have in mind
 
all too frequently are based on the type of socio-political organization that
 
prevailed during the development of certain "Western success stories."
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of particular individuals, groups, organizations, and communities."
3 1
 

The issue of industrialization and agricultural development has been
 

discussed almost exclusively at highly aggregate or national levels. Most
 

noneconomic discussions have involved the socio-economic implications of
 

urbanization and transformation concomitant with industrialization. Very,
 

few noneconomic discussions of the industrialization-agricultural development
 

issue have considered micro aspects of the problem in any detail. Perhaps
 

the most important contributions from an interdisciplinary approach'to prob­

lems of development are to be made in the area of microdynamics. Several
 

issues need further elaboration. [Brewster (5)] cites sociological and
 

psychological factors as barriers to change. Lewis (33, p.-159) discusses
 

the need'for the emergence of a new class of people.: These issues seem
 

important to a full understanding of the process involved-in transforming an
 

underdeveloped economy.
 

Economic history and growth stage generalizations
 

Recent interest in the economic history of development has been aroused
 

by Rostow's concept of stages of economic growth. Ruttan differentiates stage
 

theories into three classeL, whichhe terms industrial fundamentalism, srruc­

32,

tural transformation, and leading sectors. ' He concludes that, "All three
 

stage theories...treat the transition from an agricultural to the industrial
 

,
society as a major problem of development policy. Rostow's system isi'ho ;wl
 

3 Whyte and Williams [65]. This allegation regarding the case size for
 
economists appears to overlook a number of microeconomic studies relating to
 
peasant agriculture. See, for example, Sen [58) and Georgescu-Roegen [15J.
 
It appears that the best prospects for theoretical integration are at the
 
microeconomic level where the actions and attitudes of individuals can be
 
studied. However, most of the studies relevant to the present investigation
 
seem to be highly aggregated, nationwide studies.
 

32See Ruttan [53, 54].
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ever, the only one which clearly specifies a role for the agricultural sector
 

in the transition process" [53, p. 22].
 

In his evaluation of the contributions of the stage theories to develop­

ment policy, Ruttan reaches several conclusions pertinent to the present study.
 

These are:
 

"Clearly Rostow's leading sector model and the agricultural
 
development approaches have helped focus attention on the
 
critical role of the agricultural sector in the development
 
process. Although agriculture may not contribute as a leading
 
sector, over long periods, the historical record is consistent
 
with the proposition that failure to achieve a technically
 
progressive agriculture can dampen the whole process of economic
 
growth...
 

"The leading sector concept does add a potentially useful tool
 
to our analytical capacity...
 

"'The basic limitation of the growth stage approach when employed
 
as a guide to development policy is that it substitutes a search
 
for economic doctrine in the form of historical generalizations
 
from a limited historical sample should...be based on observa­
tions drawn from the same 'population'...
 

"...emphasis on 
the 'take-off' and the differentiation of
 
'stages' in both the general and agricultural stage approaches
 
represents a 'blind alley'...
 

"...a taxonomic scheme, utilizing growth stages as labels in Its"
 
filing system, may represent a potential contribution to the
 
analysis of economic development."[53, pp. 32-33]
 

In particular, the lack of analytical power precludes thie ,!histori l"
 

approach in the present study.33
 

Dual-economy models
 

The third approach, the one adopted in this study, is through the use
 

33For criticisms of*RostoW's version of growth ,stages, see the papers
 
by Kuznets, Gerschenkron, Solow and others-in Rostow [52].
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of specialized, general equilibrium models known as dual-economy models.
34
 

The term dual-economy arises from the act that economic activity in many less­

developed nations can be divided into two distinct types of sectors. Various
 

names have been given to these sectors, such as the capitalist and the sub­
35
 

sistence sectors, the advanced or modern sector and the backward or tradi­
3 7
 baa etr 36  sco.
 

tonal sector,36and the industrial and agricultural sectors.
 

The analysis of less-developed countries through the use of dual-economy
 

models originates with the classic work of Lewis [33, 35] and has been ex­

tended by Jorgenson [23, 24, 25] and Fei and Ranis [12, 13, 14, 49].38 The
 

34Ruttan [54] differentiates dualism into two types! 
 static and dynamic.
 
Static dualism, which includes sociological dualism and enclave dualism, re­
lates primarily to the cultural and technological characteristics prevailing
 
in many less-developed countries. Ruttan suggests that these technological
 
and cultural characteristics are the basis for many of the assumptions made
 
in the dynamic dual-economy models. This section deals with the models Ruttan
 
has classed as dynamic.
 

35Lewis [33, p. 146]. The capitalist sector is defined as "that part of
the economy which uses reproducible capital and pays capitalists for the use
 
thereof... The subsistence sector is by difference all that part of the econ­
omy which is not using reproducible capital" [33, p. 146-147]. By these de­
finations, the subsistence sector would include the majority of services.
 

36jorgenson [23, p. 311]. "The economic system may be divided into two
 
sectors - the advanced or modern sector, which we will call, somewhat inac­
curately, the manufacturing sector, and the backward or traditional sector,
 
which may suggestively be denoted agriculture."
 

3 7Ranis and Fei use these ter-s as short-hand terminology for Lewis'
 
capitalist and subsistence sectors but "...underscore the absence of any
 
necessary one-to-one relationship between the subsistence sector and agricul.
 
ture, or between the capitalist sector and industry..." [49, p. 534]. In
 
their later work, they fail to mention this qualification [12, p. 4].
 

3 8Ruttan [54] considers the work by Lewis to be a bridge between static
 
and dynamic dualism. The reason for this is unclear since Lewis' model is
 
definitely dynamic, although not rigorously and explicitly specified as the
 
models in the works of Jorgenson and Fei and Ranis. Also, there is some
 
question about whether Fei and Ranis or Jorgenson contribute much besides
 
rigor to the analysis of Lewis. With rigor, however, there are inevitably
 
more stringent simplifying assumptions, some of which are rather difficult to
 
accept. In the words of Lewis in commenting on the work of Fei and Ranis,
 
"The mathematics seems impeccable; it is the assumptions that are odd... One
 
must pay tribute to the geometrical ingenuity that makes it possible to bring
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models developed by these researchers are not reviewed in any detail. The
 

relationship between these models and the models developed in this study is
 

indicated later.
 

Perhaps the most sericus shortcoming of these models is the neglect of
 

the intersectoral markets for factors. -Only labor is considered in inter­

sectoral factor trade. In the light of the recent green revolution in agri­

culture with its high response to agricultural inputs such as fertilizers and
 

chemical pesticides, neglecting intersectoral factor trade seems unrealistic.
39
 

A second shortcoming common to these studies is the asymmetric treatment
 

of the investment problem. All. studies arrive at the conclusion that an
 

agricultural surplus is a necessary condition for sustained development,
40
 

and all emphasize the contribution made by this surplus to capital accumula­

tion. Only Fei and Ranis, however, consider the desirability of investment
 

in the agricultural sector. This consideration is not subjected to the same
 

rigorous analysis as 4 1 
investment in the industrial sector. Given the supposed
 

Footnote 38 continued from Page 17: so many variables into a stagnant equili­
brium. But of course, the value of a model is in direct proportion to its
 
relationship to reality'" [32, pp. 159-161].
 

3 9Kuznets [281 and others have indicated demand for manufactured inputs
 
is one of agriculture's "contributions" to economic development.
 

4 0Jorgenson [23, p. 324] and Lewis [33, p. 173]. Fei and Ranis actually
 
argue that "balanced" growth between agriculture and industry is desirable
 
[14, p. 190]. Nicholls [43] also demonstrates the importance of an agricultural
 
surplus. All these demonstrations depend crucially on the assumption of a
 
closed economy. Only Lewis and Nicholls, however, seem to recognize the
 
limitation of their conclusion.
 

4 1Their discussions of investment in agriculture take on the appearance
 
of an afterthought. For example, in the formal model presented on pages 28
 
and 29 in [12] no allowance is made for investment in agriculture. Then they
 
suggest that, "The mutually beneficial relationship between the industrial and
 
agricultural sectors of the dualistic economy is due to the fact that, from
 
the viewpoint of the agricultural sector 'access to the agricultural sector'
 
stimulates agricultural productivity and from the viewpoint of the industrial
 
sector, 'access to: the agricultural sector' increases the savings fund"
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importance of the development of the agricultural sector, questions to be
 

.asked-are: 
 Should there be a net inflow of savings into the agricultural
 

sector in the earlier (or later) stages of development? Under what conditions
 

does investment in agriculture tend to be desirable? None of the persons
 

dealing with dual-economy models has analyzed these questions, or even posed
 

4 2
 
them.
 

The third common shortcoming of these dual-economy models is the neglect
 

of the role of the government in the developmental process. It is now widely
 

recognized that the government's role in less-developed countries is extremely
 

important. 
Use of development planning to speed the process of development~is
 

a reflection of this importance.
4 3
 

THE MODELS: A HEURISTIC EXPOSITION
 

The models developed in this study are more elaborate than most models
 

to analyze the development of dualistic economies. Three distinct but closelv
 

related models are discussed. For convenience, these models are referred to
 

as the decentralized model, the centralized model, and the food aid model. 
 In
 

this section a heuristic description of the models is provided.
 

The decentralized model
 

Intersectoral factor flows of labor, capital, and manufactured goods are
 

examined in a five sector optimizing-model involving three products, agricul-


Footnote 41 continued from Page 18: [12, p. 34]. A logical question is to
 
enquire how productivity is "stimulated" in the absence of any real resource
 
demands.
 

42
 
In a recent article, Dixit purports to demonstrate that, "Even a target


,f rapid industrial growth is shown to lead to balanced growth in the long run;
 
and, if capital is very scarce at the beginning in agriculture, an initial phase
 
of specialization of investment to agriculture is shown to be necessary [8a, p.2031.
 

4 3For a list of countries which have formulated national plans, see
 
Waterston [63, Appendix III].
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tural goods, manufactured goods, and capital goods. Agricultural goods,
 

which are assumed to be produced in two sectors, a subsistence and a commercial
 

sector, are used only for consumption purposes. The agricuitural goods by
 

these two sectors are perfect substitutes in consumption and consequently a
 

common price prevails for the output from these two sectors.
 

Capital goods are produced in a third sector of the model. Capital goods
 

are used only as factors of production and are assumed infinitely 
durable.44
 

The fourth sector in the model produces the third product, manufactured goods,
 

which may be used either for consumption or as nondurable factors of produc­
45
 

tion. Manufactured goods to be used either as factors of production or as
 

consumer goods are assumed to be perfect substitutes in production. In other
 

words, manufactured consumer goods and nondurable manufactured factors of
 

production (manufactured inputs) are produced by the same firms using the
 

"same" production processes. These firms are assumed to be indifferent be­

tween producing consumer goods or manufactured inputs, which leads to a common
 

price for manufactured consumer goods and manufactured inputs.
 

The fifth sector included in the model is the government sector. The
 

government has at its disposal the instruments of government expenditure.
 

Taxes are collected on all income. This tax revenue is used to invest in
 

social overhead capital for agriculture or in capital accumulation in the
 

manufacturing or capital goods sectors. The government is assumed to invest
 

in these alternatives in a manner that tends to maximize social welfare over
 

a finite horizon, where welfare is assumed to be a function of consumption
 

44 That is, depreciation is not included in the model. 
This simplifying
 
assumption is not necessary to the analysis. There is no reason to suspect that
 
any of the conclusions of this study would be appreciably altered by relaxing
 
this assumption.
 

45A nondurable factor of production is one comletely used in production
 

during the period of purchase.
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only.
 

The two agricultural sectors are differentiated by both technical'and
 

institutional considerations. Production in the subsistence sector requires
 

inputs of land, labor, and nondurable factors of production purchased from the

46
 

manufacturing sector. The commercial agricultural sector uses durable capi­

tal goods as a factor of production in addition to the factors used by the
 

subsistence producers. These durable capital goods are purchased from the
 
47
 

capital goods sector.


At the institutional level, labor employed in the commercial agricultural
 

sector receives a fixed wage rate. Employment is restricted so that the
 

marginal value productivity of labor equals the wage rate. Labor employed in
 

the subsistence sector, on the other hand, receives a residual income equal to
 

the total value of subsistence productin:less the cost of the purchased man­

ufactured inputs. Thus, labor in the subsistence sector receives a portion of
 

the income actually earned by the land.4 8 It is assumed that all income re­

ceived by labor is consumed (including land rent in the subsistence sector),
 

and all income earned on the capital stock is saved. The savings are used to
 

purchase capital goods from the capital goods sector. 
The rent on land in the,
 

commercial agricultural sector also is saved.
 

For simplicity, the supply of labor is assumed to be perfectly inelastic
 

46For example, agricultural chemicals such as fertilizers and pesticides.
 
4 7This does not include the substantial amounts of capital produced within
 

the agricultural sectors, such as draft animals and livestock. 
These forms of
 
capital are considered to be part of the "land" input. This assumption is
 
valid only if these forms of capital are not increased during the period under
 
consideration. These forms of capital may also be considered to be part of the
 
land input in the subsistence sector.
 

4 8Equivalent to assuming the subsistence producers are owner-operators
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throughout the period.49 
 Labor employed by the government in the commercial
 

agricultural sector, manufacturing sector, or the capital goods sector re­

ceives an exogenously fixed wage rate.50 
 This wage rate is assumed to be too
 
high to allow all labor to be employed since (a) the three advanced sectors
 

are assumed to behave competitively and (b) all factors must earn their mar­

ginal value productivity. 
Any labor which is not employed in the advanced
 

sectors finds employment in the subsistence sector where an average produc­

tivity (of the sector) is earned. The subsistence wage rate is assumed to
 

be lower than the wage rate in the advanced sectors, which, in effect, makes
 

the supply of labor to the advanced sectors perfectly elastic in the initial
 

phases of development (even though the entire labor supply is assumed perfectly
 

inelastic). 51
 

The amount of land is fixed in total supply and it cannot be transferred
 

from one sector to the other. (These two assumptions are necessary for
 

technical reasons which are discussed later.) 
 The former assumption may not
 

be.unrealistic. 
However, the Latter assumption is very restrictive inthe
 

49The implications of relaxing Lhis assumption are investigated in a
 
later section.
 

50Various reasons for a rigid wage rate can be given. 
Perhaps the least

objectionable and most plausible reason is that the laborers are organized in
a union and restrict membership to maintain this wage rate. 
Other possible

explanations include social legislation and unwillingness to work in other
 
traditional employment at a lower wage rate.
 

51As explained in the following sections, the marginal physical produc­
tivity of labor in the subsistence sector is This
never assumed to be zero. 

seems to coincide with the evidence cited by Kao, Anschel and Eicher [26].
Thus, withdrawing labor from the subsistence sector tends 
to reduce production
in this sector, and we are following Jorgenson [23] in this respect. However,
aperfectly elastic labor supply curve to the advanced sectors coincides with
the assumptions of Lewis [33] and Fei and Ranis [14]. 
 Jorgenson [24, 25]
made an interesting attempt to test the appropriateness of the assumptions of
 zero versus positive marginal physical productivity for labor. As Marglin
[36] demonstrates, however, Jorgenson's test depends crucially on the assump­
tion of unitary elasticity of substitution between labor and capital in the
 
industrial sector.
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context of the'present model and effectively precludes:the possibility of
 

transferring land between the two sectors.52
 

Production in the manufacturing and capital goods sectors requires
 

inputs of capital, labor, and manufactured factors of production. These
 

sectors are assumed to be organized rationally, and all variable factors are
 

employed to the point where their marginal value productivity equals their
 

cost. 
 The income received by labor is consumed, and all rent on capital
 

is saved.
 

Time is considered in a discrete manner. 
The government collects taxes
 

on all factor income. 
This tax revenue is used to accumulate labor intensive
 

social overhead capital (SOC) in either of the two agricultural sectors.
 

Alternatively, this revenue can be used to supplement the budgets of private
 

savers who use the funds to purchase capital goods from the capital goods
 

54
 sector. The government funds are allocated in a manner that maximizes the
 
welfare of the country over a finite horizon.55 
 This welfare is described by
 

a quadratic function of consumption of agricultural goods (food) and manu­

factured goods (nonfood). This quadratic function approximates Engel's law
 

in the sense that, as per capita consumption increases, the relative proportion
 

of'consumer income "spent on food declines.
 

Investment expenditures on SOC involves the hiring of labor from the
 

52The opposite possibility of "decommercializing" the commercial sector
 
is also precluded. This, however, is of much lesser interest.
 

53Within every period, the capital stock within each of these sectors is
considered a datum determined from the capital stock and investment in the
 
'preceding period.
 

54Investment in either SOC or private capital does not have any pay-off

until the subsequent period.
 

55In other words, the government draws up a development plan for the next
 
(say) 15 years.
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subsistence sector at the same wage rate earned in the advanced sectors. This
 

labor is assumed to engage in extension or similar activities that increase
 

the productivity of the specific agricultural sector to which it is directed.5
 

In other words, technical change in these two sectors is assumed to be a
 

function of investment:in SOC.
57
 

Two other alternatives for government expenditures are considered in the
 

decentralized model. These are investment in private capital in either the
 

capital-goods-sector or the manufacturing-goods-sector. Thus, in essence,
 

the government has a choice of investing in any one of the four sectors.
 

Private savings are assumed to be freely transferable among the three
 

sectors. In other words, savings from the commercial agricultural sector ean
 

be used to accumulate capital in either the manufacturing or capital goods
 

industries and vice versa. This is equivalent to assuming that there is only
 

one savings fund. These savings are allocated among the three sectors in a
 

manner that will equalize the expected marginal return in the subsequent
 

period of the last unit spent. This allocation is made under the naive assump­

tion that all prices and factor allocations in the subsequent period will
 

remain unchanged. In making their investment decisions, private investors
 

take into consideration the government investment in private capital in the
 

manufacturing or capital-goods sectors. (This condition is equivalent to the
 

assumption that the government announces its investment plans before private
 

investors make their decisions.)
 

Relative prices are endogenously determined in this model. It is assumed
 

that the welfare function reflects consumers' preferences with respect to the
 

56An alternative interpretation would be to assume the labor was engaging
 
in labor intensive capital accumulation.
 

57Technical change in the capital goods and manufacturing goods sector,is
 
assumed exogenous and productivity increases a constant percentage every year.
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consumption of agricultural and manufactured commodities. With the welfare
 

function viewed as an aggregate utility function, combining the utility
 

function with the aggregate consumers' budget retraint (labor income) implies
 

a pair of aggregate final demand equations for agricultural goods and manu­

factured goods. These aggregate, final demand equations, combined with the
 

derived demands for capital goods (for investment) and manufactured goods
 

(as factors of production), interact with the aggregate supply equations for
 

each of these goods to determine the relative prices of the goods. (The
 

price of manufactured goods is chosen as numeraire.) The aggregate supply
 

equations are derived from the assumed aggregate production functions.
 

Given the assumptions of a fixed supply of labor and the fixed wage rate
 

in all sectors except the subsistence sector, employment in the subsistence
 

sector is determined as a residual. The total labor supply is assumed to be
 

large enough relative to the level of the fixed wage rate and other resources
 

in the advanced sectors so that the resulting wage rate in the subsistence
 

sector is below the wage rate in the advanced sectors. In other words, the
 

labor supply is large enough so that, with the fixed wage rate in the advanced
 

sectors, a majoT proportion of the labor is employed in the subsistence sector.
 

Also, the ratio of labor to other resources in the subsistence sector is such
 

that the marginal value productivity of labor in this sector is lower than in
 

the other sectors.
 

A diagrammatic representation of the expenditure and income flows in the
 

decentralized model is presented in Figure 2 (p. 26). The five sectors are
 

represented as rectangles. The ovals represent the two groups of income
 

recipients, the capital owners and the laborers. Landowners are not included
 

as a separate class of income recipients. The rent earned on land is simply
 

attributed to the laborers in the subsistence sector and to the capitalists
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in the commercial agricutural sector. The flows above the diagonal line AA'
 

represent expenditures and those below the line represent income receipts.
 

Expenditure flows are discussed first.
 

The laborers spend all of their income on consumption goods. This con­

sumption expenditure is divided between agricultural goods (P1C1 ) and manu­

factured goods (P2C2 ). The expenditures on agricultural goods are divided
 

between the commercial and the subsistence agricultural sectors. Consumption
 

expenditures by labor are the only source of revenue for the agricultural
 

sectors. The manitfacturing goods sector, on the other hand, sells its products
 

to the two agricultural sectors (P2F1 + P2Fs
) and the capital goods sector
 

(P2F3) as well as to consumers. Hence, the manufacturing goods sector receives
 

revenue from all four other sources.
 

The capital goods sector sells its output (Y3 ) to either the capitalists
 

or to the government. The capitalists spend all their income on 
private
 

investment goods [P3 (1I+1 2+)1. The government has two classes
 

of expe-diture alternatives. The tax revenue that the government collects
 

may be spent on either SOC for the agricultural sectors in the form of wages
 

net of taxes [W(l-Y) (L s+LI ) or on investment goods for the capital and 

manufacturing goods sectors [P3 (i2+13)].
5 8
 

Turning now to the income flows, labor receives income from all five
 

sectors. 
 Employment in the commercial agricultural sector (L1), the manu­

facturing sector (L2) and the capital goods sector 
(L3 ) receives a fixed wage
 

rate (w). 
Similarly, labor employed by the government for subsistence sector
 

SOC (Ls) and commercial agricultural sector SOC (L1 ) receives the same wage
 

rate. Labor employed in the subsistence (Ls) sector receives a lower wage
 

5 8Actually the government expenditure on SOC is both an expenditure and
 
an 
income receipt since the entire expenditure net of taxes accrues directly
 
to labor.
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rate (Ws)'.'Capital owners, on the other hand, do not receive any payments
 

from the government or subsistence agricultural sectors since capital is not
 

used in those two sectors.
 

Net revenue 59 in the subsistence agricultural pector accrues to labor.
 

Part of this net revenue is rent on the land, which the laborers are presumed
 

to own. The net revenue in the commercial agricultural sector is divided be­

tween the capitalists' (who own the land in this sector) and the laborers.
 

Since no primary factors are employed in the manufacturing and capital.goods
 

sectors,. the net revenue in these sectors is divided between'the :laborers,"and,
 

capitalists as'wages and rent on capital stocks.
 

The centralized model
 

,_,The centralized model differs from the decentralized "modelwith respect to
 

the role of the government and in the allocation of investment funds. The
 

essential difference is that the government exercises complete control over
 

the allqction of both the private savings budget and the tax revenue in the
 

*Any rent accruing to capital is invested in expansion of
centralized model. 


the capital stock in the. commercial agricultural sector, ,capital,goods sector,
 

and manufacturing goods sector. Tax revenue can be used either to expand SOC
 

:in. the .agricultural-sectors or,to augment the private savings budget. :That is';
 

or the tax revenue
taxes can.either beufed to hire llabor for -SOC projects, 


catbe use d .,to purchase capital )goods-from the capital goods sectors. The
 
. . ,:1, .'.k , . .. - - -; : .. 


same.,criterion is.used-in the allocation of both private savings and tax
 

revenue. Specifically, this'criterion is the maximization of welfare over the
 

:59 F 

Net revenue -inthis section is defined as- total revenue less the,Jcost
 

of.purchas'ed 2manufactured inputs and 'taxes.
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finite horizon being considered.60
 

This brief introduction to the decentralized and centralized models has
 

been provided so 
that the reader has access to the principal: aspects of the 

study without reading the more technical sections that follow.. The major 

conclusions are summarized in' the following section which.-isi-followed by a
 

separate anaiysis of food.aid.
 

THE DECENTRALIZED MODEL 

We now turn to a more technical 'analysis'of agricultural'development in
 

relation to over-all.economicdevelopment ;/Although the decentralized model
 
is discussed first, the notation used 
 lysis n sections
 oneu also applies to the ana s ec on 

which follow immediately. The 'following notation is used: 
 Variables are 

denoted by upper case Latin letters. Parameters are denoted by Greek letters. 

Lower case Latin letters'and Arabic',numerals subscriptsare either 'o ,varia­

bles or parameters. All parameters,iindexes',and-variables are :'nonnegative 

.unless otherwise indicated. Subscripts.on variables include.s 2 subsistence 

agricultural sector, I= commercial agricultural sector, 2- manufacturing 

sector, 3 = capital goods sector, and t = time period (discrete). The 

variables are asfollows:
 

Y production of goodi., (i = s, 1,:2, 3). 

Fit = use of manufactured goods (originating from sector 2) as a factor
 

)f production in sector 1, ( = s, 1, 2, 3),. 

60 s reformulation of the model has the vir . e of simplifying .several 
very difficult technical aspects of the model, as well as relaxing one very
restrictive :assumption regarding investment. Specifically, the equations
relating to investment in the decentralized model are so complicated that they
are unmanageable unless investment is assumed to take place in every sector
 
in'every time period. It is this assumption that is relaxed in the central­
ized model.
 

,.Some readers will prefer the more rigorous presentation in followina 
sections'.
 

http:considered.60


C1; = consumption of good i, where i = 1 denotes agricultural goods and 

i = 2, denotes manufactured goods. 

K;t(:capital stock in sectori available for production during period 
, 

labor employed,in sector.i, (i,, l;;,'2,
Li = =; s", 3).,
 

=
L' '
labor employed by the government in the raccumulatibn o socal 

overhead capital (SOC):r sect ( . 

P =price of.oodi' (1 =A, , 3) and P i 

.i! =pri-va te.cap ta 1 accumulationcin-mlto isector(i:-, 2'- 3)(i.,' 


u cor governmentca 'ac'uti'in 0
 

G ;= level of SOC in sectoriL, (L' s, 1).
 

S=government ,expenditurein'sector i, (i .s.... 2..3)..
 

B, :v,amount-,of land, in sectori,;(L= .s d,
 

ta k receipts in.: period,t.
 

•Z Lagrangean multiplier corresponding tthe i-.th constraint in
 

period.t.
 

The parameters are:
 

1 ~ .~rl~l' -~l2'~a nd 4.2 ,are parameters of the quadratic welfare 

function and will b discussed in detail below. 

,a, "intercepts" of the Cobb-Douglas form of production :functionsector. 

,-: ;
.::, k::i;k. ,: ?).!? 
X., . .1'elasticity of production" of! SOC, -ini.:the ag itur'l-seI' orsi 

Wd ,,, 7pinstitutionally' fixed! wage ,.rate"in. of 'manufac'ured' 6bodis-terms-

= elasticity of production of factor J, sector s, ( 1, 2, 4) :4. 

2
e 1of -- ou ooi ac or , sector l, (j 14'2" 3,1,)..
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Yj = elasticity of production of factor J, sector 2, (j = 1, 2, 3).. 

6= elasticity of production of.factor j, sector 3, (J. = 1, 2,3), where 
j 

j= 1 refers to manufactured inputs, j 2 refers to labor inputs, 

j.= 3 refers to capital inputs, and j 4 refers to land inputs. 

T = terminal period of the plan (i.e., t = O, 1,...T,), 

e- =,exogenous rate,of6technological,change in the manufacturing and 

capital sectors 

S= marginal (= average) tax rate) 

p =socialdiscount rate on welfare. 

Some modifications and additional variables are .introduced for the 

centralized model discussed later. 

The-Welfare'Function
 

Welfare,Ln any,one period is ,considered,,a quadratic.function of aggegate
 

aConsumption of manufactured and' agricultural1goods.r
62 

The objective of the 

government is to maximize the welfare function over a finite horizon of T 

periods, with welfare in future periods discounted to the present at the :cn­

stantorate, or maximization of
 

T 2 ,2 . -
V = '(Pi, 4- U2C2t -C4 t C+Cl 2 t - P 2202t)(i + P)) () 

,The ielfare functi6n misassumed'to h'ave'the f611lWing-"charactetristics.
 

Inany period _t- the margihal welfare'of increased '6onsumptionis "positive; 

6 2Since the labor force (and population) is assumed to be constant by
 
nature of the product and income distribution assumptions, this is equivalent
 
to maximizing a weighted average per capita consumption, where all subsistence
 
employees consume at one rate and all advanced sector employees consume at
 
another (higher) rate. The weights in the average are the proportions of the
 
labor force employed in the subsistence and advanced sectors.
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2Il lClt'+ i2Cr2 e)("+"PW" O2) (>" 

it 

and 

-t 
t - 1 2 C11 2 2 C2 t)( + p) ,( 2 +- 22(3)_ 0. 

Without loss of generplity- consumption ,units can 'be chosen so that 

C10 = C20 7 .. The relative magnitudes of the various.parameters of.V are'­

:.assumed such that - 2 -+ P > + p 2 - 22 t- is, in,hl iniT 

period, a.margin.al increment in food-connmptibn wilcontribute more tQ 

2p: I/C~ 


tamned frmadtoa in "enet.of *food decreases at a more rapidd.rate than
 

marinal welfare from additonal units of nonfood consumption. The foregoing
 

,3V/BCt-.. < =: 2 .< 0. That.is,.; the marginal,welfare ob­

1' 2 t, 22 

assumptions alsoimply that agriculturaland manufactured goods are> mpl­

mentary in cons;umption and hat he welfare--function is negative:definit .
 

Every negative definite quadratic form.has.an unconstrained maximum,
 

which is:defined by.•thefirstrorder condtions. In the: case.of" (l) the
1) 


values of. the variables C1 and C2 at the optimum are given by seting (Z) ana
 

(3) equal to zero and solving. The unconstrained maximum is glven ;by ,.'the.
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system
 

[ci] [...P22 412 1 

whereiD =.ll2 >: .I0. 'It.can readily beso wn that C > iven the' 

assumption -thatPI/P < (241 in additio to the assump­
1 ll2 2/242 

63: 7 
tions listed above. This impliesthat at-the saturation point" consumers 

prefer relatively more manufactured goods than at the initial income levels, 

Isowelfare lines corresponding to a cfuadratic'form .in which the para­

meters satisfy the foregoing assumptions would exhibit,the general shape
 

represented inFigure 3 (p. 34). 'The maximumoccurs at the point denoted A,
. . . . . - . . p. . \ -


In the initial period, consumers would be consuming-one unit of each good and
 

the terms of trade ,(TT) implied 'by the isowelfare curve .at that Doint would be
 

C1 2 -2 

Moving along the ray OR tends to move, the TT agalnst the agricultural sector 

sinceO < V/bC2 V/BC2 Hence, consumers .with preferences represented 

by this welfa're function are offered an equal proportionate increment of each 

good, and they will (in keeping with Enge1•s law) bid the price of agricultural 

63From (,M we have DC = 2p- + l-"2 and DC2 Pi2, + 22 
,: .: ' . 2 2 i .' 1 2 ...),' 11 12,I 

Differencing and collec ting terms we get (DC1-DC)- l1(2p2 -. 1 )-~~K~ 

we see that / p (2 4DC:DCDividing by the positive quantity IU2 (2121 -P 1 )• 2 22 1 .2w 1.O2).,,.2.:,, 2 

-., 112 . (2.,7 : . :2 ) (4,+ ,. 22P.).... <:,:.0.' 
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goods down relative to manufactured goods.
 

The maximum point, A, or the quantities-:ofCtjand' C2:indicated-by,-(4) -"is 

assumed unattainable within the finite horizon.m .In other words, it is assumed 

that the economy is at such a low level: of,:productive,.capacitv.in the initial--, 

period that., within theT Planning: periods .there will not be sufficient 'ex- : 

pansion in capacity.
 

We now turn to the constraints.on the system beginning with the sectoral
 

production functions.
 

ThehPiduct61i6 Fu6nt''ons
 

The!prbdiuction prOcess for each sector"is aCobb'D6uglas form of"produc tion
 
:funct Ion. I Output from :the sbsstene sector in period t is 

.S" =7 S S ,.St t.St*R' (6) 

Land input, B ,"is fixed throughout the perod.64 Labor.L ,.purchased inputs, 

and social overhead capital (SO), G5, are all variable. Purchased inputs 

include items such as fertilizers, insecticides, and similar, materials from 

the industrial sector. Labor, measured in man-years, is "productively" 

employed in the sense that withdrawing labor, other inputs remaining constant, 

would xeduce output., The SOC,.variab le is: explaine'd ' indetail below.' 

Production in the commercial agriculture differs: from subsistence 'agri­

cuture since capital isIus ed as. a fac tor 'of'. produc tion, or 

64­
i Since land is fixed throughout,the period, notation maybesimplified 

by defining a new intercept"a a= B 
S S S 

http:perod.64
http:of,:productive,.capacitv.in
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Asin'	subsistence, land is fixed65 while other factors are variable.
 
he following specificassumptions are used for production functions:
 

=
(A)-Ea 1; (B)= I =Z 1; (C)C = (D) ~2 '< 8 :'(' < 04 ...In addi-d; 2 EX 'I :a 


tion to constant scale returns under (A) and (B), assumption (C) indicates
 

equal 	elasticities of production for manufactured inputs in' the two sectors,
 

.nd (D)indicates a low6er productionelastic'it 
fordabor in the subsistence 

,sector,. together, the assumptions have 1,C >.+ ,, so.that the production
 

elasticity of land in the subsistence,sectoris ,greater than the combined
 

eiasticity of capital and land in the commercial sector. 
 S67nce.land is not
 

.variable, diminishing marginal productivity of nonland resouIces, assumption
 

(E)--"revails as. even investmentis made in SOC.. 

Production processes, in manufacturing and capital goods sectors'differ
 

from 'poducton in'agricultural sec'or':s .'since no primary or fixed factors are
 

in. .......... .-e.
, 
 gy mpr~oves at a constant exogenous rate of 100C nercent
 

peryearheproction fnction foi anufa is
 

.65,
A,-new intercept is defined as O. "BO4
 

66

• ., cap*.a- -l a s'E 

cnange in, labor input"has a,larger.output response,in sector 1 than a smal 

Since 	laboris,,combined,with capi.taini Ismalntallthehe comeCmmerc'iil- 'seiat~drs 

change i la r.input 
 t
 

Land is more intensively: cultivated in,the subsistence sector.
 
. Sincea
>'.O ...­.......... 4 > 44 in4.c'gthis applies to sector sbas well'as sector 1,. If
a or .­. e.,u;- d,. .-. e'......­

> ,,: LgfX % 
 ru ns would be permitted and lead to prob­
lems.'of nonconvexity. For this ,reason,.land resources are"kept fixed.
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•andr~"fbrL capiltal" 'goOds":is ' 

=U(i ) F2 I. , (9) 

Production in, the manufacturingad -capital,-goods-.,,ectors 'thus* is .assumedc 

be a function of manufactured inputs, labor, and capital inputs. Both sectors 

use their own output in production
 

'
The next set of"constraints discussed are those.6f-factor availabilities. 

Before explaining these, we discuss the role of the government sectorin the 

decentralized model. In the section below,' the various, types of government 

expenditure are explained. .,A' continued discussion of the constraints follows
 

on the next section.
 

Government Expenditure and SOC 

In every.period,jcnegovernment,collects taxes on all income at acon 
Y , LI I 11 . , n­

.stant.aye ageandmaginal rate,.. ,.Tax receipts inevery period M, are
 
v ..•" d"..' gi9al evry peid -M :are 

proportional toincome,.j Initially,: 
overnment expenditures are assumed to 

equarltax receiptpsin each,period, and-no rovision is made for foreign aid, 

deficit financing, or surplus budgets. :The effect.,of foreign aid is analyzed 

with the., centralizedimodel in, a ter section..,, The government has four ex 
pendituzre alternatiCes,(denoted .,,9o to each sector.
e Thus
 

..The.assumption of,,a constantmarginal and.averagetax rate isnot.a
 
ncssary assumption. ,,Te tax rate could .actually be consideried as.an
 

ins trumental variablei,
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C E =M
i it t 

Expenditure in the agricultural sectors is.used to accumulate SOC, which 

Thus, Eitis accomplished by hiring labor at a fixed wage rate,). 
L 

(i = s, 1). This labor engages in various extension, general educational,,and. 

70 

other activities that increase productivity in the agricultural 
sectors.

Since labor employed in these activities is specific to either the
 
.......
 rnmenet is conifronted.
 

eo
commercial or the subsistence:agricultural sector! theg 


sectors
with Choice of investing' n,none,. one:,or both sectors. in these 

is defned!i termsof a c Thati iSa' 

+ (10) 

and
 

I ii . I.:-+ ,. 1 1 TI ...,(,::: , 

.a nex: othee s..t awhere Gii., ( e sg-

sector' iii iil per od. E,"s'(10) an&(ll) sugg t 

ti~ s'made in-period'of SOC'is' cumnuLat'iVe. If'iiivetmenineijctensinact' 
t, thpIayoff isnotrealized initially until t-4,i, ;"IbuE' is,forthcoming all 

subsequent periods.
 

,Tw alternatives of A'ifferent niatuie are aVailable:"'The"government 

can invest in capital 'acumulationin.'either' the manufacturing,or thecapital
 

70.
 
An alternative interpretation is for this labor to engage in labor­

intensive capital accumulation such as a road or dam. Labor-intensive capital
 
in his discussion of capital
accumulation also is assumed by Lewis [33, p. 161] 


accumulation by means of monetary expansion.
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goods sector. In the manufacturing goocs sector, the government must purchase
 

investment goods at the market price, P3t' and the amount spent on government
 

investment ifi'se'tr'2, ."These
P 2 investment goods are combined
 

with theaita'l s~tOckavaijable duri'ng period t in sector 2 and used in
 

producein 'inp iodt:
f , Government e:xpenditure,"'on capital accumulatiOnin 
the capital goods sector is similar with E3 t = 

.... ... 3.t ,.3t 

These touralternatives provide the'governmen't an investment: In.
'cho ice. 


the two agricultural sectors, technological change is a function of government
 

investment in SOC. 
 This investment tends to:offset :diminishing marginal
 

productiVity from a fixed Jand input acting as an "additional factor." 
 If
 

agricultural outputis: expanded ,.through,publi iinvestment, the government :must
 

deci'de whether to invest in the :commercial sector, the subsistence sector, :or
 

both.:,.jiL.
Itf..the 'gov.ernment i6,to have..a ,legitimate choice,. there must -be alter­

native uses,-for,: funds.jthat contibute o,weirare.-
 uovernment investment,in
 

manufacturing rgoods,..will-have.,both.direct and indirect effects :on welfare:
 

Ourpur.wiL., De.,available forboth consumption _(direct effect) and for use,as
 

a.tacror,. o. ,proauctionin,.all sectors.,(indirect effect),.,Jnvestment in the, 

capira ;gooas,.secror pas its pay-oftf only, in-increased productive capacity .of
 

tnis 'section in the .subsequentperiod., Since capita ,goods 
are not consumed.
 

this increased capacity.must.,be transferred to .either. ,the commercial agricul.­

tura 1 or the manuxacrurng- sector,,betore .any. pay-off in.welfare is rea-lized. 

Thus, :'.if. the government-,invests in :apacity expansion in captal, goods,. pay­
off lags-(two periods., But, in all other sectors 4thelaisasin l 

If ith, government~chOoses to inyest ,in ,SOC' ,there .isthej ,add d: pay -of'' , ob 

creation .during the current,period.
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FACTOR AVAILABILITIES
 

Land
 

Land I.s assumed fixed for both agricultural sectors and there is no
 

provision for its transfer between the subsistence and commercial sectors.
 

The tno-transfer provision effectively excludes the "commercializing" of the
 

subsistence sector.
71
 

Labor and wage rates
 

Labor is mobile among the sectors and "total."labor, L, is employed, Thus,
 

STI +L +V. 1"+.T;1 *1.2* L (12)st2t'~ ~il 

Wag:lrates ;.,measured, in,-terms' 'oftanufactured consumer! goods-!'indicated 

by wf are alssumed-t.o b'e" sticky 'ins a downward direction in all sectors exceptl 

subsisten~ce.agriculture. In words, labor,receives a waother fixed'wage,. 

except-in subsistence -agriculture,,.LaborAin 'the 'advanced 'sectors'is paid ,its 

marginal,value -productivity,;"i'Labor ulnab le to 'find"'a-j ob i'n.l advanced 'sectors 

at ,this ~rate' employed,.in't°esubsistence sector." It'-is-ass'umed"that"there 

are,not"renough jobs in -thel 'advanced: sector' to permit -all,-labor 'to earn the" 

wage 'rate,W. uIConsequently'thereis ,surplus Ilabor" in the "economy, and';the 

marginar'-value proauctivity o0 abor. in"the subsistence sector' 'is less; 7tha 

w. (The,'supply' ot laborr to. the' 'advanced dsector thus"'is'.perfectly',at al"fiid 

wage rte.).. This .situation prevails until' so much labor is withdrawn from the 

subsisten~e s"c-~to~r;,th'at'' -th'ie"mar'g'al "productivity "of, laborin'tilthe''sulbs isten'
 

1This Very :restrictive,assumption'.precludes certain developmental possi­

bilities:andis "used to present problems of 'nonconvexity.
 



- 41 ­

sector increases sufficiently to 
force up the real wage rate in-the advanced
 

72
sectors. 


Manufactured Inputs
 

The output of the manufacturing sector may be used either for consumption
 

or as a factor of production in other sectors:
 

Y2 p + F 7 (13)C~2 st 21 3t CSt + (13) 

Capital Stocks
 

A given stock ofcapital initially isavailable in all three advanced
 

sectors. This initial capital'stock i(denoted Ki1, 121, and K31 ) may be aug­

mented in subsequent periods through investment, which involves the purchase
 

or goods trom the capital goods sector. Once capital is placed ina specific
 

sector it is not transferrable to other sectors. Capital g6ods,:placed'in the
 

manufacturing goods sector is equally productive in all lines of production.
 

oince uepreciacionls ignorea, capitaL'in period t is the sum.of the
 

initial capital stock-and investments of all previous periods. Sincethe only
 

source of investment: funds in .thw rommeria.Lagricuiturai,,sector is trom pri­

vate savings, thezcapitasstock_ inperiod ,t,is 

I t 1.0 

Twosources of investment funds.,.public and private savings are available for.
 

72
 
Subsistence labor incoineis discussed in,detail in a later section.
 

Todaro [611 suggests that, in many less-developed countries, labor tends to
 
tigrate to urban centers even though jobs are not available.
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capital.accumulation in the manufacturing and, capital goods sectors, ,For the
 

manufacturing sector
 

,
i r2;r '11 9-
K~~'2~ 2 (15), 

-!and for the capital goods sector, 

- t-1. ­

3 tK 3 1 . ~(~ +1 ).l (16) 

I aclosed econony,investment goods must be purchased'from'the capital-goods
 

sector,:;,which has limited,.capacity. The capacity cons.traint is
.
 

Yt =I + It 1 +-.1 L 

In addition, ;a. limited sUpply of savings. can be utilized to purchase these
 

capirai gooas.
 

INCOME 'DISTRIBUTION'AND,FLOWSi 

In this-section, prices and outputs 'are,.assumed-to,be "fixdd."
 

Since: the government collects taxes at a constant rate, 4r, this is 6cui­

valent;to taxing government employees and all,output'net "of'ayments-for
 

,anufactured inputs. Thus. tax revenue is
 

PItYlt (I 2t..
 

(18)
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In each of the private sectors, net income after taxes is .completely+­

distributedamong the factors of production. 
Labor is assumed to consume all
 

of is ,income after taxes, but income earned.on capital is,saved.
73
 

bubsistence sector
 

Th4isubsistence :sector, like all the other private sectors, purchases
 

manufactured inputs 'at"the'market price. 
These factors;: are -empl'ed;at'a
 

level .suchthat MVP equals cost, or
 

p Y = p 
 (19)
 

The remaining income:,in-this sector,is,attributed;Lto labor, which consumes
 

all.its.income after,:paying -taxes,.i-Thus,.net 
labor, income -inthe subsistence:
 

sector is denoted as
 

...- : 0(.) 2 + )(20) 

where and,c indicate..the iconstant shares of output earned: by labr'and
 

land'-respectively_. Assuring that' the'income earnd by the land ,isconsumed
 

by,the peasant operators is equivalent 'to assuming the peasants own.the land
 

they are: farming,7and that,'.;tes'e subsis tence operators ,do' no: save., An 

aLternative interpretation is that the landlord fails to collect any rent.
 

73This is a stronger,-assumption than Lewis,'emplbys';: Lewis -allows for some
 
leakage from income accruing to capital [33, p. 1691. Fei and Ranis, on the
 
other:,hand, -assume
all income on capital is'saved; and'that some additional

savings are forthcoming from the agricultural sector where no capital is.being,

used [12, pp. 29-34]. Jorgenson [23, p. 3261 assumes that all wages are con­
sumed and that all income earned on capital is saved.: Only Lewis considers
 
public.Savings. 'As mentioned -above, the cons tant'marginal.and average tax
 
rate isf;ot-a:,necessary assumption.
 

http:saved.73
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By assUmptidn, we have 

+ "4) It St StI ( 

•,m sn. _t it th," ­
and 1ts,this assumption, 4ogli ,teassumpin of, lao nblt hch 

.resuLts,,:n., perrectiy .elac,$L.4.bqr,,Oupplyto -the'advanced sectors., 

Commerciai agriculture
 

Production in sector. 1 differs from' that 'in sect6r :'s- since capital is­

usedi the former. This capital', as for all other factors,'earns :its rnar'­

gina1.value productivity in every period. Labor is.hired at the constant .rate
 

W and',manufactured linputs .'are, purchased with .Iland,.'in .thei commerci:a sector ' 

74
owned'by !the)capitalists, the income distribution relat ions ,.respectively 

forimanufactured goods,, labor, and capitalis'ts ":.are 

: it: I t' ' 't. it (22) 

t= .'. , :and- (23). 

: k.K b (24) 

where, kit'and bit 'denote t!he ,rate of i-return on capital-,and 'land} respect±¢ely. 

Manufacturing and capital goods sector 

'Income distribution in this sectori is,iilar t;tthat.in• the capital­

goods sector. Only the coefficients.i differ. 'Since manufactured goods are 

"74The term capitalist, is. used, as an abbreviation, for.. :"owner of capital, 
stock." -The term capitaiist. does :not necessarily, imply private ownershipin. 
the sense that individuals'must own the capital.,. However, private ownership,
 
is perhaps the most meaningful interpretation for the decentralized model. '
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used-as. an input, in their manufacture.:.the MPP equa:hIb"iie, or 

2 t2 7 2 t2i lt:2t i 2t 2:t (25)..... 

For lab'b 

and 

29iP YL-(26): 
2-2t 2t, 

tP,e,capital: owners'receive the. income.earnedon capital 

'3,,2. -, k ,2t 

where Kaltl 
k2terrepresent thIpe-MVP 

(4for manufactured inputs 

sector, 

of 'capital 

and labor respectively 'in, - the' ca ital goods 

(27) 

* "'3t'::3t . 2t 3 t (28) 

and 

The iiibime' accruing' to' capita, owners' is": 

Y k' K (30) 
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where K3t is the MVP of capital. 

Labor income and consumption restraints
 

Under the assumption that all the income earned by'laboris consumed on
 

agricultural and manufactured goods, the only savings from this income source
 

is via government as taxes collected from labor. Since capitalists save all
 

their income, the aggregate consumers' budget restraint is
 

'
P 'P., C.: C ='l : ' ": (:- :)Y ¢ . " : Y ,P l '2 i P2 
:s :L .
P1].A t! :P2 tC 2 t-= i -/; '.:) tQj.' i;| ......' t .-+ 2: 2 t•2t 

+: 62Y3 P~ +";W(LS-+•L ") ) (31) 

i n
In,, add ition,-::i€onsump 16n-' .any pe-riod.of::the plan':.cnnot .fall below the:leveIti
 

at rained in/.,the. preolan :period as., 


and
 

..... ... ...(... .. )7
 

Finally, consumption of agricultural' goods cannot exceed Production.
 

Thee.incomeqearned: by-the capitaists usedto'accumulate,More.capial.
 

The of.all6ai 'og.alternatives
on'0f:(-these fUndS .is:.som4what.complicated an
 

75similar constraint ap'plies to the consumpti6of mafiwfactukred"oods
 
andimbias. es2.13)."
is gie 
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and is discussed in the followina section.
 

PRIVATE INVESTMENT
 

Investment behavior has been.a topicof controversy in economics. In­

vestigation of this controversy is nor ,tepurpose of this study. Hence. 

some simplifying assumptions are used,to specify investment decisions of the 

capitalists. Capitalists receive'a return from their capital stock in each 

period. This rent is used to accumulate more capica. by purchase of invest­

ment goods 'from the capital goods industry. Their overall budget constraint
 

thus is
 

73tIi +1 +~t (35)
 

wnicn requires , ne: value ot private savings: to equal the value of nrivate 

investment. 

Weassumenar capitalists allocate investment among the three sectors! 

to maximize the expected: return ,fromtheir capital stocks in period t + 1 and
 

that they.'expect all pri.L auu 
£acLor aiocacions in subsequent periods to
 

remain.unchanged. '.Th'eseprivate investors, however,take full account ofI
 

governmenr investment inteither-SOC in the agricultural 
sectors or. inM private'
 

capitaiin the~manufacturing or.'capital goods sectors. 
In addition.'Investors
 

take ;into i:account. exogenous technical changes in manufacturing and capital
 

goods sectors.
 

Symbo iica'l.ly,
y 
they -attempt to maximize ex ected or anticipatedd".revenue
 

http:iica'l.ly
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U. . 2 	 3t 

2t 	2 t- 2 t s 2t " € °332v3t " 3 3 t.L 3 . 

; l<t.l t + 1'3t . (36), 

where T'" 't+ I. This must be maximized subject to the: budget constraint (35) 

.without: disinvestment. Formulating this as a constrained maximum through 

introdiction of a Lagrangean multiplier, Z' andapplying the Kuhn-Tucker 

c6nditions:[271', the following first order conditions result: 

" "+ r 	 3 LI 

. 0 .,. .. ; 	 (37) 

• 2t - 0;1 '0 	 (38) 

""o = '"T 0. 	 (39)
"3t 3t . . 
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where
 

q )p T, 2, (40) 

=vP ( :+ ) - (41)
23 1.2t
2. 2t, . 2t 


and
 

A.S3 -~ ,i 3t i

2534T41C 'F 5 (42) 

Conditions (37) -(39)".and"the,jbudget,constraint (35)_ specify values of
 

that maximize expected revenue for the capitalists., Under
it Ii2t' andI3 .
 

the additional, highlyrestrictive assumption that I t' I,' and.I are
 

positive in all ,perods,.:these. first .:order,conditions simplify to:
 

A.3 l .t , - I '.. ] i ) ' 2 ( , . + l .i: i ~ " Y r (43) 
. .. ttt i".-. . . : .. 2 t . 

and
 

+ + I T 3 (44) 

Equations ,(43) adi(44),,alongiwthebudget constraint ,(35),,define optimum
 

levels .ofAnvestment'. in, the three,.: sectors.:
 

It i's:useful to digressiand .explairintheiimplications of ,theassumption
 

that,II.,is positiVe in all.sec'tors. :.Under equations :.(43) and (14), capital­

ists :a-lIlbcate i,.nvestment, so tna the value of expected marginalJ revenue., s.
 

equal in"all :,thr'ee sectors. In,eachperiod, capitalists must have sufficient
 

:inve'stmentf,i'nds to: attain anequilibrium. Under_the less .res.trictive :in-: 

vestment criteria of (37)-(39), capitalists invest in the mostprotita le 
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industry until either the investment funds are used up or their share of
 

expected marginal value of each expanded investment falls to the level of the
 

second most rewarding opportunity. Then, simultaneous investment is made in
 

the two most profitable industries until all the investment funds are used up
 

or until returns on capital in the two most profitable lines fall to the return,
 

level expected in the th.ird industry. Simultaneous investment then is made'!in 

all.:three industries to : the liiit-of :'investment funds. Sufficient :funds must 
be av iAb1bIe tO attain, th inter ec o-returnsequaon- etateof 

,, his c 6 i,'eo ifyA 

omy is,- to *afford the "luxury" of balanced growth. 7 6 

WAGE'," FRIPE, AND OUTFUT DET'KMIATIuN 

The :purpose .ot this, section is to aiscuss, tne operation ot tne moaeL 

aside from the influence of.the" government..Capital srdcksz in each period, 

K=KKK 3 ,are takenas At JThie.'uesti6n'niowis~how-cnsiime*s, 

capitalists laborers, and entrepreneurs interact within' , each period to deter 

mine !wages, i'prices and outpu ts.i Al simplified .model: demonstrates that'i there 

are two I"degrees of freedom" in the absence ofgovernment. :These "degrees of 

freedm",' subsequently arpie used-.to chose a numeraire fori prices and define the 

exogenous wage rate. 

Consider the following: simplified model where .the number before the "a" 
on the " sn en',be;r te asic, eqIuation for',,deriva iojn.•,'Timecndite 


, z.ronsidredsubscripts are omitted since - Only one peribdie Ineaciperid 

attempt -to maxim , aggregate weltareconsumers .- !ab'Orers) ' fiz'e"

,w= w'(C 1 C-)1(a) 

76 . .. . . i. . . . .. . . ., . . .. : . . . .. . . • ... . . . .. . • .. ..For acritique 'of ath n e anress ta "hsca 
not be attained, see. lirschmanl[&18, Ch. 4]. IirSchma argues .thatiunbalancdd 
growth may be desirable. 

http:used-.to


subject to their budget '(income) 'restraint 

P11C+-P2 , =i J(P. Y). 3a 

where. P :and Y are sectors representing (P, P2 P3 ) and (Y, Y Y2 , Y3 ) 

respectively'. C to a,Consumer theory"indicates.that .this maximization :leads 


system :ox.'demand.eauations'that are homogeneous of degree zero in prices and
 

.
incomes. Since nominal-consumer income'in :this model (31) is homogeneous of
 

degree:l zero : in prices, 7 7 the.resulting demand' equ-ati, 'ns,'al''odare homogeneous 

of degree zero in prices. Consequently, the demand equations are sufficient 

toI dtekmine' onlyI relat-ive prices. The.-two demand' equations, re,.idenoted as 

: =;'C (P)P (45) 

,and
 

1~ C2 (p ' .Y)(46) 

*Next, consider: product-ion' in- the commercial.agricuiltural.sector. The,
 

production fuhction,
 

H(F!' ...H, Li; 7a) 

77
ands.the",firs t-order,conditions,
 

1
HI P (22aY 

- The subscripts on the functions .'denote:partial 'derivatives 
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and
 

(23a)
• 


imPly a short.run.,,supplyequation
 

1 (P47)
 

Similarly i:for,the ,manufactdring-sectOr,--from
 

H ,K)~ (8a),
 

(25a)
-Y2 2 =; P 

and 

(2 6a ) ( - 2 =-W 
I?2H.L2 "­

me 'get the suppl- equation 

2 ~(PwK)(8 

analogous e capital goods.jsectorThe , '4quationsrelating 't the 

3
:3 , K3).'Ll3 K), 


3,
! ... .
(28A),3:F3 . 2 ':PH P, 



and.
 

SH 3 =.w 29a) 

imply the'. supply: equation,:.. 

S (Pi, P3 , .3 Y(49)' 

Since employmen t in the, sibsIstenc sector., isila res iduathere ris-,no 

derived demand :.for 'labor,'for"this sector . Consequently,'.the supply."equation
 

for f :subsistence sector:is-of ,a- somewhat different nature, From,(22a) and, 

(23a) for; sector,1, ,we get'an-equation indicating the derived, demand for labor 
in sector. his isdenoted;as 

T : T' 1 

Similarlyi for, sectors, 2 ,and 3 :.we getderived labor- demand :equa ions" denoted as,,,, 

L K)
2. = i 2 ,2 ('51)41. 

and 

3,
T: .T. Pg ,K)(52)''k 

o it into, l.a),;!-we get- employment."nn; he Subsistence vector.i19(,(50)5 

as 

L -L , -L - L L (P , - K , L ) " (5 3 ) 
5.. 0 0 
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:
 
From (53), the production function ,
 

=' f (FH L ), (6a) 

and the irst- order condition
 

weg e ju;'y euain or ithe. subsistencie. sector,. 

(26a), (28a),
From the first order..con itions (19a) ,(22a):* (5a), '(23a) 

demand equations for manufactured. inputs.and: (29a),,: we. ob.ta ,i-deriVed 

S". 

2. , • (56) 

,'(P. . 57.) 

, I~ 1 2 

and
 
(58)
 

p ::.= p,:-(P ,!:P-!.,>u.,;,K.:). 


demand .equations ,,for investment ogoods ann be derivedS imilarlyi,. the derived 


and :'Abdt
from ,the first order .ondltibflS6 And,(4,) he'capita.sts15 


are
!constraint(35a). These-: investment detmnd':equations 
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and 
r3 = 

1]2 (p 

Z( P,. 

I 

"P, K)v 

"!, . Ti) 

= ~ K),,(59.). 

(60) 

(61.) 

By~~.e 

equations are obtained 

h _o~kiioh~lwing,'markgj -equ4ilibriiiin 

P 9'2' 7 h1 ) rC yS'p, K, 1i... 1 (pS'p, Kp,, ) (34a) 

for: :agrcul tural goods, 

.. 2 ) 

S , 

( K ) , 

2 

): P, .,, Li), 

.­

(13a) 

tor.:manufactured goods, 

tor,: investmnent 

LUL 

god,:7and 

(1'r) 
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'(:i= T,. (P, I,[.K.) +,-) (P 1 ,-,P.:,,.]- P L ,!. .)' )+2 , K, 

forS 4,bor, 
2. .3 

Four equations now c etermne:four variables, P1 " P2, P".and. However
 

e ;into, (2a).; Thus, (12a) cannot~~o be used s equiibriumaanconditon to 

de'termine-a wage -:rate~. "In effect ," a .f ifth variable,L ;remains-to .be 

detoermined if (12a) is USed as anequilibrium condition. This leaves three
 

'equations and four unknowns. By"choosing a numeraire and identifying an
 

exogenous wage rate, the systembecomes determinate. Thus-, tw equations are
 

added:.
 

:and/ .g:­

.3 (63)
 

In 0her words, manufcturedo,0utput is chosenas the numeraire, and:laboris 

paid an exogenously determined, c.onstant amount, ., of, manufactured goOdsper 

permoa, iinese manuraccurec gooas can, "or course, be bartered or traded for 

agricultural goods).
 

A digression on supply response in agariculture
 

Much has been written about supply response in subsistence agriculture.7 8
 

See, for example, the literature cited by Bhagwati and Chakravarty i41. 

http:agriculture.78


57=
 

This section.demoinstrates that,. in .the decentralized modelfsubsistence
 

output might respond inversely to a price increase. This inverse response,
 

however, can be more than offset by- fhe increase of the commercial agricultural
 

sector.
 
A simple means of specifying supply response .isto .make the.appropriate
 

substitutigns e de o aitoth 


subs quat ons.i 


6 T. (64) 

0 1 .. . .and
 

P1 F, P-. , (65) 

From :(6) we obtain
 

jg . vyS 

and 

UT 2s.(67).
 
TjL 

From (119).we get 

:,.t.'
,' - '.:, ,:.. . ' .* a"
 

-S (68) 

1ni: thederivation "6haf -0. That",is,
( 

this section deals wit shor-runsuplyresponses­sly rtsprunes
 



and:!(53) :oether;with' (23) yields. 

0 - = P (69), 

where 

.iIitu t .ing into (64) yields 

*..7...2 .(70) 

wll benegative if ''the,: absolute ;Tvalue 'of 

.exceeds. tne.magnitude ot .the' first._- In other words, output .frm the',subsis-. 

rence sector wil decline 1,as :.the produt prce inceases if the e ff et ,on 

wThis sthesecond tem on. the right 

'production :resulting ,from :the }exodus'-of :labor" fom the subsistence 'sector. 

(because of the ,more , lucrative jobs :being created ,in the commer cial sector) 

more than Offsets the production increase'resulting from the increased .iuse of 

manutactured: inputs. This possibility does not exist for total splhowever, 

as'. is-.clearly evident ,by adding (70). the: analogous equation for the com-' 

merciali sector. This result is': 

i'SY ,. a b-( b1 

F__ ~ ' . 1 1 _ _ _ _ _ 4.1_ 

1 2 

7 2 



The iist': afd second terms? to ,the right of the equal .sign-are. clearly pos .tive. 

Recalling the assumption implied in (21), the last term is,also,positive. ,,The, 

marzginal productivity of labor 'inthe subsistence sector is lower, than in the 

cunmercdaI sector. 

Finite Planning Horizons and Post-plan Considerations
 

Whenonly atinite norizon is considered..or inter-temporal:development
 

planning, " several' interrelated problems arise. 8 Two of them involve the leng"6f 

the planning period and the allowances made during the plan for.'periods after 

the planning period.
 

The choice of the planning horizon is crucial in an optimizing model.: A' 

plan that is optimal for T periods may not be mptimal for T + 1'veriods. An 

ideal model would be one in which the optimal plan for the first Periods is
 

invariant, regardless of the horizon being considered. One theoretical solu­

tion to this problem is a horizon with an infinite future. Uncertainty re­

garding the future, lack of relevant data, and computational difficulties,
 
81 

however, invariably result 'in.finite horizons in empirical applications.81 

Truncating the horizon at T periOdS, poses' the question :as to what 

,happens in periods immediately following :termination of the' plan. Post-plan,; 

activities :-
and possibilities,are conditioned by,,-the,productive capacity
 

:bequeathed to,'the post-plan era. If. no special -provisionis-made: to provide 

some Incentive- to invest or accumulate .proauctive:."capacity in the: Latter_ 

stages" of! the pan;,.decision 'makers :would empha'size current: consumption, rather 

tnan aCCumuLate , une, possibLe. souLtion ,-is,to, require• a ,speCieaLcapita. 

capital stock in period 7 +- 1-". Another possibility is to provide an additional 

For a: discduss ionof so~ie of these problems see Chakrayarty and Eckaus" 

8 For:a idiscussion of s of the.'dificulties: invo ved-with considering
infinite pianning'horizons,.see Chakravarty.[6].
 

http:applications.81


-60'
 

ih6entive at, the end-of the plan by attaching a special -value to any.capital,,
 

bequeathed to posterity.
 

In the present model, the incentives to the private investors in period 

t are a function of prices, returns to capital, and government investments.in
 

period t. The same considerations apply in period T. The investors are as­

sumed to behave in the same manner in the last period of the plan as in any 

other period since they are not "aware" that period T is the last period of 

the plan. However, the rules specifying government expenditures provide no 

incentive to invest in private capital accumulation or Soc in the final period 

since, this investment does not contribute directly to welfare in period T7. 

The'only'payoff realized in the plan period is through anyadditional employ­

ment, in the placement of SOC. However, the government collects tax revenue 

which must be spent. The rule imposed on government expenditures in period 

'is that expenditures in the final period must be allocated in the same 

proportions as in period 'r l-1. Defining T= - 1 these rules.my be 

specified as 

K (72) 

, T,8 . ' (73)
J-. T, i'T, 

*~T = P I(74)
~T3r .2', T 3 T, 2*rT 

and! 

r3 3T WT 

Thiespaco.ite ith'e. :The. moderis''op­

'titized.inthe folowing_ ,sect.~n.
 

http:rules.my
http:investments.in


SOPTIMIZATIONJ OF ,THE DECENTRALIZED MODEL 

Solution of the optimizing problem for the decentralized, dual-economy' 

model. ,sthrough maixiiizing ptc 44 ),subjectthe differenftiable;" concae-6 b~rci 

to .a naumber'. of differentiable conve: constraints. All variables must: benon­

negative. Application of 'the.Kuhn-Tucer first-order conditions r27, ,involvea 
formulating a Lagangean 'function in the next, section, The first-order: con­

ditions for' the decentralized model .are presented inihenext sectlon 

The Lagrangean: Function, . : 

.
The Lagrangean .multipliers' are. denoted as z t" where the .subscript/ i 

ithe number,of presented ;earlier. 
refers to the time period. The constraints in the function are forulated' to 
corresponds >to 4 equations :'The 'subs cript It 

require the, assoc fated lidualL variables. :(Lagrangean multipliers) to.be positive, 

(with :the possible exceptions of Z'3 t,_ZZ Z7 Z7 3  Z7 ', .and Z ',which 

can be: either "p'ositivee.or,negative). 3Letting T,= the foll oxwing-, t1 


Lag-angean function results: 

+~4it ~ t . ' L~CI. LIy +2 
. ~2~) 32
 

......,, .... .. - ,:.) F:,, 1 .. \ *..5 i:'33.. 2 , +-, . . 
+,.~ (. ,(.+ ~ , t. S . -,Y JI. H) 

221
 

3 7' t 

http:p'ositivee.or


-3t t t 2 

+-',7.. ..(v ,Y,.~.- I1To.,) 

- ....2 

-X ,-7 

' 

T 

P4Vj F ,t,(-L3 

'T(T:v.T 

,.,. + .,).­

+ 3 

t 

P,., 

* 

.... tet -2 tI. t 1 

'2it2-3":;t.3'""... 

i7 22 

st +tS 23t.1I 

t +.3tt3t, 



t It 

.+.. . ,!i35e(. ) (8+ )P:i '3_t..,3+63P30yJP 3 .( . i.' )3 

+ ,- ,k: ,-" -,2t(L 

+,.x ) M + I, M ,. 3 

T(',
"M .
 

+ 745(3T TMT - 3T r T. T 

In 'subsequent+,.sectionsi(10); (1), 
 and,,(l6),
(8), andl (40).-(42) are
 

treated as though :they have been eliminaea y However, the'.
Dsubstitution. 


symbols defined bylthese questions are'usedwhenever this iimplifies notation.
 

In addition, (62) and (63) arecompletelyeliminatedby subuiruidon All the
 

summations in (76):
-refer to the subscript t and run over thie range t-= 1,*, -.r
 

The First-Order Conditions -


Te first-order-conaricons tor an optimum resulting 'from.the,application
 

o:f-the ::Kuhn-Tucker. conditions,-tosthel.asangeanr,function(76) are noiw.presehted. 

Und..er the Co.bb Dougla.s production¥functiohs used, assuming that, productio'iis 

76 
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positive in all sectors iqlies that factor inputs in every period are posi­

tive. The simplifying assumption was made previously that Ii> 0 for all i
 

and t, Constraints (32) and (33) require Cit and C2t to be positive, and it
 

is reauonable to assume Pit and P3t to be positive. This leaves only the
 

four government expenditure variables to be subjected to the corner conditions.
 

More specifically, the Kuhn-Tucker conditions are applied to the four vari­

ables Lst, Lit' 2t and 3t*
 

The first order conditions for an optimum are, as- fol lows. 8 

= (i i 2 ) + - 7iPj+Z'j'Z'4 = (77)(P-2P >i 1 2 P) -t 0 

2 2-P...,, -+ p)t - Z<,3 ' +l2 (78) 

+417, : 0 := 1;i...::;,r -2) (79):V = O,(t, 1,,) z; +z +z. 1 )y Q8)%Za+z -1 ,,a 

2=. 2(2 2 1 Z233 3+ 1 

+ 7 P( t-'4)2 + , (1.-']/!62 = (81)+734P(-f5 ' ~ 3 3.3 (- (t,1 T-2)i6 (82)' 

V1 82. oP VZ denot paria deiaie7= (eg, -2X) orsm
 
lciy, im sbscript a1re omite whnee thi will
 

not~~an2ofso.: l pl
cas aetesaefrtodrcniin 

~~to3 t=,..)ulsstews ; 2'±evr3iepro pcfe. 
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=s -., /- 3. .o(84)-

F 7 1 1 73 2 

. 3 -z ' •./F 1 Y2 +Z (N 3 +Z )v-A2 -2'30 :(85)"F 8 2 -Z 2 5 + 4 (K2+.-2 

Z961Y VF33 :.LZ : . 43 i 33( +I ,,-.,',. 3-.= .. ;z8 1~zY7F- A Kp 34 3 3/F" =0 (86),43 11 S"^'u 

/L 28 I '- ' ­

g
 

VLz =.- ."Y * o0 (88),7 1/L1 

0 9
7.2 2 12 26 4*Z4:3ZAAY2A,(K,+I2+I " 

81 2 21 43+~Z~44 t2 '~ ( 

" = Z9 6,Y,/L -Z.-Z',,2 - Z6A (I+'I­
%Ls3 21313 i2 90 Z432 33 31 ) 3'L (90 

V - = Z18 (Y" ( - Y_('i-8 1 ) - Z.oY -y111 1 S221 132 

> ),Yst Y '+.z '))y I..Z ii.[i- ),[: +r4 -. I';:: (!,.4)( 0 

44~~3 / 1 

Z2 -6 13 + 6 Z2 z-4 (1-*Y+ Y'3 .3. .X".3 .35( y-IiI28 .ifi.-.Iif9k A-Z 

3 ,I.+I3........=1 ­. ~ r;- ::..~~~ .-.~ .,~ ~ -.--~ ~ .' .,:,.., 3 '32( -:::] _ 

8()=t+l.. , 3(. i; ii K 17t . 3 5 tP" . 
: .7 - .. '1 . .- 9; 

T -
(1-8 3) .E 7,-A .(K -+ 1 ) 3 =0. 93 
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2t i=t+ I 

1 ,0"(94)
31) r (74+% A (K 
i=t 

Y- ) -A 'P=6 ...... .17t C35t",,33t 9t1 3i 31 
3t i=t+l .i
 

- L . ' ' * "+ 1)w.."4 3 
...rN 4i, A1- , j i +1*2 31 -31 ,

' •.... - " 


. ....... 4 4 . .
 

0-­

rK-) ,
(7 . ,.

- . . Y ' (97)
15 2).."
!.i... /4
.;~ •V!~>0 

X, 7 Y (7, '. ( K +1 372/0 , ( P 

(98)
 
,
, . , .. .L , * 

_, 7

,.t ° . e~i d - he..
i~ th .!s,
ausT, fsoeif:te!:vrlbe ,
deemlete 


-. 3-J'44 f' D. 

first-order7 condit'ions are""required;to" 
.TIn addition, certain special 

last two pe.iod o the 
u . , the,) vial i theof..
determi t 



plan. 
These special conditions, resulting from the restrictions'plac'ed on:.
 

the allocation of government investment during periods,T - I and T, can be
 

derived directly by differentiating (1) witn respect to the appropriate
 

variables for periods T 
- 1 and T, and applying the Kuhn and Tucker rules. 

Since these conditions aie nor crucial= to "the subsequent discussion ithey are 

not presented." 
.codi io s.£n-(7).(99): ..... ' .. 1 A". 

.h....*st'.orer ~ ''in'(. tori-( and'the :speial conditions re­

lat.ng 
ro e asr two :periods ot 'the-plan :must be combined'witli .the equations, 

of the1 iidel to determine values - thaii"fll.1"i1the1pvatiiabim' ze (l).
 

Th6e, relevant equations'ar ( '-(12);'(13), (17)-l9)' (22), (23), (25)
 

(26), (28)'; (29),' (31).-(35>,'.(43)',(444, (72)-'(75)"and
"' Failure-tO6.'consider'
 

all -first-order :condi6in's e-lating to"th e., las toiperi dsofd.the plan
 

resuius in a certain amount otZ•indeterminacy in, the earlier• periodsof the 
plan as well.i The subsequent discussion isnot .affe ed'byoistiin 6mnacy. 

Inte ,fnaet influencing" the feasibility 'and :•desirabiity'section,Ifactors 

of invesing in SOC in tie -subsisnc .sector in one period"'aie'discussed. 

The subsequent 'sectdn dscussese"'the remaining -investment)-itenatives avail­

able to the government ee aThesel 'are
rnatives 'compared with privateinvest;
 

ment opportunities'.
 

SOC Investment in.the Subsistence Sector
 

-The government has. tax revenue to allocate among,the four.,alternatives
 

L5 f ',~i-L ' 4 and Ip in each'period. . 'The optimum level's*Of-thse var'ables 

must.'!satisfy -'condtidons - (96)-'(99) .f...th prdds 'Thus 

=the?:government '""should tinves t'i"iSC 

in each ....f rt 2 

''ithe- in subsis teridec 'r in periddli, 

onlyfLif,-Vj- 0";'inr (96) Th'i6i'ifnilies ' Ithat 
a 4-" 
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(YY */r w -~~ 00:'' 

Where:o the terms.,on.the -left.-are socia~l.pay-offs, ,nd those on.the ,right are 

social opportunitylcosts, An interpretation of (100). is that., if L. is, to be 

greater 'than izero, the ,sum.-of .the discounted marginal' social value ProductVit 

inial subsequent nplanperiods, of labor, used in, subsistence :SOC. accumulation 

in period+t..plus'thesocial, valueiof income paid to;, labor on theSOCqProject 

must be.large enough toofset :thesci4 opportunity cost of ithe, labor em-. 

ployedi onthe, proj ect i plus'l the socal opportunity .cost-,of the government 

83
expenditure.8 Thus .the.,problem iisttoidentify those.particular .aharacteris­

tics ofan~economy .that will .contribute ,to fulfilling this requirement. From 
(l00,a.numberof factors ,can be identified. 

.,.We,.first -discuss the coefficient ,. .Ceteris paribus, the larger the 

the, more', productive: SOCmagnitudeof XI.:,. will be at, all: levels G. and conse­

.thequently, the hler optimum iG/Y ratio&willbe: for any... given set of 

.socallyuations ,ofcostsandpay-ois.."suggests the crucialSchultz one :of 

ele ants the subsistence, sector to investments,in .­making responsive SOC is 

thel level of education of the people'involved F571. Many other social'and 

physical characteristics of the people-and tij- ype and'niatu-re of the agricul­

8 3The condition which must be satisfied to make it socially desirable to 
invest in subsistence SOC in period t depends on the amount that will be i-­
vested in subsistence SOC in period T - I. It is this type of intertemporal 
or dynamic link that results in the indeterminacy in the earlier periods from 
not specifying all the first-order conditions for the last two periods of the 
plan. Thus, a certain amount of intertemporal substitution is possible. The 
higher the level of Ls, t - 1,the relatively less desirable it will be to in-. 
vest in subsistence sector SOC in period t < T - 1. Similarly, the larger 
L t , the relatively less desirable it will be to invest in subsistence SOC in 

period T - 1. 
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ture involved also have important influences on this coefficient. For example
 

the magnitude of X will depend on the type of infrastructure being developed
 

(e.g., irrigation systems, extension activities, etc.).
 

A higher X coefficient will make investment in SOC physically wore
 

productive and, ceteris paribus, more socially profitable. Similarly, the
 

higher the social valuation of subsistence agricultural production (Z6t) in
 

subsequent periods, the higher the likelihood that the benefits accruing to
 

investment in SOC in period t will offset the costs involved. The value of
 

this variable, Z6t, may be expected to vary inversely with the ratio ofC
 

C2t. In other words, as the ratio of agricultural productionto manufacturing
 

"surplus" increases, the social valuation of agricultural productibnmight be
 

expected to fall. Hence, the higher the ratioC 1/C2 , 'the'r'elatively less
 

desirable investment in G becomes.
 

The marginal social,;value of a unit, oflabor,(tconsumer) income in period 

t.,is igiep:.by Z3 1T, This variable.varies, directly with, the proportion of, the 

popultgiongemployed in subsistence agriculture. 'Thati is,, Z31  , increases with
 

thepoprtion of the-entire labor force employed in the subsistence sector
 

I(LstL ) For,.a.. given set of prices, per capita real income to labor declines
Ast*'o," 

as ~therratioLt/Loincreases. Ceteris paribus, the marginal social value or 

st 0' 

anaddit onal unit.of consumer income (Z31t) will increase as income decreases 

Thus. the higher the proportion of labor in subsistence agriculture, the. 

r*elativey more desirable it becomes to invest in Gst. 

With the right-hand side of (25), the marginal social opportunity.,cost -of 

an additional unit of labor (ZI 2 t ) is expected to decline as the size of the 

'labor force (Lo) increases. The value of Z is determined largely by the 

social value productivity of labor in subsistence agriculture, and this value 

declines as L0 and L increase. 
0 5 

http:igiep:.by
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The last term on the right-hand side of the equation indicates the 
social
 

The mag­
opportunity cost of using government tax revenue to accumulate 

SOC. 


nitude of this term is related to the amount of tax revenue available 
and the
 

In summary, for an economy with a
 other alternatives open to the government. 


given configuration of wages, prices, capital stocks, SOC, primary 
resource
 

base, and technology, the social desirability of investing in 
SOC in the sub­

the size of the labor force (Lo) increases
sistence sector will increase as 


increases

since, for a given wage-price-capital stock configuration, Lst/L 

Also, L increases
with L 

0 
(L

st 
is a residual that varies directly with L ). 

L*t 

and the "optimud' level of Gst is augmented. An expanded laborwith Y 

supply influences the social desirability of subsistence SOC expansion 
through 

o, the increased social pay-off to employment crea­the increasing ratio Lst/L


tion (Z31), and the reduced social opportunity cost of 
labor.
 

Alternative Investment Opportunities
 

The social opportunity cost of using government tax revenue to accumulate
 

on the amount of tax revenue available,
SOC in the subsistence sector depends 


the social desirability of investment alternatives. The alterna­as well as 


tives available to the government in any period are expenditures on Lit, 
12t,
 

and I3t If any of these alternatives are to be utilized in a particular
 

zero in
period, the corresponding first derivative of (76) must be equal to 


For example, if I3t > 0, then V-3t = 0
 the first-order conditions (97)-(99). 


in (99). Suppose that V!3t = 0. Substracting Vi3 t from (95), we get the
 

result that
 

-VP - lt P =;0 (101)V 
13t 3t - 39t 3t 1~t 3t.(01 
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and jsince ,P is positive b
 

3t- by -assumption,
 

35- 18t' (102A.) 

This sugges ts that, if it is socially desiLrab-ie±for..thde overnment,;to invest 

Zin"I3 t,. then the social opportunity cost!;of 'using government :tax',.revenrue,' 

for this purpose must be equal to the social opportunity-costi'of usingj-.private 
investment funds (Z35 ). Furthermore,-.if.(lza) holdsthentitzfoalows immed­

latelyfrom (94) and .(99) that
 

12t 12t = U. 
(103) 

In other words, if it is socially desirablefor, government to..nvesti 

at the,margin, it also ,isdesirable for ittoinvest in This result 

conforms with the balanced investment assumption discussed eariier. 'If it, 

was socially desirable for the government to invest, in either of the other two 

sectors then it would also be desirable to invest in Ilt at the mrgin. 

;
If"' .-the'ia'ssumption: that 'V'- =0 iis relaxed, but the. requirement. that ,
13t. 

<'O i' isretained, then it is immediately obvious from,(101) that 

18t - 35 
t (l0lb) 

and the social benefit derived from an additional unit of tax revenue must 

always be at least as great as the social benefit to be derived from an 

additional unit of private savings. This result follows because of the uni­

lateral transfer possibilities from the public bdget to the private savings 

fund. If the marginal social benefit of private investment exceeds that of 
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public investment in SOC, the government simply invests in private capital-in
 

either sectors 2 or 3. The private investors allocate their investment funds
 

in a manner taking full account of the government investments I2t and I3t.
 

A model of dualistic economy is formulated in the next section. In it,
 

the government has control over the allocationof private savings. In addition,
 

it has the tax budget, which may be used for either investment in SOC or for2.
 

additions to the private capital stock. Any income earned on the capital
 

stock is invested in further capital :accumulation. Thus, both private and
 

public investments are controlled by the government. :Thismode 'is termed the
 

centralized dual-economy model.
 

THE CENTRALIZED MODEL
 

The decentralized model now is reformulated to simplify the first-order
 

conditions !for the maximum. '-The riformulation does not appeciably' alter !the 

basicfeatures-of the originI model. The simplifica'tionfaciltates the
 

analysis of ,the -optimum conditions . 

A Reformulation of the Model 

The modified decentralized model expands the role of the government
 

planners to allocation of private investment funds to maximize the objective,
 

function. This modification simplifies the problem considerably and the
 

restrictive assumption of balanced private investment in every period is.re-,
 

laxed. Investment in all three sectors during every period is not assumed.
 

Some features of the model remain unchanged. One modification is the
 

nature of provisions to assure adequate post-plan productive capacity. Incen­

tive to invest in the last plan period is induced through a modified welfare
 

function. A positive weight is attached to post terminal productive capacity
 

(GNP) evaluated at period T prices. Letting T = T + 1, the new welfare 
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function is:denoted as
 

v=l + - tC~ + "-r C~2 -, 2 P), 

::: :; ......~. . ',: " 
x T T+pBry R2 33 T Yj. Y2''Y3' 

.. ............... : , .'': 12.t -::: 1 '6 ": :
 

-G_ P ~1~e + K,14StIT <i' 3S,' .3 3 

placed on the provision for,: futurei generations, iaI. :parameters and~variables
 
'T~'T 

are as defined earlier.: :The: we1fare function: is-maximized :subJe~t to the 

fo~owing set ofconstraints in each period2,-$2, ) r 

1T 3IT,~nl?2Y (1073 

" St st' 3T 

=i..: ajlF~~lu. .t ,C 106). 


Ygt i 3(0 h.. (108)or, 

It t Fit ~ t C. 
o ,. , . +r LLt + ;+ Tz, (109) 

~3t+~*'(112) ~ 

.= FiT, K! +(106) 
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+ W t + 'Lit W( 13) 

1 it st St (1 B it.It " I (115) 

42t t 32t ='1P'r(17)
 

" 2P"itYt i'2t (118) t = L W:(19)
 

2 2t
 

+ +, ,. .,y3t(i.;*)t(rv.:+rt4")y P.., ,'j2Yitl +~ 2.: p 

~stp~TitY )* P ci +(1) 

(i1,)t(3+8 4 )ltiIt +",:32t + , 8 3 P3tY3 t + P3tlt 

-3t.,It+ (122) 

i 1 (123) c2t> 1 (124) 

Inaddition, the following definitions apply to variables appearing in (106)-loI0:
 

t- I+t-F = 
11 +

Gst Gsi + t [, 1i=I siI125) GGlit -G F l (126) 

t-1
 
lt = + 1] Ili1i =
1 * = (127) +2t(K2t 2 1 +i 12i, (128) 

t-i 

3t = K3 1 + 1=1 13.i (129) 
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Many of these equations remain unchanged but are repeated at this point
 

for convenience. 
The principal difference between this model and the decen­

tralized model involves the role of the government in the investment sector.
 

The government now is assumed 
to have control over the expenditure to be made
 

from two budgets, the tax budget (113) and the savings budget (122). 
 Revenue
 

or purchasing power can be transferred from the tax budget to the savings
 

budget to:be used for the purchase of capital goods. The amount of the trans­

fer in each period is denoted as P3t It. However, private savings (income
 

earned on capital goods) cannot be transferred to the tax budget.
 

In every period, the government has control over the variables Lt, Lit,
 

l~ .~I2t' and 1 3t. The placement of capital goods is no longer subject to
 
the allocation rules outlined for the decentralized model and expressed in
 

(43)-and (44). As a consequence, the government in the present model has much
 

more power and, hence, control over the development of the economy.
 

The changes in (112) and definitions (128).and (129) relative to their
 

counterparts in Chapter II 
are self explanatory. 'The modification of the wel­

fare function (102) 
is designed to provide an incentive to invest in-produc­

tive capacity for the future by imputing a social value, to the productive
 

capacity bequeathed to subsequent generations.
 

The First-Order Conditions
 

The optimization of this model proceeds, 
as before, applying the Kuhn-


Tucker optimality conditions to the Lagrangean function formed with (104) as
 

the maximand and (105)-(124) as the constraints. The definitions (125)-(128)
 

are assumed to be eliminated by substitution but the variables defined are
 

retained for notational convenience. Consequently, these equations do not
 

appear in the Lagrangean function. 
Although the Lagrangean function is not 

presented, we let X denote Lagrangean multipliers and define T = - 1. The 
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following first-order conditions result:.
 

V .... 1-241 C14412r2)+ --"X 7 - X1 8 Pi + 2 0  0 (130) 

V 2 = (p2 + 12 1-2 22 2 )(
l+r) - 18 2+ 2 =0 (131) 

V s 2 . + "< + ~ C ~ v:~~) i " pI." .a ".8_ .. (.].-0) 2+ ,4)=0 (132) 

-

)'101P"(' . ', n ,.. .c27 ( 

Vy= - + p1It". 
4 ,(1,il 12 5 2+ + \C18H2(1- )1
 

Yl)Y
 

" 4 4 =., 0(1-133 .16) 


V 2 -- '4v:".9 1+ ' in (-, -x.,i +~,, +"xa1v
 
(134) 

. X, l.' + ;. =: ( (137)
.-.). 3 .+0 
:
V',~~~• ' '; V ="'0 =......1)(16 

(136)=w- 1 Y 8 + = (= , 

(135 
VI, J. (t=,..., ,.-1))(137) 

F' +"'' (13'8) 

VT, = "' 2Y1 /I2 - X • = ) (t=1, ,.., r-I) (141) 

'2.fv 3..,2 - Y" - . 0 (t-., (142)2Y2/, 6-fl (121 



V 

= 77=
 

.... •, 5 a¢ 3 - ....... : (:t'j . ',, r- )­.~j~=.. , 
 - ... I' (143)
L T
3
 

LY
= c V.C (I-rx.): Y (,I 8 : 1 - X : YS' i 82' '!,,11 3>j 

3 '. 2. ..
 

+ 8(+ I- I " 12 - 3" 0y !) (145) 

V.I> P3:.(x1 :,: 15<: ' >: 0(46- -"!:, I : .T.Ii-0 
- -..I Y'IS'! .+ + -2X 5 1 Y/).). 

-- 3 14 1.32 3 

_3 3 2 3 145) 
+ . ... ..(........- - .. . ...
.'1
1 t,'. ...... .... .(147)
, , .
. . , " " :'.: t + .,.
 

F~ T, 

v; ; I V 0; j 0 , (14) 
V T(~l~l= B 3 P T~iI( a3(0, Y 1 -Xg./--"
V 1 +..T i9
 

... - ... .,.T' 1
..... k .,81 92 9. . .. 1 , ~
 

21
= 2 "32 '."- - ',,(X t) (147), 

T 2t 2- Xl0tP 3t ; T.V 0-,2t
T' ­ (150)
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6 3-1
T 61L62K

-


V 63 P3 3 L(+ + . (X.iY3 i/K3i)" X9t 
i=t+l=3t33F 3 T 3T 3T 

(151)

- !S 0; 1 O; '3t > 0 

The following special conditions apply to the final period 
of the plan.
 

sT S T +X . (3avF .IDTq r S G STFS L -T + X2Te 1
S TFT 


-X r + X1 2 T. o (137a) 

Y'i K-2Y33' " 

/F; - xL2TK2T -V2. = A l(l+C) 122F2T 

(138a)
+ 0x13 


I/F
VP ( T 1-1 62 6 3 + 


vF 3T 1 3 3 1 L3 13,r 3T 2 ­,F 5T 

+ X14T = 0 (139a)
 

- 1 Y2 =0 (140a)
V = 1P x X1T 
-


1T 2' s ST-s-T + 2T 2s /s
TS 

AP (-r,1 9 T 2-1 83 +X8YTTj
 

x6 T
VLI- = I TI 21KIT + ­.'YI/I 

(141a)
 
- X5TLI) = 0 
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...
V;V2:i - -.1 v3r. 
VT~~~(eT/~~~~~ KV X .vY L 1 - 6. 

T 3 21 T3 3T ',,52 2 T 6T62 '3 
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19T 3IT 

dJ45 PTI I = 
2T' 3t 

o Tle~:",eia
!"'rnen
if. inany~prlo ,iP I 3to, l~ ,h 

With the letter X denoting the Lagrangean multipliers, the sub~scripts on: the 

multipliers indicate the equations and-time period with which they are 4ssoci­

ated.
 

SOC Accumulation 

if,.in any period t, it is, desirable, for the government to i#%vestf iii 

i 
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subsistence sector SOC from (147) we have the result 

T, 
r FlL._. t)(l-*1, x." (x 2 iY i/(7) - (xlot )W + x6tIT.s T+I ,IsT'T =
 lT'SN~+ ST it+l Si S u u t 

.6a) 

where X21 represents the social marginal value of additional subsistence agri­

cultural production in period i > t, Xl8 t is the marginal social value of
 

additional consumer. income generated in period t by employing labor in SOC
 

accumulation, and X6t and XIlt represent the social opportunity costs of labor
 

,a~d government"purchasing power, respectively.
 

Comparing (146a) with its analogue (90) obtained earlier for the decen­

rtralized model, the only difference-between the two is that the first term in
 

(146a) is absent from (99). This term represents the value that society places
 

on the marginal valuepr6ductivity of SOC in postplan productive capacity for
 

the subsistence sector. Since this term is positive, the socially desirabilitv
 

of investiin in SOC for.sector s is greater, when..capacity has a positive
 

value, than in the,decentralized model where the social value of terminal
 

productive capacity istnot considered,.
 

Turning now to the commercial agriculttural;sector,, the condition that
 

must be satisfied if Lit is to be positive is
 

" TiT T..,T+l "itl: - ii = 6 t 

Wlo (147a)+ w(1) 0 x1bt) 


Comparing (147a) 'with (146a), .we see that'so-iety can be indifferent between
 



the, pOst-terminal marginal productivity-of !SOC:inlthe two agricultural!sectors
 

since the same valuation (ePl) is 'applied to both.
 

Some simplifying assumptions and notation
 

To simplify notation in the remainder of this section, let T= T + 1 and
 

define the following variables:
 

G-1P81L0203
 

(152)
r1. iT 17 I33iT = YT/GIT 

11 1%2GST F-TT's = Y /Gs (153) 

X~ - ~ . = 3 
find
 

X1, T 
 (154) 

Making the appropriate,sqbstitutions into-(46a) a.n4 (19q) w ' 84
 

T 

'and,
 

,. ,, (X. Y./G, 6 8. "
:,T -."; t:4 (ix - '::/, ,(156): 

841f the planning horizon is extended to 'r+ 1 periods,, values for FST
 

and LST become "competitively" determined, along with a corresponding output of
 
YST' If we assume that FST = FsT, and that LST 
P LS, the variable defined in 

(153) is approximately equal to YST' as 
it would be if determined competitively.
 

The same considerations apply to (152).
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From.(155) and (156) it is'evident that:the decision to invest in SOC
 

in either the subsistence or commercial agricultural sector depends on which
 

of two weighted sums of two sets of ratios is larger. These ratios are the
 

output/SOC ratios in each sector. Further, the weights applied to the ratios
 

of the two sectors in each period are the same. That is,
 

X2t " X3t (t=l, ..., T + 1) (157)
 

since X2t is the marginal social value of agricultural production in the
 

subsistence sector and X3t is the same quantity in the commercial agricultural
 

sector. 
These two quantities must be equal since agricultural goods produced
 

by the two sectors are perfect consumption substitutes. Thus, the decision to
 

invest in SOC for either sector involves a comparison of two sets of ratios,
 

Y i/Gli and Ysi/Gsi (i = t+l, ..., Ir+ 1). These ratios and thkir influences
 

on the two sums in;(155) and (156) mainly are the subject of the remainder of
 

this section.
 

In dual economies, a substantial portion of the labor force usually is
 

employed in subsistence agriculture and Lst > Llt* Since the total labor
 

supply is assumed fixed and perfectly inelastic and Lst as a residual, it
 

follows that as the supply of labor available for employment in the subsis­

tence sector declines, or Ls,t-i < Lst, i > 0, as the economy develops. 

Assuming for now that the terms of trade (TT) between agricultural and manu­

factured goods remain constant and that no investment in subsistence SOC occurs 

in the first t periods (that is, L = 0, i=l, ... , t), then 

Ysl.sl > Ysi/Gsi (i-2, .,., t) (158) 
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sinceGsl =G andYsl Yi because Ls, < Lsl. From (115) and the assump­

tion of constant TT, the effect of purchased manufactured inputs cannot off­

set the effect of the decrease in the labor employed in the subsistence sector.
 

Turning to the commercial agriculture, assume constant TT and no invest­

ment in SOC in the first t periods. Thus Gli = since L or0, i-l, .,., t.G1 1 


If there has been no investment in private capital in the agricu tural sector
 

in the first t periods (that is, lli = 0, i=l, ... , t), thea Kl1 t 1 a K11. Com­

bining the assumptions of no private or public investment in the first t
 

periods with the constant terms of trade assumption implies that L1 1 = LiI and 

F1 Fli, and therefore, that
 

Y1/G = Y i/G ; (i=2, ... , t). (159) 

The results in (158) and (159) suggest that the absolute rate of decline
 

of the social value of subsistence SOC diminishes over time relative to the
 

absolute rate of decline of the social value of commercial SOC. This can be
 

demonstrated as follows. Define the two sums in /155) and (156) as
 

T+1 T+l 

At *2iY./1 si) (160) and Ft = (XiY j/Gi)(161) 

The absolute rates of decline of these sums between periods t-l and t are
 

•
At 1 - At = V2tYSt/r,, (162) and Bt - Bt = X3tYit/Glt (163)
 

Forming a ratio of these differences and examining the ratio over time where
 

i > t
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s2tSt St > 2i si si(14 

(,, Y 7* - (< y /C ), (164) 
it it 3ii iAi 

with, the strict inequality holding if Lst declines over time. The significance
 

of (164) is discussed after the implications of some of the foregoing simpli­

fying assumptions are examined.
 

Relaxing the simplifying assumptions
 

Relexing the assumption that no investment of private capital has taken
 

place in commercial agriculture merely augments the result expressed in (164).
 

If investment occurs in commercial agriculture, then (159) is modified to
 

become
 

YI /GI < yl/SG (i=2, Q.,t. (159a)
 

*Next, relaxing the assumption that the TT are constant and assuming that
 

the TT move in favor of agriculture (Plt+i > i > 0) has similar effect
 

on (159) since at the higher prices more commercial agricultural production will
 

'be forthcoming. Changing of the TT over time, however, has an additional in­

fluence on the ratios in (164) via the response of subsistence production to
 

price changes. If the subsistence response is perverse, this tends to augment
 

the inequality expressed in (158) and, consequently also contributes to the
 

decline of the,ratios in (164). On the other hand, if supply response is
 

positive, this would tend to offset the influence of the natural outflow of
 

labor from the subsistence sector as the "rest of the economy develops." For
 

present purposes, assume that, if the supply response is positive, this posi­



. 85 ­

tive response is not bufficient to offset the effect of the outflow of labor.
 

Thus, even if the TT move in favor of agriculture, Ysi will aecline in the
 

absence of investment in sdDSistence SOC.
 

The remaining possibility is the case where the TT move against the
 

agricultural sectors. Retaining the assumption of no investment in SOC, con­

sider first the case where there is no investment in private capital in the
 

commercial agricultural sector. If there is no investment in agriculture and
 

the price of agricultural goods declines, the output of agricultural goods
 

must fall by nature of the aggregate supply response in these sectors. Not
 

only is this unlikely to occur (because of the nature of the relative marginal
 

social utilities discussed earlier), but also the possibility of aggregate
 

agricultural production falling below the initial output level is explicitly
 

excluded by (123). Therefore, if the price of agricultural goods declines,
 

this decline must be the result of expanded production and not the cause of
 

decreased output. Expanded output of agricultural goods concurrent with
 

declining prices can occur only if there is investment in either SOC or in
 

private commercial capital goods. Thus, if the TT are moving against the
 

agricultural sector and there has not been any investment in SOC, then there
 

must be investment in private commercial agricultural capital. This means
 

that aggregate production is increasing in the face of declining prices. In
 

this situation, Y /G must be declining while Y /Gt is increasing. This
 
st st it it
 

is precisely the same set of results obtained under the assumptions of
 

private investment with constant TT and thus the results are the same as in
 

(164).
 

The significance of At and Bt
 

Turning now to the implications of (164), this inequality suggests that
 

the absolute rate of deocline of At over time decreases relative to the
 



- 86 -


Assume again, for the moment, that the TT are
absolute rate of decline of Bt. 


constant and that no investment is occurring in private capital in the commer­

= 
X3t is constant over time. These as­cial sector. Assume further that X2t 


sumptions suggest that Bt declines at a constant absolute rate while the
 

absolute rate of decline of At decreases.
 

Plotting At and Bt on a graph (where time is treated as a continuum)
 

leads to six possibilities, five of which are shown on Figure 4 (p. 87):
 

(a) A is always above B and the curves do not cross; (b) B is always above
 
ttt 

At and the curves do not cross; (c) At crosses Bt once from below; (d) At
 

crosses Bt once from above; and (e) At crosses Bt twice, first from above and
 

then from below. The sixth possibility is that the curves touch (become tan­

gent) but do not cross.
 

Relaxing the assumption about investing in private commercial agriculturf
 

and allowing the TT to move in favor of agricultural goods has the effect of
 

allowing Ylt/Glt to increase over time, and the influence of (159a) replaces
 

(159) in determining the rates of decline expressed in (164). Graphically,
 

this simply has the effect of bending the straight line Bt so that it becomes 

strictly concave downward. The net result is that the range of possibilities 

with respect to crossing combinations remains unchanged. Furthermore, it is 

asserted that relaxing the assumption that X2t = X3t is constant has no essen 

tial influence on the nature of the crossing possibilities since allowing
 

these values to vary over time simply changes the curvature of the two curves
 

and does not alter the number of crossing possibilities.
 

The criterion involved in the decision of whether to invest in one or
 

both of subsistence and commercial agriculture is the magnitude of XAt and
 

XBt relative to the social opportunity cost of using government funds in al­

ternative uses as expressed in (155) and (156). In terms of Figure 4, this
 



_ 87 -, 

At 

B t 

'A 

A5t 

A3 
At 

Bt 

A4 
At 

I _ t 

1 T+1. TIME 

Figure'4 At. 'and Bt withiassumpttons of no, investment and constant TT 
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means that, if the social opportunity cost in any one pericd is sufficiently
 

low, investment may occur in one or both of the SOC alternatives. The case
 

where it is socially desirable to invest in commercial SOC is illustrated in
 

Figure 5 (p. 98), where Ct denotes the net social-opportunity cost as defined
 

by the right hand side of (155) or (156). The At and Bt curves represent only
 

one of the possibilities with respect to relative locations. At time t=t',
 

the social benefit to be derived (at the margin) from investing in SOC in
 

commercial agriculture exceeds that of investing in subsistence SOC. If, as
 

illustrated, the value of Ct, lies between Bt, and At, then it is socially
, 


desirable to invest in commercial SOC but not in subsistence SOC in period t'
 

If ct, was less than At,, then it would be desirable to invest in SOC in both
 

sectors. These considerations exemplify the importance of the relative'loca­

tion of the A and B curves.
 
t. t
 

In discussing the possible'shapes of the two curves it was assumed that
 

no investment in SOC would take place. When this assumpcLon is relaxed, the
 

problem becomes slightly more complicated because the curves begin to shift.
 

Consider the following case, which is illustrated for time t' in Figure 5.
 

Given the positions of the At and Bt curves relative to Ct,, it is desirable
 

to invest in commercial SOC in period t'. Such an investment, however, shifts
 

the location of the Bt curve since, by definition, Bt is a weighted average of
 

the ratio of commercial production to commercial SOC. Increasing the value of
 

the denominator in this ratio tends to shift the curve downwards. The down­

ward influence, however, is partially offset by the increase in output of
 

commercial agriculture associated with the increased SOC and the correspond­

ingly higher level of purchased manufactured and labor inputs. The effect is
 

that the ratio YIt/Glt must fall if Glt is increased because of the diminishing
 

marginal productivity of SOC.
 

Expanded commercial sector SOC has a further downward influence on Bt
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Expanded agricultural output results in a decline in the marginal social value
 

of agricultural goods in all subsequent periods, and it is this value (X3t)
 

that forms the weights in Bt. Since the marginal social value of agricultural
 

ottput is the same for the commercial and subsistence sectors, investment in
 

commercial SOC also tends to shift the At curve downward.
 

Turning now to the question of the extent of the downward shift, Bt must
 

continue to shift downward until the value of Bt , falls to the level Ct,.
 

This is apparent from (154). If there are sufficient government funds avail­

able to drive Bt as low as At,, then simultaneous investment in both subsis­

tence and commercial SOC becomes socially desirable. Thus, if in any period
 

t, investment occurs in both Gs,t+ and GI, t+l, then At = Btas is apparent 

from (155) and (156). 

Economic considerations influencing the desirability of investing in subsis­

tence versus commercial SOC
 

Having discussed the general shape and the importance of the relative
 

locations of the At and Bt curves, we now examine the economic factors which
 

determine the relative locations of these curves and attempt to isolate
 

features of dualistic economies which make one curve lie above (or below) the
 

other. In discussing the determinants of the location of these curves, it is
 

preferable to start with the terminal period of the plan (T) and work towards
 

the start of the planning period since the value of A includes all the terms
 .t
 

of At+ i (i > 0) plus some anditional terms. 

Letting T = T + 1, it is apparent from (152)-(154), (160), and (161) that 

PlI X' 1' K-3 a)BA=P nrGsT FsTLs (160a) :B. P aGT FIT LriT (6a 
X-. R2 
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It is the relative magnitude of these two terms that determines the relative
 

values of the ordinates corresponding to the abscissa value of T + 1 for the
 

two curves At and Bt in Figures 4 and 5. Since we are only interested in
 

relative magnitude, the common factors P1T 
 can be ignored.
 

With the production function intercepts presented earlier, we have
 

a=aBs Bs and aI = alB where B and BI are the quantities of land in the subsis­
tence and commercial agricultural sectors, respectively. The relative size of 

B and B will vary greatly from country to country. The portion of the land
 
that is farmed by mechanized means 
in many of the underdeveloped countries,
 

however, is small relative to that which is farmed by traditional means.
 

Since the land in the traditional sector frequently is 
more intensively farmed
 

than land in plantations or larger units, we assumed that the productivity of
 

land in the subsistence sector is higher than in the commercial sector.
 

Another interpretation is that the share of the 0'utput attributable to land
 
(4) is larger in the subsistence sector' thann the comecial sector
 

Based on these assumptions, we have
 

a'4 > B04
 > 1 

(165)
 

If the commerciall sector uses modern and more productive techniques than
 

the subsistence sector, the influence of land will be offset to some extent by
 

the larger "index of technology." In other words, a 
< a because more modern
 
5
and efficient practices are being used on commercial farms. An additional
 

offsetting factor is the influence of mechanization in:the cummercia- sector.
 

This influence is represented by K 3 From (21) nd(23) we have ry/L
 

(CY + o4)Yst/Lst, and since 02 < +..+ it folows that Yt/L > Y /L 
Even though it is assumed that.L.>.L.' since C1 < 8 ,it isimpssible to.,.­
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determine on the basis of these assumptions, whether L2 exceeds L 2 in any
tit i n 

particular period. Finally, from (115) and (116) and the assumption that 

CI = it follows that Yt/F /Fst. Consequently, the magnitudes of 

F t and F It are proportional to the relative magnitudes of Ystand Yit' 

Bringing these consideration3 together, it follows that the larger the 

relative size of the subsistence labor force relative to the commercial labor 

force, the larger AT will be relative to BT. Similarly, the larger B 4 rela­

tive to B 4 the larger AT will tend to be relative to BT. Counterbalancing
I , 

these two items, the larger the capital stock in commercial agriculture (K1T) 

and the greater the disparity between the productivity of subsistence and 

commercial techniques (as versus ai), the larger BT will tend to be relative 

to AT. The influence of purchased inputs varies with the relative size 

(measured in terms of output) of the two sectors. Thus, the relative values 

of A and B. vary directly with the relative sizes of all the foregoing factors. 

The only exception is the size of GsT compared with GIT. The relative sizes 

of A and B vary inversely with the relative quantities of SOC available in 
T* 1
 

the two sectors.
 

Why are we concerned with the values of AT 
and B 

T.
since these are terminal 

values and no further investment in SOC can occur during the plan? The reason 

isthat A. and BT form the base for all earlier values of At and Bt. This 

becomes obvious when A .I and B I are considered. We have from (162) for the 

subsistence sector 

A .1=X21.Ys/Gs +,A. (160b) 

and, froni (163), for the commercial sector 
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Thus, the larger AT relative to B , the larger A T- will be relative to BT 

In comparing the two additional terms in (160b) and (161b), the same factors
 

of components have the same influence as 
in A and B . This becomes obvious 
T T 

when these terms are rewritten as
 

ST G ST ST sT'sT T (166)1 YI KI/rI 4I 1 ,(167) 

Finally, replacing T by t in (166) and '(167), it is obvious that the same 

variables and parameters have similar influences throughout the entire period.
 

PRIVATE CAPITAL ACCUMULATION
 

:The allocation of private investment funds in this model is governedby
 

the criterion of social desirability. This criterion differs from the.cri­

terion (maximization of the expected income earned on the capital st6ok in
 

the subsequent period) used in the decentralized model. The application of
 

the social desirability criterion to the investment alternatives is'summarized
 

in the first-order conditions (149)-(151). The social desirability of trans­

ferring revenue from the tax budget to the private savings budget is summarized
 

in condition (146).
 

The relative social desirability of investment alternatives
 

To simplify the analysis, notation similar to that used,in.theprevious
 

section is introduced. Letting: T =,T define
1... 


X'" "= :.:4T .. . (168)-68 

'5T =' Ps! ,, (169)
 
..-y y2 Y3- 1
 

.. . T T'1 - 2,'' ;2TP (i 0
2 2 
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and
 
-l 
. r.61 62K63 1 K (11 

)
S3 (1+0).!3 L3T 3T - Y3T/K3 T. (171) 

Using this notation and the definitions of X3T and YIT in (152),and (154),
 

we can rewrite parts of the conditions in (149)-(151) it.simplified form as
 

T 
-X3 (x3 Yii/Kli) X9t + X19 tP3 t (149a) 

( 4 Y
(X (150a)_
i=t+12 2i19 3t(5a 

T 
+'X03 


i=t+1, 

The remainder of the conditions in (149) require that if investment in,K i
 

is to be desirable in period t (i.e., it is,deemed desirable for Ilt to be
 

positive), then the LHS of (149a) must be equal in magnitude to the RHlS of
 

(149a). In other words, if investment is socially desirable in period,t,
 

then the discounted present marginal social value productivity of private
 

capital in commercial agriculture in all successive periods, plus the social
 

value of post-plan productive capacity, must be equal to the social-opportun­

ity costs of using investment goods and private savings in this manner. Sim :
 

ilar interpretations apply to (150a) and (151a).
 

Economic factors affecting private investment
 

Making detailed comparisons among the desirability of the three private
 

investment alternatives is more difficult than analyzing the two alternatives
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available for investment in SOC. 
 This enhanced difficulty results from the
 

greater asymmetry involved in the choices among the private investment alter­

natives. One troublesome aspect of this asymmetry is that the products pro­

duced by the three sectors all have their own marginal social value. Thus,
 

comparison among physical characteristics is 
no longer sufficient as in the
 

decision between investing in either GI or Gs. 
 The relative values of X3t
 ,
X4t, 
and X5t must be considered in comparing the relative magnitudes of the
 

LHS of (149a).-(151a).
 

The allocation of the private savings among the three alternative sectors
 

requires that investment must occur 
in at least one of these sectors In every
 

period. 
This differs from .the problem of deciding between and G for SOC ,
 

investment. S2,


In the allocation of government funds, it was possible that in­

vestment might not occur in either G 
or G in a particular period since 'the
 

entire tax budget could be transferred to the private savings fuad and used
 

to accumulate private capital. 
No similar transfer option is possible for
 

private savings. Consequently capital must be accumulated in at least one
 

sector. 
Thus, the social opportunity cost of placing capital (X 
+ X 1P
 
- --S ,, ,9t , 19t 3t 

cannot exceed the largest of the terms on the LHS ofconditions (149a)-(151a) 

If investment occurs in more than one sector, the values of the LHS of the 

conditions (149a)-(151a) corresponding to these sectors must be equal. 
 In-:
 

vestment, however, will be socially desirable only in those sectors for which
 

the value of the LHS of the conditions equals the social opportunity cost.
 

This equality will prevail only in those sectors with the larger values on
 

the LHS. Thus, it becomes important to determine which economic factors con­

tribute to increasing the value of the LHS of the conditions.
 

The share of capital 
One of the more obvious elements to be considered is
 

the relative magnitudes of the three parameters 03P Y3' and 63. 
 From (149a)
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-(151a) it is obvious that the larger any one of these parameters is relative
 

to the other two, the relatively more desirable it becomes to have a higher
 

(rather than lower) capital;output ratio in that sector. In other words, the
 

larger the share of output attributable to capital in a particular sector,
 

the higher the optimum capital:output ratio becomes relative to other sectors.
 

Social valuation of outputs The desirability of increasing the capital:
 

output ratio in the various sectors is strongly influenced by the social
 

values attached to the outputs of the three sectors X3, X4 , and X5 . The
 

social value of capital-goods production (X5) is an indirect or imputed social
 

value since capital goods do not enter the welfare function directly except in
 

the evaluation of post-terminal prcductive capacity. Since in this model,
 

capital goods are not consumed, production of capital goods is socially de­

sirable only from the standpoint of the increased production and consumption
 

of agricultural and manufactured goods made possible through the accumulation
 

of capital in subsequent periods. At the other extreme, agricultural output
 

is used for consumption purposes only. Consequently, the social value of
 

agricultural producticn is derived strictly from direct consumption benefits,
 

and no indirect value is imputed to agricultural production in this model.
 

Between the extremes exemplified by agricultural and capital goods is the
 

social value of manufactured production. Since manufactured goods are used
 

both for consumption and as a factor of production, X4 contains elements of
 

both direct and indirect social value. The differences in the nature of the
 

social values of the products of these sectors results from the different
 

contributions the three types of output make to social welfare. A positive
 

social value on capital goods production expresses a concern for expanded
 

future consumption, while a positive value for agricultural or manufacturing
 

production expresses a concern for present welfare.
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In summary, during the initial periods of the plan it-fiay be expected
 

tha 2t 3t > X4t. But, the magnitude of this inequality will decrease 

over time unless the production of manufactured goods expands sufficiently 

rapidly relative to agricultural production so that the Cit/C2t declines 

enough to offset the different rates at which the marginal welfares diminish. 

It is more difficult to make meaningful comparisons of X5t and Xt or 

X4t than to make comparisons between X3t and X4t. Comparisons involving X5 t 

require consideration of the social value of present versus future consumption 

since the value of X5t is an imputed value derived from the expansion of con­

sumption of manufactured and agricultural goods. An intertemporal problem. 

arises because the social payoff for production of capital goods in period t 

cannot be realized as expanded consumption before period t-+ 1. Thus, if 

society places a higher premium on present consumption relative to future 

consumption, the value of X will be lower. The magnitude of X is strongly
 

influenced by the social rate of discount, p, to be chosen by the policy-maker
 

to reflect society's intertemporal preferences with respect to consumption.
 

An increase in the social rate of discount will result in a decline in the
 

social value of capital accumulation, X5 The other parameter in the model,
. 


which reflects society's intertemporal preferences, is the weight given to
 

post-plan productive capacity, e. This terminal productive capacity must, to
 

some extent, be acquired at the expense of current consumption. Consequently,
 

an increase in the magnitude of e leads to a concomitant increase in the social
 

value of capital goods production, X Thus, the value of X5 is determined to
 

a large extent by the social rate of discount and the relative emphasis given
 

to t,,rminal productive capacity. Finally, the problem of comparing the rela­

tive-magnitudes of X and X with X involves such diverse considerations such
 
3 4 5
 

asIlevels of production of the three goods as well as the relative rates of
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expansion of Clt and C2t. The most difficult problem, however, arises from
 

the intertemporal aspects of current versus delayed consumption.
 

The rate of technical change and SOC accumulation The only terms on the
 

left-hand side of (148a)-(152a) remaining to be considered are the output/
 

capital ratios. From (106)-(108) we have
 

y t/Kl t = riGXI 81 83/ 
YitK = :/KFtLI2K (172) 

it it it it' 

t:YiIKI =. (+€ V1 y2 v3-

S/K ;,2t(0.9,,).F2tL2 tK 2 /K2 tJ (173) 

and 

Y~/jt=*( ~ T'883t (174). 3 + 3 tLK. 3 t. 

Since the numerators of the ratios, in (172)-(174) ,involve different units of 

account, the.only meaningful comparisons,among.them involve factors that change., 

the relative magnitudes of these ratios over time. 

The most obvious factor is the rate of technical change, 6, in the manu­

facturing and capital goods sector relative to the rate of SOC accumulation
 

in:commercial agriculture. 
The "effective" rate of SOC accumulation is
 

'b '..."-. - ],,.0 .(175) 
Git +
 

Since C > 0, the productive influence of SOC accumulation in commercial agricul­

*ture may be greater than, equal to, oz less than the exogenous rate of technical 

change in the manufacturing and capital goods sectors. Denote the LHS of (175) 
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as AG/G. If AG/G > c, then private capital accumulation in the agricultural 


sector is relatively more desirable than if AG/G < e, the larger the rate of
 

increase of the output:capital ratio in a sector, the relatively more desirablf
 

it will be to expand the capital stock in that sector. While e is a constant,
 

AG/G may vary over time. Consequently SOC accumulation will have a varied
 

influence over time on the relative desirabilityof private investment in
 

commercial agriculture.
 

Changes in the terms of trade The remaining 'elements in (172)-(-174) .that 

can alter the output:capital ratios are the inputs'.of manufactured goods ,and ,:
.
 

labor. 
From (115)-(121) it is apparent .that the influence of theseifactors is
 

determined over time by TT. I
Since P2t =1 the output:capital..iratio in .the 

manufacturing sector may be treated as a numeraire.,,. If, Pl1,increases7; over-J 

time, it will become profitable to employ, larger -amounts,iof ' labor and manu-1 

factured inputs in this sector, which,-.will tend.t6:,increase.-X' ',/K- relative 
Y2 /Y . This increase in the:output:1capital rAtio in.!€ommercial agriculture 

will tend 4to make investment .inthis -sector relatively more 'desirable'tha
 

investmet--in manufacturing.' esult ,ensues ,if. P
e' rThe -declines. over
 

time. 
Similarly, changes in P3t over" time-.will have analogous'-iimplitaftid ns 

for the relative desirability of investing in:the capital-goods sector.'.Thus 

as the TT move in favor of a. particular 'sector, this will tend to make invest 
ment in that sector socia.Lv.more-aesirabie becauseit becomesrofltable to 

employ more variable factors of production in that sector.
 

PRIVATE INVESTMENT VERSUS SOC ACCUMULATION 

The total funds available for SOC accumulation are the tax revenues col­

lected in the particular period. The government budget constraint is given in
 

(113). The funds available for private capital accumulation are the'income
 

earned by the existing capital stock plus any funds transferred from the
 

http:inputs'.of
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government budget. The private savings budget is givan in (123). The trans­

fer of funds from the government budget to the private savings budget must 

satisfy the first-order requirements in (146). These co,_:ditions may be re­

written as 

lt < lot t 1 t. - lOt 0 It >0 (46a) 

and, require that the marginal social value of private capital. investment(Xi 9 t) 

must,.not.exceed the social value of a marginal increment in SOC accumulation, 

(Xiot).- ,This relationship can be maintained by transferring government funds 

to the private savings budget if the !social pay-off to private savings-exceeds 

that I:to -SOC accumulation. Furthermore, the :'marginal social,value:, of invet 

ment ;in these two alternatives must beequal if transfer ofr;fundb f''-"the 

government to the private budget is desirable. 

Suppose that L I and I areall. positive in, periodt, 'ithen (115)
stit 

will be satisfied and,'the left side of,,:,(149a)wi llequathe rightside. In 

addition, we have =X 1-. Eliminating.these twoiv-riables.from (l47a) 

and: .(155),. we have 

E3 (X */K *)-
~It1+1 3i 11 iii-S 9tS: ,. .1 t ~ .... : : ..... :... -. , ., .. ., 

~3t 

xX~ 5 1  -~t
*G*, ,: ..''.' 

(-) 

6ti~+: .t-. .. . . 
16

(1 7 6 ) 

and the marginal social benefit'of 'private investment in commercial agriculture 

must equal that for SOC accumulation in the subsistence sector.' Relaxing the 

assumption that It is positive weakens (176) so that LHS < RHS. 

Turning to the interpretation of individual terms in (176), the first 
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left term represents the discounted marginal value productivity of private
 

capital stocks in commercial agricultural produztion in subsequent periods of
 

the plan, deflated by the price of investment goods in period t. The second
 

term on the left of it is the social opportunity cost of so using investment
 

goods in period t, deflated by the cost of purchasing these goods. The first
 

term on the right indicates the present social marginal-value productivity of
 

SoC in subsistence agriculture production in subsequent periods of the plan
 

per unit of net government labor cost. The second term is the social oppor­

tunity cost (per unit of government purchasing power) of using labor for SOC
 

accumulation in period t. Finally, the last term on the right is the marginal
 

social benefit derived from the increased consumer income resulting from the
 

employment of labor in SOC accumulation.
 

The relative importance of the social opportunity Cost of using capital 

goods per unlt of private savings expended (X9t/Pt)and the social opportunity 

cost of using labor per unit of government expenditure (X6 t/11 1 w) will be 

influenced by the capacity of the capital goods industry and the size of the 

labor force. As the capacity of the capital goods industry increases relative
 

to the size of the labor force, the social opportunity cost of using invest­

ment goods will decline relative to the social opportunity cost of using labor.,
 

This suggests the transfer of,funds;-from the'government budget to the private
 

savings budget will be relatively,more attractive:inaneconomy that has -a
 

larger productive capacity in the capital goods industry. The opposite, of
 

course, is true in an economy that has relatively more labor in proportion -to
 

capital goods capacity.
 

AN ANALYSIS OF THE IMPACT OF FOREIGN AID 

Foreign aid can take various forms and can be put to alternative,uses !byI 

the recipient country. One principal reason for aId is assistance to'the 
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recipient country in economic development. Another is short-run relief in
 

emergencies. Frequently, however, the form of the aid and the conditions
 

under which it is provided are geared to benefit to the donor country.
 

The models in this study do not allow an analysis of loan repayment for
 

aid. However, outright gifts of specific commodities to the recipient coun­

tries can be analyzed. Since one of the principal forms of commodity aid has
 

been in the form of food, the major portion of this section is concerned with
 

a "comparative statics" analysis of a grant of food aid in one time period on 

the recipient country. Alternative methods of utilizing and distributing the 

food are analyzed. Some implications for other forms of commodity aid are 

drawn and some intertemporal considerations on development and resource allo­

cation are discussed.
 

Three methods of food distribution are considered. The first and simplest
 

is when food is given as a grant to the consumer. Under the second method
 

considered, food is used by the government as wages in kind in the development
 

of SOC. Under the third distribution method is the case where the government
 

sells the food and then uses the market revenue, as indistinguishable from tax
 

revenue. The economic consequences of these three alternative distribution
 

methods are analyzed within the framework of a partial equilibrium model.
 

Grants of Food to Consumers
 

Outright grants to consumers are assumed to be made for humanitarian
 

reasons. Recipient consumers do not pay for the food. The aggregate consumer
 

budget is augmented by an amount equal to its value. Assuming changes in the
 

output and prices of manufactured and capital goods resulting from food aid
 

to have a negligible effect on consumer income, we denote the aggregate budget
 

constraint as
 



- 103 -

I = g(P, Ys, Yl) + PA (177) 

where I denotes aggregate consumer income, P denotes the price of agricultural
 

output (food), and A represents the amount of food aid. Since a large portion
 

of the total labor force is employed in the agricultural sectors, consumer
 

income is considered a function of the price and level of output (employment)
 

in these sectors.
 

Total demand for food is,given the population, a function of the relative
 

price of food and consumer income. Thus, we have
 

D,=:f(P, I). (178)
 

The total supply-of food is the sum of domestic production nd food aid,
 

or
 

S = h(P, L) + A, 
 (179)
 

where domestic supply is a function of the price and the amount of subsistence 

employment. For equilibrium it is required that D = S. To determine the 

effect of varying the amount of food aid, differentiate D = S with respect to 

A and we get 

bf bp 6Pbhb 
5- 6 bP+ A) A+ P TPYAK+1 (180) 

If aid depresses the price of agricultural goods (aP/aA < 0), theoretically
 

the total quantity of food purchased will not increase by the amount of the
 

aid since an offsetting decline in domestic production will be determined by
 



the responsiveness of farmers to price changes and the responsiveness of
 

prices to changes in the amount of aid. The latter will involve the responsive­

ness of (a) consumer demand for food to changes in prices and (b) the income
 

changes resulting from price changes and grants of food aid.
 

Multiplying both sides of D = S by P, differentiating with respect to A, 

and collecting terms we get 

2 ofoh o~p
 
(D + PA + P f pbf y) 6P 2 ,P h-, +
 

bp ()I 6P bA -.. A
 

Equation (181) indicated whether the total value of :food tends to increase or
 

decrease when the amount of aid is altered. If the sum of the terms on either
 

side of the equation is negative, the total value of the food consumed decreases
 

as the amount of aid increases. Dividing the left-hand side of (181) by D,
 

we get
 

3.: 7- (182) 

+ +f 

the term (a + afa) defines the price elasticity of demand for food which 

Mellor suggests is approximately -0.9 for low-income countries F38, p. 72]. 

Since 1+ PA >I and BP < 0 the term ap will be negative unless this
D BA 5 

price elasticity estimate is too low. The likelihood that this term is nega­

tive will increase as D increases. The term P 2 will be positive unless
 

food is an inferior good. Thus, if the term enclosed as I is positive, the 

likelihood that the total value of the food consumed decreases as the amount
 

of food aid is increased will be larger as the proportion of total food repre­

sented as aid increases. In other words, an increase in the amount of aid is
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expected to cause the total value of food consumed to decline as the ratio of 

food aid to domestic production increases. 

The principal effect of food aid as a grant is an increase in consumer 

welfare in the period of the aid. If the aid is a "once in a lifetime" effort
 

and prices of agricultural goods are depressed for one period, a misallocation
 

of private investment resources could result under the assumptions of the
 

decentralized model. It also is conceivable that-aid of this nature reduces
 

the social value of marginal agricultural production (X2 and X3) in the cen­
3j 

tralized model. In case the government anticipated receiving this food aid,
 

there would thus be a reduced incentive to 'invest", agricutura
. 

preceding periods relative :to the :incentive'.that would exist'if no aid was 

anticipated. - If1,,the governmentiplanning authority anticipated receiving food 

aid throughout the duration;of *,the Dlanning period and no.adJustjents were
 

made in -.the. objectives of .the plan,, the resultLng, terminal.capital structure 

also would differ,(ascompared,with no aid received,or anticipated),, 

Food Aid for'Work Projects or Wages in-Kind
 

Under this method of food distribution, recipients work on Drojects to
 

earn food in the form of wages on SOC projects arid laborers are from the.
 

subsistence sector. This method should reduce current agricultural production
 

more than would food as a grant.
 

'
The amount 'f.1bor that n be hifred thiiough-the use of th'e food as
 

wages in kind is"
 

-(, )(fL + fL) PA,(183) 

and substituting into .(12) we get
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L':L* -L - L - P(184) 

Thus,"
 

___ A 

and from.(179) we get
 

,Bs=,h.A'bh..BP , P Bh..: 

- + (186). 
S'' 

where 'hIL(=l 0 by assumption, the'magnitude of (ial)%' ... ).' Since 


must bs 'sd t1 value o£ 'the rghtslde of'(8 Consiequent y,.:the
 

must be less than.'that"pricedehcease resulting fromthis typeof distribution 


due to a simple food grant since the demand side of '(182) reains unchanged.
 

The intra-period price effect of this type of distribution food is smaller,
 

than if the food is given as a grant, because domestic production falls to a
 

greater extent as a result of labor transfer from the subsistence sector."
 

The result is a relatively smaller pay-off as compared to a direct grant with­

in the period when food is used to employ labor on SOC work projects because
 

consumption increases less than under a grant. In succeeding periods, however,
 

there will be some additional social pay-off from the increased production
 

possible because of the added SOC available, for productive purposes.
 

Market Sales of Food
 

The centralized model discussed previously considers two alternative uses
 

'
 
for additional government revenue when the recipient country sells the food in
 

the open market. The added revenue can be used to employ labor for SOC
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accumulation or to purchase capital goods for investment in private capital
 

accumulation. The first of these two alternatives is identical with the
 

"wages :in kind distribution.method" considered in the preceding section.: 

The intraperiod consequences of using the revenue generated by food sales
 

to purchase capital goods are more complex. The increased demand for capital
 

goods will result in a higher price for capital goods. The result willbe
 

expanded production in this sector and a subsequent withdrawal of labor from
 

the subsistence sector. Thus, (184) is replaced by
 

Lb 4 -. ..L* . . . . . , (187) 

where .Land Lv may3 be zero.! Differentiating ( 187). with respect. eaidwe: get­

-, -A<0. 
~A BP (188
 

The absolute. magnitude of (188) ",is to be than that oftionl§.85)... -," expected "Xen e su1. less since. 

the revenue from food sales also must cover expenses such as additional manu 

factured inDuts and,more hired.labor.,,. Differentiating1,(79) ,under these. 

assumptions'we have 

BS Bh ap1 Bh dL3 P3..
 

1 s 3i
 

The demand side'of the lsystem also'requresmdiificationsiiice aggregate 

consumer income is no longer augmented by"the value 'ofthefood aid. "The 

additional food must be purchased out of inco-me.eard in 6ther'erploynt, 

Thus, equation (177):'is 'replace4by' 
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S(P 1, P3), (190) 

where P3 is included becausje output and production in the,capital gocds sector;
 

must be considered. Differentiating (178) with respect to food aid we get
 

bD"_b f 1 bf"bc I L II (191) 

- " >0, a
 
Compare (189).with the right side of. (182):.. Since 

i . a... 
-SLBP3 " > 

change; in P resulting fromaid will cause the change in the :quantity.produced 

domestically, plus the amount of aid, to be larger if the aid is distributed
 

inj the form-of grants -(rather,-
than sold:inVTthe',market and the?;revenue,used tO.:.
 

The chain of results Is this: -Since purchase .of.
purchase capital goods).' 


capital goods causes an expansion of capitalgoods production, 'labor.:will be
 

drawn outof the.subsistence sector. A leftward shift in the domestic supply
 

curve then will occur. :'Make a similar comparison between (191) and the left
 

s e o11) The aange in tl quanti y consumed under food grants'wil be
 

1ar "than' when fod ii sold In the market'. There i an' obvious reason for 

this dis'parity" 'Wenfo s given.as a grant, effective''ons r ,ii~ 

increases by the value of the food aid. A rightward shift in th e dema ind ' curve 

occurs. Food sold in the market results in a smaller income effect and, hence,, 

a Omallir.lrightward shift in the demand curve. ,,The net :mplication'tof these 

two sets of relative changes is that the quantity of food consumed will in­

crease more when the aid is distributed in the form of grants than when itis 

sold in the market and the revenue so generated is used to purchase capital 

goods. The relative influence of the two distribution methods on the price of 

food will depend on the relative magnitudes of the demand and supply shifts. 

http:given.as
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Comparisons Among the Three Distribution Alternatives
 

rhe intraperiod relationships among the prices and quantities of agri­

cultural goods under the three distribution methods are compared diagrammat­

cally as in Figure 6 (p. 110). 
 Demand and supply curves in the absence of aid
 

are represented by the curves D and S, -rspectively. They result in a price,

0 0
 

of P and quantity consumed of Q0"
 

Distributing food in the form of grants results in the largest shift'in
 

the supply curve since employment in.the !subsistence sector remains unchang~d.
 

Thus, S S + A,whereS rep'resents the total supply ,cdr ve and S represents
 

thedomestic supply curye that prevails' if no aid is given. 
Since granting ]the
 

food to consumers has the effect of.bolstering consumer/income, the demand
 

schedule shifts to the right and becomes D 
' The resulting demand supply
 

curve give a price-quantit\configurat ionheePg Po aandQo <Qg" The
TS< P 
 o
 

equilibrium price under grants-,will be lower ~thaii under no aidinsshe
 
marginal propensity to consume food outofincome is unity., In other words,
 

if the recipients of food grants d'ivert sbme of: theincome previously spent
 

on food .to the consumption of non-food.commodities, a drop.in price will re­

sult.
 

Turning now to'thew6rk projeclts form of distribution, the.income effect
..


is identical to that of grants, andD D. 
 The domestic supply curve will
 

shift to the left since labor is.transferred:frO* the subsistence sector,
 

SOC projects, but the shiftis not,sufficient to offset the influence of the
 

aid under the assumptions embodied in (21). 85 Consequently, the equilibrium
 

quantity consumed will .increaseivand be greater than the - '
quantity in the labsince
 
85
• 
 Y _^ Xal~2-i(P)> .
 
"85From (6), (21) and (184), we get BY 
 -a a GFL -) >--1.
 

Thus., the leftward shift of the domestic supply curve is not sufficient tG
 
offset the rightward shift of the total supply curve by the aid, bA '.
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,Figure, 6...Prices and quantities of food consumed under alternative
 
" , ...distribution methods. 
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of aid. The increase in quantity consumed, however, will be less than that
 

realized when food is in the form of consumer grants. This leads to an equil
 

Pibrium, Pw and Ow, with P 0 and Q0 < 0 < Qg. 

Food aid through sales in the market place with the revenue used to hire 

subsistence labor to work on SOC projects affects the economy exactly as if 

the food was distributed as wages in kind because the revenue earned from the 

sales is all paid out in wages. Thus, the effect on consumer income is the
 

same as in the wages in kind distribution and exactly the same amount of labor
 

can be hired from the subsistence sector leading to identical demand and supply
 

shifts.. If the revenue from government food sales is used to purchase capital
 

goods, however, the domestic supply schedule for agricultural goods will shift
 

to the left by a smaller amount than in the case of wages in kind distribution,
 

as is evident from comparing (189) and the RHS of (181). The demand curve
 

does not shift as much since all the additional food must be purchased out of
 

income earned in employment. Thus, income is augmented only to the extent
 

that the increased purchase of capital goods bids up the price of capital and,
 

hence, leads to increased employment in the capital goods industry where the
 

return to labor is higher than in the subsistence sector. This income effect
 

is smaller than that experienced with the grants or wages in kind distribu-


For the same reason, the
tion methods. Hence, D must lie between Do and Dw" h euligeuiruan .
 

new supply schedule S must lie between S and S The resulting equilibrium
 
s w 

price, Ps and the quantity Qs, have the properties that P P > P and 

< Q < Q * The equilibrium magnitude of P relative to P and Q relativeQ0 s g s, g s 

to Qw will depend on the extent of the shifts in the supply and demand sced­

ules. These orderings may change if labor hired in each case comes from an
 

urban or rural pool of unemployed workers, and not from subsistence agricul­

tural workers.
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Based on the assumptions underlying this study, and with no insulation
 

from the market, food aid should depress the price of agricultural goods, re­

gardless of the method of d'istribution. Similarly, food aid will tend to
 

reduce the social value of a marginal increment of agricultural expansion. If
 

a country was assured of receiving a certain amount of food aid for several
 

periods and the government anticipated this aid in formulating its development
 

plan, the incentive to expand the productive capacity of the agricultural
 

sectors would be less than if no food aid was anticipated. If the food aid
 

terminated unexpectedly, th' economy would probably have a somewhat different
 

capital structure than if the termination of aid was foreseen. This suggests
 

that, if an economy begins to rely on and to expect food aid, the economic
 

incentives to develop the agricultural sectors are reduced. One way to insure
 

that some development of these sectors does occur is to stipulate that the food
 

must be used on work projects designed to assist in the development of agri­

culture. For example, the food could be used to develop an irrigation system
 

or a rural road system to facilitate the marketing of produce.
 

Commodity Aid in General
 

Many effects of food aid discussed in the preceding section apply to'anYn
 

type of commodity aid that can be consumed directly. In terms of the models
 

of this study, granting manufactured goods as aid would tend to move the terms
 

of trade against that sector. Also, as long as a country is receiving this
 

type of aid and expects to continue receiving it, there will be a reduced
 

incentive to develop the sector. The social pay-off for expanding the pro­

ductive c:apacity is reduced because the commodity aid serves as a substitute.
 

Stipulations such as these will be good policy, however, only if a measure of
 

self-sufficiency in the production of the commodity is desirable.
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