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I. INTRODUCTION

In recent years there has been a flood of literature pertaining to
the problem of the development of dualistic econcmies.1 The purpose of
the present paper is to investigate the development of a dual economy in a
more comprehensive framework, The generalizations are threefold. First,
five sectors are considered as compared with two sectors in the models of
Lewis (11,12), Fei and Ranis (2,3,4,15), Jorgenson (6,7), Dixit (1), Nicholls
(14), and others, Increasing the number of sectors permits two additional
generalizations which have considerable empirical relevance in many less-
developed countries (LDC's) today. Specifically, in addition to inter-
sectoral trade of consumer goods and labor considered by the above-mentioned
authors, intersectoral trade in capital goods and nondurable manufactured in-
puts- are explicitly incorporated into the model, Lastly, the role of the
government 1is explicitly considered. This appears to be of tantamount im-
portance in any investigation of economic development,

A five sector optimizing model involving three products (agricultural
goods, manufactured goods, and capital goods) is used to examine intersectoral
factor flows of labor, capital, and manufactured inputs. Agricultural goods
(used only for consumption) are assumed to be produced by two sectors, a sub-
sistence and a commercial sector, These goods are perfect substitutes in
consumption and consequently there is only one price for the output from these

two sectors,

1The seminal article on the subject appears to be the classic article
by Lewis (11).
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Capital goods, produced by a third sector in the model, are used only
as factors of production and are assumed to be infinitely durable.1 A
fourth sector produces the third product, manufactured goods, which may be
used either for consumption or as nondurable factors of production.2 Manu-
factured goods to be used as inputs in other sectors or as consumer goods
are assumed to be perfect substitutes in production, In other words, manu-
factured consumer goods and manufactured inputs are produced by the same
firms using the same production process;s. These firms are assumed to be
indifferent between producing consumer goods or manufactured inputs which
leads to a common price for manufactured consumer goods and manufactured
inputs.

The fifth sector is the government sector, The government collects
taxes on all income earned and this tax revenue is used either to invest in
social overhead capital (SOC) in the agricultural sectors or to augment
“private" savings which are used to purchase capital goods from the capital
goods sector, The allocation of private savings among the investment alter-
natives is under the direct control of the government.3 The government is

assumed to invest in these alternatives in a manner that tends to maximize

1That is, depreciation is not included in the model. This is a simpli-
fying assumption and is not necessary to the analysis, There is no reason
to suspect any of the conclusions of this study would be appreciably altered
by relaxing this assumption,

2A nondurable factor of production is one which is completely used up
in production during the period of purchase.

3This can be interpreted as a centrally planned economy where the
government owns all the fixed capital stock. Alternatively, it can be viewed
as a privately owned economy with centrally guided investment,
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social welfare over a finite horizon, where welfare is assumed to be a
function of consumption over the horizon and the productive capacity of the
system at the end of the planning period,

For simplicity, the supply of labor is assumed to be perfectly in-
elastic throughout the period.1 Labor employed by the government, in the
commercial agricultural sector, manufacturing sector, or the capital goods
sector receives an exogenously fixed wage rate2 which is assumed to be too

high to allow all labor to be employed in the four advanced sectors.3 Any

labor which is not employed in the advanced sectors finds employment in the
subsistence sector where an average productivity is earned. The sub-
sistence 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 to be perfectly inelastic.

1The implications of relaxing this assumption are investigated in
Haessel (5),

2Vari.ous reasons for a rigid wage rate have been given, Perhaps the
most plausible reason is that the laborers are organized in a union to main-
tain this wage rate. Other possible explanations include social legis-
lation and unwillingness to work in other than traditional employment at a
wage rate lower than the institutional wage rate.

3 . . . .
The commercial agricultural, manufacturing, capital goods and govern-
ment sectors are collectively referred to as the advanced sectors,

4As explained in the following section, the marginal physical produc-
tivity of labor in the subsistence sector is never assumed to be zero. This
appears to coincide with the evidence cited by Kao, Anschel and Eicher 9).
Thus, withdrawing labor from the subsistence sector tends to reduce production
in this sector and we are following Jorgenson (6) in this respect. However,
a perfectly elastic labor supply curve to the advanced sector coincides with
the assumptions of Lewis (11) and Fei and Ranis (4). Jorgenson (7,8) made
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This model is used to investigate characteristics of dualistic economies
which tend to make agricultural development relatively more or less desirable
than development of industry. The formal model is introduced in the follow-
ing section. The optimization of this model is discussed in Section TIII,
which is followed by two sections discussing the merits of investing agri-
culture and industry, respectively. The paper concludes with a section
discussing the relative advantages of investing in agricultural SOC or in

private industry.

II. THE MODEL

In this section the formal model is presented, First we define the
notation. This is followed by a presentation of the model and a discussion
of the equations in the model.

Throughout this paper, the following convention on notation is used.
All variables are denoted by upper case Latin letters, Lower case Latin
letters and Arabic numerals are subscripts either on variables or parameters,
Parameters are denoted by Greek letters, All parameters, indexes and vari-

ables are non-negative, Subscripts on variables refer to the following:

an interesting attempt to test the appropriateness of the assumptions of
zero versus positive marginal physical productivity of labor and concluded
that, for the case of Japan, the data were consistent with a positive mar-
ginal physical productivity for labor., As Marglin (13) demonstrates,
however, Jorgenson's test depends crucially on the assumption of unitary
elasticity of substitution between labor and capital in the industrial
sector,
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subsistence agricultural sector.

1 = commercial agricultural sector.

2 = manufacturing sector.
3 = capital goods sector.
t = time period (discrete).

The variables are defined as follows:

Yit = production of good i, (i = s, 1, 2, 3).

Fit

1}

use of manufactured goods (originating from sector 2)

as a factor of production in sector i, (i = s, 1, 2, 3).

Cit = consumption of good i, where i = 1 denotes agricultural
goéds and i = 2 denotes manufactured goods,

Kit = capital stock in sector i available for production
during period t, (i = 1, 2, 3).

Lit = labor employed in sector i, (i = s, 1, 2, 3).

-it = labor employed by the government in the accumulation of
social overhead capital (SOC) in sector i, (i = s, 1).

P ™ price of good i, (i =1, 2, 3); Ps = Pl; and P2t =1,

Iit = private investment in sector i, (i = 1, 2, 3).

It = transfer of tax revenue from the govermment budget to
the private savings budget.

Giﬁ = level of SOC in sector i, (i =s, 1).

Bi = amount of land in sector i, (i =s,1).

Xit = Lagrangean multiplier corresponding to the i-th constraint

in period t.



The parameters are defined as follows:

is

Hps Mg Hype Upps Moy and Hoo are parameters of the quadratic
welfare function,

"intercepts" of the Cobb-Douglas form of production

Q
n

function sector i, (i = s, 1, 2, 3).
» = "elasticity of production" of SOC in the agricultural

sectors.

institutionally fixed wage rate in terms of manufactured
goods.

a. = elasticity of production of factor j, sector s, (j =1, 2, 4).
B. = elasticity of production of factor j, sector 1,

(G=1,2,3 4).

Y = elasticity of production of factor j, sector 2, (j =1, 2, 3).
§. = elasticity of production of factor j, sector 3, (j =1, 2, 3).

where j = 1 .denotes manufactured inputs, j = 2 denotes

labor , j = 3 denotes capital, and j = 4 denotes
land,
1 = terminal period of the plan (i.e., t =0, 1, ..., ).

¢ = exogenous rate of technological change in the manufacturing
and capital goods sectors.
y = marginal (= average) tax rate.

p = social discount rate on welfare.

@ = parameter indicating the weight the planning authorities place

on the provision of post-plan productive capacity.

The mathematical model follows, beginning with the welfare function which
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Now we discuss each of the equations in turn. The welfare function
(2.1) is assumed to be known by the planners. Welfare in every period is
assumed to be a function of aggregate consumption1 of agricultural goods (C1)
and manufactured goods (CZ) throughout the planning horizon. Welfare in
future periods is discounted to the present at a constant rate, p. In addi-
tion, a positive value is imputed to the value of net productive capacity
available at the end of the plan to be used in post-plan production,2
Without loss of generality, consumption units can be chosen so that C10=C20=1.
That is, in the period immediately preceding the initial period of the
plan, one unit of agricultural and manufactured goods are consumed.

The parameters of (2.1) are assumed to be such that By > Wy 2u11 >
gy > Byps Wy T 2yt gy >yt iy - 20y > 05 and (2o )) /@Ry, ) >
u1/u2. These assumptions are sufficient to guarantee the following: 1) a
marginal increment in agricultural goods consumption in the initial period will
contribute more to welfare that a marginal increment in manufactured goods
consumption, 2) The marginal welfare of consuming additional units of agri-
cultural goods declines more rapidly than the marginal welfare of consuming ad-
ditional units of manufactured goods. 3) The quadratic form in (2.7) is

negative definite, which in turn implies a saturation or bliss point in

1Since the labor force (and population) is assumed to be constant, by
virtue of the 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 em-
ployees consume at another (higher) rate. The weights in the average are the
proportions of the labor force employed in the subsistence and advanced sectors.

2Net productive capacity is total capacity less requirements for inter-
mediate inputs. The prices existing in the last period of the plan are used
to aggregate net capacities after investment in the final period of the plan.
The value of the net productive capacity is enclosed in { } in equation (2.7).
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consumption exists. 4) This saturation point occurs at a consumption com-
bination such that the ratio of manufactured goods/agricultural goods con-
sumed is higher than in the initial period. In addition it is assumed that
this saturation point cannot be attained within the finite horizon of T

periods.

Isowelfare lines corresponding to a quadratic form in which the
parameters satisfy the foregoing assumptions would exhibit the general
shape represented in Figure 1. The maximum occurs at the point denoted
A. 1In 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
point would be

_dcl=u2- 2u22+u12 <1
dC, My - 2H; t W,

Moving along the ray OR would tend to move the TT against the agricul-

. Zw 2 2 2 ' R .
tural sector since J /BC1t <9 W/BC2t < 0. That is, if the con-
sumers whose preferences are being represented by this welfare function
were to be confronted by equiproportionately more of each good they
would tend to bid the price of agricultural goods down relative to manu-
factured goods. This is consistent with Engel's law which states that
consumers tend to spend a higher proportion of their income on nonfood

(nonagricultural) items as their level of real income increases.

The production process in each sector is assumed to be described by
a Cobb-Douglas production function, Output from the subsistence sector
in period t is given by equation (2.2) Land (BS) is assumed to be fixed
throughout the period, Labour (Ls)’ purchased inputs (Fs), and SOC, Gs,
are all variable, Purchased inputs include such items as fertilizers, in-

secticides, and any other items purchased from the industrial sector.
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0 1 Cz

Figure 1. Isowelfare curves and implied terms of trade

Labor is measured in terms of man years and as such is productively
employed in the sense that withdrawing labor from this sector would
reduce output if all other factors remained at their previous levels.1
The SOC variable is explained in detail below,

The production process in the commercial agricultural sector (2.3) differs

from that in the subsistence sector since reproducible capital is used as a

factor of production. Land is fixed while all other factors are variable.

1In this respect we are following Jorgenson (6) rather than Lewis (11)
or Ranis and Fei (15). This appears to be consistent with the empirical evi-
dence cited by Kao, Anschel and Eicher (9).
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We make the following specific assumptions about the production func-
tions in the agricultural sectors: (A) Zai = 1; (B) Zei =1; (C) a, = Bl;
() o, < 82; (E) » < 84. Assumptions (A) and (B) imply constant returns
to scale prevail if all the conventional factors (land, labor, capital
and manufactured inputs) are varied proportionately. Assumption (C)
indicates the elasticities of production with respect to manufactured
inputs are equal between the two sectors, while (D) indicates the
elasticity of production with respect to labor in the subsistence sector
is less than in the commercial agricultural sector.1 Assumptions (A)- (D)
imply that A > BB + 54, which suggests that the elasticity of production
with respect to land in the s sector is greater than the combined elas-
ticity of production of capital and land in the commercial sector.2 As-
sumption (E) implies that since land is not variable diminishing marginal
productivity of nonland resources are evident in agricultural production
even if investment is made in SOC.3

The production processes in the manufacturing and capital goods sec-

tors (2.4) and (2.5) are assumed to differ from production in the agricultural

1Since labor is combined with capital in the commercial sector, a
small change in labor input has a larger output response in sector 1 than
a small change in labor input in sector s,

2 . . . . . . .
This is because land is more intensively cultivated in the sub-
sistence sector,

3Since 0y, > B4, this applies to sector s as well as sector 1, If

A > By oF if A > Oy

would, in effect, lead to problems of nonconvexity. It is for this reason
that land resources are kept fixed (that is, to guarantee convexity).
Transferring land from one sector to the other would also lead to non-
convexity problems.,

, this would permit increasing returns to scale which
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sectors since no primary or fixed factors are involved and technology improves
at a constant exogenous rate of 100e percent per year. Thus, production in
these two sectors is assumed to be a function of manufactured inputs, labor,
and capital inputs. Both of these sectors use their own output in further
production,

.Equation (2.6) indicates that employment in every period must equal
the total fixed labor supply Lo' Equation (2,7) indicates that all agricultural
output is consumed, while (2,8) indicates that manufactured output may be
either consumed or used as a factor of production in all except the govermment
sector. Qutput from the capital goods sector must be used for investment
in fixed capital stock (2,9). The capital available in any sector in any
period is defined in equations (2.24), (2.25) and (2.26). Once investment
takes place in a particular sector, the capital goods cannot be transferred to
other sectors.

The govermment is assumed to collect taxes on all income earned by labor,
land and capital at a constant marginal (and average) tax rate.1 This is equi-
valent to collecting taxes on all income received by the sectors less the cost
of purchased manufactured inputs, plus collecting taxes from government em-
ployees. This tax revenue is given by the L.H.S. of (2.10), while government
expenditure is given by the R.H.S. of (2.10). Government expenditure in the
agricultural sectors can be used to accumulate SOC which is accomplished by
hiring labor at a fixed wage rate, w. This labor engages in various extension
activities, educational programs, and other endeavors which have the effect

of increasing productivity in the agricultural sectors, An alternative

1 . .
The constant tax rate is not a necessary assumption and could be
considered as an instrumental variable.
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interpretation would be for this labor to engage in labor-intensive capital
accumulation, such as building a road, dam, or irrigation system using
labor as the only significant input.] The level of SOC available in the
agricultural sectors in any period is defined by (2.22) and (2.23). The
other alternative for utilizing govermnment tax revenue is to transfer the
revenue to the budget used to purchase capital goods (2.19). The amount

of this transfer is P This results in a one-way transfer possibility

el
(i.e., resources can be transferred from the tax budget to the private sav-
ings budget but not in reverse), Other sources of private savings are
the income earned on the existing capital stock in the advanced sectors and
the rent on land in the commercial agricultural sector. (Rent in the sub-
sistence sector is consumed). These private and public investment expendi-
tures are allocated (by the government) in a manner that will maximize wel-
fare over the planning horizon, Investment goods, either social overhead
or productive, cannot be used in production until the following period.
Equations (2.11)-(2.14) describe the behavior of the private sector
with respect to the purchase of manufactured inputs.2 Equations (2.15)-
(2.17) indicate that labor in the advanced sectors is paid its marginal value
productivity, Since thewage rate (w) is exogenous, (2.15)-(2.17) deter-
mine employment levels in the advanced sectors, and since government employ-

ment (is +‘i1) is determined by other considerations, employment in

1Labor intensive capital accumulation is also considered by Lewis
(11 , p. 161) in his discussion of capital accumulation through monetary
expansion,

2Note that the price of manufactured goods (inputs) is chosen as
the numeraire and is arbitrarily set equal to one (i.e., P2t =1).
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subsistence agriculture (Ls) is a residual,

The inequalities in (2.20) and (2.21) are constraints imposed to pre-
vent consumption from falling below initial levels in any periocd.

The intersectoral flows in this model are illustrated in Figure 2,
ITt’ IZt’ 3¢ Lst and L1t have

been specified, In response to these specified levels of planned invest-

Assume that in some particular period, It’ I
ment expenditures there will be certain flows among the sectors, The five
sectors are represented as rectangles and the two ovals represent the two
groups of income recipients, the capital owners and the laborers, Land-
owners 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 in the commercial agricultural 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 their income on consumption goods, This con-
sumption expenditure is divided between agricultural goods (P1C1) and manu-
factured goods (PZCZ)' The expenditures on agricultural goods are divided
between the commercial and the subsistence agricultural sectors. Consump-
tion expenditures by labor are the only source of revenue for the agri-
cultural sectors. The manufacturing goods sector, on the other hand, sells
its product to the two agricultural sectors and the capital goods sector
as well as to consumers, Hence the manufacturing goods sector receives
revenue from all four of these sources,

The capital goods sector sells its output to the capitalists whose
savings may be augmented by transfers from the government. The capitalists

spend all their income on private investment goods. The government has two
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classes of expenditure alternatives, The tax revenue which the government
collects may be spent on either SOC for the agricultural sectors or on invest-
ment goods for private capital accumulation in the manufacturing, commercial
agricultural and capital goods sectors,

Turning now to the income flows, labor receives income from all five
sectors, However, since capital is not used in the subsistence or the
govermment sectors, the capital owners do not receive income from these two
sectors. Net revenue1 in the subsistence agricultural sector accrues to
labor. Part of this net income is rent on the land which the laborers are
presumed to own, The net revenue in the commercial agricultural sector
is divided between 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 return on capital stocks-

In the subsequent period the same process is repeated except that
productive capacity in the various sectors will be augmented by the preceding

periods investment,

III. THE FIRST-ORDER CONDITIONS
The general nature of the optimizing problem for this model is to
maximize a differentiable, concave function (2.1) subject to a number of dif-

ferentiable, convex constraints (2.2)-(2.21). In additiom, it is required

1Net revenue in this section is defined as total revenue less the cost
of purchased manufactured inputs and taxes.

2For a detailed discussion of some of the comparative statics proper-
ties of a very similar model, see Haessel (5).
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that all variables must be non-negative, This type of problem can be maxi-
mized by application of the Kuhn-Turcker first-order conditions (10), This
involves formulating a Lagrangean function which is presented in Appendix A.
The Lagrangean multipliers are denoted as Xit’ where the subscript i cor-
responds to theequation number of the associated constraint in Section II,
The subscript t refers to the time period. The constraints in the function
are formulated in a manner such that the associated dual variables
(Lagrangean multiplieré) are non-negative, The first-order conditions are
derived by differentiating the Lagrangean function with respect to every
time period for every variable. If the variable in question can be shown to
be positive from a priori considerations, then the Kuhn-Tucker conditions be-
come equivalent to the first-order conditions of classical calculus. Only

six variables cannot be shown to assume positive values, specifically Est’
L I
Lie e L

principle concern, the first-order conditions relating to these variables

I IBt’ and It' Since these variables are the variables of
are presented in the text, while the remaining first-order conditions are
presented in Appendix B.
Subscripts on V denote partial derivatives on the Lagrangean function
and T = T+ 1. The same first order conditions apply to every period (t=1l,...,T).

The Kuhn-Tucker first-order conditions for an optimum with respect to the six

government instruments are as follows:

T
= - - - X <0 ;
Vo= N D (XY /6 ) - Xg + 000Ky g, - Xqgp)
st i=t+1
A, &,
L L = dY, =0 Gx F 1L (3.1)
Lstvi =05 L = 03 whgre XZT,— PlTe anc Ier s sT.sT sT .
st
. 1 X X...) s0;
Ve o= D (X ¥,./6) - X +00-DXpg - Xy ;
1t i=t41
- = _ oo B1L‘52K‘33
L, ¥ =0; I, =05 where Xy, =P 0 and ¥ip = 0CpFy Ly fyp 3.2)

1t
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T
L, " P i=§+1 X33%717%90) = For = XpoePae =9 Ty, T 0
I1t 2 0; where X3T and Y,  are as defined in (3.2) (3.3)
T
Y1, T Y3 1=f+i ®,3Y91/%p4) = Xgp = Xj9¢P3e < 03 2y, © 05 Tpp =05
where X4T =9 and Y2T = (1+e)T02FZ:L:$K:; (3.%)
T
i, T 5, 1=f+1 (Ko ¥33/Kgy) = Xgp = XygPyy <05 TyeVr,, =% T3 ® 0;
T 0 8 93
where XST = PBTG and Y3T = (T+¢) U3F3TL3TK3T (3.5)
Vo= Pyp(igeKpo) 50 Iy =0 I, =0 (3.6)

The first-order conditions (3.1)-(3.6) and the equations in Appendix B
combined with the original equations in the model define optimal values for
the variables over this planning period. Our principal concern will be with
the analysis of the optimal allocation of government and private investment
expenditures. Thus we will be concerned with (3.1)-(3.6).

The allocation of govermment SOC expenditures between the subsistence
and commercial agricultural activities is discussed in the next section, This
is followed by a section in which the factors affecting private investment de-
cisions are analyzed. The third alternative considered for government expendi-
tures is to transfer resources from the tax budget to the private savings
budget. This choice involves a decision between agricultural development

and industrialization and is discussed in a later section,

Iv. INVESTMENT IN AGRICULTURAL SOC
From (3.1) we see that one of the conditions for optimality with re-
spect to investment in subsistence sector SOC is that
T ‘
NDOX, Y /G ) S X+ w(-9) (X - X et), .1)

j=t41 218

where X2i represents the social marginal (present) value of additional subsistence



-20-

agricultural production in period i > t, X18t is the marginal social value of
additional consumer income generated in period t by employing labor in SOC'
accumulation, and x6t and xlOt represent the social opportunity costs of labor
and government purchasing power, respectively, From the first-order con-
ditions in (3.1) it is apparent that if it is optimum to invest in GS in any
period (i.e., ist > 0), then it is necessary that the L.H.S. equals the R.H.S,
of (4.1). In other words, if ist is to be positive, then the sum of the dis-
counted marginal social value productivity in all subsequent plan periods and
the social value imputed to post-terminal productive capacity of labor em-
ployed in Gs accumulation in period t plus the social marginal value of in-
come paid to labor on the SOC project must be large enough to offset the social
opportunity cost of the labor employed on the project plus the social opportunity
cost of the government expenditure.

Similarly for the commercial agricultural sector from (3.2) it is re-

quired that

T
)\i=§+‘l (x3iY1i/G1 i) < x6t + w(1'-¢) (x10t - X‘|8t)' (4.2)

Since the R.H.S. of (4.2) is identical with the R.H.S. of (4.1), the decision
to invest in Gs versus G1 depends on the relative magnitudes of the L.H.S's of
these equations. Investment in SOC will be optimal only in that sector where
the L.H.S. is the largest, but it does not follow that investment is desirable
in that sector for which the L.H.S. is the largest. Hence in discussing the
relative desirability of developing subsistence versus commercial agriculture,
it is necessary to examine components of the sums on the L.H.S. of (4.1) and
4.2).

In discussing the relative magnitudes of these sums, it is advantageous
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to begin with the terminal period of the plan (T7) and working towards the

start of the planning period. For convenience, let us define

T
A=A 3 (X, /6 ) (4.3)
B gepqr 231
and
T
D =X I (X /G ) (4.4)
£ e 3L
Thus for the final period of the plan we have A_ = X, ¥ T/G and
D_ = X3TY1T/G Recalling the definitions of XZT’ XBT’ YST and Y0 intro-
duced in (3.1) and (3.2) , we have
_ A-1 Ob1 %o %4
AL = My B0 G ForlgrDs (4.5)
and
~ 11 Pa P3Pu
Dy = ABy100,Grp FrplyoKyaBy (4.6)

Since we are interested in comparing the relative magnitudes of A'r and
D'r’ we can ignore the common terms )\PHG. Recall that Bs and 31 denote the
quantities of land in the subsistence and commercial agricultural sectors,
respectively. The relative size of Bs and B] unquestionably varies greatly
from country to country, However, the portion of the land that is farmed
by mechanized means in many LDC's is small relative to that which is farmed
by traditional means. Since the land in the traditionmal sector is frequently
more intensively farmed than land on larger holdings (e.g., latifundia), it
was assumed that the productivity of land in the subsistence sector was higher
than in the commercial sector, In other words the share of the output attri-
butable to land (aﬁ) is larger in the subsistence sector than the portion
attributable to land in the commercial sector (Ba). Based on these assump-

a B4

tions, we have BS > B1 . To the extent that the commercial sector uses
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more modern and hence more productive techniques than the subsistence sector,
the influence of land will be at least partly offset by the larger "index of

technology."  In other words, it is likely that g < o, because more modern

and efficient practices are being used on the commercial farms, An addi-

tional offsetting factor is the influence of mechanization in the commercial
B3
1T°

return to labor in the advanced sectors exceeds the net income per capita in

sector, This influence is represented by K It has been assumed that the

. > .

the subsistence sector. Thus we have BZY“:/L]t (a2+aﬁ)Yst/Lst’ and since
< i > . .

BZ szhma) it follows that Y]t/th Yst/Lst' Even though it is assumed

that Lst > th, since q, < BZ it is impossible to determine on the basis of

2

fo!
these assumptions whether Lsi exceeds LBZ in any particular period. Finally,

1t
from (2,11) and (2,12) and the assumption that a, = 31, it follows that

T are proportional

Consequently the magnitudes of FZl and F]t

Ylt/F1t = Yst/Fs

to the relative magnitudes of YSt and Y

t.
1t°
Bringing all these considerations together, it follows that the larger

the relative size of the subsistence labor force relative to the commercial

agricultural labor force, the larger AT will be relative to DT. Similarly,

a
the larger Bs4 relative to 314, the larger AT will tend to be relative to DT.

Counterbalancing 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 (og versus 01), the larger DT 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,r and D,r vary directly with the relative sizes of all

the foregoing factors, The only exception is the size of GST compared with

G The relative sizes of AT and DT vary inversely with the relative

1T°
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quantities of SOC available in the two sectors,
The reason for the concern over AT and DT is that AT and D,r form the
base for all earlier values of At and Dt' For example, for period T-1, we

have from (4,3) that

AT-1 = KXZTYST/GST + AT ’ .7

and from (4.4) we have

D = X, Y /G1T + BT . (4.8)

T-1 3171T

Thus, the larger AT relative to DT, the larger A'l__.| will be relative to DT_1.
In comparing the two additional terms in (4.7) and (4.8), the same factors

or components have the same influence as in AT and DT. This becomes obvious
when these terms are written as

[o A o AN ¢ A
Y /¢ o cMlp Iy 25 4
sT ST S ST ST ST ST

and

Y1T/G1T = c1G1'r F17L17K1TB1 ‘

Since the outputs of these two sectors are perfect substitutes in consumption,
XZt = X3t and hence can be ignored. Finally, replacing T by t in (4.7) and

(4.8) it is obvious that the same variables and parameters have similar in-

fluences throughout the entire period,

Summary and Conclusions

In summary, the following conclusions appear to be relevant in con-
sideration of the relative desirability of investing in subsistence or com-
mercial sector SOC. 1) The larger the total labor force, Lo’ relative to
the resource base of the economy (land and fixed capital stock) the rela-
tively more desirable it is to invest in S0C in general and in

subsistence SOC in particular. 2) The larger the proportion
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of the total land base used for subsistence forms of production, the more
attractive investment in subsistence SOC becomes relative to investment in
commercial sector SOC. 3) There is a certain amount of complementarity
between investing in private capital in the commercial sector and the de-
sirability of investing in G1. In other words, private investment in K,I
tends to make investment in G1 more desirable. 4) To the extent that the
commercial sector employs more modern and more productive techniques than
the subsistence sector, it will be relatively more desirable to invest in
G, rather than GS. 5) Investment in either G

1 1

to reduce the relative desirability of investing in SOC in that sector in

or GS in any period tends

subsequent periods, 6) Finally, it is impossible to determine a priori
whether it is more desirable to develop subsistence or commercial agri-
culture or which should be developed first,

The discussion throughout this entire section has been conducted in
terms of the relative desirability of choosing between two alternatives.,
At no point was investing in GS rather than G1(or vice versa) advocated,
This decision cannot be made in the absence of data on the magnitudes of the
various parameters and variables, Furthermore, the discussion in this
section almost completely abstracts from consideration of the social oppor-
tunity costs involved, As indicated above, the decision in any one
period will depend on the magnitudes of At and Dt relative to the social
opportunity cost of using govermment tax revenue and labor for SOC accumu-
lation. One of the major factors influencing this social opportunity
cost is the social desirability of transferring tax revenue to the private
savings budget. This social desirability depends directly on the private in-

vestment opportunities available which are discussed in the following section,
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V. PRIVATE CAPITAL ACCUMULATION

The allocation of private investment funds in this model is
governed by the criterion of social desirability. The application of
the social desirability criterion to the investment alternatives is
summarized in the first-order comnditions (3.3)-(3.5). The social de~-
sirability of transferring revenue from the tax budget to the private
savings budget is summarized in condition (3.6). The problem of trans-
ferring these funds is deferred until the following section. This sec-
tion contains a discussion of the allocation of private investment funds.
The method of analysis is similar to that employed in the previous section
on SOC accumulation.

From (3.3)-(3.5) we have

T
By I (X3,¥,,/K;;) < Xg + Xyg P50
i=t+1l

(5.1 )

T
y. I (X,.Y,./K.) <X
3 i=t+l 4i2i" 21

5.2
ot ¥ X10cF3¢e ( )

and
: (5.3 )
8y I (R5g¥yy/Kyy) < Xop ¥ Xygeae :
i=t+l
As in the case of SOC, if investment in K1 is to be desirable in period t,
(i.e., it is optimal for I1t to be positive) then the L.H.S. of (5.1) must be
equal in magnitude to the R.H.S. of (5.1). Tn 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
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periods plus the social value of post-plan productive capacity must be equal
to the social opportunity costs of using investment goods and private sav-

ings in this manner, Similar interpretations apply to (5.2) and (5.3).

Making detailed comparisons among the desirability of the three
private investment alternatives is more difficult than analyzing the two
alternatives available for investment in SOC. This enhanced difficulty
results from the greater asymmetry involved in the choices among the
private investment alternatives. One troubizsome aspect of this asymmetry
is that the products produced 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 G1 or
3¢ Xét’ and X5t must be considered in com-
paring the relative magnitudes of the LHS of (5.1 }-( 5.3)).

Gs' The relative values of X

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 G1 or G4 for SOC investment. In the allocation of government
funds it was possible that investment might not occur in either G1 or Gs
in a particular period since the entire tax budget could be transferred
to the private savings fund and used to accumulate private capital. No
similar transfer option exists for private savings. Consequently
capital must be accumulated in at least one sector. Thus, the social

opportunity cost of placing capital (th + X ) cannot exceed the

19t 3¢t
largest of the terms on the L,H.S. of (5.1)-(5.3). If investment occurs
in more than one sector, the values of the L.H.S. of (5.1)-(5.3) corres-

ponding to these sectors must be equal. Investment, however, will be so-

. cially desirable in only those sectors for which the value of the L.H.S. of
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the conditions equals the social opportunity cost, This equality will
prevail only in those sectors with the larger values on the L.H.S. Thus,
it becomes important to determine which economic factors contribute to

increasing the value of the L.H.S.

The Share of Capital

One of the more obvious elements to be considered is the relative mag-

nitudes of the three parameters BB’ Y., and 63, From (5.1)-(5.3) it is

3
obvious that if any one of these parameters is large relative to the other
two, it will be more likely that investment will be desirable in that sector
for any given set of capital/output ratios, 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 Value of Outputs

The desirability of investing in the various sectors is stromgly in-
fluenced by the social values attached to the outputs of the three sectors

X3, X4, and X The social value of capital goods production (XS) is an

5°
indirect or imputed social value since capital goods do not enter into the
welfare function directly except in the evaluation of post-terminal productive
capacity. Since capital goods are not consumed, the production of capital
goods is desirable only from the standpoint of the increased production and
consumption of agricultural and manufactured goods made possible in subse-
quent periods through the accumulation of capital, At the other extreme,

agricultural output is used for consumption purposes only. Consequently,

the social value of agricultural production is derived strictly from direct

consumption benefits and no indirect value is imputed to agricultural production
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in this model, A pésitive social value on capital goods production ex-
presses a concern for expanded future consumption, while a positive value
for agricultural or manufacturing production expresses a concern for
present welfare, 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 pro-
duction, X4 contains elements of both direct and indirect social value.

Comparisons among the relative magnitudes of the three social values
is difficult because of the nature of the considerations involved. The
easier comparison is between X3 and X4 since intertemporal considerations
are not explicitly involved within periods. During the initial periods
of the plan the magnitude of X3 might be expected to exceed the magnitude
of X4. Based on the assumptions about the welfare function discussed in
section II, the marginal social utility of an additional unit of C1 is
assumed to exceed the marginal social utility of 02 in the early periods
of the plan. This implies that X2 = X3 > X4' This is true even though
manufactured goods are also used as factors of production, The marginal
welfare derived from the consumption of additional units of agricultural
goods declines more rapidly than the marginal welfare of additional manu-
factured goods consumption, The ratio X3t/x4t might decline over time if
both agricultural and manufactured goods production increase. However,
this need not be the case if the ratio C1t/02t declines at a sufficiently
rapid rate,

It is more difficult to make meaningful comparisons of X5t with X3t
or X4t than to make comparisons between X3t and Xét' Comparisons involving
X require consideration of the social value of present versus future con-

5t

sumption since the value of X5t is an imputed value derived from increased
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consumption of manufactured and Zricultural goods made possible, The inter-
temporal aspect of the problem arises because the social payoff from the
production of capital goods in period t cannot be realized as expanded con-
sumption before period t+1. Thus, if society places a high premium on
present consumption relative to future consumption, the value of X5 will be
lower than if society was relatively less concerned with shorter term pay-
offs, The social rate of discount, p, is 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, 8. A greater concern by society to bequeath
a large productive capacity to future generations is reflected in the
model by an increase in 6. This terminal productive capacity must, to some
extent, be acquired at the expense of reduced consumption during the plan,
Consequently, an increase in the magnitude of § leads to a concomitant in-
crease in the social value of capital goods production, The value of
X5 is determined to a large extent by the social rate of discount and the
relative emphasis given to terminal productive capacity. While the analysis
of the consequences of choosing particular values for these parameters is
an economic problem, the actual choice of the values of the parameters is
essentially a political question involving the ethics of the well-being
of current versus future generations as well as the problem of current versus
delayed consumption within the present generation.

In summary, the problem of comparing the relative magnitudes of X5

with X, and X, involves many diverse considerations such as levels of

3 4
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production of the three goods as well as the relative rates of expansion of

and CZt' The most difficult problem, however, arises from the inter-

Cre

temporal aspects of current versus delayed consumption., In general, as
relatively more emphasis is placed on current rather than future consumption,
less emphasis will be placed on the accumulation of capital goods and the

absolute and relative levels of C, and C, become proportionately more impor-

1 2

tant in determining the allocation of investment, Concomitant with this is
reduced emphasis on expansion of capital goods capacity as reflected by a
lower value for XS'

The rate of technical change and SOC accumulation

The only terms on the LHS of (5.1) - (5.3) remaining to be considered

are the output/capital ratios. From (2.3) - (2.5) we have

- A _B1,B2,83, B8
Yy /Kyp = 9167 FrelieX By /Kpps (5.4)
_ t Y1.Y2,73
Yor/Kop = 0p (1) Py LK) L/K, s (5.5)
and
a t 61,62 83
Y3t/1(3t 03(14-e) F3tL3tK3t/K3t. (5.6)

Since the numerators of the ratios in (4.69)-(4.71) involve different

units of account, the only meaningful comparisons among these ratios

involve those factors which willAtend to change the relative.magnitudes
of these ratios over time.

The most obvious factor is the rate of techmnical chance, €, in the
manufacturing and capital goods sector relative to the rate of SOC
accumulation in commercial agriculture. The "effective" rate of SOC

accumulation is

A A -
Gl,t—i-l " St - L
A t

=] - 2—1 >o. (5.7)
G G,, + ¢ L.,
=] li'_l

1t 11

Since € >0, the productive influence of SOC accumulation in commercial
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agriculture may be greater than, equal to, or less than the exogenous rate
of technical change in the manufacturing and capital goods sectors. Denote
the LHS of (5.7) as AG/G. If AG/G > e, then private capital accumulation
in the agricultural sector would be relatively more desirable vis-&-vis the
nonagricultural sectors than if AG/G < ¢, This is because, ceteris paribus,
the larger the rate of increase of the output/capital ratio in a sector, the
relatively more desirable it will be to expand the capital stock in that
sector, While ¢ is a constant AG/G may vary over time, Consequently SOC
accumulation will have a varied influence over time on the relative desirability
of private investment in commercial agriculture,

Changes in the terms of trade

The remaining elements in (5.1)-(5.3) that can alter the output/capital
ratios are the inputs of manufactured goods and labor. From (2.12)-(2.17) it
is apparent that the influence of these factors is determined by the TIT over
time, Since P2t = 1, the output/capital ratio in the manufacturing sector may
be treated as a numéraire, If P1t increases over time, it will become profi-
table to employ larger amounts of labor and manufactured inputs in this sector,
which will tend to increase Ylt/Klt relative to Y2t/K2t' This increase in the
output /capital ratio in commercial agriculture will tend to make investment in
this sector relatively more desirable than investment in manufacturing. The
opposite result ensues if P]t declines over time, Similarly, changes in P3t
over time will have analogous implications 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 investment in that sector socially
more desirable since it becomes profitable to employ more variable factors of

production in that sector,
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Summary

In this section, the allocation of private investment funds has been
analyzed. The following conclusions regarding certain economic and technical
considerations appear to be relevant in deciding upon the relative social
desirability of investing in one or more of the private investment alternatives.
am In the initial periods of the plan the social desirability of marginal
increments of agricultural goods may be expected to exceed the social desir-
ability of marginal increments of manufactured goods. This tends to enhance
the social desirability of investing in agriculture relative to manufacturing
early in the plan, (2) Whether the relative social desirabilities of mar-
ginal increments of production of agricultural and manufactured goods remain
unchanged over the planning horizon depends on the relative rates of increase
of consumption of the two goods. If the ratio of agricultural goods/manufactured
goods consumption declines over time at a sufficiently rapid rate, the social
desirability of marginal increments of agricultural production may increase
relative to the social value of an increment of manufactured goods production.
(3) The social désirability of expanding productive capacity in the capital
goods sector is enhanced relative to expansion of the productive capacity of
the other sectors if relatively less weight is given to current rather than
future consumption.during the plan. In other words, the lower the social rate
of discount the greater the social desirability of investing in expansion of
the capital goods sector. (4) As society's concern to bequeath a large
post-plan productive capacity to future generations increases, the social
desirability of expanding the productive capacity of the capital goods sector
during the plan will increase. (5) 1If the effective rate of SOC accumu-
lation in commercial agriculture exceeds the exogenous rate of technical change

in the manufacturing and capital goods sectors, this will tend to increase the
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social desirability of investing in agriculture relative to the investing in
the manufacturing or capital goods sectors, This, however, may have adverse
TT effects, (6) 1If the TT move in favor of a particular sector, this tends
to increase the social desirability of expanding the productive capacity of
that sector via investment, This conclusion depends crucially on the assump-
tion of a closed economy,

The discussions of the allocation of private and public investment
funds have largely abstracted from the opportunity costs of making these in-
vestments and the interrelationships between private and public investment,

These problems are considered in the following section.

VI Private Investment Versus Agricultural SOC Accumulation

The marginal sociél desirability of investing in either private capital
or SOC is determined by the potential payoffs involved from such investments
and the total amount of investment funds available for these purposes. The
potential payoffs have been extensively analyzed in the preceding sections.

In this section the availability of funds is considered,

The total funds available for SOC accumulation are the tax revenue
collected in the particular period, The government budget constraint is given
in (2.10). The funds available for private capital accumulation are the
income earned by the existing capital stock plus any funds transferred from
the government budget, The private savings budget is given in (2.19).

The optimal transfer of funds from the govermment budget to the private
savings budget must satisfy the first-order requirements in (3.6). Since

P, > 0, it follows that

3

X <X (6.1)

19t 10t
This requires that the social value of a marginal increment of investment in

private capital (X19t) must not exceed the social value of a marginal increment



i)

-34-

in SOC accumulation (x10t)' This relationship is maintained by transferring
government funds to the private savings budget if the social payoff to private
investment exceeds the payoff to SOC accumulation., Furthermore, the social
value of marginal increments in investment in these two alternatives must be
equal if it is desirable for funds to be transferred from the govermment to
the private budget.

Suppose that in period t, Est and ITt are positive, This implies that

(4.1) and (5.1) will be satisfied as equalities, Substituting these equations

into (6.1) we get

T T
T - -
Py 2 i /Kyy) - Xy, N Faa¥ei /) - X
=
P, M * X (6.2

This equation indicates that the net social marginal benefit per unit of
purchasing power in investment in private capital in the commercial agri-
cultural sector must not exceed the net social marginal benefit per unit of
purchasing power spent on SOC accumulation in the subsistence sector, This
relationship is maintained by transferring resourées.

Turning now to the interpretation of the individual terms in (6.2),
the first term on the LHS represents the discounted present marginal social
value productivity of private capital stocks in commercial agricultural pro-
duction in subsequent periods of the plan, deflated by the price of investment
goods in period t. The second term on the LHS of (6.2) indicates the social
opportunity cost of using investment goods in this manner in period t, deflated
by the cost of purchasing these goods. The first term on the RHS indicates
the present social marginal value productivity of SOC in subsistence agri-
cultural production in subsequent periods of the plan per unit of net govern-

ment labor cost. The second term is the social opportunity cost (per unit of
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government purchasing power) of using labor for SOC accumulation in period t,
Finally, the last term on the RHS 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 unit of private savings expended (X9t/P3t) and the social opportunity
cost of using labor per unit of govermment expenditure (X6t{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 investment
goods will decline relative to the social opportunity cost of using labor.

This suggests thé transfer of funds from the government budget to the private
savings budget would be relatively more attractive in an economy which has a
larger productive capacity in the capital goods industry. The opposite, of
course, is true in an economy which has relatively more labor in proportion
to capital goods capacity.

An additional influence tending to diminish the social desirability of
transferring funds is the social benefit of the consumer income generated by
the govermnment employing labor for SOC accumulation, This results in a higher
wage rate for any 1abor transferred from subsistence agriculture to the govern-
ment payroll, and the magnitude of the increase in the wage rate would be
expected to be larger as the ratio of labor to the resource base of the
economy increases, Consequently, transfer of funds from the goverrment budget
to the private savings budget is less likely to occur in economies which have

high ratios of labor to resources.
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VII Summary and Conclusions

Previous research has demonstrated the necessity of developing the
agricultural sector in less developed economies to provide the necessary re-
sources (capital and labor) for the emergence of an industrial sector.1 These
investigations, however, have ignored the contribution made by the non agri-
cultural sectors to agricultural development, 1In this study we have explicitly
included the demands of the agricultural sector for manufactured inputs (e.g.,
fertilizers and pesticides) and services (e.g., marketing facilities),

According to Engel's law, the lower the level of development in an
economy (per capita incomes) the greater will be the proportion of income spent
on food. Thus, the greatest short run payoff in a country with very low levels
of per capita incomes will be in the expansion of the agricultural sector,
However, if the expansion of the agricultural sector increases its demands
for goods and services provided by the manufacturing sector, agricultural ex-
pansion can occur only if the consumption of manufactured goods declines or
output in the manufacturing sector also increases. This implies that even in
the most underdeveloped economies it may be essential to expand the manufac-
turing sector as a corequisite to any significant expansion of the agricultural
sector,

Early in the development of a "labor-surplus" type of economy, expansion
of agricultural capacity via labor intensive SOC projects is more desirable
than private investment in agricultural equipment and machinery for three reasons.
Firstly, capacity in the capital equipment industry is usually very limited and
can be more productively utilized to provide equipment for nonagricultural needs.

Secondly, the social payoff to creating jobs in a labor abundant economy is a

1See especially, Nicholls (14) and Jorgenson (6).
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useful goal in itself. Finally, investment in SOC will tend to benefit a
larger group of people (the agricultural workers) through increased produc-
tivity rather than simply allowing the gains to accrue to the few capital
owners who have managed to accumulate some additional capital.

In later stages of development, the social payoff for further expansion
of the agricultural sectors declines relative to expansion of the non-
agricultural sectors. However, in the earlier stages the expansion of

agriculture should be emphasized but not to the exclusion of industry.
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APPENDIX A

The Lagrangean function is as follows, where all summations are over t
from 1 to 7.
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MRESTTAC DT CUIR FTO L RSP C AL 290

X g (el - 8,P4,Y5)

MRESTTAACRLNICI LS L P S S R A 8,¥5.Bs, + 0y )]

" Pl T CZt}

+ zx19t{(1-¢)[(83+3&)P1t Yietvgty 6,P5, ¥ 3t] t Py (I " Lhe T I - I3t)}
t2Ko0e e - D 2Xp16(Cop = D
APPENDIX B

In addition to the first-order conditions specified in equations

(3.1)-(3.6), the following equations are necessary to define the optimum;

vCl = (u1-2ullcl+u1202)(1+p)'t - X, - X g P+ Xy =0 @)
Ve, © Cuyhuy oG =21, ,C,) (14p) ™ - Xg = X o + X0 = 0 (8.2)
st = =X, + X, + X, P y(l-a;) - X, P oo, + X, gPy (-¥) (ayta)) = 0
(B.3)

le = X, + X, + Pl{xlo‘i‘(l B, ) X;,8, + X 5By + xlssz(l -y)

+ xlg(l-w)(83+84)} =0 (B.4)
sz = X, o+ Xg o+ X W(A-Y)) - XY XY, 4 X g(1-9)Y,

+ X g(1-9)Y; =0 (8.5)
st = X + Xy + 1>3{x10w(1 =8)) - X8 + X .8, + X . (1-9)6,

+ x19(1-¢)63} =0 (8.6)
VFs = 2 @, Y /F - x8 + x11 =0 (t=1, ..., T-1) (B.7)
vF1 = X;B Y, /F, - Xg + X, =0 (t=1, ..., T-1) (B.8")
VFz = X4Y1Y2/F - x8 + x13 =0 (t=1, ..., T-1) (B.9)
Ve =X, lY /F - Xg + X, =0 (=1, ..., T-1) (B.10)
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vLs = X,a,¥ /L - X, =0 (t=1, ...5 T-1)

le = X B¥ /L - X, - X 0 =0 (=1, ...y 1-1)
vL2 = XY, ¥ /L, - X - X0 =0 (t=1, ..., T-1)
vL3 = x5<523z3/1.3 - X, - X, = 0. (t=1, ..., T-1)

V. = xlow{Ys(l-al) + Yl(l-Bl)} - x11°‘1Ys - x12 BlYl

+ x1582Y1 + X18[(1-¢){(a2+04)Ys + BZYI} - (:1]

+ ){19(14!))(83584)3{1 =0 (t=1, ..., T-1)

VP = xlo{w(l- 6~1)Y3 -1}- x1461Y3 + x17 62Y3 + x18(1-w) 62Y3

+I'I ‘I 'I}=0 (t=1, ceey T"l)

+ X g t-9) 85¥ 4 1" 7 I3

(B.11)

(B.12)

(B.13)

(B.14)

(B.15)

(B.16)

The following special first-order conditions apply to the final period of

the plan.
V. =06P. a0 G F111%2 94X oY /F_-X _+X, =0
F3T 1t 1's sT st st 21 1781t "s71 81 11
e " 0P, B,0,G17F DTLRES -0+ Xy B¥) /F)

- Xg + X, =0
S M 971(1+€)T°2F;i-11‘§§1q% "0+ X Y /P~ Ko

X3, =0
ey, " epst61(1*€)T°3F§i-11‘§$‘<g% "0+ X OV /Fyr Xy

+X, =0

14t

(B.17)

(B.18)

(B.19)

(B.20)



ST

1t

2T

= 0P, o, 0 G

1t 28 8T sT sT 2

= A B2-1,B3
0P, 8, 0,G) FoiLE2 1x1T + X, 8 /L - X

F

4]1-

o -
1122-1 X =0

+ X TazYsT/LsT - X

B1

1 3t 21t 61

" X5 =0

- T Y1,Y2-1,Y3

=0 -

(YCORJE AL SERTS W A S

" Xgw = 0

— T 51 62']- 63 5 -

= 88, (1+e) "0 F Lot "Kap + Xg0)¥q /Ly - X,
- X17Tw =0

A
= 9@ ¢ F'lL*2 + o G pPlpB2pB3y o ¢
s 8T sT sT

- X% st

+ BZYIT] - clg + X

- 9(1+6)T03F

RSP

8y

3T3T°3T

! - - }
1617F 111 TIT 1ot? g (-9) +Y,, (-8

Bler + XlSTBZYlT + XIST{(l-w)[(a2+a4)YST

Lor(1-¥) (B#8)Y = 0

3

8y i s
L.%K.2 + xlm{w(l-él)y3T - IT} X141, Y37

-9y 6 {aa- -
+ xlST(l ¥) Yoy ¥ x19T (1 w)63Y3T +I,.-1,

(B.21)

(B.22)

(B.23)

(B.24)

(B.25)

(B.26)
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