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Fertilizers and Development of a Dual Economy.

[. Fertilizers and Sectoral Interdependence of Dual Economy:

In a recent paper [1,2,3] we studied the significance of

natural fertilizer (produced and used by an agricultural economy)
and chemical fertilizer for the development of a purely agri-
cultural economy. In a neoclassical model we show that the

input of fertilizers increases not only the net food pro-

duction but also stimulates the long-run growth of the pure-

1y agricultural economy. In a purely agricultural economy
chemical fertilizer should be imported.

In the literature of dual economy the sectoral relationship
seems to be characterized by the aspect of consumer demand,

or the so-called problem of marketable surplus, i.e. the
agricultural products which are not consumed by the agricul-
tural sector are exchanged with industrial products. The
sectoral relaticonship in the aspect of production is generally
neglected hitherto. Really, the production aspect of the
sectoral relationship in a dual economy is not less important
since the prob]em of economy development is mainly a problem
of increasing productivity and production capacity.

Not only in the developed economics but also in the under-
developed countries the contribution of chemical fertilizer

for the increasing agricultural productivity is unquestionabie.
Hence the industrial sector could stimulate the agricultural
productivity by delivery of chemical fertilizer. If this is
done, then the net agricultural production for the agricul-
tural sector is higher than the one without chemical ferti-
lizer. Furthermore, the marketable surplus of the agricultural
sector will be higher since not only the industrial product
bought for consumption by the agricultural sector but also

the chemical fertilizer should be paid by the agricultural
products. Hence this production aspect of sectoral relation-
ship has important effect on the development of a dual economy.
In this study we shall consider this point explicitly.



In order to compare our results with those of Jorgenson and the
classical dual model we shall use a neoclassical dual econo-
mic model of Jorgenson type modified by explicit treatment

of chemical fertilizer as a production factor for the agri-
cultural sector. In a closed dual economy without interna-
tional economic relations chemical fertilizer has to be pro-
duced by the industrial sector. We shall assume for simpli-
city that the product of the industrial sector is an aggre-
gate which could be used for consumhtion, investment as well
as fertilizer for the agricultural production. The production
of the agricultural sector will be higher if more fertilizers
are employed.Hence more labor force can be employed in the
industrial sector if more fertilizersare used in the agri-
cultural sector.

Throughout this study the constant quantity of land in the

dual economy is assumed. Therefore, only two factors, i.e.

labor and fertilizer, are treated for the agricultural pro-
duction.

Furthermore, we assume that the development of the underlining
purely agricultural economic system is characterized by a
steady growth equilibrium and population is growing at its
physiological maximum rate. In a steady growing agricutl-
tural economic system agricultural surplus per agricultural
labor force (s) comes into being. The agricultural surplus (s)
is defined by

+
S =y - Y
where y is the agricultural production per agricultural labor
force and y+ is the level of output of food necessary to

bring about the physiological maximum growth rate of popu-

lation.

In the neoclassical dual economy of Jorgenson labaor may be
free from the land at a rate which is sufficient to absorb
the agricultural surplus [6,7]1. This assumption implies:



where A 1S agricultural employment. P is the labor force
of the dual economy.

In Section Il we present a neoclassical dual model with an mo-
dified agricultural production function in which chemical fer-
tilizer is considered explicitly.

In Section III we study the development of a labor surplus
economy in sense of Fei-Ranis [ 5 ].

In Section IV we study the development of a dual economy with
endogenous wage rate.

In both sections II and IV the significance of use of chemical
fertilizer are shown by comparing our results with those of
Fei-Ranis model and Jorgenson model.

I1. The Model :

As usually,in the literature the dual economy is characterized
by an agricultural and an industrial sector. The agricultural
production is described by a production function of modified

Cobb-Douglas type as following: 1)

(1) Y = e*Y(14F)® AP with A,a.g > 0 and o+g < 1
where Y is the agricultural (food) output. F is the
input of chemical fertilizer and A is the labor input;
A is the rate of neutral technical progress; o« and B are
elasticities of output,

In a purely agricultural economy without international trade

as well as in a closed dual economy in which chemical fertilizer
cannot be produced no input of chemical fertilizer is possible.
In these cases F is equal to zero. These cases are considered
hitherto in the literature [4,5,6,7,8]. In the dual economy
considered the agricultural sector is assumed to be built up by
farms which use their own land and labor force in the pro-
duction. Chemical fertilizer is the only strange factor of pro-

1) The quantity of land is assumed constant and neglected here.



duction used in the agricultural sector. In assuming that
the farms try to maximize their income the input of fertilizer
can be described by the following equation:

(2) F = aq ty-1
where q is the price of chemical fertilizer or in-
dustrial product in terms of agricultural product
(i.e. terms of trade).

The growth rate of population (P) which is assumed tc be iden-
tified by the labor force is exogenous equal to

O

P

{3) P =¢ > 0 where E =

=

1_F
p p
As in the Jorgenson model [ 6 1 the food demand is simply des-
cribed by

(4) Y = Py

where y+ is the given per capita food demand.
The agricultural sector is now completely described.

The industrial production is characterized by a production
function of Cobb-Douglas type:

(5) = et kP M-t . 4, bso

where X is the industrial output. K is the input of
capital stock and M is the labor input.

Under the assumption of profit maximization the input of
industrial labor is given by:

_ {1-b)gX

(6) M-

where w is the wage rate in terms of agricultural
product.

Following Jorgenson [ 6 1 the income of industrial labor and
the income of agricultural sector are used only for consumption.
The investment is therefore equal to the capitalist income of
the industrial sector:



(7) K = I = bX
where I is the investment in the industrial sector.
For simplification the depreciation of capital will be neglected.
The labor force is allocated either in the agricultural or in
the industrial sector,i.e.

(8) P=M+ A

In the dual economic model with surplus tabor (classical model)

A is just the labor force which is not employed in the indusiris]
secter. In the neoclassical dual economic model (8) is an squliif-
brium condition for the labor market.

The national income of the dual economy considered (measured in
units of agricultural product) is:
(9) Y- gF + qX = (1-a)Y + q(X+1)

The saving in terms of agricultural products is equal to:

(10) Y - gqF + gX - q(1-b)X - (Y-gF) = bqX

Our dual model 1is now completely described.

Made use of (1) and (2) we have:

(11) Y - —‘e)\t(aq-l)a AB.].'{I

From (4) and (11) we have the following relation between the
terms of trade and the Tabor input in the agricultural sector:

1
- 1-q 1
Co{l-0)e-21t a_a[y+P(0)] qa_B

(12) A =

[
f

{
[

This shows that the more labor will be put in the agricultural
production the higher is the price of chemical fertilizer since
chemical fertilizer can be substituted by labor force.

Now the origin of time is taken as the point of the emergence

of the industrial sector. Hence

. pP _ pB-
{13) Poy = P0 or y = PO

In consideration of (13) the labor input in the agricultural



sector is given by:

: A1
_ al-o [({l-u)e-A]t -or B
(14) A= Al e [{1-u)e a ]

where the'fact AO = PO is taken dinto account.

ITI. Development of a Labor Surplus Economy:

In this section we shall treat a dual economy in which the mar-
ginal productivity of agricultural labor is less than the insti-
tutional wage rate. This is a case of Fei-Ranis-Lewis labor
surplus economy. Throughout this section we shall follow the
tradition of the classical dual-economic model that the wage
rate is given institutionally. (We shall not consider the case
of zero marginal productivity of agricultural labor of Fei-Ranis
since the main results of this section can be carried over
without much correction.)

At the beginning we shall describe the short-run solution of our
model. In the short-run the investment has no effect on capital
stock and the population is given.
Made use of (6), (8) and (14) we have:

1 l-a (l-a)e->
-1eat " b

ql [P - A e o q

(15) K - [(1-b)w .

Since the last term of (15) represents just the labor employed
in the industrial sector which is always positive, except at
the time point t = o, therefore the capital stock is positive
fer t > 0, or the critical minimum effort criterion is perma-
nently violated, i.e. if M < e 2) . From (15) the terms of trade
can be solved,.

The short-run solution of our model can be shown in Fig.l.
Since the capital stock of the industrial sector and the to-
tal labor forces of the dual economy are given, the industrial
output and employment can be determined with isoquant of the
industrial sector as shown in the quadrant {a) of Fig. 1.

2) If this is the case the industrial sector will disappear 1in
the Tong=-run.



K Fig. 1
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Iscquant

Using a 45%°-1ine in the quadrant {b) to represent the popula-
tion we can determine the allocation of labor in the dual eco-
nomy after the employement of the industrial sector is known.
At last, we can determine the demand for chemical fertilizer
and the agricultural output with known agricultural employment
and the price of agricuitural product with the tool of isoquant
as shown in quadrant (c}.

The investment can be determined also since the industrial out-
put is known. Other variables of the model can be easily solved.

a 1-b
(16) X =e? [(l-b)qw i) P X
1
-1 at b
(17) M = [{l-b) w e q] K
s 1-b
X 5t 1 . b
(18) K =1 = be [(1-b)w gl K

The long-run properties or the pattern of development of the

labgy surplus economy can be described by the following points:



(i) The development of the average productivity of in-
dustrial labor:

~ -

(19) X - M = -q
This is due to the reason that more labor intensive
technique of production will be employed if the terms
of trade improve for the industrial product since the
real wage rate in terms of industrial product reduces.

(ii) The development of capital intensity:

- - a 1~
(20) K-M= - - F @

As in the classical model the capital intensity falls
during the development process. In our model the ca-
pital intensity falls more sharply if the terms of
trade turn in favor of the industrial product as ex-
plained above.

(ii1) The development of capital output ratio:

- -~ 1_ o~
(21) x- k= &+ 110 g

The capital output ratio decreases during the pro-
cess of economic development as in the classical mo-
del. But in our model the decreasing rate of the ca-
pital output ratio is higher than the growth rate of
the terms of trade in favor of industrial product.

These properties of development of a labor surplus economy
are identical to those of the classical dual economic model
if the terms of trade remain constant during the process of
economic development.

The development pattern of the classical model is mainly due
to the constant real wage rate. If the wage rate is given

in terms of industrial product the real wage rate paid to the
industrial labor does not change during the development. In
this case, the development pattern of the industrial sector in
our model will be identical to those of the classical model.

The critical minimum effort criterion in our model dis:

-~

(22) M-—E: + q+K-E>0

o
o~



This condition can be fulfilled if the terms of trade do not
deteriorates against the industrial product since the growth
rate of capital seems to increase during the development:

dK

1 1-b ~
(23) A

K b ) 5
Hence the critical minimum effort criterion will be ful-
filled (even if it is not realized at the beginning period
of development) if the terms of trade do not deteriorate
against the industrial product.

From the above discussion we find the importance of the

terms of trade for the dual economy considered. It is not
egasy to solve the long-run development of the terms of trade.
Therefore, we shall consider some important points of the
development of the terms of trade.

At first, we know that chemical fertilizer will be used for
agricultural production if it is advantageous for the farms
to do so, i.e. if

At

(24) Y - gF > e’ AP with F > o

If this condition holds then the input of chemical fertili-
zer will increase the agricultural income. This conditian
is fulfilled if

1
-1
(Y-qF) (e’ TABY = (1-a) ¥ 1% 4 q oAt 7B L
or if
l-a
(25) a(l-a) & e*t a® s g

Thus chemical fertilizer will be used for the agricultural
production if the price of chemical fertilizer (price of in-
dustrial product) is not too high.

In the following discussion we shall assume that the condi-
tion (25) and thus (24) are always fulfilled. Therefore, che-
mical fertilizer is used in the agricultural sector. Really,
this will be the case since the higher the price of chemical
fertilizer the more labor will be used in the agricultural
production.
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Because of the starr demand function for food assumed in our
model the agricultural production should always be equal to

POeEt. From the isoguant the following condition has to be
hold:

1A dA g _ 1
{26) dA = ) dq or dqh "8 0 for 1s8>0

Due to use of chemical fertilizer for the agricultural pro-
duction some labor forces used in the agricultural sector can
be set free for the industrial production because of the starr
demand function for food. In order these labor forces can be
employed in industrial sector, the real wage (in terms of in-
dustrial product) must fall. Since the institutional wage

rate is fixed in terms of agricultural product, the terms of
trade must improve for the industrial product in order to in-
crease the industrial employment.

This can be easily seen from (17)

=

3
3

> 1 since l»>b>o

(27)

ol —

|
M

e

Thus the demand of the industrial sector for Tabor empioyment
is elastic with respect to the real wage rate. From (26) we
find that the demand of the agricultural sector for labor is
also elastic with respect to the price of industrial product.
g is the elasticity of agricultural output with respect to
the labor input and b is the elasticity of industrial output
with respect to capital input. For reasonable values of these
two parameters we could accept that g»b and that the elastici-
ty of labor demand of the industrial sector with respect to
the price of industrial product is higher than that of the
agricultural sector. Hence for an increasing price of industri-
al product the increase in the industrial labor forces will
be higher than that of the agricultural employment. Thus we
show the following lemma:
" An improvement of the terms of trade for the industrial
product will influence the employment structure of the
labor surplus economy considered positively, i.e. the
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percentage of the industrial employment will increase.

In the Tabor surplus economy treated here the use of chemical
fertilizer will set a part of agricultural labor free from the
agricultural production. In order these Tabor forces could be
employed in the industrial sector the terms of trade has to

be improved for the industrial product and analogously the

real wage rate in terms of industrial product has to be de-
creased. This increase in the price of industrial product will
have an indirect positive effect on the demand for labor of
both sectors of the labor surplus economy considered. But be-
cause of the higher elasticity of the demand for the industrial
labor force the employment structure will finally be improved. Thus
we could conclude

Conclusion 1: " In a labor surplus economy the employment
structure will be improved by use of chemical
fertilizer in the agricultural production. "

Following the fact that chemical fertilizer is used in the
agricultural production the national income of the labor sur-
plus economy considered according to (9) is equal to

Y - qF + gX

which is higher than the national income of the same economy

if chemical fertilizer is not used in the agricultural production.
In this last case, the agricultural production is equal to e)‘t A®
which would be lower than Y - qF if the same quantity of labor is
used. But because of the starr demand function for food assumed
in our model the quantity of labor input is lower if chemical
fertilizer is used in the agricultural production. These labor
forces set free from the agricultural production will be em-
ployed in the industrial sector. Since the labor productivity

in the industrial sector is higher than that in the agricultural
sector. Therefore the total labor income will be higher. Thus

we arrive the following conclusion

Conclusion 2: " In a labor surplus economy the national in-
come will be higher if chemical fertilizer is

used in the agricultural production. "
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Due to the fact that the agricultural production is equal

to the rigid food demand. The increase in national income is
contributed mainly by the increase in the industrial production
and partly due to the improvement of the terms of trade for

the industrial product. Therefore, investment in the industrial
sector will be higher since the capitalistic income which is
used for investment is also increased.

Conclusion 3: "The amount of investment in a labor surplus
economy will be higher if chemical fertilizer

is used in the agricultural production.

In the discussion on development policy it is often argued
that the Tow wage rate policy is a favor for the economic de-
velopment., In our study we show that the improvement of the
terms of trade for the industrial product and, therefore, a
decrease in the real wage rate in terms of industrial pro-
ducts would improve the employment structure. But uniike the
discussion hitherto we find out a limitation for the price of
industrial product. 3) Surely, we should be careful to inter-
pretate our findings. We would point out that in our model
the industrial product is considered as an aggregate. A dis-
tinction between chemical fertilizer and other industrial
products is not made in our study here.

In the Tong-run chemical fertilizer will be used for the
agricultural production if

-

(28) A+t e > q

The growth rate of food demand is identical to that of labor
force (e). Since the rate of technological innovation ()) is
assumed to be positive, an increase in the terms of trade

for industrial product is possible for a successful develop-
ment of a labor surpius economy. As in the proposition 1 above
shown an improvement of the terms of trade for the industrial
product during the development process will accelerate the im-

3) Above this chemical fertilizer will not be used in the
agricultural production.
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provement of the employment structure of the labor surplus econo-
my and arrive earlier the turning point to the phase of full
commercialization. In the classical dual economic model with
given institutional wage rate the terms of trade remain con-
stant [ 7 1 . In our model the price of industrial product
would be higher than that of the classical model in which che-
mical fertilizer is not used in the agricultural production,
It is easy to see that if chemical fertilizer is not used for
the agricultural production the growth rate of agricultural
labor force in order to satisfy the food demand of the grow-
ing population is equal to

no_ E=A
(29) A= 22

But if chemical fertilizer is used this growth rate will be
equal to

3 oo (l-c)e-2
(30) A 2

if the terms of trade remain constant. It is easy to see

for §@ = 0, i.e.

that the growth rate in the latter case is lower than that
in the first case.

If the price of fertilizer increases with a growth rate of
the population then the growth rate of agricultural labor
force in order to satisfy the food demand of the growing po-
pulation is identical in both case, i.e.

(31) A= EZ for q = ¢

It is interesting to see that the growth rate of capital
stock and of the industrial employment will increase during
the development if the terms of trade remain constant.

-

% > 0 if g=o0

0

M1 d

-
< N

From the above discussion we arrive the following conclusion

Conclusion 4: "The turning point to the full commerciali-
zation of a labor surplus economy will be

arrived earlier if chemical fertilizer is
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used for the agricultural production with
constant terms of trade. "

To study the dynamic property of our labor surplus economy
we transform now the fundamental differential equation in
terms of capital intensity as follows:

(33) k = k

%2
B . _
where Zl = m‘* with 1>Zl>0 . k

=z <

Tl[aa+l-s(1-a)]
B

z4 {1e +

1 = % and 11 _ % {both are calculated

with values at the initial equilibrium)
Clearly 1 > 11 > 0.
Because of the assumption that the under-
lying agricultural sub-model has a steady

growth equilibrium Z, is always positive.

The phase diagram of (33)can be shown as Fig. 2. The not tri-
vial stationary solution is:

1
(34) k# = (zpedt z51)1°P
1

i at 1-b

k increases up to (b"z;e zél)
arrives maximum at there and decreases after there.

/\k

To solve the differential equation (33) we transform it in
1

terms of K = v b-T as follows:
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(35) v = —Z,v (1-b) Zlb edt
This is a linear differential equation with non-constant
coefficients.

We shall not solve the differential equation explicitly.
But in oder to compare with Fei-Ranis model we give the
fundamental differential equation for a labor surplus eco-
nomy without chemical fertiiizer as follows:

se]+11(x-51

k with 23 = > o

(36) k = be®"k” - z ;

3

The not trivial stationary solution of this dif-
ferential equation is:
1

(37) c## = (be?tz;1yI"P

To compare (34) and (37) we find:

22 -1
(38) f? - 23 = a]l(a + e)B > 0.

Hence we could conclude this explanation as follows:

Conclusion 5: "In the stationary solution the capital
intensity of the industrial sector in a
Tabor surplus economy is lower if chemical
fertilizer is used for the agricultural pro-

duction.
Thus we can expect the capital intensity of the industrial

sector in a labor surplus economy will be Tower if chemical
fertilizer is introduced in the economy.

IV. Development of a dual economy with endogenous wage rate:

In this section we shall treat the wage rate as an endoge-
nous variable. In expecting that agricultural workers res-
pond to wage differentials between industry and agricul-
ture only if industrial wages are greater than agricul-
tural income, where agricultural income includes both wages

and rent, we assume:
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(39) oW =

Lliﬁli = (l-a)y , o >1

where ¢ denotes the ratio between the agricultural
income per man and the industrial wage rate (per man) 4) Tne
function (1) to (10) and (39) characterize our model of a
dual economy with endogenous wage rate. In comparisen to
Jorgenson [ 6 ] the wage rate and the price of industrial
product in our model are given in terms of agricultural pro-
duct. This will not influence the results considerably since
both the wade rate and the terms of trade are endogenous
both in our and in Jorgenson Model.
This and the explicit consideration of chemical fertilizer
as a production factor in the agricultural sector characterize
the differences between our model and the neoclassical dual
model of Jorgenson.

From (6) and (39) we have:

(40) W = LlﬁElﬂi = (1-b)gx = o(l-a)y and
(41) a5

TI-57%

With the given capital stock and population the model can

be solved for the short-run. Other than the surplus labor
economy the short-run solution has to be determined simul-
taneously for the wage rate and the terms of trade. The solu-
tion can be described similarly as in Fig. 1.

To solve the model in the short-run we introduce the fol-
lTowing variables: (a) capital intensity in the industrial

sector k = % and (b) capital per man of the dual economy

= _ K
k=7

In the short-run k is known. Made use of (8) we have

(42) A = P(k-k)/k
since k-k = Ak/P.

From (11) and (42) we find:

4) Correctly ow = Lll%liiﬂ . To simplify our presentation

we shall use ow = (l-a)y where y = % }
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1
_ L atp-1 T-a
(43) y = g = tertag™h® pk-RykTh )

at , b

Substituting x = e k™ and (43) in (41)

(44) Tng=(1-a)1n Zz2) _41p a+{Be+d-(1-a)(ate)Tt+(atp-1)TnA

+(a+B-1)In(k-k)}+[(1-a)(1-b)-8]1nk

Made use of (14) and (42) we have

(45) Ing = TnaA® 4 (“+3;1)€+* t+ & (n(k-R)-1n kI

Since in the short-run k is given we can solve the equation

- system of (44) and (45) for q and k. Thus we can substitute
g* and k* to calculate other short-run equilibrium values of
our model. The equation (44) has negative slope for the agri-
cultural production function has "no increasing returns to
scale":

ﬂl%%_ﬂ_ -1 h_l_?_ {k[(a+g-1)+(1-a)bl-k(1l-a}b}< 0 since
9 Kk(k-k)
a+B<l and k>k

Otherwise the equation (45) has positive slope:

dlog q 1 B ”
—qk— T g ——— k>0
9 K(k-K)a

Hence the equation system (44) and (45) has unique solution:

{1naAS‘(1'G)1”Eil:El

a+f

(46) Tn k = Bl—(-lTF)_'—B ]n(k_E) - [u(l—b?‘sl(l'c")
1

o

1-b

+a1na-(a+3-1)1nA0 + —[{a-1)e+(B+a)(l-a)e-(2a-B-1)0+

a(l-a)alt}

The solution of our model with endogenocus wage rate can be des-
cribed similarly as that of the model of the Tabor surplus eco-
nomy.

To study the development of a dual economy with endogenous wage
rate (neoclassical model) where chemical fertilizer is consider-
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ed as input for the agricultural production, we assume that
the condition (25) is fulfilled.

If chemical fertilizer is introduced in the neoclassical mo-
del of Jorgenson the productivity of agricultural labor in-
creases. Since the demand of the dual economy for food is
rigid an increase in productivity of agricultural labor has
two immediate impacts on the dual economy: (i) the wage rate
of the dual economy will be raised because the wage rate is
proportional to the agricultural income per man and (ii) the
terms of trade will be improved for the industrial product.
The final effects of introducing chemical fertilizer in the
agricultural production on the neoclassical dual economy
depend on its influence on the real wage rate (in terms of
industrial product), i.e. wq_l.

As in the labor surplus model some agricultural labor forces
can be set free for industrial production. In order the la-
bor forces which are set free from agricultural production
would be employed in the industrial sector the real wage rate
(in terms of industrial product) has to decrease since in

the short-run the capital stock is given. The decrease in

the real wage rate is realized both by an increase in the
wage rate in terms of agricultural product because of higher
productivity of the agricultural Tabor and by an improvement
in the terms of trade for the industrial product because of
the rigid demand function for agricultural product.

In order to realize a decrease in the real wage rate in terms
of industrial product the rate of improvement in the terms

of trade for the industrial product should be higher than

the rate of increase in wage rate (in terms of agricultural
product). Really, this will be the case since the demand

of the dual economy for agricultural product is perfectly
inelastic though the increase in the agricultural product
will be compensated by the improvement of terms of trade for
the industrial product.

As in the labor surplus economy the demand for agricultural
labor is elastic with respect to the price of industrial pro-
duct. But the elasticity of demand for industrial labor with
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respect to real wage rate is higher than that of demand for
agricultural labor with respect to the price of industrial
product., Hence the employment structure will be improved by
introducing chemical fertilizer in the neoclassical dual
economy.

Because of the assumption that the productivity of the industrial
labor is higher than that of the agricultural labor an im-
provement in the employment structure the national income

will be higher.

From these considerations we see the analogy of the labor
surplus economy and the neoclassical dual economy. The pro-
positions 1 to 3 in the last section can be carried over to
the neoclassical model in this section.

To study the long-run properties of our model with endogenous
wage rate made use the assumption Y = ¢ and the equation (11)

we have the growth rate of agricultural Tlabor in order to
satisfy the growing food demand due to the growth of population:

(47) A= Eiléﬁl:l + % q

and the growth of the productivity per agricultural labor
which is equal to the growth rate of wage rate in terms of agri-

cultural product:

(48) ;_ A-(l-a-B)e _ g

= s
B g

Hence with regard to the rigid food demand of the dual economy
considered the growth rate of the agricultural productivity per
agricultural Tlabor is a decreasing function of the growth rate
of the price for industrial product. Recalling the fact that
the existence of a steady growth equilibrium of purely agri-
cultural economy is required for the rise of a dual economy

the first term on the left-hand side of (48) is positive. Hence
the productivity per agricultural labor will increase if the
terms of trade remain constant. Thus the wage rate in terms

of agricultural product increases during the development of the
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dual economy if the terms of trade do not improve for the in-
dustrial product.

Made use of (16), (40) and (48) we can show (following long-run
properties of our model with endogenous wage rate):

s~ _ ag-(1-b)(r-(l-a-g)e] , {(L-b)(g+a) ;
v w _ A-(l-a-p)e-aB _ 1 a+B 4

(50) K-M = BE F & Y

(51) YoM = A—(l-;-B)e _ a;ﬁ q

In comparison to (19), (20) and (21) we find out that the de-
velopment of the output capital ratio (x - k) in the model
with endogenous wage rateis les clear cut if the terms of
trade are constant during the development. In (45) the sign
of the first term on the right-hand side is not definite.
The development of the capital intensity in the model con-
sidered here is also dubous. The industrial production per
industrial labor increases if the terms of trade are constant
during the development. This is the only clear develop-

ment of (49) to (51) in our model considered in this section.

In comparison to the labor surplus economy we find that the
influences of the development of the terms of trade in the

model with endogenous wage rate are significantly higher than

in the labor surplus economy case. To compare with the Jorgenson-
Model [ 6 ] we find that the influences of the development of
terms of trade on the long-run properties in our model are al-
so higher than in the Jorgenson-mode] 5).

In the Jorgenson-mode1 we calculate the growth rate of agr?-
cultural labor in order to satisfy the growing food demand
due to the growth of population as follows:

g=-A

(52) A= 2

Made use of (52) and the agricultural production function for

5) In the Jorgenson-model the wage rate and the terms of trade
are measured in terms of industrial products. In our model
both the wage rate and the terms of trade are measured in
terms of agricultural product.
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F = 0 we find that

(53) W=y = Ame(l-8)

B

Due to the assumption of a steady growth equiltibrium of the
purely agricuTturaW (sub-) model the growth rate of the real
wage rate in terms of agricultural product is positive. Made
use of (53) and (16) to (18) we have:

Yy . ¥ = ap-(1-b)[r-e(1-8)1] 1-b =
(54) X K = b + = 9
S o a-(1-8)e-as _ 1 :
(55) K- =2l £
(56) X - M= A_Eél_ﬁ - q

Now assuming that the terms of trade remain constant during
the development we can show the following conclusion by com-
parison of (49) to (51} with (54) to (56):

Conclusion 6: " For constant terms of trade during the
development in our model
a) the output-capital ratio is smaller
b) the capital-intensity is higher and
c) the average productivity of the industrial

labor is higher
if chemical fertilizer is used for the agricultural
production
than in Jorgenson model [7]1."

The fundamental differential equation of Jorgenson-model can be
transformed in a differential equation of capital-intensity
of the industrial sector as follows:

b

(57) k= bet K-z k
se1+11(A—e)
when zy = 2

Note (57) is identical to (36).

The fundamental differential equation of our model with endogenous
wage rate can be written in capital-intensity as follows:



{58) k = z,be

where Z,
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b z
5

- __{atB)
E?EiET%E >0

(G+B){BET+11[1-€(1-a)]} +a11[a3-k(1-a-s)s]

at

k k

Zp = z4
and 25 i

The non-trivial

ta+3)B

s expected to be positive.

stationary solution for (58) is equal to:

1
(59) K* o= (zybe?t2ch) 1-p
, -1 Vel [{1+2) (a+B)-r]etag}
524 <~ %3 ° (a+E)B

Hence we have shown the following point:

Conclusion 7

At last,we assume
and (59):

-1
(60) 2pz," -

This can be concl

Conclusion 8:

In a neoclassical dual economy ( i.e. with
endogenous wage rate) the capital-inten-
sity of the industrial sector in the sta-
tionary solution is lower if chemical
fertilizer is used for agricultural pro-
duction.

the not trivial stationary sclutions (34)

22211 = -ull[x(l'“'5)€+a]/[B(u+8)] < o

uded as follows:

If chemical fertilizer is used for the agri-
cultural production then the capital-intensity
of the industrial sector in the stationary
solution is higher in the dual model with
endogenous wage rate than in the Tabor sur-
plus economy.”
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V. Summary:

In this paper the chemical fertilizer is considered explicitly
as a production factor for the agriculture. In a modified neo-
classical dual model we study the significance of the chemical
fertilizer for the economic development. Chemical fertilizer
is produced in the industrial sector. No distinction between
the chemical fertilizer and other industrial products is as-
sumed in this paper.

In order to compare the results of our model with those of
Jorgenson and Fei-Ranis in which no fertilizer is considered
the Jorgenson model is used in this study with a small cor-
rection. In our model the chemical fertilizer is considered
explicitly as a production factor in the agricultural sector.

In a later surplus economy we find out:

(a) the employment structure will be improved,
(b) the national income and the per capita income is higher and

(c) the amount of investment is higher
if chemical fertilizer is used for the agricultural production.

In a labor surplus economy the turning point to the full com-
mercialization can be arrived earlier if chemical fertilizer
is used.

In a neoclassical dual model with endogenous wage rate the

use of chemical fertilizer has similar significance in the short-
run as in the model of a labor surplus economy since there

is analogy between these two models if chemical fertilizer is
considered explicitly in the agricultural production.

In the long-run the influences of the terms of trade on the
properties of the neoclassical dual model are stronger if chemi-
cal fertilizer is used for the agricultural production.
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In the stationary solution the capital intensity of the
industrial sector will be lower if chemical fertilizer is
used for the agricultural production.

From these findings we could concludée that the use of chemical
fertilizer in the agricultural production has Significant effects
for the economic development.
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