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MAVIMUM-SPEED DEVELOPMENT IN AN OPEN AGRARIAN ECONOMY
o WITH Z-ACTIVITIES* _
by
Romeo M. Bautista

I

It has long been recognized in the empirical
1it¢rature that non-agricultural activities take ﬁp a.
significaﬁt portion of total labor time’in dgrarian areas.
Recently, some theoretical models héve appeared which examine
rigorously certain implications of the existencé of so-called

Z-activities in the open agrarian economy. 'The interpre-

. tatién of these models does not have to be restricted of

$.

course to purely agrarian economies; for example, the agri-
cultural sector in a dualistic economy can be treated

analytically in the same manner.

A static, partial equilibrium framework is used by

_Hymer -and Resnick / 5_7 to analyze, among others, the supply

responsiveness of‘agricultural producérs to a once-for-all
pﬁice chﬁhge. ’A_transformation curve between ngoods and
agricultural goods F is posfulated and utility maximization
by the peasant family is shown to imply somé necéssary‘ :

relationships among the prices, levels of production and

*This paper is a revised version of part of the
author's unpublished Ph.D. dissertation written at Yale
University with Professors J.C.H. Fei and S. Resnick as
.advisers. A faculty research grant by the Rockefeller
Foundation has facilitated the preparation of this paper.’
\ .




censumption of F- and Z-goods which do not make inevitable
a positive response of marketable surplus to a change 1in the

relative price of F-goods.

Z-goods in the formal Hymer-Resnick model serve only
as substitﬁte goodé for indgstrial consumption goods,
repreéenting "s variety of processing, manufacturing,
construction, transportaticn and service activitieé to
satisfy the needs for food, clothing, shelter, entertainment
and ceremony" /5, p. 4393_7. In fact, Z-activities also
include capital-augmenting activities like "metal working,
..., fence repairing, ..., transport and distribution"

/75, p. 493n_7. The present writer has dynamized'the Hymer-

Resnick model by incorporating agricultural capital, which

is taken to be the cumulated portion of Z-goods allocated
~in the past for investment. In / 1 7 the pattern of develop-
gment of the small agrarian economy open to trade is analyzed,

éssuming constant saving propensity. The short-run and -
:long—run effects of a change in the world price of F-goods

relative to industrial consumption goods are also investi-

gated and the results compared with those of the comparative

static analysis used by Hymer and Resnick.

In /7 2_7 an optimizing model of the agrarian economy
is formulated under the assumption that the planning authori-
ty seeks to maximize the discounted sum cf per capita

utilities over time. Since there is only one target



v(ob]ective) variable, only one policy (instrument) variable

need be specified, in conformity to the well-known propo-
sition in the Tinbergen-Theil theory of economic policy.
The imposition of an import quota on industrial consumption
goods is suggested to be both feasible and administratively

least burdensome.

The question may properly be raised whether the
objective -function used in / 2 7 has immediate relevance to
less developed economies. The planning authority in such
countries may want to restrain increases in per capita
consumption (utility) in the near future to make po
larger doses of investment with the view to speeding up thé

1 _
development process. Such cptimization program of course
will not be carried out indefinitely for even in socialist
countries the goal of higher consumption levels farther
into the futur: presumably lies behind,~:nd represents the

trade-off to, the austerity measures being forced upon the

econony.

Fei and Chiang / 4 7 have develcoped an interesting
one-commodity model of a "maximum-speced development" (MSD)
economy in which the real wage rate serves as the policy

instrument for the maximization of the growth rate of capital.

=
For an elaboration of this argument and a systematic
lysis_of "constant per capita consumption growth", see
/73 '
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A particular form of the "effort function" by a typical
worker is pcstulated, the real wage rate appearing as argu-
ment, and specific conclusions are derived concerning the

development path of the i1SD economy resulting from the

cptimum pattern cf the real wage rate.

In this paper the use of fiscal policy in
influencing the speed of development 1in the agrarian economy
with Z-activities is demonstrated. Given the socio-political
structure of present-day societies, imposition of taxes is
undeniably simpler and more realistic compared to the control
of +he real wage, which probably only +he machinery of a
thorough-going socialist economy may achieve in practice.
The basic policy variable to be used is the tariff rate on
imports cf industrial consumption goods The existence of
an optimum pattern of tariff rate which maximizes the growth

is examined and the develop-
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ment path of the !1SD eccnomy characterized.

II

Two types of production activities are distinguished
in fhe present rodal -- one producing the usual agricultural
(consumption) gocds F which may be sold tc the world market
in exchange for induétrial consumption goods C and the other

consisting of labor-using Z-activ vities which produce

nontradable Z-goods that may either be consumed as an



inferior substitute for C-goods or used to augment

2 » - 3 - -
agriculturel capital. For simplicity, production in bota
F and 7 is assumed subject to constant returns to scale and

unchanging technology.

Since labor is the only input in Z-production, we

may write

(1) X, = al, ,
Li &
wvhere
X, = per capita output of Z-goods
lZ = fraction of total labor engaged in Z-activities
e = (constant) average productivity of labor in

Z-prcduction.

Production in F, which requires inputs of labor and
agricultural capital, is alsc characterized by poesitive but
h

diminishing marginal returns.

< (2) Xp = ngF(p) where g% > 0 gg < 0 for all p, and
Xp = per capita output of F-goods

lF = fraction of total labor engaged in F-production

f = ratio of the stock of agricultural capital R to
labor employed in F-production; a measure of
capital intensity in producing F-goods. i

An analytical similarity may be noted with one-
sector growth models which also assume a single commodity
functioning either as a consumpticn good or as a capital
good; once invested, however, 1t remains a capital good and
cannot be used for consumption.
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Labor allocaticn in peasant agriculture ma;
e £

reasonably be assumed to equalize the value cf marginal

. e s .- . . 3 .
productivities in r- and Z-production, 1.€.,

where w and p, are the imputed (shadow) prices of labor and

Z-goods, respectively -- each expressed in terms of F-goods.

Since labor has positive marginal returns in either

activity, it will be fully employed:
(%) 1.0+ 1, = 1.

on

e

GCiven the world price of industrial consumpt

0}
0]

goods in terms cf F-goods EP’ the tariff rate r determines

uniquely the domestic price. D .t
(5) P, = (1 + Up,.-

Revenue from tariff is assumed to be redistributed
uniformly; hence we may SXDress per capita income y as

follows:

(6) y = W + ng + I-)-ngc s

where p is the ratio of the stock of capital to total labor

and q, is the amount of per capita consumption (importation)

3 — .

Professor Schultz / 6, Chap. 3 7 presents a strong
¢ for the highly efficient manner in which resources are
ated even in traditional agriculture.



of industrial consumption goods. HNoting the definition

given earlier for g, we may write

(1) 1

°
i
Tt

F-

Equality of exports and imports in the agrarian

eCOonecmy requiras

(8) quC = X -

’Tj
"y
-~

where qc~and qp are the per capita consumption of C- and

gonds, respectively.

The addition to agricultural capital is represented

~H

by the difference betwecen total output of Z-goods and 7Z-

consumption .. The problem facing the planning authcrity
is to determine the optimum pattern cf tariff rate o(t)
which maximizes for every moment of time the rate of growth

of capital w(t) given by

1
(33 w(t) = /TR _(t) - g () 7,
() - Z Z -

subject to the conditicns (1) - (8) and +he following

consumption functions:

e = 2py)
(10) 9z 7 1,(Y5P,5P)



<

Per capita consumption of F-gocds is assumed to
depend only on per capita income while that of Z- and C-goods,
because they are subsfitutable, depend as well on the,
imputed price of Z-goods and the domestic price of industrial

consumption goods, each expressed in terms of T'. The

a pricri signs of the partial derivatives are given by

3G ch 99, according as Z-goods
« > 0, _— > 0, ~ o 0 are inferiocr of non-
Yy ) 3y inferior;
(10a)
993 99y . -
—_ < 0, - > 0, (i, 3 = 2, C).
°p; P4
III

It is necessary tc show first that the ecguilibrium

ve)

peosition at each moment of +time (i.e., given P) is determined

by the policy variable . Sufficient conditions are derived

-

in this section for the unicueness =f static (momentary,

short-run) equilibrium.

The static system (1) - (8) and (10) in p, and
the endogenous variables vy, 7, W, Xp, 1?’ 12, z2hey,
simplified to cne invelving only p, 7, y and §. from (3)
and (5), respectively,

-BEp dw

(1) dp, = —— d& = — and dp . = p.du
[0 (3



Taking total differentials in (6) and substituting

(11), we obtailn

3q sgy. _ eq
(12) (1 - 3.t —Srdy + —k (el + Por —)dp = ghde *
C 8_\] G [ By
, - an
p.(aq. pcgavﬁ)dr .
[ o BPC

A seccnd relationship among the total differentials

in (10) may be derived by eliminating 1ps l > Xps Xo, and
v in (1), (2), (8), (5), (7) and (8), from which
gy 3q _ Wip ”"pﬁ aq _
(13) (== + p -w)dy + /7 -t - AC_C 74
3}7 ba}/ 5 o 373',7
P - 3q,
= ._fdr - p~.~—Cdl’ .
g 9p,
3 The cocfficient of dy in (12) may boe written, noting
Pe e s .
L 0), (1 - .—) which is . positive if the reason-
1tz 3y
3ble assumption is made that the marginal propensity to

consume C-goods 1s less than one (a sufficient but not

necessary condition). It follows that for p, z = constant i

(12) an increase in the capital intensity in F-production

must lead to an inecrease in total income, l.e.,

dy : '
T >C. In (13) the opposite is true:

» ¢ .= const. in (12)

ot



<0. These results are depicted in

o

S
5%

o, r = const. in (13)

Figure 1.

Only at the point of intersection of the two curves
will (12) and (13) be satisfied simultancously. Therefore,
at any time period (i.e., givén p), vy and § are determined

“uniquely by t From (8), the domestic price of industrial
consumption goods is also a function of the tariff rate
alonc. It follows from the other equations that the short-
run values of the remaining variables are determined once
the tariff is fixed.

m

T

Equations (12) and (13) also imply that

(1) — >0 and — > 0 if AL L= < ,
3z 3t lae 3P 4

i.¢., the price elasticity of demand for C-goods does not
1+t
exceed —— . This would scem a reason-ble assumption for low
g
levels of the tariff rate. HMHoreover,

, 9y ap 9qp _ aqc
(1%5) — >0 and — > 0 if (1 = — = Po — Yy > 0,
ap 3z dy 3y :

i.e., the sum cf the marginal propensities to consume F-

and C-goods is less than unity. If 7Z-goods are assumed

See Appendix for the Jerivation of (14) and (15).



, p,t=const. in (12)
y Y ! -
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Figure 1
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inferior, this cendition is equivalent to having the marginal
propensity to save cexceed the absolute value of the marginal

propensity to consume Z-goods.

The stage is now set for the solution of the
raximization problem and the characterization of the growth
path of the MSD economy. It will be assumed that the

conditions given in (14) and (15) are met.

Ixpressing the rate of growth of capital given in (9)
in terms of p, ¢, y and 5, differentiating partially with

respect to g, and using (11), we get

8w ap  3p - 3¢, ®Y  9q, -Bgp 3 9qg

(16) P == T = i = e e D (e ) 4 ....ﬁC_T.
d g 329t 3y 3c  dp, 5o 9L 3pp
’é The short-run impact of a change in the tariff ratc

LS

resolves into the effect on Z-cutput, represented by the
first term in the RHS of (16), and the effect on the

consumption of Z-goods, represented by the bracketed:
3o

expression. CSince -- > U, the level of Z-production is seen
T '

to increase wit: the tariff rate. The effect on current

consumption of 2 of a change in th2 tariff rate resolves

*

further into the income and price effeeots, where,

S e . -
The same condition is used in / 1 7 to assure
unigueness of short-run equilibrium.



using previous results,

3q Iy < according as Z-goods are
2 & > O infarior or non-inferior;
3y Iz
PO ] a =
¥ Qp . -
i) EZ ( F) — <0 the pure substitution
) o (own-pricejeffect; and
P- « 3T pPY : |
X} i e
235,50, the cross-price effect.
———
A
ap
C

Tha first order condition for a maximum rate of
- ~ - . - . ~ A ,: ] 4~ -y,
growth of capital to be achievad At eath pericd 1is that an

optimum tariff rate ¢ be chosenr such that

o’ E
o

where, as may bdbe recalled, § and y are functions of »

8 and ¢. Equation (17) states that at¢® the marginal effect

¢n the growth rate of capital nf a change in the tariff rate
is equal to zero (equivalontly, the marginal effects on

Z-output and on U-consumption are equal). It will

agsumed that the second order condition is fulfilled, i.e.,
e L |

= < 0. Hence, for any capital-liaber ratioc p, there

az

_ For this to be verified, more specific assumptions
cencerning the forms of the production and demand functions
4re necessary. '




corresponds an optimum tariff rate
(18) z* = 3 (p), determined from (17).

Substituting from (18) into (8) yields the function
v (p, 2(p)), which expresses the rate of growth of capital

corresponding to the optimum tariff rate in terms solely of

dv i LR
the capital-labor ratic. Equating — = =~ to zero gives
de | . 3p
Ck" .
a ap 3P 3g, 3y 3q, =-pgp 93P
(19) e S W
p 52 3p 3y  3p 3P, a dp

lecalling previous results, inferiority of Z-goods is

sufficient to make ths RHS of (19) greater than zero.

If the second order conditicn is fulfilled, then
in the neighbcrhood of ¢ = p where g satisfies (19), the
y(p, @(p)) curve is concave from below, as represented in

~Figure 2. (It is not possible to determine the global

maximum &t the present level of generality.) That ¢ is 2

€]

ingle-valued function of p follows from Figure 1: given
the optimum tariff rate is determined from (18) and hence
"3 and y, as well as the othor variables (including y), are

uniquely determined.

The dynamic path of the agrarian economy pursuing

maximum speed development through an optimum tariff policy

may be characterized using the construction of Figure 2.



A

W(o,8,(0))

P —— e - ———— —— -

Figure 2



Notice that in addition to the ¢ curve the horizontal line
labelled n is drawn, representing the sum of the depreciation
rate and population growth rate. Maximum growth of capital
takes place at the capital-iabor ratio 5. Two positions of
dynamic equilibrium are pcssible -- one at e ¥ p* and the
other at p = p**, As may be discerned from the direction of

the arrowheads, the system is unstable at p* and stable at p*%*,

If initially the eccnomy has a capital-labor ratio
ots

p < p*, the dynamic <consequence of an optimum tariff policy

i

0

retrogression: 1in trying tc maximize the rate of growth

Hy

of capital at each short-run period, the capital-labor ratic
actually suffers because of the high value of n, 1.e., the
economy is caught -in the Malthusian trap. At an initial ;
greather than p* but less than ,, the économy will

experience an increasing capital-labor ratic and growth

rate of capital as well until it reaches p, after which the
rate of growth of capital will diminish but with the capital-
labor ratioc still increasing until the stationary level o%#
is reached. Finally; if the liSD eccnomy starté at an initial
capital-labor ratio exceeding p*¥%, the optimum pattern of
tariff rate will result in an-increasing growth rate of
capital accompanied by a decreasing capifal—labor ratic until
its value is reduced to p%*%, the position ¢f stable

¢quilibrium. The implication for policy of such character-

ization of the growth process seems clear: Before



maxinum-speed develcpment using the tariff rate on industrial
goods as instrument is embarked upon, the planning authorit
should make sure that the capital-labor ratio is greater than

the critical level p*. This may be achieved by reducing the

i

rate of population growth, hence bringin- “own tha horizontal

iine in Figure 2, and/or influencing the price and income

2l rate will similarly

depend on the initial position, as well 3s to the form of
dg
the function ¢(p). For examplsz, sinc: — = ¢'(pJ,
ﬁ,\
4t
d5 '915 I
= — o'(p) + —
dp - 2n
(18)
ay 3y RS

I,

m3
1

he evaluation of ¢'(p), however, can not de done without

N

among other things, on the third derivative of the F-

ves of the demand

ot
-

production function and the second deriva

runctions for F-, 7- and C-goods.
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APPLNDIX

Proof of {1u) and (15):

ERY
Setting dp = 0 in (12) and (13) and solving for —
3P R4
and — by Cramer's rule, we get
T
3y _ aqé wle  pgf _ 2q,
(1) Do = pC(q + pcc._.)(._; - e~ D =z
2 3D, P o AP,
“C P P./J
~ 1 ~ ~
“8p — %% - ¢
+ —--—-(U.l—v + D (:——-)c...\—-s—— 9
7 Cr. C
a S8R, GPC
. 3p _ Ya, &g _ 3G
(ii1) D— = (1 - prc:ﬁl)(—p: =) + PC(qp + Dcrq =)
3 Dy Pq 3P
(— * pp—2),
Ay ERY%
where
_2q. wip  fgp _ 24n cfeb . Bap
: D = (1 pcg-—f)( - - -Pp ) - —(al, + D —),
3y { o 8p7 o v 9%,
(iii)
qp  _ 99 :
(— + pC“_:) > £, noting (10a).
ey Jy
It follows from (i) and (ii) that a sufficient (but‘VW(
Yy 9B _ 9,
necessary) condition for —, - > 0 is that (g, + ppc__:) > 0.
3t 9t 7 v o3 C

This expression may be written, using (2),




Pc fq¢ . . .
g (1 + — —) wihich in turn is equivalent to
1+ S
z ‘ic C
Qe 1+ ¢ po oagp . .
( t — +——) from vhici: (iu) follows.
(1 + ) L PR
C e qc "pC
) To prove (18), set dz = ¢ in (12) and (13) and solv
3y 95
for — and --:
3p 3p
3y wl.  BEF _ 39, gp PEp _ 3q.
(iv) D - = gl (—= - —_— =) - _;-_____.(al'_r + pc[,_._),‘
ap Pog o Ip.. 3o N 3D,
. i
ap e 3q 3g 9q
) ‘ -F — C r = C
(v) D— = (1 - p z.-5) gl + Po—,
a0 o ¢ Ay 3y 3y
where D > 0 is as defined in (iii).
ay
lictice from (iv) that — > 0 unamiiguocusly.  This
2 cd
verifies the first relation in.(15). In (v), - > 0 if and
ap
only if
) . @qc enp _ aqc
(vi) Bpll - p o) = pgl(—= + pc__.) > 0
. b Y3y 3y
Noting (3), a sufficient condition for the ineguality
(vi) to held is that
3q 3G q
.. — F — )
(vii) 1 - ppri_g > s +.pC.__
TRy ERY d
which may be written
3ap _ ?q,
(viii) 1 - &= - (1 + ;)pc._; > 0
sy 3y
and hence, in view of (5), the second reiation in (15) is prove
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