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ABSTRACT

We study labor productivity in agriculture within a two—-region,
two factor and two commodlty economy. Increases in productivity can
lead either to higher or to lower agricultural prices, depending on the
internal structure of the economy. We give necessary and sufficient
conditions for either outcome; these depend on technalogies, factor
endowments and export levels. In a developing economy, improvemeats in
productivity generally lead to higher agricultural prices, f.e. to
better terms of trade between agriculture and Industry.. =

In an industrial economy increasing producrivity leads instead to
lower agricultural prices, The aign of one expression determines the
turning point between these two oppesite price responses and allows us
to explain the effecta of trade and investment policies on domestic
output and welfare. Simulations of the model are reported with data for
Argentina and the U.S.A. circa 1970.
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1. Introduction

How does an increase in productivity affect price;?ﬁ'ﬂenerally,'ane
would expect higher productivity to lower the price of nLtput: when
inputs are used more efficiently costs decrease, and with them prices.
This intuition seems well suited to the history of agriculture in the
industrial economies. In regions where agricultural productivity is
high, the relative price of food is low.

Yet the opposite intuition has been applied to developing economies.
W. A. Lewis, (1978) explains that higher labor productivity in agricul=-
ture improv;s the terms of trade of agriculture vis-a-vis other sectors
thus leading to higher rather than lower agricultural prices. Higher
labor productivity in agriculture, Lewis argues, imﬁrcves the terms of
trade for an agricultural e:purter.l .

It appears therefore that increasing productivity in agriculture tan
have either of two opposite effects: in industrial countries to decrease
agricultural prices, while in developing countries to increase them. It
may seem puzzling that in either case higher productivity is expected to
increase welfare, even though it has opposite effects onm prices.

This paper provides an explanation for this non-monotonic price
response to changes in productivity. The price response depends on the
sign of a simple expr:ssiﬁn reflecting key structural characteristics of
the economy: export lefels, domestic technologies and factor endowments.
Necessary and sufficient conditions are obtained for productivity growth
in agriculture to lead to higher agricultural prices. This means better
terms of trade for agriculture vis-a=-vis industry, and leéﬁs to higher

employment and increased overall consumption in the agricultural



exporting economy. Confirming Lewis' intuition, the conditions under

which prices increase are typical of developing countries. Moreover, we
~
show that in such economies, increasing exports without 'improving agri-
v it 2 _-Hﬁ
P - - . 5
cultural productivity leads to negative outcomes: lower terms of trade,

export revenues, real wages and domestic comsumption. Increasing pro-

ductivity is therefore a prerequisite for successful export-led palicies.?7

The two-signed response of prices to productivity change can be
explained as follows. Higher labor productivity does increase supply and
this tends to lower prices. But wages increase and thus the dsmand for

food will increase as well, These income effects increre the demand for

food and may eventually lead to higher rather than lower food prices.

The final price response depends therefore on the relative magnitudes of
changes in supply aﬁd in demand and this is precisely what is measured by
our necessarcy and sufficient coonditigms.

We show that in industrial ecooomies with homogeneous technologies
and relatively low levels of agricultural exports, supplyleffects tend to
dominate income effects. Therefore, increasing labor prodqctivit? in
agriculture leads to lower food prices. It also leads to higher profits
.and to an expansion of the industrial sector. The sign of one expression
determines the "turning point" at which the price-productivity relation-
ship reverses: that is, the sign of this expression predicts when
agricultural prices increase or decrease with improvements in laber
productivity.

The rest of the paper is organized as follows. The second section
defines the model, which is that of Chichilnisky (1981). The third
section presents the data and discusses simulations of tr;de policies for

Argentina aod the U.S.A. near 1970. Both countries are agricultural



exporters, but have rather different structural characteristics. About
75% of Argentina's exports are grain and livestock products, and 25%

LS
manufactures, wnile for the U.S.A. these proportions are™approximately

v
reversed, thus providing two contrasting case studies. The fourth and
fifth sections present the comparative statics results that explain the

outcome of the simulations in theoretical terms. We conclude with a

brief discussion of alternative export policies.



2., The North=South Model

This section summarizes briefly the model of Ghich;iﬁisk? {1981).
Each region is described by behavioral assumptions and eq;ilihrium
conditions. Consider fiQs: the economy of the South. It produces basic
goods denoted B and industrial goods denoted I, using labor L and capital

—

K:

min [LBfal, KEICI}

min (Llfaz, Kl/c

-
"

)

In the simulation, basic goods are an aggregate of agricultural products
and consumption goods. Assuming producers are competitive the following

price squations will hold in equilibrium,

(1}

Pg = MV + Sy F

{2) Py = 3, + G

Factors supplies depend on their rewards:

(3)

=
n

a() + I, az20
Py

(&) KS

pfr + K, pz2 O

[}

where w denotes wages, Pg the price of basics and r the rental rate of
capital. To these four behavioral assumptions we add equilibrium or

market clearing conditions for factors and commodities:

-

(5} L =1L



&

(6) K

() | 10 = 0B 4,18 .
(8) K = c B+ c,1° '
(9) ES = BD + Xg, where Ig depotes exports of B
(10) - Ir'.|I ; X¥1+ IS. where KE denotes imports of I

and the balance of payments condition
s = el

where the superscripts S and D denote equilibrium supply and demand,
respectively. It is worth poting that in equilibrium, Walras Law or the

National Income Identity is always satisfied in each regiun:z

Dy g0 = p (8% - x3) + p (1% + X]) from (9) and (10);

A

= (alw + clr)Bs + (nzw + czr}Is from (1), (2) and (11);

wL + rK from (7) and (8).

The North is specified by the same equations (1) to (11), except for
possibly different parameters in the technology and supplies of factors.

In a world equilibrium the prices of traded goods are equal, and experts

match imports. This yields four more equilibrium conditioms:

(12) py(S) = p ()
(13) pg(5) = py(N)
(14) . XB(S) = X0



(15) X0(s) = X;(0)

LS
where the letters S and N in brackets denote North and South
- [ ]
respectively.

There are therefore eight exogenous parameters in each region: a,,

C1r 35 €y, G, L, 8, X, and fourteen endogenous variables, p;, Pys T, ¥,

85, #P, Xg, 12, 15, 1?, Ls, 12, 5, and E'.  There are elever equitiuns

(1 to 11) in each region plus four international market clearing comdi-
tions (12 to 15). Note that the balance of payments equaticn (11) for
the North is automatically satisfied when (12) to (15) hold and (11)
holds io the South., We have therefore a total of 25 independent equa-

tions for the two region economy. We add the normalization conditiom

(16) o =

i.e., the industrial good iz the numeraire, and obtain a total of 2

— — —

independent equations for the North-South model. Since there are four-

genous variables.

The system is undetermined up to twe variables, which is not
surprising since dcm;nd functions have not been defined for either
region. This can be done in several 'ways: one is to choose utility
functions; another is to choose equilibrium levels of demand for I goods
in both regions as in Chichilnisky (1981). A third alternative, is to
set exogenously the equilibrium velume of basic goods traded xi(s} =
xg(N} and the South's industrial demand in equilibrium, ID(E]. This

latter demand specification yields two additicnal equations,



(17) Pay = 10

and - g
- ]

(18) ngs) = xg.

This makes a total of 28 equations in 28 variables and the model is thus
clnsed.-

Yet another treatment of demand is to assume that in the South all
basic goods are consumed by wage earners. In this case equation (18) is

replaced by a demand equation for basics in the South:

D

(18a) B® = wL,

Pp

By Walras' Law this implies pIID = rK in equilibrium, so that industrial
demand is ID = rKpr. Exports Kg are aow endogenously determined. This
second closure is used in Section 4 and was studied previously in
Chichilnisky and Cole (1978), Chichilnisky (1981), (1983) and Heal and
McLeod (1983).

An increase im labor productivity in agriculture in this model

corresponds to a decrease in the labor-output parameter . By varying
the parametear a,, we obtain a new equilibrium with different levels of
prices of goods and factors, different outputs, employment, income and

demand in the South.



3. Labor Productivity and Export Policy: A Simulation for Argentina

and the United States circz 1970

Y
"

1
It has been suggested that the effects of changes in laber produc-

tivity depend upon the structure of the economy under consideration. In
this section we use the model developed above to explore this point
further. We simulate the effects of labor productivity change on two
major agricultural exporting economies: Argentina and the United States,
countries which have rather different domestic economic structures.

Both countries are major graim expnrterﬁ, with the U.S5. providing
35-40% and Argentina some 10-15% of world exports during the 1970s.
Argentrina is also the principle expaéter of livestock products worldwide.
Exports of agri:ultnfal and related products are relatively more impor-
tant in Argentiﬁa, where they amounted to 6=8% of GNP during the 1970s -
{compared to 1-2% of GNP in the U.S. over the same period). Within
the two couutries, production takes place under very differeat circum-.
stances. Per capita income in Argentina is about one-fifth that of the
United States, and in 1970 the average agricultural wage rate in
Argentina was about $.31.p=r hour: only about one-eighth the U.S5. level
(ILO, 1980). Since wage income accounts for about the same share of
total agricultural value added in both countries, agricultural labor
appears to be much more productive in the United States.

In order to simulate the effect of export expansion and labor
productivity change in theﬁe economies, a set of base year parameters
were estimated for each region using procedures described in Appendix B.
These parameter values are shown in Table 1. In additionﬂtu investment

demand and export levels, eight parameters are required for each country:
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TABLE 1: Paramter Values for Argentina and the United States

ke

Technclaéical Parameters Argentina .

y
Basic Sector: Labor/Output (a1) 1.553 2_ ¢
Investment Goods: Labor/Output (12} Bﬂ_‘?"??
Basic Goods: Capital/Output (cl) 1.5
Investment Goods: Capital/Output (cz} . T gﬁ‘?

*
Factor Supplv Parameters

Labor Response:

"Intercept L 26.50%

Slope a- . 5.#4%;%;
Capital Response:

Intercept K hS.Eﬂf ér

Slope B 5 16.25 %~

Labor Supply
Mean Point Elasticity +11
Cap:tal Supply

Mean Point Elasticity .06

Demand Parameters

Investment Demand fﬂ,EETEéfy

Basic Good Exports 1.85 - 2.82
/%539

Sectoral Wage Share in Value Added

Basic Goods .71

Investment Gno#s .39

United States

.14
12
1.21
1.79

79.20

902.2

1445.0

.33

.28

342.8

65.0

.70

.58

* ]
See Appendix B for a discussion of how the parameter estimates were

gbtained.
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the capital and laber output ratios a;, a5, ¢ and Cos and the factor
supply equation parameters: L, K, o, B. Note that the agricultural
laber-cutput ratio is much lower in the United States. ﬁkbgentina alse
displays greater variaficn in sectnral_technulogies as in&icated by the
sectoral wage shares. The imﬁlicatians of this technological dualism are
discussed further in the next section.

Once the parameter values a;, az, CI’ cz, a, L, K are given, a
single resolving equation is used to compute the equilibrium value of the
terms of trade Pg- This is shown in Section &4, equatien (24). Once Py
is known, all of the other endogenous variables of the model can be
determined..

The first column of Table 2 lists the base year solution values
obtained for the United States, including income, ouﬁput and employment
levels. Note that the base year value for Py is one: This is because of
our definition of a physical unit of basic goods imn 1970.

To simulate laber productivity improvement in the basic sector, we
reduce exogenou: 1y the labor input parameter 3 and compute the new
equilibrium values of all endogenous parameters: Ppr T» W) BS. BD, xg,
IS, ID, X?, L, K. As shown in Table 2, a reduction of 5% in the labor-
output ratioc {al} for U.S. agriculture causes the terms of trade FE to
fall by 6%. Export revenues, GDP, employment and real wages also
decrease, while the rental rate for capital and output of both goods
increases.

The impact of a similar laber productivity change in Argentina is i
not aa clear cut. As shown in Table 3, when export to GNP ratios are at

the high end of the range observed during the 1970s, increasing labor

productivity inm actually leads to higher agricultural prices, employment,
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TABLE 2: The impact of an Increase in Agricultural Labor Productivity
Growth in the United States with a Fixed Level of Exports
{1970 dollars unless otherwise specified)

~
e

With Higher y Percent
Variable Base Year Value Labor Productivity Change
Labor/output ratio: + 15 14 -5%
Basic Exports &5.00° 65.00 exogenous
I Good Demand 352.80 342.80 eXogenous
Price of Basics 1.00 .94 -6%
Output of Basics 601.00 624.00 &%
Output of I Goods 277.80 281.50 1%
GDP 879.00 870.00 -1%
B Good Demand 536.00 559.00 4%
Real Wage Rate 4.90 - 4.80 -2%
Profit Rate .24 .26 10%
Employment® 119,40 118.70 -1%
Capital Stock 1224.00 1258.60 3%
Export Revenues 65,00 61.30 -6%
Exports/GHP 7.329 7.05 , =5%

*in Billions of Persoo Hours.

-

TABLE 3: The impact of an Increase in Agricultural Labor Productivity
Growth in Argentina with lligher Export Levels (1570 dollars
unlass othorwime specified)

L

With Higher Fercent
Variable Bage Year Value Labor Productivity Change
Labor/output ratio: 1.55 1.53 -1%
Basic Exports 2.82 2.82 axogenous
I Good Demand 10.43 10.43 EX0genous
Price of Basics 1.00 1.15 15%
Qutput of Basics . 14.13 14.73 4%
Output of I Goods 7.60 7.18 - =5%
GDP 21.77 264.13 11%
B Good Demand 11.31 11.91 Sk
Real Wage Rate 47 53 12%
Profit Rate .18 15 -18%
Employment¥ 28.25 28.61 1%
Capital Stock 46.90 46,43 -1%
Export Revenues . 2.82 3.24 15%
Exports/GNP ' 12.39 13.44 4%

#in Billions of Persoo Hours.
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real wages and total output. However, for lower expnrthHPlratins, Py
falls as labor productivity increases, just as it does in the United
States. Table 4 simulates the impact of productivity cﬁaﬂga at lower
export levels. With an export/GDP ratio of 8%, the termsfuf trade Py
falls with increases in productivity. Note also that wage;, eﬁplo?ment
and export revenuss all decline,

On the other hand, when exports are 13% of GNP, ;hen an increase in
laber productivity leads to higher prices for basics Py so that real
wages, export revenues and employment all increase. Hence it appears
that the economic impacts of productivity change depend on the level of
exports.

The relationship between productivity growth and price changes as
agricultural exports increase from 8 to 13% of GNP. -This indicates the

[

TABLE 4: The impact of an Increase in Agricultural Labor Preductivity .
Growth in Argentina with Lower Export Levels (1970 dollars

unless otherwise specified) .,

With Higher Percent
Variable Base Year Value Labor Productivitcy Change
Labor/output ratio: 1.55 1.53 -1%
Basic Exports 1.85 1.83 0%
I Good Demand 10.43 10.43 0%
Price of Basics 1.00 .83 -17%
Qutput of Basics . 13..13 12.79 -3%
Output of I Goods 8.59 8.90 4%
GDP 21.61 19.42 -10%
B Good Demand 11.28 10.94 -3%
Real Wage Rate J47 -39 -16%
Profit Rate .18 .22 18%
Employment® 2352 27.05 -2%
Capital Stock 48.80 49,36 1%
Export Revenues. 1.85 1.54 -17%
Exports /GNP B.56 7.91 - -8%

*in Billions of Person Hours.
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existence of an important "turning point” or critical level of exports at

which key structural relationships in the economy change. The theoresti=-
cal details of this are developed in Section 4. It turns-out that this
Mturning point"” coincides exactly with a change in the slgpe ef a
quantity-price relation Kg. This curve Xg links prices Py and the volume
of exports of basics #cruss equilibria (see Chichilnisky, 1981). By
definition, Xg slopes upward when more exports are associated with
better terms of trade. We show in Section 4 that when Xg is upward
sloping improvements inm agricultural preoductivity reduce the relative
price of agricultural goods. This respomse is typical of industrial
aconomies.

However, when Xi is negatively sloped, then higher productivity in
agriculture improves agricultural prices at amy giveﬁ level of exports.
This response is more typical of d:velgping economies because it is in
those countries that Xg is likely to be negatively sloped. As seen in .
Chichilnisky (1981), the slope of Xg has the sign of the expresaion
co/D - wapB; a developing country which exhibit a significant level of
dualism will have a large value of the determinan. D, so that ¢z/D is
likely to be exceeded by ZwIpE. The opposite happens in industrial
countries: D is small and cz/D is more likely to exceed ZWJPE, so that1

Kg {s positively sloped. The Argentinian economy shows both responses,
at different levels of exports, as befits a semi-industrialized economy.

It is shown in Sectiom &4 that the slope of the curve Kg depends
crucially on the initial level of real wages, on factor supply response
and upen the level of technological dualiom between agriculture and
industry. In economies which display the characteristics 6f developing

countries the curve Kg may slope dowawards. In advanced industrial
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economies with relatively homogenous technologies among sectors, the
Kg curve is much more likely to slope upwards.

The actual location of the "turning point" (exparEjGBP level) for
the Argentine economy depends of course on the accuracy Lf our parameter
estimates and aggregation procedures. It also depends, of course, on
starting levels. However, it is pessible to show how changes im labor
productivity affect the location of this turming point. To simulate
economic growth, the level ﬁf industrial demand ID in Argentina was
inereased exogenously so that both prices andlthe volume of exports are
endogenous. As the share of exports in GNP increased, the slope of the
Xg curve chhuged. As shown in the next section, the relatiomship between

the terms of trade, Pp and productivity, a. chapges at the exact point

1
at which the slope of the curve Hi changes its slope. That is, when the
volume of exports increases with pp, Eigher labor productivity leads to
lower food prices. However, if the volume of exports decrease with Ppr
then improvements Ln productivity lead lostead to higher agricultural
prices.

Figure 1 plets the slope of the quantity-price curve Xg at different
export/GNP ratios for Argentina. For the observed agricultural labor/
;utput ratio of-1.55, the turning point is reached when basic gaﬁds
exports amount to about 10.4% of GNP. At levels greater than 10.4%,
labor productivity imﬁrovements lower the terms of trade for agriculture:
for export shares below this level the opposite occurs.

Figure 2 shows the effect of an increase in labor productivity on .
the location of thisg turning point. According to these estimates a 10%
improvement in.lahoc productivity changes the turning peint, or critical

export share of Argentina from 10.5 to 12% of GNP.
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Thus, for any given level agricultural productivity, there is an

implied "optimal" export/GNP ratio. Before this point is reached,

b

increases in exports are associated with higher =xpﬁrt i?vcnues, wages
and employment. However, once this level of exports is exceeded,
' increases in exports are accompanied by lower export revenues, agri-
cultural prices, wages and employment (although profits and the demand
for capital increase).

Moreover, as indicated by figure 2, 2 higher level of imitial
'QQricultural productivity pushes this "turning point"” outward, implying

that, with higher productivity a higher level of exports can be sus-

tained without negative outcomes,

Although the usual caveats apply to the parameter estimates, the
qualitative implications of these results for economic policy are strik-

ingly clear: Ideally exports should expand in step with the growth

of labor productivity in agriculture. Too rapid an expansion in exports

or lagging productivity growth im agriculture may have serious pegative

consequences for domestic incomes and emplovment.

It appears also that at high levels of industrialization and

productivity, while the impact of an increase in a, on GDP is negative,

1
it is not nearly as great as at low levels.

We-now turn to the theoretical analysis of the results of the

simulatiocns.
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4, Asvymmetric Effects of Labor Productivity

The task of this section is to explore the directions, of change for
all the endogenous variables as labor productivity incrca;es in agricul-
ture. The following stylized assumptions are made regarding the esxo-
genous parameters of the North and the South. In the South technologies
differ significantly between sectors so that D(S) = a,c, - a,c, is
positive and large. The opposite is true in the North: D(N) is positive
but small, i.e., technologies are relatively homogeneous. The haaiﬁ.
sector in the South uses few capital inmputs (¢, small).

The first theorem gives necessary and sufficient conditioms for an
imprnveﬁeut in the agricultural terms of trade to follow an increase in
agricultural labor productivity. Theorem 2 shows that when labor is
abundant and there is significant tech?ulogical dualism between agricul-
ture and industry, then income effects cause demand to increase faster |
than supply. The terms of trade for agriculture therefore improve with
labor productivity, because of domestic demand responses. Finally,
Theorem 3 links changes in agricultural prices to real wages and

employment,
Theorem 1

Io the North-South economy, assume that labor productivity increases

in the agricultural sector of the South. This leads to better terms of

trade for agriculture if and only if the following inequality is

-

gatisfied in the South:
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1 ¢f
Hi > 57 (_Bala2 + EE}-

In particular, if exports Kg are high, technologies dual YD large) and
!

capital use in basics (cl) small, higher labor productivity in agricul-

ture always improves the terms of trade of agriculture vis-a-vis

industré.

The conditions of this theorem are likely to be met by a developing
country with high level of exports as a proportion of GDP.

The strategy of the proof (contained in Appendix A) is to define an
implicit function linking the productivity of labor in the basic sector,
a;, and the price Py 2 function which is always equal to zero in equi-
librium, From this implicit function, we then derifg the derivative of
Pp with respect to a; across equilibria. The effect of a change in Py on

1

all other endogenous variables is them explored.
Corollary 2

Assume that labor productivity in the agricultural sector of the

South increases. Then 2 necessary and sufficient conditions for the

price of agricultural goods to drop is that

ocl

1 1
pzia 2 * 5T > %

In particular, when initial productivity is high (a low alj, technologies

are homogeneous (D is small), and agricultural exports are relatively

"

low (Rg small), further increases in agricultural productivity decrease
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agri&ultural prices (but the effect is likely to be proportionately

small).

The conditions of this Corollary are similar to those of an indus-

¥
trial country such as the U.5..

Proof

The proof of Theorem 1 implies this corollary, since it shows that

dpg 30
the sign of — is always that of ——. =
da1 BpB

The next theorem shows that increasing labor productivity always
leads ta higher food prices when the economy has abundant labor (a large)
and technologies are dual (D large):

Theorem 2

Consider a North-South ecomomy as above. In the South labor is

c
abundant (o large) and technologies dual {EE < %E + Then higher labor

B

proéuctivity in agriculture of the South leads always to better terms of

trade for agricultural goods.

Under the same conditions for the South increasing agricultural

exports without improving labor productivity, will alwavs lead to lower

terms of trade and to lower export revenues. Therefore, the South only

gains from increasing exports if its labor productivity in agriculture

incresses as well.

The proof of this theorem is in Appendix A.
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Remark: This theorem highlights the role of income effects in
producing an inerease in Py 35 productivity rises. This is because
the term ZWEFB is in fact a measure of the strength of the income effect,
while the term cIID measures instead the supply respuus;. When iwpr is
larger than czfn, demand from wage income increases faster than supply sa
that Pp increases. The income effect leads to a strungér rise in demand
than ino supply.-

Having studied the impact of changes in productivity on agricultural
prices, we analyze next the impacts of such changes on real wages and omn

' employment.
Theorem 3

Consider a North-South economy where the South's technologies are

dualistic (B large). As labor productivity in agriculture increases,

the terms of trade of agriculture vs. industry may either impfﬁve

(Th. orem 1) or worsen (Corollary 2). If terms of trade for agriculture

—

improve, real wages and total employment increase. If agriculture's

terms of trade fall, real wages and emplovment may either increase or

-

decr=ase.

The proof of this theorem is in Appendix A.

In all of the above, the volume of exports of the South remain

5

fixed at KB. The next mection studics comparative statice expariments

where productivity and the volume of exports vary simultaneously.
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5. Export Policies and Agricultural Preductivity

Up to now we have examined the impact of producti;ihy increases on
two types of regions: one displaying the structural ch;racteristics of
"Southern" economy, while the other exhibits those of an industrial
economy. In both cases, the experiment was to increase labor productiv-
ity im agriculture (to reduce al) while the level of exports Xg stayed
constant, and observing the impact this has on prices, consumption and
employment of the exporting regiomn.

In this section we shall enlarge the scope of the experiment, to
allow the %uluqe of exports to change following an increase in labor
productivity. Figures 1 and 2 of Section 3 illustrate this experiment.

The model is now modified as follows: as before, industrial demand

in the North is axngenouslf given In(y} = ID. However, exports of the

South Kg are now nat exogenous: Cthey are instead endogenously determine

The crucial difference is introduced by dropping the equation (18) Hg =

We introduce ic its place another equatien for demand for basics in the

South BD (denoted (18a) in section 1):

(18a) wl = pBBD
i.e., in the South wage income is spent on basics. By Walras Law (W),

(18a) is equivalent to:

K = ID

i.e., in the South, capital income is spent on industrial goads. This

new equation allows us to "close" the model without requiring to fix.

d.

%

B
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exogenously the level of exports Hg. Therafore the level of exports xg

now changes as industrial demand in the North ID{H) varies. Furthermore,

even if Ig(HJ is fixed, “ varies with changes in a,. This means that
changes in agricultural productivity lead to changes ian the volume of
exports. We call this new versicn a type II North-South model.

The next result studies changes in prices and exports volumes,

following an increase in agricultural productivity in the South:

Theorem 4

Consider a type II North-South economy. The South has the

characteristics of Theorem 2 and its basic sector uses few capital inputs

(e, small). The initial rates of profit are relatively high:

13

a
2r » ﬁl in both regions. Then i{f agricultural labor productivity

increases in the Sauth:

(1) The terms of tr.de of agriculture vis-a-vis industry improve.

Real wages in the South increase;

(2) In the South domestic consumption of basics increase and

exports Xg drop;

(3) Export revenues of the Scuth prg increase so that industrial

imports K? increass.

The proof of this theorem is in Appendix A.
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Conclusions

This paper examines the impact of laber productivigy“in agriculture
on prices, real wages and employment in an agricultural e;porting econ-
omy. The results are obtained in a simple 2 X 2 X 2 North-South trade
model, and illustrated in a simulation of the same model using data
for Argentina and the United States circa 1370.

A main result of the paper is that the terms of trade for agricul-
ture may iggruve with increases in the productivity of agricultural
labor. This belies the conventional wisdom that increases in productiv-
ity lower prices, At the same time, it confirms the intuition of W.
Arthur Lewis (1978) and others regarding the role of agricultural produc-
tivity growth in developing economies. We show thattin eccpomies with
dualistic technologies, a higher output/labor ratio in agriculture leads
to higher real wages, to higher domestic coosumption, and to higher
domestic employment levels. This occurs even when the level of indus-
trial demand and exports are held fixed, so that higher Uage.iucnme need
not dampen growth nor reduce the volume of goods exported. As a matter
of fact, since export revenues increase with higher labor productivity in
agriculture, more industrial goods can be impnrtcd..

A second result shows that if the structural characteristics of an
industrial economy are introduced into the same model, a very different
productivity-output price relation emerges. That is, in an ecooomy with
homogeneous technologies, and a relatively low level of agricultural
exparts, the price of agricultural goods decreasecs as labor productivity

increases. The results reveal, therefore, a non-monotonic response of

agricultural prices to laber preductivity: in the Morth labsr
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productivity growth in agriculture leads to lower food prices, while in

the South it is associated with higher food prices. When agriculture

LY

productivity increases in the North but not in the South, the South's
v

terms of trade worsen and its real wages and employment decrease. By

contrast, increases inm labor productivity in agricultural of the South,

inerease ﬁgricultural prices. This latter result suggests that invest-

ment aimed at increasing agricultural labor productivity of the South,

may be a good price-support policy for agricultural products world-wide.

This appears to be at least as good a pelicy, and possibly much less
‘distortionary, than the agricultural subsidies currently in use within
most QECD :uﬁntries.

These results also have implications for export policies: better
results are achieved from agricultural export prnmcti;n when labor
productivity is high in these sectors., In order to prevent a deteriora-
tion in the South's terms of trade, labor productivity {a agriculture

should increase in step with the expansion of agricultural exports.
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Appendix A

Proof of Theorem 1

Consider the balance of payments coadition (equation (11)):

X2(S) = ppty (V)

Since equilibrium imports of the South x? is the difference between

domestic demand and supply for industrial goods, we may rewrite (11) as

| | P - 156 _
(19) e X0

Note that TD(S) and xg{H} are exogenously determined by (17) and (18)

respectively (since KE(N] = Kﬁ(ﬁ] = Kg].

ap :
Our next task is to derive EEE by rewriting (19) as a function of
1
the exogenous variables and of P only. We do this in several steps.

Inverting equations (7) and (8) we obtain the equilibrium volume of

output of industrial goods as functions of total labor and capital

employed.

(a.K = c L)

S 1 1
(20) I ® g
Thermafore (19) is
; . & ”
D 1 1 >

(21) s) -5 Kk-51L- p s = 0
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Now capital supply K and labor supply L are functions of factor prices:

L=« E— + T and K = pr + K, from (3) and (4). Factor prices are, in
B N
turn, functions of commodity prices: inverting the pric? equations (1)
'
and (2) onme obtains the Stolper-Samuelson relations:

, Ppla = C
(22) v = B ZD 1
and

a, = ppa
(23) r = -l-E—E-E .

We may therefore express (21) as a function of only one variable, Pg’

D
2 - - =
(24) pZ(A %) +pglc+T) -V =0
- - F F
where A = ﬁilig C = clt an + “CICZ ﬂnl and V = E;l
p: ' )] D* o= -

Note that (24) depends only on Py and exogenous parameters of the

*

South. Solving equation (24) gives a unique price equilibrium py as a
. =D ES :

function of the I, B and the sight exogenous parameters of the tech-

nologies and factor endowments of the South: a, B L and

210 230 By Cpr
K.

Equation (24) is always satisfied at an equilibrium, and gives an
implicit function of Py and a, when all other parameters remain constant.
We denote thia-ﬁ{pa. nl} = 0. By the implicit function theorem, we

; - PR R
obtain the total derivative of Py with respect to nl across equilibria:




8¢

i T}

da, g0 5
app ;

The partial derivative a¢faa1 is now computed:

Let ¢ be T°(s) - I5(S) - pnxg = 0 (equation (19)).

We consider the case where Kg and ID{S] are both constant. Then the

3
partial derivative of ¢ with respect to a, is . 58 = - 9L ;
1 aal a,
alK - CIL
Since I° = ,{--—-D—} by (20),
| S1
2L - xca;“_}) . L{a—*-'**;ﬁ-}} v 2K :—%ii)
a, a, 3, a, a,
Now
a;  Pg3gf
K=pr+R = ﬁﬁ— S R (from (4) and (23)), so that
pa,c,p fc.a Bc.a.p Ba, ¢ c
3K _ ) A L S e 2%2Pg _ P2 %2 . 5
da = g? (@ - ca)*—pz— = 2 * T - D @ 1§ )
" 532“
D
also

_ W _ 1 _ 2 |
L= HEE-— +L = - EEE + L (from (3) and (22)). Thus
2 -
aL acy . ac,c.pp ) czﬂ(czpa <, ) €, aw
S Iz - - T - !
aal D< pBD DpB D D pBD
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Therefore,
s a,.c a, Pa.w c C, 0w £
ar 1. %% s P i TR |
5 =K - 55 T () TR
_E . fg{“lx ) clK) " ﬁaia W : 12 K EEIS (8a.a
R D D2 pgp? D D 122
Since K = K> + KX = clns + ¢,1°, this implies
1% _ 1,8
_HEEI = —{ + ﬁala2 + oc 2}}, so that
| % _ _ 1B, ¥
{25) 331 D{K + D(aIaZB + clczﬂ)),

where KB is the capital stock used in the basics sector of the South.

Since KB > 0, a¢;aa is always negative.

Thus the =mign of dpﬂfdn will always be equll to that of the denomi-

nator, which we now show can be either positive or negative.

since TD[H} and Rg are= constant:

S ac?
a0 _ 9l _ S _ 1 1, _
(26) oo = oo " T T 0B t ) g

The full expression for defdal is thus,

dpy %(KB ¥ %(31"25 + € )
(27 da, ac] am
1
. gz(2 2,8 + -?*} - X5

PR

Therefore, if in the South:

(i) the level of exports is high, ig large;

From (21),
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(ii) capital inteasity in the basic sector is low, ¢, small; and

1

(iii) there is significant duality in technology, D large;
LS

thea by (27) py will rise as productivity increases and a‘*l-faus. This
!

completes the proof of theorem 1. n

Proof of Theorem 2

Consider the resolving equation (24). As shown in Theorem 1, the
impact of increases in labor productivity on the price of basics is

determined by the sign of

ap
dpg da
—— = « —=_ where ¢ is squation (24).
dal al’ ¢ q i

apn

®

We showed in theorem | that - B¢fﬂnl is always positive. We now ’
show that a¢;apﬂ is negative when « ia large and szDE < 2w/p. Thia

will imply that as a_ drops (i.e. labor productivity in agriculture

1

increases) Py increases, what we wish to prove.

Consider then the partial derivative a¢;apB. From (24):

Qs

o _ oz D
(28) o = 2658 ) + ¢+ 1°(s)
Since a is large, the sign of (28) is determined by those terms contain-

ing @. In A there are no terms in o; in C the term is acltczfﬂzj > 0;

thersfore (28) ir negative when

HCICE

S
(29) ZPBXE > 5T -



30

We analyze ﬁhis expression next. From Chichilnisky (1981), pp. 175 and

176 we obtain an expression for Xi in terms of Pg:
b

h

ac c fa a e.L -a Kk '2D
o L | Lo, ol 1 15, T°(s)
30 = G oa Rl iy et el

When @ is large, the term that dominates the expression for Eg is

1
ur.'l(c2 - E;)

z
D Py
¢
36 e leg - EE) 1

Therefore, from (29) 55— < 0 when Zpsxg ~ T > =57 i.e.,
when
{31) c., > Efl .

1oy

From Chichilaisky (1981), p. 177, ¢, > 2c,/pp is equivalent to

<
2 2
(32) D—‘:—E.
Pp
dp C -
Therefore 80 <'0 and D < 0, when -2 < i and o 1s large.
: BpE dal D Py

This completes the first part of the proof. The last statement in

the theorem is proved in Propositiom 1, Chichilnisky {1981). There it

is shown thac
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Since (36) is identically satisfied across equilibrium, we obtain:

o
&

(3?) EEE = - Efl. ’
TR TS
EpB
Now,
(38) 2y _ 3K _ 2 (“1K - ":11')
) Bal 311 aal D £

From the Appendix (equation A.3) %E- = Ba 2 Since K = pr + K, r =
a, 20D
5 B'E, so that
ar _ = i
(39) —E;-— - Therefore,
drK II'H llw
(40) 521 =c(p F)rK(F) >0

Furthermore, from the Appendix (A.7), since KB = Bscl,

' aX - ol -
@) () = g () = jegE + a3 ¢ @) > 0
1 1

so that from (38), (40) and (&41):

a.w . P a
w0 - oge o 1) - e B ¢ Blaganf ¢ ooy = pam - g
1 A



which is negative when @

Now consider aw;apB:
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is large and f small.

!

3
gy _ 9rK _ oI _ 8 .8
(43) 3p; apB apB apﬂ(r(N)K(H}) aPB{I (N))
which equals
2ﬁ a Raz c%a a, (MBN) a, (N)
E[N)az(ﬂ) {:1{H)]2¢(NJ
DD T (D)) pg2

By the assumptions that

are negative. The last
c2a
the term Dins is small b
"B

p% has a second order Le

and (42) are negative,

means that when a

1 drops

basics decrease when al

and

r and r{N) are high, the first and fourth terms

term is small since @(N) is small. In the South,
ecause ¢, is small and even though o is large,
em Lo o by (24). Therefore, (44) < 0. Since (44)
dp
it follows from (37) that i pm is negative., This
1
» P increases. It also follows that exports of
drops, as we show next. Since
ch - aZK WL _ Sy w a, K
D P_ &(D_ F— e ("—':') =
B B Py
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W

S 3 d(—)
Xy % . Py
dal d¥y da1 -
PB e
¥
we ohtain
dxg C d(g_
— {u(-.-.g - z_w _2 dX } B
da, D Py D a() da,
Py
W
2 d(s-)

Now: -2 gﬂ-by assumption, and
D Py

E ¢o by proof of theorem 3 (34).
dal

- When o is large this implies e >0, i.e. exports Eg drop as labor
1

productivity increases. Domestic consumptiom of basics BD(S) increases

L a=)
wL P

when a,  drops, because BD = — = u{E—]E + = T, and o B < 0. Finally,

! 'y My Py da,

imports of industrial goods in the South are

aK-rclL a.r KRa c,L
= 1P - 1S = - (L 1\ e figt - g - 1, L
X2 =1%(s) - 15(5) = K - (1) = Brt + K - B - 5 *
50 that
dXD a <
T Ny ,ge2d
i “Rr-g) r Ky
al .
which is positive since 4 is small in the Scouth, and 2r > 5 - Since r

decreases with a drop in a, by the proof of theorem 3, this completes

1

the proof. ’ .
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APPENDIX B
Parameter Estimates for Argentina and- the United States:

Data Sources and Estimation Methods J

This appendix documents the data sources and methods used to derive
the lﬂ?ﬂ.parameter estimates for Argentina and the United States.
Section 1 reviews data sources and estimation methods for each region's
factor supply equations (including a, B, L, K). Section 2 discusses the
derivation of the remaining parameters, including the regional capital

and labor input coefficients, trade shares, final demand structures, etc.

B.1 Factor Supplvy Eguations

The North-South model set forth in section 2 of the text determines
the general equilibrium of a complete two region "world" economy. The
moat appropriate method for empirically testing the structure of this
model would be to estimate all the equations of the system si;ultaneoully
using available nonlinear regression techniques. This was recently done
for Sri Lanka and the United Kingdom by Chichilnisky, Podivinsky and Heal
(1982). However, our primary objective here is mot to test the structure
of the model but to provide a practical and repreducible procedure for
ocbtaining a set of parameter estimates that accurately reflect the basic
structure of the economies under study and which allow us to simulate
alternative trade palicies in these regions. To make the procedure
reproducible, many parameters were derived directly from readily avail-
able national accounts and input-output tables. Factor sugply equations
were estimated using time series data from each region. In obtaining

these estimates, an effort was made to stay as close as possible to the
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original specification of the model and to use similar structural forms

and data series for both countries.

1Y

B.1.1 Real Wages and Employment:

If real wéges increase, especially in urban industries, the supply
of labof available to these secturslis also likely to increase. Higher
returns to organized employment may draw workers from alternative, less
renumerative, self-employed occupations in agriculture and services. In
other situations, new entrants may be attracted from population groups
which have traditionmally low labor force participation rates or from
outside the country. Alternatively, those already employed may simply
work longer hours. This relation between labor supplied and real wages
can be writtem

3

(1) L= u'fw,.'"p.ﬂ} +1

where L i3 the toral labor supplied measured in pe::cn—yearl.nr hours,
wpr is a measure of real wages in industry and L and a are exogenous
parameters. To capture the lagged response of labor to a change in wages
and to smooth contractual and legislated jumps in the wage, wpr was
measured as a moving average and equation (1) was estimated over a
suitable historical interval. Given estimates of « and L, average
responsiveness of labor supplied to changes in the real wage can be

approximated by the "mean point elasticity” (MPE)

(2) e = {L" - B)/L'
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where L’ is the mean of the dependent variable over the estimation
period. A plausible range of elasticity estimates can thea be computed
by taking one standard error around the constant term i.“

Table 1 repﬁrts estimates of equation (1) for ArgeJLina between 1964
and 1977. Total employment and total iabor force statistics for the
Buenos Aires region were regressed on a composite real wage series (see
Table 4). These coefficient estimates indicate a significant positive
relation betwesn real wages and labor force participation in Buenes
Aires, i.e. a positive ¢. Since the Buenos Aires region accounts for
caly 40% of the employment in Argentina, these equations may overstate
the responsiveness of the labor supply to changes in the real wage (due
to the fact that labor migration between regions is generally greater
than between nations).

.~

Tuble 1: Argentina Labor Supply Equation

(L atatistice in parenthesen)
Egq. Dependent R? D.W. p al L
Variable (adj)
(14) Labor force A6 2.07 .92 574 2410
(8.97) (2.44) (4.53)
(1B) Total - 1.93 .93 663 2139
Employment (9.75) (2.7) (3.72)

lIn both equations the dependent variable is a two year moving average
of the real wage series reported in Table 4.

The R2s of .42 teo .46 indicate that only a fraction of the change in
labor supply may be attributed to real wage movements. Initially, all
three‘equ:tions displayed high levels of autocorrelation,”so the maximum

likelihood iterative technique was used to estimate the autocorrelation
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coefficients p shown. Point elasticity estimates for labor supply

response range from .11 to .5, and appear to predict labor force and

employment changes with about equal accuracy. Again, if anything, these
v

estimates may be high since they reflect employment changes in one

subregion of the country.

"Table 2: Point Elasticities for Labor Supply
in Argentina

Equation Period Mean Dep. Point Elasticitiesl
Variable High Estimated Low
(14) . 1964=77 33lé .43 .24 Il
(1B) 1964=76 3156 .50 ide .26
1

Based on one standard error around the constant term.

Table 3 provides the data on employment and labor supply for Buenos
Alrea. Since there (8 no readily available labor supply aeries for
Argentina, the Buenos Aires region was used as a proxy for the country as
a whole. The ILO provides a series on the rate of unemployment and
number of unemployed persons in Buenos Aires. Ihese statistics were
converted into total employment and labor supply as shown in Table 2.

The ILO also reports nominal wage rates for manufacturing, trans-
portation and agricultural sectors over approximately the same period.
These three series ﬁere used to compute a composite nominal wage using
sectoral employment weights derived from World Development Report Tables
(see Table 4). When deflated by the World Bank's consumer price index;

this series provided the real wage variable for both equations.
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Table 3: Employment Data for Buenos Aires 1964-79
(in thousands)

_ Unemployment Labor “Tqtal
Year Number Rate Force Emp%pyment
1964 177.6 S4d 3116 2938
1965 167.4 s 3158 2991
1966 172.7 5.6 - 3084 2911
1967 198.7 6.4 31405 2906
1968 153.3 3 3066 2913
1969 140.3 4.3 3263 3122
1970 158 4.8 3292 3134
1971 196.5 6 3275 3079
1972 221.5 6.6 .. 3356 3135
1973 173 5.6 -~ 3089 2916
1974 121.6 3.4 3576 3455
1975 97.0 2.3 3678 3593
1976 159.1 4.5 3536 3376
1977 103.3 2.8 3689 3586
1978 101.6 2.8 3629 3527
1879 69.5 2 3475 3406

Sources: ILO Yearbook, various issues, 1970-77. World Bank Tables,
Central Bank of Argentina.

[

Table 4: Real Wages in Argentina 1964-B0
(pesos per hour)

Nominal Wage Ratesl Sectoral Emp. Wcightsz CFI Composite
(1970 = Real
Manuf. Services Agric, Manuf., Services Agric. 100) Wage

1965 .69 .49 342 LATT . 181 42.1 1.569
1966 .94 .63 .339 484 177 54.2 1.581
1867 1.22 1.15 .74 .335 L491 174 71.1 1.547
1968 1.27 1.29 .84 .332 .498 .17 81.9 1.469
1969 1.40 1.42 .94 .329 .504 . 167 87.9 1.513
1970 1.65 1.67 1.14 .326 511 - L1863 100 1.582
18971 2.27 2.27 1.75 L322 .518 .16 134 - 1.619
1972 4.00 3.32 2.50 319 .523 .156 214.4 -1.588
1973 6.00 5.75 4,49 316 .53 .154 345.8 -1.629
1974 8.00 - 7.32 6.41 .313 .336 .151 426.5 -1.73
1975 23.00 22.97 16.83 sl 542 .148 1204.8 =-1.826
1976 70.00 66.65 50.29 .306 .549 . 145 6542.2 - .99%
1977 154.00 270.82 106.32 .303 .535 .142 18072.2 -1.172

1II.O Yearbook, Table 22, Various Issues.

2Uorld Development Report, 1977, 1980.
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Table 5 reports the results estimates of equation (1) using data for

the United States. When estimated in the linear form of equatienm (a),
.

the U.S. regression exhibited significant autocorrelaticé? ‘Efforts to
correct for this using conventional methods were not successful so a
 first-difference formulation was adopted (annual log percent change). As
reported in Table 5, this form resulted in acceptable Durbin-Watson
coefficients. The wage rate used was a two year moving average of CPI

deflated hourly compensation in nomagricultural sectors. The dependent

variable is the percent change in nomagricultural employment (see Table

6).

Table 5: U.S. Labor Supply Eguatiocns
Dependent Ind. Sample R? D.W. a L  Point Elasticity
Variable Variable Mean (adj) Est High Low
Total llourly  2.12% .43 1.48 .59 1.3 .59 .75 .43
Employ- Real (1955=75) (3.64) (4.18)
ment® Wager

* Annual log percent change.

Estimated over a time period similar to that used for Argentina
equation, the U.S. elasticity appears to be in the slightly higher range
of .43 to .75. Note that these estimates may also overstate the
responsiveness of labor supply to rezl wages since the movement of laboer

; . . ; 4
from agriculture to industry is also being captured.
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Table 6: U.S. Wage and Employment Data 1953-81

Average Real Total

Hourly Hourly Nonagricultural
Year Earnings CPI Earnings Employment

)

1953 1:51 B0.1 2.13 54.90
1954 1.65 80.5 2.13 53.90
1955 1.71 B0.2 2+13 55.70
1956 1.80 81.4 2.21 57.50
1957 1.89 84.3 2.24 ' 58.12
1958 195 86.6 2.25 57.45
1959 2.02 87.3 2.31 59.07
1960 2.09 88.7 2.36 60.32
1961 2.14 89.6 2.39 60.55
1962 2.22 90.6 2.45 61.76
1963 2.28 917 2.49 63.08
1964 2.36 92.9 2.54 64.78
1965 2.46 94.5 2.60 66.73
1966 2.56 97.2 2.63 68.92
1967 ©2.68 100 2.68 70.53
1968 2.85 104.2 2.74 72.10
19640 3.04 109.6 2.77 74.30
1970 3.23 116.3 2.78 75.20
1971 3,45 121.3 2.84 75.97
1972 3. 70 125.3 2.95 78.70
1973 3.94 133.1 v 2.96 81.60
1974 4,24 147.7 2.87 83.30
1975 4.53 161.2 2.81 82.44
1476 4. B6 170.5 2.85% B5.42 .
1977 5.25 181.5 2.89 88.73
1978 5.69 195.4 2.91 92.66
1979 6.16 217.4 2.83 95.48

Sources: Tables B-29, B-38 and B-52, Econcmic Report of the President,
1982.

B.1.2 Capital Utilization and Profitability

A change in the Fytsy/pT rental rate for capital may have two effects
on the capital stock. First, the existing stock of plant and equipment
may be used more intensively. The magnitude of this "wintage" effect
depends on, among other things, the quality of older capital goods
available for extended use and renovation. Under plausiblé assumptiocas,

higher profits increase the share of older capital goods which can
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profitably be utilized. Second, pew capital goods may be purchased or
izperted. The magnitude of this second influence depends on the outcome

b

of two conflicting forces: a higher rate of profit maEiﬂg investment
more attractive countered by the demand dampening cffe:t of the higher
cost of capital. In addition, this new investment effect may be subject
to lags as the lead times needed to order, fabricate and install new
equipment and structures slow the adjustment of the actual stock toward
the desired level,

In an effort to account for each of these effects, two estimating
procedures were used to relate capital stocks and the rate of return.

The first is a vintage formulation in which the amcunt of capital in use

depends on the available stock and the profit rate,

(3 KU, = By + Byr, * By(r ™K )

whare I{Ut in the utillzed capital stock in period t, £ {s the after tax
rate of return in period t and K__, is the total amount of capital (net
of depreciation) available at the beginning of the period. This formula-
tion separates the vintage effect, which depends positively on the amount
af capital available and on the current profit rate, from investment
related additions to stocks. Both effects are assumed to depend omly on

the current rate of return. Gathering terms in (3), the total effect of

profits on capital utilized (supplied) can be writtem as

(4) KU = pr, + K_

where B = BI + EZ*K and Kt = ﬂu. .

t-1

The second structural form posits a lagged partial adjustment

equation designed to incorporate a lag between the increase in investment



44

expenditures and the actual installation or upgrading of capital

structures and equipment. First differencing (4) yields,
LY

(5) KU_ - KU__, = B(r, - r._) + (K, - K

t t t'ly

Note tha; the left side of (&) is simply nmet investment (It) at time t.

We have called KUt the capital stock utilized at time t. In con-
trast to most published measures of aggrégate capital stocks which simply
sum up a2ll past investment net of some exogenously determined deprecia-
tion rate, this particular stock measure is an ecomomic one: that is, it
refers to the quantity of capital actually being utilized in a given
period rather than the amount which is physically available. To get
closer to this latter concept, published capital stock estimates were
multiplied by capacity utilization rates for manufacturing. While these
capacity measures are readily available for the U.5., a utilization
wearies had Lo be estimated for Argentina. Regressaing net }:ﬂnitul ar.m-!:'
on real GDP yielded a capital/output trend. Deviations around this trend
were considered deviations from "full capacity," which was defined as 85%
utilization of the total stock.

For Argentina, both stock adjustment equations yielded remarkably
similar measures of capital responsiveness (despite the differences in
structural form and data series). For the ﬁnited States, the partial
adjustment equation (5) exhibited strong autocorrelation. Measures taken
to correct for serially correlated errors yielded an unstable adjustment
process. As a result, only estimates from the vintage formulation (3)
are reported for both countries. )

Table 7 reports the results of estimating equatiom (4) using

Argentine data. In all cases the vintage effect is strongly positive,
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while current investment response seems Lo move inversely to the profit
rate, This negative investment response may be due to the effect of

b
higher capital costs on current investment, or simply tﬁ‘the fact that
investment responds with a lag so that the vintage term (BZJ is picking
up both influences of the profit rate. Equations 3A to 3C test several

combinations of utilized and total net nonresidential capital stock.

Table 7: Argentine Capital Utilization Equatiom

Dependent Independent Variables
Equation Variable Bo B, By R?2 D.W.
(34) KU, 190.9 -10.9 971 95 2.08
{371} (=-2.8) (13.86)
(3B) KUt 208.1 -15.0 - 1.07 .96 1.56
(4.4) (=6.1) (14.8)
(3C) Kt 213.7 . o-13.2 1.04 .99 1.64
(17.0) (=20) (53.6)
!lu equation A the lagyed vapital slock term ln rt*KUL_].

Table 8 summarizes the range of total P estimates (see eq. 4) for
these three equations. In all cases, the net respomnse of capital util-
ization to changes in profitability appears to be relatively small.
Similarly, the partial adjustment specification yielded a point elas-
ticity of .05 using the same data set and estimation period.

Table 9 provides the data and computational procedures used to
develop the utilized capital stock and profit series.for Argemtina. Note
that both of the profit weighted series (rt*Kt and rt*KUt) were rescaled
to have the same mean as the original series. The utilized caéital stock

was predicted by simple regressionm of Kt on real GDP.
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Table 8: Argentina Capital Responsiveness
Sample Period: 1961-75

Equation Sample Mean Point Elasticities
High Estimate j Low

(34) 205.6 .32 .07 =i 17
(3B) 205.6 .22 -.01 -.24
{3C) 234.8 .15 .10 .04

Table 9: U.S. Capital Utilization Equatien

Dependent Independent Variables
Eq. Variable ﬁn By BZ R? D.W. h statistic
(3D) K‘Ut 480 -62.4 .109 .95 1.54 1.15

(11.0) (=13.1)  (20.44)

Table 10 reports the results of the vintage equation using data from
the United States over the period 195; to 1980. We again find that the
averall teaponee of vapital use Lo a change in Lhe proflt rate lm sig-
nificantly positive with the vintage term dominsoting this effect.

Whereas the new investment term is again negatively related to the profit
rate, the magnitude of the vintage effect appears to be larger in the
U.S. than in Argentina. As a result, the range of point elasticities for

capital utilization is higher for the U.S. (on the order of .21 te .34),

as reported in Table 10.

Table 10; U.S. Capital Utilization and Profitability Responsiveness
Sample Period: 1955-80

Equation Sample Mean Point Elasticities
High Estimate Low

(3D) 664.7 .34 .28 .21
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Assuming that this data accurately reflects stock and profitability
movements, there are several possible explanations for the low profit
responsiveness in Argeatina as compared to that in the Fhited States.
Part of the explanationm is that the U.S. begins the period with a larger,
more diversified capital stock. In addition, foreign exchange con-
‘straints may have limited the growth of Argentina's industrial capital
stock during this period. Altermatively, investor confidence, political
stability and other government economic policies may also have influenced
capital utilization varies between the two countries. In aoy case, it
appears that the Argentine industrial sector is less responsive to
favorable movements in its own terms of trade (i.e. higher profitability)

than is its counterpart in the United States.

B.2 Technological Coefficients -

The prancipal wonice of techonalogy data was sector Tevel valiue adided
data obtavned Tiom nalional accounts amd Lrom publizhed copul-oulput
tables. Total value added by industry was first adjusted to remove
indirect taxes and imputed land rents. This left only payments to labor
and capital, the two factors considered by the model. Given laber's
share of value added in each sector, dividing by a reported average
wage rate yielded estimates of labor input per umit (dollar) of output
in each industry. When combined with observed output levels for each of
tﬁe two sectors, these preliminary labor/output estimates also provided
total f;ctor demand estimates (i.e. labor hours demanded). If these
estimates deviated significantly from reported labor supply totals, the

average wage rate was adjusted Lo remove this discrepancy.
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Given an estimate of the profit share of value added by sector, an
average profit rate and the total stack of capital, an exactly apalogous
procedure was used to obtain capital coefficients. )

Table 13 reports value added compositions for nmine sectors of the
Argentipe economy during 1970. TFor the investment goods sector, a wage
share of-.Sg was used in all of the simulations. Because of the impor-

tance of agricultural exports, additional data was compiled for Argentine

agricultural production technologies.

Table 13: Value Added Composition by Sector
for Argentina 1970
(billions of 1970 pesos)

Total Rents &
Value Indirect Employee Wage
Sector Added Taxes Compensation Share
Agriculture 11,12 3.78 5.0 .68
Mining 1.79 22 .50 .32
Modpi b actiig e~ MR E 2 .o N
51 TR T O R 1 His s HAl full
Cansl o Uon a 1] 102 [
Trade 11.3y4 LH2 3.449 L33
Transp/Caum. 8.58 B4 3.9 L4909
Finance 3.8B3 .37 1.66 4R
Services 15.65 0 10.0 .64
Total 85.8 6.98 35.36 Y

Source: Central Bank of Argentina, 1977.

Table 14 presents capital-labor ratios based on surveys of grain
farms in two regions of Argentina during 1965 and 1968. Note that the
wage share of total valued added less rents ranges between .42 and .87
with an average of .68 for these producers. Adjusting [or propricter’s
income, a value added share of .71 was used for the simulations described

in Section 3.
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Table 14: Capital-Labor Ratio in Two Argentina
Grain Producing Regions

County of 25 de Pergamine Area
Mayo (1965) (1968)
Small Medium Large Small Medium Large Total

Fixed Capital:
Machinery and Working 3.69 5.83 16.02 5.77 13.56 21.31 66.18

Land and Buildings1 7.90 15.47 49.80 16.09 54.90 102.57 246.73
Buildings (est.) 1.98 3.87 12.45 4.02 13.73 25.64 61.68
Rate of Return (%) 4.40 3.90 5.40 2.70 3.10 4.30 4,13
Total Revenue to:
Invested Capital .25 .38 1.54 .26 .B5 2.02 5.29
Land .26 ) 2.02 .33 1.28 3.31 7.64
Laber (persen-years}z 1.80 2.60 4.60 6.60 11.60 14.90 42.10

Agricultural Wage Rate 82.00 82.00 §2.00 - 91.00 91.00 91.00 91.00
(pesos/hour--IL0)

Total Wage Bill b N-19 1.13 1.80 3.17 4.07 11.25
Total Value Added .95 1.47 4.69 2.39 5.29 9.39 24,18
Wage share A A .24 .75 .60 .43 AT
Prafit =hare _206 e 1 et | 11 _16 .21 o
lient = S 1 i s Sl i |
Yalore Adided Less Heots ) .02 Lo i) 2.0 4,01 fy. Y [T
Wage Share .64 .63 42 .B7 .79 &7 .68
Frofit Share .36 Y .58 .13 S22 .33 o
Value labor/capital 1.78 1.69 LT 6.81 3.74 2.01 2.3

Source: USDA (1972), page 110.

1Hillious of Pesos.
2
Person-years per farm.

3

ILO Yearbook, various issues.

Finally, Table 15 provides value added decompositions of nine
sectors of the U.5. econemy plus government. Agriculture's wage share
of value added share of .71 was used for the basic sectors, while the

averagé far other sectars [.58) was used for the investment goods sector.
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Table 15: The Value Added Content of U.S. Exports, 1970%

Persons Total Employ Wage

Sector Exports Imports GDPZ Employed™ Hours Comp. Share
Agriculture 9.43 7.95 25 4.52 6.%3 17.52 .71
Mining 3.70 10.80 13 .62 1.24 4.96 -39
Constructien 1.60 .02 49 4.30 6.45  33.86 .69
Manuf. Durables 21.46 18.90 136 11.29 22.40 106.40 .78
Manuf. Nondurables 12.33 9.40 102 8.50 17.00 63.75 .63
Trade 7.90 6.82 167 20.50 41.00 127.10 .76
Transportation 4.20 3.41 g6 4.80 9.60 42.24 .49
Finance 1.30 1.10 62 3.95 7.90 29.63 A
Services 3.20 .50 114 13.60 27.20 84,32 T4
Goveroment .03 .02 131 12.55 25.10 107.93 .83

Total 65.16 58.%2 B&3 84.54 139.57 509.78 .58
Summary:
Export Wage Share: .69
Import Wage Share: .59

Overall Wage Share: .58

lSaurce: National Accounts, 1970, Ecaonomic Report of the President, 1982.

¥
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FOOTNOTES

1Lewis (1978) divides agriculture into traded and nontraded sub-
sectors, and then describes the effect of productivity 'improvements
in the nontraded agricultural sector. In the model developed below
there is only one agricultural sector supplying both domestic needs and
export demand. However, even in this simplified framework, results in
the spirit of Lewis's are obtained.

zln view of the Walras Law and of its homogeneity properties, an
equilibrium of this model is consistent with a standard Arrow-Debreu
competitive general equilibrium model for some set of individual
preierences.

dp
3Toral derivatives are denoted with d, e.8 37 - Partial
1
derivatives are denoted with 8, e.g. g% :
1

&Labor supply equations were also estimated for both countries
using both population and real wages as explanatory variables. The
resulting MDE's were within the range reported here for both countries.



52

REFERENCES

Chichilniskv, G. (1981), "Terms of Trade and Domestic Distribution.
Export Led Growth with Abundaat Laboer," Journal of Development
Economics.

Chichilanisky, G. (1983), "North-South Trade and Export-Led Policies,”
Jourmal of Development Economics.

Chichilnisky, G., H. Farzin and D. McLeod (1983), "Investment, Profits,
and Capital Utilization in the U.§. Economy 1950-1975," Working
Paper (August).

Chichilnisky, G., H. Farzin and D. McLeod (1983), "Export Policy and
Terms of Trade: The Case of Argentina 1960-1980," Working Paper.

Heal, G. and McLeod, D. (1983), "Stability, Profits and Gains from
Trade," Journal of Development Ecomomics.

Lewis, W. A., The Evolution of the Internatiomal Economic Order,
Princeton Umiversity Press, Princetom, N. J., 1978.

U.S. Department of Agriculture (1972), Argeatina: Growth and Potential
of the Grain and Livestock Sectors, Foreign Agricultural Ecomomic
Report #78, Economic Research Service, (Washingten, D. C.:

.5, GPNY.




