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Income Distribution, Efficiency and the Experience
 
of Colombian Farm Mechanization
 

1. Introduction
 

It is well known proposition in the theory of economic policy that the
 

effects of introducing a distortion in an economy are uncertain if prior dis­

tortions exist elsewhere in the economy. This study illustrates the value of
 

a general equilibrium framework as an empirical tool in the analysis of second­

best 	situations. The process of farm mechanization in Colombia is used to 

illustration. 1provide this 

The impact on income distribution and resource allocation of farm mech­

anization in Colombia is complicated by the presence of significant disequi­

librium in the factor markets for land, labor and capita]. Colombian agri­

culture is comprised essentially of a large farm sector producing crops or
 

cattle and a small farm crop sector. In these two crop production sectors
 

the2re is no reason to anticipate that factor proportions would vary by a wide
 

margin b-tween large and small farms. But in fact, in crop production smaller
 

farms are much more labor-intensive than larger farms. This variance in factor 

proportions occasions a marked difference in the marginal returns to labor and 

a consequent 	static misallocation of labor resources.
 

A number of institutional constraints on factor use seems responsible for
 

this result. Impediments to land mobility tend to block the transfer of land
 

from larger to smaller farms by sale or rental. On the demand side of the land 

market, there is little or no credit available for land purchase. On the supply 

side, rental is often precluded by landowners' fear of squatting and the current 

ITbis paper 	 is a condensation of chapters VI and VII of my unpublished 

Ph.D. thesis entitled The Economics of Farm Mechanization in Colombia, Yale 

University, 1972. I wish to express my appreciation to R.A. Berry and R. Evan­
son for their 	comments on early versions of these chapters.
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reform laws which view rented lanJ as proof of inadequate use andagrarian 

thus more liable to expropriation than unroated land. In the labor market a 

largely unexplained rigidity in rural wage scales seems to hinder the trans-

Another factor is an apparent
fer of labor from smaller to larger farms. 


for engaging in extensivenonprofit-maximizing preference by large landowners 

rather than growing crops more lucrativ,.y and using largercattle grazing 

this distortion, too much land is allo­amounts of labor. 2 As a result of 

these distortions is to
cated to cattle raising. The combined effect of all 

as its counterpart theunder­prod'ce a nonoptimal allocation of land which has 

of labor in the small farm sector.utilization 

Into such a factor market setting significant growth in mechanization 

the late 1940s and early 1950s. This
took place rapidly on large farms in 


growth was encouraged by a capital market distortion which produced a 
lower
 

for large mechanizing farmers than for nonagricultural users
cost of capital 

foreign lenders to purchase farm machin­
of capital. Low interest loans from 


ery were converted by Colombian authorities into low interest domesti: credit
 

for large farm machinery buyers.
 

Given the preceding initial conditions, it is plausible that the impact
 

favorable. Mechanization
of mechanization on the Colombian economy has been 


might be good, if not optimal, second best policy if the relejant policy choice 

were between accepting the status Ruo ante of unmechanized cattle raising or
 

fostering the expansion of mechanized crop growing on large farms. The
 

nThis statement is not equivalent to one which says, ceteris paribus, 

for Icss income than they could obtain.large landowners are willing to settle 

The point is that the reali zed rate of return to capital is lower in many in­

be In a number of labor intensive crops. Fromstances in cattle than it wotqid 
the large landowner's viewpoint he might he maximizing his income if he were 

to lose more income frrm his urban occupation than he could gain from devoting 

he views renting or reliance on a farm adminis­more time to his farm and if 


trator as a high risk venture.
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benefits of mechanization would consist of improved ,.esource allocation as
 

land on large farms was shifted from cattle to crops and as labor was shifted
 

labor could be expected
from smaller to larger farms. Since the demand for 

to increase under these circumstances, possibly some of tile poorest greups 

better off under a policy of stimulating f,'nn mechani­in Colombia would be 

gains could be large if the initial misallocation of land andzation. These 

labor were severe and if special mea.sirus like Land redistribution were not 

alternatives to overcoriing the imperfections in the landconsidered feasible 

and labor markets. 

While this argument for Colombian mechanization is reasonable, it is not 

It has the advantage of exposing the esseatially empiri­necessarily valid. 

cal nature of the farm mechanization issue and the partial equilibrium frame­

work in which the question has been discussed. For example, if the cost of 

the subsidy to large farni capital were calculated, it might outweigh the 

allocation within agriculture. This particular
benefits of improved resource 


result could occur if most nonagricultural sectors were much more labor­

to
intensive than mechanized crop growing. The approach of this study is 


recognize the importance of sectoral interdependence and the fact that capital
 

resources devoted to farm mechanization deprives other sectors of the use of
 

those resources.
 

2. The Models
 

Two closely related models are developed for largely pragmatic reasons.
 

-n important piece of work by A. Harberger.
their inspiration to
Both owe 


3
 
A.C. Harberger, "The Incidence of the Corporate Income Tax,"
 

pp. 215-240. Other important ex-

Journal of Political Economy, June 1.962, 


C.E. McLure,
 
tensions and modifications of the Harberger analysis include: 


"The niter-Regional Incidence of General Regional 
Taxes, Public Finance
 

, "The Theory of Tax Incidence with Imper­
24(3), 1969, pp. 457-483; _-


P. Mieszkowski, "On the Theory of Tax
 
fect Factor Mobility," mimeo, 1968; 


250-262.
Economy, June 1967, pp.
Incidence," Journal of Political 


3 
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Their difference lies in an explicit recognition of the cattle sector in
 

the second and larger model. In the first and simpler model the cattle
 

sector is suppcessed, an omission which facilitates algebraic analysis.
 

There are three sectors (nonagricultural, large farm and small farm) and
 

three homogeneous factors (capital, mechanizable land and labor). Labor is
 

an input common to all three sectors and the capital is shared between the
 

nonagricultural sector and the large farm sector. Mechanizable land is the
 

input unique to the large farm sector. The second and more complete model,
 

which requires computer simulation for analysis, divides the large farm
 

sector into crops and cattle, and add3 a fourth factor (nonmechanizable land) 

which is only suitable for employment in the cattle sector. The cattle sec­

tor shares mechanizable land with large farm crops and provides an additional
 

cource of labor employment. Capital, as defined in this study, is not used
 

in the cattle sector. Table I conveniently summarizes these basic assump­

tions.
 

TABLE 1: Resource Employmenit Assumptions
 

Factors: 
Capital 

Mechaniz-
able Land 

Nonmechan­
izable Land Labor 

Sectors: 

Small Large 
Model Model 

(1) Nonagriculture X X 

(2) Large farm crops X X X 

(3) Small farm crops Fixed Land Base X
 

Large Model only
 

(4) Cattle X X X
 

This taxonomy corresponds roughly to the sectoral outline observed in
 

Colombia and to the pattern of factor market distortions among different
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sectors. In a more complete analysis, intrasectoral dualism in noriagri­

culture might be explicitly considered. Here it would clutter an already
 

complicated model. However, ad hoc allowance for the heterogeneous nature
 

of nonagriculture is made in the choice of this sector's factor substitu­

tion elasticity in section "4" (Parameter Values). 

Nomenclature
 

Capital letters represent either final outputs, factors of production,
 

or prices. A subscript on a factor denotes the amount of that factor used
 

in a particular sector. Price subscripts refer to sectors for commodity
 

prices and to factors for factor prices. Double subscripts are used in some
 

cases where factor prices are specific to both factor and sector,
 

Equations are expressed in terms of fir3t derivatives or first-order
 

approximations. For example, a constant returns production function which
 

in implicit form would be written as X = F(LX,Kx) is transformed into
 

where the marginal products f,'f are measured at the
dX = f dL + f dK
', x k x ~'k 

original equilibrium.
 

The definition of and notation for the variables used in the analysis
 

is: F = level of crop output supplied er demanded. F, Fs are the
 

or are perfect substitutes in consumption so there
same homogeneous output 

is only one output price for crops. 

Y = level of nonagricultural output supplied or demanded. Y is 

viewed as a composite commodity.
 

C = level of cattle output supplied or demanded.
 

L = level of labor input. According to their subscript, Lf,
 

L5, Ly, L are employment levels in large and small scale agriculture, the
 

nonagricultural and cattle sectors respectively.
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the amounts of capital used
 K = capital employment. K and Kf are 


in the nonagricultural and large farm 
sectors respectively. 

A - mechanizable land used in the large farm (Af) and cattle 

(Ac) sectors.
 

uneven ground) used exclusively
(hilly or
M = nonmechanizable land 

in the cattle sector.
 

the price of, capital.
the rate of return on, or
PK = 

PL, signifies the money
PL = the money wage received by labor. 


wage paid to labor in large farm agriculture, 
for example.
 

the rental price of mechanizable land in large farm agriculture.

PAf 


of nonmechanizable land in the 
PM = the rental price of a uait 


to be constant.
cattle sector, assumed 

Pf 

output 	prices for commodities F, Y and C respectively.
P =Y
 
P
 

c 
sector 	F.
Aif= 	 the income share of factor i in 

the partial elasticity of substitution between 
factors i and 

a..=

1J
 

the values for
 are theoretical restrictions on 
=
j. 	 a = 0, a. i 
k jk ij ji 

this parameter.
 

Efy= income-compensated price elasticity of final 
demand between
 

is the 	pure substitution effect in Hicks' terminology.
products F and Y. It 


= constant despecialization elasticity 
measuring the percentage
 

gp 


change in relative product prices.
 

constant labor intensity elasticity denoting 
the percentage


gL s = 

a given percentage change in the
 
farm marketed surplus to 
response of small 


land-man ratio of small farms.
 

scale agriculture

Z = heterogeneaus output bundle produced in small 
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but not tradable for other kinds of output.
 

S = per unit subsidy on the cost of using capital in large scale
 

agriculture. S is the result of government policy which lowers the capital
 

cost of large farm agriculture relative to the cost of capital in non­

agriculture.
 

Units for all of these variables are chosen so that initial prices can
 

be set equal to unity. When this is done, dPf for example, becomes simply
 

Pf
 

dPf and all price changes can be interpreted as percentage price changes.
 

A few other points of clarification deserve mention. Capital is a
 

The farm machinery component of
composite bundle of fixed durable inputs. 


this bundle comprises imported capital goods. Other forms of capital goods,
 

such as structures, are produced from a mixLure of imports and domestic
 

If the relative prices of imported and domestic capital goods
resources. 


are constant, it is possible to define an aggregate of these capital goods.
 

By holding the foreign prices of capital goods, the exchange rate and the
 

domestic prices of capital goods constant, there is no ambiguity in defining
 

the share of capital in each capital-using sector as the product of the
 

price of capital and the value of capital goods in that sector. A domestic
 

capital goods industry is subsumed as part of the nonagricultural sector.
 

Although primary interest is in imported farm machinery, it was found
 

reasons to broaden the capital measure. First, it is
desirable for several 


readily apparent that all forms of capital in large farm agriculture receive
 

a subsidy through the capital market imperfection. Second, viewing all
 

large farm capital as eligible for subsidy facilitates the ease with which
 

By assuming constancy in the relative
national accounts data can be u;ed. 


prices of different capital goods, substitution within the capital aggregate
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is ruled out and imported farm machinery becomes a fixed percentage of the
 

total capital of large farms. Thus other forms of capital can b, viewed
 

as strictly complementary with imported farm machinery.
 

Fixing the relative prices of capital goods also fixes the quantity of
 

real capital which, in our long run models, can be costlessly transferred
 

to either of the two capital-using sectors. As explained later, the govern­

ment impbses a subsidy on the price of capital in large scale agriculture
 

and assures that the supply of capital is adequate to meet the demand at
 

this new price. The price of capita, in nonigriculturc adjusts to clear the
 

capital market in that sector when this capital diversion occurs. In spite
 

of a fragmentation of the capital market caused by the subsidy to a particu­

lar sector there is no excess demand for capital.
 

This description of the capital market assumes that changes in the
 

returns to capital--and to savers if interest rate; are flexible--do not
 

induce changes in consumption and saving which will influence exports and the
 

availability of capital goods. For example, if all imports were capital goods
 

and all exports were consumer goods, an increase in savings in response to
 

higher capital prices might increase exports arid imports as long as the price
 

elasticity of foreign demand were greater than one. If higher returns to
 

capital generated an increase in the capital stock by this means, form mech­

anization would have more favorable long run effects on the economy than
 

otherwise.
 

Large farm production
 

If all large scale farmers have access to a common, constant returns
 

three-factor production function of the form FX, F (Lf,Kf,Af), the derived
 

demands of this group for labor, capital and land can be expressed as:
 



dLf + d F 
Lf 6 1Kf dPK ALfadPL + AAfO adPA + F(I) 

dKf dF,
+AKfakkdPK + ALfykdPL + AfakdPA (2) 

dAf dFt
 
d P K 
Af Afka + AL°a dPL 4 AAfc dPA + F (3) 

AP f~ kaaaF f 

In each equation the first three terms represent the factor substitution
 

effects of factor price changes while the last term captures the expansion
 

of scale effect on factor demand of a changed level of total costs resulting
 

from factor price changes.4 The size of the expansion effect depends on the
 
5 

price elasticity of demand for the product ii each case.
 

Small farm sector
 

This sector is a repository of surplus labor. Due to failures in the
 

land and labor markets for institutional reasons and in the capital market
 

because of policy choice, this sector offers a perfectly elastic supply of
 

labor to other sectors at the constant real wage received by landless rural
 

workers and labor in the'nonagricultural sector. Also, because of latent
 

4Factor substitution is confined to the production of value-added
 

so intermediate input relations are assumed to be linear.
 
5The role of final demand is easily seen if we let E be the price
 

elasticity of demand and write the final demand function as
 
dF dPf 

- E , E < 0, and note that in equilibrium
F Pc
 

dPf
 
-P AK dPl( + t.-L
dP*L + AA dPA. 

1? f ~fff 

Substitcting these equations into the equation for the demand fo: labor gives 

dLf/L = AKfdPK(ak-E) + AL.dPL(j .- E) + AA 
f 
dPA(: 

at
a-E). Thus, the own-price 

f f f k 
elasticity of demand for any factor will always be negative and the cross­

price demand elasticity will be negative if g. . < E and positive if 

a.. > E.2-J
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if it had a perfectly
family ties or noblesse oblig , this sector behaves as 


elastic demand for labor at this constant real wage. This implies that labor
 

which cannot obtain employment elsewhere in the economy will be absorbed in­

to emp)oyment here. Thus no overt unemployment exists in either model al­

though it would not be difficult to allow it in terms of the gap between the 
6 

supply price of labor in this sector and !'e :-'ling real wage. Perhaps
 

because transfer payments or savings are inadequate to finance search activity
 

sec­for alternative employment, it is assumed that any migration out of this 


7
 

tor takes place only 4n response to job opportunities elsewhere.


The production and consumption behavior of small farmers can be sutmnar­

ized by a marketed surplus schedule F which depends on only two variables,
 

the land-labor ratio and the relative prices of agricultural and nonagricul­

tural goods. It is assumed that an adverse change in the terms of trade will
 

lead to a retreat from market activities and that an increase in the amount
 

8
 

of labor, ceteris paribus, will also cause 
a decline in the marketed surplus.


These assumptions imply a function of the form
 

dF dLS 

F - p (df (4)F g (d - dP y) + gLs--s 
s 

6 
Cf. J. Harris, M. Todaro, "Migration, Unemployment and Development:
 

A Two-Sector Analysis," American Economic Review, March 1970, pp. 126-142.
 

7Surveys of urban unemployment in Colombia indicate a low exposure
 

to unemployment among migrants.
 
Cf. R. Nelson, P. Schultz, R. Slighton, Structural Change in a
 

Developing Economy, Princeton, N.J.: Princeton University Press, 1971,
 

pp. 151-152.
 
8An increase in the ratio Py/Pf would be expected to raise the con­

sumption and reduce the production of F on small farms. If Z and Y are sub­

stitutes in consumption while F and Z are complements, a rising man-land
 

ratio will Likely lead to greater self sufficiency. Cf. Thirsk, Appendix IV,
 

o . cit.
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where gL,the labor intensity elasticity,and gp, the terms of trade elas­

ticity,are assumed to be constant over the observed range of variation in
 

labor supply and relative prices. The presumptive signs of these elastici­

ties are respectively gLs < 0 and gp > 0. These coefficients are not
 

strictly independent of each other as, for example, a reduction in marketed
 

surplus caused by an increase in L will ultimately affect relative prices.
s 

This interaction is assumed to be unimportant. It is also implicitly
 

assumed that labor's marginal product in this sector is never zero due to
 

Z-goods alternative, although it is less than the constant real wage -nd
 

labor would hire out to other sectors if alternative employment was available.
 

Total supply of crops
 

Given the supply relationships in each agricultural sector, a total
 

supply relationship for the entire sector can be determined. In equilibrium
 

the sum of supply from each sector, when combined with the demand for food
 

output, must yield a price which clears the market aad defines the market
 

share of each sector. Thus,
 

dF dF, dFs

F 1 F
s
 

where 9 and 9 are the original market shares of the large and small farm
 

sectors respectively.
 

The relative price elasticity of F will determine both the vulnera­5
 

bility of the small farm sector to a price squeeze initiated by an expansion
 

of the large farm sector, and the effective demand curve confronting the
 

larger subsector. The more price inelastic F is, the more small scale agri­5
 

culture will be harmed by such an expansion since inelasticity indicates
 

there are few alternatives by which this sector can escape the price-induced
 

decline in income.
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On the other hand, the more price elastic the supply from small farmers
 

the more elastic the demand curve confronting large farmers since withdrawal
 

from the market by small farmers leaves more room for the large ones. An
 

increase in the amount of labor in small scale agriculture would also tend
 

to increase the market share of large scale agriculture and augment the in­

centive to mechanize from the side of product demand. 

The labor market 

L = Lf + Ly + L (6a)s 


(6b)
L Lf + L¥ + + Ls 

Equations (6a) and (6b) describe the overall constraint on labor allo­

cation in the case of the small and large models respectively. In the 

labor market the ex ante supply of labor exceeds the demand for labor at a 

fixed rEal wage. At the exogenous real wage any difference between the labor 

supplied by landless labor and labor demanded in large scale agriculture is
 

met by variations in the supply of labor from small scale agriculture. This
 

queuing characteristic of the labor market is in harmony with current "cold
 

storage" notions about the peasant sector as a reservoir of labor to be
 

drained or filled as demand conditions elsewlhere dictate. Under these circum­

stances, increasing labor productivity in the rest of the economy is fully
 

9 
labor price.
compatible with a constant 

The constant real wage i, defined in terms of the price of agricultural 

goods and results from the preponderance of food items in household budgets
 

9Surplts labor can be reconciled with an active rural labor market
 

by appeal to Lewis-type sharing of land rents, legal minimum wages or em­

ployers' desire to provide 1 living wage to landless workers.
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I0 

low per capita income levels. The assumption of constancy implies
at 


of the commercial economy outside small
 that nominal wages in all secCors 

Thus P.f/Pf is 
scale agriculture move proportiopately with crop pricus. 


equal to a constan' or
 

(7)
dPL d f 

dPf if real wages in sectors Y and F are to be equal. It was
 
and dPLy = 

of labor, and hence the real 
a helpful simplification to take the price 

wage, as the numeraire for the system in determining relative price effects: 

df dcv df (8)dPL = dPL= dPL = dPf = 0 

Initial conditions
The labor market has two other- characteristics. 


favorable demand circumstances,
are assumed such that, even under the most 


the supply of surplus labor is never exhausted. Also, land tenure condi­

on land in large
tions exert no influence on the outcome because tenancy 

use of hired labor in that sector.
agriculture is assumed equivalent to the 


since with flexible land rental contracts, a max-

This is not unreasonable 

whether
imizing landowner would have to receive the same return on his land, 

or leased it to tenants.
he hired labor to work it 


The land market
 

Besides a difference in land returns between large and small scale
 

land used within large scale agriculture is also subject to a

agriculture, 


failure to choose the profit-maximizing
distortion. It is traceable to the 


land use is lower
output mix between crops and cattle, so that the return to 

1 0 Between 1951 and 1968 it appears real rural wages grew at less
 

the increas­is upward biased due to
than .5 percent per year and this rate 
',arge farm workers in the 

ing importance of higher paid tractor drivers and 

DANE wage survey. Ft. 22, p. 38, discusses further the budgetary importance 

of food. 
l1 For a more complete explanation, see S. Cheung, "Private Property 

Political Economy, November/DecemberRights and Sharecropping," Journal of 


1968, pp. 1.107-1122.
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in the cattle sector. This private distortion is recognized in the land
 

rental equation:
 

(9)
PA = 	 '.PA, X < 1 

the constant distortion parameter. In the smaller model whichwhere X is 


supply of, cattle, there is assumed to be
 
suppresses the demand for, and 


to large scale agriculture given by the equation
an exogenous supply of land 


dAf ordPA
 

Af PA
 

where a is the supply price elasticity of land. Though cattle are ignored
 

fact, depend on whether outputs C and
in this model, the size of a will, in 


factor 	 :ub-F are 	 strong substitutes in consumption and on the nature of the 

stitutes for land in the cattle sector. For example, o will be larger if,
 

as production of F expands and the price of F falls, the price of C also
 

substitutes for mechanizable land il cattle pro.­falls and if there ate good 


In the larger model (10) is re­duction whose relative price d-es not rise. 


placed by (11) PM = PM (supply of nonmechanizable land is perfectly elastic)
 

and (12) A = Af + Ac . 

The capital market 

The main feature of the capital market is its segmentation caused by 

Government control andsectoral differences in the supply price of capital. 


supply price of capital -o large
regulation of financial markets lowers the 


the price in nonagriculture. The government
scale agriculture relative to 

also insures that the amount of capital supplied at this lower price matches 

the quantity demanded. Capital rents in nonagriculture are assumed to ad­

just to thin diversion of capital through a higher scarcity value. With a
 

to large scale agriculture is eauiv­fixed capital stock, the capital subsidy 


alent to a tax on the use of capital in nonagriculture. Although the cost
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and return to capital differs between sectors, within each sector compe­

tition produces the same rate of return.on capital. Competitive arbitrage 

between sectors is blocked through restrictions on tLbe mobility of funds. 

Investors are unable to borrow in the low coi;t nortion of the capital mar­

ket and invest in the higher return segment. Neither can savers shift 

easily from a low to a high return compartment of the capital market, These 

restrictions assure the absence of excess demand for arricultural credit. 

rie capital price re1otionship in this institutional setting states 

that the rate of return to capital in sector F is lower than that in sec­

tor Y by the amount of a fixed subsidy S per ,mit of capital. 

dPK, = dS + d1PKf (13) 

where dS measures the size of the capital subsidy. S is the single policy 

instrument in both models.
 

The nonagricultural sector
 

A simple production structure is assumed. The nonagricultural sector
 

employs only labor and capital in a constant returns production function.
 

By Walras' law the supply and demand equations for Y are redundant. Only
 

the factor demand relationship is required for this sector.
 

dK _ dLy Yj(dPK-dPL) (14) 
Ky Ly 

where a' is the elasticity of factor substitution between capital and labor. 

Since the definition of nonagricuiture comprises eight different one-digit 

industries, the aggregate elasticity is a weighted average of the individual 

industry elasticities: that is, a = Lw a where w is the proportion of 
J J 12 J 

nonagricultural output arising 
in industry j. 

1 2 Consistent aggregation requires that relative outpiit prices be 

independent of a given factor price change in all of the nonagricultural 

sectors. This can occur only if each industry in the aggregate has the same 
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The relationship of product to factor prices 

Because sector Y employs only two factors, it is simplest to 

illustrate its price 
equation.
 

(15)
dPy = ALydPL + AKydPK 

which says that product prices are homogeneous of degree one in factor 

prices. Analogous price equations are used for every'other good except
 

that the price changes for cattle and for crops reflect, respectively,
 

the influence of the land market distortion and the capital subsidy. 

(16)
dPf = AK f(dPK-dS) + AAf dPA + ALfdPL 

(17)
dP = ,AA dPAf + AMdPM + AL cdPL 

Commodity demand conditions
 

Since factor price changes are ultimately reflected in product 
price
 

changes, the division of output among different sectors 
will depend on
 

changes in relative product
the final demand sensitivity of consumers to 


."or example, the expansion effects subsequent to farm mech­prices. Thus, 

anization, which proponents of mechanization are fond of citing, will be
 

relative factor shares. An aggregate
initial capital-labor ratio or 

is then a weighted average of the industry elasticities withelasticity 


weights given by the fraction of capital (or labor) employed in the indus­

try. With constant returns to scale, these weights are iderntical to tbe
 

output weights above. Because these aggregation conditions are not met 
in the data, measurW'd aggregate elastici ties include some inter-commodity 

substitution or compositional changes. and are biased up from the under­

lying technical suIbsttut ion elasticities. 
13fDifferentiate the identity which says total revenue of sec­

tor Y equals the sum of factor payments to labor and capital. From 

PY.Y = PL.L/ + PK.K, comes dP.Y + IfdY = dPL.LY + d2K.Ky + PK.dKy + PLdLY or 

dPy + dY = /L.1 idPL + dLy) + AK (dPKi + dKy). 

Y Ly Ky 

Assuming marginal cost pricing by each firm, it is easy to show 

dY dL dK?.
 
= ALY.- + .-- -K 


S t Y e 

equation(5)Subtracting this equation from the first produces 
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fairly
 
large only if the price elasticity of final 

demand for farm output is 


to influence
 
large. For simplicity only relative product prices were 

allowed 


of the small model the

In the two good situation
relative cormodity demand. 


demand equation for F is 

(18)dF = Efy(dPy-dPf)
F 

where Efy is the income-compensated price elasticity of demand 
between agri-


The demand equations also satisfy the
 cultural and nonagricultural goods. 


dY dF
 

-- + - = 0, where VY, V are the proportions of total expendi­
consuraint V 


price changesSince Vy+Vf- 1, relative product
ture on 	Y and F respectively. 


a pattern of demand changos whose weighted 
sum is zero. A result of
 

lead to 


demand equations for F and Y cannot be specified

this constraint is that thr 

dF
 

of . and Vf, is sufficient
Knowledge dF, given Vy
independently of each other. 


the demand for Y.
 
to determine the percencage change in 


which contains three finalin the larger modelA similar expression holds 

demands 	for cattle and crop output and nonagricultural goods.
 

dF = Efy(dP.-dPf)
• 

+ Efc(dP - dPf); EfYEfc > O, 	 (19)f
f
F 

the compensated price elasticities between 
F and Y and
 

are
where Efc, Efy 

F and C 	respectively.
 

dC/C = Ecf(dPf-dPc ) + Ecy(dPY-aP c ) 	
(20) 

The overall constraint appears as
for cattle.
is the change in demand 


F dY dC 0
 

Vf + Vd + Vdc = 0
 

so that 	knowledge of two demand changes permits 
the third to be estimated 

residually.
 

immediately obvious.
 
Two properties of the demand equations may 

not be 

These equations require that 
the question of income effocts.
One concerns 


same marginal propensity to consume each good--identical
 everyone 	have the 
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is a .ufficient condition--although average
hcmnothetic preference patternis 


consume may differ from one person to another. If average
propensities to 


consume were everywhere the same, redistribution on the side
propensities to 


of the uses of income would be impossible. By assuming identical marginal
 

so that any redistribution
propensities, income effects have been neutralized 


affect the pattern of demand. It
of income among final consumers will not 


relative prices from a redistribution
could also be argued that the effect on 


of real income in the case where marginal propensities differ is a second­

'order effect which can safely be ignored.
 

A second feature of these equations is that they are an aggregate net of
 

smali farm demand which is independently specified elsewhere. The marketed
 

surplus of the small farm subsector carries as its counterpart a demand for
 

A separate demand equation for small scale agricul­nonagricultural goods. 


ture is desirable in order to bring out the adjustment of this sector to
 

mechanization.
 

The cattle sector
 

In production this sector is assumed to employ three inputs: mechanizable
 

land and labor, in a constant returns production process
 

C = C(Ac) M,L C )
 

Output C is a net or value-added concept which recognizes that the stock of
 

cattle is an intermediate input in this process. Output adjustments are cap­

tured in the three factor demand equations:
 

d C
 dA 

(21)


AMaam dPM+ AL caPdPL + --
Ac = LAcaadPAf + 

c 

LAc MabndPM AL c L + (22)dL 
c A= adPAf + + adp CdC 

C
 
LC 
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(23)

.dM= tA a dPA + Aa7 dPM + AL a dPL - dC/C 


M m 
 f Mcn
 

As in the case of crops, a separate supply function for cattle would not be
 

independent of the three factor demand equations.
 

as mechanization proceeds
What happens to the price and output of cattle 


As the price of crop; falls, the demand for cattle de­is straightforward. 


dependent on the ease of substitution in demand between
 creases by an amount 


The extent to which crop and cattle prices move together
crops and cattle. 


one factor determining changes in the relative profitability 
of crops 
and
 

is 


If the price of land rises, the supply curve in this sector shifts
 cattle. 


amount which depends on the price changes of substitute factors
 
upwards by an 


and the size of the partial elasticities of substitution. 
Thus,.the output of
 

fall if denand declined while the relative price
cattle would be expected to 


of cattle would rise if production costs increased.
 

input into the production process, so that a
 Note that crops are not an 


inducement to substitute feed for land.
1 4
 

declining crop price creates 
no 


3. 	Solutions
 

(7), (8),

The smaller model contains 14 independent equations, (l)-(6a), 


(10), (13)-(16), and (18) to solve for 	Af, Lf) Ly, Ls, Ky, Kf, PA, PL, PK, Pf, 

PY, F, F and Fs.
 

for (18) and adds

The larger model substitutes (6b) for (6a), (12), (19) 


(21)-(23) to determine 7 more variables, Ac, Lc , C,
(9), (II), (17), (20) and 


M, PM, P and PAc or 21 variables in all.
 
c 

can be reduced to:
ln matrix form the small model 


1 4Cf. D. Hedley, "An Economic Analysis of Corn Production in the
 

Cauca Valley," Michigan State University, 1969, unpublished 
Ph.D. dissertation.
 



SP/
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where the letters on the right-hand side denote the following:
 

G - AKf(aa - aka) - AKy(Efy + g + AAc KfEf)
 
6 Z 
 6kAAf
 

H -C + AYCEf + gO8 )6
 

AK
 
- f - - AK (E + g6 + XAAcAKa akk) (K 

f(0£k gPO) cy(AKfEfc) 

3 I + A.(Ef + gp s )
 

0££ y
 
K - AK'(a - ak) - f ak+ gp0) + AA_(K (AKfEfc)
y f£yf 


AKAA
 
AY(Ef 

p
PAK (EfY + gO )
 

R = + - - ccf )}
-AKyceyE AKf{AAcoaa AAc(Ef + E y
 

if
 

T = R + AK E
 
y cy
 

U = AKyECY + LKf{AAcO - AAc(Ecf + E cy)
Lkf
 

U +
V - AK Eycy
 

W Aygcy c~{Am
- amc c
 
+ S-AKE XAAc(Ecf + Ecy)
f(AA ­

E~f
 

X - W + AKyEcy 

Since it Lin be solved by hand the small model is capable of generating
 

some insight into the determinants of the impact of frm mechanization. For
 

example, the change in the amount of surplus labor per unit of capital sub­

sidy which is easily obtainable from the smaller model. This response is
 

given by:
 

dLs Kf L AKy 
_-/dS (K -pL-- + )Js y y (- + g~9-- AKf (AAkf IC a C a. a

+ AK0 AK (E- g 9)L { - Kf fk Okk})
f y ( p s a K k­

y y
 

+ -ay (AKf. Af ( ka - a) + a4) /D 
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%here the dnominator D is positive in 
the usual range of parameter values 

The numerator contains three complicated terms. Since the sign of the 

change in the amount of surplus labor, provoked by a capital subsidy of a 

given size, depends only on the numerator, the three terms in the numerator
 

can be associated with three different effects of farn mechanization on the
 

demand for labor.
 

According to Lhe first K Lf
term surplus labor will grow if large scale agri­

capital intensive than nonagriculture: that is, ifl > Lfculture is more Ky Ly
 

or sector F uses more capital and less labor per unit of output than sector
 

This adverse factor intensity effect will be reinforced on the consump-
Y. 


tion side as the relative price of food falls and the output of large scale
 

agriculture increases relative to the output in nona6 ricultural pursuits. The
 

0

second term will always be positive as long as a is less than ck and oka
 

a large negative numt)er (capital and land are not exceptionally strong
is not 


complements). As long as substituting capital for labor when the relative
 

price of capital falls is easier than substituting .'abor for land when the
 

relative price of land rises, labor surplus will grow, and will grow propor­

tionately more the easier it is for consumers to substitute F for Y in their
 

budgets, the larger the market share of small scale agriculture and the more
 

D is equal to: 

L(Kf (6Ka-aaa) + C4 - Af E - g9 S AK,)
 
L., Ka aa 79ps
 

9 s f L g~Ky akk) - L a-o 
+-g ) (a +g 

9

f L f 

)a+ oif).
+(_f-)(__! gL5 tLK IAAf (ka 

relative to that of other variables is sufficient for a
A large value of -
L. 

positive D. D is positive in all the later simulations.
 



- 23 ­

readily this sector withdraws from the market when the terms of trade turn
 

against it.
 

two terms
Under the most probable circumstances in Colombia the first 


some extent
will be positive. If they are, however, they will be offset to 


by the third c:erm which is always zero or negative. This term captures the
 

substitution of labor for capital in the nonagricultural sector as the output 

expansion in agriculture lowers the relative price of food and therefore the
 

capital and the real wage in the nonagricultural
relative price of labor to 


Thus the net effect on employment of subsidized farm mechanization
sector. 


depends on the size of differenu parameters and cannot be dctermineda priori.
 

Final demand elasticities, differences in partial elasticities of substitu­

tion and sectoral factor intensities, and the response coefficients of small
 

are the most important of
scale agriculture, along with its relative size, 


using Colombian datathese parameters. Later simulations of this solution, 

to estimate the parameter sizes, suggests that farm mechanization has in.'reased
 

the amount of surplus labor.
 

>.!arance of some parameters in both numerator and denominator,
Since the 


or simply in several of the terms, makes their interpretation ambiguous,
 

Table 2 gives the results of differentiating the solution with respect to
 

variations in different parameters.
 

TABLE 2: Signs of Partial Derivatives
 K L 

6a 6E 8 ka 8gL (- ­

s KkaK L
 
_dL ­

6(_a / dS).... < 0 > 0 < 0 > 0 > 
_ 

0 > 0 if > 
_ 

0if
 s 


Kf Lf
Kf Lf 


K, Ly Ky Ly 

and/or 
if 
ya t, <a k 
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will reduce the amount of surplus labor per unit of
Increases in 9 

capital subsidy. A higher degree of capital intensity in larger scale agri­

culture would work in the opposite direction. A larger final demand elas­

ticity E or a larger labor intensity elasticity gLs would augment 
surplus 

the more capital intensive sector, and 
labor if large scale agriculture were 


if more labor per unit of output is ejected by substituting 
capital for labor
 

If factor intensities are equal
than is hired by substituting labor for land. 


in sectors Y and F, the influence of 7 and gLs disappears in the 
first term.
 

An increase in the partial elasticity of substitution between 
capital and
 

labor ak , will always lead to more surplus labor. Variations in a and aka
 

A higher supply elasticity for land would
 are ambiguous in their impact. 


more so
 
disemploy labor if F were the more capital intensive sector 

and the 


the larger the final demand elasticity E. But a larger value for of would
 

also encourage a larger expansion of F, and a lower food price and real wage
 

The size of this effect is
labor employment in Y.
in nonagriculture and more 


smaller is the ratio of employment in Y to employment in small

smaller, the 


scale agriculture. A higher value for Uka means that, on the one hand, cap­

capital prices fell and if
ital could be substituted for land more easily as 


F were more capital intensive, the expansion of F would increase 
the amount
 

On the other hand, a larger expansion of F implies lower
of surplus labor. 


In all of the simulations the
nominal wages and more labor employment in Y. 


effects of positive variations in a and Uka were also positive 
but quite small,
 

All of these propositions extend to the larger model since the 
explicit in­

impair the generaliza­troduction of the cattle sector in that model does not 


tion of these conclusions.
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4. Parmteter Values
 

In order to empirically implerient the models and use them as a basis
 

for further analysis of income distribution and resource allocation, it is
 

necessary to quantify the parameters in each model. This requires informa­

tion on 17 parameters in the small model and 28 in the large one. The values
 

chosen for each parameter in various simulations are presented in Tables 3
 

and 4. The derivation of these values is discussed elsewhere,
16
 

Some methodological points are considered here. There is first of all
 

a question about the appropriate time period for measuring the parameters.
 

Simulation comparisons are made with respect to an original equilibrium in
 

which there is no capital subsidy. This requirement on initial conditions
 

suggests that the estimates should refer to the period 1946-1949 before
 

mechanization became firmly established. For many of the parameters this
 

a)uld not be done. Most of the estimates are based on the 1951-1964 period
 

and on 1964 in particular. Since these estimates will reflecl- the previous
 

influence of the capital subsidy, the most useful interpretation of the sim­

ulations is that they reveal the effect of removing the subsidy rather than
 

of introducing it.
 

On the basis of interest rate information and empirical rate of return
 

calculations, a likely range for the size of the subsidy dS is .35 to .5.
 

A value of .4 is used for the simulation results. Strictly speaking, these
 

solutions are only valid for small changes in the value of dS and .4 cannot
 

be considered a small change. Tu the extent that the derivatives are not
 

constant at all sizes of dS, another element of approximation is introduced.
 

The value of the elasticity of factor substitution in nonagriculture is
 

an important determinant of the effect of subsidized mechanization. Unfortun-


See Thirsk, chapter VI, op. cit.
 



TABLE 3: P'arametcr Values Used in Small Model Simulations
 

Simulation: (1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
 

Parameter
 

AL .50 .50 .50 .50 .50 .50 .50 .50 .50 .50
 
Y
 

AK .50 .50 .50 .50 .50 .50 .50 .50 .50 .50
 
Y
 

AL .18 .18 .18 .18 .18 .18 .18 .18 .18 .18
 
Y
 

AKf .50 .50 .50 .50 .50 .50 .50 .50 .50 .50
 

.32 .32 .32
AAf 	 .32 .32 .32 .32 .32 .32 .32 


E 	 -1 -1 *-1.5 *-.75 -1 -1 -1.5 -. 75 -1 -1
 

*.1
 -.2 -. 2 -.2 -. 2 *.i *-.1 *-.1 *-.I -.2
gLs 


g .1 	 .1 .1 .1 .1 .1 .1 .1 .1 .1
 

K /K 	 .27 .27 .27 .27 .27 .27 .27 .27 .27 .27
 
f y
 

Lf/L 	 .07 .07 .07 .07 .07 .07 .07 .07 .07 .07
 

a 	 .6 *1 1 1 .6 1 1 1 1 1
 

" 	 2/3 2/3 2/3 2/3 2/3 2/3 2/3 2/3 2/3 2/3
 
s 

1/3 1/3 1/3 1/3 1/3
k 	 1/3 1/3 1/3 1/3 1/3 


I.3 1.5 1.5 *1 1
ak£ 	 1.5 1.5 1.5 1.5 1.5 


.1 .1 *-.1 -1
Yka .1 	 .1 .1 .1 .1 .1 


.6 .6 .6 .6 .6 .6 .6 *.4 .4
ra9 	 .6 


.5 .5 .5 .5 .5 .5 .5 .5
Ls/L 	 .5 .5 


Notes:
 (a) An asterisk (*) denotes 	the change in assumption from one simulation to the next.
 

(b) Numbers (5) to (8) correspond to simulations (1) to (4) respectively in that gLs is
 

-he only parameter change that has been made.
 



TABLE 4: Parameter Values Used in Large Model Siinlations 

Simulation: (1) (2) (3) (4) (5) (6) (7) (8)
 

Parameter
 

AL 	 .50 .50 .50 .50 .50 .50 .50 .50
 
y


AK y 	 .50 .50 .50 .50 .50 
 .50 .50 .50
 

ALf .18 .10 .18 .18 .18 .13 .18 18
 

AKf .50 .50 .50 .50 .50 .50 .50 .50
 

Af .32 .32 .32 .32 .32 .32 .32 .32
 

AA .38 .38 .38 .38 .38 .38 .38 .38
 
C 

LL 	 .24 .24 .24 .24 .24 .24 .24 .24
 
C 

LM .38 .38 .38 .38 .38 .38 .38 .38 

Efy 5 *.4 .5 .4 *l 1 .5 5 

Eft .5 *.3 .5 .3 *.5 .5 .5 5 

E 	 .2 *.3 .2 .3 *.5 .5 .2 .2 
cy
 
Ee 1 *.6 1 .6 *i 1 1 1
 

-.2 -.2 *-.I *-.1 -.2 	 -.2 
*-.i 	 *-.i
gT. s 

gp .1 .1 .1 .1 .1 .1 .1 .1 

Kf/K .27 .27 .27 .27 .27 .27 .27 .27 

Lf/L .07 .07 .07 .07 .07 .07 .07 .07 

0S	 2/3 2/3 2/3 2/3 2/3 2/3 2/3 2/3 

1/3 1/3 1/3 1/3 1/3 1/3 1/3 1/3 

akk in sector F 1.5 1.5 1.5 1.5 1.5 1.5 *1 1
 

0 ka in sector F .1 .1 
 .1 .1 .1 .1 8-.1 -.1
 

a in sector F .6 .6 .6 .6 .6 .6 *.4 .4
 

A .8 .8 .8 .8 .8 .8 .8 .8
 

Ls/Ly .5 .5 .5 .5 .5 .5 .5 .5
 

L /L .18 .18 .18 .18 .18 .18 .18 .18
 

a in sector C .2 .2 .2 .2 .2 .2 .2 .2
 

a 	 in sector C 2.5 2.5 2.5 2.5 2.5 2.5 2.5 2.5 am
 

Af/A .3 .3 .3 .3 .3 .3 .3 .3
 c 


Vf/V c 2 2 2 2 2 2 2 2
 

Notes: (a) An asterisk (*) denotes the change in assumption from one simulation to the next.
 

(b) 	Numbers (3), (4) and (6) correspond to simulations (1), (2) and (5) respectively in that
 
only gL differs between the groups.
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on tha size of this parameter inthere is little direct informationately, 

elsewhere suggest it would be significantly less than
Colombia. 1 7 Studies 

estimate of the elasticity of substitu­
unity. For example, Clague's best 

measurement
tion in Peruvian manufacturing wai .2. 18This agree- with Lucas' 

19 

same elasti city in U.S. manufacturing. Except for
of .2 to .5 for the 

is unlikely that other components of nonagriculture would be out­
mining, it 

side this range. In utilities and personal, services, the ease of factor sub­

be closer to zero. Therefore, each simul-.tlon for 
stitution would probably 

to .5 for 
both the large and small models operaes within a range of zero 

in order to ascss the degree of sensitivity of 
this substitution parameter 


the results to changes in assumption about its proper size.
 

A zero value for the ease of nonagricultural factor substitution may 

seem too extreme. However, 	 it can be rationalized as ad hoc recognition of 

setting in unionized portions of the 
the significance ot noncompetitive wage 


20
 
If these noncompetitive practices

modern sectors within nonagri.culture. 

in the real product wage in nonagriculture, there would 
prevent any decline 


this sector as might otherwise occur if
 
be no extra absorption of labor in 

when relative crop prices declined. This labor 
the real product wage fell 


factor substitution elasticity

supply effect is equivalent to assuming a ze.) 


if the real
 
in nonagriculture. Returning to the equations in the model, 


ir Colombia it has been estimated
17 For 20 manufacturing sector,; 

is hcld constant.
that the elasticity is zero 	 in 12 of them when size of firm 

for the elasticity was .26. Sec Contribucion Al 
An unweighted average value 


Estudio del Desemples en Colombia, I)ANT., Bogota , 1971, p. 145.
 

1C. Clague, "Capital-Labor Substitution in ManufacturiTIg in Less
 

3, July 1969, pp. 528-537.

Developed 	 Countries," Econometrica, Vol. 37, No. 


19R. lucas, "Substitution between Labor and Capital in U.S. Manu­

facturing," in A. Marberger (ed.), The Toxation of income from Capital,
 

Brookings Institution, 19(9, pp. 223-261'.
Washington, D.C.: The 

20 Direct evidence of this splitting apart of . the urban wage struc­

in Nelson et al. Structural 	 Chan,!c in a Developini[ Economy,
ture is given 
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product wage were constant, dPy = dPLy, and the price change equation would 

_Ky + ALY = 1, dPy dPK. Abe amended to dPy = AKydPK + ALydPy or since 

a factor demind relationship in sector Ycentral equation in each model is 


of the form
 

dKy dLy 
- -- a (dPK - dPL).

Ly
Ky 


dPK, this equation is equal zero and monopoly wage
Then, if dPLy dPy = to 


a low or zero factor sub­behavior in nonagriculture can be interpreted as 


y

stitution elasticity. 21 In other words, the parameter r is an indicator of
 

the ease of labor absorption in nonagriculture reflecting either technical
 

or labor suFply conditions.
 

The demand functions satisfy two properties. One is that changes in
 

are exactly offset by changes in expenditure on all
spending on one good 


other goods. This adding-up property insures changes in consumer spending
 

exhaust consumer incomre and requires own-price elasticities E be equal to
 

the negative sum of all cross-price elasticities E... Thus for crops
 

Eff + Efc + Efy 0 

and for cattle
 

E +E +E =0. 
cc cf cy 

The second property is symmetry in consumer substitution so that
 

V. E . = V. E.. where V., V. are total consumer expenditure on commodi­

ties i and j. These restrictions are reflected in the chosen demand parameters.
 

Princeton, N.J.: Princeton University Press, 1971, Chapter V.
 
dK dLy
21Gie 

2ivn wGa(dPKj - dP.), if dPK. = dPL. for some 

i . IKy Lf 


j, a. for other j are weighted by numbers less than one.
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5. Simulation Results
 

to

Throughout this discussion the notation SM (i), 1M (i) 

is used 


and large models respectively.
designate the i'th simulation in the small 


and presents the 
Table 5 summarizes the 108 simulations that were performed 

change in 
range of factor allocation and price responses to a one percent 

the subsidy to large farm capital. Tie two models predict broadly similar
 

effects although the range of outcomes is wider in the ].arger model. In 

of land, labor
model there is a sizable expaaision in the employmenteach 

and capital in large scale agriculture. Residual employment in small scale 

agriculture exhibits large variation indicating this variable's sensitivity
 

to the si.,e of the factor substitution elasticity aY. Employment of labor
 

large model in contrast to
 in the cattle sector changes very little in the 


the relatively large change in the use of nonmechanizable land. The capital­

increase in large farm agriculture and to decline in
 
labor ratio tends to 


The land-labor ratio in large farm agriculture rises by a
 nonagriculture. 


the small model while the same ratio in
 
smaller amount in the large than in 


the change in the anount of
 small farm agriculture varies inversely with 


surplus labor. In all of the simulations the prices of land, capital and
 

the price of labor. Since

nonagricultural goods increase relative to 


¢IPK < 1 in every case, the after-subsidy price of capital relative to labor
 

dS
 

Large scale agriculture.
declines in 


These results conform well to observations on the Colombian economy:
 

rapid input growth in mechanized agriculture; slow labor absorption in the
 

nonagricultural sector; increasing labor productivity in mechanized agri­

culture combined with stable or declining, labor productivity in small farm
 

from cattle to crops and greater
agriculture; a shift of mechanizable land 




TABLE 5: Range of Responses to a One Per 	Cent Subsidy on Large Farm Capital
 

A. Small Model (SM)
 

Variable: dKf dAf dLf dL
 

Kf Af 
 Lf Ls dPA dPK
 

Range (per cent) .3-1.3 .5-.9 .5-.8 (-.25)-.6 .6-.95 .4-.6 .2-.3
 

B. Large Model (LM)
 

Variable: dKf dAf dLf dL s dM
 

-M 	 dP
Kf A-- Lf L L 	 dPA dPK __y_ 

Range (%) .5-1.6 .5-1.25 .5-1.15 	 (-.23) (-.7) .2-.5 .2-.9 .45-.85 .21-.43i 
to .09 to .8 

__ _ _ _s 

C. Preferred Results (LM (1) and LM (3); 	LM (2) and LM (4))
 

Variable: dKf dAf dLf dL dL
fffc 	 s dM
 

L L M 	 dP
Kf Af Lf
ffFc 	 s dPA dPK __
 

Range C%) .78-1.07 .7-.96 .64-.93 	.004 .11-.45 .2-.31 .25-.27 .82-.84 .076-.082 

-.08 

Source: Thirsk, Tables AT-25, AT-26, op. 	cit,
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a change in the terms of
use of nonmechanizable land in the cattle sector; 


trade against crops; relative stability of the price of cattle over crops;
 

and an increase in the relative price of land. 

In both models, assuming higher final demand elasticities E , or a 

higher value of the labor intensity elasticity gL , has the predictable 

a higher rate of expansion of large scale agricultureimpact of fostering 

at the expense of laboL absorption from small scale agriculture. This is 

that is often overlooked in partial eqgiilibriuman important point and one 

the employment impact or farm mechanization. Many jdgmentsanalysis of 

about the desirability of farnm mechanization are based on a comparison of 

post-mechanization large farm employment levels with those of the post­

farm empl.uyment levels with fhiose of the pre-mechaniza­mechanization large 

If the expansion effects dominate the labor substitution effectstion era. 

time, as iii the models, mechaniza­and large farm employment expands over 

tion is viewed favorably. The simulation results, however, indicate that 

this partial. equilibrium view is inadequate for assessing whether or not sub­

sidized farm mechanization is labor saving within the whole economy. One of 

the merits of a general equilibrium model is its ability to demonstrate that
 

what may be true in the small may not be true in the large. The models reveal 

that increased employment of labor in large scale agriculture is quite con­

with increased amounts of surplus labor in small scale agriculture.sistent 

This is true even after account is taken of the increase in labor demand due
 

to an output switch from cattle to crops. A competitive welfare relationship
 

sectors can occur because the means of achieving
between the two agricultural 


higher employment in large scale agriculture may induce a still greater de­

cline of employment in other sectors. Although labor per unit of nonagri­

cultural output may be expected to rize by an amount depending on the value 
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of oy , this effect may not be large enough to outweigh the effect of a
 

diminishing output level in this relatively labor-intensive sector.
 

Explicit recognition of the cattle sector in the larger model clearly
 

provides for more stabilizing final demand responses than in the smaller
 

model. The dilution and greater diffusion or final demand responses when
 

any change in relative product prices occurs accounts for this stability.
 

Thus, when the price of cattle relative to crops increases somewhat, there
 

is an increase in final demand for outputs F and Y at the expense of C, and
 

when the relative price of nonagricultural to crop goods rises outputs F
 

and C expand over Y. Outputs C and Y then experience both an expansion and
 

a contraction of final demand which serves to stabilize their level of pro­

duction. In particular, the output level of Y is unlikely to contract as
 

much as in the SM and so, on the whole, the positive changes in the quantity
 

of surplus labor are normally smaller in the IN. Furthermore, any contrac­

tion of sector Y will be offset in part by the growth of the cattle sector
 

which is another source of commercial employment in the model. For theSe
 

reasons, the LM results are preferred over the SM ones, although both con­

tain cases which in their structural outline roughly parallel the passage
 

of events in Colombia.
 

Since there is a wide range of solutions for almost every variable,
 

some judgment about representative values is required, if these results are
 

to undergo further analysfi. Because of the LM's extra complexity and closer
 

resemblance to the actual composition of the Colombian economy, accuracy
 

Of the 8
considerations restrict the menu of choice to the LM simulations. 


simulations 1 (5) and LM (6) employ the most improbable parameter values on
 

the demand side since they assume compensated own-price elasticities of 1.5
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LM (7) and LM (8) have the lowest partial sub­
for both crops and cattle. 


stitution elasticities and are also excluled 
because of their close simi-

LM (1) and 111 (3), 12 (2) and LM (4). Th,-se
larity to the remaining pairs: 


pairs contain the middle and lower estimates 
of the final dcicand elasticities.
 

I1 (3) assume an own-price elasticity of 
demand for crops of I
 

LM (1) and 


(2) and I1I (4) assume these are .7 and .9
 
and for cattle of 1.2 while LII 


respectively.
 

factor
 
For each pair a further choice of the appropriate 

size of the 


As mentioned before,

substitution elasticity in nonagriculture must be 

made. 


Cy reflects both the technical possibility 
of substituting labor for capital
 

labor absorption
 
in nonagriculture and the additional constraint placed on 


towards
 
some parts of this sector because of the institutional pressure


in 


Viewed in this manner it would be surprising if
 
higher real product wages. 


.2 at a maximum.
 fell outside the interval 0 to .1 or -
the relevant value of 


y is made only because it simpli-

This choice of simulations and values for o

yet refutes its plausibility.evidence as
fies further analysis and because no 


listed as the preferred ones 

The range of results for this choice are 

in
 

Table 5.
 

6. Income Distribution Effects
 

some consideration must
 
In an analysis of income distribution changes 


groups may gain or lose 
be given to the possibility that diffetient economic 

Virst, as relative fartui
 
in two distinct ways as relative prices change. 


may increase at the expense 
prices change, the money incomes of some groups 


real incomes of
 
of others and, second, as relative product prices alter, 

rise or fall depending on th2 proportions in which var­
different groups may 

group. For any particular group changes 
ious commodities are consumed by each 
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uses 
may either offset or reinforce changes in the 

in the sources of income 

of income.
 

useful stage on which to
 
A national income accounting framework is 

a 

examine these two effects. In the LM, national income I may be defined 
by 

C+P
 

py + Pf(Ft+ Fs) + Pc +z
 

from the side of total expenditures; and as 

(K + K )-SKf + PA (Af + XA)cPL (Lf + L + Ly) + PKY Y Y fff c 

+ PM M + PL L,s S
 

A new variable is introduced here, PLs,
 
from the side of income 	generation. 


average product of labor in small scale agriculture.
 
whith is defined as the 


average consumption expressed
 
This average product of labor is in turn 

equal t-o 


as: PfF + P z +y Y
 

Ls 
is the
 

is the amount of own-consumption of 
agricultural output, Y 


where F 5 
S
 

some fraction of
 
amount of nonagricultural output purchased 

by the sale of 


crop output, and Z is the amount of Z-goods production.
 

The change in national income dl from the side of the sources of income 

is, to a first-order approximation, 

(Ky + Kf)dPK - KfdS + (Af + XAc)dPA + MdPM + LsdP 

Since labor is the numeraire,
 

0(Ly + L + Lf) dPL = 

and if another factor price change is 
positive, it is positive relative to 

in terms of either the price 
the price of labor. National income is measured 

represent the total expenditure 
of labor or the price of crops. If Y,, Fi , Ci 

by the i'th income group on commodities 
Y, F and C respectively, an income 
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can be drawn up portraying changes in income on
distribution balance sheet 


and uses sides for each group of factor owners in the economy.
both sources 


Uses
Factor Owners Sources 

c Ya dPy)Mechanizable land (Af + XAc) dPA - (FadPf + Ca 

+ YkdPy)Capital (Kf+ Ky) dPK- KfdS - (FkdP f + CkdPc 

+ c + L )dPL -(FdPf + CtdP + YkdPy)Labor 

Nonmechanizable land MdPM = 0 - (FmdPf + CmLIP + Y dP Y) 

s sf s c s y zz amr s - (FsdPf + C dP + Y dP + YzdPZ)Sml
Small farmers L dPL 


For :ach group the sources entry measures the loss or gain in nominal income
 

The entry on the uses side captures the changefrom ownership of that factor. 

in the real purchasing power of nominal expenditures due to changes 
in rela­

tive product prices. For example, if a group were heavily specialized in the
 

consumption of a good whose relative price rose, that group's real 
income
 

gain would be much less than any gain in nominal income it might receive.
 

Notice that the overall sum of the income changes in the model is zero.
 

There is a strict zero-sum redistribution of income among different 
groups
 

as a result of the subsidy to farm capital. This is most easily seen by sub­

the uses side, using the numeraire
stituting for the product price changes on 

definition dPf = dPL = 0, assuming for the moment that Z-goods prices 
are 

= 0, and that the change on the sources side in the nominalconstant,dP z 


The sum on the uses side becomes
income )f small farmers is zero. 


E C.dP + E Y.dP or E C. (kAAcdPA) + Z Yi(A( dPK)
y
i 1 C I y i 

which is equal to XA dPA + K dPK. As shown earlier, on the sources side
 

AfdPA = -Kf(dPK - dS) and substituting this expression into the sources side 

for AfdPA gives an overall sources statement of 
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-Kf(dPK - dS) + UdPA + (Kf + Ky)dPK - KfdS 

which is exactly equal to the foregoing uses statement.
 

If the balance sheet is to baiauce, it is necessary to assume no change
 

in sources of nominal income for small farmers. The basic reason is that
 

the foregoing approach is only a first-order approximation which is unable to
 

account for gains or losses in real output due to improved or worsened re­

sec­source allocation. These second-order effects are treated in the next 


Right now only those changes in real income for small farmers which 

occur on the uses side can be captured. From the balance sheet it is appar­

ent that if dP and dP are positive, small farmers will be worse off to the 

extent they are not entirely self-sufficient in consumption and Y, C are 

greater than zero. If this sector also has to accomodate more surplus labor, 

If the real wage
 

tion. 


it will experience a loss on the output or income side. 


formerly earned by new entrants to this sector approximates the average pro­

duct of labor in this sector, a sharing ethic of income distribution 
will
 

diffuse any income loss in the form of a lower average product for all memb~rs.
 

Under such circumstances the elasticity of the average product with respect
 

to labor provides a means of measuring any income loss on the sources side.
 MPL
 

-1 + -P where MPL, APL are the marginal
This elasticity may be expressed as 


and average products of lhor. The change in the absolute income level of
 

is then equal to dL (MPL - APL) where the marginal pro­the small farm sector
~S 

duct measures the extra production, and the average product the additional
 

consumption claim, of a new entrant. On the balance sheet this income charge
 

is ignored on both the income and expenditure sides.
 

the capitalist group may not be ob-
The nature of the gain or loss to 


On the one hand, this group loses by a transfer of income to
vious either. 
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Capitalists in this sense
landowners who enjoy the benefit of a subsidy. 


who lose may be poor saversshould not be identified with the rich. Those 

whose only medium for saving is the financial system 	which can make low
 

interest loans to farm machinery buyers only by paying a low, perhaps 
even
 

some capitalists
these savers. On the other hand,
negative, real return to 


may gain from a higher rate of return to capital in sector Y caused by the
 

agriculture and less to nonagriculture. These

diversion of more capital to 


so that the income measure fails to cap­
capitalists may indeed be the rich, 


In Colombia,
ture redistributions of income within the capitalist group. 


that in considering
land and capital owners are probably the same people 	so 


amounts of nonlabor in­
the distribution of personal incomes, changes in the 


come should be grouped together.
 

Table 6 piesents the information needed to estimate the income distribu­

tion effects implied by the simulation results. Table7 makes allowances for
 

the wide diversity of consumption patterns among different income groups 
in
 

The figures on uses of income reflect the assumption that recip-
Colombia. 


ients of non-labor income spend five percent of their income on each of 
crop
 

and cattle products and the rest on nonagricultural goods. These expenditure
 

percentages probably err on the high side, but there 	is little information
 

of probable overestimation. 
2 2 

about the degreebase a judgmenton which to 

2 2Two studies offer some guidance on the matter. The 1953 urban
 

to calculate consumption weights for cost-of-living
family budget study used 


indices indicated blue-collar families spent on average about 50 percent 
of
 

A later study, Encuesta dc Presupuestos Familiares:their income on food. 

a pro-
Parte Primera, Bogota: Universidad de Los Andes, CEDE, suggested that 


to 60 percent wouid be more accurate. Given that the ratio
portion closer 
to 2.00, labor's food expen­of retail to ex-farm food prices is about 1.75 


diture of .36 in l.ble 6 is consistent with the budget studies. This pro­

portion plus the small farm own-consumption ratio of .65 imply that recip­
food, Marketing
ients of nonlabor income spent 10 percent of their income on 


margins of 40-50 percent are appropriate according to the DANE study, Contri­

bucion al Estudio del Dcsempleo en Colombia, Bogota, Colombia, June 1971. 
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TABLE 6: Sources of Income by Type and Sector, 1964
 
(Millions of Current Pesos)
 

Sector: Nonagri- Mechaniz- Small Scale 

culture ed Agri- Cattle - Agri- Total 

culture cultre 

Income Type:
 

Lebor 15,984 490 1,247 17,721
 

Capital 12,075 1,355 13,430
 

Mechanizable
 
Land 875 1,378 2,253
 

Small Farm 5,298 5,298 

Nonmechaniz­
able Land 1,907 1,907
 

Value-added: 28,059 2,720 4,532 5,298 40,609
 

t.' (a) This table is based on the National Accounts for 1964. 
(b) There is no attempt to allocate small farm income between
 

capital (land) and labor.
 

TABLE 7: Uses of Income by Type and Commodity, 1964
 

(Millions of Current Pesos)
 

Nonagri-


Expend- cultural
 
iture: Crops Goods Cattle Total
 

Incum2 Type:
 

Labor 3,696 33,274 2,751 17,721
 

Capital 670 12,087 673 13,430
 

Mechanizable
 
Land 112.5 2,028 112.5 2,253
 

Nonmechanizable
 
Land 95.5 1,716 95.5 1,907
 

Small Farm 3,444 954 900 5,298
 

Total: 8,018 28,059 4,532 40,609
 

Notes: (a) The table utilizes the assumption that nonlabor income
 
recipients have average consumption propensities of .9 for nonagri­
cultural goods and .05 for crops and zattle. An own-consumption
 

ratio of .65 is also assumed for small frmers.
 
(b) There is no attempt to allocate small farm income be­

tween capital (land) and labor.
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Even though they are informed guesses, these average consumption propensities
 

can be justified as an improvement over any procedure which, implicitly or
 

explicitly, assumes uniform spending patterns across different income groups.
 

The reason that labor's proportionate spending on food of .36 might appear
 

to be too low is that food prices are measured at their ex-farm values which
 

exclude processing and distribution margins included in the price of urban
 

food purchases.
 

LM (1) with = 0 can be used to illustrate the redistributive impact 

of subsidized farm mechanization. The value of d is .826. If dS = .4, dPK,
dS
 

the percentage change in the rate of return to capital, is 33 percent. The
 

12 075
 
percentage change it, the price of nonagricultural goods, dPy, is .33(25 

= 14.22 percent. (dPK- dS) is equal to .0696 so the change in the return to 

mechanizable land is1355 .0396 = .1078 and the increase in the price of 

cattle is .304 (.1078) = .03277. With these relative price measures the real 

income gains or losses of different groups are: 

Mechanizable $2,253 (.1078) - 2,028 (.1422) 
land -112.5 (.03277) = $242.87 - 288.34 

-3.69 = -$49.16 

Capital $13,430 (.33) - 1,355 (.4) ­
12,087 (.1422) - 673 (.03277)= 
$4,437 - 542 - 1,718.53 - 22.05 =$2,154.69 

Labor 0 - 11,274 (.1422) - 2,751 (.03277) 
= 0 - 1603.16 - 90.15 = -$1,693.31 

Nonmechani zable 
land 0- 1,716 (.1422) - 95.5 (.03277) 

= 0 - 243.98 - 3.12 = -$247.10 

Small Farms 0 - 954 (.1422) - 900 (.03277) 
= 0 - 135.66 - 29.49 = -$165.15 

0
 

The results of LM (2), IM (3) and LM (4) or any simulation with alter­

native values of cY of .1 or .2 would yield relative price effects that are 

almost identical. Therefore, balance sheet calculations for these simulations 

http:1,693.31
http:2,154.69
http:1,718.53


vaIAbwE )isI o , ttt. 1964, ilvor i 

A. Uses of Income by Type and Coroditv, 94 (Millions of Current 
Pesos) 

Nonagri-

Expend- cultural 

iture: Crops Goods Cattle Total 

Income Type:
 

Modern labor 1,000 5,274 1,718 7,992
 

Other labor 2,696 6,000 1,033 9,729
 

673 13,430
Capital 670 12,087 


Mechanizable
 

land 112.5 2,028 112.5 2,253
 

Nonmechaniz­
able land 95.5 1,716 95.5 1,907
 

Small farmers 3,44!, 900
954 	 5,298
 

8,018 28,059 4,532 40,u09
 

B. Real Income Gains and l.ossas
 

Income Type 	 Total
 

Mechanizable land 	 $2,253 (.1078: - 2,028 (.1988) 
- 112.5 (.0327.' = 242.87 ­

403.17 - 3.68 - -163.98 

Capital $13,430 (.3304) - 1,355 (.4) 
- 12,087 (.1988) - 673 (.03277) 
= 4,437 - 542 - 2,402.98 ­

22.05 	 - 1,469.99 

Modern labrr $7,992 (.1988) - 5,274 (.1988) 

- 1,718 (.03277) = 1,588.8 ­
1,048.5 - 56.29 484.01 

Other labor $0 - 6,000 (.1988) - 1,033 (.03277) 
= -1,192.80 - 33.85 - -1,226.65 

Nonmechanizable $0 - 1,716 (.1988) - 112.5 (.03277) 

land = -341.14 - 3.68 - -344.82 

Small Farms $0 - 954 (.1989; - 900 (.03277) 

= -189.65 - 29.49 -219.14 

0
 

Notes:
 

(a) Assume that 1/2 of nonagricultural labor is able to preserve 

a constant product -. age in the "modern" portions of nonagriculture. 

Then the labor income of modern Sector employees I.' is 1/2 ($15,984)
Y 

= $7,992, and other 	labor income it $7,902 + 490 + 1,247 $9,729. 

(b) The weighted average relative price increase in the non­

agricultural sector becomes K 1.' 

dP (yY) dPK + (-..) dPL' 

dP = dPIL' 
Y Y 

K 
so dPy ( ) dPK = dl'L' 

(2L5) (.3304) = .1988 
20,067 

http:1,226.65
http:1,192.80
http:1,469.99
http:2,402.98
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would generate results x.hich differ but little from those above.
 

These results indicate that landowners of both kinds are on balance
 

small real income losers. Capitalists are invariably real income gainers
 

with 86 percent of their gains achieved at the expense of labor and small
 

1

farmers who, along with owners of non tc t'iizubi, land, sustain the largest 

income loss of snall farmers is in addition to thereal income losses. This 

loss they bear through having to ab';orb more surplus labor. When nonlabor 

income if; considered as a wholu, the conclusion is inescapable that real in'. 

come is transferred toward the richest groups in the Colombian economy, or 

removed.alternatively, that these groups would lose if the subsidy were 

This important conclusion is subject to an upward bias arising from the ag­

the possibility thatgregation of urban land and capital income, and from 

certain segments of the nonagricultural labor force may have the institu­

tional power to extract real income g-ains from a lower relative price for 

crops. If the real product wag;e of many noiagricultural employees is constant, 

the real income losses of labor would be smaller than those indicated while 

the real income gains of nonlabor factors would be less, 

To assess the importance of' this last qualification, Table 8 introduces
 

a new uses-of-income distribution which assumes one half of nonagricultural
 

labor (modern sector labor) is able to maintain a constant real product wage.
 

One result of this behavior is a higher relative price for nonagricultural
 

goods than before. The changes in real income distribution among the factor 

groups that occur with this behavioral modification are also exhibited in the
 

table. Although landowners, other recipients of labor income and small farm­

all lose more than before, the major effect of this new assumption is aers 


owners to modern sector
redistribution of real income away from capitnl 
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owners
labor. 2 3 Nonetheless, 74 percent of the income gains of capital 


the expense of other workers and small farmers.
and modern sector labor are at 


While Table 8 lends some impression of the extent to which income dis­

tribution changes may have been overestimated, two downward biases should
 

be noted. One is the aggregation of capital losers with capital gainers
 

savers and the latter are
which may be inappropriate if the former are poor 


The other stems from the possibility that the
wealthy capital stock owners. 


for nonlabor income recipients are too large if these
losses on the uses side 


groups' average consumption propensities for nonfood goods are less than has
 

been assumed.
 

Finally, it is interesting that external effects reinforce the direction
 

of the income distribution effects. For example, higher land prices make it
 

that much more difficult for small farmers to purchase land while the same
 

price change increases the equity value and borrowing capacity of larger
 

farmers and enhances their eligibility for mechanization loans.
 

7. Resource Allocation Effects
 

Although its income distribution effects may not be desirable, farm
 

mechanization may still be beneficial in improving the allocation of resources
 

in the economy. Tie problem of the efficiency losses or gains associated with
 

23The illustration in Table 8 is conceptually deficient because
 

another factor, modern labor, and another sector, modern nonagriculture, have
 

been admitted on an ad hoc basis without making any adjustment in the commod­
price for nonagricultural
ity demand equations. Because a higher relative 

raise all the other final demands, the original commodity demandsgoods should 
are misspecified in this illustration. While the direction in which the gains 

and losses change is probably correct, the absolute E zes of each are in
 

doubt here.
 

http:labor.23
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farm mechanization can be approached from either a micro or macro point
 

of view.
 

On the micro side, there is a simple criterion for discerning when the
 

to or subtracts from the real in­substitution of capital for labor adds 

come of a country, given a divergenct! .between the social and private colits 

of using capital and labor. First stated explicitly by R. Lidman, this 

criterion says (and logically enough) that real income will fall as a result
 

of mechanization if the social value of the extra capital used exceeds the
 

social value of the labor released.24 The diagram below helps to develop
 

and interpret this condition.
 

Figure I
 

in Real Income Associated with Mechanization
Changes 


D / 

AL
 

I F
 

ci -- - \ '5 P-I-
24R. Lidman, "The Tractor Factor: Agricultural Mechanization in
 

Peru," Public ,nd InternationalAffairs, Princeton, N.J.: Princeton Univer­

sity, 1968, p. !3.
 

http:released.24
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E and F represent two alternative input combinations for producing the
 

lines representing
same level of farm output. BR and AT are private cost 


PK 
the ratio of private capital to labor costs,p-p 

. DW and CS are social factor
 

where PL measures the social opportunity
cost lines with slopes equal to P 

P 

of using labor. For ;implicity, it is assumed only labor has a private-


If technology E were
 

cost 


social cost discrepancy. Therefore, PL s = 8PL ,6 < 1. 


and then technology F became available, technology F would
 originally in use 

OA 

the ratio of -2O. At the same

be adopted since it reduces private costs by 
 OB 

time, extra social costs would be incurred--and real income in the economy
 

it is possible to derive

would be reduced--if the ratio of 2D exceeds one. 
OC
 

OD 25
 
This ratio will be greater
' 
an explicit expression for the ratio OD than
 

-5pK _ AG PK DGo - PL AG Then DC _ 1 PK 

PL GF ' PL 7 Pb DG e GF 5 PL 
pp s p 

1 (OA- OG)
1 OA - )C Since DG = OD - OG, OD = DG + OG or 

GF 

2D =lOA +OC IG
 C
1 Oc 

OD (GA OG) -t-OG, and OG 6OC (-!). The components of OD 

can be exFressed in terms of costs:
 

PL L + KI PK
 

PLA I PL PLp ) I OGCPL sLLL1 1 - PLp)
(.2 =
 

O-C (PL L + K PK) PL
.C. PL PLL + PK K 

( so o ) s 0 s 

PL
 
s
 

+

L I(PL- PL) OD PLpLI +KIPK LI (PLs 

. Th e r e fo re­= 

PL L + PK K OC PL L + K PK
 

5 0 0 
 5 0 0 

- 1,0 PK (Ko - K ) or ifand this ratio will exceed unity if PLs(LI 


PLs < o This last inequality states that social costs will rise if
 

PK L - LI
 

the extra capital used exceeds the socialthe change in the social value of 

released. If there is also a discrepancy between the pri­value of the labor 

- 1, this formula gen­vate a.d social cost of capital. so that PKs= 4PKp,

eralizes to P 5 K 
et<o with the same 
- K 
 interpretation.
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one if 	 PLs K -K 

PK Lo- LI 

A substitution ratio of 3 to 5 man-days per tractor-hour 
describes the
 

The pri'-ate cost of a tractor-hour in
 technological trade-off in Colombia. 


1964 was 25 to 30 pesos while the daily wage was about 11 pesos. If the
 

social opportunity cost of using machinery is about 40 percent above private
 

cost, and if the social cost of using labor is 50 to 75 percent of themarket
 

a range of about 5 to 8.26
 

wage, the 	social factor cost 
ratio will lie in 


On this basis, past mechanization has been of 
dubious social profitability
 

in Colombia, and the country would be better off, 
were it to tax mechaniza­

tion to achieve a convergence of the social and private factor cost racios.
 

If farm mechanization has harm-
Consider next the macro point of view. 


ful resource allocation effects, one clue would be 
the observation that mech­

anization is associated with a larger variance 
of factor proportions in dif­

ferent sectors, on the reasonable expectation that 
different factors are not
 

An increased sectoral disperson of
 perfect substitutes for one another. 


a producer's choice of techniques based
 factor proportions would imply that 


on private factor costs would be increasingly in 
conflict with the social
 

opportunity costs of the factors.
 

Greater cleavage of sectoral f.ctor ratios would 
lead to the conjecture
 

that the economy was less efficient after the growth of 
mechanization than
 

more likely to be correct if comparisons were being
before. This statement is 


A Pareto­
made with an original Pareto-optimal distribution of 

resources. 


an economy such as Colombia's would likely involve 
land
 

optimal position for 

redistribution, by sale or rental, between large 
and small. scale agriculture. 

In comparison with mechanization, this transfer would probably raise both 

26 These figures are presented and discussed in chapter III of 

Thirsk, oa. cit. 
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the demand for labor and the level of output while economizing on the use of 

capital which, when released, would increase output and employment in other
 

sectors. If this were the alternative position, subsidized farm mechaniza­

tion could only harm the level of national income. However, when distortions 

are widespread in every market and comparisons are made with an initial dis­

torted position, there is little presumption one way or the other on the 

allocative effects of mechanization.
 

The confusing influence of at least partially offsetting distortions
 

makes some kind of quantitative analysis necessary. The approach adopted here
 

is an application of the method suggested by A. Harberger for measuring im­

27
 
provements of welfare IW in second best situations. The allocative impact
 

of farm mechanization can be measured as LW =- -1 DKLK - DLALs + DAM
 

where LW is the gain or loss in national income associated with mechanization.
 

'Tis measure takes account of pre-existing distortions in the land and labor
 

markets and of the fact that prices for the same factors in different uses 

are not equal. AL, AK and AA f represent the equilibrium changes in the 

allocation of labor to small scale agriculture, and of capital and land to 

large scale agriculture in response to a capital subsidy of given size. 

These changes are measured as (dL s/Ls) L , (dKf/Kf) Kf and (dAf/Af)Af respec­

tively for a given level of capital subsidy. DL, DK and DA represent the 

size of the distortion in the different factor markets and measure the ex­

cess of marginal social benefit over cost per unit change in factor alloca­

tion. Thus DL equals the difference between the marginal value productivity
 

of labor in sectors F, Y and C a d that in small scale agriculture; DK is a
 

27A. harberger, "The Measurement of Waste," American Economic 
Review, May 1964, pp. 58-76.
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measure of the level of the capital subsidy S; and DA equals the difference
 

between the marginal value productivity of land in crops and cattle in large
 

scale agriculture. Because DL, DK and DA are positive, the first term in
 

the expression for AW is always negative (a loss of income); the second is
 

also negative if surplus labor is augmented; and the third term is positive
 

if land is switched out of cattle and into crops.
 

The rationale for this welfare expression can be easily seen by refer­

ring to Figure 2 below. It portrays an initial equilibrium in the capital
 

market at point A where the total capital stock, measured by the horizontal
 

axis 0-0', is divided in the amounts 0'K0 in sector Y and 0 K0 in sector F
 

at the common rate of return K A. As a result of the subsidy BD to the cost
0
 

of large farm capital, K -K units of capital are shifted from sector Y to
 

sector F and national income declines by an amount measured by the triangle
 

ABD. The triangle ABD can be divided into two smaller triangles ABC and AED,
 

Figure 2
 

The Cost of Resource Misallocation
 

A 
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whose areas are equal to CB (K K1 K- ). The sum of the 
1 1
 

K0)BD which
areas of these two triangles is (K - K) (CB + CD) 

-1)(B
1 2 K1 D 

gives the first term, 2 AKfS, in the welfare measurement.
 

In the case of the other two terms in the welfare expression, factor
 

As measures of
reallocations occur from an initial distorted position. 


changes in deadweight loss or foregone output, these terms are only first­

order approximations of the output gains or losses from factor reallocation.
 

While the capital subsidy can be assumed constant as a matter of policy, the
 

size of the other distortions, DA and DL, will likely alter as the allocative
 

repercussions change in size. For example, the size of the labor market dis­

tortion will likely increase if there are additions to surplus labor, and
 

shrink if the amount of surplus labor is reduced. 
8 Similarly, although a
 

constant land distortion has been assumed for analytical purposes, it is highly
 

probable that the marginal income gain obtained by shifting a unit of land
 

from cattle to crops will diminist, as more and aLore land is shifted in this
 

direction. The significance of this approximation procedure is that any in­

come gains from land or labor reallocation will be slightly overestimated
 

while any income losses will be slightly underestimated.
 

It might appear that thE costs of land misallocation between large and
 

Such is not the case. Since
small scale agriculture have not been counted. 


the labor market distortion is directly traceable to land misallocation, to
 

28 Suppose the axes in Figure 2 were relabelled so the horizontal 

axis measured labor instead of capital. In the initial equilibrium, suppose 

O KI units of labor were in small scale agriculture and O'KI in higher paying 

If thecommercial sectors. The wage distortion DL would be measured by BD. 


amount of surplus labor increased by K1-K2units, the loss in national income
 

resulting from this reallocation is given by the area HBDM. This area is
 

equal to DLAL+ I/2ADALswhile only the area FBDG is captured in the welfare
 

measurement AW. By ignoring the positive second-order term 1/2 ADLAL s , the
 
measure AW understates the true income loss. Similar analysis would apply in
 

the case of land. 
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count both types of inefficiency would involve double-counting. That is,
 

that dis'quilibrium in
 
inefficiency arises from differing factor ratios so 


the labor market has a mirror image in a land market disequilibrium. Move­

factor is required to achieve the efficiency condition 
of
 

ment of only one 


less disparate factor ratios.
 

Attempts to obtain empirical estimates of the change in national 
in­

impeded by a lack of hard information on
 come, based on the year 1964, were 


the appropriate size of the different distortions. 
In the capital market a
 

amount which earns a peso of capital in­unit of capital is defined as that 


With the capital subsidy set at 40 percent, dS = .4, so that a unit
 
come. 


a 1.4 peso amount in the nonagricultural sector 
will
 

of capital which earns 


earn only one peso when transferred to mechanized 
agriculture. Upper and
 

at six and one peso per day for DL and at 450 and 
165
 

lower bounds were set 


case of DA.
9
 

pesos per hectare 
in the 


Since 1964 has been chosen for the efficiency calculation 
(a choice
 

the gain or loss in national income should be
 based on data availability), 


interpret-ed az the effect of removing the capital subsidy instead of the
 

in the income distribution calculations.
 effect of introducing it, just as 


y = 

= 0 and LM (4) with a .1, were used to
 

Two simulations, 4LM(1) with a 


illustrate the efficiency calculation since they represent 
respectively the
 

amounts of factor reallocation from the feasible set
 largest and smallest 


1,355 million,
In 1964 Kf, Af and L were previously estimated at 
of results. 


635,000 hectares and 1,054 thousand persons.
 1 2
1 


is equal to -1 (.4) (1.07) ($1,355million)
In the first simulation L DFAK 

or 115.988 million. The two values for DAAAf are $1.65 (835,000)(.957) (.4) 

or $52.74027 millin as a minimum, and $450 (.957) 
(.4) (835,000) or $143.8371 

29 Cf. Thirsk, Ch. VII, oD. cit. 
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are $250 (.445) (.4)
million as a maximum. Upper and lower bounds for DLAL 


(.4) (1,054,000) = $281.418
(1,054,000) = $46,930 million, and $1500 (.445) 


Hence a minimum possible gain in national income from
million respectively. 

removing the subsidy would be $115.988 - i43.8371 + 46.903 = $19.0539 million 

- 52.72027 + 281.418 = $344.66573 mil­and a maximum possible gain is 115.988 


of toleiating
In terms of a 1964 GNP of $50,457.2 million, the cost
lion. 


the capital subsidy or the benefit from eliminating it is between .0378 and
 

,638 percent of GNP.
 

for the factor reallocations indi-
When these calculations are repeated 


same although the magnitudes in­cated by LM (4), the picture is much the 1
 

DKAKf becomes

volved are smaller because of less reallocation than before. 


1 2
 
i(.4)2 (.738) ($1,355 million) or 79.9992 million. The range of values for
 

DAAAf becomes $165 (.638) (.4) (835,000) and $450 (.638) (.4) (835,000) or
 

Limits for DLAL are changes to $250 (.107)

$34.99485 and $95.4405 million. 


(.107) (.4) (1,054,000) or $11.27775 and $67.6665
(.4) (1,054,000) and $1500 


The minimum possible gain is $-5.16355 million and the maximum
million. 


possible gain is $112.67085 million. As percentages of 1964 GNP, the mini­

-.00825 percent and the maximum gain is .2233 percent. An allo­
mum gain is 


cative gain resulting from the imposition of the subsidy should be regarded
 

as highly improbable because of the conservative estimate for DL and 
the
 

optimistic value of DA in this particular calculation. In all the other cal­

culations the gains ensuing from a better allocation of land are insufficient
 

losses a-sociated with a worse allocation of capital and labor.
 
to outweigh the 


As with most calculations of this kind, the seriousness of misallocation 
is
 

cases.
large, being less than one percent of GNP in all
not 


Another feature of this welfare framework is that the term DLAL can be
 

regarded as a rough approximation of the income losses experienced by small
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farmers. A measure of this loss was expressed as AL (IPL - APL) in the pre­

vious section. Hence, if DL = MPL - APL, the measure of the cost of labor 

misallocaticn can be reinterpreted as an income loss borne by the small farm 

a gap of 6 pesos between the marginal and average product ofsector. As 


small farm labor is more credible than only one peso, these losses would be
 

somewhere between $67.67 and $281.4 million or between about 1.28 and 5.3
 

sector. There Ls a high probability
percent of the income generated by thi 


this sector would lose more on the sources than on the uses side as a result
 

of mechanization.
 

Even if mechanization had favorable effects on national income levels,
 

The desirability of mech­it would not necessarily be a desirable policy. 


anization should not be judged on the basis of its before-and-after effects,
 

Other policies also have before-and-after effects.
important as these may be. 

Although this study makes no comparison of alternative policies, it may well
 

be that, for a given subsidy cost, a policy of encouraging the use of bio­

chemical inputs in small scale agriculturc would yield greater benefits in
 

terms of income distribution and resource allocation than would a policy of
 

mechanization. The basis for this opinion is simply that these inputs save
 

in small scale agriculture, and are complementary
land, the scarcest resource 


with the use of low cost labor in this sector. Thus the social payoff to this
 

in small farms may be quite high, and higher than a mIech­type of investment 


If this were true, it would make more sense to subsidize
atzation policy. 


the use of these irputs than the use of farm machinery.
 

8. Conclusions
 

This study describes and evaluates the adjustment in the structural com­

position of the economy that would be expected to result from subsidizing 
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large farm capitai in Colombia. Changes in income distribution arise from
 

shifts in the prices received by owners of land, labor 
and capital, and from
 

shifts in the prices each group of factor owners pays 
for its consumption
 

Changes in tho level of national income depend on 
whether resources
 

goods. 


are transferred to higher or lower productivity uses. The following major
 

are observed from the simulations:
effects 


(1) a reduction in total. labor demand because
 

(a)mechanized agriculture is highly capital intensive 
relative
 

to other sectors, and
 

(b) this effect ouLweighs the increase in labor demand due to land
 

conversion from cattle to crops;
 

(2) an increase in the share of income going to capital owners (or
 

capitalists and labor in modern sectors in one simulation) largely
 

at the expense of labor and small farmers, although landowners
 

also lose on balance;
 

(3) a lower level of national income because a 
better allocation of
 

land is outweighed by a worse allocation of labor 
and capital.
 

Mechanization has been privately but not socially profitable.
 

(4) sensitivity of the overall results to the labor absorption capacity
 

of the nonagricultural sector.
 

If declining relative crop prices were translated 
into a lower real wage and
 

large employment growth in nonagriculture, however, 
these negative effects
 

would be overturned; but this is unlikely unless the factor price constraints
 

on greater labor employment in ncnagriculture are removed.
 

From this analysis it is concluded that the economic 
goals of greater
 

equality in income distribution and higher levels 
of output are complementary
 

in terms of subsidized farm mechanization. Withdrawing the subsidy to farm
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the distribution of income and, as a bonus,
mechanization would both improve 


better allocate the economy's existing resources. A tax on machinery use
 

this subsidy. Polarization of the
 or a higher interest rate would remove 


rural economy rather than modernization is the most likely effect of a con­

tinuing subsidy. 

In weighing these results it should be remembered that model building 

requires the suppression of a great deal of information about an economy. 

about the ColombianIn the general equilibrium exercise much structural detail 

ignored. The assumption of homogeneous sectors neglects the economy has been 

each sector. The nonagriculturaleconomic diversity which exists witthin 

sector, for example, is a collection of heterogeneous industries whose shift­

access to 	capital resources could conceivably alter the
ing composition and 


factor intensity and factor substitution values that have been used in the 

analysi s. There is some evidence to suggest that the impact of farm mech­

anization varies with the region of the country and the changes in land uti­

lization that accompany mechaniz.tion. 3 0 To some unknown degree, the con­

clusions are inevitably affected by aggregation bias. 

This bias means there are a number of specific mechanization issues on 

which this study offers only minimal insight. While it is possible to ex­

press reservations about the. wisdom of general mechanization, there may be 

particular crops, especially those on the margin of exportability, for which 

there may be some merit in mechanizingmechanization is desirable. Similarly, 

particular crop operations, though not all operations, of a given crop. The
 

analysis also does not answer the question of how a full scale land redistri­

bution would affect the demand for fann machinery since the initial land dis­

tribution 	is taken as given.
 

30 i
 
Cf. Thirsk, Chapter V., an. ci. 
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