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Rural Credit and Income*niscribution
in Colcmbia

1, Introduction

Recently the World Bank, &id donors, aud others have shown greater
intereet in improving the income prospects of small farmers in LIC's,
This interest springs in part from the fact that small farmers are at the
bottom of the {ncome ladder in many pour_;buntries {though landlese rural
workers may be eQen worse off), Proposals to ralse small farmer incomes
have run the'gnmut from wide sweeping land reform to urban migration,
Credit reallocation towards rmall end away from large farms has also been
consistently advocated and has received renewed impetus due to the per=
ceived failure of other alternative measures. Effective land refqrm has
been found difficult to achieve short of full scale politicel revolution
vhile the enthusisem for nonagricuitural solutions has been tempered by
the slow groufh_of high incoma employment opportunities in urban sectors,

Thia paper {s an empirical ettempt to measure the productivity of
credit or, wmore accurately, credit-induced inpute on farms of different
size in Colombia. It seeks answers to the question of whether or not small '
producers of a given crop may obtain a higher return zt the margin from
using credit than would larger producers. This efficiency issue has im-
portant implicetions for income distribution. 1f small farmers can make

the most productive use of credit, the channeling of more credit to them

*Tha author wishes to acknowledge the generous and cepable
research agsistance provided by James R. Ray in the preparation ¢f this
paper, Sam Daines and Kathy Gleason at AID in Washington, D.C, were un-
stintingly cocperstive in making the data available and helping to inter-
pret the data tapes, I owe them a debt of gratitude,

-l -

Tt




o

-2 -

will ralse total cutput and lessen income inequality at the same time,

If there is no output cost attached to c¢redit redistribution it is much
tore likely that it will recelve the support of national policye

makers and international institutions than if the converse were true,

If totszl output were reduced, the policy of granting more credit to small
farmers would have to be compared with other types of policy that pur-
chase greater income equality st the cost of lower levels of output.

The link between credit and income distribution has both obvious
and subtle connections, The distribution of credit among potential users
cannot be logically divorced from & discussion of interest rate policies,
Income distribution is affected by considerations of both who gets the
credit and how much is paid for it. Assessing the ramifications for
income distribution of changea in Interest rate leveluy is beyond the scope
of this study which is concerned with the quantity rather than the price
agpect of credit. Suffice it to say that there is prohably a consensus
within the economics profession for the view that low (nominal and real)
interest rate policies benefit wealthy borrowers and harm poor savers.  We
ignore this important issue and concentrete instesd on the allocation of
credit among different form sizes,

S0 long as swall farmers are not initially in squilibrivm with the
rate of return to & marginal amount of credit equal to its cost fhe allo-
cation of more credit to small farmers represents a transfer of income-
earning resources to them, If this credit otherwise would have gone to
large farmers thev night: have uged it to employ new cepltal-intensive tech-
nologles which would reduco the demand for labor services, including those
of small formers, and to expand their output levels which would reduce the

price small farmers receive for their output. However, the reduction in
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product prices would benefit consumers, especially pcor ones as they tend
to spend a larger fraction of their income on food pfoducts than consumers
with higher incomes, HNonetheless, total.output will increase 1f small
farmers receive more credit and use it more productively than larger ones
and, to an extent which deﬁends on the price elasticiéy of demand and the

supply elasticity of large farms, smal? farmers and consumers both will be

better off than otherwise.1

A less obvious influence on income distributicn is the link between
new and old sources of credit and between the receipt of credit énd sév-
ings behavior. Not all of the newly channeled credit to small farmers
will appear as 2 net increase in resourcer because some of it may substi-
tute for either previous linmes of credit or for personai savings otherwise
made, As annoal intaract rates charged by lenders in tha infarmal rural
¢redit market often run as high &s 530 or even 100 percent'the switching of
business away from this source may impreve income Histribution directly
if rural moneylenders are in the upper income brackets, Credit may also
substitute for personal savings if small farmers have high rates of time
preference that exceed the rate of return from extra jnvestment., While such
savings behavior would be welfare-maximizing for the small farmer it also
forestalls the day when capital incowe will become a significant fraction
of small farmers' total income, On the other hand, if new technology is
indivisible and requires both credit and.personal savings'far its purchase
and 1f it also offers a return in excess of the rate of time prefereance,
extra credit may elicit more saving from smaller farmgrs and thus augment

kheir future incomes.l The distribution of credit between small and large

IOE course if only some small farmers receive extra credit they
will gain at the expense of those who excluded and face lower ocutput prices.

2This position has been cogently advanced by R. McKinnon, Money

and Capital in Economic Development (Washington, D.C.: The Brookings Insti-

tution, 1973).
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farms may also affect the distfibution of income between gmall farmers and
landless workers. A policy of redirecting credit to smaller farm_s may make
landless workers worse off if small farmé hire less labor per dollar of
credit than do'larger farms, Offsetting any tendency in this directiﬁn ie
the increaced demand for landless workers that results 1f more inputs to small
farmers lesds them to supply less labor to the labor market, This point is
. explored in more detail later on. |

" Is there any reason to expect that small férmu'have a higher marginal
productivity of crédit than large farms? Several considerstions suggest
an affirmative answer to this question. In Colombia, as in a number of
LbC's, the institutional lenders are réquired by law or regulation to charge
borrowers relatively low real rates of interest, Thepe 1au.roai rateé
typically generate an excess demand for loans and force Iéﬁders'to ration
their lending cepacity. One of the main criteria used to determine eligi«
bility for loans is credit worthiness or the amcunt of collateral a pros-
pective borrower can mustér. This loan ﬂtfategy protects the lender from
any fisk of default but results in an institutional bias in favor of large
landowners who command large smounts of net worth, Where lending is basged
primarily on the solvency of the borrower it is not surprising i{f many
high yielding investment pfojects on small farms are unrealirzed due to a
lack of finance.

Institutional credit from all sources reaches about 25 percent of

Colombia's farmers. In Colombia the eemi-official Agricultural Bank, tha
| £aja Apravia, has traditionally relied on commercial banking atandards in
extending loans to the agricultural sector, This organization is re-
sponsible ifor about one-half the outstanding loans to agriculture gnd has

been criticized by same observers for catering meinly
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to the loan demands of large farmers. Private banks and the semi-

official livestock bank (Banco Ganadero) togethar account for about 40-45

per cent of agricultural credit and likewise slant their lending activities
almost exclusively in the direction of large farmers.l The only wmajor
source of institutional finance for smaller farmers is the supervised
credit program of the land reform institute INCORA which in recent years
has accounted for gbout 5 per cent of total agricultural logns outstanding
and has bene fitted about 35,000 families over the period 1964-1972, By
way of contrast there are currently about 850,000 small farmers (those work-
ing less than 5 haectaree) who produce approximately 20 per cent of all crop
output and 15 per cent of 211 livestock production, Altsraatively, {f
tmall farms ave defined az th swpascing fower than 10 hectaras thess
percentages should be adjusted to about 33 per cent and zi per cent respec=
tively. One effect of a small farm credit shortage is that it encourages
sharecropping arrangements (compania) in many areas due to en inability of
non-cwners to obtain credit for working capitsl. Thus the terms of tenure
agreements may be sensitive to the distributicn of credit by farm sire,

A unique feature of the Colombian financial system is a regime of
obligatory investments imposed on financial institutions that 1is designed
to control the sectoral allocation of credit, For example, private banks

are required by law to allocate 15 per cent of their total deposits for

agricultural sector loans (including subscription to bonds issued by the

1Receutly the Caja Agraria, by Law 35 of 1971, has been permitted
to extend credit on the basis of production and fncome from the activity
financed and there 1s scme evidence that it hgs been attempting to shift
more of its loan portfolio towards smaller farmers, See R.L. Tinnermeir,
"“Small Parmer Cradit Activities of the Colombian Agricultural Baak," Small
Farmer Credit in Colombia, A,I.D. Sprirg Review, Vol. 5, February 1973,

No. SR103,
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Caja Agraria) and 5 per cent of their demand depozita to bonds of the
Caja Agraria. Moreover, 6 per cent of the portfoiio of private banks must
be invested in the puper of the Fondo Financiero Agrario, & special sgri-
cultural redisccunt. fund. These credit contrels, and oﬁhers like them,
are needed to force funds to flow toward agriculrural activities be#ring
regulated rates of loan interest lower than those harged for the finance
of non-agricultural activities. Aggregate financial statistics attest to
the apparent success of this government directed channeling of credit. The
share of agriéulture in total loans outstanding has been slightly greater
than its output share in Gross Domestic P:ocuct_(# loan share of 35 per
cent compared to a GDP ghare of 30 per cent for the past 10 years), Since
no important sector has béen obviously starved for funds it makes sense to
examine the effects of a redistribution of total agriculéural credit and to
be less concernéd initially asbout whether the raturn to credit {s higher in
some nonagricultural uses than on small farms.

In addition to rationing there is another consideration which can

explain the prior expectation of superior credit productivity ort smaller -

- farms. Thie is the wide difference in factor proportions among ferms of

different size in the production of a given crop. Generally epeeking
smaller farms are significently more labor-intensive than large farms in
the sense of employing grester amounts of lsbor per hectare for each field
operation.l These differences in factor proporticns appear to be associated
with a relatively lower coat of capital and higher cost'of labor on larger

farms. If credit is used for the purchese of intermediate inputs, theiy

_ lFbr a more deteiled discussion of this matter sse R. Albert
Berry, "Land Distribution, Income Diastributiorn and tha Productive Effi-
ciency of Colombian Agriculture,” Food Feseecrch Institute Studies in Apri-
cultural Economics, Trede snd Developwent, XII, 3 (1973). '
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productivity may be highest on the smaller farms due to the presence of
greater amcunts of cqmpl&mentary labor. On large farms, in contragt, some
intermediate 1nputl'(herbicides. for example)may be used to substitute for
labor that has low opportunity cost in altérnative employments. While
privetaly profitable, the use of these inputs on large farms may yield

low social returns since little extra output results from the reduction

in labor employment, However, i{f land and credit are complements the
argument would be turned around since a smaller lsnd base would result

in lower returns to credit. This possibility is implaugible in the case

of intermediate inpute, virtually ill of which are substitutes for land,

but carries more weight in the chee of lumpy, indivisible inputs such as
many kinde of ferm machinery.

There is oneother aspect of the initial conditions iﬁ agriculture that
could conceivably produce the result thet larger farms are the moet pro-
ductive users of cré&it; Operators of larger farms probsbly have higher
levels of education end receive more visits and sttention from extension
pergonnel than smeller operators, 1If these elements of humman capital are
complementary with the use of credit then the marginal productivity of
credit may be higher on large farms 1f this effect cutweighs the other
factors that have been previcusly introduced. Another way of viewing this
matter is to recegnize ﬁhaﬁ, owing to their access to information end
education, large farmers may have vastly superior menagement capabilities
compared to small farmers,

The second szction of this paper discusses the model and the dsta bacge
uged to shed gome empirical light on the issue of credit allocation. A

following sectim presants the empirical resuits and discusses some of thelr
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implications. In a final section these findings are compared with the

J e 8 o=

results of earlier research and some limitations of the uethodclogy'and

acoﬁe of this study are mentioned,

2. The mdal

The date bsse conaisted of cross-section observations on inputs and

output preduced on farms of various size broken dowm on a crop and regien
basis, Becsuse it hae been used with success zlsevhere end its properties
are well knocwn, & Cobb-Douglas production function was fitted to this data
for each vegion=crop combination snd for.varicus farm sizes, The hasic
problem of the exevrcise is one of determining vhat role credit plays in a
production function context., An obviocus solutiou would be to treat credit
as a productive input and enter it separstely into 2 regrkssion equation
but thiz procedure is dbjectionsble for & number of reasouns, Firec and
foremost, it makes little sense to ssk, as & regrassion eguation does, vhat
the marginal productivity of credit is holding other inputs (including
those financed by credit) comstent, The answer to the preceding question
is zero sincs the purpose of credit is to facilitcte the purchese of other
inputa., A conceptualiy satisfac:ory model vuuld have to have at leaet two
equations, one 1ndicating how credit influences farmers' choice of imputs
and another, the produc:ion function, explaining how input levels nffect
the amount of ocutput, Unfortunately, the deta are teoo coarse to enable one
to determine the particular way in vhich more credit relaxes the resource
constraint faced by.fnrmern. While the data distingulsh the purpose for
éhich & losn was mede it is still iﬁposaible'to identify that purpose with

the effect of credit, The problem heve is caused by tha fungibility of
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credit since the finacced activity mey have gone forwird in any event and

the effect of credit is to mske possible the purchase of an input other
than the one which for the loan vas obtained.l Even if credit could be
Justified as a separate independent variable it smacku.strcngly of double
counting to enter both credit aﬁd the input financed by credit and causes

the interpretation of the results to be more hazardous than otherwise. An-

‘other difficulty is that current credit lines may be used to finance inputs

either previou_sly used or for use in future periods.

In view of these difficulties it was decided to exclude credit from
the production function snd to introduce into the regression equation only
the durabie inputs {farm machinery) and annual production factors ('.l._nter— '
mediate inputs) for which credit was obtained from the lender. This 15 &
shortcut procedure which ignores th.e {important question of how credit paye

for inputs and influences their use. The regression variables were defined

in the following way:

Y, - Total quantity of single crop output produced in a given
semester, :

Y, * Value of total production of a single crop in a given
semester

xl = Number of hectares used in the production of either Yl or YZ

"
1

2 Total purchases of intermediaste fnputs: the sum of expenditures
on seeds, fertilizer, pesticides, and irrigaticn for crop pro-
duction in a given sema2:zter.

Total valve of machinery and equipmsnt on the farm

x32 = Total velue of machinery and equipment on the farm plue the
value of rentals for machinery or anlmsl power.

lFor an intercsting applicstion of the fungibility concept to
{nternational lendsrs see A.C. Harberger, "Issues Concerning Capital Aseis-
tance to Less Develsped Countries," Ecomomic Develorment and Cultural Chenge,
X, & (July, 1972).




(v

10 =

X, = Total value of family and hired labor used in the production of
of a cxop in a given semester, X, = ¥y + X@Z vhera

4
gai = Purchases of hired labor used in crop production
XZZ = Value of family iabor employed in crop production

The choice of these varisbies was dicﬁated bf the avatlable data,

i

Ideaily, the services of physical fnputs ghould be used to explain varia-
tions in the level of physical cutput, Sbme compromise with thig tdeal 1s
obviously necessary in using the sat of variables just défined. £ iﬁput

prices sre constant across all ‘e observations it does not matter if {n-.

puts are expressed in either physical or value tovmg, It 1§ agsuped here
that each farm in 2 given region peys the same emount for his hired lsbor

labor, Land in any region is 2pt to be wore heterogeneous than other inputs,

One method of tsking into account the variability 1n the quﬂlity of land

sorvices i{a to use information on land prices to convert physical hectares
into units of effective hectares of homogencous quality. An effort was

mede {n this direction but, fer unknown veasons, met with a singular lack

of auccess, Since the repofFed value of land was one factor in the grancing

of a loan it 1s poesible that this institutional requirement destroyed the
accuracy of the price data. In any event it is of necessity assumed that

H g'?uality of land services does not vary eignificantly within a regionm.

. Iz
The variable for farm machinery is a stock Cﬂﬂcept or, in the cace © kY

a mixture of stock nnd service flow concepts go it is necessaxy to assume

for this variable that the flow of machinery services 1s strictly propor-

tional to the value of the stock and, as well, that the production of each

crop requfres a positive amount of these sérvices.
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-An aggregation of intermediate inputs was resorted to because it was
discovered thst when each input was entered separately wulticollinearity
proved fatal to the results, | That is, nearly doubling the mmbe.r of ex-
planatory variasbles destroyed the significance of some previously siguffi-
cant veriables and frequently resulted in a bewildering array of implausible _
negative coefficients. However, the cost of circumventing this problem through

aggregation is the stringent requirement of aseuming that the composition

‘of the aggregate is irrelevant in explaining variations in farm productiv-

ity., If two farms epend the ssme amount on intermediate f{n-uts it is
assumed that there would be no effect on output if one spent g1l on irri-
gation and the other all om pesticides., This, like the others, is a
reasonably etrong assumption. Two alternative output varisbles were used
to test for the sensitivity of the results tc interfarm variation i.n
pricés received for final output, Few farmers ere guaranteed prices for
their output so they must meke their pmductioh plans on the basis of ox-
pected prices which mey diverge widely from prices actually received.
Farmers with erronecus expectations and iperfect information may produce
either too much or too iittle from the point of view of pri.vate'production-
efficiency.

Moreover, even 1f farmers could forecast future prices perfectly, they

may be unable to adjust their input levels with sufficient speed to permit '

them to achieve maximm profits from employing these i{nputs. This is, in

. a basic sense, the nature of the hypothesis under investigation, Within

each fam size group i: is assumed that the adjustment capacity of indivig-
ual farms is sufficiently slew to permit the identification of a portion of

the.production gurface, Otherwise, if all farmers in a region fsced the




Isame input and output prices only a point en the production surface would

be observable, iBetween farms of different size which might pay identical
prices for ﬁurchased inputs it is hypothesizéd that differentisl access to
credit causes the rarginal preductivity of these input; to be larger on the
smallest farms. This is a key assumption since, I{f there were no i{mperfec-
tiona.in credit allocation and ro cross-sectional differences in input prices
by farm size, there would be no variatien in interfarm productivity to ex-
plain, Given these two major sources of productivity differences it was a
maintsined hypothesis of this exercise that input prices de not vary signif;
icantly by farm size. There is no evidence to refute this sssumption and it
seems reasonable enough in the Colombian centext. To the extent it is satis-
fied, farm size related differencés in marginal productivity can be ascribed
more easily to ihe relative ease or difficulty in obtaining credit., Of course,

. it 1s still not possible to rule out differences in information and attitudes
toward risk ss alternative explanations since these varisbles would be in-
‘cluded in any theory of the demand for credit by farme of different size,
For pragmatic reasons the demagd aide of the credit market has been supprecsed
in this exercise in order to focus on what are felt to be importsnt restrice
tions on the supﬁly side..
The data originates from a sample of 2,900 individual farm loan

records developed by INCORA under its supervised credit progrem. The main
characteristics of this body of data have ueen presented elsewhara and

will be only summarized hem.1 _All loans were either for the purchase of
durable inputs (including livestock) or to finance varieble costs. In the

1See D. Dalyrimple, "The Use of INCORA Supervised Cradit in
Colombia in 1959," Small Farmer Credit in Colombia, op. cit., pp.l-13.
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aggregate the loang were divided evenly between these two purposes,
financing all of the cost of durable inputs and Ahout one-half the value

of the variable inputs purchased., WVariable cost Ioanp were allocated among
purchases of labor, fertilizer, seeds, pesticides, frrigation and machinery:
rental, A majoruadvantage of the data is the disaggregated basglis on which

it islavailnble. Becauge they refer to different kinds of erop preduction

e YT A e ey

in a specific region (an INCORA project within some department) the data

are extremely useful in pinpointing specific situations in which a re=

gllocation of credit would be desirable on output, or efficiency, grounds,

o g

A more aggregated specification which indicated farm size productivity
differences would be much less useful for policy purposes since it would

leave unanawered the question of whether the differences held in all

; regions and for all crops. Another positive feature of the data results
from the fact that the supervision of the credit received probebly re-

moves a large portion of the farm size variation in cradit use attributable

to risk and information factors,

g e e o

The major limitation of the data is that they capture enly a restricted
‘range of farm sizes and exclude the largest farms in e region which rely on
non~-INCORA sources of credit, Another potentially dameging defect of the

data could occur if INCORA were to apply sore liberal loan criteria to the

T e g g T

sraller farme it sevvices than other lenders might use, That is, the oper-
ations of INCORA may be a poor reflection of how the other components of
the credit syst-em allocate their funds to farms of different size, Nothing

18 known about this potentiel source of disturbance.

In stochsstic form the equation
&
Iny = f Bjlm X +u

P TI B, T e i e oy ey
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was estimated for various crop-region-farm sire coubinations. The T :

variate u is assumed to be log-additive, to have a zero mean, and to be

. %z, . It may be con-
distributed independently of the levels of the imputs ) y

gidered as a measure of the {impact of unexpected weather fluctuations so

: . ted weather cona-
that the levels of X, are chosen on the basis of expec

ditions, However, some gimuitaneity is evident even undgr this assump-
tion since mony inputs such as harvest labor are selected after the

weather has played its production role.

The null hypothesis is to be tested is that the marginal productivity
of intermediate inputs is independent of farm size. Using previous nota-

tion this cen be expressed &s

H @ (&Y 3?.’2) s ™ (BYIBXZ) é

where the subscripte "s" and ﬁz ¥ pefer to small and large farms reepectively.

Since the marginal product of any factor Xi is equal under the Cobb-Douglas

assumption to Bi'(?lﬁi), vhere B, is the regression coefficient (or output
elagticity) of xi; and (}!Ki} is the average product of Xi evaluated at the
geometric mean. of each variasble, the null hypothesis can be alternafiveiy

written as
Hi By (VEp) =B, (VR ..

A method of testing this hypothesis is to impose the restriction implied
by the hypothesis on a pooled vereion of thé regreasion equation (pooling
across farm sizes for a given crop region) and use the F-test to compave the
constrained and unconstrained vercions of the pooled regression. This is
sn adaptation of the Chow test for equality of regression coefficients
across different equations, The constraint is impesed by entering the

variable -_rln xzsﬁf'ﬁf ) (ﬁzﬁ)s + 1n Xz'{!‘ in the pooled regression. With

4
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Just two farm slzes, 1f SS12 denotes the residual sum of squaras of the
constrained booled regression, 58, and ssz refer to the residual gum of
squares of the individual regressicns for each faym sire, T ia the total
number of observations and K the number of eotimated p;rameters in the
pooled regression, then .-« T statistic {s calculated as the ratio )

Sslz- (SS1 + Séz) / (SS1 + Ssz).with one and (T-K) degrees of freedom.1

If the estimated ¥ ﬁalue 1s less than the critical F value fof the same
degrees of freedom then the nuil hypcthesis of equal marginal productivi-
ties is accepted, Otherwise, the null hypothesis {8 rejected at some level

of confidence.

3. Results

Tabie 1 presents the regression results, In totel, nine reglons
{departments) and five different crops were considered to give raaaunébly
relisble results, rspecially in terms of achieving gtatistically signifi-~
cant ccefficients for Intermediste inpqte. Observgtions with zero values
for intermedizate inputs uefe excluded from the regression equation. Farm
size intervals were determined by the requirement that no size group should
?ontain fever than ten observations, In soms crop-regions three size
ranges could be distinguished but in the majority of cases only tws size
groups; ofter uncomfortably small in absolute size, cculd be obtained.

Thus with twelve crop-region combinations a total of twenty-eight crop-region-

farm size regressicns were, to some extent, successfully run,

lIf SST refers to the total am of squares them the residual

sum of squares bears a simple relationship to the R? statistéc. R
2 -
1 - SSu'SST12 go Sslz" (1-1112365112 and, similarly, '.ss1 - {1 Rl ) SSTl

and §5, = (1-RK)SST,.
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TABLE 1: Crop-Region Farm Rezressions
Parm Size Dependent* X& -2
eglon-Crop] (Ha.) Variable Intercepy %, X1 OF X, Xqy 0F Kqy X, B Ko.
wuticquia
-~ Beans iS.(0-9.99} Ao 0.52181 0.17480 0.36416 0.00050190 | 0.60570 0.9880 (1)
(0.88800) | (1,598¢8) {3.760G5)* (0.17294) (6.153510)*
" Y 1.4227 0.26348 | 0,20441 0.0082128] -0,0025022 0,54420 0.9858 |(2)
{1.56840) (1.991007 (3.18825)*  (1.73048) |(~0.78540 (3.61947)*
" Yy 2.8928 0.31982 0.286046 ~0.0056938 0.54489% 0,9849 |(3)
(4.07785 | (2.42327F (3.40882)* (~1.62508) (4.58510)*
" Y, 4,0572 0.43935 ) 0.20975 0.0098093] ~-0,0094251 0.463F% 0,9815 (&)
(3.65166)% (2.71045%] (2.67092)* (1.68744) |(~2.41533) (2,51700)*
hL.(IO-up) Y, 1.7291 0.44923 «0,029273 =0,0030660 0.69838 0.9616 |(5)
{1.32447) | (1.90100 (=0,230i0) (~-0.72753) (2,.59230)*
" /] 2.0570 0,46339 | ~0.0029142 0.00307711 «0.0020023 0.63153 0.9591 [(6)
(1,22028) | (1,77176)£~0,02057) (0.44707) {(=-0.45609) (1.85735)
- Corn |5, (0-4.99) Y 4,3520 0.26384 0.37136 0.0030896 .090071 | 0.9660 {(7)
(1.76182) { (0.64528) (1.2£648) {0.02151) {1.11439
" Y, 1.1211 ~0,44317 0,74389 0.075161 0.24998 0.8694 i(8)
- (0.21210) K-0.50652) (1.21239) (0,24451) (1.44538)
M. (5-9,95) ) 6,4376 0.,7681) 0.010549 ~0.0046515 0.091526 | 0.9300 [(9)
(11.76010)4 (6.126217 {0.12519) (-0.91613) (1.91286)%
Y, 5.0599 0,39323 0.26393 -0,012706 0.11126 0.8339 {(10)
(5.65758)* (2.023917 (2.01439)* {~1.59675) (1.48358)
S.5M, (0-9.99) v 5.9345 0.68533 C.10847 -0,0014507 0.077347 | 0.9357 [(11)
{13,23922)* (6.12&91} (1.62920) (-0.30942) (1.90167)*
" Y, 4.4139 0,23080 D.35684 -0,0097178 0.13658 C.8706 J(12)
{6.45916)*} (1,64433) (3.49609)« (-1.35964) (2.20909)*

NCOTES:

i asterisk denctes significance at the 95 per cent coufidsance level.

3 -3

R7is the Rz statigtic adjusted for degreecs of fresdom,

Elﬂumbers beneath each regression coafficicnt {ndicete the tevalue of the estimated coefficient.
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TABLE l--Continued.

Lakar Iater-
Farm Size Dependent ¥, Totel Mach~- mediate
glon=Crop {Ha.) variable | Iatercep: Land |Hired or Fawmily inery inputs ‘Ez Ro.
tioquia
Corn L. {10-up) Yy 5.1076 , |0.54303 0.14841 =0,011292 0,20730 0.8835](13)
(2.88188) }1,25783) (D.792021) (~0.94049) (1.07043)
" Y, 3,8446 0.16333 0.35584 " =0.00040859 | 0.24059 0.92221(14)
€2.92620 (0.51190) (2.34729) (-0.04591) (1.67585)
Potatoes |5, (0-4,99) Yp 1.9626 , | 0.24405 0.14675 0.0077753 0,76805 . 1 0,9256](15)
(3.43681) [K1.74316) (2,16854) (1.14%49) 1(6,41951)
" Yy 1.6870 0.19747 {~0,0031838 =0,0014531} 0.0050627 9.93059 0.9162 (16)
(1.77228)* K1.27133) ((=6.52227) «(-0.31838 (0.70066) (7.82929)%
M. (5-9.39) Yy 2.5627 0.23855 0.37¢€01 ~0.0027521 0.51321 0.9222] (17)
(3.69257)* K1.704021 {4.09489)*% (~0.26870) (4,327%4)%
" Yg 2,6881 0.23518 G.26183 -0.26183 -0.C055220) 0.32781 (13)
(4,17865)* K1.80463% (3.05290)% (~0,58795) (5.37350)*
" Yy 4,8397 0.462222 | 0,255%5% 0.018425 | -0,0045029 0.34540 0.9371] (19)
(5.21959)*% k2,97643)4 (3,28086)* (3.61224)* | (~0.50943) (2.51128)% :
.. (10-15,59) v 3.4925 0,325%4 0,.039732 0,0019870 0,67140 0.8665| (20)
(3.517G5%% §1.70891W (4.71834)% . €0,20083) (5.51621)*
" ¥y 4.9242 0.55595 | 0.048600 0.013269 | ~0,0013679 . | 0.51960 0.8853] (21)
(4.64G62)* K2.82981¥1(3.94035)*  (2,78938)*)(~0.14770) (4.10774)*
" Yy 3.4811 0.33152" 0.047123 0.00048434. | 0,.68070 0.8954¢ (22)
(4.14215)* (2,0537¢8 {3.932110)* (0,05784}) (6.60817)*
b Yy 4,5038 0.49605 | 0.034029 0.00943971 -0.0019341 | 0,57230 0.9043] (23)
(4,86016)* [2.89118)4(3,15220)*  (2.27228)*](-0,23913) (5.18065)% :

Laa bty e s
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TABLE l--Continued,

Farm Size | Dependentt Total Mach~ .m:d::;e 1
: \ =2
egion~-Crop (Ha,) variable Intercept | Land Hired °F Family inery inputs R Ko.
Bolivar
o Corn S.(0-14,99) ¥ 4,1945 - | =0.31160 |0.020498 0.032445{ 0.045393 0.64791 {0.9012 |(24)
i (3.23866)* |{-0,.45335) £1.09930) (2.59725)4 (0.54317) {(2.36673)*
b Ya 5.2705 0,003710€) 0.030195 0.028430 | 0,091159 0,38395 10.8832 {(25)
(3.39989 (0.00814) X 1.54B837) (2.8236)* | (1.04579) €1.34490) |
L.{15-up} Y. 2.7363 ~(.0G312013 0, 54461 0.012226 0.19608 {0.8320 {(26)
i {4.85083)* 1(~0.55592) (5.34491)* (0.92974) (2.30323)%
" Y 6.3354 =0.G00126§ 0.03083% -0.0022822; 0.018599 0.25738 [0.6698 |(27)
(8,87989)* | (~0,.00556)|(2.43123)* (-0.16722) | (0.94519) (2.15579)* | -
Boyaca : : i '
- Potatoes | S, (0-4,99) A 3.1823 0.36009 0.22653 -0.0033185 6.54947 (0.8164 {(28)
3.61924)* | (2,42241% {1,88500)* (~-0.45339) (4,85613)* ‘
” Y 4.8755 0.504%0 10.055276 "=0,007603 | 0.0012978 0.50905 p.8577 (29
F6.9023S)* (4.05488p]5,06190)#* (0.18534) 1(5.68662)%"
" Y, 2,6584 0.42082 0.38350 ~0.016742 D.47%46  D.8404 1(30)
(3.06928)% { (2,87391 )y (3.10424)* (-2.32207) (4.33705)*
" Y, 4.7553 | 0,63592 [.064468 -0,0062038( 0.039556 0.47370  P.8349 {(31)
(6.03866)% | (4,53725)%13,55632)* {0.63650) |} (0.64115) (4,38207)*
M. (5-9.99) Yy +1.,5651 0.050381  0,38154 0,65148 0.44231 D.39%4  {(32)
(-0.77226) |(0.46316) (7.66388)* (3.21306)% | (1.88644)%
" N +0, 26505 0,068568 | 0,16757 0,083042 | 0,31833 0.55013 p.2831 {33)
«G,11873) | (0.57447) [4.04250 v+ (2.48013)*| (2.34789)* (2.14230)*
" Y, . $1.6437 . | 0.056110 0.39304 0.61109 0.45722 D.4240 [(34)
~0.83135) ](0.52876) - (8.09275)* (3.08942(> |(2.04265)*
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TAELE l-=-Continued,
Labox
—'1' _'1 Inter~
Farm Size Dependent*® ota Machin- nediate
giou-Crop (Ha.) varisble | Intercept Land _Hired or Fsaily ary inputs Rz' Ro.
M., (5~9.99) Y2 -0,29166 0.074943 | 0.17021 0.087039 0.47107 0.58100 0.2947 (35)
(-0,13223) (0.63551) [4.155608)*% {2.56922)* | (2.15964)* [(2,29052) %
L.(10-14.99) Yl 3.2179 0.28285 0.36848 =0,00067063 0,42509 10,8932 (36)
1(3.16912)* | (2.02933)* (2.8876%) {~0,07832) ] (4.72680)* ’
o N 3.9814 0,30£21 |0,28238 0.025703 0.0028825 ] 0.40624 0, 9007 (37)
(4.94891)% | (2,40875)%[2.99130)* (2,19026)% | (0.35803) | 458333)*
" Y, 3.2063 0,.28625 0.39Z07 =-0.0070638 1 0.39710 0.8194 (38)
(2.32015)* | (1,5484%3) {2,33%70)% (-0.61706) |(3.32827)*
" Y, 4,0604 | 0.31706 0.30009 0.022693 =0,0033195| 0.37792 0.8203 | (39)
(3.67891)% | (1,82950)%(2.31717)* (1.40933) {-0.30053) | G.10710)*
e
- Corn&k
Rice 5.(0-49,99) Y; 5.0059 0.94372 |- 0.21269 0.00274901 0.082789 {0.9330 | (40)
F10.788913* |(16.42684) (3.63429)% | (1,51649) {(2.83436)%
" Y, 5.2967 0,93345% 10.0025166 0.18619 0.C035144 | 0,079475 [0.9262 | (41)
r10,76284)% 1(13.08197)4(1.25155) (2.67481)% (1.69222) 1(2.47794)*
" Y, 3.4799% 0,85602 0.29560 -0,0048769] 0.25378 0.3633 (42)
{1.57967 (2.94728)* (1.05887) (-0.56665) {1.82998)*
L. (50-up) Yz 3,9501 0.018%1% Q.57272 0.0021764| 0.067162 [0.3564 | (43)
(2.86073)* | (0.B1868; (3,17510)% {0.19083) (0.51919)
diremarca
- Corn 5, (0-4,9%) Yy 4.3970 0,018395 |0,052110 0.018813 0.0096406| 0.54694 |0.4136 (44)
(6.95376)* | (0,42324) [(1.95085)8 (1.87760)* (0.48853) (5.18915)* ]
n yz 5,2198 0.056733 0.040359 ' 0.0069399 ] 0.46335 10,4447 (45)
(9.88539)*% | (1.47430) (1.39224) (0.41618) {4,58013)%
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TAELE l--Continued, '

Labor
Total Inter~
Farm Size Dependent¥® on Machin~ masdfate. —2
Region-Crop {Ha.) variable | Intercept Lend jilired v Family ery inputs R No.
$.{0-4,93) Ya S. 1444 0.11448 {-0.0067214 0,013958 0.010015 | 0.53127 10,4424 (45)
(9.55461)* [(3.00837)*K-0,29521) (1,63429) (0.59541) | (4,78524)%
M. (5-9.99) Y1 0,68859 ~0.1538: 0,67274 0.,14395 0.28435 ]0.6247](47)
{0.50545) {-0.53787) {3,24€80)% (4.94288)%] (1,82354)% .
" Yy 4 ,3881 0.553568 0.017339 0.0031522 0.16513 0.35318
(4.68816)* §(2.50169)*} (0.73653} {0.33222) (4.69388)%] (1.96889)*
" Y, 5.2893 0.58225 0.038839 0.028052 } 0.35057 |0.5132]{(49)
{4.18655)% [ (2.19934)# (0.23273) (1.41132) {(2.49242)*
" \) 5.8014 0.68344 =0.012145 0.0081913 0,049224 | 0,304%4 |0,5196](50)
(7.36382)* [{4,20983)%] (=~0.61286) (1,01952) (1.66242) |(2,01972)*
L.{10-14,99%9) Y 1.78993 0.10427 0.47119 -0.020873 | 0.48248 [0,6022](51)
(0.83233) (0.28851) {1.62%37) (-1.33814) |(2.50773)*%
" Y1 5.3880 0.49100 |0.026997 0.0158580 -C,022073 [ 0,40323 [0.6365](52)
{5.08323)*% [(1.69215)*K1,76071)* (1.98936) (~1.50807) }(1.56208)*
@ Yo 1.6357 G.045112 c.53176 =-0.019635 | 0,48457 |]0,5808;(53)
{0.72366) [(0.11057) {1.759534)* (~1.19762) [(2.39631)*
" Yy 5.7810 0.48236 0.031744 0.020491 -0.021679 | 0,38160 |0.6451|{54)
{5.38813)% § (1.83829)% (2.04528)* (2.42893) (-1.4'46323)7 (1.74095)%
Narino .
- Corn | 5.(0-9,99) Y1 2.4275 0,25027 - 0.635% 0.0081967] 0.13116 [0.9218](55)
(3.86185)* | (1.43338) (£.35139)* (1.71342)*] (3.54048)*
b Y 3.29190 0.37658 0.50763 0.0060407 0.0096159] 0.13750 0.9073] (58)
(5.41378)* {(1.95433)* 5.16947)* (1.16406) (1.85216)*} (3.25201)*
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TABLE l--Coatinued,

e e e et e e

¥£§2§ Inter-
Parm Sirze Dependent® ota Machin- , mediate -2
:dorc-Crop (Ba.) variable, jIntercept Land Hired or Family ery inputs R Bo.
L. (10~-up) . Y1 3.3407 Q.71030 0.44441 -0.041818 0.18824 0.9466] (57)
. (2,.85062)* {(3.67456)% {2.8371* (-1.05781) (2.48426)*
" Y 6.00%6 0.99688 |0.0308565 0.013767 0.014802 | 0.16468 0.9335{ (58)
- (3.94356)* 1(6.05241)% {2.26635)* (0.30118) { (1.46740) o
" Y, 3.8124 0.69736 0.48055 ~0.020256 | 0.071919 | 0.9369 {59)
(2,78600)* |(2.92185)* (2.68300+* 1(-6.43881) | (0.81288)
" vz 6,4839 0.85315 ]0.9035100 0.032710 -0.017363 | 0,19822 0.9407] (60)
§10.56395)* }(5.10111)* (2.53816)* {(2,97012)* {<0.34794) (1.73938)
tander
= Rice 5.(0-49.99) Y 3. 7171 0.15019 Q,313%7 G.13741 0.19442 0.7183}(61)
{4.32181)* {(1.79574)% (3.4551)* (2.12889)*] (2.63810)%
L. (80-up) Yy 4.5079 0,57408 0.356021 0.015894 | 0.052054 {0.9138 (62)
(7.67583)* [(4.73420)H {3.3853)* (0.38065) 1(0.69689) .
" ¥y 4,.8044 0.62198 10.271535 0.0010142 0.023813 | 0.096969 [0.9032[(63)
' (7.20717)* | (4.77031)%)2.62330)* (D.19157) (C.51629) J(1.18827) '
[ma '
- Corn 5.(0~19,.99) Yy 3.2434 0.35154 0. 52842 ~0,016282 | 0,18380 0.7713 | {(64)
2.84393)% 1(1.68215)%. {3,08103)* (-1.22070) [(3.19065)%
" yz 6.5367 0,91036 £0.015295 (9.0031825 | -0.012372 | 0.22500 0.72483(65)
_ §16.11033)* (7.14503)*k*0.86974) {0.67832) (0.83738) 1(3.34705)%
L. (20-up) Y, 3.4115 0,23199 0.465169 0.0063886( 0,26170 0.7691 {(66)
K2,86993)* (0.761?8) (1.99280)« {C.44256) [(2,77227)*
" 72 4,0750 0.38172 0. 361056 0.00%94683 0.014550 0,24600 0.7517 {(67)
[2,93459)* (1.15506}) (1.51926) (1.32132) (0.15188) {(2,06119)*
le
= Corn ﬁ.(5-9.99) Yy 2,3081 -0, 28215 . 0.095194 0.13225 0.74665 0.8276 |(68)
[1.14955) {-0.50370) (3.85507)w (1.23035) [(2.05782)*
‘ - .
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TABLE i1-=-Continuad.,

Labor
: . Inter-
Farm Size Dependent# Total Machin- mediate -2
=Crop (Ha.) variabie {Intercept Land Hired or Family ery inputs R Ho.
$.(5-9.99) Y, 3.2576 ~0.126G35 0.1057 0.12694 0.62641 0.8301; (69)
(1.59445) [(-0.21114) (4.20819)* . (1.16051) (1.69661) '
" VZ 3.4018 -0,00851 ]} 0.10879 -0.0021601 0.13309 0.57541 { 0.8171} (70)
(1.54780) [(~0.01006) K3,82464 ¢~0,14338) (1.14862) 1(1.28195)
L.(10-up) Y 5.9253 0.560038 C.0676.8 -0.,0046622] 0.29370 0.90451 (71)
(3,37501)*1 (1,71836) (0.2692%) (~0.65807) 1(2.26214)*
n ' Yy 4.2029 0.24542 {0,32656 -0,0047885 | -0.084407 | 0.27151 0.92781 (72)
(3.79180)*} (0.67030) K1.37813) (-G.564908) (-1.27919) [(1.96124)*
" Y, 5.75 472 .12 . -.0056 311 .867 | (73}
_ (6.13) {2.06) (6.45) (-.50) (1.78) ‘
ns $.(0-4,99) Yy 5.3831 0.75490 0G.070577 0.0045863] 0.23061 0.7250} ¢74)
- (5.22221)*| (3.58480)*% (0.54184) (0.36125) j{(1,99727)*
n Yy 5.5083 0.73018 ]0.017334% 0.0055236 0.0028161] 0.28185 0.7256 ] (75)
1(5.32990)%| (3.27494)%*{D.14626) {1.13249) {0.22086) 1(2.35360)%
" Yy 6.7355 0.77597 0.020496 0.0014097} 0,23057 0.7041} (76)
(6.41792)%*{ (3.61930)* (0.15455) (0.10908) {(1.96134)%
" Y, 66,8122 0.73485 Lo.032322 0.0055009 ©.000633 | 0.28908 .| 0,7140 an
' (6.27903)*| (3.27874)* (~0,26341)  (1.300008) (6.01G27) (2.40245)% ) _
L. {5~.99) Y 5.4196 0.67057 ' 0.15610 0.097243 | 0,027443 | 0.4145) (78)
(3.05920)*| (2.,0275%)* {0.96487) (1.38066) }(0.11308)
" Y 4,1251 0,52844 0.19350 G.0049079 0.22154 0.037892 | 00,4411} (79}
{2.01098) %1 {1.56907} 1(1.16428) (0.60243) {2,04158)*|(0.16237)
" Yy 5.5079 0.74483 0,21911 0.047075 | 0.11044 0.53131 (80)
(3.13858)%](2,27350)* {3.36717) {0.67473) | (0.43739) .
" Y, 5.9915 0.77331 0.17052 0.0077175 0.042507 | 0.11540 0.5139) (8L)
1(3.22639)*] (2,30656) % (0,99592) {0.91801) . (0.58922) §0.47073)
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It i8 readily s=en from Table 1 that a given set of regression

variables was able to provide a better explanation of the dependent var-

iable Y, in some cases but not in others. The weskest explanatory vari-

able was farm machinery which is not too surprising in view of the un-
gatisfactory measurement of this input. 1In only a few instances was
machinery significant. Total labor and land, on the other hand, were
usually, but not always, significant, The attempt to separate labor into
hired snd family provided components was on tﬁe Qhole unguccesaful., Where
it was tried the typical result wa; that only one of the labor veriahles--
most frequently, hired labor ~= emerged ag a significant varisble. This
result could reflect the fact that farmers are more careful or calculating
in their use of hired lebor than in their allocation of family lebor or,
more likely, the problem of error in measuring the distribution

femily time between crop end none-crop production. In Table 2 {s ghown the
estimatea of the marginal physical and marginal value product of laber
(tofal labor in most instances) znd intermediate inputs on farms of
different size for various crop-region combinstions. The numbers in

parentheses benzath each estimate are estimated values of the variasnce of

each estlmate.l Two points about Tsable 2 are worth moting, First, mar-

 ginal productivity comparisons wera made holding the regreesion specifi-

cation constant acrogs farm sizes. Thus the estimates of marginal product

1The varignce of each marginal product (¥P)is estimated accord-

ing to the formula (1-R ) B 2
- e 2 ‘ - A
VAR(MP) = (Y, /X;)" . VAR(B)) +

where (l-Rz) is the variance unexplained by the regreasiom, Bi is the

. regression coefficient, 7 is the nuzber of observations, and other notation

is defined as bafors. The formula is due to .0, Carter, and H.0. Hartley,
"A Varisnce Formula for Marginal Productivity Estimates Using the Cobb=
Douglas Fumction," Ecconometrica (April, 1958), ep. 306-313.
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TABLE 2: Marginal Productivity of
Intermediate Inputs and Labor
by Farm Sire

Marginal Producte’

Region- Regres~ Farm Size intermediate . F Value
Cron sion no, (Ha.} inputs Labor Egtimated Critical
Antioquia : .
= Beans (1} 0-9,9 37 «25 4.09 4,18
: _ { .0036) (. 0045) :
(3) " . §2,63 .. .- —
( .33)
- (5) 10=-up ' L3 -.04 - -
. { .03) {~.03)
Antioquia .
= Cori (7) 0”‘6.99 1.18 1.12 ' - . m-
(8) " $1,36 81,26 - v
' / bh
b SR €S TYO)
N ¢)) 5=9,99 +91 03 59 4.32
( .23) (.07 ‘
(10) " $1,25 $,95
{ .73) ( .23)
(13) 10-up 1,22 .35 (&)
{1.45 {.20) .90 4,23
(14) " $1.30 $.96 '
| (1.32) (.19 |
(11 0-9,99 .83 .34 (7),{9)&(13)
‘ ( .192) { .05) «53 4,13
(12) " $1.65 $1.27
{ .57) ( .14
Antiocquia :
- Potatoes  (15) O=d .59 $2.33 81.44 (15)&(18)
(18) 5-9,9¢ 81,97 $2.56
’ ( 014) ( 0707) )
(22) 10-14,99 $2.36 $1.25 (18)&(22)
( J14) { .11) .31 3,98
Bollvar '
- Corn (24) 114,99 5.47 2.74
(5.46) {1.13)
(25 " 43,11 §2,31 .
' {5.36) (1.14) 6.74 4,23
(27) IS‘UP . 2.11 -.03

(.876) (40.1)
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TABLE 2=-=Continued,
{ Marginal Products
Regres~ Farm Size Intermediste F Value
Crop sion no, __  (Ha,) inputs Labor Estimated Criticel
Boyaca . : '
« Potatoes (28) 0-4. 99 1 077 20 31
o ( .14) ( .15
3 (30) " $1,37 $3.34
3 ' : S W10) (1.18)
. ‘ (32) ° 5-9.99 1.05 6,18 (28)&(22)
] ( .32) ( .85) 7.19 3.9
] 3%y " $1,02 . $5.85 (30)&(34)
% ( .25) ( .69) 6.89 3.9
3 (36)  10-14,95 1,31 - 3.39 (36)6(28)
- .08) (1.41). 6.47 3.9
(38) " 1.12 83,32
C LI { .21
Cundinemarca ‘ ' o
: - Corn (4h) - 0-4,9% 6,04 .58
i | B ) (.09) .
: (45) " $7.43 $ .29
: (3.06) ( .0%)
b .
; (473  5-9.99 .27 1.10 (467)5(44)
% (3.28) ¢ .12) 8.1 3.02
i (49) " $6,27 $ .10 (49)5(45)
. (6.61) ( .22) . 2,07 3.9
(51y  10-14.99 6,05 .76 '
(6.29) ( .23)
(53) " $7.88 $1.12
(11.63) ( 43)
(46)  0-4,99 $8.52 $ .11 (54)&(46)
' (3.72) (..13) 8.02 3.97
(50)  5-9.99 $5.30 $ .14
(7.09) { .05)
' (54)  10-14,99 $6.21 $ .55
3 (13.11) ( .01
;. Narido
N - Corn (55)  0-9.99 4.53 1.14
v (1.66) ¢ .03) .
2 (57)  10-up 1,55 1.10 .
3 , (.60) (.15 4,63 3.99
(59) " $ .69 $1.39 |
3 . A W73) ( 27
i -
A
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TABLE 2--Continued,
Marginal Products

Region= Regrese« Farm Sige Intermediate F Value
Crop sion no, (Ha,) inputs Labor Estimated Critical
Santander (61) 0-49,99 1.93 .78 7.14 4,00
= Rice { .51) ( .06) '
(62) 80-up 66 . L.04
‘ . { .88) B P L))
Tolima {64) 0-19,9%9 $1.60 . §1,56
{66) 20=up $3.83 $1,30
| ; {2,02) { J43)
Valla .. (68) . 5«9,99 4,41 T 1.84
- corn ) (1.‘.7) . ( -26)
(70) " 5.18 2.88 .
( .95) (.53
S (1) 10~up 3.00 .26)
. (1.80) { .81)
(73) " $3,20 $1.45 . )
(3.28) .- J08) 2.28 4,38
Valle {74) 0=46.99 .76 .15 '
= Soybeans { .15) ( .07)
(76) " $2,01 $.11
(1.09) ( .54)
(78) 5=9,99 <1l 45
( .36) (.12) - 3,83 3.99
(80} " § .70 $1.15
- {2,32) .73
Choco (40) 0=4,99. 1,55 .76
~ Corn & Rice ( .30) ( .05)
(42) " $4.28 $ .95
(5.88) ( .82) 1.94 4.11
(43) 50-up $1.19 $1.86
(5.26) ( A42)
ROTEST &/

Estimates of marginal productivity rely on the results of Tahle 1,
b/

= The varience of the mezrginal productivity estimate appears in
brackets beneath each estimata,

el Criticeal values fcr the F statistic are determined at the 95 per-
cent confidence level,

_EI For corn production in Bolivar the marginal product of family labor
appears; for corn producticn in Cundinsmarca the last three estimates of
lebor's marginal productivity vefer to hired labor.

[

=" The nuzbers sbove tha estimaced F velues refer to the particular

" regrescions that waere pooled,
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- were derived from farm eize vegressions containing the identical set of

regression varisbles. As a related matter, it proved difffcult to acquire

_cmauhlc regreesions aince a regression form that vorked well for one

farm size often perforwed badly for snother siza group. This accounts

for the limited number of comparisons in Table 2 given the large number of

regressions reported in Table 1. Secondly, only the marginal value pro-

- duct estimates indicate vhether any size group was close to an equilibriuvm

position in its use of labor and intermediate Lnpute. Since the latter are
measured in value terms the marginal value products indicate the peso
retﬁm from spending another peso on the input, To make the same compari-
son using the estimate of marginal physical preduct it ip naceséary to
wultiply that cotimete by the price of & unit of putput, Taking inte
account the fact that small farmers asre rigk averters and ;:he cost of
credit to purchase inputs, nn.equilibrium {profit-maximizing) marginal
value product would likely be im the range of 51.1 to $1.5. In Table 2
the estimatas of th;’. mar-é!nal value productivity of intermcdiate inputs
range from $.70 to $8.52 but a large number of the estimates appéat to sate
isfy the conditions for an equilibrium,

P-test comparisons of farm size differences {n the marginal productivity
of intermediate inputs are presented in the last column of Table 2. At a |
55 parcent confidéﬁce level it can be establiched that emaller farms ave
more productive usere of intermediate inputs in the case of potetoes in
Antioquia {(comparing oniy small and medium sized faras), corn in Bolivar
and Narifio, potatces in Boyaca, rice in Sentander end, on cne comparison,

corn in Cundinamarca, For corn and soybeans in Valle, rice and corn in

" Choco, &nd corn in Antioquia, gmall farms have higher estimates of ths

marginel product of intermediate inputs but these are nct significantly

B e ST
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larger than those measured for Ia;'get farws, Eetimates of the marginal
product of lebor digplay a great deal of diversity and show no consia_tant
pattern of.beihg higher ot lower on one gize group than on another,

To the extent that the allocation of credit 1s closely linked to the
distribution of intermediate inputs it can be inferred from the results
in Table 2 tha_t in six out of twelve cases (crop-regions) the marginal
productivity of credit is significantly higher on mlle_r fatma, In-
another -four cases the estimated marginal productivity 1s higher on smaller
farms but the difference {8 not large enough to be statistically signifi-
cant at the .95 percent confidence level, This test of the superior pro-
ductivity of credit (or more accurately, intermediate inputa) on small
farms ia 2 fairly stringent ore, In th.e first place, e.ve.n {f the esti-
mated marginal productivity were highest on larger farms this result
could occur simply because large Iarms tend to use credii to apply new
and productive technology first. That mame new technology (e.g., new seed
varieties) might be even more productive on smaller farms i€ instead ali
farpa of different size had access to it, Secondly, frbecause tha data
refer to a size range of INCORA serviced farms thet is much narrower than
the range of farm sizes in the vwhole country the differences in marginal
productivity that exist may be obs_cured by relyirg only on the INCGRA
data, The mﬁnt of credit per hectare is probably distributed much more
unequally for the entire country then in the INCORA sample, Teble 3 shows

the ratio of the Caja Agraria loans extended Iin 1971 to the value of output

on farms of different size, If commercial bank credit flowing only to larger

farms were included, this ratio would increase significantly with farm size
and, unless large farms were engaged in veletively more credit-intensive

production activities, thera is e presumption of higher marginal (as well

s et e
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&s averaga) credit productivity on smaller sized farms which currentlf

receivq & disproportionately small share of credit,

4, Other Findings and Conclusions

Using the same data base, only one other atudyriu known to have
attempted to measure ths productivityof cred.it on small farms in Colombia,
Relying on the manipulation of a linear programming model, Whitaker;l
Riordan, and Walker discovered that an extra peso ofICredif fof the small
corn farms in their sample would raise profite by .7 to 1,2 pesos, The
effect 52 more credit was to encourage a shift to moremnderntechnology
(greater use of fertilizer, pesticides, and mnchlnery-anim§1 rentals)
requiring greater use of lsbor. Depending on the exact assumptlons in-
volvgd, production ress by 35-34 per#ent and profits by.13-29 perceni.
However, without knowing what kind of shadow prices for working capital
their mathodology would generate in other sectors these findings omly
weskly support the desirability of reallocating more credit to small farms,

Mora satisfying corrcborative evidence is available from research on
the southern esgricultursl area of Brazil. 1In that region Rao found that
purchased inputs had a higher marginal return on.small thﬁn on large

farms.z This finding was confirmed by Singh and Ahn.3 With & recursive

: IH. Whitaker, J. Riordan and T, Walker, Superviged Credit: Tta
Impact on Profits, Production, Factor Use, Technical Change and Efficiency
of Rerourca Allocation in Corn Production in Colcmbilan Agriculture, Analyt-
ical Working Documant No. 8, Sector Anmalysis Division, Bureau for Latin
America, Agency for International Development, March 1973,

2B.P. Reo, "The Economics of Agricultural Credit-use in Southern
Brazil," unpublished Ph,D, Diassertation, Ohio State University, 1970.

3I.J..' Singh and C.Y. Ahn, "Empleyment and Capital-Labor Subatitue
tion in South Brazilian Agriculture," Occasional Paper No. 72, Department
of Agricultural Economice and Rural Sociology, Ohio State Univeraity,

~ Marck 1972,



TABLE 3: "Caja Agfaria Credit/Value of Output" by Farm Size

Value of 1930 Output

. Size _ in millfons of ‘Number of
{Eectares) 1571 pesos loans
. {H (2.
<z 2,114 ., e
: : : [ 3119 115,000
2-3 11,005 o
3-4 996 .
4 - % 699 J 1695 | 70,000
5 - 10 3,004 75,000
10 = 20 3,224 46,000
20 - 30 1,575 '
: . 25,000
30 - 40 f 1,170 ’ .
40 - 50 866 5,000
. 50 - 100 2,815 9,318
100 - 200 ‘2,635 6,351
200 - 560 3,143 4,500
500 = 1,000 1,893 1,300
1000 - 2,500 . 1,536 : 401
> 2,500 1,453 :

SOURCE: Outﬁut figures are from R, Albert Ferry,
credit figures are frem Berry

-~ Table A=79,

1
J

Farms

606{423

150,162

. 169,145,

116,231

70,549

16,240

19,950
£2,317

13,693

4,142

2,761

Number of
leoans
farm

%)

190

.466

 J443
403

354

208
..233
.285
.329
314

; .145

?alue of
loans

(G).

376.3

3¢2.1

406.26

383.35

.t

105.3

277.60
279.821

374.26 -

383.41

j 2?9.79

314.06

VaIuelof Loans

Value of Qutput

(6) = (5}/(1)

12.06

17,82

13,56
11.89

11.44

12,16
9.86
10.62

11.91

20,20

; 18.57

"Land Distribution..,," op. cit. The -
The Developzent of the Agricultural Sector in Colombia, Appendix
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(dynamic) linear programming model they deﬁermined that the shadow price
of capital (credit) vas several timee larger on small farms than op large
ones, The financial system had allocated a wuch larger fraction of credit
resources to lzrge farms where capital productivity was lowest,

There is little reason to doubt that employment on esmall farms would
respond positively to larger injectione of credit. For example, Yudelman,
Butler and Banerji conclude from extensive studies that the adoption of
land sugmenting imnovatfons (essentially new high yielding seed varieties
requiring complementary inputs of water and fertiliter) sppears to have
resulted in a 30-40 percent increase in labor use per hectare.l How
increasss in labor demand cof this magnitude would be divided between cumers
of small forms and landless labor is a problem that has received scant
attention. If all of the increase in labor demand were absorbed threugh
greater employment of small farmers,landless workers would gein indirectly
insofar as fewer services of small farmers would be offered in the labor
warket, In Colombia only one study has been able to shed a little light
on the matter, From a lirear programming model of a representative famm in
Cugdinamlrca Doster and Suttor find that the availability of more credit
results in large increases fn the employment of family, but not hived,
llbor.2 The graatest use of hired labor tended to occur where no credit was
available at all. If thege results are at all representative they suggest

that a portion of the iacome gain received by small farmers frem apolicy

&0

1H. Yudelman, G, Butler, and B. Banerji, Technclogicel Change in
Agriculture and Employment in Developing Cuuntries, Levelopment Center
Studies, 0.E.C.D,, Employment Series: no, &, Paris 1971,

23. Doster and R.E, Suttor, Linear Programming Analyses of the
Impact of Credit on Swall Farm Production, Toputs and FPreofit, Analytical
Working Codumant No. 9, Secter Analysis Division, Buresu for Letin America,
Agency for International Development, Aprii 1973.
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of resllccating credit away from largér farmery Esy ba achieved at the
expense.of landless workers wﬁo, in Colotubia, ave at the véry bottom of
the incoma Iadder.1 | o

Another comparisou of some intercet is the relative cost of creating
additional employment on smsll farms vercus the sene cost in other sectors.
Schwinden and Feastar calculate that it requires just over 13,000 pesos of
current credit (exﬁressed in tems of 1964 values) to generate a map-yéar
of employment (both on and off the small flruo.z Presumably this figure
should be compaied with the annual cost of renting a unit of capitzl in
other sectors which would enplﬁy one parson full time, Taking a weighted
averaga of the ratio of conatant pesc (1938) net {nvestment to employment
changes fbr 14 manufacturing industries over the period 1957-1%66 the
Colombien Planning Daparfment racently eatimeted a capital cost per worker
of 57,200 pedos.3 1f the rental rate for capital in Colombia i{s .15 for
the sake of argument (including a charge for depreciation) the snnual cost
of employing an extra person in the non-agricultural would be about 8,580
pesos, Ueing the impiicit price #eflator for gross fixed investment in
Colombia 13,000 1964 peroe is equivalent to sbout 7,679 pesos in 1958,
The two figures ars turpfisingly close indicating that it may not cost more at:
the margin to creata:a higher paying noa-ggricuituraljodb than to employ

another pereon in the small ferm sector., However, it is probably much

1For a discussion of how land reform mey have & similarly mixed
distributional impact see R. Albert Berry, '"Land Reform and Agricultural
Income Dietribution," Pakiectan Develorment Review, XI, 1 (Spring, 1971),
30'[‘4. .

2

J. Schwinden and G, Feaster, op, cit., p. 58,

3, X1, 2 (June 1970), 296.
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~ cheaper ta create eﬁploymant‘tn the iattgf ssctor than it is in‘lirge‘acaln.

wechani zed agricultute.l

Tﬁerc are several aspects of credit allocstion that have implications

for income distribution and which have been neglected in this study, An

overall evaluction of credit distributfon should consider thase omitted
considerations. Instead of comparing the productivity of different sized
farms it would be interésting to compare the pr;ductivlty'of credit‘for
differen: crops and different veglons. If credit is allééated‘to vhere it
eerns the highest return this could require that small fa:mers in some
areas transfer control over resources to smgll farmers in other regions
growing different crops. The labor intensity of different crops would he
important in determining the distributive outcoms of such 8 transfer. It
would also be desirable, 1if possible, to disaggregate by tfypa of inter-
mediate input and measure the separate contribution of each type to
verious kinds of crop output on farms of different size, For example,
fertilizer could be competitive with the use of lsbor if it 1is strongly
complementery with a land-using, labor-szaving crep, It mlght also be
wrthwhile to brosden the scope of the investigation and focus on the
marginal productivity of land on different ¢ized farms. FRo lending insti-
tution in Colombtia lends woney directly for the acquisiticn of agricul-
tural land, Such a gap'in the }ong-term credit market may be an impor~
tant deficie#cy if the marginal product of land on many small farms is
sufficiently high to enzble small farmers ﬁo pay for more land and stiil.

have somsthing left over., Perhaps a lend comstraint is the basic reason

: 1For scme evidonte on the extremely high capital intensity of
large mechanized farms see Wayne R. Thirsk, "A Rarbergsr General Bauilib-
rium Model of Equity and Efficiency: FParm Mechanpizetion in Colombis,”
forthcoming in Ssg2 Professjional Papers in Polirical Economy.
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~ intermediate inputs are more productive on small farma since they

substitute for land purchases otherwise made,
" On the mthodologicel front. nore wrk is neaded to provide a theoretical

framework of how credit affects the demand for different types of inputs,

_Onr,y with such a ﬁmw;k cen the serious problem of the fungibility of

funds be adequately hand}.éd. The absence of such a fraﬁemrk constitutes

the main weskness of th!‘.s study, Despite this chortcoming, the results of

this study hint at the Q_oncl'usion that current credit resources are mis=-

" sllocated in a number of specific instances and corrective policies would

allocate mora resources and income to poorer farmers, Improvements in
the allocative efficiency of rural credit markets also promige to deliver

lass inemuality in the Adstribution of income.
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