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Rural Credit and Income Distribution 
in Colcmb1a* 

l. lntroduction 

Recently the World Bank, .id donara, and othera have .hown greater 

interest ln improving the lncome pro.pects of amall farmera in LDC'a. 

Thla intereat springa in part from the faet that amall farmera are st the 

bottom of the 1ncame ladder in many poor countries (though llndle.. rural 

workera may be even vorae off). Proposal. to raise amall farmer incom~. 

have run che gamut from vide lweeping land reform to urban m1gratian. 

Credit realloeation tovaId. cmell and av~y froa large farmo has alBO becn 

con.iatently advocated and ha. received renewed impetus due to the per-

ceived failure of other alternative meesures. Effective land reform has 

been found difficult to achlave ahort of full seale political revolutien 

whlle the enthusia.m fer nonasricultural aolutiono has been t"",¡>ered by 

the $lov growth of higb lneame emp10yment opportunities in urban sectora. 

This paper la en empirica1 cttempt to measur.e the productivity of 

credft or, more accurate1y, credl.t-induced input. on fama of different 

aize in Colombia. lt seeke .nsvera to the question of whether or not .mall 

producers of a given crop mey obt.in a higher return Bt the margin frcm 

using eredit thao vould larger producers. This effielency l.sue has 101-

portent irnplicetlona for income dietribution. lf amall farmera can make 

the mast productiva uso ol credit, the channellng of more crodit to them 

* The suthor vi.hes to aeknovledge the generoua and eapable 
reaeareh asalstance provided by J ..... R. Ray in the preparction oE this 
papero Ssm D.lae. and Kathy Clooson at AID in Washington, D.C. vere un­
stlntingly cooperativo ln making the d~ta avaiIable and helving to in ter­
pret the data tape.. 1 ove them 8 debe of gratitude. 
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will ralse total cutput snd les.en ineome inequality at the sam~ time. 

If there is no output cost attached to credit redistribution it is much 

more likely that it vill raceive the Bupport of national policy-

makers and international institutions than if the converse were true. 

If total output vere reduced, the policy of granting more credit to amall 

farmer. wou1d have to be compared vith other types of policy that pur­

chase greater income equality at the cost of lover levels of output. 

The link betveen credit and income distribution has b?th obvious 

and subt1e connections. The distribution of credil among potential user. 

cannot be 10gically divorced from a discussion of interest rate polieies. 

Ineome distribution is affeceed by con.iderations of both ~~o get. th. 

credit and how mueh i. ,aid for 1t. Asaessing the ramifiea~ions for 

income distribution of ehanges in interest rate levela is beyond lhe scope 

of this 5tudy which i5 coneerned with the quantity rather than the priee 

aspeet of credit. Suffiee it to say that tbere is prob.hly a cansen sus 

within the econamios prof.saion for the view thst low (nominal and real) 

interest rate polieies beaetit wealthy borrowers and harm poor savers. We 

ignore this important issue .nd concentrate instesd on the alIoe.tion of 

cre<lit among different fana lites. 

So long as small farmer. sre not inittally in equilibrium with the 

rate of return to a marginal amount of eredit equal to its cost t-he_ allo­

cation of more credit ta mmall farmera representa a transfer of income­

earning resources to them. If this cr~dit otherwlse would have gone te 

large farmera thPv m.ght ,hava used it to ernploy new capit:al-intenstve tech­

nologies whieh would reduco tha demand for labor servíce., lneluding those 

of amall fD.rmers, and to ."Penl! th5l.r Olltput levelo whieh would reduce the 

prlco small farmera reccivo fQf the11" output. However, the rerluction in 
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product prices would benefit consumers, especially peor ones as tbey tend 

ta spend a larger fraction of the!r lncome on foad products than consumera 

with higher incemes. Nonetheless, total output will increase if small 

farmers receive more credit and use it more productively thsn larger ones 

and, ta an extent which dependa on the price ela.ticity of demand and the 

supply elastieity af large farma, smal 1 farmers and consumera both will be 
1 

better off tllan otherwise. 

A less oovious influence on income distribution 18 the link between 

new and old sources of eredit and between the receipt of credit and sav-

ing. behavior. Not all of the newly channeled credit to small farmers 

will appear as a net increase in resourcer because some of tt may substi-

tute for either prev:t0l.1S lines of credit al' for personal savings otherwise 

credit market often run as high as 50 or even 100 percent the switching of 

business away frem this source may improve incorne distribution directly 

if rural moneylenders are in the upper incorne brackets. Credit may also 

substitute for personal savings if small farmers have high rates of time 

preferencethat exceed the rate of return from extra investment. ~ile 8uch 

savings behavior would be welfare-maximizing for the smali farmer it also 

forestalls the day when cepital incorne will become a significant fraetion 

of 8ma11 farmers' total income. On the other hand, if new technology 18 

indivisible and requires hoth credit and personal savings far its purchase 

and if it a1so offers a return in excess of the r6te of time preference, 

extra credit may elicit more saving from smaller famers and thllS augment 

l their ruture incomes. The distribution of crcdit between amall and large 

lOf course if only some amall farmers receive extra credit they 
will gain at the expense of those who excluded and tace lower output priees. 

:!.n,is position ha. been cogently advanced by R. McKinnon, Money 
and Capital in Economie DeyelQP~ (Washington, D.C.: Tbe Brookings lnsti­
tution, 1973). 
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farmo may also affect the distribution of income between smA1I farmera and 

landIess workers. A po1icy of redirecting crodit to ama11er farms may make 

1andless workers woroe off if sma11 farms hire less labor per dallar of 

credit than do 1arger fa.rms. Offsetting any tendency in this direction 11 

the increaeed demand for Isnd1ess workers that resu1ts if more input. to smal1 

farmera le&ds them to supply 1ess labor to the labor market. This point ia 

exp10red in more detai1 1ater on. 

Is there any reason to expect that sma11 farme have a higher marginal 

productivity oí credit than large farms? Severa1 considerotiona augg.at 

an affirmative anBwer to this question. In Colombia, as in a number of 

LOC's, the institutiona1 lendera are required by la .. or regu1ation to charge 

borrowers reiat1veíy iow real rates of interest. Tncoe low real ratea 

typical1y generate an excess demand for loans and force lendera to ration 

their lending capacity. Ooe of the main criteria used to determine e1igi­

bility for loans is credit worthiness or the amount of collatera1 a pros­

pective borrower can muster. This loan strategy protects the lender frcm 

any risk of defau1t but results in an institutiona1 bias in favor of largo 

1andowners who command 1arge &maunts of net worth. Where lending i9 basod 

primari1y on the solvency of the borrower it i. ~~t surprising if many 

high yie1ding investment projects on ama11 farma are unreallzad due toa 

1ack of finanee. 

Instl tutiona1 credit from a11 aources reaches •. bout 25 percent of 

Colombia's farmora. In Colombia the eemi-official Agricu1tura1 Bank, the 

Cala Agraria, has traditional1y relied on eommercia1 banking standard. in 

extending 10ans to the agricu1tura1 sector. Thi. organization ia re­

sponsib1e for about one-half the outstanding 10 .. 118 ta agricultura «lid has 

been criticized by same observers for catering m.ln1y 
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to the loan demande of large farmer.. Private banks and the semi-

official livestock bank (Banco Ganadero) together account for about 40-4S 

per cent of agricultural credit and likevise slant their lending activitie. 

almost exclusively in the direction of large farmera. l The only major 

source of institutional finance for smaller farmers i. the supervised 

credit program of th. land reform institute INCORA which in recent y~ar& 

has accounted for about S per ce~t of total agricultural 1060& outstanding 

and ha. benefitted about 3S.000 familias over the period 1964-1972. By 

vey of contrast there are currently about 850,000 small farmers (those work-

ing less than 5 hectares) who produce approximately 20 per cent of all crop 

output and 15 per cent of al1 livcstoc~ prcduction. Altsrnativc!y, if 

percentagee should be adjusted to about 33 per cent and 22 per cent respec-

tively. Ooe effect of a amall farm credit .hortage is thet it eneourages 

sharecropping arrangements (compania) in many area. due to an inability of 

non-ovnera to obtain credit for vorking capital. Thua the terma of tenure 

8greementa may ba een.itive to the distributicn of credit by farm .i.e. 

A unique feature of the Colombian financial syotem ia a regime of 

obligatory investmenta imposed on finsncial institutions that .10 designed 

to control the o.ctoral allocation oí credit. For example, private bsnk. 

are required by lav to allocate lS per cent of the1r total deposito for 

agricultural sector lOeDa (including aubscrlption to bonda lssued by the 

lRecently the Ceja Agrarla, by Lav 35 of 1971, has been permitted 
to extend credit on the bas!s of production and income from the activity 
financed and there 1. saoe evidenee that it ha. been att2mpt1ng to shlr~ 
more of Lts loan portfolio tovard. smallar fa~r.. See R.L. Tinnermeir, 
"S .... l1 Farmer Credit Activitiea of th. Colomblan Agricultural Ba~k," f!!!ill 
Farmer Credit in Colombia, A.I.D, Spring Reviev, Vol. S, February 1973, 
No. SRIOS. 
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Caja Agraria) and 5 per cent of their demand depooits to bond. of the 

Caja Agraria. Moreover, 6 per cent of the portfolio of private bank. mu~t 

be inve.ted in the p&per of the Fondo F1n&nciero Agrario, a apeeial 8gri-

cultural rediscount fundo These eredit controla, and others like them, 

are needed to force funda to flow toward agricultural aet!vities basring 

regulated rates of loan interest lower· than those L~arged for the finanee 

of non-agricultural activitla 8. Aggregate financial atatistica attest to 

the apparent succesa of this government d1rected chann.11ng of credit. The 

ahare of agriculture ln total loan. outatanding has been alightly greater 

than its output .hare in Gro •• Dome.tic Proeuet (a loan .h.re of 3S per 

cent compared to a GDP ehare of 30 per cent for the past 10 yeara), Sinee 

no import8nt sector has be en obviously starved for funrl. it ",.akaB Bense to 

examine th. effe.t. of a redistrlbutlon of tetal a8rieultu~at eredit snd ta 

be les. coneerned initially about ",hcther the raturn to credit te higher in 

aome nonagricultural use. than on sma11 farms. 

In addition ta rationiog there i. another coneideration whieh can 

explaln the prior expectation of superior eredit produetivlty on smaller 

farma. This is the vide difference ln factor proportions among ferms of 

dlfferent aize in the production of a given crop. Generally speaklng 

smatler farms are significently more labor-intensiva than large ferme in 

the sens. of employing greater "mounts of labor per hectare for each field 

I operation. These differences ln factor proportions appear to be associated 

with a relatlve1y lover cost of capital snd higher cost of labor on larger 

farma. Ir eredit 's us~d for the purchaoa of intermedlete input., thel. 

1For a more detei1ad discuasion of thi. matter se. R. Albert 
Berry, "Land Diatribution, Income Diotribution and tha Productive Effi­
ciency of Colombian Agric!Jl~uret" F'ood Reaeer-ch Inatltute Studies in Agri­
cultural EconOClicn. Trede &nd D~veloptaent, XII, 3 (1973) • 
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productivity may be highest on the Bmaller farms due to the presence of 

greater amounta of complementary labor. On large fa~, in contrast, soma 

intermedlate input. (herbicides, for examplelmay be used to substitute lor 

labor that ha. low opportunity cost in alternative employments. While 

priv8tely profitable, the use of the.e input s on large farms may yield 

low social returno aince little extra output resulta from the reduction 

in labor employment. However, if land and credit are complements the 

argument would be turned around aince a smaller land base would re.ult 

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

of intermediate i.nput., virtu41lylll of which are substitutes for land, 

but carria. ~re weight in the CA.e of lumpy, indivisible input. such as 

many kind. of ferm machinery. 

There 10 oileother sspeet of the initial conditions in sgricuiture that 

could conceivably produce the reBult that larger farms are the mo.t pro-

ductive UDera of credit. Operatora of larger farma probably have higher 

level. of educatlon and receive more vi8ita snd attention from extension 

peraonnd th.n smaller operatora. lf the.e element8 of human capital are 

complementary vith the U8e of creMt then the marginal productivity of 

credit may be higher on l~rge farma if this effect outweigh8 the other 

factora that have baeo previously introduced. Another way of viewing th!. 

matter 1. to recogni:e that, owing to their aecesa to informatioD 2nd 

education, large farmera may haya vastly superior menagement eapabilities 

compared to omall farmers. 

The •• cond section of th1s paper discuBses the model and the data bace 

used to ahed sama empirical light on the i88ua of cradit allocation. A 

folloving •• ctlan presents tho empirical reGults and diacuases soma of tbeir 

p 
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implication..ln a final s.ction the.e findings are compared uith the 

resulta of earl1er reoearch and .ome 11mitatlono of the uethodclogy and 

acope of thi. otudy ara mentionad. 

2. TIte Modal 

The d.to base con.isted of croso-section observat10ns on inputs and 

output prcduced on farms of various aize bro\:en down on a crop and regian 

ba.i.. Because it ha. bIen usad with .ucc ••• alaewhere end its propert! •• 

are well knnWR, a Cobb-Oouglas production !un.tion waa fltted to this data 

for e8ch Tegion-.rop cumbinati6n dDd for va~lous farm 81z... The basic 

problem of the exercts" 18 ane of determining ""'at role credit !,laya in ti 

production iunctien contexto An obviau8 solutio" would be ta treat .redit 

•• a productiva input 8nd onter it •• paretely lnto 4 regr~.sion equatio~ 

but this proceüure ia objecttonsblo for ti number of reasons. Firet ""d 

foremast, it makea little senae to •• k, aa • regre •• ion equation do.s, what 

the marginal produetivtty of eradit ie holding other inputs (includiog 

those financad by eradit) ~2!. The &n.~~r tothe precedins que.tion 

is zero elnee the purp,,.e of credit b to fac11!. t&te the purcheae of other 

inputs. A conceptually latisfnetory model would have to have at leaot two 

equations, one iDdi.netng how cradit influencoa farmers' choice of inputs 

and another, the production !uncHon, explaining how input levela affect 

the amount of output. Unfortunately, the data' ara too coarse to enable one 

to determitte the particular way in ""ieh more credit rela" ... the resource 

cottstraint racad by farmera. Whlle the data diatinguish the purpo •• for 

""ich a loan v •• made it i •• till impo •• lble te identify that purpo8e with 

the affect of credlt. The prabiem h~re ia cau.ed by tha fungibility of 

• 
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credit liace the finaneed activit) me¡ have goae forvard ia any event and 

the effect of credit i. to mate posaibl. th. purchase of ea iaput other 

than the one which for the loan va. obtaiaed. 1 Even lf credit could be 

Juatified ._ a separate iadependent variable it smack_ .trcr~ly of dauble 

counUag to enter both credit Ind tila input financed by crec!it and cause. 

the interpretation of the resulta to be more hazardous than othervlse. Ac­

othar difficulty ls that current credit lines may be used to finance input_ 

aither previously uaed or for use in future perioda. 

In view of these difficultiea it vas decided ta exclude credlt from 

the production function and to introduce into the regression equation only 

the durable inputs (fans machinery) end énnual prcduetion factora (inter-

mediate inputs) for wb1ch eredit vas obtsined from the lender. Th1s ls a 

ahorteut procIldul:e ""1eh ignore. the important qUMtion of· hov cre~i t pay0 

for inputs and lnfluences their ... ~. Tbe re¡¡ression variable, vere defi.ned 

in the following vey: 

VI • Total quantlty of single crop output produced in a siven 
setDester. 

V2 • Valuo of total production oí a single crap in a given 
semeatar 

X¡ • Rumber of bectares uaed in the production of either VI or V2 

X
2 

• Total purchase. of intermediat0 input.: the 8um o, oxpenditurea 
on seeda, fe~tl1izer, pesticidas, and irrigation for crop pro­
ductlon ln a glven 8eme.ter. 

X
3l 

• Total valuo of maehinery and equipm~nt on tbe farm 

X
32 

- Total value "f 1!I!lchinery sud equip",ent on the farm plue the 
valua of rental. for machinery or animal paver. 

lYor an lnter~.tiDC applic&tlon of the funglbll1ty eoncept t.o 
intematiocal lendera .ee A.C. Harberger, "laoues ~cernlng Capital A.li.· 
unce to Leas Develoved Countde.," Eeonomic DevelOf""'nt .. nd Cultural Ch&!!!je, 
XX, 4 (July, 1972). 
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X4 a Total value oí famlly and hirad labor used in the productloD of 
of a crop in a glven .emester. x

4
• X, + X

4 
where ,,1 2 

X4i . Purchases of hired labor u8éd ln crap productien 

X
a2 

• Value el family labOr employed in crop produétion 

Tbe choice of th~se variables was dlctated b}' the avallable data, 

Ideally, the service. oE physieal inputs ahould be used to explaln varia-

tiana in the level of physlcal output. Some compromise with thl.o ideal 1& 

obviously necessary in u.ing the sst of variables just defin.d. If input 

prices are constant acro •• all • ',le observation. 1t does not matter if in-

puts are expressed in either physical or valu~ terma. It 18 a66~~ bere 

that .8eh farm in 3 givon region payA the SRme amQunt for his hlred labor 

labor. Land in ~ny region i •• pt to be more heterogeneous than other input •• 

One method of tsking into account the variability in the quality o! lana 

•• rvices ia te use inforffiStion un land prices to convert physlcal hectsre. 

into unita of effective hect.re. of hemog.noou. quality. An effort was 

IIIIde ln this direction hut, for unlmown reasons, met w1th a singular lack 

of IUcceSB. Sinee th. reported valUé oí land was une factor 1n the gran,'ns 

of a loan it 1. pOBsib18 that thls institutional requirement destroyed the 

accuraey of th. prl,ce data. In sny event it lB of necessity sasumed that 

, e yualit,y of land s.rvice. doas not vary significantly within a region. 

Tbe variable for farro machinery la a stock concept or, in the case of x32, 

a mixture of stock nnd service flow concepts BO it ln necessary to 8SBUMe 

for thia variable that the flow of machinery ".rvices 18 strictly propar­

etonol tothe value of the stock and, aB "ell, that the production of eaeh 

erap requiree a nositive Ulount of these sérv1ces. 
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Aa .ggregation of intermediate input. vas resorted to beosuse it vas 

di.eovered tb.t when eaeh input was entered .apareteiy muitieollinearity 

preved fatal to the result-" That is, nearly doubling the nUlllber of ex-

planatory variables destroyed the significanee of sorne previously 8igLffi­

eant variables and frequently resultad in a bewildering erray of implau8ible 

negative eoeffielents. However, the cost of circumventing thi. problem thr~u8h 

aggresatlen 18 the strlngent requlrement oí as.umtng that the cempasltlon 

of the aggregate is irrelevsnt in explaining variations in fsrm productiv-

ity. lE two farms apend the same amount on intermediate ln'uta lt ls 

assumed that there would be no sffect on output if one apent sIl en irri-

gation and th. other .11 on pesticidas. Thl., l1ke the othero, la a 

reasonably streng assumption. Two alternative output variables were used 

to test for the sensitivity of the results to interfarm varistion in 

priceo ~ecelved tor final output. Few farmero are guaranteed price. tor 

their output so they must aake their production plan. on the basi. of cx-

pected prlces which mey diverge widely from pricea actually recelved. 

Farmera witb erroneOU8 e~ct8tions _na imperfect lnformation may produce 

either too much or too little frem the point of view of pr1vate production 

efficiency. 

Moreover, even if faraers could forecast future priceo perfectly, they 

may be unable to adjult th~ir lnput level. with sufilctene speed to permit 

them to achieve maximum profits frem employing these input.. This is, 1n 

8 baslc lense, the nature of the hypothesls under lnvestigation. Wlthin 

each fa.1O 8ize group i: ls as.umed that the adjustment capaclty of individ­

ual fa .... 10 aufficienUy 01"", to permit tbe identificstion of a portion oE 

the production surface. Otherw1.e, lí a11 farmers in a resion fnced the 

P & 
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aame input and output prices only a paint on tbeproduction surfae. would 

be obsetvable. Between farm. of different .ize whieh might pay identical 

priees for purebased input. it is hypothesized tbat differential aece.a to 

eradit causes tbe .. arginal produetivity oí these input. to be larger on the 

omallcst farms. Thio is a key assumption ainee, if there were no imperfee-

tiono in credlt allocation and no cross-sectianal difference. In input pricea 

by farm .ize, there would be no variatlon in l.nterfarm productivity to ex-

plain. Given these two major scurees of produetivity differenceo it wa. a 

maintained hypothesl. of thi. exereise that input prie8a do Rot vary .ignif-

lcantly by farm slze. There 1. no evidence to refute thi. aaRumption and ie 

aeeros reasonable enoogh in the.Colombian contexto To the extent it i •• atis-

fied, farm .ize related differences in marginal productivity can be ascrlbed 

more essily te toe relative ease or diÍficulty in oDtaining creóit, Of course, 

it is sun not possible to rule out differenc •• ln information ana attitudas 

toward risk ss alternative explanations aiDce these variables would be in-

cluded ln any theory oí the demand far credit by fermo of different aize. 

For pragmatlc reasons the demand side oí the credit market has been supprecsed 

in thl. exercise in arder to focus on waat are felt to be import.nt restric-

tiono on the supply side. 

The data originstes from a sample nf 2,900 individual farm loan 

record s developed by INCORA under its supervised credit programo The main 

characteri<tics of thi. body of data have u~en presented elsewhera and 

1 
wil.l be only summarized here. AH loans vere elther for the purchase of 

durable inruts (including livestock) OI to finance variable costs. In the 

lSee D. Dalyrimple, "The Use of !liCORA Supervised Cudit in 
Colombia in 1959," 501811 Fanner Credit In Colombia, ~. cit., pp.l-13 • 



• 

• 

, 

i 
! , 
,t' 

f 
r 
r 

t 
f , 
i 
t 
L 

- 13 -

agsregate tbe 10ans were divided even1y betveen tbese tvo purpose., 

financing a11 of tbe cost of durable input s and about one-b.1f tbe v.lue 

of tbe variable input. purcbased. variable cost 10ans vere a110cated among 

purcbaael of labor, ferti1izer, seeds, pesticides, irrigation snd machinery 

renta1. A major advantage of tbe data i. tb. disaggreg.ted basi. on which 

it ia avai1ab1e. Because tbey refer to different kinds of trop production 

in a apeeific region <an INCORA project within some department) the data 

are extremely uaefu1 in pinpointing apeeific aituationa in which a re-

a11ocation of credit would be deslr.b1e on outpu~ or effieiency, grounds. 

A more 8ggregated specification whicb indicated farm size productivity 

differences wou1d be much 1ess usefu1 for policy purposes since it OQuld 

leave unanlwered tbe questlon of whether the differences he1d in al1 

regions 8nd for a11 crops. Another positive teature of the data resulte 

from the fact that the supervision of the credit received probebly re-

moves a large portion of the ferm size variation in credit use sttr1butable 

to risk and information factors. 

The major 1imitation of the data la that they capture on1y a rest<icted 

·range of farm sizes and exclude the 1argest farms in a region which rely on 

non-INCORA aourCes of credit. ~~other potentia11y damaging defect of the 

data could occur lf INCORA were to app1y nore liberal loan criteria to the 

81I'.aller farme it service8 than other lenders might use. That 10, the oper-

ations of INCORA may be a poor reflection of how the other components of 

the credit syetem a110cate th.ir funds to farms of difÍerent size. Nothing 

la known about thie potential source of disturbance. 

In stochaetic form th. equation 
4 

In Yi • f 5i In Xi + u 
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i crol'-region-farm atze combinations. !he random 
was eatimated for ver oua 

mean and to be 
ia -.sumed to be log-additive, to have a zero • 

variate u ~ 

distributed independently of the levels of the input. Xi' lt may be con-

f th '--.ct of unexpected weather fluctuations 80 
sidered as a al! asure o e ~ 

that the levelo of Xi are chosen on tb~ basts of expected weather con-

ditions. However, some simultaneity is evt~ent even under this assump-

L. t 1 b are aelected after the tion since meny inputs such aa ,~rves a or 

weather has played its production role. 

!he null hypothests is to be te.ted 16 that the marginal prodllctivity 

of intermediate inputs is independent of fara size. Using previous nota-

tion thi. ccn be expres.ed as 

where the Bubscr1pte na" and ni" refer to ... lí anci large fama reepect:iveiy. 

Since the marginal produr.t of sny factor Xi 18 equal under the Cobb-Douglas 

.. sumption to Bi ("{/i(!). where Bi 10 the l'egr".sion coeff!cient (or outp>Jt 

elasticity) of ¡ti' and ("I/Xi) 10 the average prod"ct of Xi evaluated at the 

geometric mean of each variable, tne null hypothesi. can be alternatively 

written as 

H: 

A method of testlng this hypothe9is i. to impo.e the restrictlon implied 

by th. hypothesis on a paoled verston of the regre.sion equation (pooling 

acros. ferm .ires for a given crop r.~ion) and use th. F-test to cQmpare th. 

constrained snd unconstrained verGions of tbe pooled regreaslon. !bis 18 

an adaptation of th. Chow test for equality of regrea.ion coeffieients 

acro •• d1fferonl equstlons. The constr.int is il!!¡>osed by ontering the 

r -r.; 
variable ',ln X2• ("IfX2>.t 

- t:'. -t 
(X.,"I) + ln X

2 
.' in eh" paoled regression. 

.• a l \lith 
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juat two farm sizes, if 8S12 denotes the residual sum of aquarea of the 

constra1ned pooled regression, SSl and 8S2 refer to the reaidual sum of 

aquares DE the individual regreasion. for each farm 81ze, T i. the total 

number of observationa and K the number of •• timated parametera in the 

pooled regresaion, then • ~ statiBtic ia calculated .s the ratio 

SS12- (SSl + SS2) I (SSl + SS2) with one snd (T-K) degre@s of freadom. l 

If the estimated F value ia le.a thsn the critical F value for the aame 

degrees of freedom then the null hypctheaia of equal marginal productlvi-

tiea la accepted. Otherwiae, the null hypotheais i8 rejected at some level 

of confidence. 

3, Resulta 

'lable 1 presenta the re~re8alon resul t,,; X!'! teotel, ~!n:: :'tg!~,no 

(departmenta) and five different crops vere considered tQ give reaoonably 

reUable results, '.speciaUy in tems of achieving statistically sign1fi-

cant coefficients for intermedlate input., Observationa with zero valuea 

for intermedizlte input. Imre excluded rrom the regreas!on equation. Farm 

alze intervala were determined by the requlrement that no slze group shouM 

contain f~~~r than ten observations. In some crcp-regions three eite 

ranges could be distinguished but in th. majority oi ca'es on1y two .ize 

groupa, often uneomfortsbJ.y S1M11 in absoluto 8ize, cculd be obtained, 

Thua with twelve crap-region comhinationa a total oi t~~nty-eight erop-region-

farm size rcgressions were, to some extent. 8uccessfully ruD. 

lIf SST ref .. rB ta the total aum of .quares then the re.idus1 
sum of square. heara a aimple relationship to th. R2 .t.tist~c, R~2. 

1 - SS12/SST122 so SS12a (l-Ri2)SST12 and, .imllarly, SSl • (l-Ri ) SSTl 
and SS2 e (1-R2)SST2, 
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TABLE 1: Crop-ll.eg1an ra= Regre .. 1ona 

I Farm Size Dependent* x 
eglon-Crop (!Ill.) Variable Intercepl Xl X4l 

'4 
X42 X31 0r X

32 X2 
¡2 nr 

Int10quia 
- Beaos 5.(0-9.99) Yl 0.52181 0.17480 0.36416 0.00050190 0.60S70 0.9880 

(0.88800) (1.S9898) (3.7HOI;S)* (0.17294) (6.1S310)* .. Y1 1.4227 0.26348 0.20441 0.0082128 -0.0025022 0.54420 0.9858 
(1. 568l,0) (l.99100 i (3.1882S)1' (1.73048) (-0.78540 (3.61947)* .. 

Y2 2.8928 0.31982 0.2116/.6 -0.0056938 0.54489 0.9849 
(4.07785 (2.42327~ (3.40882)* (-1.62508) (4.58510)* .. Y2 4.0512 0.43935 0.20~7S 0.0098093 -0.00942S1 0.463~1 0.9815 
(3.65166)' (2.71046f (2.67092)" (1.68744) (-2.41533) (2.51700)* 

L. (10-up) Y1 1. 7291 0.44923 -0.029273 -0.0030660 0.69838 0.9616 
(1.3?447) (1.9010Ót (-0.23010) (-0.73753) (2.59230)* .. Yl 2.0570 0.46339 -0.002914~ 0.0030771 -0.0020023 0.63153 0.9591 
(1.22028) (1,77176) -0.02057) (0.44707) (-0.4S609) (1.85735) 

- Com S. (0-4.99) VI 4.3520 0.26384 0.37136 0.0030896 .090071 0.9660 
(1.76182) (0.64528) (1.2f6 l >8) (0.02151) (1.11439 .. V2 1.1211 -0.44317 0.74889 0.075161 0.24998 0.8694 
(0.21210) -0.50652) (1.21239) (0.24451) (1.44538) 

~.(5-9.9S) ., 6.4376 0.7681~f 0.010!·49 -0.0046515 0.091526 0.9300 '1 
(11.76010)" (6.1962~ (0.1.619) (-0.91613) (1.91286)* 

Y2 I 
5.0599 0.39323 0.2631'3 -0.012706 0.11126 0.8339 

(5.89758)' (2.02391f (2.014:19)* (-1.59675) (1.48358) 

I~.&I!. (0-9.99) Y1 
5.9345 0.68533 0.lO8~·7 -0.0014507 0.077347 0.9357 

I 
(13.23922)* (6. 12491tl (1.629,.0) (-0.30942) (1.90167)* .. 

Y2 4.4139 0.28080 O.354~'4 -0.009'/178 0.13698 0.8706 
(6.45916)* (1.64493) ( :;.496('9)" (-1.3H64) (2.20909)* 

!lOTES; !!I t1u:nbers beneath E::8eh rcgresswn coaffic.icnt indlcetf~ I:he t-value of the estimated coefflci~nt. 
1 asterisk denotes aignificance at the 95 per cent confide~ce level. 

'01 -2 2 
- lt!s the R statistic adjusted for degreea of freedmt.. 

Ro. 

(1) 

(2) 

(3) 

(4) 

(S) 

(6 ) 

(7 ) 

(8 ) 

(9 ) 

(1 O) 

(1 1) 

(1 2) 

... 
'" 

.. -, 
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Fara Slze 
g1011-Crop (l!a.) 

t10quia 
Corn • (lo-up) 

.. 
Potatoes .(0-4.99) 

" 

.(5-9.99) 

.. 

.. 
.(10-15.99) 

" 
.. 
.. 

• 

TABLE l--Cont1nued. 

l>e¡>_t* 
variable Intercept 

L,!;,~~ 
Tot.eX 

Land l!ired or F=ily 

VI 

V1 

VI 

5.1076 * 0.54303 
(2.88188) 1.25783) 

0.14!4 
(0.79 •. 0 

1, 
3) 

3.8446 
(2.92620 

0.16333 
0.51190) 

, * 0.35::81 
(2.5412 9) 

1.9626 * 0.24405 
(3.43681) 1.74316) 

0.14/.7 
(2.16[,5 

1.6870 0.19747 ¡-0.0031838 
(1.77228)* 1.27133) (-().n227) 

2.5627 0.23855 
(3.69257)* 1.70402Y 

2.68Bl 0.23418 
(4.17865)* 1.80463, 

O.37f.0 
(4.09(,8 

0.2618 
(3.051,9 

4.8397 O.4222~" 0.24595 
(5.21959)* 2.97&43, (3.28086)* 

3.4925 0.3259~, 0.0597 
(3.51705)* 1.70891, (4.71!.9 

4.9242 0.55595 0.048600 
(4.64062)* 2.82981) (3.94035)* 

3.4811 0.33152' 0.0421 
(4.14215)* ~2.05378}' (3.93::1 

4.5038 10.49605 0.034029 
(4.86016)* f2.89118~1(3.15920). 

,. 
.• * 
l.) 

-0.O(H4531 
(-0.31838 

1 
!)* 

3 
()* 

0.019425 
(3.61224)* 

32 
4)* 

0.013269 
(2.78938)* 

23 
;,)* 

0.0094397 
(2.27228)* 

• 

Iater-
JI.ch- aediate r 1nery input s No. 

-0.011292 0.20730 0.8835 (13) 
(-0.94049) (1.07043) 
-0.00040659 0.24059 0.9222 (14) 

(-0.04591) (1.67585) 

0.007775a 0.76805 * 0.9256 (15) 
(1.14949) (6.419~1) 

0.0050627 0.93059 0.9162 (16) 
(0.70066) (7.82929)* 
-0.0027521 0.51321 0.9222 (17) 

(-0.26870) (4.32794)* 
-0.26183 -O.C055320 0.n78 (18) 

(-0.58795) (5.31350)* 

-000045029 0.34540 0.9371 (19) 
(-0.50943) (2.51128)* 

0.0019810 0.67140 0.8665 (20) 
(0.20083) (5.51621)* 
-0.0013679 0.51960 0.8853 (21) 

(-0014770) (4 010774)* 

0.00048434 0.68070 0.8954 ~22) 
(0.05784) (6.60S17)* 
-0.0019341 0.57230 0.9043 (23) 

(-0.23913) (5.18065)* 

¡ , 
J 
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TABLE l--Continued. 

1!~ I Inter- . rana Size Dependent* 

JHired 

Tota,l 
Mach- mediate 

.eRion-CroD (Ha. ) IntercetJt Land or 
Fomilv inerv inouts r 110. variable 

Bolívar 
-0.3U60 10.020498 I ... Corn 5. (0-14. 99) Yl 4.1945 - 0.032445 0.04539) 0.64791 0.9012 (24) (3.23666)* (-0.43385>[1.09930) (2.59725)' (0.54317) (2.36673)* .. Y2 5.2705 0.0037106 0.030105 0.028430 0.091159 0.38395 0.8832 (25) (3.89989 (0.00814) 1. 54687) (1.8236)* (1.QI,579) (1.34490) 

L. (l5-up) Y1 
2.7363 -0.009120 0.5""61 0.012226 0.19608 0.8320 (26) (4.85083)* (-0.55592) (5.34491)* (0.9~974) (2.30323)* .. Yl 6.3354 -0.000126 0.030899 .O.OO""'l 0.0"'" 0.25738 0.6698 (27) (8.87989)* (-0.00556) (2.43123)* (-0.16722) (0.94519) (2.15579)* 

8oye,ca ... 
~.8164 '" 

- Potatoes 5.(0-4.99) "1 3.1823 0.36009 0.22653 -0.0033185 0.54947 (28; <T 3.61924)* (2.42241}t~ n.88600)* -0.45339) (4.89613)* 
" VI 4.8755 0.50490 .055276 -0.007603 0.0012078 0.50905 p.8517 (29) 6.90235)* (4.05488}t 5.06190)'· (0.18534) (5.68662p· .. V2 <.6584 0.42082l 0.38350 -0.016742 0.47946 0.8404 (30) 3.06928)* (2.87391~ (3.10424)* -2.32207) (4.33705)* 
" V2 4.7553 0.63592 .044468· 0.0062038 0.039556 0.47370 .8349 (31) 6.03866)* (4.53725)1<13.55632). (0.63640) (0.64115) (4.38207)* 

H. (5-9.99) VI 1.5651 0.050381 0.38154 0.65148 0.44231 .3994 (32) -0.77226) (0.46316) l' (7.66388)* (3.21306 )* (1.88644)* 
" VI 0.26505 0.OfiSS63 0.16757 0.085042 0.51835 0.55013 p.2831 (33) 

rO.1l8J3) (0.57447) 14.04250\* (2.48013)* (2.34789)* ( 2.14280)* .. V2 1.6437 0.056110 0.39304 0.61109 0.46722 p.424O (34) -0.83135) (0.52876) I (8.09275)* (3.08942(* (2.04265)* 

--------------



FáTlll Size d t* Depen en 
,iou-Crap (Ha. ) variable lntercept 

K. (5-9.99) "2 1-0.29166 
-0.13223) 

L. (10-14.99) "1 
3.2179 

. (3.16912)* 
.. 

"1 3.9814 
(4.94891)* 

.. 
"2 3.2063 

(2.38015)* 
.. 

"2 4.0604 
(3.67891)* 

ICO 

-Carné 
Rice S. (0-49.99) "1 lS.0059 

10.78891)* 

.. 
"1 5.2967 

10.74284)* 
.. 

"'2 3.4799 
(1.57967 

L. (50-up) "2 3.9501 
(2.86078)* 

tdle.e=arca 
- Corn 5.(0-4.99) "'1 4.3970 

(6.95376)* 
n "'2 5.2198 

(9.88539)* 

• 

TABLE 1--Continued. 

~ 
Total 

Land Rind or F_lly 

0.074943 0.17021 0.087039 
(0.63551) 4.15508)* (2.56922)* 

0.28285 0.36146 
(2.02933)* (2.88¡69)* 

0.30421 0.28238 0.025703 
(2.40875)· 2.99130)* (2.19026). 

0.28635 o. 39~,O~' 
(1.54849) (2.33,<70)* 

0.31706 0.30009 0.022693 
(1.82990)* 2.31717)* (1.40953) 

0.91.373 0.21369 
(16.42694)· (3.63429)* 

0.93345 0.0025166 0.18619 
(13.08197) (1.25155) (2.67481)* 

0.85602 0.29~60 

(2.94728)* (1.05887) 

0.01G·~14 0.57272 
(0.81868) (3.17510)* 

0.018895 0.052110 0.018813 
(0.42324) (1.95085)8 (1.87760)* 

0.066783 0.040359 
(1.47430) (1.39224) 

!la hi e n-
ery 

0.47107 
(2.15964)* 

-0.0006706 
(-0.07832) 

0.0028825 
(0.35803) 

-0.0070098 
(-0.61706) 

-0.0033195 
(-0.30053) 

0.0027490 
(1.51649) 

0.0035144 
(1.69222) 

-0.0048769 
(-0.56664) 

0.0021764 
(0.19083) 

0.0096406 
(0.48853) 

0.0069399 
(0.41618) 

Inter ... 
di ... ate 

input. 

0.58100 
(2.29053)* 

0.42509 
(4.72680)* 

0.40624 
;4.58333)* 

0.39710 
(3.32827)* 

0.37792 
0.10710)* 

0.082789 
(2.83436)* 

0.079475 
(2.41794)* 

0.25378 
(1.82996)* 

'1.067162 
«('.51919) 

0.54694 
(4.19915)* 

0.46335 
(4.58019)' 

" • " " _ •• C,A .• 

r 110. 

0.2947 (35) 

0.8932 (36) 

0.9007 (37) 

0.8194 (38) 

0.8203 (39) 

0.9380 (40) 

0.9262 (41) 

0.3633 (42) 

0.3564 (43) 

0.4136 (44) 

0.4447 (45) 

I 
I 

I 
! 
~ 
I 
j 

• 
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TABLE l--Continuerl, 

p n 
Intercept I O" :lIegion-Cro¡ (Ha.) v4t"iable Land Hired Family 

Farm 51ze De e dent* 

5. (0-4.99) "2 5,1444 0.11446 -0.0067214 0.013958 
(9.54461)* (3.00837)* -0.29521:' (1.63429) 

H. (5-9.99) 
"1 

0.68859 -0.15361 0.672:74 
(0.50545) -0.53787) (3.24680)* 

11 
"1 4.3881 0.55966 0.017339 0.0031522 

(4.68816)* (2.90169)* (0.73653: (0.33022) .. 
"2 5,2893 0.58225 0.038689 

(4.18655)* (2.19934)· (0.2J273) .. 
'12 5.8014 0.68344 -0.01214~ 0.0081913 

(7.36382)* (4.20983)* (-0.612BO (1.01952) 

L.(10-14.99) "1 1.7899 0.10427 0.47119 
(0.83233) (0.26851) (1.6ZS37) .. 

"1 5.3830 0.49100 0.026997 0.016580 
(5.08323)* (1.89216)* 1.760il)* (1.98936) .. 

"2 1.6357 0.045112 0.531,6 
(0.72366) (0.11057) (1.7i954)* 

" '12 5.7810 0.48286 0.031744 0.020491 
(5.38813)* (1.83829)* (2.C4526)* (2.42893) 

Ruino 
- Corn 5.(0-9.99) "1 2.4275 0.25027 . 0.635'14 

(3.86185)* (1.43838) (6.35189)* 

" "1 3.2910 0.37658 0.50763 0.0060407 
(5.41378)* (1.95433)* '5.16947)* (1.16406) 

Inter­
Hachin- mediate 

ery inputa 

0.010015 0.53127 
(0.59541), (4.78524)* 

0.14395 0.284g5 
(4.94288)* (1.82354)* 

0.16513 0.35318 
(4.69388)* (1.96889)* 

0.038052 0.36057 
(1.41132) (2.49242)* 

0.049224 0.30494 
(1.66242) (2.01972)* 

-0.020873 0.48248 
(-1.33814) (2.50773)* 

-C,022073 . 0.40323 
(-1.50807) (1.86208)* 

-0.019635 0.48457 
(-1.19762) (2.39631)* 

-0.021679 0.36160 
(-1.46323) (1.74095)* 

0.0081967 0.13116 
(1.71342)* (3.54048)* 

0.009ó159 0.13750 
(1.85216)* (3.25201)* 

-2 
R 

0.4424 

0.6247 

0.5132 

0.5196 

0.6022 

0.6369 

0.5a08 

0.6451 

0.9218 

0.9073 

No. 

(46) 

(47) 

(49) 

(50) 

(51) 

(52) 

(53) 

(54) 

(55) 

(56) 

• • 

.. 
'" ... 
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TABLE l--Continued. 

Farm. Size Dependent* Total 
Hachin- mediate :ioc-Crop (lla. ) variable. Intereept Lsnd Bired or F8lllily ery inputs ¡Z Bo. 

!-.!!:2!. lnter-

L.(10·"P) 
"1 3.3407 0.71030 0.44441 -0.041818 0.18824 0.9466 (57) (2.85062)* (3.47496)' (2.89713)* (-1.05781) (2.48426)* .. 
"1 6.0096 0.99688 0.030665 0.013767 0.014802 0.16468 0.9336 (58) (9.94356)* (6.05241)· (2.26635)* (0.30118) 0.46740) .. 
"2 3.8124 0.69736 0.4805, -0.020256 0.071919 0.9369 (59) (2.78600)* (2.92185)* (2.6830). (-0.43881) (0.81288) .. 
"2 6.4839 0.85315 0.035100 0.032710 -0.017363 0.19822 0.9407 (60) 10.56395)* (5.10111)* (2.53816)* (2.97012)* (-0.34794) (1.73938) tander 

• lUce S.(0-49.99) 
"1 3.7171 0.19019 0.31397 0.13741 0.19442 0.7183 (61) (4.32181)* (1.79574)' (3.4551:3)* (2.12889)* (2.63810)* 

L.(80-up) 
"1 4.5079 0.57408 0.36021 0.015894 0.052054 0.9138 (62) (7.67583)* (4.73420)' (3.38631)* (0.38065) (0.69689) .. 
"1 4.8044 0.62198 0.27155 0.0010142 0.023813 0.096969 0.9032 (63) (7.20717)* (4.77031)~ ~2.62330)* (0.19157) (0.51629) (1.18827) 1,.. 

• Corn S.(0-19.99) 
"2 3.2434 0.35154 0.52842 -0.016282 0.18380 0.7713 (64) 2.84393)* (1.M215)* , (3.08103). (-1.22070) (3.19065)· .. 
"2 6.5367 0.9103ó 0.015295 (1).0031825 -0.012312 0.22509 0.7248 (65) 16.11033)* (7.14503)* -0.86974) (').67832) (0.83738) (3.34705)* 

... (20-up) "2 3.4115 0.23199 0.45169 0.0063886 0.26170 0.7691 (66) '2.86993)* (0.761~8) (1.992811) '. (0.44256) (2.77222)* .. 
"2 4.0750 0.38172 10.36105 0.0094683 0.014550 0.24600 0.7517 (67) 

2.93459)* fl015506) 1.51926) (1.32132) (0.15188) (2.06119)* 
le 
• Corn t. (5·9.99) 

"1 2.3081 0.28215 0.095194 0.13225 0.74665 0.8276 (68) 1.14955) -0.50370) (3.85507)* (1.23035) (2.05782)* 
I 

-- ¡, "_ 2A h 
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Fan. 5ize 
-Crop (Ha.) 

5.(5-9.99) 

" 

L. (lO-u!') 

" 

" 

ns 5.(0-4.99) 

" 

" 

.. 
L. (5->.99) 

" 

" 

" 

TABLE l--Continuad. 

~ 

Dependent* Total 

variable Intercept Lsnd Hired or F amily 

3.2576 -0.12035 
(1.59445) (-0.21114) 

0.1057', 
(4.20819) 

3.4018 -0.00851 0.10879 
(1.54780) (-0.01066) 3.82464 (-

5.9253 
(3.37501)* 

4.2029 
(3.79180)* 

5.75 
(6.13) 

0.56008 0.0676!~8 
(1.71836) (0.26925) 

0.24542 0.32656 
(0.67030) ~1.37813) (-

.472 
(2.06) 

.12 
(6.45) 

5.3831 0.75490 0.070577 
(0.54184) (5.22221)* (3.58480)* 

5.5083 0.73018 0.017384 

* 
0.0021601 
1).14338) 

0.0047885 
0.64908) 

0.0055236 
(5.32990)* (3.27494)* 0.14626) l '1..13249) 

6.7355 0.77597 0.020496 
(6.41792)* (3.61930)* (0.15455) 

6.8122 0.73485 
(6.27903)* (3.27874)* 

0.032322 () 
-0.26341) (1 

.0054009 

.300006) 

5.4196 0.67057 
(3.05920)* (2.02759)* 

4.l251 0.52844 
(2.01098)* (1.56907) 

5.5079 0.74483 
(3.13858)* (2.27350)* 

5.9915 0.77331 
(3.22639)* (2.30656)* 

0.15610 
(0.96487) 

0.19390 
(1.16428) ( 

0.21'111 
(1.36717) 

0.17052 

0.0049079 
0.6(243) 

0.0077175 
'0.91801) (0.99?92) , 

Inter­
Machin- mediate 

ery inputs 

0.12694 0.62641 
(1.16051) (1.69661) 

0.13309 0.57541 
(1.14862) (1.28195) 

-0.0046622 0.29370 
(-0.65807) (2.26214)* 

-0.084407 0.27151 
(-1.27919) (1.96124)* 

-.0056 .311 
(-.50) (1.78) 

0.0045863 0.23061 
(0.36129) (1.99727)* 

0.0028161 0.28185 
(0.22086) (2.35360)* 

0.0014097 0.23057 
(0.10908) (1.96134)* 

0.000633 0.28908 
(0.01027) (2.40245)* 

0.097243 0.027443 
(1.3&066) (0.1l308) 

0.22154 0.037892 
(2.04158)* (0.16237) 

0.047075 0.110/.4 
(0.67473) (0.45739) 

0.042907 0.11540 
(0.58922) (0.47073) 

-2 
R 

0.8301 

0.8171 

0.9049 

0.9278 

.867 

0.7250 

0.7256 

0.7041 

0.7140 

0.4145 

0.4411 

0.5313 

0·513~1 

No. 

(69) 

(70) 

(71) 

(72) 

(73) 

(74) 

(75) 

(76) 

(77) 

(78) 

(79) 

(80) 

(81) 

/. 
I 
1 

i 

I 

• 
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lt i8 readily 8een from Tabla 1 that a given set of ragres.ion 

variables was able to provida • battar explanation of the dependent var-

iable YI in some caaes but not in other.. The weakest explanatory vari­

able vas farm machinery Which ia not too surpr!sing in view oE the un-

aati.factory measurement of thi. input. In only a few instancea vaa 

machinery significant. Total labor and land, on the other hand,were 

usuall1, but not 81waya, significant. The attP-mpt to aeparate l.bor into 

hired and family provided component~ was on the whole uneuccesaful. Where 

lt vaa triad the typlcal reault vas that only Olle of the labor variables--

moat frequently, hired labor -- emerged a8 a significant variable. Thia 

reault could reflect the fact that farmera are more eareful or calcu16ting 

in their ule of hired labor eh.n in their alloeation of family lebor or, 

more Ukely, the problem of error in measuring the distríbution ¡ 

family time between erop and non-orop productior.. In Table 2 18 shown the 

eatimate8 of the marginal phy.ical and marginal value product of labor 

(total labor in mast instaneea) and intermediate input a on farmo of 

different size for various crop~region combinatior... The numbors in 

parenthesea benaath each estimate are .stimated valué. of the varianee of 

1 eaeh estimate. Two points about T.ble 2 sre worth noting. Firat, mar-

ginal productivity comparisona vara made holding the regre.sio~ .pecifi-

cation constant across farm al •• 8. ThU8 the estiroateo of marginal produet 

lThe varisnce of eaeh marginal produc~ 01P)i. estimate~ aecord-
ing to the formula _ _ 2' (l-R ) Si 2 

VAR(MP) - (Vi/Xi) •. VAR(Bi ) + '1\ 

Where U_R2) is th. varianee une,."lai.ned by the regres.ion, Di 10 che 
regres.ion coeffleient, '1\ ia the number of ob.ervation., snd other Docaeton 
ia defilled as before. The formula is due ta !I.0. Car~.r, snd 1l.0. Ilarth.y, 
"A Variance Formula for Marginal Productiv!ty EsUmates Using the Cobb­
Douglal Funetion," Econometrica (Aurll, 1958), pp. 306-313. 
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TABLE 2: Marginal Productivity of 
Intermed1ate Inplltc and Labor 

by Fam SI .. 

Marginal Products 

Reglon- Regres- Farm Stoe Intermediate F Va1ue 
ero!> aton no! (11 •• )_ lneuts Labor Estimated Critic:\l 

Ant!oquia 
- Beano (1) 0-9.9 .37 .25 4.09 4.18 

( .0036) (.0045) 

(3) " $2.63 
( .33) 

(5) 10-up .43 -.04 
( .03) (-.03) 

Antloqula 
- Con (7) 0-4.99 1.18 1.12 

(1.11) ( .87) 

(S) " $1.36 $1.26 
• n.6 I,) (1./,1,) 

(7)&(9) 
(9) 5-9.99 .91 .03 .59 4.32 

( .23) ( .07) 

(10) 11 $1.25 $.95 
( .73) ( .23) 

(13) 10-up 1.22 .35 (9)&(13) 

(1.45 ( .20) .90 4.23 

(14) " $1.30 $.96 
(1.32) ( .15) 

(11) 0-9.99 .83 .34 (7) ,(9)&(13) 
( .192) ( .05) .53 4.13 

(12) 11 $1.65 $1. 27 
( .57) ( .14) 

Antioquia 
- Potatoe. (15) 0-4.99 $~.33 $1.44 (15)&(18) 

( .14) ( .44) B.39 3.97 

(18) 5-9.99 $1.97 $2.56 
( .1'.) ( .707) 

(22) 10-14.99 $2.36 $1.25 (18)&(22) 
( .14) ( .11) .31 3.98 

lIolivar 
- Corn (24) 1-14.99 5.47 2.74 

(5.46) (1.15) 
• 

(25) 11 $3.11 $2.31 
(5.38) (1.14) 6.74 4.23 

(27) 15-up 2.11 -.03 
(.876) (40.1) 

, 



, .. 
! 

• 

• 

-

• 

I 
~. 
tc 

I 

f 
t 
t ¡ 
i 

~ 
¡ 
l , 
¡ 
r , 

I 
! 
I 

! 
r ¡ 
¡ , , 
r, 
" 

t 

" ~ , ~ 

Regres-
Crap sien no. 

Boyece 
- Potatoea (28) 

(30) 

(32) 

(34) 

(36) 

(38) 

Cundlnamarca 
- Corn (44) 

(45) 

(47) 

(49) 

(51) 

(S3) 

(46) 

(SO) 

(54) 

Narlño 
- Corn (SS) 

(S7) 

(S9) 

- 18a -

TABLE 2--Contlnued. 

Karslna1 Products 
Farm Size Intermediate F Va1ne 

í!!s.} 1n2uu 1!!!!!!: l!.Umated Critical 

0-4.99 1.77 2.31 
( .14) ( .1S) .. $1.37 $3.34 
( .10) (1.18) 

S-9.99 1.0S 6.18 (28)&(22) 
( .32) ( .8S) 7.19 3.9 

n $1.02 $S.85 (30)&(34) 
( .2S) ( .69) 6.89 3.9 

10.14.99 1.31 3.39 (36)&(28) 
( .08) (1.41) 6.47 3.9 

.. 1.12 $3.32 
( .12) I ." \ .~41 

0-4.99 6.04 .S8 
(1.23) ( .09) .. $7.43 $ .29 
(3.06) ( .04) 

5-9.99 3.27 1.10 (47)&(44) 
(3.28) ( .12) 8.1 3.02 .. $6.27 $ .10 (49)&(4S) 
(6.~1) ( .22) 2.07 3.9 

10-14.99 6.05 .76 
(6.29) ( .23) 

.. $7.88 $1.12 
(11.63) ( .43) 

0-4.99 $8.S2 $ .11 (54)&(46) 
(3.72) ( .• 13) 8.02 3.97 

S-9.99 $5.30 $ .14 
(7.09) ( .05) 

10-14.99 $6.21 $ .55 
(13.11) ( .07) 

0-9.99 4.53 1.14 
(1.66) ( .03) 

10-up I.SS 1.10 
( .40) ( .IS) 4.63 3.99 

.. $ .69 $1.39 
( .73) ( .27) 



.' 
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TABL! 2--Continued. 

Marginal Produets 
Region- Regres- Farm Size Interctediate F Va1ue 
Crop aion no. (Ha. ) input. Labor Estimated Critica1 --

Santander (61) 0-49.99 1.93 .78 7.14 4.00 
- Rico ( .51) ( .06) 

(62) 80-up .66 1.04 
( .88) ( .10) 

Toliu (64) 0-19.99 $1.80 $1.56 
- Corn ( .37) ( .30) 4.54 3.99 

(66) 20-up $3.83 $1.30 
(2.02) ( .43) 

Valla (68) 5-9.99 4.41 1.84 
- Corn (1.47) ( .26) 

(70) It 5.18 2.88 ' 
( .95) ( .53) 

(71) 10-up 3.00 .24) 
(1.80) ( .81) 

(73) It ~3.20 $1.45 
(3.28) ( .06) 2.28 4.38 

Valle (4) 0-4.99 .76 .15 
- Soyb •• ns ( .15) ( .07) 

(76) It $2.03 $.ll 
(1.09) ( .54) 

(78) 5-9.99 .H .45 
( .36) ( .12) 3.&3 3.99 

(80) 11 $ .70 $1.15 
(2.32) ( .73) 

Choco (40) 0-4.99 1.55 .76 
- Corn 6. Rice ( .30) ( .05) 

(42) It $4.28 $ .95 
(5.88) ( .82) 1.94 4.11 

(43) 50-up $1.19 $1.86 
(5.26) ( .42) 

'NOTES: Al •• -
- Estimatu of marginal productivity rely on the results of Tabla 1. 
b/ 
- 'rile variance oí th. muginal productivity estimate appears in 

bracketo beneath e3th eot1m&ta. 
el - Critical valuea !cr eh. F .tetiatic are determined at the 95 per-

cent confidente level. 
d/ . 
- For corn productian in !olivar the marginal product of famtly labor 

.pp •• re; for com prouucticn in Cundinamarca the lalt three estima tea of 
labor'. marginal product1vity refer to hlred labor. 

e/ the particular - lhe nu:nb~rs lóbove the esUmaced F valuu .. efer to 
regr •• elono that u.re poolcd. 
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vere derived from fena oiz. regre •• ions eonta1nlng the id.ntle.l s.t of 

regre •• ion vari.bles. Ae A related mattar, it proved difficult to ac~ulr • 

........ r.hl. regreesiona dnce a regreallon fom that ""r.k.d we11 for one 

farm eiza often performed badly fer another. .1ze group. Thi. 8ccount. 

for the limited number of compar1aone in Tabl. 2 ¡ivan th. large number of 

regres.lone reported in Table l. S.condly, only the marginal v.lue pro-

duct .etblatee lndicate wheth.r .uy aize group va. cloa. to en equilibrium 

position in its use of lebor aud intanoediate inputa. Since the latter are 

maasured in value terma the marginal value products iudicate the peso 

return froa spending another peso on th. input. To \Il8ke the sama compari-

son usina the eatimste of marginal phyeical product it i8 neceasary to 

~ltipl¡ that e:ti:cte b}9 ~he prlce of a un!t of outyut. !~k!n: into 

aceount th. fact that amall fermera are ri.k avertera and the cost of 

credit to purehaae input., 8n equilibrium (profit-maximizing) marginal 

valua product vould llkeiy be in ehe range of $1.1 to $1.5. In Table 2 

th. eltiaste. of the marginal valua productivity of intermcdiate inputs 

ranal ~ $.70 to $8.52 but a large nuQber of th. eatimatas appear to s.t­

bEy tbe conclitions for an equil1br1\l111. 

r-te.t comparisona oí fem si.e differencel in the marBinal productivity 

of intermediate input s are presentad in the last col~~ of Table 2. At a 

95 percent confidance level it can loa establi.hed Chat emaller farmo a~e 

more productiva usere of intermediate input. 1n.the caae of pot.toea in 

Antioquia (compering only ama11 and medium ai.ad fafas), corn in Bollvar 

and Nariño. potato8s ln Boyaea, rice in Santander end, on one comparleon. 

corn in Cundin&\ll8rca. For corn and soybeana in Valle, r1co and corn in 

Cboco, and corn in Antio,!uia, .... 11 farma haya hll1her eaUmatee of thll 

.arginal product of intemediate inputs but th ••• are nct significently 
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larger than thooe lDI!asured for larger farms. E.timate. of th. marginal 

product of labor display a greet deal of diver8ity aDd ahow no consiatant 

pattern of being higher or lower on one size group then on another. 

To the extent that· the allocation of ·credit la clo8ely Unked to the 

diatribution of intermediate input. it can be inferred from the reaults 

in Table 2 that in six out of tvelve Caoes (crop-regions) the marginal 

productivity of credit is significarttly higher on smaller falllla. In 

another,four cases the estimated marginal productivity is higher on sma1ler 

farms but the difference is not larga enough to be .tatiatlca11y signlft­

cent at the·95 percent confldence level. Th18 test ·of the superior pro­

ductivlty ofcredit (or more accurate1y, intermediate input.) on ama11 

farms is a fairly stringent one. In the firse place, eVeR if the est!­

mated marginal productivity were hlghelt on largar farms, thl. resu1t 

eould occur simpiy Decause large iarma tena CO ule crcoic ca .ppiy new 

and productive technology tirst. 11Iat same new tac!l.nology ,(e,g •• !le'" seed 

varieties) might be even more productive on smaller farma fE lnstead all 

farms of different size had acceso to Iot. Secondly ,beca" •• tha data 

refer to a slze range of lRODEA serviced farma that 1. much narrower than 

the ranga of farm alzes ln the wbole countrl the difference. in marginal 

productivity that exiat may be obscured by relrlng only en th. lMeORA 

data. 11Ie amount of credit por hectaro la probably dlstrlbutcd much·more 

uneQuaUy for tb. entire COOnt17 than in the lNCORA 8amp1e. Tabla 3 ahows 

the ratio of the Caja Agraria loana extended ~n 1971 to the value of output 

on farma of ~ifforent ai,.. lf ccmmereial bank cradit flowing ooly to lmrger 

farma vera included, th 11 ratio vould inel'eaae dgnf.ficant1y w1th fllrm Biza 

and, unleaa large farma were engaged in .. e1s.t1"ely more credit-inten.lve 

productlon activitieo, there ta e preeuwptiGD of hlaher marginal (aa ~~ll 

\ 
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.a averase) credit productivity on smaller aized ferml which currently 

receive A disproportionately small share of credit. 

4. Other Findings and Concluoiona 

Uling the lame data base, only one othar study is known to have 

attempud to measure the productivityof credit on small farms in Colombia. 

Relying on the manlpulatlon of a linear programming model, Whltaker,l 

Riorden, and Walker diecovered that en extra peso of credit for the amall 

corn farml in their sample would raise profits by .7 to 1.2 pesos. !he 

effect of more credtt tlaS to encourage a shift to more modern technology 

(greater UI. of fertillzer, pesticidas, and machlnery-anlmal rentals) 

requirin¡ sreater use cf labor. Depending 00 the exact assumptlons in-

volved, production r"ae oy 35-54 perceot anó proiit. ;,y 13-.9 pe"rcent. 

However, wlthout knowlng what kind of shadow prlces for worklng capital 

thelr methodology would generate in other .eetoro thes. flndings only 

weakly lupport the deeirabllity of reallo.ating more credlt to .mal! farms. 

More •• tisfying corroborative evidenco i. available from research on 

the .outhorn 2gricultural .rea of Brazil. In that reglan Rao found that 

purcha •• d input. had a higher marginal return on cmell than on large 

farma. 2 Thia flnding waa confirmed by Slngh and Ahn.3 With a recursiva 

~. Whltaker, J. Rlarden and T. Walker, Supervlsed Credit: Ita 
lmpact on Proflt., Production, Factor Use, Technical Change sud Efflciency 
of K.roHrce Alloc"Uon in Coro Production in ColcOlbis'n Agricultur", Analyt­
ical Worklng Docum~nt No. 8, Sector Analysls Division, Buraau for Latin 
Amerlce, Agency fOI Intarnational Development. March 1973. 

2B•P• Rao, "The E.anamics of Agricultural Credlt-use in Southern 
Brun," unpubUahed Ph.D. Dhaertation, Ohio State Unlversity, 1970. 

3I •J • Slngh and C.Y. Ahn, "Employment snd Capital-Labor Sub.titu­
Hon in South BrazUhn Agricultura," Occaaianal Paper No. 72, Department 
of Agricultural Economlcs and Rural 5ociolo81, Ohio State Unlver.lty, 
March 1972. 



• • 
• 

Size 
(l!ectares) 

<2 

2 - 3 

3 - 4 
4 -S 
5 -10 

10 - 20 

20-30 

30 - 40 

40 - 50 

50 - 100 

100 - 200 

200 - 500 

500 -

1000 

1,000 

2,500 

:. 2,500 

• 

TAllLE 3: "Caja Agraria Credit/Va1ue of Output,i by Farm Size 

Va1ue ol 19ÓO Output 
in mi 11 ions oí 

1971 pesos 
(1) 

2,114 

1,005 

996 

J 3119 

Number of 
.!E.!m.! 

(2) . 

115,000 

699 J 1695 J 70,000 

3,004 

3,2:;4 

1,575 

1,170 

866 

2,815 

2,635 

3,143 

1,898 

1,536 

1,453 

, 

"" 

75,000 

46,000 

25,000 

5,000 

9,318 

6,351 

4,500 

1,300 

401 

~Farms . 
(:3) 

606,423 

j 1!i0,182 

, 1(19 J 145 

11.4,231 

". 
J 

", 
J. 

i"O,549 

16,240 

,:9,990 

<:2,317 

13,6'i3 

4,i42 

2,761 

Number of 
losna 
fa .... 

, 

(4) 

.190 

.466 

.443 

.403 

.354 

.308 

.• 233 

.285 

.329 

.314 

.145 

Value of 
l2.!!!!. 
(5) 

376.3 

302.1 

406.26 

383.35 

" 

, 314.06 

105.3 

277.60 

279.81 

374.26 " 

383.41 

J 269.79 

Value of Loans 
Va1ue ol Output 
(6) - (5)/(1) 

"" 

J 

12.06 

17.82 

13.56 

11.89 

11.44 

12.16 

9.86 

10.62 

11.91 

20.20 

18.57 

.!!Q.!!."lliJ. Output figures are from R. Albert Eerr}', "Land Distribution ••• ," M. ill. Tbe 
credit figures are frem Berry, Tbe Developmmnt ol the Agricultural Sector in Colombia, Appendlx 
Table A-79. 
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(dynamlc) llnear programming model they de~ermined that the ahadow price 

of c.pltal (credit) "as several t1mes larger on .... 11 farma than on large 

one.. The flnancl.l ayatem had allocated a'MUch larger fraction of credit 

reaourc.e to large farma where capital productivlty vae louest. 

There ia llttle reaaon to doubt that employment on 5mall f.rma would 

reapond poeltlvely to larger injeetiono of credit. Por example, Yudelman, 

Butler end Banerji conclude frem extensive atudles that the adoption of 

land augmenting lnnovations (essentlally nev hlgh yielding sBad varletiea 

requirlng complementary inputa of water and fertillzer) appeara to have 

resulted ln a 30-40 pereent in crease 1n labor UBe per heetare. l How 

lncre •••• ln labor demand of thla magnitude would be dlvlded betveen ownero 

of amall farma and laodles. labor i. a problem that h30 recelved scant 

attention. tí all of the incres.e ln labor demand vere absorbed thr~ush 

greeter employment of small farmer.,landle.s uorkero would gain lndireetly 

lnsofar .e fevar servlces of emall farmera would be offered ln the labor 

market. In Colombia only one otudy ha8 been ah1e te ehed a llttle ltght 

on tha matter. Prom a linear pregr8llllling model of a ~epre8entatlve farm 1" 

Cundlnamarca D08ter and Suttor find that the availabl1ity of more eredlt 

reeults ln large tnOleases fn the employment of f ... By, bllt not hlred. 

labor. 2 The graatest use of hired labor tended to occur where no crcdlt va8 

avallabl. at all. lf these results are at all repreoentntlve they suggeet 

that a portion oí the i"come galn received by small fat1M!rs frem a poliey 

~. Yudelman, G. Butler, and R. BBnerji, Te<hnologicel Changa ln 
Agricultura and Employroent in Developlng Cuuntries. Devclopment Centcr 
Studlee, O.E.C.D., Employment Series: uo. 4, Paria 1971. 

2J • Do.ter and R.E. Suttor, Linear Progr~tng Analysco ni th. 
IIII!!8ct of Cred1t on S10811 Fa~oduct1on, !nvutB sud Profl:.!;, AnalyUcal 
Worklng Codumant No. 9, Sectcr Analy.is Dlvi.ion, Bureau-Ior Latln Amarlea, 
Agenoy for InterneUonal Development, Aprl.l 1973. 
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of reaUocating credlt ~way frOOl larsar fal'l1leu nsy be acbieved st the 

expense of landlele workera Who, In Col~bia, are at th. very bottom of 

the ineoma ladder. 1 

Another comparl.ou of some lnterelt il the relatlve cost of creating 

addltional employmant on Imatl farma veraue the eame cost ln other aectora. 

Schwlnden and Feaatlr calculata that 1t requlres just over 13,000 pesos of 

current credlt (expr.9sed ln teuas of 1964 v.lues) to generata s man-year 

of employment (both on and off the small farm).2 Presumably thl. figure 

ahould be compared with the annual COlt of rentlng a unit of capital ln 

other slctors Which would employ on8 person full time. Taking a weighted 

average of the ratio of conatant peso (1958) net investment to employment 

changes lor 14 manufacturing industrles over the ?erlod 1957-1966 the 

Colombian P1enninll Department recent1y estimated & cap1td cost p.er worker 
. 3 

of 57,200 p •• os. If the rental rate for eapital in Colombia i8 .15 for 

the s.ke of argument (inc1udins a charge for o.preciatlon) the annua1 cost 

of emp10ylnS an extra person 1ro ehe non-agricultura1 would be about 8,580 

peloa. Ueing the lmpllcit prica deflator for gro.. flxed lnveatment in 

Colombia 13,000 1964 pe~os la equivalent to about 7,679 pesos ln 1958. 

The two figures are lurp~islngly eloa. !.ndicating that lt may not cost more at 

ehe margln te create G h1gher paying ncn·.sr1cul~4re.ljob thaa te emp10y 

enother pereon in tha amal1 f.~ sector. However, tt ls probably much 

1 For 8 dlBcuuslon of how land reform may have a similarly mixed 
distributional impoct ses R. Albert Borry, "LMld Reform aud Agricultural 
Incame Diotribution." Pekhtan Dovelop .. ent Revlew, XI, 1 (Spring, 1971), 
30-44. 

2 J. Schwlnden alU\ C. Fauter, ~. ill .. p. 58 • 

3see Revisto de Piepudqn y D •• errolJll. Xl, 2 (June 1970). 296. 
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cheeper ta create emplayment ln tbe latter .ector tban lt la ln large.Bcalo, 
1 .. chani.ed agriculture. 

!bere are several aapects of credit allocation that have lapIlc.tian. 

tor income dlatributlan and Which have been neglected in thla atudy. An 

overall evaluetion af credlt dlstrlbutlon sbould conaider tha.e omitted 

canalderationa. lnstead af comparlng the productlvity of dlfferent aiz.d 

fanDa it would be interesting to compare the productivlty of credit for 

dlfferent crop. and different regions. lf credit ia allacated to where lt 

.arna the hlgheat return tbis could require that amall fa~rs in same 

are.s tran.fer control OVar resourcea to small farmera in other reglone 

growing dlfferent erop.. !he labor intensity of different crops would be 

b,;>::rt: .. t in ~etern!i"t!!¡¡ tbe distributive out e""",, of Buch a tun·sfer. lt 

vould alao be desirable, 1f pO •• lble, to disassregate by type of inter-

mediate input and measure the separate eontribution of eaeh type to 

varioua kinda of crop output on farms of differ&nt si.e. For example, 

fertilizar coul~ be competitive witb th. UBe of labor if it i& atrongly 

cOQplem0ntary witb a land-uBioS, labor-oaving crop. lt mlgbt allo be 

worthwhile to broadén the scope of the investigatlon sud focul on the 

marginal producttvit.y of land on different eized farma. No lending inlti-

tution in C0100lbia lends "'.oney direetly fer th" aequhltion of agricul-

tural land. 5uth a gap in the long-term eredit market may be &n impor-

tant defieieney if the marginal produet of land on many amall farma ia 

lufficieutly high to enable small farmera to pay for more land and still 

have something 1eft overo Perhaps a land constraint ia the basie reaOOn 

lror SOOle evidente on the extreme1y hig.h capital intcnlity of 
large .... chani.zed ÍBt'II1S see \layne R. Thirok, "A Harberg~r Ge!1eral Enullib­
d\IID Mode1 ol Equity ane! Efficiency: Farm tr.ech .. "iution in Colombia," 
fortheomins in Sase Profes.ional Papera in Political Ecoftamy. 
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intermediate input. are more productive on ... 11 farma sine. ,they 

substituta for 1and purchaoea otherwise .. de. 

On the methodo1ogical front more uork 18 needad ta provide a theoretica1 

fr ... work of hov credit ~ffect. the demand for different type. of inpute. 

On1)' with ,cuch a fr_wrk can the serloos probl_ of the fungl.bilit)' of . ' , . . . 

funde !e adequatel)' handled. !he abeenca of 8ueh a frameuork constltutes 

che main weakne'8 of chi. stud)'. Desplte this ohortcoming. th. resulta of 

thi. 8tudy hine at tha conc1uelon that current credlt reaource. are mis­

aUocatad in a nUlllber of speeific instances and corrective pol1cies "",,1d 

al10cate mora resource. and incame to poorer farmera. Improv~ent8 in 

th •• 11ocativo effleiency of rural credlt market. a180 premisa to de1iver 

• 
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