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INTR02UCTIION

ne rroblenm

-

Jiring the nast two decades, most nublic decision maxers
throughout the world have heen nrecccuvied with economic
development. This is especially apnarent in the under-
developed nations where economic develonment 1s 2 varamount

palitical issuve, Ine =arlier attemnts to oul bDacxward

overall rrowsn 2°7ort,

In the late fortiecs, wnen thne underdeveloned nationg
of the world =¢ ot tn im-ragce taeir rate of cconomic
srowtn, they looked nor thr rich nations as their basio

example and in so doinz, defined economie develovnent as

the continuous increase in sross national ovroduct. The
setting of an increasing sross national product as tne

orimary objective of development led to a series of policy
decisions, that at the time, not only seemed locical but
were proclaimed as rational Yy academicians and politicians

alike. Amonz these were the decisicns to pursue import
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crors {(the first two LelnTt 1n surar cane and the third in

L2

(9 .

' A 3 N 13 2 - - I r 1 e - 2
coffae) uzira, Jcardirorolis, 3ales 4o Ollveira, ana

Altinonolis wers chousan neeauss o Thacir opecialization
in armaal crona and farretes and Uolomoia because of their
apecializatior. in beel nroductlon.

Cemaanical technolo ty in insensively usod threusnous
this rocion; She larrcer farms using malrly sover scuipment
and the cmaller farme usins moatly animal eculpront.,  In

woth racasc “he mechanical Technolnsy 15 restricted to land

vreparation and tillin<T, with little narveshing egqulnmant

) 2
bein - unaod, nemical teconnolosy 1o common wilth recnect
to fertilizers ani peaticides, lerbicldes are rarely uned,

Todern manacenent metnods includins cost mocounting Qo
restricsnd to a few of the very laraze farms;,

"Mn pverall asriculsural noliciss of Irawil are in
full affect in onis r2-ion. Jhese are minimun nrines Jor
practically all croos ~rown, an. subsldized cradiv ior
macninory, rastur: imorovement and "modern innuis” especially
sartilizer. alzn, snecifin crou wollcies are in ellfect
for crops such 2¢ coffee ard susar cane. In itne cace o

Y

coifee tnose rolicies include nizhly subsidized and long

term credit for new planting and minimum vricens clonely

related to world unricaes,

\

For sumar cane they include wroduction qucta allotments,
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the returns to szale functior:
ALY = Af/(0+27)

and 2 i1s an un¥nown varameter. 1T

(=

220 it iz easy to verify that A(Y) iz a decreasins functior

ey o1 e y b . - 2 P " - - ) e '
or I. owever, 7 is not rastricted ac lon- asg L4017
: . . o - 4. _~ . - M H M
e2e, L daesroee of returng to gealo Y ocannot he o undorined
e 4 S R Tt g e e R e s h
N nesativae, If the Invariarnt raturns oo zeale wrodus=ion

furintlon assunas a Cobb-Uoutlas fara, the Jereralizad

~
z
o f

sroduction Functlon takes the Zollowing formula:

L2 o1 b2 bs b by,
JG = A /\7 fom "’3" A .../n

h

For {his model the minimum averaze cost lavel o
outnut ir calculated fromn:

7% o= (YE-1)/2

Test for Different Froduciion unctions

Commonly, wnen analyzin- productior with the aid of

nroduction Mmnctiong, diffarent anterprisesz and Lypnes of
2 e -~ 3 - ﬁ|\’v - e - M . . -~ -7
rarme are usged ac a sinslae zample., IS, however, Shoge

a oy . 5 MRS 4. S EU ol -y . — i
farms are nroducin:- on (diTferont vroduction Jurcilons tho

17 " s

Armsay, 2, 2. and P, Jarembira, "Alte
nilonal formg and Mhe Avcrecate Froduction Moswcotion, :&3010—
metric «orxkehon anar o, 705, wicnloan State drniiversivy,
November 1277,
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difterences amons farms),
AT sugzeated by Jotitsch,  small farme snould be studied

ithin tne corntexT 0f the policy and a2conomical onvironnent

ot conbinations of differont tecnnolowr, farm zizec and

poltoy Coamewsrs, comnarative soudlos witl orocsenl oA onunber
‘ I ¢~ \ i o -+ - - 3
SLONLgTinn L Lynen o0 doavnionmon vaationgs, ~ne polia,
[

cavironriont in Brazil, dccording to dasx,” can Ye clascified
A5 one ucing the "filter down anproacn'™ to nolicy. Tnis
apnroacih s th2 one that used national aariculsural develop-

PR 344 bt

ment nolisy tools with »ssentially no specific nrogra
for the «mall “arms.

ing oarea in winlch this farm survey was taken can be
thara~terized ac a bimodal area {see Table 1), and thus e

Ci 4 A e e e . :
1deal for the analysic of tne diffsrent impants of a siven

nolioy materiy o farms of

“a
D
"

£53

r+

ent silzec employ iy difrerent

{2

technolosies,  Tnie analysic will 1lluminate come acnecto
o the dilTerential impact of policies on the growth of

thnaso farms,

ot
(e}

'ne Bimodal Farming Sys

“rom the Hrisinal samole described in Zhanter I,

N
r |4 e
A00C, L. T, L G

, echnical Zhanse and the D1
of Income in ural “reac," American cournal of A
Sconomics, Vol. 5%, Yo, 2, Yav, 1972,
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nerernial oron farns are dividad
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snall, medium, lar-e, and very lariz,

~odnrr technolosy 1o avellabnle in nany orms in tne

tecnnolo.mr 2ve 2ommonly usad., Howover, mechanical teshn

Yoy I - o - - : R P
nas been developed in The form of large size ezulpment 2

Qowar sources.
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acquisition of mazihinery, mininmum prices and in the case

car cana and coffee some snecific wolicies as already

ratos af “rowih, An laseraction of mechanicel technolooy
which incluies cconomias of secala, sopecial credis services
and mors cconomically ofriciant sorvice insbitutions could
result in lower costs and easier 2ccess o ftecnnological

irmute, Lowor intorest ratecs saould stimulate demand Ior

o A . . .. 3
cvadit by 2ll farmers, winille on tne sunply ciode, Lost 01

5 .- it - o~ ot - ‘- ey e ae - - P M Ve
service, ~undly of [unds, repayment -uarantaeess and oanders

Lo v e . SR . e S . e - S e . Y e . o .
nrofarerncos onould deteraine whetinor equltable digtridution

1

necurs,

In the next sectlon, Tarm dacz is presented %o show
tne Aifferenczs in use of Inpuils, levels oI outnus and use
of credit, and to obsorve the iavestments made in caplial

s 4. - o ova \ 5 13 44 H- . . 3 [ ’ 5
items (land, nulldings, imnrovemernts, and machinory over

1 elovon yvear pariod).,

Sapltal Tomposition and Use

Yarm data on investmenTt expenses and Irosc income

measures are nresentaed in Jatle 4. To permit capital use

sotosch, O. ., On., cit,

Rask, .., oo, clt,



Table 4

Selected Characteristics of Sample Parms by Farm Size
and Type - 382 Farms~ DIRA - Ribelrao Pretc - 1970

b5

a Pasture Large Very Large Small Yedium Lar:;e Yery Large Small Medium Large Very Large
Characteristic Livestock ixed Mixed Annual Annual Annual Arnual Perennial Perennial Perennial Perennial
Farns Farms Farns Farns Farnsg Farns Farms Farma Faraxs Parms Farms
Humber of obsarvations 12 32 35 27 43 82 63 16 23 27 13
Iand Usa (ha) (Average per Parm)
Total hectuares Operated 133.00 178.00 798.00 20.00 38.00 136.00 596,00 16.00 k2,00 109.00 403.00
Apricultural Land 120.00 121,00 701,C0 13.00 32,00 113.00 shbh, 00 15.00 37.00 102.00 371.00
Zultivated 17.00 85.00 625.00 13.¢00 29.00 92,00 436,00 13.00 35.00 82,00 317.00
fastur 103.00 36.00 78.00 0.00 3.00 20.00 108.00 2.00 2.00 20.00 53.00
Livertsz:
Invers
varnhinery 10,615.00 15,094.06 175,254.00 2,620.00 11,413.00 50,979.00 131,097.00 &,905.G0 15,807.00  74,214.00 86,192.00
Tivestock 22,227.00 42,810.00 273,360.00 5,984.00 8,107.00 22,765.00 75.,48%.00 4,176.00 7.559.00 13,5672.00 25,483.00
Cneratir~ ZTu-onses
(cruzoirol)
Crop 1,629.00 1,736.00 13,471.00 1,0%54,00 3,263.00 9,724+.00 Q].?:?.OO 1,242.00 3.%?1.00 8,1272.00 31,012.00
Cr3tom Hire 532.00 £846.00 1,778.50 355,00 902.00 1,227.00 2,L45,00 204,00 622.00 2,272.00 1,441,C0
Vazhinery 237.00 2,532.00 7.,178.00 185.00 1,503.00 6,00C.00 20,7%9.00 G17.00 3,826.00 6,450.00 23,%77.00
Livestock 2,505.C0 2,202.00 8,693.0 1%4.00 405,00 1,703.00 £,223.00 117.00 245,00 533.00 1,72%.00
Other 223,00 1,157.00 4,521.00 164,20 71C.60 1,823.00 12,0%3.00 349,00 1,195.00 1,975.00 10,072.350
Total Operating 5,812.00 g,012.00 35,702.00 1,812.00 7,203.00 20,45%.00 B4,223,0 2,523,00 9,15G.00 19,727.0C0 72,7%7.C0
Tarn Receipts ’ 15,75%5.00 26,673.00 135,693.00 4,977.37 14,400.37 50,835.00 1%7,%07.50 8,946.00 20,7956.00  41,109,00 237,71l1.00
Int. Sxpenses 32.00 3€2.00 1,168.00 ?74.00 262.00 1,200.00 6,042.00 90.00 63.00 55%.00 695.00

Source:

DIRA - Rihelrao Preto - survey -~ 1570.

a : st -
Sce aprendix for definition of characteristiecs.
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FIGURE T

Major Capital Investments Per Hectare on Pasture Livestock

and Mixed Crops and Livestock Farms.
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FIGURE 1T

Major Capital Investments Per llectare on Annual
Cropr Farms - DIRA-Ribeirac Preto 1960-1970
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FIGURE TV

Land Owned and Operated as Percentage of Land Owned in 1960~
Pasture Livestock Farms and Mixed Crop and Livestock Farms-
DIRA-Kibeirao Preto 1940-1970
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Land Owned and Operated as Percentage of Land Owned in 1960 on
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FIGURE V

Annual Crop Farms - DIRA-Ribeirao Preto 1960-1970
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FIGURE VI

Land Owned and Operated as Percentage of Land Owned in 19060
on Perennial Crop Farms - DIRA-Ribeirao Preto 1960-1970
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FIGURE VII

Source of Funds for Major Capital Investments as Percentage of
Total Capital Investments - DIRA~Ribeirao Preto 1960-1970
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Source of Funds for Major Capital Investments as Percentage of
Total Capital Investments - DIRA-Riveirao Preto 1960-1970
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Source of Funds for Major Capital Investments as Percentage of
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jand vroductivity, significant investments in manasement,
machinery and fertilizer nave to be made. It is concelvabvle
that small farms are nov able to compete for these resources
with the larser farms and are baines driven out ol armins

and their land incornorated irto the larcer farmu. Alco,

D land rentine

i

farms, nay lndlicate
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occuring ir the very
that small farms are findinsg 1% more efficlent to rent tnan
to overate their lands,

Assunins that the above analysic is valid it is pos-

sible that on one nand, the zerneral asricultural volicies

t

of the country are nol dicfcriminating acainst small farms,
at least a3 far as land resources ars concerned, but on the
nther nand, the specific croo or tecnnolosy policies, 1n
this cace surar cane production, margeting and mechanization

volicies are nindering the zrowtn of the small farms,



2CONONIES OF SCALR ALD rRODUCTI Iy ANALYSIS

ot
3
P.
2
¢
)

anter bdezins by

vy

efinins homormeneous production

[

Sub-re~ions within the rezion studiad. ™iis dafin 11tion
is made throurn tne use o the ZToub-Uourlas model deseori
oreviously and with

. o vanc , L . A
subs2suently, a tasy io made 1o identify Jiffarent nro-

2ach of the sub-rarions defined, Ihe methodoioT/ 1s the

" EOPR 3 o R S 3 . 4+
Same ags descrined for LNe nrevious Test,

1afirzd, thne analysis orocesds by testin.s the null nypo-
thesln:  irvariant retusns oo ccale occur in all produciion
Zunctliong dqefined,  railins to reject tne avove hypothesis
tne analysis proceeds oy <eolininz nroduction functions

vithin different farm gsizes for the differont oroduction

Hedecting the nyvnothesis that the nroduction activities
are tne same for the differsnt Tarm sizes the analysis then
proceeds to examine valuos o marsinal oroducts for the
different fars sizes and finishes by dis scussing the impli-

cations of these results.
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FIGZURE VIIL
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Maximum Log Likelihood Function Annual Crop Farms
(Returns to Scale Tunction: A (Y) = Af/(1l + 2Y)
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dowever, the coefficients for labor, both family and hirod,

cinital Tlow and opernsinzg ocxnenses are now sianlficantly

e

dirferent from zero., Caltivntad land, however, is ni;nly

cimifileant andt explaing woss of oie variation in outnuz
(it nac 11 Hata wel~hrs A+ A
\ l e Q(lx- <A ._)». vOL [ N 0o - . ' [

LV tnat ine cneflicientz of vbroduction elasticity

- 7 . o IO : —~ty - ot 3 v
S10N fuUnctlon agssurnes the followin:s

oD

é
) = log iy * > b; low 4., v U
i=1

JYarious arbitrary valuss of ¥ are inserted in *he
model and the recidual sums of zquaraes of the model and
the respactive {'s are ingserted ir ths maxinizecd los
likelihoad function below:

A
- /2 1o+ &=

The results of the Jaximized Lo~ Zikelinood “un~tion

ire vlotted asainst The - values and the vath o the

function ig determined., From this uath tne maxinunm

can bhe ‘leternined and at the maximum b otno likelinood
esbtimates 07 the production function coefficiente arce
wlge determined.  he next fisure depicts the pain of
maxinun oo Likelinood =

From the figure it can be established that the

function ‘does not reach a maximum and thus the hyvothesis
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¥aximum Loz Likelihood Function Ferennial Crop
Functlon:

(Returns to Scale
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of invariant returns te scale for the perennial crov farmo

can be accented,

croductivity Analysic by size

ilven that nne Lnnut-osutout relationsnip exnivits

invariant returns to s~2lc Tor the asrefsate sanplae, a

) ’
"= -y oty

v

furtner analysis was atternted to study the nocsibility

Is

-
¢

Aavins annudl orov ai.u noronnial oron farms o differens

~ 3 . Pr -3 3 A -+ - - ~ e 3 I ..
Slzes operating at differest lovels and with diffarens

factor uroductivities,

Pnn samcle of annual cron faras was divided into *two
roups by size, one comoosed of the small and mediu
annual crop farms (up o 29,72 hectares) and the otner
comnozaid of the lurze and very large annual croc I'arms
(from 30 and more nectares),

.

e szme Cobi-~Uoucslan sroduction function, ut

P

lized

in tae vrevious uralysin was “itsed to tho two samnles

of farms.  alle T osilves she camnary statlscies of tae

two funclions and Jabkle 17 ~iver tne values of Chie mar:ginal
nrociicts Yor tne variouc irouno, An B aat for different
vroduction functions wae porfarmed urdl Sao rocul b Indi-

. vl [MND IR v

cate that the functions aras statictically different,
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The nerennial crop» farr samnle wan divided into
small and medium size faras znd larse and very larce
farms, accordings to the came zize limits derined Ifor tne
annual cron farms,

An aconomatric model similar o the previous models
#as fitted Teo 2ach of tno two sets of data and the sumnmary
statistine can oo found 10 favle 1l. ne values o tne

marsinal nroductes f

(e}
L}
r&

cne different 1lnouts can be found
i Tavle 12,

An I Test for the difference between the two production
functions was carried out and the »o2sult was lowsr tharn
the critical level, indicatins tha*t the functions are not
different, However, a test on & sud-Seil 01 coatiiclentis

P .

indicated that como coelificiente iare different wher comnared
A

witn eoach other, Zonseguently, the functions have the same

overall profile, but certain coetficlents are diffoeren=.

Jonclusions

Me First obiective of the precedir: analysis was to
establish whethor varylns or invariant returns to ccale
ara exnibited oty the oroduction functions. The resulte
indicate that the returns to scale are invariant, that is,

the returns to scale do not wvary with output, In both

c15a5, (varennial and annual crop farms) any cize operates
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with similar averace cosi, thernfovre any oslze ls ootimun.
Ubviously, the results are only valid within the 1imita-
tions of tho sample and of the inrlicit assumptions of the
metnodolosy.

0 corclusions, for example, can be drawn for farme
outside the ranse includad by the samzle.  Jnuc, it ig
conceivatle that farms whinh wore not ircluded in the

SamMoLr 1y NAVE eltinr ingrezsing or nerentlo returng

L e B P, f §- - v —y - Trav ) oo, e - . ) .
vo ccale. Jeconi, the netnodoloy inzlles constant factor
and output prices avd sonniant clas:iicl Lty of substitution
for factor inputs., One of tne theoratical rascons that

returns (o scale increase a5 farne increase ous tput slze

(D
v
3
[N
w3
[
e
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-
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te

g a raduction ir cos*s ac the nurchas
y Y - . -l e -~ ~ e 3 ~ A -~ S e
larse auantities of Inpuis ircrease., Tn a lise mam o

atlon cost ol products decreares

s
w

rdling and trancoor
as outvut increaces., It ir concaivable <hat at leac: tno
vory laree farms may benefit from <nnge cosot reductions,
althouszh 1t is not necessarily cortair ‘nat such reductions
nceur,
iAnother restrictive asnect of the analysis is the fact
that the methodology emvloved assumes constant partial

elasticities of subztitution detwesn inputs, It ig roesible

oy, £y : B ey Al e~y oy e o
that as farms increace in sizae tho 2lagTliclity o substl-
e L 4 R PRI ] \ Is + . - + - .
Batlion for the differant facztors chanex and snic char.e

coulrd wiac tho varaneters i tne ostimated function.
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However, the relatively cood results shown by the model
employed demonstrate that 2t least witnin the limite of
the sample the productinn relationshnip can be explained
fairly satisfactorily witna the model used.

fne analvcoic of the resulic of the model for the
small-medium arnual farms indicates that these farms have
a lower production profile than the profile of large and
very lar:e annual farms as indicated by the coefficient
tor the interceot. However, the response of output to
capital services and operating expenses on the small-
medium farms is slishtly hisher tnan for the larze farms.

All annual crop farms, both small and larege, have an
estimated elacticity of production for land, both culti-
vated and ratural pasture which is equal to zero. Cavital
services and operating expenses on the smaller farms are
the largest coefficients and explain most of the variation
in oproduction. Values of marginal products for these two
coefficients are sreater than one indicating that increased
net return could be obtained by the expansion of the two
factors. [I'he larser annual crop farms have labor coe’-
ficlents (both family and hired) considerably larger than
the same coefficients for the smaller farms, indicating
that tne productivity of labor increases as farms increase

the land size.


http:expans.on

For the small farms <ne alacticity vroduction is

rezative and simnificant 4t the ten percent level. Inere

i1s some measurement orrar in the data and the coetfflicient

could be conzlidered actially equal ‘o zero, ilven tno

data for family labor, 1t is hard 1o explain now much of

the problem results from real lahor redundancy on the

tarms and how much results from staltistical oroblem,

Zired lator iz cgual to zero in the smallor farns indicating

the insirnificance ot hired labor employment on the cnaller

Tarms (note that the seometric =ean of hired labor in the

smaller farms ic equal o .01 man equivalents - Zabls 10),
Cepital service and overatingz expensc productivities

decrease as farme increace land size, Jhne wvalue of

marsinal vroduct for capital services on tho larzer farms

o

indicates a very low votential Tor increased returns by
expanding the use o7 canital services., 0On the othor hand,
the value of marzinal ovroduct for operating expences on
the larger farms indicates come votential for increased
investment in operatin.: expenses.

A relatively poor Tit (%€ = , ) was obtained by the
model when applied to the »roduction data of the small-
medium perennial farms. lhe coefficients nowever, are

consistent., Zultivated land ig 5y far the most important



e s . L
coeffinsient (bheta welgznt = ,709)

Joliowed by total hired
labor {Hata wo.-nt = .301). The vroauction function for
the lar o-vory larze verennial farms indicates a relatlively
pod Tit {32 = ,72) and consistent zoefficlents, Land
arain iu the most lmportant coefficlent (beta vieigat =
L6F) Tollowed by The co2lTicient o operating 2Xpenses
(esn welznt = .27),

‘he gmall-mediwsn nerennial farm size hac an intercept

consideribly larzer than the large-very large farms ndi-

)

catin: that for tnesze farme tne fixed inpuls are Hropor-
tionally larrser than for the large-very large farme.

(3ee6 Table 11) In other words, thz fixed inputs are of

a size that vermits mors flexibility in productisn organi-
zation for ths large farnms than for the smaller farms.
Mis asnect should exrlain tne near zero value of mar,sinal
product of canital flow for the small perennial farms at
the same time that the value of marginal product for hircd
labor i nozitive and fairly larze. Having Tixed caplval
inputs available 2t only ceortain sizes (trucks and macnilnery
for exarple) oblizates these farmers to over-invest 1in
those items, thus inereasing labor productivity. On the
otier hand, the heavy investment in operating expenses is

driving marzinal oroductivity of cultivated land to higher

'he beta weirht is the production elasticity coef-
ficient normalized by its variance. It 1s free otf the
influence o the measurement values of the variables.



levels,
The larze-very larszc farms show a value of nmarsinal

product for cultivated land that is lower than that “or

=

the small-medium farms, and value of marzinal oroduct for

¢ less than one.

e

operatini expenses tnas
Jhe near zero valus o mar-inal nroduct for the

capital services variable in the larze-very larie verennial

farms also indicates a2 large invesiment in carital iterms

whicn may be due to the easy access to Al5hly subsidiced

credit avallable to these farms ac wac indicated nraeviausly,

e low wvaluss of marzinal vroduch for operavins exnenias

o botn farm cizes indicates nirh lovels of use of operatin-~

expense which may be resvonsible for %ne relatively larse

valusg of marginal returns for land.



CONCLUZIONS ALD POLICY INPLICATIONS

The princinal vuroose of tnis study has been to
document the impnact of arsricultural policy on farm resource
accumulation and adjustment vossibilities for an asri-
cultural ra2cion of the state of 3ao raulo in Zrazil, .wueh

~

of Brazilian 2 ricultural nolicy has aszwsed tnat lar
Tarms are more officient than small farm, i.e. snall farms
djo not employ inputs at thelr optimum use and that ecoronles
of scale exist in 3razilian asgriculture, Policlies

favorin~ mecnanization, farm consolidation and increased

£

nroduction of croos nroduced »rincivally on large farm

m

nave resulted. Less atteation nas heen vaid to the Fen-
eration of vield increasing technoluzy or the imnrovement
of the inputs used on both small and larze farms

In view of this anproach to increasing agricultural
oroduction this study nhas attempted to evaluate both the
impact and economic desirability of these volicies in
terms of farm level develotuwent and canital growtn. First,

an analysis of the form, source and c-guence of capital

srowth for an eleven year veriod on farms of various types

92



and sizes in the study area was conducted. Philc analysic
verified that capital -~rowin was sirongly affected by

nolicies. achinery was The main form of capital invest-

nent, Innreases in land ownershain and control were als
- > Ral - Y A M " - . - . v N . ~
avident, canital Investmants were mucn sreater on coron

than on livestock farms, and finally lar o Jarms Toyomed
cavital earliaer and more intensively than cmnll farns,
Credit was a2 major source of caniial rrowth ~opeclally
for macninery nurchases and avairn used mucn uore intei-
sively oy larsge farms,
This level of analysis then verified the assumption
that azricultural policies can be a powerful determinant
of tne direction, sveed, and distribution of canital rowin
in arriculture. Ihis leads to the second oblectlive of
the study. In gquestion Form this ig: o lar:o farme nave
the areater economic =fficiency in convertin~ invutc into
agricultural outout? and do returns to sczale vary ags output
increases mainly by increasing the land buse? Thege
questions were addressed throuszh a micro analysis of nro-
duction.

first an analysis of returns to scale was made on
several sub-sets of data. rferennial arnd annual crop farms
in two size categories were examined. The zeneral con-
clusion from this analysis was that in each farm type, the

returns to scale are invariant and in fact constant. All
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farms of a ~iven tyne ownrate 2t a constant level of

averace cost ner unit of outnut, consequently there is no
uriicue ovtimum size. ‘lowever, within each farm tyne there
are different vroduction functions for the two sizes
analyzad, The snecific conclugions, as they relate tn

farm tvne and size and the nolicy implications are described

balow,

Annual CTron Farms

Yor tne annual crop farms, the productivity (elasti-
city of oroduction) of various inputs changes when the farnm
31ze chanies. An exaniration of the nroduction elasticities
for inputs on bothh farm sizes ind.cates that capital
servicen and oparating expense nroductivities decline ac¢
farme set larzer., On the other hand, labor rroductivity
is much nisher on the larrser farms, These results indi-
rate that output on the smaller farms increases more in
response to chanzes in the use of both capital services and
oneratin: expences but not to labor.

rart of the reason for such differences lies in the
fact that the larcer farms use less labor per unit of
other innuts-they are less labor intensive. The estimates
may also bo indicatine that both family and hired labor
are critical invuts in certain phases of the vroduction

nrocess.,



The value of marsginal product for inputs on the
smaller farms js very low with the exception of thns two
capital inputs. Ihese results indicase that vers little
notential for exvansion of produsciion exists for “ne omaller
farms if land or labor use in increaced, since adiitional
expendlture on these rasources will reculdt 1o vory low
returns., However, casital use could be increzased some ac
indicated by thwa mar~-inal return., lae caniial ig reallw
in the form o mechanization oultsd S0 larrer land baces
nowever,

Several =olicy Immlications are avideni, Firct bota
sizes of farms would raceive 1it+le increased rosurn from
the use of ore land., Thic result irdicates that inereases
in land, wiwth the othor insuts neld nonstant, will no*
increase nrodustion si-nificantly, For the annual cron
farmc tnen “Thae reosourca 2onstraint is not land, but otheyr
nrodaction chtors.l or the smaller farms i3 may be
capital services and operating experses, For the larzer
farms it may ©e labor. The lar-e value of mar;nnal return
to labor on larser farmg indicates tne notantial theoue
farms have to increase outnut by becominr :or. labor
intensive. Ina fact that the value of marsinzal nroduct

for canital services on the farms is qulits low Indicates

1 C o . . .
Ph2 si;nificant increase in land observed during
the sixties as indicated hy Figure VI, Chapter 3 further
supports this conclusion,



substitution of canital for labor has taken place. In
this case, canital would take the form of machinery.

Me historical canital accumuiation analysic supporty
tnis conclusion, for examnle, the lar-er farms have a
creater per nectare investment in machinery than the
smaller farms. Also, the larser farmsused pronortionally
mora credit to acauire macninery than did the smaller
farms, Thus, it is appnarent that due to the credit
nnlicies the larcer farms nos only nave reater access T0
cheaper credit for macninery, but the ease with which
machinery i acauired nac resulted in a substitution of
racninery for labor that hacs detracted from 2 potentinl
increase in nroduction throuzh 2 moro labor intonsive
or~anization, or at least an undictoried lavtor-land-
napital orranization of production,

Concludinz, it c¢an 2 said that the smaller annual

farms are more cificient in the use of capital services
“1d overating expances .2., in terms of response of

s

outnut to chansins levels of capital use, but are cen-
siderably less officient in relation to labor use. Land
dons not ceem to be a constraininz resource for the smaller
annual farms in the region analyzed. Very little returns
can be obtained “rom increases in land innut. lachinery
sorvices howoever, have 4 sreater return as indicatod by

Lhe value of marcinal onroduct for capital service, Thus,

as smaller farms mechanize they have to increase land base



since it is apparent that %he macniner compornient iz such
that it is only viable in combination with an increased
land area. At that point land may become 2 resource
constraint,

4+

for these farms it is apparen: that increasing land

1

Size counled with mechanization has resuled in nigner
labor oroductivity but lower canital eroductivity, The

fagy acenss To machlnery is apvarently @aisin- labor Dro-

S,

-

ductivity but not the productivity of o*her Tactors,
especialiy land. Increases in production, at the mar<in,
are low as are the returns to increases in most faciors.
fhese [indings indicate that tlhe production furcsions

for both farm sizes are low and policies should be directed
toward pushing the production frontier outward throush an

increase in averaze oroductivity for all productior factors,

varticularly land.

Zerennial Cron PFarms

Ag in the casa of the annual crop farms the analysis
of returns %o scale for perennial crons indicates that
invariant and constant returns exist, tnus any cize of
farm operation can be considerad ovptimun when the samnle
is analyzed in the agoregate. The produ-iion analyais by
size, however, indicates that vroduction elasticities are
quite different, The larger farms have greater clasticities

of vroduction for land and operatins cxpense inputs. TIhe



value of mar~inal product for operatinz expenses 1s also
nigher on the larger farms. On the other hand, the values
of marzinal product for land and nhired labor are larger
on the smaller farms,.

Apparently the smaller farms rely substantially on
family labor (gzeometric mean for family labor is relatively
hizh) and by so doling are increasing average land pro-
ductivity thus raising the value of marginal product of
land. Also, operating exnenses are veing used to the point
2%t which further investments in operating expenses w1ll no
lonrer expand production and thus may have contributed
to raisinz the average productivity of land to its upper
limit,

As indicated previously, the production function for
the smaller perennial farmc has a hilgher intercept when
compared to that oI the larzer farms, but smaller values
tor most of the production elasticities. This aspect may
be due to the indivisibility of certain fixed factor inputs.
Phus, the only alternative left for the small perennial
farms is to increasc tineir land base whi:zh would allow a
qmore flexible combination of resources. [he analysis
however, clearly indicates that the smaller perennial farms
have reduced their land base. Although the production
function indicates a hirher potential on the part of these

farms to expand output by expanding land, some other factor



apparently not only inhibits their possibility %o increase
their land bhase, hut actually leads them to reduce %he size
of thelr overations,

A possidble reason is the specific sugar cane policies.
Sugar cane is produced under strict coatrols. The most
important feature of this policy, in relation to the nresent
analycis, 1 the quota allotment, The production quotas
are allocacted by means of a process in whichn the suzar mill
that acquires the sugar cansz has some control over the

quota distribution, This control stems from the fact that

a quota is granted to a siven farm after the farn has =old

1

ugar cane for three consecutive years to a Ziven surar

9

mill., After three years, the farmer is aranted 1 guota

(attached to hic farm) equivalent to the arithmetic averace

of hiec cales or the three years. TFor bh. cloens o mills
however, fewor independent supnliers ave nreierred, since

.

the administrat’ve 2osts of supnrly control are roauced,
a5 well as a ruarantoc of a steady supply 1s increased if
it buys suzar cane from a smaller number of lar-er sunoliers.
Therefore %he most rational attitude is to direct tho
mill's supply policy efforts to have the smallest number
of supnliers consistent with supoly needs. This attitude
may explain the avparent discrimination of suzar mill
managers against the small sugar cane Zrowers,

Also, the quota increases land values, since it

represents tne elimination of economic risk. rarticipation
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in the program therefore would be capitalized in land
values. Under such conditiors, 1t igs not surprizing that
emall Tarmers in an area of suzar cane production may be
forced out of asriculture and thelr lands incorporated
into the larmer farms. ~he nistorical analysis suggests

that thiz situation may be occurinzg,
Y

=

Pinal Conments

he recsuls

o]

of tha productivity analysis and historical
investnont natteras indicate that the vresent agricultural
nolicims of 2razil are hinderinz the expanslon of smaller
Farms, eooecially the merennial crop farms in the area
studied. Also, it is clear that the expansion of the larger
farms has been facilitated. If the objective of agri-
culiural nolicies is to expand output per farm only, the

th

nolicies are oweratinz in the ri:nt direction since returns
to scale are constant ©out detractinz from increasing
sutnut per unit of land or otner resources. The increarge
comes at the extensive marsin, To handle such an increase,
mechanization suitablae to large land base operation has

to take place alony with the farm size increases.

Hirhly subzidized credit, especially for machinery and
overatine expneonses, usually 1s more accessible to the
larzer farme. Faving the possibility to acquire financial
rasources ior overatinz expenses and machinery, these

farmers can use their own resources to invest in land, thus
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the vattern; more land, more machinery, larzer farms, more
output. The levels of marzinal productivity however, aro
low for -ost of the inobuts. TFor example, wiin avera.oe
machinery investmeniy, lar-er farms have roachad very low
levels of wmarrinzl returns for canital serviaco.,

Jne nroduction elastizcity for oweratins 2xnences for
2ll Tarme analyzed (excent Jor the small-mediur oerennial
crop farms) is relatively aish. IThese results when analyzed
in conjunction with the production clasticities of land
and capital services further illustrates tne »:source

consiraints faced by th- smaller farms, Crop and macninery

k4
&)

e¥Xpenses Ior example are the main componernis o onerating
expenses. Thug, Iincreases in land and machinery for
furtner vproduction expansion would require an expansion

o

of machinery and crop expenses or in other words the
increase in use of biolozical and mechanical technolo;y.

48 indicated previously, it is apparent that smaller farnms
are hindered by oresent policies in their attempt to attain
nizher levels of use of these inputc without expansion of
the land base,

“rom the above discussion it is quite apparent that
the azgricultural policies of Brazil assume that size,
especially when measured in terms of land area, is the
primary reason for economic officiency in farming, 1In a
few instances Zrazilian policy makers acknowlcdge explicitly

this assumption. In ¢eneral however, one can only perceive
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such ascsumption by carefully reviewing the overall policies
of thne country. Credit is subsidized for machinery
acquisition, o»asturc improvement, fertilizer and farnm
consoliditiorn. Each of thase are really nore accessible

o

. larcer farms. 3Subs

+
V]

antial tax incentlves are zZiven for

rn the Amazon

[

attle rancnec
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rocion,  In thno lortheast of Rrazil, onc of the most
impoverished areas of thic hemigphere, fruit tree plantation
type farme nave been formed throurh generous tax lncentives,
111 of these incentives are accessible only to individuals
ar firmz of considerable financial and managerial capz-
hility.

I'ne praceding analysis sugzests that size (or scalz of
operation) alone may not be the main reason for economic
afficiency. The larser farme are more efficient 1in relation
to some Zactors but not in relation to others. The larzer
nerennial =ron farms are more efficient in relation to
land and operatins expencec and the larger annual crop

farms are rore efficient in relation to labor both famil:

o

nd nired. It 1¢ aprarent that the hizher level of
officiency for these factors can be traced to agricultural
policies that by assumin: that larzer farms are more
efficient favors them and discrinminates azainst the smaller
farms. Cne may z2lso speculate that smaller farms face a
lese favorable vrice situatlon 1in addition to the pro-

ductivity differences noted.
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The larger perennial farms are more productive in
relation to labor and to operatins exnensec, anparently
duz to sucar cane policies that diceriminate acainst
emaller cuzar cane farms,  Purther, a eneral nroblen
of relatively low absolutec levels of vroductivity for all
farmeg in this area, one of tne mosi econronically advanced
ol 3razil, ralses questions about the development of
aporooriate forms of arricultural technslo.y.

Accordins to the 19%0 census, 3razil na” absut
3,300,000 farms o which 2,%00,000 farms had lecs tnan 50
hectares.2 2y operating on the assumetion of efficlency
beins directly correlated witn land size, the zovernment
may be alienating a tremendous growth potential on all
farmg, a »potential that can only be realized fully throuch
the develovment and introduction of technolozy to increase

outout ver unit of input.

“uture Research

Two aspects of additional research are indicated,

L.?
<+
<
&

i'irst, the results of tnhe present analysis lead to tent
conclusionc that challenge the direction of current arri-
cultural policy. These results must be investi:ated and
tested more thorousnhly under a wider ranze of farm situ-

ations. Also, in this regard, there is a need to more fully

% A . . . - .
“Fundacao I#3E-Inst. B3rasileiro de <statistica, 3rasil-
series Ustatisticac Retrospectivas, 1970,
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understand relationships between factors of oroduction and
now they chanse betwec: farm tynec and sizes,

Sor axample, the iaicrease in land operated vihich
apparcently would result Irom the continuation of wvresent
solicies would also cause an lncrease in the intencity
a' services and onerating expenses. [he

r it production were to increase tnrough

4N
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increases of factor nroductivities. It 1s quite certain
that in both cases present factor-Ifactor relationships
would caanwe. .4n analysis of factor-factor relatiorshins
would indieate first,tne efficiency in resource allocation
“or thne different farm resource orzanizations and second,
the Tactor substitution “hat would occur ags one tyrne of
production or-anization chanses to another, either because
tne farm expands the use of inputs or because policles
alter fanctor vroductivities, This analysis would De best
carried out with *he ugse cof a teneralized production
“unction and with price data on factor inputs for different
farm ~roups.

The estimatior. of a generalized production function

with an unrestiricted factor-factor relation for the two

H

farm sizes utilized in this study could allow a comparison
of tne production Tunctions and a definition of which tyne
af function best exolaings the results, ziven that returns

to scale are invariant. Once the production Tunction is

defined, tne most efficient resource allocation, that 1is,



105

the point where the ratic of value of marginal unroduct
over nrics of innut ejualc one, could be deteriined,

Also, tre factor-facior ratioc narticularly the capital-
labor ratio could be deternined and an analysic of lahor
substitution an 2 concequence oI Tarm cize increases and
tecnnolo tical =shanzes ~ould he dona,

The second area oI future research ic devendnnt on
varificatlon o the tentativa results of “he nrasent study,
If the resulis are confirmed, tnay indicate the need for
n Tandamental reorderin. of asriculTural nolicy, »nriorities
in favor of increased wnroductivity of 21l inouts, ecnecially
land, his can only be accomnlished through emphacis on
techniolozical researcn, Zand productivity increace fc»
example, is 2 scale neutral technonlogical chanse and all
farms alchousnh nrobably larze more than small, can Dernellt
from it. Do achiave significant increases in land and otner
input vroductivity a substantial prozram of resecarch on
bio-chemical technoloy must be mountoad,

In addition, tne results of this study point to the

need for resecarch o

3

two special tovics. lesearch should

ct

be direrted tovard the development of avrropriate pro-rams

for small farms, e~cpecially Tor land acaulsition and tech-

nolo ~ical chanse, This nrogram should te structured s

as to bring the small farm into a competitive position with

the larze farms as far as technological innovations and



access to modern inputs are concerned. First however,
research (as noted above) is needed to indicate the magni-
tude of the »rice differentials that exist between small
and larse farnms.

A careful analrysis 1c also recommended for the suzar
cane farms. 2fesearch followins the lines ol tne present
study snhould be develoved with sugar cane farms only.

In tnis research sucar cane farms chould be more precisely

delined {(more homozeneous in the production of suzar ane).

(@]

W

Also, a broader size ranze should be Included so that some
of the wvery lar. e farnc can be nnalyzed in the sample, and
if possible different vrice ratios for the different farm

sizes should be included,
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APPENDIX A



Description of "Characteristics" for Tablas 4 and §

and

L

Cultivated land: land planted with crops of any kind
(including improved vasture) measured
in hectares,

Pacture Land: natural vasture measured 1in hectares,

achinery and LivestocX Investment

achinary: the sum of the actual value of all machinery
on the farm at *he time of the survey.
Livestock: the sum of the actual value of all tyves of

livectocis on the Tarm a3t the time of <ne

Jron:  includes fertilizer, lime, nerbicides, pesticideg,
and geed exvensaes,
Juctor tiire:  actual value paid for hirineg nmachinery
services.

Yachinery: actual value of maintenance and fuesl expended
on tne overator's own machinery.

Livestock: actual valuz of exoenses con animal healthn,
“eed and breeding,

Other: crop and machinery insurance, taxes on land and

103



macninery and othor incidental 2Xpenses not

included in any of tha above catesories,

Farm Recelots

Ine sunm of crop, livezteok and livestock nroduct sales,

b

san valuz vzid during 19270 for interest on loans.
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AZENDIX B



1

H

Indevendent Variatles for egression Lodels

Jultivated Lang

Land cultivated nrovides a nectare measure of the
otal amount of land under cultivation, 1Iand cultivated
includer both irrizated and non-irrizated crov land ase well
as the amount of improved nasture under overation, Improved

rasture is commonly renlanted each year.

Natural asture

watural pasture lard provides a hectare measure of
the amount of unirmproved vasture land orerated. Land
classified as natural pasture may nave received some minor

improvements but axcludes any land wnich nas Leen reseeded

9}

or actively tilled.

fotal ¥amily Labor

’his fizure exoresses the entire family (household)
lator contribution to the vroductive Drocess during the

n

ya2ar in terms of man-equivalents. ne =um o7 adult and
child family labor exvressed in man-equivalents ecguals the

total family labor force,

1. . . . .
Inis apvendix draws nNeavily on Richert, Allan,
"Cavital Formation £roject: Summary Data," Onio State
dniversity, (mimeo) 1972.

111
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Total Hired Labor

fotal hired labor is the sum of permanent and temporary
hired labor., Ihis fizure, expressed in man-equivalents,
indicates the contribution that all forms of hired labor

made to the nroductivity orocess durins the »roduction year.

Cavital Services

[hls fizure is calculated as a 12 percent service
flow of all fixed capital items. Initially the total
value of fixel cavital is derived by adding the actual
values of bulldinss, macainery and workstock., Second, a
12 percent devreciation on the value of all fixed assets
is assumed {actually the 12 percent represents a weilgnted
average of different devnreciation rates). Ihis figure
cornstitutes the capital service variable used in the
analysis,

Several assumdptlions are involved in this calculation,
rirst,it is assumed that the monetary value of capnital
items is a £ood substitute for the use value of the capital
items themselves. Second, the available figures in the
data are for capital stockx and not for capital flow, thus
n linear relationshiv betwenn capital stock and capital
flow is assumed, Third,the depreciation rates are assumed
to be linear.

This measurement of capital flow has obvious limita-

tions. ’lowever, the data restrictions were such that this
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apnroach was the only viable one.
I'ne theoretical rationale for the use of the above

D
approach 1s described in detail by Yotopoulos.”

Oneratine ZXpenses

OUperating expensec is the sum of actual market cos
of fertilizer, lime, seeds, 2erdicides, pesticides,
machinerv rental, machirery maintenance and fuel, all
taxes and insurance and animal exvenses durinz the pro-

duction veriond.

') - »
“Yotoooulos, Fan A.,, opo. cit.



114

S8IRLTIOGRAZPHY












RISOURCE ACCUNULATIC! AND ECONONIES
OF SCALE IN ACGRICULTURE

I'he Case of 3ao0 raulo, Zrazil

Iby A. Zedroso, *h.D.
Ihe Ohio 3tate iniversity, 1973

-

rrofessor .orman Rasw, adviser

The #eneral objective of this study was to analyze the
impact of agricultural nolicles on resource accunulatiorn

~e

and econonic efficiency of crov farme in the state of Zao
faulo, ‘razil, An assumption of economies of scale in
agriculture 15 innherent in the selection of many oolicy
ontions for Z2razilian agriculture and therefore became a
central hyvothesis for this study.

The data source for the analysis consisied of a
crose cection sample of 352 farms from the Ribeirao ¥Preto
area of northeact Jao raulns. The sample farms fdisplayed
conciderable size varlability and enterprise speciali-
zation in the production of either livestock, annual or
perennlal croos. Jata were collected during July 1G70.

Two analytical techniques were utilized. An historical

descrirtive analysis traced capital investment patterns
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on the sample Tarms during tne decade of the 1050's
includine tne form, sequence and cource of various cavnital

g

investments., he findinsz of this level of analysic,
indicated that farms snecialized in cront accunulaied more

canital than livestock farms. Annual cron faras ausmented

Tthelr land basc considerably through acjuiring or rontin:
additional lard, Ine smaller verennial crop rarms reducod

thelr land base clightly while the larroar nerennial Cron
farms increased it considerably, sachinery investnen:t
was the mest important item of formed capital and in reneral

4.
v

n

D

larger farms began mechanizing six to nine YRATS
before the smaller farms., Zredit was an important source
of financin~ capital resources especially for macnhinery.
fhe second analytical technizue, production funcsion

analysis, was uced to test for economies of scale and the

9]

productivity of inputs. Different production Turctions

were defined for small [under 350 nectares) and laree

3
8

annual and nerannial crow Tarms. A e alized Jobh-uourlas

[

productior. function was fitted for each size and type to
assess returns to ccale. .itn the aid or a maxinun lo-
likelinood esztinmation *ecanigue, invariant and constant
returns to scale waore found in all cases.

An analvolo »f production elasticity coefficients and
values of marrinal nroductc indicated that the lar~er

farms are more nroductive than the smaller farms for some



factor inputs, but not for others. The indications arec
that land, cavnital services and operatinz expenses are the
ma jor resource constraintcs for the smaller farms.

The nistory of resource accumulation however, indi-
cates that the smaller farmg arc avparently unable to

ame bagsle

9]

as

ay. the

ct
)]
U

acaouire tnesa recourceg, 2t leacs
do the lar-er farms. A~ricultural nolicies operating on
the assumntion tha*t larser farms are nore efficlent becomne

a seli fultillinz provphnacy at they allow larger farms

access to resources, especially credit, It 1s also

Uq
P.
"

i

easic
apparent That the present rolicles detract from the major
problem which ig inpu* productivity. ror all farnms,

levels of input productivity are very low and little poten-
tial ecxists to increase values of marrsinal product.

Zxnangion of nroductlon tnhus, under current technolosy

is larcely confined to exvansion at the extensive marzin.

(S
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