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ABSTRACT

Alves, lliscy Roborto de Andrade. M.S., Purdue University,
January 1968. An Economic Evaluartrion of the Impact of An
Extensior Procrarm, winas (erals, Brazil. Major Professor:
%, kdward Schuh.

An increase in the productivity of the resources 1in

-

agricultur» can make a substantial contribution to the growth

of develcping countries, since these countries have a wmajor

portion of their resources in agriculture. Recngnizing this

- o
T
'

tact,; the

v oeonsion Service of Minas Gerais State has, as

one of it sgoals, the increase of the productivity of agri-
culturn in the State. As one consaquence of its aducational
work, it is hoped that farmers make twc Kkinds of adiustments

which will incredse the productivity of thelr entersrise:

(i) alopt a hither lovel of technolosy and (2) chose the op-

D basi aaal of this research is Lo attenpt Lo measure
these two types of adiustments, fellewinn a procedure
dung=ate? by Nerlove. The specific oblestives of the study
arc: a) To develop a frame of analysis to evaluate the

of 4p Swlongion scrvice on the produchtivity

o
Hy
-
n

aenrTes Lo arricultarde; b) Lo dse thig frame of ans
eyialuates Lhe Dwacst of ACAR in selected manicipiog z2) Le

wolicy wenwlusions and rocoumendations fror the



enpirizal analssis made; d)

the proposed frame of reference for further

extension type educational programs.

r

The eonceptual model is based

theory of the firti, allowineg, however

afing at a

arofit of a firm will be a

oay chosen, tactors

of irmuts

and output) and

which the firm chooses to operate.

RS

two comnponcnts

relative

tpebenivel effiziency == whigh

R renment

If the production procass can be

Fagristion the Cobb=Donuaias bv

Tidi

Sortain 0O ¢ntimate

i o 2 1 T

e I T R 1 T R
cons:wiuaently, the overall

Thig Feearch ttenpted to Sotkain b

samplc of farmors worked by ACAR,

Lo ecvaluate

upon

r

the optimun.

function of the

lorlove constructed a measure of economic efficiency

: a) price efflciency -- which measures
ability of the firm to naximize profit;
measures

selact the most apnryorriate

t_h‘.r':S’f.‘
rerasure of sconomic
i atst=Ts!

Fakan

the sui+ability of

evaluation of
the btraditional
for firms to be oper-
Therefore, the

level cof technol-

(described by the prices

the deqree of technical ecfficiaoncy

Based upon this model,
that has
the

and b)
abllity

the relativa

techinolay within

Dy A produc—

it s vessibhle, usdeT

Lwao And,

- S =
20mMNoTe NS

cfficisncy.

ostinataes fromoa

from the municiplo

of senador Pipmivo and a sample of farmers not assisted by
ACAN . IFEwE FEER Lhd runilvizrio of Piresidenty Bepnardes,
Tria las® soonle L the basis T6rF SoRparisdd.

mas~ ynon the charasuoeristics of the ACAR's work, twe
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hynotheses were formiulated and testeds a) that those firms
receiving lechinical assistance from an extefision program
would havae a higher level of technical efficiency than those
rot recoiving such an assistance; b) that those roceiving
technical assistance would have a lower level of price
o 4 o 1o Y

The vesylts of the analysis avpears Lo have rejected

thiose Rypothesos. K

n

a matter of fact, the opposite scens

[t

to have occurred. The farmcrs from Presidente Bernardes
Have a hiqgqher 1--¥el of technical officisficy anid a lowetr level
of prics ¢ffiviency. Conseguently, 1f one accepts the o=
sults as bel.o i valid measure of the impact of ACAR 1In
enalor Piyminao, the ceonclusion one reaches 1s that the ACAR
;fﬁfer i unt offective, or eveon worse, that is, i35 having
d deletorious < ffect »n the levei of mfficieney.

liowayer, Lhese rasults may in part be due tn ccohomic
enyl ronrent Ln Brawil and the characteristics of the proaoran.

lor cxamplc, a, Fresidents Bernardes mignt not have boen a

i

valid Basis ‘or cotiparison; b) the inapliity Lo neagsure
qiCFewtfidng |G fiaatrial apillite Jay Dave 1afldsgded Tne
resulis {roermers from Presideste Barfnaydes HivghE bave hd <
highet tanagerial abilityis =) as o consegasnces of the wery
Hieh rate of inflation, 1t is prfsgsible thaté the goal Qf =io
tarmers 1s o manimize their assets an! not income; <) Many
FAYTIDES ol sagpnle Bdave g vere low denroil of orluest o

They kesp Fou cocorls and are guise aepondent ot menory recall



xiii

to answer the (questionnaire. Consequently, substantial
measurement errors may be prescent in the study, and they
might have benefited nore the Presidente Berrnardes' samnle.

The results do suggest guidelines for ihe extensicn serv-

D

ice in further developing their proaram. One impeortant
part c¢f this would be an increased emphasis on the economic
aspects of thelir recerurnendations, and some atte~pt o define
appropria*tc program goals.

It appcars that the model uged in the analysis has con-
siderable utility in analyzing similar educs*tional pronrams.
Juggasticns for increasing its effectiveness are made in the

thesis.






CUAPTER I

INTRODUCTION

Deveilorment zcoonomists for man, vears tonded 2o ianore
tae contributions of agriculture to cconomic dewvelopmont,
Agriculture was considered to be synonymous with peoverty and
industry with wealth, Rapid industrializa“icon was considered
tn be the anpropriate solution for the problem of accnomic
roesyers posersarh. |

Iu rovent years, however, ceononiists have alven uch more

attrnling %o ‘he role of agricnliure in economic development.
l /

The prinsipat voasdRs for this shifi of ovpldasis urg
(1) rapid inecrcases in populaiicn,
(2) imires4ins arban ugrest as internal rices of ‘ood
A raved upward,
{2) W ber e foreldqn oRohinin P9 Yol ekl fron zos
Jaer 4 Far+ oxporcs, whilch ih Lidd Are e peantt &l
LAcre aning donestic consum: Ltion, ANt
te) fuillare 4o obtaln sustained r'es of cronoric arowth
tapogat crogvams which onnentrate on industrializa-
Ay Lo tie noalact of the aariosul-aral secbor
AT TR are netailicd aldcddsion of Yhis wodint may bi found
il A paper by Sraadhy G.ley amd Telial, Wedla, "Baviduidiye
and Leconenmise Development,"™ Instizuwn de Leonomia Raral, URDNG,

Vicosa, Brazil, 1544, pn. 1=-2. 3cc lso
- Al

"Role ¢ Joavieultsrs: Ln Sconoric Dowvelec
FPeanomicn, Vil. 47, o & (Pak. 19%3%), 7§




How Lt 13 recoanized that agriculture can nmake a substan-
tial contribution to econnnmic develovment. This contrihution
s generally recognized to take nplace in at least five ways:Z

(1) the release of labor to the nonfairm ancior,

() as a source of savings or tapital f{ormatinn for the

wetal nconony,

o]

1

1 the rezl income of 4l menbers o

-t

socieby

-

——
w
—~——
.
-~
-
.
\

v supplying food at lower prices, which also has

strong income distribucion effects,

.~

4) 2nlaraing the market for producis produced in the
non:.ars scctor, and

02) a3 a source of foreidn exchuryge carnings.

The poten*ial contribution of the agriculture sector in these

vATLNUR Lavs 18 wuenerally quite large. inderdevelopal coun-

trice teml to have mere thaen 40 perecnt of theoir iabor foxce

in aarienlture, as well as a large fraction of other re-

.

sourers, The farn population is aenerally o large vetontial
market L{f its pachasing powey o4n be Lhiycaseld. Ahnd ‘inally,
giplendtsral oredugts Lend te be am Lyortiunt gaur.s Or oXs=
CRANGD gy inas.,

Tiv: imporiant prohlem, then, hocores one of how Lo dewveliop

1

tho aorrd tultural sector, or how {0 raise inceno levels and

=pglgseivi e 19 tae roydl Segtor. Tao wLyaldivichal answey o

e
b

aio raeotion wad fo recorssend an inovoass oo Lhe oamount o

spsital An 140 fradisidnal forns —= fichinsry, aulorent,
i !

———— e e ——— )
N &Y P et Aol
-y . - - PP T S § ST PR

olizs, s, =3,



L

dams, and roads. This recormendation relies uron the wall-
kriown fact that man is mors prodactive if he has morw cagital
or more of othrr rasources to work with him. However, this
im g pTabthsr sufwrficial view of bhe preblen: since it negleoets

the fact that man is responsible for makinag capital more

-~ =

nroductive, and not the inverse. ©COr, az Qalbraith fas sai

\
Wad
-

Fi
(

LA tern tr prraprle salll see the need Sor mebttlng machines.
is not so cisar that machines will sece the need for getting

2 A
ﬁaonla."i’

Lt vt
Thinking on this subjeet is now ghancginog. It is being
recoanized that carital formation also takes place In nor-
triydicional forms: education, imnroved health, the creation
of now hnowlodge, and informal tralning programs. And re-
soaarch has indicated that the relurns tc society from invest-
sefts 4 Lol fov-dtpwditionsl Yorms are fndeed galte MWigh.

This resitien is verhaps qost systematically treated 1in

5 ; : - . A . d & .
Sohulte's ook, Tran:“ormiang Traditinnal Aqdrionltire,—~ wacroe

roforonors Lo polewant empircical work @ad also be fopand.

The Pronblon

A logion! gemsonuepce ©f this sbrean ot theughit ha3d bern

a5 lNerednlml Sondaney Bg givs 4 hinlt srierit lovment

o
t_:
ki |
o
]
<
2

wl ZEELEn L6 »pooprims that Improvwe thoe Ruren ament: Thong
veedawos  fommmd wdeat don , ool

e, Econor i Devalewment, (Boston:

.y P

Houglit.on . i .
4/ Poe fowr ingtawes Sghudre, L.Ws Transforming Trad: -

s/ I

HORdony Ydle JRlvgroiey

tional Aqnriedliuye, jew Jdaven s
R ]
3 )

w Bdw k=23,




I

to agraduate “raining, and informel edaocation sucn as exten-
sion proqrams_and on-the-job trainina.

ilowewor, the fact that the proaram is intended to improve
the human agent does not nacessarily mean that it will do so,
or that it i3 the best one that could be chosen. Lven thouagh
a program may be well conceived, it may not do wiat it is

intendad .o dn, either for reascns iniernel to it or ior

reasons ovey which it has no contrel.

0w

The reosources that most develoring counlries have Zor
financing tielr economic deveclopment are very limited in
amount. liance, it becomes crucial that thesse resources be
applicd in activities that will be elfcctive in attaining
intenis gqnals. This suggests that resecarch waich 2cvaluates
ten pitcctivennss of develonmant activities carn make a sub-
soant 1) eorntrivution to improving the productivity
o

e

disge Lopreh ros91rces.,
ri
I+ ig in this area that the priosent research agttlenpis Lo

sy A ecoant ribaition. One of the proarams implanted in vany

loveloplae couririns to aid in the develeorment o whe aqri-

L lbural socter ig an exteasion strvice. Extensgien proaratia
ape orientad o the hurman anont and Lend “o be vory similar

now knowla@ge Lo farm peeplo.



3razil, ls ne eoxception. Known as ACAR (Assoclaciec de

Crodite & Assistencia Rural), it was patternad originally
after the Parm Home Administration ef thce United States. As
such it addressed itself primarily to snall farms and was a
conbination of a supervised credit program and tcchnical
assistance. Later, it shifted away from these rather narrow
objectives and began to woerk with the full range of farm

sizes, with less emphasis given to the supervised credit part

c 7
of vt progran,~ Throughout ite history, however, 1ts pur-

nose has been to help rural people raise their standard ef
living throauch an educational proaram fer adults and young
neonle,

As with almost all educational programs, the hroblem of
swaluating tha offectiveness of an extension program Ls
slem. The pffecld &7 odids iiOLAl ProvTIng weand Lo

T el a0

7]

e, AiS e —— Somrtimes with rathor large spill-over cifects.=
“ome aspcts of the programs take a coasiderai.le time to have
an affect,. fad in some cases tnely affect takes place in
son-mousranles Zorms.

gany i vferont deviess can e owwd hadt sech used 1o

o7 SUT

ayaluyare such pregrams.~ But n obvious criterion of suach

P

£ty Miteniail v & for a more detnfiled di&gigsinn o tnz
bl rery, L Py am, 2nd organlzactlor Ml AR MEner ogaplp=
Liwms on Daeligh can be foumd 15 Mbhsler & wharton, (refor-
poprser bm Yheiw werk L in Appendix BY.
ot G s R, Barten Aag : e Tl s Al pubilc

L1
Fducatier, Princeton University Trincaton, Now Jersey,

i)

+ s

C Par o simary of nrovions atiernts Lo neasurs
-

ivesass or innact of ACAR, seo Appehaix 3

(-2
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(o]
wAth which reogaurces are combined, 2

Ob jectives of the Study

1

This study is in part mothodolonisal in that ik atbtempes

Ul

to apply a now toel to the evaluation of an extenslion serv-
L& The gpeglfic oblectiyes of the pesoarall are:

1. Tn dcvelop a frame of arnalwvsis wherch; the i1mpact
3f an oxtension service can be evaluated in ternms
of its effect on the economic and technical effi-
riency of firms with which it works,

2. To assoss the impact of the ACAR system on a sample
of farms through “he usz of a production function
ang estimating procedures which permit differences
smorg farms in both the produstion fun~tion they

nae andl the degrec of optimizétion in thp gsgs o1

3. Te =srird policy fonciusions and recrrpendalicons

from bthe empirical analyais made.
4., T <iiglaate the suitabllire of whye propesed zrel fgr

fivuhnr eyaluation of extens ion=tyype oliicatiang

PEQSEY AN .
[ 5 T — R .
YraaE iy es
.
i
g o s . Rz “10“ o Fo N v wpael] . o i R 2 e g
e g T O 20 Waven e imoel gpesisng ren 9r eeuhen o @t e

i i Lokl segp e il somBarldonE mnhs SUrmE Within 4 indusig -

T T Iy, Shapter 11, for merc deiall en LBIS.

M a1, “adey "The Vosgwremat ofF Preicgst dwve BILLs
wiengy, " Jowrnal of the Royal Staristifal focin: ; Jerres
(enoral) s oL, 120, L1901, Die wod=a%. T



in the derree of Lechnical efficicency, ceonomin effici
11 / . i
angd over-all efficiency. Tess measuraes are basea

rather restricotive assumptions and dn nobt acceount for

fact that isdividial firms may be Tauiny more oy loss
: 1 2f
savironmants , —
137 .
Hoerlowe has genera.ized Firmell's work ie sach

viyar the postriztive assumptions ave noLl TOCasgary and
tnat diftorenzes in econoric environmont fuced by the

the

ricoronas

Tlrms

can be taken .n%n consideration. This nodel will be used to

desrelon 4 frapesdrk in which the irpact o
ice can be analyzed. Specific hypothieses abrut the
n$ the extension service will be deriwved.

Serlavietls mmasure of nconomic efficicnoy oweeg 17S

spiration Lo thr tnigud pronert (v8 of tho Cobb-<bouglas
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recaiving the services of ACAR tor a nurter of years. Tre
other sample will be drawn from a universe of farms which
have not recacived the services of ACAR. The farms will be
rankad in cremg of thelr voespective econnpic efficioney, and

those rankinas will be used to test the nypotheses about the

impact of the extension service. This testine will implicitly

inveles an syvwluyation of the eoffect of ACAR on the farms
working with it.

The ompirical data generated in this process will then
e used 28 a basis for policy recommendations. It should

also proviie insights into the applizability and lirmitations

n{ the procedure as a tool for evaluating similar education

cr extonslon-Lype programs,

Organizatzicn of the Thesis

bemt
Y
Bl

tapter 11 concoptual and statist.cal sodels woll be

|

syrsonted, tocclher with compubtational procadure
“qining oo i1nlices of efficiency and a discussion ol the

data uscd in the analyeglis. Chnapter IIZL wiil

-

arouni 4 ita on the two areas of staay, dran from both pri-

---- vy el e Condiry sourees, waich 2111 sreovide & hasis for

interrreting and evaluating the rosulis, Charter IV wild

pngnnt the findings from estimating Lhe production fune 1as

s o gemeral analveis ¢f shes.  Chaptsr W will dosmes pell
psie b et oma and prasent suagestions fer funure reseireh.
yapplenens ary materisl guch as more letallied information on
ACAR, *ne review of previeus studicos, and detalls of the

sampling procodures are presonted in awpendloes.

o R
-



CHAPTER II

CONCEPTUAL AND STATISTICAI MODELS

This chapter is divided into fiwve parts. The first part
discusses the concepts of technical and economic efficiency.
Tha seeoond part discusses tne hypothesized influence that an
nxtonsion-tyne rducational organization mignt have on effi-
cliency. The +third nart discusses some measures of relative

cconomic efficiancy that have bheen propesed. The fourth part

‘resents a spccific statistical model and estimation and

ree

rompatational procedures that provide indices of relative

roonomie AfYicioner,. And the fFifth and final part 'liscusscs
J 1

v data useod ir the emuirical work.

The Ceneont of Rolative Ecoromie Effiziency

The rg<ion of wfficiercy <omas up gulto natirally £ron
el Tttt aome firrms arc able o orodune nore than others

aneer sisilar conditions and with the sane auantity of re-

sources. wWe iiqght say that those firms Lthat produce or

!
;l
r
V]

e A EEiejent . In this context, the idea of efficiency 1is
4 ralatives one, and the firms in ah industry, 7oV example;

voveld B 3l Lo vary 18 theur e (iierond s

L& & 0 _
Farrcll-~ has attempted ‘o «ie7ine a1 measure of efficiency

- Ly

T Pargrlly Mady By OLE; ; P <33l
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in this sensc which permits a comparisen amone firms. This
peasure is discussed here since it is useful in clarifying
the issue and is useful for 4iscussing the irnpact that an

extensicn service such as ACAR might have on efficiency.

0
]

His measure may be divided into two compenents. The

first, techrical efficjency, relates to the ~hoice of »ro-

ducticn funztin~n among those astually in use by firms in the

industry. The seccnd, price efficiency, refers to the proper

(or improper) choice of input combinations,

The distidnction between the two <onponents and an under-
standing of Farr:ll's definition may be obtaincd from Figure
1. If there are constant reiturns to scale, and a sinqgle out-
ctors of production, the prerduction function
be characterized by a single isoruant II'. Let DD' ke

the nwrice lire, Then Q' is the optimum combination level

Figure 1. Tarrell's Definition of Relative Efficicncy and
Its Compcnente.
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Howaover, a firm may produce at P rather than at Q',
where P represents the same level of output as in isoquant
II".%Y The distance OP relative to QQ measurces the extent to
which thes same amount of output coutd be rroduced with fewer

inputs used in the same proportien, or what Farrell calls

=2

"technical ¢fficiency."” The distance OR relative o CL meas-

ures the fraction of costs for which the output could pe
producea if the relative use of inputs were altered. [arrell

=alls OR/OC "price efficiency." A mecasure of the "over-all

officiency" 1s yiven by

OR- , 0T _

ols} (0)%

[

This is the "cover-all efficiency" for the production of a
unit »f outprut by means of the input combination P rather
than the rombination Q'.

Tha Tnflusnce of an Dx-ension Jorvicoe
on Lconomic Rificiency

with this o3 background, we can new .ndicate the effect
nf an extensiiorn program.  Assure onue again that a honnaen-

cou.s produrt ig being produced with v/ inruts and rthat ther~

2
ar~ constant roturns to scale.2 In this case, the produztion

taneLion oan aain be reopresentod by a sintlc line such as
A in Piquy.. 2. In this case thr line AA' reprosents the

o Laovpaant RAAY repgrosents a dorferent prosdaction
en taan that represcnted by IT'. In this case 1t char-
g 3 PEOAUEt lon fwnetion wiwh o bower Lsowved : i

5 4
+

S i Wl e

¢ e aé~uwption wf oonstant returns widny only (o
fasilTtate the qraphical exposition. As will bc saown bolow,
measure of nconomic cfficiency can be oktained whern this
assumption is rclaxed.

A
= -
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tare

tite wers of ine

ci'uation hofore

tinn for +!

ba

¢ began. The optimum combinaticon of

ro-

soguarees ipn given by a, where the price line is tansesat Lo
L LB taant .
ow, assume that the oxtencion service is in operation

e 3 period of

Py oo

s

S

d :]\l'_

1np

Teidie

wime; with the pripary obicetisd: o1 1ntro-

rplogy bto the farm operators. The result of
i* ik were successinl, wouwd be Lo implant

Function ressmoscatedd by the iscoimant BB's This
Yopresents the same amount ¢f outnul as RA',

ly o same amount of oubnut 15 beirg

R SREH0 I AL AL

It has purrossly boon drawr, nowever, 40
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it has been assumed that the marginal rate of substitution
among the inputs has been changed.

Now, let's assume that the farmers adiust to the new
“echnology in the following way. Assume that the corbination
of inputs indicated by g is a result of a stable equilibrium
that has been in existence over a long period of time. IS
g0, Mo use of inputs in this proportion will be rather
strongly ingrained among the firms.

When adopting the new technology, therefore, the farmer
maintains these same proportions, indicated by the point b,
which is defined as the intersection of a ray extendingy from
the origin to pointgg,with the 1soquant BB'. The censequence
of this is tha* the firm has moved to a point that is more
nfficient, technically speaking, bt that is lass efficient

trom the mtamdpsint of prige e

with “he passage of time, however, as the firm gains
nxpoericnece with the new producticn function, it learns that
the basic shape of the productien function is diTforent and
wijasts accorlingly. As a resalt, it will eventuslly nove

s e point ¢, a point of both price and tnchrical efii-

B

ionecy so leng as the relative factor prices have not chansooed.

Viewing the adoption of technoleogy as a process in this

leads %o two hypotheses, Pivst, 1t is axproied That tigse

ol

{irme roceiving tochnical azsistance from an éxtéansion pro-
grar, wonld have a higher leovel of wechnical efficicncy Lhan

those not receiving such assistance. Ang secend, those



roceiving technical assistance would have a lower level of

price efficisncy

F K]
J

These are two hypothesis which will be testerd in the
nresont rezcarch. The first is rather struigntforwarad, and
15 based c¢r the avowed intent of an extension progran. The
second is nnt as straightforward, however, anad 1s more de-
signed Lo loearn something about the process of technical
chanae.,

Vvarious writars have arqgued that the intreoducticon of

tmchinlical chancn does create an economnic disequilibrium. By

(t

postulatiag this as a hypothesis tc be tested, we can possibly
throw some liqght on the subiject. The hypothesis is Jdependent,
howovrnr, on the technical change beina non-neutral., If the

rary hechnelogy dees not change the marginal rats of gubstitu-

= 4

Loy Anmrer dlgisbs, the bppetaeses will e oo jopigesl, DUt Wl Loe-

oui Ehooowing any light on the proeess a° hand. The rethetdiolo-
il rroblem, of course, is that undoer +the clirnmumstances
et the pmresant research, it is not posgible to say a priori
whathay vhe *eciaiosl change i3 neubral or non-nputcal.

Purther slasability i3 given Lo Lhls Lyposlnesis waon
t ig yeewssgnra i that ACAR doos nep alwvo a avgat rdeal of
et eien te Lhe cconomic aspecits of inpnovotions LE rogermands.

2 . P | ~ =l - o ) -
Yhoe onersl lach Y economio rescarca

A final heint hZas to do with the nature of the tech-

w1 ormplantod and with the process of adoption of

£3
-4
—
—~
w
y
3
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this technoloay among a sanple of farms. First, it should
be recognized that ACAR operates in such a way that it is
attempting te implant a bundle of new teclinologies, rather
than one Jiscrete innovation., Individeal farmers may adopt
rart or all of these *echnologies. If he should adopt all,
conceivably he would be along some line such as BB'. If he
haz only adopted part of them, however, he may be at some
point betweon AA' and BB'.

Eerice, when one examines a sample of farms working with
tue gxtension service, he would «xpect them to be distributed
in this area, especially if they have not been working with
the extension service for a4 long period of time. However, 1t
is to be expecind that as a grour, those working with the
sywtonsion service would be mors tachnically efficient than
‘rost ot woarking with it., This censideratisn is inportant

developing testing »rocaeduarcs, a subject to be treated

Altornative Mocasures of Relatiwve

— T . ¥ v
Leonormie BEoloney .

'arrcll devolops measuras of these various concepts of
r-lative economic efficiency. Since he does not know the
“rue produstion function, he estimates it by fitting an

cnvalope Lo the scatter of points in the input plane. From

P18, ffe in able to comruke eppirtically the various SRedsurcs

M



i-.J
-l

. 4 . .
herlove—/ has pointed out tiat Farrell's approach

! :
© (2) perfect com-

I Ln

aASSUmMeSs @ {l} constant returns toc scale,

petition in the sense that level of nutput does not affect

-

either factor or product prices, and (3) no differance in
environmental conditions in which =ae firms are operating.
The measurs is ambiguous if any one of these thren conditicns
ig relaxead,

Point (3) 1s an important consideration in any measurec
of efficiency. Clearly it does nct make sense to ceonsider a
firm with a smaller output as less efficient if this firnm
faces a more difficult environment.

6/ . 5

Nerlove~ has developed a measure of ecenonic cfficiency

whish is, in theory, free from all of the Liree assumpliosns

aiven above. iz recoqnizes that differences amono firms an

Le summarizend under three headinos:
1. Ability te miximize short-ran profits,; Iiven o por-

ticular production funcbtion and in a =iver etwicon-

mznt.

~J

. The preduction function itsell which’.aummarizes the
state of technical knowlodae and the nossigsinn of
figed [apotors.

- 3. The envivonment.

pirmanr 4 Uy supposise thre L0 8¢ targT yeolors ot
.

sarameters asnociated with cach Flrad T and sarvesvording 48

t

Pleriowve, Marce
3

] or. MS., 9. 8007,
f AREEUaLlY,

r
production funstion hongaesecus of degree

S

6/ Nerlaw:, Mare, om. ¢it., . 96-=107.
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ecach 0¢ the categories of factors causino differcnces anong

firms. Hence:

PO R

l. Profit maximizing factors: [ .,

L

-
=3

. Production functions: v,

(99}

Znvironmental factors: w,
4
The compenents of these vectors are assumerd to be real

swbers and belong to the closed nd hounded zets (U, V, and

W respectively. Firm £ is included in the industry or set

I
&

of firms F.
fiven its production function, ability to maximize
wrofits, and its ~nvironment, each firm will vealiz¢ a cer-
Ltaln fet vovh ae or profit,(ifﬁ Hence, - can be regarded as

a funtiicn of thw parameters u, v, and w:
Ter Vs wf)
serecver, it is assumad that ¢ is a continuous {nction of
&dl these parancters.
Sinee U 13 rlosed and bounded, it follows that for each

£, = Was g omoadous with rospect to variations in M.

S ¥ wf} = Hame 0 Ype Wl
4 " a ¥

u in
T4t 15, *here is some combinaticn of inputs and cutputs “hat
woii ! laad ve maximum profits for firm . The symbols Ve and
w, ipdigase Lhat Uhe production function and onviranmnental
£tars are peina held constant at the level of the firm.

e pRclvals cad be externded by netina thall for any

AEVLYOENENY Ve ~may be regarded as a function of v, the
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characteristics of the production function. Since V is

closed and boundad, thé value

A{f) = nmax- (v, wf)
v in V

7/

~ust aoxisl. {Note that since » is continuous on the carte-

s1an product U X VvV X W, 7 is continuous in V X W; hence, =
is vlso unifernly centinucus.)

Now the way that we have defined x(uf,vf,wf), r(vf,wf)

wmd A(f) implies that:

where:
¢ F'wf) = the profit obtained by firm £,

f(vf,wf) : the prefit that firm f would cbtain if it
vere a perfect maximizer, and

-

7)) = the maximum profit possihle, ~iven that
the Eirms spe protit Marinizers and o loot
the best productior function, but siven
tho environment.

o

If 4% is mnt D

7]

sibhle that 3 () be zrro, then thoe

peamire of oJondde afficieney for tirm £ van he defined aug
v . . - . N - e R
) !r,‘.'f_.,w'f) {‘.l:-,\.’f,\'\::,l -\~.!,\\?}
Blay = Y I TAYE
."‘VE,'&\'F}
yhaoree
. . \
\1 :.l"i’ ,'f
S —— moasares rolative price <ficieney, or
Vo] the relative abili-y to maximize profit

within a giwven onvivonment, under the
arceduction function chosen,

-~

T Buln, oF doubsh, 12 an oxarple of srepwisa roagisdasos
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—_W%ET_ rmeasures relative technical efficiency, or

loosely sw»eaking, The abllity to pick out
the right production function, and

it

“{t) 1s the over-all measure of relative economic
afficiency.8/

If mo firms in the industry incur losses, *hen L(f) and
its componcnts are numbers be‘ween zZero and one. The closer
to one they bhotome, the oreater the relative efficiency.

It should be noted that this 1s also a cardinal measurd
and, hernce, is not subject to variations when we, say,
rlouble @11 prices. The effect of a doubling of prices would
cancel itseclf ou*t since prices would appear in poth the numer-
ator and denominator of anv of the ratios.

One preblem with the definition above is that ) {f) could
pulte conceivably be zero or neaxlive in the short-run, Since
e e rdmix] as a ratio, certaln difficulties may arise.
Thies vroblan Tan be cglircumyented] by takine as a measure the

followina:

ra

[
—
-
~

.Jf,vf,wf} - i)

s ~{dppWpyWe)= Tl MWL) Y b m(ve M) = X(F)
A E 4 - - -

rral

L
e
[
\
f==
=
J

This measure of efficioncy will e a non-p

aumaer, oand the closer It is te Zere, the relatively more

S
—

[
[
ir.
e

in additicon, it can be divided into two

Nicod 1

sembonehts whick, a3 beforo, reflect price anmd teghaioal

affuedsneiss . respectively. (\Hithin *rlic saccessive brackabs.)
o7 Mheso :an be shown o be sinmilar to those of Farrell.
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But this measurc also has a serious shortcoming., Assumne
a competitive industry. If price changes do not affect
either u or v, =©(u,v,wv) and -(v,w) afe homoaencous of dearcn
on” 1n prices. That is, if we deuble all prices, El(f) would

be doubled alsn. Hence, E,!{) is not a cardinal measure,

1
since it is no%t invariant under the indicated price chanaes,

It should ne noted, howover, tha't the relative nosiition
of any two firms does not change with this change of prices.
Boecause of this, it is possible to use El(fJ to rank the
firme, assicning 1 to the most afficient, and so forth.

Both neasures of ctfficiency, El(f\ and E(f), are clearly
subjs2ct to sumple error when computed from a sample. Nerlowe
has shown that the sample rank, ﬁl(f), tends uniformly, in
probablility, to the true rank as the sarmple slze incroases

1 Ll ) L"
SEENGLE LM, =

In other words, i (1) is onsistent..

i

A S-atistical Model and Fstinmz'.ion Procaeduaras

supposs that the production process can be described by

a Gobb-Dolgl v¢ Eype cquatiun

) 8 1 L 7 4] -
- ) h'4 e . - ’
hof *1f h2f U hnf \of
whoro:
X Attt
(& ‘
%, Tnouts fd=1.,..9)
i
v ol o T nLoroept
i, = the mrodgetion clastieiliss [i=l...02])
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ansl vo+is interpreted as representing differences in the
: 10/
productinn function among firms.=— This 1s interprcterd as

tf we pormit the producticen function to vary from farm o
farm up te a factor of proportionality. It is assumed thot
1 s - §i s e fgrasgenl okl o ot 8 .
0av e L5 normally distributed,— with mean eaqual to zero
and o finlte variance.

We assume that profits or net income is a function of

(]
'

the thre2 vector variables, u, v, and w:
» = profit or net income
u - profit maximizing faclors

v = vroduction functions

4 i . . . . .
‘w o environment, which will here be defined as tae
rrices of the products and factors.

Mor firm £, - - G(Jf,v ). It is desired that the statis-

£
tical modal permit these considerations.

1

Im ftorms of the usual static *licory, one would postulats

A DEofle sy Lon:

o |

F

- = X -
# of of

+

it~

L TiftiE
1 -

WG nroeen 1ot mximd2e 1t, subjest te ihe constraint iImpliod

By vha predastisn {unetion, in order to determine the

LT 5uhzrrlf

i1 detines “he funetion for a given firm,
Il ¢ In nis usual o5

timation ~asc, v = 1s assuned to ropre-
goat a largoar numhor of relatively unimpOitant variables tna
Dave DCQH omlr*“ﬂ flqﬁ thoe model., In this case the Contral
Limit Thoore~ provides a rotional for the norsal distribution,
Lz ot rpeere & s vﬁ¢ ig assumaa L represunt the leval ~f

v ghmnlowr . o b extéEnt thal the ltv2l of Yechrolooy 18 s
iy @ % pezlagively larae nwrber of varlables sugh ag the nualy=

Cative il melone of the varioug Lnouts and the onmittieddl vari-

L
- - . o . P 1
asle: mianimes e il L ratienal
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™~

‘onditions for an eguilibrium. The first order conditions

for a maximum would imply

o s il
“of

and

gy = ———?—; for 1=l,2:«:n

as conlitions of ecguilibrium, and as sufficient to dztermine
the level of resource use and output, given the prices and
yarfac! conyetition., The latter condition is fragquently used

1o cati=ate thac paraneters of the production functicn, 1if

12/

D

oquilibriam ¢an be assumerl.,

l

The sorond order conditions state that e must beo
greater than szro and less than one and that the sunm of

“he g, rmust be less than ons. The latter impliwes that prr-
1

¢t monpetdcoon awi profit maxirizaticen ars inconsistent Lo

thes variatiog among firms that we are afier can be intre-

darad it oa nurber of ways. Differcnces in the productlion

[l

funenmion nave tlready been imuiizated by the wvariable v

4

wihiich was addod to the initial producticn funcrinn. This

ot

Losutes that nroduction functions differ amoncg firms in a

vatkar soooilfis way -- such that alven percentanre increasdcs

Lo dimpuos would result in the samnt verIontage Lhcredses B

catmagn for als firms, bubt firms with the same level ot inputs

7 Tt a nvemarty is unique to the Cobbh-Douglis ypro-

duction finciinr.
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f=

will net all produce the sSame output.lg/

Altcernatively, or in addition to, in the same manner A
random t2orm can be introduced into the eguilibriwn condifions
to indicate ‘hat the firm may not bz a perfect profit maxi-

mizer. In this case the eguilibrium conditions becone

where log u., is a random variable with a normal distribu-

14"

]

tion,

a m

—

an egqual to zero, and a finite varianece, 3, and

[N

once agqain i3 given an economic interpretation.
Taking the stochastivized production function and equili-
. ci s 3 Byt . 16/
brium corqditions as our model,~—= Klein—' sgsuagests that
ceti=ater of the voofficients of “he production functicn be

ohsvaincd s follows:

——
-
r
t+h

3 e
h

S
et e
i

o
0
‘I
-4
[
e
-
b
|
N
(s
9]
No|
e
rh

whaors |ols the *otal nunber of firms in the sample. Taking

ti=logaritims will providds the parametar cstimates @ and

D TIR7 T4 Yss o nce, an ccconomic nmeaninag is being given to
' am e LUPS ©L b estifatliiias Dghatiods
ti.is case the ujs 15 assumed to roprosent a larco
d kilvely unimpurient vavishles that. accoint Ly
i al Lalnling an «rondrice optlran.
L3¢ Rssgming the produgtion fusstion te be transfeormed

logaritiricuily into its linear form.

"~ 1A,s Mlein, L.R., Or. Ccit,, br, 226=237. Tor & deriva-

L3

L10n e Brase il
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A . - .
Uy = antiloa (log u,) (i=1l...n)
A

a = antileg (log a)

Thus, the h,oare obtained as the qecometric means of the

shares of the respective inputs to the total value of output
T 5 ; ; ; / . ;

for individual firms. The intercept, log a,is obtained by

inserting these estimataes into the equation of the production

fos b B "

fuanttion nd obtaining the mear Zdiffcrence.

Nerlove proves that the estimates of loa n, are unbiased

and consistent regardless of the interpretation of L in the
JR— s . . 17/ 3 ; .
sriginal nroduction function.— The estimates, a,, however,

are biased, although they can be shown to be consistent.

BOg g, on the other hand, is biasced and in gencral incon-

sistant.

in‘iar the assumption of normality and indewvendoencn,

2 ]_ r" ‘ l 2 ? \'/
~ = A i - 1 - ) LB T
= 7 B {log xlf lo~ xof oq a; | '
f=1
/X 52
‘u"J -y ll)(} u 1 i b‘?
nJ

: : "y . . : L
Log s, 1s nornally distributed with variance .~ and mean

N

log - These facts —an be uscd to construct a 95 prrcent

confidencs interval for log «a.:

1 -
-0g ui

/N Si

Antilaa {lod 4y

=k} @ m, = antilegiloy a; F

= i

®3

—- t } where
n, = antiloa (loeo ui) bE

h 177 Siorlave, on, ~it,, up, 63-6<



solvina the
daction function
lovals of output

and substitutinag
. .18/
P

Lo

i

To obtairn for

stitute M. = =

L4

maxirum of in the sample.
B, (7)) =1 - AE) = (=~ =7 + (n, = M(E
where Te = Te measures price efficiency,
. - ~(f) measuras technolodgical efficiency, and
4.
=.(7) measures overall accnonmic cfficiency.
These ~omputational procedures can be surc~arized as
i
follows
1. EOstimate .oand ug (i=1...n) as indircated above.
~ X
. . n{ - e %
Ay CONDLte v b= = for f=1l..,.:xF
o Wn%®l ydn
11 nt
3 Cormpute for each firm £ the set of valuos U . for
1=1 .l ’
.t Compute for each firm f the values ay Yye for
-1 =
LZl e « Bl
— P 7TYhis equaticon differs from that sugrested by Nerlove,
O SLEsy P Vs Corputation alone lhe lines sucqestod by
Sarlove result~d in infinite wvalues for profits or neot inzone,
Appendix D showa-the derivatiorn wi.ich resulted in the follow-

ing equation.
nerlove.

any firm f in a sample of firms F, we

for

Tt is

26

original model, which consists of the pro-

and the equilibrium conditions, for the

and input in terms of the a's and the v's,

the results in tle profit equation results

2

;cxv ( f
i of' 1 1

‘"

e
1=

—
|
]

-

ui:)

sub-

i =1...n. A'f) is then found as the

pased on the procedures sungasted by
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l—f'
e g
1]

Introduce these values in
for agach fitme =l e Py

above profit equation

Compute " g for £=l....F»

Make uif = 1, i=1l...n, in the production function,

Comrute TF for f=l..:F«
Select the maximun value of -, This is A (f).

Compute the various measures of cfficiency by the
use of the forrmulas abovoe.

Use these values to rank the firms.

The Data

Hisisc model to be {it is a Cobb-Douglas ecquation of

stothasticirzed as indicated in the previous section.

epriont variable refers to output and the independent

variables

refor to inputs. The intercent, a, gencrally re-

-

ths lovel of t“echnolory ané other cmitted variablas.

are pro lustion elasticlties.

The ~odel as iritially specified had six ilndependent

-

wvariables: rand, buildinags, labor, machinery and sagquipment,

arimals,

Il

and operating expenses. Preliminary runs with the
wsalicd in swas of the exponents which were greater

e o

Wil o o riclates the sacond order conditions for

euilibrium with a Cobb=Douglas. Ior thic reasorn, two of

LApIRE RS Aronped —% land and buildings) -=- with the
- w

bzing a ghort run produetion model. The offacts OF
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those variables are, of course, reflected in the constant

term of the production function. Since the production

elasticities are estimated by factor shares, this approach

does not lrad to specification bias of the produstion elas-
ticities, as it might have done had something like ordinary
least sguares eostimation procedures heen used.

- - . . . . . q f’
'he model used in the analysis below is speciflied as:—

[

¥ = gross income of the farm, measured in cruzeiros

o
X, = labor services, mecasured in cruzeiros
L4 = machinery and equipmert, measured in cruazeiros
X. = animal services, measur<ed in cruzoiros
l.'a .

X, = other expenses, measured in cruzeiros

All ~variables are measured as a flow, as contrast to i
stock. ilowover, the conversion of stocks Lo Tlow »rasents
scrious probisms in an inflationary envirorment such az 1n
Rrazil., Norminal or monntary rates of inlerest are quite
Nigh--a3s mich as 40-60 percent 2 year, or higher. Real rates
of intoreost are nuch lower, but it is very <ifficult to Krow
what this ratc le.

uven if 1Y were possible to have a market letermined

real rate of interest, it is not clear that one siould use it

in conver:ing stocks into flows for estimating the production

=y

function. The reason for this iz that capital s~ains are
(aite largs whon rates of inflaticn are high ard this i3 an

important 1etercinant of rescurce use and resource holdings.

T 7 The Ao Finltion and moeasurcement of the variahles can

1

be found i1 Anpendiz B,
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Farmers purchasc land and animals not only as a productive

rosource, but a1lso as a store of valuce or a hedge against

inflation., Since the conventional theory of the firm treats

only the flow account, to the neglect of the asset account,

there is rnn way of taking these different factors into account.

The prazodure followed here was to measure the variables

in both ways and let the results of the estimation procadurc
silygest whi-nh was tho better model. Hence,

ore nodel was

o

cstimated witn assumed real rates of interest of 10-15 percent

(-lepeniine on the variable) while another was cstimated with
aominal rates »f intorest of 42-54 rmercent (again depending

on the variahleo) . The latter model gave the beiter statis-

. " 2 .
tical resinlts (2° of around .60 as rontrast to .40) and hence

vas used in further analysis,

Lest 1t be felt that these rates are prohibitively Ligh,

:r. should bhe ronembered that this will depend on the cecision

il which, [armers actually use. If they make their produc-

tion Jdrocilsions Lased on thio market rates of interest, of

course, the armroach taken here is valid. On the cther hand,

iF whee B a%Te te think id "real" terms, our rosults will
pa hiaseod.

An misitional fackor ‘hat pears OF this igEuc 18 tiat
Live marital markets whizh farm people face is wvory loperfioect
CERdE arr sEe aral lable 10 mwiny cases eynm St b omlng rate

i R P i ol P A 2l hocause of the ranmid Iinflation, lcans tyri-
e r 4.

cally cave 1o be paild Lack wilihin wwo

oE LnTar: yoars =e 3R RCRd o3

for the purch'se of land.



The data themselves were taken from farm interviews in
two municipios {copnties) of the state of Minas Gerais. In
one municipio ACAR had been working for 10 years, and the
data ware taken fronm the univecrse of farms cooperating with

them. The secon

r

1 municipio was chosen so that it would be
as similar as possible to the ACAR municipio, with *the ex-
ception that ACAR had not worked there. In this municipio,
a random sample of farms was drawn, but within size intervals
similar to those for the ACAR municipio so that the size

p

Aistribution would be similar. Sixty rquestionnaires were

: i . 5 el 20/
Ercen L0 edch Pulielplo;—



H

CHAPTER III

BACKGROUKD AND DESCRIPTIVE DATA

The purpnse of this chapter is o give a deseription of

the two municipios. This will serve to characterize the
setting “rom which the samples were drawn and to compare

rarious characteristics of the s

m

mple units in order to in-
dicato o +~hat extent the two samples were in fact similar.
The descrictions of the two mmnicirios, Senador Firmino and
Prosidente Rernardes, will be based on data obtained from the
TRAE, the Tederal institution in charge of cellecting data

A i HEE) z IR s . - - -\ b - By S e
6 EERiil, Safolse ddta gould ot e igerd foy wRlE Tnrpose

e

sinze neither sample was drawn for this purpose,
Ttatistical tests will not be made to verify whether

211l sinnificant differcnes in measura-—

<

Mo 4w o owmeablskd

O

manta € Ay Strribute of the two sanples. The reasen {or
thiis is that statistical differences of similerities vetween -
cqa bwo sanples in the characteristics emnsidered in this
thaptor @0 npt really bear on tae basic analysis Lo o2 made.

dewee, svesn though 1% would He interésting Lo know whether

'as not fdecmed

- Ve Nk

W osdrslee wosns fram the sape peralation, 1t s
of #aYfiolcins waluz Lo merit the considerable computational

= 2 ¥ e %
el e 1 VIR,



Presidente Rernardes

Presidente Bernardes is the name of a town that is

situated in the Zona de Mata of Minas Gerais. Tt is also

thn name of the municipio of which the town is the adminis-
trative and political center. According to the 1960 Census
of Population, the population of the municipio was 8,430, of
wileh only 8la (9.7 percenkt) lived in kown.

The rainfall period in the municipio extends from October
to April, and the average annual rainfall is 131Z.1 mm. The
Lomperature ranges from 14° e, (average of the minimum ) to

10 )

i < . : i
J€,8° C. (average of the maximum) with an average of 19.27°C.

fresidente Bernardes has been a town since Decerber,

{

ol

1823y Wiven G313t law raised the village of the same nane
‘o the catescry of a town. But its history cvoes back tc the
flege woars of the ciachteenth ecentury, when a grotp of
“ortusuess ard Brazilians began to settle in the raaion.
Play clrarcd “hwe forost and established in its place farms
chat preodazéed chgile and Crops.

Witha the adyent of the coffes ecycle in Brazil, this crop
pacand “he =ogt profitable amd imwarcant eropy ol Presidentc
darnaraes., I+ reoched almest all warts 2f its area, in-

~sluding lante inappropriate for its cultivation, such as very

Gime:~ 2wy oIDe Wasm taXen o Sresorve soil fertylairy, the
vi211 6f Lhe crop peqgan to decrease in a shert tine. fnis

problem has rocently been aggravated by N egerimigatery prizes
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imnosed by the government against the coffee of reqicns *that
X /

are not considered approrriated for its cultivation.=~ These

adverde conditions == a decrease in yield and relativeoly

lower prices -- brought about a gradual, but stearly decrease

in the coffce production. At the present <irme, it is no

longer an econnnmically significant crop for the municipice.

The coffec was replaced by corn, rice, ana beans in

JJ

those arcas whare the fertility of the soil made it possible.
The steep hills and poor land formerly in coiffec is now in
rasture or is reing transformed into pasture.

i Thesae pastures are of vory low productivicy, since alrost

notliing was donde Lo raisc the level of fertility of the land.

The process of pasture formation was and continues to be primi-

tive, It consis+ts only in allowine the land in coffee to be
invaded by qgrasses, with very little interference on the part

of man, As tirve goes by the troes die and are clirinnted

r natural proces Vitimately, a time

m

[

n

worTs whsl Ltheprs are no coffee treesg standing and Lthe arsa
ity CgEnll toly 1IN atasa 8.

Agriculturs ig the main ocecunation of the nunicipio.
Aoous L0 =ercuen of the labur force 1s cnaagerd 1n azricultural
e only & snall pertien of the area of +*he rMunis

dipie 1422 km' ) 1g anvroprigte for orop production. since the

e Bernardes 1t costs much more to produce
[ f coffee than in other renions of the
tat ., The oririnal plantings wire not ¢f a type suitable
Sl e B



*opography is very irregular. Morecover, the area currently
in crops -- 17.3 percent of the total area -- is grecater than
would be recommended if the cannons of soil conservation were

followed. The reost of the area is in pasture, forest (a

small part), or in non-farm uses.

The majority of the farms are very small, and some of
them under the current level of technology prebably do nnot
afford even a subsistence pattern of living to the farmers.
Ti.n size distribution of the land holdings is very asymetric,
with the approximately 10 percent of the furms over 100.2
hectares=’ accounting for about 48.8 percent of the total
lqndkin farms (Table 1). On the cther end of the distribu-
*ion, so~w 47 percent of the farms are less than 10 hectares

in size ant cover onlv 6.2 nercent of the total area in farws.

aaley L Sizn Dis+tribution of Farms, Presicente Bernaries,
tizasured in dectares, 1960,

177 of Farr  Lwmher Percernt area lncladeocl Percaent

[Bwpkares] of Farms cf Total in Parms‘hectares) of Total

Less Shan 20 1&9 47 .2 300 5,2

von 13 to lesas

than 139 170 43.2 047} d5 030
Vrom 100 e less

than 1240 33 g ¥ FRARE: 43,5
;;1_:;“"“H*_--"——_ P 1099 o iLdSBéhm Lo,
ourems  1.B.7.E. - Sitopse rraliminar do Gensp fariwnla o

Miras Gorais, 1900,
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According tc 1964 data, corn was the most imrortant
crop of the municipio, followed by rice, beans, and ceffee.
The yield of these crops is very low as can be seen in Table
2. The iimited use of fertilizers and improved sceds, nlus
inappropriate stands are possible reasons for tae low level

of productivity.

Table 2. Crop Production and Yield Data, Presidente Bernardes,

1964.
Value of

Area Yield ner Production Tercent

Crops f{hectare) ?roduction hectare (Cr$1009) f Total
(long tons) (kilos) ”

Coffee 230 211 917 21,105 7.8
Corn eo27 2369 1169 118,440 43.4
Rice g.e2 752 915 56,389 20.7
Beans 964 586 608 58,620 21.5
Fugar Cane £70 11153 19501 b o V) ?.5
Others*® 57 -- - 11,263 Aol

4e190
Tntal it = -- 272,607 100.0

*This category includes: oranles, bananas, tokacco, maninc.
gqarlic, pineanvle, conions, neanuts, sweet potatees,
notatoes, tomatoes, etc.

Zource: Servico de Estatistica da Producao do Petado 7o

Minas fGerals, - S.E.P.

PData on the flow cf animal products from the livestrck
sector are ricre difficult <o obtain. The value of liventosk
croducts is wiven in Table 3. llowever, data on the livestocy
itself refer only to the stock on hand. N2 data are avail-

able on sales. llowever, if the yield from the cattle and
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Table 3. FProduction of Animal Produc*ts, Presidente Barnardes,
1964.

Value of Percent
Unit of . Production of
Products Moasure Production  (Cr$10900) Total

Milk Lon 835.0 6,400 53.4
cnaense Lton 7.9 2,340 P
s dozer 93,23L.0 18,649 14.6
Cream 7 by | 47.96 33,080 29.8

Honey and
hon wax - - 508 0.4

Tor al 127,96¢% -

Jouroce: Sorvico de Estatistiicy da Producao do Estado de
Minas Terals, - S.E.L.P.

3/

swine herds is assumed to be 10 percent,~ the values of crop
proaduction is still ahove the value of arnual productinn.

THirm can v seen from the data nrecented in Tables 2, 3, and

Cattle and hogs are the principle livestock on farms, as
mersure? by value (Table 4). Cattle breeding L5 not special-
el mivher for besf or for milk production, and the size of
the orarzticen i3 in qeneral very amall. On the werane theore
arc 18 head of cattle per farm (adult and nenadult cattlej.

Farms do ot srecialige irn hog production eithemry. The nain

pxrose of the nog enternrise is to satisfy family nocds,

wi bl Lhe exveass oelno sold az g caeh produet. The lovel of

T D7 N il b meacure of the yield of the cattle and hos
herds i3 not avallable for the municipio. The 10 porcent
rate is the averacn for the state as a whole and is prebabily

not oo ar oY ths mark.



Table 4. GStoc

of Animals,

Presidente Bernardes, 1954.

Value Percent
Cateaory . Number (Cr$1000) of Total
Cattle 7,190 489,000 43.6
Horses 3,055 1,130 bowD
Swvine 11,409 382,000 34.7
Mules 3,140 141,300 12.8
Fowl 5.1, 50 33,758 Bl
Sheoep 440 1,320 0.1
oats 000 1,200 0.1
dotal XXX 1,100,078 100..9

Sourceaes
Minas

tochnoloey involved in both enterprises

1

Arid svFactically

- T o
4.2 L.

st rients

)
howlh i#
menls ey FUF o s

o o

ghAate suppoyto

s7hoals arzs in

BETITG

& ]
Livoes

Lhey

- wns o
‘.lAni(.“A-- -

duet ctimnal

1 elcmentary schools.

g Srrpefi b onady

4ll the investiments are

e with cern only,

receive from pasturec.

and euality.
for the needs of the norulation,

ef thulr teaching is

TRy

ry
~

nogY “her..

T 7 Reforency 1s made hore to
t¥e Sricinidt.

guropread by

‘s
T

al placcd

that part oF

.

anad cattle: aeon

The eloementary schools

far bclow that providad by

Unfortunately,

in laraer towns or cities

the schools

. - » : o - e -
Servico de Estatistica da ?rodu?ao do Estado de
Gerails - S.LC.P.

is vory primitive,

in land or in animals.

all the

facilities in the municipln ave wery »ocr

4
H
(]

an{ the

the
the state

and,

the rural population that

arc



and was cultivated in almost every part of the municipio,
regardless of the adversity of the natural conditions. For
the same reasons, the production of coffee decreased and now
has practically no economic importance for the municipio.
Corn, beans, rice, and pasture were tle replacements for
coffee, The process of pasture formation was not areatly

AL frrent from Prosidente Bernardos,

The nunicipio differs in two respects from that of
Frosident: Bernardes., Crops contribute a relatively larqer
zmount to the total value of production than in Presidente
Bernardes, fTiwles &5, €, and 7) and among tlke crops, corn is
really the only one that is important (Tainle 3). Hence,

this municipio is mach more specinlized in corn producticn

)

Bernardes. As was ti's case in Draesiionie

*Lan 18 Presiacnte
Bornardes, Lhe production par hectare 18 low for evers crop.
Howewar, the yield for corn, the principal erop for both
sanicirios, is higher in Scrnader Firmino. This risht be an
{ widoation of @ hivdhor lewvel of sechnology, although it can
Alusm bhe (que = gthar factors such as a higqhery lavel of soil
tpeped La by,

Cattle éroduction is also important for fenadcr Firmnino
(T4, e 7). Alihounah not ye* sneciuslized in bec? or milk
nrolusilieon, *ho Lendency e to aove ranldly towanrd milk pro-
quvLion «dug te Lhe proximity of a yery wagge ﬁo:é“mnr cantey

[ A T e

e 5 o,  ilog produetisia s anc foer lnporiaal aaril-

cultaral «~tivity of the nuniciplia, althouth, 2 a greal



Takhle 5, Crop Production and Yield Data, Senador Firmino,
1964,
’ Yield Value of
Area Produc- per Production Percent of
Crons (hcetare) tion Heztare (Crs$lnan) Total Valuce
(long tons) (yuitc)

f

Cof e 1535 82 3135 19,250 4.0
Corn 4,050 6,090 1,481 40C,000 84.1
Rica 2649 5G0 23307 36,000 1 oh
32ans 240 72 300 8,550 1.8

Tobacco 1E 13 goé 9,400 1,9

Others* 23 - 2,887 0.4
Total 1712 475,687 195.9

*Includes garlic, maniec, sugar canc, swect potatoes, and
giliohs.

Source: Scervico de Estatistica da Producao do Estardo de
“Minas Gerais {(S.E.P.).

Tahls 6. Production of Animal Products, Sonsg iy

_j_ YR P
T T ‘Jl—l—— Q- T
I'mit of Prodduction Voroont
Tepps i ey Nornre Production  {2rSl1000) ol nte]
2 Lk ) 1,000 18,000 75.8
Butior LT 20.9 11,409 it =
ATy il 18 1 fn M

B s Dozor 51.002.0 9,590 13.8

DevbAd 29 ,0L90 109.0
i R Teewries de. UErATisticd da Proviunad do st ie de
Minon oorals, (S.0.7P.).



Table 7. of Animals,

Sonadery Firming, 19

54.

Cateoqgory Number

Value
(Cr3l000)

mf

Perecent
Total

Cantla

tlorses 600
Swine 1,400

Miale
Fowl
Sheep

|

nats 1090

556,000
12,000

15,400

8.3

Total

Seryvioca da

Minas Gerais, (5.E

cxtont, ios

e

The great wajority of
pomatrey, anel, about half of

(Table

£y, 10

vicvttarasg {7
woypent of the total area 1

sevit ef she area in farms is in 2reps, of which
“EAL LMPITLIR L,

Tac eanat lonal facilitlies, as far as elemen
c monmLyael, Mes slightly bettoewy in Scpader o
PEUAZLASR LA BRIRs o Altheua': ther zoase peohlens
G slatdowm s hdn achoeld edieatinon.

the

|

Estatistica da Producio dco

«P wl)

TArMs aroe 1.

logs

the farms wi'h

5 porosrt of total nurkber of farms)

farms. Presont Ly,

S8 tnan
P.El.(,l:l

digtribut

arca

main objective is to meet the needs of the family.

100.0
.0

iorn. of farms

1 65

nyyeyYy

cnclose 44,73

about L3 per-

cHoYn is tho

Lary schoel

i
[B Rl
daaty

are fo



o2f Farms, 3enador Firmirno,
s

S1ze of Farr Number of Porcocent Areca Included Perceent
(hcctareq) of Farms nf Total in Farms of Total

L.ess than 19 225 48.2 9.8 - 7.2

o
(5]
Fa}

than 199 207 I £, 440

T

Yremy 105 to lass
Eian, 1,403 dn 1.7 e ] 44.3

Total 467 100.0 13,269 Y60 .0

zr Soorvioo de EBstativtica fdda Produceao do Estado de
Minis “orais - S,L.7., Year 1960.

ol hais
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Nt Arlyrsng of tho Saniple Cllardcteriglics
E

Samplc dute o were taken from two municipless:  Senader
Firmino, whaore ACAR had been working for more than 10 yecars,
ana Pregidente Bernardes, which was chosen as the basis for
EpErLg o  BL LR LiNe the JHLE WoEe Collatad: TIBre woerd
0t farmeors, sach ohe eperabting a farm, who were roosciving

MCARYs ugelsuspese undery suporvised credit avtivitiss, Their

o ame Yhe saoapls anits for Senader Firmine, Uence, Lhds

P o plirnus e gdmmle . The Tarss wers fot welotted at ranuien

B P 1 ST S SRR g . - 4 T - . . - = o T ke
bepl B39 the Falt EHAY they velve ACAR DOFroOWors. AH & réesul:
TAEY Ware Lsgarel so bave pacelived a much nore intensive

IBELstancT IYom ACAR, )
TV R e T D e r-.]. 1 bobe ey v os — e e I - e
G GOSN ST MEPaiAnel A whey | [ GrvaraE e Lo 80 o2 gL
tarmn heews b Bher tirwe the sanphe wae talae was the Saen
Rige. LFiEa “EHLE charasterzigtic, Lie sample Wis dbawy Fros

Prosidents Berrnardus dn such way that the diswriim* icn of

RO 8ige o0 the ntplod fatrsg voeld bae wery sirllay to that



of the 60 farmz from Senado:r Firmino,

L

other charactoeoristi

Jakea with the size

b |

lght have

this "nyrothosis" w
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FE Eiies, b

Fame,

othar charvacterist

influcnced.

a7

It was honed that

=3 0of the farme and farmers were ccrre-

for those which ACAR

¥

of farmz, excep®

Unfortunatoly, it turned out that

ag not always ‘ruc. Althoush the average

4 the size Jdistributions of the samples
a wide raernge of variation was found for

h
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T™e size disztribucions
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arc not ripresentative of eicher municiplo.

of *ha samylc!l Tarrs,
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(Lalxle 9 Th. average slze of
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fijures arc: crons = 19.3 nercent, pastures - 65.0 peorcent,
and forests -« 14.9 percent. Henec2, the differences are not
large,

When cornsiderad by strata, Prasidente Bernardes appears
almost ¢cnonsistently with a larger area in crops, and smaller
areas in nasturns, although the differences are not very
lazage, Tha only sxeéeption is for the eclass 140.00 - 183.3%9,
where theres 1s a large difference in the area in pasture,
favorina Presidente Bernardes.

The vorsontade of the area in crovs for the Prusidento
Bartardes saradle, 19.5% persent, 18 a2 little larpger than the
samg oorTontiyey for the municipio, 1%5.3 pereent, For
donador Tirmias the sample Aiffercnce is about the sames

17.5 poreent for the samrle against 13.3 percern* for the

nisinin.

Yeyroos of Urazs Incomv: (Table 100 Aninuvils Ay rosper-

¢iais for a larecr vart ef Che indoter in hAahl gaiiplrs. dow-
vop, the yisele ‘pom Presidente Bornardes has 71 iavger part
af itsd Lmvcome ~oling from ani=mals. This is seaewial in ilge-

dgeanent wiwk igr Lo presanled i Table 1, wiers *we {arms

FEOF "HIE M wgle alangt alwaws Maus O grnalinr parn. ain
MASLUNL . s Shvicus xplanaetion can bo diven fovy this; gifie
]
thar, Ly amsoras Shyat the differanaas ore not largs cnouah Lo

PR ] ~ 7~ - ) e - - - -
Q. LL g e that th. maoans would net Liave cow frvs
= . - = it ool e Ly 3 e wee s g T
R ¥ s i LA The wiardation >F Hthls Inaragnnpist g
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It should be noted that there are substantial differ-
ences between the two regions for individual cells of the
table. However, the number of observations on which the
means for each cell is based is quite small.

The part of production consumed by the family is, on the
average, about the same for both samples: 20.6 percent for
Senador Firmino and 19.6 percent for Presidente Bernardes.

In both samples there is a tendency for the part of the pro-
duction consumed by the family to decrease as the size of the
farm increases.g/

The similarity in gample means for the fraction of pro-
duction consumed by the family could be taken as evidence
of the failure of the extension service, since we might expect
a greater specialization of the farms as a consequence of its
actian. his would be expected to decrease the fraction of
the production that is consumed by the family.

However, two things should be kept in mind:

1) As will be indicated below, the maiority of the
farmers -have been receiving assistance from ACAR for three
or less years, and this period is not enough tc bring about
substantial specialization.

2) This change if it occurs, would presuppose the
developmant of a market where the farm could buy the food
they need, and as far as Serador Firmino, President Bernardes,
and necarby cities are concerned, this is far from becing true.

Farm Inputs (Table 11). The data presented in Table 11

3/ For ailmost all of these farmers, the major fraction
of the food comes from the farm. They buy only sugar, salt,
macaroni, and a few other things.
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roerasonta the flow of services and were calculated as indi-

cated in Appondix E. Excént for machinery, Senador Firmino

]

dged more iaputz in production than Presidentc Barnardes,

and in all cas.e: the diffarences exceed 14 percent, However,

the uross Lunooms of the sample of Senador Firmine is only

“.1 mervent arcater than the sample from Presidente Bernardes,
il surests phat the average outpul pexr unit of input in

Presicdents  Bernardes is greater than that of Senador IPirmino.

As Table 12 indicates, thisz 1s trie for all inputs oxX-

cont mashiinery,  The differesnces, against Senador Pirnmine

(W

ahor, 3

'r--

e lanmd, 0.3 peércent; 3 perconty bullditgs,
l%& percar*:; animals, 38.8% percent. Ko s*tatistical tusts were
noriorned o sdoleorrmine whether the differences are signirfi-

“AnT T ok,  Howevay, they are larae encunh L merlt farther

wioreelr. 2F wadh expoected LRIt Jaradoy Vipnlre Wedid S

g by L ovels of produactiviny, sias these Sapmers asve beeh
rn.oniving arui; Yance from ACAR, Thesn pre liminary rosulis

5

wiaersee wi iy Jernl of tacipies] effizianey de nbrer s

Pronidones " rnavdos,

D apeasal paeriuet vl ey dla
Crotier syeovane output per hectare 1s ogiven for thne Lwo

AL L S v ie intereztinag to note than wihien measulerd

ve . kwm warn, the afFfoperes iR pedductivity Ly Subshantinliy
Yoty ol TR P smeeg e € ddesaciigye PN e el poe §oadeier op wim Dol
PYRRADC UE B b SOTEAE s, e Ls Jdoultitul, Bowewery, wor thidy this
2T R e weatle BE svaniatialily gimnidiis et riven e rather

Jarme sl canlanilitey.
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Table 13, Average Output per Hectare of Land, Measured
Crs109d. Sample Data From 3enador PFirminc and
Pre:idaente Bernardes. :

Aveoraca: Gross Lncoms,hectare
Municipio Hectares (Mrasurced in Cr$1l00)

“laz3
. TLE. 25 .49 315.06
- Py 23 4 439,33
o Gl 44,89 2755
i i’c!‘. 44.6;{ ;J.l?..J"l

#g,70 304
74.17 250.
o 119,83 190

. 108,59 35.4
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T L A aTE e L. . e _
emaar Iridnn = vresidente BCrnarion % 100
-— - - . " R o UL
Sonador Firmilho
Sovareas  farnle Data.

A adigtdennl point showuld be noted frox boith Tablen 12
i 13, N oellmoernible relationship exisbs bouweEen bho
FIriois moasures of partial producticvity and the size of favm
a4 measursd by hectares., This iy tie case for both nudicinics

vl oBuag-AL3=" that within £hae rranc oF the cla'a, Luerc is

7 Fueyy o
. o Rty
4 e nt A

~ri "suaggests" 13 used here because of the in-
papents Liisations of indiws of partial productivity.
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Composition of the Labor Force (Table 14). Family labor

15 trhe largest source of labor in both municipios. It con-
tributes 48.4 percent of the total labor force in Senador
Firmino and 42.6 percent in Presidente Bernardes. Permanent
laber is the second most important source of laber in both
munizipiecs, with temporary labor and share crop laborE/ being
relatively less important.

The farms in fenador Firmino tend to use a little more
Labor (2.4 percent), althouah this is probably not statisti-
gally sighificast. The éifferences in the individual cor-
ponents are substantially creater. The farms in Senador
Firnine use. rere family and permanent labor, whereas those

in Presidonte Bornardes use more temporary anid

Share crop

o
m

in bets raniiipios Lhere i a Eafidency for the fraction
of lahor coriina from the family to decline as farm size in-
creasnts. Tha diffcrence comes from cach of the other sourscs
of laknr 23 farm size increases,

Tre (reductivity of labor measuraed or physical units of
tabor LuAlgnrs, ax with the previcus indices of partial pro=
surtivisy, that there is no relation between sizée of farm

aber rraductivitye On the averaqe, labor dppoars So¢ e

liantly logy »reductive in Senador Firmino--the ACAR

ca LA Ll normern for thee farymay {in our case the owner ot
“te Li.:) te preovile a tract cof land for the permanent worker
{ :nd sormeimon tomnporary workers) to operate. The types of
werewrmant 5 ovars, But in geraeral the farmer pays expenses re-
latod e <hs mroparation of the land and fertilizers. The
share cropprr i¢ responsible for all other inputs. Thoey share
the preoiduction according to some aurecd upen rat<.
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municipic-~than in Presidente Bernardes. The difference is
small, however.
Measurement problems are always serious for laber,

especially when suach a large fraction comes from family labor.

The tendency iz for the interviewce o cverstate the time

9-1

actually worked when the question is askecd aftcr the fact,
An attempt was made to circumvent this by asking the questicn
in terms of the number of days not worked and then suntracting
+his from the total number of days in the year. No cvidance
is available tc indicate whether this improves the astimates
or not. prresuwnably, however, any bias would be the same in
poth samples.

Pricing of the labor input also has difficultics, since
a larqe part of it comes from unpaid family labor. Family
Iaber was prized at the wage paid for roermanent lapor, which
iex ke aarame taad Uhey hade similat levels mf'prﬁductivity.
1f thore should be a systezatic bias in this, Jistortiol
could be introducad in thn rosults helow, sinre Sencdor
Firmino does use roliatively more family lavor than Pros:-
Jdlente Bernardes.

Pri=es at the Farm Level (Tahle 1%). The prives jro-

- . - - 1L . . . - R S . v : + ~ e - 1
acntel in Tabls 12 are welohtaed averige Pprioas fonpiiorn

from camploe catag. There g littlae that onee can sa 3 g
{
qrrstonatls g fevenany in rrices botweoen ihe roqaions. Sub-

stansuial differencos exist,= but as we sLall sce,they o 1in

T/ 3eatn fiitor and produact markets arc aguite incfficlent
in Bracil. Samotantial differenecs in prices exist wizhin
relatively small arcus. {3oo periodic reperis nf the Go0re-
tary of Aqgriculture, Minas Gorals.)
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Weliahted Avaraqge Prices, Samnle Data Prom Senador
Firmino and Presidente Bernardes, Measured in Cr$.

Scnadoer

Presidente

tons Unit Firmine Bernardes
Crops:

Corn 60 ka. 3,807 3,831
ioe u 3,824 5, 34 %

Boan " 2,042 7,041

Tobacco " 8,173 135 ,3%2

Sugar Canc Tcn* 5,452 v, 304

Coffoe 60 kg. 6,773 20,287¢

Work Arnimals:

o

-

Oxen 1 64,922 52,380
Horsco 1 23,171 23,;105
Burrc 1 41,183 39,210
Mar - i 13,424 14,045

attlo:
oty il VN
Yrarliong oulil

O

Younag sio s =-male
Y

Youne 2 e

£2,179
54,200
54,487
29,064

Losalse H 19,648 23,208
Talves-rmacs 1 3,144 9,125
Galves=Torle 1 2,418 n,=34

3 (BT
Roars 1 22,357 3 Pl

ST 1 22,504 F 3P
Piale e 1 4,310 2102
pleyis A oag

fad b i 12,3757 2,323
Fationina Ho- - 28,0l 31 5545

Lo (ran
EFEl Bl PEE 1 Gl 3974
arol Hoctare 87,740 lal, 035
- — - bt = | S——— T S e A~ s U R SN (S AR S TS, AR 4 N S N ———
E 0T R, SOFPR ohan B0 @ BXG Ak 540 RO CUTTLEROr s Lo
[ EPEN
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one direction for cone comparison, but in another dircction
for anothcr. The effect of this on the measures of effi-

ciency to b2 constructed below will bhe discussed at a later

Among “he <rops, corn, rice, and beans are the principal
vroducts in the two municiplos. O0f these, corn is the rela-
“ive:ly more important. For this crop, the price is some 6
percent higher in Presidente Bernardes than in Senador
lirmine. Tne vrice of rice is alse higher in Presidente
Frrnardes, hut the price of beans is higher in Senador
Firmind.

viork arimals tend te be higher priced in Senador Firmiro,
although “he nrize of horses is practically the same in the
twe rimnicipins. The price of cattle, anovher mator output,

tomeis o wo b higher i denador Firmino, although hel®

\J

3,
far +wemle, have a hicher value in Presildente Bernardes.
T wnrimur cateqories cf hogs also have vrice differentials
st e botis ditections.

™M,i: alvorsity in differentials carries over toc land and

labor, ‘%o two major inputs. The price of labor is some 10

exing price differen~

(-
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cxreestos that lamd gquality was not greatly differsnt  and
trat if ther: was a rocational wivoilaae, 1toweesld be o inoraver

of Srnalor Plrrine.



Demoavaphie Charagteristice [(Tahles 16 awl 17). Thsro

iz a rather larae difference both in the aqge distribation of
*he two samrles and in the sample means. The farmors working
with ACAR {Smnador Pirminog) are =meh yowmvecr, This could
have becn expected, and for two ruasons: 1) They are farmers
who are bhorrowers, and it is ACAR nolicy “hat the local office
shwould make the concession of credit to perscns over i35 more
wifficult, 2Z) Younger farmers are more prohe to take risk.
This benomoes a selective factor in farmers working with ACAR.
In Presidente Bernardes there are 13 farmers cut of /0
that are 50 years old or over -- a strong tenacncy toward
the ace-l, This may not be as important as 1t apprars on the«
surracce, how:ver. Although the old man is consi‘dered to o
tue head of the farm, the perrsorn that recally makes the de-
cisions ~ay be a son, if the father is not in vood cenditicn

o be the manaacr. Mo guaestien was placed @f The guestion=

(o]

madee o Ldensiifr the degision makey, Wdwoewer, S1p8¢ “His

rroblan wae not foresecn.

- 4 Ny [ SR R
the Farms. van s

Table 16. Acg> Dictribubtlieon of thae Head of
3at.: Tror Scnador lVirmino and Presolent Bernardes,

= e — - ——p—— L2, S I

senador Pirsine Progi e te 3oernardcs

Aac Classos Tumalative Cumulative

{rear) dumber Przree ot 1a0 Nunbe r Percontnae
29 = 273 7 i1.7 4 b d
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On tie other hand, it is net clear whether aace 1s an
i=mportant factor influencing economic efficiency as measurcd
latezr in the stuly. There might be a presupposition ‘hat
vounger poovla would adopt new ideas and new innovations
riore rpgdarde. On dhe other harid, yoanuscr people mayr not have

*he rescurces to adopt a new technoloay, +f Lhe laticr in-

volyes suvstantial resourzes. 1In any case, the younaer mopu-

lation is associated with the ACAR program -- a fact which
shouid be kept in mind in the later anzalysis.

Zata on the amount of schooling by the head of the farm
is ailven in Table 17. There 1s little differonce between the
Lo samples on this characteristic, with the medians beina
iientical and the distributions beling essentially the same.

the only differsnee betwornn the two samplesg 1s that Pregidenta

Larrn ar-les bhaw a larger fragtion of il literates,

ifaple 17, Lictribution of Number of Years ol Scnnol of thwe
eatl of the Farm. Sample Data from Senaior
Firmine and Presidentr Bornardes,

T T T T T S narioy Pirmio Prosidnnte Oernaries
CHuilacn Lye Clunmtsarive
inbey Percentane toumb ey Perocoernt g

d 6.7 2 17 0

.- - 22 43,4 18 45,0

- 4 2 an, T 31 96,7
ancl over & lus. £ e 5

o OV E 2 SAr aw b
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Number of Years with ACAR Assictance. Data on the nun-

ber of ysars that the farmers in Senador Firmino hase re-
crived assistancs from ACAR is qgiven in Table 18. A number
of points =rc to be noted from this table. FPirst, some 20
porcent of the sample had been working with ACAR conly a year
or less 2% the time pertinent to the data. 0On the other hand,
i3 percent of “he sample have had assistance for three years,
ind some 40 porcent have had assistance for 4 years cr more,
with some soing up to as much as 14 years.

sary for

i

Althouoh 1t 13 not known how much time is nooco

-

an eutension=tpne program to have an effect, it does not
appear that the average of 3.6 years should be sufficient
0/

; . X . .
Lime Lo obtain measurable results,=— Sixteen, or slightly

AR oY Peraiing. gt the samiple; have bar assistangs for parigds

G FrgH ® - 14 $¥7aks,. which shedlyd coliiter-Halasce the

cfrect af Lhe 00 0ho have roceived assistance for a o veavy or

ane aliernitiv: woiuld have becn: o work ofnly with thpse
whe hadl receivd ACAR assistance for two years or rore. This
r-uluoes . cthe size of the samrle substantially, howvever, and in
view oF thHe rather Iarge sampla variability; 1t was decided

fo ousc all of Ltno data available.

- N artor: tauwRd an cifect in the first yesaxr of sgop-

arabion with ACAE. See Appendix 8.
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Table 18. Dictribution of Humber of Years of ACAP Assistance
Witih the Farmers of Senador Firmino.

SJumber of Years Humber Cumilative Percentage
Less than 1 Z 343
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obtaincd by taking the anti-logarithm of the estimated coef-
ELcient.,

I+ is interesting to note that tﬁe exvlanatory power of
the two models, as measured by the RZ, is virtually the same.
The statistical reliability of the leas. sauaves nodel, as
measured by the significance of the individual coefficients,
is also quite #ced, with three ¢f the four octinated preduc-
tion elasticitiecs being significantly different from zero at
~hae 3 percent lovel.

Tvo of the variables (labor and machinery) have esti-
mated coefficiornts that are very similar in macnitude. The
remaini ne two, however, are rather different. The coefficicont
for arimil corvicss is larger than ostimated by ordinary
lrast souares (.31 against .24), and the coefficient for
othnr purchaz=d inputs is negative waen estimacted by ordinary
La3e sgiares, but positive when estimated by Klein's pro-
cuwluras. The neqative coefficient is not sisnificantly
Ailf{frnt from zorce, nowaever.

Phr v lative size of the ceatflcients, or the ordinal
rankine, ==nl: to he thea same for boih precedarcs. The
sanffie Lont for animal services is largest, and of the tarco
cosfFlciants vith a ypositive gign (and sisnificant oo fel-
siert oin che least siuares estimater] mAchinory SCSVICeS K

In *:c Lmaut squares ercacion, tae pariial coe:rfliclsnt

of aninel scrvices is aperoximately .62, indicatine that 1%



=)
(7]

exrlains about 60 percent of the variation in aross output.

This iz larger than would be expected from the descriptive

)

data presented in the previous chapter. This is probably
a reflaction of specification bias in the least squares csti-
mates of this coefficient. Livesteck tend to be cerrelated
with Land, and since land has been omitted frem the model,
“ne animal scorvices variable is probably picking up 1its
offect, with an overestimate of the coefficient of animal
sorvices being the result. The estimate of this coefficient
uwsing Klein's procedures avoids this problem, and hence re-
sults in a lower coefficient value.

The sum of the production elasticities or the returns
to scale is not greatly different between the two estimation

~rocedures. Hl2in's procedures result in an agtimaled returns

‘o socale of L84, while the rmstiratce from least sauares 1s

In or.icr for the sccond order cenditions for a maxinun
io La mut, the individual production elasticities must be
et gaen zoro and one. Statistically testing this with the
Kl iy catimsates would be difficult since it would roruire
the derizition of the density function for the cenvex ilrans-
formation rresented in Chapter 1I.

Ti - fentina here wase roatrictad to sotting cenfidence

/
intuervals on tho logarithmic coefficients= (See Tahle 13).

~1/ This 1is becauscs of the desire to test the multiple
null hvportrosies that a, = 1 and o, = 0,
4
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These suagest that the coefficients are in fact diffcrent
from beth zerc and one.
7 _ s

when short-run profits=~ are calculated for each firm,
it is found that 47 ocut of the 129 farms have regarive profits,
peama . g . . S a . A I . 3/
this rostricts the index of effliciency which Was to he used.-
dowever, the finding of sucn a large number of firms with
ascative erofits is not surprisinae in view of the <chronic
; : ; : - 4/ | ;
inflation Brazil has experienced. As Nicholls— has pointed
out, nedativ> rrofits is a sign of scphisticated decision
making if it reflects a concern with the asset accocunt of
the firm as contrast to the flow account., However, this
does suggest that a criterion of efficiency defined only in

terms of the flaw account may not bhe appropriate.

The Inlices of Efficiency
: ! %

(g} Il

e mext ston in the analysisc was ‘o use Lan procuctian
‘funciion esilmatad by Klein's procedure o coripute the thraa
ranares of oconomic afficiecney indicated in Chapter I1.

R iamse of tha existence of necative profits amon< the sample

necessary Lo use as a measure oY afficiong

those iadisces ithat would provide orly an ordinal rarkins and

sot a cardizal measure 6f sfFfiziangy.

Prstinn nrocerdures for testinag the basic hypotheses of

25 Trons income minus the exponaicidre on the four

S doe Chapter Ll.

" wisgolls, william . and Paiva, Ruy Miller, "“The
ctyrucTure and Productivity of Brazilian Aariculture,"

B -

nps Boen., oy, 1968), pEd 3pdewl.




67

the study have to be developed accordingly. It will be re-
moembered that these were twofold:
1. That the farms from Scnador firmino would be more
techrically efficient, because of their work with
ACAR.
2. That the farms from Presidente Bernardes would have
1 higher level of price efficiency, sincc they would
be essentially undisturbed from a position c¢f long-
ran or traditicnal cguilibrium.
Because of these Jdifferine effects, it was not possihle to
herothesize which qroup would have the iighest overall
The null hvpothesis specified was that the samrle came
from the sane population., The null hypothesis was then

L, LIPS 1 R PR s e e
alse xnown 1s thoe U=-%test,

coagtord by meenas of the rank ¢

]

w

as
=

“he Marn=daitney test, and the Wilcoxar test. This tost

v

wrooadurs leads to the computation of a o statistis, whideh
tor sampLe silos greater than B is ‘listributed approxinately

noraaily. Uencs, by ecemputing o Zestatistlic, the normal

=/

i

distributic: can bo uzed for testina the null hypothesa

T diatribution of rankinas for the various moasures

of ~F<isioney are presentcd in Tables 40, /1, and 2:, to-
ettt wiel thelr weswerntive means oanl nedians and Lhie value

af rhoe Segtaristic. ThHo index of cfficleney 18 a nogative

Garmar, and tas sleser it is to zero, the more efficient is




the firm. Hence, in ranking the firms, high rankings (1, 2,
3, etc.) are assigned to the firms with small negative
values for the index of efficiency.

For nrice cfficiency (Table 20), Z was equal to 1.75,
indicating that the difference between the two samples was
not significant at the 5 percent level.i/ Hence, the null
hypothesis tha' the two samples came from the same popula-
tion cannct be rejected if a = .05 is taken as the level of
significance. If a = .10 were used, the null hypothesis
would be rojocted (/Z2/ > 1.64 for this level), however.
Table 20. Distribution of Rankings and Pclated Statistics,

Price Efficiency, Senador Firmino and Presidente
Bernardes.

Presiden-e Bernardes Senador Firmino

Class of Ranks wo. of Farms No. of Farmns
I - 10 3 7
1l e 20 o "
21 - 232 4 )
31 - 40 4 6
41 - ID .3 0
21 - 69 5 5
L1 o= 7 3 5
71 - 30 3 7
a1 = 99 5 <
11 = 183 5 5
171 - 2113 0 1
Tl o= 12N s 1
RRESR oo e 06 REE
M.odian hé 54
& L

Tourei: St data.

57 for ¢ = .0%; if /%/ » 1.98, reject the null hyrotheo-

cis of ro 4ifforercs betgeern the samplos,
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The interesting thing is that the difference between the
two sanples is different than was hypothesized. Both the
mean and median of the index is smaller in Senador Firmino
than in Presidcnte Bernardes, indicating that the farmers in
the ACAR sample {Senador Firmine) have a hisghier lavel of
vrice efficiency than thosc in the other.

This ~a also be secn by examining *the tails of the

distribution. In the first class, Senador Firmino has 7

irma, as against 3 for Presidente Bernardes, while in the

khy

last class, Senador Firmino has only 5, as against 19 for
Prasidente Beornardes.
For trchl.ircal efficiency (Table 21), # was egual to

2.95, indicating that the difference between the Lwo samples

W
n
n
+
W
H-
o
it
'—J
1
'—d
r‘-d

v significant. Hence, tho null hypothesis
Laat the fwo sase les came from the same peopulation 15 re-

serennt level of significance.

r

r

=
o

Haever, the direction of the difference is different
+1in vas vastilated. The farmers of Presidente Bernardes
Have o hilghor lovunl of technical officiency thar those from
“. 32 ACA® sargle--Scnador Firrine. The differences 1in the

miing ol semlians are both fairly larae. And once again, the

iy ffoymnces between the iwo samples are fairly large in the

-

coar aver 11l meoonomic efficiency {(Takile 2i), the A Tep-

s hetuer n the two samples was again statistically eigni-

........

Fignane &t tis % swerosnt level.
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Table 21. Distri®ution of Rankinas and Related Statistics,
Tachnical Efficlency, Senador Firmino and
Prasidente RBernardes.

Presiiente Bernarles Senador Firmin§
Classes of Rarks No. of Farms No. of Farms

1 - 10 6 4

-
|
~)

L

ra

(a0]

121 - 119 2 8
Lil - Lle 2 )
Averag 51 7]
Meedinn 44 i

% 2.95%
g o= T = T T v
¥ ERar Ll oant ab the T3 level of =yanadlligy.

A0 s Sarmnlo data.,




Tubla 22, Distribution of Rankings and Related Statistics,
Overall Economic Efficiency, Senador Firmino
and Presi-dentc Bernardes.
£
Presidiente Pernardes Senador Firmino
Classas of Ranns o, of Farms No. of Farms

l = 80 3] 4
51 - 706 2 f
71 - 8D ) B o
1 - 20 5 5

13l - 1XG 3 ;
' -, _?:," ': 2

bRy U B 53 £8

R 46 70
-~ P

* o1amsfiment ar 5% lewwl of probsbility.
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The statistic # was equal to 2.32, indicatinrg a rejection of

the null hypothesis that the samples came from the same popu-

}__.

ation, The farmers in Preasidente Bernrnardes have the highest
ovinrdll efficieonsy, indicating that the highiey tocimical
cfficiency of ithese farmers over-weighs the hither price
efficiensy of the farmers in Senador Firmino.

A ostrixing fact about all of the measures cof ecconoii~
wfiiciency war thelr very wide dispersion. This suggests
that the farms vary a great deal in the production function
on which they eperate, and also in cthe extent te which they

are protfil! maximizers,

Ll
L

[

ils was o be expected in the case of Senaldor Firmino
but rot in Preslidernte Bernardes. In faci, in 2 traditional
sotting such as “he latter, where shocks introduced from
cuiteide have suppos2dly been at = minimum, one could have
afvdad Rt ke Lndiecs o both prige e technival of llelensy
wauld tund a2 be ugrodped, sinec Yherce woeuld not be a dynanic
nrovess of chanse. The fact that thaso indices were as
wadely digacrsed ag in Sefizdor Firmino suggests wltlier that
4 disturbancs had besn introduaced inte the Lraditional
sottineg in she form of new ideas or knowlndae, or that tne
pamascrial sapaciov of the !arms varied a great deal.

Ns +mo thiae indices, Lthose for tecnnisal and overall
L Leiansy l.ad The gyéatesy amplityge. Thst 29z ofonamis
i fieisney war miweh less. The arithnetical reasen for Lils

wias tals =wn of the farmers had very large profits as
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calculated from the erquation. Their profits were 50 large,
in fact, that it would takc the GNP of several municipios
to be eouivalent to them,

Bark of this was *he fact that these farms had a hich
level of toghnizal efficimey in relaticon o e GLhe¥s;
which resul*<d in a high calculated constant term for their
nroducticn Tanction.  Since this enters multiplicatively in
the »rofir caustiorn, theilr raleculated profits beceme very
larae,

'n order tc avoid this, the third ranking farm was taken
“+ bhe basis ‘or computing the efficiency indices. This was
Jonn to facilitate the computational problem. It changes
nothina in =he analvsis, howover, since the testing is hased

av *he rankings and not on the numcrical values of the in-

T e mooondix i foy thoe indlees of efficiency,
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CHAPTER V

EVALUATTON AND SUGGESTIONS FOR FUTURE RESEARCH

If one accepts the results as beina a valid measure of
the impact of the ACAR extension service, the conclusion one
roaches is that the ACAR proaram is not effective, or worse,
thint is, is having a derleterions effect on the level of

n7ficicnecy. Althouah we will see below that this is entirely

nossibie, givern the program and the economic environment in

Rrazil, the limitations of the study should be kept in mind.

Limitations of the Study

i, The lick of a valid ex ants comnarison between the two

municiples. A basic premise of the study was that the

lovel of both technical and price efficiency in Senador
Flrr.no was the same bHoefore ACAR started working there
a1s. it was in PresiJdenta Bernardes at the time of the
study. The basis for this, of course, is that Presidente
Bernarde: 1s very tradizional and has not been subject

o change. Moreover, the two municipios were selected
i
in such. a way; as to bé as similar as possible in other

TESDECLS
hesnite these considerations,; it is very possible

+hat the lovel of officiency in Senador Firmino was rmuch

b d
-



24

5

below that of Presidente Bernardes prior to the intro-
duction of ACAR to the farmers. If that is the case,
the extension program could have had a substantial im-
‘pact and still not have brought the farms up to the
level of Presidente Bernardes. No data are available to
evaluate this possibility.

The inability to measure differences in managerial

ability., Maragement appears as an omitted variable in
the equations. Because of this, any systematic differ=-
ences in the level of managerial ability between the two
municipios would tend to show up as differences in tech-
nical efficiency. Of course it was recognized that
differences in managerial ability would exist--this is a
bas & premise of the analytical model used. But it was
assumed that any differences in efficiency would reflect
the management services provided by ACAR and not those
inherent in the farm decision makers in the respective
municipios.

However, let's suppose that Presidente Bernardes,
for whatever reason, had a oreater original cndowment
of managerial talent. TIf this were the case, then once
again the extension service, through its introduction of
new tecihnoloqgy, would be only introducing something to
bring the firms closer to those with supericr managerial
talent. Given the limitations in the amount of new

technology available to distribute, this could be a



fairly unsuccessful program. That is, there may nct be
enough new knowledge available to bring the Senador
Firmino farms to a level which would compensate for the
nanagerial advantages that the other municipio would have.

The possibility of an inappropriate criterion. The pri-

mary criterion used to evaluate the impact of ACAR has
been its impact on technical efficiency, with considera-
tion given to its effect on price efficiency as a side
issue. The basis for selecting this criterion is that
an oxtension service is basically in the business of
distributing new knowledge and the impact of this should
be to raise the level of technical efficiency. These
considerations, of course, come from a frame of refer-
ence in which the basic motive of farmers is assumed to
be the maximization of profits or net income on current
accourit.

Howevar, in an inflationary environment, the maxl-
mization of profits on current account may not be an
appropriate optimizing criterien for firms. The point
is +that firms have both an asset acccunt and a flow
account. From the standpoint of the welfare of *the in-
dividual, what he docs on his asset acrount may ke et

more important than what he does on his flow acconunt.

This has been recoonized in the American literature by



numerous writers,l/ and in previous studies of Brazil
by Nicholb.g/

In an inflationaryv situation such as in Brazil,
larger gains and losses are to be had by the appropriate
or inappronriate investments in assets. The purchase of
land as a hedge against inflation is much more important
than its use as a factor of production.

Yet, the theory that one traditionally uses com-—
pletely ignores the asset account. The conceptual prob-
lens of integrating the asset and flow accounts to pro-
vide ovnrall optimizing behavior have not been worked out.

The consequence of this to the present study is
that technical efficiency may be a relatively unimportant
goal of farm people. The capital gains that they obtain
from their asset account may dwarf the increases in in-
com® tn b obtained from a higher level of technical
nofficiency. Moreover, if farmers are sufficiently
sophisticatnsd to recognize this, the "better" farmers
may have very low levels of efficiency simply because
they are concerned only with the accumulatlion of assets.
That is, the output produced in relation to the inputs
owned by the firm may be quite low.

1/ 5ec for cxample, Glenn L. Johnson, "Supply runctions
- Some Facts and Notions," in Hesady, Earl Q., et al., Agricul-
tural Adjustment Problems in a Growing Economy, Ames, Iowa:
Thie Iow a State Colleqe Pross, 1965, pp. 74-93.

2/ Op. cit., pr. 360-1.
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It is interesting to note that one part of the ACAR
program could actually be contributing to this., The loan
program, whigh is restricted by law to a limit of 12
percent as the rate of interest, actually results in a
considerable subsidy to the acquisition of real assets.i/
The rate of inflation in Brazil, which has been chroni-
cally high for a long period of time, was around 80 per-
cent a year at the time of this study. A monetary rate
of 6 percent becomes a rather large negative rate of
interest under these condi*tions, and essentially means
that the farmer is actually paid to take the loan.

If suéﬁ funds are used for resource acquisition,
without having a technical innovation which increases

output substantially associated with it, then the index

of technical efficiency will actually be lower. 1In this

sense ACAR may inadvertently be lowering technical
efficicnrTy rather than increasing 1it.

The »nroblem of measurement error. Many of the farmers

in the sample are illiterate. They keep very few records
and are quite dependent on memory recall when respon-ding
to questions from the questionnaire. This problem 1is
conplicated by the fact that the inflation ratce has been
high, which places a greater demand on the memory.
Undoubtedly, substantial measurement errors are

rresent in this study. However, *there is no obvious

4/ Tar rate of interest generally charged for the loans

ranged from 6-8 percent for ACAR's borrowers.
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evidence that these have been such as to bias the results
one direction or another. That is, there is nothing to
suaggest that they might have been greater in one sample
than in another, and the ability to obtain a least squares
estimate of the production function with reasonably stable
cocfficients suggests that large random errors have not
been so prevalent as to wash out any systematic relation-
ship among the variables.

The short period of time which many of the farmers had

been working with ACAR may have led to an underestimate,

of its impact., Little is known about the length of time

necessary to obtain changes with extension programs, al-
thouqgh Wharton'sif results indicate a substantial pay-
off in the first year. Since the short-time coopcrators
were counter-=-palanced by some who had worked for long
periods of tiﬁe in our sample it would appear fthat
basically the period of time was adequate. Tt may not

have beer, nowever.

Some Suqggestions for ACAR

The results of the present research suggest, both direct-

1¥ and indirectly, some cuidelines which ACAR might want to

fO l l Ow .

A Sreatcr Attempt at the Dispersal of Knowledge. The

results presented above indicate a very wide range in the

5/ See Appendix B.
[
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level of technical efficiency among farms. This suqggests
that a great deal could be learned from the highly efficient
farmers that could be transferred to the less efficient. It
may be that a great deal of transferrable knowledge can be
obtaincd without the use of expensive research programs.
Surveys which attempt to identify what the better farmers
are doing may provide a great deal of information that can
be carried out in extension programs.

Oreater Attention to the Economic Aspects of its Recom-

mendations. wo considerations are important herc. The

first is that very little economic research of any kind is
available in Brazil, A consequence of this is that innova-
tions arc recommended by the extension service without
sufficient cogquizance being taken of the economics of the
innovation or ncw technology. For example, the applicaticn
of furtilizer may be recommended when it is not rational.
Product switchos may be recommended when they are not ration-
al from the point of view of the individual farmer. As a
rosult, cither the rocommendations are ignored, or as was
discussed carlier, price efficiency declines at the sane time
that technical efficiency increases.

Th» second ceonsideration concerns the immediaie program
objectives of the extension service. If gheir ccncern 1is
witii the wcll being of farm peorle, the nature of thelr pro-
gram may need to be cuite different from what it currently

is. Program activities may better be diracted toward teachinag
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farm people how to manage their asset account, and more
generally, the teaching of economic principles, than in teach-
ing them the use of newer, more productive inputs or prac-
tices. This, however, will require a great deal more cconomic
research.

At the same time it should be recognized that program
goals potentially may be conflicting. From a national stand-
point, the program goals might be to increase total food pro-
duction or the efficiency with which the food is produced.
I'ron the sppndpoint of the individual farmer, however, the
appropriate goal may be to increase his welfare through the
appropriate management of his asset account. These may well
be in conflict, which points up the need for a clear state-
ment of program goals, and a careful economic analysis of
how they might best be obtained.

A Rerconsideration of the Role that Credit Plays in the

Programn. The original idea behind the credit proqram harl
10 bases. TI% was felt that the provision of credit at low
interes t rates would stimulate the adoption of new practices
and new technology. In addition, it was a carryover from
the PIHN nrouram and related to the concern with small farms.
Since it was recognized that small farmers would neither

_hea rosources nor the access to credit markets which
right b e nacessary in order to adopt certain practices, the
credit was nprovided as an intearal part of the program.

If as the above analysis suggests is entirely possible,
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this program is actually lowering economic efficiency, then
this program needs to be reexamined. The program may have a
rather high cost to society, without at the same time attain-

rl

ing its specified program goals.

Suggestions for Future Research

The suggestions for future research are concerned pri-
marily with considerations for use of the basic analytical
framework in future studies. Although subject to rather
serious limitations in the present case, it does appear that
considerable potential exists for the use of the approach
used herein in further analyses, especially if certain condi-
tions can be net.

1. In general the method should be restricted to situations

- ———

in which inflation is relatively low, unless the model -

itself can be axtended.

The oriteria used in this analysis may not be valid
if the inflation rate is high, since this gives greater
emphasis to the asset account. On the other hand, de-
cision mndels which integrate the asset and the flow
account may proviide a basis for extenainq the appli-
cability of thco method.

2. An attempt should be made to select the samples in such

a wav that the control group actually was similar to the

"troarment" group before the treatment was applied. This

can be donc by a more detailed study and collection of

data before the sample areas are actually chosen.
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An attempt should be made to verify the level of mana-

gerial capacity between the two groups. This is impor-

tant because management appears in the constant term of
the equation and is measured as technical efficiency.
Although the author is not cptimistic that instruments
will soon be developed which will measure management,
1t 1s important that an attempt be made to control this
variable.

Sufficient time should be allowed that the extension

program can have an effect. Additional research may be

necessary to verify what this is, but this should be an

important consideration in selecting a study group.
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APPENDIX A

THE RURAL EXTENSION SERVICE OF MINAS GERAIS STATL

ACAR is the Extension Service of the State of Minas
Geralis. ‘Its purpose is to help rural people raise their
standard of living through an education program for adults
and young people. Its'history and the way it operates will

be discussed in this Appendix.

Origin and Evolution

ACAR was created on December 6, 1948, by an aareement
i»:tween the Minas Gerals state government and the American
International Association, a non-profit corporation of the
Rockefeller family. Minas Gerais is located in the central
mart of Brazil and is a pivotal state between the more well-
developed South and the less-developed Northeast. It has an
area of about 224,900 square miles, and its population 1is
about 12 miilion. The main agricultural activities are dairy
cattle, <orn, beef cattle, hogs, rice, beans, and sugar canec.
There is a nrodominance of small farms in the relatively
heavy populated areas to the south,

Supervised credit and extension work were practically

unknown in Brazil when ACAR was fourded. Assistance programs

for adriculiure were based on the classical view of capital,
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Brazilian leaders believed that what farmers needed to pro-
duce riore was only tangible capital -- machinery, equipment,
and buildings. Programs based on this approach tended to
benefit more the larger farmers, and, consequently, to widen
the income distribution within agriculture. They were also
subject te substantial political influence and urnable to work
on the kasis of a sound progran.

On the side of the farmers the situation was: (a) a
very low level of productivity and (b} an almost complete
ignorance of any meodern techniques of production. Most work
was done with hand tools, and farmers had practically no con-
fidence in the work and knowledge of agronomists,

This was the situation encountered by Nelson Rockefeller
in 1948 when, together with the state governcr, he decided
to estaklish ACAR. They had two princiral ohstacles to cope
withs (2) theo lack of confidence on the part of the farmers
in any technical work and (b) a prevalent mentality in favor
of proarans which subsidized tanagible forms of capital.

The principle on which the firancial arrangements be-
tween the stiate and the American International Associatien
w1s based was to increase the state contribution over time
and to decrease the foreign contribution as ACAR was accepted
3y the leaders and the people of the sczate. In keeping with
tihis, the last contribution of the American International
Assoclation was made in 1961, At the present time ACAR's

funds come from the State and ABCAR, *the federal extension
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sarvice. ABCAR gets its funds from both the federal govern-
ment and from international agencies.,

The original objective of ACAR was to operate a super-
vised credit program fashioned after the Farm ifiome Administra-
tion and designed to benefit small farmers. But from the
very beginning it was recognized that such a program was not
an approoriate program for Brazil. Cocnsequently, ACAR was
never a pure supervised credit program.

A few years after the program was put into action 1t was
realized that it would be better to transform it into an
Extension Service, based primarily on informal education.
Cradually such a transformation took place. But in the first
step there were two programs acting side by side: one of
Rural Superviscd Credit and the other of Rural Extension.
There was no formal coordination between them,

A formal coordination did characterize the second step.
The tool for implementing this was a program worked out cvery
year by the local office supervisors and sinmilar to the
County Extensinn Program now in use.

But th~ absorption of the earlier Rural Sugervised Pro-
aoran was not yet clear, for the activities of credit were
Xept separated from those of Extension.l/ This absorption

beaan in 1923 and was finally completed in 1956, when ACAR

1/ Titia pointﬁfs nade clear in Wharton, oo. cit,, 46-47,
wihcre he discussed the supervised credit program as a pro-
qram with its own goals, indepcndent of the extension coals.
At the present time, there is so such rural credilt program
but only an zxtension program that uses educatioral credit

as a tool.
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entered the third phase of its evolution.

All decisions taken since then have aimed at consoli-

dating the idea that ACAR is an Extension Service. Among

~

these the following are worth mentioning:

a)

The establishment of both individual and group work only
in strategically selected parts of the municipio.

Prior to this program activities were spread out all over
the municipio. Since the local office tecams did rot
generally have the capacity to work with all farmers,
some selection took place, but without a reasonable
principle to quide it. From year to year some parts were
abarndoncd and others included, with the result that con-
tinuity of action, so necessary for an educational pro-
gram, was not always present.

Tt was estimated that the local team would be able
teo handle between 600 to 800 farms. It was reconmended
that the municipio be divided into several parts, with
procram activities to be carried out only in scme of them.
Tha parts to be selected were to be those that coffered
hetter conditions for the development of the work.
Preferably they were to be located in different points
¢f the municipio so that the new ideas introduced would
be spread out by indirect influence, and, hencé, uiti-
mately reach all farmers in the unattended parts of the
muriicipio. Obviously the mass media are not restricted

to the sclected parts, and its contribution to the
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diffusion of new ideas in the entire municipio is con-
sidered to be important.

The establishment of Rural Extension Committees. These
were introduced in 1961. Their aim is to enlarge the
number of people participating in all ACAR program activi-
ties. Their members are supposed to represent all im-
portant areas of interest of the rural people. They are
to help the Extension Agents in making decisions about

the problems that will be faced by the program, about

the recommended solutions, and about the program objec-
tives. Impergant responsibilities are also given to them
in connection with carrying out the program and evaluating
it

A change in the role of rural supervised credit (and other
typos introduced later), 4-S. clubs, and leadership, and
adult groups in the local office programs. These activ-
ities came to be considered as tools for organizing rural
pecple in such a way that the extension service program
‘could be more effectively carried out and more in accord-
ance with the nrinciples of extension. Prior to this,
these activities were not viewed as havine this as a pri-
mary function. They were viewcd more as activities in
themgelves, with their own specific objectives, and with
li“tle or no relation to the goals of the total program.
Because of this, it was common, in a region where thc
program cbiectives were related to dairy cattle, for

example, to have a great deal of loans for annual crops.
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At the present time, the loans arc in close correspondence
with the program goals, and the same is true for group work,

4-S clubs, and leader training activities.

Expansion Over Brazil

The ACAR example, as a way to improve the life of rural
pecople, began to expand to other Brazilian states in 1954.

It is now being followed by 16 of the 22 Brazilian states.

A national organization -- "Associacao Brasileira de
Credito e Assistencia Rural" (ABCAR) was established in June,
1956, for coordinating the work of the various state organi-
zations. It receives both federal and foreiugn resources and
distributes tnem to the state organizations according to a
plan for this purpose. It also maintains a corps of special-
ists for handling the technical necessities of the State

Extension Services.

Administrative Organization

The ACAR administration is composed of:

a) A Board of Directors. -- This is compesed of two repre-

sentatives from the state government and representatives
“rom the cooperative organizatiens that provide substan-
+ial" financial contributions. ABCAR also participatoes

:n the Board of Directors. The AIA has not participated
since the +nd of 1961, waen it ceased to contribute to

ACAR. The principal functions of the Board of Directors
are: (1) to approve the plan of work; (2) to select the

municipios for local offices; (3) to approve the annual
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budget; {4) to grant authorization to establish agree-
ments with other institutions; and (3) to elect the
President, the Secretary, and the General Supervisor.

The Presidency. —-- It is comrosed of the President and

has the following functions: (1) to preside at the
meatings of the Board of Directors and to be responsible
for carrying out the decisions approved; (2) to give
investiture to the Secretary and the General Supervisor;
and (3) to represent ACAR at Courts of Justice, to siqgn
agreements, and to call for meetings of the Board of
Directors and other meetings.

Executive Director. -- A general Supervisor is in charge.

T+s functions are: (1) to execute the plans formulated
by ACAR, +o receive financial contributions, to submit
a2 annual budget to the Beard of Cirectnrs, and to
develop wihio anﬁual plan; (2) to awlit, o promote, to
tranzfor and to fire personnel according to the rules
approved by the Board of Directors; to determine salaries,
expenses, and work conditiens, and (3) to represent AUAR
in activitirs that do not pertain to the President.

Dapartments.-- They are four in number. The head of each

department is responsible for its manajement. They are
made up nf o certain number of Jdivisions and specialists.
A dctailed description of their function can e found in

Ribeiro. 2!

77 Ribc'ro, Jose Paulo =-"Aspectos Institucicnais do

Credlto Rural surcrvisionado ne Brasil," Belo iorizonta,
ACAR's Information Division, 1964 , pp. 5-51.
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Training Coordination.-- This group is responsible for

the training of all ACAR personnel.

State Supervisors.-- They are responsible for the work

of the Regional Supervisors and are direcctly connected
with the Executive Direcctory.

Regicnal Offices.-- They are responsible for the progranm

in a given reagion of the state. Each regional office
has from eight to ten local offices under its respon-
sibility. They have three members: (1) a regional
supervisor, who is in gencral an agronomist (can also be
a veterinarian); (2) a regional home supervisor; and

(3) a clerk.

Criteria for the selection of the first two members
are: (1) to have had some years of experience as a local
office aqent and (2) to have demonstrated a capacity for
extensrinn work and to have shown ability to lead their

~ollcajues Ln work programs,

ocal OfFfices,-- They are in charge of working with the
rural families. The team is composed of three persons:

(1) County agent. This agert may be an agronomist, a

vetorinarian, or a person from practical schools of
agriculture. The great majority of county aaents (agrono-
mizte and veterinarians) enter ACAR scon atter they have
received the B.S. degree. Since Rural Extension was only
very rocently introduced as a discipline in the curricula

of some agricultural schools, the reccntly araduated
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students are not well enough prepared for extension work.
They need to be trained in theoretical and practical
aspects of extension work, and ACAR provides a course

for this purpose each year. 1In general the course lasts

for three months. (2) Home Management Agent. A fow of

them come from Schools of Home Economics. The great
majority, however, have only a high school diploma.
Consequently, in their pre-service period of training,

it is necessary for them to study Rural Extension prin-
ciples and to receive special training on those aspects
of home economics that are important for their work. The
period of their pre-service training is three months also.
(3)y A Clngﬁ.

Origin of Funds.-- In the beginning the contributions

for maintaining ACAR came from the AIA and the state of

Minas Gerais. Additional funds 1ave becn cbtained from

tie federal government and from international agencies.
At the present time the direct financial support

for ACAPR comes from eonly two sources: the state of

[y}

iMinas Gerais and ABCAR. About 60 percent of the funds

are from federal sources and 40 percent from the state.

.

Work frganization at the Local Cffice Level

First, it is necessary to select the parts of the

"manicipio" where the program activities will be implanted.

3ince there is a concentration cf the educational activities

in these selected parts, it is expected that a relatively
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rapid developrment will occur, which will be expanded to the
unattended parts by indirect influence.

Second, 1t is necessary %o choose the people tﬁat will be
involved in program activities. It is known that a small
group of farmers can be a key to the adoption of new 1ideas,
with the rate of adoption increasing rapidly after they have
accepted the new idea. Hence, a larger number of educational
oppeoertunities are given to them. In fact, they are invited
to be borrowers (if they need a loan), to participate in the
adult work groups, and in leadership training activities.

In gencral the members of the Comrittees are selected from
among them, aiso.

Up until now these farmers have been selected by a trial
and error process. Hence, it was necessary to work with a
large number of them in order to be able to select those that
ware instrumental in the adoption of rew ideas.

This work procedurce does not imply that other farmers do
rnot have the right to receive ACAR assistance. They do. If
they want o rarticipate in any ACAR activity, they are
pErmitied Lo,

Ancther important feature of the local office work organ-
ization is the cxtension program for the Municipio. Tais is
dovelonsd by the Commiittees and Extension agents. The number
of vears covercd by the program (from the study of the situa-
tion to the ostaklishment of the cducational objectives) is

from thrae to five years. Sc, a new Program is worked out
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each three to five years. An annual Work Plan is elaborated
each year to plan the action that will be carried out in order

to attain program goals.

Funds for Educational Credit

Education credit embodies the earlier rural supervised
credit and other types of rural credit introduced later.
These types are: oriented credit, a credit appropriate for
4-S members, and a credit for building houses. Currently,
the emphasis is placed upon oriented credit, for it is much
simpler to be implemented. The specific goal of education
credit is to give financial resources to the leaders so that
they can adopt the recommended practices in a shorter period
of time.

To obtain the funds for the loans, two agreements were
made by ACAR: one with the Caixa Economica do Estado de
Minas Gerais (a bank of the state of Minas Gerais) 1n 1949,
and the orher with the Banco do Brasil (a federal bank) in
1954, They have been renewed since then.

liowever, since 1962 the emphasis has been placed on the
work with the Caixa Econonica de Minas Gerais. 1In 1163, as
a consequence of an agreement of this institution with the
Inter American Bank for Development, the resources for edu-
caticnal credit were appreciably enlarged, Now, there are
funds available so that each local office may have up to 100

families benefiting from this educational activity.
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APPENDIX B

REVIEW OF LITERATURE

The purpose of this appendix is to review previous
studies that have attempted to evaluate the extension pro-
rqram in Brazil. In general the approaches taken have been
¢gquite different from those proposed here. To the best of
our knowledas, 2ll the studies conducted so far in Brazil
have dealt with ACAR.

L/

Mosher's study—

The major goal of this study was to evaluate the super-
vised credit activity, which at that time embodied almost
211 of the ACAR program.

Productivity indexes such as net income and production
per hectanre werce constructed, and then confronted with data
on the size and type of loan in order to appraise the in-
fluence that supervised credit might have had on the increase
of productivity of the farmers with whom ACAR was operating.
The results were somewhat inconclusive, but they suggested the
noterntialities of the program.

The study relied upon a selected sample of ACAR's

T7 Noshor, Arthur T., "Case Study of the Agricultural
Proarm cf ACAR in Brazil," Washington, D.C., Technical
Cooparation in Latin America, National Plannirg Association,
TV G5 .
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borrowers, which was visited and interviewed by the author.

Additional information was obtained from farm plans that had

»

been worked out to justify the loans that the sampled farmers
obtainad. The productivity indexes were constructed on the
basis of this information.

2/

Wharton's Study-—

As the author indicated, this study had the following
objectives:

1. To describe the agriculture of an undeveloped region and
to analyze its problems. Particular emphasis was given
to the total Brazilian s€tting in which the agricultural
development of Minas Gerais had proceeded, and *to speci-
fying the problems of capital and technology in Minas
Gerais.,

2. To describe the operation of the ACAR Supervised Credit
program.

3. To attempt to evaluate the success of the ACAR Surervised
Crodit based on the actual experience cf a sample of
varticipating farms. Three local offices were chosen
for the analyses, although one of them was later 2limi-
nated. The remaining local offices were in Curvelo and
Uba. 1In Curvelo all families were selected who partici-

rated in the supervised credit program for one year or

T7 wharton, Clifton R., Jr., "A Case Study oI the Economic
Impict of Taechnical Assistance, Capital an: Technolngy in the
Anricultural Development of Minas Cerais, Brazil,"™ Unpub=

lishad Ph.D. thesis, Department of Economics, The University
of Chicago, Chicage, Illinois, 1958.



100

more, regardless of the number of years of participation

from 1949 through 1954. 1In Uba only those families who

Qarticipated for two years or more were selected.

To measure the impact of the ACAR Supervised Credit Pro-
gram, the procedure followed was as follows:

1. Output and input indexes were constructed for the total
agricultural sector, for Minas Gerais and for the ACAR
samples.

2. Simple linear regressions of the output indexes on time
were estimated for Brazil, Minas Gerais, Curvelo, and
Uba. The form of the regression was I = a + bt, where
I was the output index and t refers to year or time.

The trends in output (b coefficients) for the Curvelo
and Uba samples were tested against the general trends
for Brazil and Minas Gerais. The results showed up
favorable only for Curvelo.

3. Output/input indexes were used to estimate the relative
efficiency of Supervised Credit activities. Simple
lincar regressions of the output/input indexes on time
were ostimated for Brazil, Minas Gerais, Curvelo, and
Uba. The slopes for Curvelo and Uba were tested against
+he trends for Brazil and Minas Gerais. The results were
somewhat les3 impressive than for the output trends.

1, Some attempts werc made to study the costs and returns
of the ACAR program. It was assumed that the variation

not explained (the residuals) was due to the introducticn
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of new technological practices. In Curvelo each Cr$ 1
invested in the addition to the average Curvelo farmer's
stock of technological knowledge brought a roturn on

the average of Cr$ 6.5 output in the first year. In the
second yvear Cr$ 1 resulted in a return of Cr$ 2.%. This
suggests that the program did have a strong impact in

the first year.

3/

a)

b)

Brandao's study used basically two approaches:
Productivity indexes were constructed for a sample of
ACAR cooperators and for a sample of non-cooperators, and
the results were compared. As was the case in Mosher's
study, the results were not always conclusive. Tor some
indexes, the ACAR farmcrs were found to have higher
oroductivity. For others, the differcnce among the in-
dex (ACAR and non-ACAR) was not significant. The results
also varied from one local office analyzed to the other.
An attempt was made to measure the number of practices
aldopted by each group. A chi-square test was performed
to trst the hypothesis of association between adoption

of practices and the classification of the farmers. The

results were quite favorable to ACAR.

Tue

3/ Brardac, Erly Dias, "principios Ade Administracao Rural
Thteressam a um Programa deo Extensao E Credito Super-

visionado," {tese de concurso para provimerto efetivo de
~atedra de Contabilidade d Administracac Rural de Escola
superior de Agricultura da Universidade Ruyral do Estado de
Minas Gerais) Unpublished thesis, 1958, UREMC, Vicosa, Minas
Gerals, Brazil.
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The study was carried out in seven local offices, each
one representing an ACAR region. The "cooperating” and "non-
cooperating" samples were both drawn from the same municipio.
Since the "non-cooperating" farmers were living in the same
area as the cooverators, it is highly probable that they re-
ceived ACAR influence also. In this case they do not repre-
sent an ideal basis for comparison.

The study covered the crop year 1956-57. As a by-product
of the study, an interesting method was developed to evaluate
the efficiency of enterprises in such a way that weaknesses
could be identified. )

Sociological Studies

Soveral studies have been made by sociologists and using
a sociological framework. They have attempted to evaluate
“ha role of ACARas asource of information and as a change

218)
-

p}

NeY

nifferent approaches have been followed, and some of them
wore concerned with a more general problem than to evaluate
thn impact of ACAR. The basis for comparison was always
farmers who did not work with ACAR. As these farmers were
usually located in the same municiplo, or nearby nunicipios,

t is possible that the results were biased to some extent

bt

ccanse the nen-ACAR farmers may also have benefited from

e

ACAR's work through indirect contact.
Basically, these studies have concluded that ACAR has

nlayed an important role as a change agent, and that ACAR is
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vractically the only organization in Minas Gerais that is
recognized by the farmers as benefiting them. They have con-
cluded also that the farmers view ACAR more as a credit agency
than as an Extension Service. They tend to suggest that
ACAR's influence could be enlarged if it were to improve the
methodology (Extension Methods) it has been using and rely

4/

nore on mass-maedia.-~

47 Alves, Eliseu Roberto A., "Adocao de Praticas: Area
Atinglda Pelo Escritorio Local de Vicosa," ("Adoption of New
Ideas in the Area that is worked by the Local Office of
Vicosa"), Belo Horizonte; Divisao de Informacao da ACAR, 1962.

, "Desenvolvimento do Projeto Gado
Leitelro em Itauna," ("Evaluation of the Dairy Cattle Project:
Itauna Local Office"), Belo Horizonte, Divisao de Informacao
da ACAR, 1963.

, "Desenvolvimento do Projeto Gado de Leite
em Esmeraldas," ("Evaluation of the Dairy Cattle Project:
Esmeraldas Local Office"), Belo Horizonte; Divisao de Informacao
da ACAR, 1963,

, "Desenvolvimento do Projecto Gado de Leite
em Para e Minas," ("Cvaluation of the Dairy Cattle Project:
Para de Minas Local Office"), Belo Horizonte; Divisao de
Iinformacao da ACAK, 1964,

Fonseca, Luiz, "Information Patterns and Practice Adop-
tion Among Brazilian Farmers, unpublished Ph.D. thesis,
University of Wisconsin, Madison, Wisconsirn, 1966.

Lopes, Renate Simplicio, "Information Sceking Behavior
of County Extension Agents in Minas Gerais, Brazil," Un-
published M.S. thesis, University of Wisconsin, Madison,
Wisconsin, 1966.

Rocha, Fernando A.S., "Ligacoes Entre cs Sistemas Sociais;
Zueira, Municipio de Uba, 1962," ("Link Among Social Systems
- Zueira, Municipio de Uba, 1962"), Tese apresentada a Escola
de Especializacao de UREMG, Vicosa, Minas, Brazil, 1964
(unpublished M.S. thesis, UREMG, Vicosa, Brazil, 1964).

Michigan University Study: (Forthcoming) its scope 1s
very broad. The study in Minas Gerais is part of a project
+hat is being carried out in other parts of the world.
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APPENDIX C

DERIVATION OF THE MAXIMUM LIKELIHOOD ESTIMATES
OF THE PRODUCTION ELASTICITY COEFPICIENTS
AND OF THEIR VARIANCES

According to the formulation of Chapter II, ui{i:l,Z...n)

is to be estimated from the equation:

L EEE

Y-S

1f pofxof X

where log Ul g is assumed to be normally distributed with

.

a'u
1

mean zere and finite variance cf. The log form of the above
equation 1is
i) A .
ioq Uig loqa %if;iﬁ - log as since gééggfiig)z 1, then
of of 9 o}

the likelinood function is:

T Pi1%i Pir¥ir B
f, log X PRI 1 - 5——qii ; log 1y
- cl”ol oF cE =

Ir —

- F P. X, '

1 PR S | - LELF 2 |

. ——— XD i {logg—z— - log a. ) |
(gn;l 32 1  Poriof :

Obtaining the log transformation of this function, and
2
taking the darivatives with respect to log ay and 9y and

¢quating them to zero, one obtains:



- % (log Plfxlf - log a.) =0
"]j; ]. Of Df
T P, .X.
(loqg Plfxl‘ - log a.)
1 cfof _ 5 0
2.2 2 '
2(”i) 273
therefore
F P. X
log a; = % Y log Plfxlf
1l of of
5 F . /\
z 1 1ETLE 2
Si =g ! (1ogP 3 log a.)
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APPENDIX D

DERIVATION OF THE PROFIT EQUATION

The purpose of this appendix is to provide a derivation
of the profit equation. This is necessary because the equa-
tion obtained is guite different from the one given by
Nerlove.i/

From considerations presented in Chapter II, we have

the following system of equations:

ne = Poxof - Plxlf - P2x2f {Profit function) (1)
Cu - PiX1¢ - P1X1e = aqu P X e (2a)
1£ ‘?
PR Pokor P.Xor = GaU, P X (2b)
oo 2%2£ 0% ¢
. prart: o
272f P X :
o of
a a, -

Xog = WVaeXie ¥2¢ (4)

Wo want to obtain -

V.'s. Substituting (2a) and (2b) in (1):

fe 7 I\oxof tlmagby e - U‘2“‘21—') (3)
Equati~ns (2) and (3) vields:

B VIS
2 17'1f
X = X, (6)
lf pl |12U2f 2._
17 Yerlove, Marc, op. cit., p. 97.

g as a function of P's, uf's, and



Substituting this value of X
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in Eguation (2) and using

if
equation (4): 1
a _]I—C(l—(lz
. . P P, {-¥\ a
e l1-a o P2 1
Xy = | (aV ) (ayu) 7700 52 (55) (aguy) 7 (7)
2 "1 |
Substituting Xo¢ in eguation (6),
1
I“LT! -
r b i, B e %1% *+ %
X = av_ ) (au, ) 2(f1u )2—0- o (8)
map T | Pige Wiy 2Y2¢) P\ B |
- 2 1 " 1
Substituting (7) and (8) in (5): —II-ul-oj
M a o a N
o - I 1 2 1 2
g = (mapiyg “2“‘2f)Eo“Vo("1“if) fagUaed Py "Fy _i
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APPENDIX E

MEASUREMENT OF THE VARIABLES

Qutput: XO
Qutput is measured in cruzeiros. It includes total sales,
plus or minus inventory changes in livestock or in crops,
home consumption, and the value of the sharers crop produc-
. ‘/
tion.~ *
The production was priced in the followina way:

a) Crop production

Whenever the farm had sold some quantity of a product, the
price used to evaluate home consumption and sharer crop
production of this product was the sale price. TIf no sale
of the product was made by a farmer, then the price of the

product wvas given by:

n n
P, = - B o L T
I © S B e VA T L
whero:
P. = price for the product i (weighted mean)
P

L

T/ 1In iiiras Gerais, it is common for farmers to allow
thelr emplovees to cultivate a tract of land under their own
manaqencnz. The farmers are resncnsible for expenses with
fortilizers, seeds and plowing, and the employees are respon-
5ible for labor exnenses. The wvroduction is shared according
to a aiver. properticn. (The value of the total production was
included in the output.)

—
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Pi. = pricz that farmer j obtained in the sale of
] product 1
Qij = quantity of i sold by farmer j.

These weighted prices were calculated for each product and

for each municipio (Senador Firmino and Presidente Bernardes}).
To calculate the change in the value of stocks (changes

in inventory) these weighted prices were also used whenever

no sale of.a product was effectuated by a farmer.
b) Animals

There were no share arrangements for livestock. The

fue

prices of the animals consumed by the family were given by
the farmers.

The change in inventory was defined as the inventory at

the end of the year - (value of the animals bought within
the year + inventory at the beginning c¢f the year).

c}) Animal products

(1) Milk and eqggs: the guestionnaire specified the
part sold, consumed by the family and transformed into
products like cheese, butter, candy, etc. on a monthly basis.
There was always some sales, and the sale prices were usaed to
evaluate home consumption,

(2 Transformed Products (cheese, butter, etc.): the
guestionnaire gave the total produc¢ticn and the part of it
that was scld, consuned by the family, or stored on a quar-
terly basis. There was always some sale within the period,
and, hence, the sale prices could be used to evaluate hone

consunption.
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Inputs

a) ,Land (Xl) was measured in cruzeiros and in terms of
a flow.

The land was divided into four categories: crop, brush-
wood, pasture, and permanent crops. For the first three
categories, the farmers indicated the acreage and price of a
hcctare.g/

In the case of permanent crops (in general coffee) we
tried to obtain separated estimates of the values of land
and of the trees. The trees werc depreciated linearly,
admitting as 8 years the remaining average life. The interest
rate used was 42 percent. Hence, by multiplying the value
of the trees by .545, the correspondent flow was obtained,
which was aggregated to the flow obtained for the land (42
percent of the value of the land) in which the trees were
located. This value was aggreqated to the flow obtained for
the other three categories of land (42 percent of their
value). The result is the measure of the input land, in
cruzecliros, and i1in terms of flows.

Labor (X5) was measurrd in cruzeiros. The total man-
equivalent used in the farm during the year was estimated.
This tectal includes hired labor, family labor, and share
crop labor. ‘henever there was hired labor, the price of

the hired labor was used to evaluate family and share-crop

27 The rrice was obtained as an answer to tiie following
question: "How much would you pay for land like this if
vou Wwere to buy it?"



141

labor. If a farm did not have any hired men working there
during the year, a weighted price, obtained by a formula
similar to the cne used for output, was used to evaluate

family and share crop labor. The work of an adult man (from

14 to 60 years old) was considered as the standard for measure-

ment. The following factors were used to malke the necessary
transformations:

Woman - 3/4 (equivalent to 3/4 of the standard)

Youngsters - 1/2 (equivalent to 1/2 of the standard)

0ld man (greater than 60) - 1/2 (equivalent to 1/2 of

the standard)

Buildings (X,) were measured in cruzeiros and in terms
of flow. The interest rate used was 42 percent. The depre-
ciations were calculated on the basis of:

4 = value 1if built now
remalning years of life

m
a4

rhe value if built now is the gquantity of money that would

g

e spent if the farm were to construct one that is equal tc
the given building.

Machinery and equipment (XB) were measured in cruzelros

and in terms of flow. The interest rate used was 54 percent.
The depreciation was calculated on the basis of:

value if purchased now

d = ety L
remaining years of life

The value i1if purchased now was the price that the farmer
would pay for a unit equal to the given cone, 1if he were to

buy one.
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Whenever a machinery or equipment was used for nonfarm
activities, the percentage of time in this form of work was
obtained from the farmer. Only that part of the time used
in farm activities was uséd in the calculation of the flow.

Animals (x4) were measured in cruzeiros and in terms of
a flew. The flow for productive animals and for work
animals was calculated separately and then aqggregated,

(1) Productive animals - This category includes dairy

cattle, hogs, hens, sheep, and kids.

The interest rate was 54 percent. The depreciation
coefficients were:

Bulls and cows - .163

ilog breeding stock - .250

Hens and fowls - 1.000

Sheep and kids - .250

(2) Work animals - This category includss oxen, horses,

Aazlinines, and nares. The interest rate used was 54 percent.
The depreciation coefficients were:

0% = 125

Azinines - 0567

fiorsc and mare - ,100

Other inputs (X6).were measured in cruzeiros. This

cateqgory includes oxpenses with seeds, fertilizers, pasture
gupplencnts, gaseline, o0il, electricity, taxes on property,

interest paid, rent expenses, etc. In other weords, it in-

ciudes everyinlng that is not one of the prewvious inputs.
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The pricecs of ilnputs in calculating an equilibrium are

as follows:
Land - Cr$142
Buildings - Cr$l42
Machinery and equipment - Cr$154
Animals - Cr$154
Labor:
Senador Firmino = Cr$400/man equivalent
Presidente Bernardes = Cr$300/man equivalentlj
Other inputs - Cr$l54
The interest rates used in our calculations were obtained
from information provided by commercial banks and by the
large Brazilian investment company, Crescinco. No better
way to estimate them was available since there was no other
irformation available. It is possible that they misreproscnt
.

he real situaticn in both directions, i.e., they may over

or un:dlerestimate the true monetary interest rate.

3/ The price was calculated by the followino formula on
the basis of information given by farmers that used hired
in'l permancnt labor.,

n
P =" P.OQ,
j=1 3]
n
Y 6,
j=1
where Q. = the rquantity of hired and permanent labcr for
farm j,Jmeasured in man-equivalent units, and Pj = the price

wald by the farmer j.
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APPENDIX F

THE SAMPLE AND THE DATA COLLECTION PROCEDURES

At the time data were collected for this study, ACAR was
oreratinag in 185 municipios that were spread out over a large
rart of the state of Minas Gerais. These municipios were
bencfiting from the work of 128 local offices whose ages
varied from less than 1 year to 16 years of age. Abcut half
of them were less than 5 years old.

The disparity of ages of the local offices, and the wide
ranuge 0f variation there i1s among the municipios where ACAR
is working, make the problem of desiqning a representative
saaple of local offices for ACAR very complicated. This
problem 1s further complicated by the lack of statistical
information that is necessary for this purpose.

Previous studies have rolied on some kind of purpesive
sample 1in which the local offices were always ncnrardomly

— 1 : : ; R R )
st:lacted, = Clearly, one might question the wvalidity of any
cencralization for ACAR as a whole from such sludies. How-
evey, one can, to a certain degree, justify some generaliza-
tinn en the ¢grounds that anvy local office of ACAR can be as

«fficient as those sampled--if enough inservice training and

1/ Apperdlix A.



surervision are provided for their personnel. Although there
is some empirical evidence that would bolster this conclusion,
one might always doubt its validity, on the bhasis that in-
service training and supervision do not supnress differences
in efficiency that arise from differences in ability that
people have, cven though they might reduce the effect of such
differences. Hence, there is always a basis for not accept-
ing the valility of the generalization.

It is not assumed in the present study that the sample
will be representative for the total ACAR system., It may
represent only those offices that are similar to Senador
Firmino in relation to efficiency of the local team of ex-
tensionists and to environmental conditions. It is recog-
nized that this transfers the problem of generalization to
the problem of discovering which local offices are similar
“0 Scnador Firmine--and it may be that there is no such local
office. But even if that is the case, the study may be use-
ful in evaluating ACAR's work in Senador Firmino and in
testing the appropriateness of an evaluation tool. If the
evaluation tool proves useful, then it can possibly be ex-

trnded to a more general evaluation of the ACAR system.

The Population and Sample

In this study the concept of a population has to be built
on the bacis of the sample. (This is a procedure used in

the design of experiments, where the population 1S
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conceptually thought of as being obtained by repeating the
cxperiment under the same conditions.} Hence, we have to
explain how we obtained our sample. The process used in
selecting this sample will be discussed first, followed by
an indication of the population that can be conceptually
generated by the sample.

The sampling procedure took place in two steps. The
first stage was the selection of the local office and muni-
~ipio that was going to be the basis for comparison. The

local office chosen was Senador Firmino, located in the Zona

da Mata of the State of Minas Gerais. The reasons for the
choice were:
1. This local office had been in operation for more
than 10 years.
7. The turnover of personnel had been relatively small,
3. This local office was considered by the administra-
tion of ACAR to rank high among all local offices of
ACAR as far as their efficiency of work was concerncd.
The rmunicipio of Presidente Bernardes was selected as a
hasis of comparison to measure the cfficiepcy of ACAR. This
minicipio was very similar to the first one in relation to
the type of farming, the quality of land, and topoqgraphy.
I~ additien, as near as could be determined, it had not been

o,
andor ACAR's indirect influence.i/ Nor had it been subject

77 This was informally verified by asking the lecaders of
the Tunicipio whether they considered the farmers oI the
municipio to be under ACAR's influence or not.
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to the direct influence of any other agency. Ience, it may
he possible that its farmers are quite close to the stage
that farmers of Senador Firmino were when ACAR startecd oper-
ating with them, although this is impossible to evaluate.

The second stage of the sampling process was the selec-
tion of the farm families that were to be interviewed for the
purpose of data collection. At the time of the study there
were 60 farm families working with ACAR very intensively.
They received technical assistance plus the financial support
necessary to put ACAR's recommendations into practice. These
60 farm families (each family operates its own farm) were
chosen -as a basis for the evaluation of ACAR's work in Senador
Firmino. Hence, the selection of the farm units in Senador
Firmino was not at random.

In Presidente Bernardes the sarple units were randomly
selected within well-defined strata. The procedure used was
as follows:

1. A list of all the farms in the municizic and their
size (measured in hectares) was obtained.

2. The 60 farms from Senador Firmino were classified
according to their size in hectares into 6 classes, each
conrtaining 10 farms.

3. The same intervals werc chesen for Presidente
Bernardes. This resulted in 8 classes since there were some
farms smaller than the smallest farm and larger than the

largest farm of Senador Firmino.
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4., 1In each of the six correspondent classes, 13 farms
wore randomly salected. The last three were to he inter-
viewed if and only if one or more of the first 10 units failed
te cooperate with the interviewer. The rates at which‘the
respective samples were taken from their underlying popula-
tions can be s=2en in Table F-1.

These procedures lead to two conceptual populations. One
is made un of all farms that can be conceived as being simi-
lar to the 60 farms selected from Senador Firmino. The other
is made up of those farms that can be conceived to be similar
to the 60 interviewed farms from Presidente Bernardes. These
two populations will be treated as if they were infinite.
Table F-1., Distribution of the Sample Farms from Presidente

Bernardes and Senador Firmino in Accordance with
the &ize of Farms, Measured in llectarcs.

Presliaente Bernardes Senader Flyrmino
Parm Size Number of
{ombaren) Population Samnnle Borrowers Sample
00 - 17.99 954 - - -
18.00 - ZR.:24 51 10 10 10
28.27 - 332.00 16 10 14 10
33.01 - 48.060 36 10 10 10
48,101 = ©62.73 27 10 13 10
ni.Tl - 97,82 28 10 10 10
47 .53 =194.,.50 20 10 10 10
194,31 ant ovar 16 - - -

Total 1,148 &0 60

™
[
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Data Collec*tion

Four interviewers collected the data. They reccived
special training for the work, and their work was supervised
soveral times in order to check *he way they were interview-

ing the farmers.

3

e comrleted questionnaires were thoroughly checked, and

=,

only after that were they accepted. Several questionnaires
Wwere returned Lo the interviewers for correcticns, since
some information was found to be incomplete or incompatible
with information collected on other parts of the cuestionnaire.
Some (urstionnaires were completely rejected.éf There
ware basically twe reasons for this:
1. The size of the farm was outside the range previously
specified as acceptable. This cccurred because the lisi of

farmers used was not completely up to date.

ct

2. The quality of the answers were poor, and il was no
nossible to improve them because the farmer refused to
1] L
Looparate.

In the end, 120 questionnaires were obtainaed--00 for each
municinio. The Adata collection period extended from September

1 P

+0 Decembor of 1964, The information ccllected covered the

1943 3-64 crop year--from July to June.

3/ There were no refusals in Senador Firmino.
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The Questionnaire

The questionnaire was made up of a set of tables to be
filled out dyring the interview. 1In general, only one table
was placed on each page. Information collected included:

a) Size of the farm and land use--pasture, crops, brush-
wood==-and the price of land by category.

bh) Types of crops, acreage, production, production sold
and value, production consumed by the family, employees, and
animals.

c) Numbers of animals on hand by category, prices at the
beqginning and end of year, animals bought and sold, and the
correspogdinq prices.

4) Numbers of work animals by category, prices at the
beginning and end of year, work animals bought and sold, and
prices .,

c) Montnly production of milk and egas, the part of the
production sold and its price, the part consumed by the
family and enployees, and the part transformed into products
lik» cheese, butter, etc.

¥) The producticon of other products such as butter,

T

chreze, sweets, brown sugar, "cachaca" (crude rum), and so
forth; production sold and price; and production consumed
by the family and cmployees.

7)) Tarmily laber: Information about sex, age, and days
of werkx for the enterprise.

k) dired nermanent labor: Infcrmation about sex, age,

days of work, and salaries.
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i) Temporary labor--by kind of exploration: Number of
davs worked and money paid.

j) Share crops--by crop: A;reage, and number of days
necessary to caltivate a hectare, phase by phase of the crop.
k) rPertilizers, seed, feeds, chemical »nroducts, and
otlier similar operating inputs purchased; price and quantity

for each category.

1) PFuel, cil, grease: gquantity consumed, price,'and
percentage used for farm purposes.

m) Equipment and machinery: type, remaining years of
life, value if purchased at time of interview, mailntenance
expenses, and percentage of use for farm purposes.

n) Buildings: type, year of construction, value if
built at time of interview, remaining years of life, and
maintenance cxpenscs.

o) Taxes on property, interest paid, rent expenses, and
Lransportation expenscs.

To determine the price cf a stock item the question formu-
lated was of this form: "What price would ycu pay for a

trastor like this if you necded to buy one2"
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THE U TEST FOR RANKS

1/

The rationale of the U-test is as follows:=

1 There are two samples A and B, that yielded the measure-
ments:
A Xl Xz...Xm, B: ‘&l Y2...'1n
2. Arrange the values jointly (as if they were one sample)

in an increasing order of magnitudes (or decreasing) and
assign them, in this order, the ranks 1, 2 ... m+n. If
there is a sizeable difference between the means of the
twe populations from which the samples were drawn, most
of the lower ranks will be occupied by the values ol one
sample and the higher ranks will be occupied mostly by

those of the other sample.
o, N+ 1)

r

3 The statistic U = (NA) X (NB) *: 5 - Ry is
computed; where NA and NB are the sizes of the respective
samrles (in our case NA = NB = 60) and RA is the sum of

th~ ranks for Sample A.
4. When Na and NB are greater than 8 the normal distribution
4

is a good approximation for the distribution of U.

l/ Treund, Jdonn E., Mathematical Statistics, Inalewocd
n1iffs, N.J.: Prentice Hall Inc., 1964, pp. 290-292.




Hence, compute _ .
B g-_E_(_J...)_ " where
Yvar (U) ’
NN
BIY = gl
P4
. NANB (NA + NB + 1
var(U) = 13
with « = .05, if /&/ > 1.96, reject the null hvpothesis,



HUMAN CAPITAL FORMATION AND RETURN
ON INVESTMENT FROM TRAINING IN EMBRAPA

ABSTRACT

The main objective of this study is to evaluate the returns
froin both graduate and continuous trainng programs developed and carried out
since 1974 by EMBRAPA, the Brazilian Agricultural Research Corporation.

The evaluation of these training programs followed the
standard social rate of return approach. However, the particular feature of
the paper is that only the economic benefits related to increases in farmer's
income were considered. Therefore, only net benefits resulting from adoption
of new technologies by farmers were taken into account.

The internal rate of return was 22.2 percent assuming that
the 1982 level of net benefits will the maintained during the 1983-96 period.
If the expected benefits were calculated at the 1982-86 average for the 1987-
96 period the internal rate of return would increase to 28.7 percent. When
the benefits for this period were assumed to remain at the estimated 1986,
level the internal rate of return further increased to 30,3 percent.

Results of othen studies show, in general, that the rate
of return on investments decreases at more advanced levels of education.
Nevertheless, the rates of return obtained in this study are higher than the
rates calculated for college education in many countries, including Brazil.
These high rates of return support the proposition that training of human
capital by EMBRAPA has produced large benefits for Brazilian society.



LA FORMATION DU CAPITAL HUMAIN ET LA RENTABILITE DES INVESTISSEMENTS
DANS L'ENTRAINEMENT AU NIVEAU DE L'EMBRAPA

RESUME

Le principal objectif de ce travail c'est 1'eévaluation de la
rentabilite des investissements de 1'EMBRAPA - Entreprise Brésilienne de
Recherche Agronomique dans la formation de son capital humain, en particulier,
a travers les programmess d' entrainement de chercheurs au niveau post-
universitaire, mis a execution depuis 1974.

L'evaluation realisee emploie les memes procedures des
analyses traditionelles de la [entabilite sociale d'investissements, sauf ce
qui concerne le calcul des benefices sociaux dus aux programmes d'entrainement.
Ces benefices on ete estimés au niveau des producteurs agricoles et basés sur
1'utilisation des innovations techniques développees aux Centres de Recherche
de 1'EMBRAPA.

B Le taux interne de rentabilité des investissements a €te
estimé commeetant 22,2%, basé sur 1'hypothése de que durant la periode 1981/86
les beneéfices nets seront égau a ceux de 1'anneée 1982. Si 1' on utilise des
hypothéses plus optimistes comme prevision des benefices nets de 1'entrainement
pour les prochaines, annees, les taux internes de rentabilité obtenus seront
plus “eleves, 28,7% et 30,3%, respectivement.

Les resultats obtenus par d' autres etudes montrent en general
une diminution du taux de rentabilite a mesure que s'accroit le n1veau de
formation. Cependant, les taux de rentabilité des programmes d'entrainement
se situent au-dessus de ceux obtenus au niveau universitaire dans beaucoup
de pays, y compris le Bres1l Ces resultats montrent donc assez clairement
que les programmes de 1'EMBRAPA en ce qui concerne la formation du personnel
au niveau de la recherche agronomique sont en train d'apporter de grands
benefices a la societé bresilienne.
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Table H-1l. Values.of the Measure of Price Efficiency
(ng - nf) for Presidente Bernardes and
Senador Firmino.
Number Municipios
of the 0 - SF=Senador Firmino
Farm r f PB=Presidente Bernardes
105 -11.6831E+02 S.F.
117 -23.7851E+03 S.F.
7 =54.0010E+03 P.B.
11 =57.3488E+03 P.B.
84 -66.7095E+03 S.F.
17 -82.2902E+03 P.B.
18 -85.5105E+03 S.F.
97 =93.0761E+03 T
91 -97.4763F+03 S.F.
15 -96.3517E+03 S.F.
93 -98.5478E+03 S.F.
21 =99 5724E+03 P.B.
60 -10.5610E+04 P.B.
106 -10. 7246E4+04 5.F.
92 -11.9319E+04 S.F.
53 -12.5950E4+04 P.B.
417 -12./001E+04 P.B.
107 =12. 7424E+04 S.F.
18 -13.1802E+04 P.B.
26 -14.1245E+04 P.B.
110 -14.7906E+04 S.F.
74 -14.8305E+04 S.F.
13 -15.4745E+04 P.B.
109 =15. 7834E+04 S.F.
65 -15.8851E4+04 S.F.
112 -17.7258E+04 S.F.
24 -18.3670E+04% P.B.
1 -19.3560E+04 P.B.
95 -19,.5981E+04 S.F.
9 -20.2473E+04 P.B.
4 =21.731L7E+04 P.B.
44 -25.3544E4+04 P.B.
61 -26.3734E+04 S.F.
79 -26.4148E+04 S.F.
111 -27.3777E+04 5<:F
98 -28.5924E404 S.F.
80 =31.0084E404 S.F.
32 -31.2042E+04 P.B.
17 -32.7633E+04 S.F.
25 =35.0354E+04 P.B.

.



Table H-1, (continued)
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Number
of the
Farm

T

£ - "F

Municipios
SF=Senador Firmino
PE=Presidente Bernardes

12
37
57
114
67
90
100
73
15
28
50
45
10
108
43
88
99
103
58
119
22
33
62
96
5
64
104
59
85
19
12
27
76
6
87
63
94
118
82
41

-35.9177E+04
=37.9074E4+04
=40.9585E+04
=41, 6433E+04
-43.2183E-+H04
=43.3374E+04
=43.51785404
=43.9405E+04
~46.4561E+04
=47.8190E+04
=49.9485EH+04
=50.5707E+04
=52.4637E4%4
-54.7086L+04
-56.3171E+0%
-56.6309E+04
-57.1233E+04
=57.5241E+04
=58.1833E+04
-60.1297E+04
-60.4303E+04
=61.4359E4+04
=65.3108E+04
-66.9491E+04
~67.0073E+04
=70.1593E+04
=71.75065E+04
=73,8804E+0%
-74.2189E+04
~81.3640E+04
-93.6032E+04
=96.2733E+04
-10.1003E+05
=10.3759E+05
-10.3898E+05
=10.9551E+05
-11.3335E+05
-12.3711E+05
-13.5204E+05
-14,1169E+405
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Table H-1. {continued)
Number Municipios
of the - SF=Senador Firmino
Farm £ f PB=Presidente Bernardes
20 =14 .4377E405 P.B.
89 -15. 7473E405 S.F.
120 -15.7664E+05 S.F.
2 =16.0654E+05 P.B.
a1 -16.668/E4+05 S.F.
116 ~16.9953E4+05 S.F.
102 ~17.2578E+05 S.F.
8 -18.0610E+05 P.B.
29 -18.2080E+05 P.B.
48 -18.4251E405 P.B.
71 -19.1004E+05 S.F.
30 -19.4252E+05 P.B.
86 -20.7832E+05 S.F.
34 -22.4162E+05 P.B.
52 =24, 1664E+05 P.B.
66 =-27.3435E+05 S.F.
68 =27.5995E+05 S.F.
3 -29,0179E405 P.B.
113 -33.2028E+405 S.F.
35 -38.5171E405 P.B.
42 -41.6303E+05 P.B.
16 =46, 7553E4+05 P.B.
46 =48.2458E+05 P.B.
23 ~-55.3992E+05 P.B.
83 -56.11L79E+05 S.F.
36 ~58.3652E+85 P.B.
39 -69.1497E4+05 P.B.
55 ~12.6760E+06 P.B.
56 -13.7439E+06 P.B.
49 -13.9466E+4+06 P.B.
38 =-15.4288E4+06 P.B.
54 -17.1832E+06 P.B.
115 -19.2319E+06 S.F.
69 ~19.3044E4+06 S.F.
70 -23.5834E4+06 S.F.
101 -30.9122E406 S.F.
14 -46.2687E+06 P.B.
51 -12.8392E+07 P.B.
40 -57.4203E+07 P.B.
31 -13.3132E+09 P.B

.
-

Source:

Sample Data
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Takle H-2. Values of the Measure of Technical Efficiency
(-« - »(g) for Presidente Bernardes and
Senador Firmino.

Number Municipios
of the _ SF = Senador Firmino
Farm T = »(ag) PB=Presidente Bernardes
40 00.0000E-99 P.B.
| 00.0000E-99 P.B.
51 -45,1473E+07 P.B.
14 ~53.3949E+07 P.B.
101 -54.8074E407 S.F.
70 ~-55.5976E+07 S.F.
115 -55.9018E+07 §.F.
69 -55.9326E+07 8.Fs:
54 ~56.2628E+07 P.B.
56 -56.4258E+07 P.B.
38 -56.4836E+07 .B.
49 -56.6134E+07 P.B.
55 ~-56.6731E+07 P.B.
39 -57.3561E+07 P.B.
36 ~57.3536E+07 P.B.
83 -57.8628E+07 S.F.
23 -57.5057E+07 P.B.
4¢ ~57.5299E+07 P.B.
16 -57.5591E+07 P.B,
3 -57.58653E+07 P.B.
35 -57.6199E+07 D_B.
68 -57.7360E+07 S.F.
102 -57.7497E+407 S.F.
34 -57.7563E+07 P.B.
48 -57.8049E407 PP
71 -57.8097E+07 S.F.
120 ~57.8172E+07 8.F.
34 -57.8411E+07 P.B.
30 -57.8543E+07 P,B.
89 -57.8571E+07 S.F.
2 -57.8614E+07 P.B.
Z -57.8917E+07 P.B.
27 -57.9457E+07 PuB s
114 -57.9467E+07 S P
59 -57.9703E+07 P.B.
96 ~57.9805E407 5.F.
33 ~-57.9847E+07 P.B.
5 -57.9895E+07 D.B.
25 -57.9913E+07 P.B.
119 ~57.9922E+07 S.F.
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Table H-2. (continued)

Number Municinios
of the . SF = Senador Firmino
Farm ne - ) (g) PB=Presidente Bernardes
57 -57.9923E+07 D.B.
8 -57.9865E+07 P.B.
58 -57.8968E+07 P.B.
44 -57.9988E+07 P.B.
67 -57.9995E+07 S.F.
43 -57.9996E+07 P.DB.
86 -58.0015E+07 S.F.
12 -58.0094E+07 F.B.
37 -58.0155E+4+07 P.B.
77 -58.0192E+07 S.F.
98 -58.0265E+07 S.F.
15 -58.0284E+07 S.F.
24 ~58.0389E+07 P.B.
60 -58.0390E+07 P.B.
9 -58.0438E+07 P.B.
112 -58.0457E+07 S
91 -58.0496E+07 S.F.
109 ~-58.0515E+07 S.F.
7 -58,0526E+07 P.B.
117 -58.0539E+07 S5.F.
111 -58.0543E+07 S.F.
21 -58.0550E+07 P.B.
65 -58.0552E+07 S.F.
6 -58.0571E+07 P.B.
75 ~-58.0603E+07 S5.F.
85 -58.0619E+07 S.F.
110 ~58.0635E+07 S.F.
74 -58.0680E+07 S.F.
20 ~58.0692E+07 S.F.
92 -58.0707E+07 S.F.
105 ~~58.0737E+07 S.F.
118 -58.0741E+07 S.F.
17 -58.0760E+07 P.R.
97 -58.0776E+07 S.F.
29 -58.0776E+07 S.F.
107 -58.0779E+07 S.F.
4 ~-58.0779E+07 D.B.
84 -58.0793E+07 S.F.
Z -58.0808E+07 P.B.
113 -58.0811E+07 S.F.



129

Table H-2. (continued)

Number Municipios
of the SF=Senador Firmino
Farn 4£;— » (g) PB=Presidente Bernardes
47 -58.0813E+07 D,.B.
106 -58.0813E+07 S.F.
61 ~58.0825E+07 S.F.
53 -58.0825E+07 P.B.
1l -58.0826E+07 P.B.
26 -58,0831E+07 P.B.
19 -58.0833E+07 P.B.
93 -58.0840E+07 S.F.
g5 -58.0847E+07 S.F.
42 -58.0850E+07 P.B.
66 -58.0851E+07 S.F.
18 -58.0857E+07 b.B.
15 -58.0860E+07 P.B.
78 ~-58.0860E+07 S.F.
10 -58,0863E+07 PuB.
82 -58.0864E+07 5.F.
13 ~-58,0864E+07 D.B.
50 -58,0864E+07 P.B.
1 ~-58.0865E4+07 P.B.
22 -58.0865E+07 P.B.
62 -58.0866E+07 S.F.
13 -58.0870E+07 S.F.
100 ~58.0871E+07 S.F.
81 ~-58.0871E+07 5. B
41 -58.0873E+07 P.Bs
88 -58.0873E+07 S.F.
87 ~-58.0874E407 S.F.
64 -58.0874E+07 S.F.
104 ~58.0875E+07 S.F.
45 -58.0876E+07 P.B.
63 ~58.0876E+07 o . B
108 ~-58.0876L+07 5.F.
103 ~58.0876E+07 5.F.
12 -58.0877E+07 S.F.
99 -58.0877E+07 9
32 -58 *0878E+07 P.B.
116 ~-58.0878E+07 S.F.
76 -58.0878E+07 S.F.
74 -58.0878E+07 S.F.
29 -58.0879E+07 7.B.
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Table H-3. Values of the Overall Measure of Economic
Efficiency for Presidente Bernardes and
Senador Firmino.

Number Municlplos
of the e w2 Bl SF=Senador Firmino

Farm f 9’ pB=Presidente Bernardes
40 -57.4203E4+07 P.B.
56 -57.8002E HO7 P.B.
115 =57.8250E+07 S.F.
31 -57.8465EH07 P.B.
69 -57.8631E+07 S.F.
3 -57.8766E+Q7 P.B.
101 -57.8986E+H07 5.F.
102 -57.9222E+07 S.F.
83 -57.9240E+H07 9.F.
36 -57.9373EH07 P.B.
55 -57.9407E+07 P.B.
39 -57.9476E107 P.B.
70 -57.9560E+07 S.F.
120 =57.9748E+07 S.F.
54 -57.98611E407 P.B.
51 =57.98066E+07 P.B.
114 -57.9883E+07 S.F.
48 -57.9891E4+07 P.B.
52 =57.9930E407 P.B.
71 =58.0007L+07 S.F.
35 -58.0051E--07 P.B.
49 =58.0051EH07 P.B.
68 -58.0120E4+07 S.F.
46 -58.01235+07 P.B.
89 -58.0145E+07 S.F.
14 -58.0218E+07 P.B.
2 -58.02211:+07 P.B.
44 -58.0241E+07 P.B.
25 -58.0263E+07 P.B.
38 -58.0265E+07 P.B.
16 -58.0267E+07 P.B.
57 -58.0333E+07 P.B.
20 -58.0361E+07 P.B.
27 -58.0419E+07 P.B.
67 -58.0427EH)7 S
59 -58.0442E1+07 P.B.
12 -58.0453E+07 P.B.
33 -58.0461E 107 P.B.
26 -58.0475E+07 S.F.
P.B.

30 -58.0485E+07
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Table H=3. (continued)

Number Municipilos
of the = = A( ) SF=Senador Firmino
Farm f 9 PB=Presidente Bernardes
60 -58.0495E+07 P.D.
T -58.0520E 107 S P,
119 -58.0523E:07 S.F.
37 -58.0535E+07 P.B.
79 -58.0548EH07 S.F.
58 -58.0550E+07 F.B.
98 -58.0551E+H07 S.F.
43 -58.0559E H7 P.B.
117 -58.0563E407 S.ES
5 -58.0565u4+07 P.B.
24 -56.0572E 07 P.B.
7 -58.0580E407 | %
91 -58.0569E 07 ) i
23 -58.0597E+07 BB
112 -58.0634E+H07 S.F.
G -58.0640E407 P.B.
21 -58.00649E4-07 P.Bas
34 -58.0652E+07 P.B.
109 -58.0673E+07 5.F.
15 -58.06995+07 S:F.
65 -58.0711EH7 8L Fa
LO5 -58.07391107 S P o
110 -58.076%E407 S.F.
111 -58.0617L 107 S5F
92 -58.00627L:07 S.F.
714 -58.0629E+07 S
17 -56.0642E+07 P.B.
S4 -58.0660EH07 5.F.
97 -58.0669E 107 B«F.
R -58.0834E107 P.B.
107 -58.09006E-07 S.F.
106 -58.0920E 07 oo
93 -58.0939E+07 S.F.
47 -58.0940EHO7 P:Ba
78 -58.0946E+H07 o
53 -58.09Y31E+07 P.B.
26 -58.0972E07 P.B.
18 -58.0988E+07 PLB.
4 -58.00990E407 P B.
80 -58.1002E+07 I
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Table H-3., (continued)

Number Municipilos
of the te = A SF=Senador Firmino
Farm f g PB=Presidente Bernardes
13 -58.1019£+07 P.B.
95 -58. 1043E+07 S.F.
1 -58.1059LE +H07 P.R.
61 -58.1089E+07 S.F.
32 -58.1190E+07 P.B.
28 -58.12806E H07 P.B.
100 -58.1306E 107 S.F.
73 -58.1309E+07 S.F.
90 -58.1311E407 S.F.
15 -58.1325E407 P.B.
99 -58.1347EH07 S.F.
85 -58.1361E407 S.F.
50 -58.1363E-+H07 P.B.
45 -58.1382E:07 P.B.
10 -58,1388EH07 P.B.
108 -58,.1423E+07 S.F.
c8 =58.1439E+07 S.F.
103 =58. 1452407 S.F.
22 -58.1470£°07 P.B.
62 -58.1519E407 S.F.
64 -58.1576E:07 S.F.
10% -58.1592L'07 S.F.
6 -58.1609L+07 r.B.
19 -58.1646L:07 r.n.
8 -58.17711+07 P.B.
72 -58.181135+07 G«Fa
76 -58.1868:+07 S.F.
a7 -58.1913:+07 5.F.
63 -58.1672E407 S.F.
118 -58.19738E+07 S.F.
9% -58.2012E440Q7 S.F.
56 -58.2093E+07 S.F.
S -38.2217:407 S.F.
41 -58,2281L 107 r.B.
Ol -58.2537L+07 S.F.
116 -58.2577E:07 S.F.
29 -58.2060954+07 P.B.
66 -56.75801 .07 S.F.
113 -58.4131E+07 Suls
H2 -58.5013:+07 P.B.

cource: Sample ‘lata,
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Table H-4. Values of the Inputs and Gross Income Used to
Fit the Production Function, Senador Firmino,

1964.

Labor Services Machinery and Amimal Services Other Expenses Gross Income
Number Measured in Equipment Meas- Measurced in Measured in Measured in
ot the Cr$100 ured in Cr$100 cr$100 Cr5100 Cr$100

Farm x2 xa xS xﬁ xo
6l - 7640 1766 6545 3344 17189
62 6886 1345 6770 7032 15625
63 9192 3635 1122 5151 14169
64 6968 2089 6541 23721 12344
65 8012 3559 18175 9343 41266
66 11150 13774 23420 26500 47773
67 2916 1137 5917 1625 16110
68 4386 840 3917 1955 18688
69 6332 2216 8659 4958 44644
70 1622 672 7530 4780 27793
71 8368 1873 17559 2082 38597
72 5946 1496 7235 6150 11482
73 4356 1352 4813 4971 11194
14 8252 4309 9425 7590 30069
75 6504 889 5587 2297 17072
16 5196 1323 6608 4907 1936
17 3552 526 3284 2791 13737
78 1248 330 1854 2155 4913
79 4653 388 7141 4302 19788
80 9232 3114 17571 10319 39004
81 1532 11956 6380 10158 19937
82 1274 2199 20320 9778 26191
83 6580 1253 11579 4913 40773
84 1284 1439 i9lo0 992 7814
85 8572 4376 23448 2032 33605
86 6822 3210/ 12974 9516 49270
8/ 1374 1933 12256 5668 16886
88 4224 896 6070 5644 11226
89 3844 1775 4044 2625 19620
90 4262 1543 2686 1178 53417
91 84/4 5274 14326 5020 35989
92 4288 695 1467 5426 18395
93 3355 682 1816 157 6006
94 6272 3076 5267 2933 6215
95 5200 .- 1305 3oLy 1635 10109
96 1401 115/ 5661 2075 14334
97 3406 866 3329 4377 12073
98 1/92 578 4021 2035 11705
99 6252 5334 18554 6577 32528

100 3432 1255 6667 3968 11049
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Table H-4. (continued)

Labor Services Machinery and Animal Services Other Expenses Gross ILncome

Number  Measured in Equipment Meas- Measured in Measured in Measured in

of the Cr$lo0 ured in Cr$100 Cr§100 Ccr$loo Cr$l00
Farm X, x“ Xq x6 x0
101 3436 1269 6606 4715 34952
102 8612 5597 36214 19480 86465
103 4616 1365 3735 4320 8304
104 E1.1Y:] 660 3756 71972 9099
105 2891 1025 3805 2163 11284
106 3978 1488 2712 1849 10113
10/ 3578 1716 7557 1532 14106
108 2636 1797 3365 5214 7564
109 3586 3521 10908 2862 22936
110 6048 2054 14773 4724 28555
111 7863 1251 16392 3421 - 29542
112 2974 313 5445 2427 13605
113 10812 28244 28679 26013 61219
114 12016 2938 14694 5174 44775
115 10806 11784 8542 18554 75967
116 6696 5972 12676 6093 14448
117 5596 1815 8742 3290 22603
118 13732 16909 18591 13630 51866
119 6136 430 5096 7009 22228
120 6754 2567 14532 3288 38442

Source: Sample Data
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Table H-5. Values of the Inputs of Gross Income Used to
Fit the Production Function, Presidente
Bernardes, 1964.

Labor Services Machinery and Animal Services Other Expenses Gross Income

Number Measured in Equipment Meas- Measured (n Measured in Measured in
of the Cr$100 ured in Cr$100 Cr$100 cr$100 Cr$100
Farm x2 X, XS X6 XO
1 1648 1255 1040 27176 4917
2 6268 10943 6856 6617 37260
3 8980 4107 18402 10615 63225
4 4278 2008 7056 7550 19714
5 1302 1043 3737 824 10042
6 7803 15451 4556 3987 24496
7 3315 1224 4034 2460 14016
8 8469 30078 13441 9182 52248
9 2112 2137 7894 1966 16493
10 3744 891 3639 7862 11043
11 1554 133 481 444 2560
12 3882 1847 3298 3713 16997
13 1304 54 3197 1298 4450
14 2808 178 1230 1713 11598
15 1423 4662 4982 3309 9913
16 1505 368 3168 1852 13010
17 2110 704 6540 2392 12107
18 1800 246 1622 2807 53717
19 4511 1480 16300 9914 24527
20 2840 1436 2365 3773 15589
21 2864 741 2431 2174 10501
22 2886 704 10837 4549 13066
23 1635 139 603 1191 6387
24 6716 956 13696 6871 31302
25 4581 1234 7511 5675 25157
26 1784 2290 4812 2460 10413
27 2010 1752 2704 2334 13391
28 6651 1393 13937 7131 25633
29 4716 679 11767 4802 3756
30 1564 163 2608 1393 9659
31 861 270 2978 1474 29719
32 2340 222 1355 1648 2446
33 3521 750 4837 1125 14407
34 4234 7150 3068 1092 17807
35 4038 1164 1620 1124 22221
36 10013 850 . 12594 . 3560 42077
37 4094 1161 3936 1075 13706
38 2271 610 1422 745 11183
39 7009 1796 21637 2312 46784

40 8880 3262 19951 4852 103700
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Table H-5. (continued)

Labor Services Machinery and Animal Services Other Expenses Gross Income

Number Measured in  Equipment Meas- Measured in Mcasured in Measured in

of the Cr$100 ured in Cr$100 cr$100 Ccr$100 Ccr$100
Farm xz xa x5 x6 xo
41 3464 10824 258 3137 4225
42 3302 44783 6838 6671 20246
43 3389 1480 3338 748 12149
44 5616 2372 9386 3242 26987
45 1929 1585 6310 3193 7986
46 2350 1286 4088 1189 16467
47 2652 1883 6878 2597 13399
48 6847 965 15502 3581 36766
49 4305 4264 2823 893 20263
50 6534 3166 4255 4086 13194
51 3620 697 1464 665 16576
52 411F 1238 6090 2315 22742
53 3420 1429 6532 2358 13014
54 5461 22390 16922 2502 57947
55 2875 1352 11209 3024 33174
56 11090 3678 14158 6240 63932
57 4400 1359 5512 2279 19005
58 7479 11473 10424 4643 37302
59 3042 430 4216 1531 13583
60 4846 1233 7195 2436 19543

Source: Sample Data
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APPENDIX I

CORRELATION MATRIX

Table I-1. Correlation Matrix of the Variables.

X, X X2 X X X

b 0 4 5 6
X 1 .65846 .56332 ,77548 .53246
X, ;3 .59630 .66566 .62017
X4 1 .49387 .54582
X ' 1 .62734

r 1




