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Choong Yong Ahn, Ph.D.
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Professors Francis E. Welker and Inderjit Singh, Co-Advisers

The general objective of this study.was twofold: (1) to develop
-an operational model of regional agricultural development that incor-
fpokrates the complex dynemic decision making process of farm-firms
within their given economic environment under selected policy instru-
ments, end (2) to test the gemeral "iypothesis that given similar eco-
nomic opportunities and faced with a similar policy environment, dif=-
ferences in farm size, as reflected in differences in relative on-farm
resource endowments, lead to dissimilar dymnamic paths of development.

‘the methodology used was similar to the recursive programming
models of regional agricultural development by Day, Heidhues and Singh
that focused on multi-dimensional features of agricultural transformow.
tion. The model considered technological change, decision strategies,
dynamic behavioral feedback accounting for risk and uncertainty, and
firm-liousehold interdependence in on-farm activity set. As an :Lx_n-

portant methodological extension from the previous regional models,
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: this study introduced explicitly farm size differences (smal11, med:mm,
and la.rge fa.rma) for regional aggregation through the application of
the decomposition principle of linear prograrming. Putting the farm
size subaggregates, with different resource availabilities and factor
proportions, in an angular matrix form, the model accounted for intre~
farm competition for regional resources under common exogenous eco_no'x'x_;id
and policy conditions. |

The setting for this study was the wheat region in the state of
Rio Grande do Sul, Southern Brazil. The region is fairly homogeneous
with regard to agro-climatic environment but has a wide farm size dis-
tributions During the last decade under a highly favorable wheat
pricing policy and a subsidized credit program (negative real interest
ra.te), the region has experienced a continued transformation from pre=-
dominantly extensive range livestock farming to intensive cropping ag-
riculture with wheat, soybeans, and corn in a double cropping system
along with intensive livestock production on impi'oved pasture systems.
This tramsition has brought about substantial agricultural growth ace
companied by repid mechenization amd vast changes in the cropping pat-
terns and increased use of commercialized inputs.

The recursive programming model used simulated the regional eco-
nbmic history for the decade of the sixties. This simulation gener-
ated patterns of resource use including technological change, factor
productivities, factor proportions and income distribution by farm ;

, gize. The model results were validated with the partial historical

‘[}‘data ava.:l.lable. ‘As a result, the following general conclusions were
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“arams (1) from the methodologioa.l point of view, the mtra-fa.nn dif-
“zerencea in varioue activity decisions :I.n the model support the con-»
tention that the decompos:l.tion principle has important economi.c impli-
oat:l.ons in capturing different dynamic paths of development. and intre- |
farm competition for regional resources that would have been totally
subsumed otherwise; (2) differences in farm size and hence varying on-
‘fa.m resource endowments is one of the most important factors in ex-
plaining differences in cropping patterm, on-rarm labor employment,
éapital utilization, adoption of techmologies, factor pmductiﬁties,
and income distribution; and (3) in general, whereas the output pricing
policy provided the incentive for the regional transition, the sub-
sidized credit program provided the means for it. ‘However, these policy
instruments appear to have intensified differences between emall and

large farms by favoring large farms,
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OHAPTER I
THE COMPLEXITY OF AGRICULTURAL DEVELOPMENT

I.1) Introduction

It is widely recognized that agriculture in less developed coun-
" tries (noc's) presents a complex set of development problems. The
problems of agricultural development in a given LDC revolve around
mepy variables such as endowment of natural resources, density of
population, levels of techmnology, organization and economic structure
of production, social, cultural, and political systems, and stages of
economic development in both the agricultural and non-agricultural
sectors. Agricultural development problems may become more complex if
the specific LDC studied consists of several diverse agro-climatic
regions. This study attempts to deal with only & subset of those
veriables which crucially affect agricultural development in & major
region of a developing country.

The major problem in regional agricultural development identi-
fied for this study is resource allocation through time for individual
farm-fims within an environment affected by a multitude of physical
and economic variables. This enviromusnt can further be influenced by
a set of policy instruments. This suggests that regional agricultural

development caen be explained at least partly, by an "interaction
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gystem" composed of these three forceb; (1) individual farm-firms, (2)
physical end economic environment, and (3) policy instruments. The
interaction ﬁystam in this context is viewed as a decision-making
process which allocates resources on individual farm-firms and in-
cludes (1) various simulteneous relationships among the three syastem ‘
components, (2) detailed economic structure of production and natural
resource endowments, and (3) decision making atrategies.l

From one agricultural region to another, the interaction systems
apong these three forces may not be uniform, but diversified. Even
within a topographically homogeneous region, farms of different size
may vary in their patterms of production and investment. They may not
have the same responses toward changes in their economic enviromment.
For example, the decision making process of a subsistence farm with a
few hectares may be significantly different from that of a large farm
with several thousand hectares in employing new technologies and
adopting new cropping prectices. Large farms in general have rele-

tively greater access to various economic opportunities and may show

lIn order to capture this complexity of interactions, Day and

Singh (1971), define what they call "strategic details of development"
which include (&) microeconomic aspects of technology, (b) decision
strategies such as lexicographic ordering of utility functions, and
(c) market envirciment. More recently Johnson, et al. (1971) employed
a computer syster simulation approach to describe agricultural sector
analysis. The cumplexity of agricultural development in their study
was explained in terms of several thousand difference equation systems
which reprosent » group of interactions among a number of sub-model
componsnts, such as regional classification, and the agricultural
gector vis-a-vis a non-agricultural sector in order to generate the
time paths of the likely consequences of alternative resource alloca~-
tions under different development progrems.



differential responses toward changes in input and output prices.
Therefore, farm size is & crucial resource bage in regional. analysis,
and hence determines the factor proportions with other imputs upon
which production, consumption, investment, and financial decisions de-
pend.2

The purpose of this study is to construct an operational re-
gional model of agricultural development which will explicitly in-
corporate (1) the complex dynamic (multi-period) microeconomic deci-
sion-making process on farm-firms within their givem environments
under selected policy instruments, and (2) em aggregation of famm
giges in arriving at regional behavioral and resource aggregates.

The resulting methodology is & regional recursive programming model
with decomposition by farm size. The model is used to simulate and
enalyze the actual history of aegricultural development in & specified
region.

The general framework of apalysis used is similar to the models
of regional agricultural development pioneared by Day (1963a), further
extended by Heidimes (1966), and recently applied to agriculture in
the LDC's by Singh (1971a). These prototype dynamic regional models
focused on multi-dimensional transformation features, both with regard
to agricultural production and technological change assuming economic

rationelity, anc incorporating firm-household interdependence.

2]:n this study "farm size" refers to land area on which agricul-
tural production takes place. It is equivalent to, in a very narrow
awuse, the “glae of the fiwmw'o plant® or its "scale of plant" which
sete the upper liult of tirm's pruduction capacity per unit of time,.
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As en importent methodologiusl departure from previous Teglonal
hbdélh, this study relaxes the usual assumption of homogeneous faﬁn
Sié’e‘ over which farms in & given region are aggregated; that is, it
explicitly treats the farm size issue by considering different farm
size aggregates with different resource availabilities and factor
proportions, all facing & similar exogenously given economic environ-
ment and competing for the same scarce regional resources. The intro-
duction of farm size differences for this methodological extension is
made through the application of the decumposition principle of linear
prograxming.

By considering the complexity of agricultural development and
the related farm sige differemces in an operational framework, this
study is able to increase our understanding of the specirum of pos-
sible development trajectories experienced in & region. A detailed
analytic understanding of the resource allocation process by farm size
allows us to develop a tool for the effioient plamning of agricultural

development.

'I.2) The Objectives

The objective ’of this study is to develop a Wc microeco-
nomic model of agricultural development, using the principle of de-
composition, that predicts regiomnal produotion, investment, and capi~
tal formation. This model incorporates &t & regional levelj

1. +the details of firmehousehold interdependence and the intra~

farm competition of production, consumption and investmemt

decisions,
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2, | ‘differences in’ fam. size, the resulting dif:e”r;ontig_l\jf:factoz"i
j f"'i;r’cﬁio‘rtio‘ns,' end 'infraéfam regidnal coﬁpetifioﬁ, | _
_7_'3‘;, ! technological change over time including aspscts of capital
-use and capital formation in farm power sources, |
‘4. regional physical and financial resource e.ndomonta, and
5.'_. policy variables in the form of pricing and resource con-
| trols under which farmers in the region operate.
Specifically investigated in this context will be (1) growth and decay
of various farm production aciivities, (2) intra~farm factor produc-
tivities, (3) intra~farm resource use, and (4) intra-farm income dis-

tribution over time.

1.3) Farm Size Issuss and Hypotheses

The general focus of the model is the decision making process at
the :I.’a.m-fim level with the already tested notion of interds mdent

3 These interde-

pfodncfion, consumption, and investment decisions.
péndent decisions ame made within the constraints of the changing
econoric environment facing farm operators. To the extemt that
farmers ilace a similar‘exogenous econonic environment in a rclatively

homoganeous gone with respect to climate and topography, their

3The inte.dependence of farm-firm and farm~household decisions
was first investigated by Heady, Back end Peterson (1953), their im-
plioations in the content of the LDC's has been discussed by Nakajima
(1957, 1965) amu Mellor (1964, 1966), and this interdependence has
been explicitly accounted for in a regional model of agriculture in
the IDC's by Singh (1971a). Also see Day and Singh (1971).



decisions are aggregatable, and these aggregates represent regional

behavior and production response.4

However, unless farm units are
also fairly homogensous with respect to their emdogenous economic en-
vironment, especially the availability of on-farm resources, agngega,-v :
tion can and does lead to serious errors in regional analysis. It is,
therefore, desirable to consider an analytical fremework that mini-
miges the possibility of such errors by explicitly treating differemt
farm sizes with inherent differential factor emclome::n;a.5
The importance of farm sigze and its relation to such problems
as economies of scale, risk and uncertainty, and market response has
long been emphasized by many economists (Steindl (1945), Hicks (1948),
Heady (1952), Bachmen and Christensen (1967)). Heady suggests that
differences in farm size are among the most important factors explain-
ing differences in the decision making process of farm-firms, espe-
clally in response to various economic opportunities imvolving risk
and uncerta.i.nty.6 Bachman and Christensem argue that questions about
optimum sizes of farms need to be enalyzed in comnection with agricul-’

tural development problems and economic comditions of particular

4E‘or conditions of representative fimm aggregation for a regional
apalysis employing a single linear programming techmique, see Day
(1963b, 1569), ard Day end Singh (1971).

SOf course, 2 certain amount of aggregation is unavoidable un-
leas we treat each farm unit separately. Where differencss in farm
sige are relatively small (as in the case of the Indian Punjab, cf
8ingh (1971a), aggregation is somewhat excusable, but where differ-
ences in TAmm sige are very large, aggregation errors become serious.

“Heady (1v52).
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‘countries and farming avess. They need %o be oxauined on ths grounds
-"@i-,a‘:_'eééibﬁié'iziéenfives, the adoﬁtidn of improved technology and c‘ap‘i-"
tal formation.! During sgricultural development the ecomomics of farm
size becomes importent when factor proportions vary as output is ine-
creagsed, because the variable factor proportions are crucial in de-
termining technologicel choices.

Treating farm size as fixed, one can imagine sequential pictures
of average cost curves for individual farms of different sizes con-
nected by an envelope curve showing a long run average cost curve.

It follows that the farm whose average cost curve is tangent to the
lowest point of the long run average cost curve is most efficient.
That is, it has the least-cost combination of resources per umnit of
production among all farms. Hence the efficiency problem relating to
farm sige is "one of deciding in what quentities and in what propor-
tions scarce resources need to be combined on farm units to achieve

low=cost expemsion of farm produ.c‘t;iorx."8

TBackman and Christensen (1967).

8pacimen and Christensen, ibide, pe 237.

In contrast to the various farm size economics discussed above,
Raup views the farm size problem on & gocio-political ground. He
argues that industrial nations have constructed major policies around
an implicit or explicit model of what was believed to be a desirable
structure of fam: sizes. For example, the creation of large collec-
tive and state farms in the Soviet Union after 1928 both altered and
defined the nature of the Soviet interpretation of Socialism. The
"ibbutz" system in Israel also has similar socio-political implice~-
tions. With respect to the future trend of famm size in U.S. egricul-
ture, Reup concluded that (a) optimun farm size is & cultural varieble,
(b) given the levels of efficiemcy that cen ba achieved on moderate
sized farms in U.S. agriculture, the question of farm size expansion



The explicit treatnent of fam size differances :Ln a regimal
modol or agricultural development might shed aom light on re-t.-urna to
eo&le if both the quentities and the qualities of the productive
:fectors remain unchanged. Sclmltz points out, however, that the re-
tums to soale question in developing agriculiure is irrelevany since
developing agriculture "always entails the introduction of ome o:~ moxre
new agricultural factors, and therefore it gives rise to a process in
which the critical question is not one of scale but of faoeo_r pro--
portionality. " |

In this regard, one of the importemt resource combinations (fac-
tor proportions) in developing agriculture vinvolvea the adoption of
x;ew teohnologies in relation to the relative endowments of two primary
rasources, lend and lebor, In their ™nduced development model"
Hayami and Rutten hypothesized that the state of relative endowments
and accumulation of two primary resources, lend and labor, is a crit-
jeal element in determining a viable pattern of technical change in
agriculture. Depending on the relative scarcity of land and labor,
technicel change embodied in new snd more productive inputs may be

induced primaril,v either to save labor or to save land.lo

is largely irrelevant on agro-technical grounds, bub (c) it is highly
relevant on social, political, amd, in the broadest sense, cultural
grounds. A conrideration of farm sige issues following Raup's ap-
proach, however, is beyond the scope of this study.

For & more thorough discussion on the gsocio-political aspects
of farm size iesnes, see Raup (1972).

95chultz (1964).

10, emi sad Rutten (1971), p. 4.



As a result of the importance of fam size issues in agricul-
turel development, this study attempts to propose at least conceptually
the following farm size hypotheses: \

1. ILarger fams operating on & larger scale, and with higher
famm incomes, generate & larger volume of savings and hemce
rely more on internal financing for their consumption, pro-
duction and investiment decisions. In addition, a larger
asset base allows them greater access to external sources
of credit. This ability to gemerate substantial financial
capitel allows a greater access to markeis for both outputs
and inputs, a greater degree of commercialization and conse-
quently a quicker response to changes in the market enviran-
ment. In contrast, small subsistence farms, with smaller
surpluses, are less commercialiged, have less accens 10 mar-
kets and therefore, respond more slowly to changes in the
market enviroment.n

2. Differences in farm size maturally imply dissimiler factor
proportions. Land is relatively scarce on amall farms,
while family labor is relatively scarce on large farms, and
given economic rationality one would expect, diverse pro-
duction (output) and resource (imput) mix for different

fams as a result of attempts to economigze on different

u'rhia does not imply that smaller farmers are ocononic&uy "ir-
rational, " only that their ability to reapond is linited due 10 their ;
" 'smeller access to liquidity.
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‘relatively scarce factors. In gemeral one would expect rela-
,;hively labor intensive and land saving production pattemrms
‘o'n small farms end labor saving and land using production
methods on large farms. Similarly, smell farms will be more
likely to utilize scarce financial ’capit&'l. carefully, whilg
larger fams will tend to be relatﬁqy "inefficient" in. the
use of their liquidity.
" 3+ Farms of different sizes may chopgal equipment of upegual
bizes due to the technical eeMiea‘ of scale inherent in
‘the equipment, or if one considers eqﬁipment of the same size
 o.ne" cén expect the rates of investments in this equipment to
differ emong different farm sige groups in & region.
4, Famms of various size exhibit a differential rate of adop-
| tion and adjustment to both new mechanical and biochemical
fechnologies due to different access to markets and dispar-
ities in menagerial abilities and entreprensurship that mey
result.
De Diffemces in the degree of subsistence and commsrciali-
zati.bn leed to va.riationa ’in the degree of risk p.version
and, hence, to a diffe:’ential response to a changing eco-
nomic environment.
These end >ther factors make it essential that, '}give’n the large
dissimilarity in farm size observed in a region; one ~tieats, ‘é:cplicitly,
different farm size groups in order to capture ﬁhe,-l&g&_ atmctural

and behavioral dif;‘o)z"‘epcea among farms in the rog:l.on. ‘A regional .
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- model that accounts for differences in fam size would be able to pre-
dict important variations with regard to tecimical change, cly-‘oppmkg‘“r |
patterns, employment, resource use end fam specielization in the

region.

I.4) Justification

While the agricultural sector in many LDC's remains at the heart
of dovelopﬁmt atrﬁtegiea, only recently, with advent of the "green
revolution," is increased attention being given to the complex nature
of agricultural development. One example in this context would be the
empirical investigation of multi-dimensional features of fam activ-
ities. Of great importance are the two dimensiopnal aspects of the
firm-household decisions. The importence of this concept has already
been recognized in a developing tagr:l.cu.um:r:e.12 The firm-household
interdependence suggests that decisions on consumption, production,
end investment should be considered simultaneously to fully understand
the farm decision making process.

Furthermore, three important interdependences also exist on the
productiou side of farmefirm decisions. They are (1) the interde-
pendence of multi-products using common inputs, (2) the interdependence

of multi-inputs used for common output, and finally, (3) the

'2For exemple, Singh explicitly considered the following three
components as re.ated to firm-household interdependence in traditiomal
agricultures (1; the interdependence of consumption end production,
(2) the interdependence of consumption snd investment, and (3) the
interdependence of marketable surplus, investment, and consumption.
E(‘or thg detailed discussions of these imterdependencies, see Singh

19713 .
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.'«vx:l.ﬁtei‘dependence of :fa;m ‘deciaion making wnits competing for regione.lly
Jlixbnj.ted resources. These inherent interdependencies in agrioulturé |
»/piay a crucial role in determining the time paths of "development - 4
.' vvgriables". |
£ - In a developing agriculture, multiple technologies frequentiy
_ "eﬁat. Differential levels of bilochemical inputs, often different
 qualities as well, are used. Both traditional (animal) and modern
(mechanical) farm power sources are also used. The role of teclmolog-
ieal change, as one of the most importent factors in accelerating ag-
ricultural development, has long been emphasized by meny economists.
‘_Recently it has been treated 'endogmoualy in the agricultural develop-
ment models.lz'
In the past, most empirical studies have focused on undimensional
aspects of agricultural development. Some examples are studies of
~pfbdﬁction functions, on-farm consumption behavior, fertilizer response
“ in a single equation analysis, and the role of a gpecific policy ine-
‘s-t:\nnent such as subsidized credit programs or minimm producer
‘pricing policies. Partial analysis does not take into account the.
complex interdependencies agricultural development. A m_gitl;odblogy

Which combines multiple interdependencies of farm decision and the

131:1 his article on technological change in & regional agricul-
tural development, Day explicitly treated multi-levels of fertilizer
applications and differential degrees of mechanization as endogenous
variables in & recursive programming model, See Day (1967b). Singh
followad the same methodology in his Punjab model with a comprehensive
study on the fertilizer response functious. See Singh (197le). Hayami
and Ruttan fooused on specific tecinologies as en important endcgenous
c(:ompox;ont in their induced development model. See Hayami and Ruttan

1971).
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'interaction syeten" auong the decision melking units, the sconsic em
' vironnent, and sélécted policy variabie_s is helpful ih'underatan'dix;g
thecomplex milti-dimensional nature of agncultural development.l
-~ Activity axiélysis is well suited to handling these conplexities. The
relevance of a mathematical programming approach to the complexities
including multiple technological choices has been emphasized by many
economiats.14

In this study, emphesis is given to a decamposition technique
(principle) useful in deriving regional subaggregates of resources and
capturing the distributional effects of resource allocation. The de-
compesition tecknique is normally used as a computational device for
a large system in & mathematical programming problem. In addition it
has great value for showing how decentralized decision meking is con-
ducted. The decomposition principle is used in this study to capture
farm size subaggregates and their related differential factor pro=-
portioms in en egricultural region where farm sige distribution is
very wide. Moreover, the decompositiom scheme provides two additional
importunt properties in model structuring. First, the interdependence
of different farm size groups competing for regional coupling

14Economiet-a who used 2 mathematical programming approach to ex-
plain economic theories and behaviors include Leontief (1951), Koop-
mens (1951), Von eumamm and Morgenstern (1953), Samuelscn (1958),
Kuln end Tucker (1953), and Heady (1958). To deal with agricultural
developmer ., Day laid out theoretical prototypes by applying a re-
cursive prog methodology to industrial and agricultural per-
formance (see Day ?1963a, 1965, 1967a, 1967b, 1970)). Recursive pro-
grammers who have made an extended application to agricultural devel-
opment include Heidmes (1965, 1966), Schaller (1965), Singh (1971b),
and Mudahar (1971).
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msou'r’cea can be properly conatméted in the éyaten.f “ This will serve
-8 an allocation deﬁoe for guiding regional resources to different
farm gize grov.ps.]'5 Second, the farm size doccmpositionvgi’ves a
method for enalyzing a\stributional effects of "development through
time¥, Few studies in the past have dealt with the dstributional as-
.‘p’ia\c‘ts of development such as growth end decay of a cropi:ing activity
'by farm size and the disparity of income distribution by farm sige.

Agricultural development is subject to dynamic proceases.
Multi-period optimm decision models have been developed to study
these dynamic processes. Recursive programming is & multi-period
sequential optimigation technique, allowing for behavioral bounds and
a feedback mechenism. Ifs theory and applications to dynamics of
various industries have beem fully explored by Day amd others.16

In sum, it is argued that a multi-dimensional resource alloca=-
tion process with crucial differences in factor proportions, that
characterize differences im region, cen be suitably handled in a re-
cursive programming framework using the decomposition principla to

a.rri.vo at valid regional aggregates for analysing, understanding, eand
planning the process of regiomal egricultural developmemt.

The next chapter deseribes the agricultural transformation that

' has occurred in the recent decade im Soutbern Bragzil including an

151?01- natheuatical properties and economic intorpreta.tion of. the
decomposition principle, see Lasdon (1970)

- 16Por digscussions of recursive decinion eystm theory. aeo Day
(1953a), end Day end Kennedy (1970).


http:others.16

, _ 15
| agncultural region selected for this study. In Chapters III-V
an operational model which captures the complexities nmphasized above,
épécifically on~farm decision making mechanism, the recursive feed-
backs, and the farm size decomposition is developed. In the sixth
chapter model results are discussed and the predictive performence of
the model is evaluated. The last chapter contains conclusions with
some policy implications for agricultural development and some sug-

gestions for further research.



CHAPTER II
REGIONAL AGRICULTURAL TRANSFORMATION IN SOUTHERN BRAZIL

II.1) The Setting for the Study

Since the general purpose of this study is to simulate a quan-
titative economic history of agricultural development at the regional
level the selection of an area to fit for this study is important. A
region experiencing substantial economic progress, involving a wide
range of farm size distribution and operating under a set of influ-~
ential policy instruments is desirable. For this purpose, the sub-
region (Planalto Medio and Missoes regions) in the state of Rio
Grande do Sul, Southern Bragil, is eminently suited.

This region is fairly homogeneous with regard to climate and
agricultural practices. It covers some 5.7 million hectares and ac-
vcounts for over 50 percent of the total wheat production in Brazil
(Tebles 4 and 5). Between 1960-~1970, this region played a crucial
role in inhe very rapid growth in agriculture. This growth has been
accompenied by rapid mechanization, vast changes in the cropping pat-
terms and the increased use of commercial inputs such as seed, furti-
lizers and credit. This dramatic agricultural transformation appears
. to be closely asscciated with two major policies; (1) the minimm
producer-pricing policy for egricultural crops, and (2) the subsidized
oiod:l.t Prograus.
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I1.2) Hecent Agriculturel Development in Brazil |
3m11 is en imense country of substantial regional diversity.
It :Iv.a"g'reater in area than the continental United States, spanning al-
most half the South American continent. The preliminary results of
census data collected in 1970 estimated the population of the country
at 94.5 million, with 44 percent of it classified as rura.l.l The
estimated gross national product in 1968 was U.S. $23,218 million.
In per capita terms this was equivalent to U.S. 8260.2 The popula~-
tion, which grew at roughly 3.0 percent per year during 1950-1970,
is distributed very unevenly over the country with a major concentra-
tion in the southern three states (Table 1).
Although the Brazilian economy grew very rapidly after World War
II, its growth began to slow down in the late 1950's and ceme to a
virtual standstill in 1963. An accelerated rate of inflation in 1963
end 1964 (Table 2) and a political crisis involving a revolution in
March 1964 were respomsible for this. The new government has adopted
& technocratic administration and has initiated a set of ecomomic
policics designed to speed up economic progress with a major emphasis

on controlling inflation. As a result, the rate of inflation has been

1506 the preliminary 1970 cemsus of the Brasil "Sinopse Pre-
liminar do Cemnso Temografico - VIII Recenseamento Geral-1970,"
Fundacao IBGE - Instituto Brasileiro de Estatistica, Department de
Censos, Brasil.

230tuh (1970), p. 3.
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’I‘A'BLE 1l: TEGIONAL DISTR%BUTI?N OF POPULATION IN BRAZIL
1970

Denaity

Region Population (persons/Km?)
North 3,602,171 1.03
Northeas* 28,150,068 18.59
Southeast 39’872, 625 43.90
South | 16,510,485 29.68
Central West | 55079,952 ,» 2.75

TOTAL 93,215,301 11.18

Source: Anuario Bestatistico 4o Brasil - 1971, Pundacao IBGE =
Instituto Brasileiro de Estatistica, pp. 46 and 54.

Notes It is important to recognige that the "South" region is
made up of the three states namely Parama, Santa Catarina, snd Rio
Grande do Sul; while the Y“Southeast" region includes Sao Paulo that
is the most densaly populated state in Brazil.



TABLE 2: GROSS NATIONAL PRODUCTS, PER CAPITA GROSS PRODUGCT AND INFIATION IN BRAZIL
(1961-1970)

Per Capita Gross Product Inflation

Grogs National Product

1949 Real Heal
Constant Real Annual 1949 Real Annual  Wholesele Price ‘
Prices Indices Growth Constent Indices Growth Indices Rate of
Year (in millions) 19492100 (%) Prices  1949=100 (%) 1949=100 Inflation
1961 521.6 226.9 10.3 7.2 160.0 6.7 776.9 33.3
1962 549.0 238.8 5.3 7.4 163.3 2,1 1,202.4 54.8
1963 557.5 242.5 1.5 7.3 160.8 -1.5 2,139.7 78.0
1964 573.8 249.6 2.9 7.3 160.4 -0.2 4,018.0 . 87.8
1965 589.5 256.4 2.7 7.2 159.8 ~0.4  6,245.6 . 55.4
1966 619.6 269.5 50 T.4 162,7 1.8 8,670.8 " 38.8
1967 649.2 2682.4 4.8 7.5 165.2 1.5 11,011.4  27.1
1968 709.7 308.7 9.3 7.9 174.9 5.8 14,073.5  27.8
1969 . 773.6 336.5 9.0 8.4 184.7 546 17,207.5 22,3

1970 es7.2 368.5 9.5 8.9 195.8 6.0 20,611.9 19.8

y Saurce: JAima.rio; Estatistico Do Brasil - 1971. Fundacao IBGE - Instituto Brasileiro de -
 Estatistica, p. 512, ’ : B

6T
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consistently brought domn since 1965 and a strong economic performance
wag revived in the late 1960's--more than 9 perceat per anmum between
1968 end 1970 (Table 2).° |

During the past few decades, agriculture has been & major sector
of the Bragilian economy. It has provided the major share of enploy-
ment opportunities, produced & substantial portion of the gross na-
tional product and been the significant source of export earmings.

For example, agriculture in Brazil generated about 26.9 percent of the
Bragilian domestic product, employed 58.5 percent of the economically
aoctive population, and accounted for 98.4 percent of the total na-
tional exports in 1960.4

It is gemerally agreed that agriculture played a major role in
oreating the substantial industrial base found :LnBra.z:Ll in the exar‘iy
1950'6.5 Bchuh argues that the contribution of sgriculture to the
growth of the total economy in Bragil is crucial through the roles of:
(a) expending the non-farm labor force, (b) providing capital forma-
tion for industrialisation, (c) providing am adequate diet for the
total population, (d) providing a market for the non-farm sector, and .

(s) providing a source of export eam:l.n.gsu.6

Jsomn (1970), p. 4.

5Purtado (1963), p. 285.

65.\...\. IramA\ L. A 1An



However, the relative contribution of agriculture in the
Bragilian economy has been declining over the decades. The real in-
come of the agricultural sector rose by 153.7 percent during 1950-1960
vhile the industrial amd service sectors grev -y 238.9 and 163+4 per-
cent respectively. The share of the agricultural sector in £ro88 DB~
tlonal product was 1.3 times higher tham that of the industriel sector
in 1950, But the share due to the industrial sector was 1.18 times
higher than the agricultural sector in 1960.7 As & source of employ-
ment for an economically active population its share declinsd from
7.0 perceat in 1940 to 58.5 percent im 1960. Industry and service
sectors have grown more rapidly than agriculture. The relative rates
of growth in this regard during 1950-1960 were 4.7 percent in agricul-
ture and 8.9 percent in industry. A reinforced trend is evident in
the rate of per capita sectoral growth over the same period. Between
1950 and 1960, agricultural growth per capita averaged 1.7 percent a
year while per capita industriel growth showed a rate of 5.9 percent a
yoar. Even this low rate of agricultural growth per capita was made
largely through the expamsion of area planted end was not through in-
cre@ges in yields or other factor p1:odum‘.iv:l.ti.laeu.8 This low agricul=-
tural productivity compared to other sectors has been recognized as
ane of major problems of the Bragiliun economy with & rapidly in-
creasing population. The low agriocultural productivity partly led to

T3tun. (2970), p. T1.

Bgamun (1970), p. 94, also see Table 5.
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the "tood,criaib" of 1962-1963, which brought about higﬁ prices on )
‘food, large Zood imports, and stegnent agricultural ezports.’ Many
Bragiliens became convinced that disincentive product and imput
prices, plus limited supply of some major inputs, were partly respon-
gible for the poor performemnce of the agricultural sector. As a re-
sult, starting in the early 1960's, Brasilien egricultural policies
ahéwed a sharp change from the traditiomal attitude of placing minor
priority on the agricultural sector.lo

These policy chenges have taken some distinctive formms. The
most important of these policies were a minimm~producer-price policy

and subsidized crodit programs.

II.3) Selected Poligy Programs

Mﬁvduconl’ricg-l’olicx
One of the most importent policy changes during the 1960's was

activation of a minimm-producer-price program especially in rice,
corn, beans, and wheat in order to reduce Brazil's reliance on foreign
supplivs. This price program not only provided some forward pricing
advantages to the farmers, but it also gave farmers substeantially

higher price incentives at least in the case of wheat.ll The wheat

Sagems (1971b), end Knight (1971), pp. 112-134.
104388 (19710), p. 49.

“mﬂ-" | M) M,
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‘price program was: institutionalized in 1962-63 and established ‘the
‘Benk'of Bragzil as ofticiel purchaser at the pre-announced price level.
aubatantia.lly above the international price level.’’ As a result, the
increase in wheat production has been especially impressive. Domestic
Wﬁeat production increased from 303,396 metric tons in 1962 to
1,600,000 metric toms in 1970. Yet Brazil was able to meet only 50
percent of national consumption level of wheat in 1970.> During the
period of 1962-70 the area planted to wheat increased 2.5 timesee
743,458 to 1,895,249 hecteres. It is also noteworthy that soybean
production has followed the same increasing trend at a lesser rate.
In 1970, Brazil produced 1,508,540 tons of soybeans on 1,318,809
hectares compared to 345,175 tons om 313,640 hectares. The increase
in soybean production was partly due to the minimme~producer-price
progrem and partly due to its complementarity to wheat prodm:t:l.on.:l'4
Data on physical output end cultivated area for both wheat and soy-
beens suggest that the increased production of both crops was pos-
sible primarily through the increased use of land rather than ime

proving yield per heotm.ls

12pgler (1971). For example, in 1970 the Bank of Bragil fixed
the domestic price of wheat at U.S. $100 per metric ton, while the
price for imported wheat is U.8. $58 per metric tom. Also see Knight

(1971) ,."pp . 92"930

1smerio Estatistico do Trige, 1962/63 end 1969/70.

Mimario Estatistico do Bresil, 1962 and 1970. Also see
Engler (1971), p. 9.

Lresgnt (1971), pp. 114-115.,
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‘The major producing area of wheat in Brazil is Rio Gramde do
Sul, the southern most state, which accounts for more than 80 percent
of domestic wheat production. Rio Grande do Sul is also responsible
for a substantial portion of soybean production. In Rio Grande do
Sul, the two adjacent sub-regioms called Planelto Medio and Missoes

have been very important in this perfoimance.

Bubsidized Credit Progrem

Probably the most influemtial policy emphasis, during the 1960's
was the huge increase in the amount of institutional credit made
available to asgriculture. During 1960-1968 the dollar value of this
credit, expressed in year-end balances,; increased from $606 million
to $1,417 million. Adams pointed out that, since interest rates on
agricoultural credit rapged from 9 to 18 percemt per year and inflation
25 to 85 perceﬁt a year during the 1960's, real interest rates were
mbétantia.lly negative. He also argued that an income transfer of
$100 to $200 million per year moved from ths public sector to the bor-
rowers of agricultural credit in Bragil via these negative interest
rates during the 1960's.'®

The massive avallability of the subsidized credit has facili-
tated lncreased use of modern imputs such as fertilizer, machinery,

end cortified seeds in Brazil. fbwover, only very limited use was
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made of these inputs on traditional small farms.®! It has been widely
appreciated that the credit progrem has substantially contributed to
the agricultural growth during the 1960'5.]'8

11.4) Description of the "Wheat Region" in Rio Grande do Sul
and its Agricultural Transition

In the past five years Rio Grande do Sul has experienced ons of
tho highest rates of growth, roughly 8 percent per ammm, in total
agricultural output in the world. The two adjacent regions in Rio
Grande do Sul--Planalto Medio (a plateau region) snd Missoces (a low-
land region)--provide an excellent case of this growth primarily due
to the two favorable agricultural policies discussed above. In ad-
dition, these two smub-regions are fairly homogemeous with regard to
soil, topogrephy, vegetation, climate, and settlement pattem.lg
These sub-regions are selected for this study and will be referred to
as the 'wheat region" of Rio Grande do Sul in the remaining chapters
in view of their major share in domestic wheat production (see Table

3). 2

17Rao (1970).

18For detailed discussions on policy implications of institu=-
tional agricultural credit for agricultural development in Brazil, see
?Aams)(197lb); Smith (1967), pp. 213-265; Erven (1967); and Rao
1971.).

19:l.i\or a detailed description of the wheat region and Rio Grande
do 8ul as a whole, see Rask (1969).

2ty prnpin, 1n 10RO the whent tegini arveimta Poyv 41 peyvent
AY WHuWwe pentdite e i Ll BIG toande de Bh LU Ge aW MM W) poLVea ¢
Wl el duuwabio whary p;uduuuw.\ \dos “abie 4),



";3TE 3: CULTIVATED AREA AND PRCDUCTION OF SELECTED AGRICULLURAL CROPS AND EEEF IN THE WHEAT HEGION
b
RIO GRANDE DO SUL (R.G.D.S.) AND BRAZIL (1961-1971)

Wheat b b Wheat a b b

Rﬁ.gona B.G.D.S. Bm:il Regon RoGoDoSo m’u
Year Area* Qty. Area Qtye. Area Qty. Area Qty. Area Qty. Area Qty.
1961 K.A. N.A. H.A. N.A. H.A. N.A. 120.3 12l.1 227.2 252.6 240.9 271.5

1962 94.4 129.0 226.6 274.2 258.2 303.4 132.5 84.9 294.9 320.8 313.6 345.2
1963 161.9 63.9 278.9 103.4 302.1 115.7 N.A, HN.A, 318,3 294.8 339.8 322.9
1964 155.4 128.8 271.9 225.7 300.5 250.5 N.A. N.A, 334.4 275.9 359.6 304.9
1965 188.9 136.8 325.4 236.9 354.T7 256.7 138.9 147.9 386.5 463.2 432.8 523.2
1966 199.6 178.8 343.5 296.0 385.0 333.5 N.A, N.A., 416.3 483.3 490.7 595.0
1967 292.9 195.8 487.7 339.6 562.0 405.7 HeA. N.A. 490.9 550.8 612.1 715.6
1968 399.2 363.9 689.1 618.7 845.7 765.1 N.A., HN.A, 557.0 432.6 7T21.9 654.5
1969 602.2 664.1 1044.7 1090.1 1299.5 1303.4 N.A., N.A. 649.1 744.5 906.1 1056.6
1970 N.A. HN.A. 1500.0 1500.0 1810.0 1784.0 H.A. N.A. 8T1.2 976.8 1318.8 1508.5

92



TABIE 3 (cont'd.)

Corn - Beef

gEﬁiﬁna ReGeDsSs’ Brazil® ﬁﬁ;;ﬁné ReG.D.S." _Brazil®
Jear Area Qty. Area Qty. Area Qty. Qty. Qtye. Qty.
1961 287.3 358.1 1281.6 1765.0 6885.7 9036.2  2191.0  9692.0  N.A.
1962 295.9 369.1 1361.5 1870.6 T347.9 9587.3  2216.0  9707.0  N.A.
1963 NeA.  NoA.  1403.9 1947.8 7957.9 10478.3  N.A.  10344.0  79855.0
1964 N.A. N.A.  1420.3 1773.8 8105.9 9408.0  N.A.  10664.0  84167.0
1965 332,0 427.5 1577.6 2243.9 67171.3 12111.9  N.A.  11126.0  90629.0
1966 N.A.  N.A.  1632.1 2280.9 8705.2 11771.5  N.A.  11607.0  89969.0
1967 N.A.  NeA.  1626.9 2331.0 9274.3 12824.5  NeA.  11801.0  89896.0
1968 N.A.  NoA.  1670.2 1971.4 9584.4 12813.6  N.A.  11974.0  92276.0
1969 NoA.  NoA. 17301 2233.7 9653.8 12693.4  NeA.  12052,0 951500
1970 N.A.  NoA.  1737.1 2386.6 9858.1 14216.0  N.A.  12563.09 97864.0

Source: aapyario Agro-Pecuario, 1963. Amuario Agro-~Pecuario, 1967.
Amuario Estatistico do Trigo, SAFRA F'y/70, CCLEF, Ministerio de Agricultura.

Bapuerio Estatistico do Brazil, 1961-1971.

Note: Measurement Units: The area for crops is in 1000 hectares. The quantity for crops
is in 1000 tons. The quantity for beef is in 1000 heads.

Ne.A. denotes that the data are not available.

le
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The nheat rogion comprises about one-fou.rth of the total land
. ~’a.rea in Rio Grande do Sul and belonga %o the open plain of the plateau
,(ngm 1). In the early 1900's the region was settled in largs es-
tatéa for the production of beef. Rask observes that the present ag-
ricultural production in the wheat region is still predominantly range
livestock carried on under reasonably large farm situations; but re-
cently it has undergone a partiel tiransition to highly mechanized
whoat and soybean production.al Because of this transition, systems
of ferming vary from traditional to the most modern of mechanized
units. Rask also points out that, because of the high cost of meche-
enization and reluctance on the part of traditional cattlemen to shift
t0 more intensive land use, different tenure systems have evolved.22
For exsmple, professional or business people in the urban area gen-
erated initial impetus for change by purchasing machinery and reating
land from cattlemen for wheat production. The introduction of mech-
anization in wheat faming has also led to the other possibility of
using these machines for the establisiment of improved pasiure systems
for cuttle gre.z:l.ng.a3

During the last decede, the two principal policy measures namely
the price subsidy for wheat and the subsidiszed credit program tied

with the purchase of commercial inputs have been to a greati extent

2laaak (1972), b 9.

Ibido, P 9.

231b1d., B 9.
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Figure 1. THE MAP OF THE WHEAT REGION, RIO GRANDE DO SUL, & BRAZIL
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favorable to wheat production in Rio Grdhdé"'dé Sul 1nc1udingthewheat
""reg::l.bn. As a result, hectarages of wheat and of aoybeana-fbllowing-
wheat in crop rotation have undergone substentiel increasses in recent
years while the outputs of other crops such as corn have grown at a
low rate (see Table 3).24 The mere transition from range livestock
farming to cropping agriculture entailed a continued reduction of
natural pasture lend. However, the mechanized wheat farming that has
been steadily increasing in the region makes an alternative cattle
production system available. That is, the mechanized wheat fams can
easily be converted to a highly productive improved pasture system for
cattle production.

The dramatic increase in agricultural output in the wheat region
last decade can be sumnarized in the following two dimensional trans-
fomations: (a) a shift from the traditional range livestock produc-
tion on eitenaive natural pastures to intensive cropping of wheat and
Boybeans end intemsive livestock on improved pasture systems, and (b)
& consequent increase in mechanized crop farming.

While the wheat region is agro-topographically homogeneous, the
regional farm size distribution ranges from a few hectares to several
thousand (Table 4). This wide renge of farm size distribution is also
characterized by a highly skewed.distribution in the number of fams,

24The competitive nature of wheat is further enhanced by its
complementary relationship to soybeen production. Soybeans can be
produced in the off season of wheat without fertilizer application,
thus, allow fuller use of the labor and machinery inputs needed for
wheat production.

See Engler (1971), p. 9.



TABEIE 4: PARM SIZE DISTRIBUTION IN THE PLANAITO MEDIO AND MISSOES REGION
(WHEAT REGION) OF SOUTHERN BRAZIT, IN 1967

e e e o e e e Ne o

Number Total Percent of Area

Class by Hectares of Farms Farm Area Farm Area Exploited

0o - 10 27,479 146,995 2.56 135,771

10 - 25 37,575 661,771 11.53 v 617,384

25 - 50 15,807 572,528 9.98 541,605

50 - 100 7,485 528,153 9.20 506,092

100 - 1,000 7,558 2,154,996 37.51 2,112,646

1,000 - 10,000 729 2,581,101 27.66 1,557,784

10,000 - 100,000 4 89,641 1.56 49,280
Above 100,000 -— - —

Total 96,641 5,735,145 100 5,520,565
Percent of the State :

of Rio Grande do Sul (18.55%) (23.52%) (23.82%)

Source: Estrutura Fundiaria do Rio Grande do Sul — Instituto Brasileiro de Reforma Agraria |
Delegira Regionel do Rio Grande do Sul. Also see Rask (1971), pp. 24~30.

Note : The area is in hectare.

¢
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In 1967, for example, & total of80,861fams ie“r‘oga@poi'atod on less
tha.n 50 hectares, while 15,776 farms on more thanso hécta.rae (Table
4). |

In his study of small farm agriculture in the small farm regions
adjacent to the wheat region, Bask found that low productivity of
cropa and livestock, low income and lack of technical agsistence forms
a vicious eircle of poverty.25 A substantial portion of farms with a
few hectares in the wheat reglon may well belong to the category of
swall farm agriculture. On the other hand, the highly mechanized large
farms are oriented to commercial farming. This suggests that a bi-
modal farm size continuum exists with substantial differer-ces in agri-
cultural structure.

There is another important aspect in the regional tramnsformation
involving number of farms. The mumber of fams in Rio Grande do Sul
has increased nctably in recent years. During the decade 1950-1960,
farm numbers increased by 33 percent with the mumber of farms of less
than 10 hectares doubling. The farm numbers in the wheat Tregion,
71,829 in 1960, increased to 96,641 in 1967, indicating 34 percemt
growth in 7 yearsl.26 This unique bi-modal nature of regional farm
size distribution is crucial in understaending regional agricul tural

development.

2pask (1964).

26800 Censo Agricola de 1960t Rio Grande do Sul, IBGE - Servico
Nacional de Recenseamento, Bresil. Also see Estrutura Fundiaria de -
Rio Grapde do Sul - Imstituto Brasileiro de Hefoma Agraria Delegaria
Hegional do Rio Gremnde do Bul.



'CHAPTER III

THE RECURSIVE PROGRAMMING MOIEL OF THE
REGIONAL FARM SECTOR

III.1) Introduction

The mathematical model comstructed for this study is a recursive
progremming model that Day pioneered as a genmeral class of dynamic sys-
tems. Extending Henderson's model of agricultural land utilization,
Day synthesized both linear programming end difference equations to de-
rive a dynsmic system in order to study agricultural production re-
eponses.l This dynamic system, properly called a "Recursive Decision

System " by Day is a sequential optimigzation method imvolving behaviorel

For comprehensive treatments of recursive programming theory,
see Day (1960m§ Day defined a dynamic system as a set of methematical
relations in which time enters either explicitly or implicitly. He
gave a trend equation as an example of the explicit role of time and a
linear homogeneous differential or difference equation with constant
coefficients of the implicit role of time (ibide, p. 35).

It is noteworthy that the definition of recursive progremming as
a general class of dynsmic systems is similar to the one of "Simulation
Model of an Economic System," used by Johnson, et al. except that re-
cursive programming contains an optimizing criteria explicitly. (See
Jolmson, et al., (1971), p. 30.)

Henderson's contribution in this context is "an ingeneous imno-
vation which enahled linear programming to be applied as a predictive
model of actual economic behavior." His land allocation model. emong a
dozen major fieli crops rests on two basic principles: first, expected
net revenues per acre of the crops, second, the "flexibility constraint"
hypothesis that acreage plantings for each crop are assumed to be
bounded by maximum end minimum limits which indicate "his desire for
diversity and reluctance to depart fram an established pattern" (see
Henderson (1959)).

33
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feedbacke which take acoount of wncertainty, myopie, limited infome-
tion end the like. Therefore, a recursive deciaionswstem deals more
with the temporsl elements of decision meking snd less with what de-
oisions ought to be made in terms orsomoptmmor normative decision
rules. | |

As a unique property of the ‘»s‘y’stem,‘ the recursive programuing
modsl deals with a multiple phase dynemic pystem whose behavior is de-
termined by distinct "phases" but whose phases are governed by & single
optimizing principle. Under a single rule, a new phase occurs when the
time wlapsed since the initiation of the current phase is sufficient to
omge the optimizing rule to be broken.’

Soveral empirical studies employing the recursive decision rystem
fremework suggest that recursive programming models are capable of
treating at least the following features of fam behmr:l.or.3

1, describe farm production and how it changes over time;

2, relate production decisions to household characteristics;

3, Jincorporate time in the two fold semse of & backward linkage

of present possibilities to past events and a forward linkage

of present decisions to anticipated future actions and eventis;

2pey (196%a), pp. 35-56. In contrest to Day's miltiple phase dy-
namio ayatens governsd by a single optimizing rule, Hick's trade cycle
study and Ieontief's dynamic input-output model provide multiple phase
dynanic models governed by & set of rules specifying the conditions
under which tbe process is switched from one phase to the next.

Spey (19638), p. 7. Aleo see Day and Heidmues (1967).
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4. 1illustrate esnential features of agricultural development
such as changing technology and irreversible changes in re-
source allocation;
9« explain the changing pattern of capital use and capital fore
mation on the structure of regional production.
INustrative of these features are the Mississippi Delta model by
Day (1963a), the regional model of crop production by Schaller (1965),
the North German fam growth model by Heidhues (1966), and the Pun-
Jab model by Singh (1‘:)713).4 These models contain two basic compo-
nents: (a) on-farm decision structure, and (b) feedback mechenism. A
heuristic flow diagram of the on-farm recwusive decision system compo~
nents is presented in Figure 2. Given time period, t-1, one can real-
ize that the on-farm decision making process is made up of the three
basic forces described in Chapter I; that is, (1) the decision making
wnit--the farm-fim kaving multiple farm activities (decision variables
along with eome optimizing criterion), (2) the agricultural environment
vhich includes market forces such as supply and demand or equilibrium
prices, on-farm resource endowments, and non-farm lirikages including
urban out-migration and supply functions of non-farm inputs to agri-
culture, and (3) a set of predetermined variables which include exo-
geneous veriables, such as policy instruments. The items (2 and 3) are

contained in the three boxes ocutside the "on-farmm decision box". All

4Rocuraive Programing Models applied to industirial performance
include Abe's Steel Industries Model (1969), Tabb's U.8. Coal Industry
Model (1967), and Tsao'se U.S. Iron end Steel Industry Modsl (1966).



eedback
from t-2

Endogenous
Variables
&

Feedback
from t-2 I

Decision Process & Optimiz'm‘ Criteria

Resource
Endowments

1

Market
Environment

Predetermined
Variables

Non-Farm
Linkages

ON-FARM DECISIONS ( t -1)

Feedback
fromt-1

FIGURE 2:

o e W

Endogenous
Varlables &
Resource

Variables

Non-Farm
Linkages

ON - FARM_DECISIQONS

Feedback from t-1

/5

INVEST-

ecision Proc

—Optimizing Criterla

PRO-

MENT

PUR-
HASE

(t)

A HEURISTIC ON-FARM

from t

l

l Feedback from t l:

RECURSIVE DECISION SYSTEM

7
N
o



37
the components are comected by lines, describing the Minteraction sys-
tem" discussed in Chapter I. This then completes the ﬁmdmntal model
components at given time period‘ t=1.

Of essence in recursive programming models is the existence of
the recursive feedback mechanism which functionally relates om~farm de-
clsions between two points of time, say t and t-l. The recursive feed-
backe (the arrows linking the two on-farm decision boxes and endogenous
variables) are en extended version of the generalized cob-web model and
the Nerlovean distributed lag model, allow adjustments of expectations
due to risk and uncertainty and due to leaming and the process of dif-
fusion in a changing enviromment, and account for chenging decision
rules.

The remaining sections of this chapter describe (1) regional farm
activities, (2) optimizing criteria, and (3) the constraint structure
that is the basic element in the "on-farm decision box" at given time
period t. In Chapter IV, the recursive feedbacks are discussed; and in
Chapter V, the decomposition principle by farm size is presented as an
important methodological extemsion of the previous recursive programming

ptudies.

III.2) Begional Farm Activities

Since the model considers idemtical fam activities for the three
diffei'ent fam size groups which exhaust the total number of farms in
the region, farmm activities are desoribed for one fam size group only,

The farm activities for this study are categorized into five basic sjeta_



that.are interdependent. They are production by different technolo-
&los, consuption, investment, purchasing, snd finsncial activities.

Production Activities by Technology

Production activities are processes that transform inputs into
final outputs, and also into intermediate outputs that in tum are used
to produce final outputs. Field crop production activities have asgo-
ciated with them: (1) the cost of all inmputs that are not explicitly
considered in purchasing activitiesj (2) am output (final or interme-
diate) per unit level of the activityj (3) an input-output coefficient
that defines various input requirements per unit level of the activity.
A sequence of land preparation and harvesting tasks, and hence the use
of distinctive farm power sources (mechanical technologies such as
draft animal vs. tractor and combine operation) and differentisl levels
of mitrients application by cropping activity (bio-chemical technolo-
gles), are used to distinguish technologies.

The existence of multiple technologies are agsociated with pro-
duction activities and alluw the incorporation of the concept of "tech-
nological change" during agricultural development. This has been a
focal theme for understanding agricultural development. It is general-
ly agreed that a techmology is always embodied in particular factors

and an integral part of the productive agents eanployed.5 Therefore,

5A clageical example of embodied technology would be hybrid seed
corn vhich requires exactly identical corn production process as open-
pollinated seed. Yet in analyzing the production of corn, both are
crucially identifiable and measurable factors. (See Griliches (1958).)

Following the identical logic, Jorgensen and Griliches foumnd
that the percentage rate of output growth explained by the rate of
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whena.‘l.'l. the Jfé’gto_z?& are completely specified, the technology is also
spécifiéd. Thus, Schultz points out that the motion of a "technological
chénge" is in essénoe a consequence of either adding, or dropping, or

changing at least one factor of p:r:cumcti.on.6

But it is frequently ac-
cepted that both theoretical emalysis and empirical investigations
proceed with an analytical device of placing some things into a com-
pound such as "techmology" to be held constant. However, Schultz fur-
ther argues that "when such a compound variable as technology becomes
an important variable over time, as is the case in modern economic
growth, the particular factors that are in it must be examined and
their economic behavior analyzed if growth is to be satisfactorily ex-
plained, "’

Indeed, the existence of multiple tecmologies, and hence multi-
ple paths of teclmological change in agriculture available to a society,
is a major premise in the "Induced Development Model" of Hayami end
Ruttan. They emphasize an optimm -ath of tecmmological change as fol-
lowsse

The constraints imposed on agricultural development
by rn inelestir supply of land may be offset by advances

in biologi...L techmology. The comstraints imposed by an
inelastic supply of labor may be offset by advemces in

growth in inputs in U.S. manufacturing industries to be 96.7 percent if
the value share aggregation method that accounts for changes in qual-
ities o§’ factors is employed. (See Jorgemsen and Griliches (1967), pp.
249"%3 e

OSomiltz (1964), p. 134.

TIbid., p. 133.
®Hayeni end Rutten (1971), p. 54.
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mechanical technology. The ability of & country to

achieve rapid growth in agricultural productivity and

output seems to hinge on its ability to make an ef~

ficient choice among the altermative paths., Failure

to choose a path which effectively loosens the con~

straints imposed by resource endowments can denress

the whole process of agricultural and economic de~

velopment. The construction of an induced development

model involves--an explanation of the mechenism by

which a society chooses an optimum path of technolo-

glcal change in agriculture.

Heyemi and Rutten's emphasis on the mechanism of an optimm
choice of multiple techmologies as an endogenous variable in a develop-
ment model has been empirically investigated by Day (1967) and Singh
(1971e). As pointed out in Chapter II, the agricultural growth in
Southern Brazil in the last decade involved primarily extensive use of
land; therefore, treat explicitly two classifications of technology,
nezmely traditional technology (draft animal use for lend preparation,
for planting field crops, and mamual harvesting) and modern techmolozy
(tractor and combine use for lend preparation end harvesting) with a

constant level of fertilizer application for each 1:¢;<:hnolog,w,'.9

gAs for the explicit treatment of classifications of “mechani cal
technology, " Singh, et al. define several standard tasks for the land
preparation process, each of which can be performed in several distinct
ways by the use of a given implement-power combination. For the de-
tailed disoussion, see Singh, et al. (1968).

The level of nutrients application considered in this study is
equivalent to Engler's '"Medium Productivity Level™ of various cropping
aotivities. Engler also considers a "High Productivity Level" for a
single representeiive of highly mechanized crop farms in the 'wheat
region®. But it is suggested that on a regional level, the medium
productivity level is much more acceptable (Engler (1971)). of course,
miltiple mutrients levels can be easily incorporated in the model with
information from mutrient response functions by crops and soils in the
I‘Biono
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Consumption Activities

Consumption activities involves the farm-household's consumption
of fam outputs, There are normally two types of consumption activ-
itiess (1) the consumption of foodgrains and food items by the farm
femily and sometimes hired lebor when the wage is given in kind, and
(2) the conmumption of enimal fodder crops for the maintenance of draft
animals.

The amounts of fam outputs reserved for domestic consumption and
hence the marketable fam surplus depend upon such factors as the size
of the household and the prices of farm outputs. The fodder require-
ments dep.nd upon the mmber of work apimals and the degree of mech-
anization. The fim-household interdependence is accounted for by con-
sidering consumpiion requirements as a constraint on the sale of fam
outputs and on the production of alternative crops. 3ingh argues that
this is where the nature of "subsistence production" is defined in
traditional agrioulture.l®

Both consumption activities can be treated explicitly as activity
colums, i.e., decision variables, or as feedback components. The
latter method was used in this study by reserving a certain proportion

of farm outputs from time t for domestic use in % + 1.

Investment Activiiies
Investment activities are associated with the replacement and

additions to the capacities of quasi~-fixed inputs such as draft animals,

10g4ngn (1971a), p. 31.
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txactors and combines. Ihfééﬁnbht'pnrcﬁanS“ compete for.ca'ah:both‘v{vith
cdnmhnbtion end production purchases. All iniestnient activities aug-
ment available capacities for use on the farm, while their physical
depreciation reduces available capacities. Investment activities are
considered in a simple "“capacity exhaustion hypothesis," with a net

cost calculated on a payback principle and cash outlay for purchasea.n

Pur Activities
Purchaging activities involve cash outlays to purchase variable

inputs such as mutrients, wage labor, transportation, insecticides, oil
and lubrications for machine operation, salt and bone meals, and med-
jcines and vaccines for beef enteprises. Of course, these items cen be
treated explicitly as activity columna. However, they also can be
treated implicitly (their cost incorporated in with production activ-
ities) so that production activities take account of final outputs as

well as a subset of these variable impuis.

Financiel Activities
Finencial activities are associated with cash flows in a given
production period and, as such, can be considered a monetary link that

binds the other economic activities involving the use of cash inputs.

11'1‘he payback principle describes positive rather than normative
aspects of the investment decision. Therefore the use of the payback
principle can be considered & form of institutional or behavioral con-
gtreint on invesiments. There exist some questions on the use of the
payback period to estimate depreciation costs (see Bierman and Smidt
(1966)), but certain mspects of the payback principle are consistent
with retional investment theory (see Smith (1967)). Also see Nelson
(1970) snd Singh (1971) for a similar method in arriving at investment
ocosts in a programning model.
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There are tWo types of finemcial activities: (1) saving activities as-

sociated with a bank deposit to represent the opportunity cost of capi-
tal as measured by en external rate of return which is & net subtrac-
tion from the cash flows when deposits are made, and (2) net borrowing
activities associated with additions to the cash flow in the current
period. The saving activity allows farmers to bank their liquid assets
as an alternative to using capital in the farming process and the bor-
rowing activity allows farmers to borrow working capital at appropriate
rates of interest to augment their liquidity.

II1.3) Optimizing Criteria

The crucial component of the recursive decision system that dis-
tinguishes it from similation models is the explicit formulation of am
optimizing criteria. Adapting Debreu's notion of lexicographic utility
functions, Day and Singh suggest that the preference (objective) func-
tion of the farmer is postulated in a lexicographic way with four major
goals ranked in terms of absolute priority (lexicographic oz.‘der:l.ng).l2
The four goals include (1) satisfying subsistence consumption needs,
(2) a utility function comparing cash consumption and future income,
(3) a metric defining the distance of a given choice from & set of
safe-enough choices, and (4) maximizing net cash retumms.

Following the lexicographic ordering of utility functions,the model

incorporates these sequential oriterions first, the subsistence

J'213'01: the discuseions on the lexicographic ordering of the four
goals in the farm decision strategies, see Day and Singh (1971). For
the discussion on the lexicographic utility function, see Deberu (1959),

pp. 72-T3.
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’con;sumpti'on needs are specified in the ’ntﬁ.ned ‘domestic consumption of
foodgrains through a feedback function in defining internal working
cash availability for next period; second, a preference ordering among
altermative cash consumption and future income streams is represented
by the allocation of cash resources beiween consumptiion and saving;
third, flexlibility and adoption constraints (for which a Jiscussion
follows in the next chapter) define the safety metric representing a
principle of cautious optimization very much like the safety-first
principle or chance-constrained programming; fourth, this goal is met
by maximizing net cash returns subject to the three previous goals.
This decision rule differs substantially from that of maximizing short
run net revemues. The specification of the first three goals makes the
"Peagibility region," i.e., a convex set formed by the linear inequel-
ity constraints, significantly smaller than the one otherwise obtained.

Baged on these sequential optimigzing criteria, the following ob-

jective function is maximized for each farm size groupt
8 13
e (9= 3 [B00) - oy - 5 oy
17 20
+ .-1-214 [Za(t)xj(t) - CJ(t)xJ(tﬂ - afm Gj(t)xj(t)
23 26 27
- 3 ::21 Cj(t)xj(t) - .1=224 cj(t)xj(t) - 3:27 Od(t)xj(t)

2
+ I Oj(t)xj(t) (1)

=28
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Wheres zd(t); I=1l...8 t the per hectare gross receipts of

the jth crop which is produced under two distinctive
tecimologies in year t (in Cré per hectare).

Gj(t); J=l...8 & the summation of input prices of
nutrients insecticides, tramsportation, and seeds needed
to one hectare of the jth cropping activity in year t (in
Cr$ per hectare).

Cd(t), J=9...13 1 total costs associated with fencing,
mtrients, seeds, and transportation necessary for the
Jth pasturing activity in year t (in Cr$ per hectare).
ZJ(t); J=14...17 : total value of one beef cow unit
produced by the jth beef enterprise in year t (in Cr3 per
cow unit).

CJ(t); J=14...17 1 total costs associated with bone
meal, salt, medicines and vaccines, and bull replacement
required to fatten one cow unit in the jth beef enter-
prise in year t (in Cr$ per cow unit).

Cd(t); J=18...20 : investment costs on the jth fam
power source that are calculated on the basis of payback
principle in year t (in Cr$ per farm power source unit).
Cj(t); jm2l...25 1+ operation costs of the jth farm power
in year t (in Cr$ per hour).

CJ(t); J=24...26 1 one hour hiring cost of the jth

seasonal labor in year t (in Cr$ per hour).
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o J(1;); =27 ¢ the borrowing rate for short term
institutional credit in year t, set at 15 perceat per
annum,
Od(t); j=28 s the interes: rate on bank deposits
in year t set at 6 percent per anmum.
xJ(t); jelese28 3 various fam activities as described
in the appendix. o

The specific variable (column variables) definitions are given
in the Appendix A.

For the various cropping activities (j=1...8) and alternative
beef enterprises (j=14...17), the differences (2 J(t) -C J(t)), are the
objective function coefficients in year t. The formulation of the ob-
jective function above for one farm size group assumes zero cost for
the use of family labor. As Singh points out, this does not mean a
zero marginal value productivity because the feedback of the retained
consumption explicitly accounts for the costs of its use and these
conts are invariant with respect to the amount of femily labor employed

on the fa.rm.l3

1I1.4) The Constraint Structure

The constraint structure involves six basic sets: (1) land re-
strictions by season and type, (2) family labor restrictions by season,

(3) quasi-fixed factor capacity constraints which include total

Lgingn (1978), p. 36.
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available serviceable hours from last year's farm power stock less de=
preciation plus a power stock augmentation in the current year through
investments, (4) financial constraints, (5) behavioral constraints, and
(6) regional "coupling" constraints that provide common binding con~-
straints for the three different farm size groups and which allow one
to use the decomposition principle to aggregate for the region.

The RHS (right hand side) vector variables and their descriptions
for a given farm size group are given in Appendix A. The objective
function (1) is maximiged subject to the following six subsets of con-

straints for a given year t.

lLand Constraints

8 13
=z b X (t) 4+ Z Ay X () < B (8);  1al,2 (2)

whare A:I. y is the land input coefficiemnt of the ith type for a
unit level of the jth activity in year t. This states that the land
allocated for both cropping (the first temm) and pasturing (the second
term) activities camnot exceed the total regional land available for

the givem season in year t.

13 (%) qu()
-z A X (t)+ g t
RS o AL P T

20 -
+ 3 AyX (8) s B(8); 123,45 (3)
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This inequation expresses that the beef enterprises (the second
term) and animal fodder reservation (the third term) are bounded by the
upper limit of the ith type of pasture land (the first temm) in year t.
These are balance constrainte which represent the case where the inter-
mediate outputs (pasture lands) are used for other products (beef and

draft animal service).

4
Ay J(t) + I Ai:lx.‘l(t) < 05 1m6,7 (4)

J=1 =3

This assures that the hectarage planted to soybeans following
wheat must, by definition of crop rotation, be less than or equal to

the wheat hectarage under one type ot technological choice in year t.

Labo. Constraints

8 13 17
L 1J J(t) + Jz ij J(t) + E ij J(t)

J=1
26
" L, A X(8) <Bi(t); 1089410 (5)
asd
26
oop M43 xy(t) sBy(t);  1=90,91,92 (6)

Insquntior (5) specifies that the cropping activities (the first
tem), the pasturing activities (the second term), and the beef enter-

prises (thy third term) use first the family labor hours available for
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the season. If this is not sufficient, it can be augmented by labor
hiring activities by season (the fourth term) in year t.

Inequations (6) constrain the labor hiring activities by season

by the regional supply of wage labor in year t.

Quasi-fixed Capacities (Farm Powers)

Constraints

8 13 23

Jil AinJ(t)gig AinJ(t) ) Jial AinJ(t) S0 1=11,12,3 (7)
and

20 23

- ;j=218 AinJ(t) + ;j=221 AinJ(t) iBi(t); 1=14,15,16 (8)

and

18

j:::le Ay %, sB,(t), 188 (9)

where the inequations in (7) state that the cropping activities
(the first term) and pasturing activities (the second term) are re-
stricted by the amount of the "purchased hours" of famm power (the
third term) treansferred from the total farm power availability to ace
count for their oneration cost. The inequations in (8) specify that
the total farm power use (the second term) is restricted by the ser-
viceable hours of existing farm power stock which in turn can be aug-

mented by the investment activities (the first temm) in year t.
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Inequation (9) describes the investment activities on modern technology
being constrained by the regionel supply functions of moderm farm ma~

chinery.14

Finenciel Constreints

26 27
£ Aijxj(t) - 3527 Aijxj(t)

J=1
28
+ ; :23 A jx‘_,(t) 5B, (t); =17 (10)
and
27 .
;27 Ay Xy(t) 5 Bi(8)s  1=89 (11)
and
23 29
35-21 Aiaxj(t) - 3229 Aijxj(t) = 0; 1i=18 (12)

The financial constraints link all farm activities. In (10) the
activities of production, investment, and purchasing (the first term)
and the saving activity (the third term) compete for the internal cash

available whick in turn can be increased by the borrowing activity (the

l4yote that the equation (9) is associated with tractors only.
Since the land preparation by tractors is nommally followed by the com-
bine operated harvesting, the specification of the upper limit on re-
glonal tractor supply only places the limit on the regional combine
supply as & scalar multiple of the former.
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second texrm). But the borrowing activity is constrained by regional
credit availability as specified in (11). Equation (12) is a computa-
tional mecheniem to sum the amount of cash uged for various investment

activities.

Behavioral Constraints

Behavioral constraints are crucial components in a recursive pro-
gramming methodology; therefore, their detailed discussion is deferred
to the uext chapter. The behavioral constraints include two broad
categories, namely (1) flexibility constraints, and (2) adoption con-
straints.

2 2
z xj(t) 2B(t)=(1+8) = xj(t-l); i=19,21,23,25,27,29
J=l =1

(13a)
2 2
- I Xj(t)f_Bi(t) =(1-8) ¢ xj(t-l); 1=20, 22,24, 26,28
= = (230)
18
 X(t) s B(t);  1a=88 (14)

Both 8 end g are an upper bound and lower bound coefficient re-
spectively.

The constraints in (13) limit the hectarage planted to wheat, for
exsuple, at t between an upper limit and & lower limit, both of which
are functionally related to the wheat hectarage sown in the past years.
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Thesama holds true for soybeans, com, beef enterprise using natural
pasture, and beef enterprise using both summer and winter improved
pastures.
In (14) investment in tractors follows behavioral bounds that
will be discussed in the next chaptor.

Regional Coupling Constraints

The regional supply of some strategic resources for which each
farm size group competes includes off farm mechinery, institutional
credit, and wage labor classified by season. Their entry as a subset
of the components in the RHS vector amd their linkages to the activi-
ties and constraints have been discussed in the inequatioms (5), (6),
(7), (9)y (20), and (11). These coupling comstraints are crucially ase-

sociated with the process of decomposition in the model.

Non-negative Constraints
Of course, all the farm activities follow the usual non-nege~

tivity assumptionss

xa(t) 20}  j=leee29 (15)

Summary

The regional farm activities and the constraint structure dig-
cugsed above can be summarized in Figure 3. The zerow imply that there
exist no input-output relationships between the a&cii'i,..os apd +hair

corresponding constraints,
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CHAPTER IV
RECURSIVE FEEDBACK AND PREIETERMINED VARIABLES

IV.l) Introduction

Economic decisions are encampassed by time., The firms' decisions
on resource allocation normally involve dynamic cheracteristics. Cur-
rent decisions are functionally related to the decisions made in the
past as well as the future expectation of relevant economic variables
such as output and input prices. That is, the firms' actual behavior
is "backward looking" because it involves the interaction between pres-
ent and past outcomes. But its production plems are also "forward look-
ing" because decisions made in the present will affect the future and
because anticipated future conditions will condition present behavior.
Baumol's “period analysis" follows precisely this scheme:l

We can investigate the determination of output of

the firm by considering the plans which are made at the
beginning of each period on the basis of the resultis of

lBaumol presents a working definition of “economic dynamics" as
the study of economic phenomena in relation to preceding and succeeding
events. Based on this definition, Beumol emphasized the operational
importence of "period amalysis'" which enables a construction of a step-
by~-step analysis of economic changes through time rather than contimi-
ous through time, i e., & rate of flow a. a point of time. However, an
empirical analysis of economic variables viewed "infinitesimally" con~
timwous through tim2 is often impossible. As will be discussed later
in this chapter, the recursive feedback belongs within the framework of
Baumol's period caalysis. Therefore, a clear distinction between such
concepts as "ex ante," "ex post," "fiow, " "gtock," and "initial condi-
tions" of the aystem are very important in & recursive model. gFor the
disousaiono on period analysis, see Baumol (1959), pp. 127-156.

54
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the last period asnd the expectations of the future they

glve rise to and by considering the putting into effect

of the plans during the period. What is done during the

period depemds on the output plans made at the beginning,

end these in turn depend on the results of previous pe-

riods.

In view of this, the feedback functions which link on-farm deci=-
sions between two points of time, say t-1 and t (see Figure 2), play a
crucial role in recursive programming models. The most important ele-
ments in the feedback functions include "behavioral bounds" and re-
source augmenting equations resuliing from well-established historical
patterns of farm activities. As such, the bohavioral feedback mecha-
nism, while linking on-farm decisions at two different periods, speci-
fies & limited subset upon which the curremt decisions are based. This
then serves as & preoptimization condition in recursive programming
models. Hence Day points out:2

These constraints specify that in any one year only

2 limited change from the preceding year's production

can be expected. This hypothesis is based on the

conglomerate of forces which lead to caution by farmers

in altering established production patterms. Frimary

among them are wuncertainty of price amd yield expecta~

tions and restriction on the aggregative supply of pro-

duction inputs...

The feedbacks incorporating these "behavioral bounds," are called
behavioral feedback and include (1) flexibility constraints and (2)
adoption constraints. The former deal with the cropping portfolio de=
cisions while the latter deal with adoption behavior pertaining to new

technology and cropping practices.

23ee Day (1961), pp. 110-111l.
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Within the theory of feedback, some components of the RHS re-
source vectors are also generated in each period as a part of the dy-
naxic behavior of the firm. A few examples of resource feedback are:
cash on hand at the beginning of this year is associated with such
factors eas the value of the marketed farm surplus and debt repayment
last year; the quasi-fixed farm capital stock available at the begin-
ning of this year is associated with the quasi-fixed farm capital stock
at the beginning of last year, new investment during last year, and
depreciation. Of course, these subsets of BHS resources are function=-
ally rrlated through behavioral feedbacks, because working cash availe
able at the beginning of tuis year due to the marketed crop surplus is
an outcome of last year's cropping portfolio decisions. However, for
the sake of clarity feedbacks of this nature are called '"resource feed-
back, "

The next section discusses behavioral feedback considered in this
study; in section 3, resource feedback is presented; in section 4, pre-
determined variables in the model are discussed; the last section con=-
cludes with a derivation of flexibility and adoption coefficients and

predetermined variables used in the model.
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IV.2) Behavioral FPeedback

Flexibility Constraints
For the purpose of illustirating the flexibility constraints, con-

sider the following model of agricultural land utilization used by

Hondersomz’
M;.xn (t) = lel(t) + zzxa(t) + veee + znxn(t) (16)
subject to
) B D (1 +75,) *(¢=1)
xa(t) A T ¢! +§2) 12*(1;-1) (17)
R xn(t)_<._ (1 +8,) X *(t-1)
K(E) oo oo <~(1=8) X *(t-1)
X (8) oo e e eeen s <=(1-8)) X, *(t=1) (18)

. X n(t)_<'_-(1 ~8 ) X *(t-1)

Wheres xl,...,xn t acreages of n different crops, respectively.
Zl, .oo,zn : net profits associated with JL.L,...Kn.

xl*,...xn* : actual acreages planted for n different
crops.

Ei & .@.1 are called the upper and lower flexibility co=-
efficient, respectively.

30 Henderson (1959), p. 245.
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This simple dynemic system asserts that the acreage of the ith
erop at t camot exceed the actual acreage for t-1 plus some positive
pr'éportion if it determined by the upper flexibility coefficient Ei .
This is where the third goal in the lexicographic ordering of utility
functions, nemely a metric defining the distence of a &iven choice from
a set of safe-enough choices, is considered. This constrained feasi-
bility region covers, in a simple and myopic way, 'mpleasant contin=
gencies other than those covered by the subsistence goal and is meant
to represent a strategy to protect the farmer against uncertain but
highly demaging feedback effects of extreme departures from previously
experienced and succesgful behavicral pattems."4 Thus, farmers like
other decision makers are reluctant to make changes in their tradition-
al cropping patterms in response to changes in their environment unless
these changes persist over time.

Since the behavioral bounds are expressed in terms of & "

and also the predictive accuracy of the model hinges on them, the es~

andg

timation teclmique employed to obtain the flexibility coefficients is

very important. Recently, Miller succintly summarized the ten

4See Day end Singh (1971), p. 8.

The constrsined feasibility region based on historical cropping
pattem leads us to regard on-farm recursive decision system as
"dynmamical end historicel system" smong his sixfold clageification of
dynemic systems by Samuelson. (For the classification of dynemic syg-
tems, see Samuelson (1947), pp. 315-317.)
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alternative estimation procedures of the flexibility coefficients as

followss

1.

2.

3e

4.

De

6.

Te

informed judgement whireby people who are familiar with the
situation estimate the maximm changes that may be expected;
flexibility coefficients estimated as averages (means) of
positive and negative percentage changes in the past;
flexibility coefficients described by method (2) plus (minus)
the standard deviation of the respective increasing (de-
creasing) percentages;

flexibility coefficients defined as the maximum of historical
percentage changes;

estimation of flexibility coefficients by the simple least

square model,
£ =

estimation of flexibility coefficients by more general least

t-1

square models, in gemeral

xt =8 + mt-l + C]_Z:L tecsssct szp

where zl...zp are explanatory variables other than the
acreage variable, i.e., xt_l;
least squares estimates of flexibility coefficients adjusted

by stondard errors. These standard errors may be either (a)

5800 Miller (1972), pe 65« Miller reviews those altemative es-
timation methods of flexibility constraints in order to compare their
predictive parformance.
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the stendard error of the regression coefficient b, or (b)
standard error of the estimate of xt;
8. use of a single least square equation to derive both bounds.
In this case, a least square point estimate plus and minus
gsome function of the standard error serves as upper and lower
bounds. This procedure defines the allowable range around a
forecest of year t rather than around the actual t-1 value}
9., enalysis of the discrepancy between the optimum and the
actual response;
10. basing the flexibility restraints on their shadow prices.
Following method (4), the flexibility coefficients for wheat,
soybeans, corn, end beef enterprises using naturel pasture are derived
for this study.6 They are presented in Appendix B. The estimated
flexibility coefficients are incorporated in the model in the context

of the equations of (17) and (18).

Adoption Constraints

Adoption constraints place upper limits on the investments in new
technologies (e.g. tractor) to reflect the fact that farmers are un-
willing to completely switch over from "old" technology to "new" tech-
nology although invesimenis in a new technology are profitable. ILike
flexibility comstiaints, the adoption constraints result from risk
aversion attitudes and learning behavior on the part of farmers. An

immovative produciion method which is highly profitable might be placed

6This is the method that Day end 8 have already used for
their models. See Day (1963a), end S8ingh (1971a).
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in the fremework of adoption constraint considering the fact that & new
innovation has to go through a time-consuming diffusion process. For
example, one would expect the adoption of new improved pasture systems
for beel production to follow such an adaptive path over time,

The adoption process involves two phases; (1) the adoption phase,
énd (2) the ad Justment pha.se.7 The path of investment in capital goods
follows the familiar "S" ghaped curve which follows the minimim rate of
either ths adoption or the adjustment phases. Investments in quasgi-
fixed inputs such as tractors and combines, grow slowly at first, but
more rapidly later as diffusion and leamming proceeds so that the

adoption phase is appraximated by en exponential equation:

Kj(t) =(1+p)8 Kj(t-n); 0<p<1 (19)
where K 3 (t) is the mmber of wnits of the jth investment good in use in

ty p is the rate of growth during the adoption phase, and n is the
mmber of years elapsed.

In the second phase investments in capital goods are dominated by
an adjustment process based on the hypothesis that capacity is adjusted
towards the long run desired cupacity of the capital good in question.
Singh defines the long run desired capacity for investment in any capie
tal goods in agriculture as "that capacity which will allow all of the

7’1‘hese two phases have been analyzed and empirically tested by
Day (1963a), Tsao (1966), Tabb (1967) and Singh (1971a) in studies of
invesiment behavior in various induetries using recursive programming
technique.
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tut under considaration to be parformed by the new operation. 8 Baged
on thio definition, the adjustment phase in the jth investment yo00d is

specified in the following equation:

IJ(t) o (Ej(t) - Ky(t-1)); O<a<d (20)

whare fj(t) io i~ long run deoired capacity of the jth investment good
viewed a: t; }:J(z-l) is its capacity utilized at t~1, thnt is, equal to
the capucity ovaliable at t-1 according to the capacity exhausiion hy=
pothesis in investment theory; . is A constant; ond Ij(t) i3 the new
investment in the jth good at t., bBquation (20) asserts that as the
ofpacity availablo a% t-1 approaches the long run desired capacity the
iaveswtmant in cnpital roods tenud to aslow dowa. Substituting

x,(g,) © xJ(-.) - i:J(L-l), i.0., dufinition of investment, into the ad-

Justment phase equation, one obtlains

K .(2) sCEJ(t) - }:J(t-l.))+ ):J(t-l); Oa<1 (a)

Bzmcion (21) etates that the current capacity of the jth investment
go0d ie c.nstrained by oome proportion of the diffeorence between its
long fun desired capacity and ita previous year's available capacity,
plus the p.evious yeCr's capacity itself. therefore, oncs Kj(t) is

estimated (here © . be & previous year so that t-1 is also adjusted

ageordingly), one can imzedintely solve for uninown . which is called

8500 Singh (1971a), p. 217
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the adjustment coefficient and is associated with that phase. Come
bining both the adoption and adjustment equation and following tne
hypotheseis that the capaclty of the jth investment good at t must be
less than or equal to the minimum of the( two phase equations, one can

specify

(1 +0)° X, (t-n)
Kyt < Bin ) a® (1) Sk (+-0)) 4 x J(6-1) (22)

8ince net investment in the jth good ie defined as the difference

in total capacity of the jth good over two periods, one can write

Ia(") = xj(t) - xj(t-l) (23)

On substitution of (23) into (22), equation (22) can be written

in terms of investmant activity of the jth good as follows:

oxj(t-l)

 (B(8) - K, (5-1)) o

1, (t) < min
Bquation (24) cpecifies the "S" shaped time path of an investment ac-
tivity as illustraeted in Figure 4.

The adoption constraints on new agricultural practices such as
a highly productive beef enterprise using a combination of swummer and
winter improved pasture systems in case of the wheat region in thias
gtudy can be treeted in the same way as the time path of investment

activity.
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A long Tun desired

Adoption / capacity level
‘Stock of Fhase —/
an In-
vestment
Good Adjustment Phese

A 4

Time

PIGURE 4. THE TIME PATH OF AN INVESTMENT ACTIVITY

IV.3) Resource Feedback

This subset of the recursive feedback is also an outcome of the
behavioral feedback discussed above. However, this set is separated
in order to show explicitly the computational procedures involved.
Peedback associated with quasi-fixed and variable resources belong to

this category.

Quasi-fixed Resources

Quasi~-fixed resocurces on the farm-firm in the model include land
and capacities of draft enimals, tractors end combines. It is assumed
that the total hectares of cultivable lend in the wheat region is fixed
through time. But the capacities of draft animals, tractors and com-
bines are formulated with recursive feedback as followss

1. Draft Animal Hourss

Iraft animal hours available at t (DANH(t)) is last yéar's avail-
able capacity less depreciation on & straight line basis, plus
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draft animal hours augmented by investment in animal units at tel
(IVDA¥(t=1)) emnd hence one cen write

DANH(t) = (1 = 1) DANH(t~1) + 5IVDA*(t-1) (25)

where ) : an annual linear depreciation coefficient; <A<l

§ ¢ a conversion coefficient of animal unit to serviceable
hours

** 3 primal solution (exemte planning value) of the model.
2. Tractor Hours:

Similerly, tractor capacity hours available at t (TRH(t)) is:
TRH(t) = (1 =n) TRH(t-1) + 6 IVTR*(t=l);  O<n<l (26)

vhere N is an anmmal linear depreciation coefficient for tractor use
end 6 is a conversion coefficient of a tractor wnit to serviceable
hours.

Combine capacity hours at t (CBH(t)) follows the seme equation
tut its solution is always assumed to be & scalar multiple of TiH(t),
since it is assumed that for each tractor purchased a certain mmber of

combines "re also purchased, 50 their ratio remains constent.

Variable Hesources

Variable resources for a farm-firm include total labor hours,
fodder requirements for working draft animals, wage labor hours, work-
ing cash available at the begimning of the year, and limitation of

oredit availability.
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3. Total Laboxr Hourss
Total labor hours available during the jth season at t (TLH‘_‘(t))
are equal to family labor hours for the jth season (FLj) in the pre=
vious period plus increments through the regional growth in the farm
population (at an ahmual rate, ¢ ) plus wage labor hours added by labor

hiring activity (HLJ)' in the current period.

TLHJ(t) =(2+¢) FLJ(t-l) + }mj(t) (27)

4, Vage Labor Hourss:

Wage labor hours available during the jth season of the cur-
rent period (HIAJ(t)) increase from last year's level by tus rate of
farm population growth (¢) and by a proportion (§) of last year's labor

hiring activity for the jth season (mg(t-l)); thus

HI;AJ(t) = (21 +9¢) H.Mj(t-l) + crmg(t-l) (28)

5, Fodder Requirements for Draft Animalss

Vorking draft emimeis on the farm must be fed to maintain them as
a power source. For simplicity it is assumed that animals are grazed
on improvad pasture systems. The hectarege of improved sumer pasture
reserved for animal fodder (SP(t)) equals the hectarage reserved last
year minus hectarage accounting for animal displacement by depreciation
plus hectarage for newly puichaeed draft enimals (IVDA*(t)); thus

8P(t) = (1 =Y ) SP(t=1) +0 IVDA*(t) (29)
where Y is a depreciation coefficient and ¢ is a conversion factor of

enimal units to fodder pasture. The feedback of the winter improved
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pasture reserved for animal foider follows the same functional form as
in (28).

6. Voridng Cash Availability:

At the beginning of the year the amownt of cash available
(WeA($)) to a famm-firm is the value of last year's total farm output
mimus last year's intermal retained consumption and living expenditures,
minus repayment of last year's debt with accrued interest, and plus any

bank: deposits (SAV) made last year with accrued interest.

WeA(t) = (1 - v) IR Si(t) -1+ rb) BORR* (t-1) +
1+ rs) SAV¥* (t-1) (30)

Yhere: Y : a coefficient accounting for intermal consumption
of food grains and living expenditure. y 's differ
according to fam size

market price per kilogram of the ith crop
8.3 total kilogrems of the ith crop harvested

t interest rate on working capital borrowed (15 per-
cent)
r ¢ interest rate available on bank deposits (6 percent)
The v in equation (30) is the operational counterpart that ac-
counts for the retained domestic consumption that was the first goal of
the lexicographic utility functions discussed in Chapter III. In ad-

dition this capiial can be avgmented by current borrowing (BOKR*).



7. Regional Credit Availabilitys

Short term credit availability at t (CRED(t)) has an upper limit
defined by a proportion (e) of total regional farm gross revenue last
year; thuss

CRED(t) = 0 )iPiSi(t-l) (31)

Where ¢ is the credit availability parameter which is one of the
most important policy variables in the regicn, and both Pi and Si are
defined in equation (30). Since CRED(t) is a regicnal coupling con-
straint, the three different farm size groups compete for its use.
During the second half of the last decade. the Brazilian banking agemcy
has loaned agricultural credit up to 60 percent of the expected farm
gross revenue at t provided that the loans are used to purchase modem
commercial inputs, and paid back with the principal plus carrying
charges at + + 1.]'0 In order to conform with this institutional regu-
lation, the model tekes 60 percent of the realized farm gross revenue

at t-1 as a proxy (9 = 0.6).

IV.4) Predetermined Variables

Both the behavioral feedback and the resource feedback discussed
above have dealt with the RHS vector of the model Another set of feed-
backs is associeted with the other two components of the model, namely
the obJective function and the input-output matrix, Covering the

lomer {1971), Pe 69,
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fourth goal of the lexicographic oxrdering of utility functions, the ob-
Jective function coefficients take Account of the market prices of oute
puts and inputs in order to derive a short nm net profit function ex-
pressed in equation (1) of Chapter IITI. Sequential changes through
time in the working capital row in the input-output matrix are also
treated in a feedback mechanism.

In this study most of output and input prices are controlled
viriables as discussed in Chapter II. Hence time series of input-out-
put prices are treated in the model as exogeneous to the system without
attempting in a distributed lag form to develop an endogenous fore-
casting feedback as suggested by qu.ll Since most of output prices in
the wheat region for this study have been ammounced prior to crop
planting seasons with an assured cfficial purchaser at that price,
farmers receive price information with perfect knowledge. The domestic
historical prices of inputs and outputs during 1960-1970 used in the
model are presented in Appendix B. Appendix B also includes dariva~
tions of flexibility and adoption coefficients used in the model.

nli‘or example, an output price can be treated in a linear inverse
demend function rormulated in an adaptive distributed lag form under
perfectly competitive market asmumption. (See Day end Tinney (1967).)
In order to examine the impacts of price distortion due to this
unique pricing poliecy, another set of output pricus, intermational mar-
ket prices instead of domestic historical prices, cen be easily in-
corporated in the model as a set of exogenous data.



CHAPTER V
THE IECOMPOSITION PRINCIPLE BY PARM SIZE

V.1) Introduction

In Chapters III and IV, the microeconomic dynamics of a farm firm
have been fully discussed for a single farm with a recursive decision
gsystem fremework. A natural question to be raised next is how to ag-
gregate on-farm decisions, i.e., aggregate micro-level decisions to a
regional farm-sector level. The theory of aggregation required to go
from the micro-level to a regional aggregate is too complex to be dealt
with here in detail.

The purposes of this chapter are (1) to review briefly the con=
ditions for regional homogeneity used by the three regional models;

Day (1963a), Heidlmes (1966), and Singh (1971a)" and propose an alter-
native aggregation technique which employs a decomposition principle
in linear progremming, (2) to discuss the implications of utilizing the

decomposi ;ion principle in economic snalysis, and finally (3) to

lEeg:Lonal homogeriety refers to uniform characteristics of eco-
nomic structure end physical environment prevailing in the region.
This condition is a common denominator in the Mississippi Delta model,
the North German Farm Growth model, the Punjab model. One important
factor defining economic characteristics ie farm size, a concept which
wag defined in Chapter I. Farm size decomposition in this study refers
to a stratificction of regional farms by a land hectarage category, in
order to group them separately.

70
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present a descriptive model swmary. Finally the model components in
connection with a farm size decomposition, for the initial year 1960

(initial conditions) by farm size, are presented in Appendix C.

V.2) Conditions of Regional Aggregation

Previous Model Assumptions for
Regional Homogeneity

In order to apply mathematical programming to industrial per-
formence, Day has shown that production decisions for atomistic firms
in an industry can be represented by a single linear programning model
provided that one can observe (1) proportional variations of resources
and behavioral bounds, (2) proportional variation of expected net re-
turn smong all firms, and (3) common technological coefficients.2 Un-
der these conditions, a single linear programming model for the ag-
gregate is equivalent to a direct aggregation of the solutions to a set
of individual firm models. Day's "institutionally" proportional re-
gource vectors and "pecuniously' proportional net returns of atomistic
firma are aggregated to industry level with standard linear unit-sum
weights to obtain optimm solutions for that :Lr.xdustry.3

The aggregation approach to a regional agricultural sector using

the unit-sum weighted average method covering the "atomistic farms" in

2pay (1963b), p. 797 end also Day (1969).

BThis is the case of so-called proportional heterogeneity used
in theorem 2 by Day. For discussions and procf of the existence of
optimal solutions for an industry for this case, see Day (1963b), p.
802, The stendard linear unit-sum weights () i) here refer to

Ai=landl>xi>0fora.ui.
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the region was the basis on which the 'three regional models" referred
to earlier were represented by a single linear programming problem.
Thus, & region, where an individual farm's resource vectors are '"in-
stitutionally" proportional and their short run net return functions
are 'pecuniously" proportional, is aggregatable end allows individual

decision units to be subsumed.

An Alternative Aggregation Technique

If the atomistic firms in an industry, say agriculture, are char-
acterized by substantial differences in resource composition, one might
have a case where a large farm is endowed with a specific resource,
e.g. & tractor, while & small farm is not, and that lead the aggrega~
tion weight of the "tractor resource" for the small farm to zero. If
this is the case, the proportionality assumptions for regiornal aggre-
gation breaks dowm. This is also true when the tecimical coefficients
differ in accordance with a farm size classification. Therefore,
stratification by farm size, if farm size varies substantially in the
region studied, is desirable for regional aggregation. This is pre-
cisely the point where this study departs from the previous models. An
emphasis on farm size as a principle factor in determining a viable
pattern of technological change in a developing agriculture has already
been discussed in Chapter I, Furthermore, it has been pointed out that
farm gize in the wheat region ranges from a small farmm operating 10
hectares to highly mechanized commercial farms with several thousand
heotares (Table 5). This entails substantial differences in cropping
patterns, changing camposition of resource mix, and technologiocal
change.
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Under a single representative farm size aggregation for the re-
&ilon where farm sigze differs significantly, these crucial structural
and behavioral differences are totally subsumed. However, an explicit
treatment of fam size differences at least in a few categories enables
one to scrutinize the important structural and behavioral differenceﬂ.4
In fact, Day has already pointed out that stratification may be useful
by stating that suitable aggregates may be composed by a research
worker for reducing the mumber of linear programming models needed to
describe an atomistic :indwat:ry.5 For this study the "suitable aggre-
gates" result in a methodology that utilizes the decomposition prin-

ciple of linear programming to analyze three different farmm size sube

aggregateg.

V.3) Farm Size Decomposition and Its Economic Implications

Ths Decomposition Princigle for a
large System

In order to discuss the structural fomm of the decomposition

principle and its subsequent economic implications, consider the fol-

lowing heuristic problem in Figure 5.

4In a sense this is & position between two extremes in treating
farm size differences. One extrems position would be individual treat-
ment of all farms in the region. The other extreme position would be
& single representative farm model for the entire region.

2Day (1963b) end also Day (1969).
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FIGURE 5. A HEURISTIC DIECOMPOSITION PROBLEM

This problem has two independent blocks and one coupling con-
straint. This sort of matrix is called an angular structure, i.e.,

one or mcre independent blocks linked by coupling equations.
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angular structural forms are almost always found in truly large prob-

leus, since these commonly arise from a linking of independent units

in either time or space. The Dantzig-Wolfe decomposition principle in

1960 was developed to provide specialized solution algorithms in order
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to gain computational efficiency and reductions in core requirements
for computer msxnory.6

This kind of linear programming structure consists of a set of
almost separable éub—prohlems but linked together by several common
resource constraints. An economic example would be & corporation with
multiple branch plants which might have resources unique to each of the
plants and also, common resources open for competition by all plants.
A branch plant makes decision within its own unique resource con~
straints but its decisions are bounded by overall corporate constraints
of which decentralized decision-making has to take account. Therefore,
the decompomition principle developed as & computational device for a
large system carries important economic implications.,

In this study, the decomposition principle is used not as a com-

putational device in solving a large system, but in order to capture

6For the discussions on the decompoaition pJ.':aniple5 see Dantzig
?

and Wolfe (1961), Dentzig (1963), Baumol and Fabian (1964), Simmonard
(1966), H.ller and Iiebermsn (1967), and Lasdon (1970).

The Dantzig-Wolfe algorithm operates by forming an e uivalent
‘magter prograum," with orly a few more rows than there are coupling
equations in the original problem but with very many more columms.
This progrom is solved by the so called "columm generation" method.
The resulting algnrithm nvolves iteration between & set of indepen~
dent subproblems whose objective functions contain variable para-
meters, and the waster program. The subproblems receive a set of
parameters (simplex multipliers) {'rom the master progrem. They send
their solutions to the master program, which combines these with
previous solutions in an optimal way and computes new prices. These
are again sent to the subproblems, and the iteration proceeds until
en optimality test is passed. Thus, the master program coordinates the
actions of subproblems by setting prices on resources used by these
problems.
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"'the economic implications of tle farm size diffemncee;~7 i ‘These'iﬁpli-'.
_cations revolve around (1) a decentralized decision meking .proce_éé

and, hance, (2) equilibrium rationing of the regional resources.

Agsumptions for tine Farm Size Decomposition ‘
The underlying theory of the decomposition pri.ncipip is w"ell‘

_'lsuj,ted to our regional enalysis with farm size differences. One might
| consider each farm size group as a branch _plant whiéﬂ haa initially
different resource endowments but which are lihkéd tdgether to compete
for scarce regional resources. These regionally scarce resources to
which all farmms have access in the present model include wage labor,
credit, and regional supplies of modern farm machineries. An indi-
ﬂdua.l farm-firm makes decision within the boundary of its own feasi-
bility set (essentially a decentralized decision making process) re-
vised within the limit of additional regional resources. Thus, for
example, production decisions of a group of homogenesous farms are con-
strained by on-farm resources, but financial resources can be augmented
by regional credit agencies. Reglonal resources of this nature are
competed “or by all farms in the region, and actual use by any farm
sige group will depend upon the group's capital productivity, the come

bet:l.t:l.ve demand for the resource by other farm size groups, and

7E‘or discussions of how a large-scale system arises from real

world problems ard existing computer algoritims to solve such a large
system, see Dantzig (1965).

In this study, the computer solutions of the problem is obtained
by putting the angular matrix structure into a single matrix inversion
process instead of solving the three block matrices separately firet
end later coordinating them.



: 77 ‘
institutiohgl fa”ét‘d‘r'a on the supply side. The decomposition principle
allows one to teke ‘account of this. |

In Figure 6, the farm size decomposition structure in the model
is represented by non-empty input-output matrices along the diagonal,
end by mull matrices in the off-diagonal zones bordered ai bottom by
an array of non-empty matrices representing regional resource avail-
ability and competition along with a row at the top of sub-vectors cone
taining the objective functions. Bach sub-vector in the objective

function corresponds to the specific technology matrix of Figure 3

Regional
objective ———» 25(t) + (1) + Zl(t)
function

o 8

My © 0 < B(x)

Input-output
matrix for —» m
each farm 0 ALie) 0 < BY(t)
type 1 1

0 0 Ai;l(t) < B (t)
HRegional o 1 .
coupling ——— | % < B(%)
constraints k3 (t) T;:J (t) Tei(t)

FIGURE 6. BRIEF MOIEL STRUCTURE OF HEGIONAL FARM SIZE IECOMPOSITION

The first row contains the objective functions for small, medium
and large farm types at time period t. The regional objective function
ig the summaticn of the three sub-objective functions. The super-
seripts s, m, 1, end r represent the small, medium, large farm types

and regional binding consirainis, respectively. The subscript §
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’de:rib'.tqs"-"_vth'e -activities, 1 the resource constraints unique to each farm
i type, anfd: k the regional coupling resource constraints. The B vectors
a.re ﬁsbu.rce limitations for each farm type and the limit of regional
mabﬁrépé.

In structuring the model by farm size in the decomposition frame-

y@rkiliustrated in Figure 6, the following assumption; are made:

1. A1l farms belonging to a specific size group have both "in-
stitutionally proportional resource variations and pecun~
iously proportional net returns so that the farms of one
size group are considered homogeneous and aggregatable.a

2. V'The regional objective functions are the summation of the
three separable sub-objective functions attached to the three

farm size groups, reapect:l.vely.9

3+« 7The farmers in each size group have the same degree of inforw
mation and kmowledge on prices of inputs and outputs,
oropping system and technological choices. Therefore, all

£“In this study, three different farm size groups are considerede-
small farus (0-50 hectares), medium farms (51-300 hectares), end large
a‘(.‘e.ms) (300+hectarea). This clagsification was suggested by Rask
1969).

This assumption implies that the farms in the same group have
similar resource endowments and similar net retumrns. Further, the
three farm size groups have identical kinds of resources although the
initiel factor endowments differ substantially for each group. This
is why the mmber of rows for each farm size group is identical (see
Appendix B), The same nolds true for the mumber of activities, i.e.,
columns of the mocel.

9’1‘his implies that net returms in one fam size group does not
depend on thz profits in another group, and the regional net retumms
are weighted sums of individual net returms in the various farm sige
groups.
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farmers, regardless of their farm size, operate with iden-
tical exogeneously given price date end with full knowledge
of altermative technologies.

4. All farm size groups have identical input-output coeffi-
cients except where economies of scale accrue to machina op-

erations on larger i’a.ma.lo

5. All fam size groups compete for the use of regional coupling
resources such as wage labor, regional credit, and modemn
farm powers (e.g., tractors and combines) via the regional
coupling constraints.

Economic lications of the
ze Decomposition

The situation where the three differemt farm size groups are
structured in an angular matrix form is similar to the three branch
plants of a large corporation. One '"farm plant! first mekes initial
decisions unaware of the existence of the other two "farm plants'.

Thus individual plant's optimal decision strategies are made within the
feasibility region constrained by its own unique resource vector. This
is the decentralized decision making process corresponding to solving

a gub-program tied to a specific block matrix.u The iterative

loEconomiea of scale are allowed in the land preparation and hare
vesting tasks specifically. As en example of such economies consider
large farms which have fewer turning points for tractor disking than
ler farms.

ll'l‘he "decentralized decision uaking" holds true only in the
sense that the subprogram proposals ars made first within a block ma-
trix constraint. In case of a linear system, the subprogram proposals
take an extreme point of a convex set. As Lasdon points out, the ex-
treme point proposals by a subsystem (a block matrix in the angular
structure) are further revised through the centiral agency by assigning
optimal weights to subsystem propusale. Therefore, the final optimal
activity levels by the central agency may well be interior to the
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subprogram proposals (temj)dra.ry optimal solutions) are tied togethsr in

a master program' which is constrained by coupling equations. This

iterative process continued for a finite number of cycles (Figure 7)

until an optimality test is passed.

As Dantzig points out, the overall

operation of a large corporation (regional farm plenning) is possible

by the cemtral staff (regional farm memsger) without having full Jmowl-

edge of the techmology matrix of each sub-plant (famm size group).'-L2

Regional faim
planning authority

Submits '"farm plants"
new sub=program pro-
posals in terus of
required scarce re-
glonal 1esources

—

Issues new
prices for
evaluating
scarce re-
glonal
farm re-
gources

If prices stabilize,

determine optimal

nix of new and old
proposals

T
|
|
|

"farm plants" K ___________

L
Determines
allocation
of scarce
reglional
resources
(#) to
each farm
plant

PIGURE 7. A FLOV DIAGHAM OF IECENTRALIZED FAXM DECISION

MAKING USING THE DECOMPOSITION PRINCIPLELS

subsystem constraints.

However, if the subsystem objective were non-

linear, then non-extreme point solutions could be obtained directly so
that a complete dacentralization might be possible (see Lasdon (1970),

pp. 160-163).

12.E‘or discussions on the economics involved in the use of the

(1963), pp. 448-470.

decamsosition pruceas of a large-scale operation system, see Dantzig
63

la'l‘he diagram is adapted from the illusiration used by Dentzig.

See Dentzig (1963), p. 465.
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The subprogram proposals of individual farm size groups interact
with regional resource equations to allocate the scarce regional re-
sources for the intra-farm use. Since the interaction (an iterativo
coordination between the subprogram proposals and the master program)
is made according to optimizing criterion and a "shadow pricing" scheme
of resource evaluation, the decomposition principle indeed serves as a
short-run equilibrium rationing mechaniem necessary to solve the intra~
farm competition for the coupling resource use. Therefore, the decom-

position principle can be used to ration regional resources among the

three farm size groups on a competitive baaia.14

The economic implications of the decomposition principle dis-
cussed above suggest that the principle can be applied as an opera~
tional tool to a farm sector amalysis in a variety of ways. The same
sort of methodology employed in this study can be used in (1) intra-
regional study of agricultural production and investment (e.g., two

ecological zones of agricultural production), (2) intra-sector study,

14s usual, the shadow price of resource i is defined as %—t
(referring to Figure 5, * is the optimal objective function value).
If the first subsystem, i.e., the first block matrix in Figure 5,
chooses an activity, say X;, it contributes a direct net profit CjXj.

It also uses an amowmt, AgjXj;, of the coupling resource Bg, thus deny-
ing the resourcc Bg to the second subsystem, and possibly decreasing

their profit. Therefore, the first subsystem must be made to take this
indirect, but iuportant, contribution to profit into accoint. The
simplest way to do this is to announce a set of shadow prices for the
coupling resourco, and force the subsystems to pay for whatever quan-
tities of the resource they use. By so doing, the subsystems are dis-
couraged to use excessive quantities of Bg. The two subsystems reach

an equilibrium allocation of Bg when the shadow prices of Bg, evaluated

separately for both systems, are equated. This is the way in which a
short-run equilibrium ratio of the coupling resource Bg works.

(Por details, see Lesdon (1970), Chapter 3.)
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: aﬁch.dg'agricultural and non-agricultural sectors, and (3) intra~-coun-
try study of agricultural specialization (e.g., agricultural speciali-
zation by E.E.C. member countries). The coupling ecuations in these
cages may include transportation system, labor movement, macro-demend
and supply functions for agricultural outputs, new agricultural in-
puts, mstitujbionalf credits, etc. |

V.4) . Model Summary

The model is constructed in two steps: (1) develop an on-farm
vecursive programing model for one farm size group, and (2) aggregate
by fam sige to a regional level using the decomposition principle of
linear programming. The model in the first step considers (a) five
farm activity sets incorporating production, consumption, investmzni,
purchasing, and financial decisions with explicit classification of
production activities, by traditional end modern techmnologies, (b) con-
straints for on-farm lend, labor, quasi-fixed capacities, liquidity and
behavioral bounds, and the regional coupling resources, (c) a recursive
feedback which relates last year's optimal decisions to the parameters
of the cuirent problem in a ceuticus and myopic expectation scheme
which tekes account of risk and uncerteinty in crop selection decisions
and adoption of new techmnologies, to the exogenously given policy vari-
ables such as input-output prices and credit availability, and to the
“on-farm fixed resources as the initial conditions for the model. Those
components of the on-farm recursive model are aggregated by the three
farmm gize groups in the second step and set up in an angular matrix

form utilizing the decomposition principle of linear programming. The
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decomposition principle as used allows one to capture the structural
differences of cropping patterns and technological change due to dife
ferent resource endowments and distributional effects of agricultural
growth by different farm size groups.

The model was "estimated" on the "Recursive Decision System
Processor", a computer package program available at the Social Science
Research Institute at the University of \i!:i.sconsfl.n.l5 The entire time
path of decision variables (primal and dual) specified in the model
are generated for the years of 1960-1970 in a sequence of '"rolling
plans" by a single run of the computer processor.

The initial model matrix including estimations of the input-out-
put coefficients by technology and the RHS vector for the beginning

year 1960 are available in Appendix C,

: lSFor the operational discussions of the processor, see Mueller
-(1971'). This processor accommodates problems with matrices of a maxie
‘mum size of 100 x 120. A much larger processor is umder development
at the same institution.
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CABEER V1
'MOIEL RESULTS AND EVALUATION

VI.l) Introduction

The. pu?posés- of this chapter are (l) to present the results and
to expla.m the dynemic path of agriculturel transformation that hes
Mcterized the wheat region between 1960 and 1970, and (2) to exeame
ine the "goodneas of ﬁt" of the model to historical data. The dis-
cussion emphasiges the differential paths of development for different
farm sizes.

Regional quel results for three farm size groups are presented
in five sectionss : (1) régidnal resource use and technological change,
(2) factor productivities, (3) factor proportions, (4) oi'edit use, and
(5) income distribution. The important variables associated with each
aéction are displayed in grephs while the detailed results can be found
in tables under identical headings in Appendix D. The chapter con-

: Qﬁdéa wiih en evaluation of the modéJ. for predicting performance

(during the similation period 1960-1970.

VI.2) Regional Resource Use and Technological Chenge

‘Jend Use and Cropping Patterns

Iand uwse and cropping patterns for the region by farm size and

technology are presented in Tables 11 to 19. Graphs 1 to 6 display

84
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the most important _trensition in the region, 8. shift from the: extensive
‘renge 1ivestock enterprise using ‘natural pasture to intensive orop
fa.ﬁnms ‘and 11ve‘stock'production on the improved pasture (summer end
w.l.nter pasturaa) systems. The most significent change is the increased
whoat hectarage. Even though that the model assumed constent crop
ylields per hectare during the semple period 1960-1970, wheat production
on small, medium, and large faym sige groups increased approximately
6.2y 6.4, and 9.6 fold, respectively. Along with increases in wheat
production, soybeans (both following and independent of wheat) in-
creased but at a slower rate than wheat. Taking adventage of the
doubling cropping practice, soybeans following wheat grew about 4.7,
4.5, end 5.3 times on small, medium, end large farms respectively,
whereas the increases in independent soybeans are far less significemt
(Table 11). Interestingly there was a 1.9 fold predicted increase of
corn on small farms, but a 13 percent decline on medium, and a 43 per-
cent decline on large farms (Teble 11) so that total regional corn
hectarage remained almost constent for the eﬁtire,decade. This tremd
was strongly associated with the lavor requirement for corn harvesting
and the labor scarcity on larger farms.

| In the tramsition Irom livestock to intensiw crop fami.ns the
" inereases in crop production are generally offset by a subatantial de-
cline in naturel pasture which accounted for approximately 90 ‘percent
of total land uge at the begiming of the sample period (Table 19).
The deciine in natursl pasture on the three farm size groups is almost.

a mirror image of the inoreasing wheat hectarage. Small farms show a -
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decline of 21 percent, medium and large farms of 22 percent and 34 per—
cent, respectively, in area devoted to natural pasture. finally, for
improved pasture land (summer and winter pastures), that is regarded as
& crop land due to its imherent similarity o eropping activities, the
model predicts the seme pattern of growth as for soybeans, but at a
slightly faster rate. It should be stressed here that the trends of
improved pasture by farm sige are very similar to those of wheat. Due
to this trend of increasing improved pasture, regional total beef pro-
duction by both natural and improved pasture systems increased 1.2
times during 1960-1970 despite the substantial decline in area of nate
ural pasture land (Graph 7). The total beef production grew about
1.01, 1.17, and 1.30 fold on small, medium, and large farms, respec-
tively.

In spite of the model assumption that the land endowments are
fixed over the decade, increasing total land use reflects an increasing
trend in the double cropping of wh’eai; and soybeans following wheat

(Graph 8).

Farm Technologies

Although the three different farm sizes follow similar trends in
their cropping patterns, their choice of tecimologies reveals a strik-
ing difference (Craphs 12-15). Small fams with relatively ebundant
labor employ only traditional draft animal technologies and at an in-
creaaing rate. On the other hend, large farms with relatively scarce
.labd: utilize exclusively modern tractor-combine teclmologies. Between

" these {wo extremes, the medium sized farms show a mixed pattem, but
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inclined towards the labor-saving modem techmologies. The increase in
theugeof modern faxrm power is dramatic--a 3.5 and 4.2 fold increase
:jii.‘iivf'tvr'aciﬁsor use and a 10,3 and 7.1 £old increase of combine hours on
medimn and large farms, respectively. However, draft animal use in-
éz_ﬁaaed 3¢4 times on small and 1.1 times on medium sized farms. Graph

15 shows various trends of total mecﬁanical power use by farm aize.l

On-~Farm Investments

The investment patterns are implicit in the choice of technole
qgiee. There is a marked upward trend in kross new investments for ‘
draft animals on small farms, with roughly a 20 fold increase over the
decade, whereas only a slight increase (1.8 times) is evident on medium
farms (Graph 16).2 In contrest to draft animals, gross new investments
in tractors grew by 320 percent on large farms and 200 percent on medi-
um farms during the same period (Graph 17). Therefore, there is a
symmetry in the gross investment patterms in traditional and modern

nechanical technology and farm size.

J'It should be pointed out that small farms, although endowed with
gome tractor capacity, adopt exclusively traditional teclmology due to
an abundance of family labor which is assumed to have a zero opportunity
cost compared to the operating cost of modern farm power. The opposite
holds true on large farms. Large farms are also endowed with some
draft animal capacity but this was not used because it requires comple-
mentary labor resources. Since family labor is scarce its opportunity
cost then equels the costs of wage labor, which large farms have to
supplement their labor resources.

2No investment in draft animals occurred on medium farms for 196C
and 1961 because of excessive initial capacity endowments of work ani-
mals estimated for medium farms.
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Farm loyment

The trends in farm employment by farm size (Graphs 9 and 10) are
geared to the differences in the cropping patterms and technological
changss discussed above. The total labor employment (femily plus wage
labor) on small, medium, exnd large farms increased by 314, 114, 123
percent, respectively. Small farms, resorting exclusively to tredi-
tionel tecklmologies, moved toward full employment of available family
labor although only 68 percent of total family labor available was em-
ployed actively by 1970, On large farms, however, with family labor
being fully employed almost a constant volume of wage labor was hired
anmually during 1960-1967 but increased very rapidly for the following
three years /Table 22). In contrast to this, medium farms are situated
on & "break-even’’ margin with full family labor employment since they
have an internal adjustment mechanism not to hire wage labor by ap-
propriately adjusting the technologicel choices between labor-saving
modern farm power and labor-using (relative to the former) draft eni-
mals.3

'fo sumrarize, the long run estimaten show that totel regional

labor use increased more than 2 fold in the decade mainly due to

3The "hreak-even" margin of family labor employment implies
available family labor on medium farms suffices for total labor re=-
quirements over all activities. This suggests that medium farms are
under transition phase between the two techmologies. If the family
labor available ~n medium farms were sufficiently tight, they could
have adopted exclusively the labor-saving modern technclogy. Some
wage labor is hired on medium farms in 1960 (see Table 22), but this
is due to errors in the initial condition of family labor endowments.
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changes in the pattermms of land use from range livestock to doubling
crop farming and improved pasture systems. The increase in regional
labor use was realized greatly by the growth in farm employment on
amall farus although the family labor available on small farms was
substantially underutilized. Some change has also occurred in the
geasonal demand for wage labor with laber scarcity especially on large
farms, and most critically in November when wheat is harvested and lend

prepared for soyheans.

Capital Utilization

The continued transformation from natural pasture to crop land
and the resulting technological change brought about a substantial
growth in the use or both investment and working capital (Graphs 18-
22). Using a weighted index of all inputs at constant 1970 prices,
totel cash outlays on small, medium, and large farms increased sig-
nificently by 178, 183, and 211 percent, respectively, during the de-
cade of the sixties. The total cash outlays include (1) investment
outlays on purchases of non-farm capital goods and (2) the working
capital used for all variable production inputs. The ratio of invest-
ment capital to working capital was around 1 percent on small farms,
roughly 7 percent on medium farms during the entire period, but grew
from 4 percent to 10 percent on large farms between 1961 and 197C (see
Tebles 35 end 36). This suggests that the rate of both capitalization
and hence mechanization is positively correlated with farm size with
large faxrms becoming capitalized at a faster rate. The different rates

of mechsnization and their inverse relationship to employment suggests
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that the extent of the long run substitution of capital for 1abor ie
poaitively correlated wlth farm a:l.ze, not an unexpected result bearlng
in mind differencee in resource endowments.

' One of the most important on-farm outlays is on the use of fez\-
tilizer nutrients (Table 38). Although the model assumes a consta.nt |
1eve_l of per hectare nutrient application independent of the mechanica.l
teehnology employed, mutrients expenses have undergone a tremendoue
mei'eaae for all the farm size groups due to the changing composition
ef.ctwop outputs from extensive livestock to intensive crop faming.

In connection with the technological change accompanying the re-
glonal transformation, capital formation in farm power exhibits an ever -
increasing trend through the decade for all farm size groups (Graph
11)s These quasi-fixed capital stocks grew by 342, 489, and 643 per-
cent on small, medium, and large farms respectively. Their growth is
indeed significant when compared to the growths of other regional re-
sources. As long as the current transition, namely range land to crop
land proceeds, the dramatic growth of capitel in farm power is expected
to continue, and probably at accelerated rates. | |

Using the information on the value of crop and range land from
eanple data, an attempt is made to arrive at an estimate of total
capital 8tock as the value of quasi-fixed farm power stock plds the
velue of land-in-use (fable 26). Although additional components such
as the value of inventory end buildings are omitted, this definition of
capital stock doss provide partial snd useful information on the pro-
cees of cepital fomation by farm eize since land and »quaei-ﬁxed |

capi tal provide the major source of thie formation. Volume of capital |
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sioék' iﬂ""s'eén“*ctd ‘bef«a;nf increasing function of farm. size over the. .dé- |
cade. 1 However, :Lntra'-fa.m trends of capita.l formation are constantly
changing th.rough time, the rates of grovrth being substantially faater
on 1arger farms. For example, the total _capita,l ~stock of- land agdv
power sources grew by 116 percent on small farms, 128percent bﬁ'ﬁ;édium‘w'-;
farms, end 143 percent on large farms bétwqén 1960 and 1970. |

The substential increase of total money cepital including capital
in farm power stocks has been financed partly from on-farm prgfits and
parily from short-term borrowings of institutional credit. The in-
'éréésing dependence on external funding, especially on larger farms, as
the regional transformation proceeds is shown in Graph 22.4 No exter=
nal funding occurred for the region between 1960 and 1962 but the use
of credit accelerated dramatically after that, especially in the late
sixties, growing from 12,6 million Cr.$ in 1963 to 278 million Cr.§ in
1970, Some further aspects of credit use in relation to other factors

are discussed in a later section on credit use by farm size.

YI.3) Factor Productivities

A constant conversion from range livestock to cropping agricul-
ture has generated & substantial growth in the value of“total output;
emong a1l the farm size groups during 1960-1970 (Graph 23). 'J.‘ota.l

output grew on small, medium, and 1arge farms by 169, 177, and 216

4‘I.‘otal credit use is valued at constant 1970 prices. The price
deflator used to eliminate inflationary trends is the Index of Whole-
gale Agricultural Prices in the state of Sao Paulo, ilo Grande do Sul.
Sourcet Conjunturn Economicu, 17, No. 9, 1970, p. 9l.
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percent, respectively, over this period. The concept of factor pro-
ductivitiee here ie defined in an aggregate and average eenee as the
ret;l.o ,cf the value of total net output (total revenue minus total coet)
to‘-lﬁhe amount of the principal outputs: land, labor, and capital at
constant prj.ces. Changes in average net productivity through time for

ima, labor, and cepital are discussed below.

Land Productivity
Average net land productivity, measured as the ratio of total

net revemue to total land use, including double cropped lend, is a de=-
creasing function of farm sizes (Graph 4). In 1960, the lend produc-
tivity on small farms was 125 percent higher than on medium farms which
in tum hed a land productivity about 224 percent greater than on large
farms, However, in 1970, the land productivity on small farms was only
103 percent higher than medium farms that in turn had a land produc-
tivity merely 142 percemt higher than on large farms. Thus as the
agricultural transition has proceeded, the net land productivity gap
among different farm size groups has continually narrowed. }:‘acto'rq
associated with this are the faster rate of transition to crop farming
ch larger farms and their increased use of commercial inputs over time.
Qne ef the crucial features associated with the agricultural de-
velcpment in the wheat region is that an index of land productivity for
all the farm size groups rose substantially over the last decade. Land:
.‘productivity grew 158, 192, a.nd 502 percent on small, medium, and large;

farms, reepectively, between 1960 and 1970,
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fIhBer'Productivitx

| Unlike the trends in net land nroductivity, the index of average
i net labor productivity defined as the ratio of net revenues “to total
llabor hours employed follow different paths through 1960~1970 (Graph
25). Most importantly, the labor productivity on smell farms declined
by 48 percent during the period, while labor productivities on medium
end large farms increased by 176 and 262 percent respectively (Table
',4“2)., Thua labor productivity is an increesing function of farm size.
EThe gap in intra-farm labor productivities continued to grow over time.
%Mbdium end large farms had almost identical levels of the labor produc-
tivity in 1960. This level was more than two times higher than the
‘labor productivity on small farms. However, by 1970 labor productiv-
iﬁy on medium farms was roughly 7.5 times higher than on small farms,
elebor productivity on large farms was more than 10 fold on small farms!

The differences in labor productivity are even greater if one

measures returns to family labor available rather than per hour of
iabor employed, since labor use on large farms exceeds femily labor
_available, while it is less than available femily labor on small farms
,(ieble 25)e A discussion of the effects of changes in the net returns
. %o family lebor available follows in a later section on income distri=-
vbﬁtiOne
Sume factors contributing to the ever-diverging differences in
' 1abor productivity by farm size ares (1) the choice of different tech-
fnologies on the different farm size groups, (2) the intra~farm differ-

encea in labor omployment nsgocinted with the cropping history and
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technological change, and (3) different levels of commercial inputs. .
used waich in twm affact the total net revemies for farms of differ-

ent size.

Capital Productivity
Net capital productivity, defined as the ratio of net revenue to

total ennual cash outlay whgré,net'revenue’is as previouéiy defined and
total annuel cash outlay includes outlays on variable and quasi-fiied‘
inputs, does not follow a uniform growth pattern over farm sizes (Graph,
26)., Capital productivity on small farms declined by 7.6 percent, at
an almost constant rate, over the decade suggesting that the growth
rate in net output is slightly less than that of capital used on small
fams during the sample period (Table 43). MNedium farms also showed a
declining trend, with minor fluctuations except for the initial years
(again a problem caused by the initial ccaditions), with a reduction of
11 percent in capital productivity between 1961 and 1970. Large farus,
however, show an upward trend in capital productivity to the mid-
sixties, but a declining path in the 1ate'sixties.5 Yet the index in
1970 wﬁs 114 percent higher than that in 1961. The decreasing trend
'of.capital productivity in the late sixties is likely to continue as
thefregion approaches capital satiation with capital outlays growing

féster then output.

5'l‘he capital productivity on large farms is slightly underesti-
mated because the total cash outlays defined for the denominator of the
productivity index includes cash expenses on wage labors. However, the.
proportion accrued to wage labor is not signitficant.
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In contrast to the intra:-i’am comparieon of the labor. productiv- :

{4y, 'the net capital productivity is a decreaeing function of fa.rm eize

through time. Small farms' capital productivity was generally 125 to
i140 percent greater than on medium farms whioh in turn wa.s 3 fold l
"’greater than on large farms. This subetantia.lly lower level o:f;‘ the "il _i
-capital productivity on large farms relative to either ema.ll or medium
fi’arme is closely associated with (1) a unique inveetment pattern for
'mode_rn farm power only on large farms and (2) accelerated use of a com-
mercial input mix over time. Both factors lead to greater total cash
:outleys on large farms then on the other farms. But the higher total
cash outlays were not accompanied by the correspondingly higher level
of net output on large farms;. thue a’ relatively low capital prouuotiv-

,ity resulted.

VI .4). Factor Proportions
‘One of the basic features of the model formulation is the differ-

Afencee in factor endowment among farms of different sizes initially and
over time. These differences in factor endowments are accentuated and
reeult in differences in factor proportions through time. Most of the
" discueeions of factor proportions are presented below only on the per
1hecte.re basis. However, a series of tables showing the dynamics of
;.varioue factor/labor ratios are contained in Appendix D. |

| The differences in labor/land ratios by farm size e.re evident in
"Graph 27, with small farms showing an upward trend while medium and
_lerge farme exhibit a constant ratio over time. The labor hours em-

ployed per heotare is a etriotly deoreaeing function of fa.rm eize.
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Combine with the d,ynamic path of the labor/la.nd ratios are. the

;trends in both the draft animal/land (Graph 28):and tractor/land (Graph~
;29) ratios. These establish a complementarity between human' labor and
dra.ft animal power on smell farms and & substitutability between labor .
‘a.nd ‘mechenical power on other famvs‘. vaiously, the significantly in-
creasing trend of labor per hectare on small farms is associated with
a similar trend in draft animals per hectare as they use labor-inten-
sive traditional techmology. However, increasing labor requirements
per hectare on medium farms with relative labor scarcity brings about
an ever-increasing use of relatively labor-saving tractor technologies,
thus displacing labor in the long run. The same holds true for large
farms in a mich stronger way, primarily because large farms have an
‘ew:ren greater labor scarcity and do not employ draft animal technologies
'vbeca.use of their complementary labor requirements.

e The degree of capitalization accompanying the regional tra.nsfor-
A‘n:iyz;.tion .are manifested in Graphs 31-33. Between 1960 and 1970, per ‘hec-
tare total cash outl_ays grew by 170-180 percent on all the farm size
‘grpt.ps (Table 51). However, per hectare cash expenditures on large
farms are roughly 1.7 times higher than on medium farms over time which
in turn are about 1.2 ¢imes greater than on small farms over the seaue
_period. o

As total cesh outlays are broken down into investment and working
cap‘it_al, per heciare total cash outlays are decomposed in the same way.
‘For both components greater capitgl use per hectare is associéted withy
.a.n increase in farm size, and these differences increase over time

"(Graphs 31 end 32).
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Some caution is required in interpreting total outlays on nu-
Vtrient‘svper vhectare as a princiﬁal component of totel working capital
‘(Graph 33). The upward sloping trends on all the farm size groups do
not imply an increased application of nutrients on crop land. It
merely reflects the reduction in natural pasture land which received
no fertilizer and an increa@se in crop land that uses larger amounts of
nutrients per hectare. This is the reason why nutrient use per hectare
grows the fastest on large farms reflecting their faster rate of tran-

gition to wheat crop land use.

VI.5) Credit Use

1t has already been emphasized (section VI.2) that the regional
demand for debt has undergone & remarkable growth. The mportax;ce oT
the role that credit has played during the tramsition period is most
convincingly displayed in Graphs 35 and 36.

Considering the important facilitating function of the working
cash constraint in the model, the entire spectrum of the dynamic patns
of transition would have presented an entirely diifferent picture with-
out the increased availability of credit to finance farm operations,
especially after the wheat pricing and credit subsidy programs ceme
into effect in 1963-1964. Borrowing as a percentage of total outlays
increaged from 0-5 percent in 1963 to 28-34 percent in 1966 for all the
farms in the region but declined to zero borrowing on small farms, 18
percent on medium farms, and 28 percent on large farms in 1968. irom

1968 the percentages of the borrowed money accelerated to a very high
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69 percent on large fams and 50 percent on mediun farms by 1970. ;
Sma.ll farms, however, show a very small increase to 13 percent by 1970.

The credit/labor end credit/land ratios present dynamic trends
similar to the total credit use as a percentage of total cash outlays,
but adjusted slightly according to the trends of labor employment and
double cropped land (Graphs 37 and 38). Since the increasing pattemn
of regional labor employment was mainly due to the activation of '"sur-
plus" femily labor available on small farms, the time path of credit/
labor ratio on small farms crawls along the horizontal axis at a zero
level. Labor employment on all the farm size groups together with
their unique patterns on technological choice further intensified
widening gaps of credit use per labor hour between famm size zroups.
0f course, the ratio of credit/labor on larger farms is substantially
higher than on smaller farms in the entire 1963-1970 period.

Unlike the ratio of eredit/labor, the intra-famm paths of credit
use per hectare show & somewhat different picture (Graph 38). There
exist substantial differences on all farms in credit use per hectare
in 1963-1967, but the intra-farm differences became further reinforced
during the last three years of the decade. Credit use per hectare on
large farms in 1970 is more thamn 20 fold greater then on small farms
while 10 times higher than on nedium farms. This increased dependence
on credit to finance farm operations on medium and large farms is di-
rectly related to the credit policies which have enabled the purchase
of both variable and quasi-fixed inputs with créﬁit at nouinal rates of
interest {ar below the on-poing rate of 1nf1uLlon, nd o credit rule

that ullocutes cupital not due to lis productivity but due to
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requirements expressed as a function of the volume of market sales.
Thus small farms with higher capital productivity end up with a smaller

share of credit than large farms with a higher volume of gross sales.

VI.6) Income Distribution

The discussion that follows is centered around two broad income
concepts. They are (1) farm incomes which are estimated on & gross or
net basis by dividing the aggregate gross or net incomes of the size
group by the number of farms in that farm size group and (2) retums
to available femily labor that are estimated by dividing the aggregate
gross and net incomes by total family labor available. The mmber of
farms is estimated exogenously, whereas the total family labor availe
able is endogenously generated in the model. The data on the number
of farms are presented in Appendix B,

Accompanied by the rapidly changing economic history in the wheat
region is a substantial growth in the regional agricultural output
desoribed in a previous section. The dramatic growth in total output
is distributed most unevenly over different farm size groups (Grapha
39 and 40). Both gross and net farm incomes on small farms remained
almost constent in the decade, the former at approximately Cr.3l,600 and
the latter at about Cr.$1,000. Those on medium farms have grown at a
slow but steady rate but are at least 8 fold greater than on small farms
through the years. Most disturbing is the growth of incomes on large
farms, with gross farm income increasing by 141 percent end net farm
income by 212 percent betweon 1960~1970. Gross and net famm incomes,

respeclively, on large farms are 3.4 and 1.5 rolds greater than on
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‘medium fa.rms in 1960.. However, by 1970 gross farm incomes on la.rge

fa.msq are 4.2 times ‘higher than on medium farm whereas net farm incomes
are 2.4 ‘times greater then on medium farms. This suggests that in- L
:equalities in farm incomes have substentially increased over t.’une.
Looking at the income distribution in terms of gross and net re-
tums to available family labor per hour during (1960-1970) es ah‘ovm%ﬁ‘
'vi_.n Graphs 41 and 42, the diverging income inequalities are further ine
"'pensified mainly due to & surplus of family labor on small farms and
deduction of hired labor from total labor employment on large farms to
arrive at their available family labor. The inequalities of gross re-
tuma to available family labor per hour between small and large far.;ms
grew, expregssed in returns to labor on large farms as a multiple of
that on small farms from 44.5 fold in 1960 to 57 fold in 1970. The
inequalities, on the net return basis, between small and large farms
increased from 15 fold in 1960 to 29 fold in 1970. ‘the same sort of
comparison between medium and large farms would show a diverging trend
of income distribution but at a substantially lower rate than between

small and large farms,

VI.7) Model Evaluation

The purpose of this section is to evaluate how "good" the model
is in similating the quantitative economic history of the wheat region
during 1960-1970. Once the simulation model has been estimated for a
historical time period, the model solutions should be compared with

\thielhiyatori‘cal observations in order to test the "goodness of £it" of . -
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the:model. ' Recently, as systems models have become a new tool for eco=
nomic' enalysis, increasing attention is being given to verification
and-validation of specific simulation mrodele’v.6

lﬁ'general, the systems ﬁodele are construoted with a view to
‘evaluating the effects of alternative economic policy programe. '.E'here-
‘fore, a prerequisite for both the interpretations of the model resulte
and 1its policy implications under different model parametere ie the |
model'e ability to predict the behavior of the actual economic systenm,

In this section, we review briefly various evaluation methods of
a<BMatioa model end discuss the predictive performance of the model
of'tﬁis‘study.with the help of graphical display of both observed and
pz,'fe(_,i.ioted time paths of some major endogenous variables in the model
and oy .oompazeing the model results with related evidence found in a
series of studies that provide auxiliary information.

A Review of the Alternative
Evaluation Methods

In order to test the degree to which the aystéﬁa'mbdel solutions
conform to observed historical‘ d_ata, Naylor suggests two altezhatiire
verifications-~'"historical verification" and "verification by forecaet-
ing nl The former is concermed with retrOSpective predictions, that

ie, expost simulations over the sample period, while the latter is

6A few works related to the groblem of the verification of simue

lation models include Naylor (1970), Ven Horn (1971), Johnson and
Reusser (1972), vay and Singh (197l  and Miller (1971). The last two
focus on recursive programming models.

Tyeylor (1970), p. 263.
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concemed with prospective predictions, that is exante simulations be-
‘k&bﬁ&i£hg?§?ﬁbié;ﬁ§%i§d;:iLimifingkdﬁfselvés to the historical verifi-
'cgtién;;éévéfélvspééifié méﬁSﬁrés“énd techniques have been suggeated',
for teéting the "goodness ofbfit" of simulation results, i.e., the de-
gree of conforaity of simulated series to observed data., Some of these
measures for a given systems model have been discussed recently while
leaving aside the difficult questions of validating and comparing al-

ternative systems modela.8

For example, using the criteria groups classified by Johnson and
Reusser, Day and Singh applied the following methods to evaluate the
Punjab model:9

a, The Regression Method

b. Theil's Inequality Coefficient

BAa Johnson and Rousser points out, the question ot validating
alternative system models revolves around which model representation
is the best in explaining the sample data. Beyond economic theories
involved in specifying the alternative systems models, they argue that
the question of ranking alternative system models in terms of their
predictive power is difficult since some model representatives Ay per-
form well on the basis of one or more criteria but poorly on the basis
of other criteria. In general, the validity of any particular model
represeniation will increase with the number of positive results reg-
istered when the selected criteria are applied. Johnson and Hausser
classify evaluation criteria into four groups for investigating both
the explanatory and forecasting power of systems modela--?a) point
criteria, (b) tracking criteria, (c) error criteria, (d) spectral cri-
teria. I'or the detailed discussions on tliose criteria, see Johnson
and Rausser (1972), ppe 5-7.

Jey end Singh (1971), pp. 34-51.

The regression method explains the absolute levels of a histor-
ical (observed) series by regressing each observed series on the cor-
responding model servies under the acsumption that the observed series
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¢i Theil's Informaticn Statistics
a. ‘i&;aﬁﬁiqng of Change
e Correct Turning Point
'Fdrjthé éfgluation of thefsimglatiqn result of g;rgcgryqu‘gro-
‘gramming model, ideally ona'ﬁbuld_heéd§ ﬁai§ﬁ1§§'d;£§:séfi§§foflﬁbdei-
jbfééigigaivéiﬁésian&.théirbcorféépdnding‘hiétofiéalfvalueh‘fdr the en-

ﬁtirézsét of variables in the model.'C As evidéntyinlthesmeasurébie

contains a systematic part represented vy the model and a random error
end testing the null hypotheses of regression coefficients.

Theil's "inequality coefficient" is expressed in terms of the

Y
"O" statistic where U is defined as U° = E(Pi~Ad)" wore (pi, a4)
L Al
stands for a pair of predicted and observed changes. (For discussions

on U%, see Theil (1966), pp. 28.)

The discussions and derivation of the Theil's information sta-
tistic is somewhat lengthy and hence the reader is referred to Theil
(1966), pp. 256-282.

The discussions on both "directions of change" and "correct
turming point" are associated with the concept of the information
statistic. Both deal with a qualitative performance of the model.
The reader is referred to ey and Singh (1971) for a brief discussion.

loAs an important point in evaluating the predictive performence

of the recursive programming models, Miller emphasizes the effects of
alternative estimation procedures in deriving flexibility constraints
discussed in Chapter IV. Since year-to-year changes in crop hectarages
are bounded by the flexibility constraints, the predictive accuracy of
recursive programming models rests on the estimation procedure of flex-
ibility bounds. This is particularly true if the model solutions are
hitting either upner or lower bounds continuously. Miller points out
that the particular magnitude of the flexibility coefficients has a
two-way effect on the total expected error of the model through (1)
changes in the bias of the particular bound, and in some instances
through (2) changes in the amount of free play the recursive program-
ming model is given, compared with ite ability to choose the correct
bound. Therefore it is highly desirable to choose the best estimntion
procedure of the flexibility conetrainte in order to improve the pre-
diotive power o1 the recursive programming models. (Miller (19723,

PPe 68=74.)
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etatietice introduced above for testing the. predictive powor of a
eimulation model, a sufficient number of obeervatione for a given hie-
torical series is neceeeary to obtain proper degreee of freedom for
statistical inference.

~ Unfortunately, very little data are available for the model eval-
uation'puz'ooees' in this study. Even the available series of observed
data do_ee not cover the entire period of 1960-1970. Due to these data
.limitations, & simple evaluation technique is attempted below, uti-
li‘zing a graphical display of predicted and observed series and ver-
ifying some model results with major findings in other related studies
of agricultural development in Southern Bragil.

Evaluation of Model Simulation Results

In order to evaluate properly the model perfomance in this study,
the historical regional data of & given variable by farm size is de-
sired. However, only regional data on crop hectarages for itio Grande
do Sul end in some cases for the wheat region are available. They are
presented in Graphs 43 and 44 along with corresponding model-predicted
values. It is important to recognize in Graphs 43 and 44 that there
exists a proportional relationship between the time paths of the state-
wise (Rio Grende do Sul) and its sub-regional (wheat region) data.
Baged on this relationship, the available statewise and sub-regional
data can be used to the maximum for an "indirect" evaluation of the
model.

Firet, the predicted time path of the regional wheat hectarage

is- fa.irly cloae to the correeponding hiatorical path for the: yeare i‘
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51962—1969. However, ths model over-predicts slightly for the three
‘fyears 1964, 1965, and 1966 while it undez\-predicts a little for 1969.

Second, the v:l.sual display of both predicted end observed hec-
tarage for soybeans, the former cover:Lng the wheat region and the lat-
ter covering ‘Rio Grande do Sul, suggests that the model performs better
for soybeans than for wheat. Actual historical. data of soybean hec-
tarage in the wheat region are available only for the years 1962, i963,
and 1965 and each of them is paired very accurately with its predicted
counterpart.

Third, the historical data availability of corn hectarage are
the same as for soybeens and are under-predicted by the model. The time
path predicted by the model depicts a situation of '"steady state"
(stegnation) in the growth of corn hectarages. A slight upward trend
is apparent in the three observed data points for the wheat region
while the historical path of the state data shows an increasing trend
With tapering off during the second half of the last decade compared
to wbeat and soybeans.

Fourth, both the rapidly increasing trends for wheat and soybean
hectarages and the stable trend for comm hectarage suggest that the
natural pasture land has undergone a substantially declining trend.
This is so because the model assumes a fixed total hectarage of re~
gional land, and the residue of land after acuounting for the crop land
is attributed to naturel and improved pastures but the proportion of
impmyed pasture is very small (see the initial conditions in Appendix
C). ‘This declining time path of natural pasture pre&cted 'by"the ;no;iei

tr dianlavad on (:rn:nh‘(».
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Although there are not adequate data to make more rigorous tests,
it is ciear that the model ‘captures substantially the regional trends
'ifoz;'the major crops oirei*"the simulation period, 1960-1970.

In Chapter II it was pointed out that the most :meorta.nt re=-
gional crop in this study is wheat. Presented in Graphs 44 and 45 is
the ]historical data on wheat hectarage of Rio Grande do Sul during
.1§62¥1969 clagsified by mechanized and non-mechanized farms and credit
a.nd ﬁbn-credit use areas. The two time paths of mechanized and non-
mechanized wheat hectarages in the wheat region, that are predicted by
fhe model, are superimposed in Graph 44.

| Bearing in mind that the wheat hectarages of o Grande do Su.l
and the wheat region (see the graph for wheat in Graph 43) are. not di-
rectly comparable, the model prediction for mechanized aad non-mech-
enized wheat hectarages captures most convincingly the géheral regional
trend over the years 1962-1969. As shown in Table 11, the increasing
trend of mechenized wheat hectarages is dominated by the large farm
‘size group with much smaller contribution from the medium farm size
group. This predicted trend is verified by the sample farm record
'j.ia.{t;a..:.'l ‘To a substantial extent, the soybea.n and corn pred::.cted values
and their trends are also verified

‘An increased use of credit over time (Graph 45) is ‘also “captured

y model as erident in Tables 60 end 63. A major concentration: of

Wpnak (1969), pe 33.
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GRAPH 44: HISTORICAL WHEAT HECTARAGE OF RIO GRANDE DO SUL AND
PREDICTED WHEAT HECTARAGE OF THE WHEAT REGION BY
MECHANIZATION, SOUTHERN BRAZIL (1960 —1970)

NOTE: The Dataarenot Available for the Missing Historical Observations.
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GRAPH 45: HISTORICAL WHEAT HECTARAGE OF RIO GRANDE DO SUL BY
CREDIT USE, SOUTHERN BRAZIL (1960 — 1970’
NOTE ! The Datasre not Available Zor the Missing Historical Observations.
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‘c;feq;tl_use on larger size farms predicted by the model (lable 63) is
véx‘ifiéd by Rao's agricultural credit study in Southern Bra.zi.l.12

The general picture of both predicted and historical time paths
involving crop hectarages and mechanization in view of traditional
technology and modemn techmology by farm size also sheds lights on in-
vestment patterns. The historical data on larger mechanized farms and
non-mechanized small farms imply that larger farms use modern farm
power, end hence tend to invest in tractors and combines, while small
farms stoy with traditional work animals. This is précisely what the
model captures as shown in Tables 29, 30, 31, 33, and 34.

The intra-farm comparisons of working capital expenses per hec-
tare predicted by the model (Tables 53 and 54) have a strong support
from the sample data for 1965.13 The consistency of mechanization by
farm size between the model prediction and observed data infers that
investment capital expenditures predicted by the model would be sup-
ported by observed data if available.

The labor employment predicted by farm size (Table 23) generally

agrees with the sample data in 1965.]'4 Small farm's family labor is

12000 (1970), p. 149, Some of Rao's findings ares (1) the use
of credit is very limited in traditionsl farming and (2) all farmas,
except large mechanized farms, are facing credit rationing and this
problem is more acute on smaller farms among other types.

13A5 an indication of this support, the sample data shows that
mechenized large crop farms with adequate financing in 1965 have come
mitted roughly $17.00 per hectare for specific crop inputs such as
seed, fertilizer and insecticides whereas small crop farms have omit-
ted only $5.00 per hectare (Rask (1969), p. 80).

Mpnaic (1969), ppe 65-66.
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in surolus subpiyt while'lai'gér farms employ wage labor. The aamnla
aata suggeat that, as farm size increases, there is a eubstantia.l in-
crease in the number of hectares per man equivalent, ranging from about
one hectare of cultivated lend per men equivalent on a small farm to
over 42 hectares of cultivated land per man equivalent on the largest
faims.

With regard to productivity of land by farm size, the model pro=
diction for 1965 (Table 41) confirms in general the findings for the
year 1965 by Rask. He reports that the evidence of diminishing average
returns to the land resource are very evident as farm size increases.
Farms with land equivalents from one to 349 have an average output per
unit of total land operated which is four times that of the farms with
50 or more hectareta.l5

Although the net farm cash receipts per hectare &ecrease very
rapidly as farm size increases, the semple data indicates that net famm
income is positively correlated with famm size.ls This agrees strongly
with the net farm income distribution predicted by the model as shown
in Tables 64 and 65. This condition together with the evidence on the
labor amployment per hectare over farm sizes supports the model results

on the average gross and net returns to available family labor (Tables
66 and 67).

Brvide, pe 63
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Due to limited emounts of historical data the model evaluation is
not as complete as one would like. However, at this point the model

has captured fairly well and consistently the tremsition of agriculture

in this region.



.CHAPTER .VIT

'CONCLUSION

The main objectives of this study were twofold: (1) to develop
&an operational model of regional agrimzltﬁral developuient that incor-
porates the details of interdependence and decision meking in a firme
household, of technology, of the policy environment and of famm size,
and (2) to test the general hypothesis that given similar econouwic op-
portunities and faced with a similar policy environment, differences
in farm size as reflected in differences in relative on-farm resource
endowments, lead to dissimilar dynamic paths of development. To a
large extent this study has succeeded in fulfilling both these objec-
tives.

The first objective was fulfilled by utilizing a recursive pro-
gramming methodology which incorporated the elements of decision-meking,
tecimology and policy choices and which through the use of the decom-
position principle was extended to account for differences in farm size
and resource endowments. The resulting model was able, with reasonable
" accuracy, to capture not only the aggregate path of regional develop-
ment, but also the path for each farmm size. The model enables one to
trace the patterns of resource use, factor productivity, factor pro-
portions and income distribution by farm size, thus unfolding the eco~

nomic history of regional development through time.

1235
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In fulfillment of the second obJective the model predlcted in
.general the path of development which ha.d been lwpotheeized for, not
“only do differences in reeource endowmente lead ‘to different factor
proportions and output mix, but they are crucial to the choice of tech=
noylogy. Thus given similar economic opportunities and faced with a
similar policy environment, farmers meke technological choices, within
1smits of their relative factor scarcities, leading to different rates
of adoption and investment and different paths of development.

In view of the success of the model as an operational tool cap-
able of similating regional development in a dynemic framework, several
conclusions can be drawn concerning (1) the process of agricultural
development in the wheat region of iio Grande do Sul, (2) the role pol-
icies may have played in directing (distorting) this process, and (3)
some conjectures about the future of regional development. ©This chap=-
ter is concluded by suggesting policy applications as well as some
theoretical and operational extensions of this study as an agenda Ilor

future research.

ViI.l) The Dynamics of degional Trensformation

The dynamics of regional development in the vheat region, pre-
dicted by the model for the decade of the sixties revolves around the
continuing transformation from extensive range livestock productiocn on
naturel pasture to intensive crop farming with wheat, soybeans, com
in a double cropping system along with intensive livestock production
on improved pesture systems. This changing patiern of 'lzmd, which ac=

celerated substantially after 1963 when subsidized price and credit -



125
pcu.:.cles came into affect, lends a strong va.lidz.ty to the major con-
cluslona and implications that stem from this study. These can be ‘sim-~
marized ag followe:

1. The accelerated agricultural trensformation has brought about
& substential growth in regional real output between 1960-70. The
growth in real regional output, however, has been wmeven with both
total and net output growing fastest on large farms and slowest on
small farms, Consequently, the share of large farms in both total and
net regional output has increased at the expense of small farms over
the decade.

2. The transformation from extensive livestock to intensive crop
production has not meant a decline in beef productior, since decline in
production on natural pasture has been more than offset by production
on improved pasture systems. Thus, although an increesing amount of
lend is being converted to the production of wheat and soybeans, the
increased conversion to improved (cropped) pasture systems has meant
a moderate increase in livestock production, especially after 1963-64,

3« This increased intensity of land use has entasiled a substan-
tial growth in on-farm regional employment., The growth in employment
has been mainly on smaell farms where underemployment of family labor
has been reduced from 74 to 34 percent over the decade. Only small in-
creases in employnent on medium and large farms was predicted. The
growth in employment on medium and large farms however has been enough
to provide full employment of family labor. ILarge farms provide the
only demand for hired labor, a demand which has remained fairly cong-
tant, declining somewhat between 1960-67 end increasing slightly
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between 1968-70. ; Not only aggregate employment, but labor use per -
hectare on medium and la.rge farms, has 1ncreaaed only very slightly.

‘A nea.rly threefold increaee on sma:l.l farms. accounted for most of the
regionai change.

o 4. The regional transformation to intensive land use has been
acccmpanied by a large bﬁt uneven growth in capital utilization and
capit&'l. stock in the region. Increases in aggregate capital use and
capital stock are positively related to farm size with large farms
showing the greatest increase., The main items of capitalization have
been investments in farm power~-draft animal power on small farms and
mechenical sources of power such as tractors and combines on medium and
large farms--and expenditures on fertilizer nutrients. Although a
large percentage of total outlays is accounted for by nutrients on
small farms, the growth in nutrient use per hectare has been fairly
even for all farms and is related not to increasing nutrient use per
hectare for any given crop but to the steady increase in the crop to
natural pasture ratio.

5. The main component of technological change has been the rapid
adoption of mechanized power which occurred on medium and large farms.
The choice of technology with regard to farm power depends upon relow
tive costs, as well as relative factor endowments. liost tasks are
cheaper to perform with labor intemsive teclmiques provided family
labor, which represented a fixed cost to the farms, is available,
However, if labor has to be hired at the going wage rate, labor-saving
technolegy becomes more efficient and mechanical farm power begins to
displace labor, Thus small farms with en abundance of family labor
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' continue to expand production using 1abor-intensive technology while
medium and large farms, after fully employing family labor, switch to _
labor-saving technology. Femily labor on large farms is go relatively
scarce that even the complementery demand for labor due to the adoption
of labor-saving technoldgy is not met so additional labor is hired. On
medium farms however the rate of adoption of labor-saving technology'
is such that, after satisfying this complementary demand for labor,
enough family labor is left to allow some use of the lower cost labor-
intensive techmology. Thus medium farms, using a mix of technologies
continually show full employment of family labor, hiring no labor, and
switching to labor-saving technology as far as the exogenous con-
straints on their adoption permit. These results are a simplification
because a more detailed breakdown of seasonal labor use (say on a
weelly besis) would likely show critical periods of shortage on medium
farms when they would resort to hiring labor; but, they do emphagize
the critical importance of relative factor proportions for technological
choice. ‘hese proportions, in turn, depend not only upon relative
factor costs but upon relative factor scarcities. As long as this
trensition is in process the investmenis in fam power will continue to
increase and follow a similar pattern of technological change, |

6. The changes in relative factor productivities reflect the
changing relative factor scarcities end the rate of transition. Thus,
land productivities are inversely related to farm size while labor pro-
ductivities are directly related. Both land and labor productivities

have grown on all farms except for labor productivity which has
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declined slowly on emall farms as ‘the demand for lebor has inoressed st
a faster i‘late‘fhﬂah output. SR
7. ‘The trends in capital productivity predicted sugzest that
}cvapita:l. is relatively more productive (because it is relatively more
scarce) resource on small farms then on medium and large farms, Howe
ever, when one compares capital productivity with increases in capital
and credit it is seen that medium and large farms not only have had
greater access to credit but have contimued to increase their depend-
ence on extermal funding. This result suggests very strongly that
there has been a misallocation of scarce capital resources in the re-
glon. Part of this misallocation is related to the greater rate of
transition to crop faming evidenced on larger farms, where demand for
credit increased substentially, but the major cause is to be found in a
credit policy in which access to credit is related not to its produc-
tivity but to requirements. This is the outcome of a credit limit tied
t0 the volume of gross sales rather than to effective rates of retum
t0' capital outlays.

8. The uneven rates of growth of ocutput in the region have in-
creased the problems of income inequalities with a continually ﬁdeMng
gap between large farms end medium and small farms., This unevenness
in intra~farm growth and incomes is all the more alarming if one con-
giders the fact that the future adoption of biological technologies is
likely to increase these disparities, given the growing evidence that
the impact of the "green revolution package" (new seeds, fertilizers

and water) tends to favor larger farms, vis-a-vis smaller farms.
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VII.2) Some Policy Considerstions
Ior the Wheat Region

Although further research is necessary to separate and establish
the direct and indirect impact of major policies upon regional develop-
ment during the period of the study, some tentative conclusions can be
drawn.

l. The wheat price subsidy program coupled with the availability
of liberal credit probably accelerated the rate of regional trensition
from extensive livestock to crop farmirg. ‘hereas the wheat subsidies
provided the incentives for the transition, liberal credit provided the
means for it.

2. The wheat support program although providing incentives to
shift out of extemsive livestock production also provided an incentive
for improvement in livestock production; for the latter, using land
intensively, continued to compete effectively. This also suggests that,
Were wheat subsidies to be reduced, the transition would be to inten=-
give livestock production instead of the old range livestock systens.,
Furthermore, the increased capitalization on medium and large farms,
especially in farm power, will allow this transition to occur rela-
tively smoothly.

3« There is little doubt that the liberal credit at negative
real rates of interest has enabled excessive capitalization, espe=-
cially through increasing investments in farm machinery on medium and
large farms., In addition an examination of the shadow prices of the

working capital constraint over the period suggest that higher nominal
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rates of interest (retes in the range ‘of 35-40 percent to offset the
impact of inflation and set the real opportunity cost of capital be-
tween 5~10 percent during the period) would have significently reduced
credit use, end hence the rate of capitalization on medium and large
farms. Furthermore, even at these higher nominal rates small farms
would have increased their capital use if their credit limits were |

reised and set free from criteria based on volume of gross sales.

For Regional Agricultural Development
In addition to these conclusions specific to the region of study

gome general implications about the methodology and development in a
broader content are appropriate.

1. This research has shown the usefulness of this methodology
in anelyzing regional agricultural development where the outcome de-
pends upon the ability of the model to incorporate dynamicelly end in
detail such diverse criteria as on-farm resource endowments and de=-
cision rules, the regional physical, economic and policy environment
and vast differences in intial conditions attributable to farm size.
Only by accounting for the "complex interaction gysten" in an agricul-
tural reg.on, casn its development be effectively understood and
planned.

2, The differences and disparities in the process of develop-
ment, even within a fairly homogeneous region suggesti that development
policy should be fully cognizent of them and teke them into account.

In this context the study is in conformity with the major findings of
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the vast litersture on regional and dualistic development that emmha.
sizes disparities ot growth.

3. >Th:e study has made one aware of the fact that development is
a much broader concept than can be encompassed by one discipline--in
this case, economics. The mtex'p;w of social, cultural and politiecal
forces with the economic forces is what finally determines the path of
devéIOpment. Thus one is not surprised if economic principles (even
é.s broadly and comprehensively perceived as in this study) do not pre-
diet the path of wheat hectarege fully. The disagreement between hig-
- torical and predicted series of regional wheat hectarages (Graph 44)
could very well be due to the exclusion of such factors as neighborhood
and information effects that are .the subject matter of the theory of
,spatié.l and social distribution. One should be aware that the access
of large farms to credit can also be explained by the interplay of
power and economics. Therefore this is perceived as an incomplete but
essential attempt to explain regional development, The conclusions are
mod:].:tied accordingly.

VII.3) rurther Research

Although the model _caﬁtures in detail and with substantial #c-
curacy the main feature‘é of transformation in the region, it can be
improved and extended in several aspects. Even in its current stage
it can be used for various analytic and policy applications. The most"
important model improvemenis and applications as an agenda for future

regearch are brie_i‘Lv reviewed,
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'l‘he model can be extended theoretica.lly and improved operation-
a.'l.ly Theoreticel]y, the most userul extensione include: |
e vl.‘ -a specification in the model structure of inter-farm activi-
“iv;j.;ee and resource transfers, especially the renting and hiring of land
and quasi~-fixed (machine) capacities between farms of different size.
There is some evidence that a rental market for farm equipment and ma-
chinery may be in the nascent stages of development in the region.

The inclusion of such resource transfers between farms of different
size will reduce the discontinuities and differences in the investments
and factor proportions and introduce an additional motive for invest-
ment. Land rentel transactions also have important implications for
regional analysis; for by changing the operational size of holdings,
they change the relative factor proportions fouhd to be so crucial in
the ourrent study; ‘

2. a more detailed treatment of edoption and adjustment behavior
including alternative specifications for flexibility and adoption con-
streints to account for spatial and temporal diffusion and the impor-
tanc_e'of on~ and off-farm wealth upon investment decisions;

| 3. & detalled treatment of 4utochastic elements in the model, €5~
pecially yield and price expectations to more fully deal with risk and
uhcerte:l.nty;

4, the specification of demand equations for farm outputs, which
;le:l.ntly with the model estimates of supply could determii.e market clear-

ing prices thus meking output price expectations endogenous;
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5+ the extension of the model to include more than one region,

usihg the decomposition rramework to account for inter-regional compe-
tition, specialization and diversity;

6. the extension of the model to include rural processing and
distributive industries to account more carefully for the nexus of
rural linkages that focus on the farm sector;

Te the inclusion of a set of activities to account for invest~
ments in infrastructure by policy makers in the region,

Operationally, given adequate date the model can be easily ex-
tended to include:

l. 2 detailed breakdown of expected biochemical technologies
through a specification of a set of intermediate fertilizing activities
that could account for ranging levels of nutrient use for current as
well as expected new varieties as done by Singh (1971) in his Punjab
study;

2. & more detaeiled classification of seasonal labor use on a
weekly basis and a clearer specification of regional labor supply at
varying wage rates;

3« a specification of regional in- and out-migration of labor
between the rural and urban sector and between different regions;

4. a detailed set of activities to take into account investment
in land improvements, building and livestock inventories;

5 & more exact specification of the cash expenditures for none
farm durable and non-durable consumer goods using econometrically es=

timated expenditure functions;
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6. a more deteiled anelysis of credit restrictions specifying
: .ﬁhe éource, cost and limits of both formal and informal credii availe
ability.

Although the operational model improvements listed above would g0
a long way in meking the model a more effective analytic tool, even in
its current state it can be used for policy analysis. Among the ex=
pected model applications the three most important ave:

l. the projection of exogenous input and output prices and land
and labor supplies to allow conditional forecasts of the model into the
1980's, thus providing a projection of the transformation underway into
the future;

2, forward (future) and backward (past) simulations of the model
to determine the specific past and expected impact of altemative pol-
icies in the long run and over time;

3« the use of the model, by means of price and resource pare-
metrics, to trace in a comparative static framework the impact of
changes in key policy variables in the short run for any given year or
betwcen two specified time periods, and in a comparative dynamic anal-
ysis for entire similation periods,

It is contended that each of these applications can yield useful
analytic insights helpful for the evaluation of alternative policies

and programs. Research in this direction is already under way.
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AND ROV VARIABIES
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The purpoae of Appendix A is to list. vanable names, computer

codes, and their descriptiona for both activities (colums) and cone-

stra.mts (rows) of the model sub-matrix for one farm size group.

Activitx List and Variable Names

Colum (Activity)
Variable Name

Computer

Code

Production Activities

5

X,

A

-3

g

W1
w2

WSl
Ws2
VI
ViI2

c1
c2
NAP

SPAL

Description of Activitx

One hectare sown to wheat with tra-
ditional techmology

One hectare sown to wheat with
modern technology

One hectare sown to soybeans fol-
lowing wheat with traditional
technology

One hectare sown to soybeans fol-
lowing wheat with modern tech-
nology

One hectare sown to soybeans inde-
pendent of wheat with tradition=
al technology

One hectare sown to soybeans inde-
pendent of wheat with modem
technology

One hectare sown to corn with tra-
ditional techmology

One hectare sown to com with modermn
technology

One hectare of range natural ‘pasture
land

One hectare sown to summer-improved
pasture with traditionel tech—
nology



Colum (Activity)  Computer

Variahle Name -Cdd_e
X4 SPA2
X, WPAL
X5 WPA2
X4 Be
s B
X6 BSWP
X BWP

Investment Activities

x’.I.B IVIR
}{19 IVCco
x20 IvpA
Purchasing Activities
X21 | OCTR
Xop | 0CCo
X ocun

2
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Description of Activitx

One hectare sown to sumer-improved
pasture with modern technology

One hectare sown to winter-improved
pasture with traditional tech-
nology

One hectare sown to winter-improved
pasture with modemn technology

One cow unit of beef cattle (cow-
calf fattening) using natural
pasture

One cow unit of beef cattle (cow-
calf fattening) using summere
improved pasture

One cow unit of beef cattle (cow-
calf fattening)

One cow unit of beef cattle (cow=
calf fattening) using a combina~-
tion 75% natural pasture and 25%
winter-improved pasture

Investment in a 50 horse power
tractor

Investment in a 50 horse power
combine

Investment in a draft animal

Operation of 50 horse power tractor
(hours)

Operation of 50 horse power combine
(hours)

Operation of a draft animal (hours)



138

Colum (Activity)  Computer |
Variable Neme Code Description of Activity
Xo4 HID : Hiring wage labor during November
' " (hours
"95‘ HL2 ¢ Hiring e labor during Marche
=2: ‘ April (hours)
x26 HL3  :+ Hiring of wage labor for the rest of

the months (hours)

Financial Activities

Xy BORR ¢ Borrowing for short term (Crs)
X,g SAV : Seving Deposits (Cr$)
1(29 TRCA : Activity transfe cash for in-
vestment outlays (Cr:)
Notezl l. In order to reduce the mmber of columms, each crop pro-

duction activity includes the purchase of seeds, ferti-
lizer, and transpcrtation; while beef cattle fattening
activities include the purchase of bone meal, salt,
medicine and vaccines, replacement of bulls and fencing.

2, Since both summer and winter improved pasture ~zystems re-
quire land preparation, seeding, and fertilizing, they are
regarded as cropping activities,

3¢ Natural pasturing activity involves only the maintenance
and repairs of fences.

4. Three seasonal classifications for hiring wage labor are
considered: Season 1 (November) is the peak load labor
period during which wheat is harvested and land prepared
for soybeans. Season 2 (March and April) is the harvesting
season for corn and soybeans independent of wheat., Season
3 covers the rest of the year,

e 1For a detailed discussion on cropping practices, beef cattle
f imtozprisea, and ‘related farm budgets, see Engler (1971).
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Constraint Iist and Variable Names Used
M

Row (Constraint)

Variable Name Code

Computer

Lend Constraints

Bl LAL

34 SP
35 WP
BG Wil

B7 VL2

Labor Constraints

B, 711
B, FL2
Bo L3

Descrigtion of Constraint

Total hectares of land available
during liay to mid-November (in
1,000,000 ha.)

Total hectares of land aveilable
during mid-November to April (in
1,000,000 ha,)

Balance equation transferring total
hectares of natural pasture into
use

Balance equation transferring total
hectares of summer improved pas-
ture into use

Balance equation transferring win-
ter improved pasture into use

Balance equation tramsferring totel
hectares of wheat adopting tra-
ditional technology into use to
grow soybeans in crop rotation by
the traditional technology

Balance equation tremsferring total
hectares of wheat adopting modern
teclmology into use to grow soy-
beans in crop rotation by the
modern technology

Family labor hours available during
November (in 10,000,000 hours)

Family labor hours available durin§
March-April (in 10,000,000 hours

Family labor hours available for
the rest of the months (in
10,000,000 hours)



Row (Constraint)
Variable Name

Quasi-fixed Capacity Constraints

B
B,
B3

B4
B5
Big

Computer

Code

TRO

CBO

DANO

TRH

CBH

DANH

Financial Constraints

By

Bg

WCA

ICA

Behavioral Constraints
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Deseription of Constraint

Balance equation tramsferring trac-
tor availability into use to ac-
count for operation cost

Balance equation transferring com-
bine availability into use to
account for operation cost

Balance equation transferring draft
enimal availability into use to
account for operation cost

Total tractor capacity hours avail=-
able (in 1,000,000 hours)

Total combine capacity hours avail-
able (in 100,000 hours)

Total draft animal capacity hours
available (in 10,000,000 hours)

Working cash availability at the
begimning of the year (in
1,000,000 Crs)

Balance equation transferring cash
into investments and outlays

The upper bound on wheat hectargze
The lower bound on wheat hectarage

The upper bound on soybean hec=-
tarage following wheat

The lower bound on soybeen hec-
tarage following wheat



Row (Constraint) Computer

Variable Name Code
323 SIU
324 SIL

n

325 SuU
326 CL
327 BNPU
328 BNPL
329 BIPU
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Description of Constraint

The upper bound on soybean hectar-
age independent of wheat

The lower bound on soybeean nec-
tarage independent of wheat

The upper bound on corn hectarage
The lower bound on corm hectarege

The upper bound on natural pasture
hectarage used for beef enter-
prise

The lower bound on natural pasture
hectarage used for beef enter-
prise

The upper bound on improved pasture
hectarage (sumer and winter pes-
tures) used for beef enterprise

Since the other two farm size groups have the identical 29 ele-

ments in their RHC vectors, the regional coupling constreints start

from 88th rows of the AHS vector and they are specified as follows:

Bgg

Bgg

Bg0

9l

92

MTRU

CRED

HLAL

HLA2

HLA3Z

The upper limit on regional market
supply of tractors

The upper limit on regional credit
supply

The upper limit on regional wage
labor availability (in 10,000,000
hours) during November

The upper limit on regional wage
labor availability (in 10,000,000
hours) during March-April

The upper limit on regional wage
labor availability (in 10,000,000
hours) for the rest of the months
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APPENDIX B
a) INPUC~-OUTPUT PRICES EXOGENOUS TO THE I:0iEL
b) ESTIMATED NULIBER OF FARMS

¢) FIEXIBILITY AND ADOPTION CONSTRAINTS
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TAME 5 PRICE VECNGRS OF OUTPUTS AND INPUTS 1IN THE WHEAT RROION OP SOUTNERN BRAZIL {1960-1970)

Port, Seed for Seed ‘Seed Jeed Jeed Drart
lader Trestor Trans, Oas & Oas & for Port, Sun, Past. for for for for Inter- Inter- Animal iholesale
oydean Cerm Beef BEiring Crdy/ Combine oost O11 for 011 for wvheat & for Boe> Salt crd/xg Vin, P. ¥heat Soydn Corn ost est Dnit Agri,
[~ 74 [~ 74 cry crd/ uwnit  crd/ Crd/ Trestor Combine soybns Rice Nea} cry (hnsnohﬂ},‘;(-u.) cry/ cry/ cry/ of of cry/ Prise
xx & g hr, (50 hp) untt 10 kg Crd/nr. Cry/hr. Crd/kg Cri/kg Cri/xg kg Bahta) Cri/keg. kg kg kg Saving Credit mit Index

et

Tear Cry/
ag

9% .0
196 .02
1962 . ou00
1962 .06A7
1968 L1488
2365 2060

-o1  .0057* 0.072 .025  876%  2200%. .0075  .11*  .28% .011° .010° ,.012® .00S® ,016%  .062 .025 .016 .03 .06 .10 1%L5  100.0
#0131 ,0076®* 0,108 ,040 11)5* 2820  ,005%  .18%  .uue 0229 ,020% ,019® ,L00T® .o .09 ,03% ,019 ,038 .06 .10 7.5 137.46
+0165  .015%  0.173 .056 1717  WIN® ,00T*  .23¢  ,56% ,0)9% .035® +031®  .011* ,039% .15 .060 .025 LOTS .06 ,L10 26.% 214,11
-€332 L.0IT* a.251 091  2907°  7260% .0IN® 438, 1118 _06B® .062° .069% .026° .087% .48 <097 .089 085 ,06 .10 &7 3ILIY
<0662 _040®  0.533  ,1B) 5053% 12660 ,026%  LB6® 2,150 137 .124® 2188 SOM3®  Labue 562,227 .099 L200 L06 .10 TLT TS

»2069 0507 0.627¢ ,300 Bul6®  21180° ,050° 3,63 &, 08% L2920 278 <158%  _0s9® 1980 _.790 .309 .160 ,250 .06 .10 129.5 9927

1966 ,J5M0® L1577 L1088 0.721% .382 10333% 255608 0600 1,96° & 87 ,2520 228 220% -082 .276* 1102 &1 .26 .82 .06 .10 157.0 nmam»

1287 . v.08

o216 L1280 0.815% .479 13054e  326k0°  ,OoTW®  ZM1®  6,00¢ 263 238 «130°  ,071® 233 952 850 322 6% .06 ,10 2000 1720
® 26840 [ 1353®  0,849% ,589 16055 LOlLO® «091®  2.96® T.36* .36 .3y 2138 _ome 26T 1066 .585 .39 676 .06 .10 X7.0 19099
<XTT .1826°  0,993% .TO8 20143®  S03%0* L1198 3,87 9,62% .396® 3560 _m2e 170 <391 1562 G0 k) .71 .06 .10 N0.0 506,08

» 350 «150 L10 .B52 2uo00 60000 2% 8.55 1L32* .40 3% o <150 <50 20 T35 <525 TS0 .06 .10 3650 IN30.65

4) A1l Non-starred rigures are from: e
(1) “Anuarfo Ertatistico Do Prasil,” 1560-1970.
(2) "Anuarto tstatizt:ico Do Triye,* 1965-1369,
(') “Conjuntura -conomfca,” 1642-1371
(%) “Anuirio Azro-Feciarie,” 19€0-1965
(5) “anusrio :atat! ico do o 9rinde do Sul,® 1970,

(6) "Irotecticns of SiTply amd Deramd for Agricuitural Produsts in Be=g1} throush 1975%.°
®® ™o ttems (1) through (°) are Brazilian statistieal pubdlications, The ttem {£) s pudlished by the Zconomic Research Servise,
U.S 2.4 Al the fisures are nominal prices,

3) A1 starred figures are eatiraited ba-ed en the various price indices costained in "Deserwolvimento de Agriculturs Paulista, 2 Veol.,*
Instituto 3o Econoala Asricola, 330 Faulo, Brasil,

€) e WMolesale Azricult.ral Price Index in the 320 Paulo region is used, Socurce: Contucturs Eeonomiea, Vol, 17, No. 9 1970, p. 91
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TABIE 63 ESTIMATEL NULBER Of #AiSs WHEAT REGION IN THE STALE
OF RIO GRANIE DO SUL, SOUTHERN BRAZIL (1960-1970)

Year Small Marms Medium Farms Large Farms Regional rarms

1960 60121 8404 3304 71829
1961 62724 8768 3447 74939
1962 65440 9147 3597 78184
1963 68296 9544 3729 81569
1964 71230 9957 3914 8101
1965 74314 10388 4084 88786
1966 77531 10838 4261 92630
1967 80865 11264 4512 96641
1968 84391 11797 4638 100826
1969 88046 12308 4838 105192
1970 91858 12840 5049 109747

Source: The data for 1960 and 1967 are from (1) Brazil, IBGE -
Servico Nacional de idecenseamento, Censo Agricola de 1960: Rio Grande
do Sul, and (2) Estrutusa rundiaria do Aio Grande do Sul (see Table
5)s For the remaining years, an exponential growth rate in number of
farms with fixed inter-ferm ratios is assumed: i'rom 71829 (1 +p)7 =
96641, p= 0.0423.
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where W(t) : Wheat Hectarage in t. Source : Table 3.

Figure 8 : Relationship of Wheat Hectarage in (t) and (t=1) in the
Wheat Region of Rio Grande do Sul (t = 1963 to 1970, Unit = in 1000 Ha).

Both E-and_g for wheat are estimated by the method of select
point , i.e., fitting a straight line on the point showing greater
deviation from the previous year. Two points at t = 1966-1967, and
1968-1969, are selected to estimate g . One point at t = 1963-1964
is used to estimate 8-

Results {Upper bound of W(t), B = 0.487 : W(t)< (1 + 0.487) W(t-1)
Lower bound of W(t),_g = 0.05 : =W(t)< =(1 = 0.05) W(t-1)
Remarkg : These estimates are used for medium farms. For large farms,
the flexibility coefficients are greater by 5% than those on medium
farms. But for small farms the coefficients are smaller by 5% than

those on medium farms. This holds true for all other crops in order
to take account for the risk aversion attitude on smaller farms.
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where S(t) = Soybean Hectarage in t. Source : Table 3.

Figu‘re‘ 9 : Relationship of Soybean Hectarage in (t) and (t-1) in
Rio Grande do Sul (t = 1961 to 1968, Unit = in 1000 Ha).

The data for the soybean hectarage for the wheat region are not
available. As a proxy, the statewise data are used. The 8 for soybeans
- is estimated by the method of select point. Two points at t = 1964-65
and 1?66?67 are selected to estimate -B. Although there is no point
Beiow the 45 degree line, B for soybeans is assumed to equal 0.05

of the 'lbwe‘.r bound of wheat as a "safety margin."

&e su lﬂ. ‘Upper bound of S(t), B=0.167 : s(e)< (1 + 0.167) 8(t-1)
8

| Lower bound of S(t), B= 0.05 :=5(t)<—(1 = 0.05) S(t-1)
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where C(t) = Corn Hectarage in t. Source : Table 3.

Figure 10 : Relationship of Corn Hectarage in (t) and (t-1) in
Rio Grande do Sul (t = 1961 to 1968, Unit = in 1000 Ha).

The data for the corn hectarage for the wheat region are not

available. As a proxy, the statewise data are used to estimate

both @ and g . One point at t = 1963-64 with origin is selected

to estimate § . One point at t = 1966-67 is used to estimate 8.

Results | Upper bound of C(t), B = 0.114 : C(t)< (1 + 0.114) c(e=1)
Lower bound of C(t),.g = 0,05 : =C(t)<g —=(1 = 0.05) C(t-1)
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where B(t) = Beef Production in year t. Source : Table 3.

Figure 11 : Relationship of Beef Production in (t) and (t-1) in
Rio Grande do Sul (t = 1963 to 1968, Unit = in 100,000 Heads).

The data for the beef production for the wheat region are not
available. The statewise data are used to estimate a proxy upper
bound of beef production using improved pasture systems. Since the
data alsc account for the beef production using natural pasture
as well as improved pastures, it is impossible to estimate B for beef
production using improved pasture with this data. However, consider=-
ing the regional transition discussed in Chapter II, R for beef
production utilizing improved pastures is substantially higher than
the one obtainable from this data. Hence, B is guessed with other data
to be 30% higher than the estimated value of B based on this data.
Three points at t = 1963-64, 1965-66, and 1966-67 are used.

Result : Upper bornd of B(t), B: 0.12 : B(t) < (1 4 0.12) B(t-1)
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Adoption Constraints on Tractor

The only data available on the numbers of tractors actually used
is for Brazil as a whole. The number of tractors used in Brazil for
the two years of 1950 and 1960 are 8,372 and 63,493 respectively.1
Using this information a simple exponential function is used to derive

& proxy adoption coefficient of tractors for the wheat region:

63,493 = (1 + )0 8,372
10 log (1 + p)= log 7.583
P E 0.225
The covers the adoption phase.
The adjustment coefficient can be derived from the equation (7)

which has already been discussed in section IV.2;

Kj(t) = a(f}(t) - Kj(t-l)) + Kj(t-l)

The estimation of is not attempted because the wheat region as
a whole is still far away from the long run desired capacity level,
fg(t). That is, range livestock farming still predominates in the
region even in 1970.2 Hence it is assumed that the adoption phase ig
8till at lower level than the adjustment phase during 1960-1970,
Therefore, following the equation (9), the adjustment constraint as

specified in (9) becomes a redundant constraint.

lSee "Projections of Supply and Demand for Agricultural Products
of Brazil through 1975," The Getulio Vargas Foundation, Brazil, 1968,

Pe. 82,
QSee Tables 3 and 4.



APPENDIX C
a) MODEL MATRIX FOx THE INITIAL YEAx 1960
b) INPUT-OUTPUT COEFFICIEN?S USED IN THE LODEL

¢) INITIAL RESOURCE ENDOWHENTS IN THE RHS VECTOR OF THE MOIEL
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MCCCO MCBO - _ 1.p _ LUS1 LODANO o__ 5.9 . LC2  LuCA o _ 3.408 LBSP LWCA ¢__ p.93s
MCZCO MC3M 1.0 LNS: LWCA o 1.969 LC2 ey e 1.0 LBSP LEIPU o 1.0
MOCCO MaCA o 0.28 LuS1 LSU o 1.0 LC2  LCL o 1.0 LBSWP 0BJY - 17.733
N2CIA MpANO ~ 1.0 LWS1_ LSL__ o 1+Q. LNPA_ CBY _ » 0.288 LBSWP LSP o 67.5
T 7 'w0CDA MDANH e 1.0 LuS2 gRy - 9.353 LNPA Ltal o 1.0 LBSWP LWP o 22.5
PHLY1  C5J e 0.25 LWS2 LLA2 o 1.0 LNPA  LLA2 o 1.0 LBSWP LFL1 0.1
FULY  MFLY - 1.0 LUS2 LuL2 o 1.0 o LNPA LNP - 1.0 LBSHP LF1L2 o 0.2
MHL1  MNCA e 0.25 L¥S2 LFL1 0.182 LNPA  LUWCA o 0.288 LBSWP LFL3 o 0.8
%411 HLAY o 1.0 LWS2 LFL2 o 0.283 LSPAl 08y o 1.998 LBSWP LWCA o 0.936
___MHLZ ©OPJ * 0.25 LUS2 _LFL3_ o De28S. LSPAY LLAY __1.0 LBSUP LRIPU o 1.0
L2 0FL2 T T 1.0 LNS2 LYRG o $.275 LSPAY LLA2 1.0 L3aNwP 08y = 18,276
FHL2 MWCA o 0.25 LWS2 LCBO o 9.5 LSPAl LSP - 1C0.0 LBKKP LRP o 1.28
MHLZ  HLA2 o 1.0 LUS2 LWCA o 1.969 LSPAl LFL3 39,7 LBNWP LUP o 82.0
PHLI O0BS e 0.25 LUS2 LSU o 1.0 LSPA1 LDANO 8. 7a LBNWP LFL] o 0.09
MMLY  NMFL3 - 1.0 LWSZ LSL o 1.0 LSPAL LUNCA o 1.894 LANWP LFL2 o 0.18
o FHLY  MUCA e 0.25 - LIS1__C0J__ = 12.598  _ LSPA2 cBy 1.894 LBNWP LFL3I o 0.73
MHLI HLAZ 1.0 LIS LAl o 1.0 LSPA2 LLAY o 1.0 LBNWP LWCA o 0.936
¥BORF OBJY o 0.15 LIS1 LLA2 1.0 LSPA2 LLA2 o 1.0 LBNWP LBIPU o 1.0
MBOIP FUCA - 1.0 LIS1 LFL2 17.1 LSPA2 LSP - 100.0 o LIVIR CAY 0.87¢
¥0QR CRED o 1.0 LIS1 LFL3 o 37.0 LSPAZ LFLY o 0.665 LIVIR LIRH - 20.0
MSAY CBY - 0.0s LISI LDAND 7.6 LSPA2 LIRD o 5.65 LIVIR LIca o 8.76
MSAV  mMCA o 1,0 e LISI_ LNCA _e__ 8.386 —__LSPA2 tucCA _e_ 1.894 _LIVI® nTRY_ o 1.0
MIRCA Muca o 1.0 LISI LSIV 1.0 LWPAYl cBY ¢ 2.958 LIVCC 08y 2.22
PTRCA MICA - 1.0 LIS1 LSIL o 1.0 LUPAY LLAL o 1.6 LIVEC LCBH - 25.0
LWl gry - 11.502 LIS2 ¢By - 11.598 LUPAYl LLA2 o 1.0 LIVCO LICA o 22.2
LWl Ltay . 1.0 LIS2 LLAYl o 1.0 LWPAL LWP - 100.0 LIVIA 0BY o 2.7
LVl tuy - 1.0 LIS2 LLa2 o 1.0 LUPAY LFL2 o 6.2 LIVOA LNP & 2.5
. Lel  tFLY e 11.84 . LYS2 LFL2 e 0.285 LUPAL LOAND 8. 78 LIVDA LDANH_- 2%0.0
Lul  LFL2 e 39.693 LIS2 LFL3 o.618 LMPAYL LuCA o 2.958 LIVDA LICA o 13.5
L1 LOANO o 7.1 LIS2 LTRO o 6.65 LWPA2 CBY o 2.958 LOCTIR CBY o 0.11
Lul  LwCA o 5,72 LISZ LC9) o 9.5 LWPAZ LAl o 1.0 - LOCY? LTRO - 1.0 _
Lu Ll o 1.0 LIS2 tuCa o 4. 386 LWPA2 LLA2 o 1.0 LOCTR LTRH o 1.0
LWl LWL e 1.0 LIS2 LSIvu o 1.0 LWPA2 LuPr - 100.0 LOCTR LWCA o 0.11
. L2 By - 11.002 LIS2 LSIL_ o 1.0 LWPA? LFL2 o 0.665 LOCCO CPJ o 0.28
LW2 LAy TS 1.0 Lc1  ¢By - %.115 LUPA2 LTRO o 5.7 LOCCO LCBO - 1.0
LW2 w2 - 1.6 LC1  LLAl o 1.0 LWPAZ LUCA o 2.958 LOZCO LCEH 1.0
L¥Z  LFL1 0.285 LC1  rraz o 1.0 LanNP oAy - 8e1 N LOCCO LiCA ¢ _ 0,28
L2 LFL3 0.57 Le: LFL2 o S.0 LBNP NP o 2 LOCOA LDANO ~ 1.0
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T - TLOCDATLDANN ™ 7~ T 1.0 T T T T T
LHLY 0BJ o D.25
LML) tFLY - 1.0
LHL1 LNCA o 0.25
LHLY HLAL o 1.0
o - LHL2 08J ¢ __ De2S __ _ ___ . o - —_— e et _
LHL2 LFL2 -~ 1.0
LHL2 LWCA o De25
LHL2 _ HLA2__+ 1.0
LHL3 08J o 0.25
LHLY LFLY - 1.0
Lo LHL3 LWCA o 0.25 e N - N e e e e e
LHL3 HLA3Z 1.0
LBCRR 0BJ ¢ 0.15
LBCRR LWCA__ - 1.0
LBORR CRED o 1.0
LSAV  CBJ - 0.06
e - LSAV LNCA ¢ 1.0 e e . ..
LTRZA LWNCA o 1.0
LIRCS LICA - 1.0
FIRST B _ e
SLAL » 1.089 BIRH o 0.55
SLA2 o 1.049 HCEBH o 0.082 LSIU o 0.015
SNP - 0.036 B MUCA o 1.314 LSIL +__ 0.01 e e e —
SFL1 e 2.000 My s 0.C3 ey o 0.135
SFLZ §.000 1] S— 0.023 LCL ¢ 0.09
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SDAKH o 0.550 MSL . 0.016 LBNPL o 0.9%
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SCBH o 0.017 _ MSIL__ 0.007. MTRU o 0.025 - - ———
SUCA o 0.788 MCU e 3.099 CRED o 9.0
SWU e 0.015 MCL . L. V66 HLAL o 8.877
SWL e 8. 01 e —— MBNPY o 0.705 . HLAZ o D877
SSU e 0.01 MENPL o 0.63 HLAS 8.877
SSL ¢ U.0D7? MBIPU o 0.023
. SSIV o 0.005 — LAl e .95 . -
SSIL o 0.003 LLA2 o 1.95
SCU o 0.066 LNP - 0.02
ScL e 0.064 LFLL ¢ J.07S
SAANPY ¢ d.47 LFL2 o 0.16
SENPL o D42 LFLI o 0.569
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MFLY o 0.28 LWy o 0.085
HFL2 o 0.5% LWL . 0.035
o MFL3 o 1.949 R LSU__ .o D.03 - T,
“ MDANH o 0.233 LSL - 0.025




INPUTS REQUIREMENTS FOR VARIOUS CROPPING ACTIVITIES IN WHEAT RECION, RIO GRANDE DO SUL, SOUTHERN BRAZIL
———— e o T B UL, SOUTHERN BRAZIL

Seeds  Pertilizer Insecticide Soil Trans- Land Labor Use Cash
(kg) (kg) (kg) Fumigant portatfon (ha) Land Preparation Harvesting Modern Imputs Operating Cost
(Cr$) (kg) {hour) (hour) {Cr$) __(cr$) -

Wheat 90 250 8.11 5.43 1360 1.0 6.0 3.0 181.54 54.15
(May.-Nov.15) (May-Jun.) (Nov.1-15)

-Soyb-¥ 70 15.00 1090 1.0 4.5 3.0 43.37 43.37
(Nov.15-Apr.) (Nov.15-Dec.) (Apr.) .

Soyb~1 70 200 15.00 1710 1.0 6.5 3.0 137.50 61.33
(Sep.-Mar.) (Sop.~Oct.) (tar.)

Corn 12 200 10.00 1532 1.0 7.0 5.0 95.60 49.79
(Sep.-Apr.) (Sep.~Oct.) (Mar.-Apr.) ’ :

Kat-Pas ' 1.0 1.54

Sum-Pas 20 100 120 1.0 3.0 33.00 14,29

(Jul.-Aug.)
Win-Pas 20 100 120 1.0 6.0 126.00 30.36

Note : Soyb-W « Soybeans following wheat
Sovb-1 = Soybeans indepcndent of wh
Nat-Pas = Natural Pasture
Sur~Pas = Sunmer Pasture
Win-Pas = Winter Pasture

All the input values are in 1970 prices.

Source : Engler (1971)
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Beef (Nat-Pas)

Beef (Sum~Pas)

Beef (Wint+Nat)

Beef (SumtWin)

INPUT REQUIREMENTS

FOR BEEF PRODUCTION PER COW UNIT

1.07(Nat)
0.62(Win)

0.71(Sum)
0.25(Win)

Labor

(Hour)

10

11

12

12

Bone Meal
8.0
8.0

14.0

14.0

Salt HMedicine Modern Inputs Operating
(kg) (Cr$) (cr$) Cost (Cr$)
12.0 5.0 10.0 9.60
12.0 6.0 11.0 9.6

1n.0 6.0 13.10 9.6

10.0 6.0 13.10 9.6

Note: Beef (Nat-Pas)
Beef {(Sum-Pas)
Beef (Wint+Nat)
Beef (SumtWin)

Nat
Sum
Win

]

Beef production using
Beef production using
Beef production using
Beef production using

Natural Pasture
Summer Pasture
Winter Pasture

Source: Engler (1971)

natural pasture
summer pasture

both natural and winter pastures
both summer and winter pastures

LST



wWheat
Soybean-W
Soybean-1
Corn
Summer-Pas

Winter-Pas

FARM POWFR REQUTREMENTS FOR VARIOUS CROPPING ACTIVITIES PER HECTARE

Yodern Furm Power Traditional Farm Power
Land Preparation Harvesting Land Preparation Harvesting
(Tractor liours) (Combine Hours) (Draft Animal Hours) (Manual Labor Hours)

5.0 1.0 71.0 118.4
3.5 1.0 59.0 82.8
5.5 1.0 76.0 130.2
6.0 84.0 50.0
5.0 23.7

5.0 47.4

Note:

Source:

Soybean-W = Sovbeans following wheat

Sovbean-1 = Sovbeans independent of wheat

Summer-FPas = Summecr pasturing activity

Winter-Pas = Winter pasturing activity

Economies of scale in machine operation is allowed on larger farms (see Chap.
V). ‘llechanization has not been introduced for corn harvesting in the wheat
region during 1960- 1970. (See Fkngler [1971})

For modern farm power, see Lngler (1971)

For traditional farm power, see Singh (1971a), p. 300

Also see Singh, et _al. (1968). Singh derived draft animal hour require-
ments per acre. The per acre requirements are converted to per hectare.
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TABLE 7 : INITIAL RESOURCE ENDOWMENTS (RIGHT HAND SIDE VALUES)
- BY 'FARM SIZE IN ' THF MODFI. MATRIX

Resources Small Farms  Medium Farms  Large Farms

Land 1.0490 1.4720 1.9500
(in 1000,000 Ha)

Monthly Family Labor 2.8000 2.8000 0.7500
(in 1000,000 Hrs.)

Tractors 0.1280 0.5500 0.8500
(in 1000,000 Hrs.)

Combines 0.0017 (0.0042 0.0110
(in 1000,000 Hrs.)

Draft Animal 5.5000 2,3300 0.1160
(in 1000,000 Hrs.)

Working Cash 7.8800 13.1400 18.7900
(in 1000,000 Cr$)

— - —— e A - ———— —ar——

Estimation Procedures:

1) Land ; the land by farm size is estimated from Table 4 after
accounting for 20 percent of non-cultivable land from
the total farm area. Table 4 provides the direct estimate
for small farms but does nct have data for 50-300 and 300+
ha. size groups. Using the sample farm record data on the
number of farms and farm area, 65 7 of the 50-1000 size
group in Table 4 is estimated to belong to the 50-300 ha.
size group (medium farms). This then gives an estimate
for large farm size group.

2) Family labor ; for the data on family labor by farm size are
estimated based on (a) the census 1960, Rio Grande do Sul,
(b) number of farms (Table 6), and (c) the sample data
description (Rask (1969), p.36). The servicable family
hours are based on 8 hours per day and 25 days per month.
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-The census of the wheat region in 1960 is as follows:

- total number of firms ¢ 71,586
total farm population : 244,839
total farm family labor : 188,586
total hired family labor : 30,338

3)" Tractors ; the deviation of tractor capacity hours is based on

4)

3)

6)

an auxiliary information. It is reported that Southern
Brazil had one tractor for every 58 farms, 4,180 hectares
of total area, 469 hectares of crop land and 246 persons
employed (see U.S.D.A. Projections of Supply and Demand

for Agricultural Products in Brazil Through 1975. Center
for Agr.cultural Studies, Brazilian Institute of Economics,
July 1968, p.82). TFor simplicity, all the tractors are
assumed to have 50 horse power capacity.

Combines ; since the model treats combine capacity hours as a

‘ scalar multiple of tractors, the initial capacity hours
of combine by farm size is deduced from the initial tractor
capacity hours. All the combines are assumed to have 65
horse power capacity.

Draft animals ; 1.2 pair of oxen per farm was suggested by Brazilian
' in estimating initial draft animal capacity hours. 1.2 pair
of oxen per f-rm was suggested by Brazilian students.

‘Working cash ; the sample data description on cash flow by Rask

(see Rask (1969), pp.42-48) and the index of average farm
income (Conjuntura Economica 1962-1970) are used to estimate
the initial working cash availability by farm size.

In addition to the items listed above, the sample farm record
data and the census in 1960 are used to estimate regional wage labor
and credit availability. The initial flexibility bounds of cropping
activity are estimated from Table 3 and interfarm ratios of the farm
size groups.



APPENDIX L

a) SOME HISTORICAL DATA ON WHEAT PRODUCTION IN THE
WHEAT REGION OF RIO GRANLE IO SUL, SOUTHERN BRAZIL

b) VARIOUS TABLES PERTAINING TO LODEL RESULTS
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TABLE 8 : CROPPING HISTORY OF WHEAT IN THE WHEAT REGION, RIO GRANDE DO SUL AND BRAZIL
(1962-1971): NUMBER OF FARMS, AREA, PRODUCTION, ANWD FERTILIZER USED
NUMBER OF FARMS A R E A
Wheat Region R. G. D. S. | Brazil Wheat Region R. G. D. S. Brazil
Year Number | Z of Number| % of Nuxber |Hectares 7 of % of Ave. | Hectares Z of | Ave. | llectares Ave.
(¢ 6 Nati-~ | (in Nati~| (in (in 1000) | Total National {Size | (in 1000) | Nati- Size| (in 1000)| Size
1000) ; onal 1000) { onal 1000) LA* of | wheat onal
wheat (ha.)
recion
1962 5.5 238 29.5 80 36.9 94.4 1.71 32 19.22 226.6 88 7.67 258.2 7.0
1963 4.0 32 12.1 77 15.8 161.9 2.93 58 39.05 278.9 92 22.98 302.1 19.10
1954 5.3 26 17.4 79 22.0 155.4 2.82 57 28.4 271.9 91 15.62 300.5 13.62
-1965 7.4 31 23.5 84 27.9 188.9 3.42 58 24.8 325.4 92 13.84 354.7 12.70
1966 7.8 29 26.9 81 33.6 199.6 3.61 58 24.9 343.5 89 12.77 384'.9', , .1].;46
1967 11.0 35 31.9 75 43.1 292.9 5.31 60 27.6 487.7 87 15.29 562;6 1_3.'05
1968 15.0 33 45.5 68 67.4 399.2 7.23 59 27.1 689.1 82 15.14 ”845.7 ».12_.54 ‘
1969 21.7 % 65.8 70 93.7 602.2 10.91 60 28.7 1044.7 80 15.88 1299.5 v 13.81
1970%* N.A. N.A. 80.6 70 115.0 N.A. N.A. N.A. N.A. 1500.0 81 16.0 1810.0 13.95
1971*= N.A. N.A. 100.0 70 143.0 N.A. N.A. N.A. N.A. 1800.0 82 18.0 2210.0 15.65

* LA = Land Area

SOURCE: Anuario Estatistico do Trigo - SAFRA 69/70, CCLEF -

Note:

Estado do Rio Grande do Sul

K.A. = Jot Available

Ministerio da Agricultura

** Data for 1970 and 1971 are estimated by the Brazilian statistics agency referred to below.
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TABLE 8 : CROPPING HISTORY OF WHEAT IN THE WHEAT REGION, RIO GRANDE DO SUL AND BRAZIL
(1962-1971): NUMBER OF FARMS, AREA, PRODUCTION, AND FERTILIZER USE (cont.)

PRODUCTION FERTILIZER USED
Wheat Region R. G. D. S. Brazil Wheat Region R. G. D. S. Brazil

Year | Toas Z of | Yield | Tons %~ of | Yield | Tons | Yield | Tons Z of | Per Tons Z of | Per Tons | Per

i (in Nati- | Kp/Ha | (in Nati-| Kg/Ha | (in Kg/Ha { (in Nati- { Ha use | (in Nati-{ Ha use | (in Ha use

i IOOO)l onal 1000) | onal 1000) 1000) | onal |Kg/Ha | 1000) [ onal | Kp/Ha {1000){ Kg/Ha
1262 129.0 47 1.27 274.2 91 1.21  303.4 1.17 HN.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
1953 63.9 62 0.40 103.6 89 0.37 115.7 0.38 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
pL-1.74 128.8 57 0.85 225.7 90 0.83 250.5 0.83 N.A. N.A. N.A. N.A. N.A. N.A. N.A. N.A.
15955 136.8 58 0.73 236.9 92 0.73 256.7 0.72 38.6 70 192 55.1 95 169 58.3 164
2055 178.8 59 0.91 296.0 89 0.86 333.5 0.87 42.9 68 207 62.6 94 182 66.5 173
1967 195.8 58 0.68 339.6 84 0.69 405.7 0.72 60.5 68 195 89.5 93 183 95.9 170
158 363.9 59 0.94 618.7 81 0.89 765.1 0.90 82.5 66 197 125.8 90 182 139.7 165
1969 664.1 64 1.06 1090.1 83 1.043 1303.4 1.00 12.95 68 202 192.8 87 184 221.4 170
1970%* N_A. N.A. N.A. 1500.0 82 1.0 1784.0 0.98 N.A. N.A. N.A. 236.8 87 185 272.2 171
1971%* N.A. N.A. N.A. 1800.0 82 1.0 2198.8 0.99 N.A. N.A. N.A. 333.0 87 185 383.8 173

#*%* Data for years 1970 and 1971 are estimated by the Brazilian statistics agency referred to below.

SOURCE: Anuario Estatistico do Trigo - SAFRA 69/70, CCLEF - Ministerio da Agricultura
Estado do Rio Grande do Sul

Note: N.A. - Not Available
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TAZIE 9 -

CRGPPING HISTORY OF WHEAT IN RIO GRANDE DO SUL EY MECEANIZATION (1962-1971)

NUMEER OF PARMS

ARE 2

PRODUCTION

FERTILIZER USER

¥echoniced

Mechanized Kon-lechan. Nen-Kechanized Mechanized Non-Yechanized Yechantzcd Non-lechanized
Year Nunber £ of Huwder % of Ea, 5 of Ave, Ha, Zeof Ave. Tons % of Yield Tons % of Yieid Tons % of Per Tors § of Per
(in Tetal (in Total (in Total Size (in Total Size (in Total Kg/Ha (in Total Kg/Ha (in  Total Ha use (in Totz2l Ea use
1000) 1000) 1000} 1000) 1000) 1000) 1000) Xg/¥a 1000) ¥Yg/Ha
1962 2,47 8 27.05 92 125.% 55 50,7 102 45 3,7 166.8 61 L33 107.% 39 L21 KA N.A NA XA NA XA
1953 3.13 26 9.01 ™% 2182 78 69.8 60.6 22 6.7 79.5 178 0.36 éz. 9 22 0,37 KA KA N.A MA N.A NA
' 1964  3.33 19 1,08 81 2068 76 62,1 655 & 4.6 173.2 T7 O.8% 525 23 0.83 NA HA NA NA HA XA
1965 %9 17 1956 8 229.8 T2 580 956 29 49 1677 TI 0.75 693 29 0.73 KA NA KA MA KA KA
1966 5.6+ 2 2126 79 264.2 T7 468 79.2 23 3.8 233.9 79 0.79 621 21 0.78 60.2 96 228 25 4 30
1967 677 2 2513 79 38L0 78 563 W67 22 k.2 2632 T7T 0.79 76.5 23 0.73 847 9 222 4.9 6 ys
1968 9.21 20 36,27 & 5.3 T7 57.7 157.8 23 4,2 4B4.4% 78 o.B4 M3 22 0.8 175 937 221 &3 7 53
1969-14.83 22 50.92 78 B13.3 79 5.8 23L&% 21 44 88L8 B2 0,91 208.3 18 0,90 176,13 92 226 16,7 8 ™
1970 KA. LA NA HA FA  NA NA HA LA KA KA LA KA NoA, N.A NA. NA KA NA XA NEA LA ‘

SOURCE: Amuario Estatistico do Trigo - SAFRA 69/70, CCIEF - Ministerio da Agricultura
Estado do Rio Grande do Sul

HOTE: N.A, - Not Availadle,
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TABIE 10 : CROPPINC HISTORY OF WHEAT. IN RIO GRANDE DO SUL BY CREDIT USE (1962 - 1969)

RUMBER O PARS ARZBA PRODUCTION FERTILIZER USE
Credit Used Credit Non-used Credit Used Credit Von-Uzed Credit Used Credit Non-Used Creldit Used Credit Non-Used

Year ihumdes % of KNusber L of Ha Zof Ave. Ha, S of Ave. Tons £ of Yicld Tons % of Yicld Tons £ of Pexr Tons % of PFer
(1=  Totil (in Total (in Total Size (in Total Size (in Total Kg/Ha (in Total Kg/lia (in Total Ha use (in  Total Ha use
1000} 1000} 1000} 1000) 1060} 1000} 1000) Kg/Ha 21000) Kg/Ha

1962 2,22 7 2731 93 1065 47 481 120.1 53 L.4 14%0,3 51 132 1339 49 L317 NA KA XA KA KA HA
1963 3.5 29 &59 71 1927 69 5431 87.1 31 10,1 684 67 0.36 33.9 33 0.357 NA NA NA NA KA KA
1968 5,10 29 1230 T1  202% T8 39.6 695 26 5.7 166.6 T4 0.82 59.1 26 0,823 N.A MN.A NA WA NA KA
1965 5.25 22 18,27 78 213.%4 66 40.6 1119 3l 61 1527 & 0.72 .2 36 0,716 MN.A WA N.A WA NA NA
1565 491 18 2499 g2 23.7 62 43,5 129.8 38 5.9 1895 & 0.89 106,5 36 0.887 N.A N.A NA HA KA NA
1967 7.19 23 28,70 77 3219 66 4.8 165.8 34 6,7 223.1 66 0.69 116.6 34 0.692 69.7 78 216 19.8 22 119
1968 9.8 22 35.65 78 4su,2 66 46,2 234.9 3 6.6 410.0 €6 0.90 208.7 3% 0,902 99.2 79 228 267 22 113
1969 16,82 25 489% 75 T710.8 69 K22 3343 32 68 7627 70 .07 327.5 30 1073 150.579 212 423 2 126

im KA K KA NA KA NA FRA KA NA NA KA NA NA NA KA NA KA KA HA KA SA  NA

SOURCE: Anuario Estatistico do Trigo ~-SAFRA 69/70, CCLEF - Ministerio da Agricultura
Estado do Rio Grande do Sul

NOTE: N.,A. - Not Available.
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Various Tables Pertaining to Model Results

Symbols and Definitions Used in Tables 11-69%

WHEAT1l: Hectarage sovm to wheat adopting draft animal technology
WHEAT2: Hectarage sown to wheat adopting tractor technology

SOYBWl: Hectarage sown to soybean following wheat adopting draft
animal technology

SOYBW2: Hectarage sown to soyhean following wheat adoptiing
tractor technology

SOYBIl: Hectarage sown to soybean independent of wheat adopting
draft animal technology

SOYBI2: Hectarage sown to soybean independent of wheat adopting
tractor technology

COKNl: Hectarage sown to comn adopting draft enimal technology
CORN2: Hectarage sown to corn adopting tractor technology
NATPAS: Hectarage used for natural pasture

SUPAS1: Hectarage sown to summer-improved pasture adopting
draft animal technology

SUPAS2: Hectarage sown t0 summer-improved pasture adopting
tractor technology

WIPASl: Hectarage sown to winter-improved pesture adopiing
draft animal technology

WIPAS2: liectarage sown to winter-improved pasture adopiing
tractor technology

WHEAT = WHEAT1 + VWHEAT2

SOYBN = SOYEN1 + WOYBN2 + SOYBI1l + SOYBI2
CORN = CORN1l + CORN2

NAPAS = NATPAS

SUPAS = SUPAS] + SUPAS2

VWIPAS = WIPAS1 + WIPAS2

Remarks: a) Both summer pasture and winter pasture are improved pas-
ture systems which require the tasks of land preparation,
sceding, and fertilizing,.

b) In Table 20, the hectarages for double cropping activities,
i.e. wheat and soybeans following wheat are explicitly
accounted for in computing total land use.
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Average Net Land Productivity per Hectare (t) =
{Gross Revemue (t)-Total Cost (t)}/fotal Labor

in Use (t) (Table 41)

-

Average Net Labor Productivity per Hour (%) =
{Gross Revenue (t)-total Cost (t)}/Total

Labor Hours Employed (t) (Table 42)

Average Net Productivity of Anmnuel Cash Outlays (t)
{Gross Revenue (t)-Total Cost (t)}/Total

Cost (t) (Table 43)

o

Average Net Productivity of Totel Capitel Stock (t)
[Gross Revenue (t)-Total Cost (tg}/Estimated
Value of Total Capital Stock (t),
where Total Capital Stock includes quasi-
fixed capitel plus value of land in use as de=
fined in Tables 25 and 26.

(Table 44)

Average Net Productivity of Working Capital (t) =
{Gross Revenue (t)-Total Cost %t)}/Total
Working Capitel (t),
where total cost consists of working capital
plus investment capital.

(Table 47)

Total Capitel Expenditures in Table 51 includes both investment
capital and working capital. The investment capital in Table 52 covers
the purchase outlays on farm power sources such as draft animals,
tractors and combines. The working capital in Table 53 refers to cash
outlays on mechine operations, labor hiring, nutrients use (see 'Table
54), seeds used in cropping activities, transportation, end bone meal
and salts for beef enterprises.

Totel cash outlays in Table 61 includes both invesiment capital
and working capital as defined in Table 51. Credit use refers to short
torm borrowings (one crop year) at & nominal rate of 15 percent per

annum.
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~ Average Gross Farm Income (t) =
Gross Revenue (t) / Number of Farms (t) : (Table 64)

Average Net Farm Income (t) =
{Gross Revenue (t)=Total Cost (t)}/Number

of Farms (%) : (Table 65)
SMALL *AHM = Small farms with 0- 50 hectares

MEDIUM FARM = Medium farms with 51-300 hectares

LARGE FARM = Large farms with above 300 hectares

Classification of Tables
1. Regional Resource Use e« « « o « o Tables 1139
2. Mactor Productivities o « « « « o Tables 40-47
3, Factor Proportions e s o o o o« Tables 48=59
4, Credit Use e o s o » o Tables 60-63

5. Income Distribution ® o o 0 0o @ Tables 64‘69



TABLE 11: REGIONAL LAND USE BY FARM SIZE AND TECHNOLOGY: WHEAT REGION IN THE STATE OF RIO GRANDE DO SUL
SOUTHERN BRAZIL (1969-1970)

YEAR WHEAT1 WHEAT2 SOYBW1 SOYBW2 SOYBIl SOYBI2 CORN1 CORN2 NATPAS SUPAS1 SUPAS2 WIPAS1 WIPAS2

LAND USE ON SMALL FARMS (IN 1000 HA)

1960 15.0 0.0 1cC.0 0.0 5.0 0.0 44.0 0.0 971.5 10.1 0.0 3.4 0.0
1961 18.0 0.0 11.7 0.0 5.7 0.0 47.5 0.0 952.Z 11.6 0.0 3.8 0.0
1962 21.0 0.0 13.7 0.0 6.6 0.0 51.3 0.0 934.3 13.4 0.0 4.5 0.0
1563 25.9 0.0 16.9 0.0 7.6 0.0 55.4 0.0 917.7 15.4 0.0 5.1 0.0
1964 31.1 0.0 18.7 0.0 8.7 0.0 59.9 0.0 902.3 17.7 0.0 5.9 0.0
1965 37.3 0.0 21.9 0.0 10.1 0.0 58.1 0.0 887.3 20.4 0.0 6.8 0.0
1966 44.8 0.0 25.7 0.0 11.6 0.0 62.7 0.0 873.8 23.4 0.0 7.8 0.0
1967 53.7 0.0 30.0 0.0 13.3 0.0 67.7 0.0 861.0 26.9 0.0 2.0 0.0
1968 64.5 0.0 35.1 0.0 15.3 0.0 73.1 0.0 849.0 31.0 0.0 10.3 0.0
1969 77.4 0.0 4l1.1 0.0 17.6 0.0 79.0 0.0 827.5 35.6 0.0 11.9 0.0
1970 91.9 0.0 48.1 0.0 20.2 0.0 84.4 0.0 796.9 41.0 0.0 13.7 0.0
LAND USE ON MEDIUM FARMS (IN 1000 HA)

1960 16.9 8.6 1l1.4 8.6 0.0 7.0 0.0 ©66.6 1352.8 0.0 15.5 0.0 5.2
1961 14.4 19.3 4.3 19.3 3.6 4.8 0.0 59.7 1327.3 0.0 18.6 0.0 6.2
19¢€2 19.1 25.4 0.0 25.4 5.7 2.3 0.0 67.9 1303.5 0.0 22.4 0.0 7.5
1963 18.2 40.5 0.4 29.5 6.9 2.6 0.0 64.5 1281.1 0.0 26.8 0.0 8.9
1964 17.3 60.2 1.4 33.9 7.8 1.3 0.0 61.3 1259.5 0.0 32.2 0.0 10.7
1965 16.3 86.0 2.2 39.4 8.6 0.0 0.0 58.2 1238.7 0.0 38.6 0.0 12.9
1966 17.3 102.7 1.0 48.1 8.4 0.0 0.0 63.1 1218.6 0.0 46.4 0.0 15.5
1967 18.6 102.4 0.0 58.0 8.1 2.0 0.0 67.6 1199.1 0.0 55.6 c.0 18.5
1963 17.8 198.5 1.1 67.4 8.7 3.5 0.0 64.2 11580.2 0.0 66.86 0.0 22.2
1969 16.6 150.2 1.8 79.0 9.5 5.0 0.0 61.0 1122.8 0.0 §0.1 C.0 26.7
1970 16.0 147.0 2.8 92.5 9.8 7.7 0.0 58.0 1105.3 0.0 96.1 0.0 32.0
LAND USE ON LARGE FARMS (IN 1000 HA)

1960 0.0 35.0 0.0 30.0 0.0 10.0 0.0 90.0 1785.3 0.0 22.3 0.0 7.4
1961 0.0 48.3 0.0 35.7 0.0 12.5 0.0 83.7 1754.8 0.0 27.8 0.c 9.3
1962 0.0 66.7 0.0 42.5 0.0 11.6 0.0 90.9 1725.5 0.0 34.8 0.0 11.6
1963 0.0 92.0 0.0 50.6 0.0 10.8 0.0 84.5 1697.3 0.0 43.5 0.0 14.5
1964 0.0 126.9 0.0 60.2 0.0 10.1 0.0 78.6 1661.9 0.0 54.4 0.0 18.1
1965 0.0 141.5 0.0 72.6 0.0 9.4 0.0 73.1 1635.4 0.0 68.0 0.0 22.7
1966 0.0 150.3 0.0 85.2 0.0 8.7 0.0 68.0 1609.7 0.0 85.0 0.0 28.3
1967 0.0 149.7 0.0 101.4 0.0 10.9 0.0 63.2 1584.6 0.0 106.2 0.0 35.4
1968 0.0 206.6 0.0 120.6 0.0 13.6 0.0 58.8 1494.0 0.0 132.8 0.0 44.3
1969 0.0 283.0 0.0 143.6 0.0 17.0 0.0 54.7 1374.1 0.0 16€.0 0.0 55.3
1970 0.0 337.5 0.C 170.8 0.0 21.2 0.C 50.9 1263.8 0.0 207.5 0.0 69.2

SOURCE: MODEL RESULTS
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TABLE 12: LAND USE BY FARM SIZE AND BY TECHNOLOGY AS A PERCENTAGE OF REGIONAL LAND USE: WHEAT REGION IN
THE STATE OF RIO GRANDE DO SUL, SOUTHERN BRAZIL (19€60-1970)

YEAR WHEAT1 WHEAT2 SOYBW1 SOYBW2 SOYBI1 SOYBI2 CORN1 CORN2 NATPAS SUPAST SUPAS2 WIPAS1 WIPAS2

LAND USE ON SMALL FARMS AS A PERCENTAGE OF REGIONAL LAND USE

1960 47.0 0.0 46.7 0.0 100.0 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1961 55.6 0.c 73.1 0.0 61.3 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1962 52.4 0.0 1C0.0 0.0 53.7 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1963 58.7 0.0 97.0 0.0 52.4 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1964 64.3 0.0 93.0 ¢c.0 52.7 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1965 69.6 0.0 90.9 0.0 54.0 0.0 100.0 0.C 23.6 100.0 0.0 100.0 0.0
1366 72.1 0.0 96.3 0.0 58.0 0.0 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1967 74.3 0.0 100.0 0.0 62.1 0.C 100.0 0.0 23.6 100.0 0.0 100.0 0.0
1968 78.4 0.0 97.0 0.0 53.7 0.0 100.0 0.0 24.1 100.0 0.0 100.0 0.0
1969 82.3 0.0 95.8 0.0 64.9 0.0 100.0 0.0 24.9 100.0 0.0 100.0 0.0
1970 85.3 0.0 94.5 0.0 67.3 0.0 100.0 0.0 25.2 100.0 0.0 100.0 0.0
LAND USE ON MEDIUM FARMS AS A PERCENTAGE OF REGIONAL LAND USE

1960 53.0 19.7 53.3 22.3 0.0 41.2 0.0 42.5 32.9 0.0 41.0 0.0 41.3
1961 444  28.6  26.9 35.1 38.7 27.7 0.0 41.5 32.9 0.0 40.1 0.0 40.3
1962 47.6 27.6 00.0 37.4 46.3 16.5 0.0 42.8 32.9 0.0 39.2 0.0 39.3
1963 41.3 30.6 2.4 36.8 &47.6 19.4 0.0 43.3 32.9 0.0 38.1 0.0 35.0
1964 35.7 32.2 7.0 36.0 47.3 11.4 0.0 43.8 32.9 0.0 37.2 0.0 37.2
1965 30.4 7.8 9.1 35.5 46.0 0.0 0.0 44.3 32.9 0.0 36.2 0.0 36.2
1966 27.9 40.6 3.7 36.1 42.0 0.0 0.0 48.1 32.9 0.0 35.3 0.0 35.4
1967 25.7 40.6 0.0 36.4 37.9 15.5 0.0 51.7 32.9 0.0 34.4 0.0 34.3
1968 21.6 34.4 3.0 35.9 36.2 20.5 0.0 52.2 33.5 0.0 33.5 0.0 33.4
1969 17.7  34.7 4.2 35.5 35.1 22.7 0.0 52.7 33.8 0.0 32.5 0.0 32.6
1970 14.7 30.3 5.5 35.1 32.7 26.6 0.0 53.3 34.9 0.0 31.7 0.0 31.6
LAND USE ON LARGE FARMS AS A PERCENTAGE OF REGIONAL LAND USE

1960 0.0 80.3 0.0 77.7 0.0 58.8 0.0 57.5 43.4 0.0 59.0 0.0 58.7
1961 0.0 71.4 0.0 64.9 0.0 72.3 0.0 55.4 43.5 0.0 59.9 0.0 60.0
1962 0.0 72.4 0.0 62.6 0.0 83.5 0.0 57.2 43.5 0.0 60.8 0.0 60.7
1963 0.0 69.4 0.0 63.2 0.0 80.6 0.0 56.7 43.6 0.0 61.9 0.0 62.0
1964 0.0 67.8 0.0 64.0 0.0 88.6 0.0 56.2 43.5 0.0 62.8 0.0 62.8
1965 0.0 62.2 0.0 64.5 0.0 100.0 0.0 55.7 43.5 0.0 63.8 0.0 63.8
1966 0.0 59.4 0.0 63.9 0.0 100.0 0.0 51.9 43.5 0.0 84.7 0.0 64.6
1967 0.0 59.4 0.0 63.6 0.0 84.5 0.0 48.3 43.5 0.0 65.6 0.0 65.7
1968 0.0 65.6 0.0 64.1 0.0 79.5 0.0 47.8 42.4 0.0 66.5 0.0 66.6
1969 0.0 65.4 0.0 64.5 0.0 77.3 0.0 47.3 41.3 0.0 67.5 0.0 67.4
1970 0.0 69.7 0.0 64.9 0.0 73.4 0.0 46.7 39.9 0.0 68.3 0.0 68.4

SOURCE: MODEL RESULTS
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TABLE 13: CROPPING PATTIERN BY FARM SIZE AND BY TECHNOLOGY: WHEAT REGION IN THE STATE OF RIO GRANDE DO SUL
SOUTHERN BRAZIL (1960-1970)

YEAR WHEAT1 WHEAT2 SOYSW1 SOYBW2 SOYBI1 SOYBI2 CORNl CORN2 NATPAS SUPAS1 SUPAS2 WIPAS1 WIPAS2

CROPPING PATIERN ON SM.LL FARMS AS A PERCENTAGE OF TOTAL LAND USE ON SMALL FARMS

1960 1.42 0.0 0.94 0.0 0.47 0.0 4.15 0.0 91.74 0.95 0.0 0.32 0.0
1961 1.71 0.0 1.11 0.0 0.54 0.0 4.52 0.0 90.64 1.10 0.0 0.36 0.0
1962 1.01 0.0 1.31 0.0 0.63 0.0 4.91 0.0 89.42 1.28 0.0 0.43 0.0
1963 2.48 0.0 1.53 0.0 0.73 0.0 5.31 0.0 87.98 1.48 0.0 0.49 0.0
1964 2.98 0.0 1.79 0.0 0.83 0.0 5.74 0.0 86.40 1.69 0.0 0.56 0.0
1865 3.58 0.0 2.1¢C 0.0 0.97 0.0 5.58 0.0 85.16 1.96 0.0 0.65 0.0
1966 4.27 0.0 2.45 0.0 1.10 0.0 5.97 0.0 83.23 2.23 0.0 0.74 0.0
1967 5.06 0.0 2.83 0.0 1.25 0.0 6.38 0.0 81.10 2.53 0.0 0.85 0.0
1968 5.98 0.0 3.26 0.0 1.42 0.0 6.78 0.0 78.74 2.37 0.0 0.96 0.0
1969 7.10 0.0 3.77 0.0 1l.61 0.0 7.25 0.0 75.96 3.27 0.0 1.09 0.0
1970 8.47 0.0 4.38 0.0 1.84 0.0 7.69 0.0 72.63 3.74 0.0 1.25 0.0
CROPDING PATTERN ON MEDIUM FARMS AS A PERCENTAGE OF TOTAL LAND USE ON MEDIUM FARMS

12560 1.13 0.583 0.76 0.58 0.0 0.47 0.0 4.46  90.63 0.0 1.04 0.0 0.35
1961 0.97 1.31 0.29 1.31 0.24 0.32 0.0 4.04  89.83 0.0 1.26 0.0 0.42
1962 1.29 1.72 0.0 1.72 0.39 0.16 0.0 4.59 88.12 0.0 1.51 0.0 0.51
19¢3 1.23 2.74 0.03 1.99 0.47 0.18 0.0 4.36 86.60 0.0 1.81 0.0 0.60
1964 1.16 4.05 0.09 2.28 0.53 0.09 0.0 4.13 84.78 0.0 2.17 0.0 0.72
1965 1.09 5.73 0.15 2.63 5.07 0.0 0.0 3.88 82.53 0.0 2.57 0.0 0.36
1566 1.14 6.75 0.07 3.16 0.55 0.0 c.0 4.15 80.11 0.0 3.05 0.0 1.02
1567 1.22 6.69 0.0 3.79 0.33 0.13 0.0 4.42  73.38 0.0 3.63 0.0 1.21
19638 1.16 7.04 0.07 &.33 C€.56 0.23 0.0 4.17 76.62 C.0 4.34 0.0 1.44
1969 1.07 9.67 0.12 5.09 0.61 0.32 0.0 3.93  72.31 0.0 5.16 0.0 1.72
1970 1.02 ¢.38 0.18 5.90 0.63 0.49 0.0 3.70 70.53 0.0 6.13 0.0 2.04
CROPPING PATTERN ON LARGE FARMS AS A PERCENTAGE OF TOTAL LAND USE ON LARGE FARMS

1960 0.0 1.77 0.0 1.52 0.0 0.51 0.0 4.5 90.17 0.0 1.13 0.0 0.37
1961 0.0 2.45 0.0 1.81 0.0 0.63 0.0 4.24  83.98 0.0 1.41 0.0 0.47
1962 0.0 3.36 0.0 2.1& 0.0 0.38 0.0 4.58 86.99 0.0 1.75 0.0 0.58
1963 0.0 4.62 0.0 2.54 0.0 0.58 0.0 4.24  B85.15 0.0 2.18 0.0 0.74
1964 0.0 6.31 0.0 2.99 0.0 0.50 0.0 3.91 82.67 0.0 2.71 0.0 0.90
1965 0.0 7.00 0.0 3.54 0.0 0.46 0.0 3.62 80.8&9 0.0 3.36 0.0 1.12
1966 0.0 7.39 0.0 4.19 0.0 0.43 0.0 3.35  79.09 0.0 4.18 0.0 1.39
1967 0.0 7.30 0.0 4.94 0.0 0.53 0.9 3.08 77.24 0.0 5.18 0.0 1.73
1968 0.0 9.98 0.0 5.82 0.0 0.66 0.0 2.84 72.15 0.0 6.41 0.0 2.14
1969 0.0 13.52 0.0 6.36 0.0 0.31 0.0 2.61  65.63 0.0 7.93 0.0 2.64
1970 0.0 15.91 0.0 8.05 0.0 1.00 0.C 2.40 59.59 0.0 9.78 0.0 3.26

SOURCE: MODEL RESULTS
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RIGINNAL LAND USF HY FARM STIF: WHEAT QFGION M THE

STATE OF RJO GKANCE DD SUL, SOUTHCRN ARALZIL (1760-1910)

. e ——— o 1 s @ o m o 8 Cae

WIPAS

3,40
3.80
4.%0
5.10
5490
6,80
“1.80777
§.00
10.30
11.90°
13.70
TTeL20 T
6.20
7.50
890 T
10.70
12,90

- JURI

“Ts5.50
18.5%0
22.20

T 26,7077
32,00

Tk

9.30
11,60
14,50
18,10
22.170
28,30
35.40
44,30
$5,30
59,20

YEAR WHFAT SOYAN coan NAPAS SHPAS
LAND USE BY CRCP ON SWALL FARAMS (IN 1000 MA}
TTH9607 T 15,00 T 715,007 T 44.00 T 971.50 10.10
1961 18,00 17,40 47,90  952.20 11,60
T 1967 21.00 20,20 51,30 914,30 13,40
N6y T 25,907 T 23,60 T 95,40 7 917.70 15.40
T 964 .10 27.40 59,70 902,30 17.70
T 1968 37,30 32.00 %8.10 887,30 20,40
THIG66 44,80 37,30 62,70 T ard.ao 23,407 7
1967 ' 81,70 43,30 67,70 861,00 26.90
1968 64,50 50,40 73.10 849,00 31.00
1969 17.40 88,707 19,00 827.50 T 15,60
" 1970 92,90 68,30 R4.40 196.90 41.00
LAND USE BY CROP ON MEDIUM FARMS (IN 1000 HA)
160 2%.50 27,00 T 66,60 TT1352.80 15,50
1961 33,70 32,00 59,70  1327.30 18.60
Th982 1 44.%0 33,40 67,90 1301.50 22.40
1983 58,70 39,807 T 4690 T 280,10 T 2480
1964 17.%0 44,40 61,30  1259.50 32,20
19t% 102,30 $0.20 58,20 1238,70 38.60
TA66 120,00 ST50T T 6V 10T 1218.60° T w640
“"1967 " 121.00  86.10 67.60 1199.10 %5,60
T 1968 ' 126,30 80,70 664,20 1180.20 66,80
“T969 T 186.807 T 9530 T TEYL007 TIl22.80 T ‘sosl0T
19tu T163.00 112,80 58,00 1105,30 96.10
LAND USE BY CROP NN LARGE FARMS {IN 1000 HA)
TTIN6D T 38,007 7T X0.00 T T 790,007 {785.3¢  TT22.307 T °
1961 48,30 48,20 83.70 1754,80 27.80
1962 66.70 54,10 90.90 1725,5%0 14,080
1963 92,00 61,40 84,50  1697,30 43,50
T 1968 T Ti26.90 70430 79,60 1661,90 S4.40
TT196% T 141,50 81,00 73,10 1633.40 68,00
TTGes TTRULI0T T 930907 T 68400 T 1609.70 85,00 "
’“leo;"'|4o.ro TTI12.30 T 63,20 1584.60 106,20
1968 208,60 134,20 56,80 1494.00 132,80
TTI969 T 283.00 180,607 34770 1374.10 166,00
T 1910 T 337,%0 192.00 $0.90 1263.80 207.%0
SOURCES  MONEL RESULTS
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TABLE 13: AIEP PRODUCTION USING NATIRAL
VMEAT REGION IN THE STATE OF klo

1966

1968

1570

SMALL FARM
6.7
6.7
2.7
o
sa.c
9.9

TABLE 16: BYEP PRODUCTION USING
. WHZAT Pn:!o! IR THBE STATE OF

SMALL PARY
Al
a7
S.4
6.2
11
8.2
9.4

10.9
12,5
14.4
16.5

(1960~1970)
MEDIUM PARM

6.3

7.5

9.0
10.8
13.0
13.6
18.7
22.5
26.9
32.3
8.8

(IN 1000 METRIC fowx:.

RIO GRANDE DO SUL,

LARGE PARM
131.1
132.7
132.5
134.2
135.4
139.9
145.2
152.2
156.7
161.8

PASTURE (I3 1000 METRIC Tows);
CRANDE DO SUL, SOUTHERK BRAZIL
(1963-1970)

MEDIUM PARM LARCE Faxn RECIOMAL TOTAL  YEAR
91.6 1221 278.4 1960
%0.2 120.2 2761 1961

sm.9 118.4 270.0 1962
2.5 116.6 263.9 1963
~.2 2L 260.6 . 2964
859 . 112,68 - 297.4 1965
) 0.9 2536 1966
82.4 1003 209.0 1967
a2 103.1 2¢2.3 1968
7.3 %.¢ 2.8 1965
2.1 .1 6.5 1970

TARLE 17: TOTAL BEXP PRODUCTION
© WHEAT RECION IM YHE STATE OF
SUUTMIRN BRAZIL (1960-1970)
YEAR SHALL PAKY MEDIUM Sase
1960 6.8 92.9
1961 £8.4 97.7
2322 68.1 $7.9
1963 68.0 98.3
1964 68.0 99.2
1965 68.1 100.5
1966 8.4 102.4
1962 €%.1 104.9
1968 69.8 108.1
1969 70.1 109.6
1970 70.0 114.9

170.9

RECIONAL TOTAL
297.8
298.8
298.5
300.5
302.6
308.5
6.0
326.2
334.6
341.5
355.8

LARGE PARM
9.0
12.5
14.1
17.6
21.9
27.3
34.3
42.9
33.6
67.0
83.7

IMPROVED PASTURE (IN 1000 METRIC TONS) :
RIO GRANDE DO SUL, SOUTHERN BRAZIL

RECIONAL TOTAL
19.4
24.7
28,5
.6
42.0
51.1
62.4
76.3
93.0

113.7
139.0

€Lt
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TAILI 16:

lANf USE AY FARM SIZE AS A PFRCENTAGF NF '!EGIDNM. LIND

USE! WHEAT REGICN IN VHF STATE OF RIN GRANDE DO SUL-

SQUYHERN BRAZIL_{1960-1970)

fEAR

SUPAS. .- WIPAS

" WHEAY SaveN CORN NAPAS
. CROPPING PATTERN ON_SMALL FARMS e e T
1960 . 19,87 . 18.29 21,93 - '23.[6"‘ ”:(‘ zn.oq ?le.zs
_ 1961 18,00  17.03 24.68 "zs_.zcj f‘ ,v.'.zo.oo n.eo
1962 15,89 18:83_ 24.42. _ 23.57 18,98 ] 19.07
1963 ___ 14,67 18.97 . 210 23.55 17,97 17.89
1966 __ 13,20 . 19,28 - 29.98 .:,"'2‘,.60 16497 17,00
- 1965 13.27 19.61 30,68 23.59 16,06 16,04
1966 14.22 19711 3235 23.60 15.12 15,12
1967 _ 16,55 __ 1936 3411 23.62 14426 14.31
1968 16.23 19.00 37,28 24,10  13.44____ 13.41_
1969 14,68 18,66 ___40.58  _24.89 12,64 12.67
1970 15.66_ _ 18.31__ 43.66_ 2517 1190 . 11.92
CROPPING PATTERN ON MEOIUM FARMS '
_1960 3337 | 32.93_ . 33.20__ _32.92 32,36 32.50 -
1961 33,70 32.79 3,27 32.90 32,01 32,12
1962 33.66 30.98 32.32  32.89 N.73 3178
1963 33,26 3167 _3l.Se__ _32.88 .27 3.23 .
19683291 _ 31,25 __ 30.68_ _32.94  30.87 _ 30.04
1965 36.39 30.76 30.73 32,93 30,39 30.42
1986 38.08 30,47 32,56 32,92 29.97  30.04
_1967____ 37,30 . 30.48 34,06 32.90 29.46 29.41,
1968 31.78 30.42 32,76 33.50 28,97 28.91
JASB9. 31468 30,29 31.33 33,77 20,43 28.43
_1970___ _27.87. . 30.23_ _30.01  34.91 - 27.89 . 27.0%
CROPPING PATTERN ON_LARGE FARMS IR R
960 46.36 4078 4487 | 43.46  48.56 - 46.25
__ 1961 48,30 49.39 43,86 43.50 ',41.\93‘ 48,19
192  50.45  50.19 A327 4L 49.29 49.15
19635210, 89.36 81,34 "QJ.'SG . 50476 ‘so.u:
1964 53,89 49.47 39.31. ,,,,,,,,, 43.46 T 52.16 ) sz.lo
1965 50.34 _ 49.63 38,60 43,48 _ | 53.54 3, 54;
S1966 __AT.T0 49076 35,09 | - 43.48 5401 54.84
1967, __ 4615 50,20 . 31.84 - 43.48 ",u.zn : -1-':,6._;@\
1968 51,99 _50.58 . 29,98 __ 42,40 '_,‘5‘7'."56".4 5768
1969 . 53,68  51.08 20,09 6133 . 58,93
JISI0. | Sei88  Slae 26,33 39.92 .60, 2
o SmRCET _ moDEL mESULYS.

174


http:1566_18.31

"‘”c"libm'{a"un;nu ON LARGE FARMS ~

',',mu m CROPPING: PATTERN BY FARM SIZE: WHFAT REGION IN ms surt

- " OF R1O GRANDE DN SUL, SOUTHERN ARAZIL u%n-nwo)
:.','-.v"énli" unsn soven CORN NAPAS SUPAS wu?‘e,s
; ‘cnu»ms PATTERN ON SMALL FARNS

"nw.o 1.2 iw43 STBTTUONTe T 049 T olad T
T 1T " 1466 4,82 90,64 Lo 0.36
196277 72000 U 194 deen 89.42 1.28 0. "3

, 1'96‘3 FI1T 2.26 531 120 I R VY Y i’ WS -
TN TTTT298 2062 T USLTe T m6.40 1.69 0.56
“fi&s‘"‘ TREETTTTN0TTTTTRISE T 85,16 T 1496 0.65

1966 4.27 3.5% 5,97 LEPYE) L ¥ ) 0.74
TTi96T 5.06 4,08 "6.387 Tsl.l0 2,53 0.05
1968 5.98 467 6.8 T T 18074 2.07 0.96

1969 7.10 5.8 T.25 7591 ¥ 2 I BT L
THOTO T T UeLAT T T 62287 T .69 T 12463 374 1.2%
"TCROPPTAC “PATTERNON MEDSUM FARMS ™~~~ "~ - - )
~1960 71 181 %6 90.63 1.0% 0,35
~1961 2.28 2777 &0 T 892.8377 7 7 1526 0.42 "
U962 3.01 22677 70897 8812 T 1,51 0.51

1963 3.97 2.66 436 96,60 1Y} 0.0
TA968 T s.2d 2,99 TR T 88,18 T 2,17 7 9‘."_'2
TTH98ST T T80T T TR TR0 T 02,53 T T 2057 T 0.86 -

1966 7.89 3.78 415 g0, 11 kL1 SN Y
1967 To9i %45 T TTRIRITTT 70030 3.63 1.21

1968 8.20 Se20° ALY TTT 760627 434 ‘;A.‘sf«‘

1969 T10.7% L) P pann PP e P 1Y p.be7 e

TI9T0T T T 40T 10207 T TR0 T T 70453 N 2,04

SOURCES *

HDDEL RE SUU‘S

1760 .77 2CH) A5 TR0 T T ol
TTIR6LTT TS T 2,46 4,24 82.98 141 : 'o""h’
TT196277778,36 0 T 2473 4,50 86,99 1.15 o.sa

1963 4,62 3,08 4.26 85.15 ‘2418 o 73
TTi964T B3RR89 T 82467 ‘»2.'1{‘ o 90
TT1968TTTTT00T T Tew0d™TT 3.62 7 80489 3436 1.12

1966 7.39 4.61 3.34 79.09 ﬁ.x‘a‘ R i"ié )
TTI86T T T TTa30TT T T S.47TTT T 30m T 11424 sids 173
TTU968 T 79,987 TTelks 2088 72018 sJij- 2404

1960 13.52 TOT  ZeBT 68,63 TTUTITEY T "i:&s"“‘
19107 T8 T T 9008 T 2.60 59489 9,78 3,28

ams
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YOYAL LANE USE RY FARM SIZE (1IN 1000 HECYAPESII NME YH
REGION IN THE STATE OF RIO GRANDE DO SUL . . '
- SOUTHERN ARAZIL (1960-1970) _ .

wim  cemem, T3 mee e

"Veii" BT small FARM MEDIUM FARM LARGE FARK

neo T 1058499976 1492,59985 1979.99976
l%n v 1050.49951 187749976 77 77 1972,09961
1963'““'""'"'nou’:'nbao"" T 1479,19971 19683.59961
1963 T T 77 1043,09961 T 1479439966 1493.19995
1964 1044,29980 1465.59985  ~  2000.19946
1965 104i.89966 T 1500.89966 2021469971
1966 " i049.799%6 © T Ti521.09985 203%5.19971
1967 1061.59985 1529.89990 2051,39966
1968 1070.29980 " 77T 1540.39966 T 7 2070,69922
1969 10§0.099610 7T 1552469971 2093.699T1
1910 1097.19971 1567.19946 2720.89966

SOURCES ~~ MODEL RESULTS e ) -

_y!g,_!!g YOTAL LABOR USE BY FARM ST2ZE (IN 1000 HOURS): WHEAT
"REGION IN THE STATE OF R10 GRANDE DO SUL
SOUTHERN BRAZIL (1960-1970)

TYEARTT 77T T SMALLTFARM MEDIUM FARM "7 LARGE FARN "
1960 &1752.3984 24342.3008 T 15289.8984
1961 528605000 23245.8008 ‘1561’5’.’6#62"""

19627 T T8e099.6006 T 23718,1992 T lsno.;ado‘a -

“1963 7 T T TTes052.8125 T T 2418408988 15724.1016

“196% T4044.6250 236686016 i5844.0984

19657 19873.3750 7T 251808984 15940.1992"

TYS66T T T T90211.1875 77 25665,3008 16112.8008
1967 102168.812 26178.6016 16378,0000

v‘i‘ﬁbi“—"——"llbOI#.'B'IS T 2670240000 16986,5000

CTigE9TTTTTTT T132035.500 T T T T T 2723601992 7 T T T 17031,6016

—f9To150107.125 7¥780.8484 "~ 18801, 8008

— o e e

'SOURCES  MODEL RESULTS ™
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_JOYAL HIRED LAROR BY FARM SIZE (1IN 1000 'R\l.l!)l

WHEAT REGIONM IN THE STATE OF RID GRANDE DO SUL

_TABLE 23t

TAL LABCR HOURS USED AS A 'ERCENI’AGE oF. YOI’AI. FAI".Y

“UABOR HOURS AVAILABLE BY FAR® STZEs WHEAT REGION IN THE SI’ATE OF

USEO BY FARN SIZE: WHEAT REGIOM IN THE STATE OF R10 CRANDE DO SUL

“year

SOUTHERN BRAZIL_11960-1970)

SMALL FARN " MEOIUM FARR LAQGE FARN
1980 T 0.0 7T T T 7T sa31698 47.31288
1961 0.0 0.0 %5.60251
1962~ .07 T T 0.03182 T 46,8540
1963 TR0 T T T T e T 45.73889
LT 0.0 0.0 45.07568
1963 0.0 0.07388 ~~ " 44o31184 7
1966~ T 00T T o0 U T 43.80617 °
1967 5.0 50 3201095
“1988 0.0 0.0 T T T T aeuse3se T
1949 T 040° 0.0 e Qe.’vnsn -
1970 0.0 5o u.nuo

SOURCE: ~ MODEL RESULTS

SOTHERN *2aZ21L11960-1970) A10 GRANDE DO SUL, SCUTHERN BRAZIL_{1960-1970)
YEAN T T GHALL FAkN T T MEDIUM FARR T T LARGE FaRM TT¥EAR SHALL FARN MEOIUM FARR T T LARGE FaRmT
T1980 0.0 T Tissa.30008 T T 7219.89044 T1060 T36.5291007 777 "Ta0s.01123 7T T 89,7008

1561 0.0 0.0 8072.89544 1961 28.02713% 100.00000 183 03107
'li;z 0.0 o 7450000 © T 7374.30000 1982 TTa1.88806 T ' 100.031%56 180.16109
“ive3 0.0 X ‘0.0 o 7192.00000 1983 "34.57945 " 7 ""100.00000 T 1es.29337
Tven 0.0 0.0 7142.199227 "198% 38.00720 100.00000 Te2.06813
“[vqé 0.0 0.0 77 TTTTTTT 7083439844 1988 T40.19099 T T T 100.07542 T 11957183 T
“1yes 0.0 T 0.0 TTUTTTT qosm.3ames Thesé " 34,5021 T 77" ""'100.00000 177.95503
) u_n,.' i . 0.0 0.0 T142.60156 1967 4941339 100.00000 1R 22% 3 1) Ty
1968 I 0.0 7040 TTTTT T 7566039800 Cless” T $s,01213 ~ 7 1g0.00000 "7 180.32178 -
'.1-91665 . ‘a'.bo 7T T 00 T T7 T e223.10156  10e9 T T 61.378%¢ ~ T~ T 7 100.00000 us.snu -
—ieTe T 8el - 0.0 9001.10156 "~ 1970 88.411i6 100.00000 nl.uuo

TABLE 28 ' WIREQ LARDA HOURS AS A PERCENTAGE OF TOTAL LABOR MOURS

Lit



TARLE 25: QUASI-FIXED CAPITAL STOCK (CAPITAL FORMATION IN PARM POWER) BY

PAXM SIZE (IR 1000 CR$ AT 1970 PRICES):

WHEAT RECION

14 THE STATE OF RIO GRANDE DO SUL, SOUTHERR BRAZIL (1960-1970)%

YEAR SMALL FARM
1960 843.1
1961 “964.8
1962 1086.6
1963 1224.3
1964 i;és,i
1965 LIS
1966 me.s
1967 1951.5
1968 228
1969 . 2542.2
1910 2900.8
TARLE 26:

1960 277.88
1961 27812
‘iiéz 218, jaj ‘
fié;; RO
!9;5

-

1501

-

10

HEDNTUM TARM
6830.3
10916.3
"12768.9
172626
22128.9
28730.0
5.6
EEN
19368.5
52142.1 :
53406.6

MEDIUM FARM
394.12
39191
16.16
399.60
40532
.‘.'ii_f.s"s
2585,
432,10
Ja39.13.
452,68

LARGE PARM
18166.8

21769.9
44036.8
34388.5

- 44036.8

49079.5 -

S3TNL.6

s7598.4 -
© 75994.6.

98577.5
116869.3

" TOTAL VALUE OF LAND IN USE BY PARM SIZE (IN MILLION CR$ AT 1970
" ®RICES)s WHEAT REGION IN THE STATE OF RIO GRAMDE DO SUL,
- SOUTTIERN BRAZIL (1960-1970)%#

" LARGE FARM

526.18
'szs,sz
534.62
542.69
iseme
563,37
572.63
- 582.87
604.18
631.37
658.79

TABLE 27: . ESTIMATED TOTAL CAPITAL STOCK (QUASI-FIXED CAPITAL STOCK + VALUE OF
LAKD IN USE) BY FARM SIZE (IN MILLYIOR CR$ AT 1970 PRICES): WHEAT
RECION IR THE STATE OF RIO GRANDE DO SUL, SOUTHYEN BRA2IL -~ -

€1960-1970) .
YEAR SMALL FARM MEDIUM PARM LARGE FANM |
1960 278.73 400,95 542,35
1961 279.08 402.83 $A7;59
1962 279,86 . 408.93 56184
193 280.81 “s16.88 “s71.08
1964 283.76 a2ras 398,84
1965 285.18 YRS 612.45
;ééb: 290.57 isé.gs 626.40
1967 297.44 a6r.91 881,46
1968 306.19 478.50 | 680.17
1969 314.46 504.80 729.95
1970 322.25 514.50 775.66

*Conputation of quasi-fixed capital stock that includes draft animals,
conbines and tractors is carried out as follows:

Capital Stock(t)=(1-d) X Capital Stock (t-1l) + Investment Capical (E);

Where d 1s a depreciation coeffi~ient,

Small farms' d=202 whcre capital corponents are vork azimals only;

Mediun farms®' d=12% vhere capital components are both work animais
and tractors and combines, and hence d for sedium fsrus are
wveighted average of d's for traditional and modern farm powers.

Large farms' d=10Z where capital components are only tractors and
comhines.

#Aland in use includes crop lands and improved pasture lands that
are evaluated at 400 CR$ per hectare and land left to natural pasture vhich
is cvaluated at 250 CR$ per hectare. The per hectare prices of land are
weighted averages obtained from the sample farm record data of the three
nunicipios in the vheat repion, namely Carazinho, Nao Me Toque and Sao Boria.
For the data description, sce Norman Rask, "Analysis of Capital Formation
and Utilization in Less Develoned Countries,” Occasional Paper Ko. &, Depart-
ment of Agricultural Economics and Rural Sociology, the Ohio State University
December 1969.

gLt



VA'UE OF QUASI-PIXED CAPITAL STOCE AS A PERCINTACE OP THE ESTI-

. JDAKLE 30 JOTAL TRACYOR_USE BY FaRM SI2E IIN 1000 nounsn_,

MTATE OF AT0 CaAC Do BUL, SoUTRERN TAAZIL, (1960-1970) RECION toummean snazit tiseoristor
TEAR SMALL PAXY MEDIUM PARN LARCE PARM  _ L T ‘__
1960 0.30 .70 . YEAR —SWALT Fami MEDIUN FARM Lange Fari’™
196 03 an 2.97 “i9é0 “6.0 “"r0s.80005 "~ " xm.xeejs"‘
‘1962 0.3 212 - 1961 0.0 786.6999% - 132380605
193 0.83 s 5.9 1982 0.0 921,6999% xsu.:lwvo
1968 o;ss s.18 7.3 T1963 0.0 T7 7 1052.20008 ’ 1790.3000%
1965 0.3 6.8 a0l 1964 0.0 1212.00000 2101.60010
'xju 0.59 ;” .58 T1968 0.0 T T 1428.80000 T 2308.39990
967 0.65 2.65 . T19%6 0.0 T 77 1664.60010 2513.39990
1568 0.7 '.J') . i9e7 0.0 i809.60010 2723.800107
1969 0.0 “o.” 13.50 1988 0.0 T 1950409990 T 3373.3000%
1970 0.90 10.38 15,07 T 1969 TTo.0 7T T T 2365.89990 422%.101%6
1970 0-0 750060005 so020.i9922
__TANLX 293 _ YOTAL DRAFT ANINAL USE BY FARM SIZE uu 1000 HOURS)S _TANLE 311 __ TOVAL COMBINE USE BY FARM SIZE (IN 1000 uuuisn’ WHEAT .
WHEAT REGION IN THE STATE OF R10 GRANDE 00 Sut REGION IN THE STATE OF PIO GRANDE 00 StUL )
SOUTHERN BRAZIL (1960-1970) SOUTHERN BRAZIL(1960-1970)
vEAR  TT T smart Famn’ WFDIUN FARN " LARGE. FARR T YEAR “sall FARMTT 7T T T _mEDIUM FaARM LARGE FARN ~
1960 7T s798.89A44 1877.%0000 - 0.0 1980 0.0 U777 24414000 71.25000
T3 3315510158 1763.65993 0.0 1961 9.0 43,3999 1-eFo99
1962 T 7333.89844 T 1787.%0000° T T 0.0 1962 0.0 $3.020007 7T T 116.72000
1963 "7 T 7 e271.05922 1841.50000 ~  ° 0.0 1963 TT0.0 T T T T T 72468900 T T T 145467999
T1964 93499847 1897.40010 0.0 1964 0.0 95.46001 Terc28999™
1983 Tio117.8016 7T 7T T 1940.69998 T 7T 0.0 - ﬁoos 0.0 125.4%000° T T 77 211.208000
186 "7 Ti1sos.1016 T T n-w.loold TTTTT 0.0 Ti9es” 0.0 150.89000 ~ ° T 231.9%001 °
TT%T 31083983 1939.1999% 0.0 1967 9.0 162, 32001 248.05000
L196m 14944,3008 ~ T T T 1988,80008 T T 0.0 "7 T1ves 0.0 179.39000 "7 T 323.77002
1969”7 Ti7i15.00087 " 2010.19998 " C . 0.0° T Tivew T 0.0 * 234.24000 “421.34009. 7
1970 19543.898¢ 2048, 19993 8.0 o U 0.0 28717899 503.07007
SOURCES ~WODEL RESWLTS'

BLT



TOTAL MECHANICAL POWER USE 8Y FARRM SIZF (IN MILLION -

_ Tamx . TANX 341 GROSS NEW INVESTRENTS IN TRACTORS BY FARW STZELIN.
SRAKE MORSE POWER HOURS)S WHEAT REGION IN TME STATE. OF RIO 100003 WHEAT REGION IN THE STATE OF IO GRAKD DO SUL -
GRANOE 0O SUL, -OUTMERN BRAZIL {1940-1970) : SOUTHERN _BRAZIL 1960-1970)
vEAR SHALL FARR " ™ EDIUM FARM 77T UARGE FARM T véan SMALL FARN 7T T gDTUN FARNT T LangE RaaNT
1980 TT000 T 7T 36469899 T 77T 63.27249 T 1980 0.0 T 0.07000 " u.|1:oo”:“
ivet 0.0 4§1.60498 10,1738 6T 0.0 0, 06900 O-IO;IOO
wez T 0.0 T T 48.73599 T 77 84.20593 T 1962 9.0 T0.09900 T T T g.17000
1963 0.0 =TT s6.21299 T 96,7993 1963 0.0" 0.10200 ~ 0.17100 T
194 0.0 63.37299 114.44403 1984 0.0 0.12260 0.22800
“ees 0.0 T 77.60243 T 0T 125.98387 1 T 1968 0.0 T0.15600 T T TTT o.xssdo."
1966 0.0 " 90,77443 T 137.38943 T 1968 0.0 ~ 0.17400 T~ T T o.zoﬁoo'-
1967 0.0 98.59%399 " 14%,62250 1987 3.0 9.T3800 o'..nboo:—;
1968 T 0.0 T T T T 106451437 T TTTTTTT 184,85349  TT1968 TTTTTTe0 T T T TTTT T U 014700 T 0444000
1969 0.0 T 130.00893 232.32205 1969 TT040 T T T 8.29000 . CTTTTTT T 0.33100
1970 0.0 137.39893 276.1633) 1970 0.0 015700 o:ss;ao—
TANLE 33:  GRCSS MEwW INVESTMENTS IN ORAFT ANINALS BY FARN SIZE. _TABLEI3: _YOTAL QUTLAYS N INVESTWENT GOCOS BY FARM SIZE( TN 1000 °

(1IN 10008 WHEAT REGION IN THE STATE OF R10 GAANDE DO SUL CR$ AT 1970 PRICES): WHEAT REGION IN_ THE STATE OF RIO GRANDE CD
SOUTHERN BRAZIL_(1960-1970) SUL, SOUTHEAN BRAZIL (1960-1970) .

TTYEART T TTTsmalL Faaw’ MEDIUM FARM ~ 77 LARGE FARN T YEAR T SMALL FARM MEOTUM FARM LAvGE FARN"
1980 6.12000 " 0.0 T eee T 1980 43.92000 " 4987.19331 ~ 14872.7930

1961 0.78000 0.0 0.0 i9s1 203.47998 $305-5937% S416.79887
~ioe2 """~ 0.86000 " 0.12300 0.0 TA962 T 314475977 T TT3162.61768 T ‘un.niéz :
ey T 0.97000" " T oder00 T T B0 Ti9e3 T 335.01978 T 7T 7 e00s.11e? 19890.1943)
‘_511« ‘ 1.10300 0.17100 0.0 1964 30872980 €935.38281 13037.1953"
1988 1.06300 T 777 0.17000 7T T T 0.0 T T T 1968 389.05788 T9236.61718 T 77T T 9446439483 T
1968 1.386000 7 7 0.1%200 T T " 0.0 ° 1988 507.27508 T 7T 8693.22856 T 7 T T 9599.99609
—_ﬁh 1.50000 915900 0.0 1967 $T8.27979 390939082 920399219
T 1960 T 1.81300° ~ TT o 0a17700 TT T 0.0 1968 T T e63l.s8788 T 7857.57812 TTT2615%.9922 T
71969 2.08300 0016900 T T 040 1969 TO2S3TTOT T ATATLEATT 7T 30182.3986 T
e T.35905 5. TIT08 0.0~ 170 (35 £+ 12 ey 1) (T 2T
’ ‘ """ SOURCEs RODEL RESULTS

08T



Lruu 36 TOTAL OUTLAYS ON SLL INPULS BY FARN SIZE (IN.1000 Cas
"AT 1970 PRICES): WNEAT REGION IN THME STATE OF AIO GRANDE DO SUL
- . SOUTHERA BRAZIL (1950-1970)

; TANLE 30;
AT 1970 PRICES)s

TOTAL OUTLAYS ON NUTR
WHEAT REGION §

N THE

SOUTHERN BRAZ2IL{1960-1970)

IENTS BY FARN SIZE (IN 1000 CRs- _~
STATE OF AIO CRANDE 00 suL

- " LANGE FARN

Twear” "SMAUL FaRM 'MEDIUM Famm ~ LARGE FARN ~ ~ygan SMALL FARN T T MEDTUM Famw "
T%0TTT T 34605.0250 T T T 12001.9378 T 1308280312 “ieéo 6257.99609 T " “To126,29297 T 13322.3945°°
196l T 33723.3969 60518.8984 181719.3757 1981 7005,59375 1030074927 14710.4927
1982 36297.0273 " e2812.6953 T~ 136775937 "7 Tes2 T 7820039483 T ‘12303. 8067 17562.2001 "
T 1963 TT3er61.9338 T 69483.8125 T T 152096.12% " 1963 7T 8872.49219 T “13a78.8887" ° 77T 2010140992 T

Tee 40758, 7031 COIS345.8128 T 174229.378° T “Teas 10019. 0893 15852.8908 23820.2891
1983 ' 42240.1320 T T ae30s.se2s T 173363.250 '~ T19ss 10787.6914 " 18515.6916 " ° T 7 25596,8945 ~
Ta986 T T ascat.TO T T 90377.2500 T 77 180433.687 T jqes 12253.589¢ "7 7 21205.7891 U 20932.8945 T

1967 48253.3359 90894, 1875 185123.12% “1ve? 13950.2891 22343.992F 27890.0859
Ta%es’ T s2099.1488 95532.2500 221639.052 T T 1qes T 15932.6953 T 23417.0898 T 7 35212.7930 ° ~
1969 T T 3e405.0077 T T 118072.312 7T 256904.187 T Trase T re236.3908 T 20341.3937 43032.39%3

1970 611533300 1ti102,082 282204.082 1970 20836,2491 28837.1953 s3s 2930
CTABLE 311 TQYAL NUTLAYS ON VARIABLE INPUTS By FARN SIZE €IN 100Q  _ TARLE 331 rém. OENANO FOR NEST BY FARNM SIZE (IN NILLION CPs ATV

CRS AT 1970 PRICES)s WMEAT REGION IN THE STATE OF AI0 CRaNOE 0O 1970 PRICES): wHEAT REClON Im THE STATE oF min CRAMDE DO S\t

SUL,_SOUTHERN SRAZSL f1960-1970) SOUTHERN eRAZJL $1960-1970) — e
| vear T7 7 swaLL Famm REOIUN Farm LARGF FARM ~  yram SuALL_ Famm WENTYM FaRN LARGE EARN_
" 1eeo 34361.5039 67094.6875 1335631.500 ' Tiqe0 T 7 0.0 o 0.0 - 0.0 '
“Tesl 33T 0 T T sse 133047 136302.562" " “1961" T g.0 ) 0.0 0.0
T U982 T Tyeem2.2688 T T $9650,0742 107148,887 1962 0.0 0.0 — T80~ T
T 1% T see0s9102 0 6)477.8945 T 132203.687 T " ey 2,812 ° T g0 T j0.0e012 )
i 403%0.213% 68390, 3750 161142,125 1964 12.68031 7 7T 15,4100 T 46,1047 °
T 1963 41851.0742 7T 75048,9373 T esern.arz TT1ees [E19 LTy T 34o31esé ﬁo‘.uiqs“
T aves 443240258 77T apeae.0000 170833007 1966 Tir.ee2er T Sl.8s103 6!.’126_!'._5:
T’ﬂ‘qm'{.—oﬁi“‘uvu.'uoo——‘nssn.lzs'_' 1987 T T T Te 290 T yalsetre . i:.s&up i

‘1968~ SLOIS.3E T T T gue74.6250° T T 1e7ass.cez 19¢8 0.6 TEEIZ360 T 4o as3Te—
" avey 3344271077 T 100374.437 T 22621750 T Treee s “ev.e9228 s 9.72508
I eTeeaR T03%80.45Y —Esi114.07 1970 T.eres0 LR '~';‘lqg.§:di'z*“"

T SOUMCEs T N0kt asemve ™

- 18T



'NEAY REGION IN THE STATE OF RI0G GRANCE OO SuL
SOUTHERN BRAZIL_11960-1970)

TTYean

JOTAL OUTPUT BY FARR STZE (IN 1000 CRS AT 1970 PRICES)I _TANE 42; AVERAGE NET LABOR PRODUCTIVITY PER MNUR BY aRN Sll!

(1IN CONSTANT 1970 CRS/HA): WHEAT REGION IN THE STATE U' RIO:
GRANDE N0 SUL,

SOUTHERN BRAZIL [1960-1970)

SRALT Fam HEDIUR FARN’ " LARGE FARN TTUYEAR SMALT FARN ™™ """ TREDIUK FaRM T T CARGE Farm T
1960 9534405000~ 141893.625 191914.250 T 1980 1.29709 2.86792 2.n1220 "
1981 98943.8123 146178.000 200503.128 1961 1.19553 3.68484 3.89928 -
Tive2 101917,250  153419.250 TT213496.812 T T T 962 1.08848 " T T 7302003 T 3.73084 .
1983 108164.000 ~ 162253.687 T T T 228371.87% 1983 1.02063 T T 3.e3586 — T a2t T
1964 110933.812 173141687 248889.378% 1966 0.94786 3.96439 4.T119%
1965 115450.437 7 T T187693,000 T T T T 261549.000° 1983 0.91658 ~ TT T T 4.10819 T T T s.,40889
TTi9e8 T  122272.187 T T 777 201333.000 T T T 273373.500 “1986 0.858622 Ta.32318 T S.76807
1967 130327.750 zé'asn.aik—nuu.'xi; 1967 0.80337 4.4933% - 608301
T13e8” 140032.250 217744.378 T 322431,500 T 1968 T 0.75791 " 4.53944 5,93380
"7 1969 TTT129839.378 T 2643152.687 372008.062 T 1969 T0.71822 7" TT 4.5924) . 6.4590%
1970 1628297375 251526.625 415104.975 1970 0.6773¢ 505472 T80
_TAME &3 AVERAGE NET LANO PRODUCTIVITY rER HECTARE BY FARM SIZE _ TABLE 431 AVERAGE NET PRODUCTIVITY OF ANNUAL TOTAL CASH OUTLAYS BY

31N CONSTANT 1970 CR$/MA)S WHEAT REGION IN THE STATE OF RIO
SOUTHERN BRAZIL_(1960-1970}

GRANDF DO SUL.

FARN S1ZE3 WHEAT REGION IN THE STATE OF RT0 GRANOF 00 SUL -

LANGE Farm |

© YEAR SMALL FARNM MNEDIUM FARM LARGE FARM YEAR SRALL FARN MEOIum FARM
T 1960 T $8.48827 PYYS 277 20.90300 1960 " 1.80027 T 0.96850 - 0.,27493
1961 80-18138 57.97432 29.R0769 1961 Ta 76973 T.4133¢8 o.6i'¢‘ig‘—
1982 ~ T e2.1%881 T $1.25372 29,8031 T 1962 T T T T 175874 T T T T T T 1.40249 0 T 0,37939
T 1983 T T T TTsacslres T T e2.70778 33.25092 1963 1.73887 — 1.33513 0.40887
1964 87.20778 65.82921 "37.140%8 T96% 1.72213 1229796 0.e2852
T o1ees T ‘70.26611 T 7 T T 7 e8.88364 42,62938 1968 1.73319°°° kl‘;zzn}‘ 0.49148
T 19 73.57638 ~ T T 7T T 72.94441 45.66818 1988 1.7152% T1.22770 0.51509
1987 1731197 Te.88713 48,40599 1967 1. 70090 12941 V53880
1908 B1.547877° T T 78.688T64 T 48.67651° T 1988 1.68780 T.25366 0.4%477
1969 ©0.62900 T T §0.55670° T 54.97630 T {989 167420 1.0593% 044804
T1970 92.00004 $9.80222 63.10567 1970 - i.,uu x.!?iiz - 0.47417
4 T T SOURCES” TRODEL RESULTS
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"ﬂ:ll.“l AVERACR NET PRODUCTIVIIT OF TOTAL wmmmmnun ﬂll.l“lr muwnnmmnnos (1mumunmcu)
S PRICEZS) BY PARM SIIE: WHEAT RECION IN TMR STATE OF Y FARM SIZE: mtnmumznmovpomwm

RIO CZAUME DO $UL, T~-THEKN BRAZIL (1960-3970) S SOUTHERN SRAZIL (1960-1970) L
Tyma SMALL PARM MEDII PARN LARCE PARN YEAR - L PARM Mot LARGE run .
1960 0.222 0.168 0.063 N '1’6‘1:'_; 1135 0.439 to.su e
T1ea 0.227 0.202 0,09 ‘2962 262 0.842 a2
“ 2062 0.2 0.208 0.084 _ 1963 236 1725 102
1963 0.200 0.203 0.009 ;,“ 618 1.998 r.06a
1968 0.7 0.206 0.093 1963 s . 1.088 ‘1.078°
1963 0.237 0.204 0.106 1985 79 1.199 Caam
1966 0.267 0.208 oan 1967 883 1,181 10362
1967 0.276 0.216 0.3 21968 902" 1,248 1413
1968 0.287 0.13 0.099 11969 0.763 1.035 4 1.004
1969 0.300 0.201 0.098 1970 0.649 1.138 ‘vx'."on ,
1970 0.316 0.224 0.106 Vhare: 1COR = [Total Capital Stock(t) - Total Capital Stock (=12} "
TARE 431  YZARLY CHANCE IN TOTAL CAPITAL STOCK AND CROSS OUTPUT (IN NILLION {Grons Output(t) - Gross Output (=13} R
CR$ AT 1970 PRICES) 3BY PAXM SIZE: WMHEAT RECION IR TXE STAIE OF -
LIO CRAKDE DO SUL, SOUTHERE BRAZIL (1960~1970) * __TABLE A7:  AVERAGE NFT PAODUCTIVITY OF WIRKING CASITAL Y FARW stze -
TEAR SMALL FARM MEDIUM FARM LARCE PARX {IN CRS): H:;;:u:::'g:l;';LYTquzii;]g: R10 GRANOE DO SUI.
& & N & av : i
1%1 0.1 2.599 1.88 4.282 $.04 8,389 Tyear 77T SMALL FARW MEDIUS FARNM LARGE uun_
1%62 0.78 2,973 " a0 1263 16,65 12,996 19607777 TTae0zsr T T T 1.0e049 o.aosné_
1963 oues 4266 15.26 8.83% 15.20 14,875 Y967 1.76398 1.54023 O 0.43127 ~
1964 2.95 4713 21.76 10.888 .76 20.518 ez T Lresso T T L.sied — 0:39908
1963 L 1.62 8511 13.83 14,551 13.61 12.650 1997 TT1.75495 TTTT T T le4slss °T6)566—
1968 . .39 6.822 16.35 13.640 12.95 11.828 19064 1.73939 1442997 - “‘o.unz.--
1967 6.87 8.036 8.28 7.9 15.06 11.050 TigesTT T T1.74:0 T T 1.37760 0051943
T1968 8.75 9.703 10.59 9.221 siar o0 19887 T 1e7en9 v l'”f” o o'“fot_
1969 - .27 10,807 26,30 25.408 w8 ansrs 1007 TReranse o Re30h13 o ,q's““ -
1970 7.79 11.990 9.70 8.374 A5.71 44,097 i T 1.70858 1.30893 S °'”,°‘9
Uhera AK is & yearly change 1a value of total capitel stock (value of T 1ee9 Teesmas 7T T 1.'2'0366‘: o S 0'507.6?,
::-::::-:: ::::f"l stock asd 1snd 1o ues) 80d Y 18 a yesrly change tn value 1575 T.68643 1.33571 " -o;szqrof‘

“TyouRCEsT T WODEL RESULYST
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_JANE&8: AVERAGE LASOR HOURS PER WECTARE sy Finn sizee mtArm.____ung_m__AVEuncs TRACTOR HOURS EMPLOYED PER MECTARE Y nnu sun {

REGION IN THE STATE OF A0 GRANDE 00 SUL N WHEAT RECION IN THE STATE OF RIO GRANDE DO SUL .
SOUTHERN BRAZIL §196.-1970) i SOUTHERN BRAZIL_(1960-1970)

—yEAR T SWALL FARAT T T mEOIUM FARR T TTTUUUARGE FARN T VEAR  SMALL FARN T REOIUM FARM® T T
1960 45.09198 16.30865 T 71.10702 7 1960 0.0 TTUT oeat28 T T 7T

1961 50.33842 15.73320 T-ba4a9 1961 0.0 0.53381 B.6176
Cesz T T T Use.58548 T TT TT T 16,0387 T T T T7,03472 “ Ta962 0.0 0.62311 To.TO119 .
“ives —— 33.32358 o 16e34T78 T 7.88e87 T TS - 0.0 T T T T e.mee T 0.89820

1964 70.9038% 16.60513 7.8022% 1964 0.0 0.8138) TooasaT—
ST 76466129 T T 16477719 T T T T.R8453 1968 0.0 0.95050 — laem
S aese T ss.ems1 T~ T T 1e.er288 T 7 T 7.91706 1966 0.0 T T 1.09434 T T T 1423398 T
157 96.73040 17,181 YT T R U7y 5.0 T-18287 13166
o6 T 107.59518 17.33466 "7 8,20327 T 1968 0.0 T T T TTTTT Ti.zeess T T 1.62908
T19e9 T T T T 12132280 11.54110 T 8.%1879 1969 0.0 "~ T 1.52373 z.o'uox -
1970 138.80930 17.72648 8.086501 1970 0.0 1.59871 2:36708

TANLE 49:  AVERAGE CRAFT ANINAL MOURS EMPLOYEQ PER MECTARE BY FARM  TAULE 3Li  TOTAL ANNUAL CAPITAL EXPENODITURES (IN CONSTANT 1970 :

S1ZE3 WHEAT REGION 1% THE STATE OF R10 GRANDE DO SUL CRS) PER HECTARE BY FARW $IZE: WWEAT REGION IN THE STATE OF AID -
SOUTHERN BRAZIL (] £1960-1970) - CRANDE DO SUL, SOUTHERN 8RAZIL (1940-1970) )

Swgar™T T 7T Swall Famm NEDIUM FARM ST LANGE FARM T YEAR 7T smaLt Farm T MEDIUM FaRN T LARGE FARNT
T1es0 “g.ars8y 7777 T peaaswer T T 0.0 T 1960 T T U 32.48860 T T 40.29286 T 18.0239

191 8.20191 1.19371 0.0 1961 34.00600 20.96034 7 .su'i"lf—.
T TY I 7.01983 77 T T 1020882 T 7T 0.0 T T TIe82TTTT T T TS, 41083 T 7T T 42.48396 T T T '1!.0211'0'_'
63T T T 1.02992 T T U lazaste T T 0.0 T 1963 T T T T3r.18032 T T 7T as.9sT5e S sled24ss o

e 593135 Lo 0.0 e 3902588 $6. 11747 s6isr20T

THees T Treamiorz T 1.29302 0.0 T19es Ta0.564146 " se.tv001 T T T u.uuof"“

19es “10.9%933 T T < la2r020 T T 00T T Tresh T T T ez.89552° T T 7T T se.stsmt T T u.ssuo

LY 12.34178 1.2675% Y ToeT +3.43340 Sonel185 - vo.uzu

L e t W 11 7Y D 129109 77 777 T 0.0 T T T 1946 4831600 " Te2.88708 T T 101.oasu
reey T T T Tis.700i3 T T 1e29403 0.0 A%y Sii7e308 T T re.06323 T T T uz.vous .
1970 17.01435 150892 —— 0.6 1970 ) $5.73784 70.89209 — -

SOURCET ~WODEL RESULTS
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~JFARLE 321__ GROSS_NEW_INVESTM
PER MECTARE BY FARM SIZ€:

GRANDE DO SUL,

ENT CAPTTAL LIN CONSTANT 1970 CR$)
MHEAY REGION IN THE SYATE OF mip
SQUTHERN BRAZIL (1960-1970)

TABLE ;
§IN CONST

L3

_VOTAL QUTLAYS ON NUTRIENTS PER M
AMT 1970 CR$/HA)Z WNEAT REGION

CRANDE DO SuL, S
—————o e JUD HERAN BRA

ECTARE BY Faru SIZE
IN THE STATE OF RI0
QUYKERN BRAZIL(1960-1970) ,

PER MECTARE
GRANDE DO SUL, SOUTHERN BRAZIL. {1960-1970)

BY FARM SIZE: WMEAT REGION IN THE STATE OF R10

WORKING CAPI7AL By FARM SIZE: WHEAT REC
GRANDE NG Sut.

“YEAR TTSMALT PARNT REQIUM FARM ~7 T TARGE FARM T T ygiR SMALU FARM T~ meprum Famm T LAIGE FARKT
T1%e0” 0.041477 7 T 3.34128 T T p.sp1st 19607 T T g qpeas T T 6.51835 T g pames
1951 0.27176 3.32020 2.74672 1961 6.686382 6.97157 T.45930
Ti%e2 T 0430126 TTTTT 77T 2.13808 T 3.04513 T T19er Tea8508 T T T g031093 T T g ns3rs
T19e3 T T T T ou3038 T T 4.0%5970 T 4.96207 T 1963 T 77 s.s0389 T 9.38143 T T 10.08489
T1%8s 0.38727 4.60187 6.51C40 1964 G.59407 To a7104 R L Y 222/
1988 03731 T 7 6.16738 T T T T 4.67250 1983 10.35387° T 12.33839 TC T 12.68108 "
Tises 0.48321 T %ems09 T 7T T 4,71698 " 19se 11.67422 T T 130981097 T 13, 208107
197 054472 3.86260 §.48669 1967 13.14082 14.80487 T3 59564 —
“vss Te.61837Y " T s.10100 " 11.86562 ~ 1968 1477376 T T s 20108 T — 17.00526
1969 T 0469937 T 11.28931 14.61562 199 716472910 7T T 7 1e 28310 21.508%1
1970 0.79024 $.79937 13.27248 1970 18.992%3 18.40045 25.04378
TABLE 33: _ AVEPAGE WORKING CAPITAL USE (IN CONSTANY 1970 CRS) - . TABLE 33t ___TOTAL OUTLAYS NN WUTRIENTS AS A PERCENTACE CF TATAL

10N [N THE STATE OF R1D
SOUTHERN BRAZIL{1960-1970)

YEAR SHALL FaRrx MEDTUN FARN LARGE FARM  YEAR T SWMALL Famw MEDIUM FARW LARGE Famw™
1960 7 T T Tazeesmts T 44,93155 T 7 e8.51187 T 1%60 TT18.2122277 7777 1e,50084 TTTTT qem2090 T
1961 33.73425 37.64014 69.11348 1961 19.76888 18.52162 10.79252
LTS T asJ10938 T T T 40.32%%0 74.10265 1982 T 21.31027 20.62677 ~ T T 11.93sce
1883 T36.81990 77T T T T 42,9070 T 78.38267 T 168 230101297 T T 21,8812 7 T 1320080
1956% 38.634%8 46.03552 #0.1822% 1964 24,.92026 2117999 14.70216
" 1988 T 404168057 7777 T 80,00262 T T 02,0689 1983 TTT25.77637 T T T 77T 2e.67168 TTT 1%.42738
S1968 T T A2 T 7T s3.70081 T T T 93.93951 T 1966 27.52553 77 77777 28.96078 T TT T 1s.79483
1967 44.906888 35.54921 A5, 75565 1987 29,2611 28.29176 1%5.85392
T 198 47.700647 7 T T $7.56598 T 7T T 9s.37022 TT 1968 T 30.97800 © T T 77 2s.40787 - 17.83078
" 1969 $1.04370 T 66aT730L T 108.28761 1969 32.77000 T T 28.17970 T 19.06240 ~7
;Tﬁ_o 5494780 66,09260 11901448 1970 IJe.56429 27.04038 20290211

SOURCES

WODEL RESULTS
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_RAYIQS OF DRAFT ANINAL/LABOR HOURS ERPLOYED BY FARRM SIZE 7TARLE S8: . AVERAGE ANNUAL YOTAL CAPITAL EXPENDITURES (IN CONSYM

WMEAT REGION [N THE STATE OF RIO GRANDE DO S®t 1970 CAS) PER LABOR HOUR 8Y FARW SIZE: WMEAY AEGICN IN THE STATE .
SOUTHMERN B~aZ1L_{1960+1970) OF M]0 GRANDE 0O $SUL, SCUTHERM BRAZIL ¢1960-1970) =
TYEAR SHALL FARN — " MEDIUM FarM™ ~ 7' LARGE FARNW TWEAR T TTTT T TsmaLt Farm T T T MEDIUM FARM T T LARGE u'n”—
“1980 v.12144 T e0rn13 T T T T 0.0 T Taee0” 0.72080 ~ 2.96108 .~ 9.euri"'f,
1961 0.12320 0.07587 0.0 1961 0.67535 2.60343 d.’ioész';',
BCTY 0.126000 777 T 77 o.01838 0.0 ~ 1962 T 0.62000 T T 77T 20668290 T T T s.e33727
T19e3 - 0.32823 T TTT T 0.07814 T T 0.0 T T UTTised  0.5868) T 2.87302° < 10.30877
1964 0.1282% 0.07692 0.0 156 0.35041 3.05432 10099593
T1968 0.12687 "7 777 e.0rr0? T T 0.0 " T1ves 0.32886 T 3434800 T 7 ll.OOIbS;—»
1968 0.12715¢ — 77 77 o.01%28 ~ T 0.0 ~ " 198 0.49918 TTa.s2138 T T 7 11.19818
1567 0.12830 0.07408 0.0 T ] 0.47229 3.47208 11.30316
T1988 0.12098 7 o.07468 T 0.0 = Tl19e8 0.44905 3.61517 “13.047987"
1969 0.12963 O g.0m81 T T T T 7T e (7T TTi9ee 0.42720 4.33512 o u.ﬁon'q‘”‘
1970 0.13021 0.07373 0.0 1970 0.40741 3.99922 1501261
ANLE STt RATIOS OF TAACTOR/LABOR MOURS EMPLOYED BY FARM SIZE: _ ZABLE 39t AVERAGE ANNUAL WORKING CAPITAL [IN CONSTAMT 1970 cas) _ _
WMEAT REGION IN THE STATE OF ®10 GRANDE OO0 sut PER LUADOR MOUR AY FARW SIZEs WHEAT REGION IN THE STATE OF A1D
SOUTHERN BRAZIL (1980-1970) GRANDE 00 SUL, SOUTHERN_BRAZIL (1960-1270) s
“yeaR” sn;u. Famm T mEOTuM FARMT T T LARGE FARW T VEAR T T Small Famw MEDIUM FARM T LARGE FARR S
—1060 " T T 0" T T T T 0.02899 o 0.,07826 1966 0.71958 T~ T 2.75630 7T 5.88954
Tieel 0.0 0.63393 0.08761 1961 0.87015 2.39240 ' q:osiz’f
::—iviz‘ : 0.0 —-o— o.03888 T 0.09971 T T1eei T 0.62089 T 2.31495 T T quze2
-“iu’:»; 0.0 =TT 0406383 T T T 0ll1388 T 1963 0.98146 T 2462089 T T . s.ouri .
"fl;uﬁ - 0.0 - 0.04913 0.13264 1964 0.5449% 2.11236 T 0. !6391'7'
‘in{q T0.0 T 7T T 0.056e5 T T 0416482 ~ 1968 0.52397 2.98039° T '“;o.bqaai; v
1988 ’ 0.0 === g.0ea88 T T 77T o.1ss1l’ | Tiees 0.49356 73.10266 y",__-._"“!o.oo‘z':‘q’_’k'
LT e 0 .06913 Go186307 1987 .46563 ——Si2eee T ieiTenE
T1e68 : 6;6, —= T 0.07308 7T T 0419839 T 1ses TT0.44333 T T 77 73.32090 DT 1162588
el T ol T 0.00687 T T 0.2363 iesy  O.e2wez T T 3e02e7 12.71480
1970 - 0.6 - - — 009682 - 0.26701 1970 - 0.40184 I.T2048 g i:.si'si?‘

————SOURCE? — HODEL RESULTS — ~
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_TATLE €8s

) SIZET WNEAT REGION IN THE STATE OF 1D GRAMDE O

TVEAN

SHATL FaRN

SOUTHERN BRAZTIL (1940-1970)

. BORROWING/INTERKL, CAPITAL FIMANCING IIVIOS HY 'lll

N THE. STATE. 0’ llo snnue

TANLE 62t __AVERAGE CAZDIT USE/LABOR _MOUR RATIOS 8Y Fll! Sll!lll
CONSTANT 1970 Cl!h-ll WHEAT REGION IN
0 _SUL, SOUTHERN BAAZIL (1960-1970)

“MEOJuN FARN

HEDIUN FaRW -~ ~

CLANGE PN

BY FARM STZE: WHEAT REGIOM IN THE STATE OF RIO GRANDE Df) SUL
SOUTHERN BRAZIL (1960-1970)

T LARGE FARN T T YEAR SNALT FanN
T1960 0.0 T 040 TTTTTT 040 T T T T 1080 0.0 T 0.0 T 0.0
1961 0.0 0.0 0.0 1961 0.0 0.0 o.'b
L TY 0.0 T 0.0 TUTTTT U 00 T 1962 0.0 0.0 T T g0 T
LTS Y 0.04238 " T 9.0 T 0.03833 T ice) 0.03962 o0 77T T 006385277
1964 0.30862 0521851 0.37868 1968 0.17125 0. 76693 2.90987
T19s8 0.28352 0.30968 ~ 0.34728 ° "T19e3 0,16453 ~ T1.3620p T T 3439930 77
1988 0.32877 7 77T g.aeBle T gu31s1? T Ti9eé 0.19000 T 2,01989 T T T 3 mes17””
1967 O0.11486 - 0.31083 0.1995% 1967 0.05160 1-32842 2.0469%
1968’ 0.0 T 0.23077 7T T T 0.32079 1968 "0.0 T T T T 0498307 TTT T 3438248
1989 T0.05329° T T 0,673%¢ T T g.92940 1969 T0.02526 TTTT T 2.88147 - "7 7.83881
1870 0.14793 1.23709 2.29388 1970 0.05249 2.79967 10.24036
TAMLR 613 TOTAL CREDIT USE AS A PERCENTAGE DF TOTAL CASH OUTLAYS & TABLE 63t _AVERAGE CREDIT USE PER MECTARE BY FARM SI2E (I% CONSTANT

1970 CR#/HR)2 WHEAT REGION IN THE STATE OF RIO GRANOE 00 SUL
SOUTHERN BRAZIL (1940-1970)

vEAR SMALL FARM 7 "MEDIUN FARM T T LARGE FARM T T vEAR "SMALL Fagm WRECIUM FARR “LARGE Famm "
1960 Te.0 T TTTTTTTT .0 - 0.0 “"i960 o0 TTTTTTTT o0 T e
1961 0.0 v 0.0 6.0 1961 0.0 0.0 0.0
1952 T 00T TTTTTTTTT 0.0 TTTTT T 0.0 T1ee2” .0 ~ T 77 0.0 TTTTT 0.0
1963~ T 7T "7 e.08292 7T T80 T TTTTTT s.s1116T TT198) 2.30916 ~ T 7T o0 T T s-0371
1964 23.485%1 17.99246 27.48093 1964 12.142%0 1275498 22.93417
1965 20.351%8 TTT 23.64398 T T 7 23.77629 T T 1968 F2.61318° 22.06%36 T “26.830197 T
1966 24.74261 3.00668 ~ T T T 27,2016 1T T 1988 i7.015%0 T Tsa.08128 “Y0.45030 7
1967 10.3028% 24,8%099 16.63445 1967 392801 2T.81913 16235043
198 7 T T 000 T T T 18,1303 T T T 24074339 T 1908 0.0 - T17.0810% T 29.30800 T
1969 5205933 d.iusn ““““ 48.17041 ~ T i9e9 3.05707 ANCTISTS T T 66,7359
1970 12 88008 55.69510 $9,04063 1970 T.10128 49.67820 90.78040

' §oumces™ MODEL RESULTS
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T ¥ean ”

AVERAGE GROSS_ FANM INCOME (IN 1000 CRS_AT 1970 PRICES)
WHEAT REGION IN TWE STATE OF RIN GRANOE DO SUL - .
SOUTHEAN BuvaZIL_{1960-1970)

TABLY 86:

;. AVERAGE GROSS RETURNS T
‘MOUR 8Y FARN SIZ2E (IN 1000 CRS AT
THE STAYE OF RIQ GRAMDE 00 Sul,

TYEAR T

SMALL FARM

0 AVAILABLE FANILY LABO® PER’
1970 PRICES)S MMEAY REGION IN
SOUTHERN_SRAZIL (1960-1970) -

" LARGE FARrw “

SOURCES ~ NODEL RESULTS

TSRALL FARN® T MEDIUR FARM LARGE FaRm " TMEDIUN FARM
Tiveo T Tie0251” T T 16.8840% $8.08542 T A9807  0.53825 T T 4oazere U 23,8092
—Tee1 N T.577a% 16.67152 TsBel6742 1961 0.53891 6.20827 FZYRYY.TY paan
1862 T usstar T 16.77263 < T T 7° 57.35413 7 T 1962 T T0.34e22 T 6.47038 T 25.82263 7
_’."“ T TUhssea? TTT TTU17.00080 T T T 61eze2ll T 1963 T T T 0455818 T g y0mg0 Tt - zs.iess,ov :
'—-,-;,“ T-55749 170388937 T 83.58951 19864 0.56940 T.01862 7 T T28.50843"
TRees T TTiussassT T T T 18.06826 T TTTTT T 6e.06238 7 T 1968 T0.58093 7T T T g 4592 T 29.406387 7

Ta9ss T T T a.srrR? T T T 18.57657 Cesasmz T 1966 TTT0.60319 T TT T 7.84450 30.19200
1967 1.61167 18.51241 63.03708 1967 0.63033 T:96837 " $9. 79639
1968 T TT1.68933 T T T 1848760 T T T T 69.5199% T 1988 0.66398 BolSaa9 TTTTTTTT 34 227817 "

‘"ivu TTTTT T 19.75566 T 76.89293  TT1989 T T ol70120 T B.92189 - T T 38.66668
1970 1.17282 19.58929 82.41331 1970 0.73210 S.05307 u.w:p%

" TABLE 63: __AVERAGE NET FARM INCOWE (IN 1000 CR$ AT 1970 PRICES) TABLE 67: - AVERAGE NET RETURNS YO AVAILAALE FANILY LABOR PER HOUR
- WHEAT REGION IN THE STATE OF RIN GRANOE OO SUJ. By FARK SIZE (IN 1000 CRS AT 1970 PRICES): MMEAY REGION IN - .
SOUTHERN BRAZIL (1960-1970) _ _ ) THE SYATE OF A10 GRANDE OD_SUL, SOUTHERN BRAZIL (1960~1970} i
Twear TTTTT - SMALL FamM KEDIUM FARN LARGE FARN ™ ~ yEAR """ Tgmaty Famm MEDTUM FARN T LarcE nin‘ -

fficsb - T1.03024° - 8.30696 12.52662 1960 T 0.34821 T 77 3.06326- S. 16775
1981 1.06792 9.76928 17.05359 1951 0.34434 3.68481 “r.16788 7

Treed T 099206 T 9.90560 16.32495 T 19627 T 70,3886 U7 a.m2129° T 7.01983

U T 0098891 9.72023 - T 7 17,77306 1963 T To.3s208 T T T - 3.83581 T T T 7.76783

194 0.98533 9.02187 19.07510 1964 036022 3.96434 8.57878 .

~ 1983 0.985157 T 9.95258 T T T 21.10217 1 T 1ess T0.38838 7 T TTTh,10882° T T 9.70886
Treed T T T 0,992 T T T T 10.23%68 Ta1.0178T T {eeé 0.38104 «.32315 T10.20049 T
1987 1.01493 10.44297 22.00798 1987 0.39695" 449337 10.75188
T19e8 1.04i97 Tlocaress T T T 21.73230 T T1968 0,4189% w5307 T 10.69970 777
R T - T.07256" 1016253 T TTTT T 23,7911 T TT19e8 0.43099 4039260 TTTTTT T 108396 T

1970 1.1068¢ 10.93649@ 26.5003% 1970 0.48338 5.0548% T3.63471T

88T
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TALLE 68: AVERAGE NET FARM INCOME BY FARM SIZE AS A PROPORTION OF
’ SHALL FAIMS' AVERAGE NET FARM INCOME: WHEAT REGION

IN THE STATE OF RIO GRANDE DO SUL,
SOUTHERN BRAZIL (1960-1970)

- - Svam——— namm—— —
NS ——— —————

Year Suall Farm Medium Farm Large Famm

1960 1.0 8.0¢ 12.16
1961 1.0 9.6¢ 16.92
1962 1.0 949 16.46

1963 10 9.0 18,01
1964 1.0 9456 19.36
1965 1.0 10,10 2141
1965 1.0 10,28 21,89

1957 1-0 0. 29 2168
1969 1.0 9.48 22.18
w10 L0 9,88 2.9

‘Sources . Model 'results,
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TABLE 69¢ AVERAGE NET RETURNS TO AVAILABIE FAMILY LABOR PER HOUR BY
‘FARM SIZE AS A PROPORTION OF SMALL FARMS' AVERAGE NET |
RETURN TO AVAILABLE FAMILY LABOR PER HOUR: WHEAT
REGION IN THE STATE OF RIO GRANIE DO SUL,
SOUTHERN BRAZIL (1960-1970)

T  — ————e e
e e e ]

Year Small Farm Medium Faurm Large Farm .

-.1960 1.0 8490 : o 14.“96‘
1961 l.Q 10.70 20.82

1963 1.0 10,87 22,02
1964 10 101 23.82

1965 10 .16 26,36

2966 1.3 26,34

1967 1.0 11,32 27.10

1968 1.0 10,89 25.66

6 0 20,45 i

Source: Model results,


http:11.326.94
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