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::Je,.v•~::..c7"1«en": ~,'"'::_-:::~~~ 

A. Case S~ur:~'l' 

~r<Oc'el a~ l\~!'!c:.::w~, .. ~r~::.. 
?~=m s~~~ J~~~~~oq~~!~~= 
o: Sout·~::'7:'." 3~n.z:::'~f· 

'!'he purpose of this pa'!>er is twofolc':: 

1) to develop and describe a dynamic nicroeconomic Model o: re~ional 

agricultural development that explicitly inc!udes cifferent farm sizes with 

the help of a recursive pro~ramrnin~ model th?.t incorPor.ates the nrinc~nles 

of decomposition and 2.) to report some preli'fllinarv results for the wheat 

regions of the state of Rio Grande do Sul in Sout~ern Brazil from 1960-1969. 

The resulting framework of analysis is similar to the models of regional agri-

cultural development pioneered by Day (1963), further extended bv Heidhues 

(1966) and recently anplied to agriculture in transition in the LDC's by Singh 

(1971). The model presented here~ although following directlv the main method-

ological improvements of its predecessors, goes bevond by relaxing the usual 

assumptions of homo~eneous farm size over which farms in a given region are 

* The major portions of the model building and computer simulations for 
this study were carried out under the directions of Professor I. J. Singh 
(Department of Economics and Agricultural Economics, Ohio State University), 
at the Department of Economics and the Social Systems Research Institute, 
University of Wisconsin, 1'fu.dison, during the summer of 1971, under a CIC 
Exchange Program of Graduate Study in which the author participated. I would 
like to thank Professor Richard H. Day for providing me with the opportunity 
to work at the University of Wisconsin with him and his colleagues, especially 
Professor Gerriet P. MUeller, without whose assistance with the Recursive Deci­
sion Systems Processor the computer work for this study could never have been 
completed in a short summer. I would also like to thank Professors Francis E. 
Walker, Norman Rask, Dale Adams and Richard L. Meyer for their ~!dance and 
continued encouragement. I would like to thank Professor Singh for looking 
through this draft and its organization. 



treats the farw size issue bv considerin~ djfferent farm size ~~gregates, 

regfonal resources. With the ex~licit introduction of farm 0 ~ze differences 

thro•.i.gh the decom1'.>ositi0n prircinle of linear nro~ra"'l'lrc~rg. H attemnts to 

arrive at a framework capable of treatlng dvnamical~v, the differential tilr1e 

paths of development among different ~arm size groups. 

The general focus of the model is the decision makin~ nrocess at the 

farm operator level in a farm-firm with the resulting interdependence of uro-

duction consumption anc' t'~'vestment decisiom;.ll These decisions are ma.de 

within the econcmic, phys:ica1 and inst:!.tut:!.cnal constraints facing fart" aper-

ators. To the extent that f'a'!.ll:.e!'s face a sim:Ear exogenous econoMic environ-

ment :tn a relativel_v hcMog;eneous ?,one with resuect tn cliMate and tClPograp!-lv, 

their decisions A.re aggregat able. and in the a?;vregates represent regional 

behaviour and production response • .?/ However, unless farm units are ;:;:so 

fairl v homogeneous w:; th respect to t~eir. endo~encus economic environmE'nt, 

especially the availabilitv of on-farm resources, aP,gregation can and does 

lead to serious errors in regional analvsis. It ls one of t:te riurnoses of 

this study to construct rm analvtlc l framework that minimtzes the vcissib:Hity 

of such errors by explicitlv tre.ating different far:; si;:i:e with dtfferent 

!I The interdenendcncr~ o'!'. farm-firl"l. and farm-house:1old decisions was 
first in~l'esti.g,_qted ~--:7ea:C~1 .. ") Back. and I'eter .. ~on (1953:, thetr i~mPlicat1.on~ in 
the content of the LDC's has been digcussed by !fakaiima (1957, 1965) and 
Mellor (1964, 1966), and this interdeoenclence has been exp}_icitl'T a.ccounted 
for in a regiont1.l model of ai;r:!.culture in the LDC's bv Singh (1971). Also 
see Day and Singh (1971). 

'2.1 See Dav (1 %3), D~y (1969), and Day and Singh (1971) · 
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factor eUdowments.J/ 

The imoortance of farm size and its relation to such factors as econ-

omies of scale, risk and uncertainty and market response has long been·empha-

sized by many economists (Steindl (1945), Hicks (1948) Heady (1952)). Heady 

suggests that the difference in farm size is one of the most important factors 

explaining differences in the decision making process of farm-firms, especially 

in response to various economic opportunities involving risk and uncertainty.~/ 

More recently, with the growing interest in agricultural development in 

the LDC's, it has been suggested that due to the nature of subsistence produc­

tion,5/ the decision making process of a subsistence farm with a few hectares 

would be significantly dif :erent from that of a large farm with several hundred 

hectares.6/ Large farms in general have gre~ter access to various economic 

opportunities through their greater access to knowledge of new technologies, 

'and factor and credit markets due to their greater degree of commercialization 

l/ Of course, a certain amount of aggregation is unavoidable unless we 
treat each farm unit separately. Where differences in farm size are relatively 
small, (as in the case of the Indian Punjab, cf. Singh (1971», aggregation 
is somewhat excusable, but where differences in farm size are very large, 
aggregation errors become serious. 

~/ See Heady, (1952, ch. 18) 

51 That is where a large proportion of the farm output is retained for 
family consumption and a large proportion of the total labor input is family 
labor. See I. J. Singh (1969), c. Wharton, Jr • (1969) and Nakajima (1965) for 
a more detailed exposition on the nature of subsistence production and its 
implications for economic analysis of agricultural production. 

§../ For example, in a programming model the lexicographic ordering of 
utility functions for subsistence farms differ from the commercial large 
farms. The former may place the highest priority in meeting subsistence con­
sumption level but the latter in maximizing net profit. For the lexicographic 
ordering of utility functions, see Day and Singh (1971). 
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and asset structure. These allow them to bring about the reorganization of 

the farm structure in response to changes in input and output ~rices and 

other economic factors in the region. Therefore the farm size and the re­

sulting resource base it provides is a crucial fact upon which production, 

consumption and investment decisions depend. The explicit incorporation of 

differences in farm size are fundamental to a proper understanding of the 

vast hetrogeneity in agricultural development even in a region homogenous 

with respect to all factors physical, climatic, and economic, exogenous to 

the farm-firm, where large differences in farm size exist. 

The next gection pre:ents some of the recent dt!Velo'!"!ll@nt~ in a~ri­

culture in Southern Brazil, and a brief regional description which provide 

an insight into the factors strategic to this development process which we 

wish to incorporate in our analysis; Section 3 gives the methodology of 

the R.L.P.model constructed to incorporate these factors; Section 4 gives 

a very brief description of the data sources; Section 5 reports some pre­

liminary model results for the wheat regions of the state of Rio Grande Do 

Sul in Southern Brazil from 1960 - 1969; the last section is devoted to a 

statement on the limitations of the current analysis and items of model 

extension and improvement to which further research will be directed, in 

order to overcome some of these limitations• 
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2. REGIONAL AGRICULTURAL DEVELOPMENT IN SOUTHERN BRAZIL. 

The setting for this study are the two adjacent regions called Planalto 

Medio and Missoes in the state of Rio Grande Do Sul in Southern Brazil. These 

regions are fairly homogeneous in regard to topography, climate and general 

agricultural practices. The Planalto Medio {a plateau region) and the Missoes 

{a lowland regi.on) together comprise about one fourth of the land area of Rio 

Grande Do Sul, a state that accounts for over 90 percent of the total domestic 

wheat production in Brazil. Since these regions account for most of the wheat 

production in Rio Grande Do Sul, we refer to them as "the wheat region of Rio 

Grande Do Sul" in this study. 

2.1 AGRICULTURAL POLICIES AND REGIONAL TRANSFORMATION 

In the recent half decade or so, not only has Southern Brazil experienced 

one of the highest rates of growth in total agricultural output in the world 

{in excess of 8 percent annually), but the wheat regions of the state of Rio 

Grande Do Sul have pl~yed an important part in this performance. 

This performance has been a result of two principal policy instruments 

1) price supports for wheat at twice the international price and 2) a subsi­

dized credit program, both designed to increase wheat production. These 

specific agricultural policies initiated in 1962-63 under a program to in­

crease Brazilian self sufficiency in wheat have brought about a dramatic agri­

cultural transformation of the region whose main fuab.lres include 1) a shift 

from the traditional livestock production on extensive natural pastures to 

intensive cropping of wheat and soybeans and intensive livestock production 

on improved pasture systems and 2) a consequent increase in mechanized crop 

farming. This two dimensional transformation -- from extensive livestock to 

intensive crop farming and from crop farming on non-mechanized to mechanized 
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farming -- have been accompanied by a substantial increase in the use of 

modern inputs such as certified seeds, inorganic fertilizers, machine use, 

credit use and employment. Z/ 

Engler and Singh in a recent study of the specific impact of these 

pricing and credit policies have described the changes brought about by 

these policies as follows: 

"The data show that the area under wheat cultivation has increased 

R@V@nfold in the eiBht years since the wheat pro~ram uas initiated, domestic 

i>roduction baa increased over sevenfold since 1964-1965; while per hectare 

remained in the 2 - 2.5 mHlion metric ton range from 1962-1963 to 1968-1969 

have shown a substantial decline in the last two years, while the percentage 

of total domestic requirement~ provided by domestic production have increased 

from an average of about 10% in the 1962-1967 period to our estimated 50% in 

1970-1971." Bl The amount of credit used in the state of Rio Grande do Sul 

between 1965-1969 increa1ed 238% in real terms. 

2.2. THE IMPORTANCE OF FARM SIZE. 

In terms of a regional analysis, even though the regions of the Planalto 

Medio and the Missoes are fairly homogenous, they incorporate a wide distribu-

tion of farm sizes as shown in Table 1. As a result of these large differences 

in fa~ size, we would expect the resulting differences in resource endowments 

ZI For a detailed description of this transformation process in Southern 
Brazil see N. Rask (1969) and for a description of the Brazilian program to 
increase self-sufficiency in wheat and the related policies see Richard Meyer 
(1971). 

~/See J. J. Dec. Engler and I. J. Singh (1971, p.3) 
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Tab:e 1 

Farm S~ze ~istri~ut~on !n t~e Plana!to Ved!o 
a::ld "'assoes ReQ;fons of Sou~'.ie17n Brazil i"l 1967 

Number Total % Of 
of Farms Fam Area Farm Area 

27,479 146,955 2.56 

37,575 661, 771 11.53 

15,807 572,528 9.98 

7,485 528,153 9.20 

7,558 2,154,996 37.41 

729 2,581,101 27.56 

4 89,641 l.56 

96,641 5,735,145 100 

(18.55%) (23.52%) 

SOURCE: ESTRUTURA FUNDIARIA DO RIO GRANDE 00 SUL 
-INSTITUTO BRASILEIRO DE REFO~"tA AGRARIA 
DELEGACIA REGIONAL DO RIO GRANDE DO SUL--

Also see N. Rask (1971, p. 24-30) 

Area 
Exploited 

135,771 

617,384 

541,606 

506,092 

2,112,646 

1,557,784 

49,280 

5,520,565 

(23.82%) 
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to ~ring about di=ferences i~ =esoor.se to regional e~onO""ic op~r~:uni:ies ~s 

?~oug~t about say by the impact of t~e pricir.~ a~d credit rol:=·~s discussed 

ee-rlier. Among the ex,,ectec di.:ferential responses to thest' :_--.'1-:ts, we could 

:ist et least the follC"'Ging: 

1} !.arger farms o~erati~g o~ a lar~er scale, ane witn ~igher farn 

incomes, generate larger volume of savings a~d he,ce rely ~ore on internal 

financing :'»x' their consumption, production and investment decisions. In 

addition, a larger asset base all01¥s them greater access to external sources 

of credit. This ability to generate substantial financial capital allows 

a greater access to markets for both outputs and inputs, a ~reater degree 

of cormnercialization and c~~sequently a quicker response to changes in 

the market environment. In contrast, small subsistence farms, with smaller 

surpluses, are less comm.ercialized, have less access to markets and there­

fore, respond more slowly to changes in the market environment • .2.1 

2) Differences in farm size naturally imply different factor propor-

tions. Land is ~e].atively scarce on small farms, while family labor is 

relatively scarce on large farms, and given economic rationality we would 

expect a different production (output) and resource (input) mix for different 

farms as a result of attempts to economize on different relatively scarce 

factors. In general we would expect relatively labor intensive and land 

saving production patterns on small farms and labor saving and land using 

production methods on large farms. Similarly, small farms will be more 

likely to utilize scarce financial capital carefully, while larger farms will 

tend to be relatively "inefficientn in the use of their liquidity. 

9/ This does not imply that smaller farmers are economically 11 irration­
al11, only that their ability to respond is limited due to their smaller access 
to liquidity. 
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(3) Farms of different size msv chocse equ!1"1ent of c~:c~rent size 

due to the technical economies of scale i~~erent in the • ~ ~f . eou~.,.-~~-. or • 

we consider equipment of the sa~e size we can expect t~e rates 0~ !nvest-

~ents in capacities ~o differ anong differe~t farm size ~rou~s ~n a region. 

(4) Farms of different size exibit a differential r~~e of adoption 

and adjustment to both new mechanical anc biochel'lic~: technologies due to 

different access to markets and differences in managerial abilities and 

entrepreneurship that may result. 

(5) Differences in the degree of subsistence and commercialization 

lead to differences in th~ degree of risk aversion to and hence a differen-

tial response to a changing economic environment. 

These and other factors make it essential that given the large 

differences in farm size observed in Southern Brazil, we treat different 

farm size groups explicitly in order to capture the large structural and 

behavioral differences among farms in a region that lead to differential 

responses to market and policy changes and to differences in the patterns 

of production, consumption and investment. A regional model that accounts 

for differences in farm size would be able to predict important differences 

with regard to technical change, crop~ing oatterns, employment, resource 

use and farm specialization in the region. 

2.3. ADDITIONAL STRATEGIC DET~ 

In addition to the importance of farm size, there are other strategic 

details that have to be incorporated in a model of supply response in 

developing agriculture. These include the details of technology, decision 

making and market feedback and have been discussed thoroughly by Day (1962), 

Singh (1969, 1970, 1971) and Day and Singh (1971), and which we wish to 



-10-

incorporate into this analysis. Briefly the technological deta.:i .~3 include 

the explicit treatment of mechanical technology, the use of chf'mical nu-

trients and the adoption of new power sources, the use of new ::_nnroved 

seeds and cultural practices: the details of decision making ::tnclude the 

competition of consumption, investment and production decisjons for scarce 

financial resources, and the details of market feedback including adontion 

and adjustment in response to risk and uncertainty.lQ/ 

We now turn to developing and describing a methodology that integrates 

the details of farm size with the other details strategic to the analysis 

of agricultural develoµt:1e::."". 

!Q/ For an elaborate discussion of some of the factors considered 
strategic to the analysis of production response in traditional and 
commercialized agriculture, see R. H. Day (1962) and I. J. Sin~h (1970). 
For their explicit incorporation into a pro~ramming framework, see R. H. 
Day (1963) and I. J. Singh (1971). 
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3. A RECURSIVE PROGRA.."1,YI~G ¥CD~:. ::!'!.'F. '?AP~ S!ZE DECO:-fPOS!T!C' .. 

3.1 INTRODUCTION 

Mathematica: programming has ~een widely used by many ec~~IY.""ists ~o 

analyze the economic behavior of farm-firms at the ~icroeco~c::'lic level at 

a~y point in time. Further, the =i":"lns 1 decision making proc~ss invo:ves 

dynamic characterist::..cs. Current eecisions are functionally rcleted ~o the 

decisions made in t~e past as well as the expectation of future relevant 

economic variables such as prices of outputs and inputs. That is, a descrip-

tion of actual behavior is 11backward looking" because it involves the inter-

action between present and past outcomes. But the production plans are "for-

ward looking" because dec::...:-ions made in the present will affect the future 

and because anticipated future actions will condition present behavior. 

Thus all decision making is encompassed by time. 

With regard to the dynamics of agricultural production, Day introduced 

a new progrannning approach, called "Recursive Programming. 11 The recursive 

programming approach is based on explicit hypotheses about a firms' sequential 

optimizing behavior, subject to behavioral feedback constraints which take 

account of uncertainty, myopia, limited information and the like. 'nle method 

deals with the temporal elements of decision making and not with how decisions 

ought to be made in terms of some optimum or normative decision rules. In 

this framework Day suggests that a dynamic microeconomic model of agricultural 
11/ 

production should be able to explain the following features of farm behavior:---

(1) describe farm production and how it changes over time; 

11/ Richard R. Day and 'lheodor Heidhues ( 1967 ) , and Day (1967) • 
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(2) relate productio~ decisions to ~ouseholc characterist::c: 

(3) incorporate tin:.e in the two fo:1.d sen.se of a ';Jack",;arl 

linkage of present possioilities to ?ast events and ~ :ornard 

linkage of present decisioi:ls to anticipated. future 2cti_o'1.s 

and events; 

(.!}) illustrate essential features of ag-i:icdture.1 ".°'':!velc~en.!: such 

as changing technology and irreversible cha.nges in resource 

allocation; to these we might add: 

(5) explain the changing pattern of capital use and capital 

formation on the structure of regional production. 

The relevance of the ~rogramming approach in analyzing these complex 

simultaneous relationships becomes obvious when we view on-farm decisions 

as decisions with regard to alternative production, consumption and investment 

activities carried out within the physical, biological and economic constraints 

in order to achieve a given objective. The objectives, the activities and 

the constraints that define them fit readily into a programming framework. 

We now consider each of these in turn. 

3.2 REGIONAL FARM ACTIVITIES 

The farm activities for this study are categorized into four basic sets. 

They are production, investment, purchasing and financial activities and denoted 

respectively by P,V,c, and F. Denoting all farm activities by A, then 

A == P U V U C U F with the total number of activities a = p + v + c + f where 

small letters denote the number of activities corresponding to the capital 

letter activity sets.~/ An activity, say activity j, belonging to a given 

12/ I have adopted the set notations used by Day and Singh (1971), and 
will use it throughout. This is extremely convenient in describing model 
structure without losing the detailed picture of linear inequality equation 
systems. 
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set, say P will be written jsP. If we w:tsh to refer to an act:~.;.i_ty without 

indicating a specific set we wr:i.te jsA. An activity level is ['::;fined to be 

the intensity with which a given activity :i.s operated and is <'c.Z'i:1ted by Xj, 

je:A. ?igure 2 presents a detailed structure of activity sets 3.nd their constraints. 

Technolog:tcal change is .• m important, if not the most important, factor 

responsible for economic development. M.ansfield po:i.nta out that "abo:.xt 90 

percent of the long-term increase in output per capita in the United Sta.tes 

was attributable to technology, increased educational levels, and other 

factors not directly associated with increase in the quantity of labor and 

capital 11 ~31 In view of this important roles of technology in economic growth, 

the concept of "technology" has been a focal theme for understanding agricul-

tural development (Schultz 1964, Hopper 1965, Hayami and Ruttan 1971) • For 

example, Schultz suggests that "a technology is embodied in particular factors 

and, therefore, in order to introduce a new technology it is necessary to 

employ a set of factors of production that differs from the set formerly 

"JI+/ 
employed1..- However during period of transition in agriculture, usually 

multiple technologies, say old and new, exist. Therefore we need to consider 

explicitly different sets of factors corresponding to existing technological 

choices. 
!2/ 

Among many classifications of technology, this study considers 

explicitly "mechanical technology", Le. different power sources so that the 

J.l/ Mansfield (1969) p. 4. 

14/ Schultz (1964) p. 132. 

JS/ Hayami and Ruttan classifies technology in agriculture development 
into two categories, mechanical and biological. See Hayami and Ruttan (1971), 
and I. J. Singh (1970, 1971). 
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se~ of production activities, P nas two subsets D and ~ which =a?reoent 

re~pectively draft ani~.al and tractor power sources. A detaile~ description 

of t~e activity set for farms o= a given size is presented ~n :~g~=e 1. 

Figure 1: Activities, Input-Ot.:tput Coefficients and 
Constraint Structure fo= Sac~ Farm Size (Type) 

Activities Production 'Purchasin21 Investment Financial 

Constraints X1--Xq x• 1--X'q Xn-1,Xn 

Land by type I 
and Season an a 11 8 13 

Labor by type 
8 21 a'21 2 23 and Season 

Quasi-fixed 
81 31 capacities 8 31 8 35 

Liquidity 
constraints 8 41 a\1 843 8 45 846 

Outputs as1 81 51 

Flexibility 8 61 81 61 

Adoption a71 a'71 8 75 8 76 

Regional bind-
ing constraints 2 83 8 86 

The activity set Xj(t) has the follawing components: 

(1) Production activities include crop enterprises (wheat, soybean, 

corn), improved pasture (summer, winter, and sutmner and winter 

pasture) and livestock enterprises involving land preparation, 

fertilizing, harvesting and selling. Each production activity has 

RHS 

B1 
~ 

Bm-1 
'R ... 
Bm+i 

two technological choices such as draft animal technology and tractor 

technology. The former is denoted by Xq and the latter by X'q• 
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(2) Purc~asing activities include ~iring of seasonal !abo= and 

buying of fertilizer and other modern inputs. 

(3) Investment activities represent the purchase of new ~~asi­

fixed capacities such as tractor, combine and draft snimals. 

(4) Financial activities include borrowing for modern inputs 

and machinery, debt repayment, and saving, and cash exnendi­

tures for consumption, purchasing and investment activities. 

3.3 THE CONSTRAINT STRUCTURE 

These activities are carried out subject to a set of physical, financial 

and behavioral constraints. The constraint structure at the farm level is 

divided into the six basic sets; a) land and labor by type and season, b) 

quasi-fixed capacities for various tasks by mechanical and draft animal 

operations; c) cash availability; d) balance equations of intermediate-final 

outputs; e) behavioral (learning) constraints; (f) regional binding resource 

constraint in which regional credit and wage labor are considered. Let us 

denote these sets in turn by L, K, M, E, D and R. The amount of land and 

labor available at the beginning of the year is represented by Bi, iEL for 

example. The use of these inputs is constrainted by the amounts available 

beginning of the year unless investment activities can augment them. Suppose 

Aij is the amount of ith input requirements for jth activity, then the land~ 

labor constraints can be written as follows: 

where the second term involves use of family labor available plus any hired 

labor via purchasing activity c. 
The quasi-fixed capacities and variable inputs available on the farm 

constrain production and investment activities foi:mulated in the context of 

the payback principle: 
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The purchase of variable inputs and investments in add it:'.' "\al capacities 

~ec~anical or animal, require cash. F~nancial activities inc~easc wo~ki~g 

capital through borrowing and decrease it through short term debt repayment. 

3orrowing is of course limited by institutional banking rules. Financial 

constraints can then be specified as follows: 

Balance equation constraints satisfy the condition that the amounts of 

intennediate outputs must be equated to the amounts of final output. The 

hectarage sown for soybean following wheat for example has to be less than 

or equal to the hectarage sown for wheat. Thus we write the balance equation 

constraints: 

(4) l: je:P Aij xj(t) + f e:v Aij xj(t) ~ Bi(t), iEE 

The second term involves the requirement that cash available for investment 

activities must be equal to the cash expenditures on the purchase of invest­

ment goods. 

Behavioral (learning) constraints are essential part in recursive pro­

gramming approach in agricultural development, so they deserve more detailed 

discussion in a separate section. 

All the farm activities by different farm size groups compete for 

:i;:,.egional binding resources i) wage labor and ii) credit which is one of the 

most important policy instruments. The former adds to family labor hours 

available through labor hiring activity and the latter auguments cash avail­

ability through borrowing activity. These lead us to write the regional 

resource constraints: 
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m 1 
(5) X ..i..~ A •• +E , j (t) ~c.'5' i.' --.: (t) .: ~ 

wr.ere superscripts s, m and 1 represents small, medium and la,~e farm size 

groups in the region. 

3.4 ~IZING CRITERIA AND DECOMPOSITION 

The objective function describes the decision criteria of farrr activities. 

As in any mathematical programming model a farm decision model has to have 

an optimizing criteria in order to choose among many alternative decision paths. 

In order to take account of the complex forces which govern the decisions of 

subsistance farmers Day and Singh (1971) suggest that a lexicographic order­

ing of goals is most useful. Following their analysis and leaving aside the 

subsistence consumption goal in the current model, we assume that farmers 

have three specific goals in a priority order; a) a utility function represent• 

ing a preference ordering among current cash consumption b) a metric defining 

the distance of a given choice from a set of safe enough choice and c) net 

cash returns"f 6/ These sequential criterias are incorported in the model by 

exogenously determing cash consumption expenditures to calculate cash avail-

ability, and by using flexibility and adoption constraints to define safe 

enough choices subject to which net cash returns are maximized. 

Southern Brazilian agricultural setting is in many ways different from 

Asian agricultural structure to which the notion of subsistence agriculture 

has been applied. The degree of commerc~alization in Brazilian agriculture 

is much stronger than Asian counterpart. 17/ Considering this fact we follow 

j,§/ See Day and Singh (1971) for a detailed exposition of these goals. 

JJ/ For As~an subsistence agriculture see Singh's (1971) Punj~ study 
and Wharton's (1963) Malayan case study. For Agriculture in Southern 
Brazil see Rask (1968) and Schuh (1967). 
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t~e rule of maximizing short run profit (minimization of short r~n cost) in 

~pecifying our objective functions. We denote the ob~ective fv,ctions for a 

period t by by farm size groups as s m l 
Z(t) Z(t) and Z(t) where su;~r~crip~s are 

defined as before. However the internal consumption of =cod grain~ on farm 

level and the reservation of animal fodders for draft animals are considered 

through the specification of feedback functions whose discussion follows 

later. Before considering the objective function in our model we turn to the 

decomposition principle and its use in our model. 

As shown in Figure 2 the decomposition structure in a linear programming 

model is represented by non-empty matrices along the diagonal~ and by null 

matrices in the off-diagor.~l zones both bordered at bottom by an array of 

non-empty matrices representing regional resource availability and competition 

along with a row of sub-vectors containing the objective functions. Of course 

each sub-vector in the objective function corresponds to the specific 

technology matrix Aij of Figure 1. This kind of linear programming structure 

consists of a set of almost separable sub-problems but linked together by 

several comm.on resource constraints. An economic example would be a corporation 

with multiple branch plants which might have both resources unique to each of 

the plants and comnon resources open for competition by each plant. A branch 

plant makes decision within its awn1.llique resource constraints but its 

decisions are bounded by overall corporate constraints of which decentralized 

decision making has to take account. The decomposition principle in mathematical 

programming, related computer algorithms and empirical applications have been 

explored by many economists including Dantzig (1963) , Baumol and Fabian 

(1964) , Simmonard (1966) and Hiller and Lieberman (1967) • 
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Figure 2 
Brief Model Structure of P-~01·0~~1 ~arm S•ze D ~"<:! -"""- - ..... ecompcs:i.tion 

Regional 
Resoi..·n:e Availabilit:t 

··-· !" \ 

o~jeceive 
I z s zm z i . 1 1 I >(I (t) + + ( t) (-;) I I function '\. i -i 
i s Input-out~ut 

7\l 
Aij (t) 0 0 s 

w.atrix for < B (t) 

eac':! farm 0 m m 

ty}le Aij(t) 0 < B (t) 
l 0 0 1 

Aij (t) < B (t) 

Regional 

< ~j(t) l linking ~j(t) k 
Tkj (t) < B (t) 

constraints 

The first raw contains the objective functions respectively for small, 

medium and large farm types at time period t. The regional objective function 

is the summation of the three sub-objective functions. The superscripts s, 

m, 1 and r represent the small, medium, large farm types and regional binding 

constraints. The subscript j denotes the number of activities, i for the 

number of resource constraints unique to each farm type, and k for the number 

of regional binding common resource constraints. The B vectors are resource 

limitations for eaeh farm type and the upper limit of common regional re-

sources. 

The underlying theory of the decomposition principle is well suited to 

our regional analysis with farm size decomposition in agricultural develop-

ment. We might consider each farm size group as branch plant in our previous 

example, which has initial differential resource endowments but eventually 

linked together to compete for regional binding scarce resources. These 

regional resources accessable to "everybody" in the present mod~l include 

wage labor and credit. An individual farm-firm makes decision within the 
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~oundary of its own resource feasibility set (this part is esc~,~~elly a 

~ecentralized decision ma.king process) but furt~er revised w~t~~n the limita­

tion of the linking regional resources. Thus for example p~oeuct~on decisions 

on a grou, of homogeneous farms are constrained by on farm re!ources, but 

financial ~esovrces can be augmented by regional credit agencies. But regional 

resources of this nature are competed for by all farms in the region, and 

actual availability to any farm size group will depend upon capital productivity 

and institutional factors on the supply side. The decomposition principle 

allows us to take account of this. 

3. 5 DYNAMIC FEEDBACK AND EXOGENOUS VARIABLES 

Once an economic vari~~le is put on a time horizon, a variable becomes 

a function, at least, of time (period) per se. In line with this proposition 

are both Ezekiel's Cobweb Theorem ( 1938 ) and Nerlovean' s version of distri­

buted lag system ( 1957 ) formulated in the context of a difference equations. 

Likewise our data vectors (Z(t)' A(t), B(t)} on which decisions for a given 

year t are based, depend themselves on previous decision vectors (i.e. primal 

and dual solution vector of the system which are denoted by X*(t•n) and Y*(t-n) 

respectively), previous data vectors (Z(t-n)• A(t-n)' B(t-n)) and exogenous 

variables which are determined outside of the model. The incorporation of 

such dependence constitutes dynamic feedback and these feedback functions are 

described below. 

3. 5. 1 EXOGENOUS VARIABLES 

One of the most important exogenous data sets used in the model are the 

sale prices of important crops, especially the support price for wheat. 

Minimum salary for wage labor is also yearly regulated by law. These policy 

variables are exogenous to our model hence we treat them as given data. The 

same is true of other input prices. Of course the price vectors of objective 

function can be formulated a an myopic expectation frainework of an inverse 
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131 demand function if it is theoret~cally feasible.""'-1 

3.5.2 QUASI-F!XEU RESOURCES 

Quasi-fixed resources en a farm-fin in ':he mod.el include ·.e.nd and capaci-

ties of draft animals, trnctors and combines. We assune tha': the total 

hectares of cultivable land in the wheat region is fixec through time. But 

the capacities of draft animals, tractors and combines ~re formulated as a 

recursive linkage as follows: 

Draft Animal Hours: 

Draft animal hours available at t (DAHR(t)) is last year's avalable 

capacity less depreciation on a straight line basis, plus draft animal hours 

augmented by investment in animal units at t-1 (IVDA*(t-l}) and hence we write 

where A: annual linear depreciation coefficient 

6: conversion coefficient of animal unit to 

serviceable hours 

*= primal solution (exante planning value) of the model 

Tractor Hours: 

Like draft animal hours, tractor capacity hours available at t (TRRR(t)) 

is: 

(7) TRHR(t) = (l·>.) TRRR(t-1) + o IVTR* (t-1) 

Combine capacity hours at t (COHR(t)) follows the same equation but 

its solution is always assumed to be a scalar multiple of TRHR(t}' since we 

assume that for each tractor purchased a certain number of combines are also 

purchased, so their ratio remains constant. 

18/ See Day (1969). 
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3.5.3 VARIABLE RESOURCES 

Variable resources on a farm-firm include total labor ho~r~, fodder 

requirements for working draft animals, wage labor hours, wor:<::'. ':.g cash 

availability at the beginning of the year, and limitation of ~T.edi~ avail­

a~ility. We will consider these feedbacks in turn. 

Total Labor Hours: 

Total labor hours available at t (TLH(t)) are equal to family labor 

hours (FLH) in the previous period plus increments through the regional 

growth in the farm population (at an annual rate r), plus wage labor hours 

added by labor hiring activity (HL) in the current period. 

(8) THL(t) = (1 + r) FLH(t-l) + HL* (t) 

Fodder Requirements for Draft Animals 

Working draft animals on the farm must be fed to maintain them as a power 

source. For simplicity we assume that animals are grazed on an improved 

pasture system. The hectarage of improved pasture reserved for animal fodder 

(SWP(t)) equals the hectarage reserved last year minus hectarage accounting 

for animal displacement by depreciation plus hectarage for newly purchased 

draft animals (IVDA*(t)); thus 

(9) SWP(t) = (1-:>.) SWP(t-l) + d IVDA*(t) 

where ;>. is a depreciation coefficient and o is a conversion factor of animal 

units to fodder pasture. 

Wage Labor Hours: 

Wage labor hours available at current period increases from last year's 

level by the rate of farm population growth (r) and by a proportion(s) of last 

year's labor hiring activity (HL*(t-1)) 
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(10) HLH(t) = (1 + r) HLH(t} -- o HL* (t-l) 

Working Cash Availability 

At the beginning of year the amount of cash available on a £~rm-firm is 

the value of marketable surplus after internal consumption and living expendi-

tures are met, minus repayment of last year's debt, plus any ~ank deposits 

(SAV) made last year and any borrowed (BORR) money in the current period: 

(11) WCASH(t) = (1- X) t Pi Si(t) - (1 + rb) BORR*(t-l) +(l -1.. rs) SAV*(t-l) 

+ BORR*(t) 

where X: a coefficient accounting for internal consumption of food 

grains and living expenditure. Of course A's are different 

according to farm size 

P1: market price per kilogram of the ith crop 

Si: total kilograms of the ith crop harvested and sold; 

rb: interest rate on working capital borrowed (10%) 

r : interest rate available on bank deposits (6%) s 

Regional Credit Availability 

Credit availability has an upper limit defined by a proportion (A) of 

the value of total regional farm sales last year. 

(12) CRED(t) = A r Pi Si(t-1) 

Another set of important dynamic feedback functions involves flexibility 

and adoption constraints which is discussed separately in the follc.wing 

section. 
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3. 6 UNCERTAINTY, ADOPTION AND ~EXIBILlTY 

Flexibility constraints define a limited range in which th~ year to 

yea~ changes in hectarage sown for each field crop can take pla~e. These 

constraints impose a restricted flexibility in the established cropping 

patterns in an agricultural region in order to take account of farmers' 

cautious response toward risks and uncertainty with regard to prices of farm 

outputs and inputs, yield expectations and government policies. Farmers 

like other decision makers are reluctant to make changes in their traditional 

cropping patterns in response to changes in their environment unless these 

changes persist over time. The notion of flexibility constraints was suggested 

first by Henderson (1959) ~nd further extended by Day (1961, 1963). 

The coefficients associated with the flexibility constraint for the ith 

crop hectarage for t+n periods take the general form:l2.1 

(3.6.1) xi(t+1)_: g(Xi(t+l), xi(t+2),---, xi(t+n» ·l1, 1 e: P 

where 1 ~n, Xi(t+l), Xi(t+2),.----, Xi(t+n), i e: P are the annual 

hectarages actually sown for the t+n years, and P, and Si are the estimated 

upper and lower bounds respectively. Follc:Ming a myopic expectation scheme, 

the dynamic feedback specifies the following range for the flexibility co-

efficients: 

(13) (1-!1> X*i(t-l) ~ xi(t) ~ {l+B1) X*i(t-l)' i e: D where 

X*i(t-l) is of course the ith crop hectare in t-1 obtained from 

our e:xante planning values, and recalling that D represents the set of be-

havioral constraints. 

l!f There are severa,1 alternative ways of estimating l1and fu.such as . 
point selection method, regression techniques, and des1red hectarage principle. 
See Day (1963). 
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Adoption constraints place upper limits to the investments .n new 

quaxi-fixed inputs (e.g. tractor) to reflect the fact that fart"ers are un-

willing to switch over from "old" technology to "new" technology although 

investments in a new technology are profitable. Like flexibil~ty con-

straints, the adoption constraints result from risk aversion attitudes 

and learning behavior on the part of farmers. An innovative production 

method which is highly profitable might be placed in the framework of 

adoption constraint considering the fact that a new innovation has to go through 

a time consuming diffusion process. For example, we would expect the adoption 

of new improved pasture systems for beef production to follow such an adaptive 

path over time. 

The adoption process involves two phases; a) the adoption phase and b) 

the adjustment phase.lQ./ The path of investment in capital goods follows the 

familiar "S" shaped curve which keeps a track of the minimum rate out of 

either adoption or adjustment phases. Investments in quasi-fixed inputs grow 

slowly at first but more rapidly later as diffusion and learning proceeds more 

rapidly so that the adoption phase is approximated by an exponential equation: 

(3.6.3) K(t) = (l + p)n K(t -n) where K(t) is the number of units of an 

investment good in use in (t), and P is the rate of grtiWth during the adoption 

phase. 

In the second phase investments in capital goods are dominated by an 

adjustment process based on the hypothesis that capacity is adjusted towards 

20/ These two phases have been analyzed and empirically tested by Day 
(1962"5"; Tsao (1966), Tabb (1967) and Singh (1971) in studies of investment 
behavior in various industries using recursive programming technique. 
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the long run desired capacity in the technique in question. I~ ~~s Punjab 

study Singh defines the long run desired capacity for investm£nt in any cap­

ital goods in agriculture as "that capacity which will allow "': !. of the task 

uncler consideration to be performed by the new operation.,.£!/ Adopting his 

definition of "long run desired capacity, 11 and following him we specify the 

equation of the adjustment phase as follows: 

(3.6.4) I(t) -~ a(K(t) - K(t-l)) 

Where K(t) is the current maximum desired capacity, and R'.*(t -1) is the capacity 

utilized last year ap~roaches the current long run desired capacity the invest-

ments in capital goods slow down. Substituting I(t) = K(t) - K(t-l) (definition 

of investment) into the adjustment phase equation, we obtain 

where current capacity is constrained by some proportion of the difference 

between the long run desired capacity and the previous year's available 

capacity, plus the previous year's capacity itself. Once K(t) is estimated 

we can immediately solve £or unknown a which is called the adjustment co-

efficient and is associated with that phase. Combining both the adoption 

and adjustment equation and following the hypothesis that investment in 

the ith capacity must be less than or equal to the minimum of the two phase 

equations, we specify 

(14) Ri.(t:) 
{ 

(l+p)n K1cc-n) 
· , i £ D 

min a (Ki(t) - Ki(t-1)) + Ki(t-1) < 

Equations (12) and (13) now complete the constraint structure discussed in 

section 3.3 above. 

1JJ Singh (1971) P• 217. 
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3.7 MODE!. SUMMARY 

The discussions in the previous sections have been focused on the on-farm 

decision making process. The structural relationships and fact?r endowments at 

the farm level are aggregated to the regional level by assign".ng weights to 

resource endowments on the basis of farm size groupings in order to approximate 

regional resource availabilities and other regional aggregates. 

Since we have discussed the model components in detail, the complete 

model can now be succinctly sunma.rized in mathematical notation as follows:~ 

Let us consider the following decision spaces associated with a mathema-

tical programming problem; 

Pri l d • i s a X c Rn, ( X ) X ma ecis on p ce: x • xl' x2, -- n e: 

Dual decision space: Y c:: Rm, y • (y1, 12, --- Ym) e: Y 

(3 7 1) D i i V • X x Y c Rn + m • • ec s on space: 

where Rn + m is n + m dimensional euclidian space. 

For a given mathematical programning problem, we have the data space (W) 

to which three subspaces belong; 

objective function space: WZ c:. Rn 

constraint function space: W8 c: Rl:Dlj_ 

lit11i tation space: W b c: Rm 

(3. 7. 2) Of course W • CWZ, w8', i') and W c Rn + Rtmi + Rm 

Using a discrete time index t and recalling Z(t)' A(t)• B(t)' the direct 

utility (objective) function at t is defined as follows: 

'l:!:.I The notation here is based on notes of a seminar given by Professor 
R. R. Day on ''Recursive Decision Systems,'' in the sunmer of 1971 at the 
University of Wisconsin and from Day and Singh, (1971). 
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(3.7.3) 

The constraint function takes the foI't'l; 

(3.7.4) 

with non-negativity assumption of decision variables 

The feasibility operator r, associated with constraint function and 

limitation space, defines 

(3.7.5) r CA(t)' Bet»= {x(t) lij>cx<t>' Act» ~B<t>' x(t)~ o} 

The "indirect utility function" following Day (1971), And Day and Kennedy. 

(1970) is defined from (3.7.3) and (3.7.5); 

(3. 7 .6) II (Z(t)' A(t)' Bet» = Max { ~ (X(t)' Zct» I x(t) er (A(t)' Bet» } 
x(t) 

Denoting the primal decision operator ~x the optimal feasibility set 

is expressed; 

(3.7.7) cJix cz(t)' Ace> Bet» = r <Act>' :a<t» n f x<t> I 
~ (X(t)' z(t~~IT (Z(t)' A(t)' Bet» "id' 

Equation (3.7.3) usually provides a non-unique solution but operationally 

we use the computer alogrithmic code to obtain an exante optimal feasible 

solution. 

To equation (3. 7. 7) we add the feedback operator w to complete the ith 

order recursive linear programming model. 

o. 7 .s) 

where Ex(t) is the set of exogenous variables at t. Euqation (3.7.8) 

describes how decisions once acted on, or once scheduled for the future, 

23/ The dual statement corresponding to the primal formulation in (4.7.7) 
is us'e'"ful to obtain Y*(t-i)• For a topological treatment of recursive decision 
system and related theory, especially existence problems, see Day and Kennedy 
(1970). 
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interact with the decision maker's environment to produce new ~~~ormation upon 

which succeeding plans can be based. 

The model for this study is formulated for the initial yee.r 1960 in the 

context of (3.7.6) and the model structures for succeeding years are generated 

in sequence by equation (3.7.8) to obtain the primal optimal solution sets for 

the entire period (1960-1969) year by year using the "Recursive Decision System 

Processor" developed by G. M~eller, 241 and available at the Social Systems 

Research Institute at the University of Wisconsin, Madison. 

4. DATA SOURCES 

Detailed data on various economic variables such as resource use, credit 

and cash flows, family labor employment and the availability of on-farm re-

sources and patterns of land use, were obtained from a random sample of some 

430 crop and livestock farms in the wheat regions of Rio Grande do Sul. The 

physical input-output coefficients for various crop outputs sown under differ-

ent technologies were obtained partly from the sample data and partly supple-
25/ 

mented by information obtained from local agronomists and agricultural engineers.---

The input coefficients for land preparation by draft animals were obtained from 

physical data on agricultural tasks provided by Singh et. al • ..6§/ The resulting 

data for the input-output structure are fairly reliable • 

..,.. 
24/ See Mueller (1971). 

25/ The input-output coefficient for tractor technologies, i.e. the tractor 
capacity requirements per hectare of crop output are same as those used by Engler. 
These were obtained from a field survey conducted by Richard Meyer and John 
Stitzlein as a part of the Capital Formation Project. See Engler (1971). 

26/ Singh classifies all agricultural operations task by task and provides 
different input-output coefficients for different sizes of tractors and for 
draft animals. See Singh et. al (1968). 
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Less reliable perhaps are the data on available regio:lal r~ .:1.:1'."c"\f.!l of land 

by categories, labor, and quasi-fixed capacities, since these ~~'l:'e obtained from 

the 1960 Brazilian census, while other data were obtained fr~~ :1a annual 

volumnes of the "Conjuntura Economica," "Anuario Estatist:tco r.o lbazi.l, 11 

11Trigo-Estudo Do Custa De Produca.011 and other available li~eTatvres 0 

The vectors of output and input prices are partly frcrm ~he serie~ of 

"Anuario Esta.Ustico do Brasil" and partly est:Unated on the basis of price 

indices published by the "Instituto de Economia Agricola" in the state of 

Sao Paulo, a state adjacent to Rio Grande do Sul. 

Farm sizes for this study were grouped as follows: 271 

Small sized farms (SMALL FARM): 0-50 ha. 

Medium sized farms (MEDIUM FARM): 51"300 ha. 

Large sized farms (LARGE FARM): above 300 ha. 

In constructing the matrix of input-output coefficients for various farm 

sizes, the following assumptions were made: 

1) The different farm size groups have identical input-output relation-

ships, that is each farm type uses the same amount of inputs to pro-

duce one unit of output for a given technological choice; except for 

the tasks of land preparation and harvesting, where it is assumed that 

large farms have certain economies of scale with respect to machine 

operations. 

2) Different £arm size groups faced wi~h a similar regional economic 

environment, that is they all face identical input and output prices. 

3) Different farm size groups have different on-farm resource endO'lhnllents 

and hence different factor endowments. 

4) All farm.a compete for regional credit and wage labor resources. 

lll A similar grouping has been used in other studies in the Capital 
Formation Project f~r which the sample dalia was collected. 
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5. PRELIMINA.~ RESULTS: i'";:"'-1AT REgION! RIO G:'.J.A.\IDE DO SU:.. . ~60- 1.969) - -·""' - ....._. __ _ 
The tables in the appendix preser>t in C:etail, the res·<. ~s of the 

model which pertain to important features of agricultur2~ ~T~!l3formation 

in the region. They include :regional dynamic paths T,7ith regard to crop-

ping patterns, resource use, factor procuctivities, factor proportions, 

2 '3 ! 

investment patterns and credit use by farm size.~1 ~e discuss these 

briefly below. 

5 .1 R.Jro.IONAL LAND USE BY FARM SIZE AND TECHNOLOGY 

Various aspects of land use and cropping patterns for the region by farm 

size and technology are presented in Tables 2 to 7. The most important 

transition in the re~;on, a shift from extensive livestock enterprises to 

intensive crop farming, especially wheat is clearly evident in Tables 2 

through 7. Wheat production on small farms increased approximately 10 

times during 1960-1969, but crop production is confined to traditional 

draft animal technologies. Medium farms also increased their wheat 

production substantially, but whereas production with draft animal tech-

nologies increased 1.4 times, production with tractor technologies increased 

sixfold in the period. Large farms have increased wheat production 5.6 

times totally under mechanized technologies. Along with the increases 

in wheat production, soybeans as a complementary crop to wheat have also 

29/ 
increased at slow but steady rate among the three farm size groups.~ 

~/ The tables of the model results are grouped into five categories: 
a) land use pattern by farm size, b} input-output relationship by farm 
size, gross annual new investments in power sources and their relation­
ships with land and labor use, d) some factor relationships and cash 
expenditures, and e) credit use and other factor relationships. 

29/ In these regards the model captures the general features of 
transformation in the region. See Norman Rask (1969). 
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Specifically soybeans follo•.;ing wheat have increased about 3.5 ~imes on 

small farms and 1.3 times on medium farms, employing draf~ animals. In 

the case of the medium sized far.us employing tractor techn~logy soybeans 

production after wheat increased fourfold. Large fartl'I~ e'lll?loy~ng labor 

saving tractor technology experienced an increase of 2.7 times. Corn 

production declined slightly for all three farm size groups. The small 

farms employed draft animals while the medium and large farms used trac-

tors to produce corn. 

Of course in the transition from livestock to intensive crop 

farming the increases in crop production are offaet by a substantial 

decline in natural pasture which accounted for approximately 90% of total 

exploited areas of each farm size in 1960 (Tables 5 and 7). In 1969 the 

areas devoted to natural pasture were reduced by 20%, 9% and 18.5% for 

small, medium and large farms respectively (Table 7). However, it is 

important to note that stmmer/winter improved pastures expanded at a 

more rapid rate than either wheat or soybeans, although the area sown 

to improved pastures is much less than the area sown to wheat.~/ The 

rates of adoption of improved pasture activities are positively corre-

lated with farm size and time. This indeed conforms with our hypothesis 

that large f&J:mS respond more quickly than smaller farms to changes in the 

e:xogeneous environment. Further it might suggest that the new pasture 

and livestock practices could be highly competitive with Wieat. A more 

favorable pricing policy for beef would reinforce a shift from extensive 

to intensive livestock enterprises in the region. 

'J!!.I Recall that we have livestock enterprises under four alternative 
pasture systems namely a) natural pasture, b) st.llilller pasture, c) winter 
pasture, and d) suuner and winter pastures. Systems b), c) and d} 
require that the land be tilled, seeded and fertilizer and protective 
chemicals be applied. 
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As for tec.~nological c~oices in improved pastures, sm: : =arms 

adoptee draft an5..m.als whereas the medium and large farms :r-ployed trac­

tors, suggesting that only part of the impetus towards "!lec:anization in 

the region is provided by tbe transition to crop farming. with the other 

?art coming from t!1e mechanization of the land prepa.rati~n tasks required 

by improved pasture systems. 

5.2 ROOIONAL RESOURCE USE,, INVESTMENT PATTER.t.~,. A..~ FACTOR. PRODUCTIVITIES 

Even though ea.ch farm size group was endowed 'With at least a certain 

amount of serviceable hours of both draft animals and tractors in 1960, 

small farms employed only draft animals, medium farms adopted both ani­

mals and tractors and 1"3.rge farms used only tractors. This outcome is 

essentially the result of differential factor endowments for each farm 

size group. The most critical factors accounting for this are l) family 

labor availability which is assumed to have zero cost, and 2) cash 

constraints facing the farm operator, which are in turn related to the 

purchasing prices of draft animals and tractors. Larger farms have a 

relative scarcity of the former factor and relatively larger endowments 

of the latter one due to larger cash revenues, so that mechanization is 

relatively more profitable for them. 

The use of draft animals increased 2.9 and 1.3 times respectively on 

small and medium farms during 1960-1969 (Table 15). Tractor usage increased 

2.4 times on medium fanns and three ti~es on large farms between 1960 and 

1969 (Table 16). Of course, the intensification in the use of power per 

hectare has been accompanied by the growth in annual investments in power 

sources (Tables 13 and 14). The gross investment in draft animals in­

creased 3.6 times on small farms and two times on medium farms during 

1961-1969. The gross investment in tractors on medium and large farms 

grew 1.4 and 2.6 times over the same period. 
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Sunming up the investment patterns in power sources i~ _,e =egion, 

relative:'...y labor abundant s::iall farms :..nvested exc~usively .:.n the labor 

intensive sources (draft anin::a:s) whereas relatively labo~ scarce large 

farms invested soly in capital intensive sources (tractor~). ~edium 

farms, maintaining a position between small farms and large fat"ll1.'!! in terms 

of labor availability followed a mixed investment pattern by purchasing 

both draft animals and tr"'ct"rs. n,.,..?ever th"' r.a......,.,.. · ... 1.·s s·z r -""' -""' n ... ,., , "' ;:. -'·""" ::..n ...,.:;.. :;. e g oup 

invested more heavily in mechanical power sources than in draft animals. 

The use of both labor and capital grew over time at a differential 

rate for each farm size group (Tables 25 and 22). This feature is likely 

to continue until the transition phase is over in the region. 

Examining regional labor usage, we see that the family labor avail-

able on small farms was underutilized while family labor was almost 

fully utilized on medium farms. Family labor is not sufficient to meet 

labor requirements on large farms which have to resort to hiring wage 

labor (Tables 23 and 24). It should be emphasized, however, that over 

time there is an increase in the labor use per hectare as a result of 

a shift to crop farming in the region. With increased double cropping 

this has meant a substantial increase in regional farm employment, with 

labor usage growing 143%, 116% and 104% on small, medimn and large farms 

respectively, between 1960 and 1969. As expected, the labor use per 

hectare is inversely correlated with farm size. 

Indices of average productivity for capital, labor and land are 

presented in Tables 8, 9, and 12. capital productivity, measured by the 

ratio of gross revenue/total annual cash outlays311 was down approximately 

50% for the three farm size groups during the 1960-1969 period. This 

trend is expected to continue as the region approaches capital satiation 

!!/ All cash outlays and cash sales are valued at constant 1960 prices. 
The price deflator used to eliminate inflationaxy trends is the Index of 
wholesale .Agricultural Prices in the Sao Paulo region of Rio Grande do Sul. 
Source: Conjuctura Economica, Vol. 17, No. 9, 1970, P• 91. 
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with capital outlays growi~g faster than output. The capita' ?roductivity 

on sn:ia.11 farms is 110% higher than medium farms which is i~ turn about 

115% higher than on large fanns (Table 8). Average labor p··~ductivity 

defined by the ratio o= gross revenues/total labor hours employed, remained 

more or less constant throug..~ 1960-1969 (Table 9). The productivity on 

large farms is roughly three times higher than on medium farms which is 

in turn 1.6 times higher than on small farms. The differences in labor 

productivity are even greater if we measure returns to family labor 

available rather than per hour of labor employed since labor use on large 

farms exceeds family labor available, while it is less than available 

family labor on small farms. Average land productivity defined by the 

ratio of gross revenues/land utilized, was slightly higher on small farms 

than on either medium or large farms (Table 12). It grew 116% over the 

1960-1969 period on small farms, remained at a rather constant level on 

medium farms with little fluctuation, and showed little increase on large 

farms. 

Whereas capital productivity has declined steadily, at different 

rates for different farm size groups, average labor and land productivities 

have remained almost constant. This suggests that although there has been 

increased capitalization in the region, speciallly in the mechanical 

technology spectrum, there have been little or no breakthroughs in the 

yield technology spectrum which mainly increases land and labor produc-. . 
tivities. 

The differences in factor productivities among fa:rm sizes also bears 

out the i111portance of factor endowments with productivities being higher 

where factors are relatively scarce. 
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5.3 FACTOR PROPORTIONS A'lJD THE DYNAMICS OF TRANSFOR1'7ATIC:i 

One of the basic features of the model formulation a~s the differ-

ences in factor endo'Wm.ents among farms of different s~zer. These differ-

ences in factor endowments are accentuated through time and result in 

the differences in the dynamic path of regional resource use, resulting in 

widely different factor proportions as expected. 

The dvnamics of regional transformation has involved a twofold trans-

action -- from extensive livestock to intensive crop farming and improved 

livestock. Both of these transitions have required increased use of "all 

factorsu through time as conversion to intensive farming usually does. 

As long as this conversion continues we can expect increasing employment 

opportunities and an increasing demand for capital in the region, although 

these increases would be differentially distributed among farms of different 

sizes. 

The differences in factor proportions due to differences in farm size 

are most evident in the land/labor ratios (Tables 19 and 25) and in the 

machine use/land and ma.chine use/labor ratios (Tables 16 and 18) and 

draft animal/land and draft animal/labor ratios (Tables 15 and 17). Increasing 

mechanization on medium and large farms has increased machine use but 

due to increases in intensive cropping labor demand and hence labor use 

per hectare have increased over time. 
' . 

Differences in capital and labor endowments were crucial to the 

choice of technologies with small farms employing labor intensive and 

capital saving technologies, and large farms using capital intensive 

and labor saving technologies, While medium farms have a comparable 

position between these two. The differential titne path of resource 

significantly related to differences in initial factor proportions. 
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5.4 REGIONAL CAPIT/l.L UTI1.J~ION A..l\ID CREDIT 

Total annual capital exp~nditures per hectare incre~sed more than 

two times on small and large farms whereas they expanclec r. little less 

than twofold on medium farms curing the 1960-1969 decade (Ta~le 28). 

This sizeable growth in real capital expenditures in the region has been 

mainly financed by a liberal credit policy which has ma.de credit avail­

able up to 60 percent of total gross revenues on each farm and that too 

at negative real interest rates. This institutional credit policy has 

favored an increasing capitalization and dependence on credit on large 

farms relative to smaller farms, and has been a key mechanism in the reg­

ional transformation process. 

This process is evident in the fact that average credit use per 

hectare has increased by 490%, 230% and 160% respectively on large., medium 

and small farms(Table 30). The dependence on external funding of farm 

capital utilization has increased over time (Table 31) with an increasing 

rate of dependence on large farms (the ratio of external to internal 

funding increased 15 fold), and a somewhat smaller increased dependence 

on medium farms (ratio increased less than twofold). The ratio of 

external to internal funding actually declined some 45% on small fanns. 

These results indicate that not only has the liberal credit policy 

increased credit use in the region over time, but that this credit has 

been more accessible to larger farmers whose dependence on credit has 

increased substantially. Thus, credit policies have helped to further 

widen the gap in initial factor endowments, providing increasing pro­

portions of it to farms where it is relatively abundant and relatively less 

productive. These policies to the extent that they are continued will 

lead to further increasing rate of capitalization in the region further 

accelerating a process of transition already under way. And to the 

extent that credit continues to go to larger farmers, it will continue 
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to be inefficiently allocated, further peI?etuating dif :~r~nceR in factor 

proportions and productivities rather than reducing them. All evidence 

points to the crucial role credit policies have played in the regional 

transformation in Southern Brazil. 
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Al though the model ca:ptu:res in detail the fundamen-:a:. features of 

agricultural transformation ~n the regio~, it can still ~e improved in 

many aspects. The follo~ring items are suggestions for ~he =urther 

research. 

6 .. 1 MODEL lMPROVE1:1ENTS 

One of the basic concerns in the process of model building was 

computer limitation of the "Recursive Decision System Processor" avail­

able at the University of Wisconsin, Madison.~/ Efforts have been ma.de 

to keep the size of the matrix as small as possible so that it is man-

ageable, using this program. If the computer processor is able to handle 

bigger size problems, the current model structure can be expanded immed-

iately in the following ways: 

a) Detailed Breakdowns of Technology 

This includes a more detailed breakdown of both the mechanical 

and biochemical technologies. The former allows us to investigate 

the investment patterns of different farm size groups on different size 

of machines, say 25 h.p. and 50 h.p. tractors. The latter will enable 

us to analyze, for example, differential levels of fertilizer applica-

tions on different farm size groups by incorporating linearly segmented 

33/ fertilizer response functions for each crop.---

'I1:.f The "Recursive Decision System Processor" can handle a R.L.P. 
problem with a 120 X 100 matrix. A new processor with expanded capabil­
ities is under development by G. MUeller at the University of Wisconsin, 
Madison. Any L.P. problem is manageable with the "MPS 360" at the Ohio 
State University, but that is extremely time consuming for R.L.P. pro­
blems since the feedback has to be estimated separately, and thus the n 
periods problem decomposes into single period runs. 

'Jll This has been done by Singh (1971). 



-40-

b) ~sonal Classification of Labor and Land Avail ,Jilities 

By considering labor and land availabilities on t~ monthly basis, we 

can analyze the sharp seasonal pattern of labor use ~ncluding labor 

hiring activities by each month and several crop rota~ions. Currently 

only two periods are considered as constraining production in the 

cropping year; the land preparation and harvesting periods. 

Other improvements include the following items: 

c) Parametric Analysis of Key Policy Variables 

This is the next step in the agenda for this study. The parametric 

analysis will essentially focus on wheat pricing and credit availabil­

ity. Parametric programming on these can be attempted in both compar­

ative dynamics and comparative statics sense, which are quite 

different from each other. Comparative dynamic parametrics on credit 

availability and borrowing rates have already been computed and will 

be analyzed. 

d) Future Projections 

Once the model is carefully evaluated to prove "goodness of fit" 

in producing a quantitative history of ''what has already happened" 

in the region, we are in a position to extend the analysis by pro­

jecting the future. Indeed it is desirable to examine policy 

variables in the projection framework because changes in farm 

policies are concerned about the future time period. By doing so 

we are able to simulate various economic performance variables under 

alternative policy options, in which many policy makers are interested. 

e) Interfarm Resource Transfers 

Theoretically this is probably the most important issue, specially 

the inclusion of a land market and a renting mechanism for land and 

other quasi-fixed capacities in the model. The resource transfers 
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within a given :ar11:1 size do not significantly effect :~e regional 

aggregates. However, land transactions between farm size groups have 

very important econonic implications in any dynamic regional analysis. 

Because it may involve a deterioration of small fe~ or a diverging 

structural duality between small and large farms, this aspect should 

be incorporated. 

In addition to these items for model ill!':lrovement, other theoreti­

cal extensions may deal with stochastic and/or non-linear treatments 

of some of the components in the model. 

6.2 DATA IMPROVEMENT 

Further breakdowns of both mechanical and biochemical technologies 

require new sets of data in this regard. Data on machine operations by 

task are also desirable if we are to incorporate a detailed classification 

of mechanical technology. 

Actual hectarage by crop and farm size are neccessary for model eval­

uation and testing. Accuracy of resource availability, specially data on 

quasi-fixed capacities by farm size are crucial for this study and are 

not currently available. More reliable data on labor availability are 

also very important and this should be considered in relation with non­

farm linkages. Thus urban out migration and/or ruJ:al immigration should 

be examined to obtain accurate data on labor availability. The supply 

functions of non-farm inputs such as tractors, combines, fertilizer, 

protective chemicals and certified seeds must be considered so that non­

farm linkages of the model are enhanced. 

6.3 MODEL EVALUATION AND TESTIID 

The necessity for effective model evaluation and testing is mentioned 

briefly in subsection 6.1. It is a natural step to evaluate the model's 

performance in terms of its ability to predict what has already happened 

in order to have confidence in use of the model for policy. Theil has 
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developed various information concepts which have proveo to be useful in 

model evaluation. Day and Singh recently applied the in~orma.tion concepts 

to evaluate their Punjab model.~ This model should also be evaluated and 

tested not only to improve our understanding of the past but also to 

examine its 11goodness of fit" and ability to project future regional 

trends. 

~/ See Day and Singh (1971). 
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P.PP Ei'l'DJX 

P!L:tT I: L.1\1:.ID u'SE PATTERN BY F.\.-P •. M SIZE: 'itBE-\T REGION IN ~ STATE OF 
RIO GR..J:\TJ)E DO SUL, SOUTHE::m BR..;zIL (1960-"..969) 

1. 

2. 

WHEAT. 

SOYBW. 

SOYBI. 

CORN • 

NATPAS •• 

Su.PAS. 

WIPPS. 

SOYBN ••• 

Column Names Used in the Tables of the Pert I 

Activity Description 

. Production by Draft Animal Technology 

• Production by Tractor Technology 

. . • Hectarage sown for Wheat = WHEAT 1 +WR.FAT 2 

. . . . . Hee ta rage sotm for Soybean following Wheat 

' . . . Hee ta rage sown for Soybean independent of Wheat 

. . . . . Hectar"''ge sown for Corn = CORN 1 + CORN 2 

. Hectarnge used for Natural Pasture = NAPAS 

. Hectarage sown for Summer Pasture* = SUP.AS 1 + SUPAS 

. . Reeta rage sown for Winter Pasture*= WIPAS 1 + WIPAS 

Hectarage sown for Total Soybeans = SOYBI 1 + SOYBW' 2 

+ SQIIJ3I 1 + SOYBI 2 

Remarks - * Both Summer Pasture and Winter Pasture are improved pasture 
systems which require the tasks of land preparation, seeding 
and fertilizing. 

2 

2 



T.iBLE 2 REG-ION.AL LAND USE BY ~AID{ S!'ZE AND TECHNOLCGY· 
WHEAT REGION IN 'l'RF.: STA':'S OF RIO GRANDE DO SuL 

SOUTtmR.'N "BR...\ZTI (1-960-1969) 

YEAR WHEAT! WHEAT2 SOY6Wl SOYBW2 SOYSll SOYBl2 COPl\il COPNZ NATPAS SJPASl SJPAS2 WIPASl W!PASZ 

LAND USE ON SMALL FARMS II N 1000 Hlil--MODEL SOLUT !ON 

1960 20 .oo 

19bl 2b .oo 

l9b2 33. 80 

l9b3 43 .94 

1904 57. 12 

19b6 %.54 

1967 125. 50 

191'>8 163.15 

1969 212. 10 

0 .c 

o.c 

o.o 

o.o 

o. c 
0 .o 

o.o 

o.o 
0 .o 
o.o 

20 .oo 

23. 18 

31.14 

36. 08 

48.47 

b5 .12 

75. '>7 

o.o 
o.o 
o.o 

o.o 
o.o 
o.o 
o.o 

o.o 
o.o 

o. 0 

o.o 
c.o 

0 .o 

o.o 
o.o 

o. 0 

0 .o 
o.o 
o.o 

o.c 
o.o 
0 .o 

o. 0 

0 .o 

o.o 
0.(1 

o.o 
o.o 

o.o 

LANO USE ON MEDIUM FARMS I IN 1000 HA 1--"IOOEL SOL UT ION 

1960 11.25 12.zs 11.25 i2.1s 

1961 lf:!.23 12.53 18.23 12.53 

1962 20.84 20.68 19.17 16.61 

1963 21.42 18.03 2G,07 l8.C3 

1964 20.95 21.01 20.95 21.01 

1965 22.50 19.39 21.88 19.39 

1966 22.93 26.94 22.10 25.30 

1967 23.18 44.14 23.18 32.63 

19b8 23.38 67.50 23.38 41.53 

1969 23.92 62.43 23.92 Sl.58 

o.o 
o.o 
o.o 
o. 0 

o.o 

o.o 
o. 0 

0 .o 

o.o 

o.o 

O.<' 

o.o 

o.o 

o.c 

o.o 
o.o 

o.o 
o.o 
o. 0 

o.o 

LANO USE ON LARGE FARMS ClN 1000 HAl--MODEL SOLUTION 

1960 - o.o 40.CO o.o 
1961 o.o 39,42 o.o 

19&2 0 .o 'tb .oo o.o 
1963 o.o 42. 59 o. 0 

1964 o.o 49.70 o.o 
1965 o.o 58.00 o.o 
196& o.o 81.49 o.o 
1967 o.o 114.09 o. 0 

t'i68 o.o 159.ll 0 .o 

1969 o.o 223.62 o.o 

40. 00 

39.42 

46.00 

58. 00 

67.69 

79.00 

n.19 

107. 58 

Source: Model Results 

o. 0 

0 .o 

o.o 
o.o 
0 .o 

o.o 
o.o 
o.o 
o.o 
o. 0 

o.o 

o.o 
o. 0 

o.o 
o.o 
o.o 

o. 0 

0 .o 
Q,O 

o.o 

66, co 

~2 .10 

60. 24 

58 .42 

61 .21 

62. 19 

60. 3.? 

58. 51 

o. c 

o.o 
o.o 
o.o 
0 .o 

o.c 
o.o 

o.o 
o. 0 

0 .o 

o.o 

o.o 
o.o 
o.o 

o.o 
O.CI 

o. 0 

0 .o 
o.o 
o.o 

Q,O 940.CO 16.61 (1, 0 

o.o 936.47 16.88 

o.o 929.57 17.65 

o.o 919,&5 !8.68 

o.o 
o, (\ 

o.o 906.00 20.58 c.o 
c. 0 887. 70 22. 77 

o.~ ss1.21 25.49 

o.o 

c.o 
o.o 822.98 28.75 o. 0 

o.o 790.0& 26.60 

o.o 758.46 14.95 o.o 

66. 00 1352. 77 

bl. 7) 1351.66 

59. 56 t339. 44 

56.5~ 1338.8~ 

53.76 1332.25 

51.07 1326. 63 

~a.52 1311.os 

49.20 1280.68 

46. 74 1244.S<t 

44 ,40 1234.00 

83.70 1768.75 

77. 84 l 778. 94 

72,39 177&.16 

67. 32 1759. 95 

!>2.61 1736.15 

58.23 1696.65 

54.15 1640.00 

50. 36 1562. 67 

"".a .. 145& .09 

6.61 13.55 

o.o 23.59 

o.o 27.84 

3.00 30.01 

o. 0 39. 31 

(),I'\ 56.10 

o.o !>7.15 

o.o eo.1t4 

o.o 23.17 

o.o 28.56 

Q,O H.38 

o.o 43.97 

o. 0 5io. 04 

Q,O &fl.27 

o.o ss.21 

o.o 106.40 

o.o U2.92 

0 .o 166.08 

5,54 

5.63 

5. 86 

CJ. 86 

7.59 

a.so 

9. 56 

e.a1 

o.o 
o.o 
c.o 

:i .o 
o.o 

o.o 
0 .o 

o. 0 

o.o 

o.o 
o. 0 

o.o 
o.o 
o.o 

o.o 
0 .o 
o.o 
o.o 

o.o 

~ .o 

o.o 

o.o 

o.o 
c. 0 

o.o 

o.c 
o.o 
o. 0 

s.ao 
6, 12 

7.87 

9.29 

11. 00 

13, l) 

15.64 

18.64 

0.81 

25. 92 

7.78 

11.83 

18027 

22.11 

55.37 
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LfJID USE BY FA.'IU1 SIZE AND BY TECROOLOGY 
/'S A PERCENT!-i.GE OF ROOIORU. LA..."'ID USE: 

WEE \T REGION IN THE STATE OF RIO GRANDE DO SUL 
SOUTHERN BR/i.ZTI.. (1960-1969) 

loHEAT~ SOYSWl SOY!lW2 SOYBl l SOYB 12 CORNl. COi!.NZ NAT PAS SJPASl 

LA~O use ON SMALL FARMS AS A PERCENTAGE OF Rl-Gl£if\AL LANO USt 

1960 

1qo1 

1962 

l96l 

1964 

1965 

1900 

1967 

1968 

1969 

53.7 

58.8 

67 .2 

73.2 

BG .a 

84. 4 

87,5 

o.o 
o.o 

o.o 
0 .o 

c.o 
o.o 
c .o 

c.o 
0 .o 

c.o 

56.Q o.o ***** *•••• lJO .. O 

58. 4 

6G .S c.o ••••• ••••• to~.o 

63. 3 r.c ••••• ••••• lOO.J 

65.7 o .o ••••• ••••• lco.o 
o.o •••*• ••••• toe.~ 

10. 8 o.o ••••• ••••• 100.j 

73.6 c .c ••••• ••••• 100.0 

75. 9 c.o ••••• ••••• 100.0 

LANO USE ON MEDIUM FARMS AS A PERtl::NTAGE OF REGIONAi. LAND USE 

1960 

1961 

191>2 

1963 

1964 

1965 

1966 

1967 

19"8 

1969 

46 .3 23.4 

38.l 

32.6 

26. a 

23 .3 

2408 

15. 6 27.9 

12.5 29.7 

10.1 21. 8 

24.2 ••••• • •••• o.o 
44, 0 24.l ••••• • •••• 

'tl .6 26.5 ••••• • •••• o.o 
39, 2 29.7 ••••• • •••• o.o 

29.7 ••••• • •••• 

3't.3 25.l ••••• • •••• o.o 

3109 27.2 ••••• • •••• 0 .o 

29 .2 29.2 ••••• • •••• c .o 

26.4 31.l ••••• • •••• o.o 
32.4 ••••• • •••• 

LANO USE ON LARGE FARMS AS A PERCENTAGE Of REGIO~AL LAND USE 

1960 

1961 

191>2 

1963 

l961t 

1965 

1966 

1967 

1968 

1969 

0 .c o.o 7L8 ••••• ••••• 

o.c o.o 75.9 ••••• • •••• 

0 .o 0 .o 73,5 ••••• • •••• o.o 

o.o o.c 70.3 ••••• • •••• 

o.o 70.3 o.o 70.3 ••••• • •••• o.o 

0 .o 74,9 o.o 74,9 ••••• • •••• o.o 

o.o 75.z o.o 72.8 ••••• • •••• 

o.o 12.1 0 .o 10.a ••••• ••••• o.o 

o.o 70.3 o.o 68.9 ••••• • •••• o.o 

o.o 78.Z o.o 67.6 ••••• • •••• o.o 

Note: *"*** denotes zero activity levels. 

Source: Model Results 

o.o 23.0 67.S 

o.o 

23.0 100.0 

o.o 2~. 8 100.0 

0 ,') 22.7 87.3 

o.o 22.5 100.0 

o.o 22.2 100.0 

c .o 22.0 100.0 

o.o 220 0 lOC.O 

o.J u.o 1'10.0 

4z.s n.z 
o.o 

43,9 o.o 

33. l 12. 7 

"'"· 9 
o.o 

33.9 0 .o 
3". 2 o.o 

lt8ol 0 .o 
48.7 35.8 o.o 

57,7 43.8 o.o 
57.2 1t3,q o.o 
56. 7 't3.9 

0 .o 

55,6 41t,O o.o 

55,1 44.0 o.o 
5it.5 J 43,9 o.o 

52.4 43.8 o.o 
0 .o 

o.o 

S~?AS2 WIPASl klPASZ 

o.o 100.0 

~.O 100.C 

C'.O tOCl,('I 

O.O tOC'.O 

o.o 1110,0 

o. c 1oo.0 

~.:i 100.0 

n.o too.o 

o,c lOC'.n 

0 .o 100.0 

40.0 

39 .a 

35,5 

34. 5 

33 .6 

10 .a 

61.Z 

64.3 

64.5 

65.5 

6604 

O.t' 

Q,(') 

o.o 
0 .o 

o.o 
o.o 

o. (\ 

o.o 

o.o 

o.o 
1.'.0 

0 .o 

o.o 
o.o 
0 .o 

o.o 
o.o 
o.o 
o.o 

o.v 
C'oO 

c.o 
0 .o 

o.o 

o.o 

38.7 

37.b 

1.s 

57.3 

58.7 

61. 3 

98.2 

68.1 
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CROPP IN:; P ATTER.'!'.IB BY FARM SIZE AND BY TECHIDLOOY: 
U:HEll.T REGION IN TIE STATE OF RIO GRANDE DO Si.J'L 

SOUTlrIERI.~ BRt\Z:O.. (1960-:969) 

YEAR kHEAH wHEAT2 SOYSwl SOY8W2 SJV811 SJVIHZ CURNl CORNZ N.\TPAS SUPASl SUPA:R WIPASl WIPAS2 

CROPPING Pil>TTERN ON SMALL FARMS AS A PERCE~TAGE OF TOTAL lA'lO U<;• G"i SMALL f'A'<HS 

l'j6C l. 87 o. 0 1. 87 G.G o.o 

o .r c.o 0 .o 

1962 3.14 o.o 2. 5( c. 0 c. 0 

1963 4. 07 o.o 2.ll8 ('). 0 o.o 

1%4 5 .25 0 .o 3.32 o.o c.o 

1965 6. 81 o.o o. 0 o.o 

1966 8,80 o.o 4,42 o.o 0 .o 

1967 11.36 o.o 5.C8 o.c o.o 

1968 14.64 o.o 5. 84 o.o o.o 
0 .o o.o o.o 

c.o 

o.o 
o.o 

o.o 

o. 0 

o.o 

o.o 
o. (l 

o.c 
o.o 

5.91 

5. 77 

5.37 

s. 58 

5,41 

s. 20 

o.o 
o.o 

0 .o 

o.o 

0 .o 

o.o 

o,o 

i) .o 

o.o 

88 .o 1 

!!-7. 34 

Bb ,4') 

85.14 

s l. 38 

78. ll 

74.4 7 

70,<H 

67. 45 

l.75 

1.89 

2.09 

2. 3 2 

2.3? 

i.:n 

CROPP l~G PATTERN ON MEDI U'I FARMS AS A PERCENTAGE: OF TOT Al LANO use UN MEOIUM FARMS 

1960 l.15 o. 82 0.85 

191> l i .21 0 .83 1.21 o.83 

1962 1. 38 l. 27 

l9b3 1.42 1.33 

1964 1.38 lo 39 l. 38 1. 39 

1%5 1.49 

1966 l .51 l. 77 

1967 l. 52 2. 89 1. 52 2ol4 

1968 l. 54 l .54 z.74 

1969 1.55 ... 04 lo 55 3,34 

o.o 

o.o 

o.o 

o.o 

o. c 

o.o 
O.Q 

o.o 
0 .o 

o.o 

o.o 

o. 0 

o.o 
0 ,(l 

o.o 
o.o 

o. 0 

o.o 

o.o 

o.o 

o.o 

c. 0 

o .r 

o.c 

c.o 

0 .~ 

o. c 

o.o 

o.o 

o.o 

4.40 90.10 o. 52 

'1,95 88.84 o.o 

3. 75 88. 66 o.o 

o.o 
3 .22 03 .s~ o.o 
3.oa sz.15 o.o 
z.a1 79,79 o.o 

CROPPING PATTERN ON LARGE FAR~S AS A PERCENTAGE OF TOTAL LAND USE OF LARGE FARMS 

l9o0 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

o.o 
o.o 

o. 0 

o.o 

o.o 

0 .o 

0 .o 

o.o 
0 .o 

0 .o 

2.01 

1.98 

2.14 

2.89 

5.62 

7 .az 

10,a1 

0 .o 

o. c 

o.o 
o.o 

o. 0 

o.o 
o.o 

o.o 
0 .o 

o.o 

2.0 l 

1. 98 

2.3~ 

l..49 

Source: Model Results 

o.o 
{I, 0 

0 .o 

o.o 

o.o 
o.o 
o.o 

o.o 
o.o 

o. 0 

o.o 

o.o 

o.o 

o. 0 

0 .o 

o.o 
c,o 

0 .o 
o.c 

o. u 

o.o 

o.o 
o.o 

o. 0 

0 .o 

o.o 
o. 0 

0 .o 
o.o 

o.o 

4. 52 89. 90 o. 0 

4 .21 8'1.91 0 .o 

3o90 89. 13 o. 0 

o.o 
3,37 86.04 o.o 

3,12 86.57 o.o 

o.o 

2.,67 80.82 o.o 
2. 47 76. 52 o. 0 

2.26 70.IH> o.o 

o.o 

o. 0 

o.o 

c.o 

o.o 

:) .o 

o.o 
o. (l 

c. 64 

3.09 

3.67 

5 .zo 

1.16 

l • 1•4 

1. 77 

z.21 

3.40 

1t.22 

5e24 

(l,52 

0.53 

0.55 

o. 511 

0.91 

o. 1<:: 

o. 77 

0 .57 

r.so 

o. 0 

~.o 

(1,0 

o.c 

o.o 
o.o 
o.o 
o.o 
o.o 
0 .o 

o.o 
0 .(l 

o. 0 

a.a 
o.o 

o.o 

0 .o 

o.o 
o.o 

0 .o 

c. 0 

o.~ 

o.o 
o. 0 

:) .o 

o.o 

o.o 

o.o 
o.o 

o. 3'l 

o. 52 

o. 61 

o.os 

0 .39 

0.59 

0.74 

1.13 

1 ... t 
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TABLE 5: R.EX;IONAL LAND USE 'BY FARM SIZE: 
WHEAT REGION IN THE STATE OF RIO GRANDE 00 SUL 

SOUTRER...~ BRAZIL (:960-1969) 

YHR WHEAT SOYB1'1 CORN 'IAPAS SUPAS WIPAS 

LANI' USE BY CROP ON SMALL FARMS !IN 1000 HAI 

1960 20. 00 20.00 bb. 00 '140.00 16.61 5.54 

1961 26.00 23. lS 64. 02 936.47 16. 88 5.63 

1%2 n.eo 20.87 62.10 qz q, 51 l 7. 65 5.RR 

1%3 43,94 31.14 60.24 9l'l,65 lB.8R 6.29 

1964 57. lZ 36.08 58.42 C)QI), 00 20.58 q, 86 

1965 74.26 41. 83 56. ()8 8~7.70 22.77 7.59 

1066 %,54 48,47 61.21 857.27 25.49 a.so 

1967 12'5.50 56. 1€ 62. 19 A22, 9e 28. 75 9. 58 

1968 163. 15 65.12 b0. J2 790.06 26.60 8.87 

l9b'l 212.10 75.47 5R.51 75!1.4b 14. 95 4. 98 

LAND USF BY CROP ON MEDIUM FARMS IIN 1000 HAI 

1960 2'l.50 ;o.oo b6.00 1352. 77 17. 42 s.eo 

1961 30. 76 30. 76 &2.70 1351.66 20.16 60 72 

1'162 41.52 35.78 5'l,t;6 133'l.44 23. 5'l 7. 87 

1963 39.45 38.10 56. ~9 1338. 64 27. 84 9.2'1 

1"64 41.96 41.'16 53.76 1332.25 33.01 u.oo 

1965 41. 89 41.27 51.07 1326.63 3'l. 31 n.10 

1966 49.~7 46.00 48, 52 1311.05 46.92 llj,b4 

1967 b7.32 55.el 49, 20 1280.68 5b.10 18.bl+ 

1968 90.88 ()4,91 46.74 1244. 84 67.15 o. 81 

196" 86. 35 75.50 44,40 1234.00 80.44 25.92 

LANO USE BY CPOP ON LARGE FARMS I IN 1000 HAI 

191>0 40.00 40.00 'lO, 00 l 769. 04 2~.17 7. 711 

1 %1 39.42 39.42 1n.10 171!8.75 28.56 9. 57 

1%2 46.00 46.00 77. 84 1778.94 35. 38 l l • 83 

1963 42.5<l 42. 5" 72, 3Q l 776. 16 43,97 l<t.69 

19"4 49.70 49.70 67, 32 1759.95 54.04 18.27 

se. oo 58.00 62. 61 l 7311. 15 6R, 27 1.2. 77 
1%5 

a1. 49 67,69 51!. 23 1696.65 es.21 21!.42 
1%6 

1967 114. 09 79.00 54.15 11>40.00 106.40 35.48 

'12.19 so. 36 1562,67 UZ.92 4•.32 
1968 159.73 

1969 223. 62 107.SB 46. 84 1458.09 166008 ')'>.37 

Source: Model Results 
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J;J\ND USE BY F~~ SIZE AS A PERCENTAGE OF REGIO~"'..-t:. ~'1)) USE : 
imEAT R.EX;ION IN THE STATE OF RIO GRANDE DO SUL 

SO~""'R..~ ~RAZIL (1960-1969) 

YEAR WHEAT SOYSN COR" NAP AS SUP AS w! 0 AS 

CROPPING PATTERN ON ~MALL FARMS 

1960 :n. ~5 2?. 22 29. 73 2~. 03 29. 04 2 e. 97 

1961 ';!7.03 24. 83 30. '·2 22.97 25.7? 25.68 

1%2 27.86 24. 73 31. l3 22,96 23. 04 22. Q'1 

1963 34, 88 2i. 85 31. 84 22.79 20.82 20. 78 

1964 38. 'l9 2q.z4 32.55 22.06 19.12 25. 20 

1965 42.64 29.65 3 3. 27 22. 46 17. 47 l 7. 46 

1966 42.3b 29.53 36.44 220 lB lb.17 16.17 

1%7 40.89 29.42 37,57 2 l .'l8 15. 03 15. 04 

1968 39.43 29. 30 38. 32 2l .''l6 11. 74 16,43 

1969 40. 63 29.!9 39.07 21.98 5.72 5.17 

CROPPING PATTERN ON ·~EOIUM FARMS 

l9b0 32.96 33. 33 29. 73 33.14 30.45 33. 33 

1961 31.98 32.95 29.80 33.15 30. 73 30.66 

1962 34.22 32.9~ z9, ss 33. 09 30. 79 30. 77 

19163 31. 31 34.07 29. "l 33.!8 30. 70 lO. 69 

1964 29.20 32.85 29. 95 33. 32 30. 67 28. ll 

1965 24.05 29. 25 29, 98 33. 56 30.lb 30. 14 

196(: 21, PB 29.24 28.89 33,92 29. 71 ?9. 76 

1967 21. 93 29.22 29. 72 34. 21 29. 33 2<l. 2!> 

1968 21. 96 2<l. 21 29, 69 34.60 29.62 l.49 

1969 16.54 29.20 29,65 35. 76 30. 76 30.J5 

CROPPING PATTERN ON LARGE FARMS 

1960 44. 69 44,44 40.54 43.83 40.'H 40.~9 

1961 40.99 42.22 39. 78 4 3. 88 43. 54 43. ~6 

1962 37. 92 42.34 39. 02 43,95 46.18 46.25 

1963 33.81 3A.OB 38.26 . 44.02 48. 48 48. 53 

1964 33. 41 38.91 37. 50 44.02 50.21 41>.~9 

1%5 33. 30 41. ll 36.75 43.98 52.37 52.39 

1966 35.76 4!.23 34, 67 43.90 54.06 54.07 

1967 37.17 41. 36 32. 71 43. 81 55,63 55.70 

1968 38.60 41.49 31.99 43.44 58. 1>4 az. oa 

1969 42.83 41.61 31. 28 42. 26 63. 52 64>.18 

Model Results 
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TABLE 7: _CROPPING PA'l'TERN BY FARM SIZE: 
imEA.T REGION !)1 TilE STATE OF RIO GR.t\.,~E DO SUL 

SOUT'rlERN BP.A.Zn. (1960-1969) 

YEAR WHEAT SOYBN CORN NA PAS SUP AS wlPAS 

CRCPP!l'.G PATTrP~ ON SMALL FA?MS 

1960 l. 87 1.87 6.18 Ad.00 1. 56 a.s2 
1961 2.42 2.16 5,97 87.34 1. 57 o. ~3 
1962 3. 14 2. 50 5. 77 86.40 1.64 0.55 

1963 4.07 2.8" 5.58 85.14 l. 75 0.5~ 

1'>64 5.25 3. 32 5. 37 8 3, 27 l.R9 o.<>1 

l9b5 6. 81 3. 83 5. 20 81.38 2.o'l 0.10 

1966 8.50 4.42 5. 58 78. ll 2.32 o. 77 

1967 11. 3 6 5.08 5.63 1 ... 47 2. 60 0.87 

1968 14. 64 5.84 5,41 70.'H z,39 a.so 
196q 18, Ao 6. 71 s.20 67.45 1. 33 o. 44 

CROPPING PA TTEll.N ON MEDIUM FARMS 

1960 l. 9b 2.00 4.40 91), 10 1.16 0.39 

1%1 2. O'.> 2.05 4. 17 A9. Q~ l. 34 0.45 

1962 2.75 2.37 3,05 8A,84 1.56 o. 52 

1'1!:3 2.61 2.52 3,75 8A,66 l. 84 o. 62 

1964 2.11 2. 77 3. 55 SP. 00 2.1s Q.7~ 

1965 2. 77 2.1~ 3,37 87.67 Z.60 Q,A7 

1966 3,ze 3. 16 3.19 66, 25 3, 09 I, 0) 

1967 4. 41 3. 1-5 3. 22 8 3.83 3.67 1.22 

1968 6.00 4.28 3.0ll 82.15 4.43 o. 05 

1969 5. 5 8 4, e~ z. 67 79.79 5.20 1.1>6 

CROPPING PATTFRN ON LARGE FARMS 

1960 2. () 1 2.01 4. 52 89. 90 l. 16 o. 39 

191>1 1. 9R 1. 91l 4.21 89.91 1.44 o.4a 
1962 2.30 2.30 3.90 89.13 i. 17 a. 59 

1%3 2.14 2. 14 '· 63 119. 15 2. Zl o. 74 

1964 2,49 2.49 3.37 88.04 2.10 0.91 

1965 z.e9 2.89 3. 12 86. 57 3,40 l· 13 

l96f 4.04 3. 35 2. 89 q4,09 4.22 1.41 

1967 5.62 3.89 2.67 80.82 5.24 1.75 

1968 7.82 4,51 z. 47 7c. 52 6. 51 2.11 

1969 10. ~7 5.23 2.28 70.86 a.01 Z.69 

Source: Model Results 
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PART II: It."'PUT-01J'J.'PUT RELAT!ONSBJJ? BY FAt"Z..1'1: SIZE: W'HEl.T R:::GION !N THE STATE 
OF RIO GR\NDE DO Su1.., SotJT:'..1ER..'1{ BR..\ZIL (1960-1969) 

Definitions Used for the Tables in Part II 

.'\verage Productivity of Annual Total C.:ish Outlays 
= Gross Revenue/Total Cash Expenditures on Variable 

Inputs and on Investments in Power Sources 

Average Productivity of Labor 
= Gross Revenue/Total Labor Hours Employed 

Average Productivity of Working Capital 
• Gross Revenue/Cash Outlays on Variable Inputs 

Average Productivity of New Investment Capital 
• Gross Revenue/Cash Outlays on Investments in 

Power Sources 

Cr$ • Brazili~n Currency Unit 
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TABLE 8: AVFJ?..AGE PRODUCTIVITY OF ANNUAL TOT.AL CASH OUTLAYS .:W FA.RM SIZE 
w1l'3: ... td' REGION IN '1'HE STATE OF RIO GRA.."IDS DO Strr .. 

SOUTHERN BRAZIL (1960-1969) 

YE.AP, SMALL FARY ~1fLHU't, F fl R ": t A "": ("' ;:_ 
1..,.1'<\ r- ....:J~ f- A~,, 

1960 s.q3093 4.<3lC~7 3.77S2P 

1961 4.1-,lR::?O 4. 0 7713 4.51165 

1962 4.26h60 4• 57·=j4P 4.40871 

1963 4.02?19 4. O<;>-ic.7 3.s:201 

1964 4.2410<; 4.14084 3.131620 

l 96"i 3.27232 3 • .35803 2.0,5419 

l Q66 3.?52<6 .?.C:6°':16 2.'.'6713 

1967 3.62769 3.015P7 2. 6106 '.1 

1968 3.19635 2.49?03 2.154P5 

1969 2.91888 2.46QA7 l.~1740 

Source: Model Results 

TABLE 9: AVERAGE PRODUCTIVITY' OF LABOR PER HOUR BY FARM SIZE (in constant 

YEAR 

1960 

1961 

lG62 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

Source: 

1960 Cr$/Hr) ml.EAT IUX;ION IN 'lltE S'!ATE OF RIO GRANDE DO SUL 
SOUTHERN ~RAZIL (1960-1969) 

SMALL FARM MED IU14 FARM LAP GE FARI'<' 

0.10608 o. 20333 0.73844 

0.11106 0.?-0082 0.79474 

0.12051 o.~2'J65 0. '3 6 93 8 

0.12629 0.34~29 0.94360 

0.10968 o.?8970 0.31761 

0.10396 0.26406 0.77771 

0.10621 o.2762R O.ts4584 

0.10051 0.26905 o.8"3941 

o.oq3?0 0.23050 0.76350 

0.086?6 0.21455 0.74270 

Model Results 
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'!ABLE 10: .'\VER..'\GE PRODUCTIVITY OF WORKIID CAPITA!.. BY FARM ~IZE (!n Cr$): 
'tffiEAT RmIO~ IN THE ST.\TE OF RIO GRANDE DC SUL 

SOUTHERN BR.ZII. (1960-1969) 

YEAR SMALL FARM fo!EDIUM FARt-'1 LARGE FARM 

1960 5. 93 771 5.66215 5 .'.) 3663 

1q61 4.65499 5 .13008 4.60748 

1962 4.29719 5. n4 759 4.80485 

1963 4.05423 4.17018 3.99107 

1964 4 .2 7645 4.35519 4.11826 

1965 3. 3C3 80 3.43250 3.l'.)347 

1966 3.2so21 3.23209 2.88616 

1967 3.68069 3. 48518 3.05550 

1968 3.24354 2.91845 2.56649 

1969 2.96398 2.63287 2.18753 

Source: Model Results 

Tll'.BLE 11: AVERAGE PRODUCTIVITY OF NEW INVESTMENT CA'PITAL BY FARM SIZE (In Cr$) 
WHEAT R.EX;ION IN THE STATE OF RIO GRANDE 00 SUL 

SOUTHERN BRAZIL (1960-1969) 

YEAR SMALL FARM MED JU~ FARM LARGE FARM 

1960 519C. 73828 32.40109 15.13882 

1961 584.38086 lb6.93637 216.90379 

1962 6C l. 21802 49. 38072 53.47415 

1963 522.08569 240.0521"1C 265.97974 

1964 512.95166 84.13383 52.03029 

1965 343.3408£ 154. 79085 35.53410 

l966 289.03442 36.45328 23.22354 

1967 251.95648 22.39648 17.93338 

1968 219.71281 17.05585 13 .43521 

1969 191 .85898 37 .66898 10. 74418 

Source: Mpdel Results 
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TABLE 12: AVERAGE REVENUE PER CROPPED HECTARE BY FARM s:zE (in constant 1960 
Cr$/Ha): WRF.AT RIDION IN THE STATE OF RIO GRANDE DO SUL 

SOUTHERN BRAZIL (1960-1969) 

YfAR S"'IALL F :lRM ~ED1UM FAt;-'1 L.1~RSJ:: FAP.M 

1960 5.63700 5.l:i615r:; 5."1'1519 

1Cl6l s.s3gf)C'l '":>.c171p 5.94G54 

1962 6.55102 6.51212 6.51758 

196~ 7.10 7 17 6.00121 7.02113 

1964 6.2Q392 C.J026l r,.:.>305Q 

1965 6.23416 5.5B32q 5.77345 

1966 7.03t-06 5.03157 6.2~?70 

l Q6"7 7.17882 5.i36243 6.329C.O 

1968 6.1i;oq4 5.36643 '5.8°R03 

l96Cl 6.54040 4.80454 5.93760 

Source: Model Results 
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PART III: GROSS A..'!\!NU.t\L NEW !1>l'VESTME:Nl'S IN POWER SOURCES AJID THEIR 
R.ELL\TIONSHIPS WITH L,\ND A..1-ID LABOR USE: 

'"..nm \T REGION IN THE ST_\TE OF RIO GRANDE DO SUL 
SOUTHERN BR.l1.ZIL (1960-1969) 

Remarks: Power sources inc1ude draft animals and tractors 
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T!:.BLE 13: GROSS NE'd I1'VESTHENI'S IN DRAFT .Al'IDW..S :BY p:,r.·: SIZE (in lOOO's): 
m1..EAT REGIOK I:- '.!:'E:E STATE OF RIO Gl:.:'T"1: !){) Su":. 

SO:JT.'b~U J;:>, 'ZTI.: (1960-::.969) 

YEAR S"'!All FARM MfOIUM FARM LARGE FARM 

1960 C.086CC 0.04200 :) .. ) 
1961 0.86'20C 0 .24000 o.c 
1962 0.950C'0 o. 24000 0. '.) 

1963 1. 09600 ').24900 0 • 'J 

1964 l .2s 1or C'.25400 ('. 0 

1965 l. 520N' 0.26000 0 .:: 

1966 2.COCO'.J '.) .26500 0. ') 

1967 2.32COC o. 26000 C'. 0 

1968 2. 64 70C ("! .z 6900 0 .J 

1969 3 .09 800 0.2800(' c.o 
Source: Model Results 

TlillJ .... E 14 GROSS NEW INVESTMENTS IN TR!~CTORS BY FARM SIZE (in 1000 's): 

YEAR 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

Note: 
("'- .... -............ 

WHEAT REGION IN THE STATE OF RIO GR..l\NDE DO SUL 
SOUTHERN Bfu\ZU. (1960-1969) 

SMALL FARM MEDI UM FARM LARGE FARM 

o.o ().()8300 0 .1960) 

0 .c 0.0610C o.06600 

c.o 0.09600 0.10200 

o.o 0 .'.)360C 0 .o 5700 

c.o 0.06000 0.12800 

c .. o 0.0600C 0 .15200 

o .a o.1oaoc 0.22100 

o.o 0.1650C 0.2890:) 

o.o 0.19200 0 .37500 

o.o 0.12000 0.49100 

The size of Tractor considered is 50 R.P. 
"!'llf.--• ..... '1 """''"""• .. 1 .... _ 
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·T:J3L:S 15 : .':Vfil',__'_G:S DR .. ..FT • .;~'!}"'.i..'J.. HCl':.'....S El';:>;:.oy;,m PZR l:ECT,\RE. "':.Y F,\..':1•1 SIZE: 

VEAR 

196': 

1q61 

1962 

1963 

1964 

l 965 

1966 

1967 

1968 

1969 

Source: Model 

~:!iE .. \.T R.i...li'GIOlT !:1 .. LIZ ST~iTE OF ~IO G~\YJ4: X' S:t"L 
SCUTHER.'t~ :SP.._.Z:iJ_, (1960-? %9) 

St-!All F tlP.~ f>IEDIUM ft\R~ LAP GE 

'::.7449C o.161cq' 0 .-:; 

') .. 78588 0.16811:; o .. o 
C .. E45'iC 0.1731R "l. n 

'1.,92?Ql 0.17917 (),.I') 

1.02444 0.18462 "'. n 
l.16091 0.19C85 n. o 

l.37285 C.19521 '.J .o 

1. 6C 344 0.1<:n211 o.n 

1 .. 86327 0.2\1312 o.o 

2.15713 0.2C377 o.o 

Results 

FARM 

Tl\BLE 16 : AVERAGE TR.'\CTOR HOURS EMPLOYED l'ER HECT:\RE BY FliR!.1 SIZE: 
WHEAT REGION IN THE STl1TE OF RIO GRANDE DO SlJL 

SOUTHERN BR:\ZTI (1960-1969) 

YEAR S~All fARM MEO IU"t FARM LARGE FARM 

1960 o.o o. 4 7686 0.62381 

1961 o.o 0.48243 '.) .623 73 

1962 0 .o 0.56822 0.66844 

1963 c. 0 o.57163 0.67093 

1964 o.o 0.59785 0.73619 

1965 o.o 0~62604 0.82455 

1966 o.o 0.7105C 0 .97861 

1967 Ci .:) o. 86650 l al 82 78 

1968 o.o 1.06094 l.!t5425 

1969 o.o 1.11497 1.81336 

Source: Model Results 
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T ·IBLE 17 R.:\TIOS 01?:' D:tAFT .\1.'T'Ilt\L/L/J30R HOURS EMPLOYED BY F .F:: SIZE: 
w:-r&\.T REGIOK I::\ T1-lE ST.~TE OF RIO GRA.."IDE DO S'L1... 

SOUTHERN BR..'\ZTI (1960-!_969) 

YEAR SMALL FAR~ "1EDIUM FARM LARGE: FARM 

196C I'). 0 l 4i) 2 0.00838 (j. 0 

l <;61 n.(11469 'J.('':855 o.o 

1Cl62 rj. ()1554 o.crP6n I). 0 

1Q63 ri.'11642 0.00880 o.o 

lq64 0.01785 0."C:891 n.o 

1965 ri.01q3f 0. )09'13 n.n 

1966 0.02:112 0.0·19('9 o.o 

1967 0.0225? n. CC' QO 5 o.o 

1968 0 .. (')2572 c. Q[)9f'\7 o.o 

1969 0.02845 o. oc 9 li: c.o 

Source: Model Results 

T.'J3LE 18 : RATIOS OF TRACTOR/LABOR HOURS EMPLOYED BY FARM SIZE: 

YEAR 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

Source: 

WHEAT REION IN THE STATE OF RIO GRANDE DO SUL 
SOUTHERN BRAZIL (1960-1969) 

Sf\'All FARM MEDIUM FARM LARGE FARM 

o.o '.).02471 0.')8088 

n.n 0.02453 0.08227 

o.o 0.02842 0."8916 

'). 0 0.(')28')7 0.09('14 

c.o 0.02885 1.09899 

I) 1' 0 0.')2961 n.11101 

!'). 0 0.03309 0.13175 

o.o 0,03977 0.15685 

o.o 0.'.)4735 0.18825 

o.o o. 04979 0.22682 

Model Results 
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SOME F.'.CTOR REL.\TIO:SHIPS ·~ C 'SU !:~'?1:'IDITT.."'.ES: ""'!lti\T :ru:x;ION 
I~ T'H:!!: ST.'.TE O'F RIO GR'.::n::: D0 s·~-:, '"0'.-.~~: ~P.:.zn. 

(" 960-·969) 

Defi:iitions Used i'1 t'1e Tc.bles of P:irt IV 

Gross N~v Investment Cepitol 
• C~sh Out1 ;iys on PurchP.sing Power Sources 

Annual Working Capital • Cash Outl<>ys Ot'I Vnritlble Inputs 

Total AnnuaJ Capital • Gross New Investment Ciipit:il + Annu:.il Working 
Capital Expenditures 
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TABLE 19: AVERAGE HECTARES OF LAND CROPPED PER LABOR HOUR BY FAFM SIZE: 

Y Ef..P 

1960 

1961 

1962 

1964 

1965 

1966 

1967 

1968 

1969 

WHFAT Rl.«;ION IN nm STATE OF RIO GRANDE DO SUL 
SOUTHERN BRAZIL (1960-1969) 

S~ALL FA::\M URGE FA~~ 

U.05181 

0.01870 

J.OlS40 

0.0177? 

0.01743 0.()4R2A 

0.01668 0.04730 O.l347G 

I). 015QC 0.04658 o. l 3'·63 

<J.01400 0.13261 

o.01vn 0.044113 o.1zo45 

0.01319 0.04466 0.12508 

Source: Model Results 

TABLE 20: AVERAGE GROSS NEW INVE3TMENT CAPITAL (in constant 1960 Cr$) PER 
LABOR HOUR BY FARM SIZE: V.1HEAT IUX;ION IN THE STATE OF 

RIO GRANDE DO SUL, Sotn.'HERN BRAZIL (1960-1969) 

YEAR SMALL FARM r-1~D lU'vl ~ARM LARGE FAKr-' 

1960 0.00002 o.oosos 0.0487'3 

1961 0.00019 O.,JOl80 0.00:?62 

1962 0.00020 0.0065<; 0.01626 

1963 0.000;:4 0.00143 0.00355 

1964 0.00021 0.00~44 0.01571 

1965 0.00030 0.00171 0.02189 

1966 0.00037 0. 00 758 o.o-::.c42 

1967 0.00040 0.01201 0.0·!.681 

lq68 0.00042 0.01404 o.oc::6B3 

l96Q 0.00045 O.CU570 0.06Sl 3 

Source: Model Results 
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TABLE 21: AV"f!F.AG'E ANNUAL WCR':Uro CAJl'!TAL (in constant 1960 :rS) PER LABOR 
HOUR. BY FA..~'11 SIZE: WFAT RIDION IN TH.E STAT:: o:· 

RIO GRANDE DO SUL, SOUTHI:.RN BRAZIL (1Si6~ - '.v:z69) 

YEAR SMALL FARM MEDIUM fARlll LARGE FARM 

1960 0.01786 0.05181 o.14661 

lq61 0.02386 0 .. 0~864 0.17032 

1962 0 .. 02804 o.06452 O.lS094 

1963 0.03115 0.08232 0.23643 

1964 0.02565 0.06652 0.19853 

1965 0.03141 0.07693 0.25059 

1966 0.03229 0 .. 08548 0.29307 

1967 o .. 02 731 0.07720 0.21412 

1968 0.02873 0.08206 0.29749 

1969 0.02910 o.os149 0.33951 

Source: Model Results 

TABLE 22: AVERAGE ANNUAL TOTAL CAPITAL EKPENDIT'CIRES (in constant 1960 Cr$) 
PER LABOR. HOUR BY FARM SIZE: WHFAT Rm.ION IN THE 

STATE OF RIO GRANDE DO SUL 
SOUTHERN BRAZIL (1960-1969) 

VF.AR SMAll FARM ~EDIUM FARM LARGE FARM 

1960 0.01789 0.06086 0.19539 

1961 0.02405 0.06044 0.11394 

1962 o. 02825 o. 07111 0.19720 

1963 0.03139 0.08375 0.23998 

1964 0.02586 0.06996 0.21425 

1965 0.03177 0.01064 o.2121ts 

1966 o .. 03266 0.09306 o. 3291t9 

1967 o. 02770 o. 08921 0.32153 

1968 0.02916 0.09610 0.35432 

1969 0.02955 o. 08719 O.ft0861t 

Source: Model a.tsul ts 



TABLE 23: 

YEAR 

1960 

1961 

1962 

1963 

1964 

1965 

1966 

1967 

1968 

1969 

-61-

HIRED IABOR HOURS AS A PERCENTAGE OF TarAL LABOR 
HOURS USED BY FARM SIZE: 

WHEAT REGION IN THE STATE OF RIO GRANDE DO SUL 
SOunrERN BRAZIL 0.960-1969) 

SMALL FARM MEDIUM FARM LARGE FARM 

o.o o.o 32.1 

o.o o.o 23.1 

o.o o.o 20.9 

o.o o.o 18.8 

o.o o.o 17.1 

o.o o.o 15.7 

o.o o.o 14.5 

o.o o.o 14.6 

o.o o.o 15.5 

o.o o.o 17.3 

Source: .Model Results 

TABLE 24: TCYI'AL LABOR HOURS USED AS A PERCENTAGE OF TarAL 
FAMILY LABOR HOURS AVAILABLE BY FARM SIZE: 
WHEAT REGION IN THE STATE OF RIO GRANDE DO SUL 

SOU'l'HERN BRAZIL (1960-1969) 

YEAR SMALL FARM MEDIUM FARM LARGE FARM 

1960 52.3 100.0 134.8 

1961 51.7 100.0 130.0 

1962 51.8 99.5 126.4 

1963 52.8 99.3 122.8 

1964 54.l 100.0 120.6 

1965 54.5 100.0 118.6 

1966 59.4 99.4 116.9 

1967 63.3 100.0 117.0 

1968 63.5 100.0 118.4 

1969 65.7 100.0 120.9 

Source: :Model Results 



TABLE 25: 

VEAR 

1960 

1961 

1962 

l<J63 

1964 

1965 

1966 

1967 

1968 

1960 

Source: 
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AVERAGE LABOR HOURS PER CROPPED HECTARE BY F.ARM SIZE: 
WHEAT RmION IN THE STATE OF RIO GRANDE DO SUL 

SOUTHERN BRAZIL (1960-1969) 

S~ALL FARt-' ME:DIUM FARM 

53.14142 lq.30083 

5~.48105 19.6 7 021 

54.35899 1a.007os 

56.25014 20. 36526 

57.38316 20. 11q(n 

59.06877 ?l.14375 

66.24785 21.46921 

71.42740 21.7Q,957 

72.432'36 22.40746 

75.81918 ?2.~<:;336 

Model Results 

LAP GE FARM 

7.71250 

7.58156 

·7.49683 

7.44292 

7.43704 

7.42365 

7.42775 

7.54100 

7.7?494 

7.09478 

TABLE 26: AVERAGE ANNUAL WORKI~ CAPITAL USE (in constant 1960 Cr$) PER.. CROPPED 
HECTARE BY FARM SIZE: WHEAT R.FX;ION IN THE STATE OF RIO GRANDE DO SUL 

SOUTHERN BRAZIL (1960-1969) 

YEAR $,_,All FAR~ MEDIUM FARM LARGE FARM 

1960 0.94937 o.09qg9 1.13075 

1961 l.275QP 1.15343 i.zc128 

1962 1.52449 1.29014 l.35646 

1963 1.75221 l.67b49 i.75r.i71 

1964 l.4.076 l. 7l7827 1.47649 

1965 1.88697 1. 62 660 l.36032 

1966 2.13910 1.83521 2.176?3 

1967 l.Cl~040 l.68211 2.011c-1 

1968 2.08132 1.R388l 2.2S809 

1969 2.20663 l. ~2413'3 2.71433 

Source: Model Results 
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TABLE 27: GROSS NEW INVJ!STMENT CAPITAL (in constant 1960 Cr$) PER CROPPED 
HECTARE BY FARM SIZE: WF.AT RmION IN THE STATE OF RIO GRANDE DO SUJ 

SOUTHERN BRAZIL (1960-1969) 

YEAR SllAALL FARM ME0IU~ FA~~ U.RGE fARM 

1960 0.00109 0.17473 0.37620 

1961 0.01016 0.03545 0.02743 

1962 0.01090 0.13188 o.121ea 

1963 0.01361 0.02012 0.0?.640 

1964 0.01221 0.0713" 0.11687 

lQ6') 0.01816 0.0~607 0.16248 

1966 0.02434 o. lf 272 0.21053 

1"67 0.02849 0.26176 0.35297 

1968 0.03073 0.31464 0.4'.'.';c;Ou 

lq6q 0.03409 0.12755 o.55264 

Source: Model Results 

TABLE 28: TOTAL ANNUAL CAPITAL EKPENDITURES (in constant 1960 Cr$) PER. 

VEA~ 

1960 

. 1961 

1962 

·. 1963 

1964 

1965 

1966 

• 1967 

.·1968 

\<)69 

Source: 

BEcrARE BY FARM SIZE: WHEAT REnlON IN THE STATE OF RIO· GRANDE DO S1 
SOUTHERN BRAZIL (1960-1969) 

SMALL FARM ME-DlUf-1 FAR~ LARGE f-ARM 

o.<?5046 1.17463 1.50695 

1.28615 l.1Re•n l.31e11 

1.53539 l.42202 l.47834 

1.76582 1.70562 1.78611 

1. 48403 l.44q61 l. 50336 

1.90512 1.66267 2.02279 

2.16344 l.99793 2.44736 

l.<E78B9 1.94387 2.42464 

2.11204 2.15346 2.73709 

7.24072 l.9523fl 3.266Q8 

Model Results 
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YEM> 

1960 

1c;61 

1062 

1963 

l9f4 

l 96r:; 

1966 

1967 

1968 

1969 
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TABLE 29: AVERAGE CREDIT USE/LABOR HOUR RATIOS BY FARM SIZE (in constant 
1960 CrS/Hr): w1IEAT REGION IN THE STATE OF R?.:O GRANDE DO SUL 

SOUTHER<~ BRAZIL (1960-1969) 

SMfllL Ft.R1'A ·"'ED ru:vi FA,::Z'1 i_AQGf FARM 

0.00t31 o.025c4 o.oc:;!':> 

\l. 0 u.00121 0.042?3 

o.o o.o 0.03428 

o.o 0.00543 0.05021 

0.004')4 0.01541 0.078S1 

O.C0555 0.01004 0.10479 

J.00735 '.1.0l'.:".134 0.17'24? 

0.003~0 o.nr:i4c. 0.2?235 

J.00360 0.038?·3 o.2ca54 

0.006'36 0.05073 C·.!+3741 

Source: Model Results 

TABLE 30: AVERAGE CREDIT USE PER HECTARE BY FARM SIZE (in constant 1960 
Cr$ /Ha) WHEAT RmION IN THE STATE OF RIO GRANDE DO SUL 

SOUTHERN BRAZIL (1960-1969) 

Vl?AR SfvlAL L FAR~ ~FDilJf'.'. FA..Z<v'. L\ F .:; c. fAQM 

lq6o 0.33537 o. t:;Q06? 0.72001 

1961 o.o 0.023R4 o.:::,201g 

1962 o.o o.o 0.?570? 

1963 o.o O.l!Of-4 o. 37428 

1064 0.26654 0. ~l G31) o.r)f-747 

1965 0.33266 0.212::3 c.:1100 

1966 0.4P69l o. 4151 lj 1. 3?:24 

1967 0.27~58 o.s11F.1 1.1)8432 

1968 o. ;>6070 o.q5059 2.31306 

1%9 0.520?2 1.1359? 3.4S700 

Sourc£>: Model ?.esu.J. ts 
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YEA~ SMALL f AR"'! 

1960 r.54525 (',.74278 r .. 9149'> 

1961 o.o ::i .32167 

1962 ri.c o.21i;45 

1963 r. o 0.(6936 c .2651'.) 

1964 C.21893 :'.) .2~256 ~.584113 

1965 r. 21156 0.1464C 0.62488 

1966 c. 290 43 r-.26232 1.181')0 

1967 C.16384 C.35745 2.27509 

1968 C.14C82 0.66474 5.4-6858 

1969 0. 3 02 3 7 1.39127 15.20260 

Source: Model Results 
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