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WjjLMERT AND' CAPITA-I! LABOUR SUBSTITUTION 
IN SOUr.1 BRAZILIN AGRICULTURE 

by 

NDZRJIT SINCH and CHOQNG YONG AM 

Tha vin purpose and the methodology of this study is similar to 

the pt wfoua stud7 on capital - labour utilization and substitution 

in the Punjab.1 / It differs in two respects: firstly it describes 

the process of capital - labour substit.ution ans it occurred during the 

period 1960 - 1970 in the wheat grewing regions of Southern Brazil and 

sec6ndly it attempts to extend the methodology of the Punjab study by 

incorporating differences in farm vize using the decomposition frame­

work of lineir programming. Let us briefly elaborate on these regional 

and mathodolo.ical differences. 

The setting for this study are the adjacent regions called 

Planalto Medio (plateau region) and Missoes (a lowland region) in the 

state of Rio Granda do Sul in Southern Brazil. These regions, fairly 

homogeneous with regard to climate and agricultural practices, covering 

some 5.7 mi1lion hectares of land under cultivation, account for over 

90 percent of the total wheat production in Brazil. In the recent 

decade the wheat region of Southern Brazil has played a crucial role 

In bringing about one of the highest rates of agricultural growth in 

* The authors are respectively Assistant Professor, Departmest of 
Economics and Research Associate, Dqpiuza.t of AgeMItuasl loofefs 
ank Rural Sociology, The Ohio State University. 

The present paper is written as a comparison piece to the Punjab 
study paper by I. J. Singh and Richard H. Day RO I and constantly 
refers to it. 
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the world; a rate of growth of total output in excess of 8 percent per
 

annum. This rapid rate of growth has been accompsnied by rapid mecha­

nization and vast changes in the cropping patterns and the increased use
 

of com nercialized inputs such as ueeds, fertilizers and credit. This
 

performance has been closely anoociated with two policy instruments:
 

1) price supports for wheat at twice the level of the international
 

price and 2) a subsidized credit program with low nominal and negative
 

real rates of interest tied with the purchase of commercial inputs,
 

which have transformed the regions agricultural economy from predomi­

nantly livestock production on natura. pastures to the production of 

wheat (double cropped with soybeans), for which these policies were 

specifically intended. The accompanying sixfold increase in wheat 

production and ninefold increase in area cultivated to wheat between 

1962-63 to 1970-71 21 changed the entire structure of the agricultural
 

economy. This changing structure included changes in the composition 

of both inputs and outputs, changes in regional employment, as well as 

a large increase in mechanized crop farming.
 

The agricultural transformations in Punjab and Brazil though they
 

have many characteristics in common - a high rate of growth of. output, 

changing composition of inputs and outputs, rapid mechanization and 

structural changes in the demand for labour -also have much that 

distinguishes them. Most specifically are the vastly different factor
 

endowments (with a relatively very high land and labour ratio in Brazil 

compared to the Punjab); the fact that in Brazil the main techuological 

changes have been mechanical while the biological changes have lagged 

See bigler'and Siugh [5., pg. 4. 
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behind with little increases in physical productivity per cropped
 

hectare3l; and the large policy efforts that have introduced very
 

specific product and factor price "distortions" in the Brazilian
 

case.4/ These differences alone present enough of a contrast to
 

make this second comparitive atudy interesting and important.
 

Another difference of major consequence between the regions are
 

the differences in farm size. Whereas the Central Punjab by and large
 

has farms fairly homogeneous in size, ranging between 5-30 hectares,
 

farms in Southern Brazil are characterized by great differences with
 

the size of the operational unit varying from 10 hectares to over
 

10,000 hectares. These large differences imply differences in resource
 

endowments and consequently different response to regional economic
 

opportunities. Besides differences in factor proportions, especially
 

the land-labour ratio, farm size differences also imply different
 

access to markets, different cash flows, economies of scale in choice
 

of equipment, differences in degrees of cubsistence and commercializa­

tion and differential rates of adoption and adjustment to new tech­

nologies given different degrees of risk aversion and risk assimilation
 

capacities. 
These and other factors make it essential that farm size
 

differences be treated explicitly in order to capture structural and
 

behavioural differences which regional aggregation over a homogeneous 

Value productivity per hectare has intreased both as a result of 
increased intensity in land use (double cropping) and increased 
value per unit of output.
 

Somewhat similar price distortions existed in the Punjab, but they
 
were less crop specific, smaller in size and not applied in a con­
certed or systematic manner in a short period of time, with a viev
 
to bringing about any specific change as was the intent and purpose
 
of Brazilian price and credit policies.
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farm sime would totally obfuscate.
 

In order to take account of these differences, the Brazilian study 

extends the methodology of the Punjab model to include three different 

farm size groups - moll farms (0-50 hectares), medium farms (51-300 

hectares) and large farms (300+ hectares) - each with its own separable 

optimizing function, technical, behavioural and financial constraints.
 

In order to do this use is made of the decomposition principle in linear 

programing, wherein the objective functions become additive, and the 

technology matrix in represented by non-empty sub-matrices along the 

diagonal anJ by null matrices in the off-diagonal zones. In addition, in
 

order tc ,cepresent competition among farm groups for regional resources, 

the diagonal sub-matrices are bordered at the bottom by an array of non­

empty matrices to represent this regional competition. 5/ Such a linear
 

programing structure consists of a set of almost separable sub-problems, 

one for each farm size group, but linlted together by several common re­

source constraints. OpeT:ationally, the regional objective function is 

the sumation of the three separable objective functions; the production, 

consumption and izvestment decisions of each homogeneous farm group are 

constrained by on-farm resources and behavioural criteria, while financial 

resources can be augmented by regional credit agencies. But regional 

credit, wage labor and non-farm quasi-fixed capital resources are ooieted for 

by all jar. site groups, through regional coupling constraints. In addition 

the following simplifying assumptions have been made in the model: 

S/ 	 In this study, the decomposition principle is used in structuring the 
model, not as a computational device for a large system. The use and 
iplications of the decomposition principle, related computer algorithms, 
and other empirical applications can be found in Dantsig (3),, Baumol and 
Fabian (2), Simmard (8), and Hillier and Lieberman (6) among others. 
For a couprehensive treatment of the principle, see Lasdon (7). 



1) All farm size groups have Identical input-output 

:oefficients except where economies of scale accrue 

to machine operations;6 / 

2) All farme face identical input aMA output prices;
 

3) Different farm size groups have different on-farm
 

resource endowments, but each farm within the group
 

has similar resource endowments enabling regional 

aggregation for each group;
 

4) All farm groups compete for regional credit and wage 

labour resources. 

Besides this major extession to include farm groups of varying 

size, the Brazilian model follows essentially the same principles and
 

adopts similar estimation procedures as the Punjab study. Because
 

the inclusion of the different farm sizes enlarged the size of the
 

problem consid 
 -bly, fewer details of technology were incorporated
 

in the Brazilian study.Z/ Otherwise, however, the model includes the
 

same features as thc Punjab model with alternative prGluction, convump-, 

tion, sales and investment activities. Intermediate activities are
 

included to allow alternative mechanical (animal draft and power)
 

technologies for various tasks and biological technologies to include 

traditional and modern crop practices, eected yields and use of smdwn 

inputs. Financial activities allow saving, short term borrowint, debt 

repayment and cash purchases of non-farm durable and non-durable
 

Economies of st:e are allowed in the land preparation and harvesting 

tasks specifically.
 

Z/ Thus for example only land preparation and harvesting tasks wre 
analyzed in detail and only cwo yield technologies - trditLotl nd 
modern - were considered. For model details see Am ( 1 ), and 
appendix.
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consumer goods and services. Investment activities replace vorn out
 

machines and depreciated animal draft and add to vailable machine
 

and draft capacities.
 

Faxmenx' choice of activity Ilmes we constrafjW by resotrce, 

financial and behavioural limitations represented by a set of 

inequalities for each year. Resource constraints include regional 

avallabilities by farm size of family labour, animal draft, tractor 

and combine capacities by seasons and fixed regional resources of 

winter and summer arable lands, and regional,resources of credit and 

wage labour. Financial constraints restrict cash availability by farm 

size group to previous years gross sales plus previous savings if aty
 

vith accrued interest and non-farm incomes less cash outlays for produc­

tion inputs, cash consumption expenditures and debt repayment of previous
 

years borrowings. Short term borrowings are constrained on a regional
 

basis by a proportion of the total regional farm sales in the previous 

year at a 10 nominal rate of interest. Behavioural constraints 

reflecting, adoption and adjustment behaviour Include upper bounds on
 

new technologies defining S - shaped diffusion paths and upper and
 

lover crop flexibility bounds on individual crop acreages in any
 

given year to i:licet "safety first" criteria in response to risk and
 

uncertainty, /
 

The additive objective function is maximized each period where
 

the curr.ent parameters of the linear programming problem depend upon 

solutions of the previous linear programs in the sequence and on various
 

exogenous data which include regional supplies of land, and family labour
 

8, 
See Day and Singh ( 4 ) for a detailed exposition of how behavioural 
constraints are used to handle learning, cautious adoption and
 
response to uncertainty in r.l.p. models.
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by 	 farm size and input ar-d output prices. Deta1lld data on physical 

input-output coefficients were conotructed from a random sample of
 

Pome 430 crop and livestock farms in the region of rtudy supplemented 

by information obtained from field surveys. The sample also provided 

data for on-farm resources by farm size which was supplemented by data 

on regional resources from the Brazilian census, and other published 

sources.-


The model was used to estimate resource use, production patterns, 

technological change and investment patterns by farm size for the 

years 1960 - 1970. Estimates of employment and capital utilization 

vere obtained from the results. Detailed short run capital labour 

substitution relations were analyzed as they existed for the years
 

1960, 1965, and 1970 in a comparitive static framework. The next
 

section gives briefly the results of the model for the years 1960,
 

1965 and 1970; section III provides the results of the comparative
 

static analyses while our conclusions are given in the last section.
 

2/ 	 These include the Coniuctura Economica, Annuario Estatistico do 
Brazil , Tri&o-Estudo do Custo de Producao among others. For details 
sea Ahn (I). 
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2. EMPLO7MMNY, CAPITAL UTIlIZATION AND RESOURCE USE (1960-1970) 

2.1. Land Use 

Table 1 gives the estimated resource use in Southern Brazil for the
 

years 1960, 1965 and 1970 which were selected for further comparative 

static analysis. The subscantial changes in land use patterns between
 

1960 and 1970 can be seen in the declining area devoted to natural
 

pasture (used for range livesto3ck production) and the increasing area 

devoted to field crops such as wheat, soybeans, corn and improved pas­

tures. The area sown to wheat increased nearly sevenfold while total 

cropped area more then doubled. This changing pattern was accelerated 

after 1963 when the wheat price and credit policies came into effect as
 

evidenced by the fact that cropped area increased only slightly between 

1960 and 1965 but more than doubled between 1965 and 1970. This accel­

eration was mainly due to a 3.6 fold increase in area devoted to wheat 

double cropped with soybeans which rapidly transformed natural live­

stock pastures to crop production. After 1963 livestock production on 

improved pasture also accelerated as production on natural pastures 

became less profitable. 

2.2. Emloyment 

The changing pattern of production and land use towards crop farm-

Ing increased the demand for labor .2-,bstantially over the period with 

a 3.9 percent per annum increase in total on-farm employment, which in­

creased from 101 to 140.4 million man hours annually. This increased 

demand was accompanied by a structural change in the demand for labor 
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with employment increasing at 7.3 percent per annum during the months
 

of May to mid-November when winter wheats are harvested and soybeans
 

planted, but increasing at a uch slower rate of 1.7 percent per 

annum during the months of uld-ovambr to April, the seaon for oorn 

and soybeans. There is a seasonal scarcity of family labor during the 

months of November to April but only on large farms which employed ap­

proximately 4 million man hours of wage labor. The regional demand for 

wage labor declined nearly 50 percent between 160-65, but increaced again 

between 1965-70, mainly on large farms, until by 1910 3.4 million man hours 

of wage labor was employed. The share of wage labor to tote!l employment 

consequently has fallen moderately from 3.9 percent in 1960 to 2.4 percent
 

by 1970. This decline can be mainly attributed to the long run substitu­

tion of labor intensive by machine intensive technologies, especially on 

large farms. 2Wa 

To sumarize, the long run estimates show that total regional em­

ployment has been increasing at about 4 percent per annum mainly due
 

to a change in the patterns of land use from range livestock to double
 

crop farming. A ce:tain amount of change has also occurred in the 

seasonal demand for labor with labor scarcity especially on large farms, 

and most critically in the month of November when winter wheat is har­

vested and land prepared for soybeans. The demand for wage labor, how­

ever, has declined only slowly, for as harvesting and land preparation
 

tasks have been rapidly mechanized, replacing labor, increases in total
 

output have offset this diminished demand.
 

2/ Itshould be recalled that the supply of family labor Is increasing 
at 2% annually on all farms, so that a falling dmand for wage labor 
on large farms indicates that total demand has been increasing at a
 

rate of less thn 27.annually.
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2.3. Power Use
 

Total animal draft power use increased rearly threefold in the 

decade, but this increase was confined mainly to small farms which 

continue to use traditional animal draft-labor intensive technologies. 

Medium and large farms, however, are rapidly mechanizing as is evident 

from the use of tractors and combines in the region. Total tractor 

use increased nearly threefold from 1.9 million hours to 6.4 million 

hours, while total combine hours used increased nearly fivefold. Total 

machine use estimated : n B.H.P. units increased over four times from 

103 million to 446.8 miAlion hours. Thus there has been e rapid dis­

placemmn: of animal draft by machine power in the region, the displace­

ment being confined mair'.y to larger farms, with the consequent displace­

ment of labor. The decline in the demand for labor as a result of this, 

however, has been offset by an overall increase in demand due to changes 

in cropping patterns. The displacement of wage labor on large farms 

has, however, been the direct consequence of the mechanization process 

which as in the case of the Punjab is also seen to be task specific, 

being most rapid for the harvesting and land preparation tasks. 10/ 

I The task specific nature in the adoption of mechanical tech­
nologies is closely related to seasonal labor scarcities though not 
wholly due to them. See Singh and Day (10). 
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TABLE 1. ESTI4TEI) RESOURCE USEIN 6OUHrIt BRAZIL: 
1963. 1965 and 1770. 

Resources 1960 1965 1970 

A. Land Use (1000 Hlctares) 

1. Total Land Use: SF 1,068.15 1,090.83 1,136.56 

HP 1,500.72 1.513.27 1,559.78 

1.7 1,989.95 2,007.70 2,075.55 

Regional 4,558.82 4,611.90 4,771,89 

2. Natural Features By 940.00 887.70 728.12 

)P 1,352.00 1,326.63 1,213.46 

LF 1,789.00 1,738.15 1,358.53 

Regional 4,081.00 3,952.48 3,300.11 

3. 1uproved Pasturel SF 22.1; 30.36 1.95 

MY 23.22! 52.41 128.54 

LF 30.95S 91.04 276.74 

Regional 76.3:! 173.81 407.23 

4. Area Cropped: SF 106.00 172.77 406.39 

HY 125.5) 134.23 217.78 

LI 170.03 178.61 440.28 

Regional 401.50 485.61 1,064.43 

5. "Area Bam to Wheat: SF 20.OD 74.26 262.17 

wF 29.50 41.89 87.80 

LI 40.00 58.00 271.17 

Regional 3M9.0 174.15 621.14 

(aft Sa1ll farms, 'F: Nadium Far", LIN Large Yams) 



TABLI 1. E.STDIhTED RESORCE USE IN SO'UTERN B.RAZIL: 
1960, 1965 and 1910. (cont.)
 

Regources 	 1960 1965 190
 

3. Labor Use (Killion Man Hours) 

1. Total Annuals SF 56.763 65.419 87.854 

XF 28.98 31.996 35.326
 

LF 15.348 14.905 17.299 

Regional 101.091 112.32 140.41
 

2. May - Mid November: SF 40.616 39.311 44.804 

(Season 1) 	 my 14.49 15.998 17.663 

LY 5.848 6.282 8.523 

Regional 60.954 61.591 70.99 

3. Mid November-Aprit: S7 16.147 26.108 43.05 

(Season 	 11) HP 14.49 16.0 17.663 

Ly 9.50 8.623 8.706 

Regional 40.136 50.731 69.42 

4. Total Hired Labor: Season I 0.158 0.0 1.587 

Season I 2.3413.81 1.771 

Annual 3.968 2.341 3.358 

C. .Wfe AnIMal Use 	 ( llion Hours) 

1. Annual Use: By 795.56 ,1'266.37 2,786.23 

i 242.96 288.81 321051
 

U.1 0.0 0.0 0.0 

Reional l.038.62 A053.81 ;3,107.74 

(F- SmellF my: Medium Farms,. LiPS Large FIpafI)larina 


http:l.038.62
http:2,786.23
http:1'266.37


TAALZ 1. ESTDATED RESOUEC USE Df SOUriMN BDLAfl 
1960, 1965 and 1970. (coat.) 

Resources 196O 196 1 90
 

D. Mochanca1 Power 

1. Tractors: SF 0.0 0.0 0.0
 

(1000 Hours) MY 947.36
716.0 1,917.41
 

LF 1,241.4 1,635.54 4,469.98
 

Regonal 1,957.4 2,602.9 6,387.39 

2. CombLn*st oF 0.0 0.0 0.0 

(1000 Hours) my 25.49 
 38.J8 126.9Z 

Li 76.0 110.21 376.88 

Regi 101.49 148.99 503.8o na l  

3. Total Machine Urs: Sy 0.0 0.0 0.0 

OLUILoO S.M.P.) MY 37.075 49.307 102.216 

it 65.87 82.29 344.56 

Regional 102.945 137.517 446.776 

1. Njtrient U5 20.415 32.937 
 77.089
 

My 22.897 25.927 43.24
 

Li 31.093 36.126 124.173 

Regional 74.407 94.99 224.307 

(31 tlU anw, if7 1IgLdm Fams, LIN Large Tarm) 

http:6,387.39
http:4,469.98
http:1,635.54
http:1,917.41
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2.4 Capital Utilization
 

Capital utilization took two forms: 1) outlays on variable form and
 

non-farm produced inputs such as fuel, fertilizers, seeds and wage labor
 

and 2) outlays on durable farm assets mainly animal and mechanical power 

sources such as trators and combines. Table 2 shows thct total capital
 

utilization and outlays on variable inputs (at constarnt prices) more than
 

doubled, while outlays on durable asseto nearly doubled in the decade be­

tween 1960 arZ 1970. More than four fifths of these outlays were on
 

variable inputs whose proportion of total outlays increased from 82.5 per­

cent in 1960 to 93.1 percent biy 1965 and subsequently declined to 85 per­

cent by 1970. The most iqportant variable input are chemical nutrients which
 

account for 15-20 percent of total capital outlays and whose use has more
 

than tripled in the ten year period. 11/ The differences among farms in 

these regards are not large, and the incre.ises have been fairly evenly
 

spread although among small farms variable outlays account for over 98
 

percent of all outlays.
 

The most important feature of capital utilization in the region is the 

increased reliance on credit to finance farm operations after the wheat 

pricing and credit subsidy programs came into effect in 1963-64. Whereas 

working capital borrowed declined somewhat between 1960 to 1965 from 2.5 

to 2.2 million Cr.$, and borrowing as a percentage of total outlays declined 

from 44 to 37.6 percent, the period between 1965 and 1970 saw total borrow­

ings increase over fourfold to 9.4 million Cr.$ and borrowing as a percentage 

1_W The increased nutrient use is associated with the shift from natural 
pasture to improved pasture and double cropping since hese latter activities 
require some nutrient application while the former does not require any. The 
increased nutrient use is not yet associated with shifts along a higher point 
on the nutrient yield function with higher yield levels.
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TABIt 2t ITDIATO CAPITAL TJILUATII IN SOUTHERN PAZILs 
1960. 1965. 1970
 

Capital Itemn 
(At 1960 Conotant Prizes In 1000 Cr.;) 1960 1965 1970 

1. Total Outlays: Sy 1,015.23 1,352.89 2,362.45 

my 1,763.69 1,733.26 3,043.06 

Ly 2,998.82 2,886a.52 6,364.38 

RegLonal 5,777.74 5,970.67 11,769.89 

2. Oqtlay, on Variable 
8Y 1,014.07 1,322.37 2,316.28 

)w 1,501.33 1,677.19 2,5.6.12 

Li 2,250.19 2,547.13 5,4)0.76 

Regional 4,765.59 5,556.69 10,003.16 

Percentiage of Total (Resonal) (82.5) (93.1) (85.0) 

3. Votleys on ,tternt: Sy 224.57 362.31 847.96 

Iw 251.87 285.2 475.6 

LI 342.05 397.39 1.145.96 

RGatoevAl 818.49 1,044.90 2,469.58 

ercentage of Total (Regional) (14.2) (17.5) (21.0) 

4. Otlay. on 
Investoent 

Po-FEM 
Goods: s8 1.16 20.52 44.17 

X 262.36 54.07 526.94 

Li 748.63 337.39 1,193.42 

Ragieoal 1,012.15 413.98 1,76.73 

teruausge of Total (SLoal) (17.5) (6.9) (15.0) 

87 358.22 362.67 776.3 

Iw 751.69 321.31 2,219.84 

Li .1,432.82 1,541.87 6,344.38 

tegIonl 2,542.73 2,244.05 9,360.32 

(1t smll Farn, MiWMdlim Fann, Lt LUrge Fams) 

http:9,360.32
http:2,244.05
http:2,542.73
http:6,344.38
http:1,541.87
http:2,219.84


TABI.E 21 ITDIATIED CAPITAL UTIIZATION IN SOM1"IU.N DMAZILt 
1960, 1965. 1970 (cont.) 

(A
Capital Itea 

Prtcep in%1960 Constant 1000 Cr.$) 1960 1965 1972 

6. orroing As a 
Percentape of Total 
ztllayst SF 35.3 26.8 32.9 

my 42.6 18.5 72.9 

I 47.0 54.1 100.0 

ReISonal 44.0 37.6 79.5 

(Si: Sm.1 Farina, MY: m,dim Fara*, Li: Large Iarua) 
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of total outlays increased cver twofold to 79.5 percent. More than half 

of the twofold increase in capitalization in the region was due to the
 

availability of external funds at negative real interest rates. 

In a later section (4.6), we will examine the sersitivity of borrowing 

to changes in the interest rate, but here we point to the substantial dif­

ferences in both the growth of credit use and increased reliance on it. 

Borrowings on small farms increased very slightly between 1960 and 1965 

while borrowing as a percentage of total outlays actually declined from 

35.3 to 26.8 percent. Between 1960 and 1970 small farm borrowings more 

than doubled from 0.36 to 0.78 million Cr.$ but borrowinga as a percentage 

of total outlays declined to 32.9 percent. Thus small farms, although they 

have nearly doubled their credit use, their reliance on credit has not in­

creased. 

The results on medium and large farms present a different picture. 

Between 1960 and 1965 borrowings declined by more than half on medium farms 

and increased by some 16 percent on large farms. Borrowing as a percentage 

of total capital use decreased from 42.6 to 18.5 percent on medium farms 

and increased from 47.8 to 54.1 percent on large farms. Between 1960 and 

1970 as credit use increased more than threefold on medium farms and nearly 

fourfold on large farms, borrowings as a percentage of total capital use
 

increased to 73 and 100 percent respectively for medium and large farms. 

This increased dependence on credit to finance farm operations on mediuW 

and large farms is directly related to credit policies which have enabled 
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the purchase of both variable and quasi-fixed inputs with credit at nominal 

rates of interest far below the rate of inflation. 12/ 

2.5 jryuctivitY and Factor hoportiou. 

The resource utilization patterns have substantially altered the aggre­

gate factor proportions which proride a clue to the changing factor produc­

tivity and substitution in the long run. These are reported in Table 3.
 

Total output increased only slowly between 1960 and 1965 at about 2.5 

percent per annum, but after 1965 it accelerated, increasing at the rate 

of 7.5 percent per annum. There were farm size differences in the latter 

period in the rate of growth with medium farms increasing their output at 

about 5 percent per annum and large farms at about 10 percent per annum 

with small farm output growing at about 6.3 percent per anxium- 2 &/ 

Average labor and land productivity have also increased, the greatest 

increase coming after 1965. Labor productivity increases with an increase 

in farm sue being tan times greater on large than on small farms in 1970, 

but land productivity on small farms is higher than on medium farms but 

lover than on large farms, the lower productivity on medium farms being a 

consequence of a higher proportion of land being-devoted to natural pasture.
 

Capital productivity measured on both a gross and net baiims increased 

slightly between 1960 and 1965 as capital utilization d.:-lined, but declined
 

substantially after that as easy credit increased the supply of credit in 

the region. Capital productivity generally declines with an increase in
 

1_/ Thus after 1964, modern variable inputs such as seeds, nutrients
 
and pesticides could be purchased 100 percent on credit, while farmers can 
obtain long term, low interest fiancing for agricultural machinery with a 
25 percent down payment at a 7 percent rate of interest, during a period 
.hen the rate of inflation has been in excess of 35 percent. 

12a This is partly explained by the fact that both small and large

farms specialize in their choice of technologies, uhile medln farms which
 
have a mixed pattern of technological adoption follow a less efficient ex­
pansion path.
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TAIL 3. ESTD4ATE OITPUT, FACTOR PR00ICTIVIT7ES AND '.41 ?I0P.FTI0WSJa
 
1960, 1965, 1970
 

Ite 1960 196j 1970 

(ia 1000 Cr.$ at 1960 prIces) 

A. 	Total Output: SF 6,021.6 7,143.2 9.420.1 

my 8,500.8 9,263.7 11,597.5 

L 11,333.4 12.714.3 19,033.2 

Regional 25,855.4 29,121.2 40,070.8 

S. FctorP uCt5v6ty(At constant 1960
 
prices)
 

1. Labor (C,.$/Hr.): 	 SF 0.106 0.109 0.107 

my 0.293 0.289 0.328
 

Ly 0.738 0.853 1.101
 

Regional 0.256 0.259 0.285 

2. 	 Land (Cr.SlIactars)t SF 5.64 6.55 8.29 

MY 5.66 6.12 7.44 

LW 5.69 6.33 9.18 

Regional 5.G7 6.31 8.40 

3. Capital (Cr.$/Cr.$): 	 SF 4.93 4.28 2.99 
(iot1venue/Total 

Outlays) my 3.82 4.34 2.81 

LI 2.78 3.41 1.99 

Regional 3.48 3.88 2.40 

4. Capital (Cr.S/Cr.$): SF 5.93 5.28 3.9 
(Gross Revenue/Total 

Outlays) MY 4.62 5.34 3.81 

L 3.78 4.41 2.99 

Restonal 4.48 4.88 3.41 

(Yit Stl ran, r Mliedium 	 Farm, U1. Large Form) 



-16a-


TABLZ 3. UTIATED OIrn1L7, FACTOR PnoCumTvIrTes Am FACTOR lpOITIOW2:
1960, 1965, 1970 (cont.)
 

Item 
 1960 1965 
 1970 

C. nput Po Ha rte 

1. LAbor (11ours) S? 53.14 59.97 77.3 

my 19.30 21.14 
 22.65
 

Li 7.71 7.42 8.33 

Iltuoual 22.17 24.35 29.42
 

2. Actual Draft(Nos): i 0.74 1.16 2.45 

II 0.16 0.19 0.21
 

Ly 0.0 0.0 0.0 

Regional 0.23 0.34 0.65 
3. Nechasnical Poer: Sy 0.0 0.0 0.0 

(M5 Hlours)
 
my 24.7 32.6 65.3 

Li 33.1 58.3 166.0 

egioal 22.6 29.8 93.6 
4. Vorking Capitals ST 0.95 1.22 2.04
 

(Coastant 1960

Cr.$) my 1.00 1.11 1.61 

Li 1.13 1.27 2.49 

ktgbmal 1.04 1.20 2.10
 
D. lImm teof l14bor 

1. AcImal Draft
 

(Hours): I 0.1402 0.0194 0.0317 

o0.0084 0.0090 0.0091 

LF 0.0 
 0.0 0.0 

Regional 0.0103 0.0138 0.0221 

(87:ml1 Yiains, M: H4ditse FaTom, LYi Larjo Farms) 
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TABI 3. STIMATED OUTPUT, FACTOR IPRDUCTIVTrES AND FACTOR Fl0P0STIOS: 

1960, 1965, 197 (cont.) 

ItCIt 1960 1965 1970 

2. Mchanical Povor: SF 0.0 0.0 0.0 
(SHP Hours) 

MF 1.279 1.541 2.894 

LF 4.292 5.923 19.918 

Regional 1.018 1.225 3.182 

3. Load CTotal 
sectares): Sy 0.0188 0.0167 0.0129 

my 0.0518 0.0473 0.0442 

LI 0.1297 0.1347 0.1200 

R*gional 0.0451 0.0411 0.0340 

4. Vorking Capital: 
(Cr.$) (Constant 

Si 0.0179 0.0204 0.02" 

1960 prices) MF 0.0152 0.0524 0.0712 

LI 0.1466 0.1709 0.2989 

Mtasonal 0.0471 0.0495 0. 7124 

1. Toel Capital U. (In 
Constant 1960 Cr.$) 

1. Per Hectare: Si 0.9505 1.2402 2078I 

w 1.1746 1.1454 1.951 

L/ 1.5069 1.4367 3.0664 

Pe8 oni 1.2674 1.2946 2.4666• 

2. Per Men Hout1 1 0.1789 0.0207 0.0269 

w 0.0609 0.0542 0.0861 

Ly 0.1954 0.1935 0.3679 

Regional 0.0571 0.0532 0.0834 

(971 -11 rF., MF: Hofedtu far, Lf: Large Fara) 



TABLE 3. .ST 1 ED OM1r, FAC'OR rRiomxITiV s AD FACTOR PlOPORiomsf: 
1M0, 1965, 1970 (cont.) 

It. 19970 
3. Per Uit of output: Sy 0.1636 
 0.1839 
 0.2508
 

HP 
 0.2075 
 0.1871 
 0.2624
 
LF 
 0.2646 
 0.2269 
 0.3340
 

Ratonal 
 0.2235 
 0.2050 0.2937 

(87: *e11 F,.rU, MY: Medium Fame, LYI Large Fatu) 
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farm size with small farms showing a 33 percent higher gross and 50 percent 

higher net capital productivity than large farms in 1970. 

Changes in factor proportions in the long run have included higher 

labor, animal draft, mechanical power and capital use per hectare indicating 

nn increase in the intensity of land use. Labor use per hectare has in­

creased on all farms, but Increased the most on small farms, while capital 

use per hectare has increased on all farms also but most on large farms. 

The animal draft to labor ratio on small farms and the mechanical power 

to labor ratio on medium and large fa m have increased nearly threefold 

since 1965 reflecting the increased demand for power associated with in­

creased intensity of land use. The increase in capital utilizatit' is 

reflected in the increased capital use per unit of output, per hectare 

and per man hour between 1965 and 1970. 

Thus there has been substantial substitution of capital in the form
 

of mechanical power and variable inputs for both labor and land with a 

consequent decline in capital productivity. An increase in the demand
 

for labor as a result of increased intensity of land use has been only
 

partially offset by increased merAnizatio"i. Thtvs although the machine­

labor ratio has increased, the land-labor ratio has continued to decline.
 

Capital-labor substitution is also reflected in the fact that in the aggre­

gate, the machine-animal draft use ratio has increased. 

In summary, the model shows-the process of long run transformation in 

agriculture in Southern Brazil which has involved 1) a change in the crop­

ping pattern from extensive livestock to intensive crop and livestock 

farming, brought about 2) by oubstantial changes in pricing and credit 

policies in the region especially after 1965 that have 3) substantially
 

increased mechanization, labor and capital use in the region bringing
 

about 4) an increase in labor and Land productivity and 5) an increase 
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in the capital-labor and capital-land and a decrease in the land-labor
 

ratios through time.
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3. COMARATV STATIC ANALYSES FOR 1960. 1965. 1970. 

The analysis in the proceeding section has focused on the long run
 

transformation of the agricultural sector in Southern Brazil wherein we
 

have shown that the substantive chonges in the output mix as a result
 

of deliberate price and credit policies have brought about increases in
 

employment and capita'_ use with increased land and labor productivity
 

and -hanging factor proportions in favor of increased labor, mechanical 

power and capital use per hectare. In this section, we turn our atten­

tion to an analysis of the short-run possibilities for resource substitution 

and allocation in response to independently varied parameters. Six individual 

comparative static analyses have been performed for the years 1960, 1965,
 

and 1970 using as a base in each case the situation estimated by the dynamic
 

model for the given year, the results of which were discussed in the previous
 

section. The analyses involved parametric changes in the supply of 1)work­

ing capital, 2) labor and 3) non-farm investment goods and the "cost" of
 

4) labor, 5) mechanical power sources and 6) credit. The results and their
 

implications for short-run capital-labor adjustments are discussed below. 1/
 

3.1 The Marginal Efficiency of Capital.
 

The comparative static results obtained by varying the supply of work­

ing capital are graphically displayed in figure 1. They show the impact 

of changing working capital availability on the weighted shadow price of 

the cash consttaint, thus tracing out the marginal efficiency of capital 

Uj The discussion follows the outline of the lunjab study in order 
to enable coqparative analysis. 
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at various levels of capital supply (internal and external) available in 

each year. 4/ 

The results show a substantial shift in the derived demard for capital 

over time and an increase in its elasticity especially between 1965 and 

1970. The increased demand is the result of an increasing use of comr­

cial inputs (seeds, fertilizers, pesticides, fuels and wage labor) in the
 

resource mix occasioned by the dramatic shift from range livestock to 

crop production in the region. The changing elasticity of demand for 

capital over time is due partly to shifts in andthe cropping patterns 

partly due to the nature of technological change in the region. A shift
 

nto crop intensive farming increases the range of cash using enterprises 

allowing a greater range of substitution in the output mix and hence a 

greater sensitivity to changes in the capital endowments of the farming 

enterprise. At the same time most of the technological change in Brazil 

has been labor rather than land saving bringing about a comparative sat­

uration as far as non-farm invetment goods are concerned, leaving only 

those possibilities for further capital absorbtion associated with enter­

prise changes in favor of intensive cropping. W The rates of return 

at the initial margin are relatively low ranging between 10-30 percent 

for internal and external capital funds in the aggregate. However, if 

JJ/ Since each group has its ownfarm sait working capital constraint 
and hence associated shadow prices, these are weighted by the total cash 
outlays in each farm size group to obtain the regional internal rate of 
return. 

V Thus compared with the Punjab where changes in the elasticity
of the demand for capital took a mch longer period of 20-25 years to be­
come evident. The difference arises due to the fact that the Punjab ex­
perinced ohanSes in biological and mechanical coposnto of technology
jointly over the same period, whereas in salBrauil only the mechm changes
in technology are as yet evident. 
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we keep in mind that loose credit policies have saturated the sector 

with credit at lcw and even negative real rates of intarest, meeting 

a large portion of the capital requirements, it is evident that working 

capital would have had a much higher marginal efficiency in the absence 

of such policies. The increased reliance on external funding (borrowing) 

to finance production and invectment, where not only interest rate but 

allocation distortions were introduced 1plies that capital has not ben 

efficiently allocated in the region. In the absence of these distortions 

introduced on the supply side by external finance the path of regional 

development may have been substantially different. 16/ 

The future productivity of capital in the region will depend upon 

two inter-related factors: 1) the rate at which new biological tech­

nologies are introduced and adopted in the region, thus shifting the 

marginal efficiency schedule outwards and uaking it less elastic and 

2) the extent to which these new technologies are also externally financed 

and allocated according to institutional criteria at low or negative 

rates of interest, continuing the current regime of distortions which
 

effectively veils differences in the real rates of return in the region 

to different farm enterprises. 

In the absence of new biological technologies, it can be said that 

the rates of return to capital in agricultural production will continue 

1 Allocation distortions are most evident in the policy where
 
iaximinn credit limtts are set at some proportion of gross revenues for
 
all farm enterprises as in Brazil in this period. Thus a larger pro­
portion of the credit per hectare has gone to large farms where capital 

as a consequenceproductivity is lower than on small farms, which have 

been starved. Small farms consistently show a shadow price for capital
 

several times larger than do large farms in the parametric results.
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to decline far enough (except on small farms) to warrant tighter regional 

credit policies, and to call a halt to the expansion of credit in this 

sector. The obvious exception are small farms which have been starved 

of credit in the past and where marginal rates of returns will continue 

to be high to warrant further credit expansion.
 

3.2 The Derived Demand for Non-Farm Capital (i'ods. 

The possibility that investments in mechanical power and machinery 

may have been especially influenced by factor price distortions in favor 

of capital inputs was analyzed by varying the annual investmont charge 

or depreciation allowance. The result is the derived demand curve for 

each capital good in each farm size group. These have been aggregated 

using 1970 prices and trace out the aggregate deiived demand curves for 

non-farm capital goods in each year which are shown in figure 2. 

The results illustrate two vei7 interesting features about the 

derived demand for non-farm capital goods: 1) its shift over time and 

2) its sensitivity to changes in farm machinery prices. Thus, we see for 

exa le that annual investments stood at about 2.8 million Cr.$ in 1960 

(at constant 1970 prices) but declined to half that amount between 1960 

and 1965. However, with the introduction of the new wheat price and 

credit policies annual investments increased fourfold between 1965 and 

1970. Theue investments were confined largely to increasing tractor 

and harvesting combine capacity mainly on medium and large farms. This 

large increase in the demand for machine capacity was the direct result 
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of price and credit policies since wheat support prices made the in­

creased production of wheat possible, bringing about an increase in the 

potential demand for land preparation and harvesting equipment especially 

during periods of labor shortage on large and medium farm, while the 

availability of credit at negative real rates made the expansion of such 

capacities profitable over this period. 

Just how critical, cheap and plentiful credit was to thio process of
 

capacity expansion can be seen in the large drop in annual investments in 

1965 and 1970 when the investment charge is increased. Whereas in 1960 

the investment schedule ia perfectly inelastic over a range where farm 

machinery prices are increased by 50 percent, in 1965 a mere 5 percent 

increase in these prices causes annual investments to decline by 59 per­

cent and in 1970 a 45 percent increase in prices brings about a 53 percent 

decline in total investments. Besides the price elasticity of the in­

vestment schedules in 1965 and 1970 the results show that the decline in 

annual investments was confined to large farms where in 1965 annual in­

vestments in combines declined by 98 percent while that in tractor by 

42 percent. The figures for 1970 were 82 percent and 50 percent respec­

tL.vely. Thus, it is the investments on large farms that are price elas­

tic and investments in combine capacity that are most sensitive to changes 

in the investment charge. We can infer from this that the greatest im­

pact of subsidized capital and loose credit policies in the region has
 

been to encourage mechanization on large farms, especially in the purchase 

of combines, at a rate far in excess of what would have been justified 
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either by profitability, even given the labor shortages on large farms.
 

A certain amount of mechanization would have occurred on large farms as 

hired labor was replaced to relieve seasonal labor shortages, but by 

reducing the effective cost of capital, credit policies have increased
 

the rate of mechanization far above that justified by the capital prod­

uctivity of power sources and brought about a misallocation of investible 

funds in the region. 

3.3 Substitution Between Animal and Mechanical Sources of Power. 

In the performance of agricultural tasks, a choice of vsrious power
 

sources is available. Although we often think of capital-labor substi­

tution possibilities in the range of available choice, the real choice 

is often between mechanical and animal power sources with labor being a 

complementary input to several available alternatives. 17 However, 

labor also provides motive power and can be directly substituted for 

by both animal and mechanical power sources, thus reducing the labor 

input per task unit in the process. In the aggregate where all three
 

power sources, human, animal and mechanical are in use, we can analyze 

both the substitution between animal and mechanical power sources and 

between labor and machine or animal draft use. Since generally tasks 

performed with the help of animal power require a relatively larger 

complement of labor and tasks performed with mechanical power relatively 

larger outlays of capital (variable and fixed), we can refer to the 

g7/ The only case ahere labor is not a complement is where we' 
have total automation of a tack. 
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replacement of animal by mechanical power as a substitution betveen 

labor intensive and capital intensive power.
 

In order to analyze these substitution effects in the short-run, the
 

"adjustment constraints" on investments in tractors and combines were
 

varied parametrically in a way that would account for a decrease in the
 

supply of machines and/or a decline in the willingness of 2armers 
to
 

adjust in the short run to profitable opportunities. The results shown
 

jubstitution possibilitier between
in figure 3 indicate the range of 

labor intensive avimal power and capital intensive machine power given 

fixed supplies of labor.
 

The range of substitution possibilities is very 1Umited in any 
year.
 

Over time the substitution possibilities become more inelastic 
so that
 

by 1970 even very large increases (decreases) in mechanical power 
avail­

ability bring about only small decreases (increases) in the 
use of animal
 

The short-run rigidity in the substitution possibilities
draft power. 


are mainly due to the fact that most of animal draft use is 
confined to
 

small farms, which given their factor proportions are not likely 
to
 

adopt mechanical power, while the reduction in available mechanical 
power
 

on medium and large farms does not allow them to increase 
the use of
 

Antmal draft given labor shortages and fixed labor supplies. 
Since more
 

they were to replace
labor would be required on medium and large farms if 

capital intensive by labor intensive power use, they are 
unable to do so 

in the face of seasonal labor scarcity. 

This rigidity is, however, removed quickly if we relax 
the assump­

tion of fixed labor supplies and allow them to increase 
as ve reduce the
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supply of capital goods. These results are shown in figure 4 and indicate 

a substantial range of substitution possibilities since medium and large 

farms can obtain the additior al labor needed to adopt labor intensive 

power sources. This, however, does not imply that labor intensive power 

sources are profitable, only that if the supply of non-farm capital goods 

was decreased and regional supplies of labor augmented substitution over 

a wf.de range would be possible. 

For purposes of policy, these results suggest that attempts to in­

crease regional employment by substituting labor intensive for capital 

intensive technologies are likely to succeed only if regional wage labor 

supplies are increased by in-migration and the cost of capital is raised 

in order to make capital-intensive technologies less profitable. With­

out these combined measures, increased eiployment will be associated, as 

in the past, with further increases in crop farming which also entail in­

creased capital outlays so that the capital-labor ratio will most likely 

continue to increase.
 

3.4 The Derived Demand For Labor 

Between 96-98 percent of the total employment in the region is
 

accounted for by the use of family labor with wage labor use being con­

fined to medium and large farms and that, too, in peak periods. Changes 

in the derived demand for labor therefore depend largely on the oppor­

tunity cost assigned to the uce of family labor. 

The results in the tables in section 2 are based on the assumption 

that family labor is a fixed farm resource in the short run and therefore 

has a zero opportunity cost to the farmers. The fixed costs of maintaining 
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the family labor force are accounted for by explicitly subtracting con­

sumption requirements from the available cash flows when the working capi­

tal constraint is calculated each. 18/ On the basis of a zero opportunity
 

cost for family labor, with wage labor at the going agricultural wage rate
 

the model estimated annual regional farm employment of 101, 112 and 140
 

million man hours respectively for 1960, 1965 and 1970.
 

In order to examine the impact of increasing the opportunity cost of 

family labor and hired labor an well, we give family labor a wage equal to 

half the going market wage rate and Lhen vary the wage rates for both family 

and hired labor continuously. The parametric results then trace out the 

derived demand curves for labor for each year which are graphed in figure 

5. 

The impact of raising the opportunity cost of labor from zero to fifty
 

percent of the market wage was to substantially reduce employment in 1960 

and 1965 but not in 1970. Total employment fell to 65.4, 80.1 and 139.9 

million respectively, a decline of 35.3 and' 28.6 percent in 1960 and 1965 

but of only 0.4 percent in 1970. There has been an increase in the derived
 

d'emand for labor as indicated by. shift in the curves to the right, the 

greatest shift being between 1965 and 1970 a period associated with changes 

from livestock to crop farming. 

The demand for labor is fairly inelastic for all 'the three years. The 

arc elasticity measured over the range where all wages are increased by 50 

percent is 0.51, 0.35 and 0.32 respectively for 1960, 1965 and 1970 showing 

/Thus cash available on the farm fir is the value of the marketable 
surplus after internal consumption and liviu expmditures are met, loew debt 
repayment plus previous savig. if any, wit accrued iuntetst. 
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an increasing inelasticity over time. This is due in part to the fact that 

as mechanization in the region has progressed, an increasingly smaller mar­

gin for labor displacement has remained, without further changes in the 

cropping patterns. The relative wage inelasticity of labor demand in the
 

region suggest that small changes in wage rates are unlikely to change
 

regional employment and that only a more drastic shift in labor costs are
 

likely to bring about substitution, between capital and labor intensive
 

technologies.
 

3.5 	Capital-Labor Substitution.
 

The short run substitution possibilities between labor and capital
 

vary depending upon whether or not labor supply, a scarce resource on
 

medium and large farms, is held constant or not. In order to examine 

these possibilities in greater detail, we present the results of varying 

the supply of labor (both family and hired) over a range from one-half to
 

two folds of the actual regional availability. The schedules shown in
 

figure 6 display the short-run substitution between the flov of machine
 

services measured in brake horsepower (BHP) hours and employment.
 

The 	 results show that the elasticity of substitution of labor for 

machine use is relatively high, so that as labor supply is increased, labor 

is quickly substituted for machine use with the elasticity of substitution 

increasing between 1960 and 1965, and declining by 1970. Tbus over the 

range of analysis, a decline of a million hours in machine use is assoc­

iated with an increase of 37.4, 75.1 and 31,8 million hours of employ­

ment in L960, 1965 and 1970 respectively. 
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These results, combined with those of sectiove 3.2 and 3.4. bear out 

the fact that capital-intensive technologies are only marginally profit­

able, this profitability being due mainly to the relatively low capital
 

costs, and that the adoption of capital intensive technologies is due
 

mainly to seasonal family labor shortages on medium and large farms. 
This
 

considerable flexibility in the short-run substitution process suggests
 

that migration that increases the supply of labor in the region, would
 

slow the pace of mechanization considerably, though the evidence is not
 

conclusive since the additional cost associated with hiring labor could
 

also be partly responsible for the current rate of mechanization, .given 

the currently low cost of capital. U./
 

In the long-run opportunities for increasing employment are likely 

to come usefrom increased land intensity as the transformation from a 

land extensive livestock agriculture to a land intensive livestock and 

doible crop agriculture continues resulting in increased employment and 

mechanization. 22/ evenThus though short-run capital-labor substitution 

possibilities exist, dynamically over time, the short-run substitution
 

possibilities are likely to be swamped by the long run impact of growth 

on both employment and capital use until this transformation is completed. 

19/ An increase in the supply of family labor would slow the pace ofmechanfzation only if capital Intensive technologies were to become relatively

unprofitable. Increased supplies of family labor can occur either through an
increase in population leading to a division of family holdings, or where the
law of primogeniture applies through a drastic land reform that changei land
ownership patterns by giving land to the landless, thus converting hired wage
labor into peasant proprietoro. 
 Both these changes are unlikely in the short­
run.
 

20/ As indicated by the arrows showing the expansion of aployment andmachine use for actual labor supply conditions. 
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3.6 Demand for Debt. 

As pointed out earlier, not only is debt an important source for
 

financing farm expenditures but Its 
importance has increased substantially.
 

Since in our treatment all debt is short-term and assumed to be financed
 

each year, the total borrowings in each year reflect the total demand for
 

debt under existing economic conditions. The importance of low nominal
 

interest rates in increasing the level of indebtedness in the region has
 

been mentioned throughout. 
 In order to see how important this is, we have 

varied the nominal interest rates, increasing them from the average 10 per­

cent nominal rate which has been effective, and have traced out the deMand 

for loanable funds. The results are shown in figure 7 for each year by 

farm size at: current prices and for the regional aggregate for all three
 

years at constant 1960 prices. 
The results are revealing.
 

First looking at the regional aggregate demand for debt at constant 1960
 

prices, 21/ we note that the demand increased from 1.58 to 1.73 million Cr.$
 

between 1960-65 and to 7.8 million Cr.$ 
by 1970. Secondly, we see that as
 

the estimated real rate of interest is increased to 10 percent, borrowings
 

in 1965 are reduced by 65 percent, and in 1970 by about 45 percent, while
 

in 1965 borrowings drop to zerol In the positive range for the real rate 

of interest, the demand for debt was inelastic for 1960, while in 1970 a
 

21/ 
In order to compare the three years, each with a different rate ofinflation (the wholesale agricultural price index increased by 36.3%, 47.1%
and 27.2% respectively between 1960-61, 1964-65 and 1970-71 respectively)

we have plotted the estimated real rate of interest on the y-axis. 
 The real
rate a Nominal rate - percentage change in the price index. 
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further increase of interest rates to 40 percent brings an additional 53
 

percent decline in borrowings. 
Thus in 1965 and 1970 if "realistic" rather
 

than the negative real rates of interest had been changed, borrowings would
 

have declined very substantially.
 

Because of inflation and substantial differences in response to in­

terest rates by farm size, we have also presented the results for each
 

of the years separately. In 1960, we see that the regional inelasticity 

of the demand for debt is due in large part to the inelasticity on small 

farms. The demand for debt on medium farms is more elastic while that
 

on large farms extremely elastic. If we consider the fact that the in­

crease in the wholesale agricultural price index between 1960 and 1961 

was 36.3 percent, in order to measure the demand for debt at a 10 percent 

real rate of interest, we have to look at a 46.3 percent nominal rate.
 

At this rate, lazge farm borrowings decline to zero, medium farm borrowings 

drop by 53 percent, while borrowings on small farms do not change at all. 

Even more dramatic results are obtained for 1965 for with a 47 percent
 

increase in index between there
the price 1964-65, are no borrowings at all 

at a 50 percent nominal or 3 percent real rate of interest l Inded if posi­

tive rates of interest had been charged (47+ percent nominal interest rates).
 

there would have been no borrowings at all even on large farmsl 
By 1970, not only has the demand for debt increased sixfold but it 

has become less elastic. The debt schedule for small farms depicts an
 

extremely inelastic demand, while demand on medium and large farms con­

tinues to be fairly elastic. 
Again with a 27 percent increase in the
 

wholesale agricultural price index between 1969-70, the demand at 40 

percent nontnal interest rates (13 percent real rate of interest) de­

clined by 65 percent on percent onlarge farms and 32 medium farms. 
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There are several Important implications of these results. First, 

the demand for debt is elastic and generally more elastic on medium
 

than on small farms and on large farms than on medium farms, Second, 

the relative inelasticity of demand on small farms reflects the higher 

productivity of capital as well as a ohortoge of capital on small farm 

which have to augment their own funds with credit to finance production, 

even though the internal funds provide over two-thirds of their capital
 

needs. Third, if interest rates were raised to realistic levels from the
 

current negative levels (a 10-12 percent real rate corresponding to
 

approxiately 45-50 percent nominal rate over the period) small farm 

credit use would not have declined. On the other hand, charging a real-­

istic positive rate of interest would have in 1970 (where demand is least 

elastic) resulted in a 32 and 65 percent decline in the demand on medium 

and large farms respectively. Since these accounted for 32.5 and 62.7 

percent of the total borrowing respectively (98.2 percent jointly), 

charging realistic rates would have caused a 40 percent contraction 

in regional debt, leaving borrowings at only two-thirds their current 

levels. Thus over 30 percent of the debt on medium farms and over 65 

percent on large farms is due to low and uncopetitive rates of interest
 

being extended beyond the levels justified by capital productivity on 

these farms.
 

These results, along with the earlier results on the demand for 

non-farm capital goods and capital productivity on various farms, show 

hw factor price distortions (in favor of capital) have seriously affected 

factor proportions (increased substantially the capital-labor and capital 
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land 	ratios) and distorted the flow of credit iAh favor of and increased
 

the rate of capitalization on medium and large farms, resulting in a
 

substantial misallocation of capital both within the sector and via-a-vis
 

other sectors.
 

4. 	CONCUSIONS. 

An analysis of both the short run and long-run factor substitution in 

the region allows us to conclude with the following points of aummary: 

1) The long run transformation from range livestock to intensive 

livestock and crop farming has brought both increased employment and 

capital utilization to the region increasing both labor and capital use 

per hectare; 

2) This transformation has been definitely accelerated by government
 

price and credit policies, wherein product prices have been "distorted" in
 

favor of crop farming (especially wheat) and factor prices "distorted" in
 

favor of capital leading to increased mechanization, use of modern variable
 

inputs and reliance on debt to finance farm operations.
 

3) Short run and long run evidence on relative factor productivities­

and substitution, and their differences among farm size groups point towards 

a misallocation of capital both within the sector and vis-a-vis other sec­

tors. Especially,the extreme sensitivity of farm investments to capital 

charges and demand for debt to interest rates, most specifically on large 

farms, indicate that credit policies have encouraged capitalization and 

reliance on debt on large farms far in excess of what would have occurred 

in the absence of much policies;
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4) Although the demand for labor is fairly inelastic, reflecting in 

part seasonal shortages and in part the unrealistically low capital costs 

facing farms, the substitution between capital and labor is high though 

somewhat limited in the short run by the supply of labor; 

5) The long-run changes in the future are likely to remain the s 

unless price and credit policies are changed, since low capital relative 

to wage costs have encouraged mechanization and i acre~sed the capital­

labor and capital output ratio;
 

6) Perhaps the single most effective measure that will substantially
 

change these trends is the raising of the nominal interest rates from their
 

current negative real levels to around 45-50 percent to reflect the real
 

opportunity cost of capital. 
This is perhaps the best means of correcting
 

the large distortions government policies have Introduced in the region.
 

The impact of such a change in policy should be an area 
for further research.
 

They are, however, beyond the scope of the present paper. 



Balance Equation Constraints
 

(5) EqZjpijXjt) + EZjcvaij X(t) S Bi(t) , i c E 

which allow the production of intermediate outputs and their transfer for
 

use in final production, sales or investment;
 

Behavioural Constraints and Dynalc Feedback
 

These restrictions describe the recursive nature of the model and
 

include:
 

a) Flexibility Constraints
 

(6)-X (t)_-(l +1j) x*(t -i'
 
Xi(t) -<(l+ i) X*(t - i) i D
 

which describe the restrictions placed on the response of the activity set
 

to changes in short run profitability due to uncertainty and safety first
 

criteria;
 

b) Adoption Constraints
 
i i
~+ 0)'K(t -n) " ). i€D.. 

(7) (t mi

2(t (r(,~tM Ki(t 1°)) +yt 1I :­

which describe an S-shaped time path to the adoption of new activities and
 

new technologies in the region and by farm size;
 

c) Quasi-Fixed and Variable Resources Feedback
 

(8) Bi(t) = (1 )Bi(t - l) + 6x(t--1) , iC K 

which allows the augmentation and depreciation of quasi-fixed capacities
 

and the growth in the labour force through time by farm size:
 

d) Financial Feedback
 

(9) Bi(t) = f(Gross Revenue*(t-l), Borrowing(t-l), Saving*(t-l , i c.F 

which determines the availability of working capital for each farm size group.
 



where: 	 q = subscript for farm size groups 

J = subscript for farm accivities 

i = subscript for Regional Resources 

t = time subscript 

X = Decision Variable 

B = Resource availability 

G = Gross revenue of given activity 

H = Total cost of given activity 

p = subset for production activities 

c = subset for purchasing activities 

F = subset for financial activities 

V = subset for investment activities 

L = Land and labor resources 

K = Quasi-fixed capacities and variable inputs 

E = Intermediate outputs for balance equation
 

R = Regional binding (common) resources 

D = subset for behavioral. constraint 

X* = Ex-ante Optimal planning value 

0 = Upper bound of flexibility constraint 

= Lower bound of flexibility constraint 

p = Adoption coefficient
 



Mathematical Appendix
 

The regional recursive programming model can be very briefly sum­

1 
as follows:marized 

The regional objective function is:
 

Maximize ( £qZjGqj(t)Xqj(t) - qEjqj(t)Xqj(t) ]
 

t = 

Subject to:
 

Land and Labor Constraints
 

(I) EqzjcpaijXj(t) + £qEjccaijXj(t) - Bi(t) I c L
 

which include land and family labour restriction.i by season and farm size;
 

Quasi-Fixed Capacities and Variable input Constraints
 

(2) ZqZjcpajxj(t) - ZqZJ vIj Xc) Bt), K_(t) i c 

including seasonal machine and animal draft capacities and annual re­

strictions of seeds and fertilizers by farm size;
 

Financial,Constraints
 

(3) Eq jcpaijXj (t) ZqZj X(t) + Z JCFaijXJ(t) .Bi(t) V F 

which include a constraint on working capital by'farm size; 

Regional Coupling Constraints 

(4) Eqzjccatj Xj(t) + EqEJcvaijX(t) + £qZJcTaijXJ(t) i C R 

which incorporate inter-farm competition for regional resources including 

wage labour restrictions by seasons and regional credit &W uwn-farm quasi­

fred Capital aodlie ce . 

For detailed model description see C. Y. Ahn (1). 
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