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ABSTRACT
 

Economic development policies recently have placed increased
 

interest on efforts to find solutions to food and population problems 

for low income countries. A natural area of focus for those policies 

has been the low income farms where birth rates are high and tie eco

nomic circumstances in which the families find themselves are sub

standard. This low income farm problem has been approached by develop

,oent of tuc hnologits to improve output levels for crops which are 

desirable from the point of view of home consumption and income pro

ducing potential. The present analysis consi rs a ethnology adoption 

problem for the Southern Huila region in Colombia. Characteristics of 

the new technology, attitudes toward risk, the institutional setting 

for farmers, and quality of information on new technology and prices 

are examined as factors influencing adoption. 

Information on the new technology was developed from surveys by 

the CIAT Bean Team in Southern lHuila. These surveys generated input

output coefficients for on-farm trials as well as information on the 

characteristics of households and farm units. Additional primary infor

mation was collected from a survey to determine attitudes toward risk
 



and perceptions of uncertainty. For the former, risk aversion coeffi

cients consistent with those indicated in the recent literature were 

estimated. Low income farmers were found to be relatively risk averse. 

For the latter, substantial discrepancies were discovered between per

ceptions of researchers on one hand and the farmers on the other related 

to the associ ated with ivies adand prices of beans and otheruncertLaintv I 

crops. The instrument used to elicit this information was novel and 

appears to have substant Lii potential as a mechanism for better direct

ing extension informaLttion progiims and, as well, understanding atti

tudes toward adoption of new technIology by low income farim'rs. 

The major hypothsis of the study related to tiio relative im

portance of insti ttional factors as compared to charactoristics of new 

technologies for influencing adoption. The development af new tech

nologies for low income farms is a process which requires time and 

substantial resources. At the same time, there may ho institutions 

affecting farmers which can h a lltered with 1low political Nud economic 

costs. Two of these for the Southern luila farmers related to bean 

price stabili za,:izon and improvement. On-farm storage options and mar

keting organi:ations were examined for their potential for altering 

characteristics of prices received by farmers adopcin.g the new bean 

technology. Res ults indicated that the institutional. factors could be 

altered so that risk averse farmers would find the existing new tech

nology attractive f-or adoption. 

The general conclusion from the research is that the adoption 

problem is more bro-d than traditional 1,, perceived. New technolog~ies 

shou be developed incorporat intr available information about farming 

systems and the circumstances in which the farmer or farming system is 

U
 



operating. Many times, alterations in these factors, traditionally 

avoided because of pol~t cal sensitivity, can be as important in im

proving the economic lot of low income farmers as the development and 

distribution of new technologies. A sec ond concl usion concerns how 

the individual farmers are studied. The refurenc-d gambling instru

ments employed in clicitinpl risk attitudes and percept ions of incertailn-

Ly would appear to have importtan potential -fo"better directing 

efforts at improving the adoption of the new rechnologies and iden

tifying problems associated with low adoption rates for technologies 

which on the surface appear to be attractive for low income farmers. 
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CHAPTER I 

INTRODUCTION
 

A General Persective 

During the past decade, uconomic development policy has under

gone substantial change in ifFort to find the solution to the food and 

population problems ina low income countries. These changes have been 

in response to sharp criticism tbased on the past performance of policy 

ideas largely exported from more d v cloped economics. In general, 

these approaches hava emphasi:,ed the industrial sector at the expense 

of agriculture and the rur al pupn Iat ions. 

Econom:ic policies conducive to the attainment of a higher 

degree of industri]I i ation and import hubsti tutLon traditionally have 

been advanced as the path to economic betterment. Accordingly, there 

has been a tendency to relegate the Farm sector to a support role in 

the development process in favor of a still pubescent industrial sec

tor. It is difficult, to ignore, however, that the majority of the 

populations in the developing areas reside in aod depend on the agri

cultural sector. There is an intrinsic bind between the farm sectors 

of these countries and theiri1conomic development (Chenery 1960], 

Chenerl and Taylor [1968], Mellor 119hu, 1969]). 

Progress in agrielture For the developing counties has been 

significant . But it has been confined largetv to a small group within 

the rural society. This group has adopted modern, scale efficient 
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technology characterized by high levels of capital use and the culti

vation of crops more suitable for export than for internal consump

tion. Unfortunately, this technologica1 progress has not affected the 

great majoritv of the rural population employed in the traditional. 

subpecLor of agrlcILure in a stagnated economic environment. The 

substanti al rfforts that have beer made to help the stagnant subsector 

through generation of technology for small farm units have generally 

failed. 

Reasons for this failure are many and varied. However, they 

all can be addressed within the framework of technology transfer, or 

the lack of it. Failure to transfer new farm technologies to the 

traditional farm subsectsr may have resulted due to inadequacies in 

the technologies, the transfer process or both. It appears then that 

to assimilate peasant farming into the mainstream of modern agricul

ture, still more effort should be focused on generating appropriate 

technologic and developing a more adequate transfer process. Scale 

neutral technelogies have been promoted, i.e., new varieties, but the 

response from the small farm subsector has been poor. Are the farmers 

to blame? Or, perhaps the circumstances in which they operate and the 

new technologies themselves may not have M.?en conducive to a wide

spread adoption (Falcon [19701, Schuh [1968], Wade [1974a, 1974b]. 

It is now inc'reasingly recognized risk averse behavior may 

affect adopt ion rates. Recent research has shown risk attitudes to be 

an important factor in the decision making process for farmers. 

Furthermore, it appears that the individuals involved in development 

and adaptation programs for new technologies have not sufficiently 

taken this behavior into consideration. The untested nature of new 
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technologies in the small farm framework suggests that peasant farmers 

have been reluctant to incur uncertainties associated with adoption. 

That is, they have been unwilling_, to jeopardize, their incomes for the 

potential gains avainble f;rom now tecchnologies. 

Approaches to Lhu s-olut in the problem of technology trans

for have taken two main thrusts (Brown [L 9701, Evenson and Kisl1ev 

[1975]). The first has involvea the dcvelopment of more appropriate 

farm technologies. Factors examined have included better varieties 

and site specific, ismall farm scale agronomic pra't.ices. Th:is approach, 

while havingl; genor, ted some ,vderc' , of cfcc t ivenl,'ss , has taken'Ov great 

amounts of: time and expcn s, requiring biologicai nd phenological 

changes without the uarant CC of su ccessful adoption. The second 

approach has involved th,e moCdification of the instLi tional infra

structure to induce telchnology transfer and adoption. 'These modifica

tions can he tailored to redulce the ri sks associated with the new 

tcchnology and athrwise enhance their attractiveness. The second 

insticutianal appotich oTfer's the possibi 1 i ,,i& more rapid technology 

adopt ion, although ,t a cosL in terms of politici attractiveness. 

But the former approach, when successful, has not proved economically 

and politically inert in any ca;.. 

Design and Adontion of Small u:arm Technology 

Designing an adequ ate technology for the small farm has turned 

out to be more compli than orig imlly 1).1Ieved. Partly due to an 

incomplete knowl ,edge of the pas.nt economic and biophysical environ

ment, many techaoli)n tailIInaagu . c nvisioned as the answer to the 

poverty of peasant farmers have gone mostly unnoticed by the intended 
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clientele. Before the network cf International Research Centers came 

into existence there were few attempts to merge agronomic and economic 

research in an organiz/ed manner. As a consequence of the rapid deve1

opment of new techn(nloi,, ies in the international center network and 

unfortunate experie nces regarding adoption, there arose the need to 

focus the rus ar'h efor t s more2 efficiently. Small farms became small 

farm systems ani tuc nloges hegan to be evaluated witllin a farming 

systems context (Ande rson and Itardakor [1979], CIAT [1973-1979], 

CIM YT [1974], Valdes, Scobie and Dillon [1979]). 

This more recent approach to teclu ogy evaluatton and adop

tion has been as well a response to past failmres;. In addressing the 

food problem of developing countries, :initial solutions emphasized the 

en masse utilizat ion of Llnert technology suich as new seeds; first 

called miraci, ,sued, then high vildi up varieties and currently desig

nated with the morL sober term of mdern va:ieties. These seeds were 

only high yielding undeor favoraible conditions of soil, climace and 

fertilization ail the ir adopt ion r.t:es among peasant farmers remained 

low. The emphas is tlien s ifted toward teuhnological packages of new 

seeds in comb ination with appropriate product"'-n practices. The use 

of technological packag-es was oft en accompan ied by additional, services 

such as credit and extension. Thus, tbe use of tchnological packages, 

also known as Tntuprated Rural Development programs, was a d:irect pro

duct of the 1ncreasing awareness of the complexity of the peasant 

farming system. This awareness o tlh complexities of the peasant 

farming system led to moru formal and better defined research objec

tives.
 

Since most of the research on commodities for the developing 
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countries is now initiated at the international centers, the metnods
 

used to evaluate the new technologies have acquired justified import

ance. Schemes such as the Plan Pueb, a, in cooperation with the Centro
 

Internacio_ l dn Mo orarn iac to d_ Mai ; 'I ._ (f T) tLhe Vi I1age 

Level. Studies sponsored by the Int .rnational co.nt or for Research in 

the SeIi-Aridlropi', ACRISAT), and the On-Farm Technology Trials by 

the Centro [nto maciona l dA Agricu ltura 'lropiul (CIAT), of which this 

study forms pari, are examples of current attempts to 1btain the feed

back necessary for useful farm technology lovelopment and redesign
 

(Roumasset, Boussard and Singih [L9781, ,inswangcr and Ruttan 11976]).
 

The adoption process for a now technology depends both on the 

factors affect ing Lhc farm u nit and the farmer's utilitv of i.ncome. 

A schematic represen tal ion of this process is contained in Figure 1.1. 

The utilitv for income accounts for the household's precaut.ionary 

behavior and has led to the study of risk aversion fcr peasant farming. 

Factors affecting the family and firm are a Iso important io understand

ing r:isk averpe behavior in the adoption of new technoiog ies by peasant 

farmers (Johnson 11978]). That is, farm production units are affected 

by the biophysical environment, the culture, the institutional infra

structure, and the existing production technologies. Thus, technology 

is just one of tle clements affecting tLhe farm unit behavior and the 

characteristics of household income. 

The adoption of new technology is a function of the levels of 

the other elements which impinge on the farm ing system as much as the 

te:hnologv i tsclf. Th, identification of tile ro .'s of the various 

factors affecting adoption is at Lest a fOriyiidabl.e task. The approach 

argued in the present context groups these factors into two biophysical 
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Figure I.i. New technologies in a small [arm system context. 

Source: 	 S.R. Johnson, "Risk and the Adoption of New Technology: Some 
Reflections on Research Alternatives," University of Missouri-
Columbia, 1978. (Mimographed.) 



and socioeconomic blocks, with the technologies and the environment 

constituting the first one and institutions and management the second. 

Results at the international centers indicate that current 

tLchnologies can be improved by furtlher adaptation to Iocalized 

environments. By contrast, substantial progress in the current store 

of genetic material and/or new varietv development can he obtained 

only at a high cost (blAlV [197,'•). I, tendenc tonwards the guncration 

of intermediate t uchnologies--that is, technologies which are marginal 

improvements over the current ones--for the small farm systems reflects 

the recognition of thl role of the non-biological factors. The ten

dency is to make more efficient use of exist ng technologvy by utilizing 

instituitional policy instruments in promoting adoption. Thus, it has 

come to be reco gni zed that small farm technology needs to embody spe

cial characteristics. First, technologies need to be highly location 

specific. Second, teclnological packages need to be developed in com

bination with institticns. And tlird , they must be more thoroughly 

evaluated prior to their final release and for diffus:ion (Valdes, 

Scobie and D1)]lon [19791). 

Evaluation of New Technology 

Given the serious manpower and budget limitations for tech

nology research, the approach to the erganization of large internation

al centers for bas 4 c crop research seemed obvi ots. The uncertain pay

off from biological and phenologicaL research shouli limit resources 

allocated to this nct ivitv. But:, the research and testing )rLcess 

used by such research centrs has emphas ized the d:velopment of 

partially fini s ed technologies wiliclh are later adapted by the national 
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research programs for local use at a reduced cost.
 

A case in point is the Bep'n Program at CIAT. The technology 

development process involves three main components (Figure 1.2): A 

primary phase at the experiment station for tle initial screening, a 

second phase at the regional leve] for lc alization, and a third phase 

at the farm level recognizing the spec ia l circuista aces of peasant 

agriculture. The results are used for .ermedieate technology design. 

Associated technologies thus obtained can be disseminteL t.d to many 

regions within an ecosvstem for final adaptation (CIAT [1978]). 

The present study is an offshoot of the on-farm technology 

trials, the main component of the third stage of technology develop

ment. The obj ec tive of the on-farm trials is to eva]uate the economics 

of new technology which has already proved to be agronomically satis

factory on the experiment station in a more realistic context. The 

emphasis is on assessing the new technologies for fit into the farmer's 

production system rather than on yield ],,veis alone. 

Objectives oF the Study 

Objectives of this ntudv arc: (1) to assess on an ex ante 

basis the re lative impat of iew Vean tec'hnolo-y on a sma] farm sys

tem, (2) to relate thi:; impact to prcautionar' behavior in thu: risky 

farming environment, and (3) to evaluate the impact of two se]ected 

institutional changes on risk perceptions and tueir consequences for 

LechnoLogy adopt on. It ran be vieved as an ext ension of an ongoing 

process of technology evaluation at Cl AT with the purpose of guiding 

technology development and adopt ihn in peasant farming. 

The study then corresponds to a necessary step in the 
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Figure 1.2. Stages of the research process.
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methodological chain established at CIAT (Figure 1.3), the on-farm
 

technology trials. Results of thpse trials are first analyzed for
 

statistical yield differences. if statistical differences among the
 

different technologies are found, then they are screened by budgeting 

methods us;ing profits as the decision rule. Finally, the screened 

technolo ies ar, eva Iuiated within a whole farm vontXt to provide in

formation on their potential for integration within existing peasant 

farming systems. 

Within this framework several related objectives can be simul

taneously addressed. These are: 

a) To assess the feasibility of new bean technology for the 

small farming ;vst ems. 

b) To assess the potential impact of new bean technology on 

farm income and employment. 

c) To establish the houndaries limiting the capabilities of 

new bean technologies from an ex- ante viewpoint. 

d) To assess ex antyc the factors limiting teichnology adoption. 

e) To establish the degree of risk aversion aiongt peasant 

farmers and to relate risk averse attitudes and household 

objectives to adopt ien potential. 

f) To measure the impact of risk aversion on farm income and 

employment for the smtll farming systems. 

g) To estimate the impact of institutional changes for tech

nology design and adoption. 

h) 	To establish a set of decision rules for technology design 

and institutional change which can lead to adoption on a 

broadened scale. 
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Set within the framework described, this study attempts to
 

answer two important policy questions. Presumably, new technologies 

increase farm outpit , genterate higher farm incomes and account for 

welfare gains in the target regions. As a first policy problem, these 

assertions need substiantiation. It is not cnt ircly clar how the 

availabilty of now twchnolog.y to peuasant :armers; ca llaLtolati cally 

lead to a sustai ned inicrease in the 1conomicdve loplilmnt: of the agri

cultural sector. At th e farm level, risk attitudes affect adoption 

decisions. Thu problem is to package curren y ;lv:l ilal Ic technologies 

and develop new ones so that farmers find tLheir 'idoptioinLattractive. 

Casting the problem .inla risk iv.o;rion framework irdicateus a iced to 

know more about att:i tulcs tow;lrs risk than simplv that they exi st. 

Second, understanding:farm behavior and tihie factors conditioining it 

impliaq that understanding the impact of controllable institutional 

factors is as important Ns plant breeding and techno1logy generation in 

providing for chanue in peasant agricu.lturc. Thus , an inteugrilated 

aptproacl is nec u5.iarv, recon izing changed technology nn just one of 

the factors that affect changes in peasant farming systems. 

Methodologv
 

The normative model used as a basis for the experiments is of 

the portfolio or risk programmuing type (Anderson [1973, 1974, 1976], 

Anderson, Dil1on and Hardakur [19761, Hazel. [1970], Johnson [1.967]). 

Physical responses from tinc series, and cross section data aid judg

mental experimclts arc nsed to construct u.t imlaos l v iold distribu

tions for new and traditional tuchnolog iu.s ovailabl in tle :tudy 

region. With these yu.eld dis tribt, tion estimates, information on the 



13 

associated input levels, input and output prices and appropriate con

straints on fixed factors, a standard risk progrraimning model is devel

oped. Risk aversion parameters for low income farmer, obtained from
 

interviews are introducel along witL risk aversion coefficients deter

mined imp]icitlv bV considering the new and 1st-ini options and forc.:.: 

ing the so]utions implyi-ng the maintenance of tradit ional ',mehods 

within the framework of the rAsk prograMmLng prohi.m. 

With vi el d response data for tile now aind establ ] shed tech

nologies, input costs, output prices, and fixed factors at representa

tive levels and an appropriate risk aversion coefFici ,t , the potential 

for molifying the institutional settinp to me ontrage niw tccihnol,ogv 

adoption is considered. Using a risk progr:cymo ing formulat nn tMe pro

posed changes in institutions are analvzed for their potential impacts 

on: net returns from alternative enterprises and their 2 is tributions, 

production dec:isions for representat iwe arms, and the financial status 

of the peasant farmer. 

The irstitutional nd environmental changes are structured for 

introduction into the risk programing model by altering the con

straints, prices, and variances; the latter being of utmost importance 

fcr technology design. Resulting solutions are examined for an ex ante 

analysis of the potential impnct of tLh e prscr ibed hang s in :insti

tutions and techno]oki 'al variables on the adoption of new technologies 

and income levels of tin. reprr'scntat ive low incoiiie -arnrs. 

The methods ]ust dscrihud are applied in te development of 

prototype models at the firm level based on information collected by
 

the Centro Internacional de Agricultnura Tropical in Palinirai, Colombia
 

(CIAT). The region of study is Soutliern Huila, one of tLhe most 
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important bean producing regions of Colombia. Southern Huila is
 

characterized by large cattle farms and extensive cropping on a few 

farms, and a large number of small] farmers engaged in semi-commercial 

agriculture. Since this pattern is typical of many latin American 

farming arvas, the results from Southern Hluila may be extrapolated to 

otiier similar regions in other countries with Lilt, collnseqult satviIngs5 

in time and funds. In addition, this area was chosen Iv CIAT as the 

site fnr its on-farm technology trials since Southern luila is also a 

representative ecosystem for bush bean production. 

Simu lations 

Since the model is a prototype, simulations of new tech

nologies and insLitutional change are especially important. On a more 

specific level, the simulations show the effects of the institutional 

or policy variables oxamined and t 10 i t sensitivity to assumed condi

tions for their application. Also, simulations of the technology set 

are undertaken to indicate how tho mode] can be employed for develop

ing and assessing research strategies. 

The simulation process is laid out in three stages. The first 

stage relates to the introduction of two new bean technologies into the 

Hluila farming svs tern: imptroved agr,ia omx' and storag e. "The0 former 

emphasizes increases Ln yield pr 'thcLare atLe ho lowest cost while the 

latter concerns the use of inexpensive storage methods to avoid the 

effects of pri o, collapses after harvest. The second simulation stage 

inIvoves price s-la0) ili'rLioi t h -ouh a market ing hoard activity in com

bilati.li vithL the above-menLionnd tchnologies. The results est:ablish 

relationships betweolI price policy and technology adoption at the farm 

http:bilati.li
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level. The third and last stage concerns use of variance reduction as 

a way of measuring effects of inprovemets in technology design, i.e., 

yield stability. Again, this last elcemcnt is combined with the tech

nological and policy variabl to measure its impact. 'ese e:ercises 

are admittedly oversimpl ity ing but present the opt ion of spec ifying in 

a simulat ed uontx::t:, (1) tie ciaracterisctics now technology wou.ld have 

to exhibt t, rsuciil t in adoption and (2) h(ow adoption is related to
 

controllable i stitut ional factoirs. 

The methods used in choosing the experimental factors for the 

simulations follow standa rd principles of experimental des ign. Results 

of the simulat: ions are examined in a i sponsc surface context. The 

dCeVO]Opljinhlt aid presentation of V ,a ltn flr'om the simul.at:ions using 

these respones snrface methods 's especiallv important in tire case of 

the prototype model since it ailows simple and understandable communi

cation of the capab.ilities and characteristics of the modeis. 

Organization of Whe Stud, 

The subsequent chapters are organized as follows. Chapter II 

reviews the previous work on technuol ogy adopti on , emphasizing the 

empirical results olbtaine d aftur t.he Croewn Revolut ion. Sub; equently, 

the chapter reviews work in thv study area and in related areas by 

national and in ternational organ:zat ions. Final.ly, tire discussin , 

addresses, a.buit briefly, thre bean Program at CIAT and its impact ir 

the study area. 

Chapter III describes tire studv area and the available data. 

The discussion detai is the farming act i ,it i cs and technologies, new and 

old, currently available to the small farmers. Data and production 

http:Final.ly
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technologies are then used to construct a covariance matrix of gross
 

margins for farm activities. This mearure of uncertainty is then
 

assessed for weakesses from a data viewpoint.
 

The risk programiming modeL is set out in Chapter IV. The dis

cussion begin.s with a brief exposition of the porifolio selection 

problem in farm plannin,g a ml contines with a maf ihematical statement 

of the problem set in a risk progvrom Format. Emphasis is on the intro

duction of risk into the programmin ng model and the selection and 

eventual introdiiction of insti tutional change variables into the model. 

Chapt-er V deals with probliums of aggregate production and price 

data. The use of judgmental inpu t as an alt erna tive is suggested for 

farm decis;ion modeliug. Then the collection Tnlethodology for this 

judgmental data on prices and yields is reviewed. Finally, price and 

yield dist ribucions developed using these methods on a sample of farm

ers in Lhe stidy area are provided. 

The risk programining results for the introduction of new tech

nology under exist ing institut ions is the subject of Chapter VI. The 

chapter discusses the solution of the simulations of new technology. 

Similarly, Chapter VII discusses the results of the storage, price, 

and variance reduc tion simulations which form part of the introduction 

of new policy alternatives. 

Chapter VIl is perhaps the most important part of this study 

as it analyzes the results relating the different factors for their 

implications for technology rescarch design. Among the issues examined 

closely are the research strateg ies of international centers, the 

implications of risk aversion for adoption, the impact of institutional 

changes, and their corresponding implications for resource allocation
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in research. The study concludes with a brief summary of the main 

results, their iii ,itat ions, and the implications for future research. 



CHAPTER II 

TECHNOLOGY AND THE SMALL FARM SYSTEM 

introduction 

The principal objective of this chapter is to briefly review 

and summarize the previous work done in the area of technology develop

ment and adoptiorn as related to peasant: farming. As discussed pLre

viously, the combination ofL agronomy and economics as a criterion for 

generating appropriate technologies tor semi-subsistence farms is 

relativelv new. The bulk of the experience, in economic development 

prior to ihe creation of the network of international centers was con

centrared on policy instruments, i.e., credit, crop insurance, etc. 

aimed at increasi.ng farm production regardless of the type of clientele 

served. Moreover, there was usually a continuous lack of coordination 

between government policies aimed at increasing the supply of food and 

polictes for maintaining low consumer food prices (Biere, de Janvry 

and Schmitz [.1972], Jo rgenson [1.9791, long [1973], Peterson [1.979], 

Thi rsk [19731). As a consequence, incentives for innovation and 

adoption of new techniques were often lacking. Furthermore, in cases 

wheie awareness of this type of policy conflict occurred, the efforts 

in promoting the adoption of innovations were hindered by the lack of 

appropriate t: echnologies or conditions for the adoption of existing 

technologies (Anderson and Hardaker [1979], Binswanger and Ruttap 

[19761, ValIdes, Scobie and Dillon [1979]). 

http:increasi.ng
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With the advent and subsequent use of new varieties there 

arose the issue of the welfare gain. from new technology. AlLhoug, 

great success was obtained with rice nnd wheat, the ox- t.evaluation 

of technology adopt ion and benefit a from new technology left standing 

the problem of unequal gains f rom the uw varieties. in other words, 

poor farmers were still poor. The main reasons seemed to be Lhe inert 

nacure of new seed technology on prime land versus a poor performance 

on marginal land, and the lack of appropriate technologi cal packages 

for the small farm system. The need for reapproach in, the peasant 

farm population was obvious (Arndt and Ru tan [1977], Falcon [1970], 

Scobie and Posaoa 119781). 

The oquit3 issues raised by the unbalanced welfare gains of 

the Green Revolution brought an ecsing shift in research methods for 

new technology. In general, the biggest change oLc'rred from merging 

biologic and socioeconomic research into a more coherent structure. 

Thus, the problem of developing adequate technology packages became 

more clear (de Janvv [1977), Dent and Anderson [19711, Obschatko and 

de Janvry [1972], Sanders and Lynam [1979]). 

The Technolog, Adoption Process 
in Latin America
 

The process of technology development in Latin America has 

slowly evolved from aNframework f cl ass ic ecounomic dualism, i.e. , 

development of infant industries and benign neglect of the peasant 

sector, to a structure of conflict between a Schult-:ian view of the 

small farm system, i.e., poor but efficient farmers, and a socio

political view, i.e., exploitation of the small farmer on the periphery 

by the capitalist center (de Janvry [1975], ilarwood [19791, Jedlicka 



20 

[1977], Mosher [1966], Schultz [1964]). The latter is important for 

economic development since it implies political, rather than tech

nical, solutions. 

The exploitation of the periphery by the center is a theory 

best argued for Latin America. Briefv, it states that the unequal 

development of the industrial and wommercial sectors of an economy 

vis-a-vis tho impoverished ruraI sector is a consequence of an unfair 

process of capitalaccumulation by the rich at the expense of the poor

er sector. It i.:, W essence, a theory of exploitation. Obviously, 

under such framework the issue of alppropriate technologies for the 

small farm system is irree'van sin:e sucl technologies cound not 

alter the level of inequality between the two sectors. Poor farmers 

would remain poor. A solution for the peasant farming sector would 

entail substantial changes in the political system, the distribution 

of resources, and the social conscience of the population. 

The Schunltzan view of th.e small farm problem, on the other 

hand, is more tailored to the viewpoint of the existing international 

institutions since it allows a very positive role for new technology 

without undergoing substantial stricturaJ changes in the social and 

political syst ems. According to Schultz's theory, small farmers are 

poor but e fficilut. Re:sons why they remain poor are found in the 

highly constraining onvironment in which small farmers operate. Hence, 

the solution for fa.m poverty is achieved through the use of new tech

nologiLS whic! can aid in surrPwqnting the environental constraints 

more effectively along with the required institutional structure to 

support the new technology (Arndt, Dalrymple and Ruttan [1977], 

Barraclough [1973], Benito [19751, Binswanger and Ruttan [1976], 
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Clearly, the Schultzian view of the small farm problem fits 

well into the international center network, by intent generators of 

technologies. However, such view of the small farm system as in en

tity independont of or immune to political forces needs to be recon

ciled with the theory of exploitation. So far, the empirical evidence 

suggests that current efforts are directe in that dlrecttion. 

A case in point is the Plan Puebl.i in Mexico. Plagued by low 

adoption rates the Pueb la Project evolvnd from a pure technology demon

stration package to a complex biophysical-bh:hvioral model designed to 

bring peasant farmers i nt-o the ocunomic malinstream It a fas ter pace. 

INhen compared with the program iVol Led by the center-periphery theory 

the Puebla Project is still a naive effort. Neverth, less, the point 

has been recognized, at least implicitly. The accumulated experience 

from the projec t tends to support the cent ,r-pt.rilher Vji,; that in

duced innovation at the small farm level is not a linear process, as 

suggested by itavamI ar:d Rhttan, but raither a dialectic'al interaction 

involving both tLchnical factors and pol itical institutions (Andersen 

and Franklin [1977], ilayami and Ruttan [1971,a, 1971b], Ryan and 

Subrahmanyam [1975]). 

TechnologvyAdo'tion in Colombia 

Prior to the creation of ChAT t io proc'ess of technology devel.

opment in Colombia was concnt rated mostly on field crops and the 

adaptation of imported lines to local conditions. During. the ett 

fifties and early sixties the development and promotion of new vari

eties involved crops more suitable for large scale !arming and 
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mechanization. Despite several drawbacks this scheme proved somewhat
 

successful for rice, cotton, and soybeans (1Hertford, Ardila, Rocha,
 

and Trujillo [1977]).
 

The varietal development pro gram for rice was initiated in the 

early fifties and focused on a variety resistant to the hojablanca 

virus. With the foundinig of CI AT and the initi;ation of coperative 

programs betwee.n CIAT and the Inustitute (olombiano Ag ropcunrio (ICA) 

some International Rice Research Iostitte (.IRRI)brd varieties were 

introduced with reLatively high success. However, the new rice vari

eties were unsuitable for upland production, the location of most 

peasant farms. 

Cotton, another field crop, presents a highly successful pic

ture with yields equal to or better than in the United States. Again, 

technolagical innovation was :induced by favorable oeconomi c conditions 

and the coordinating efforts of a powerful federation of coteton grow

ers. The case of adoption of new technology among s oybean pcoducers 

was alImost ident ic'al. In contrast, technology deve lopmen t and promo

tion for wheat, a small farm crop, was a totnl failure. As Hertford 

etal. report, wheat acreage and product ion in Colombia have dec lined 

over the past two decade s. This pa radox, they\ suggest, is explained 

by the disincentive effect brought about by parallel tPL.480 wheat 

sales to Colo.mbia in combination wit:h a lack of coordination and power 

am'.ong the numeroulS Sl. whea t prodicers. 

The emphasis on smII farm research in Cotombia is recent.
 

tGovernmental ,.,,ncern for the peasan farm was initiLtod in the early 

seventies in the form of Integrated Rural Ievelopment schemes currently 

in effect in several small farm regions. The results have been 
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encouraging in terms of development experience but have yielded mixed
 

results.
 

The case of Eastern Antioquia is perhaps the most notable 

success. Endowed with excellent climditic conditions this smal farm 

region was somewhat- Ot a coall enre. A typica lEastern Antioquia farm 

had an average of 4.4 hectares af undulatiing Land mostly unsuitable 

for mechanized farm Lng. Principal crops arce p tiLtoes, high altitude 

corn, climbing beans, and vegettbles. 'T'he hasic problem was Low yields 

due to diseases and pest s, a]ong with a very low per capita income and 

large famiv size (:in average of 12 persons per household). By7 rely

ing heavily on improving the vields of existing crop rotations (e.g. 

potatoes to corn, beans Lo corn, beans to potatoes), heavy fert ilizer 

and desticide app] i cat ions, and heal th care promot ion, substaLnt LiI 

improvements in farm income were achieved (Alvarez [19771, CIAT 

[1976, 1979]). Farm history :rid prodUcLien records are kept in a 

technical filc at the ICA office A Wia. withi records of corresponding 

gains in awareness by the extension agents of the spec ific problems 

affecting each farm. Hence, the highly d(saggregae d level, of farm 

data enable the extension service to have a better grasp on the trade

offs involved in techno.logy generat ion and adoption. 

Another reg'in wh: rc a sin, i.ar program vield, d a different de

gree of success is Caqueza , in East ra .undinamarca (Escobar [1973] 

Swanberg and lscobar [L.9751 , Zandst ra and Cil lamizar [19741 , Zulberti, 

Swanberg and Zandsrra [1979]). As in the case of Eastern Antinquia 

researchers did not attempt to bring radical changes to existing farm-

Lng paLtterns but rather to improve th' onts in current use. The 

Caqieza Projectt, a joint venture of ICA and the International Develop
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meat Research Center, was initiated in 1971 with a series of field 

trials for corn and potatoes, the two most common crops in the region. 

Using methods similar to the CIAT on-farm trials, researchers identi

f ied techno 1ogles wh i ch, wi th if cat ions l' trrd it iona la fow moodi ov rt 

methods, yielded a 20'2 percent gain in corn vialds and a 2'5 percent 

in net income fr-om corn, and a 51 percent gain in p iotao yields with 

a corresponding 30) percent gain inn et income from potatoes. 

The corn technology was hased on the use of fertilizer and 

pest control, along with a higher plant density and a new variety. 

The traditional technology did inot requ1ire use of fer-til I :r or pest, 

control. The traditional cultivat ion method for potatoes, however, 

involved a heavy use of fer il ize r and some pest control. The new 

technology emphasized a higher plant density and new seed Hs the key 

elements for yield gaius. 

In addition, the supply of governmental credit was expanded to 

allow farmers to purchase the necessary inputs and to extend the area 

of cultivation. The results for adoption rates were somewhat surpris

ing. The demand for credit allocated to potatoes exceeded the supply, 

while the opposite occurred for corn. Nearly 70 percent of the farm

ers in the region adopted the new potato tec:hnology in its5 totality 

while 83 p)er-coIlt adopted tlie new corn sued total Iv and the fertilizer 

recommendation partially. Why would farmers totallv adopt a tech

nology increasing net income hy 30 percent while partially ignoring 

another one yielding a net income gain of 251 percen t Caqueza Pro

ject researchers were able t:o isolate the ftollowing factors: 

a) While the potato technology increased total investment 

requirements by 12 percent and cash inputs costs by 10 
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percent the corn technology required an increase of 170
 

percent in the total investment and a 575 percent increase
 

in cash input costs. Given the per capita income for the
 

region, the allocation for cash inputs in the new corn
 

technology was excessive.
 

b) 	Despite the more intense use of capital the corn technol

ogy presented lower returns to capital than the potato
 

technc [oy.
 

c) 	 Using the expected value of the loss as a measure of risk 

from each technology, produced results indicating that 

the new ]'ta t py sim ii expectedtechuilo., had :r losses 

increment.s for total costs and for cash input costs. In 

contrast, the new corn technol ogy presented an iiI percent 

increment in the expected loss for total cost while the 

expected loss for cash Lpput costs increased by 1,530 

percent. 

d) 	The labor requirements for fer[i]izer applicatiou fou norn 

coincided with the period of high labor use in the region. 

Based on tie above results researchers initiat:ed another 

series of experiments. T'he new technolog ies in this second round pre

sented more modest inacrements in both costs and ptofits but with bet

ter degrees of sucurcss in terms of adoption. The important point, as 

elementary as At. may seem, is that researchers were able to identify 

the matrix of constraints to new technology adoption and the types of 

new technologies which would he appro priate for the Caqueza region. 

Figure 2.1 synthesizes the prototypes of technologies derived
 

from the Caqueza project and beneficial for future ex ante technology
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Iigure 2. 1 R'2ationship bet:woun technology types and the 
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L. Dillon (Amo,;: I owe Stateojmvcrsi tv Pros3 , I979) 



27 

evaluation for the region. Technologies falling in the Type I cell, 

would be easily adopted since they fit into the farmer's production 

system. Technologies of Type 1I are physically appropriate but do Lit 

overcome the socioeconomic constraints. Technologies of this type are 

common and n count for most of the failurcus related to techol i]ogy tirans

fer. Type III t_,cnno togies rulAte mot lv to technologies which failed 

to work in Lh, field, dospite bing within the soci conomic realm of 

the peasant farm. Pesticides or fertilizer applications o0L seeds not 

adapted to a particular region fall in this category. Finally, Type 

IV technologies are those which do not fit the small farm system :ither 

biophysical I, or soc1oeconomicalN ,. ,onl of ho "hi,,h yielding vari

eties" of the en:rly Green Revo l1 tion fall in this cat gory. 

The common factor among the different rural development schemes 

currently operati ng in Colombia is the high effort involved in identi

fication of technologies of Tvpe I. CAT and similar research insti

tutions are involved in the gonraLion of Luchnolog ios of al. four 

types. It should e ,obvious tha t a great dual could he gai~ned by 

identifying the changes needed in the farming environment to enable 

technologies of Type I1, I11, and TV to beome technologies of Type I. 

So far, the current attempts on this irea arc at a pre]iminary stage. 

CIAT and the Generation of 
Nelw Bea~n Techno logv 

The Centro Internacinal di' Agricu.ltura Tropical (CIAT) is the 

only research instittion in the world doing researcl on pulses on a 

large scale. Besides beans , Ph('centor aiso denals with basic research 

on tropical pasturos and cassava, and serves as a relay station for 

IRRI's rice research and for CU[gqYT's corn research. Current work on 
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small farm systems is relegated to the identificotion of technologies 

of Type I through the on-farm technology trials and ex ante evaluation 

of the trial results on who! o-farm bases. Prior to the establishnent 

of the on-frir trials, however, tLhe economics section of CfAT was en

gaged in an extvnsive preliminary su rvev of tle- beans farms to identify 

the b iophys.i cai and t ,onomi cons tia in ts to beanj)roductL on (Fernandez 

and Franklin [.19731, Francis, F'lor, Prager and Sanders []978], Francis 

and Sanders [i '3 , iondono, Andersun and Infante [119781 , de Londono,V 

Andersen, Sanders and Infante 1197S], Andersen, do, Iidono and infante 

[1976]). The results of the biopi~hysial s, Lion of the survey are ,,um

marized in Fi.gure 2.2. The iso of ssoc i ated cropping , such as corn 

and beans in the same field, aecounto, for nearlv one-fifth of total 

bean vields possible. Another fifth of totai yield i.s lost to disease 

and pest incidence. Close to seven percent of total yield is lost 

because of land quality, a factor endemic to most peasant farms, and 

the remaining 2.7 percent is lost to .low plant density and excess 

humid i t. 

Partially based on the survey results, representing the demand 

for new technology, CIAT initiated the farm level trials using bean 

technologies considered most appropr ir'e for the region. The initial 

trials occurred during the first some.st er of .1978. The new technologies 

tested were based on Lrne in calloilents: seed quality, fertilizer 

ise, and agronomn, pia'Ltices (Restr-po [1979]). Sped, are Lmportant 

not only for higier germination rates and plant vigor but also for 

transmission o viral and funvi l disenses. Fei I izer is an important 

element for farm production in Huila due to the low ferLi . [v character

istics of Southern Huila soils. The third component, agronomic 
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Yield Loss 
(Percentage of Total Yields 
Total Yields) (Kg./Ha.) 

1560 
0. 1', __ Plan_ Density 1552.2 

I . 2Z Excessive Prcci pi ation 153:3.5 

6. 5, Topo', aphy and 

landI lity 

1432 

20.1% Diseases and Pests 

1172 

19.1% Yields in Monoculture 

820 

52.6% Actual Yields in Association 

Figure 2.2. Estimated y Ild reduction due to biophysical 
factors in Southern Hluila. 

Source: Ruiz N. dp la ndono, Pt'r PIinstrup Andersen, John H. Sanders,
 

and Ma rio Infanit, "Factores quo Limitan Ia Productividad do 

Frijol L Colombia," CIAT, Cali, Colombia, 1978. 
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practices, was aimed toward mechanical means of controlling bean pests
 

and diseases. Five basic treatments were evaluated:
 

1
 
a) Protected seed, no fertilizer.
 

b) Protected seed, 2-0 1 grams per hectare of 1.0-30-10 

fertilizer.
 

c) 	 Protected seed, 400 kilograms per hectare of 10-30-10 

fertilizer. 

d) 	Commercial certified seed, no fertilizer.
 

e) 	 Farmer's seed, no fertilizer. 

The sample population was divided into farms of low or adequate 

fertility dependin g n absolute levels of phosphorus and potassium, 

and/or high soil aW:iditv. The results of the trials showed that with 

the implementat ion o F better agronomi c practices such as two weedings 

and opportine spraying, yields would increase more than 50 percent 

(Figure 2.3). In the cases of fertilizer and clean seed the results 

were not as encouraging. A signifijant response to ferti1izer was 

observed only on tin, low fe'tilitv plots and, in general, the farmer's 

own seed proved to he equal, if not superior, to both clean and certi

fied 	seed. To translate the physical response into an economic one, 

a partia.l budget coimip;irison was made between a]l the treatments and a 

control group re presentin g lsa 1 farm practices in the region. The 

overaLl net income c:ompar[sons are shown in Figure 2.4. On farms where 

soil 	fertility was ad equtate th e agronomie practices (Point E) gave 

higher earnzings than any of the other technologies. Other technologies 

such as unferti ized clean seed (Point A) and clean seed under low 

levels of fertilization (Point B) also gave higher earnings than the 

local technology. In the case of low fertility farms the response to 
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Figure 2.3. Effects of different factors on yields in the farm trials, Huila, Colombia,
 
1978-A.
 

Source: CIAT, Annual Report, 1978, Cali, Colombia.
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Figure 2.4. Net income and total cost of production of beans by 
soil fertility for relevant technologies in Southern luila, 1978-A.a 

Source: CIAT, Annual Report,1978, CaLi, Colombia. 

aAssumes 
a 50.0 pesos per kilogram .ost of production for pro

tected seed. 
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fertilizer was sufficient to be profitable. In summary, utilizing 

simple budgeting analysis tLhe recommended technology was Technology E, 

the better agronomic e :hnology, for t r:-ii e soils and C, h'e high 

fertilization technology, for the farms with fertillitv problems. 

The technologi ,; tested in .1979 did not differ substantially 

from the technologies tWsted in 1978. They were: 

a) Improved agronomy as in 1978. 

b) Improved seed quality. 

c) Use of herbicide. 

d) Seed treatment. 

e) Fertilization.
 

f) New variety, BAT-47. 

The results for 1979 indicated that better agronomy again sig

nificantly increased profits on farms where soil fertility was con

sidered adequate. Thus, after two consecutive years of trials on 50 

different farms the results indicated that the Better Agronomy tech

nology was appropriate for ux t e va-ti.&t ""'i : Y., , -ari ba is 

(see Table A-2.1 for budget). A preliminarv evaluation of this option 

was completed through linear progr anmy ing models of typical Southern 

Huila farms. The results from tlie eva liiition pointed out that better 

agronomy alone had littl e etf-eect on farm income due to the high profit

ability of other alternatives such as cot-t-ee -own with modern methods 

of cultivatIon. lowever, comlining the beter agrono my tclinoogy 

with on-farm storage provided st ronig economic incentives to adopt tihe 

pnekage.
 

The storage technology utilized in the LP model did not develop 

from the farm trials but from separate trials carried out by the 
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Figure 2.5. Effects of different factors on yields in the farm trials, Huila,
 
Colombia, 1979-A.
 

Source: CIAT, Annual Report, 197, Call, Colombia. 
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technology section of CIAT as part of their research program. Pre

sently, little on or off-farm (controlled by farmers) storage of beans 

exists. Various factors have contributed to this situation but the 

major one is an insect problem, the bean weevil. Hethods for control

ing this insect have been developed and applied in an on farm context 

(lowman [19791, Sihounhoven [1976, 1978]). Thus. s,or,,' is a tech

nically feasibie art.ivitv in wiich farmers c-an cngvage as a basis for 

changing the pric received for output and the price of purchases for 

home consumption and seeds. 

The bud ,,t for on farm storage is included in Table A-2.2. It 

is assumed tIhiit f ari-me rs used 55 gallon ("sed) drums for stori q the 

beans. Other altrnatives include the use of burlap bags as contain

ers, tied from tihe roof of the hous e . Te budget using harreLs was 

developed because of the more extensive on farm experience with this 

storage method. The treatment is to d rv the beans, as reflected by 

the labor requirements, and then coat them with a thin film of cocking 

oil. The cooking oil is easy to apply and is successful in preventing 

the attack by tie bean weevil. Other methods which have been tried 

include chemicals, not a7 ays available, and dus t ing with bean pod or 

actually storing tie beans in the pods. The chiemi cal preventatives are 

effecLive in retardi' iclie weevil. other methods arc much less effec

tive than o il and chemicals, which are r omparable. The oil t reatmeLnt 

was chosen L:ncra s . of its simplicity and ,vailability in the more 

remote farming areas. 

As the meIthod involved the use of barrels, no economics were 

assumed. The budget in Table A-2.2 was developed for the average yield 

of one hectare of beans produced with the traditionAl tLichnologies. 
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However, it may be adapted to the newer technologies by simply scaling

up the input requirements proportionately to the larger volume of 

beans. Separating the effect of each component in the technological 

package (i.e., better aigronomy and storage) resulted in relatively low 

gains for the small Farm. Furthermore, the returns to capital were 

Leo low to make eph alto r Lut iy e att ct iVtu. When combined, however, 

better gronomy' -tid oto ' stltetd In I arg income andrage increases 

adequate rates of return on capital invested (Arcia and Sanders [1980]). 

Conce usions 

Despite the great deal of progiess achieved in the area of 

technology generation and transfer, few empirical findings exist per

taining t" rates of adoption of technology spec Lfical iv designed for 

the small farm system. In Latin Acorica, where the impct of CIMYYT 

and CIAT resuarch is felt the most, only the Plan lPuebla in Mexico and 

the Caquzaa Project in Colombia have addressed the small farm issue 

systematically. Other areas of the world where similar work is being 

carried out are in ird ia (through ICRISAT), the Philippines (through 

IRRI) and Northeast Btrai.l. 'l eir work, however, is st ill in tLhe 

initial stages (Albuquorqu. Li.Ii, and Sanders [197h], Lvenson, O'Toole, 

lierdt, Co ffmn and KLui lman 119781, Ihlrdt and B~arker 119771, Jodha and 

Ryan [1975]). The work to date and th exp erience with the CLAT bean 

project s.ggeqts, however, that the integrated approa ch will be the 

best for assessin, the potential for tectnoIogy adopt[otn on small farms. 

This int-egrnted appoatcth takes important elemets of its Wtructure 

from tihe, city p.rith ry xp ito!ation hyptotlhesis. That is, it is not 

socially or politically inert. 
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FOOTNOTES
 

CHAPTER II 

1 The term protected seed refers to a seed prodUced with high 

levels of chemical inputs to reduce disease incidence and trans

mission.
 



CHAPTER III
 

BASIC DATA SOURCES AND DESCRIPTION
 
OF STUI)Y AREA
 

In trodunc t ion 

The present chapter provides a summary of the basic price,
 

yield and technology infocnmation used in formulating the decision
 

model employed to study thu technology adoption problem. The area of
 

stuly is Southern Huila, Colombia (seu Figure 3.1), a region which has 

been the focus of the C1AT tain Pr(ram for the past several years 

(CIAT [1979]).
 

Small farm holdings in Southern Huila are characterized by 

diverse cropping pauterns and cultivation practices. The semi

subsistnce farmer of Soutlern 1uila cultivates crops destined for home 

consumpt .ion and surpl us and cash markets. Such a fLrming framework W, 

common to many smnall farm ar eas in the world which makes Lhe devlop

ment of appropriat-e technologies for small farms in Hiuila very impor

tant. 

Data on prices and technology for Southern Huila are not abun

dant. This is of course typical of areas in which peasant farminiig is 

prevalent. in assembl ing the data to be used in this s tutdv and sum

marized in this chapter, lot erviews, field trials, secondary sources 

and interipolatton methods were all emplIoyed. Ih purpose of this chap

ter is to document the data sources and the methods utilized to gene

rate the basic information supporting the decision mcdel s constructed 
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Figure 3.1. Area of study.
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for Southern Huila.
 

The chapter starts with a general description of the Southern 

Huila farming area and its socioeconomic characteristics, continuing 

with a discussion of the major data sources. Yield data sources are 

summarized for the major existing crops and technologics, old and new, 

foil owed by outpu t price information and d iscussi on of the enterprise 

budgets for old and new technologies. Finally, the basic variance

covarLance matrix of gross margins necessary for the risk programming 

model is discussed in detail. 

Area Description
 

Land Characteristics
 

The study area is politically divided into four mniipios: 

Guadalupe, Staza , Timana, and Pi,:al1ito. It covers approximatuly 1,980 

square ki lme ters wi th al ti tudes vary ing from 929 to 1 ,'300 meters above 

sea level with a fairly stable 22 V of average yearly temperature. 

Most of the land is steep ly sloped although still suitabLe for mech-

Character istics of the soil in Southernanization in the vallvs. 

iuila arce iairiv unif-orm. Acc.,ording. to tthl, Clombiano Agro-Intitnt 

80 percent of the soil ihas an erganicnecuari,) (ICA) surveys about 

matter content- of less than 10 percent, and about 65 perclt present 

low levels of phosphorus (I oss than 15 ppm) especially on steep slopes. 

The predominant textiure is clay (63 percent) but a substantial propor

tion (30 percent) of the soil is lightly textured. 

In terms of rainfall, Southern lhila has a well defined pat

tern (see Tab.e 3.1). The rainy season starts Ln the middle of March,
 

reache i peak during the last week of May and gradually diminishes
 



Table 3.1 

TEN YEAR AVEFAGE OF MONTHLY PRECIPITATION
 
FOR SOUTHERN IIUILA
 

Yearly 

Station Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total 

Garzon
 

(La Pita) 93.5 87.2 130.3 194.0 163.6 162.8 138.6 119.6 95.6 178.5 186.1 111.3 1661.1
 

Guadalupe 99.3 77.1 122.0 154.8 111.2 125.3 127.5 93.6 88.1 124.7 132.3 122.2 1377.1
 

Acevedo 69.6 91.4 138.5 164.5 194.0 205.3 236.0 181.0 139.5 128.7 117.0 66.5 1731.5
 

A :etvedo
 

(San Adolfo) 146.6 132.2 213.3 195.7 272.8 284.4 310.0 248.8 229.3 1.94.5 181.7 115.4 2524.7
 

Pitalito 79.2 94.3 158.4 171.3 160.0 196.3 201.6 138.0 120.6 1.55.5 137.5 109.0 1721.7
 

Pitalito
 

(Palestina) 84.0 64.0 124.5 117.6 84.5 196.3 197.3 161.3 110.3 128.3 105.6 95.6 iL69.3
 

Pitalito 

(La Laguna) 71.8 87.1 112.0 138.1 146.6 143.5 159.4 118.4 98.5 123.6 119.6 95.8 1414.4
 

Pooled Mean 92.0 90.5 142.7 162.3 161.8 187.7 195.8 151.5 125.9 147.6 140.0 102.3 1700.1
 

Source: 	 instituto Colombiano Agropecuario (ICA), Districo de Transferencia de Tecnologia Sur del Huila,
 

Dia,,nostico Distrital, Regional 6, Ibague, Colombia, 1978, p. 13.
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until a dry period of about two months occurs around August and Sep

tember. Another rainy period, of lower intensity, starts in October 

with a December peak and fast roll-off in January and the start: of the 

dry season.
 

The relatively good precipitat:ion level and pattern coupled 

with a 75 percent humidity and adequate elevation make Southern tHuila 

an ideal zone for bush beaus and production. 

Demographic Characteristics 

Southern 1lutla has a higher than average proportion of small 

farm holdings. Ownership is the predominant form of land tenure and 

nuclear famil1 Ls the predom in ant larming un its. The [ypical family 

farm is composed of suvn to !u members with capproximately wo 

adult-equivalent familv labor unt s per farm. Threc quarters of the 

population is ruriI vi th ablout ,U.p'er'ent. of it less than 1I years old 

and about 75 percent less thani years of a The regio also has30 nge. 

low levels of formal educat ion and health care and a high (70 percent) 

relative intake of carbohydrates ii, the diet (DANE [1972]). 

Characteristics IAgricultural 

As with o titer small farming systems, the holdings in Southern 

Huila are charac ter ized by diversified cropping and a myriad of crop

ping arrangements. Cassaiva, c'cn , and il antainOs arc th:h predominant 

home-consumed items while cuof [cc, beanis ald brown stgar from sugarcane 

are the main commlercial items. lomalltocs and oniinl S are speocial cases 

since they are, in most instances, produced for sale, at big-cLty 

terminal markets. The mnjor planting season is in the month of March, 

the beginning of the first rainy period. Since rainfall tends to be 
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heavy during the months of April, May, and June, weeding accunts for
 

a large share of the farmer's time. Harvest of all crops, tota.ly or
 

in part as in the case of perennials, occurs in the months of June and
 

July.
 

Second semester pLant gs of beans start in late September and 

harvest usually ends in middle .anuary of the following year. Drought 

prone periods such as the third and fourth quart: .r cause corn to be 

virtually absent during tlhe :econd semester. bean plantligs decrease 

considerably during those quarters and tomatoes are lanted only with 

irrigation. 

The Labor utilization pattern then follows a series of peaks 

and valleys which affects the quantity of labor supplied. This pattern 

is further affected by the coffee harvest in Colomb ia from October to 

December. Peak labor demand periods during planti g and harvesting 

tend to affect only the quantLv Of labor supp lioid. The rotfc lar

vest, however, produces an upward :hir t in the labor ,.demand curve with 

a corresp ondlIngr increase ini gWar dtiring the qhwages. s foart qurter 

increase approximtely 25 percent at tihe local level, ereating an addi

tional disincentive for second senester production of labor intensive 

crops. 

Since farmers tend to cultivate about four to six crops 

simultaneously, the labor requirements at planting and harvesting limit 

the area of production. Credit sources are formal., such as Pal 

Agraria, and informal; relatives, private lenders, middlemen or shop

ownurs. Formal cr _redit sources-; chrgi,e low rnlu oI itnterst but alIso 

are plagued by scarcity of funds and long bureaucratic procedures. 

Furthermore, as ins truments of government policy, such sources peg 
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credit availability to croF choice and/or compulsory technical super

2vision.2
 

In a sample of 24 small farmers who part-icipated in the CIAT
 

Bean Program on-farm technology trials, three-quarters had no credit 

at all, thus relying on their own savings and pooling neighbor or kin 

labor in exchange for their own services. Since sucI exchanges may not 

occur simultaneously, they may or maiy not he interpreted as informal 

credit. Only four of the twenty-four farmers or I6.6 percent of the 

sample had credit from public institutions. Another 16.6 percent re

reported that they look ed for institutional credit but tthe Agrarian 

Bank had exhaust ed its qumarterlv allotment. Tlhis finding coincides 

with previous c redit informa tion obtaintd in the area in 1974 (de 

Londono, Andlersen, Sanders and In fate [19781). 

Thus, in the predominant luila cropping system, capital utili

zation is low; a direct consequence of the constraints just described. 

One apparent response to thec d eficiencues in the financial market has 

been the use of croppingp systems compatible with low capital utiliza

tion. Shown in Table 3.2 are theeinput cost/total revenue ratios for 

the principal crops and technologies currently utilized in the area. 

Table 3.2 aliso includdes the CIAT Llchnologies as gu. rated by the on

farm trials. It is clear that most activities for the major farm 

types require lower input costs than either tomatoes or the new tech

nology options. 

The marketing of farm products occurs at the local level and
 

usually involves many intermediaries before products reach consumers
 

(de Londono, Andersen, Sanders and Infante [19781). Huila is a region
 

where many of the small holdings are located in areas of difficult
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Table 3.2
 

INPUT COST/TOTAI. REIVENUE RATIO
 
FOR SOUTHERN IIUILA
 

Crop and Technologya Ratio Rank
 

Old Coffee 0.016 1
 

Cassava 0.025 2
 

Corn-Beans , Traditional 0.1-38 3
 

Caturr,- Coff ,. low Iechnology 0.1.64 4
 

Beans, La110orintensive 0.181 5
 

Onions 0.200 6
 

Sugaruano 0.206 7
 

Beans , Bettor Agronomy Technologyb 0.218 8
 

Caturra Cof fee, New ligh Technology 0.220 9
 

Corn-Beans, Sprayed 0.270 10
 

Corn-Beans, P1'ert iI i ed 0.310 11
 

g _hno 


Beans , Cap i I t ntensive Technology 0.347 13
 

ea ns, St era,,' 'o 1logy b 0. 319 12
 

Tuna toes 
 0.510 14 

a For a detailed explanation of each technology see budgets. 

All. ratios are for crops on prime land. 

bCIAT generated technologies. 

Source: CIAT Bean Team field work. 
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accessibility. These operating conditions impose a heavy burden on
 

small farmers, especially since storage technology for beans is not
 

well-known and the crop is generally sold as soon as it is harvested.
 

The farmer's eagerness to sel.l immediately after harvest is primarily
 

based on his cash flow needs at harve,t time (de Londono, Andersen,
 

Sanders and Infante [19781). Cash :is needed to pay debts incurred
 

during production, credit paymeits, and purchases of nonfarm )roducts. 

The choice of the sale date is dupendent upon the fixed "market days'' 

in the surrounding towns. Market iWormaLion for cash crops, however, 

is very scanty. Farmers usia lly know thy on-going price at the nearest 

locality during a given week. However, the total amount harvested 

(and hence prices) may flaituate highlly from one week to another so 

that farmers face an uncc:-tain salec price at marketing time.
 

Based on interviews wi. th farmers it was ascertained that trar.s

portatiou is a problem due to tic roatld Uldit ions and agIng equipment. 

Middlemen tend to travel relatively short distances and sell to other 

middlemen in a re:lay system designed to compensate them for market 

risk. Tomatoes and onions are exceptions to this system due to their 

perishability. It is common to find no more than one middleman between 

the farmer and the wholesaler for these crops. Since a few hecLares 

may flood smal.l local markets, tomatoes and onions are carried long 

distances to terminal markets in large ci ties such as Cali or Bogota. 

These crops, however, are considered verv risky by everybody including 

the intermediaries. Scuch fears are just-ified s ince, as with other 

perishable products, tomato and onion prices vary widely within 

seasons. 
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Data 

Sources of data for prices and technologies are varied. Geo

physical and demographic information on Southern Huila are largely from 

the 1970-1971 Agricultural Census and unpubl ishled surveys conducted by 

Regional Office No. 6 of Lhe Instituto Colomb -iano Agrop ecuario (ICA). 

Base data on the techmologies for some of the existing enterprises 

were obtained from a 1977 ICA survey of 377 farms in Southern Huila 

(ICA [19781). This study was used as tie major source of informa tion 

on existing technologies for crops cother than beans. The original

objecLive of the survey was to provide the bulk of information for an 

InLegrate,. Rura l)eve opment Program s ponsored by tie Colombian govern

ment. ft contains valuhble data on 'opping systems. Specifically, 

it emphasizes input cooefficients Nid enterprise budgets for corn-bush 

beans and corn--cli.mbin: beans svs tems, sugarcane and cassava. Dif

ferent enterprise oudgets are described for different levels of tech

nology , soil quality and gtgraphical regions. Filnly, the study also 

provides prel iminariv re omimenldat ions far new technol.ogies as well as a 

discussion of the socioeconomic problems found in the region. 

Four additional informiation sources were employed to update 

and calibrate the cooffic ien ts from the base surveV and extend the 

enterprise budgets to the iew technologies. The first of these was 

the 1974 CIAT survey of all bean producing farms in Colombia (de 

Londono, Andersen and 1nfante [19781). Thls survey was conducted by 

a mu.1 tidis ii, i narv team which concentrated their efforts In the col

lection of tire tra ll ag'ronomi ic and ccoiroit ,'harac terisLcs of the bean 

producing farms. Tle emphas is of the survey was the agronomic study 

of the different bean production systems; however, it also contained 
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valuable information on farm size, family characteristics, marketing 

practices and price determination processes. 

A secend studv employed in conjunction with the ICA 1977 sur

vey is by Alvarez [19771. This analysis includes an assessment of' 

distribut ion of yielOds and net returns for beans cultivated by cxisting 

newpr , hol 1,og 1 	 n updatedand some t es, as wJv as N stimma r i z at.aud ver

sion of the 1974 C fAT survey. 'Ihe third study emploved in this process 

is by Restrepo [1979i. This s tudy provides the basis for the budgets 

on new bean technologiues as generated bv the CIAT on-farm trials in 

Southern Hui Ia during the first semester of 1978 (1978-A). 

Finally, the enterprise budgets and price and yield data were 

updated using a smaller survey of 50 farmers in Southern Huila con

ducted by the author with the logistical support of the C1AT Bean Pro

gram Team. This activity occurred in 1978 and 1979. 

Yields 

Yield distributions for the crops considered in the risk deci

sion problem were calculated based on three information sources. 

These included: 

a) 	 Time series for tne Southern luila region from the Agri

culture Ministry, the Oficina de Plancamielnto del Sector 

Agropecuario (OPSA) (inister o dto' Agricultra 11977, 

1973-19771) and the Region No. 6 ICA office [19771. 

b) Results of on-farm bean tr ials condu (ted by the CIAT Bean 

Program Team duri ng I1978 and 1.979. 

c) Judgmental assessments vb tained from the farmers in the 

bean trials using an instrument to be described in more 
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detail in Chapter V. 

The time series of average yields, nominal and detrended, for 

the major crops i n t-he region in contained in Table 3.3. For the more 

established crops and cropping methods, nine years of data are avail

able. For some other crops, such as onions, the figures are merely 

tentative since no act'uciirat production records exist at the regitonal 

or national levtl. .Neverthe less, the yield data shown in Table 3.3 

closely correspond with observed means for Southern iHuila, with the 

exception of pla ta;no, for wiiLch national averages seem higher than the 

observed means for Southern Huila. In assessing the potential of this 

data for use in the ri.k decision mode l, two problems are suggested. 

First, tLht data availale fIor the total of nine years have a pronounced 

trend, indic tiug prhaps a change in technology over the period. This 

trend was removed before calculattng the moments of the distribution 

in order to account for technological changes. The detrending of the 

yield series was done as follows: 

Let Yt = i + 't L 

where 

A = annual yield,
 

t = time in years.
 

Then, the detrended yield for year t will be 

YL - t 

where the Pean yield for the detrended series, Y, is the same as the 

reported mean yield Y. The estimated yield variance is 

A(t -Yt 
2 -n1 



Table 3.3
 

COLOMBIA, AVERAGE CROP YIELDS, 1971-1979
 
(KILOGRAMS PER HEZTARE)
 

Corn in Beans in
 
Associ- Associ- Brown
 

Year ation ation Cassava Platanoo Sugar Tomatoes Onions
 

Y Y Y Y Y Y Y 

1971 274 1172.11 624 581.71 8000 7581.57 311 315.07 578 58.33 2497 2505.50 17097 16771 11000 

1972 1339 1234.61 597 608.56 800 7789.55 321 321.47 533 58 99 2702 2650.36 16875 16940 11000 

1973 1232 1296.11 620 635.41 SO00 7997.53 337 327.87 644 591.64 2701 2795.21 17188 17109 11000 

1974 1399 1359.61 648 662.26 8000 8205.51 341 334.27 585 596.3 2830 2940.07 16970 17277 11000 

1975 1286 1 22.11 650 689.11 7917 8413.5 350 340.67 651 600.95 3250 380.93 16765 17446 11000 

1976 1294 1484.61 679 715.96 7911 8621.48 322 347.07 619 605.61 3250 3229.79 18000 :7615 11000 

1977 1484 1547.11 739 742.81 9347 8829.46 340 353.47 571 610.26 3500 3374.64 i8000 17784 11000 

1978 1500 1609.61 807 769.66 9717 9037.44 372 359.87 608 614.92 3370 3519.50 18000 17953 i000 

1979 1991 1672.11 820 796.51 372 366.27 

aIn bunches per hectare.
 

Source: FAO, Production Yearbook, 1973-78, Rome. Ministry of Agriculture, Cifras del Sector Agropecuario, Colombia, 1976.
 

C) 
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9 

where is the variance of the series before detrending.Stt 

Secondly, data series available for the newer bean technologies 

and the newer crops are restritive for estim:ating the covariance 

matrix which will be necessary fur input in the risk decision model. 

These two factors along with cia racteristcs of the survey data sub

sequently discussed s ggest thaL caution should he u.pr sed in the 

interpretation of yield and price series. 

Data from che bean trials conducted in Southern Huila are con

tained in Table 3.4. These data indicate substantially more variation 

in yields than the time series data. The table contains data for beans 

grown in associatlcal with mai:er and in monoculLure. in making adjust

ments for beans grown in association and in callculating L F- nal dis

tributions co be employed in the programming mod(el, tlesa data were 

corroborated wi t bean producrt ion info:'Mntion from corn-beans plots 

measured on aleven f arms in 1979A. Te yield measurements were made 

by the atllLhor dring the bean and corn harvests in June and September. 

Moreover, tle data from the corn-beanns plots are in agreement with 

similar agro-economic studies (de Londono, Andersen, Sanders and 

Infante [19781 , lDEM.\ [1.978-791). 

0utput Pr ices 

As in the case of yields, the objective in this section is to 

summarize and present the output price series employed in determining 

the price distributions. The output price series is reported for a 

10 year period. In many cases, l1onger series were available. lowever, 

they were thotight to he of questitu.abla appropri ateness given the 

possibilities for market and institutional change. Retail and whole
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Tabt e 3.4 

CIAT ON-FARM TRIALS Yf FLDS FOR PLOTS WITH FARMERS' 
SEED IN MONOCUITUR 1KIN SOUTHERN HI1LA, 

IIIA)(;t.U lS 1' I1FFl(TARE, 

Year Meatn 
Standard 
Deviat ion 

Coefficient 
of Variation n 

1978-A 1,561.0 442.3 28.3 13 

1979-A 

Farmers' Field 1979-A 

1,535.0 

Corn : 1,992 

546.0 

102.0 

40.9 

51.2 

29 

11. 

(Corn-Beans) Beans: 779 263.0 33.8 11 
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Yale prices for the cash crops are widely available and can be regard

ed as accurately measured and reported. Farm prices for these crops 

are reported but may differ by time within the semester, location, 

etc. For this reason, the farm level prices were calibrated with 

price information obtained by the Bean Program Team in the survey of 

50 farms during 1978 and 1979. 

for Ie, -i.bs those grown for home (cnsumpLionistece. crops or 

and .limited na rking locally, the price information is much less 

reliable, if available at all. Retail prices for these commodities 

ca:o be obLained from II)LEMA, the Colombian institLute of Agr icultural 

Marketing 1978-79]. The problem with such prices is that they are 

from naj-or markets and/or reflec tivye of those rec e ived bv farmers 

growing these crops on a conmcrc'ial bas is. They are noL in general. 

reflective of the prices in the local markets in which tie farmers
 

under study sell their products. One alternati.ve in such circumstances
 

is to use d istributions for the prices obtained on a judgmental basis.
 

This is one option subsequently (mployed.
 

I1nput_ Pri ces 

Input prices were obtained fr,,m farmer responses to the Bean 

Program Team Survey and by elicitation from farm supply del.ears. These 

prices are summarized in Table 3.6. The prices of inputs for the pre

sent study arc assumed constant. Fiarmiers reported some varir"tilon in 

these prices over time but this appeared to he more dtnt: to changes in 

nature of the inputs and inflot ion than inhurent price variation.the 


The price of labor fltctut ,,ssubstantia;lly within the year, Largely 

dure to demands at tie ctofcee harvest iii tie f urt h quarLtr. There Is 

http:alternati.ve


Table 3.5 

REAL PRICES PAID TO PRODUCERS AT THE NATIONAL LEVEL 
(PESOS PER TON), 1971-1978 (1978 = 100) 

Year Corn Beans Cassava 

Br o n 

Suoar Platano Coffee Tomatoes Onions 

1971 

1972 

1973 

1974 

1975 

197b 

1977 

1978 

8210 

8952 

10475 

8538 

8576 

7849 

960!) 

9300 

39984 

34039 

28971 

34534 

38758 

33071 

26880 

24000 

6591 

6053 

4148 

5471 

6795 

5073 

5520 

4000 

6703 

9302 

10061 

9953 

11330 

11384 

16560 

10000 

5003 

5068 

4282 

4804 

5950 

5439 

6960 

4666 

47048 

48232 

47113 

43675 

44503 

69773 

67200 

56000 

4140 

4750 

6590 

7020 

7093 

10920 

9560 

5450 

5520 

7200 

9660 

9880 

11040 

11750 

Source: Depirtamenro NJcicional de Planeacion, Unidad de Estudios Agrarios, 
Sector A'ropecuario, 1950-1976," Docu-mento de Trajo UEA-DPA-003, 

"Series 
Fogota, 

de Precios 
Colombia, 

del 
1978. 

ased o:-, 

Repubiica, 

Federacion 

1972-77," 


97 8 -ra.sformation from the 1970 base 'oor o ' using index from Banco de la 
'Boot,. 

Nacional de Cafeteros de Colombia, 1e2partamento de Mercadeo, "Serie de Precios 
Productos Azricolas Perecederos Bull. No. 6, Bogota, Colombia, 1978.
 

U, 
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Table 3.6 

CURRENT PRICES OF SOME SELECTED INPUTS 
IN SOUTHEIN HU ILA, 1978 

Cost Per Unit 
Item Unit Pesns a 

Land Rent Hectares Per Month 500.0 

Labor, Jan.-Sept. Man Days 150.0 

Labor, Oct.-Dec. Man Days 200.0 

Urea, 46/,i N Content Kg. 10.0 

Fertil i .r (0-3 0- Kg. 10.36 

-. t,-til izer 12-12-17-2 Kg. 9.8 

)iptt~rtex, ,in'llted, 3% Kg. 17.3 

Ira Lb i n ;)Lt. 119.0 

Arazan 7/3 Kg. 196.0 

Methil ParaLhion 48.5% Lt. 117.6 

Dithane M-22 (MANEB) Kg. 96.6 

Benlate Kg. 1-094.4 

a1 .0 U.S. dollar = 40.0 pesos. 

Source: CIAT Bean Team field work, 1978. 
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evidence of stickiness in labor prices, with a lack of market clear

ing. This result.s in excess supplies in some periods and unfilled 

excess demand, particularly dunri g the planting and coffee harvest 

seasons. 

Prodluc tion TFechunologijes and 
n!t~r~p~rise _Bdz e t-s 

This section deals mainly with a brief description of the more 

common production technologies for the eight principrl crops in the 

region. The base bud g ,s for ,achi of the home consumption and cash 

crops are included in the aIppendix. The number of technol ogies des

crJl)ed is limited to the imowst common (n's. Enterprise budgets are 

detailed since they will b, inputs5 to a risk programming model. 

The budgets are standard in form and report variable produc

tion requirements by unit and cost for the important c lassification 

of inputs. Prices employed in establ ishing the variable cost estimates 

are those received by farmers in 1978. 

Coffee
 

The major cash crop is coffee. Enterprise budgets for coffee 

are contained in Tables A-3.1 through A-3.2 in the appendix. Table 

A-3.2 is for oId coffee or nw (',tiurr;a coffee grown with low levels of 

technology. This latter table represents the most prevalent type of 

coffee in Southern lui la. Old coffee refers to trees of the Nacional 

or Bourbon varieties wihichl share tlMe desi rable characteristics of 

l ongevit v ind toujiul-ess, Such i "jet ietesacourtIio liosm t of the cof-

fee grown in tie ci)Ifee areas of ,olombia . The other prominent variety 

is Caturra. introduced to Huila in the early seventies, this new 
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variety has accounted for practically all the new plantings since 

1973. The Caturra is smaller than the other varieties, thus allowing 

for higher plant densitics. It aiso hds higher production per tree, 

better r-uspon, o far:LiA.zr and spraying bu1t has a drawback of sig

nificant ly lowe r crop life. While Ait is very (omimon to find Npio un1_ 

trees producing for 25 years , the output of CaLurra trees decreases 

substant :i liv at ter the ir eighth year and pract icaly stops af ter the 

twelfth year. 

After planting the trees, until they reach six to nine months 

of age, little agronomii( care is given, especial.ly in the small farms. 

Two yearly wecudings and an occasional pruning and spraying are the 

usual agronomi c practices performed. Spraying and fertilization are 

linite,. to the first two years of ci plife. After the crop has estab

lished a good root system it is left on its own. There are two harvests 

during the year. The first one is during June and July. The share of 

total production from the June harvest varies for each climatic zone 

but for South urn Huila this sharp Ls very low, not exceeding ten per

cent in the ol t coffee or 25 percent in the Ca turra coffee. 

The harvest is ent rcly by hand and limited only to the mature 

beans. After the pic:king, the coffee is p:itted with a simple hand

powered machine, then fermented for a couple of days to extract the 

mucilage coverlg the bepan, and tlien washed. It is then dryed under 

the sun Fur severa l days. )epending on the amount of coffee, the dry

ing is dome on top of the groundii, in burlap sacks or on cement flats 

of varying sizes. More sophi:st i('nt d farmers use ne tal Farmes with 

large (3x3 meters) drcawers which can be put under a tin roof at night. 

When the coffee is dry it is ready to be sold, usually at the nearest 

http:especial.ly
http:far:LiA.zr
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town. 

Coffee can be sold at the Federation of Coffee Producers, a 

cooperative aimed to market coffee intprnationally, or to private 

middlemen. The federation guarantees a fixed (and the highest) price 

but it al so has strict quality control with corresponding price dis

counts. Middlemen , on tiie other hand, offer a lower price but do not 

have quality c0ont rol or off.1ce hours. These middlemen are also sources 

of informal credit. 

Platano 

Piatano (Musa sinensis) is a close relative of the banana and 

a main staple in the lowland tropics (Purseglove [1972]). It is grown 

in conjunction withi c offeecc , an association originated by the benefits 

obtained from shading the coffee trees. Benefits from shading coffee 

include less soil erosion and pest attack, better weed control, and 

improvements in bean quality. Furthermore, shading helps old coffee
 

co;pe with its low ligh t saturation point and thus increase produc

tivity.
 

Platano is eaten cooked in different forms and it accounts, 

along with cassava, or the bulk of carbohydrates in the diets. Due 

to its relative :bundance its market value is not as high as implied 

by the level of consumption. Planting occurs at the beginning of the 

rainy season with little agronomnic care after the crop is established. 

Since the crop is grown in association with coffee it receives the 

benefits from the weedings. Farmers harvest pl atano on a weekly or 

biweekly basis witlh most of the ci p being consumed at home. 
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Sugarcane
 

Sugarcane is a semi-perennial crop normally grown in a three
 

year cycle. It is grown largely for production of brown s igar. The 

plantings of sugarcane can Vc anytime during the year except for 

drought periods. The veugteatiwye material used for the planting is 

usually selected after an ag;ing period of about two weeks. No further 

seed treatment is performed. Weeding is the only agronomic practice, 

with fertilization and pust control vi rtuc lly non-existent. 

Depending on the type of soi. and cimatic zone the harvest
 

of sugarcane may start at 12 to 24 maths of age. Due to the small 

capacity of th brown su.,r mills, harvesting is through progressive 

cuttings executed eve y month. Most of th e fairue r s do three complete 

cuttings before rcplant ing . The mills used in the production of brown 

sugar may he own.ad or rented. They are animal powered and inefficient 

in terms oF kilos of brown sugar per ton of sugarcane as compared to 

other milling methods. Nevertheless, production of brown sugar is an 

attractive altern.a tiv e for farmers due to the flexible harvest times 

and the storablity of sugar. The enterprise budget for sugarcane is 

shown in Table A-3.3. The budget includes the expenses fur milling 

and processing the cane juice into brown sugar since direct sales of 

cane are uncommon in t:he region.
 

Cassava 

Cassava (Manihot esculenta) is a root crop grown for home con

sumption and limiled scale in loca l markets. It is a crop with low 

variable p roduction costs, most of which are associated withn labor 

(Table A-3.4). The culture of cassava is practically identical to 
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sugarcane up to harvest time. In the case of cassava harvesting
 

occurs once and, depending on the area, may start when the plant is
 

12 to LB months of age and continue for up to six months until the crop 

is totally harvested. The root is eaten cooked or fed to livestock. 

Also, it can b processed into flour used in the product ion of some 

breads. But the latter activity is not important: on a large scale 

basis in Southern Hui la. Cassava is general ly considered a low risk 

crop. It has few pests of economiccimportance and grows well in poor 

and steeply sloped soils. Furthermore, it has a harvest period long 

enough to allow the farmer to have a built-in storage capacity for the 

crop.
 

As shown in Table A-3.4, cassava is a labor intensive crop par
 

excellence. In fact, as the budget indicntes, non-labor costs are
 

practically zero since the five percent share allocated to incidental
 

expenses is associated with the use of machetes, files, and other hand
 

held tools. The almost total dependence on labor and the high biomass
 

yield (around eight tons of cassava per hectare) make this crop
 

especially suited for low income agriculture.
 

Onions
 

This is another semi-perennial crop well adapted to Southern 

Huila's climatic conditions. Production is concentrated around the 

small towns due to labor requirements. Although easy to grow, onions 

are considered risky by farmers due to high seasonal price fluctuations. 

Since reproduc tion is vegetative, seed price is also subject to wide 

fluctuations. As a consequence, bDit-t production and prices have large 

variation from season to season. In terms of technology, onions are a 



specialized crop. Onion farmers use fertilizer and pesticides on a 

regular basis. Harvesting is manual with the laborer picking most of 

the plants on each plant site, Icaving two or three stalks to replenish 

the stock. Harvesting occurs every three months for about five years 

of crop life.
 

The budget for onions is detailed in Table A-3.5. Most of the 

agronomic care is during the first year due to the high cost of estab

lishing the crop. The budge, also includes the names and dosages of 

the most commonly ised pesticides. Between the second and fifth year 

cost of production are somewhat Lower due to the absence of seed 

costs. Yields for the area are around 12 tons per hectare per year. 

Tomatoes
 

Tomatoes are a second specialized crop, requiring different 

management skills and substantial labor input. As in the case of 

onions, output prices to the farmer arc quite variabl- within the 

year. Also, farmers who grow onions and tomatoes tend to do so from 

year to year. ihe tecnlm]ogy used in growing tomatoes involves a 

great deal of fertilization and spraying and thus substantial cash 

expense. 

The enterprise budget in Tab]e A-3.6 describes the production 

technology in detail. Tomatoes are grown in both semesters since they 

complete their cycle within the semester. The budget included in the 

appendix is for the first semester. However, production on a con

tin, ous b 15i1 s it h pll.Ls of dlfferent ages is common whether there is 

a permamu n source of water. Because of the substantial labor require

ments, the majority of producers are located close to the town. 
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As the budget in Table A-3.6 indicates, tomatoes is a capital. 

intensive crop requiring large cash outlays for the purchase of the 

support system and pest control. Since tomato farmers are usually 

skilled in tomato growing, producing toLmat:,0e, is vot considered as 

risky as sell ing them. 

Onions and tomatnes arce both perishable crops. As explained 

in a previous section, the perishahility of the crops dictates a dif

ferent marketing structure. Tomato and onion farmers deal mainly with 

one intermediary. These take the crops directly to large cities for 

resale in terminal markets. 

Corn 

Perhaps more than any other crop in Huila, corn tends to be 

associated with subsistence agriculture. Almost always in association 

with bush beans, corn is grown primarily for home consumption. Plant

ing starts at the beginning of the rainy season. For the planting the 

farmer makes a small hole in the ground and buries two to three corn 

seeds every step (0.75 to one meter) in a haphazard fashion. The 

resulting plant density is about 27,000 per hectare. No agronomic 

practices are performed, altthough the more progressive farmers use 

hybrid seeds and apply ppsticides. Htarvest ing is manual and the corn 

is stored in the open, under the roof, until totally consumed. 

The budgets for the corn-bean association are shown in Tables 

A-3.7 to A-3.9. Tabl e A-3.7 corresponds to a cul tivation technology 

which uti liz:c s farm machinery for land preparation and planting, along 

with the use of a sma1ll dose of fertilizer. The technology shown in 

Table A-3.8, however, is entirely dependent on manual labor and does 
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not include fertilization or pest control. This is perhaps the most 

widespread of tWe three technologies. Finally, Table A-3.9 presents 

a technology which uses m;achanization, fertilizer and pest control. 

This last technology is used by farmers who have access to both flat 

land and capitlh. The thr,:t Lichinologies discuissed above also differ 

in their vioLds. The yields in tLh budgtus are the mean yields report

ed by the farmers using the respeclive technology to CIAT's Bean Team 

personnel. 

Beans
 

Approximately 85 percent of the beans in Southern Huila in
 

1978 and 1979 were grown in association with corn. Reasons for the
 

association between corn and bush beans are not enLirely clear but it
 

seems that frmcr s want the corn for home consumption and, given their 

low plant density, use bush beans for grcund cover to reduce leaching 

and erosion. Also, there is evidence thac the corn-beans association 

helps reduce insect attack. Other farners claim substamial labor 

savings by the use of the association where the land is too steep for 

mechaniza tion. 

Due to their short growing season beans may be planted twice 

during the year. The first planting occurs a few days after the corn 

plantings, at the beginn ing of the rainy season. The planting is 

haphazard with a density of about 80,000 plants per hectare. Although
 

farmers perform at least one weeding, weeds still can be . problem.
 

Normally fertil ration and spraying are not used, al though a few farm

ers use pesticides on corn or beaus o: both. Beans are harvested be

fore corn due to the shorter growing season. Harvest is pulling the
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whole plant and letting it dry in the sun until the beans reach a water
 

content of 12 to 14 percent.
 

Once dried, the beans are threshed manual ly and sold. Beans 

are us'ially sold to local mniddl emen who Lake tLhem to the retail market 

or a wh,-,lesaler in a middlc sized city . This who'lesaler in turn sells 

the surplus irom tlw middle citv to I whole'saler in a large cfti' such 

as Call or Boo,,ita. IVithor at, tli, f-arm or it the warehouset, beans are 

not stored more than a month due to tHe potential losses from weevil 

attack.
 

Generally, beans are grown in association with corn only dur

ing the first semester. Thet rainy period (Lur in, tlie second senes ter 

is too short for corn productio i and therefore be;s arC ,rown as a 

single crop. The cilivattion of beans diuring tie second semester is 

prompted by the farmers' n,-ed for good seed necessary for the first 

semester plantings in thet, following year. 

The budgets for beans grown in association are shown in Tables 

A-3.7 to A-3.9. liff .ro nue s in the, vieds due to technological effects 

were discussed in tiel previous section. In cases where beans are 

machine sown the mean plant density is 200,000 per hectare. Tables 

A-3.10 and A-3 . H.. describe the costs of producLion of beans grown alone. 

The main differences between the two technol -,vius discussed in the 

budgets relate, to t0We int ensitv of labor use and fertilizer and pest 

control appI ti;it:i ons, He former .eculnoh(g.y being mu ch more commnl 

than the aiaLt or. 'I' 1ollre modern thcc nii loy, 1owever, is more common 

on mcdium-sized farms with better access to capital and low sloping 

land.
 

l 
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Gross Margins for Production En terp rIses 

This section develops the distribution of gross margins for 

the principal crops grown in Southern Huila and includes the variance

covariances necessary for specifying the risk programming model. It 

is assumed that prices and yilelds aie multivariate normal . The mean 

vectors for prices are calculated from the yearlV time sri.cs pre

viously discussed. These series were defIlated us Ini', the appropriato 

price index from the Banco de Ia Republ ica, the Colmbian Centiral Bank. 

Since farmers in Hiuila market their beans immediately after 

harvest the price spread shown by monthly pricet scrft-s at the national 

level does not reflect thne price variation faced by Huila farmers. 

Furthermore, the regional (i.e., Southern Huila) monthly price series 

which would be needed in order to compute the within season variation 

is non-existent. As a consequence the series used for the computation 

of the distributLon only reflect the between season variation. Simi

larly, the yield series used in the computation of gross margins is 

also annual. As in the case of thte price seri es, the series for yield 

underestimate the within season yield variation faced by farmers. 

Tables 3.7 and 3.8 show the mean and standard dev iations for 

the prices and yields just described. ConsistLent with field observa

tions the coeffictents of var atin for prices follow the ranking 

suggested by the farmers Int,rviewed. ich variation, for in-Ug price 

stance, is associ a ted with tomatoes and onions, both considered risky 

by farmers. The lowest price variation occurs in coffee, an obvious 

fact considering that its price is fi:.:ed by the government. The coef

ficients of variation for yields, on the other hand, show only small 

differences among the crops. This is apparently due to the yearly 
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Table 3.7 

DISTRIBUTION OF REAl, PRICES PAID TO PRODUCERS AT THE 
NATIONAL 1,EVELI (PESOS PER KiI.OGRAM), 1964-1978 

(1.978 = 100) 

Standard Coefficient 

Crop Mean Deviation of Variation 

Corn 8.94 8.39 9.4
 

Beans 32.53 5.58 17.17
 

Cassava 5.45 1.03 18.9
 

Brown Sugar 10.66 2.79 26.17
 

Platano 5.27 0.85 16.13
 

Coffee 52.94 1.0.31 19.47
 

Tomatoes 7.15 2.42 33.85
 

Onions 7.23 3.57 49.38
 



67 

Table .8 

DISTRIBUTION OF Rl.PORTEI) ANNUAI, YIELDS FOR 
THE PRINCIPAL, CROIS IN SOITIIERN HUIILA, 

197 1-I 979 (I).KTRI.NI)FI)) 

Mean Standard Coefficient 
Crop (Kg./Ila.) Deviation of Variation 

Corn 
(in association) 1422.1 168.86 11.87
 

Beans 
(in association) 689.11 35.98 5.22 

Cassava 8361.5 534.74 6.39
 

Coffee
 
(in association) 599.66 38.09 6.35
 

1 1a tano 

(in association) 3 4 0 . 6 6 a 13.21 3.87 

Brown Sugar 3012.50 122.10 4.05 

Tomatoes 17361.87 381.34 2.19
 

Onions 11000.01b -

aIn bunches per hectare. 

byields assumed constant due to absence of time series. 

http:17361.87
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nature of the time series which underestimate the within-season vari

ation.
 

The variable costs of production used for the computation of 

the distribiution of gross margins are shown in Table 3.9. The cost 

figures co rrespond tu, tie model cropping technologies found in the 

sLudy area. 'Tihe cost f igr tl fur crri-hans may not he as; n)reesenta

tive as suggested by field observations (see Table A-3.9) but was 

chosen to be consistent with the gross margins reported by farmers. 

The variable production cost for coffee is for a crop grown in associ

ation under the low technology package (Table A-3.2). The other com

mon crops in the arei: (cassava , brown sugar, tomatoes, and Onions) 

present cost tfigures defined in their respective blldge t s in the appen

dix. Tables 3.10 aind 3.11 pr~esent thil pgross ma rgin; se ries and the 

distribution of gross margins for the model crops and technologies 

existing in Southern iuiIa. In gene'ral, the prof-itabi lity of each 

crop, as shown in the series of gross margins, is consistent with the 

field observations ohtaind by CTAT's Bean Team. The exception is 

cassava which i indicated as more profitable than observed. 

The estima ted gross margins are simply the gross revenues 

(prices times yields) minus the variable costs, labor excluded, while 

the distribution is assuimeld to have two moments, calculated from the 

tine series. In terms of the coeficients of variation (Table 3. 12), 

tile estimated gross margins from time series seem to be at odds wiLth 

the field observations. The profits from brown sugar appear higher 

than indL.cated by farmers whi 1e thu coefficient of variation for toma

toes seems to be lower than expected. 

The variarice-covarLance matrix necessary for the risk program
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Table 3.9 

VARIABLE COSTS OF PRODUCTION FOR THE MODEL CROPS 
AND TECHNOLOGItES IN SOUTHERN HIUILLA, 1978 

Crop Variable Costs 

Corn-Beans 9692.0 

Cassava 282.0 

Brown Sugar 4914.0 

Coffee-Platano 6408.0 

Tomatoes 62393.0 

Onions 17557.0 

1.0 U.S. dollar = 40.0 pesos. 

Source: CIAT Bean Team fieid work. 



70 

Table 3.10
 

ESTIMATED GROSS MARGINS FOR THE MODEL CROPS
 
AND TEC1INOIOGIES IN SOUTHERN IUILA
 

Corn- nr)ow1 Cof Fee-
Year Beans Cassava Sugalr Platano Tomatoes Onions 

1971 23190 52446 11880 44 1.50 

1972 22075 48142 19740 /43677 

1973 22293 32902 23209 45600 

1974 24786 43486 24348 43738 1.23974 29908 

1975 29213 5351-4 30038 53824 91132 21526 

1976 25638 39851 31854 63073 84322 44175 

1977 25127 51313 50970 67452 129567 19480 

1978 23749 38586 30281 60486 73511 83643 
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Table 3.11 

ESTINATED I)TSTRIBUTION OF GROSS MARGINS FOR THiE MODEL 

CROPS AND TI'ECINOLOG IEFS FOR SOU!TIERN HlUILA 

Standard Coefficient 

Crops Mean Deviat ion of Variation 

Corn-Beans 24508.9 2299.5 9.38
 

Cassava 45030.0 7501.9 16.66 

Brown Sugar 27790.0 11438.3 41.16 

Coffee-Platano 52750.0 9800.4 18.58 

24.74
Tomatoes 100501.2 24868.7 

Onions 39746.4 26391.4 66.40
 



Table 3.12 

CORRELATION COEFFICIENTS FOR GROSS MARGINS FOR THE MODEL 
CROPS A!,M TECHNOLOGIES IN SOUTHERN HUlLAa 

Corn-Beans Cassava Brown Sugar Coffee-Platano Tomatoes Onions 

Corn-Beans 1.0 0.430 0."20 0.22-0.08389 -0.58879 
(0.0) (0.287) (0.299) (0.296) (0.8933) (0.2962) 

Cassava 1.0 0.075 0.013 0.484 -0.804 
(0.0) (0.858) (0.975) (0.4,08) (0.i00) 

Brown Sugar 1.0 0.864 0.433 -0.325 
(0.0) (0.005) (0.465) (0.593) 

Coffee-Platanu 1.0 -0.135 0.160 
(0.0) (0.765) (0.796) 

Tomatoes 1.0 -0.725 
(0.0) (0.165) 

Onions 1.0 
(0.0) 

aNumbers in parentheses are the probability levels for H0 : o = 0. 
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ming model is based on the variances obtained from Table 3.11 and the 

coefficients of correlation obtained from the series of Tab]e 3.10. 

The correlation co f icients for the major crops in luila are shown 

in Table 3.1 2. As the correlI tion coefficients indicate, negative 

relationships among the different gross margins ex ist only for toma

toes and onions and the group of the other crops. This in turn indi

cates :1 tr;ade-off in prolts between the presence or absence of risk 

in crop productI Ioan since tOLma.eF and on]ions a re. considered risky 

Crp-'. Caution should be exercised, however, in the in terpretation of 

some o the elements of the correlation matrix as the correlation coef

ficients in several cases are not statistically significant from zero. 

The variance-covariance matrix (Table 3.13) is computed from the form

ul.a 

covtj, j') = Pjj, 

where p is the correlation coefficients between j and j' and o., oi, 

the corresponding standard deviations. The resulting calculations are 

broadly consistent with field observationas in terms of signs and rela

tive magnitudes. As discussed earlier, tomatoes and onions are grown 

in monoculut c, and, ,enernlly, not on diversified farm plans. The 

variance-- 'ov riOnce matrix shown in Table 3.13 is later expanded to 

include all the technologies in the programming model. 

Cone Ius ion 

Difficulties associated with the time series data for prices
 

and yields are numerous. Prices present problems of aggregation. In
 

the case of more commercial crops such as beans or brown sugar the
 

http:tOLma.eF


Corn-Beans 


Cassava 


Brown Sugar 


Coffee-Platano 


Tomatoes 


Onions 


Table 3.13
 

ESTIMATED VARIANCE-COVARIANCE MATRIX FOR GROSS MARGINS FOR
 
THE MODEL CROPS AND TECHNOLOGIES I% SOUTHERN HUILA 

Corn-Beans Cassava Brown Sugar Coffee-Platano Tomatoes 

5287612.0 74.19140.0 11053262.0 9526990.0 
 -4797261.0 


56279349.0 6492383.0 969754.0 
 90334303.0 


130835800.0 96866731.0 123366172.0 


96047182.0 45088670.0 


618453096.0 


Onions
 

-35731640.0
 

159330259.0
 

-98244969.0
 

41471232.0
 

-476429791.0
 

6965(7012.0
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prices reported are only monthly averages. In the case of subsistence 

crops such as pla tano or cassava, the observed prices are the monthly 

averages obta:ined for marketed surpluses of those subsistence crops. 

As a consequence. the use of price series as a means of estimating 

price risk seems inadequate. 

Similarly, N major problem w:ith yields is the aggregatQ nature 

of yield estImates. (Crop yields are aggregated both across farms and 

across geographical regions, thus producing a dounward bias in the 

variance estimates. Moreover, th reported aggregate yields mix the 

different (rap technolog ies uti]i:zed, differences in resource quality, 

and climatic diffe-.renc'es. Ac '.ntinu for the above factors is highly 

desirable in a small I i[armLing euvironme t-s ine tHOir inftluur can not 

be " averaged-out" over time. Fl nua1 lv, the yields reported in th- time 

series are many times the best 'guesstimates" fro eix rns io agents 

(Villaroal). Although their estimates are well founded they undoubt

edly possess qua ii tat ive differences which translate into problems of 

data acrracy. 
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FOOTNOTE S 

CHAPTER III 

The definition of small farmer used here is that of an indi

vidual whose income comes primarily from farning and who is engaged in 

semi-subsistenve farming, with most of his produc tion destined for on

farm consumpti n. larm production takes place on a holding which is 

small relalvWe Lu otier farms in te area and with technologies wh'aoh 

are mostly labor in tensive. For n thorough discussion on the subject 

see: Pedro Patricio Crespo, "Sma l Farms, Credit, and Technology 

Adoption: An Analysis of the Semi-Arid Region in Northeast Brazil," 

M.S. thesis, University of Missouri-,"lumbia, 1978. 

'Ihe effect of tight cred:it has been studied in other areas 

of Colombia with similar characteristics co Southern Huila. The 

Caqueza Project, a small farm developmcn project in Eastern Cundina

marca, Colombia, has denti fied four basic credit surces. institu

tions, relatives, friends and merchants. Only one-third of farm loans 

came t con I uski Isouin a i - Ih. Iruin .1it lrces o teii mere Ian f '[This 

leaves friends and relatives as thie main sources of capital. For a 

detailed d i scussiou see : HI. Zands t r;i, K. Swanberg, C. Zulberti, and 

B. Neste!, CajqvtL ". erifncias en Desarrollo Rural, CIID, Bogota, 

Colombia, 1979. 



CHAPTER IV
 

THE RISK PROGRAMMING MODEL
 

Introduction
 

The purpose of this chapter is the review of the theoretical
 

framework for the farm risk problem. It begins with a conceptual
 

.atement on risk and then evolves into a more formal framework for
 

farm planning ander conditions of price and yield uncertainty. I 

addition, the chapter addresses the logistics of building a program

ming tableau to include new technologies in the form of added activi

ties. As well, changes in the institutional framework involving new
 

activities or modifications in the objective function are considered. 

Risks in producer and consumer decision problems have become
 

a subject of increased interest in agricultural economics. Choices,
 

implying judgments about alternative subjective probability distribu

tions of outcomes, are common for agricultural. decision units. Factors
 

affected include the choice of technique and/or the adoption of new
 

technologies. For decision makers with low income levels, thne impli

cations of uncertainty for farm decisions may be especially importaat. 

A variety of approaches for handling risk in the firm decision 

model have been advocat ed (Anderson, Dillon and Hlardaker [1.977]). Of
 

these, th expLcted utii ity approach appears most plausible and tract

able for applied work. Furthermore, the.decision theory based on the 

maximization of expected utility is normatively coherent and represents
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a complete basis for choice in uncertain circumstances, making the re

sults especially well suited for polic(y analysis. 

The present analysis of the farmer's decision making process 

is based on th- e:xpertcd ut.ility framework. The framework presumes 

that a utility fnction exists for a decision-makc r whose preferences 

are consi stent wit h a prespec ifijd et of axiems on ordering, conti

nuity and independence. Each decision maker's preference is based on 

a subjective prn.ability distribution over all risky alternative:. 

Thus, the utility function simply assig-ns values to a set of conse

quences. rhis index is used to maximize subjective expected utility 

(Borch [1968], Dillon [19711, von Neumann and Morgenstern [1947]). 

Throughout the study a quadratic functional form for utility is 

assumed. This assnumption gre2 tiy simpl:ifies the analysis since it im

plies that only a two-pa ramutr density for portraying the uncertain 

options, a simple mean and variance. The use of functional forms in 

only the mean--var!iance space has created substantial controversy 

(Feldstein [19691, lHanociu and Levy [1 90Y"], Roumasset 11976], Tobin 

[1969]). The mean-variance space is app ropriate only if one or both, 

a) the utilit.y function is quadratic, 

b) the random variables ore normally distributed.
 

Obviously, it is not clear whe:ur or not such conditions hold 

in the empiricaL world. However, the usc of quadratic utility func

tions is appealing for its convenience. 1t is monotonically increasing 

over a restricted range and has positiv e marg inal utility, since it is 

also nondecrca s i up. ien ce,, if the it ility func'tion is assumed dependent 

upon two moments, the mean and the variance, then the decision maker's 

trade-off or rate of substitution between mean and variance while 
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keeping a constant level of utility becomes intuitively obvioas: a
 

risk averse individual will need to increment the value of the mean to 

compensate for increased variance. 

Farm Planning inder Uncertainty 

The applied framework for planning a farm under uncertainty is 

a specialization of the Markowitz portfolio problem (Markowitz [1959]). 

Specifically, eMt ui equal expected net return per hectare for farm 

enterprise i, L = 1, 2, ... , n; o.. the variance of net returns per 

hectare for far enterprise ; u, the standard deviaion of net returns 

per hectare for farm enterprise i; a the covariance of net returns 

per hectare between farm enterprises i and j; qi the correlation coef

ficient of net returns per hectare between farm enterprises i and j; 

Z, the fixed asset available; Xi, units of fixed asset allocated to 

farm enterprise i; and Y be total income. Then a farm composed of n 

crop enterprises will have an expected net return of, 

n 
E = E X.e.


il1 1iYl
 

and a variance of net returns
 

n n
 
V = E Z p.E .o .XiX.
 

i=] j=l ] 1]
 

Under the above conditions the optimum combination of enterprises may 

be derived as follows. Let AB be the locus of points where, given a 

variance of income the value of net returns E is at maximum (Figure 

4.1). 

Each point in AB would then represent a combination of crops
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U' 

E u2 
U3 

- B 

Efficiency Frontier
 

c/ 

AV* 


FigUre 4.1. An optimal farm plan tinder risk aversion.
 

V 
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which yield the largest profit for a given profit variance. This locus 

of points AB is cal.led the efficiCIency loLs in the mean-variance space. 

If the utility contours are of the form ill , l2, 113, then C in Figure 

4.1 is the point where a risl( averse fzlrmer would attain the highest 

level of utility from the crop combinations. For uti I ity quadratic 

finding point C is a quadratic programming problem where the are toXi 

be allocated to maximize 

U(y) = E + bV 

= EXie i + bEP. .o.o.X.X. 

subject to 

Xi > 0 

b< 0 

and
 

zxi < z 

This is equivalent to the maximization of an objective function which
 

includes linear and quadratic terms subject to a set of linear in

equality constraints. Specifically, the problem to be solved is of 

the form: Find tlhe vector X which maxmizes 

f(X) = cx + X'QX 

subject to
 

AX < b
 

X> 0,
 

where c is (lxn) vector of constants; X is an (nxl) vector of activi
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ties; Q is a symmetric positive semidefinite covariance matrix, A is 

an (mxn) coefficient matrix, and b an (mxl) vector of resource con

straints. Since c'X is linear and X-'Q-X > 0, the objective function is 

a convex function and the Kuhn-Tucker conditions are necessary and 

sufficient for a maximum (Sposito [1975]). 

Risk__rogranin 

Two approaches can be employed in applying the quadratic pro

gramming to risk decision problems. The first and most simple is to 

apply the method to parametrically trace-out the efficiency locus 

(Markowitz [1952]). The efficiency locus identifies combinations of 

enterprises which min imize the variance of returns subject to feasible 

mean return This methuo dls las recognized and appliedlevels. beti long 

in study ing tle imp lications of farm diversification (Johnson [1.967]). 

This problem is soIved using the quadratic programming algorithm by 

reformulating the problem as 

Max cX + X'QX
 

subject to
 

AX < b 

cX = a
 

X> 0,
 

where c is a predetermined income level and c the vector of mean gross
 

margins for the individual enterprises. By parametrically varying a,
 

the efticiency locus can be determined (Freund [1956]).
 

A second version of the risk programming problem provides for
 

the inclusion of a risk aversion coefficient. The quadratic programming
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X 

problem for this case is similar to that for the efficiency locus formu

lation
 

Max CX + f(X'QX) 

subject to
 

AX < b 

X>0
 

where the scaler J multiplied by the variance term in the objective 

funcLion is a weight depicting the decision maker's aversion or prefer

ence for risk.
 

For the weight of zero, the problem solves for the combination 

of enterprises inaximizing expected profits. Weights less than zero 

indicate risk aversion. Obviously, such weights would move the quad

ratic programming solution away from Lhe expected pro fit maximizing 

solution if farm diversifiction results in diminished variance of net 

returns and/or the lower income en t elrpr ises have lower v:ariances. 

Risk and the Adotion of New. 
Bein lecl ino_-Lv 

The optimiza tion model, when est imated ,'alues for Q are in

cluded in the objective function, Sis t ken to provide a more realistic 

picture of- optimui farm d:iversificat ion. if this is the case, the in

clusion of new act iviti es ruprese n ing new crop technolog ies shoul.d 

yield a useful c:x ante ..valuation otf their impact on farm income and 

resource erp loyment. 

The new activities introduced ivto the programming model are 

the Better Agronomy technologies, as generated by the CIAT on-farm 
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technology trials (see Chapter II). Relevant questions to be answered
 

are:
 

a) The magnitude of the influence risk exerts on both the
 

decision to adopt and the level of adoption of new bean
 

technology.
 

b) The sensitivi.ty of farm income to changes in risk aver

sion.
 

c) The sensitivity of farm income to variability in new tech

nology yields. 

d) The sensitivity of farm income to changes in the expected 

yields to new bean technologies. 

Answers to these qiest ions are useul in assessing the importance of 

each production factor on technology ;dopt on and for new technology 

redesign.
 

Inst ito tiuonal Fc_tors: Storage 
and Market I ng Boards 

A major hypothesis o f this st udy of bean technology and adop

tion relates to the control labil.ity of institutional factors. Speci

fically, the adoption process is influenced by instituttional factors 

which themselwves can be altered. 'Thuos, when adoption rates are low, 

two policy options are available. First, investment can be made in 

devel op ing new technolo)g ies l,re consi steLt and appeal ing given the 

present situat ion. This would appear to be the dominant strategy taken 

in internat iona l t echno))logy det elopment institutes such as CIAT. A 

second alternait ive co)ncerns the inst i ut ional factors which govern the 

environment o t tre farmer. It is poss ible that some aspects of this 

low eonomic and politicalinstitutional environment can be altered at 
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cost. These options have in general received little attention by the 

agencies devoted to technol ogv development and adoption. 

An important ptrlpo se of the present study is to show how the 

decision making madel devtvioped to analyze adoption can be employed to 

study the implicat ions of institutional change. Two types of insti

tutional, changa,e aeit1 adroadly for ana.ysis.1) viewed, have been selected 

Both have imnplicat ions for t he prices at which farmers bt y and sel 

beans. The first Ls storage. Prcsentiy, little on or off farm (con

trolled by farmers) storage o f beans exists. Various factors have con

tributed to this situation but the major one is the bean weevil. 

Methods for control ling this insect ihave now been developed and applied 

in an on farm context (Schoonhoven 119761, Bowman [1979]). Thus, 

storage is a tchnia, Ily feasib le activity in which farmers can engage 

as a basis for chan g I the price received for output and the price of 

beans purchased for home consumption and seeds. 

Thu institutional aspect of an on-farm storage program relies
 

heavily on financinal support and the technology transfer process. 

Financial support is necessary for the purchase of the additional1 in

puts necessary for storage, and for income necessary during 1hu storage 

period. In terms of technology transfer the support from the present 

institutions may come from tihe uxtension service by means of demonstra

tions and technical advice. 

It is assumed that beans stored on the farm can be kept for
 

six months without incurring price discounts in the consumption or seed
 

markets. The experionce with the on-farm trials in Southern Huila 

would Indicate t hat losses are less tuan two percent for the six month 

period and that the assumption for tle price of stored and non-stored
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beans is appropri.te.
 

The se,,nd alternative for insticutional change is a marketing 

board or organi..tion designed for price stabilization. The apparent 

stable demand for beans in major urban markets together with a highly 

fluctuating pr(tice and supply Q1 local markets suggests .ohstAL.tiaL 

local (Iamand i.nel.ici -. By providing for a more P:dwrlv marketing 

process (perhaps incl ding st)rage'), supi lie. to local markets can be 

smoothed or the capacity of the markets expanded. Thns, marketing 

boards can serve to stabilize price and perhaps increase farmers' in

comes from beans.
 

There is ample cursory evidence that the marketing process for
 

beans does nt operate to the small farmer',s advantaga. Sales to 

middlemen are in the village market Qo on-'arm or village level stor

age ex:ists and transportat ion to markets wh ich are Itss thin and serve 

wider distributinn areas is ap parently not synstema tically arranged. 

Farmers thus harvest uheir beans and sell them in the vi l.lage market 

almost immediate ly. Supplies V" the village market are difficult to 

predict and piices fluc tnate substantially in response to Lhe level of 

supply. But farmers, since they frequent)y carry their beans to mar

ket, do not wish to incur tihe cost of carrying them back home (and 

would not have a place to store them in any case) and therefore are 

effectively restricLed to taking the existing price. 

Marketing organizat ions could contribute to the farm incomes
 

by (a) communication of selli1mg prices, bean supplies and market capaci

ty, (b) coordination of harv(cst and planting to smooth supply, (c)
 

arranging closer ties with less thin markets through improved and more 

responsive transportation, and (d) the provision of storage. Two 

http:appropri.te
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organizational options exist: for these marketing boards. The first 

and most feasible is a coopcrative. But in Huila, the cooperative form 

of board would be difficult to organi ze and could impose conditions 

I 
upon the farmers redcricting pamrtic pation. IThe coffee marketing 

board is an c:nmp]1_ of such in organization. Because of the lack of 

concentra tionof ban p rodtlcti p and the smalness of the holders pro-

ducing th: majoriLy "I the 1eans, tLis form of organization has not 

been utiL ized in work with other commodities coming from the peasant 

farms,
 

A second form of organization is an "association". Associa

tions have been set up in the Southern lHuila area for processing brown 

sugar. The associat io, a ire loosely org,,anized and provide a facility 

which the farmers can rent at a cost based price for processing sugar

cane close to their home community. Subsidized loans are available for 

assisting the farmers in provsion ing the facilit:ies to support the 

association act vi t .s. For e:.xamp le,, CARE and I CA have supported this 

approach throughL their involvement in sugar proc,.ssing. Loans are 

typically made for ,:1cerias, equipment ,ond the skilled labor necessary 

for constructin g the facilities, withL the interested farmers through 

the associatici, moi,f g available unskilldc_ labor. The facilities can 

be cons tructed du ring p er:iods when the opportunity cos t for unski..ed 

labor is 1low. I1ducme t a L q nplv scly can he ar rangedsch' a)or 	 by 

linking 	 the amount to ti e priority for using the faci lity. 

Specific questions asked Ke the prornuing model are: 

a) How much price variability would the association have to 

have to affect .o make it a profitable undertaking for 

the farmers? 
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b) 	 What would the association have to do to prices in terms 

of levels and variability to induce the adoption of the 

new 	technologies?
 

c) 	 What would be the likely supply response to the associ

aion?
 

The Empirical Model 

The model is a one-year tableau representing the predominant 

set of present and se I reted pot tial a-r,,imog art ivites in Southern 

2 
lui la. Corn, beans and tomatoes are the only semestral activities and 

therefore two p ant ings pe.r vear aire periitted. Since water is in 

shorter supply during the second half of the year, expected yield 

,adjustments have been made. Coffee, plantains, cassava, onions, and 

sugarcane are tie othe r commoa crops. Since their economic life is 

longer tha one year, their cost and income streams have been brought 

to the present as 	 annai ties. 

All capital is generated on a short-term basis. The operating 

capital for each act ivity call come from loans, labor sales or ,,ctivity 

sales. Loans are initiated at the beginning of the first and third 

quarters and paid back at the end of the second and fourtl quarters, 

respectively. Farmer.s 00a borrow frtom private sources, ptblic ias ti

tutions, or both. Although the insLituLionaI rate of interest is lower 

than the private rate, the transaction costs associated with institu

tional loans nlay be higher than the cost of borrowing from friends or 

middl emen . Consequent] y , both sources are assumed to be lent at the 

same rate. 

Loans from private sources are unrestricted for within farm
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allocation. Institutional loans, however, have minimum and maximum 

amounts allocated to each particular crop, as prescribed by government 

policy. Capital restrictions are introduced through adjusments in the 

total borrowng capacitv of the farm and through specifications on 

sources of c apital. The specifications for total borrowing capacity 

are based upon levels reporLed by farmers. The institutional capital 

is availabl but there are restrict ions on crop choice,. Informal capi

tal when available is not pegged to particular crops. The model has 

been adapted to simulate restrictions on capital coming from both 

institutional and informal sources. 

Labor requirements of permanent crops are not discounted. Labor 

requirements in the model are an average of the quarterly labor require

ments for all the years of crop life. Labor is restricted to reflect 

seasonal peaks in demand and, primarily, management capacity. The 

value for the hired labor constraint was derived from farm interviews. 

Family labor can he Mtilized on the farm at zero cost or sold an the 

prevailingn wagc rate. The product prices used in the model are an 

average of the price s reportud by farmers during 1978, the year of the 

interviews. The price of beans after storage is based on the price 

obtained at the end of the storage period. Throughout the study 1978 

is considered the base year.
 

Farm-_Tyvpes 

The model was divided into two predominant bean farm types by 

size (ICA [19781). Previous studies by I-CA have identified approxi

mately sixty-one cropping systems in Southern luila (Table 4.1). The 

largest group (Farm 1) is fairly diversified producing principally 



Table 4.1
 

COKMON FARM TECHNOLOGIES IN SOUTHERN HUILA
 

Average
an 

0 Yed
 

Macl-inery
 
Yields
Use of
Use of
Labor 


Fertilizer 

Labor 


Pesticide Storage (Kg. Per Ha.)
 
Combination
Intensive
Crop 


1,215
x x x 
Caturra Coffee x 


x 375
 
Caturra Coffee Low Technology x b x 3,370

Old Coffee x 


xb 3,370

x xb 3,370
Sugarcane 
 x 

xc 4,400
Sugarcane 

X 16,305
Cassavaf x x
X
X 


Tomatoes X 11,000x 860
Onosx xOnions 

860
X
Beans 
 1,270
 

Beansx 

x x 1,118
8009
Beans x
Beans 


1,8759
X xd 50 0 h
 
Corn-Beans 
 xx 


8 0 0 h
 
Corn-Beans 


x X 552

"Platano" (bunches of approxi-
 x
 
mately 12 kg. each) 


restricted to land preparation and planting.
 
aThe use of machinery is 


Din the form of brown sugar.
 
to six months after maturity.
achieved by leaving the crop unharvested up
cStorage is 


dstorage for corn.
 

eFor the first two years of crop life only.
 

fYields for permanent crops have been brought to the present.
 

gCorn.
 

hBeans.
 

Districo de Transferencia de Tecnologia 
Sur
 

Bean Team field work and Instituto 
Colombiano Agropecuario (ICA), 


Source: 


del HulDans 
 oDistrital, Regional 6, Ibague, 
Colombia, 1978.
 

C 
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coffee-platano, corn-beans, pastures, and small amounts of other food
 

crops. Fihe second group (Farm 2) concentrates on tomatoes and onions. 

Sophisticated production and marketing knowledge are necessary to pro

duce the latter (rops. Farm type 3 has a cultivation pattern similar 

to that for the first group with larger areas in sugarcane , beans, and 

pasture.
 

Income levels flora the two types of small farms are approxi

mately equal (see Table 4.2). However, large differences do exist in 

the use of hired labor and operating capital ('able 4.3). Tomato-onion 

producers uise relativel large amounts tof hired labor durin g the second 

quarter, for the tom o iha ivest, and large amounLs of operating capI-

tal. The ot he r fa rm types have a more uniform labor pattern and lower 

levels of operating capital. 

Equivalent earnings to the Farm I are earned by Farm 2 in 

shorter time period hut with greater risk given the cash expenditures 

required and the dependence upon hired labor. Finaliv, the labor sales 

on Farm I can he absai bed by the labor pu rchased on Farm 3 indicating 

an important compl menLarity or interdependence between farms by size. 

Summr a r v 

The model described is perhaps the simplest one incorporating
 

risk. Risk is considered only n relation to the objective function,
 

leaving the constraints fixed. This assumption will he subsequently 

relaxed in the sensitivity analysis. The model struture fol lows the 

specification of th, one-period li Ihar programming ti-il)l cau, as depicted 

in Bencke ahd ,iut vchaur [1 972 1, wit Lhte quadciLi c term added to the 

objective function to incorporate risk. The new CIAT bean technology, 



92 

Table 4.2 

TYPICAL FARM PLANS FOR SEAN FARMS OF TWO SIZES AND ONE
 
SPECIAI.ZEI V1) IN IIUILA
VEA 'I'AIll, F FARM SOUTHERN 

Snn1l Fa lm I Sma 1 I rFarm Medium Farm 
Item 2.4 flecLares 2.4 lectares .1.5.8 Hectares 

Gross Margin With Labor 
Sales (Pesos) 	 76,795.87 79,462.12 182,380.5
 

Gross Marin Without 
Labor Sals (Pesos) 58,448.87 55,562.12 182,380.5 

LOw TeChn lo,;.v Cat urra 
Coffee 1.0 -- 2.0 

O1.d Coffee .... 1.0 

Sugarcane .... 3.0 

Cassava 0.25 -- 1.0 

Tomatoes 0.01 1.65 --

Onions 0.05 0.25 --

Beans .... 1.50 

Corn-Beans 0.50 -- 0.50 

Pasture 0.55 0.50 6.80 

Without soil probl ems. 

Source: 	 Instiuto CIXmobiamji A..ipectiario (ICA), IDistri) d Tans
fere ia (I(. 1'ecnolmo:i a Sur del ll a:,t)ia gnostico Oistrital, 
Regional 6, ItCgue , (;olombia , 1978. RuWi.z N. (1 1,ondono, 
Per Pi nst- 'nIren,.1. "1[studioip iind iifnLnte, Agiroeconomico 
dc los Proensos de Pmdii inn n F:ri ol (tlhaseo Iu.s Vulgaris) 

en CoInm dtii," c lA', ('a li, C(. olnh-ia, 1978. 

http:55,562.12
http:58,448.87
http:79,462.12
http:76,795.87
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Table 4.3 

LABOR 	 USE AND CAPITAl, ITTIIZATION FOR THREE 
TYPICAL IFARMS 1IN SOUTHERN H1UIILA 

Smo I I l1arm 1 Smal IlFarm 2 Mcdium Farm 
Variable 2.4 lectares 2.4 Hcctares 15.8 lectares 

Total Labor Use
 
(Man Days Per Quarter)
 

First 41 89 195 

Second 51 434 151 

Third 20 5 129 

Fourth 36 5 171
 

Hired Labora
 

(Man Days Per Quarter) 

First 	 -24 24 130
 

Second 	 -15 369 86 

Third 	 -45 -60 b 64 

Fourth -29 -60 1.06 

Operating Expenses 9,333 166,325 104,388 

Borrowing 9,333 .107,337 41,423 

A negative sign indicates nct labor sales.
 

bl-omato fari-irst-s tisia Iv plant once Year
a' and hence have idle 
family Iah,r d ur-im; t 1as t two quL tcrs . Farmers who plant next to 
a sectnrk- wai t, e,,r 'SvUmlc k, ii P1)Vlitnit twice ! a, rer. 
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Better Agronomy, and the changed institution, on-farm storage, are 

incorporated in the model as new activities in the tableau. Marketing 

board, the other institutional change, is incorporated by varying 

characteristics of the price structure. 
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FOOTNOTES
 

CHAPTER IV
 

In Southern Huila only eight percent of the farmers belong
 

to a cooperative and of those, only one-third are very interested.
 

See ICA [19781.
 

2The variable code in in Appendix D.
 

3The discount rate used in the procedure is 10 percent. See 

A. Harberger, net-luation, University of ChicagoIro (Chicago: 

Press, 1972), hapter VI. 

Some empi rikal support of this treatment of credit is found 

in H. Zandstra, I. Swanburg, C. Zul ert:i, and B. Nest c, Caqueza, 

Experiencias en Desarrolo Rural, CIM, Bogota, Colombia, 1979. 



CHAPTER V
 

RISK ATTITUDES, JUI)GMENTAL DISTRIBUTIONS, AND
 

SPECIALIZATION OF TIE RISK PROGRAMMING MODEL
 

In trod tL i on 

This chapter deals with the specialized methods utilized to 

incorporate the effects of risk aversion on the small farm system. 

Firstly, it details the method and results of the assessment of risk 

aversion attitudes among the target farmers. This is necessary to 

establish the magnitude of the risk coefficient included in the risk 

programming model.
 

The assessment is based on l)illon and Scandizzo's procurement 

methods as appl Lied to Northeast Brazil with slight modifications with 

respect to the size of the bets and tihe use of one lone intetrviower to 

minimize the assoc Lated hias. This latter aspect has been found to be 

a problem on related visk aversion measurerment s taken on peasant farm

ers in alternative conte,Kts (Dillon and Srnd izzo 11 9781, Binswanger, 

Jodha and Barah 19791, l inswanger [1979]). 

Secondly, farmrtr-s ' perceptions of price and yield uncertainty 

are measured and analyzed. This approach used is in response to the 

problem of data quality for this and most of the developing areas. 

Since time series for prices and yields found in the deveoping coun

tries are often of poor quality or or an excessiveiv :rgrregate nature 

it is hypothesized that substitution for the time series variance the 

farmers' subjective assessment of price and yield dispersion will give 

96 
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substantial gains in model performance. The methods employed in the 

procurement of the subjective measures of variance are complementary 

to the methods used in the assessment of risk. Finally, to establish 

the levels of ield and price variation, it was necessary to determine 

the levels of yields and prices actually obtained by farmers. These 

figures were then used as frame of reference in the calciulation of farm 

income, a necessary step in the assassment of risk aversion. 

The chapter is organized as follows: First, the concept of 

risk aversion and the estimation methods used in this study are dis

cussed. Second, the interview data and the main findi ngs are respec

tively described and analyzed, with emphasis on the effect of socio

economilc factors on risk aversion. A third sect ion reviews tlie method 

of obtaining judgmental variances. This is followed by a discussion 

of the results for the elic ited judgmental distributions for prices and 

yields. Finally, the last sections discuss the computation of the 

judgmental covariances and an evaluation of the results. 

Risk Aversion 

Two approaches to the measurement of risk attitudes have been 

used. The first is implicit. The quadratic programming model can be 

formulated for the specific farms surveyed. From survey records the 

combiniation of cnterpri ss that the farmer has st olectedl in the past is 

known. A value of the risk aversion coefficient can then be determined 

such that the enterprise combination selected was in fact optimal. 

This vilu, is then thu impl icoit astimate of risk aversion coefficient 

for the farm. 

The main drawback for the implici tly obtained coefficients is 

that the information is dependemnt upon accurately representing a deci
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sion situation which is likely very complex. Hence, the relevance of 

this information for farm decision making is questionable. At best, 

the implicit risk aversion coefficient can serve as a consistency check 

on coefficients obtained from ut-her procurement methods. 

Fihe second approach to risk measurement invol\'lves the use of 

svnthetic experie nce (gamblesn or ,imc.) in whi ch, through a sequence 

of choices, the attitude t ,w,-ds r ink is .scertained. This "experi

mental measurement" approachI has been incrcasingly applied in studying 

farmer decision processes within deve.lJopint, countries (Binswanger 

[1978], Benito [1976]). Respondents can be classified as risk neutral, 

risk averse or risk takers hv exami ning the results of the experiments 

relative to the correspondling certa intv equival,ent witho t re,rence 

to the utility func'tion (Binswanger, .Iodha and arah 119791). Hlowever, 

a quadratic functional form for utility must be assumed if a quanti

tative result is to be obtained for inclusion in a risk programming 

model. 

The method employed to determine the value of the risk aversion 

coefficient is similar to that applied by l)illon and Scandizzo in 

Northeast Brazil. Differences relate to: 

a) the fact that all the questions were administered by an 

individual famil iar with the way in which the method is 

applied lo determine ris kay thusthe Aversion coef ticient, 

greatly reducitng interview bias, and 

b) the fact that a risk aversio, coefficient was determined 

for two different types of experiments, each associated 

with different stakes. 

The object of the latter exercise was to provide information on the 
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constancy of the risk aversion coefficient across larger chances, in 

the Bernoullian tradition.
 

The two experiments administered to the farmers are described 

in more detail in Appendix B. The first experiment involved the use 

of coins. Pretest OF the schedule with farmers indicated that they 

found it attractive to participate in experiments that involved physi

cal objects. For this experiment, t hree piles of coins were used. The 

farmer was asked to choose between one pile that was to be received 

with certainty and two piles that were t:o be received with a probabili

ty of 0.5 each. The probability level was comnunicated by indicating 

that the farmer was to receive one or the other ofi the latter two piles 

of coins depending on the outcome of a coin toss. Depending on the 

choice made, the pile of coins to be received with certainty was reduced 

or increased until a point of indifference was obtained. 

The second experiment involved the choice between two hypo

thetical, but more realistic' options. The first option was one in 

which the farmer received a certain amount of cash in excess of that 

required for the family to subsist. This amount "as tailored to each 

farmer depending on actual needs. The second option was one which in 

three of four years gave a higher return than the ntecessa ry to sustain 

the family. However, for one of four years this amount was consider

ably smaller than the amount received with certainty. The farmer was
 

asked to choose between the options and then the certain option was
 

adjusted upward or downward based on the responses unt il1 a point of
 

indi fference was found. 

A variant of this last experiment was also performed. Farmers
 

were asked about their preferences using cash options significantly
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lower than in the second experiment but with the farmer's subsistence 

assured. This variant was deemed useful for assessing the constancy of 

risk aversion to dif forent payoff levels. 

The points of indifferunce obtained from each experiment were 

employed to calcullate a coefficient of risk aversion. In broad terms 

this was done as fol lows: Let. Q ho tho va lue of the certain opt ion. 

Given the quidratic uti. litv assumption, the imp.ied risk aversion coef

ficient is deterrined by solving the equation 

X + rVQE 

or 

QE- X
 

V
 

where X represents the mean returns, V is the level of variation and r 

is the risk coefficient. Clearly, if the certainty equivalent is less 

than the mean, the farmer will be r i.sk averse. 

Risk Aversion in a Small Farm Context 

Only a few studies exist on the socioecnnomic characteristics 

affecting risk aversion. Moreover, the two main experimental proced

ures used (bett ing and income gambles) h;:ve fa iled to provide an empiri

cal base for risk aversion redi tLion based upon socioeconomic vari

ables. Reasons civon for tlhis fa.ilure fall into the categories of 

intervL.ew bias and/or "one-purlod money" effects (Binswanger [1978], 

Roumasset, Boussard and Singh [19781, Masson [1972]). The elicitation 

m thods for Southern luila were expected to account for the former 

problem by utilizing a single interviewer with knowledge on the subject 

of risk aversicn. The latter problem, inherent in gambles of this 

http:intervL.ew
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nature, cannot be entirel': avoided. Gamble results are biased in the 

sense that the degree of risk aversion is directly related to the degree 

of imp-rfection in the capital market. The bias will be more proncunced 

if the gamble operates on a range where the farmer does not need to 

either borrow or lend to attain such imome (Masson [19721). Under the 

above rules iL is clear that onl/ t be coins game faills into this area. 

The income gambles proposed to :rit Ifarmor under the 1 andDi[lon Scandizzo 

method tailo red to tie spacif ic income n dec of each farmer interbowere 

viewed. Such incomes did includec borrow ingp and/or lending capabilities 

and are therefore excluded fr,, 'one-period money" bias. The use of 

both methods, coin games and Lncomln gambles, then becomes useful for a 

consistenc:y check of risk aversion. 

Interview Diato and Recults 

The farmers interviewed were selected from among the partici

pants in the CIAT on-farm trials and among farmers receiving technical 

assistance from the iCA Rogional 6 office. While the sample was not 

random, effort was made to interview farmers who were fairly representa

tive for w-he area. As a consequence, the characteristics of the sample 

the c.lonal averages (Table 5. 1)
population closely resemble 

The farmers' willingness to play the interview games was not a 

problem since they were acquainted with the questioner through the on

farm t rials. In pencneral , farmers reacted more sriously to the income 

gambles than toward Hte coin game. This was probably due to the more 

realistic nature of Hue ri.s: iicome situation. 

The estimated risk aversion coefficients are summarized in 

Table 5.2. As the table ind-icates fa rmers may have had problems iQi 



Table 5.1 

DISTRIBUTION OF SOCIOECONOMIC CHARACTERISTICS FOR 
ALL FARMERS INTERVIEWTED 

Variable N Mean 
Standard 
Deviation 

Coefficient 
of Variation 

Age 

Education 

30 

30 

41.96 years 

2.93 years 

12.14 

2.58 

28.94 

88.14 

Children 

Adults 

30 

30 

4.00 

2.86 

2.82 

2.04 

70.71 

71.39 

Off-Farm Work 
cent of Total 
Income) 

(Per

30 5.25 12.37 235.50 

Farm Size 30 7.30 hectares 6.56 89.96 

Wealth 30 708600.00 pesos 654040.10 92.30 

Experience 

Gambling Expenditures 

Income Per Year 

30 

30 

30 

14.53 years 

132.66 pesos per month 

88010 pesos 

10.06 

379.81 

76836 

69.27 

286.29 

87.30 

C0 



103 

Table 5.2
 

RISK COEFFICIENTS FOR SMALL, FARMERS
 
IN SOUTHERN HUILA
 

Mean 2 Coefficient 
Type of Gamblea n of Variation 

Consistent Farmers 

Coin Game 18 -0.30 0.84 -272.53 

Subsistence at Risk 17 -0.49 0.59 -120.14 

Subsistence Assured 17 -0.05 0.51 -881.25
 

All Farmersc
 

Coin Game 30 -0.32 0.76 -233.83
 

Subsistence at Risk 29 -0.32 0.54 -167.35
 

Subsistence Assured 29 -0.44 0.68 -155.25
 

aFor a detailed explanation of each gamble see Appendix B. 

bThe coffiVI ~nts for subsistence at risk and subsistence 

assured are significantly different at the 0.001 evel. 

CThe three coefficients are not significantly different from 
each other. 
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conceptualizing the nature of the gaml)]es. Not only are the coeffi

cients spread over a wide interval but about half of the farmers inter

viewed showed some degree of inconsistency between the games. The
 

degree of risk aversion when the game included uncertainties for family
 

sust enance was , t r ai'pro.x:iliat-ly hal if the farmers , lwer than risk 

avers ion uodr assuored subsistence. It is Suspected that inoconSistent 

farmers either did not understand the gambles or were not internally 

corsistent because of tie strongly monetary nature of the questions, a 

fact that seems to be a problem for Scooi-subsistence farmers not ,ised 

to assigning monetary values to tteir farming activities. 

Nevertheless, tie results from 'Table 5.2 are clear. Southern 

Huila small farmers are risk averse, especia liy when their sustenance 

is uncertain. Assuming assured subsistence the farmers interviewed 

show a mean valuc of 0 = -0.05 for their coefficient of risk aversion, 

a value similar to what Dillon and Scandizzo have calculated for North

east Brazil in an approximate conte :t. When subsistence is at risk the 

value of I increases to I = -0.49, a valuo somewhat lower than the , 

-1 found by Dilion and Scand izzo uinder similar c ircumstan.ces. 

Differences in tie mag,nitude of the risk cor fficio'n t attribut

able to each me thodoIogy were. found signific'int betwet'en the two income

subsistence games. in aldiLion , no d1fforenc e was fou nd ihetween the 

coins game and the game of subsistencer at risk. Nevertheless, the lack 

of a statistical dif ference in the later case does not indicaote that 

the coin game, a simple elicitation method, may he used as a substitute 

for the subsistence at risk galle. lie theoretical limitations imposed 

by capital market imperfecrt ions are a precluding factor, plus the fact 

that the game produces a risk coefficient of little significance in 
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terms of relationships with the socioeconomic environment, as seen in 

the following section.
 

Risk Aversion and the Socio
eCC flOnn. i ' l'.nvi Iollmen t 

Once the risk aversion coeffici'ents have been obtained two 

related questions must be answurd. 'he first is which of the coef

ficients yields a more appropriate estimate of the true level of risk 

aversion? Th, second relates to the importance of the risk coefficient 

for farming decision. That is, what role does such coefficient play 

in farm pltanning? The first question may be answered by relating the 

risk coeffici.ents to the socioConomic' circums tarces ass(c :iated with 

them and select ing the one explained more adequately. 

The effect of soc ioeconomic characteristics on risk aversion 

is shown in 'lb e 5.3. Of the three OLS regressions shown in the table 

the equation for the coin game offers the least explanatory power. 

Given this fact and tihe theoreticarl cihallenge's farcing the results from 

"one-period money'" games, The discussion wi ll be foc 'sud on the results 

for the gambles involving income. The OLS results for the income

subsistence methods show that socioeconomic factors are indeed signifi

cant for risk aversion. In order of coefficient magnttde the results 

show that sharucropping is significantly\ more common. aimong the more 

risk avorse fanner s. "Crop t'rurc" is a dummy varliabl meiasurintg the 

effect of co-owningt a crop on Wbe degree of a'"erS;ion to risk. Crop 

ownership is dependent on wealth, credit availab iltv, land ownership 

and Labor rtquirements for the crop. (Given tihe high rost of capital 

for the region, shri ng the product ion of a c rop is a way to decrease 

the capital requirements and risks associated witih produiction. 
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Table 5.3
 

OLS REGRESSION OF SOCIOECONOMIC CHARACTERISTICS ON RISK
 
AVERSION BY PROCUREMENT METHOD, FARMERS WITH
 

CONSISTENT RISK COEFFICIENTS
 

Risk Aversion Risk Aversion
 
With Subsistence With Subsistence
 

Independent Variable Coins Came at Risk Assured
 

Intercept 	 -2.401 0.432 1.258 c
 

(1.756)" (0.914) (0.480)
 

Age 	 0.036 -0.036 -0.0 3 3 d
 

(0.038) (0.021) (0.011)
 

d
 
Education 	 0.055 -0.166d -0.194
 

(0.107) (0.052) (0.027)
 

Crop Tenure Dummy -0.144 -0.7 38 d -0.784d 

(I = shared crop ownership) (0.495) (0.236) (0.124) 

Farming Experience 0.021 0.039 c 0.027 d 

(0.025) (0.014) (0.007) 

Level of Technology Dummy 1.59 8 c 0 .5 17 
b 

0 .4 9 4 d 

(I uses new inputs) (0.595) (0.283) (0.149) 

Weal 'h -0. 6 8 (1 0 
- ') 0. 4 8 (10 -

6 )c 0.34(10-6)d 

(0.41 (10 - ') {o.20(10 - 6)} (0.11(10 - 6)) 

Income -4 .6 2 (1 0 t 
- )b -0.75(10-6) -1.78(10-6): 

(2.5 (10-6)) {1.29(10-6)) {0.68(i0-6)) 

F 1.32 4.34 14.37 

R2 
0.48 0.77 0.91 

MSE 0.62 0.34 0.04 

n 	 17 16 16
 

aNumbers in parentteses are standard errors. 

1 slgnificancc 0.1 probability level. 

"Significancc 0.05 probability level. 

dSignificance > 0.01 probability level. 
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An effect working in the opposite direction of risk aversion
 

is the utilization of new inputs. The "Level of Technology" variable
 

is a dummy which takes a value of 1 if the farmer uses at least two of 

the following inputs: fertilizer, hybrid corn seed, fungicide, and row
 

planting of beans. This variable, however, is in turn a ffecLed by risk 

aversion sinca it attmpts tu mneasure a degree oI techlnical innovation. 

Clearly, farmers who are averse L risok are expected to . loss innovl

tive than risk neutzral or risk Iov nLg larmer. However, i tin simul

taneity between risk ave'.i on and i nnovat.ion is ignored the resulLs 

suggest that the use of new inptlLs d(oes n1ot i.ic r(2ast risk aversion. A 

siniel ar prob 1em occurs wi tii 5cOiit. "Income" [s le[asured in rOSS 

margins generatd by all the production enterprises on the farm, plus 

any off-farm or hired labor income that tie farmer was able to obtaLn. 

It depends heavily on other factors such as credit, input, avail abilLiLv, 

land quality, quality of the extension service and so forth, which are 

important in deciding which inputs to use. Cof fee farmers, for in

stance, recognize that tLWe use of fungicide---a relative lv sophiisticated 

input in traditional fafmjnt--is necessary to increase coffee produc

tion. Nevert iluss, they also point out capital scarcity as the reason 

for not using fungicide with a corresponding decrease in income from 

coffee. 

All this ,<uggpsts that the relationship between risk aversion 

and the farming environment is more complex than the linear specifica

tion used for results in Table 5.3. \s it is, the OLS model presents 

coefficient, whichi have anticipated magnitudes and signs even in the 

case of the income and schooling variabl]es. Contrarv to expectations, 

the sign of the income coeffi cient is negaLtiye, iIndJlcating a direct 
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relationship to risk aversion.
 

A plausible explanation for the latter result is an apparent 

ratchet effect among farmers with respect to income. As income increases 

so does the risk premium used by the farmer in the decision making pro-

cess, thus suggcust ing risk aversi on. lihis type of behavi or is perlect

ly possible considerin_ that income increases arc only alt ai ,ahIt 

through increments in farm product , Since the level of technologyM. 


currently in use varies only modestlv the rMM t aking effe.ct on income 

is being picked up by the wealth varijable throtughit the its of more land. 

"Age" indicates that as farmers get older1 t heY become nore risk averse. 

And so does "lduciation". As discussed previouslv, youIngec--and preisum

ably less risk Iartl'rse--F-armers tend to have more years of s'chooling 

than older farmers hence the negative coef ficiene for schooling. The 

effect of education is represented by the years of experience in farm

ing. This variaLle, is should be expected, is inversely related to 

risk aversion but on a relatively small scale. Finally, "Wealth,'' 

measured by market value of the farm, piesents a significant effect 

moving opposite to risk aversion as expected. 

Judgment a Input 

Experience would sggest that farmers weight recent observa

tions more highly than distant ones. This is not the case for estimates 

of parameters for the risk decision problem determined from time series 

data. For the experimental1 ohbtaimed risk aversion coefficient esti

mates, the question is whether the oypton qiVtn is near the pr'.'eul 

uncertainty levels of tht: f imer. As the quidrntri utility function 

emloyed to calcula., the coef ficLent is itself an approximation, this 
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scaling prob]em can be crucial to the calculation of realistic esti

mates of risk attitudes and/or farm technology adoption plans. 

To address those prolhems, objertivv estimatesor judgmenral 


of the distributions for yields and prices wore obta led frm the 

sample farms. The procedure for eliciting these judgmental cstmates 

has been developu'd and applied in a number of contcxts (,]ackson [1974], 

Falconer aid Siv' sind [1977]). Spec ifically, a set of rc u r.nccd gamn

bles is given to the farmer. Bv choices of these refernced rambles, 

the fractiles of the underlying distributions are obtain ed. The 

resulting subjective price and yiel(1 d istrilttions arc then used to 

build a judgmental covariance matrix for the risk program. 

The El iA i tat -i00 ohJdget pt 

The elicitation of mubjcctive prohabilities has been a subject 

of controversy ever since S:vag outl i nd the ;roblcm, in a rigorous 

manner (Savage [1971 1). Due to their perso;al nature there arc still. 

doubts about the validity of the use AI personal probabL.iities in non

laboratory cond i tions (Winkl er [1971 ) and the capa c i tv "f the ind ivid

ual. to absorb all the pertinent information requeird by a probability 

distribution. 'These doubts have provoked two stecanms of thought, one 

which asserts that man ha; a process ing system of l imli ted capac.ity and 

is therefore unable to give consistent informatLon (Hlogarth [19751), 

and another which asserts that tLi problem lies not on man's capacities 

but on the characteristics of the el icitati[on methods. The empirical 

results obtained so fa r, nowevur. do out re ectI conclusivclv any of 

the above hypotheses. 'The onllv onscnsus is that in ,l citing meaning

ful sb)jective probab ili ies t mr' conditions are necessary (Htampton, 

Moore and thomas [19731, Htendrickson and Buehlr 119721) 
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a) The matter being elicited and the methodology used should
 

be familiar to the person doing the assessment. 

b) There is a need for judgmt-tal probab i ities, hat V , 

there is a conviction that personal probabi lities will add 

predictive accuracy to objec tive data. 

c) The judgment being assessed should he expressed in proba

bilistic form. 

Added to the above criteria there are caveats indicated by the 

accumulated empirical findings. First, the probabiliL,, assessor must 

be knowledgeable about the factor being examined and possess the abili

ty to extract information in probabilistic form (Winkl or [1969]). 

Second, subjects tend to express thoi r personal distri bution in sym

metric form such as a noermal dist:ibution. Third, inconsistencies are 

not at all. uncommon (Winkler [1967]). 

Accounting for these qualifications, interviews were conducted 

for the farmers sampled during thu assessment of attitudes toward risk.
 

The questioning procedure (Jescrihed iH Appendix B) is based on Raiffa's 

[1.9681_judgmental. I rti e method . '.Tis method attempts to find points 

in a cunu]at ire distribution function (CDIF) through the elicitation of 

equal.y likely prohgabil n intervals (Figure 5.1).ity 

Let f be a value of a random variable X such that P(X < f )
o.h - o.b 

= o.b, thcn its lowest posssible valuo is f and its highest possible 

value is f .0 with f 0.5 representing the mode of the distribution. 

Each f :is called a "point b fractile" of the sub iective CDFI. The 

elicitation procedure for each fractile in the diLribution can be re

sumed as follows:
 



P(x < X) 

1.0 

0.75 

0.5 

0.25 

0.0 

Figure 5.1. A judgmental cumulative 

x 
Judgmental Fractile Value 

density function. 
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a) Find the lowest (fo.o) and the highest (f1.O) possible 

values for X.
 

b) Find the value of f 0 . 5 such that it is equally likely for 

X to fall above or below it. 

c) Find a valuc f0.25 such that it is equally likely for X 

to fall below 0.25 or between f025 and fo.5' 

d) Find a valuc f0.75 such that it is equally likely for X to 

fall above f0.75 or between fO.5 and f0.75" 

Although the muicod permits the elicitation of a Large number 

of fractiles o nly five were deemed necessary for the farmers in South

ern Huila. The rpsulL s obtained from the questioning procedure were 

then processed to obta in the relevait parameters of the underlying dis

tributions (Tablc 5.4). 

Judgmental Price and Yield Distributions 

The judgmental price and yield distributions obtained from the 

field interviews may be reforenced by the 1979 actual prices and yields 

actually obtained by farmers (Table 5.5). The actual figures were use

ful for calibrating the judgmental figures as the interview proceeded. 

The judgmental fractiles for product prices and their corresponding 

means and vart.ances are shown in Tables 5.6 and 5.7. The subjective 

assessments of prices, as indicated by the coefficfients of variation, 

suggest that high price variation occurs for the perishable crops: 

onions, t matoes. caissava and pI atano. The high price variation re

port00 d for cnsuava and plattLno is not reflectd in aggregated govern

ment figures. Tils discrrepancy tends t~o corroborate the need for judg

mental assessment in risk modeling. 
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Table 5.4
 

FORM FOR RECORDING AND PIROCESSING JUDGMENTAL
 
FRACTTIES AND S!JtBJEC1I'IVIIDSTRINBUTIONS
 

His togram
,J i d . - a l- ; -7y ( I - ud g me i u iiU ; -( 0 . i 3 | .

(X Prot-abilityFractile Flrac t i u Va ue Ie 

0.0 Y0 X0 0.125 

0.25 Y1 X 0.25
 

0.50 Y2 X2 0.25
 

0.75 Y3 X3 0.25
 

1.0 Y4 X4 0.125
 

Y + YO)
 
Xo 0 ~ 0)/2
(Yo + 


Y +Y 
42 + 2 )/2; i = 1, 2, 3. 

Y4 +
 

4
 
Mean = XiP.
 

i=O
 

4
 
Variance = Z (X- X)Pi
 

i=O 



114 

Table 5.5 

PRICES AND YIELDS OBTAINED BY INTERVIEW
 

FARMERS 1,,' 1979 

Price Yields
 
Crop Pesos Per Kilogram Kilograms Per Hectare 

Coffee 55.26 606.7
 

Platano 43.32 219.71 a 

Corn 9.23 1509.66 

Beans 38.17 
 895.64
 

Brown Sugar 
 12.3 2687.50
 

Cassava 
 3.5 6560.42 

Tomatoes 6.05 23521.43
 

Onions 8.64 
 11437.50
 

aIn bunches per hectare. One bunch weighs about 12 kilo

grams. 

http:11437.50
http:23521.43
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Table 5.6 

JUDGMENTAL FRACTILES FOR PRODUCT PRICES FROM 
INTERVIEW FARMERS IN SOUTHERN iUILA 

Price Fracti1e _(Pesos Per Kilogram) 

Crop 0.0 0.25 0.5 0.75 1.0 

Coffee 45.79 50.03 53.66 56.00 58.53 

Platano 29.44 43.33 50.56 61.33 86.16 

Corn 6.46 7.64 8.93 9.75 10.99 

Beans 26.22 32.91 34.58 39.38 43.24 

Brown Sugar 10.85 12.83 14.78 15.6 19.85 

Cassava 2.16 3.54 4.23 4.9 5.68 

Tomatoes 2.94 5.23 7.27 9.71 13.02 

Onions 5.86 7.00 9.15 10.20 13.60 

apesos per bunch. 
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Table 5.7 

DISTRIBUTION OF JUDGMENTAL PRICES FROM 
INTERVIEW FARMERS IN SOUTHERN HUILA, 

PESOS PER KILOGRAM 

Standard Coefficient 
Crop Mean Variance Deviation of Variation 

Coffee 52.90 12.50 3.53 6.68 

Platanoa 53.59 208.68 14.44 26.95 

Corn 8.76 1.56 1.24 14.26 

Beans 35.31 19.95 4.46 12.65 

Brown Sugar 14.71 5.15 2.27 15.43 

Cassava 4.12 0.86 0.93 22.54 

Tomatoes 7.57 7.57 2.75 36.30 

Onions 9.09 4.33 2.08 22.90 

aPesos per bunch. 
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The judgmental results for yields, however, present variations 

more closel. issociated with biophysicaI v.Aiabl s (Tables 5.8 and 

5.9). Low yield variation is cbserved w: sugarcane, cassava, and 

coffee, three crops known for good drought rsistance. The yield vri

ance of platan, is also low. Thu yi d variation for plLtano is re

flected in the quaI itv of the bunch and therefore in terms of pric e 

variation. Corn, on ,he other hand, had a high yield varIaLion. This 

seems to contradict the faCr that corn is a farm s tapl: however, the 

reported variation is a product of extremely varied plant densities ill 

the corn-beans association. Finally, t:le relatively hiigh yield vari

ation for onions, tomatoes, and beans is likely due to drought problems, 

disease and insect attacks.
 

The Judgmental Distribution 

of Gross Margins 

The distribution of gross marg ins is derived from the judgment

al distributions for prices and yields (Table 5.10). The subjective 

gross margin f igures are very simi la r to Lime series averages but with 

larger variances, reflecting the farm level situation unaccounted for 

in regional figures. ''onmatoes and onions , the most profitabl crops, 

also have the largus variance whi.1 e the Less prof:itable crops (corn, 

platano, and cassava) are the home-consumed stapl . 

Since the prLees and yields elicited from thle farmers may not
 

be independent the variance of gross margins was computed as
 

-- 2 -2c=
S" I's + Ys + 2PY coy (1, Y) Y P
 

where 

P = product price, 
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TabLe 5.8
 

JUDGMENTAL FRACTILES FOR CROP YiELDS FROM
 
INTERVIEW FARMERS IN SOUTHERN HUILA
 

Yield Frawilet 1 (< iLograms Per Hec tare) 

Crop 0.0 0.25 0.5 0.75 1.0 

Coffee 338.14 413.02 544.08 588.48 654.84 

Platanoa 99.37 161.24 228.18 238.63 245.39 

Corn 444.44 1084.94 1589.61 1895.96 2260.33 

Beans 227.96 722.38 973.89 1142.87 1322.34 

Brown Sugar 2342.19 3093.75 3668.75 3817.19 4012.50 

Cassava 2930.36 4615.38 5452.18 5831.6 6395.64 

Tomatoes 6286.88 13830.63 22506.25 26412.5 32499.38 

Onions 4062.5 7206.25 13625.0 15197.5 17437.5 

aIn bunches per hectare. One bunch weighs about 12 kilograms. 

http:32499.38
http:22506.25
http:13830.63
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Table 5.9 

DISTRIBUTTON OF ,UIGMENTAiL YIELDS FROM 
INTERVIEW FARIM'RS IN S(OUIliRN HILA, 

KILO()RAMS 111K HEUCTARE 

StanLird G:oefficient 
Crop Mean Variance Devi at ion (.;f Variation 

Coffee 510.25 8508.25 92.24 18.07 

Platano J98.38 1898.97 43.57 21.96 

Corn 1472.09 248356.7 498.35 33.85 

Beans 893.73 85347.]1 292.14 32.68 

Brown Sugar 3421.87 2.17085.98 465.92 13.61 

Cassava 5105.50 835428.32 914.01 17.90 

Tofmatoes 20490. 1( 53504981.2 7314.70 35.69 

Onions 11666.44 16078241.60 4009.76 34.37 

aBnches per hectare.
 

http:16078241.60
http:11666.44
http:835428.32
http:2.17085.98
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Table 5.10 

JUDGMENTAL DISTR[MlUTION OF "ROSS MARGINS FROM 
[NTERVIE!W FARMERtSq IN SOUTHERN IHU ILA, 

PESOS ltE IRECTARE 

S r andard Coefficient 

Crop Mean Variance Deviation of Variat ion 

Coffee 20484.2 2717U(363 5212.5 19.3 

Platano 10631.2 8710546 2951.3 28.0 

Corn L11552.5 22825861 4777.6 37.0 

Beans 30215. 1 124048106 11137.7 35.0 

Brown Sugar 45421.7 108394303 10411.3 21.0 

Cassava 20752.7 .37316229 6108.0 29.0 

Tomatoes 92717.0 664931 9849 81543.3 53.0 

Onions 88491.0 1.987471.498 44581.0 42.0 
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Y = yield per hectare, 

2 
Sy2 variance of yields, 

2 
s 2= vriance of product prices.P 

JIud jnojLtt_ Cova r iance Estima tio 

The correlation coefficients needed ir, the elaboration of the 

judgmental varianro-covariance matrix were calculated from two-way 

tables of pri,,s nd viuIds obtained from the interviews. In general, 

rfanners were unable to ass irt any kind o relationship among sale pr:icus 

for a given- pair of products. in all instances tthey argued that pro

duct pries ,,ere completelv independent. Yields, on the other hand, 

were onmew dat- d ifferent It. Farmers read:i ly recognized zero or negaaive 

correlations among crops whiclh depelded on diffcunt l natic con

a train ts. Cassav;i, for instance, grows well during dry spells and rats 

if rain becoi s excessive. Coffee, however, suffers more f rom dry 

weather at flowering than from excess of precipitation. Thu resulting 

correlations (Tabl, 5.11) were used in the computaLion of the covari

ance matrix shown in Table 5.12. The questioning procedure used for 

the assessment of the two way tab]es is very simi lar to lhe one used 

for the price and yields distribution. i)ifferunces relate to the use 

of crop A as a reference vale in the eli citation of a fractile value 

for crop B. 

Conclusions 

The objectives of this chapter were twofold. The first was the 

estimation of the risk aversion coeffici ent with which to weight the 

profit variance associated with the farm portfolio. The second objec

tive was to obtain a more adequate meas.re of profit variance. With 



Table 5.11 

JUDGMENTAL CORRELATION COEFFICIENTS FOR YIELDS FOR THE 
MODEL CROPS AN) TECHNOLOGIES IN SOUTHERN HUILAa 

Br c, P.,-
Corn Beans Cassava SPar Coffee Platano Tomatoes Onions 

Corn 1.0 0.15 0.47 -0.11 0.14 -0.20 0.14 
(0.0) (0.28) (0.01) (0.72) (0.49) (0.40) -- (0.90) 

Beans 1.0 0.35 0.811 0.55 -0.007 0.18 0.35 
(0.0) (0.04) (0.004) (0.002) (0.97) (0.59) (0.55) 

Cassava 1.0 0.01 0.04 -0.27 0.02 -

(0.0) (0.96) (0.82) (0.24) (0.95) --

Brown Sugar 1.0 0.67 -0.12 .... 

(0.0) (0.14) (0.85) --... 

Coffee 1.0 -0.20 -0.99 -0.72 
(0.0) (0.35) (U.09) (0.16) 

Platano 1.0 -0.97 0.81 

(0.0) (0.15) (0.18) 

Tomatoes 1.0 -0.15 
(o.0) (0.90) 

Onions 1.0 

(0.0) 

a Numbers in parentheses are the probability levels for H: P 0. 



Table 5.12 

JUDGMENTAL VARIANCE-COVARIANCE MATRIX FOR GROSS MNAR,GINS FOR 
THE MODEL CROPS AND TECHNOLOGIES IN SOUTHERN HUILA 

Brown Coffee
Corn-Beans Cassava Sugar Platano lomatoes Onions 

Corn-Beans 163552006 276565310 448833855 263261433 7326147713 2567877523 

Cassava 37307664 944953 65349789 10299976 0.0 

Brown Sugar 108388921 209321.424 0.0 0.0 

Coffee-Platano 35247315 5376946708 1900447854 

Tomatoes 6649260849 -546562616 

Onions 1987 ;65561 
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respect to the first objr.ctive the results indicate that the coefficient 

of risk aversion for Southern Huila fnrmers varies within the range of 

§ = -0.05 to , = --. 5, as corroborated by te regressions on socioeco

nomic variabies. In addition, the experience gathered from the elici

tation procedure helped to point out a problem for the future; the 

quantification (or monetarizatLon) of home consumed items in terms of 

market prices. 

The latter items include house renic, transportation, and some 

food products. In assigning a monetary value to these goods the inter

viewer may use a value which, whilie correct, may sound excessive to a 

farmer who is not used to pegiging the value of the foods to a current 

market price. Hence, when faced wi Li questions involvin g allocation 

of their total expenses in terms of a given monetary income, some 

farmers felt at a less and thus behaved inconsistent l. The fact that 

inconSistencies do arise V n when inftrvi ew hi ac is minimiz/ed, as in 

the case of ilniIa, rnis , serions questions as to the viaility of risk 

procurement methio(ds Soii as income gambles. NeverThai ass, the results 

from th int ervi tw ni rnated that farmers are genera iI y risk averse 

when faced with uncertain total incomes and approximat-ely neutral when 

their sustenance is assured. 

In terms of the second objective, the procurement of a better 

measure of profit dispersion, the rasults are quite encouraging.. The 

judgmental pr ices and ,,,ids Va 1!ow losel v the copventional.yl a htait ad 

wisdom for Southern Htuila ag riO ltore . Tlis in torn suggests that by 

assessing profOit variancu at the farm level a more accurate description 

of production ri sk can be obtained. The above asse iLion becomes aspeci

ally important in cases where there are not enough data at an appropriate 
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level of dirsaggregation to build an adequate risk model. 
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FOOTNOTES
 

CHAPTER V
 

For more details on the regiona characteristics see Insti

nzto CoJombiano Agropecuario (ICA), I)istriLo de Transferencia de 

Tecnologi. Sir del HiJi 1 i co r.inna, 6, lbague,aJ ) ity_ 

Colombia, 19 78. 



CHAPTER VI
 

THE IMPACT OF NEW BEAN TECHNOLOGY
 

Introdtc von 

The obj ective of this ch ter is to detail and discuss the re

sults of introducing the new bean tuceolog y into the risk programming 

model. In addit-Lon, a discuss;ion of men-iirement for the quadratic 

portion of the o jecLiv, functiion is inc luded. Tih variance-covariance 

matrix is calculatcd fromi reg!ional 1!llmu Series data whiS, as prcvi

ouslv indicated, underestimate the amount of price and yiold variation 

actually faced b)V :rmers . For Iai reason, an aL ternative measure of 

price and yield dispersion 'cled i ivn the sibjecLive distri-btt:ions is 

incorporated as well. Comparci'sono are made bietween the model results 

when time series estimates are used for the calcu ation of the vari

ances and the results when subjfective variance estimate is used as :n 

alternative. Thiis (omparison is for the different risk levels esci

mated for Southern Huila. fhi discussion co icludes with an analysi.s of 

the impact of new bean technology on t sialil fam svstem and its 

relationship to the level of rLsk aversion. 

Model Re ults Wi th Two 

The optimal solution, t t qadrltat i- programming problem 

formulated for the cur re nt t e chnloy are shown in Tabl les 6.1 and 6.2. 

Table 6.1 shows the model results bsed on time series variance esti

127 
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mates. Table 6.2 reports results for the subjective variance estimates. 

Both tables include the solutions to the programming problem for dif

ferent risk aversion levels, including a riskless or linear case. The 

farm size n d for the comparisons is 15.8 hectares, a size found at 

the upper Level of tie small. farm category in Southern Iuila. Repeated 

effortn. were made to obtain a feasible quadratic solutin for the 2.4 

hectare farm size for the t:ime-series case. Unfort unatelyv,, the at

tempts were fruitless due to rounding problems introduced by the size 

of the model. Consequently, only the case of subjective variance is 

discussed for this farm size. 

Model results for the time series case and the 15.8 hectare 

=farm size indicate that at higher levels of risk aversion (I -0.5) 

the farm plan is dominated by corn and beans in asnociation. A large 

portion of the farm land is as well left idle or for pasture produc

tion (Table 6.1, column 1). Beans in monoculture are also present and 

also onions and tomatoes. The latter activities5absorb a great deal. 

of the available family labor durin to second semestecr. Labor sales 

are small and tho gross margin is well belbow the mean of 182,380 pesos 

observed in the region (Table 4.2). As risk aversion levels decrease 

the gross margin incr,,ases a nd the f a irm enterprise compos tion shifts 

toward coffee production. however, the farm remains fairly diversified 

at low levels of -isk aversion (' = -0.05i). 

Farm enterprise composition changes drastically in the risk 

neutral case. In the riskless or li.near case the gross margin increases 

by 50 percent over the gross margiLn at Low (I = -0.05) risk levels. 

Coffee acreage increases almost fourfold. sugarcane production becomes 

important, and the corn-bean association diminishes slightly. For this 
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Tab] e 6.1 

LINEAR AND OUADRAIIC SOLUTIONS UNDIER TiNE-SERIES
 
VARIANCE, CURRENT IEVEI,S OF EF'AN TECHNOI,OGY,
 

AND ESTiNATIID DEGREES OF Ri S,\K AVERSION FOR
 
SMAI,, 


Item 

Gross Mar in 
(Pesos) 

Cro Area (ectares) 

New Caturra Coffee 

Low Teclhno Ioy 
(Cturra (Co:ffc 

Old (c,t ft
 

Onions 


Sugarcane 


Tomatoes 


Corn-Beans 


Beans 


Household, Pastures, 
and Other Activities 

L~abor Sa11e'-;
 

(Mal Days) 


Cap IL I B,) Crowin 
(Pesos) 


FARMS 'INSOULIEFRN U1I ,A , FARN 3 

Far- Size, _15.8 llecLarces 

_ .... .!>a~d-L c SOL t_ ..... Linear Solution

p = -0.5 

131,054 


0.53 


0.44 


3.12 


0.93 


12.1 


8.4 


50,000 


1 - -0.25 1 -0.05 0 

167,646 1-72,191 248,780 

1.55 


0.2 


0.07
 

2.18 


0.44 


11.84 


......
 

50,000 


1.76 

5.1 

0.13 

4.75 

2.10 1.83 

0.5 

11.79 4.11 

50,000 75,000 

a
 
Estimated from intcrpolation.
 

1.0 U.S. Dollar = 40.0 Pesos.
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case, farm income is almost double that with high risk aversion (t = 

-0.5). This income increase is due to an expansion of the cultivated 

area and an increment of 50 percent in capital borrowing. 

I The quadratic solutions shown in'abl e 0 .1 do not, however, 

resemble actual farm plans found in tlie aru' (Atrcia and Sanders [1980]). 

The presence of onions and toma toes in the opt ial plans and the rela

tively low level of coffee area indicate that the time series vari:nce 

estimate may be misrepresent i ng the decision problem. Either the model 

is misrepresenting the technology constraints, the norma tive decision 

criterion or thW distribution of net returns. As indicated at Chapt er 

111 , the implicit hypothesis is that the source of the d:ifficulty is 

the time series es t.inates of the underlying di.stributions. 

The model incorporating subjective variance estimates yields 

levels of farm income similar to those reported in Table 6.1 but sub

stantially different farm plans. Observe from Table 6.2 that at the 

high (T - -0.5) risk aversion level, the main crop is co1feen, with 

labor sales as the on]v )ther source of income. This farm pl an is con

sistent with observed behav 10 r mum,', the po)orcst fatmne rs. At this ri sk 

aversion level, farmers ten d to sLik with stab]e permanent crops and 

sell their labor to provide for daiy, cvash neds. Capital utilization 

remains low, at less Lhan 12,(000 pesos . As risk avcrsi.on decreases, 

however, the area allotted to coffee production incWrea sos rapidly. At 

low level.s ol risk aversion (q = -0.05), half the farm is planted with 

coffee. No other crops or enterprises alppeart in the solution until the 

level of risk aversion approache s zcro, when the areas of suga rcane anid 

corn-beans star" to increase, reaching,11 a maximum of 4.75 hectares for 

sugarcane and 1.83 hectares for corn-beans. No family labor is sold 

http:avcrsi.on
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Tabl e 6.2 

LINEAR AND OUADIXATIC P\R',RAHMN(, SOLUTIONS NDER 
SUBJtECTIVE VARIAN I,, C(iRRIFNT IJE\'FI, OF BEAN 

TECttNOLA)CY, AND :ISTIMATEI) )I!.RI.SS OF lSK 
AVIER S ON FOICR FARMSSMlAlJ IN s(Iu'nTlI"N 

tIlLII.A, FARM 'I 

F;irni Size, 1.5.8 lfectanres 

QuadraLi So lui.n.s Linear Solution 

Item , -0.5 *, -0.,5-,_.C 0 

Gross Margin.
 
(Pesos) 113,227 169,051. 204,935 2L8,780
 

Crop Area ( tleet ares) 

New Caturra Coffee 1.38 1.87 

low Technology 
Caturra Coffee 0.67 5.96 5.1 

Old Coffee 0.81 2.21 2.21
 

Sugarcane 4.75
 

Corn- Beans 1.83
 

lousolho Id, Pastires,
 
ard Other Act 1vi ties 13.61 11.05 7.63 4.11
 

Labor Salus
 
-D -a 180 162 162 

(P1sos) 11,477 57,260 65,586 75,000 

1.0 U.S. Dl.ar = 40.0 Pesos. 

http:I!.RI.SS
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in the risk neutral case.
 

Based on the observed farmer behavior in Southern Huila, the 

plans which resemble actual plans the most are associated with the 

solutions for I = -0.5 and = 0. Thus, the model results suggest that 

the use of subjective variance in the objective function generaLs 

better estimates than the more trLadi tional approach, incorpora LI ig 

variances based on i seri s data. Fulrthirmore , co'plpi) lig iode l 

results with actual field data (lable 5. 1) and farm plan: observed in 

the area ('ables 3.2, 4.1, 4.2), it can be con.cluded that Southern 

luila farmers tend to behave in either a s trongly risk averse fashion 

(i.e. , J = -0.1) or wi th risk neutrali y (i.. , -- 0) . Tho centinuous 

presence of cotfoe and the inverse relationship exist ing Ktthwen Cashii 

crops and tie leve ls oif risk aversion aliso may inudicateto that farmer 

behavior is ada'tptiv e. Risk averse f anners with little expcorience tend 

to organize thoeir production ;ron nd mrv secure activities such as 

coffee, which present stable yields and a guaranteed price, while work

ing as laborers to s /bsist during the period prior to ,offe production. 

As farmers progress, both in terms of capital and experieonce, they 

start to increase the area ai located to annual cash crops such as corn 

and beans. The reason why they do not conLtinue expanding coffee pro

ducLion seems to be the constraints on harvest Iabor and the additional 

capitalineeded fto expansion. 'hm,r ei , inc, t heo limit on coftfee area 

is reached farmiers.e ioto cash crops rather thamn emit lue as laborers 

(an activity which prosenL, atfixed anmmd seculrce wage rate). This sug

gests that farers who currently airae risk neutral may have been risk 

averse. If this conclusion is correct, it has important policy impli-

cations. 
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The model results for the smaller farm size (2.4 hectares)
 

under current technology levels are available only for the case of 

subjective variance estimates. As already mentioned earlier, the re

sults for the time series variance case were not obtainable due to 

difficulties with the computing algorithm, likely due to the similarity 

of the enterprise vaiatW,, wLi:.ates when using time scr es datma. 

The result s for the subjectLv, variance , -c tforthe 2.4 hec

tare farm are shown in Table 6.3. As the risk avers ion level shifts 

from high to low the coffee activity changes toward a more intensive 

use of capital and cash crops begin to increase in area. ALso, Labor
 

sales decline and capital use increa os almost thr e -fold. The changes 

occurring in the 2.4 hectare farm as risk aversion decreases are simi

lar in nature to the cthanges in the composition of the 15.8 hectare 

farm. The trend, as §,approaches zero, is to expand coffee production 

and start thc production of annual crops such as corn and beans. The 

above solutions, hioweve r, should be viewed with canton. 'The farm 

plans presented in Mibies 6.2 and 6.3 are all similar to astudl plans 

found in the re,ion (Tables 3.2, 4.1, 4.2). However, the farm plans 

0o not inl11de cassava cultivation, a Southern uia staple. This may 

be due to the low market prices reported by farmers. As mentioned 

earlier, staple crops such as cassava present serious problems with 

respect to price estimation since the clearing price for the marketable 

surplus; may not reflect the true value of the crop as a staple. Another 

problem is tile abs ;nce of sugarcane on the targur t ,rm . IMis crop is 

not special in te~rms of risk or income. Nevertheless, the solutions 

for the 15.8 hectare fan consistently show sugarcane in the basis but 

not in tBe solI it ion. Future model refinemonts shnuId include a 
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Table 6.3 

LINEAR AND QUADRATIC PROCRAMMI N( SOLUTIONS UN)ER 
SUBJECTIVE VARIANCE , CU RRENT ILEVELS OF BEAN 

TECHINOILOGY, ANI) SI MIlI) I)ICREES OF RI ;,1 
AVERSION FORK S3A1. FARMS 1% SOITIERN 

tUIIA, FAI.. I 

............... F rzy S, ',. 2.(_ .l <.c ...
.. i~ t.1 T s ... ... ..
 

Quadratic' Solut ons Li.. .. o utio . 

Item = -0.5 1 -0.25 = -0.05 = 0 

Gross Narpin 
(Pesos) 101,535 116,142 120,969 126,991 

C2LKnArea (Hcc tares) 

New Caturra Coffee 1.19 1.34 1.77 1.95
 

Low Technology 
Caturra Coff ee 0.24 0.71
 

Old Coffee 0.34 0.34 0.34
 

Corn-Beans 0.28 0.44
 

Household, Pastures,
 

and Other Activities 0.63 0.01 0.01
 

Labor Sales
 
(Man Days) 183 180 170 165
 

_
 
(Pesos) 8,872 16,598 23,631 23,878
 
Capjtal_Borrowing 


1.0 U.S. Dollar = 40.0 Pesos.
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revision in the activity coefficients.
 

The Impact of New Bean Technology 

After choosing the subjective variance model as more adequate 

for represenLin; the small farm system, the introduction of new bean 

technology was simulate' and its impact measured. Tables 6.4 and 6.5 

show the' impact f incIn(ling the Bet ter Agronomy technology as a new 

activi tv in the risk programnming model for the two typical farm sizes 

in Southrn l i Tsi. ew activ it' has lhighe'r profits thanhi current 

bean tecrhi loi es, a somewhat lower level of labor use, and slightly 

higher caplital utilizat ion ('lable A-2.1). Ia a risk neutral context 

this nct ivttv would be expetcted to domlinate most of the anmal crops. 

Tab le 6.4 presents the d ifferent farm plans for the alterna-

Live I vels of risk aversion ani the 15.8 iucrtare farm. Except for 

the linear case (, = 0), the other farm plans remain unchanged. That 

is, the introduction of new bean technology prodctied no uffct on the 

enterprise composition for the risk averse farms. 

In the risk neutral case, however, the Better Agronomy tech

nology does have an im'upa c t on farm income and emp]loyment. The area 

allotted to bean cultivation increa;;es from zerotL three hectares. 

Sugarcane ;nd rassava a ls) appear in the linear solution and the coffee 

area increases slightly. Dne to this significant change in the farm 

plan, familv laor is Fully emp loved on tihe farm and no labor salc's 

occur. Mlor'o'v'er, the ezpainsion in theii.! tuivateOt area increases lhe 

need for wrking, capital by alImost 30 percent, from 61,586 pesos to 

90,000 lesos per year. As a consequence , farm incoLn inc reases from 

204,935 pesos in the case of lowest risk aversion ( - -0.05) to 270,015 

pesos, an increase of 31 percent. Most of the increased income comes 
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Table 6.4 

LINEAR AND QUAI)RATIC S(LUTIONS UNIER SUBJECT IVI 
VARIANCE, NEW LEVELS O1 BEAN TECHNOLOGY, AND 
ESTIMATED DEGRIFiIS OF RISK AVERSION FOk SMALL 

FARMS IN SOItTP!EUI.}' HUILA,. FRM 3 

. . .I L , !5. H8 t_ .es 

Qoad rat ic So Inltions L, near So Lu t on 

fitm = -0.5 -0.25 -0.05 y = 0 

Gross Ma-gin 
(Pesos) 113,227 169,051 204,935 270,015 

/r,(p Area- (Hu tarcs) 

New Caturra Coffee 1.38 1.87 

Low Technology 
Caturra (of fee 0.67 5.96 6.4 

Old Coffe.e 0.81 2.21 2.21 1.0 

Sugarcane 1.2 

Beans, Better 

Agronomy 3.0 

cassava 4.15 

Household, Pa.itures, 
and Other At iviLies 13.61 11.05 7.63 0.05 

Labor Sa L.s 
(Manli- 180 168 162 

Cap Iia 1 Borrowinlg 
(Pesos) 11,477 57,260 65,586 90,000 

1.0 U.S. Lollar = 40.0 Pesos. 
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Tabl e 6.5 

LINEAR AND (UAIJbATI C SOIAT1ONS IJNI).R SUBJECTIVE
 
VARIANCE, NEW .EVELS OF BEAN TIECINOLOCY, AND
 
EST[MATED DEIF 1 RISK AVE1RSION FOR SMALL
 

:AIFMS IN .SIui'WTfi N IIUI-,A. FARM I 

Farm Si-, 2.4_lc t ares 

..uadr tic_ Solutlons Linear Solution 

Item -0.5 -0.25 i -0.05 = 0 

Gross Margin 
(Pesos) 101 ,535 116, 142 120,969 [33., 194 

Crop Area (tIectarcs) 

New Caturra Coffee 1.19 1.34 1.77 2.05 

Low TecI:hlo .1ogy 
Cat ur ra Coffee 0.25 0.72 

Old Coffee 0.34 0.33 0.34
 

Beans, Better 
Agronomy 0.68
 

Corn- B,ans 

1lousehol d , Pastures,
 
and Other Activities 0.62 0.01 0.01 0.01
 

Labor Sl es 
(an Days) 183 180 170 20 

Cap iLa I lb r rowing 
(Pesos) 8,871 16,598 23,631 28,898 

1.0 U.S. Dollar = 40.0 Pesos. 
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from the adoption of the Better Agronomy technology (27 percent).
 

In the 2.0 hectare farm, the adoption pattern is identical 

(Table 6.5). The new technology appears in the programming solution 

only for risk neutrality, accounting: for a 10 percent i,'mp, iincrease 

= 
over the low level ( -0.05) of risk aversion. Farm 'lt t'rprise com

position is altered significantly with the bean plantings acc:ounting 

for one-fourth Of the total area per year (there are two bean plantings 

per year). The sale of family labor decreases from 170 to 20 man days 

per year. Capital needs, however, increase only 22 percent, a figure 

significantly lower than for the larger farm size. 

ParametriP 5;.iiut aonS
on New
 
FBeanI-I hno 1ov 

Given that modifications in the objective function through the 

inclusion of new bean technologies has produced only modest overall 

effects, the assumption of a deterministic Lonstraint st sh ould be 

re-examined. Amen, the suggestod changes in farm po licy, agrari an re

fornt schemes ano expanded cred it have been promoted as primary vehicles 

for technology adoption. As discussed in Chapter Li, such assertions 

may have been o;versold. 'lable 6.6 sicas the impact of increasing the 

smallL farm size by 50 percent and 10) percent, with no restrict ions as 

to capital list'. As the results in 'labW 5.6 indicate, the new bean 

technology has not been adopted. Income and Capital use have increased 

substantially but the area allocated to beans remains at zero . Hence, 

the assumption that by providing more land and more credit would induce 

technology adopt io. s..ems be i'a nted. tlieto utwarra WhtL above results
 

in tLurn suggesttL tito t a new approth tec tecc hn log ical Itatige stiu Id 

be inderttaken. Namely, these chianges shtuttt(1 stress the priority of 



Farm Income
 
(Pesos) 


Area in Beans
 
(Percent of
 
Total Area) 


Capital Borrowing
 
(Pesos) 


Table 6.6 

IMPACT OF CHANGES IN THE CONSTRAINTS SET ON 
BE.N TECHNOLOGY ADOPTION, FAPRIIi . 

= -0.5 

50 Percent 

= -0.25 

Increase 

-0.05 

in Farm Size 

-0.5 

100 Percent 

t : -0.25 = -0.05 

100,701 143,732 143,732 107,748 165,943 165,943 

0 0 0 0 0 0 

8,226 43,750 43,750 10,055 61,796 61,796 
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modifications in the institutional structure aimed at reducing the
 

variance (both real and subjective) associated with the new technology
 

to be promoted.
 

Conclusions
 

The results presented in this chapter served to clarify impor

tant points in three areas of risk modeling; the use of subjective 

information, t 1e importanceof risk aver sion, and the impact of new 

technology on the f:rminup s\,stp-. With respect to the first area, the 

results seem u bWick the intuitive .ssection that the us. oi subjec

t Lv variances when the tim series dahta are of a doubtf"I val.iid-ty can 

provide for i mproved prog rammin rccsiults. Obviously,, this procedure 

can great facilltite farm risk modplin, tn regpions where only scanty 

or poor quality Lime se ries dnt a are ava i l;ible. An aided benef-it not 

brought forward by thp mudelI is Li, q ratt deal If add it {cnal informa

tion about tle farm oht a ined duringp tie proc ess of procuring the sub

jective information. 'Tie fact: that farmers try to identify, albeit 

slowly, tlir armIn activities in a probabilisti c farwmwork helps the 

interviewer gut a c iarer plcture of the coimplemlentarv unatare of the 

alternative crops in the farm plan ias wellt as to uiiderstand the pro

cess of farni dec isinn mtkingp. 

The second area where the results are useful is for examining 

risk aversion. Much lias been wri ttan about risk aversion and its 

influence on farm heiiiveLor. The resultls ftm thIissttiidv :indicate that 

farmers are strongly inf-lueteced by risk.: aversion inithe ir dec isions, 

that i.isk aversion d,'us have an influence on the degree of adoption of 

new technology, and that risk aversion is adaptive. Therefore, if new 
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farm technologies are to be promoted it is clear that the less risk 

averse farmers should be targeted first. This will not onLy lead to 

a more rapid acceptance e of the new technique but also decrease the cost 

of promotion since the more ris k averse farmers will follow .ult after 

they become acqua inted with the result s obtained by the innovators. 

The third area where t' results sied l ight Eulates to the 

impact of new bean twc'riI",y'. The' result:s clearly show that new tech

nology per se ir I in itu d impact on larmn in'omne and empl oyment. For 

risk averse farmers, the level of adopLt ion o the new technology y,.en

erated by CI,\T technloIoy tri al s is nil. For risk neuitralthe Alon--arm 

farmers, the impact is certainly ,significnlt with income increasilng 

from 19 to 27 pcrcent dc'pendfag on tarm size. ivin such 1im1ited im

pact, the suguested questions for evaluat ing the returos to bean tech

nology research are: first, what does the above bean technologvy need 

to have in order to be more at tracti to to 1.he risk averse? , and second, 

to what degree new technology, in it s present fiorm, may he complemelnLted 

by ins tiLt. tioial clange? These queus tions are tie subject of the next 

chapter. 



CHAPTER VII
 

THE IMPACT OF ON-FAR STORAGE
 

AND YIELD STABT I, IY
 

Int rod uc Lion 

On measuring the impact of new alternatives for bean produc

tion in small farm sys tms, two furthor questions become relevant. 

First, if technology alone does not drama tical ;if fect small farmaff 

cropping pat t:erns and in'nines, are there possiblu compl entarit-ies 

between a new technology and thu inst it tional Framework iii which the 

farm operates? If yes, how can changes in the institutional factors 

help induce adoption? The second qnestion relates more to the bio

physical nature of the now technology. One of the problems for the 

new technology adopttion is farmer nncerLfainty for yield distributions. 

New technoloi es with improved y,1uid stability or othor desirable char

acteristics vis-a-vLs the situation in which the farmer finds himself 

should be designed with the institut:ional framework as perhaps variable. 

'The present chapter a -,sses the above two quesions. The 

impact of institutional chraone , as relaLte(2(d to new technology, is meas

ured through the simulation of on- Farm sto:rage. The impact of bean 

yield stability, on the other hand, is studied by reducing the variance 

of yields below that from currentLy available bean technologies. 

The Impact of_.On-_ar Storage 

The impact of on-f arcm sto rage is measured by including the 

storage budget (Table A-2.2) as a new activity in the risk programming 
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model. Storage can be applied to all of the bean or corn-bean tech

nologies. Harvested beans are stored for a maximum of six months and 

sold at a higher price. Beans stored at mid-year are sold at the end 

of the year. Beans stored at the beginning or the year are sold at 

mid-year. Besides the a(dditional cost of storage (materials and labor) 

and the associated capital], no otier cost;s are assumed. T'he results 

are shown in Tables 7.1 for the 15.8 hecLare farm and in Table 7.2 for 

the 2.4 hectare farm. 

Results for the larger farm size (Tab]e 7.1) indicate that for 

risk averse farmers the use of on-farm storage is not an attractive. 

alternative. For risk nct ral farmers, however, the technology is 

attractive enough to dominate the other activities in the model. In 

fact, the results indicate that in the case of risk neutral ity the 

diversified farm becomes a bean farm. Under these circumstances expect

ed farm income more than doubles. 

For the sma ller farm (2.4 hectares), however, the results for 

new technology under steorae e are mere far-reaching (Table 7.2). Al

though at higher levels of risk aversion (j = -0.5 and j = -0.25) stor

age availability brings no change into tihe farm plan, the storage acti

vity enters the solution at the low level of risk aversion (I = -0.05) 

and becomes dominant when risk is ne tral. 'lhe proportionate increase 

in income, however, is not as great as oor tKe larger fLrml. 

Changes in the farm plans induced by the availability of stor

age are significant. The benefits derived from the price increase 

effect of storage are large enough to divert resources away from coffee 

production, currently the main source of farm income. As a consequence, 

coffee in less capital intensive farms disappears from the farm plan in 
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Table 7.1 

LINEAR AND QUADRATIC SOLUTIONS UNDER SJU!.JECTIVE
 
VARIANCE, NEW BEAN TECHNOLOGY, ON-FARIN1 STORAGE,
 

AND ESTIMAT E) DEGREES OF RISK AVERSION FOR
 
SMAIL FARMS IN SOUTlH ERN HUIILA, FARM 3 

Farm Size:t", I ).8 Hvetares 

Oadr t ic: So I , Iti n_- _ 
; ......... Li near Sol ti on 

Item -0.t -0- -0.05 = 0 

Gross Margin 
(PesoQ) 113,227 169,051 187,696 405,458 

Crop Area (lec tares) 

New Catturra Coffee 1.38 1.87 0.9 

Low echnol ogy 
Catirra Coffee 0.67 3.42 

Old Coffee 0.81 2.21 2.21 

Beans, Better Agron

omy and Storage 

First Semester 4.92 

Second Semestor 6.62 

Household, Pastures,
 
and Other Activities 13.61 11.05 9.27 8.18
 

Labor Sales 
( an Days) 180 168 1.65 --

Capital Borrowing 
(Pesos) 11,477 57,260 61,586 90,000
 

1.0 U.S. Dollar = 40.0 Pesos. 
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Table 7.2 

LINEAR AND QUADRATI C SOLUTIONS UNDER SUBJECTIVE 
VARIANCE, NEW BEAN TECHNOLOGY, ON-FARM STORAGE, 

AND ESTIMATE]) DECREES OF RISK AVERSION FOR 
SMAL, FARMS IN SOUTIERN IIUILA, FARM I 

F,IrmI Size, 2.4 lHc tares 

(i,-Cdra tic( SO] ULionIS Linear SoIlution 

Item g,= -. ,= -o.25 . -0.05 0 

Gross Margin (Pesos) 101 535 1I16,142 132,949 178,664 

Cro2 _p .ea (li<c t rLs)
 

New Calii'rr Coffee 1.1.9 1.34 1.90 0.62
 

Low '1echlon ogy'
 

Catirra Coffee 0.24 0.71
 

Old Coffee 0.34 0.34 

Beans, Local Technology 0.28 

Corn-Beans, Iocal 
Tc hno IogI, 0.49 

Sceans, Better Ag ron-
Mil and Storage 

First Semester 1.78 

Second SCeestelr 0.34 1.50 

Corn-lears, Storage 0.17 

ltusehol id,I';istLures,
 

and O()[lr Aetoti s 0.63 0.01 0.01 0.01.
 

Labor Sl '-; ("I;a Jays) 1-83 1.80 150 

(Pesos) 8,871 16,598 27,936 30,000 

1.0 U.S. Dollar = 40.0 Pesos.
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favor of the more flexible bean technologies. Furthermore, the release 

of family labor from coffee activities induces a reallocation to pro

duction of cornu-beaus, a labor utilization paLtern more compatible with 

new bean vechnl(g.v 

S ensitiv iy to C iaus : in 
the Const rain Set 

The impact of relax ing the cons traint set and allowing for 

increments in capital availabilitv as well as substantia] increments 

in the farm size is identical to tihat for Better Agronomy in the pre

ceding chapter i'ahlu 7.3). Hence, on situlatiug tihe effects of Iand 

retorm progras t he conclusion is copar. Technol ogy promotion should 

rely on mens Ifor redtucing the Level of physical and judgmental un

certainty asso(.i;ate- with the new form practices. 

In light of the above resit1ts a logical step is to examine the 

impact of a reduced profit ,ariance for the new technology, in combina

tion with storage, Better gronomy, and higher bean prices. This is 

the topic of the next section. 

Marke tinL,__ oards _i.e i d ISta it. 

and..Te hue In, Ad.p iou 

Up to this point tto pro irnmminn,0 tre1 lts have indicated that 

efforts to increase 'incom modificationis in the lineariorm throuig 

component of time objucLive iunct-lion th'cve been largely unsuccessful. 

Furthermore, relaxing the a ssumption of a predetermined constraint set 

hy expanding. land and capital use has vielded similnr results. A major 

point of this study has been the incorporat ion of the farmers' percep

tion of risk bv means of a sihliict ivo qtuiadrnitic ciement in the objec

tive function. It appears that wi thin thi.s framework, tie key to 



able 7.3 

IMPACT OF 
ON THE 

CHANGES ix mlF. CONSTRAINT 
ADO)PTION OF STORAGE, FARM 

SET 
I 

-0.5 

0 Per0et 

-0... 2, -0. ) -5 

i 0 Prcent 

-0.25 = -0.05 

Farm Income 
(Pesos) 

Area in Beans 
(Percent ofTotal Area) 

100,701 

0 

143,732 

0 

143,732 

0 

1-07,7A8 

0 

165,943 

0 

165,943 

0 

Capital Borrowing 
(Pesos) 8,226 43,750 43,750 10,055 61,796 61,796 
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technology adoption rests with the quadratic portion of the objective
 

function. That is, if the profit variance associated witi new tech

no]ogy is reduced the assoc iated activities will he more attractive. 

There are two ways in whicli such reduction is possible in a 

small farm systems context. One is by stabilizing priccus through 

market intervention ot structurallianl1,t' such as the introduction of 

a matk tLinh bon d. The other is tihrouglh tcchnologius which improve 

yield stability. 

'The essential characteristics of marketing boards and how they 

are included in the prog ramming model were discussed in Cl apter V. 

Essentially, th fffcct of a marketing board is to produce price 

stabilization. Empiri ca.lly, this has proved to he so successul in 

the case of coffee as the dominant activity in Southernto make it 1 

Huila. Yield stability, on the other hand, is a biophysical factor. 

Thus, it is important in technology design. Most of the current work 

on bean technology at the national and international centers is focused 

on yields alone, with little emphas is on tlie proability distributions 

of yields. Given these circumstan .s for biean technology design and
 

expense involved in tecLhnology dvelopment, the ex-an e evaI uiation of
 

yield stahi itv can hi' important to resuarch policy .
 

Assuming a reduction of 25 percent in the profit variance for
 

the new bean technology (a figure completilv arbit rarv hut not out of
 

reach for biophysical sc ientists) and two dif-ferent pri'es for stored
 

=
beans (Ps 36 pesos per kilogram and Ps = 40 pesos per kilogram) the
 

results are as foll ows. There is a significant response to the 25 per

cent reduction for both farm sizes (Tabltus 7.4 and 7.5). This response,
 

however, is limited to the lowest level of risk aversion (Q = -0.05).
 



Table 7.4 

IMPACT OF YIELD STABILITY, MARKETING BOARDS AND STORAGE
 
ON THE SMALL FARM IN SOCTi'iERN HUIlIA, FARM 3
 

Farm Size., 15.8 Hectares 

•= -0.5 = -0.25 _______ -0.05 __ 

Item P = 36 P = 40 1' 36 P =40 P = 36 P =40S S S S 

Gross Margin (Pesos) 113,227 113,227 i69,051 169,051 189,115 L93,440 

Crop Area (Ilectares) 

New Caturra Coffee 1.38 1.38 1.87 1.87 2.16 1.53
 

Caturra (>i fee 0.67 0.67 1.64 

Od (dof fU, 0.81 0.81 2.21 2.21 2.05 2.21
 

ei,;ns, Better Agron
0my mn cstorageM 

First S mts er 0.32 0.41
 

,,'d ester 0.64
 

, i'astures 
0m.d Activities 13.61 13.61 11.05 11.05 10.95 10.01'Lr 

Sabar
Sai lS 
(.an i)avs) 180 180 168 168 -- 19 

Capital D;orrowing 
(Pesos) 11,477 11,477 57,260 57,260 28,128 49,030
 

1.0 U.S. Dollar = 40.0 Pesos. 



Table 7.5 

IMPACT OF YIELD STABILITY, MARKETING BOARDS AND STORAGE 
ON THE SMALL FARM IN SOUTHERN HUILA, FAR!" 

Farm Size, i. Hytares 

= -0." - -0.05 

item P 
s 

36 -
s 

4 0 P 
s 

3 ' 4 o 
S 

P 
s 

40 

Gross Margin (Pesos) 101,535 101,535 116, ,2 116,14 132,926 148,268 

Crop :Area (Hectares) 

New Caturra Coffee 1.19 1.19 1.34 1.34 1.66 1.20 

Low: Tc'hoiogy 
Caturra Cof fee 0.25 0.25 0.71 0.71 0.39 0.70 

di Lol fee 0.34 0.34 0.34 0.34 -- 0.15 

Beans. Better Agron
omy and Storage 

First Semester 0.34 0.08 

Second Semester 0.34 0.35 

Corn-Beans 0.08 

smen o I. Pastures, 

n.d Other :,ctivities 0.63 0.63 0.01 0.01 0.01 0.01 

Labor Sales 

(u-an Days) 88 88 62 62 29 

Capital Borrowing 
(Pesos) 8,871 8,871 16,598 16,598 27,936 33,811 

1.0 U.S. Dollar = -0.0 Pesos. 
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In the larger, 15.8 hectares, farm the presence of the new technology 

brings about a 12 percent increase at P, = 36 pesos per kilogram and 

an increment of 14.5 percent at P = 40 pesos per kilogram. The area 

allotted to the new bean technology under storage goes from zero at 

I = -0.5 and I = -0.25 to 0.96 hiectares at I = -0.05. At the higher 

price of 40 pesos per kilogran for stored beans there seems to be 'I 

negative income e fcct which rcduces the bean area to 0.41 hectares. 

Another re rka bla aspect of the reduced variance is the effect on 

labor and capi tl use. The presence of the new technology, an annual. 

activity, brings about aimore efficient use of family labor and a lower 

level of borrowed capital, despite the fact that the area in cultiva

tion has been expanded. 

The c;se for the 2.4 hectare farm is equally encouraging. New 

technology appears in the solution at the low level of risk aversion 

(j = -0.05), a pain in adoption over the previous results unacer the 

original variance. Assuming tht new reduced variance tilt: area in beans 

under Letter Agronomly, storage anrd P = 36 pesos per ki log ram bean 

production inc reases from z ero to 0.68 hect ares, or 2h perccnt of the 

farm. At a higher price of beans (P = 40 pesos per kilog-ram) the area5 

decreases to 0.43 but income increases an additional 12 percent. 

Since the small farm has little if any land left idle, the in

crease in bean arca is at the .xpense of the coffee area, a fact which 

tends to sil)porL the assertion regardigu the effectiveness of variance 

redtucingp tccl,nogop ies. Althoug h cap.i tal borrowing increases sign ifi

cantly, family labor is more effectively utilized, as indicated by the 

net reduct ion in labor sales. 
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Conclusions 

The evidence generated in this chapter supports the conclusion 

that a basic element in the technology odoption process is the farmer's 

perception of the pr,.babi i.ity distribution of yield from the new tech

nology. An institit on; l package o f credit and promotion typically 

associated with a tw tchnology seems to be a necessary but not sOl

ficient cond it ion Or doption. Whn the new coFfee varietv, Caturra, 

was introtuced In Inui a in the early seventies the Nationa1 l.Federat ion 

of Coffee C;rowers promoted it on the basis of high yield.s and stability 

of vield:s, accollpallying the promotion with an ancilliary insLittional 

package of g},ala te.d prices. It has taken them almost 10 years to 

have the new Varict v adopted totally. 

In the case oif beans, a crop much more susceptible to pests 

and the climat-e, the promoting effects may need to be greater. Prior 

experiences with coffee prodouction and farmers' associations indicate 

that the ContCe)t ailld o1) etrat ion o f a markeLtLg board is not a far 

fetched idea. Again, the element to be stLudied in more detail is the 

distribution of vie lds. 

Final.lv, these results point out one of the mod ificat ions nec

essary in the design of new technology. The sacrifice of higher yields 

in favor of stability is not new or incompatible with the research 

structure at the i.lnternoirona l In a tortaI Liormalcent:ecrs. acLt, oret'i.a] 

model of yicld stabilit" has al readv ewn developed At IRRI (Evenson, 

O'Tool e, Herdr, Coffman and KauIIffmn [1978]). Thu contri hilt-ion of 

these results, howuver, relates 0 toe inclusion of yild stability in 

a small, farm systems context which also includes the farmer's percep

tion of stability. The results suggest that increased emphasis on ylield 

http:Final.lv
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stability in research design should be given if price stabilizing 

institutions are not to accompany the introduction of the new tech

nologies.
 



CIAPTER VIII 

SUMMARY AND CONCLUSIONS 

In attempting to brirg the small farm systems of the develop

ing world into the mainst ream of economlic activitv, lew technologies 

are constantly being developed, sometimes at. a sbstanti.al cost in time 

and money. This at ention to the small farm svstem is not unwarranted. 

Small f:armer; accon t. for the vast majerity ol the topntlaLion engaged 

in farming in the developing countries. Moreover, they control only a 

small. Fraction of the tot:al arab le Iland. 

Unfortunate ly, past attempts tLo improve small farm welfare 

through the transfer of new tecinology have generally failed due to the 

questionable nature of the techno logy itself, the transfer process or 

both. As a consequence , at ttenpt s to generate more appropriate tech

nologies and transfier processes are now being made, especially within 

the network of International Research Centers. Given the highly re

strictive environmejnt in which small farms operaLt, it is cleir that 

the potential for adopti[on of technologies now being developed is 

closely .linked to the iclnsLitutional framework suirrounding the smaLl 

farm system. 

In this vein, the present study has attempted to merge the new 

bean technology gene rated by the Centro internaciona[ de Agricul. tura 

TropicalI (CAFAT) and the institutional framework into a more coherent 

unit. SpeciFically, the main purpose of this study was to evaluate, 

1 5 4 

http:sbstanti.al
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on an ex-ante basis, the potential adoption of new bean technologies 

with and without modifications in the institutional structure. The 

institutions considered related to stabilizin g incomes of the small. 

farmers. 

Data for the analysis came primarily from field surveys con-

Jucted by the CIAT Bean Program in Southern Huila, Colombia, one of the 

sites chosen by CIAT for thci r on-farm technolo gy trials, as well as 

from the trial resuils themselves. The bas:Lc methodology for this 

analysis was quadratic programming. The linear port ion of the model 

was bui] t from teclnical coulciIc iptts obtLMnod i romi publ ished data and 

adjusted by Mid urvyv, condulted LhY ]Wn l)'using roy persunnel. 

The quadratic pcrt ion o f the r isk programming mode l was based on r isk 

aversion coef. ic ients and the percept Lions of crop varianc generated 

from a survey of farmers judgmental uncertainty and at:titudes toward 

it.
 

The new technology tested in the model was Improved Agronomy, 

as generated by CIAT. Prospective adoption was tested with and without 

changes in the institutional structure. The institutional variables 

were on-farm storage and mark't.ing boards. The main results from this 

study can be summariz ed as follows: 

a) Farmers are risk averl. 

b) Risk avers Lon sLni f icant lV affects produc t:ion decisions. 

c) Risk aversion has a substantiLal and negative effect on 

technology adoption. 

d) The use of judgmentala variance estimates for prices and 

yields give 0115siderabl e gains in model performance. 

e) Although new teclhmology al.one has an al most imperceptible 
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impact on firm income, the combination of technological 

and institutional variables does increase, albeit modest

ly, farm income and employment. 

f) The most significant gains inc:chnology adoption and farm 

income were produced by the inclusion of yield and price 

stabilit y in the model. 

Cone lusions 

The word around which this section revolves is adoption. How 

is it viewed, what new aspects have rema ined obscure, what has been 

gained from this study. Then the discussion focuses on the aspect of 

risk and factors influencing risk aversion. Finally, the discussion 

of research desi gn and the associ ated implications for resource alloca

tion is undertaken. 

There is much to be gained by reassessing present attitudes 

to technology adoption. Up to this point in time, the efforts at CIAT 

to develop an appropriate technology for sma!ll farm systems have been 

mostly fruitless. The problem, as suggested by the results of this 

study, is that both researchers' and farmers' attitudes toward adop

tion have been at odds withI each other. Thus, it is necessary to 

develop cesearclh metiods which allow the identification of the dis

crepancies now existing between the farmers' perception of the price 

and yield distribuitions and the true price and yield cistributions 

associated with these technologles. Moreover, it is necessary to study 

the discrepancies e:isting between the price and yield d.stributions 

associated with a new teclhnolog;y and their distributions. And finally, 

to study the discrepancies ex:is'ting between the researchers' perception 

of the distribution for a new technology and the "real" distribution 
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as perceived by farmers.
 

As suggested by the results from this study, what has been 

occurring in the past is that farmezs have assigned new technologies 

a subjective variance so high as to render it incompatible with their 

cropping systems. Researchers, on theh other hand, have consistently 

ignored non-biophiysicarl ,Asperts of adopti.on An d relied entire]y on 

yield characLeristics, while nec1l o:t ing economic aspect.s of new tech

nologies. As a consequence, there is a need for methlods which allow 

for a better understanding of the sociclogical factors influecing the 

discrepancies in perut[)tions among both farmers and researchers, along 

with methods whiclh allow for a reconeciliation between these discrep

anc :ies and effect risk aversion. 

Another key element in the study of adoption is the identifica

tion of the factors influencing adoption. It is not enough to know 

about attitudes toward new technologies. There are also logistical 

aspects of promotion, modif lca t ons of agricul tural sec tor struc ture, 

and so forth. Based on the results from Chapters VI and VII, the fac

tors influencing adoption are much more an effect on the objective 

function than the cons: raint set. Th:is has far reaching policy impli

cations. Inst ititional change such as land reform, or changes aimed 

at relaxing tWe constira iit sot (i.e., credit), are not necessary for 

adoption. Institut ional changes affecting the elements of the objec

tive function, on the other hand, will be more effective. These, of 

course, relate largely to prices and yields. But under nonnal condi

tions, an upward change in p0-ices cannot occur without altering the 

market, and tho market cannot be altered unless there is a change in 

the institutional tframework. One type of change that would provoke 

http:adopti.on
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the increased and more stable prices is marketing board or a similar 

institution. 

Changes in the elements of the objective function of course 

are not limited to the I inear segment. The resu s from the study 

indicate that a lIrge degree of success in the adoption of new tech

nologies rests upon the quadratic elements of the objective function. 

Modifications a llowing for a reduction in the farmers' perception of 

profit variance for the new technology fall within the perview of insti

tutions for Yield and price stabilization. Furthermore, there is room 

for farmer education programs in which true distributions of prices and 

yields assoc i attrd witl Lhe new technology are communicated. As men

tioned in Chapters V and VI, the information programs need not be expen

sive and can concentrate on the less risk averse farmers. 

Risk Aversion 

An important conclusion of this study rgards the assertion 

that risk aversion precludes technology adoption. More important, 

however, is the connection established between risk aversion and the 

socioeconomic environment. The results shown in Chapter V suggest that 

aiming rural pclicy towards the fraction of farmers less averse to risk 

could bring a more rapid level of innovation and adoption. Effort 

should be made to nelp farmers acquire legal titles for their land, a 

legal barrier to credit, and to participate in xtension programs 

designed to inform farmers about the true characteristics of the new 

technologies. 

This latter aspect is of utmost importance. As evidenced by 

the results in Chapter V, the use of relatively modern inputs is 

associated with farmers who are less risk averse. Although their 
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personal assessment of risk may have induced them to acquire inputs,
 

learning about the inputs themselves has a more prominent effect.
1
 

Farm Models and Resea rch Design 

This section is largely a series of suggestions based on the 

model results. First, it is rtccimmended that farm models similar in 

nature and stru-c ture to the one .inthis study be used in the design of 

economic research on the peasant In part ictula r, it is necessarysuIms. 

to know more about the role of human capita l in the design process, as 

well as the characteri stics of the ob.ective functions for small farm

ers. Other suggestions include the use of recursive modeIs and 

stochastic programming. The naive efforts made in the area of judg

mental disitrib tiou so.licitation proved beneficial for better under

standing the problem of t.echnology adoption. These methods, however, 

have wide applicabiitv in decis ion models or impact studies when the 

available time series are scanty or of a dubious nature. 

Second, the emphasis on price distribution as an integral part 

of technology design models cannot be overstressed. The available 

evidence seems to indicate thar international centers such as CIAT have 

concentrated most of their energy on biophysical aspects of new tech

nology, with tile market ind prcice imp itations for the new technology 

relegated to a category of benign neglect. This attitude, however, is 

changing very rapidly. lowever, the suggestion generatect by this study 

is that in terms of internal budget allocations the economic sections 

at the ltvtrlol ttiiters al locate,more effort studying the marketcen)11 


structure and price distr:ibutions.
 

Thue third point refers to political aspects of technology
 

design. As exemplified by the agricultural structure faced by the
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peasant farmer in Southern luila, new technology is not devoid of poli

tical implications. The policy at CIAT so far has been to generate
 

politically Wne&rt Lewhn , ,,I es. Ti results from ithis study indicat.

that such technelo4,ies will not be successful in adoption and Farm 

income improvement. (Oiven that there is prac t I('a lI no ro~m for an 

apolitical technology, the centers shuld shed this inhibition and
 

undertake research desipns mere atuned to the agrarian and political 

structures in which the target clientele operate. Economic modeling 

with new technologies and instit:utional change should be an item of 

priority. This approach to tchnology ,enerat o would undoubtedly 

utilize the center's vesoun c' s morce off iciently. 

The fourth and f-inal point concerns the trans Verability of new 

technology from the small to big farms. Al.though a great deal of the 

urban poor would welcome an increase in the supply of cheaper food 

irrespective of t-s source, the rural poor cannot he overlooked. Hence, 

th emphasis on the characteristics of new technology should be placed 

o" its appropriateness to the smail farm system. The rural poor are 

the most numeroius among the poor. So far, the new bean technologies 

seem to have failed tihe test of transfVerability. EfVorts, howwvcr, are 

now being madc in this direction as evide, ced by the on-farm trials 

for 1980 which emphasize assoc ated cropping ins:ead of monoculture 

with the attention to institutions that this study has stimulated. 

Research S n_$_stions 

The suggestions for further research outlined here are a direct
 

consequence of the limitations of this study. First of all, this is
 

a farm level study. As such, it does not have the dynamic elements
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implied by a sector model. Aggregate gains in output would undoubtedLy 

affect the price of beans and the profitability of new technology. 

Such effect, due to its complexity, has been ignored. Moreover, the 

mode] does not include the ccon omic activities of the household. The 

inclusion of the myriad F_,(O ol ic activities pe.rfcmiedt by household 

members (i.e., tais ing and tending livestotk, crafts, schoolling, hunt

ing, etc.) would he a welcome improvemcnt. Finally, a rnorp formal 

incorporation of the marke ting, process, in cluding a lousehlold consump

tion function and a more adequate impl ,munttation of the marketing 

alternatives wonld yviald significant haimffits in model performance and 

improved pol 1ev icnp] implations For teclhnology design and adopLion pro

grams. 
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FOOTNOTES
 

CHAPTER VIII 

IA TSLS regression aimed to account for this simultaneous 

effect yielded results almost identical to the OLS mode] in Table 

5.3.
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TABLE A-2.1
 

VARIABLE COST OF PRODUCTION PER HECTARE OF BEANS IN
 
SOUTHERN. HUILA, BETTER AGRONOMY TECHNOLOGY
 

Man Days
 

Per Quarter
 

Cost Per Unit Total First Second
 
Item Unit Quantity (Pesos) (Pesos) Quarter Quarter
 

Land Preparation and Planting
 
Machine Hire Ha. 1 3,000 3,000
 
Seed Kg. 90 30 2,700
 

Wedings (2) Man Days 150 4,500 30
 

Pest Control Man Days 1,366
 
Appliation Man Days 150 300 2
 

Harvest
 
Beans, 1,561 Kg. Man Days 150 4,500 30
 
Threshing Man Days 150 1,500 10
 

Subtotal 17,716
 

Other Expenses (5%) 885
 

Total 18,601
 

Total Labor Cost 10,450
 

Total Cost Excluding Labor 8,151 30 42
 



TABLE A-2.2 

COST OF STORAGE OF ONE HECTARE OF BEANS UNDER CURRENT 
LEVELS OF TECHNOLOGY IN SOUTHERN HUILA 

Item Unit Quantity Cost Per Unit Total 

Subtotal from Bean Production 
Technology 3,727.5 

Steel Drums (depreciated at 5 years) 6 90 540.0 

Cooking Oil 450 cc 2,700 27 162.0 

.abor Man Day 6 150 900.0 

Interest 6% 1,267.0 

Total Input Cost 6,596.0 



1.65 

TABtE A-3.1 

VARIABLE 	 COST OF PRODUCT[ON PER HECTARE OF COFFEE FOR 
SOUTHERN HUILA (PESOS PER I.1CIAIM) 

YEAR I 

Man Dayti 
per Quarter 

C-,st Per 	 Unit Total First Second 

Itcmrn 	 Ui t Quant Itv (Pe, sos) (Pe.;os) Quarter Quarter 

Nor-wry 	 Seedlings !,00oO 2 8,00o 

Lard Pr-parat tIt, Man Days 	 150f 4,80(0 32 
, m
(
1

Esta h onit I "Plat am,'" S-dIll ,ng, 400 (1 2,400 
i) 	 t1)SiI c..t i, Mal Da,. 150 15 1 

Malatfbo Lt ". ().5 177 88 
Di t ham'. i,. 5 100 50 
Al f 32olt-I. 160 

I Plant iio id F-,r I .Iini g Mall Day, 150 1 50wO 10 

1 I -;.;rn-t ,f Cof f.-.itahl 
a) '..U il g 1f 1h0Il'; St icks 8O 0.25 200 

Pla t in;" Mail Jay.; 150 3,000 20 
IS0 5,550 	 37 

V-'+rt il I I / 	 r ,t Cof I I

t'it i Kg. 60 10 600 
t 1-i11 ,lin.t Kg. 2.1100 1.5 3,000 
'wI,, 1 iat on Mali Days ISO 900 6 

f-,rt I I czr f ir 1.of f.--
I f-I'- -2 Kg. 30 9.8 294 

11 !; Co nt r,5lIa,.. v, ) 

It, 1 a1 t. Kg. I I1 Im 1,100 
App I I (at Ion Man Days 15 600 4 

1,t I Man Da'y-, 'r Qu;arrvi 	 63 47 

Thi rd Fourth 
Quarter Quarter 

crd I ip, Mili Days 1SO 2,100 14 

200 3,600 1 

Rfplant ng (87) Seedling. 320 2 640 
M'la Day.; 200 2 ,( 00 10 

Ma t i- iti of "'I, t ;;Io" Mll Day s 150 600 4 

Mat (Jay; 200 800 4 

Coff vtIrt II Im at Io 

Ur-a Kg. 400 100 4,000 
Appil id atIn Mil Days 150 1,200 8 
Wt-diilng and Cktiarln . Man Day. 150 750 5 

Man Days 200 1 ,000 5 

P,I Cmt rol , C- fee 
G vi- rv 4', t;lav ) 

I,.olati. Kg. 2 1,100 2,200 
f, qild Ur-, Kg. 6 10 60 

Ap I, tat lt Milo Days 150 300 2 
Man Days 200 BOO 4 

Total Man Day (ru Quarter 33 41 

Spiray.r Pump ffoirti'latiid 
linearly for '. "vnats) 1 3,800 760 

Subtut al 53,202 

fth,,r Exp1 ..'i ; ( ) 2_ 660 

55,862 

f,,tal .abor Coqt. 29,65 

Total , , t Exclhding Labor 
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TABLE A-3. -- Contined 

YEAR 2 

Man Day; 
per Quarter 

Cost P'r UiL Total First Second 
I tum In I t Quant ity (Pcs.is) (pesos) Quarter Quarter 

W,-.tIng ill Olys 150 2,100 14 

li.rt I II;i im i Coffu Mail Iav, 150 2,100 14 
U I Kv. 600 Ill 6,000 
App II at I iii Malr lDw. I50 600 

Man Days 150 600 4 

Mait nri "' , I "Ptit ni," Kin lay.S 150 600 4 

W-,-d C1,-aring Wi th i ch. , Man Day 150 750 5 
Man liv. 150) 750 5 

P',.t C, it r,,I it tf , 

LI1at K;.. 1 .5 1 .!00 1,650 

.. ;I Kg. 6 10 60 
AIp iclt Im Man Days 150 450 3 

S iiD Days 150 450 3 

i,!IMi Day., Ptr Quarter 30 26 

Thi rd Fourth 
Quarter Quarter 

I itlg Man (ay 1511 2,100 14 

Mili lays 200 2,B00 14 

I'irti I i ,,jt Inn oIiC ffve 
1_-12-1-2 Kg. 600 8.8 5,880 
Apliicat lIon Man Dlayq 150 600 4 

M;i DIay 201 800 4 

M;Itlit onai i' of "P I a o" Mani Iays 150 600 4 

W--i, Cilarhl With i l ,it
, 

Min Oavs 150 750 5 
Man Davs 20) I,000 5 

I.,'.t Control of Co)ffo,t, 

15.li t Kg. 2 1(00 2,200 
Aipp I it imi Man (lav 15( 450 3 

Man Days 200 601) 3 

hitl :m D,y.v P.r Quarti r 30 26 

S,avir Puamp (15 %1-ar 

,ttirit, ion) 1 3,800 760 

.ttiitt a I 34,650 

Oth,.r Expvi.v;s (,7) 1e 
7 3 2 

. 
5 

36,382.5 

lotal Ltabor Costs 18,100 

oLtal Exi Id ing Labior 18 2__8.. 
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TABLE A-3.1--Continued 

YEAlR3 
Mart Days 

Cost P-r Unit Total 
pe, 

First 
Quarter 

Second 
Itom Unit Quantity (Pesus) (Peso") Quarter Quarter 

Mail layn 150 2, 100 14 

F, rt i I 3ilI)I of CIf(.t I v lt ITm 
"PI at no"', 144-4-dICeairinI, 

it 1'.t 1 , Mai l)aVt 15) 750 5 
-- 17- 2 K1Fg. 860 9.8 8,428 

Apo I t I I1;i ' n Da v4 150 750 5 
"uliIII o w ," t 'P .tll o 

t 
Man )fys 1 (1 600 4 

P,.-,t (. ltl o I 

3,Kg1 at r 
Ap;,I I t'll 

Kg. 
Ml DaVq 

2 1,100 
150 

2,2)0 
300 2 

ho 1nI v:; Per Qo1rit r 26 4 

Third Fourth 
Quarter Quarter 

Wlugi ng 4111 DaMys 150 2,100 14 
1', rt i I i; ,atIon ofl (Ctoff t 
lI,) ) P ,1 allolll 

12- I .'- 17-2 Kg, 860 9.8 8,428 
Apl1 i,'It Ihm Mit Onys 150 750 5 
W,- ICII'.rl gIsWit I M 'at , Man Da s I ll 750 5 

I "!',it ita" Main D;Ivs 150) 600 4 

lIt]. I. gp. 2 IOO 2,200 
Ai. ,it ioni Man Iay 150 300 2 

"lait -lT", 400 'h,. Man )ays 150 900 6 
.. , I , 12 Kg - [lM n Days 200 14,2) 71 
!1,; i' PiMi 

T 
ter i~Io 36 71 

SI'lrv.'.r Pomp -- 7.60 

Subt )tt, 46,116 

,,, [poi t'..; (5'.) . 2 05. 
431

,41z .8 

['1t:11 L xab ir 113SL; -.24,t100 
h0tAl COSLt Ex'ludtng ILabor t. 1!8 
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TABLE A-3. 1--Con t irled 

YFAR 4 

Man Days 

Cost Per Unit Total 
Per 

First 
Quarter 

Second 
I It Ln t Qlnit Ity (Pesos) (Pesos) Quarter Quarter 

Wteed lug Man Days 150} 1 ,800 12 

FPrt 1 lizat Ion of Cof let 
an,! 'P a nt'll' 

I '-12-17-d Kg. 660 9.8 6,468 
App li'at on M;ln Dliys 150 750 5 

Wed Clvarloi, With MStl t, Man Days 150 750 5 

ialioltll-, dit I'1at i'' Man Days, 150 600 4 

l[ it(i II'' I ll' a ii ti'' 

Belila(' Kg. 0.7 1,100 770 
App1, at loi man Days 150 150 1 

l, 'l Moi I),v:, P'-r 0)iartr 27 

Third Fourth 
Quarter Quarter 

W,.Illii Man Days 150 2,550 17 

Frtilizat tin of Coflit, 
andl ''P iataato" 

I.- 6-22-2 Kg. f660 9.8 6,468 
App Il , i t ion Man liays 15U 750 5 

Si; lot tunani o' "Pl atano" mall Days 150 600 4 

P. ;I C) triol of ''Platano'i 
tli ati Kg. 0.7 1,lo 770 
Ap 1 1,i at i .... Man Days 1501 I50 1 

"Pt at ivoi", 800 Buttl, hl.s Min Days 15) -)f) 6 
M.111Days, 200 1,200 6 

Cifftie, 2,00[) Kg. t.i Days 200 26,600 133 

Total han tiay; Per Ohuart, r 33 139 

Sprayer impi-- 760 

Subtotal 52,)36 

54,37.8 

'ota, Eu1C7ts ,lror 

lit al Coit ExclIudilng Labotr 1,3 
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TABLE A-3. 1--Contlnued 

YEAR 5 

Item Unit 
Co,-.t Per Unit 

(Pesos) 
Total 

(Pesos) 

Man Days 
Per Quarter 

Third Fourth 
Quarter Quarter 

Same as Year 4 Ex,'-ptj 

Subtotal for 
harvest 'o!;t 

Year 4 (-xc 
for cofft.,) 

ld Ing 
22,576 27 

Hiarves L 
' I '0t a,, 

Cff,,, 

Sb tota I 

, 

2,275 

o08iol',s 

Kg. 

Mai 
Man 
Man 

Days 
Days 
Days 

150 
200 
200 

900 
1,200 

30O00 q 

54,676 

6 
6 

150 

Othir Expwn!''; (5,%) __2,733.8 

lot al 5 7,409.8 

Sihtotal 
($8,100) 

Labor Costs Year 4 
+ Hlarvest Labor Year 5 40 _20 -

Tot1 C,,st Excluding Labor 17,209.8 33 156 

YEAR 6 

Third 
Quarter 

Fourth 
Quarter 

Suhtotal From Year 4 22,576 27 

Harves: 
"Platano", 800 Bunch,'. 

Coffer, ",150 Kg. 

Man 
Mal 
Mall 

Days 
Days 
Days 

150 
200 
200 

900 
I '20 

."),900t 

6 
6 

149 

Subt ota ] 4 ,476 

Other Expen;es (5%) _2,.723.8 

Tota l 57,199.8 

Subtital labor Costs Year 4 
($8,100) + Ilarvst Labor Year 

rotal Cost Exclidlnw Iabor 

6 4 
0, 

0 0  

17,199.8 

-

33 155 
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TABLE A-3.1--Continued
 

YEAR 7 

Man Days 
Per Quarter
 

Cost Pe- Total Third Fourth 

Item Unit (Pesos) (Uesos) Quarter Qua ter 

22,576 27Subtotal From Year 4 

11arw. ;t 

900 6"l'latano", 800 Bunches Man Days 150 
an Days 200 1,200 6 

200 234j1 _ 117Coff,., 1,750 Kg. Ma t Days 

48,076Subtot'll 

Other Expc, 58') 

50,479.8Total 

Subhtotal labor Cost Year 4 

(S, 100) * Hlarv,st Labor Year 7 33_600  -

r, £Exrluding Labor 16,879.8 33 123 

YEAR 8 

Third Fourth 

Quarter Quarter
 

22,576 27Subtotal Frnm Year 

lip rvest 
"Platano , 800 ulBlw.; Mai Days 150 900 6 

Man Days 200 1,200 6
 

Coffee, 1,500 Kg. Man Days 200 n0,o00 100 

44,676Suht ot a 

__213.8Other ,es (07/) 

46,909.8Total 

Sib[tota I,1-hor COst Year 4
 

($8, 100) f lharvest 'ahor Year 8 30§00 ...
 

16,709.8 33 106Total Cost Excluding labor 
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TABLE A-3. 1--Continued
 

YF.ARS 9-12
 

Man Davy, 
Per Quart'r 

Cost Per Uni t TotaI ThIrd Fourt h 
Item Unit (Pesos) (P,.!;,,) QUart vr Quartr 

Subtotal From Year 4 
 22,576 27
 

Harvest 
"Platano", 800 Hunches Man Days 150 900 6 

Man Days 200 1,200 6 
Coffee, 1,250 Kg. Mart Days 200 16, 6( 83 

Subt ot a 41,276
 

Other Ixpnses (57) _2,()63.8 

Tot a] 
 43 33V).P 

Subtotal I.:01, Co),tY ,ar I 
4 Ilarvm-st I0-r Year; 9-12 26 O)O 

Total Cost Exclrditng Labor 10,539.8 33 89 
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TABIE A-3.2 

VARIABLE COST OF PRODUCTION PER IIECTARE OF COFFEE FOR
 
SOUTlEkN IIUILA (PESOS PER HECTARE) , OL) COFFEE OR
a 

CATURRA COFFEE LOW LEVELSUNDER OF TECHNOLOGY 

Han Days 
Per QuarLer

Total Fi rst Second 
Item Unit Cost Per Unit (Pesos) Quarter Quarter 

Weeding Man Days 150 1,800 12 

Maintenance and Harvest of Man Days 150 600 
"Platano", 150 Bunch-s Man Days 150 600 4 

16 4 
.......................................................................................................
 

Third Fourth
 
Quarter Quarter
 

Weeding Man Days 150 1,800 12
 

liarve st 
"'!atano", 150 Blunches Man Days 150 600 4 

Man Days 200 800 4 
Coffee, /,00 Kg. Man Day% 200 6,000 30 
(466 for caturra under Icw 
t eclno Iogy ) 

Subt,t a i 2,200 16 34 

Other Expenses (5%) 610 

Total 12,810
 

Labor Cost - 1.00_ 

Total Cost Excluding Labor 810 

aCaturra coffee undtr low levels of technology is defined ;P.- I(ffeL grown under high tech
nology durini ith firT;t two vars of crop life and uinder minimal caro du ng the remaining produc
t oin%earq. 
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'AriE A-3.3
 

"'.ARIAB.E COST OF PRODUC-ION PER HECTARE OF SUGARCANE FOR SOUTHERN HUILA
 

YEAR I 

It,'m Unit Quant ity 
Cost Pi.r Unit 

(P..so,;) 
Total 

(Pe;os) 

Man 
Per Q

Iir!;t 
Ouart er 

Days 
uarter 

Second 
Quarter 

land Priparat lon 
Clearing end Hote I'lowing Man Days 150 3,750 25 

Plantl Ing 
Surg.aricanv, 
wi' ing 

Seed 
Man Days 
Kg. 
Man Days 

6,250 
150 

0.8 
150 

1,500 
5,000 
2,550 

10 

35 17 

Third 
Quarter 

Fourth 
Quarter 

W,,,dIing Man Days 15n 2O55p 17 16 

Sbtot n1 15,350 

I0lit r Expenss (5%) '57.5 

I0.11 16,1.17.5 

Total Ihahor Cost 10350_ 

Total Cost Exc Iuding labor 5 17 16 

YFJR 2 
First Second 

Quarter Quarter 

tlarvest 4 375 Kg. of Brown Sugar 
CitIng Man Days Ir1) 1,500 10 

Man Days 2001 2,000 10 
"If l ng Mail Days 150 2,250 15 

MainDay!; 200 3,00 15 
Mill Rent Kg. 4,375 0.92 .4025. 

SuhLbea] 12,775 

Other Expenscs (5%) 638.8 

Io t a 1 13,413.8 

lotal ILabor Costs _8_,75_. 
4Total Cost "xcludtng Labor . _6..3.8 25 25 

YEAR 3 
First Second 

Quarter Quarter 

Clearing, Weidlri and Repllanting ManI lavs IsO 3,000 20 

Thi rd Fourth 
Quar ter Quarter 

larvest 3,062 Ks;. ,I Brown Sugar 
Cutting Man Days 150 1,500 10 

Man Days 200 2,000 10 
Milling Man Days 150 1,p", 12 

Man Days 200 2,400 12 
Mill Rtt Kg. 3,750 0.92 3j450 

Subt otal 14,150 

Other Expi.ires (5Z) 707.5 

Total 14,857.5 

Total Labor Cost 10,700 

rotr.I lCmt Exc luding labor 415.5 22 22 
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TAB.FE A-3. 4 

VARIABLE COST OF PRODUCTION PER IIECTARE OF CASSAVA 
IN SOUTHERN 111,I.A, YEAR I 

Nan Days 
Per Quarter 

ost. Per Unit Total First Second 
It "I' Unt t P s.s) (Pesos) Quarte t Quarter 

land Preparat Io 
lash, Burn and Hoe Ilcwi g Man Days 150 1,;50 13 

Plant ing Man Days ISO 900 6 
Cassava Sevd, 6,600 Seedligs Man Days 150 300 

t,,,dInP Man ',,., 150 4,200 28 

Third Fourth 
Quarter Quarter 

W..d Tig Van Days 150 1,.500 10 

S'lhttoI al 8,850 

Ot(ne" Expenses (32) 442.5 

Tota41 9,292.5 

lot aI Labor Co-t;s 
8 

L 
5 _ 

Total Cost Excludlhg Labor 442.5 

Th i rd Fourth 
Quarter Quarter 

llarvest, 8,000 Kg. Nan Days J50 900 6 
tHan Days 200 1,200 6 

Subtotal 2,100 

Other Expenses (5.) 105 

Total 2,205 

Total Labor Costs 2I00 

Total Cost Exc lulding Lah'or 105 
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TAiiiE A-I. 

VARIABI.E COST OF PRODUCTION PER IiECTAF.E OF ONION
 
IN SOUTHERN IUILA
 

YEAR 1 

Cost Per Unlit Total 

Man Days 
Per Quarter 

First Second 

It em Utiit Quantity (Peso;) (Pesos) Quarter Quarter 

Land Prepar
Citar igr 

at i on 
li- te Plowing ian Days 150 6,000 40 

Strd 	 Kg. 5,00 7 35,000
 
S-d Ire'irrat ion Man Dayn 150 3,000 20 
Plart ilg Man Days 150 6,000 40 

lra i rage 	 Han Das <0 750 5 

.d IIry. (3) 	 Man Days I0 2,400 16 
Mall Days 150 4,800 32 

h- rt I I l'at Jon and Post Cimt rol 

10-l3-- 10 Kg. 450 10.4 4,680 
[PN 1t . 4 245 980 
)|thale Kg. I 100 100 

App I ICAt ion Man Days 150 600 4 
Man Days 	 150 1,200 4 8 

125 40
 

Sprayer Pu i (depreciatedmp 
;it 5 y t ;) 	 1 3,800 760 

Third Fourth
 

Quarter Quarter
 

Picking and Packig, 6,250 Kg. 	 Man Days 150 1,800 12
 
Man Days 200 2L400 12
 

Siulbt 	 70,470
otal 


lIt hor Expernsk". (5%) 	 3,523. 5 

ii)ta 1 	 73,993.5 

lot al Labor Costs 	 28_ 951) 

iotal Coa-t Ex lhiding l.abor 	 45,043.5 12 12 

YEARS 2-5
 

First Second
 
Quarter Quarter
 

Weeding- (2) 	 Man Days 150 1,800 12 
Man Days 150 1,80 12 

Fertilltaton and r-sl Coq-ro]
 
(Same- a-; Y,,ar 1) 7,720 4 8
 

Harvost, 6,250 Kg. 	 Man Days 150 1,800 12 
Man Days 150 1,800 12 

28 32
 

Third Fourth 
Quarter Quarter
 

Weedings 	 Man Days 150 1,800 12 
Man Days 200 2,400 12 

Harvest, 6,250 Kg. 	 Man Days 150 1,800 12 

Mah Days 200 2 400 12 

SubtotaI 	 23,320 

Other Expenses (5%) 	 1,166 

lot a) 	 24,486 

Total I.a," Cost 	 15L60 -. 

'rti, i Cost Exelu,ling Labor 	 -1288k 24 24 
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TABLE A-3.6
 

VARIABLE COST OF PRODUCTION PER fIECTARE OF TOMATOES
 
IN SOUTIlERN 1IUIIA
 

Man Days 
Per Quairter 

Cost.tI' Unit Tot a1 F1 rst Second 
IUt., It Quant I tv (P'.i;oa;) (Peso;) Quarter Quarter 

Land Pr,,pa, rlin 
Ma h Io,  11re I1. I 3,000 3,000 
Plant Ing (inludidlrg orverv 

ail)Mn lly; 150 3,750 25 
S.Id Oz. 7.15 85 608 
.)ratna1 ' Man Days 150 1,500 10 
W.,Air, () Man Days 150 1,500 10 

Man Iav'; 150 3,000 20 

Sippmrt Sy ;t,-in 

it .' ,. r ) H' Loo'; 141 20 1,430 
I ,d.hpreclaitt-d at 2 var) (,' Sti, Ps 6,000 0.6 1,800 
' in Wi ri (dcpri¢ I at d at 
4 var,;) I. 7,500 2.78 2,222 
Rot, H. 10,000 0.04 1,250 

"lying and Supprt.ig lahr man Days 150 12,000 80 

I rri gat tin ib ilid Man Day; 150 5,250 35 

fer t I Ii at in 
14-!4-14 K,. 715 10.3 7,365 
I2- 2 - h Kg. 715 11.1 7,937 

IK. 285 2.3 656 
Apl, lIcat ion Man lays 150 1,500 10 

P.st Cnt ro I 
Manzar Kg. 10 102 1,020 
",dr It. 10 103 1,030 
t.jIIcat Ion (10) Man lav'; 150 300 2 

v-in lays; 150 1,200 8 

jest, 1,875 Boxes of 14.6 
Yg. iach of 27,500 Kg. Han Days 150 110,500 70 

Pi'lc I'g Man Day. 150 5,250 35 
Box'-!: 1,875 15.02 28.165 

Sprayer Pom (vprvclateil at 

ars) 1 3,800 760 

St7Itotal 102,993 

Other Expenis (5%) 5i49.7 

Total 108,142.7 

Total l.:tborCost..; 45 750 ... 

Totil Cost E'clding Labor 61,392.7 47 258 
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TABLE. A-3.7
 

VARIABLE COST OF PRODUCTION PER IIECrARE OF BEANS-MAIZE SYSTEM
 
IN SOUTHERN tUILA, LOCAL TECINOLOGY LEVEL 1
 

Ml Dayii 
Per Quarter 

ert rotal FIrs t. Secondler Unit 
1tem ti1 Qlutn t ity (l'et-os) (Pesos) Quar te r Quarter 

Land Prn;ira Ioil 
IHaim Illra 1 3,1 O 3,000 

Pilnt ig 
Cm II Man Days 150 450 3 
Beans, Mach Ine Hire lai. 1 300 300 

Corn Sied Kg. 30 8 240 

I'ai1 Seed Kg,. 60 30 1 ,800 

Wc(lig;i (2) Mii Days 150 3,000 20 

5,-r tII i z.at Ion 
1-30-10 Kg. 250 10.4 2,600 

App1 .at ion ManlDays 150 600 4 

Harvest 
Rins, 625 Eg. Man Days 150 3.600 24 

Mai.', 1,875 Kg. 

Thri 'hI ig Man Daym 150 _1_1_95O 7 

Subtota 1 16,640 

Other Expense; (5%) 832 

To ta 17,472 

Total labor Coat _829 _ _ 

Total Cost. Excluding Labor 8 27 31
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TABLE A-3.9 

VARIABIE COST OF PRODUCTION PER HE'T.ARE OF B ANS-MAIZE SYSTEH
 
IN SOUTHERN HUILA, L(XA I'ECiINOIAEY LEVEL, 2
 

Han Days 
Per Quarter 

Cost Per Unlt Total Ftrst Second 

Iterm Unit Quant ILty (Pesos) (Pesos) Quarter Quarter 

Land Preparat ion 
Clearing and Ilo Plowing Man Days 150 2,400 16
 

Plant Ing Man Days 150 1,800 12
 

Corn Seed Kg. 25 8 200
 

li-anS.d Kg. 60 30 1,800
 

Weeding,; (2) Man Days 150 3,000 20 

ltarv-nt 
Beans, 500 Kg. 

,i , 800 Kg. Mail Days 150 3,000 20 

ihr ,h ag Days 150 _1,50 10Man 

13,700
Subtotal 


Other Expenses (5%) 685 

Tot at 14,385 

Total labor Cost I11700 

Total Cost Excluding lahor 2,685 28 50 
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TAIIE A-3.9 

VARIABLE COST OF PRODUCTION PER IIECTARE OF BEANS-MAIZE SYSTEM
 
IN SOUTTIERN IUILA, LOCAL TECIINOIAXMY LEVEL 3 

Mail Days 
Per Quarter 

Cost Per Unlt Total First SE-cund 

It r.m lnit Quant it y (Pesos) (Pesos) Quarter Quarter 

Land Pi.pairil i 1in 
Machim.. Ifir., 11. 	 3,000 3,000 

P lant Ini' Man Days 150 450 3 
Corn Mail Days 

IBair.., Mathuitl Iolr, II. 1 300 300 

CmSedKg. 25 B 200
 
B.-.1S,-.I 
 Kg. 60 30 1,800 

w.- I.ligs (1) 	 Man Days 150 1,500 10 

Man Days 150 3,000 20 

Feort111 za tioi 

10- (1- Kg. 250 10.4 2,60010 

Ap I i, im Kiil I)vs 150 600 4
 

c:oil. C n trol 

Iip tersX 80 K,. 0.4 18 7 

Ma I at11io Kg. 0.8 177 142 

App Icat Ion Man Days 150 300 2 

ilirvtt 

(rn, 1, 300 Kg-. Kai Days 150 1,500 10 

Beans, 800 Kg. 
[hri!;hi, g Mian [lays 150 1.500 10 

Spravul ir, (lL 5 yvar 
,h'pr., I. ion) 1 3,800 760 

Sn) r iI 	 17,659 

atherExpwnses (57.) 	 883 

18,542
iotaI 

Total Labor Cost 	 8,850 I __ 

Tot a I Cost Exc I id ing ILbor 	 .9 692 17 42 
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TABLE A-3.10
 

VARIABLE COST OF PROD}UCTION PER HECTARI: OF BEANS
 
IN SOUTHERN HUILA, LOCAL TECHNOLOGY LEVEL 1
 

FIRST SP.MESTER 

Man Days 
Per Quarter 

(otL IPer Unilt Total First Second 

Item Unit Qtlant It y (Peso) (Pesoa) Quarter Quarter 

land Prepirat Jon and Planting 
CltIaring Man Days 150 1,800 12 
Plant lng Man Daysi 150 3,000 20 
Steed Kg. 100 30 3,000 

We,,-dings (2) Mau Days 150 3,000) 20 

llarvest , 860 Kg. Man Days 150 3,000 20 

1'hrvshing Mail Days 150 _--7_50 5 

Sktlltot;l 14,550 

tlwhr Expenses (5%) .... 727-.5 

Totat 15,277.5 

Tot a Labor Cost 1- -50 

Total Cost Excluding Labor 3,727.5 32 45 

SECOND SEMESTER 

Third Fourth
 

Quarter Quarter
 

Subtotal From First Semester 10,800 32
 

Ilarvest, 662 Kg. Man Days 200 3,400 17
 

Threshing Man Days 200 600 3
 

S btotal 14,800 

}thwr Expenses (57) 740. 

Total 15,540 

T'ot I L 11 800labor Cost 

Total Cost Exclutng lar _3l740 32 20 
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TABI" A-3.11 

VARIALI C)SI OF PRODUCTION 'ER HECTARE OF BEANS 
IN SOUTH ERN 0lDIA, LOCAL TECH NOI.OLiY LEVEL 2 

lan Days 

It em UnIt Quan t I 
Cmit Per Unit 

(Pesos) 
Total 

(Pesos) 

Per Qujarter 
Fi rst. Stcond 

Quarter Quartur 

Land Proparat li- and 
Ilired Mathlinrv 
Scrf 

Plant Ing 
Ila. 
Kg. 

1 
80 

3,000 
30 

3,001) 
2,400 

Wins!),g'; (2) Man Days 150 3,900 26 

Vsrc I I ;sat fhon 
Ur-i 
1W-i0-10 
App l Ica! lon 

Kg. 
Kg. 
Man Days 

157 
157 

10 
10.4 

150 

1,570 
1,633 

300 2 

Pisi, (Xi,n i 
Diith;onl (0 mirr~iti) 
M,-t ai; ( ox 
App1 (rat oni ) 

Kg. 
Oz. 
Man Days 

2 
8 

1OO 
7. 5 

150 

200 
60 

300 2 

B 
0
hr 

Iip;,1,2!11/ 
- nIiIi 

K. Man 
Man 

Days 
I'rys 

150 
150 

3,750 
1,050 

25 
7 

ithr Expinqes 
Sprayer Pump 
at 5 v-irs) 

(depreclatvd 
1 3,800 760 

S.ih; it , i 
18,923 

Other E;xentes (5Z) 946.2 

'l Ia 
19,869.2 

Tit-il labor Cost; 9. 301 

Total Cos;t Excluding Labr _10569.2 62 
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I., 	 The Coin Game 

Q. 	 What would j u prefer: 

a) a fixed and certain income of 3.75 pesos 
b) a bet, to be decided by a coin zoss, which gives you 

7 pesos if you win the toss or 0.5 pesos if you Iose. 

If the fnrmp' prefers (a), decrease its val.ue in succession 
until h, hoc:m.c- s inodiff erent between (a) and (n). 

The 	 dcuriv ati on [i the risk coefficient is as follows: 

Assuolinr, thn Ut] Litv of income is represented by 

U(X) 	 - (X) ± +v 

whcre X i: a risky al.ternative with a:. expected v3lue of 
E(X), : deviaL:ion V and a risk coefficien. 1 , then indif
ference between two income alternatives (a) and (b) implies 
that 

O(A) = tU(f) 

Let 	U(X) = E(a + V
 

U(A) = 3.75 + J0
 

U(A) 	 = 3.77 

and 	 U(B) = E(b) + IV 

U(B) - 0.5(7) + 0.5(0.5) + ;{0.5[E(b) - 72 

- 0.5)2] 
1 /2+ 0.5[E(b) 

U(B) = 3.75 + t(3.25) 

Then, if an income a + T is chosen as indifferent to UkB) 
the risk coefficient , can Le calculated from the equation 

(a + 6) = 3.75 + 1(3.25) 

(or 	6) - 3.75
 
or i = 3.25 

II. 	 The Came of Subsistence at Risk 

Q. 	 W'hat would you prefer: 
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a) 	a property which gives you a certain avd fixed income
 
of YF per month
 

b) 	a property which 3 out of 4 years gives you an income
 
of Y, per month and I out of 4 years gives you an income
 
of Y2 per month.
 

In this game thiL income alternatives (a) and (b) vary accord

ing 	to thlo income needs of the farmer being interviewed.
 
This way it :is asurud tihat i closer real world situation is 
being considero . 4\gan U(A) is the aunn't being used as a 
measuring rule, thus being the "fixed income" proposition
 
U(A) = E(\) + 3N. Thie risky aiterna:iyve (b) is:
 

U(B) = E1+) + V 

U(B) = 0.75(Y,) + 0.25(Y 2 ) + t{0.75[E(b) - QI ]
 

- Y'2 /
+ 0.25[1:(b) 


where Y1 and Y2 Ore tle Ior'ome components of the risky 
alternative (h). Huc e, 

Y1 ]2
 
= 0.75Y1 -0.25Y, + -q0.75[0 .75Y] + 0.25Y 2 -U(B) 


+ 0.25[0.75Y1 + 0.25Y 2 - Y2,} = 0.75Y1 + 0.25Y2 

+ jz 

where
 

2 1/2Z = 	{0.75[-0.25Y + 0.25Y 2]2 + 0.25[0.75Y, - 0.75Y 


and 	therefore,
 

a=+k)i R for the risk preferers and. 

(a-) - E(b) for the risk averters. 

IT. 	 The Game of Subsistence Assured 

Q. 	 What would yogi prefer: 

a) 	a p -operty which guarantees you your family', sustenance 
plu 1 certain and fixed income of YF pr month 

b) 	 a property wi. ch g,,rantees you your fam ily's sustenanue 

but give's von an income of Y] per month 3 out of 4 

years and Y2 per month I out of 4iyears. 

This game guarantees 'he farmer food and shelter for him and
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his family. The risk involves only income needed for expen
ditures other than food and shelter. In this case the income
 
alternatives are:
 

U(A) =S + YF 

U(B) - 0.75(S + Yl) + 0.25(S + Y 2 ) + c{0.75[E(b) - S - Y1 ] 

/2
 
- S - Y212)1
+ 0.25[E(b) 


and
 

(S + YF ± 6) - E(b) 

z 

where YF, Y1 , and Y2 are the income levels associated with
 
the game and z the expression derived on the subsistence
at-risk game.
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The 	following questioning procedure, as adapted from Jackson
1
 

2
 
and further modified by Chin and Johnson, was used to obtain subjec

tive price and yield distributions from Southern Huila farmers. Al

though the wording may appear succinct and businesslike the actual. 

questioning was performed by the author, who was already acquainted 

with the farmers interviewed. 

(uestioning Process 

After he cust ama ry preliminary tal and explanation for the 

interview the q1uestioning is patterned Afol1ows: 

Q. 	 I am going to ask you quie;tions based or bets of 100 pesos. You 
understand of cours that th is is hypothetical. The purpose is 
of course to use the bt as: an aid in obtLaining your perception 
of farm prohluct prices and vields. I will ask vou questions 
regarding w hot r vo,,u would take A l00 pesos et that the 
of .i I IWI 1ov. or bepi ow Let' s start. 

NOt cI ':;tI i FIithr 1 tli' farmer is lam iliar wit thLe quan
tity or pri in qustion, ,tart wiL at"reasonable" reference value. 
If not, or if tie far-mer appears bothe red hv the precess initially 
choose some "an riisoa'ibI le'' reteren ce vaIuaecs to help el ci t clear-cut 
yes or answerl. The -uestioninshot cont inile theno g ld lrnt iti subj ecu 
cannot distinguis:h i.tw.een the. two bets based on a reference value. 

Q. 	 Conside: tlh (price or quanti ty) of for the 
semester ff97 . ( boose betwoen two bets of 100() pesoi. The first 
bet pays you 0) pesos if the Ls above (reference 
value) for tl .. .semster of 197 . The second bet will pay 
100 pesos if the i below (same reference value) for 
that same sumst ieV" 

Nte to Question r: After the answer move the reference value 
in the d ry',e ion of the fat-mer's choice. Use your judgment about how 
far to move the roptrencc va]lit'. General]y, you would like to put it 
high (low) enough to rne n the farmer's preferene fr tietlIeIt.; On 
being abovi' or below1 . the selected valie. 

I.B. Jackson, "Assessing Probability Di stribt-ion for Uncert
ain Quantitics," lletin 9-174-193, Harvard Business School, Boston, 
Massachusetts, 1974. 

Sean B. Chbin, and S.R. Johnson, "Assessmen t of Judgmental 
Input for Forecasting Model," University of Missouri-Columbia, 1978. 
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QUNow consider,a second set of bets str'tred as were theinta
 
S se~ but withi the new refer~ence value of ~ Do you chdo se the
 
A' Aone paying 100 pesos, if. the :pie r quniy f41'be'low: 
T re-.f _ren evvalue) or the one, paying! the-,'00 pesos if' the

(price or 'quantity) goes above therfenevl? 

Q~eftber:Whn~yu hveproceededI .n.thismanner 
until the farmer cannot distinguish be tw'ee, the referenced bets ,y"''6i 

,~i)"~~"have isolated an~indifference point.- In thi's case it will identify
the 0.50 fractile. Do not be afraid to tell the~farmer what you are 

' 

+'i 
doing. In,,the next and subsequent sets of betslit is vr motn,that yov~make it clear that vou,'are considering verciortqan
tity) in excess of, betweenihor below specified values.~ Aga.in, use Y 
yo6ur' judgment on the new reference value. Tio important probl1ems,~
should be indicatedlat~this',point. iFirst, thie farmer may intentionally

* or unintentionafIy give incon~sistent'choices~of the two reference bet 
as the associated reference valu~e is moved around. If so, inidicate
 
that the choices are inco"Isistentl. Moreover, some probing'Th' conec
tion with the consistency of choices by,r a~~sking questions with simi,
 
lar reference' values 'may be usefuil.-, Secondly, when giving""the'~farmer 
the int~ervals for choice it is importaint~ to 'emphasize that'~rou'are 



,assuming that the _ __(price", quantity) is contained in the re~le-'~ 
vant interval and -not,>on the floor or' ce~tling of the specified interval.~ 

Q. Assume,-that we know that the ___'(price, quantity)~cannot be ~ "> 

above (0.5 fractile reference point) during~ the'sanie quar-~'~~'~ 
ter, we have been discussing. Considertwo bets,' each 'ain10 
pesos. The first pays'100 pesos "if the (pric) quanti~ty) isb~l" 

(a new reference value)., The second pays .100 pesos if ;th 
___(price, qjuantity) is betw4eiin the reference xiau'-eof;___ 

and (the 0.5 fiactilerefereice vlu~)~ Which of the two' 
bets 

___ 

do you choose? 	 j''''' ~' 

ANote 	 to Questioner: the, reference value in~ the direction',Move 

of th e farmer ts choice sand ask samei ques tion again -but r'elIated t'o the 
new reference'value7 Continue the proces's untii1 th~e farmer 3has ,reach
ed the p'cint of indifference between sets., :When 'thi's'poiit. has ben 
reached, the 0.25 fractile re,erence value has been, obtained,. Then 
move to obtain the 0.75 fractile by changing the interval~of foCUS 't&o' 
the 0.5 fractile and above. 	 j~~ ' "4 

Q., Now consider a (___ 	 -(0' 5 fracprice, quantity) floor at," 

"tile reference value). Consider two new bets. One pays 100 pesos 
 ' 

____(price,S 	 if the quantity)' is 'betweeni"' "'(the new refer-''j'3~
ence value) and the floor ___ (price" qutit)Vf___ O~~" ~~' 

''fractile rferenc~e value). %The sconid'~pay,OO,p6sos if,the 
- (ricequantity)',- i'above Ithe new .reference value' "'"2f' 

Note to Questioner: Sequencei's continued.%until, th are
 
'~'I'iJ~"<'has reached a-value.'at which he is~indifferent.-between the-two bet.~ '~
 

'"This
~ will beA the ref erence-alue for the 0 75 fr'actile. The,'same po V' 
r, pr 

tescan- be used to-obtain reeec td valu or thce0.125 and 0.875'i~"'3
, 1 1 

~~c-es 	 n''' re e '33e c vA a lue~.~~ '~~A~ '" " 

'3"" 	 ~I~~.'j 
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fractiles by changing the (price, quantity) floors or upper 
limits as the case may he. After von have obtained the fractile values 
it is important to ask a final question to establish some upper and 
lower hounds fIr h process. Go a reasonabl e di st:ance away from the 
mean ..... (price, quant it v) of t he commot ityV in qust ion and ask tile 
fo 1loving -que t onI 

Q 	 What are tLn Iowast and highest (price, quantLity) you have 
ob0served for (hi.s produ.ct- on your farm? 

This completes the experiment. 

http:produ.ct
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Table D.1 

VARIABLE CODE FOR RESOURCE CONSTRAINTS 

Row Symbol Resource Constraint Unit 

LDN.. i = land type = 1, 2, 3 Land Hectares 

RLB i 

HLB 

FL3. 

OPK. 

TR (Activity Na-ne) 

PRKI, PRK2 

J = 

i = 

i = 

i = 

i = 

i = 

semester 

trim ester 

trimester 

trimester 

trimester 

semester 

= 

= 

= 

= 

= 

= 

1, 2 

I, .. 

1, ... 

], ... 

1, 2 

1, 2 

, 

, 

, 

4 

4 

4 

Required Labor 

Hired Labor 

F'ailv Labor 

Operating Capital 

Transfer Rows 

Capital Available 
Cropping Activity 

Per 

Man Days 

Man Days 

Man Days 

Pesos 

Kg. 

Private Sources 

KIPB, K2PB 

First and Second 
Semester 

Capital Available Per 

Cropping Activity 

instil aionai Sources 

Pesos 

First and Second 
Semester Pesos 

LIMIT Total Borrowing 
Capacity Pesos 
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Table D.2 

VARIABLE CODE FOR ACTIVITIES
 

Column Symbol Variable Name 

Growint Activities 

COF. i = land type = 1, 2, 3 High Technology Caturra Coffee 

MCOF i i = land type = 1, 2, 3 Old Coffee 

LTCOF i i = land type = 1, 2, 3 Low Technol ogy Caturra Coffee 

SUG. i = land t vpo = 1 2, 3 Sugarcane 

CAS. i = land type = , 2, 3 Cassava 

TOM. j = land type - 1 2 Tomatoes 

ONS i i = land type 1, 2, 3 Onions 

Bhj i h = teclhnoogy = 1, 2 Beans (Current Technologies) 

j = semeviter 1, 2 

i = land t-p =p 1, 2, 3 

BE.. j = semester 1, 2 Beans (CIAT Technologies) 

BS.. i = land type = 1, 2, 3 

CBhj i h = techinology = 1, 2, 3 Corn-Beans 

= first semester 

i = land type = 1, 2, 3 

GRSSI, GRSS2 Pasture Production 

Labor Activities 

BYLBi i = trimester = 1. ... , 4 Labor Hiring 

SLLB i = trimester = 1, ... 4, Labor Selling 

FMLBi i = trimester = 1, ... , 4 Family Labor 

Selling Activities 

SL (Activity 
Name)i i = semester = 1, 2 Product Se! 1ing, 

Borrowin --Activities 

BNK i i = semester = 1, 2 Instititiona] (Formal) Lending 

PRLN i = semester = 1, 2 Private (Informal) Lending 

TRK 12 

TRK23 Capital Transfer 

IRK34 Between Quarters 
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