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Imtlally, s'Tateg¡es of technology developrnent are based on ex- ' 
ante JUdg¡nents of potenttal!rnpact, but mforrnatwn that anses 
as the technology IS developed allows the chosen strategy to be 
readJusted Consequently, 1rnpact assessrnent and technology 
developrnent becorne mtegrated m a contmuous mteractton be 
tween secta! and techmcal dtsctplmes, requmng sctentlsts wtth 
econorn¡c as well as socwlog¡cal sk11ls to becorne m volved Thetr 
rnam role starts out as tdenttfymgconstramts and opportumt1es 
for new technology estlrnatmg potentlaltrnpact, and destgnmg 
rnethods for technology dissernmatlon As the technology devel 
oprnent effort evolves, their role comes to mvolve the revtswn of 
potenttal irnpact and of the developrnent strategy, based on 
contmuous rnomtormg The present paperelaborates theconcept-
of ex post and ex ante irnpact mtegrat10n describes posstble 
1rnpact IISSessrnent methodolog¡es, and 11lustrates these w1th 
data from a JOtnt CJAT/DRI proJect m the Atlanttc Coast of 
Colombia In this proJect, a cassava drymg mdustry was estab 
hshed, mvolvmgchanges m production technology and the mtro 
duction of new processmg and rnarketmg rnethods Ex ante 
analysis stressed the benefits ofthe proJect to the small farmer, 
"hile the rnomtormgeffort measured distrtbutlonal benefits and 
readJusted the proJect strategy The contmuous trnpact assess 
rnent allowed mcreased goal onentatton and trnproved dts 
tr1butwnal and total effecttver¡ess of the prOJect 
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Introductlon 

Efforts aimed at generatmg technology can be placed mto two bread catego 
ries The first concerns research frequentl) seen as a creat1ve procesa m 
which mnovative solutions (out of the reach of nonspeciahzed people) are 
identi!ied The second category concerns development the collection and 
apphcatwn ofthese solutlons toa specific Sltuation Development iS more of 
a managenal than a creat¡ve process 

A second distmctJon With respect to technology generation iS the ex ante 
versus the ex post measurement ofimpact Ex ante 1mpact measurement 1s 
hnked with research m arder to define the pay offs of alternatlve research 
strateg¡es Ex post impact measurement comes after research and develop 
ment (R&D) and rey¡ews the effectlveness of a g¡ven R&D effort Ex ante 
impact evaluation has a speculabve focus ex post impact evaluatwn an 
h1stonc focus In cases where both types ot analys1s are apphed the time 
span between one and the other could be considerable 

When development proJeCts are similar to ee rher proJects ex post evaluation 
ofthe earher proJects can be useful W1th an ong¡nal proJect such mforma 
t1on 1s ava1lable only after crltJcal dec¡swns ha ve been made-- too late for 
ex ante evaluatwn However because research proJects are creative 1n 
nature and therefore orig¡nal s!m!lar projects are nota' auaba' for ex post 
evaluat¡on 

The dJstmctlon between research and development 1mphes a certam r1gor 
m technology generaban Research comes first development takes the 
research results and apphes them m a spec1fic soc¡oecorom¡c context Un 
fortuna te! y, m th1s Situatwn, mformatwn feedback 1s constramed, and the 
flexJbihty oftechnology generatwn suffers severely Th1s problem has been 
recogmzed w1dely and has g¡ven nse to the development of on farm research 
methods, among other thmgs 

The present paper presenta a case study on a proJect w¡th more advanced 
mtegratlon ofresearch and development (outs¡de on farm research) Ex ante 
and ex post evaluatwn are mterwoven m a s1multaneous and contmuous 
socJOeconomic momtormg process What results 1s a proJect of a genumely 
m1xed nature where research and development ha ve creatlve as well as 
managerial charactenstlcs A contmuous flow of new mformat10n leads to 
stepwise reassessment of earher dec!Sions such as that based on ex ante 
knowledge In turn, th1s leads to mcreased goal onentat!On and 1mproved 
distributwnal and total effect1veness of the proJect 

The proJect descnbed m th1s paper 1s located m the AtlantJc Coast Reg¡on 
ofColomb1a and was executed m veryclose collabora,¡on w1th the Colomb1an 

Integrated Rural Development (DRil Program lt focuses on one of the most 
nnportant crops m this area, cassava 

Befare the actualmtegratlon ofresearch and development and ex ante and 
ex post evaluation m the project can be d1scussed, the efforts at generatmg 
tec hnology m ust be classlfi ed Th1s e lassifica tion can then be used to forecas t 
the potentlal benefits ofthe proJeCt proy¡dmg the bas1s for the managerial 
chmces made These forecasts and decJsions are then reviewed m hght ofthe 
mformatlon that became ava1lable through soc10economic proJect momtor 
mg, and subsequent proJect redirection iS discussed Fmally, we examme 
the feasJbihty of mtegrated proJect evaluatlon 

Generatmg Crop Technology and Its Usefulness for 
Cassava 

Followmg Ruttan s (1982) class¡ficatwn, four dimensione m the procese of 
generatmg cassava technology for the Atlantic Coast Reg¡on of Colombia 
were considered 

1 

2 

3 

4 

The geography Although the Atlant1c Coast Reg¡on was predefined, the 
heterogene1ty ofthe reg¡on m1ght reqUJre further attent1on m generat 
mg technology The potent!al!mpact and the effects of eqUJty are maJar 
entena for reg¡on selectwn 

The range ofproduct actlvitJes from wh1ch to choose Both authors were 
members of CIAT's cassava program when the research reported here 
was undertaken In the present study, this d!mens10n was predefined 
(it w1ll be clear that this was JUStl!iable) 

The commodity system For every commodity, there iS a setofmtegrated 
production, marketmg, processmg, and consumption act!Vlties One 
should know m which actlVIty technolog¡cal¡mprovements will ha ve the 
greatest 1mpact and how other parts of the system m ay modify th1s 
impact Th1s dimenswn preved to be of crJtlcal importance for this 
reported study 

The d!SCiplmary orgamzat10n ofcrop technology generat10n On the one 
hand, technology generatlon requ1res researchers (who have a plant, 
sml, social, or econom1c onentat1onl On the other hand it needs tech 
nology diffusers from a Similar range of diSCiplines The separatlon 
between d¡ffus¡on and research 1s not always very clear, but deciSIOns 
on d!SC!phnary composJtlOn as well as on research versus extens10n are 
cn tic al for any successful effort m genera tmg technology 
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W1thcassava technoleg¡cally mduced mcreases m product1on ha ve often led 
toa decrease m farmers mcomes dueto constramed markets PraJects ha ve 
been located m areas w1thout suffic1ent product10n potent1al Often, the 
ava1lable technology (espec¡ally for processmg) has not been compatible w1th 
the scale of product10n And product10n costs ha ve hm1ted the poss1b1hty of 
expans10n m stagnant areas where nethmg really happened Such exper1 
ences amongothers, ha ve md1cated the need fer a new mtegrated V!Sien of 
cassava development The d!stmctlon made by Ruttan (1982) w11l be mstru 
mental fer developmg th1s VISion 

Integrated Generatlon of Cassava Technology m the 
Atlantlc Coast Reg10n of Colomb1a 

The Atlant1c Coast Reg10n of Colomb1a 1s a trop1cal reg10n, approx1mately 
120 000 square k1lometers marea w1th low to modera te ramfall Its popu 
latlon totsls sorne five mllhon souls of whom 70% are hvmg m urban areas 
Land d1stnbut10n m the reg10n 1s h1ghly skewed, a consequence of the 
prolonged colomzat10n procesa (Sp!Jkers 1983) More than 85% of the land 
1s m the hands of few"r than 20% of the land owners Whlle large farmers 
maml) mvolve themselves m cattle producuon, small farmers need more 
mtens1ve but also nsk1er crop actiVJtles to earn the1r hVJng Because 
cassava can tolera te theerratlc ramfall and the mtermed1ate fert1hty ofthe 
reg10n better than other crops, 1t 1s 1mportant m small farm agr1culture 

The declslon to research cassava fer th1s reg¡en ¡san obv10us ene g¡ven 1ts 
tmportance m small farm productlen on the ene hand and human censump 
t10n on the ether Cassava IS rarely grown m monocult\•re m the reg¡on-
1t IS usually found m fa1rly complex assac1atlons w1th ma1ze, matze and 
yams, er ma1ze, mlllet, and p1geen peas When pess1ble, cassava farmers 
allecate parts efthe1r land resources te cattle heldmg The cattle serve as a 
nsk absorber, a source ofnutnt10n, an mstrument ofsavmgs and cash flow 
and a flex1ble labor actiVIty (For deta1led mfermat1en on how cassava 
development m the reg¡on has affected other crops, see J anssen [1986] ) 

The commadlty system preved to be the most en ti cal factor for the generat1on 
ofcassava technology m the reg¡on therefore theex ante forecastmg focused 
on th1s d¡mens10n Human consumpt10n of fresh cassava IS and was the 
maJar ut¡hzat!On of the crop Consumpt10n of fresh cassava IS s1gmficantly 
lower m urban than m rural areas beca use 1t 1s a d1fficult product to market 
The on gomg urbamzat10n m the country has resulted downwards pressure 
on cassava demand At the same time, market channels for nontradltiOnal 
food crops has 1m preved (e g, pota toes from the Andean reg¡on), exertmg 
add!tlonal 'lega ti ve pressure on cassava demand Also, many producers m 
the reg¡on market the1r supply very narrowly, subJect to strong pnce 

fluctuat10ns, and where only the better roots are acceptable for sale lmt1al 
d1agnos1s ofthe cassava system suggested that low preduct1v1ty was related 
to prtce mstabthty and deter10ratmg demand Amphficat10n and dtverstfi 
catlon of the market was most needed, rather than any 1mprovement m 
producttvtty 

Two technolog¡cal solutlons to the market problem were suggested The first 
mvolved tmprovmgcassava s marketab1hty by packag¡ng 1t m a plastlc bag 
The plastlc bag, m combmatlon w1th sorne harmless fung¡c1de mh1b1ts 
phys10log¡cal and m¡crablal detenorat1on (Janssen and Wheatley 1985) 
Th1s means that traders would have less waste from deter10rat10n and 
consumers could huy larger quantltles 

The second solut1an mvolved developmg a drymg mdustry that would sell 
cassava ch1ps to the rap1dly growmg ammal feed sector In th1s market 
cassava pr1ces are hnked to government supported sorghum pr1ces and 
sorghum ¡s the mam ammal feed mgred1ent m Colomb1a In th1s paper we 
w11l d1scuss forecastmg for the cassava drymg mdustr1es and the ex ante 
evaluatlon of developmg the drymg mdustry versus lrnproVJng the market 
for fresh cassava For reasons ofbrev1ty spectfic 1ssues mvolved m tmprov 
mg the market for fresh cassava w1ll not be d1scussed here 

For the ex ante ferecaster the challenge 1s how to mtegrate processmg and 
marketmg technology w1th product10n and consumpt10n, cons1dermg the 
poss1btht1es of subst1tut10n w1th other products or actlVJtles at d¡fferent 
levels of the product cham The exerc1se undertaken here was al so comph 
cated by the absence ofrehable time ser1es on product10n consumpt10n, and 
pr1ce 

Ex ante Impact Estlmatlon Procedures 

Two maJar questlons needed to be resolved m arder to obtam good forecasts 
on the development of cassava drymg mdustnes These quest10ns concern 
market r1sk and 1ts mfluence on product10n patterns, and the development 
of demand for fresh cassava versus dned cassava G1ven the hypothes1s that 
changes at one leve! of the product eh a m m1ght ha ve consequences at other 
levels, the mdlvtdual answers to these quest10ns were not cons1dered to be 
suffic1ent It was deemed necessary to mtegrate the bas1c mechamsms w1th 
respect to these quest10ns m a Slmulat!On model 

Assessing Market Risk and Its Impact on Agricultura! Production 

Does market 1nstab1hty really mcrease the r1sks the farmer faces? The 
trad¡tlonal hypothes1s IS that pr1ces are h1gh "hen supply IS low, m whtch 
case market mstsb1hty compensa tes pnce mstabthty (Robmson 1975) How 
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ever, for mdtvtdual farrners or subreg10ns productlon condttlons m a 
spectfic year can dtffer constderabl) frorn the average That ts, aggregatlon 
to rnarket le, el ehrnmates the vartabthty and msecurtty thata smgle farrner 
faces Market mstabthty, then should be studted at the mdtvtduallevel 

An mtervtew procedure wtth flash cards was destgned to match productlon 
expectat10ns wtth marketexpectattons Table 1 presenta the average resulta 
ofthese mtervtews It ts clear that prtce expectat10ns and yteld expectattons 
are not stgntficantly related Consequently, the coeffictent of vartatlon of 
mcome ts O 36, whtle the coeffictent of vanatton of yteld ts O 33 Market 
mstabthty mcreases the farmer's mcome rtsk and one rntghtsuspect that tt 
also mfluences productwn dectstons 

Toble 1 Sub)ectlve Yleld ond Prlce Probob11111es for Cassava 

Expected Yleld Expected Yleld Expected Yleld 
good yeor normalyear bad year Average 

(1 O 5tonstha) (7 3tons/ha) (4 2tons/h0) probablllty 

Expected prlce 
good morkel 007 012 o 17 036 
(US$ O 114/kg) 

Expecled prlce 
normal market 016 014 007 037 
(US$ O 83/kg) 

Expected prlce 
bod morkel 018 o 08 002 028 
(US$ O 055) 

Average probobllrly o 41 034 026 
- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Expecled prlce = uss o 085/kg e v • o 2e 

Expected yleld = 7 e lonstho e v • o 33 

Expecled lncome= US$ 653/ha e v • o 36 

In the sarne mtervtew procedure tt was estabhshed that rnarket pnces 
present too favorable an tmpress10n on cassava s profitabthty Th1s ts be 
cause sorne 13% of cassa va "as not acceptable for fresh rnarkets and beca use 
the farmer had htgh transportat10n and market arrangernent costa The 
cassava pr1ce obtamed by the farmer was sorne 24% htgher than the prtce 
corrected for select10n and rnarketmg costs 

The next quest10n "as te assess the ef'ect of cassava s rnarket mstab1hty on 
product10n T\\o rnethods were used to answer thts quest10n a norrnatlve 

and a postttve one The postttve rnethod conatsted of an ehcttatwn approach 
wtth respect to plantmg behavtor at contracted pnces The norrnattve 
method conststed ofthe developrnent of a quadrattc prograrnrnmg (QP) rnodel 
that evaluates prtce mstabthty Appendtx 1 provtdes rnethodolog¡cal detatl 
on these methods, as well as thetr advantages and dtsadvantages Table 2 
sumrnartzes the mam features of these rnethods, along wtth other rnethod 
olog¡cal procedures used m thts paper 

Table 2 Maln Features of ex ante Technology Development and lmpact Assess 
ment Methods Used In Atlantlc Coast Reglan of Colombia 

Forecosttng/ Storeof the 
Pro)ect 

Manoge Moln Method Expected Artof 

ment Sourcesof Focus of otoglcol Otsctpllnory ex ante Comporobte 

Melhod lnformotton Metnod Comptexlty Qrtentotton Aetoblllty Methods 

Assessment Personal In Porttat suP. Hlgh Fare tnrer Sophlstt 

ot morket tervlews pty stae economtcs medlate catedtor 

r~• onatysts productlon 
JISK 
lessdevel 
opedtor 
market rlsk 

Esttmallon Mallques PosslbllllV ot 1n1e1 MarX. el Gocd Wellde 

el llonnolres project medtote economtcs veloped 

onernottve growth (mor<etlng) 

demond 

Stmutotton Prevtous Ex ante Veryhtgh Agllcullurol Bcd In obso Methodolo-

modets anotyllcat lmpoct economtcs tute sansa gles 

stud1es comporlsons Goodln ovolloble 
CO'TlPOIO Appllcallons 
Ir-te sansa rore In 

ex ante 
tromework 

Setectton of Secondorv Efftctent low Geogrophy Gocd Simple 

reglen dato pro)ect 
destgn 

Esttmotlon Key Expected Hlgh Orgontzo Bod Absenl 

el lnformonts pro1ect tlonot 

tnstllutlonot growtnrote sctences 

strength 

The expected product10n changes per farrn, resultmg frorn the market 
stabthzatlOn caused by the developrnent of a cassava drymg mdustry are 
g¡ven m Table 3 The ehc1tatton approach forecasted larger changes m ares 
planted than the quadrattc prograrnrnmg approach Th1s ts because the QP 
rnodel overestlrnated the m1ttal ares planted The absolute dtfference m ares 
planted for the two rnethods ts very stmtlar except for srnall farrns In any 
case, both rnethods forecast constderable a !loca t10n shtfts 1f cassava rnarketa 
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were to be stabthzed through a drymg mdustry Both methods forecast 
btgger shtfts for large farms compared to small 

Table 3 Expected Eftecl ol Prlce Slablllzatlon (Occurrlng as a Result of Establlsh 
mento! Cassava Drylng Plants) on Area Planted lo Cossava 

Arao Plantad (ha) 
Ex•flng Expactad Absoluta Parcantoga 

Slluatlon Sltuotlon Dlllaranca Dllleranca 

Small Farm (3 ha) 
Ehcllatlon approach 154 1 96 042 27 
Quodrotlc progrcmmtng ' 76 1 93 o 17 10 

Mlddla S~ad Farm (8 ha) 
Ehcllaflon approach 190 3 09 1 19 56 
Quadratlc programmlng 2 84 3 97 113 40 

Lorge Form (15 ha) 
El•cllatlon opprooch 2 23 3 83 1 60 72 
Quadrollc programmlng 3 08 4 25 1 17 38 

The hypothests that market problems constram cassava product10n as well 
as that a drymg mdustry mtght mcrease the role of the crop m the reg10n 
was clearly supported Effecttve cassava development thus became depen 
dent on the adequate mtegratton ofmarketmg and product10n The quest10n 
beca me one of how to arrange access for small farmers to the large volume 
ammal feed market Small scale natural drymg plants orgamzed through 
farmers assoctattons appeared to be the answer as wtll be dtscussed m more 
detatl m the proJect destgn sect10n of thts paper 

Smcequahty restrtcttons m the ammal feed market were less strmgent than 
m the fresh cassava market the mtroductton of htgh yteldmg, but less 
cuhnary, vartetles could ease thts problem The analysts suggests that 
drymg plants should be concentrated m areas wtth low quahty cassava, 
where large amounts are dtscarded and prtces are low 

The forecasts show constderable productton mcreases among all farm 
groups but most wtth larger farmers Also, g¡ven the need to ti nance drymg 
plants 1t was concluded that drymg proJects should be dtrected to the larger 
of the small farms and to those areas where land ts avatlable to expand 
productton The economtc forecasts demonstrated that cassava proJects 
could be focused on poor farmers but that sorne resource avatlabthty would 
enhance thetr potenttal The resultmg concluston was that cassava proJects 
are only one component of rural development Espectally tf small farmers 
are to be el'fecttvely mcluded m these proJects other components, such as 
productton and processmg credtt must be m place 

Smce the expected benefits at thts stage ofthe analysts were measured as a 
funct10n of cassava product10n farmers wtth the abthty to mcrease produc 
tton showed up as the most feastble target group One can conclude that the 
chances of tmprovmg cassava producttvtty appeared good- once the spell 
of the unstable and nontransparent fresh cassava market was broken 

Alternativa Demand Estimation and lts lntegration with Fresh 
Cassava Demand 

The preVIOUS sect10n suggests that tt ts feastble to mtegrate small farmers 
m ammal feed markets The potenttal benefits of such a strategy depend to 
a large extent on the future demand for dned csssava An assessment ofthe 
ammal feed tndustry s demand for drted cassava was therefore needed 

The a m mal feed mdustry can be constdered a very rattonal consumer ofraw 
matenals Quahty dtfferences of raw matertals are reflected m prtce dtffer 
ences In fact, most ammal feed mdustnes use mtmmum cost !mear pro 
grammmgmodels todectdeon the purchase and utthzatton ofraw matertals 

On the basts of the procedure reported m Appendtx 2 a ¡:)tenttal nattonal 
demand of sorne 140,000 tons of dned cassava was esttmated Thts equals 
350 000 tons of fresh cassava, 50% of extstmg productton Sorne 30% of thts 
demand was located mor near the Atlanttc Coast Reg¡on A pnce elasttctty 
of 3 18 was found whtch ts a very htgh value, but 1t ts m accordance wtth 
the fact that the ammal feed mdustry ts very pnce senstttve 

At the same ttme, equat10ns for calculatmg the market demand for fresh 
cassava for human consumptton were esttmated m a reg¡on wtde survey 
1\iarg¡n marketmg behaV!or was determmed and coupled wtth fmal con 
sumer demand, farm gate demand funct10ns weredertved Demand for drted 
cassava at the ammal feed factory was con verted mto fresh cassava equtv 
alents at the farm gate The dtfferent demand functtons were added mto a 
total demand funct10n 

It appeared that the demand for drted cassava could proV!de an mcenttve 
for cassa va product10n The btgh pnce elasttct ty confirmed the expected 
pnce stabthty m thts market, as long as sorghum pnces were stable 
<\ttentton therefore, turned to the de,elopment and tmplementat10n of 
technology for small scale processmg so that drted cassava of suffictent 
quahty could be produced ata mmtmum cost to the producer 

The absorptton capactty of the reg¡onal dned cassava market appeared 
suffictent for raptd tmttal development of a drymg plant Research to reduce 
transport costs was only constdered necessary m the mtermedtate term The 
large potenttal for nattonal demand sugges..ed that research on the utthza 
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t10n of dr1ed cassava was not needed Lmkmg small farmers w1th the 
ammal feed market through small scale drymg plants appeared an excel 
lent means te convert resource peor peasants mto entrepreneur1al farmers 

One useful s1de benefit was the contacts estabhshed w1th potent1al pur 
chasers Afterwards these were consohdated m a chent data base, wh1ch 
could be used te estabhsh sales contacta Impact forecastmg thus had d1rect 
manager1al mput as well 

Integrated ex ante Forecasts of Cassava Development through 
Simulatlon Models 

The first parts ofth1s analys1s forecasted supply and demand for a cassava 
drymg mdustry Extens1ve marketmg and consumpt1on stud1es en fresh 
cassava and marketmg and processmg stud1es en dned cassava were also 
made (Janssen 1986) but are not reported here Wh1le prov1dmg an ¡ns¡ght 
mto the mechamsms determmmg the potentlal of cassava development, 
these stud1es d1d not shed much hght en the dynam1cs ofthat development 
They prov1de estima tes on product10n and consumpt10n sh1fta per mdividual 
but noten overall expected developmenta m comhiod¡ty systems Toestlmate 
reg¡onal productlon and consumpt10n sh1fts as well as the ddTerent benefita 
of cassava development a SimulatlOn model had to be developed 

The model IS recurs1ve w1th a 10 year honzon, and mterpreta the statlc 
resulta of the former analys1s m a dynam1c context Demand equat10ns 
mclude populat10n and mcome grov.th, a d1str1buted lag spec1ficat10n 1s 
chosen for cassava supply, and the development of the cassava drymg 
mdustry 1s endogenous te the model A schemat1c presentat10n ofthe model 
1s g¡ven m F1gure 1, a bnef explanatlon 1s g¡ ven m Append1x 3 

The model was first used te evaluate the development of a cassava drymg 
mdustry versus the development of fresh market storage methods m com 
panson w1th no development ofthe cassava system The model was also run 
at d1tierent assumpt1ons, mcludmg expected cassava productlv¡ty, growth 
m the drymg mdustry and growth m demand for dr1ed cassava A summary 
ofresulta IS presented m Table 4 

The first outcome ofthemode!Is that w¡thout the developmentofeconomical 
drymg or sterage, the cassava mdustry essentlally stagnates at current 
levels of product10n and consumptlon The efTect ofthe growmg populatlon 
1s also countered by rural urban m1grat10n and the subst1tut10n of cassava 
w1th more convement foods 

The development of a drymg mdustry a!o'lg w1th storage, significantly 
changes the prognosis W1th a drymg mdustry product10n would mcrease 

$ V 1 
CeJculallon of demand CeJcu\atson of marg1ns Calculatlon of Celculallon of 

ooetfie\ents B1 processmg costs and erea p\e.nted ylold lovels 

QOnsumer levo! 
1 

tosso:s 
3 2 • 

l l 1 

rl Deme.nd catculatlon at farm tevel l Calculatlon ot productlon zl 
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íect !rom one year to the next The mfluence of exogenous va.nahles has becn orrutted 
from the d1agram Numbera at the bottom ofthe block:& eorreapond to model co"llponenta 

aa explamod tn tho tcxt 

Figure 1 A schemallc representollon of the Atlanl\c Coast cassava system 
stmulatton model 
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Table.4 Results of Stmulatlon for the Cassava System In !he Allanllc Coa si Regton 
of Colombia Producllon Consumptton and Social Beneflt Parameters 

A B e' c2 c3 e• 
1985 1994 1994 1994 1994 1994 1994 

Total produchontyear 480 878 497 001 551886 666137 682471 698 738 678 255 
Average y1eld (tons/ha) 682 7 1 744 82 85 835 825 
Area planted (ha) 
-larga farm 26801 26 398 28 743 32496 32078 33 710 32956 -medrum torm 21142 20916 22301 24 708 24 472 25 433 24 972 -smollfarm 22502 22 344 23 076 23699 23 583 23 983 23 821 
On farm cossova prlce 
(US$/kg) o 085 0076 0088 o 082 081 085 085 

CaSiava consumptlontcaplta (kg) 
-Urban populat1on 299 21 6 39 4 211 21 2 21 o 21 9 -Rural populat¡on 806 637 833 622 626 62 7 61 5 
Consumpt1on of drled 
cassava (tons) 4 089 4681 3 494 80108 84 880 95 797 88593 

Rural employment In cassavo relatad work 
(person yeo s) 21 608 21 541 23 740 27 422 27 530 28 597 27 927 

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - --
Producers surp!us 
(mllllon US$) na - 206 333 331 508 358 Consumers surplus 
(mllhon US$) na - 400 57 43 83 65 Antmol feed tndustry 
surplus (mlll1on US$) na - 1 9 72 85 81 70 
Total surplus (mill1on US$) na - 587 348 37 4 506 363 
Note 198o Sttuauon at the atart ofthe model 

A No development o! drymg mduauy no development ot !reah atorage (base run) 
B Technology !or atorage of!reah caaaava 1ueeeufully mtroduced e• Sucoeaaful development of eaaaava-drymg mduatry 
e' Yteld 1nereaae 50% above estunated 1nereaae e• Orytng 1nduatry growa at double the expected rote e• Oemand for dned eaasava growt at double the expected rata 

at 3 7% per vear Improved storage would mduce a growth rate ofsome 1 5% 
per year In both cases, the expected decline m the farm gate pr•ce would be 
countered but 1mproved storage would have a greater 1mpact on tb1s 
Although cassava 1s mamly grown by small farmers, drymgwould favor the 
larger small farmers the most The development of a drymg mdustry would 
have the greatest 1mpact on area planted and y1eld than would 1mpro,ed 
stnrage of fresh cassava 

The 1mpact of the development of a1te•natlve markets on tra.:1 IO"l'l.l mar 
hets Is a ma¡or pomtofmterest Cassava drymgwould shghtly redU"<Hresh 

cassava consumpt1on, but 1t would almost completaly generate lte own 
supply Improved 8torage of fresh cassava would flrmly reverse the present 
trend 1n dechmng consumpt1on 

The benefit parameter8 show that cassava drymg would crea te 51gmflcant 
rural employment as well as rural mcome (as measured through the 
producer s 8Urplus), more so than 1mproved storage offresh cassava would 
The technology for 1mproved 8toragewould genera te more consumer beneflte 
m the form of reduced consumer pr1ces Drymg m ay be cons1dered a rural 
strategy, wb1le 1mproved 8torage 1s an urban strategy 

Although total beneflts m the case of storage are greater, th18 8trategy 
appeared r1skler and was not onented towards redressmg the 8tructural 
unbalance m rural urban development For tb1s reason the development of 
a drymg mdustry was g¡ven pr10r1ty 

The s1ze of the total beneflts that would result from developmg a cassava 
drymg mdustry were more 8ens1t1ve to growth m drymg capac1ty than to 
growth m e1ther productlvlty or demand for dr1ed cassava In fact, benefite 
to producers are barely affected at all by d1fferences m product1VIty growth, 
the ammal feed mdustry 18 the area that benefits most A more rap1d 
mcrease m the demand for dned cassa va would mamly affect urban consum 
ers but would not g¡ve cas8ava producers greater beneflts 

A B1mulat1on model alway8 responda to the assumpt10ns on wh1ch 1t 18 
constructed Some conclus10ns were log¡cal extens1ons of the prev10us anal 
yses, 5uch as the s1ze of the beneflts accrumg to large versus small farmers 
from the development of a drymg mdustry Other conclus¡ons, however, 
could not ha ve been der1ved w1thout the capacltyofsuch a model to mtegrate 
and compare complex mechamsm8 at d1fferent level8 of the commod1ty 
system The overwhelmmg 1mportance of bulldmg a drymg plant versus 
developmg product1on bad not been foreseen The 1mpact of 1mproved 
storage of fresh cassa va was larger than expected and ga ve r1se to some 
small scale 8torage proJects 

A maJar conclus10n from the s1mulat1on was that empha818 8hould not be 
put on 1m preved utlhzat10n of dned cassava (e g, by nutnt10nal research), 
nor on pursumg rap1d mcreases m productlvlty The greatest beneflts could 
be gamed by focusmg on developmg a drymg mdustry In more abstract 
terms, growth m ne1ther product1v1ty nor demand would be the key factor 
for 1mproV1ng the role of the crop m the reg10n -1t would be the hnkage of 
demand Wl th product10n 

The s1mulat10n model suggested that~assava s developmentdepends on the 
capac1ty to redefine the role of the crop m the rap1dly chang¡ng 8tructure of A 
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Colomb1an agr1culture Whereas for traditlonal rural consumera, decreases 
m productlon coste would enhance the d1etary role ofthe crop, 1mprovementa 
m marketab1hty would ha ve the greatest 1mpact for the growmg group of 
urban consumera W1th respect to the ammal feed mdustry, 20 years ago 1t 
was noneXIstent, but now 1t could proVIde an opportumty for long term 
growth m product1on and mcome for cassava farmers The simulation model 
became the ex ante proof that the mtegrated analys1s of the cassava com 
mod1ty system could prov1de adequate parameters for technology des1gn 
that could not be obtamed m more Isolated product1on analys1s The model 
also showed that crop development should not depend only on solVIng the 
technolog¡cal problema of today, but even more so, must depend on the 
antic!patlOn offuture problema and opportumt1es 

Issues m the Des1gn and Transfer of Cassava 
Technology 

The ex ante forecasta reported m the preVIous sectlon prov1ded a cons1der 
able number of des1gn entena, wh1ch were espec¡ally useful m definmg 
orgamzat10nal concepta the ownersh1p of the cassava drym¡; planta the 
select1on of the rcg¡on, and the d!sciphnary compositlon and mstltutlonal 
strength of the proJect tea m 

The Orgaruzat10nal Concept 

The nsk assessment ofthe cassava market made 1t clear that drymg planta 
could stab1hze marketa and help mcrease productlon Why, then, had th1s 
development not taken off by 1taelf? T1mmg appeared to be one reason The 
slow deter1orat1on ofthe market for fresh cassava, coupled w1th the recent 
arr1val of a rural development program and a rap1dly growmg market for 
ammal feed, prov1ded the conditlons 1n the early 80s to foster the develop 
ment of a cassava drymg mdustry m the reg¡on 

Another reason for the absence of spontaneous development was the pr1ce 
Illus¡on m the market for fresh cassava, where only good quahty cassava 
could be sold The ava1lab¡hty of low quahty cassava would be a s¡gn¡ficant 
force m the development of a cassava drymg mdustry The ab1hty to sell 
commerc¡al quahty cassava to a drymg plant m years of poor market 
cond1 tlons for fresh produce would form a seconda11 forcP A successful 
di) mg mdustry could depend on the establishment of e lose relat10nsh1ps 
between farmers and drymg planta, and the development of small scale 
d-ymg planta appeared to be the most appropnate solut10n 

ft wes dec1ded that a p1lot drymg scheme m ene area would !:le sta1 ed !Jefore 
devalopment on a larger scale was stlmulated Such a paot oroJect would 
a!1ow for technology adaptatlon at the processmg leve!, co.Jld be the bas1s 
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for estabhshmgcommercial contacta and could al so help m findmglocations 
for agronom1c experimenta on mcreasmg cassava productiVIty The p1lot 
proJect would hopefully prov1de ms¡ghta mto prev1ously unresearched 1s 
sues It could also serve to test the posslbihties oflmkmg small farmers w1th 
the large market for ammal feed The p1lot proJect lB expected to proVIde a 
small scale, neutral prototype for cassava development that can be eas1ly 
cop1ed m other parte ofthe reg¡on 

Ownership of Drying Planta 

Drymg plante could be owned by pr1vate entrepreneurs mdiV!dual farmers, 
groups offarmers or state orgamzatlons Stateorgsmzat10ns were ruled out 
beca use th1s 1mphed long term government mvolvement and m sorne ways 
contrad1cted the assumpt1on that cassava drymg would be profitable 

The chmce between farmers and entrepreneur1al ownersh1p was based on 
the expected character of the drymg plante, as ar1smg from the market 
assessment In thmr Inltlal stages, cassava drymg plante were expected to 
play an 1mportant role m stab1hzmg the market fresh for fresh produce Th1s 
1mphed that m years w1th very h1gh pnces for fresh cassava, drymg act1v1ty 
m1ght be very low In such a S1tuat10n the mcome from cassava processmg 
would be ra ther unstable and would not offer a suffic1ently secure profit to 
pr1vate entrepreneurs Drymg planta would allow farmers to play the1r 
market w1th more success by selhng elther m the fresh or the dned market, 
so ownersh1p would be most attractlvely located w1th the cassava producer 

Nevertheless, small, md¡v¡dual cassava growers would not produce enough 
to enter the large scale ammal feed market nor would they ha ve suffic1ent 
capital or cred1t to bu1ld the1r own planta The orgamzat10n of farmers m 
associatlons appeared to be the best form for obtammg a m1mmum process 
mg capac1ty as well as suffic1ent cred1t and capital Farmers' assoc¡at!Ons 
would also be able to prov¡de the labor to run the plant from the1r own ranks 
(Bode 1986) 

Region Selection 

The Atlant1c Coast Reg¡on !S too large and d1verse for an overall effort to 
genera te technology Once the p1lot phase was passed, the selectlon oftarget 
reg¡ons for developmg drymg plante was seen as ene of the first requ1re 
menta for rap1d 1mtlal developmentofthe mdustry The relevant part ofthe 
reg¡on 1s d1v1ded mto four subreg¡ons and these were taken as the bas1s for 
select1on Although the borders of the-e subreg10ns do not complete! y reflect 
ecolog¡cal d¡fferences, they form oohtiCal boundanes for all rural develop 
ment m the reg¡on and aopeared te be the best reflect10n of the reg¡onal 
d!mension oftechnology gen",at10r 
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Three cr1ter¡a for reg¡on selectlon were !dentlfied The first two cr¡ter¡a 
product¡on and processmgpotent!al defined the smtab1hty ofthe reg¡on and 
were largely based on the outcomes of the market r1sk aesessment and the 
s¡mulatlon model The th1rd criteria, the proJect s 1mpact on the selected 
area, attempted to maX1m1ze social pay offs 

For each criterion a number of determmants were fixed The resultmg 
declSIOn se heme 1s shown m Table 5 After recollect10n ofreg¡onal data Table 
6 resulted The subreg¡on of Cardaba 1s ranked as the best place to develop 
a cassava drymg mdustry and Sucre 1s the second best Between the two 
other subreg¡ons no clear chmce could be made Eqmty cons!derat1ons 
favored Bohvar but processmg feas1blhty favored Atlantlco The chOice was 
left to the government officlals m charge Smce scores on all determmants 
were known, they had all the tools for an easy dec!S!On ava!lable 

Disc1plinary Composltion and Instltut10nal Strength 

Plant development and market hnkage appeared to be the crlt!cal factors 
for developmg a cassava drymg mdustry m the reg¡on Therefore the Imtlal 
b1as m d!sc1phnary mput was towards processmg marketmg and econom 
1cs Product10n research was supposed to become useful only after new or 
1mproved markets for cassava had been opened Agronom1c exper1ments 
were begun, but the lag t1me for adoptlon of new technology ' as expected 
to be severa! vears 

After the p!lot phase, when the proJect was supposed to cover more areas m 
the reg¡on mst1tutwnal strength was expected to be a cnt1cal variable lt 
was also assumed that government mst¡tut¡ons would a~s1st m the forma 
t10n of farmers assoc!at1ons to arrange cred1t and prov1de techmcal ass1s 
tsnce m the firs.year ofoperatlon Afterwards because ofthe profitab1hty 
of cassava drymg, farmers assoc!atlons were expected to expand the1r 
opera.tlons at own Imtlat1ve 

lt was expected that w1th ex1st1ng mst1tut1onal resources, sorne 20 plante 
could be formed, ea eh w!th the capac1ty to procese 250 tons of dr1ed cassava 
per year Cons1dermg the autonomous expans1on by older drymg assoc1a 
tlO"'IS the ab1hty to form 20 new assoc¡atwns per year was cons1dered 
suffiCient It was dec1ded that the proJect could be de,eloped w1th ex1stmg 
resources and d1d not need add!tlonal manpower 

By systemat¡cally analvzmg the role of cassa va m the rural economy of the 
Atlant1c Coast Reg¡on of Colomb1a 1t was poss1ble to spec1fy alternatlve 
areas for technology development and to choose between them Ex ante 
proJect feas1b1hty and 1mpact est¡mat1ons produced clear gu1delmes for 
conceptual structure, orgamzat10nal form, and most feas1ble target reg¡ons 

Table 5 The Potenllal tor Eslabllshlng Cassava Orylng Industries 

MeJor 
Crtterto 

Productlon 
potenttot 

Oe!lnedby 

Avollobii11V ot 
land 

Pass bllltyot 
mecnontzolton 

Potentlol 
prOdUCIIVIIy 

Aecsons 

More tond ts needed 

tf porllol mechontzo 
flan cosstbte produc 
tlon con tncreose 

Atternotlve woy to In 
crease productlon 
s1rong elfects on net 
tncome 

Meosurement 

Form slte 

Types of tand ten 
u re 

Avonoollltyof 
tractors 

Land topography 

Cropplng system 

Sollquomv 

Exptonotlon 

Lond ovanoote to 
torm dettnes expon 
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Se:::ure tand tenure In 
creases contlnulty or 
p:oductlon 

De lnes occess of 
lo mers to meons of 
mechontzotlon 

De tnes feoslbUity or 
mEtCI"\01'\IZOUOn In th.e 
reg!on 

System must onow In 
creases tn cossavo 
productlvlly 

So 1 quallty lnfluences 
go ns In productlvlty 

----------------------------------Processlng Mortc.et com \llgorous m01Ke\ P1esenl mo1Kel te me1s wlth good 
porenllol pelltlon lar demand strong com occess mcrlc.el occess wlll not 

hesn cassovo petltlon ror roots oe tnterested In devel 
comen! al ol1ernatlve 

Lenglh ot drv 
se osan 

lnstltuttoncl 
presence 

QuciiiY ollresh. 
cassovo 

Length al dry seoson Number al dry 
Umlts leoslbUity al montns 
sun drylng 

For successful formo Number al off I-
lion of formers asso- clats In tne zona 
clallons and establtsh 
ment ot p\On's 

rrorkets 

FcrmeiS wlth low qua! 
lty cassovo lace more 
probtems In lresh mo1 
k el 

Plont usoge lncreases 
by 8% lar each oddl 
tlonct month al dry 
weother 

Propasad develop­
ment ralles on lnstl­
utlonollnterventlon 

~PaC1 ót -,rñpO tOnCa Or - Pi0¡9ctbeñeiits more- Abieñc9 oloiher" ¡-., SOrñe fegloñS Cos-
pro¡ect on ccssavo wlthtn people where ces crops Cllmatlc/ ova ls the only wav to 
reglan the reglan savo ls olready edaphologlc earn o living In agrlcul 

lmportont condlt!ans tu e 

Present 
lnstltutlonal 
support 
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111 more from cossava 
deve!apment 
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enea of govern 
mentlnstltutlons 

r tne leglon has been 
!.,volved In monv 
other projects ces 
sova pro}ec1s w\11 btlng 
only marginal beneflls 
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Tabla 6 Scorlng Usad lo Dellne Regional Feaslblllly lor Establlshlng Cassava 
Drylng Plants 

Allontlco BOIIVOI Sucre Cordobo 
Productlon potentlol 
Farm slze o 4 1 3 

Type of land tenure 3 2 3 4 
Avolloblllty of troctors 3 o 4 2 Land topogrophy 1 o 3 3 Cropplng system 3 3 1 1 Sol\ quollty 1 2 2 3 

Subtotol 2 2 3 4 

Processlng potentlol 
Access te morkets ter 
fresh cassova 1 3 2 3 
Quol~y ot fresh cossovo 2 2 2 2 length ot dry seos en 3 1 2 2 
Number of government 
offlclo~ 3 1 3 2 
Subtotol 3 2 3 3 

lmpoct on reglen 
Absence of other crops 3 2 2 1 
Oft form employment 2 2 3 4 
Hlstorlcol presence of 
government lnstltutJons 1 3 2 2 

Subtofol 2 3 3 3 
f\ote Scores on a.ll Íac".ol"' are lugh 1fthe acore favors developmg a dry1ng plan m the reg1on 

Sc:orea are low úthere a a.ny obatacle to development 

as well as dlSClplmary compos¡tlon and mst1tut1onal strength The knowl 
edge base at the start was well developed, "h1ch allowed consc1ous declSlons 
to be made and suggested a prosperous future for th1s effort m technology 
generat10n 

Technology management however does not end when the de,elopment 
strateg¡es ha ve been made ProJect momtormg 1s the lag¡ cal extens10n of ex 
ante feas1b1hty and 1mpact assessment stud1es From a theoretlcal perspec 
t1ve, momtormg 1s also mstrumental m rev1ewmg the ex ante forecastmg 
methods and the1r conclus10ns, as w11l be clearly shown m the next sect10n 

ProJect Momtormg and AdJustment 

Ex post 1mpact assessment 1mphes that the effect of tne tech"lology has 
\\Orked 1ta way through the economJC system Such a concept suggests tnat 
tnere 1s httle anal)Sls to be done between the ex ante and t'le ex post 

assessments moreover, 1t assumes that new technology autonomously d¡f 
fuses through the crop sector along a spec¡fic path fixed by the character1s 
t1cs of the technology and the structural features of the sector 

The d¡ffus¡on of new technology for cassava processmg (and 1ta 1mpact on 
product10n technology) followe from a very dlfferent concept F1rst, e1gmfi 
cant technology d¡ffus¡on through proJect management 1s necessary befare 
the market 1s suffic1ently consohdated for further autonomous d!ffuslon 
Second, key mtervent1ons through what may be termed soctal technology, 
can alter the d1ffus10n path and the resultant d1str1bUt10n ofbenefita Th1rd 
techrology transfer and m1t1al d1ffusl0n are orgamzed w1thm a project 
framework and can eas1ly be hnked to development act1V1t1es W1thm th1e 
concept, ex post 1mpact assessment becomes a contmuous act1v1ty, eynony 
mous w1th momtormg m the proJect hterature, and m vol ves the translat10n 
of the ex ante resulta mto an actual field e1tuat1on 

Thus, m the case of caesava, there 1s a maJar amphficatlon at the stege of 
adapt1ve research and tranefer compared to other crop research programe 
Adjustmenta to processmg technology, to product1on technology, to technol 
ogy dehvery systeme and to farmers orgamzatlons rad¡cally extend the 
boundanes of adaptlve mvestlgatlon as currently defined by farmmg eys 
teme research These adJustmenta are made not JUSt on the bas1e of a 
technology testmg act1v1ty but also on an evaluatlon of lnstltutlonal re 
sources, deployment of plant management, of d¡fferentlal productlon re 
eponses by farmers, and of the d1stnbutlon of benefita Momtormg 1s a key 
actlVJty when the focus oftechnology transfer expands beyond product10n to 
encompass processmg and farmers orgamzat1ons 

The dlffus¡on of technolog¡es for cassava processmg and product1on on the 
Atlant1c Coas' of Colombia has not yet reached the autonomous growth 
stage What are analyzed here are 1ssues that have ansen m the proJect 
momtormg phase and the degree to wh1ch they were pred1cted m the ex ante 
plannmg phase Smce the des1gn and lmplementatlon of the momtormg 
system are stlll evolvmg, these resulta are only prehmmary, but they do 
suggest the value of a contmuous evaluatlon of the technology transfer 
process 

Region Selection 

ProJect 1mplementat10n adopted a d1fferent strategy m locatmg processmg 
planta from that recommended by the ex ante analys1s The proJect d1d focus 
on Sucre and Cardaba m developmg planta (Table 7), however, Sucre 
superceded Cardaba, wh1ch had béen g¡ven the first pnor1ty m the plannmg 
phase, beca use of much better mstltu'10nal development and a problem m 
t1mmgthe harvest and drymg m Cardaba And although Sucre and Cordoba 
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Tabla 7 Change In !he Number af Drylng Plants by Subreglon 

bltu:n b:ei el Oat:lcc e1ccts Drylng 
Subreglon 1981/82 1982/83 \983/84 \984/85 \985/86 \986/87 oreo 

(m2¡ 

Cordobo - 1 1 4 9 9 6 379 
Sucre 1 3 3 7 12 12 12 252 
So livor - - - 2 3 3 1 516 
Atlontlco - 1 1 3 4 4 3000 
Mogdoleno - 2 2 3 4 4 4420 
Cesar - - - 1 2 2 1 320 

Total 1 7 7 20 34 34 28925 

had been g¡ven the two h1ghest pr10ntles the proJect dec1ded toset up planta 
m all the other subreg¡ons of the Atlantlc Coast A strateg¡c declslon was 
made to make the proJect truly reg¡onal Planta were developed m other 
subreg¡ons as demonstrat10ns of the technology and to act as catalysta for 
<levelopmg InBtitut10nal capac1ty 

Nevertheless the settmg of reg¡onal tsrgeta was confirmed Performance 
md1cators for the planta were much h1gher for Sucre and Cardaba than for 
Bohvar and Atlantlco In the latter two subreg¡ons there was greater 
competitio"I for ra" supphes w1th the market for fresh produce as well as 
mere severe cons ramta on expans10n m cassava product10n Th1s confirmed 
the hypothes1s that sorne reg¡ons would have a comparattve advantsge m 
processed cassava and that th1s demand for technology wouJd be deter 
mmed by the constramta on or h1gh costa of access to es abhshed cassava 
manceta Reg¡onal strat¡ficatlon was therefore a necessar;, step m develop 
mg an effic1en• technology transfer system 

Farmers' Production Response 

A m ti cal hypothests w1thm the proJect was that stab1hzmg access to cassava 
marketa would prov1de a maJar mcenttve for expandmg product10n through 
both area expans¡on and y1eld tmprovement An early vahaatton of the ex 
ante resulta was essenttal to proJect e:..oanston, espectally m defimng the 
rate at whtch "Iew planta could be estabhshed However the evaluatton of 
the farmers' product10n response to plant estabhshment was not easy as 1t 
became dtfficult to control for other factors affectmg productton response 

There was no firm basts for a sa'llphng frame for cassava product10n m the 
reg10nasa wholea~d J¡+tle rst ·~ 10nalsupportoutatde "teareaofmfluence 
of the planta Pro:luctton mon•tonng thus focused mltlally on farmers who 
sold to the planta and a hst of these farmers was developed by momtormg 
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the planta Th1s meant there was no control group Mareo"- red1t, yearly 
pr1ce var¡at1on m cassava and competmg crops the relRtt' ncentlve be 
tween bemg a member of a plant assoc1at1on or only selhn... " plant, and 
d¡fferences m effic1ency between planta all mtroduced al te· t tve determ1 
nants of farmers productlon response, espec1ally smce s~ le stze often 
hm1ted the ab1hty to control for these factors The momtorm,• -vstem at th1s 
early stage suggested 1mprovementa to ¡ta own comprehen- "ness, rather 
than proV!dmg a conclus1ve test of the product1on res pon~, ',, pothes1s 

The momtormg resulta showed tha t assoctatlon membersu1 " 1sed the area 
they planted to cassava by 17% between 1984 and 1985 nn ..!6% between 
1985 and ~986 The ex ante analys1s mdtcated that th1~ tn rease m area 
planted would occur prmc1pally m farms of over S ha w1th ~·' ure access to 
land The momtormgresulta, however, suggested a d1fferent p'lttern Ftrst, 
there was an unexpected tenancy effect Farmers WJth ¡n~•' ure access to 
land made up a s1gmficant portian of the farmers assoc1n t "•ns They were 
m fact first to respond to the presence of the processmg pi tnts (Table 8), 
WJth land owners lagg¡ngsomewhat behmd However for f111 111ers who were 
not members ofthe plant assoctattons, then the effect was n~ pred1cted, w1th 
owners showmg a more cons1stent resporse 

Tabla 8 Percentage lncrease In Area Plantad to cassava by tond Tenancy and 

Membershlp In a Farmers Assoclatlon 

Lond Tenoncy 

Rentol or 
shore tenoncy 

Lond owner 

Member of 
Formers Assoclollon 

1984/85 1985/86 

36 

12 

11 

32 

Source Monltorlng doto 

Nol" Momber of 
Fafffi(l! Assoctatlon 

¡,US/86 

-25 

29 

Thts was an tmportant result, smce tt suggested that the fiOctal technology 
(¡ e , the farmers' assoctatlon) could be combmed wtth th< processmg and 
productton technology to reach the poorest and most msecu ro portton of the 
populat1on resulta that could not be mcorporated mto thc. r x ante analys1s 
TI>e proJect destgn was shtfted to further dtrect benefita to u segment ofthe 
populatton that had been very dtfficult to target 

Second, the momtormg resulta suggested that the prmctpo 1 response would 
come frcm farms where the cassava area was well below 1 he opttmum, as 
predtcted by the ex ante model (Ftgure 2) The mttlal resr' nse m fact carne 
fro'Il farms wtth apparent excess capac1ty and where tb< farmers rented 
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land Therewas a stgmficant lag m theresponseoffarmers whowere already 
growmg at least 3 ha of cassava Thts tmphed etther a longer reactton ttme 
on the part of farmers who had already commttted stgmficant resources to 
cassava or constramts on expanston not captured m the model Thts obser 
vatton ratsed a sttll deeper questton How can the effictency of plant opera 
tton be evaluated as an orgamzattonal constramt hmttmg the farmer's 
productton response comparad to the case where land or labor resources 
formed the pnmary constramt? 

Changa In Aree 
(In l'lectares) 

4 

~'Sr 
. ........,....ft 

~ 

e' 

-1o--~¡r----,-----~--~-----.----.-----.---~--
2 3 ·s 4 6 

Average S1zo of Ple.ntlngs In 1984 

Figure 2 Allanllc Coast Colombia Changa In area plantad lo cassava lrom 
1984 lo 1985 based on average area plantad lo cassava In 1984 

Demand Assessment 

Alternatlve demand for cassava as a raw matertal for ammal feed was 
crttlcal to proJect success smce 1t would stsbthze prtces m the tradttlonal 
cassava market, allow mtegratton wtth the gram (t e, sorght.m) market, and 
provtde stgmficant potenttal for expandmg productto"l The proJect dtd 
produce the destred prtce !loor (Table 9), however, thts dtd not prevent the 
market pnce for fresh cassava from rtsmg m 1985 86 to •he pomt where tt 
acted as a constratnt to the supply of raw matertals \1oreover, the proJect 
~ppears to be havmg a stabthztng Pnpact on marlre o·tee3 fo• fresh food, 
.ndtcatmgboth the effectofthesupply response and t"l~ ·e'at¡vely margmal 
mterventton needed to mfluence pnces m the tradtt cnalt•esh market 
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Table 9 Changas In Costs and Prlces durlng Pro)ect (1983 lo 1987) In 1983 
Constan! Prlces 

Prlce of fresh roots 
Total processlng costs 1 

Prlce of drled cassovo 
Profll margln 
Converslon rcte2 

1983/84 

4 980 
14 895 
17 180 
2.285 
2530 

' lnc\udes cos1s o1tow mo1e lO.$ 
2 Fresh roots par unlt or drleo cossova 

1983 Pesos/Ion 
1984/85 1985/86 

4 870 
14 280 
18220 
3941 
2380 

5340 
15 719 
18 770 
3053 
2430 

1986/87 

5100 
16855 
20454 
3653 
2570 

Market access, m one sense was expended, as ts shown m the dtverstty of 
outlets utthzed and the movement of drted cassava out of the reg10n (Table 
10) However, the dechne m the use of drted cassava m the Atlanttc Coast 
te tndJcattve ofthe thm market m that area Market access m the Coast was 
condttloned by pertodtc sorghum 1mports, both legal (through the ports) and 
tllegal (across the border from Venezuela) Cassava became much more 
compettttve m defic¡t markets mland Thts gave nse more raptdly than 
expected to a second generatlon problem how to mcrease the bulk oenstty 
of the product to reduce transport costs An growmg tssue was when to 
m traduce pelletmg technology and what should be the orgamzattonal strat 
egy for such an mtroductton The ex antestudtes overstmphfied the sorghum 
market toa stgmficant extent, but there was suffictent seo pe for adJustments 
so that prtce stabthzatton was m fact achteved ata relattvely early stage 

Table 10 Percentage Breakdown In Sales of Drled Cassava by Market and 
Marketing Year 

éílccllc: t:ccsl lclfHIQt 
Year Cartagena Barranqullla Medell1n Bucaramanga Valle Total 

(tons) 
1983/84 100 o - - - - 946 
1984/85 37 5 158 156 32 49 3006 
1985/86 69 27 o 465 94 102 2980 
1986/87 95 14 8 67 7 67 1 3 3853 

Sourca Monltorlng doto 

Market Simulation 

The stmulatton model added & forecastmg component to proJect plannmg 
The proJect dtd start "1th •l)e development ofthe drted cassava market, but 
only m 1987 wtth th& ac'1le,ement ormarket consohdatlon based on drted 
cassava, was the storage t&crno.ogy for fresh cassava mtroduced The model 
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suggested that these should be complementary strateg¡es In pract¡ce, th1s 
has been the case so far The Imttal focus of the mtroductton of a storage 
technology for fresh cassava was Atlant1co a subreg¡on where plants for 
drymgcassava had dtfficulty competmgwtth the fresh market for the supply 
of raw mater1als These plants ended up processmg the roots that were 
dtscarded for storage The farmers assoctat10ns also proVIded the orgamza 
tlonal nucleus for the effictent mtroduce of storage technology at the farm 
leve! 

The proJect recogmzed that the growth of the capacit) to process cassava 
would determme the stze of the proJect benefits The predtcted stabthzatlon 
m cassava pnces was achteved m a relatlvely short per10d however, mdtca 
tors of plant effictency suggested that the plants were operatmg below 
capac1ty because of an msuffictent supply of raw matertals Achtevmg a 
balance between demand expanston and product10n response was provmg 
dtfficult because of a longer lag time than was predtcted m the model 
Another comphcatmg factor was that the prmc1pal product10n response was 
commg from rentera and the proJect was drtvmg up the renta! prtce of land 

Moreover the relattvely larger farmers (who farmed between 8 and 20 ha) 
were not as qmck to respond The1r constramt appeared to be access to the 
renta! machmery market espectally smce a boom m the local cotton market 
was monopohzmg tractora for large farm land preparat1ou In two cases, 
however the farmers assoctat10ns were so successful m manag¡ng drted 
cassa\ a processmg that they were able to purchase thetr own tractor, 
througn a cred1t lme Changes m commodtty markets were thus mducmg 
changes m factor markets an 1ssue whtch was not mcorporated m the 
stmulat!On mode\ apart from a calcula t10n ofthe 1 ncrease n labor use There 
has been pressure by farmers for a similar cred1t lme for land purchases, 
but th1s has so far been res1sted by local cred1t mst1tut10ns Nevertheless 
the econom1c and orgamzat1onal precondttlons for the success of such a 
cred1t lme are m now place 

The ex ante model demonstrated that there was stgmficant growth potentlal 
m an mtegrated cassava proJect The great ut1hty of ex ante 1mpact stud1es 
hes m JUSt such a d1agnos¡s However, the leap from potent1al to reahzed 
mcreases m cassava product10n and ut1hzat1on 1s stlll a large one even w1th 
a model as deta1led as th1s one Such detall 1s only captured m part1al 
equ1hbr um aporoaches, whtch must often exclude mteract1ons w1th other 
output and factor markets Predetermmmg wh1ch subst1tut10n or factor 
market e'Tects w11l be s¡gn¡ficant lB dtfficult and depends heav1ly on pr1or 
kno\\ledge 

Howeve• r~ bap between potent1al and actual mterac 10ns goes beyor..l 
JUSt det11 "lg ,-estructural hm1ts of the model Ftrst, 1t would be useful ,o 
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ha ve the probabthty of success factored mto the model but 1t 1s d1fficult 
(perhaps tmposstble) to 1dent1fy the key variables thatdefme success much 
less to attach a probabthty to them Moreover, sorne probabthty dtstrtbut!Ons 
w1ll be cond1tlonal to others Second mstttut1onal support was the key to 
proJect tmplementatlon and 1t 1s d1fficult to see how tnstltutwnal reqmre 
ments could be forecast much less the extent to whtch ex1stmg 1nst1tut10ns 
pose a constramt or are amenable to mod!fícat10n Thtrd, the farmers 
assocta ttons were probably the key factors m the successful transfer of the 
technology to th1s soc10economtc stratum The assoctat10ns preved to be the 
ptvotal orgamzat10nal concept that gave the proJect flextbthty m adaptmg 
to unforeseen problema or constramts Such a role was not predtcted 
although 1t was 1dent1fied early m the proJect and then ut1hzed m 1ts 
expanston All ofth1s pomts tothe fact that technologytransfer m developmg 
countnes IS very much an under researched area 

Conclustons 

The mtegrated ex ante and ex post evaluatlon of the generat1on of cassava 
technologJ m theAtlanttc Coast Reg¡on ofColomb1a strongly 1mproved the 
creattVIty focus, and goal onentat10n of the proJect lt emphas1zes that 
agr1cultural technology does not necessanly ha veto be product10n onented 
to 1mpro'e the overall effic¡ency of a commod1ty system It has helped 
rebalance the d¡sc1phnary compoent10n of the proJect define target areas 
and refine the b1as towards small farmers The procedure however IS costly 
m the use of proJect analysts Th1s last sect10n w1ll tr) to den ve sorne general 
conclus¡ons on the feas1b1hty of these methods m other Clrcumstances 

A first conclus10n should be on the usefulness of the ex ante ex post evalu 
atwn for the R&D planmng of CIATs cassava program l.Jnderstandmg the 
supply demand hnkages has helped focus research on ut1hzat10n It has also 
g¡ven r1se to an extens¡ve, Latm Amer1ca w¡de study on ex ante prospects 
for cassava demand and on CIAT s potentlal to hnk 1ts research to these 
prospects In add1tlon, 1t has preved cnt1cal for the development of other 
mtegrated cassava proJects, wh1ch are located m Panama Ecuador, and 
MeXJco 

The conclus1ons on orgamzatlonal aspects and farmer mvolvement have 
particular s1gn1ficance Imt1ally, the cassava program thought that research 
on processmg and product1on would be suffictent, but now the program lB 

more aware of the need for soc1al technology Th1s 1s espectally true w1th 
respect to the quest10n of scale adaptat10n m produ•t10"' market lmkages 
(e g, from small farmers through assoc1atlve drymgola"Jts to the large scale 
a·umal feed mdustry) where appropnate org~n =~ onal arrangements 
ha ve preven the1r worth The lack of ex ante asseo>Tents of orgamzat10nal 
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arrangements onlv serves to remforce the 1mportance of early momtormg m 
mtegrated cassava proJecte 

A second conclus1on should be made Wlth respect to the methods apphed m 
the ex ante phase of the analys1s These methods or1gmated mamly m the 
field ofeconomlcs Th1s has prov1ded a number ofvery valuable conclusJons, 
e g, on area planted and market stablhzatJon However, 1t has fa1led to 
pred1ct other 1mportant developments Small farmers appear to be more 
mot1vated to JO!n cassava drymg assoc1St10ns beca use they hope to wm more 
by orgamzmg themselves In a similar way, the progrese of the drymg 
mdustry was not assessed well because the motJvatlon of government 
programs to pursue th1s development had not been Judged correctly 

In the prOJect des1gn presented m th1s paper, forecastmg was done by 
econom1ste alone, and momtormg was done by economJste, anthropologtste, 
and orgamzat10nal scJentJste For further refinement of proJect evaluatJon 
and planmng methods, 1t !S essentlal that anthropologtste and orgamza 
t10nal scJent¡ste be 1ncluded m the trad¡tJonally econom1c domam of fore 
castmg Such a move would 1mt¡ally make the1r work more speculatlve and 
the1r conclus¡ons r1skler but later on 1t would 1mprove apphcab1hty and 
d!SC!phnary strength The ex ante evaluat10n 1s r¡sk1er and more d!fficult 
than the ex post one but 1t also proV!des a greater challenge and a h1gher 
pay off 1f correctly apphed 

Sorne remarks should be m a de w1th respect to the degree of compleX!ty that 
can be handled w1thm a technology generatwn proJect The present paper 
deals w1th a relatlvely Bmall scale effort ene that 1s locahon and crop spe 
c1fic Issues at d1fferent levels of the product channel were stud1ed, and 
although the study 1s of an apphed nature, rather elabora te data m a m pula 
t10n was needed St!ll, most ofthe study s concluswns ha ve had to be drawn 
w1thm a partlal equ1hbr1Um framework, one that can be der1ved from the 
Slrnulatlon model and from the problema m volved m rnomtormg product10n 

More comprehens1ve analyt1cal rnethods could be developed, but they rn1ght 
wellloose the1r verBat1hty as a means of forecastmg, or thmr resulte may 
become ava1lable too late to mtluence rnaJor dec¡s10ns A structure that 
m1ght theoretlcally be the most advanced solutlon and one that could Btlll 
haveBuffic¡ent apphcab1hty, m¡ght be one m wh1ch the deta1led analyslB and 
rnodehng of a spectfic commodtty system could be lmked wtth an aggregate 
general equ1hbrtum model and tterat vely corrected wtth new findmgs 

Ex ante and ex post evaluat10n should thus t-y to tdentlfy the proJect 
compone"lte that are most crttlce.l for suc:essful technology generaban and 
apphcatlon These componente sho Id •'->en be ti'> e focus of the analysts and 
would lead to rap1d red1rect10n of he :>lanned strategy The defimtwn of 

preCise hypotheses on technology generat1on becomes cruc1al to effic1ent and 
fleXIble resource use Intlmate knowledge of socJoeconom1c condJtlons 1s 
needed to define these hypotheses, and requ1res that the analysts mvolved 
ha ve the most up.to-date knowledge and exper1ence poss1ble 

With respect to proJect des1gn even as s1mple an effort at generatmg 
technology as that descr1bed m the present paper (wh1ch was for a smgle 
crop m a smgle regton) requ1res com plex analys1s and mtegratlon of numer 
ous componente Th1s tends to suggest that efforts at generatmg technology 
should hm1t the1r scope Technology generat10n thatdepends on componente 
from many d1fferent crops or many d1fferent levels m the cornrnod¡ty system 
m1ght be too com plex to be manageable or too d1luted to be effect1ve 

One last conclus10n 1s on the character of technology generat10n m sgr1cul 
ture Ruttan (1977) has made 1t clear that technology generat1on 1s not an 
exogenous process He wr1tes that understandmg the needs of farrners and 
soc1ety leads toa spec1fic allocatlon ofresearch resources Th1s allocat10n, 1n 
turn, mtluences the Bpeed of technology generatlon The present paper 
supporte these conclus1ons but would take them even further Technology 
generat1on lB not only mduced by the allocatwn of resources for research 
but aleo by rnarket forces Technology generat10n reacte to dernand pressure 
as supply does Absence of demand or obscured demand (by meffic1ent 
market channels or r1¡pd quahty cr~ter1a) reduces the mornenturn arnong 
farrners to search for and test technolo¡pcal alternat1ves \iarket mstab1hty 
reduces the mchnat10n to exper1ment or evento mtroduce new technology 
Successful technology generatlon lB mtrms1cally hnked w1th the ex1stence 
of prorn1smg, expandable markete espec1ally where the concern for small 
farm mcorne 1s dommant Where trad1t10nal rnarkete are stable or deteno 
ratmg, rnarket developrnent although speculat1ve and r1sky should ha ve 
pr10r1ty over the generatlon of productlon technology 
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Appendix 1 
Positive and normative procedures 

used to assess the impact of market risk 
and the1r advantages and disadvantages 

1 The postttve procedure 

Defimttons 

AMR = Area planted at the extstmg pnce expectatton 

AWR = Area planted tfthe present prtce had been guaranteed 

ADM = D1fference between AMR andA WR beca use of ehmmatlon of 
prtce vanabthty 

E(P) = Expected cassava prtce 

PR = SubJectlve cassava prtce vartance 

YR = SubJecttve cassava y1eld var1ance 

cov = SUbJecttve covartance between y1elds and prtces 

OTH = Other factors that mfluence ares planted 

A stm pie functton to expresa ares planted could be as follows 

AMR = a+ b•PR + c•YR + d•COV + (1) 
[e + (•PR + g• YR + h•COV)•E(P) + t•OTH 

Thts equatton sssumes that the ares planted has a lmear dependence on 
prtce and other factors The mcome vanance lB dlvtded mto ayteld vartance, 
a prtce vartance, and a covar1ance component The squared covar1ance 
component has been left out, followmg Hazell (1982) The vartance compo­
nente affect the mtercept (through the first faur termsl as well as the slope 
(through the terms wtthm brackets) 

The functlon to express area planted at contracted prtces would be as follows 

AWR- a+ c•YR +[e+ g•YR]•E(?) + t•OTH (2) 

Now the prtce vartance term has bc 0 '1 el mmated Smce there tB no pr1ce 
vartance, covar1ance terma d1sappedr as well 
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For each fanner one pomt at the ortgmal supply curve 1 was known beca use 
prtce expectatlons and area planted had been asked Supply curve 2 was 
estlmated by means ofthe ehcttatton procedure m whtch farmers were asked 
about the¡r plantmg behaVJor at guaranteed prtces 

Now equatlon 2 can be subtracted from eauatlon 1 Thts g¡ves 

ADM • b•PR + d•COV + [f•PR + h•COV]•E(P) (3) 

Thts equat10n expresses the dtfference marea planted for an expected pr1ee 
versus a contracted prtce whtch ts the tmpact of prtce uncertamty on 
plantmgdectsiOns Wtthm a croes sect10nal framework parameters b and d 
(that shtft the mtercept) and f and h (that shtft the slope) can be esttmated 
Knowledge of these parameters allows esttmattons of the tmpact of mcom 
plete prtce stabthzatlOn on plantmg behaVJor by solVJng equatton 3 for the 
observed dtfferences 

2 Tne nonnatwe procedure 

The norma• ve procedure to estima te the 1mpact of market rtsk constate of 
the oevelopment of a quadrattc programmmg model 

Maxtmtze E(u)-rx+~LxQ:r 

SUbJeCt to Ax b 
XL o 

where 

r 

X 

Q 

A 

b 

L 

= a vector that represente mcome values of dtfferent farm 
ac tVltles 

= the vector that represente the leve! of these act¡v¡t¡es 

= the vartance covanance matr1x ofthe mcome values 

= the matr1x oftechmcal coefiictents 

= a vector that descnbes resource avatlabthty 

= a scalar era• v.e ghs • sk avers10n versus expected mco"!le 
maumtz~tiOI" 

(4) 

(5) 
(6) 
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Thts model was spectfied for one ofthe m8Jor cassava producmg areas ofthe 
reg¡on 

Productlon of drted cassava would proVJde an outlet for cassava that 1s 
currently dtscarded and would allow a floor prtce m case pnces m the fresh 
cassava market plunge To calcula te the effect on the expected prtce and on 
the prtce vartance, the cassava prtce to be patd by the drymg mdustrtes was 
1m puted for presently dtscarded cassava The drymg mdustry pnce was aleo 
tmputed for those pomts m the fresh market prtce probabthty funct10n where 
fresh cassava prtces are below drymg mdustry prtces In thts way prtce 
expectat10ns and vartances wtth and wtthout drymg mdustnes were gener 
a red 

The effect ofmcomplete pnce stablhzat¡on can be est1mated by runnmg the 
Quadrattc Programmmg (QP) model for the d1fferent combmat¡ons of prtce 
expecta ttons and vart ances 

3 Advantages and d1sadvantages of market nsk assessment procedures 

The QP model provtdes an understandmg of how farm orgamzatlons could 
change beca use of 1mproved cassava market perspectivas It mdtcates how 
supphes of other products change and evaluates technolog¡cal changes m 
cassava productton by mcludmg alternattve productton technolog¡es m the 
act!Vltles matnx The ehcltStlOn approach has the advantage that tt does 
not m vol vean estlmatlon of the degree of rtsk avers10n 

A problem encountered wtth both methods ts that they are not sufiictently 
reg¡on spectfic The ehcttatlon analysts needs cross sect10nal data for to 
esttmate supply curves It uses the vartabthty m the data to calcula te an 
overall supply curve, but 1t cannot use th1s agam to éStlmate aupply curve 
dtfferences per subreg¡on Data collectton for the QP modelts time consum 
mg and costly and could not be JUSttfied for the dtfferent subreg¡ons 
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Appendix2 

The procedure used to est1mate dned cassava demand 

Dr1ed cassava lB comparable or shghtly superior to sorghum w1th respect to 
calor1c content, but 1t 1s quite mfer1or m protem content A rough gu1dehne 
would be that one ton of dr1ed cassava plus O 2 tons of so¡a would replace 
1 2 tons of sorghum Th1s resulta m the followmg pnce equat1on 

PCCS • 12•PSOR- O 2•PSOY (7) 

where 

PCCS = Pr1ce at wh1ch dr1ed cassava competes w1th sorghum 

PSOR = Pr1ce of sorghum per ton 

PSOY = Pr1ce of soya per ton 

Nevertheless QP modela calculate a shadow pr1ce for cassava of around 80% 
of the pme of sorghum m ch1cken feed but clase to 90% m p1g feed The 
w1lhngness topa} for cassava dependa on the d1ets produced by the manu 
facturar and the1r protem content Cassava would first enter those d1ets 
where Ita shadow pr1ce rela t1ve to sorghum 1s h1ghest 

Th1s 1mphes that an ordmary demand curve for dr1ed cassava can be 
esttmated A quest10nna1re was sent to the ammal feed mdustry to est1mate 
demand at three d1fferent prtce levels Th1s produced the slope for a dned 
cassava demand curve Smce dr1ed cassava demand ts also determmed by 
1ta relatJve prtce w¡th respect to sorghum, the slope coeffic1ent was related 
to the d1fference between the real pnce of dr1ed cassava and the pnce at 
wh1ch cassava would be competlt1ve wlth sorghum, as determmed m equa 
t10n 7 The final demand equat10n for dr1ed cassava had the followmg 
structure 

QCAS ~ a - b•(PCAS - PCCS) (8) 

\Vhere 

QCAS = Demand for dr~ed cassava 

PC4S = Pr1ce of dr~ed cassava per ton 

P<...CS = Pr~ce per ton at wh1ch dr1ed cassava ca~ o: -~ 1 s:;.-gl... ... -, 
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AppendixS 
A brief description of the simulation model used to forecast 

cassava development in the AtlantiC Coast Re¡pon 

The model consiSta of s1x componente (for more deta1led mformat10n, see 
Janssen 1986 198 223) 

The first component lB the consumptlon component Equat1ons for fresh 
cassava demand are developed for d1fferent urbamzat1on strata, an equat1on 
for dr1ed cassava demand 1s mcluded and sorne secondary demand compo­
nente are d¡stJnguished Sh11t factors are mcluded m the fresh cassava 
demand functlons to stmulate auccessful mtroductlon of storage technology 
Dr1ed cassava demand 1s modelad as descnbed above Demand equatlons 
are !mear 

The second component 1s about cassava product10n DJstrJbut.ed lag func 
tlons are estlmated for ares plantad, as well as for y1eld Productton !S then 
defined as y1eld times ares Ares and y1eld funct1ons are sh1fted upwards 
for that part of the reg¡on where drymg planta have stab1hzed market 
perspect1ves Y1elds are random m nature 

The th1rd component exammes marketmg and processmg Marketmg mar 
g¡ns for d¡fferent urban strata are determmed on the bas1s of farm gate 
pru:es Sh1ft factors are mcluded to cxpress the potent!al marg¡n reduct1on 
1f technology for the successful storage of fresh cassava 1s mtroduced The 
costa of processmg and marketmg dr1ed cassava are modeled 

The fourth component exammes the development of the drymg mdustry 
Th1s lB made endogenous w1th respect to ex1stmg drymg capac1ty, market 
pr1ces for fresh cassava, potent1al pr1ces for dr1ed cassava, and profits 
reahzed from drymg Th1s component feeds d1rectly back to the productlon 
component by definmgthe part ofthe reg¡on where drymg planta ha ve been 
bu1lt and market perspectivas ha ve stab1hzed 

The fifth component de'ine~ eou!hb~Iurn conditions for the cassava system 
m the reg¡on 

The s1xth component calcula ,;C ootentu'.l proJect benefita Four types of 
benefita are d!stlngmshec: Ic•P gn exchange saved by consummg dr1ed 
cassava matead of sorgt>u-., :>~ -':. J'"ne'1t m tne cassava sector, m urban as 
well as rural areas, the d 0 " ~..,te. lQ year producer surplus per farm BIZB 
group, the d1scounted 10 ) -•· ~s..1rner s1..·plus for var~ous types of rural 
and urban consumera and fo- nymg ndustry By rneans of the proJect s 
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Janssen and Lynwn. 

benefit parame•o-:, • ,_"piar r,cd cassava development can be eva luated w1 th 
respec• to the overall obJectlves of agncultural pohcy 

The model can be wntt.,n as 45 condensed equat10ns but mvolves the 
balancmg of sorne 90 beba VIOral re la tlons per year of s¡mulatlon The model 
was wr1tten m Fcrtran To fac1htate 1ts use, a panel was des1gned to set the 
values ofthe most 1mportant parameters Smce the model has a stochast¡c 
nature, 25 runa were made for each modeled Sltuat¡on 
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