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1. INTRODUCTION 

Cassava (Manihot esculenta Crantz) is one of the most important 
sources of carbohydrates for rural and urban people throughout the 
developing world. World production in 1990 was estimated at 150 million MT 
(FAO, 1991). Also in Colombia, cassava plays an important role in the 
production system of the resource-poor small farmer, for its excellent 
adaptation to marginal soil conditions and unfavorable climates. The 
majority of cassava is grown for on-farm consumption and as an important 
cash-crop sold to urban markets. One of the most important cassava 
production zones 01 Colombia is the North coast region, which covers an 
area of around 120,000 Km2 that is characterized by large plains, rolling hills, 
and an incidental mountainous zone. This region is also characterized by 
intermediately fertile soils, high temperatures (mean aboye 25° C), a long dry 
season (3-4 months) and a low to moderated rainfall (700-1500 mmfyear). 
According to Janssen (1986), cassava accounted for 40% of the total small 
farmer income from agricultural production in the North coast of Colombia. 

Traditionally, cassava in the North coast of :Colombia has been 
marketed for fresh-human consumption and for the production of typical 
processed cassava products, also for human consumption. Cassava 
processing for industrial uses has only existed in the form of a small cassava 
starch plant near Barranquilla. . 

The Centro International de Agricultura Tropical (CIAT) , based in Cali, 
Colombia, has conducted extensive research on cassava, for which it has a 
world mandate responsibility. During the 1970s cassava research was 
primarily targeted towards generating improved production technology 
components. At the end of that period, it became increasingly clear that 
small cassava farmers, facing considerable marketing risks were reluctant to 
experiment and adopt improved production technologies. Subsequently, at 
the beginning of the 1980s, it was hypothesized that the ability to increase 
cassava productivity depended on improving and stabilizing cassava 
markets. Lynam (1986) stated that "an alternative market for cassava, in 
most cases closely linked to mOle stable grain prices, will provide a price 
floor under cassava and because of the reduced risk, farmers will increase 
their cassava production. In the longer term as processing capacity 
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becomes more generalized, a response due to more secure market access 
would also be expected". He al so stated that cassava utilization technology 
associated with market development could have a direct impact on incomes 
in the region, but it was the secondary impact on production response that 
would deepen the income generation potential of the technology. As such, 
at CIAT a research approach was developed that incorporated cassava 
production, processing and marketing research in an integrated manner, 
called Cassava Integrated Projects ' . 

A detailed ex-ante impact assessment study on the development of 
new cassava markets was conducted by Janssen (1986) and extended by 
Janssen and Lynam (1990), with the purpose of defining the pay-offs of 
alternative research strategies. This initial study of the cassava production 
system in the North coast of Colombia (Janssen, 1986), suggested that 
cassava's low productivity was related to the deterioration of fresh cassava 
demand and the instability of prices (besides exogenous factors like climatic 
variability). In order to increase the productivity, an incentive to adopt 
improved production technology was required. It was hypothesized that the 
existence of new markets would increase the demand for cassava and 
partially stabilize its prices. Facing less marketing risk, farmers would want 
to increase cassava productivity, by adopting improved technologies (and 
increase cassava area). 

One of the technological options to diversify cassava markets was the 
development of the dry-cassava industry. This new industry would provide 
dried cassava chips as a raw material for the production of animal feeds 
which has been an industry under expansion since the 1980s. Although the 
price paid for cassava by the drying industry would be lower than the price 
paid by the fresh cassava market, the quality standards would be lower and 
a minimum price for cassava would be established since dry cassava prices 
would be tied to the minimum feed grain (sorghum) prices fixed by the 
government. In 1981, the Colombian government sponsored Integrated 
Rural Development (DRI) Program started a project for the development of 
a dry ca~ .. ava industry in the North coast of Colombia with the collaboration 
of various national and international institutions. Subsequently, in 1982 the 
first cassava drying pilot plant, managed in the form of a small farmers 

, For an extensive review of this approach, see Perez-Crespo (1991). 
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cooperative, started to produce dried cassava chips. Currently, more than 
160 cassava drying plants have been constructed throughout Colombia. In 
addition, in Ecuador and Brazil a rapid adoptíon of the same cassava 
research and development model has been experienced. 

Research can onfy be conducted efficiently and effectivefy when there 
is sufficient feed back to the research institutions (and donors) on the 
benefits and the distribution of íts research investments. As such, adoption 
and impact studies form the last link in the development process of 
technology. 

In order to review the effectiveness of cassava research and 
development efforts in the North coast of Colombia, a preliminary intent to 
assess certain ex-post aspects impact from the adoption of the cassava 
drying industry in the region was conducted by Cock et. al (1990). Their 
major conclusion was that the introduction of the cassava drying industry, 
besides improving the incomes of cassava producers, increased fresh 
cassava supplies, directly benefitting poor urban consumers through lower 
fresh cassava retail prices. However, the methodology scope and detail 
used in their study can be significantly improved upon. 

This study is part of an extensive analysis on the adoption and impact 
of cassava technologies regarding Integrated Cassava Projects, that is being 
conducted by the Cassava Economics Section at CIAT. The current study 
however, concentrates only on the macro-economic impact of these projects. 
The general and main objective of this study is to determine the impact of 
the Integrated Cassava Projects in the North coast 01 Colombia and to 
quantify the benefits accruing to different groups of society. 

The specific objectives of the study are to: 

1) Quantify the relationships between input and output prices and 
volumes in cassava production, marketing, processing, and 
consumption. The analyses of these relationships are important to 
better understand the cassava system in the region and are essential 
to quantify the benefits to producers, market agents, processors, and 
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consumers. This knowledge is also necessary for future studies 
simulating the impact of new technologies or government policies. 

2) Study and compare the fluctuation in cassava producer and consumer 
prices and the transmission between these prices, before and after the 
adoption of processing and production technologies. 

3) Analyze the cassava supply response to the risk on prices due to its 
fluctuations. 

4) Estimate actual per cap ita fresh cassava consumption in the region in 
order to compare current fresh consumption with the consumption 
befo re the adoption of technology. This estimation is necessary to test 
the hypothesis that technology-Ied increased supplies have lowered 
fresh cassava prices and augmented consumption. 

5) Calculate the total benefits accrued to consumers, producers, market 
agents, and processors, and to determine how mueh of these benefits 
are due to the adoption of dry-cassava processing teehnology and 
improved produetion technology and how much ofthe benefits are due 
to other exogenous factors such as land reform or improvement on 
eredit availability to the small cassava producers. 

6) Based on the aboye results, analyze the implications of the cassava 
researeh and development approaeh, regarding the methodology and 
priorities for future cassava technology development. 

At the same time, the following hypotheses stated by Lynam (1986) 
need to be tested, in order to provide feed-back to the Integrated Cassava 
Project research approach: 

a) The development of an alternative market based on processed 
cassava increases the size of the total market for eassava, in 
most casf.; has more growth potential, and can result in a stable 
price f100r under traditional markets. 

b) A more expansive market with a stable floor price wourd provide 
incentives for the adoption of improved production technology. 
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c) Small-scale processing technology is most compatible with 
small-1armer production systems. 

d) Wherever possible small-scale cassava producers themselves 
should do the processing in order to maximize the benefits of 
new market development. 

e) Consumers will loose because 01 the increased competition tor 
cassava. 

f) Bene1its to producers are expected to be distributed 
proportionally to relative tarm size. 

g) Farmers with more access to resources, such as land and credit, 
would be able to expand production more and therefore would 
bene1it more. 

h) Most 01 the benefits would come 1rom lagged production 
technology adoption and less 1rom the cassava drying 
technology itself. 

The methodology of the study consists 01 "the construction 01 a 
descriptive model 01 the North coast cassava system, which incorporates 
cassava production, marketing, processing, and consumption. This model 
is then displaced and converted to its log-linear 10rm, so that the 
endogenous variables of the model, which are percentage changes 01 
equilibrium prices and quantities, are expressed as a 1unction 01 demand, 
supply, and substitution elasticities. In order to estimate the impact 01 
technologies on equilibrium quantities and prices, the model simulates 
exogenous supply and demand shifts resulting from the two different 
technologies. The estimated changes on equilibrium prices and quantities 
resulting 1rom each technology are then used to estimate the benefits 
received by the different groups in society 1rom the adoption 01 that specific 
technology. 

In order to optimize the neutrality 01 this impact assessment, CIAT 
sought the collaboration 01 an outside consultant, and a local university, in 
addition to its in-house economist in executing the study. 
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The paper is divided as follows. First, cassava production, processing 
marketing, and consumption are treated in separately sections. Thes< 
sections are followed by an ex-post welfare analysis from the adoption e 
cassava drying and production technalogy which incorporates cassav 
praduction, processing, marketing, and consumption in a simultaneOL 
equilibrium model. The last section includes a validation of the welfar 
analysis results, the main conclusians drawn from the study, and tI" 
implications far future research planning. 

t 

", 



¡. 

2. CASSAVA PROOUCT10N ANO SUPPLY IN THE 
NORTH COAST OF COLOMBIA 

2.1 INTRODUCTION 

The North coast 01 Colombia is the most important cassava productíon 
region 01 Colombia. This region produced 52% of total cassava production 
in the country duríng 1990. 

According to Janssen (1986), cassava, maize, and yam are produced 
in the North coast mainly by semi-subsistence farms which are devoted to 
labor-intensive food crops. In 1990, these three crops made up for 43% 01 
total land under crops and 35% of the value of crop production (Figures 2.1 
and 2.2) in the North coast of Colombia. On the other hand, cotton, 
sorghum, and rice are solely market-oriented cash crops which represented 
34% 01 total land under crop production and 42% of its value of production . 
during 1990. Cassava by itsel1 accounted for 13% of the land under crops 
and 20% of the total value 01 crop production in the Nqrth coast 01 Colombia 
during 1990 (Figures 2.1 and 2.2). 

Figure 2.1. -Share 01 Area Under 
Crops in the North coast 01 
Colombia, 1990. 

Source: Ministerio de 
Agricultura, Bogotá. 
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Figure 2.2.-Share of Value 01 
01 Crop Production in the 
North coast 01 Colombia, 1990. 
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Source: Ministerio de 
Agricultura, Bogotá. 
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Cassava production in the North coast increased at an average annual 
rate of 4.2% during 1975-81. The department with the highest increase was 
Atlántico (41.2%) followed by Solfvar (14.2%), Magdalena (12.1%), and 
Córdoba (1.5%). However, cassava production during this period decreased 
in Sucre by 4.4% annually (Table 2.1). This increase in cassava production, 
to a certain extent, could be related to the establishment in 1977 of the ORI­
program as a reaction to the decreasing income basis of the small farmer. 
The emphasis of this program has been on production increases through the 
increase of credit. According to Janssen (1986), the increased credit 
availability had a marked effect on intensification of production by farmers 
included in the program during this periodo 

Table 2.1.-North Coast of Colombia Average Annual Growth in Production 
of Cassava. 

Average Annual Rate oí Growth 
Department 

76-81 82-86 t 86-91 

Atlántico 54.09 -10.33 1.56 

Sollvar 14.19 0.54 .. 11.84 . 
Córdoba 1.45 -1.41 42.90 

Magdalena 12.07 -9.94 32.46 

Sucre -4.39 -11.50 26.52 

Total North coast 4.18 -9.16 14.82 

Source: "Ministerio de Agricultura - Subdirección de Producción Agrfcola -
SIAE." July, 1991. 

This period of growth in cassava production was followed by a period 
of contraction. During 1981-86, production decreased at an annual rate of 
9.16% in the region. The h;ghest decrease was in Sucre, where cassava 
production decreased by 11.5% per year, followed by Atlántico (-10.3%), 
Magdalena (-9.9%), and Córdoba (-1.4%). In Bolfvar production increased 
but only at an annual rate of 0.5%. (Table 2.1). One of the major causes of 
this decrease in production according to Janssen (1986), was that the 
production of cassava in the North coast in 1981 was extremely high 
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(774,000 MT), leading to strong price decreases. Many farmers could not 
find buyers for their crop and plowed the land without harvesting and were 
since then afraid to grow more cassava. Another cause for ttlis decrease in 
cassava production was an intense drought in 1983, especially during the 
first three months of the cropping season which reduced the area harvested 
and the yields and at the same time the availability of seed for the 1984 
cropping season. During 1985-91, cassava production in the North coast of 

. Colombia increased at a high annual rate 01 14.8%. The department with the 
highest increase was Córdoba, where production increase at an average 
annual rate 01 42.9%, followed by Magdalena (32.5%), Sucre (26.5%), 
Sollvar (11.8%), and Atlántico (1.6%) (Table 2.1). This increase in 
production is due to an increase in the area of production (Table 2.2) and an 
increase in yields (Table 2.3). 

The causes that lead to this high in crease in cassava production in the 
region during 1986-1991, can be summarized as follows: 

2.1.1 Decreased Marketing Risk 

According to farm surveys conducted by Janssen in 1982, 42% of the 
farmers interviewed stated that the reason they didnot grew more cassava 
was because of marketing problems. He also found that there was a 
considerable price variability through the years and within-years, therefore the 
risk involved in cassava production Was very high. It was suggested that the 
establishment of cassava drying plants would establish a floor price for 
cassava, preventing cassava prices from having high fluctuations. This 
cassava floor price would rise the average expected price and the decrease 
in price f1uctuations would decrease the variance in prices reducing the risk 
faced by the producers. As it can be noted from Figure 2.3, the prices paid 
to the producer by the drying plants did not vary much from year to year and 
an average floor price of 12,859 $.ColfMT (Constant 1988 $.CoI). The 
standard deviation in producer prices for the fresh market, as a measure of ' 
year-to-year fluctuations in prices, until 1984 (when the dry plants began to , 
be replicated) was 3,050; meaning that producer prices could be 3,050 $.Col 
(Constant 1988 $.Col) higher or lower from one year to another (an 18% 
fluctuation in cassava producer prices). After 1984, this fluctuation in prices 
decreased to only 1,650 $.Col (Constant 1988 $.Col), a 10% fluctuation in 



Table 2.2.--North Coast of Colombia Average Annual Growth on Area in 
Cassava. 

Department 

Atlántico 

Sollvar 

Córdoba 

Magdalena 

Sucre 

75-80 

41.20 

3.44 

-4.53 

10.89 

-3.55 

Average annual rates of growth 

80-85 85-91 

-2.53 4.04 

11.36 8.84 

7.06 24.69 

-4.31 27.04 

-7.17 26.52 

Total North coast 1.69 -9.16 14.65 

Source: "Ministerio de Agricultura - Subdirección de Producción Agrlcola -
SIAE." July 1991. 

t ~. 

Table 2.3.-Cassava Yields in the North Coast of Colombia, 1982 and 1991. 

Department 

Atlántico 

Sollvar 

Córdoba 

Magdalena 

Sucre 

Source: 

1982" 1991" % Change in Yield 

8.1 5.8 -28.40 

7.5 11.4 52.00 

6.8 12.0 76.47 

6.ge 9.2 33.33 

7.0 10.7 52.86 

• Janssen, W., 1982, 'Producción, mercadeo, y el potencial de la yuca en 
los departamentos de Atlántico, Córdoba, Sucre, y Sol Ivar" , CIAT 
mimeograph. 

" Preliminary data, Cassava Adoption Survey, CIAT Cassava Economics, 
1991. 

e Estimation made by the authors. 
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prices, for the cassava sold to the fresh market and 530 Col $ (Constant 
1988 Col $), only a 4% fluctuation in prices, for cassava sold to the drying 
plants. Janssen (1986), estimated that a partíal stabilization in prices and an 
increase in expected prices would increase the supply of cassava as much 
as 70%. 

Figure 2.3.-Cassava Producer Prices in the North coast of Colombia in 1988 
Constant Prices, 1977-91. 

~C_ol~$~/_K~g ____________________________ ~ 
30, 

26 

20 

15 

10 
f 

6 

o~~~~--~~~--~~~--~~~~~ 

n n n ~ ~ ~ " " M U ~ ~ ~ ~ ~ 
Year . 

-- Frolh Market -+- eas .... va Drylng 

Source: Central de Cooperativas de .Reforma Agraria (CECORA) and DRI-CIAT 
Cooperative Project on Agro-Industrial Development of Cassava in the Atlantic coast of 
Colombia Annual Reports. 

2.1.2 Adoption of Production TechnolQgy 

According to the underlying philosophy of the Integrated Cassava 
Project, which was ñrst developed in Colombia, the declir ;ng traditional 
markets for cassava during the early 1980s, did not offer incentives for 
cassava farmers to adopt technologies to increase production. The 
introduction of the dríed cassava technology in the North coast, which 
broadened the demand for cassava and partially stabilized its prices, created 
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incentives for the adoption of production technology at the farm level. In the 
short-run, farmers have the option to increase the area planted with cassava, 
decrease the fallow period and area, and decrease nonharvested cassava 
area. In the intermediate term, farmers will start to adopt new production 
technologies increasing cassava productivity. 

Preliminary data of the Cassava Technology Adoption Survey, 
conducted by CIAT Cassava Economics Section (CIAT, 1992), show that 
cassava farmers in the North coast of Colombia have been adopting some 
components of improved cassava production technology. A comparison of 
the adoption of technological components between areas without drying 
plants and with low or nonexisting institutional presence (Level 3) and areas 
with cassava drying plants and with good institutional presence (Level 1) is 
presented in Table 2.4, showing that in the high influence area, adoption has 
been almost 20% higher than in the low influence areas. 

2.1.3 Increase in Credit Availability for Small Farmers 

Janssen (1986), al so showed that 11 % of the farmers did not have 
sufficient credit to extend their cultivation of cassaVa. Since most of the 
small farmers have al so labor constraints during the planting and weeding 
season (april and m ay) , an increase in the available credit could increase 
their herbicide use for weeding andjor use of machinery for land preparation. 
This use of machinery andjor herbicides will reduce labor needs during the 
peak months leading to an increase in their area planted with cassava. 
According with data obtained from the Colombian Ministry of Agriculture, in 
1980, only 11,572 ha. of cassava (17.5% of the total area planted with 
cassava) were planted with credit facilities from governmental financial 
institutions. After 1980, the area of cassava planted with credit facilities 
increased in the north coast region. The area of cassava planted with credit 
from governmental financial institutions, increased in 1985, to 29,666 ha. of 
cassava (48.9% of the total area olanted with cassava) and in 1987, to 
40,716 ha. of cassava (54.9% of the total area planted with cassava). 
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Table 2.4.--Adoption of Cassava Production Technologies in the North Coast 
of Colombia, by Level of Techno/ogy Influence, 1991. 

Technology Influence Level 

1" 3" 

% Respondents 

Adopted at least on production 78 59 
technology component 

Received technical assistance 55 10 

Vertical planting position 65 58 
(42)' (54) 

Herbicide use 64 34 
(35) (20) 

Machinery use in land 73 22 
preparation (37) (13) 

Increased planting density 62 f 47 
(18) (44) 

Stake treatment 18 3 
(3) : (2) 

Source: Preliminary data, Cassava Technology Adoption Survey, CIAT Cassava 
Economics, 1991 . 

• 

" 

• 

Level 1: 

Level3: 

Region with cassava drying plants, established befo re 1988 and with 
good institutional presence. 

Region without cassava drying plants and with low or nonexisting 
institutional presence. 

The numbers on parentheses are the percentage of respondents that used the 
technology component before. 

2.1.4 Lmlr' Reform 

In 1982, Janssen al so found that 38% of the farmers did not increase 
its cassava production because they lacked land. During the late 1980's, the 
Colombian Agrarian Reform Institute (INCORA) defined the land situation of 
many small farmers, which in turn increased their area planted in cassava, 

~ 
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increasing its production. Table 2.5, shows the number of hectares 
adjudicated to small farmers in the North coast region by the "Colombian 
Land Re10rm Program". This data shows that Sucre was the department 
where the highest number 01 hectares was adjudicated by the land reform 
program, followed by Córdoba, Bolívar, César, Magdalena, and Atlántico. 
In the last two decades, 295,454 ha of land was adjudicated by the land 
reform program in the region. Of the land adjudicated in the last twenty 
years, 184,134 (62.3%) was adjudicated between 1986-91. 

Table 2.5.-Land Adjudicated to Small Farmers by INCORA in the North coast 
01 Colombia. 

Department 
Total Number of Adjudicated Hectares of Land 

1969-79 1980-85 1986-91 Total 

Atlántico 3,226 4,493 9,310 17,029.00 

Bollvar 6,644 14,557 3~,282. 55,483.00 

César 11,394 14,676 17,926 43,996.00 

Córdoba 6,881 13,132 43,218 63,231.00 
: 

Magdalena 2,895 4,403 22,827 30,125.00 

Sucre 12,844 16,174 56,571 85,589.00 

Total North coast 43,884.00 67,435.00 184,134.00 295,453.00 

Source: INCORA, Informe Comparativo de Ingreso y Salida de Tierras, 1961-1992. 

2.1.5 Substitution 01 Yam Production Area With Cassava 

Since 1985 there has been an increasing incidence 01 Antracnosis 
• disease in yam production in the North coast of Colombia. In 1990, this 

. disease decreased yam production and area signi1icantly. Yam Productien 
in the North coast 01 Colombia, which was increasing at an annual rate en 
10.6% per year between 1980-1986, after 1986 decreased at an annual rate 
of -0.21 %. The most atfected department was Sucre, were production and 
area on yam decreased at an average annual rate 01 55 and 44%, 
respectively, since 1986. (Table 2.6). Part of the area that was cultivated with 
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yam was substituted for cassava, increasing total area and production of 
cassava. 

Table 2.6.';"Average Annual Change on Yam Area and Production in the 
North Coast of Colombia: 

Year 

80-86 

86-91 

Source: 

Average Annual Rate af Change (%) 

Salivar Córdoba Sucre Narth caast 

Area Prod. Area Prod. Area Prod. Area Prado 

13.50 22.81 13.67 13.67 -1.68 3.15 10.56 6.63 

26.62 5.34 2.34 2.34 -43.99 -54.99 -10.86 -0.21 

"Anuario Estadrstico del Sector Agropecuario", Colombian Ministry af 
Agriculture, July, 1991. 

Because of this high increase in cassava produ6tion in the late 1980s 
and the partial stabilization of prices, cassava producers have been 
benefitted in several ways besides income increase and employment 
generation. In order to calculate the benefits reseived by the cassava 
producers and determine by which extent these benefits are due to the 
partial stabilization of prices by the cassava drying plants and the adoption 
of cassava production technology, it is important to better understand the 
factors that atfect the production and supply 01 cassava in the North coast 
of Colombia and to calculate the magnitude of these effects. 

In the next seetion of the study a simple econometric model is 
developed in order to calculate the effect of changes in prices and risk in the 
supply 01 cassava in the North coast of Colombia. A1so a cassava 
production cost function wifl be estimated in order to calculate the effect of 
changes on input prices on their demand and to estimate an alternative 
measure of the elasticity 01 supply 01 cassava. 

-
• 

• 
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2.2 METHOOOLOGY 

2.2.1 Partial Adjustment Nerlovian Model 

The cassava production in the North coast will be estimated making 
use of a "Partial Adjustment Nerlovian Model" like the one utilized by 
Ramrrez and Castillo (1986). The model assumes that because of 
constraints like lack of credit, land, risk aversion, and uncertainty; producers 
only change their totallevel of production in a given year in a proportion (y) 
from the level of production that will give the highest economic return. The 
model used by Ramrrez and Castillo (1986), will be rriodified for purposes 
of this study in two ways: 1) a variable to account for the risk involved in the 
fluctuation of cassava prices will be added to the model, in the form of the 
standard deviation of prices, and 2) the price received by producers for 
competitive products will be omitted because of lack of data and simplicity. 
As such, the model to estimate the supply of cassava is the foliowing: 

t 

(2.1) OC = Y 130 + YI31*PC'_1 + (1-y)*OC'_1 + YI33*SO,., + YI34*T + YI1, 

where: OC = 
PC", = 

OCt_1 = 
y = 
SOt_1 = 
T = 

= 

quantity of cassava produc~d in the farm, 
average price received by the producer in the 
previous year, 
total cassava production in the previous year, 
partial adjustment coefficient, 
price standard deviation in the previous year, 
trend variable, and 
stochastic error. 

From equation (2.1), the price supply elasticities are estimated in the 
following manner: 

(2.2) eco = 131 *(PC/OC) where: eco = 

(2.3) ec' = (131/y)*(PC/OC) where: ec' = 

short-run price elasticity 
of supply. 

long-run price elasticity 
of supply. 
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where: (1-y) = 132, therefore y = 1-132. The risk response elasticity (oc) is 
estimated by using the following formula: 

(2.4) oC = 133*(SDjQC). 

2.2.2 Cassava Production Cost Function Model 

A translog cost function was used for the estimation of the effect of 
changes on input prices on input demand and the substitution between the 
different inputs in cassava production, and the effect of output price changes 
on the quantity of cassava produced in the north coast of Colombia. The 
translog cost function was proposed as an approximation to unknown cost 
or production functions. It is appropriate because it does not impose 
stringent conditions on the parameters. A detailed discussion of the 
advantages of using the cost function approach over the estimation of a 
profit andjor a production function can be found in .Binswanger (1974). The 
translog cost function has been used in many studies'. Binswanger (1974), 
used the function to derive estimates of elasticities of derived demand and 
substitution of the U.S agricultural sector. Kako (1978), estimated a translog 
cost function to analyze the derived demand tor inp.uts in the production of 
rice in Japan. Lopez (1980), estimated the demand for inputs in agricultural 
production in Canada by using the cost function approach. Ray (1982) 
specified a translog cost function to analyze the U.S. agricultural production 
in a multi-output contexto Antle and Aitah (1983), used the function to 
investigate the structure of Egyptian rice technology and used these findings 
to answer sorne policy questions. 

The fo/lowing cassava production function was assumed, 

(2.5) Oc = f(ama, al, 00) 

where: Oc = 
Oma :: 

01 
00 

= 

quantity of cassava produced on the farm, 
number of hours of machinery used in land 
preparation, 
number of day worked on cassava production, and 
quantity of other inputs used in cassava production, 
such as the quantity of herbicide use. 

, 
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Therefore, . it is assumed that adopters of cassava production 
technology in the North coast show the following cost tunction, 

(2.6) Cc = Cc(Qc, Pma, PI, Po) 

where: Cc = cost of cassava production per hectare, 
Pma 
PI 

Po 

= 
= 

= 

cost of preparing one hectare of land with machinery, 
the daily wage on cassava production times the 
number of day works of labor needed per hectare, 
a price index of other inputs, such as herbicide and 
seed, used on the production of cassava. 

According to Ray (1982), the cost function of cassava production by 
technology adopters, in its trans-Iogaríthmic form, is the following: 

(2.7) InCc = aO + ac*lnQc + acc*(lnQc)2 + bma*lnPma + bl*lnPI + 
bo*lnPo + 1 j2*bmama*(lnPma)2 + 1j2*bmal*(lnPma*lnPI) + 
1 j2*bmao*(lnPma*lnPo) + 1 j2*bll*(lnPI}2 + tj2*blma*(lnPI*lnPma) 
+ 1 j2*blo*(lnPI*lnPo) + 1 j2*boo*(lnPo)2 + 1 j2*boma*(lnPo*lnPma) 
+ 1j2*bol*(lnPo*lnPI) + bmac*(lnPma*lnQc) + blc*(lnPI*lnQc) + 
boc*(lnPo*lnQc) 

Since the translog cost function can be regarded as a quadratic 
approximation to the unspecified ''true'' cost function, 

(2.8) bmal = blma; bmao = boma; blo = bol 

Ray (1982) points out that one problem with multi-input cost functions 
is that, even tor a few inputs, the number of parameters to be estimated is 
large. Moreover, with time-series observations needed for so many variables, 
it is Iikely to encounter severe multicollinearity problems and the estimation 
of the cost-function as a single-equation model may be either impossible or 
inappropriate. Therefore, estimating the full dual system (the cost and share 
equations together) should be more efficient and compensates tor the 
information inadequacy in equation (2.7) alone. 
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Assuming that producers choose a cost minimizing combination of 
factors, and differentiating equation (2.7) using Shephard's lemma leads to 
the following cost share equations: 

(2.9) 

(2.10) 

(2.11 ) 

where: 

Sma = 

SI = 

So = 

bma + bma*lnPma + bmal*lnPI + bmao*lnPo 
+ bmac*lnOc 

bl + bl*lnPI + bmal*lnPma + blo*lnPo + blc*lnOc 

bo + bo*lnPo + bmao*lnPma + blo*lnPI 
+ boc*lnOc 

Sma = (Pma*Oma}jCc 

SI = (PI*OI}/Cc 

So = (Po*Oo)/Cc 

The following restrictions have to be included infthe model in order to 
assume linear homageneity in input prices, 

(2.12) bmama + bmal + bmao = O 

(2.13) bll + bmal + bla = O 

(2.14) boa + bmaa + blo = O 

(2.15) bmac + blc + bac = O 

Let define, Qí as the quantity of input i, Pi the price af input i, Si the 
production cost share of input i (i = ma, 1, o). 

Based on the input demand functions derived by Shephard's lemma 
(equations 2.9, 2.10 and 2.11), and using the aboye definitian af Si the 
follawing relation is obtained: 

(2.16) Si = Oi*PijCc = alnCc/alnPi 
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Solvíng tor Oí, gives: 

(2.17) Oí = (Ce¡Pí)(alnCe¡alnPi) 

Converting the tunetíon to logarithms, yields: 

(2.18) InOi = InCe - InPi + In(alnCe¡alnPi) 

Based on expression (2.18), the own-priee and eross-priee elasticities of 
demand tor the inputs (11íí' 11íj' respectively) can be estimated with the 
following derivations: 

(2.19) 

(2.20) 

11ií = alnOi¡alnPi = alnCe¡alnPi -1 + 6In¡alnPi(6InCc¡6InPi) 

llii = Si - 1 + bii¡Si 

11íj = 51nOij51nPj = 5lnCc¡5lnPji - olnPi¡olnPj + 
oln¡alnPj(olnCc¡5InPi) t 

l1íj = Sj + bij/Si 

Allen partial elasticities of substitution between inputs, (aij) , can be 
estimated from the estimated elasticities of demand tor the factors of 
production with the following expression suggested by Binswanger (1974), 

(2.21) 

Also according to Kay (1982), if we assume marginal cost pricing tor 
the outputs, the tollowing relations are obtained, 

(2.22) Ye = olnCc¡alnOc = (6Ce¡aOc)*(Oc¡Cc) = Pc*Oc¡Cc 

This leads to the following "revenue share" equation, 

(2.23) Ye = ae + acc*lnOc + bmac*lnPma + blc*lnPI 
+ boc*lnPo 

Solving equation (2.22) tor Pe, 
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(2.24) Pc = (CcjQc)*(l>lnCcjl>lnQc)' 

Converting to logarithms, 

(2.25) InPc = InCc - InQc + In(l>lnCcjl>lnQc) 

Based on expression (2.24), the price-flexíbility of supply of cassava on the 
farm (ec) can be estimated with the following derivation, 

(2.26) ec = I>lnPcjl>lnOc = I>lnCcjalnOc - I>lnOcjalnQc + 
alnjalnQc(alnCcjalnQc) 

ec = Yc - 1 + accjYc 

Since the price-elasticity of supply of cassava on the farm (€:s) is by definition 
1 j~., then, 

(2.27) e., = 1f(Yc - 1 + accfYc) 
f 

2.3 EMPIRICAL FINOINGS ANO RESULTS 

2.3.1 Results from the Partial Adjustment Nerlovían Model 

The model is estimated using secondary data from 1978-1991. Data 
on annual cassava production was obtained from the Colombian Mínistry of 
Agriculture. Prices paid to the producer for fresh market (PCF) were obtained 
from INCORA and CECORA. Cassava prices paid to the producer by the 
cassava drying plants (PCO) come from the Annual Reports of the 
Cooperative Project ORI-CIAT on Agro-Industrial Oevelopment of Cassava in 
the Atlantic coast of Colombia. The average weighted producer price (PC) 
is calculated by using the following formula: 

where: the share of the production that went to the fresh 
market in year t, and 



.-
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the share of the production that went to the cassava 
drying plants in year 1. 

.. The standard deviation of prices is calculated according to Janssen by 
aggregating the random within-year price standard deviation and the year-to­
year price standard deviation. A proxy for the within-year standard deviation 
on producer prices is calculated from Sincelejo (a majar cassava production 
area in the North coast of Colombia) monthly consumer prices reported by 
DANE (Departamento Administrativo Nacional de Estadística). The trend 
variable takes values of one for the first year, two for the second year, etc. 

The model's parameter estimates with t-statistics are reported in Table 
2.7. For al! five departments and the whole North coast region the effect of 
prices on the supply of cassava is positive, but not highly significantly 
different from zero with the exception of Magdalena. Prices received by the 
tarmer in the previous year have a statistically significant effect (a =0.05) on 
cassava supply for Magdalena and at a =0.25 for Sucre. For the whole North 
coast and Solevar the effect of prices on cassava supply is only significant 
at a 0.50 confidence interval. This low response to prices may be explained 
by the constraints that the small farmers face to increase their production 
such as lack of credit and land, risk aversion, andúncertainty. 

As can be seen in Table 2.8, the partial adjustment coefficient (y) tor 
Magdalena is equal to one, which means that cassava producers in 
Magdalena are less limited and hence, can change their level of production 
from year to year in order to get the highest economic return. Therefore, 
they can react in a shorter time to changes in prices and their short-run 
price-elasticity of supply of cassava is equal to their long-run price-elasticity 
of supply. 

For the case of Bolívar, Córdoba, and 8ucre, the partial adjustment 
coefficients are smaller than one (0.47, 0.39, and 0.17, respectively), which 
means that cassava producers in these three departments have constraints 
tI,) react rapidly to changes in prices in arder to get the highest economic 
returns. 
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Table 2.7.-Partial Adjustment Nerlovian Production Model Parameter 
Estimates. 

Parameter Estimates 

Consto Pc,.,· SO,.,b Oc,./ ,... R'" 

North coast -26613 9080 -11.67 0.79 15565 0.85 
(-0.11)" (0.70) (-2.74) (4.20) (2.36) 

DW' 

2.25 

._ ............. __ ._--_._----._ ... __ .. _-_ .. _ .... __ ................ _ ..... _ .. _ .... _ ..... -_ ...................... _ ............ __ .. 
Atlántico 

Sollvar 

C6rdoba 

Magdalena 

Sucre 

• PC,., = 

b SO,., = 
• OC,., '" 
dT = 
eA" = 
, OW = 

111350 769 -1.88 -0.006 -2328 0.20 2.06 
(1.91 ) (0.31) (-1.16) (-0.02) (-0.93) 

57531 1224 -2.86 0.53 3978 0.79 1.94 
(1.28) (0.62) (-2.16) (2.32) (1.71) 

11802 691 -2.84 0.61 4674 0.69 1.91 
(0.25) (0.29) (-1.78) (2.92) (2.19) 

-131860 15563 -3.53 -0.04 512 0.61 2.24 
(-1.10) (2.56) (-1.71) (-0.14) (0.15) 

-88219 5122 -2.80 0.83 5737 0.76 2.11 
(-0.97) (1.25) (-1.84) (3.35) . . (2.28) 

Average Price Received by the Producer in t-1 in 1988 Constant Prices 
($fMT) 

Cassava Price Standard Devíatíon ($fMT) 

Total Cassava PrOduction in t-1 (MT) 

Trend 

Coefficíent of Determinatíon 

Durbin-Watson Statistic 

• t-Statistics are in Parentheses 

On the other hand, cassava producers have a significant response to 
changes in price variability. In Tab/e 2.7, the parameter estimates for the 
standard deviation on prices show that in the whole North coast region and 
in the five individually estimated departments, farmers react negatively to an 
increase in the variability of prices (a =0.05). These results are consistent 
with the findings of Janssen (1986), who states that the price risk causes 
producers to react less to changing prices and that their risk aversion leads 
to a considerable decrease in the area in cassava in favor to other crops or 
pasture. 

'. 

.-
.. 
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In the whole North coast region and in the departments ot Sucre, 
Bollvar, and Córdoba there has been a significant tendency to increase 
praduction (o: =0.01) tor reasons other than price increases or the reduction 
in price variability. In the North coast of Colombia there has been a 
tendency to increase production by 15,565 MT per year, on average. The 
department with the highest tendency to increase cassava production was 
Sucre, where there has been a tendency to increase production at an 
average of 5,737 MT per year, followed by Córdoba (4,674 MT per year) and 
Bolívar (3,978 MT per year). Contrary to the results of these three 
departments, there has been no significant tendency to increase or decrease 
production in the departments of Atlántico and Magdalena. These results are 
consistent with the CIA T's Cassava Adoption Survey preliminary results, 
which show that the adoption of cassava production technology in Sucre, 
Bolfvar, and Córdoba was higher than in Atlántico and Magadalena. To 
some extent, this tendency to increase production in Sucre, Solevar, and 
Córdoba could also be a result of the land reform program that gave land to 
small landless producers, the improvement in credit availability to small 
farmers, and the substitution of land planted with yani for cassava. 

Short and long-run price elasticities of supply of cassava, the 
coefficient of partial adjustment, and the elasticity of risk response estimated 
for the North coast of Colombia are reported in Table 2.8. The short-run 
price-elasticity of supply of cassava (ecs) is positive tor the whole region and 
all the departments, but not highly significant with the exception of 
Magdalena were the short and long-run price elasticities are high and 
significantly different from zera (o: =0.01). For the whole region this elasticity 
is low (0.30), meaning that a 1 % increase in prices will only increase cassava 
production by 0.3%. The department with the highest short-run price­
elasticity of supply is Magdalena, with a value of 2.19, followed by Sucre 
(0.75), Atlántico (0.16), Solrvar (0.15), and Córdoba (0.11). 

In the long-run, cassava producers in the whole region have a higher 
price-elasticity of supply (1.42), meaning that a 1 % increase in cassava 
prices paid to the producer will increase their productioll by 1.42% in the 
long-run. The department with the highest long-run price-elasticity of supply 
is Sucre, where it is equal to 4.33, followed by Magdalena (2.19), Solevar 
(0.31), Córdoba (0.30), and Atlántico (0.16). It should be noted that the 
department with the lowest response to changes in prices is Atlántico, which 
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is the department that hosts the s'mallest farms in the region and therefore 
producers face a higher !and constraint In this department there is also a 
higher competition for labor because of the proximity of the most important 
urban area in the North coast (Barranquilla). 

The price-supply elasticíties estimated in this study are similar to the 
ones reported by Rojas (1986) for Colombia, which are 0.29 in the short-run 
and 1.68 in the long-run. Janssen (1986). in a cross-sectional study and 
without differentiating between the short and the long-run, reports price­
elasticities of supply for cassava in the North coast of Colombia of 0.65 for 
small farms « 3 ha). 2.05 for middle size farms (3 - 8 ha), and 3.27 for large 
farms (> 15 ha). 

Table 2.8.-Cassava Production Elasticities for the North Coast of Colombia 
at the Sample Means. 1978-1991. 

Reglan 
North coast 0.30 

(0.70)" 

y. 
0.21 

(1.13) 

. eclC
' 

1.42 
(0.87) 

-0.23 
(-2.74) 

. Atl8ñfJco -------0.1Ef-------1.00---·-ó-:-1"a--·---·-·--..(f2'ir----·---
(0.31) (3.04) «(J.32) (-1.16) 

BoINar 0.15 0.47 0.31 -0.25 
(0.62) (2.08) (0.66) (-2.16) 

Córdoba 0.11 0.39 0.30 -0.21 
(0.29) (1.83) (0.30) (-1.78) 

Magdalena 2.19 1.00 2.19 -0.30 
(2.56) (3.34) (3.05) (-1.71) 

Sucre 0.75 0.17 4.33 -0.25 
(1.25) (0.70) (0.75) (-1.83) 

• ecs = Short-Run Price-Supply Elasticity 

• cel = Long-Run Price-Supply Elasticity 

C y = Partlal Adjustment Coefficient 

d oC = Risk Response Elasticity 

• t-Statistics are in Parentheses 

~ 
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The elasticities of response to risk (ay) are significantly different from 
zero (a:=0~01) for the whole region and for all the departments with the 
exception of Atlántico. The risk response elasticity for the whole region is 
equal to -0.23, meaning that a decrease of 1 % in the fluctuation of cassava 
prices will increase the production of cassava by 0.23%. 

2.3.2 Results from the Estimation of the Cassava Production Cost Function 

The translog cost function was estimated with annual time series data 
from INCORA (1974-91). The results should be taken with caution since the 
data on cassava production costs was calculated assuming the adoption of 
some· technological components, such as machinery use for land 
preparation and herbicide use. Therefore, the results of this estimation are 
not representative of all the cassava producers in the North coast of 
Colombia, but of those farmers who adopted some technology components. 
The estimated parameters of the translog cost function system (equations 
2.7, 2.9, 2.10, and 2.11), with restrictions (2.8) and (2.12)-(2.15), are reported 
on Table 2.9. 

Table 2.9.-Estimated Coefficients of the Cassava Production Cost Function, 
1974-1991. 

Parameter 
AO (intercept) 
AC 
ACC 
BMA 
BL 
BO 
BMAL 
BMAO 
BLO 
BLC 
BOC 

Value 
7.38 

-0.45 
-0.04 
-0.07 
1.01 

-0.76 
0.07 

-0.08 
-0.08 
-0.04 
0.02 

t-Statistic 
1.68 

-0.62 
0.70 

-0.34 
3.30 

-3.58 
7.51 

-8.44 
-8.19 
-1.38 
1.01 

Even though the parameters estimated by the translog cost function do 
not have a clear economic meaning, the cost of production is explained 
mainly by the price of labor and other inputs, and the interaction between the 



price of inputs. The parameters estimated with the cassava production cost 
function, were used to estimate the own-price elasticities of demand of 
machinery (TlmJ, labor (111)' and other inputs (1'10)' according to equation 
(2.19). The cross-price elasticities of demand for machinery with respect to 
labor and other inputs (1'1mal and Tl mao, respectively), for labor with respect to 
machinery and other inputs (TIlma and 1110' respectively), and for other inputs 
with respect to machinery and labor (Tlorna and Tlol' respectively) were 
estimated by using equation (2.20). Allen elasticities of substitution between 
machinery and labor (omal)' machinery and other inputs (Omao) , and labor and 
other inputs (010) were estimated according with equation (2.21). By 
assuming marginal cost pricing for the outputs, the elasticity of supply of 
cassava on the farm (eJ can be estimated by using equation (2.27). 

Table 2.10 shows that the estimated own-price elasticities of demand 
for the inputs in the production of cassava are inelastic « 111). However, 
the own-price elasticity of demand for machinery is the highest in absolute 
terms, fol/owed by the elasticity of demand for labor and other inputs. If the 
cast of machinery increases by 1 %, its demand will decrease by 0.78%. If 
the same happens with the cost of labor and other inputs, their demand will 
decrease by 0.41 and 0.09 %, respectively. 

The cross-price elasticities of demand between inputs are alsa inelastic 
{< 11 Q. Machinery and other inputs, such as herbicides, are substitutes for 
labor in the production of cassava in the North coast, but machinery and 
other inputs behave as complements in cassava productian. The highest 
crass-price elasticity of demand is the one for machinery with respect to 
labor. A 1 % increase on farm daily wages, will increase the demand for 
machinery by 0.96%; but on the other hand, an increase in the cost of 
machinery of 1 % will only increase the demand for labor by 0.31 %. 

The eross-price elasticity of demand for other inputs with respeet to 
labor is also important, but has a lower absolute value than the eross-price 
elasticity of demand far machinery with respeet to labor. An in crease in the 
farm daily wages of 1 % will produce a 0.24% increase in the demand for 
other inputs, sueh as herbicides. However, a 1% inerease in the priee for 
other inputs will only increase the demand for labor by 0.09%. 

• 
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Table 2.10. Own-price and Cross-price Elasticities of Demand for Inputs, l· . 

Elasticities of Substitution between Pairs of Inputs, and Output-supply 
Elasticities for the Production of Cassava, at the Sample Means. 

Elasticity Estimate Value t-Statistic 

Own-price elasticity of demand tor 
machinery (TI m.) 

Own-price elasticity of demand tor labor (TI,) 

Own-price elasticity of demand for other 
inputs (Tlo) 

Cross-price elasticity of demand tor 
machinery with respect lo labor (11m .. ) 

Cross-price elasticity ot demand tor 
machinery with respect to olher inputs (Tlm..,) 

Cross-price elasticity ot demand tor labor 
with respect to machinery (TI,m.) 

Cross-price elasticity of demand for labor 
with respect to other inputs (TIlo) 

Cross-price elasticity of demand tor other 
inputs with respect to machinery (lI~J 

Cross-price elasticity of demand tor other 
inputs with respect to labor (11",) 

Elasticity of substitution between machinery 
and labor (a ..... ) 

Elasticity of substitution between machinery 
and other inputs (a,...,) 

Elasticity of substitution between labor and 
other inputs (Ole) 

Own-price elasticity of supply of cassava on 
Ihe farm (e,,) 

-0.78 

-0.41 

-0.09 

0.96 

-0.18 

0.31 

0.09.· 

-0.15 

0.24 

1.64 

-0.80 

0.42 

1.01 

-21.37 

-45.75 

-1.23 

19.33 

-3.76 

t 
19.32 

5.88 

-3.76 

5.88 

19.33 

-3.76 

5.d8 

31.70 



.29 

The elastieity of substitution estimates, show that there are more 
substitution possibilities between labor and maehinery use than between 
labor and other inputs. A 1 % inerease in daily wages with respeet to the 
eost of machinery, will inerease the use of maehinery with respeet to labor 
by 1.64%. On the other hand, an inerease of 1 % in daíly wages with respeet 
to the price of other inputs, will only increase the use of other inputs with 
respeet to labor by 0.43%. The negative elasticity of substítutíon between 
maehinery and other inputs is a eonsequence of the complementary of these 
two ínputs. 

The own-priee elastieity of on-farm eassava supply estimated by using 
the cassava production cost funetíon of teehnology adopters, shows that 
cassava producers who adopt some teehnologieal eomponents respond to 
price changes. The estimated on-farm eassava supply elasticíty of 
teehnology adopting produeers is unitary, meaning that a 1 % increase in the 
eassava produeer price, íncreases the supply of cassava on the farm by the 
same 1%. 

f 

2.4 CONCLUSIONS OF CASSAVA PRODUCTION ANALYSES 
, 

Even though the estimation of the eassava próduetíon function shows 
that producers who adopt technology and do not have any production 
eonstraínts adjust their production to changes on cassava producer prices, 
the supply of eassava does not seem to signifieantly respond to changes in 
producer priees. There were mainly two factors that limited the response of 
cassava supply to price changes. The first factor ís the risk ¡nvolved on the 
priee variability of cassava, whieh limits the response of farmers to price 
changes because of his fear of potentiallow sale';;prices.Another factor that 
limited and to some extend still limits the response of cassava farmers to 
price changes is the availability of land and eredit. 

I 
(VN) 

During the late 1980s in the North coast of Colombia, cassava 
production increased significantly, due tI,) the increase ín area planted and 
yields. This increase in cassava supply is a result of the partíal stabilization 
of cassava producer prices beeause of the suecessful introduction of the 
cassava drying technology, the adjudication of land to small farmers as a 
consequence of the land reform program, and an improvement in the eredit 

• 

• 

• 
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availability for cassava production. There has also been a significant 
substitution of yam production for cassava because of the increasing 
incidence of Antracnosis disease in yam in the region. On the other hand, 
cassava producers, during the 1980s, had been adopting more cassava 
production technology components because of the improvement in the 
cassava market system yvhich has made the production of the crop more 
attractive. 

In terms of input demand in cassava production in the North coast of 
Colombia, there seems to be significant opportunities for substitution 
between labor and machinery, and labor with other inputs (especially 
herbicides). These results coincide with the fact that the most important 
cassava production technology components adopted by cassava farmers 
were the use of machinery for land preparation and herbicides for weeding. 
One of the causes for this substitution of labor for other inputs, could be the 
increased demand for labor in the region by the cassava drying plants and 
the increased cassava production. This increased demand for labor may 
have put an upward pressure on wages, especially dunng the peak seasons 
of planting, weeding, and harvesting, resulting in the substitution of 
machinery and herbicides for labor in cassava production. 

On the other hand, other cassava production technologies adopted by 
cassava farmers in the North coast are mainly cultural practices, which do 
not require, as much purchases of inputs or the use of more labor, with the 
exceptíon of cassava seed treatment. 



3. FRESH CASSAVA MARKETING IN THE NORTH COAST 
OF COLOMBIA 

3.1 INTRODUCTION 

Historically, cassava in the North coast of Colombia was mainly 
destined for fresh consumption. During 1981,99% 01 the cassava marketed 
in the region was sold to the 1resh market. After the introduction of the 
cassava drying technology in 1981, the percentage 01 cassava sold to the 
1resh market has been decreasing and in 1991, only 92% of the cassava 
marketed was destined tor fresh consumption. Even though a lower 
percentage 01 the production was destined 10r fresh consumption in 1991, 
cassava's most important use in the region is still for fresh human 
consumption. 

Cassava has some special characteristics which influence its marketing 
conduct. The crop can be stored in the ground over a relatively long period 
01 time without a significant loss 01 quality, but deteriorates within three days 
after harvesting. Janssen (1986), states that the seasohal variation of prices, 
the market organization, and the cassava marketing margins, reflect the 
pressure to transfer the product rapidly to the final consumer. 

Fresh cassava trade is earried out by a number of traders eaeh of 
whom perform different functions in the marketing channel. There are three 
types 01 cassava traders in the North coast 01 Colombia: a) rural assembly 
agents, who buy cassava at the farm gate and sell to another trader, b) 
wholesalers, who colleet cassava at the market from farmers or other traders 
and sell the cassava to another traders, and e) retailers, who buy cassava 
from traders and sell the product to the final consumero 

An analysis of the producer and consumer prices for 1resh cassava 
shows that marketing margins in the North coast 01 Colombia are extremely 
high. Fresh cassava prices in Barranquilla, the most important urban area 
of the region, are on average 300% higher than farm-gate prices. In the case 
01 Sincelejo, an important intermediate urban area, fresh cassava prices are 
200% higher than farm-gate prices. 

31 
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Some of the conclusions of Janssen's (1986) fresh cassava marketing 
study of the Atlantic coast of Colombia, which are relevant to the present 
study, are the fol/owing: 

1) The market structure for cassava consists of many smal/ and 
competing traders. He found that on average, there was one assembly 
agent for each 75-100 farmers. In urban areas there were up to 40 
wholesalers. In addition he found that there was one retailer tor every 
200-300 consumers. 

2) Cassava buying and selling transactions, and weekly traded volumes 
are small and decrease in size towards the retail end of the marketing 
channel. The cassava marketing channel is more geared to the quick 
distribution of the product than to the concentration of supply and 
demando 

3) Investments in cassava trade are small. 
t 

4) Information in the market is scarce and informal. 

5) Fresh cassava marketing margins are extremely high, but do not leave 
high profits to the cassava traders. . 

Therefore, the cassava fresh market in the North coast of Colombia is 
characterized by the existence of a large number of traders, who trade small 
volumes and can access or exit the market easily, and that individually have 
no influence on market conduct. The available supply and efforts to diminish 
root deterioration losses are the majar factors that determine the price of 
cassava and the volumes traded. Janssen (1986), describes the market 
structure as being atomistic since it allows tor competition, but not efficient. 
Some of the causes for this market inefficiency are product perishability and 
lack of market information and price transmission among cassava 
consumption and production regions. 

According to economic theory, these market characteristics suggest 
that the supply of marketing inputs (e.n) is highly elastic. This implies that if 
the demand tor marketing inputs increases for sorne exogenous change in 
demand or supply, the supply of marketing inputs will increase to meet this 
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demand without a significant increase in the cost of marketing, which 
includes costs of transportation, packaging, labor, and deterioration. 

In previous studies the elasticity of supply of marketing services (e,,) 
was often assumed to be infinite (Le. Alston and Scobie, 1983, and 
Freebairn, Davis, and Edwards, 1982). This assumption simplifies welfare 
analysis to the extent that the welfare of the suppliers o(marketing inputs do 
not change when there is an exogenous change in supply or demand at any 
level of the market structure. Wohlgenant and Mullen (1987), found that 
even though the supply of marketing inputs (€¡,,) may be high for some 
products, it is not perfectly elastic. In the case of fresh cassava marketing 
in the North coast of Colombia, it may be argued that since the market is not 
efficient, it does not approximate perfect competitive conditions, and 
therefore, the elasticity of supply of marketing services (e,,) is not perfectly 
elastic. For this study a baseline value of 10 was selected, but the 
implications of a perfectly elastic supply of marketing services will also be 
analyzed. 

t 

In the next seetion, the relationships between retail supply and farm­
level demand with respeet to farm and retail prices, and marketing costs will 
be quantified and analyzed. 

3.2 METHODOLOGY 

The analysis of the eassava marketing parameters will be done by 
using two different, but related and in some way eomplementary, 
methodologies. Two methodologies were seleeted for the analysis of the 
fresh cassava market in order to validate the estimation of the parameters, 
eomplement the results, and obtain alternative parameter values for the 
sensitivity analysis ofthe welfare analysis. The first methodologyused in the 
study, is by George and King (1971), in which the estimation of the farm­
level derived priee-elastieity of demand (Tlct) is made by analyzing marketing 
margins. The seeond methodology is a morti recent one developed by 
Wohlgenant (1989), which uses a system of equations in order to develop 
a conceptual and empirical framework on retail-to-farm demand linkages 
similar to the framework provided for consumer demand and producer 
supply interrelationships. These estimates of demand interrelationships for 
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cassava output are important in providing linkages between retail and farm 
prices so that the effects of changes in retail demand, farm product supplies, 
and costs of marketing on retail and farm prices can be estimated. 

3.2.1 George and King Methodology 

3.2.1.1 Analysis of Marketing Margins 

Marketing margins, which often include the payments tor marketing 
servíces such as assembly of raw materíals from the farm, processing, 
storage, transportation, wholesaling, and retailing, can be determined as a 
constant percentage spread, an absolute spread, or a combination of both. 
The constant percentage spread assumes that marketing margins are a 
percentage of prices at the farm level or at the retaíl level, and the absolute 
spread adds a specific amount (Iike a mark-up) to the farm-Ievel price to 
obtaín the retail price. George and King (1971),/ state that although 
marketing margins can be assumed to be a constant percentage spread or 
a absolute spread in certain situations, it seems more appropriate to assume 
that price spreads are determined as a combinatipn of percentage and 
absolute margins. Dalrymple (1961), points out thaf wholesalers appear to 
use a constant percentage markup and retailers appear to make use of an 
absolute margin so that when the market is considered to be a combination 
of wholesalers and retailers, it may be appropriate to consider margins as a 
combination of these two approaches. 

In order to determine how the marketing margin is determined for the 
case of cassava in the North coast of Colombia, the approach taken by 
George and King (1971) will be used. 

When the margin is assumed to be a constant percentage of the retail 
price, M = k*PF (Iet M denote the margin, PF the fresh cassava retail price, 
and k the percentage uf the retail price), then 

(3.1) PF = PC + k*PF 

or 
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(3.2) pe = (1-k)*PF 

where pe is the farm-g'ate cassava price. On the other hand, when the 
simplest case of an absolute marketing margin, which assumes a fixed 
quantity as the margín (MO), is suggested, 

(3.3) PF = pe + MO. 

Using George and King's (1971) specification of marketing margins 

(3.4) M = o; + P*PF. 

Since 

(3.5) PF = pe + M 

substituting equation (3.4) in (3.5), we have 
t 

(3.6) PF = pe + o; + P*PF 

and there10re, 

(3.7) pe = -o; + (1 - P)*PF 

pe = a + b*PF. 

where: a = -0;, and 

b = (1 - Ji). 

3.2.1.2 Elasticity of Price Transmission 

In order to understand how the prices at the retaillevel are affected by 
changes in the farm-gate price, the elasticity of price transmission will be 
estimated by using the results 1rom the function 01 the relationship between 
farm and retail prices estimated in the previous seetian. Accarding to 
George and King (1971) J the elastieity of price transmission (1:) is calculated 
with the following formula: 

, . 
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.. (3.8) 't = (~PF / ~PC)*(PC/PF) = (1/(1 - tlW(PC/PF). 

• 

For special cases were a = o and IX = M, the marketing margin is 
determined only by an absolute spread (M), the elasticity of price 
transmissien is 

(3.9) 't = PC/PF = PC/(a + PC). 

3.2.1.3 Derived Farm Level Price Elasticity of Demand 

According to George and King (1971), the elasticities at one level of the 
marketing system can be derived from a knowledge of the elasticities at 
another level. They show that the price-elasticity of demand at the farm level 
(11ct) is the product of the price-elasticity of demand at the retaillevel (11,) and 
the elasticity of price transmission ('t). Therefore, 

(3.10) f 

3.2.1.4 Elasticity of Substitution Between Farm ~nd Marketing Inputs 

The conventional approach has been to assume that farm and 
marketing inputs are used in fixed proportiens and therefere ne substitution 
between these two groups of inputs is possible. Most of the literature 
concerning derived demand and price spread behavior is based on this 
assumption and according to Mullen, et. al (1988), this assumption has been 
made in part fer reasons of convenience. They also point out that an even 
limited amount of substitution markedly alters the distribution of surplus 
gains between producers and consumers . 

If we can assume that the priee-supply elasticity of the farm output is 
zero (see results on supply elasticities in the seetion on cassava production), 
the elastieity of substitution between farm and marketing inputs (Ofm) can be 
estimated by using the foliowing formula, derived by Wohlgenant (1989) from 
Muth's (1964) equation for the elasticity of derived demand for farm output, 

(3.11 ) 
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where: Se is the farmer's share ofthe retail dollar (Se = OC*PCjOF*PF) 

Gardner (1975) criticized the methodology used by George and King 
to estimate farm-Ievel derived demand elasticities by demonstrating that no 
fixed percentage rule, a fixed absolute margin, or a combination of the two 
ean aecurately explain the relationship between farm and retail priees. He 
suggests that this approach can only be valid when a fixed proportion for 
farm and marketing inputs is assumed, which implies that the elasticity of 
substitution between farm and marketing inputs (Otm) is zero. Therefore, the 
approaeh of estimating the derived farm elasticity of demand by multiplying 
retail elasticities by the elasticities of price transmission is only correet if input 
proportions are fixed. 

3.2.2 Wohlgenant Metnodology 

According to Wohlgenant (1989), the food marketing sector produces 
many different products from any given raw material, therefore opportunities 
for substitution between marketing services and raw food quantities appear 
to exist. In arder to estimate the eassava marketing sector's supply I demand 
structure without direct information on retail quantities, the model developed 
by Wohlgenant (1989) will be used. 

By assuming that elasticities are approximately constant the following 
system of equations is estimated: -. 

(12) I1lnPF = AFO + AFZ* ÁlnZ + APN* ÁlnW + AFC* I1lnOC + /lF 

(13) ÁlnPC = ACO + ACZ* ÁlnZ + ACW* ÁlnW + ACC* ÁlnOC + /lC 

where: PF 
pe 
oc 
Z 
W 

= 
= 
= 
= 
-

cassava retail price, 
farm-Ievel cassava price, 
quantity of cassava supplied on the farm, 
an exogenous retail demand shifter, 
an index of marketing input prices in fresh cassava 
marketing, 
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~F and ~C denote random disturbance terms, and AFO and ACO are intercept 
values which reflect changes in prices solely due to trend. 

The homogeneity restriction is imposed by deflating all nominal values 
by the consumer price indexo 

According to Wohlgenant (1989), the specification of the form of Z is 
particularly important in arder to make the parameter estimates of (3.12) and 
(3.13) internally consistent with the consumer demand estimates. He defines 
the change in InZ as 

(3.14) 

where: 

alnZ = :ETlls * alnPS + e¡* alnY + alnPOP , 

1'\,. 

e, 
y 
POP 

= 

= 
= 
= 

the cross-price elasticity of demand for fresh cassava 
with respect of the priee of its substitutes, 
the income elasticity of demand for fresh cassava, 
income per cap ita, 
total consuming population'. / 

In order to estimate the values of Z, it is necessary to use internally 
consistent demand elasticities estimated from previpus research. 

The elasticities of retail supply and farm-Ievel demand can be 
estimated if the values of the retail demand elastieities are known. The 
estimates of the elasticity of retail supply with respeet to retail priee (~), the 
elastieity of retail supply with respeet to farm price (~cf)' the elasticity of retail 
supply with respect to marketing costs (em), the elastieity of farm-Ievel 
demand with respeet to retail price (Tlcff)' the elastieity of farm-Ievel demand 
with respeetto marketing costs (Tlcfm), the elasticity offarm-Ievel demand with 
respect to farm priee (Tlcf)' and the retail-farm price transmission (1/.) can be 

• estimated, aecording to Wohlgenant (1989), by using the following 
expressions: 

(3.15) 

(3.16) 

(3.17) 

~ = 1'\1 + (A~C*1'\J/B 

~ = -AFC/B 

~ = (AFC*ACW - ACC*AFW)jB 
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3.3 EMPIRICAL FINDINGS 

3.3.1 Results of the Estimations with George and King Methodology 

Using 1975-91 annual data on consumer prices reported by DANE 
(Departamento Administrativo Nacional de Estadrstica) in Colombia and 
producer prices obtained from INCORA, equation (3.7) was ·fitted. The 
results for five major cities in the North coast of Colombia are reported in 
Table 3.1. 

Table 3.1.--Parameter Estimates for the Relationship Between Farm and 
Retail Prices of Cassava in the North coast of Colombia, 1975-1991. 

Cíty Intercept PC' R'" 

North coast Urban Area 

Barranquilla 

Metropolítan 
urban areas Cartagena 

14.77 

(6.55) 

14.99 

(7.43) 

15.85 
(6.96) 

0.07 0.16 
t 

(1.69) 

0.06 0.19 

(1.86) 

0.05 0.14 
(1.59) -----_. __ .---_._-_._--_ .. _-_._-....... _. __ .. - .. _ ...... __ ... _ .. _--_._. 

Santa Marta 6.45 0.13 0.14 
(1.75) (1.56) 

Intermedíate Monterfa 6.41 0.17 0.20 

urban areas (1.80) (1.91) 

Sincelejo 6.37 0.21 0.15 

(1.85) (1.80) 

• pe = Farm-gate price ($jKg) 

• R' = Coefficient of Determínation R2 

• t-Statistics are in Parentheses 
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For the urban area, both slope and intercept are significantly different 
fTom zero at a: = 0.05 and a: = 0.001, respectively. Therefore, the price spread 
between producer and consumer prices for cassava in the regien are 
determined as a combination of percentage and absolute margins. When 
the function is estimated for the five major cities separately, we can see 
some differences. Cassava prices in Barranquilla, the most important 
metropolitan area in the region, are the enes that better explain the behavior 
of producer prices (the function estimated with Barranquilla consumer prices 
is the one with the highest R~. The intercept is signiticantly different trom 
zero tor all the cities at a: = 0.001 tor Barranquilla, Cartagena, and at a: = 0.05 
for Santa Marta, MonterCa, and Sincelejo. The slope coefficient is also 
significantly different from zero fer Barranquilla, Monterfa, and Sincelejo at 
a: '" 0.05 and for Cartagena and Santa Marta at a. = 0, 1 O. These results show 
that the margin is determined by a combination of percentage and absolute 
margins. 

Although the margin in metropolitan and intermediate urban areas is 
a combination of a percentage and absolute margins; the absolute margin 
in intermediate urban areas is lower than in metropolitan urban areas. This 
marketing margin difference can explain the lower cassava price levels and 
higher absolute consumption levels in intermediate" urban areas. On the 
other hand, intermediate urban areas shaw a higher pereentage margin than 
metropalitan urban areas. These results, to a certain extent, ean be 
explained by earlier findings of Janssen (1986). He found that rural cassava 
marketing channels are less eomplicated than the urban anes. In rural areas 
retailers or even eonsumers might buy directly from farmers and as the 
regían are more urbanized rural assembly agents and wholesalers enter the 
marketing ehanneJ. 

Estímates of the retail priee-elasticity of demand for cassava (11,), the 

• 

farmer's share of the retail do llar (Se), the elasticity of price transmission ('t), • 
the farm-Ievel derived priee-elastieity of demand of eassava (11of) , and the 
elastieity of substitution between farm and marketing inputs (o,m) for the 
North coast region of Colombia and five major eities in the region are 
reported in Table 3.2. 

These results show that even though the demand for eassava at the 
retaillevel is inelastic (meaning that a change in price will cause a less than 
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proportional change in demand), the demand for cassava at the farm level 
(flct) for the whole North coast region is elastic (a change in the producer 
price causes a more than proportional change in the demand). The farm­
level price-demand elasticity is higher for the product that goes to 
metropolitan urban areas (Barranquilla and Cartagena) than for the product 
that goes to intermediate urban areas (Santa Marta, Monteda, and 
Sincelejo). The derived price-elasticity of demand for cassava that goes to 
Monterla and Sincelejo (both intermediate urban areas) is inelastic, but 
higher than the retail price-elasticity of demand tor fresh cassava in these 
two cities. In general, for the North coast region of Colombia, an increase 
in the producer price of 1 % will cause a decrease in cassava farm-Ievel 
demand of 2.4%. 

Table 3.2.-Estimates of Farm-Ievel Derived Demand, Price Transmission, and 
Substitution of Cassava in the North coast of Colombia at the Sample 

Means, 1980-1991 

Region 

North coast Urban Area -0.64 

Elasticity Estfmates 

Sc· 

0.26 3."(6 -2.41 

• a.., 

3.03 . __ ....... _ .. _ ... - ... __ .. __ .. _-_._ ..... _-_ ..... _-............ --.................. _.:... __ . __ . __ ._ .............................................. . 
Metropolitan Barranquilla -0.64 0.25 4.21 -2.69 3.38 

_ urban are~=- Cartage~ ___ -9:_~"_"_"._.~..:~~_ ... _._ .. ~:~~._~:.~_~ .. _,."_ .... _.~.:.~ .. ~ ..... _ .... 

Intermediate 
urban areas 

Santa Marta 

Sincelejo 

Monterla 

-0.64 

-0.38 

-0.38 

0.26 

0.34 

0.33 

1.64 

1.61 

1.59 

-1.05 

-0.61 

-0.60 

1.19 

0.73 

0.77 

• 11, == retail price-elasticity of demand for cassava (estimated in the section on fresh­
cassava consumption) 

• Se = farmer's share of the retail dallar (OC*PCjOF*PF) 

• 1: = elasticity of farm-retail price transmission 

d 1) .. = derived farm-Ievel price-elasticity of demand for cassava 

• Ofm = elasticity of substitution between farm and marketing inputs 
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The elasticity 01 farm-retail price transmission (1:) is elastic and relatively 
high for the case of cassava in the North coast 01 Colombia. The farm-retail 
elasticity 01 price transmission to metropolitan urban areas is higher than the 
farm-retail elasticity of price transmission to intermediate urban areas, as 
expected. The farm-retail price transmission for the North coast 01 Colombia 
is 3.8, meaning that an increase of 1 % in the producer price will cause a 
3.8% increase in the retail prices. It should be noted that the elasticity of 
farm-retail price transmission (1:) is higher 10r metropolitan urban areas than 
for intermediate urban areas. For example a 1 % increase in the cassava 
producer price, will be reflected in a 4.2% increases on retail fresh cassava 
prices in Barranquilla, while only will be reflected in a 1.6% in crease on retail 
fresh cassava prices in Sincelejo or Monterla. 

Again the elasticity of substitution between farm and marketing inputs 
(o/m) is higher tor the cassava that goes to metropolitan urban areas 
(Barranquilla and Cartagena) than for the cassava that goes to intermediate 
urban areas. The elasticity of substitution for the whole region is 3, meaning 
that i1 the price of cassava on the 1arm increases by' 1 % in relation to the 
costs of marketing, the use 01 marketing inputs will increase by 3% in 
relation to the quantity 01 cassava on the farm used. The elasticity 01 
substitution between farm and marketing inputs (o/m) is higher when the 
product goes to metropolitan urban areas than when it goes to intermediate 
urban areas. For example, a 1 % increase in the cassava producer prices 
relative to the cost 01 marketing services, will increase by 3.4% the use of 
marketing inputs in relation to the quantity 01 on-1arm cassava used, when 
the product goes to Barranquilla; but will only increase the use 01 marketing 
services in relation to the quantity 01 on-farm cassava used by 0.73, when 
the product goes to Sincelejo. 

3.3.2 Results 01 the Estimations with Wohlgenant Methodology 

Farm output data was taken 1rom annual publications of the Colombian 
Ministry of Agriculture (Anuario Estadfstico del Sector Agropecuario). Time 
series on producer prices were obtained 1rom CECORA, retail priees and the 
consumer price index to correet prices 10r inflation were obtained 1rom the 
Monthly Statistical Bulletin 01 DANE. Data on population comes 1rom the 
DANE publication, "Estadfsticas Municipales de Colombia, 1990". The 

• 
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marketing cost variable is an index that was calculated based on Janssen 
(1986) findings on the structure of fresh cassava marketing costs. He found 
that labor is the most important marketing margin component and accounts 
for 35% of the marketing costs; transport costs are the second most 
important component followed by deterioration which represent 15% and 
14% of marketing costs, respectively. According to these findings the cost 
of marketing index was calculated from time series on transport costs, 
obtained from COLFECAR (Federación Colombiana de Transportadores de 
Carga por Carretera); labor, which comes from the regional agricultural daily 
wages reported by DANE; packing material, are ''fique'' (sisal cord) sack 
prices collected from cassava production costs reported by INCORA; and 
cassava fresh consumer prices in the North coast, calculated from the prices 
reported by DANE, was used as a proxy for the deterioration costs. Fresh 
cassava prices were used as a proxy for the cost of deterioration because 
the amount of product that deteriorates in the marketing channel is wasted, 
and therefore, the market agent do not get pay for that product. If data 
would have been available for the price paid for the deteriorated product, 
which can be used for purposes other than fresh human consumption, the 
cost of deterioration could be calculated more accurately by subtracting this 
price from the fresh cassava consumer príce. The consumer demand 
elasticitíes for the construction of the retail demand shifter variable come 
from the estimations of fresh cassava consumer demand on this study, 
reported in the section on fresh cassava consumption in the North coast of 
Colombia. 

Seemingly Unrelated Regression (SUR) estimates of equations (3.12) 
and (3.13) without imposing symmetry and constant-returns-to-scale 
restrictions are displayed in Table 3.3. The parameter estimates are 
consistent with prior expectations. The retail demand shifter, measured by 
alnZ, has a positive effect in both farm and retail prices and is important in 
determining them, but especially in determining retail prices. Farm output 
has a negative effect on farm and retail prices, but the effect on retail prices 
is not significantly different from zero. The marketing cost index has a 
positive and significant effect on retail prices (<<=0.01) of fresh cassava as 
expected, but its effect on farm price is not significantly different from zero, 
implying that any decrease on marketing costs, caused by technological 
change or other factors. will decrease retaif fresh cassava prices benefiting 
fresh cassava consumers, but will have no effect on farm cassava prices. 
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Estimates fer the structural retail supply and farm-Ievel demand 
elasticities, given values for the retail demand elasticities, are reported in 
Table 3.4. 

Table 3.4.--Unrestricted Reduced-Form Econometric Estimates of Retail and 
Farm Product Prices, 1975-1991. 

Product 
Price 

Elasticity 01 Price with Respect to 

Farm Index of Retail 
Ouantity Marketing Demand 

(OC) Cost \'N) Shifter (Z) Intercept 

Retail -0.002 0.921 1.030 -0.029 

(-0.019)" (3.275) (3.793) (-0.909) 

Farm -0.344 0.218 0.678 -0.015 
(-1.740) (0.425) (1.370) (-0.252) . 

f 

• R' = Coefficient 01 Determination 

• DW = Durbin Watson Statistic 

, t-Statistics are in Parentheses 

R' • DW' 

0.62 2.75 

0.33 1.92 

The quantity of cassava supplied at the retaillevel is mainly affected by 
the cost of marketing. The results show that a decrease in the costs of 
marketing of 1 %, will increase the quantity of cassava supplied by 0.89%. 
The effect of consumer prices on cassava retail demand is smaller than one 
and only significantly different from zero at «=0.50. This result reflects the 
elasticity of supply of cassava at the farm-Ievel that was found to be 0.30 for 
the North coast Region and not significantly different from zero at a high 
confidence interval. 

On the other hand, the quantity of cassava demanded at the farm level 
is highly responsive to farm and retail prices. The elasticity of demand for 
cassava at the farm-Ievel with respect to farm prices estimated by the 
Wohlgenant methodology (-2.8) is similar to the one estimated following the 
George and King methodology (-2.4), meaning that an increase in producer 

, 
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prices of 1 % will reduce the farm-Ievel demand of cassava between 2.4 and 
2.8%. 

The demand of cassava at the farm is also affected by changes in the 
retaíl price, the results show that an increase in the retail prices of 1 %, will 
reduce the demand for cassava at the farm by 1.9%. The cost of marketing 
does not seem to significantly affect the farm-Ievel demand for cassava. This 
could be explained to a certain extent, by the fact that changes in the cost 
of marketing do not affect the farm level cassava prices, a11d therefore, 
should have no effect on the demand for cassava on the farm. 

Table 3.4.--Elasticity Estimates of Retail Supply and Farm-Level Demand for 
the North coast of Colombia. 

EJasticity Estimates t-Statistic 

EJasticity 01 retaiJ supply with 0.37 1.01 
respect to retail price (e,) t 

EJasticity 01 retail supply with 0.006 0.019 
respect to farm price (e.o,) 

EJasticity 01 retaiJ supply with -0.89 -1.74 
respect to marketing costs (e.,,) 

EJasticity 01 1arm-Jevel demand with -2.90 4.31 
respect to farm price (l1cr) 

Elasticity 01 1arm-leveJ demand with -1.91 -2.14 
respect to retail price (11",) 

Elasticity of farm-level demand with 1.12 0.82 
respect to marketing costs (11"",) 

EJasticity 01 substitution between 3.66 10.27 
farm and marketing inputs (a .. ) 

EJasticity 01 retail-1arm price 0.006 0.019 
transmission (1/~) 

Since the elasticity of substitution between farm and marketing inputs 
depends on the farm-Ievel price-elasticity of demand, and the estimated 
elasticity is similar with both methodologies, the estimated elasticities of 



substitution al so take similar values. The estimated elasticity of substitution 
between farm and marketing ínputs are quite large (3.7 and 3.0 whether the 
methodology of Wohlgenant or George and King is used, respectively), 
suggesting that substantial opportunities for substitution between marketing 
services and raw quantities of cassava at the farm appear to exist. 

3.4 CONClUSIONS ON FRESH CASSAVA MARKETING 

The demand for cassava at the farm level is mainly affected by cassava 
farm and retail prices, but in general, the response of farm-Ievel demand for 
cassava to changes in producer prices is higher than the response of retail 
demand for fresh cassava to retail price changes. The higher price demand 
elasticity tor cassava at the tarm level is related to the relatively high elasticity 
of tarm-retail price transmission. Therefore, small changes in prices at the 
farm level are reflected in large price changes at the retail level. This large 
change in fresh cassava prices at the retail level, in ,turn, causes a large 
change in the demand for fresh cassava at the retail lavel,which is reflected 
in a large change in the demand at the farm level. Therefore, the market 
observes a small change in price at the farm level, reflected in a large 
change in the demand for cassava at that level. "T:.he relatively high farm­
retail cassava price transmission, especially to metrcipolitan urban consumer 
areas, shows that the fresh cassava marketing channel does not absorb 
price fluctuations at the farm level, but reinforces them. 

Another characteristic of the fresh cassava market, is that there seems 
to exist substantial opportunities for substitution between on-farm cassava 
and marketing inputs. One example of substitution possibilities between on­
farm cassava and marketing inputs, is that it is possible to buy less cassava 
on the farm, but use a faster, probably more expensive, means of 
transportation. In this case, the same quantity of fresh cassava will reach the 
consumer than if more cassava is bought on the farm but slower, probably 
less expensive, transportation is used. This substitution between on-farm 
cassava and transportation inputs, explains that the market agent will accept 
that some of the product will deteriorate in the marketingchannel as far as 
on-farm cassava is relatively less expensive than the use of a faster 
transportation mean, that will reduce the deterioration of the product. 

• 

• 
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Even though, the fresh cassava market behaves as a competitive 
market, since there are a large number of traders who trade small volumes 
of cassava and that can easily enter or leave the market, there seems to be 
no obvious improvement of the fresh cassava market efficiency in the North 
coast of Colombia over the last eight years. As concluded befare by 
Janssen (1986), there are still big differences in the price of fresh cassava 
bet.ween regions, (Le. fresh cassava prices is Barranquilla are 34% higher 
than in Sincelejo) suggesting that there is lack of information and price 
transmission among cassava consumption regions, and therefore the market 
is inefficient. This lack of efficiency in the fresh cassava market, suggest that 
it does not approximate perfect competitive conditions. Therefore, the 
elasticity 01 supply of marketing inputs in the trade of fresh cassava is 
elastic, but not infinite as assumed by many previous studies. 

In terms of the supply of fresh cassava, the quantity of cassava 
supplied at the retail level is mainly affected by the cost of marketing, but 
does not show a strong response to changes on fresh;cassava retail prices 
and on-farm cassava prices. . t 

The estimation of the fresh cassava market parameters by using the 
two alternativemethodologies (George and King,:and Wohlgenant), are 
similar and not signi1icantly different from each otller. Therefore, the two 
alternative methodologies chose for the analysis of the fresh cassava market 
system are not exclusive, but complementary. 
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Even though, the fresh cassava market behaves as a competitive 
market, since there are a large number of traders who trade small volumes 
of cassava and that can easily enter or leave the market, there seems to be 
no obvious improvement of the fresh cassava market efficiency in the North 
coast of Colombia over the last eight years. As concluded before by 
Janssen (1986), there are still big differences in the price of fresh cassava 
between regions, (Le. fresh cassava prices is Barranquilla are 34% higher 
than in Sincelejo) suggesting that there is lack of information and price 
transmission among cassava consumption regions, and therefore the market 
is inefficient. This lack of efficiency in the fresh cassava market, suggest that 
it does not approximate perfect competitive conditions. Therefore, the 
elasticity of supply of marketing inputs in the trade of fresh cassava is 
elastic, but not infinite as assumed by many previous studies. 

In terms of the supply of fresh cassava, the quantity of cassava 
supplied at the retail level is mainly affected by the cost of marketing, but 
does not show a strong response to changes on fresh,cassava retail prices 
and on-farm cassava prices. . t 

The estimation of the fresh cassava market parameters by using the 
two alternativemethodologies (George and King,.:and Wohlgenant), are 
similar and not significantly different from each otfÍer. Therefore, the two 
alternative methodologies chose for the analysis of the fresh cassava market 
system are not exclusive, but complementary. 
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cassava producers in the region. The processing costs in the experimental 
phase showed that the fixed costs represented only 4.2 and 2.3% of total 
costs for plants with a drying floor of.500 and 1,000 m2

, respectively. The 
principal component of the variable costs was the raw material (cassava 
roots), which represented 95% of total variable costs. The second most 
important component was labor, followed by fuel, which accounted for 3.8 
and 0.3% of the total variable costs, respectively. 

2. The demonstrative or semi-commercial phase (1982-83). By 
1983, there were seven associations of small cassava farmers, which 
produced 946.3 MT of dry cassava and demanded 2,395.2 MT of cassava 
roots on the farm. Cassava demand in 1983 represented 0.6 and 1.0 % of 
the total cassava produced and commercialized, respectively in that year. 
Processing costs of the seven plants in 1983 show that average fixed costs 
accounted for 3.9% of total costs and ranged between 2.4 and 6.3%. 
Cassava accounted for 89% of the total variable costs on average and varied 
from 82.2 to 92.4%. Labor costs represented 6.6% of variable costs and 
ranged between 3.9 and 8.9%. t 

3. The replication or commercial phase (1984 to present). In 1991, 
approximately 142 drying plants were in operation' in the North coast of 
Colombia. From the 142 plants, 97 were owned by small cassava producer 
associations, and the remainder 45 plants, were exploited on a commercial 
basis. During 1991, these drying plants produced around 25,000 MT, which 
implied a demand of 62,500 MT of cassava roots. The demand for cassava 
by the drying plants represented in 1991 6.6% of the total cassava produced 
in the region, and 8.6% of the cassava commercialized. Processing costs 
for some of the drying plants in 1991, show that cassava, the raw material, 
accounted on average for 91 % of the total variable costs and the rest of the 
variable costs (9%) were mainly labor . 

Since the beginning of the 1980s, many publications have appeared 
about dry-cassava processing in the North coast of Colombia (Janssen, 
1986; Lynam, 1986; Cock et. al, 1990; Janssen anu Lynam 1990; Perez­
Crespo, 1991; Romanoff, 1991; Bode, 1991; Best et. al, 1991; Wheatley, 
1991; Brekelbaum, 1992; etc.), but the response of input demand to input 
and output price changes and the response of output supply to dry cassava 
price changes have never been investigated. As such, the main objective of 
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this section of the study is to understand and quantify these relationshíps in 
arder to estímate the overall impact of the drying technology on the demand 
tor the main inputs, cassava and labor, and to simulate the impact that this 
technology has had on the different groups of society in the area of 
influence. In additíon, the estimation of these parameters will be important 
in the future for the study of the impact of new cassava technology or 
government policies. 

4.2 METHODOLOGY 

4.2.1 Dried Cassava Processing Cosí Function Model 

The translog cost function was selected tor obtaining estimates of the 
effect of changes on output and input prices, on input demand and 
substitution possibilities in the dry-cassava industry. The translog cost 
tunction was proposed as an approximation to unknown cost or production 
functions. It is appropriate beca use it do es not impose stringent conditions 
on the parameters. A detailed discussion of the advantages of using the 
cost function approach over the estimation of a prom and/or a production 
function can be found in Binswanger (1974). A reviéw of other studies that 
usad the translog cost function can be found in Section 3.2.2. 

We assume that the dry-cassava industry has the following production 
function, 

(4.1) Od = f(Ocd, Op) 

where: Od = 
Ocd = 
Qp = 

quantity of dry-cassava produced, 
quantity of cassava, 
quantity of processing services. 

According to the cost structure of the dry-cassava industry, it follows 
that most of the variable costs of processing, afier the cost 01 cassava is 
subtracted, are represented by labor costs. Therefore, a proxy for Op could 
be the quantity of labor used in the dry-cassava processing. 

= 
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We al so assume that the dry-eassava industry shows the following cost 
function, 

(4.2) Cd = Cd(Od, Ped, Pp) 

where: Cd = 
Pcd = 

Pp = 

cost of dry-eassava processing. 
price of the cassava roots paid by the dry-eassava 
industry, 
the price of processing costs (a proxy of this price 
will be day-Iabor wages). 

According to Ray (1982), the cost function for the dry-cassava industry 
in its trans-Iogarithmic form is the following: 

(4.3) InCd = aO + ad*lnOd + add*(InOd)2 + bcd*lnPcd + bp*lnPp 
+ 1 j2*bcdcd*(lnPcd)2 + 1 j2*bcdp*(lnPcd*lnPp) + 
1 j 2 * b p P * ( I n P p ) 2 + 1 j 2 * b P cd * ( I n P p * I n P c d ) + 
bcdd*(lnPcd*lnOd) + bpd*(lnPp*lnOd) f 

This translog (dual) cost function can be regarded as a quadratic 
approximation to the unspecified "true" cost functiofl. In this context, 

(4.4) bcdp = bpcd 

Ray (1982) points out that one problem with multi-input cost functions 
is that, even for a few inputs, the number of parameters to be estimated is 
large. Moreover, with time-series observations needed tor so many variables, 
it is likely to encounter severe multicollinearity problems and the estimation 
of the cost-function as a single-equation model may be either impossible or 
inappropriate. Therefore, estimating the full dual system (the cost and share 
equations together) is more efficient and compensates for the information 
inadequacy in equation (4.3) alone. 

Assumíng that processors choose a cost minimizing combination of 
factors, and differentiating equation (4.3) using Shephard's lemma gives the 
following cost share equations: 

(4.5) Scd = bcd + bcdcd*lnPcd + bcdp*lnPp + bcdd*lnOd 



(4.6) 

where: 

Sp = bp + bpp*lnPp + bpcd*lnPcd + bpd*lnOd 

Scd = (Pcd*Ocd)jCd 

Sp = (Pp*Qp)jCd 

In order for the trans-Iogarithmic cost function to be linearly 
homogeneous in input prices, the cost function model has to include the 
following restriction. 

(4.7) bp = (1-bcd). 

Based on the parameters estimated with the cassava drying-industry 
cost-function, the own-price and cross-price elasticities of demand for inputs 
(1'111' 1'1lj), the Allen partial elasticity of substitution between cassava roots and 
processing services (OfP)' which are mainly labor, and the price-supply 
elasticity of dried cassava can be estimated according with the derivations 
showed in Section 3.2.2. t 

4.2.2 Dried Cassava Supply Function 

A dried cassava supply function can al so be estimated as a function 
of the priceof inputs and the price of the output. This approach for 
estimated dry-cassava supply, permits the estimation of the own-price 
elasticity of supply of dried-cassava (~) without assuming marginal cost 
pricing for the output. Therefore, the dried cassava supply function is 
specified as, 

(4.8) Qd = f(Ps, Pcd, Pp) 

Since the best fitting functional form could not be determined a priori, 
the dry cassava supply function was estimated by using three different 
functional forms (linear, semí-logarithmic, and double-Iogarithmic), and the 
best fitting function was selected for further. analysis. The estimated own­
price elasticity of supply of dried cassava with the two alternative 
methodologies, with and without the assumption of marginal cost pricing, are 
compared. Additionally, the elasticities of supply of dried cassava with 



respect to the price 01 cassava roots and processing services (edcd and edp , 

respectively) were estimated. 

4.3 EMPIRICAL RESUL TS 

4.3.1 Results 1rom the Estimation 01 the Dry-Cassava Processing Cost 
Function 

The translog cost function was estimated with annual time series data 
obtained from the DRI-CIAT Cooperative Project on Agro-Industrial 
Development of Cassava in the Atlantic coast of Colombia Annual Reports 
(1981-91). The estimated parameters of the translog cost function system 
(equations 4.3,4.5, and 4.6), with restrictions (4.4) and (4.7), are reported in 
Table 4.1. 

Table 4.1.--Estimated Coefficients of the Translog Cost Function, 1981-1991. 

Parameter Value t-Statistic 

AO (intercept) 0.13217 1.13 

AD 0.04160 1.86 

ADD -0.00020 -1.31 

BP 0.08522 9.23 

BPP 0.00338 1.18 

BPD 0.00150 1.95 

BeDD -0.00490 -2.34 

The parameters estimated by the translog cost function do not have a 
clear economic meaning, but as could be expected the co~t 01 processing 
dried cassava is. mainly explained by the price of inputs and quantity 
produced. The interactions between the quantity of dried cassava produced 
and the price of the factors of production are also important in explaining the 
costs 01 processing dried cassava. According to Section 3.2.2, the 
estimated parameters of the cost function can be used to estimate the own-



priee elastieities of demand of eassava (11 00) and proeessing serviees 
(proeessing labor) (11 p) , the eross-priee elastieities of demand for eassava 
roots with respeet to the priee of proeessing services (11ooP) and for 
proeessing services with respeet to the price of cassava (Tlpoo) , and the 
elasticity of substitution between eassava and processing serviees ofp' By 
assuming marginal cost pricing for the outputs, the elasticity of supply of 
dried cassava (ea) can also be' estimated. The estimated elasticities with their 
respective t-statistics are reported in Table 4.2. 

The estimates of own-price efasticities of demand for inputs show that 
this demand is inelastic « 111). However, the elasticity of demand for 
processing labor is higher than the one for cassava roots. If the cost of 
processing services increases by 1 %, its demand will decrease by 0.87%, 
but if the cost of cassava increases by 1 %, its demand will only decrease by 
0.08%. 

The cross-price efasticities of demand show that the response to 
changes in the price of cassava is greater than the response to changes in 
the price of processing services. An increase in the price of cassava of 1 %, 
will in crease the demand for processing services by 0.87%, but an increase 
in the price of processing services by 1 %, will only i['crease the demand for 
cassava by 0.08%. . 

The elasticity of substitution of 0.96, shows that the dried cassava 
processing industry has a production function that approximates a Cobb­
Douglas production function2

• An elasticity of substitution of 0.96, mean s 
that when the price of cassava increases by 1 % relative to the price of 

2 The Cabb-Oauglas productian functian is widely used in economic analysis and 
may be expressed as, 

Q = Ax,-x.-
where Q is the output, x, and x.., are the inputs, and ex and ~ are the elasticities of supply 
of output with respect to input quantities. The Cobb-Douglas production function ís 
homogeneaus of degree ane, the marginal praduct of both inputs is homogeneous of 
degree zero. Thís praduction functíon ís also positively valued, increasing, and regular 
strictly quasi-concave aver the domain x" x.., > O. For more details on this type of 
functian see Hendersan and Quandt, 1980. 
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processing services, the quantity of processing services used will increase 
by 0.96% relative to the quantity of cassava use by the industry . 

The own-price elasticity of supply of dried cassava estimated by using 
the cost function approach and by assuming marginal cost pricing, shows 
that the supply of dried cassava is elastic (e". > 1), which mean s that an 
increase in the price of dried cassava will produce a more than proportional 
shift in the supply of dried cassava. The estimated value for the supply 
elasticity, of 1.92, means that an increase in the dried cassava price of 1 %, 
will increase its supply by 1.92%. 

Table 4.2. Own-price and Cross-price elasticities of Demand for Inputs, 
Elasticities of Substitution between Pairs of Inputs, and Output-supply 

Elasticities for the Dried-Cassava Industry at the Sample Means. 

Elasticity Estimate 

Own-price elasticity of demand for processing 
services (TI.) 

Own-price elasticity of demand for cassava roots (TI .. ) 

Cross-price elasticity of demand for processing 
services with respect to the price of cassava roots 
(TI"",) 

Cross-price elas.ticity 01 demand for cassava roots 
with respect to the price of processing services (TI",.) 

Elasticity 01 substitution between cassava roots and 
processing services (a .. ) 

Own-price elasticity of supply of dried cassava (e,,) 

Value t-Statistic 
, 

-G.87 -26.92 

-0.08 -26.92 

'" 0.87 26.92 

0.08 26.92 

0.96 26.92 

1.92 52.23 

4.3.2 Results from the Estimation of the Dry Cassava Supply Function 

The supply' of dried cassava was also estimated with annual data 
obtained from the DRI-CIAT Agro-industrial Cooperative Project Annual 
Reports (1981-91). The parameter estimates for the function of supply of 
dried cassava in its three different functional forms are reported in Table 4.3. 
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Results from the Linear and Semi-Iog functional forms of the model 
show that the supply of dry cassava is. highly responsive to the price of 

. inputs (cassava roots and processing labor), but less responsive to the price 
01 dry-cassava. The results of the double-log functional form of the supply 
01 dried cassava are different not only in the sign of the relationships, but 
al so in the magnitude and degree of significance. When the supply of dried 
cassava is estimated with a double-Iog functional form, the price of cassava 
and the price of the output (dried-cassava) are the factors that have a larger 
influence in the supply of dried cassava. The results of the estimation of the 
supply of dried cassava using the double-Iog functional form, should be 
looked at with caution since the Durbin-Watson statistic shows that there 
may be a problem of serial autocorrelation. Therefore, the elasticities of 
supply of dry cassava will not be estimated with the results obtained from the 
double-Iog functional formo 

Table 4.3.--Dried Cassava Supply Function Parameter Estimates 
. t 

Parameter Estlmates 

Consto Pda Pedb Pp' R2 d DW 

Unear Model 28217 220 -1897 -1.38: 0.70 1.95 

(1.09)" (0.85) (-2.10) (-2.14) 

Semi-Iog Model 143960 8290 -31724 -10210 0.80 2.33 

(1.58) (0.67) (-2.80) (-3.03) 

Oouble-Iog 15.40 9.76 -16.62 -0.41 0.80 1.79 

(0.40) (1.88) (-3.48) (-0.29) 

• Pd = Dried-cassava Priee ($/MT) 

b Pcd = Price paid for Cassava ($/MT) 

, Pp = Cost 01 Proeessing Dried Cassava ($/MT) 

d R2 = Coeffieient 01 Determination 

• DW = Durbin Watson Statistic 

, t-Statistics are in Parentheses 

" 
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The own-price elasticity of supply of dried eassava (ed), the elastieity 
of supply 01 dried cassava with respeet to the price 01 cassava (edcd), and the 
elasticity 01 supply of dried cassava with respect to the cost 01 proeessing 
(e,¡p), can be estimated from the parameter estimates reported on Table 4.3, 
and are presented on Table 4.4. 

Table 4.4.--Elastieities of Supply 01 Dried Cassava Estimated at the Sample 
Means. 

Functional Form e" e_ b 

• 
Unear Model 2.53 -5.58 

(0.85)" (-2.10) 

Semi-Iog Model 1.76 -6.72 

(0.67) (-2.80) 

" e. = own-price elasticity of supply of dried cassava I 

-1.93 

(-2.14) 

-2.16 

(-3.03) 

• e- = elasticity of supply of dried cassava with respect to the price of cassava 

e e.. = elasticity of supply of dried cassava with respect to tlJe cost of processing 

d t-Statistics are in Parentheses 

The estimates for the own-price elasticity of supply of dry cassava 
estimated by the supply function are similar to the ones estimated with the 
cost function approach. The semi-lag function model is preferred to the 
linear model since the first one has a higher R2 value. The own-price 
elasticity 01 supply of dry cassava estimated with the semi-lag supply 
function equals 1.76. meaning that an increase of 1 % in the price 01 dry 
cassava will increase its supply of 1.76%. This elasticity is similar to the one 
estimated with the cost function approach. which is equal to 1.92. 

The response of the supply 01 dry cassava to changes in the farm-Ievel 
price 01 cassava is high. An in crease in 1arm-level cassava prices of 1 %. will 
decrease the supply 01 dry cassava by 6.7%, at a significance level of 
ex = 0.001. The response of the supply of dry cassava to changes on the cost 
of processing labor is al so significant (a: = 0.001) and high. An in crease in 
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the cost of processing of 1 % will decrease the supply of dry cassava by 
2.2%. 

4.4 CONCLUSIONS ON DRIED CASSAVA PROCESSING 

The main inputs for dried cassava processing, according to the dried 
cassava índustry cost structure, are cassava roots and processíng labor. 
The demand tor these two inputs is inelastic, meaning that an increase in 
their prices produces a less than proportional decrease on the quantity 
demanded. 

On the other hand, the supply of dry cassava with respect to its own 
price and the price of the inputs is elastic, meaning that an increase in the 

. price 01 dry cassava andjor the price of cassava roots and processing labor, 
will produce a more than proportional increase andjor decrease on the 
quantity of dry cassava supplied, respectively. Theelasticity of supply of dry 
cassava is more responsive to the price of the inputsttha~to its own price. 
The lower response to its own price could be related to the fact that in 
general, the price of dry cassava is fixed to the price of sorghum (Pd ~ 
0.8*Price of sorghum). . 

The own-price elasticities of supply of dry cassava estimated with the 
two alternative methodologies does not differ significantly. The dry cassava 
supply elasticíty estimated with the cost function approach, assuming 
marginal cost pricing of the output, is in the range between the two 
elasticities of supply estimated with the dried cassava supply function. 

There seems to exist possibilities of substitution between cassava roots 
and processing labor. The estimated elasticity of substitution between these 
two inputs of 0.96, shows that the dry cassava industry production function 
approximates a Cobb-Douglas function (olp ..... 1). 

: 



5. FRE5rl CA5.3AVA CONSUMj-lTiON IN The 
NORTH COAST OF COLOMBIA 

Cassava is an important traditional food staple in the North coast of 
. Colombia, but particularly in the rural sector and for low in come people of 

urban areas. The root is consumed mostly for human consumption in its 
fresh form (cooked or fried). 

During the early 1980s, the role of cassava diminished due to the 
urbanization process and the improvement of infrastructure, which facilitated 
the importatíon of products grown outsíde the regíon, such as potato. 
Janssen (1986), found that. fresh cassava consumption fell strongly 
especially in the more urbanized areas, and that the marketing problems of 
the crop, which caused unfavorable retail prices in the urban areas, were 
responsible for that decreased consumption. According to the fresh cassava 
consumption survey conducted by Janssen (1986), fresh cassava 
consumption fell in urban metropolitan areas by 45% between 1980 and 
1983. Data from the DANE Household Survey of 198;;, show an additional 
decrease in fresh cassava consumption of 2% betWeen1983 and 1985. 
Wheatleyand Izquierdo (1991), argue that the decrease in consumption, to 
a major extent, had been a response to the failure of cassava to make the 
transition from a rural to an urban staple. Its rapid poSt-harvest deterioration, 
makes it inconvenient, of poor quality, and expensive in urban areas. Most 
of the studies on fresh cassava consumption in Colombia and in the North 
coast region of the country, show that the fresh cassava consumption has 
an inelastic but significant response to price changes. Its consumption does 
not depend on income, although consumption levels and price-elasticities of 
demand are higher for the poor. 

Socio-economic studies, as part of the Integrated Cassava Project, 
developed by CIAT, suggested that efforts to promote cassava production 
coupled with efforts to improve and open new markets would decrease and 
stabilize prices, which subsequently would increase production and therefore 
put downward ¡:-~essure on retail prices, and increase fresh cassava 
consumption. The objective of this section of the study is to measure and 
analyze the actual fresh cassava consumption and compare it with 

60 
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consumption figures tor the 1980s, in order to test the hypothesis that 
broadened markets would indirectly increase fresh cassava consumption. 

In order to measure and analyze actual fresh cassava consumption, a 
household survey was conducted in three representative cities 01 the North 
coast of Colombia (Barranquilla, Santa Marta, and Sincelejo). These three 
cities were selected on the basis of differences in urbanization and behavior 
of fresh cassava consumer príces in the last 20 years in these cities. 

Barranquilla is the most important metropolitan area of the region with 
an estimated population of 1,311,377 habitants in 1991. A simple regression 
01 consumer prices on time, show that from 1970-1983 there was a tendency 
for prices to increase at arate of 9.5% per year in Barranquilla, while after 
1983, there was an annual tendency 01 prices to decrease at an annual rate 
of 22%. 

Santa Marta, an intermediate urbanized tourist city of the region with 
an estimated 1991 population 01 278,885 habitants, show a different price 
behavior than the other dties 01 the region. Cassava consumer prices in 
Santa Marta increased at an annual rate of 11.7% trom 1970-1983, and after 
1983, cassava consumer prices continued to increa$e but at a lower rate of 
7.6%. ". 

Sincelejo is also an intermediate síze city located in one of the most 
important cassava production are as of the region, but with a lower degree 
01 urbanization than Santa Marta and with an estimated population of 
163,442 people in 1991. Cassava consumer prices in Sincelejo showed a 
significant decrease of 4% per year between 1970-1983, but after 1983 they 
remain unchanged. 

The sample of the study was selected based on the DANE 
Socioeconomie Classification of the eities of Colombia. From the six 
soeioeconomic groups, the four lower income groups, which aeeount for 
94% of the total population, were seleeted. The tour groups are low-Iow (1), 
low (11), medium-Iow (111), and medium (IV). In eaeh soeioeconomie group, 
the number ot blocks to be surveyed were determined based on the number 
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of blocks in each socioeconomic group per city; and in each selected block, 
four homes were surveyed (one home in each face of the block):>. 

5.1 EVOLUTION OF FRESH CASSAVA CONSUMPTION IN THE LAST 
OECAOE ANO ITS RELATIV61MPORTANCE 

Table 5.1 shows that during 1983, fresh cassava consumption was 
lower in Barranquilla, an urban metropolitan area, than the consumption of 
other caloric sources such as rice, plantain, and potatoes; while in Sincelejo, 
an intermediate city, cassava was in third place after rice and plantain 
consumption. According to the 1991 fresh cassava consumption survey, the 

Table 5.1.-Average Consumption of Starchy Food Crops in Barranquilla and 
Sincelejo, 1983 and 1991. 

Food Barranquilla ,$incelejo 
Crop 

1983" 1991" % Change 1983 1991 % Change 

Consumption (Kg per capita/year) 

Rice 69.4 54.1 -22.05 71.4 63.0 -11.76 

Yam 30.5 19.3 -36.72 30.8 46.1 49.68 

Potato 36.6 35.5 -3.01 35.0 31.1 -11.14 

Plantain4 64.4 40.8 -36.65 76.6 68.7 -10.31 

Cassava 30.5 40.9 34.10 53.5 75.9 41.87 

• Source: Gassava consumption survey among purchasers and producers, CIAT, 1983. 

"Source: Fresh Cassava consumption survey, Cassava Economics, CIAT, 1991 . 

3 For a more detailed account 01 the sampling procedure used, see Perdomo and 
Henry (1992). 

• For the case of plantain, the comparison depends on the conversion of plantain 
units to Kg. For purposes of this study a conversion coefficient of 0.296 Kg/unit of 
plantain was used, which is the average weight of different varieties of plantain. 
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relative importance of eassava has changed and eassava with plantains is 
now in second place in Barranquilla, showing the highest per capita 
consumption in Sincelejo, even higher than rice consumption. These results 
suggest that cassava has renewed its importance in the North coast's urban 
population nutrition. An important factor that may have influenced the 
increase in the relative importance of cassava in the region is the significant 
decrease in price of cassava relative to other starchy products, su eh as 
potato, rice, and plantain. 

Table 5.2 shows that, on average, in the North coast's major cities, the 
price of cassava relative to the price of potato, rice, and plantain has 
decreased by 45, 32, and 56%; respectively. For the specific case of 
Barranquilla the same behavior in relative prices can be observed; but the 
decrease in relative cassava prices is lower. For the case of the price of 
cassava with respect to rice, the relative price did not change significantly. 
To a certain extent, this can be explained sinca rice is still tha product with 
the highest per capita consumption in Barranquitla .. These data suggest that 
cassava's relative importance in the nutrition of the peciple in the North coast 
of Colombia has improved and is revarsing from its position during the early 
19805. This change in importance, in part can be explained by the change 
in the price of cassava substitutes. As such, this wül be analyzed further in 
the next section of the study. 

Table 5.2.-Change on the Relative Consumer Price of Cassava in the Last 
Decade in the North Coast Cities and Barranquilla 

Relative Price 

North Coast Regían Barranquílla 

1981 1991 % Change 1981 1991 %Change 

Cassava/Patato 0.82 0.45 45.12 0.85 0.56 -34.12 

Cassava/Ríce 0.39 0.32 -17.95 0.38 0.37 -2.63 

Cassava/Plantaín 1.09 0.57 47.71 O.9S 0.50 47.92 

Source: DAN E, Boletrn de Estadrstica. 
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Tables 5.3 and 5.4 show the evolution of cassava consumption in 
Barranquilla and Sincelejo. Cassava consumption in Barranquilla, reached 
its lowest level of 30.5 Kg per capita in 1983 after decreasing by 46% from 
its 1980 level. This decrease in consumption can also partly be explained 
by the increase in cassava prices of 22% from 1980 to 1983. After 1983, 
cassava consumption in Barranquilla began to increase again reaching a 
level 0140.9 Kg per capita in 1991, with an increase 01 34% from 1983. This 
increase in consumption can also in part be explained by the change in 
prices, which decreased by 50% from 1983 to 1991. Cassava consumption 
in Sincelejo also reached its lowest level in 1983 after a price increase of 
26% 1rom 1980. Consumption also increase to 76 Kg per cap ita in 1991 as 
a response to a decrease on prices of 52% from 1983 to 1991. 

Data on cassava consumption in Santa Marta 10r 1980 and 1983 do 
not exist, but the 1991 survey results show that cassava consumption 
increased from 33.3 Kg per capita in 1987 to 34.9 Kg per cap ita in 1991 
(1.2%) after a price decrease of 31 %. 

t 

Table 5.3.-Fresh Cassava Consumption and Price Evolution in Barranquilla 

Year Fresh Cassava Consumption FreshCassava Consumer Price 

(Kg per %Change 1988 Constant %Change 
capitajyear) Prices ($jKg) 

1980 56.3" 80.92· 

1983 30S -45.83 98.32 21.50 

1987 39.5" 29.51 70.92 -27.87 

1991 40.9" 3.54 52.54 -25.92 

" Source: Cassava consumption survey among purchasers and producers, CIAT, 1893. 

" Source: Fresh Cassava Consumption Survey, Cassava Economics, CIAT, 1991 . 

• Source: CAN E, Boletln de ':stadlstica. 
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Table 5.4.--Fresh Cassava Consumption aod Price Evolutioo io Sincelejo 

Year Fresh Cassava Consumption Fresh Cassava Consumer Price 

(Kg per % Change 1988 Constant %Change 
capitalYear) Prices ($/Kg) 

1980 59.7" 63.11) 

1983 53.5" -10.39 79.40 25:71 

1987 76.4" 42.80 58.80 -25.94 

1991 76.0' -0.52 38.03 -35.32 

• Source: Cassava consumption survey among purchasers and producers, CIAT, 1983. 

• Source: Fresh Cassava Consumption Survey, Cassava Economics, CIAT, 1991 . 

• Source: DANE, Boletln de EstadIstica. 

t 

These results suggest that cassava consumption has significantly 
increased in the late 1980s as a response to the change in owo price and 
prices of its substitutes. On the other hand, ¡ocome per capita, accordiog 
to DANE figures, increased only by 0.3% from 1980 to 1989. This suggest 
that there was no income eftect in the increase of cassava consumption in 
the North Coast during the last decade. lo order to better analyze the 
relationships between cassava consumption and cassava prices, income, 
prices of substitutes, and urbanization, and to validate the aboye results a 
simple regression model for cross-sectional and time-series data was 
construeted. 

5.2 ECONOMETRIC ANALYSIS OF FRESH CASSAVA DEMAND 

G.2.1 Cross-Seetional Analysis 

A eross-sectional analysis of fresh cassava eonsumption was 
conducted with data obtained from a household consumption survey 
conducted by the Cassava Economics Seetion, CIAT in 1991. 

;. 

~ 

. 
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In order to study the income effect on fresh cassava consumption, the 
households surveyed were c1assified by income level, according to the DANE 
socioeconomic classification. For each income strata, a double-Iogarithmic 
regression of cassava consumption on cassava price, the price of 
substitutes, and income was estimated. 

Results from the estimation of the fresh cassava consumption function 
by income strata are reported in Table 5.5. These results show that fresh 
cassava consumption is higher for the low income group and decreases for 
higher income groups, suggesting that cassava is relatively more important 
for the poor than for the rich. In al! income groups, the response to price is 
significantly different from zero; and increases in absolute terms as the 
income increases, but for the highest income stratagroup it begins to 
decrease again. 

Table 5.5.-lncome Effect on Average Cassava Consumption in the Urban 
North Coast of Colombia, 1991.: 

Income Strata 

1 (Low-Iow) 

11 (Low) 

111 (Medium-Low) 

IV (Medium) 

, ~ = 0.01 

b ~ = 0.05 

, ~ = 0.10 

Average Cassava 
Consumption 

(Kg per 
capitajyear) 

48.1 

45.3 

39.2 

35.2 

Price-
Elasticity of 
Demand (11,) 

-0.57' 

-0.67' 

-0.90' 

-0.64' 

• n.s. = non significantly different from zero (~ > 0.25) 

Income- Number 
Elasticity of of 
Dernand (~,) Observations 

0.47' 141 

0.29b 177 

n.s." 269 

-0.43' 152 

The size of the estimated price-elasticity of demand for fresh cassava 
and their pattern of response to price changes by income group are 
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consistent with the results obtained by Sanint, et al. in 1985. In terms of 
response of fresh cassava consumption to income, poor eassava consumers 
tend to react more to income changes than rich consumers. As people have 
higher incomes they tend to respond less to income ehanges, meaning that 
for the rich consumers an in crease in income would not be reflected by an 
inerease in fresh cassava consumption. For the highest ineome group, the 
effect of ineome on eassava consumption is negative, meaning that for the 
richer people cassava begins to behave as an inferior good. As income 
inereases for that group cassava consumption will deerease. 

The results of the estimation of the double-Iog function for fresh 
cassava consumption in the three surveyed cities and for the urban area of 
the region (represented by the three eities surveyed) are reported in Table 
5.6. Data show that there are differences in fresh cassava consumption in 
the three eities, but the level of urbanization do not explain these differences. 
For example, cassava consumption is higher in Sineelejo, the less urbanized 
city of the three, but cassava eonsumption in Santa Marta is lower than the 
consumption in Barranquilla, which is the more urbanieedcity of the region. 
However, the different eonsumption levels between the three cities can be 
explained by the differences in eassava prices, and the priees of their 
substitutes. Sineelejo, the city with the highest p§!r cap ita consumption, 
shows the lowest fresh cassava retail price. In 1991, fresh eassava priees 
in Sineelejo were on average 27.5 and 35.4 % lower than prices in 
Barranquilla and Santa Marta. respectively. On the other hand, patato prices, 
an important cassava substitute, in 1991 for Sineelejo were 1.98 and 6.58 % 
higher than potato prices in Barranquilla and Santa Marta, respectively 
(DAN E, Boletín de Estadfstica). Therefore, cassava consumption in 
Sineelejo is higher, where cassava prices are lower and the prices of its 
substitutes are higher. The opposite ean be shown for Santa Marta, whieh 
has the lowest per eapita consumption of fresh cassava. Santa Marta is the 
city with the highest fresh cassava priees and the lowest substitute prices of 

. the three cities surveyed. 

Price-elasticities of demand for the three eities are si\,lnificantly different 
from zero (u s 0.20), showing that fresh cassava consumers do respond to 
price changes. The response to income changes vary between the three 
cities and can be explained by differences in average income levels. 
Since/ejo, the city with the lowest per capita expenditure (267,327 $.Col per 
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capitajyear) has a positive and significant (tt = 0.05) response to income 
changes. But as the income level of the population increases, which is the 
case of Santa Marta (290,558 $.Col per capitajyear), the response to income 
changes becomes non significant (/% > 0.25). In the case of Barranquilla, the 
city with the higher income level (332,222 $.Col per capita/year), cassava 
begins to behave as an inferior good and therefore an increase in income 
will be reflected in a decrease af fresh cassava consumption. The estimates 
with cross-sectional data do not capture any significant response of fresh 
cassava consumption ta substitute· price changes, but answers to the 
opinion questions show that 75.6 and 73 % of the consumers identify potato 
and plantain, respectively, as the most important substitute products for 
cassava (see Table 5.7). 

Table 5.6.--Fresh Cassava Consumption in Three Cities of the North Coast 
of Colombia. 

City 

North Coast 
Urban Region 

Sincelejo 

Barranquilla 

Santa Marta 

• e = 0.01 

• e:; 0.05 

e e = 0.20 

d e = 0.25 

Average Cassava 
Consumption 

(Kg per capitafyear) 

41.57 

76.4 

40.9 

34.9 

Price-
Elasticity of 
Demand ("11,) 

-0.71' 

-1.27" 

-0.65" 

-0.64· 

• n.s. = non significantly different from zera (/Z > 0.25) 

Income- Number 
Elast{city of of 
Demand (~,) Observations 

f1.s" 739 
.-

0.56" 184 

-O.15d 297 

n.s: 258 
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Table 5.7. Principal Cassava Substitute Products in the Urban Area of the 
North Coast of Colombia 

Product Percentage of 
respondents that 

substitute this product for 
Number of Observations 

cassava 

Potato 75.6 86 

Plantain 73.0 89 

Rice 34.9 86 

Yam 20.9 86 

Bread 19.3 88 

Corn 17.2 87 

Noodles 16.1 87 

5.2.2 Time-series Analysis t 

A time-series analysis of cassava consumption was also conducted for 
Barranquilla and Sincelejo, where it is possible to Qbtain biannual data on 
fresh cassava consumption through the different consumption surveys 
conducted in the city. Per capita fresh cassava consumption figures were 
obtained from Janssen (1986), DANE (1981 and 1985), and CIAT, Cassava 
Economics (1991) and regressed against consumer prices, an index of the 
priee of substitutes (potato, plantain, and rice), and income per capita. Data 
on prices and income were obtained from DANE. The best fitting model was 
a double-Iogarithmic model and the results are shown in Table 5.8. 

The results from the time series estimation provide additional support 
to the eonclusion that own-price and the price of substitutes are the most 
important factors that explain fresh cassava eonsumption in the North Coast 
of Colombia. The impaet of the level of urbanization on the demand for 
fre.sh cassava is an indirect consequence of the effeet of urbanization on 
eassava prices, because marketing Iimitations of the product make it 
expensive in urban areas. Cassava substitute products, on the other hand, 
do not have the same marketing problems as cassava and therefore are 
relatively cheaper than cassava in urban areas, which also contributes to the 

• 
. . 
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negative effect of urbanization on fresh cassava consumption. It is important 
to clarify that urbanization does not have a direct impact on fresh cassava 
consumption, but has an indirect effect through its influence on retail 
cassava prices and the price 01 its substitutes . 

Table 5.8.--Estimated Elasticities from Time-series Data 10r Fresh Cassava 
Consumption in Barranquilla and Sincelejo, 1980-1991. 

Barranquilla Sincelejo 
Parameter 

Estimate 

Own price·elasticity of demand (1'1,) -0.64 -0.38 

. ___ ._. __ . __ ._. ___ .. _ .. _. ___ ._ .......... __ ............... _._._._. ____ .. (~~.:~D.: ..... ___ .. _ .. _ ..... _ ...... ~~~.:.~~.L .................. . 
Cross-price elasticity of demand 1.04 0.42 

.~~~!:...~~E~~ ... ~<?..subs~~~~~.~~'!L .... _._ .... _ ....... _ .... _ ... _ ._ ..... i.~:.~.~2 .... _ .. _ .......... _ .. _ .. __ ....... _ .. _(~.:.~..?! ...................... . 
Income elasticity of demand (t,) ·1.13 -0.29 

(.1.06) t (-0.78) 

• t·Statistics are in Parentheses 

5.4 CONCLUSIONS ON FRESH CASSAVA CONSUMPTION 

Three important issues can be concluded about fresh cassava 
consumption in the last decade. First, fresh cassava consumption per cap ita 
increased, especially for low income people, after a decrease during the 
early 1980s. Second, there had been a significant decrease in 1resh cassava 
prices and in their fluctuation. And third, the price of cassava sUbstitutes, 
potato and plantain mainly, increased, decreasing the relative price 01 
cassava with respect to the price 01 its substitutes even more. These 
changes in fresh cassava coosumption suggest that cassava has renewed 
its importance as a calorie source in the nutritíon 01 the urban population of 
the North Coast 01 Colombia, but especially for the poor urban eonsumers. 

The absolute level 01 1resh cassava consumption varies between the 
different cities 01 the region. The variation in the quantity of fresh cassava 
consumed among the different eities is mainly a response to differences in 



fresh cassava prices and the price of its substitutes, and to a certain extent, 
to differences in income level. 

The analysis of fresh cassava consumption show that even though 
there is no income effect for the increase of cassava consumption over time, 
there are differences in the absolute level of consumption among different 
income groups and cities with different average income levels. Poor people 
tend to consume higher absolute levels of-fresh cassava than rich people, 
but react less to price changes. Although cassava is not considered as an 
inferior good for poor people, once a certain level of income is reached it 
starts to behave as an inferior good. This means that if the income level 01 
already rieh people inereases, the demand for fresh eassava will decrease, 
but the opposite will happen in the case of poor people. 

On the other hand, fresh cassava consumption shows a significant 
response to ehanges in its own priee and the price of substitutes. This 
response to price ehanges is more significant for pric~ changes over time 
than for priee differenees at a point in time. - t 

Even though the level of urbanization has an effeet in the eonsumption 
of fresh eassava, as suggested by previous studies, tlJe effect of urbanization 
is an indireet effeet. Since cassava is a "produet with serious 
eommercialization problems because of it rapid post harvest deterioration, 
its marketing is more expensive than the marketing 01 its substitute products. 
The rapid deterioration 01 1resh cassava makes it an expensive product in 
urban areas, espeeially when compared with the priee 01 its substitutes. 
Sinee the priee of eassava is lower in rural production areas than in urban 
metropolitan cities, 1resh cassava consumption in urban areas is lower than 
in rural areas. 

• 
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6. WELF/.F1:::: ANAL YSIS 

6.1 BENEFITS OF THE ADOPTION OF CASSAVA TECHNOLOGY IN THE 
NORTH COAST OF COLOMBIA 

6.1.1 A model of the Cassava System in the North Coast of Colombia 

A model of the cassava system in the North coast of Colombia was 
constructed to simulate the impact of the adoption of cassava technologies 
in the region. This simulation is important because it allows to: (1) calculate 
the net benefits to society from the adoption of technology, (2) distribute the 
benefits from technology between producers, market agents, processors, 
and consumers, and (3) differentiate the benefits that are due to the 
establishment of the cassava drying industry, the adoption of improved 
production technology, and to other exogenous factors such as the land 
reform or the improvement of credit availability to small farmers. 

The simulation model selected for this studY is· a linear-in-Iogs 
equilibrium displacement model, as named by Alston. These type of models 
were first used by Allen (1938), Hicks (1957), and Muth (1964). Most recent 
applications of these models are by Gardner (1975), Wohlgenant (1982), 
Sumner and Wohlgenant (1985), Mullen, Wohlgenant, and Farris (1988), and 
Alston (1990). The methodology consists of a description of the input and 
output equilibrium .conditions of the system, which is then displaced and 
expressed in its log-linear formo The log-linear system of equations can then 
be solved so that the endogenous variables, expressed in terms of 
percentage changes in quantities and prices of inputs and outputs, are 
expressed as functions of exogenous factors, such as the elasticities of 
demand and supply of inputs and outputs, and the input substitution 
elasticities, that displace the supply and demand functions . 

These type of models are very useful since they, 1) give a clear 
understanding of how exogenous shocks affect the system, given 
fundamental system parameters, 2) permit the assessment of the impact of 
exogenous shocks by using previous estimated parameters of the system, 
and 3) can be used to determine to what extent a change in equilibrium 

72 
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quantities and prices is due to the adoption of a technology, a policy 
change, or other exogenous factors that shift the supply and demand 
functions, in ex-post analysis. 

As a response to the significant interest among economists and ~ 
research funding agencies in obtaining evidence on the size and distribution 
of the returns to agricultural research and development, Alston (1990), 
developed a methodology to estimate the size and distribution of benefits in 
the context of multiple factors and multiple product markets. Alston's 
methodology also tries to separate more specifically the measure of benefits 
in order to allocate the "producer surplus" among the individual productive 
factors such as producers, market agents, and processors. Alston (1990), 
points out that the extension of the analysis of research benefits to a multiple 
market setting, may also lead to a different perspective on the implication of 
technical change for the total economy as well as for different groups of 
society. 

In the case of technology impact in the North coast of Colombia, it is 
of interest to analyze the change in benefits from the Integrated Cassava 
Projects for the following groups of society: 1) fresh cassava urban 
consumers, 2) dried cassava consumers, mainly the feed industry and 
integrated poultry and pig producers, 3) dried cassava processors, which for 
the period of analysis were mainly associations of small cassava producers 
with private enterprise entering the market during the last three years, 4) 
fresh cassava market agents, and 5) cassava producers. It is also of interest 
to study the implications of technology for urban versus rural fresh cassava 
consumers, and for producers that adopt technology versus non-adopting 
producers. 

At present, the cassava system in the North coast of Colombia can be 
visualized in two stages. Let, 

Qc = 
Qcf = 
Qcd = 

Qm = 
Qp = 

quantity 01 cassava produced on the farm, 
quantity of on-farm cassava demanded by the 1resh market, 
quantity 01 on-farm cassava demanded by the dry cassava 
industry, 
quantity of marketing services, 
quantity of processing services, 

. 
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, 

Of = 
Od = 

quantity of fresh cassava, and 
quantity of dried cassava produced . 

Also let the prices of the inputs be defined as Pet, Pcd, Pm, and Pp, and the 
prices of the products be defined as P1 and Pd, respectively. In the first 
stage, on-farm cassava (Oc) is produced, which is an input both in the dry 
cassava processing industry (Ocd) and the tresh cassava marketing (Ocf). 
In the second stage. the dry eassava industry provides processing serviees 
(Op), and the fresh cassava market provides marketing services (Om), 
produeing two different products, whieh are dry cassava (Qd) and fresh 
cassava (Ot). 

The basic Alston (1990) model with two factors of produetion under 
variable factor proportions, will be used in order to caleulate de total 
observed benefits and the benefits due to the adoption of the dry eassava 
technology and the cassava production technology, as well as the 
distribution of these benefits among the different groups of soeiety. This 
basie model, is extended to include different proqucts (fresh and dry 
cassava) which share one eommon factor of production (on-farm eassava). 

Aceording to Alston (1990) and following Muth (1964), a market 
equilibrium model of a competitive industry, prodllcing a homogeneous 
product and using two factors 01 produetion can be described with the 
followíng six general equatíons: 

Let, i = f, d; r = cf, cd; and s = m. p 

(6.1 ) Oi = f{Pi) Consumer Demand 

(6.2) Oí = f(o,. O.} Produetion Funetíon 

(6.3) Pr = PWr 
Factor Demand 

(6.4) p. = PW. 

(6.S) Q, = g(P,) 
Factor Supply 

(6.6) O. = h(P.) 
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The endogenous variables in the model are output (Oi), the quantity of 
the two factors of production used (a, and as), the output price per unít of 
the final product (Pi), and the factor prices (Pr and p.). W, and W. are the 
value 01 the marginal product of factor r and s, respectively. When the 
system is shocked, tor example as a result 01 a technical change or a 
change in policy, causing a small deviation from equilibrium, the changes 
in input and output prices and quantities can be linearly approximated by 
total/y differentiating the system and converting them to elasticity formo 

The aboye system of equations (6.1 - 6.6) can then be differentiated 
and expressed in terms of relative changes and elasticities. Therefore, the 
following system 01 logarithmic differential equations for the specific case of 
the cassava system in the North coast 01 Colombia is derived: 

Fr~~h-Cªssavª Mªrl$~t I O~-Ca~~ªva Market 
I 

Consumer Oemand I 
r 

t 

I 
(6.7) EOF = l1/EPF I EOO = Tld*EPD , 
Production Function I . 

I 
(6.8) EOF = Scf*EOCF + Sm*EOM I EOO = Scd*(EOCO - ucd) , . + Sp*(EOP - (Xcd) 

Factor Oemand I , 
(6.9) EPCF = EPF - (Smj ofm)*EOCF , EPCO = EPO - (Spj o,J*(EQCD -u~ 

+ (Smjofm)*EOM I + (Spjodp)*(EOP - ucd) , 
(6.10) EPM = EPF + (Scfjofm)*EOCF , EPP = EPO + (Sedj odp)*(EQCD-u~ 

- (Sc1j ofm)*EOM I - (Scdj odP)*(EOP - ucd) 

I 
Factor Supply , 

I 
(6.11) EOM = ~*EPM I EOP = (ep *EPP) + U cd 

(6.12) EaC = EaCF + (EOCO - (Xcd) = ~ *(Sf*EPCF + Sd*EPCO) + i3cd + i3cp 

• 
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• Market Equilibrium Condition 

• 

(6.13) EOC = EOCF + (EOCD - I%cd) = Sf*EOCF + Sd*(EOCD - I%cd) 

where E denotes relative changes (Le. EOF = dOF /OF = dlnOF), 111 and l1d 
are the elasticities of demand of fresh and dried cassava, respectively; (Jlm is 
the elasticity of substitution between farm and marketing inputs in the fresh 
cassava marketing; (Jdp is the elasticity of substitution between cassava and 
processing services in the dry cassava industry; and ~, ~, €e are the price­
supply elasticities of marketing services, processing services, and on-farm 
cassava, respectively. 

Let us define Sr and Ss as the cost share of inputs r and s in the production 
of product i (i=f,d; r=cf,cd; and s=m,p), therefore, 

(6.14) 

(6.15) 

(6.16) 

Sr = Pr*Or /Pi*Oi) 

Ss = Ps*Os/Pi*Oi), and 

Sr + Ss = 1. 

f 

Also, let Si be defined as the percentage of the' total on-farm cassava 
demand for the production of product í (í=f,d), therefore, 

(6.17) Si = Or/Oc. 

The exogenous shifters of the system are: 

1) acd is a vertical shift in the demand of on-farm cassava for processing 
services by the drying industry because of the adoption by the dry cassava 
industry, reflecting an increase in the demand for on-farm cassava and 
processing services; and 

2) ~cdJ and ~cP are vertical shifts in the supply cr on-farm cassava reflecting 
an in crease in the supply of cassava due to the adoption of dry cassava and 
production technologies, respectively. 
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Even though, the model can be simulated with the three exogenous 
shifters at the same time, the model is simulated in two separate stages in 
arder to estímate the impact of the cassava drying technology separately 
from the impact of the cassava production technology. 

. The system is first solved with a parallel shift in the demand for on-farm 
cassava and processing services (ued) and a parallel shift in the supply of on­
farm cassava due to a decrease of the risk of cassava price fluctuations (~Cd)' 
in order to estimate the impact from the adoption of the dry-cassava 
technology. The value used for aed, is the percentage increase in the 
quantity of cassava roots bought by the dry-cassava industry from 1984 to 
1991 (202%). The base year of 1984 was chosen beca use it was not until 
that year that the cassava drying plants were replicated beginning the 
commercial phase of the project in the North coast of Colombia. The size 
of the shift in the supply of on-farm cassava is calculated based on the 
estimated Nerlove Supply Model described in sections 2.2.1 and 2.3.1. 

According to the estimated results, cassava farmers are significantly 
influenced by the fluctuation of prices. It was found that for the whole 
regían, a decrease in the lluctuation 01 price (calculated by their standard 
deviation) of 1 % will increase cassava supply by' 0.23%. Time seríes 
observations on producer prices show that the· standard deviation of 
producer prices paid in the 1resh market decreased by a 46% after 1984 
(when the dry-cassava plant commercial phase began) and the standard 
deviation of producer prices paid by the dry cassava industry was 83% lower 
than the standard deviation 01 cassava producer prices befare 1984. 
According to: 

(6.18) aSTO = (0.46*Sf) + (0.83*Sd) = 0.49, 

the standard deviation 01 prices received by the cassava farmers in the North 
coast of Colombia (ASTO) decreased by 49%. 

Therefore the model is simulated for an increase of 11.26% in the supply of 
cassava due to a decrease ot 49% in producer price fluctuations taced by 
the cassava producers, because 

(6.19) Pcd = 49 * 0.23 = 11.26 
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The impact from the adoption of improved production technology IS 
simulated with a parallel shift in the supply for on-farm cassava (~cp). 
Cassava production in the North coast of Colombia increased from 404,400 
MT in 1984 to 1,085,620 MT in 1991, which represent a 168% increase in 
production. From the total increase in cassava supply of 681 ,220 MT, 21.6% 
is due to an increase in yield and the other 78.4% is due to an increase in 
area planted with cassava. It is reasonable to argue that al! increase in yield 
ís a result of the adoption of improved production technology, but it will be 
unrealistic to say that also aH the increase in area planted is a result of 
technological innovations. Since there are other exogenous influences 
regarding the increase in area, such as land reform or the improvement of 
credit availability to small farmers, the baseline estimates of the benefits 
provided by the adoption of cassava production technology, are calculated 
under the assumption that aH yield increase and half the increase in area 
planted with cassava is a result of the adoption of production technology. 
Hence, for the baseline estimate of benefits, the model simulated a paraHel 
shift in the supply of cassava of 1 00% (~cp =1). Benefits were also 
calculated under two different scenarios, assuming tt:lat al! the increase in 
yield and 3/4 of the increase in area is due to the adoption of production 
technology (Pcp = 1.34) and that all the increase in yield and 1/4 of the 
increase in area is beca use of the adoption of produ,ction technology (~cp = 
0.66), respectively. . 

Linder and Jarret (1978), concluded that the totallevel of benefits from 
the adoption of a technical innovation is influenced by the nature of the shift 
of the supply curve. Therefore, when benefits are estimated it is important 
to justify the nature of the supply shift. A parallel shift in supply implies that 
the absolute reduction in average costs is the same for both low cost and 
high cost producers, meaning that the technological innovation is scale 
independent. For the case of the cassava supply shift in the North coast, it 
was already stated that 78% of this supply shift was due to an increase in 
area planted with cassava. Since area increases do not affect the cost 
structure of production, the shift in cassava supply due to an increase in 
area can be assumed to be of a parallel nature. For the portio n of the 
increase in cassava supply due to an increase im yield (22%) , it was found 
by an Adoption Survey conducted by Cassava Economics, CIAT, (1991) that 
most of the yield increase has been due to technology that involves cultural 
practices, such as increased planting density, stake selection, new varieties, 
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and method of planting. Adoption of production technology that involves 
cultural practices and/or new varieties do not allow any economies of scale 
and therefore can also be approximated by a parallel shift in supply. It was 
also found that only 5 and 6% ot the respondents that adopted some ~ 
technology are using tractors for land preparation and herbicides, -
respectively. According to Linder and Jarret (1978), mechanical innovations 
are scale dependent and result in a convergent shift in the supply curve, 
while biological and chemical innovations, such as the use of herbicides, 
result in a divergent shift in the supply function. Since only a small 
percentage of the increase in cassava production is due to mechanized or 
chemical innovations, it seems appropriate to assume that tor the case of 
cassava in the North coast of Colombia, the shift in the supply curve can be 
assumed to be of a parallel nature. 

6.1.2 Surplus Measures 

According to Alston (1990), the linear-in-Iog displaced model does not 
require any explicit or implicít assumptions about the functional forms of 
supply and demand, provided that the functions can be converted to a linear 
form, and it is a local approximation to unknown fJjnctions. However, in 
arder to measure benefits tor different groups 01 society, the tollowing 
assumptions are made: 1) the supply and demand functions are 
approximately linear in the regian af interest. 2} the shift in supply of 
cassava due to cassava drying and production cassava technalogies (~cd' 
~cp) is parallel, and 3} based on Just et al. (1982), producer surplus is 
defined as the area aboye the supply curve and below the market price, and 
consumer surplus is defined as the area under the demand curve and aboye 
the market price. 

Hence, under the previaus assumptions, benefiís accruing to fresh 
urban and dry cassava consumers (AFCS, AOCS), market agents (AMS), 
processors (APS), and producers (ACPS), can be estimated as follows: 

(6.20) . 

(6.21 ) 

AFCS = -PFoOFo(EPF)(1 + 0.5EOF) 

AOCS = -POoOOo(EPS - EOS)(1 + 0.5EOS) 
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(6.22) .6.MS = PMoOMo(EPM)(1 + 0.5EOM) 

(6.23) .6.PS = PPoOPdEPP - I%cd)(1 + 0.5EOP) 

(6.24) 

For the first simulation of the model, to estimate the benefits from the 
adoption of the dry-cassava technology, ~cP = O. For the second simulation 
of the model, to estimate the benefits from the adoption of the cassava 
production technology, I%cd = O and ~cd = O. 

The calculation of observed benefits serves to validate the estimated 
model results. Therefore, observed benefits for the different groups of 
society in the North coast of Colombia, are also calculated by using 
equations (6.20) - (6.24). The percentage changes in prices and quantities 
of inputs and outputs are the ones calculated from observed price and 
quantity changes. The exogenous shifts in cassava supply and demand are 
also observed changes in cassava supply and demando 

6.1.3 Results of the Estimation of Benefits in the·· North Coast Cassava 
System 

In order to examine the impact of the cassava drying and the cassava 
production technology, the model of the cassava system in the North coast 
01 Colombia described above was used. First, the cassava system model 
was simulated by using the baseline values for the system parameters 
estimated in the previous sections of the study of cassava production, 
marketing, processing, and consumption. Second, a sensitivity analysis was 
conducted by using alternative measures of system parameters also 
estimated in the sections on cassava production, marketing, processing, and 

. consumption. 

6.1.3.1 Estimated Benefits from the Cassava Drying Technology Adoption 

Table 6.1 shows the estimated benefits accruing to the different groups 
of society in the North coast of Colombia from the adoption of the dry 
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Table 6.1.--Baseline Solution and Sensitivity of System Parameters to Change 
in Accumulative Economic Surplus due to the Adoption of Cassava 

Drying Technology. 

FCS DCS MS PS 

baseline estimates 232.65" 4334.0 -77.76 1 149.5 

system parameters 

base 
value 

,..," -0.64 

11: -3.18 

• o .. 3.00 

• o •• 0.96 

I!",0 10.00 

e,: 1.00 

a.9 0.00 

• '1, = 

• 'l. = 
..... = 
d 

G'dP = 

• c", = 
I Cp = 

9 tr., = 

alternat. 
value 

-0.38 245.34 4,334.0 -90.83 

(5.45)' (0.00) (16.81) 

-2.86 232.65 4,334.7 -77.76 

(0.00) (0.02) (0.00) 

3.66 193.41 4,334.0 -82.12 

(-16.87) (0.00) (5.61) 

0.86 232.65 4,334.0 -77.76 

(0.00) (0.00) (0.00) 

100.00 197.65 4,334.0 -8.21 

(-15.04) (0.00) (-89.44) 

0.50 232.65 4,333.9 -77.76 

(0.00) (0.00) (0.00) 

1.00 '. 162.87 4,331.9 -54.59 

(-29.99) (-0.05) (-29.80) 

price elasticity 01 demand lor Iresh cassava 

price elasticity 01 demand lor dried cassava 

1,204.3 

(4.77) 

1,149.7 

(0.02) 

1,149.5 

(0.00) 

1;14:f7 

(-0.50) 

1,149.5 

(0:'00) 

1,148.4 

(-0.10) 

1,150.7 

(0.10) 

elasticity 01 substitutlon between farm and marketing inputs 

elastlcity of substitution between larm and processing inputs 

price elasticity 01 supply 01 marketing inputs 

price elastlcity 01 supply 01 processing servíces 

prica elastícity 01 supply (jf cassava on the farm 

CPS TS 

1307.0 6945.5 

1,262.3 6,955.1 

(-3.42) (0.14) 

1,303.4 6,942.8 

(-0.28) (-0.04) 

1,483.0 7,077.9 

(13.47) (1.91 ) 

·1,303.2 6,935.8 

(-0.29) (-0.14) 

1,341.9 7,014.9 

(2.67) (1.00) 

1,303.2 6,940.4 

(-0.29) (-0.07) 

1,649.8 7,240.6 

(26.23) (4.25) 

• The numbers In the matrix are the changes In Iresh cassava urban consumer surplus (FCS) , dried 
cassava consumers surplus (DCS), cassava producers surplus (CPS), marketing agents surplus 
(MS), drled cassava processors surplus (PS), and total surplus lO the society (TS) in 1991 Ihousand 
dollars. 

The numbers In parenlheses are percentage changes Irom the basellne solutlon when Ihe system 
parameters changa lo the alternativa value. They are calculated as !he new measure of surplus less 
tha base measure as a percentage 01 the base measure. 
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cassava technology and a sensitivity analysis of these results. It was 
estimated that the regíon has had a net gain Of 7 million US$ from 1984 to 
1991 because of the adoption of the dry cassava technology. From this total 
net gain, fresh cassava urban consumers gain 0.2 millions (3.4%), dried 
cassava consumers (mainly feed plants and integrated poultry and pig 
producers) gaín 4.3 million (62.4%), dried cassava processors 1.1 míllion 
(16.5%), and cassava producers 1.3 million (16.6%). On the other hand, 
fresh cassava intermediaries lost only 78 thousand US$. 

6.1.3.2 Estimated Benefits from the Cassava Production TechnoJogy 
Adoption 

The estimated benefits accruing to different groups of society from the 
adoption of improved cassava production technology in the region, under 
three different scenarios, are reported in Table 6.2. 

Under the baseline assumption, the adoption 6f production technology 
brought a net gain to society of 14.9 million US$ from 1984 to 1991. From 
this total gain, fresh cassava urban consumers gain 1.8 millions (12.1 %), and 
cassava producers gain 13.7 millions (91.8%). On' the other hand, fresh 
cassava intermediaries lost 583.6 thousand US$. Drled cassava consumers 
and processors surplus remained unchanged. 

Net benefits to society, under the scenario of 3/4 increase in area 
planted with cassava due to the adoption of productiontechnology, are 47% 
higher than the baseline estimate of net benefits. On the other hand, when 
it is assumed that 1/4 of the increase in area is a consequence of the 
adoption of production technology, net benefits to the society are 46% lower 
than the baseline estimates. Therefore a 1 % increase in area planted due to 
cassava production technology, increases total net benefits to society by 
0.92% . 
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Table 6.2.-Change in Accumulative Economic Surplus from the Adoption of 
Cassava Production Technology for Three Different Scenarios 

Economic Surpluses 
Scenarios 

DCS' PS· TS' FCS' MS' CPS' 

Baseline 
Increase in yield 1,805.9 0.00 -583.61 0.00 13,706.0 14,926.6 
+ 1/2 areas 

Increase in yield 2,361.7 0.00 -755.08 0.00 20,347.2 21,951.7 
+ 3/4 area' (30.78)1 (0.00) (29.38) (0.00) (48.45) (47.06) 

Increase in yield 1,222.7 0.00 -400.31 0.00 7,218.8 8,040.1 

+ 1/4 area' (-32.29) (0.00) (-31.41) (0.00) (-47.33) (-46.14) 

• FCS = change in fresh cassava urban consumers surplus (Ihousand 1991 U.S.$) 

• DeS = change in dried cassava consumers sUrplus (thousand 1991 U.S.$) 

, MS = change in markel agenls surplus (thousand 1991 U.S.$) 
r 

• PS = change in dried cassava processors surplus (Ihousand 1991 U.S.$) t 

• CPS = change in cassava producers surplus (thousand 1991 U.S.$) 

f TS = change in total economic surplus lO society (thousand 1991 U.S.$) 

• in this scenario it is assumed lhal aU increase In yield and 1/2 01 ar.éa increase was because 01 the 
adoptlon 01 improved cassava production technology. 

h in this scenario it is assumed that al! increase in yield and 3/4 01 area increase was a consequence 01 Ihe 
adoptlon 01 improved cassava produclion technology. 

I in this scenario it is assumed thal all increase in yield and 1/4 01 area increase was due to the adoption 
01 improved cassava produélion technology. 

¡ values on parentheses are percentage changes from the baseline assumptlon that Ihe adoption 01 improved 
cassava production !s responsible lor al! yietd increase in yietd and 1/2 !he area increase. 

6.1.3.3 Sensitivity Analysis of the Benefits from T echnology Adoption 

The results of the baselíne benefits and the benefits estimated with 
alternative system parameters tor the sensitivity analysis, are reported in 
Tables 6.1 and 6.3 for the adoption of dry cassava teehnology and cassava 
production teehnology, respeetively. 

· · , 
· · 

• 
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Table 6.3.-Baseline Solution and Sensitivity of System Parameters to 
Changes in Accumulative Economic Surplus due to the Adoption of Cassava 

Production Technology. 

FCS DCS 

baseline estimates 1 805.9h 0.00 

system parameters 

base alternat. 
value value 

'11,. -0.64 -0.38 1,869.6 0.00 

(3.53)' (0.00) 

'11: -3.18 -2.86 1,805.9 0.00 

(0.00) (0.00) 

Ofmc. 3.00 3.66 1,587.9 0.00 

(-12.07) (0.00) 
d a •• 0.96 0.86 1,805.9 0.00 

(0.00) (0.00) 

I!", • 10.00 100.00 1,550.0 0.00 

(-14.17) (0.00) 

e,: 1.00 0.50 1,805.9 0.00 

(0.00) (0.00) 

e.," 0.00 1.00 1,803.9 0.00 

(-0.11) (0.00) 

• 11, = price elasticity of demand lar Iresh cassava 

b 11. = price elastlcity of demand for dried cassava 

MS 

-583.61 

-673.22 

(15.35) 

-583.61 

(0.00) 

-615.07 

(5.39) 

-583.61 

(0.00) 

-63.35 

(-89.15) 

-583.61 

(0.00) 

-583.18 

(-0.07) 

• a"" = e/asticity of substitutlon between larm and marketing inputs 

• a •• = e/asticity 01 substitutlon between larm and processing inputs 

• .... = price e/astlcity of supply of marketing inputs 
, e" = price elasticity of supp/y 01 processing services 

• e" = price e/asticity of supply 01 cassava on the farm 

PS CPS TS 

0.00 13706.0 14926.6 

0.00 13,706.0 14,900.8 

(0.00) (0.00) (-0.17) 

0.00 13,707.2 14,927.7 

(0.00) (0.01 ) (0.01 ) 

0.00 13,706.0 14,677.2 

(0.00) (0.00) (-1.67) 

0.09' 13,706.1 14,926.8 

(0.00) (0.00) (0.00) 

0.00 13,706.0 15,191.0 

(0,00) (0.00) (1.77) 

0.00 13,706.2 14,926.8 

(0.00) (0.00) (0.00) 

-·0.00 13,706.0 14,925.2 

(0.00) (0.00) (-0.01 ) 

h The numbers in the matrix are the changes in fresh cassava urban consumer surplus (FCS), dried 
cassava consumers surplus (DCS), cassava producers surplus (CPS) , marketing agents surp/us 
(MS), dried cassava processors surplus (PS), and total surp/us to the society (TS) in 1991 thousand 
dol/ars. 

The numbers in parentheses are percentage changes Irom the baseline so/ution when the system 
parameters change to the alternative va/ue. They are ca/culated as the new measure of surplus /ess 
the base measure as a percentage of the base measure. 
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6.1.3.3.1 Price Elasticity of Demand for Fresh Cassava (111) 

The baseline estimates were generated with the price-elasticity of 
demand for fresh cassava (111) estimated for Barranquilla (111 = -0.64), which 
is the most important metropolitan area of the region. The alternative 
measure for the elasticity of demand of fresh cassava is the one estimated 
for Sincelejo (an intermediate rural town with an absolute higher 
consumption of fresh cassava than Barranquilla), which is equal to -0.38. 

The results reported in Tables 6.1 and 6.3, show that fresh cassava 
urban consumers with absolute higher levels of consumption gained more 
than theones with absolute lower levels of consumption. Market agents and 
cassava producers, who transport and sell their product in rural intermediate 
towns, with absolute higher levels of fresh cassava consumption, lost more 
and gain less, respectively, than the ones who sell their product in urban 
metropolitan areas, with lower absolute levels of consumption. Net benefits 
to society were higher when the product was sold in urban metropolitan 
areas than when it was sold in intermediate rural towns. As could be 
expected, fresh cassava consumers with higher absolute levels of 
consumption and a lower elasticity of demand for fresh cassava, will gain 
more from a technological innovation in the productlon andjor marketing of 
cassava. It is important to note that the results trom the cross-sectional 
analysis on fresh cassava consumption showed that poor cassava 
consumers have a lower elasticity of demand than the rich ones, and 
therefore, gain more from this type of technological innovation than rich 
cassava consumers. 

6.1.3.3.2 Price Elasticity of Demand for Dried Cassava (Tld) 

The baseline estimate of the price-elasticity of demand for dried 
cassava was not estimated in this study but was taken from a study by 
Janssen (1986), who estimated the national demand for dried cassava. 
Using bi-annual data, he calculated an arc-price elasticity of demand for 
dried cassava of -3.18. In arder to analyze the sensitivity of the elasticity of 
demand for dried cassava, a 10% decrease in this parameter was simulated. 
The results show that the estimated benefits do not change significantly 
when this parameter is decreased. Net benefits to society from the adoption 

• 

• 

• 
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of dry cassava technology only decreased by 0.04% while net benefits from 
the adoption of cassava production technology remained unchanged. 

6.1.3.3.3 Elasticity of Substitution between Farm and Marketing Inputs (Olm) 

Two similar but different estimates of the elasticity of substitution 
between farm and marketing inputs were estimated in the section on 
cassava marketing. The elasticity estimated using the George and King 
methodology (O"fm = 3.00) was used for generating the baseline benefits. The 
sensitivity analysis was conducted with the elasticity estimated by using the 
Wohlgenant methodology (Olm = 3.66). The results show that when a 
change is simulated with a slightly higher elasticity of substitution, 
consumers gain less, market agents loose more, and producers gain more, 
resulting in an increase in net benefits to society of 1.9% and 11 % in the 
case of dry cassava technology and cassava production technology, 
respectively. 

f 

6.1.3.3.4 Elasticity of Substitution between Farm and Processing Inputs 
(~J . 

The baseline estimation of the benefits from technology were generated 
with the elasticity of substitution estimated in the processing section by 
estimating a cost function (O"dP = 0.96). As part of the sensitivity analysis a 
10% change in the elasticity of substitution between farm and processing 
inputs was al so simulated. The results show that the benefits do not change 
significantly when the elasticity of substitution between farm and processing 
services decrease by 10% and net benefits to society only decrease by 
-0.14% in the case of the adoption of dry cassava technology and do not 
change in the case of the cassava production technology . 

6.1.3.3.5 l::lasticity of Supply of Marketing Inputs (e;,,) 

In the case of the elasticity of supply of marketing services (e;,,), the 
sensitivity analysis was conducted by running the model first with an 
elasticity which is high but not perfectly elastic (e;" = 10), and second with 
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an approximation to an infinite price-elasticity of supply of marketing services 
(e,., = 100)5. As the elasticity of supply of marketing services becomes 
more elastic, fresh cassava consumers gain less, intermediaries will loose 
less, and cassava producers will gain more. Therefore, an increase in the 
fresh cassava market efficiency, that would increase the elasticity of supply 
01 marketing services, would incraase the bene1its perceived by producers 
from technological innovation, but would decrease the benefits perceived by 
fresh cassava consumers. On the other hélnd, as the marketing system for 
1resh cassava beco mes more efficient, market agents would loose less as 
a result 01 technological innovation. 

6.1.3.3.6 Elasticity 01 Supply 01 Processing Services (e¡,) 

The baseline estimates were generated by using a unitary elasticity of 
supply 01 processing services, which means that an increase in the price of 
processing services of 1 % will increase its supply by 1 %. A sensitivíty 
analysis was conducted by assuming that the supply of pracessing services 
is relatively inelastic (e¡, = 0.50), but the results show thatnet bene1its from 
the dry cassava technology adoption only decrease by 0.07% and net 
benefits from the production technology do not ,ehange when a lower 
elasticity 01 supply of processing services is used and the distribution of the 
benefits do not change significantll. 

6.1.3.3.7 Elasticity of Supply of Cassava on the Farm (eJ 

The sensitivity analysis 10r the elasticity of supply of cassava (e,,) was 
conducted by using two different estimates reported in the cassava 
production section (Section 2). For the baseJine estimates, the own-price 
elasticity of supply estimated by the Nerlove supply model (e" = O) was 
used. For the sensitivity analysis, the system was simulated with ec = 1, 
which was the result obtained by estimating a cassava production cost 

• See the section on Cassava Marketing for a more detailed discussion. 

• See the section on Cassava Processing for a more detail discussion on the elasticity 
of supply of processing services. 

• 

• 
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function with time series data from a technological package for a "municipio" 
of the Department of Sucre. 

The results show that an increase in the elasticity of supply of cassava 
from zero to one decreases benefits to fresh cassava consumers, deereases 
losses to market agents, inereases benefits to producers, and íncreases total 
gains to society. Therefore, eassavá producers that react more to changes 
in priees, will gain more from technologieal innovation than the ones who 
show less response to price changes. In general, farmers with less 
production constraints (Le. land and eredít availability), who ean more easily 
react to priee changes and adopt new technology wiIJ gaín more than 
farmers with more production constraints who will not adopt lmproved 
production teehnology as easily. 

6.1.4 Validation of the Estimated Benefíts from Technology 

The estimated benefits from the adoption of tcassava drying and 
production technology wifl be validated in three different ways. First, the 
estimated ex-post benefits wiJ/ be compared with the ex-ante estimation of 
benefits made by Janssen (1986). Second, the estimated benefits will be 
compared with the calculated observed benefits in tlle region between 1984 
and 1991. And third, the inciden ce of the estimated benefits wiJI be 
compared with Alston's (1990, p.18) expected incidence of benefits. Table 
6.4 shows the ex-post estimated benefits from technology, the ex-ante 
expected benefits estimated by Janssen (1986), and the calculated ex-post 
observed benefits. 

6.1.4.1 Ex-ante versus Ex-post Estimation of Benefits 

In order to measure the expected benefits of the cassava drying 
technology, Janssen (1986) analyzed the influence of market risk on cassava 
production and also evaluated the development of fresh cassava 'versus 
dried cassava demando The results show that i1 there would be no market 
improvement, production would not change significantly and the cassava 
industry would stagnate. Fresh cassava consumption was also expected to 
fall as well as employment in cassava production and marketing. 
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Table 6.4.··Economic Benefits ofthe Integrated Cassava Project in the North 
Coast of Colombia. 

Group of the Society 

Fresh Cassava 
Consumers 

Total 
ex-post Estimated 

Benefrts from 
Technology 

2,038.55 

(9.32) 

Total Total Observed 
ex-ante Estimated Benefits 

Benefits from 
Technology& 

-5,700 5,210.9 

(-16.38) (19.44) 

Dried Cassava 4,334.00 7,200 5,278.5 
Consumers ._ ............. _ .. ____ .. _____ . __ ._ ....... _ .... _._.~~:?:~~.2._._ .. _ .... _ ... __ ._ ..... J~9.:~~.L __ .. _ ............. _ .... J~_~.::.~.!.. ........... _ ... . 
Cassava Market 
Agents 

-661.37 

(-3.02) 

-7,087.1 

(-26.44) 

Dried Cassava 1,149.50 3,323.1 
Processors 

_________ .. __ . ___ ._@.:~L_ .. __ ... _ .... _._. ___ . __ ._ .... ____ .. J:..~·40L_ ......... 
Cassava Producers 15,013.00 33,300 t 23,066.3 

(68.64) (95.69) (86.07) 
--------------------------------------------------------

& 

b 

• 

Net Benefrts to 
Society 

21,872.10 34,800 : 26,801.0 

The ex-ante estimated benefrts from technology were estimated by Janssen (1986). 

The values in parentheses are the changes in economic surplus in thousand 1991 
U.S.$. 

Values on parentheses are the percentage gains tor each group of society from 
the total change in economic surplus. 

On the other hand, if the cassava drying technology would be adopted 
successfully,cassava production was expected to increase by 38.5% in a 
period of ten years after the introduction of t'1e technology. Average yields 
were expected to ¡ncrease by 20% and the area planted with cassava by 
15%. A higher production increase was expected tor the larger farmers since • 
they have less production constraints. On-farm cassava price, was therefore, 
expected to decrease by 3.5%, because of the increased cassava 

• , 

, 
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pfOductíon. Benefits to the cassava producers were estimated at 33 million 
US$. 

Seven years after the introduction of the cassava drying technology, 
there has been an increase in cassava production of 168% in the North coast 
of Colombia. Average yields and area planted increased by 37% and 116%, 
respectively. Therefore, the expected increase in cassava production was 
lower than the observed increase. This difference between expected and 
observed increase in production could be explained, in part, by the fact that 
Janssen did not calculated the indirect effect of the introduction of the 
cassava drying industry as an incentive for the adoption of cassava 
production technology. The adoption of production technology has had a 
higher impact on the increase in cassava production than the adoption of the 
cassava drying industry by itself, as expected by Lynam (1986). He stated 
that the secondary impact of cassava utilization technology on production 
response deepens the income generation potential of the technology 
adoption. There were al so other exogenous factors that influenced this 
increase in production, as discussed in Section 2, that were not taken in 
account in the expected benefits. Since cassava production increased more 
than expected, on-farm prices also decreased more than expected. On-farm 
cassava prices paid by the fresh market and the oried cassava industry 
decreased by 30.4 and 9.5%, respectively. Even though cassava production 
increased more than expected, ex-post estimated benefits perceived by 
cassava producers from technology were only 15 mil/ion US$. Ex-post 
estimated benefits for producer were therefore 55% lower than expected 
benefits (this difference in estimated benefits could be explained by the fact 
that producer prices decreased more than expected, because of the higher 
increase in production). 

Demand for cassava was expected to increase, which in turn was 
supposed to have an upward pressure on fresh cassava prices and decrease 
consumption. Accordingly, fresh cassava consumers were expected to 
suffer from the increased price competition, loosing 5.7 mil/ion US$. Since 
the production of cassava increased more than what was expected by 
Janssen (1986), the supply of fresh cassava increased, decreasing retail 
cassava prices and therefore increasing consumption. Consequently, fresh 
cassava consumers gained 2 mil/ion US$ instead of loosing from the 
adoption of technology. 



Dried cassava was expected to increase to 80,000 MT by the end of 
the ten year periodo The potential demand tor dried cassava in Colombia 
was estimated at 140,000 MT, which represented a demand of 350,000 MT 
of cassava roots. Hence, the animal feed industry was expected to receive 
a benefit of 9 million US$. Afier ten years of the installation of the first pilot 
cassava drying plant and seven years of the beginning of the commercial 
phase of the project only 22,500 MT of dried cassava were produced in 1991 
in the North coast of Colombia. Therefore, dried cassava consumers only 
gain 4.3 million US$ (52% less than the expected benefit). 

The total expected benefits to society in the ten year period afier the 
introduction of technology were estimated at 35 mili ion US$. On the other 
hand, ex-post estimated total benefits to society, afier seven years from the 
beginning of the commercial phase of the project, are 22 miflion US$ (37% 
less than expected by the ex-ante analysis). 

6.1.4.2 Ex-post Estimated Benefits from Technology versus Total 
Observed Benefits 

Total estimated benefits for society from the adoption of technology 
and total calculated observed benefits are reported"in Table 6.4. It can be 
noted that estimated total net benefits for society are 22% lower than the total 
calculated benefits. 

Cassava producers gain in total 23 million US$, but only 60% of these 
benefits were induced by the adoption of technology. The other 40% of the 
benefits, were in part, induced by the Land Reform Program of the 
Colombian Government and the improvement of credit availability to small 
cassava producers. 

Fresh cassava consumers total benefits, in the seven-year period, were 
23% higher than the benefits produced by the adoption of casSava 
technology. Therefore, 80% of total benefits perceived by fresh cassava 
consumers was generated by technology, but the remainder 20% was due 
to exogenous factors. One exogenous factor that may have influenced fresh 
cassava consumers benefits was the increase in price of fresh cassava 
substitutes. Since the results show that fresh cassava consumers respond 
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to changes in the price of cassava substitutes, they increase their 
• consumption of cassava even more, obtaining higher benefits. 

Total observed benefits to the animal feed industry (dried cassava 
consumers), were 22% higher that the estimated benefits from technology. 
This difference is explained by the fact that it was perceived that technology 
put an upward pressure on dried cassava prices, increasing dried cassava 
prices by 0.45% per year. Contrary to this, the animal feed industry fixed the 
price paid for dried cassava to 0.80 times the domestic price of sorghum. 
Therefore dried cassava prices decreased by 11.3% from 1990-91, as a 
response to the declining price of sorghum, when the higher volume of dried 
cassava was produced. Hence, total observed benefits to the animal feed 
industry was higher than the estimated benefits from technology. 

Even though dried cassava prices did not increase as expected as a 
response to the cassava drying technology adoption, total observed benefits 
to dried cassava processors were 189% higher than the benefits brought by 
the adoption of the technology. This may be causad by the increase in 
cassava production due to other factors besides cassava technology, which 
put a downward pressure on the price of cassava roots. This decrease in 
the cost of the most important input in the cassava qrying industry, outgrew 
the benefits generated by the cassava drying technOlogy itself. 

The difference between the estimated loss in market agents surplus 
and the total observed loss is rather large.· If the elasticity of supply of 
marketing services would be perfectly elastic, market agents surplus would 
not change as a consequence of the adoption of technology at other levels 
of the system. By assuming that the elasticity of supply of marketing 
services was high but not perfectly elastic (~ = 10), a loss to market agents 
of 661 thousand US$ versus the observed lose of 7 million US$ was 
estimated. This may imply that the elasticity of supply of marketing services 
was'even lower (~ = 1) as a result of the inefficiencies in the fresh cassava 
market. 
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Incidence of Estimated Benefits versus Alston's Expected 
Incidence of Benefits 

AIston (1990) analyzing the incidence of benefits from technical change 
• 

on surplus measures for the case of two factors with variable factor ' ~ 
proportions (p.18), concluded that: (1) an increase in demand (<< > O) will 
benefit suppliers of both inputs and consumers, and (2) an increase in the 
supply of one input (/3 > O) will benefit suppliers of this input, will benefit the 
suppliers of the other input as far as the elasticity of substitution between the 
two factors of production is lower than the elasticity of demand for the 
product (o < 11), and will al so benefit consumers. 

In the case of impact from the cassava drying technology we 
introduced a supply shifter (/3cd > O) and a demand shifter (<<cd > O), as 
discussed aboye. Comparing the estimated benefits with the expected 
incidence of the results from AIston (1990), it is found that they are 
consistent with prior expectations. The increase in on-)arm cassava supply 
(~cd = 0.1126), benefitled cassava producers and fresh and dried cassava 
consumers. The increase in the demand of cassava by the drying plants (<<cd 
= 20.19), benefitled cassava producers and dry cassava processors. Market 
agents lost from the adoption of the dry cassava technology beca use the 
elasticity of demand for fresh cassava, in absolute terms, is smaller than the 
elasticity of substitution between on-farm cassava and marketing inputs ( I 11, I 
. = 0.64 < o'm = 3). 

In the case of the impact from the cassava production technology we 
introduced an on-farm cassava supply shifter (!3cp > O), as discussed aboye. 
Comparing the estimated benefits with the expected incidence of the results 
from Alston (1990), it is found that the results are consistent with the prior 
expectations as in the case of the estimated benefits from the cassava drying 
technology. The increase in supply of cassava on-farm (/3cd = 1), benefitled 
cassava producers and fresh cassava urban consumers. On the other hand, 
market agents lost from the adoption of production cassava technology 
because the elasticity of demand for fresh cassava, in absolute terms, is 
smaller than the elasticity of substitution between on-farm cassava and 
marketing inputs ( I 11, I = 0.64 < O'm = 3). 

'.' 
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6.1.4 Conclusions 

Cassava producers benefitled most from the Integrated Cassava 
Projects in the region, gaining 15 million US$. Cassava producers with less 
production constraints (Le. land and credit availability), were able to more 
easily adopt improved production technology, and react faster to price 
changes; received higher benefits from technological change than cassava 
farmers with more production constraints. This was rightly hypothesized at 
the onset 01 the Integrated Cassava Projects (Lynam, 1986). 

The second group that benefitled most from the Integrated Cassava 
Projects, were the dried cassava consumers, who are mainly animal feed 
plants and integrated poultry and pig producers. This group of society 
gained 4.3 million US$ from the introduction of the cassava drying plants in 
the North coast of Colombia. Even though this group of society was not 
targeted as one 01 the main beneficiaries at the onset of the Cassava 
Integrated Projects, it is important to realize that the size of these benefits are 
the driving force behind the strong continuing demamd for dried cassava. 
Without this demand for the product, the introduction of the cassava drying 
technology in the region would not have been feasible. 

Even though cassava producers were the principal beneficiaries from 
technological changes in the North coast of Colombia, urban fresh cassava 
consumers also bene1itled from the adoption of cassava drying and 
production technology, obtaining a bene1it 01 2 million US$. Urban poor 
consumers, who consume higher absolute levels 01 fresh cassava and show 
a lower price elasticity of demand for fresh cassava, are the ones who 
gained most from the adoption 01 technology in the region. 

Although the group with the smallest total gain from the Integrated 
Cassava Projects in the region were dry cassava processors, which only gain 
1.1 million US$, this group was the second most important group benefitling 
from the adoption of the dry cassava technology together with cassava 
producers. However, it must be noted that the majority of the small-scale 
cassavá processors are al so cassava producers. As such they receive 
benefits in two ways. Between 1984 and 1991, approximately 55,318 MT 01 
dried cassava were produced. From this total production of dried cassava, 
it is estimated that 84% was produced by small cassava farm.er associations, 
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who had a total net gain from the adoption of dry cassava technology of 924 
thousand US$ during these years. The rest of the benefits of dried cassava 
processors (176 thousand US$) were received by private processors. It is 
important to note that as the installation of new drying plants becomes more 
commercial and less capital intensive because of modifications, barriers to 
entry into the dry cassava industry decreases, and subsequently the elasticity 
of supply of processing services increases. As such, this increase will tend 
to increase the benefits perceived by the dried cassava processors and the 
cassava producers. 

Fresh cassava market agents were the only group that lost as a 
consequence of the Integrated Cassava Projects in the North coast of 
Colombia. The loss of benefits to this group is mainly an effect of the 
inefficiency of the market which makes the elasticity of supply of marketing 
inputs less than perfectly elastic. A perfectly elastic elasticity of supply of 
marketing services, will produce no changes in the market agents surplus. 
Any attempt to further improve the marketing of fresh cassava, by making it 
more efficient approximating perfectly competitive cor)élitio(1s, will decrease 
the losses to market agents and increase the gains to fresh cassava 
consumers. 

The cassava drying technology in the Norlh coast of Colombia 
benefitted mostly dry cassava consumers and processors, but even more 
important, is the indirect effect of creating an incentive to increase the area 
planted with cassava and to increase yields, through the adoption of 
improved production technology. The adoption of cassava production 
technology benefitted mostly cassava producers and fresh cassava urban 
consumers. 

The net benefits to society from technological adoption, which are 
estimated at 22 million US$ are smaller than the observed total benefits of 
27 million US$. The difference of 5 million US$ between the total observed 
benefits and the benefits from technology, are due to other exogenous 
fa,:;;tors. So me of those factors, that have shifted the supply of on-farm 
cassava further, were land reform policy, increased credit availability to small 
cassava farmers, and the substitution of yam production area with cassava 
due to the increasing incidenceof Antracnosis, a yam disease. 

• • 
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A major conclusion is the fact that these resu/ts prove the importance 
of the research approach integrating production, processing, and marketing 
aspects. In the absence 01 the widened cassava market, cassava production 
technology adoption would have been significantly less. Moreover, principal 
beneficiaries would have been fresh cassava consumers and not the small 
producers to which the technology is targeted. Vice versa, with only 
processing and marketing innovations - in the absence of production 
technology - absolute total benefits would be· significantly less and the 
principal recipients would have been the animal feed factories and to a lesser 
extent processors. The integration of the research has been the prime factor 
to optimize both absolute benefits and their distribution. As such, the 
research objectives to target benefits to small producers has been full-filled. 

t 
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6.1.3.3.1 Price Elasticity of Demand for Fresh Cassava (111) 

The baseline estimates were generated with the price-elasticity of 
demand for fresh cassava (111) estimated for Barranquilla (111 = -0.64), which 
is the most important metropolitan area of the region. The alternative 
measure for the elasticity of demand of fresh cassava is the one estimated 
for Sincelejo (an intermediate rural town with an absolute higher 
consumption of fresh cassava than Barranquilla), which is equal to -0.38. 

The results reported in Tables 6.1 and 6.3, show that fresh cassava 
urban consumers with absolute higher levels of consumption gained more 
than theones with absolute lower levels of consumption. Market agents and 
cassava producers, who transport and sell their product in rural intermediate 
towns, with absolute higher levels of fresh cassava consumption, lost more 
and gain less, respectively, than the ones who sell their product in urban 
metropolitan areas, with lower absolute levels of consumption. Net benefits 
to society were higher when the product was sold in urban metropolitan 
areas than when it was sold in intermediate rural towns. As could be 
expected, fresh cassava consumers with higher absolute levels of 
consumption and a lower elasticity of demand for fresh cassava, will gain 
more from a technological innovation in the productlon andjor marketing of 
cassava. It is important to note that the results trom the cross-sectional 
analysis on fresh cassava consumption showed that poor cassava 
consumers have a lower elasticity of demand than the rich ones, and 
therefore, gain more from this type of technological innovation than rich 
cassava consumers. 

6.1.3.3.2 Price Elasticity of Demand for Dried Cassava (Tld) 

The baseline estimate of the price-elasticity of demand for dried 
cassava was not estimated in this study but was taken from a study by 
Janssen (1986), who estimated the national demand for dried cassava. 
Using bi-annual data, he calculated an arc-price elasticity of demand for 
dried cassava of -3.18. In arder to analyze the sensitivity of the elasticity of 
demand for dried cassava, a 10% decrease in this parameter was simulated. 
The results show that the estimated benefits do not change significantly 
when this parameter is decreased. Net benefits to society from the adoption 
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of dry cassava technology only decreased by 0.04% while net benefits from 
the adoption of cassava production technology remained unchanged. 

6.1.3.3.3 Elasticity of Substitution between Farm and Marketing Inputs (Olm) 

Two similar but different estimates of the elasticity of substitution 
between farm and marketing inputs were estimated in the section on 
cassava marketing. The elasticity estimated using the George and King 
methodology (O"fm = 3.00) was used for generating the baseline benefits. The 
sensitivity analysis was conducted with the elasticity estimated by using the 
Wohlgenant methodology (Olm = 3.66). The results show that when a 
change is simulated with a slightly higher elasticity of substitution, 
consumers gain less, market agents loose more, and producers gain more, 
resulting in an increase in net benefits to society of 1.9% and 11 % in the 
case of dry cassava technology and cassava production technology, 
respectively. 

f 

6.1.3.3.4 Elasticity of Substitution between Farm and Processing Inputs 
(~J . 

The baseline estimation of the benefits from technology were generated 
with the elasticity of substitution estimated in the processing section by 
estimating a cost function (O"dP = 0.96). As part of the sensitivity analysis a 
10% change in the elasticity of substitution between farm and processing 
inputs was al so simulated. The results show that the benefits do not change 
significantly when the elasticity of substitution between farm and processing 
services decrease by 10% and net benefits to society only decrease by 
-0.14% in the case of the adoption of dry cassava technology and do not 
change in the case of the cassava production technology . 

6.1.3.3.5 l::lasticity of Supply of Marketing Inputs (e;,,) 

In the case of the elasticity of supply of marketing services (e;,,), the 
sensitivity analysis was conducted by running the model first with an 
elasticity which is high but not perfectly elastic (e;" = 10), and second with 
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an approximation to an infinite price-elasticity of supply of marketing services 
(e,., = 100)5. As the elasticity of supply of marketing services becomes 
more elastic, fresh cassava consumers gain less, intermediaries will loose 
less, and cassava producers will gain more. Therefore, an increase in the 
fresh cassava market efficiency, that would increase the elasticity of supply 
01 marketing services, would incraase the bene1its perceived by producers 
from technological innovation, but would decrease the benefits perceived by 
fresh cassava consumers. On the other hélnd, as the marketing system for 
1resh cassava beco mes more efficient, market agents would loose less as 
a result 01 technological innovation. 

6.1.3.3.6 Elasticity 01 Supply 01 Processing Services (e¡,) 

The baseline estimates were generated by using a unitary elasticity of 
supply 01 processing services, which means that an increase in the price of 
processing services of 1 % will increase its supply by 1 %. A sensitivíty 
analysis was conducted by assuming that the supply of pracessing services 
is relatively inelastic (e¡, = 0.50), but the results show thatnet bene1its from 
the dry cassava technology adoption only decrease by 0.07% and net 
benefits from the production technology do not ,ehange when a lower 
elasticity 01 supply of processing services is used and the distribution of the 
benefits do not change significantll. 

6.1.3.3.7 Elasticity of Supply of Cassava on the Farm (eJ 

The sensitivity analysis 10r the elasticity of supply of cassava (e,,) was 
conducted by using two different estimates reported in the cassava 
production section (Section 2). For the baseJine estimates, the own-price 
elasticity of supply estimated by the Nerlove supply model (e" = O) was 
used. For the sensitivity analysis, the system was simulated with ec = 1, 
which was the result obtained by estimating a cassava production cost 

• See the section on Cassava Marketing for a more detailed discussion. 

• See the section on Cassava Processing for a more detail discussion on the elasticity 
of supply of processing services. 
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function with time series data from a technological package for a "municipio" 
of the Department of Sucre. 

The results show that an increase in the elasticity of supply of cassava 
from zero to one decreases benefits to fresh cassava consumers, deereases 
losses to market agents, inereases benefits to producers, and íncreases total 
gains to society. Therefore, eassavá producers that react more to changes 
in priees, will gain more from technologieal innovation than the ones who 
show less response to price changes. In general, farmers with less 
production constraints (Le. land and eredít availability), who ean more easily 
react to priee changes and adopt new technology wiIJ gaín more than 
farmers with more production constraints who will not adopt lmproved 
production teehnology as easily. 

6.1.4 Validation of the Estimated Benefíts from Technology 

The estimated benefits from the adoption of tcassava drying and 
production technology wifl be validated in three different ways. First, the 
estimated ex-post benefits wiJ/ be compared with the ex-ante estimation of 
benefits made by Janssen (1986). Second, the estimated benefits will be 
compared with the calculated observed benefits in tlle region between 1984 
and 1991. And third, the inciden ce of the estimated benefits wiJI be 
compared with Alston's (1990, p.18) expected incidence of benefits. Table 
6.4 shows the ex-post estimated benefits from technology, the ex-ante 
expected benefits estimated by Janssen (1986), and the calculated ex-post 
observed benefits. 

6.1.4.1 Ex-ante versus Ex-post Estimation of Benefits 

In order to measure the expected benefits of the cassava drying 
technology, Janssen (1986) analyzed the influence of market risk on cassava 
production and also evaluated the development of fresh cassava 'versus 
dried cassava demando The results show that i1 there would be no market 
improvement, production would not change significantly and the cassava 
industry would stagnate. Fresh cassava consumption was also expected to 
fall as well as employment in cassava production and marketing. 
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Table 6.4.··Economic Benefits ofthe Integrated Cassava Project in the North 
Coast of Colombia. 

Group of the Society 

Fresh Cassava 
Consumers 

Total 
ex-post Estimated 

Benefrts from 
Technology 

2,038.55 

(9.32) 

Total Total Observed 
ex-ante Estimated Benefits 

Benefits from 
Technology& 

-5,700 5,210.9 

(-16.38) (19.44) 

Dried Cassava 4,334.00 7,200 5,278.5 
Consumers ._ ............. _ .. ____ .. _____ . __ ._ ....... _ .... _._.~~:?:~~.2._._ .. _ .... _ ... __ ._ ..... J~9.:~~.L __ .. _ ............. _ .... J~_~.::.~.!.. ........... _ ... . 
Cassava Market 
Agents 

-661.37 

(-3.02) 

-7,087.1 

(-26.44) 

Dried Cassava 1,149.50 3,323.1 
Processors 

_________ .. __ . ___ ._@.:~L_ .. __ ... _ .... _._. ___ . __ ._ .... ____ .. J:..~·40L_ ......... 
Cassava Producers 15,013.00 33,300 t 23,066.3 

(68.64) (95.69) (86.07) 
--------------------------------------------------------

& 

b 

• 

Net Benefrts to 
Society 

21,872.10 34,800 : 26,801.0 

The ex-ante estimated benefrts from technology were estimated by Janssen (1986). 

The values in parentheses are the changes in economic surplus in thousand 1991 
U.S.$. 

Values on parentheses are the percentage gains tor each group of society from 
the total change in economic surplus. 

On the other hand, if the cassava drying technology would be adopted 
successfully,cassava production was expected to increase by 38.5% in a 
period of ten years after the introduction of t'1e technology. Average yields 
were expected to ¡ncrease by 20% and the area planted with cassava by 
15%. A higher production increase was expected tor the larger farmers since • 
they have less production constraints. On-farm cassava price, was therefore, 
expected to decrease by 3.5%, because of the increased cassava 
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pfOductíon. Benefits to the cassava producers were estimated at 33 million 
US$. 

Seven years after the introduction of the cassava drying technology, 
there has been an increase in cassava production of 168% in the North coast 
of Colombia. Average yields and area planted increased by 37% and 116%, 
respectively. Therefore, the expected increase in cassava production was 
lower than the observed increase. This difference between expected and 
observed increase in production could be explained, in part, by the fact that 
Janssen did not calculated the indirect effect of the introduction of the 
cassava drying industry as an incentive for the adoption of cassava 
production technology. The adoption of production technology has had a 
higher impact on the increase in cassava production than the adoption of the 
cassava drying industry by itself, as expected by Lynam (1986). He stated 
that the secondary impact of cassava utilization technology on production 
response deepens the income generation potential of the technology 
adoption. There were al so other exogenous factors that influenced this 
increase in production, as discussed in Section 2, that were not taken in 
account in the expected benefits. Since cassava production increased more 
than expected, on-farm prices also decreased more than expected. On-farm 
cassava prices paid by the fresh market and the oried cassava industry 
decreased by 30.4 and 9.5%, respectively. Even though cassava production 
increased more than expected, ex-post estimated benefits perceived by 
cassava producers from technology were only 15 mil/ion US$. Ex-post 
estimated benefits for producer were therefore 55% lower than expected 
benefits (this difference in estimated benefits could be explained by the fact 
that producer prices decreased more than expected, because of the higher 
increase in production). 

Demand for cassava was expected to increase, which in turn was 
supposed to have an upward pressure on fresh cassava prices and decrease 
consumption. Accordingly, fresh cassava consumers were expected to 
suffer from the increased price competition, loosing 5.7 mil/ion US$. Since 
the production of cassava increased more than what was expected by 
Janssen (1986), the supply of fresh cassava increased, decreasing retail 
cassava prices and therefore increasing consumption. Consequently, fresh 
cassava consumers gained 2 mil/ion US$ instead of loosing from the 
adoption of technology. 



Dried cassava was expected to increase to 80,000 MT by the end of 
the ten year periodo The potential demand tor dried cassava in Colombia 
was estimated at 140,000 MT, which represented a demand of 350,000 MT 
of cassava roots. Hence, the animal feed industry was expected to receive 
a benefit of 9 million US$. Afier ten years of the installation of the first pilot 
cassava drying plant and seven years of the beginning of the commercial 
phase of the project only 22,500 MT of dried cassava were produced in 1991 
in the North coast of Colombia. Therefore, dried cassava consumers only 
gain 4.3 million US$ (52% less than the expected benefit). 

The total expected benefits to society in the ten year period afier the 
introduction of technology were estimated at 35 mili ion US$. On the other 
hand, ex-post estimated total benefits to society, afier seven years from the 
beginning of the commercial phase of the project, are 22 miflion US$ (37% 
less than expected by the ex-ante analysis). 

6.1.4.2 Ex-post Estimated Benefits from Technology versus Total 
Observed Benefits 

Total estimated benefits for society from the adoption of technology 
and total calculated observed benefits are reported"in Table 6.4. It can be 
noted that estimated total net benefits for society are 22% lower than the total 
calculated benefits. 

Cassava producers gain in total 23 million US$, but only 60% of these 
benefits were induced by the adoption of technology. The other 40% of the 
benefits, were in part, induced by the Land Reform Program of the 
Colombian Government and the improvement of credit availability to small 
cassava producers. 

Fresh cassava consumers total benefits, in the seven-year period, were 
23% higher than the benefits produced by the adoption of casSava 
technology. Therefore, 80% of total benefits perceived by fresh cassava 
consumers was generated by technology, but the remainder 20% was due 
to exogenous factors. One exogenous factor that may have influenced fresh 
cassava consumers benefits was the increase in price of fresh cassava 
substitutes. Since the results show that fresh cassava consumers respond 
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to changes in the price of cassava substitutes, they increase their 
• consumption of cassava even more, obtaining higher benefits. 

Total observed benefits to the animal feed industry (dried cassava 
consumers), were 22% higher that the estimated benefits from technology. 
This difference is explained by the fact that it was perceived that technology 
put an upward pressure on dried cassava prices, increasing dried cassava 
prices by 0.45% per year. Contrary to this, the animal feed industry fixed the 
price paid for dried cassava to 0.80 times the domestic price of sorghum. 
Therefore dried cassava prices decreased by 11.3% from 1990-91, as a 
response to the declining price of sorghum, when the higher volume of dried 
cassava was produced. Hence, total observed benefits to the animal feed 
industry was higher than the estimated benefits from technology. 

Even though dried cassava prices did not increase as expected as a 
response to the cassava drying technology adoption, total observed benefits 
to dried cassava processors were 189% higher than the benefits brought by 
the adoption of the technology. This may be causad by the increase in 
cassava production due to other factors besides cassava technology, which 
put a downward pressure on the price of cassava roots. This decrease in 
the cost of the most important input in the cassava qrying industry, outgrew 
the benefits generated by the cassava drying technOlogy itself. 

The difference between the estimated loss in market agents surplus 
and the total observed loss is rather large.· If the elasticity of supply of 
marketing services would be perfectly elastic, market agents surplus would 
not change as a consequence of the adoption of technology at other levels 
of the system. By assuming that the elasticity of supply of marketing 
services was high but not perfectly elastic (~ = 10), a loss to market agents 
of 661 thousand US$ versus the observed lose of 7 million US$ was 
estimated. This may imply that the elasticity of supply of marketing services 
was'even lower (~ = 1) as a result of the inefficiencies in the fresh cassava 
market. 
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Incidence of Estimated Benefits versus Alston's Expected 
Incidence of Benefits 

AIston (1990) analyzing the incidence of benefits from technical change 
• 

on surplus measures for the case of two factors with variable factor ' ~ 
proportions (p.18), concluded that: (1) an increase in demand (<< > O) will 
benefit suppliers of both inputs and consumers, and (2) an increase in the 
supply of one input (/3 > O) will benefit suppliers of this input, will benefit the 
suppliers of the other input as far as the elasticity of substitution between the 
two factors of production is lower than the elasticity of demand for the 
product (o < 11), and will al so benefit consumers. 

In the case of impact from the cassava drying technology we 
introduced a supply shifter (/3cd > O) and a demand shifter (<<cd > O), as 
discussed aboye. Comparing the estimated benefits with the expected 
incidence of the results from AIston (1990), it is found that they are 
consistent with prior expectations. The increase in on-)arm cassava supply 
(~cd = 0.1126), benefitled cassava producers and fresh and dried cassava 
consumers. The increase in the demand of cassava by the drying plants (<<cd 
= 20.19), benefitled cassava producers and dry cassava processors. Market 
agents lost from the adoption of the dry cassava technology beca use the 
elasticity of demand for fresh cassava, in absolute terms, is smaller than the 
elasticity of substitution between on-farm cassava and marketing inputs ( I 11, I 
. = 0.64 < o'm = 3). 

In the case of the impact from the cassava production technology we 
introduced an on-farm cassava supply shifter (!3cp > O), as discussed aboye. 
Comparing the estimated benefits with the expected incidence of the results 
from Alston (1990), it is found that the results are consistent with the prior 
expectations as in the case of the estimated benefits from the cassava drying 
technology. The increase in supply of cassava on-farm (/3cd = 1), benefitled 
cassava producers and fresh cassava urban consumers. On the other hand, 
market agents lost from the adoption of production cassava technology 
because the elasticity of demand for fresh cassava, in absolute terms, is 
smaller than the elasticity of substitution between on-farm cassava and 
marketing inputs ( I 11, I = 0.64 < O'm = 3). 

'.' 
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6.1.4 Conclusions 

Cassava producers benefitled most from the Integrated Cassava 
Projects in the region, gaining 15 million US$. Cassava producers with less 
production constraints (Le. land and credit availability), were able to more 
easily adopt improved production technology, and react faster to price 
changes; received higher benefits from technological change than cassava 
farmers with more production constraints. This was rightly hypothesized at 
the onset 01 the Integrated Cassava Projects (Lynam, 1986). 

The second group that benefitled most from the Integrated Cassava 
Projects, were the dried cassava consumers, who are mainly animal feed 
plants and integrated poultry and pig producers. This group of society 
gained 4.3 million US$ from the introduction of the cassava drying plants in 
the North coast of Colombia. Even though this group of society was not 
targeted as one 01 the main beneficiaries at the onset of the Cassava 
Integrated Projects, it is important to realize that the size of these benefits are 
the driving force behind the strong continuing demamd for dried cassava. 
Without this demand for the product, the introduction of the cassava drying 
technology in the region would not have been feasible. 

Even though cassava producers were the principal beneficiaries from 
technological changes in the North coast of Colombia, urban fresh cassava 
consumers also bene1itled from the adoption of cassava drying and 
production technology, obtaining a bene1it 01 2 million US$. Urban poor 
consumers, who consume higher absolute levels 01 fresh cassava and show 
a lower price elasticity of demand for fresh cassava, are the ones who 
gained most from the adoption 01 technology in the region. 

Although the group with the smallest total gain from the Integrated 
Cassava Projects in the region were dry cassava processors, which only gain 
1.1 million US$, this group was the second most important group benefitling 
from the adoption of the dry cassava technology together with cassava 
producers. However, it must be noted that the majority of the small-scale 
cassavá processors are al so cassava producers. As such they receive 
benefits in two ways. Between 1984 and 1991, approximately 55,318 MT 01 
dried cassava were produced. From this total production of dried cassava, 
it is estimated that 84% was produced by small cassava farm.er associations, 
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who had a total net gain from the adoption of dry cassava technology of 924 
thousand US$ during these years. The rest of the benefits of dried cassava 
processors (176 thousand US$) were received by private processors. It is 
important to note that as the installation of new drying plants becomes more 
commercial and less capital intensive because of modifications, barriers to 
entry into the dry cassava industry decreases, and subsequently the elasticity 
of supply of processing services increases. As such, this increase will tend 
to increase the benefits perceived by the dried cassava processors and the 
cassava producers. 

Fresh cassava market agents were the only group that lost as a 
consequence of the Integrated Cassava Projects in the North coast of 
Colombia. The loss of benefits to this group is mainly an effect of the 
inefficiency of the market which makes the elasticity of supply of marketing 
inputs less than perfectly elastic. A perfectly elastic elasticity of supply of 
marketing services, will produce no changes in the market agents surplus. 
Any attempt to further improve the marketing of fresh cassava, by making it 
more efficient approximating perfectly competitive cor)élitio(1s, will decrease 
the losses to market agents and increase the gains to fresh cassava 
consumers. 

The cassava drying technology in the Norlh coast of Colombia 
benefitted mostly dry cassava consumers and processors, but even more 
important, is the indirect effect of creating an incentive to increase the area 
planted with cassava and to increase yields, through the adoption of 
improved production technology. The adoption of cassava production 
technology benefitted mostly cassava producers and fresh cassava urban 
consumers. 

The net benefits to society from technological adoption, which are 
estimated at 22 million US$ are smaller than the observed total benefits of 
27 million US$. The difference of 5 million US$ between the total observed 
benefits and the benefits from technology, are due to other exogenous 
fa,:;;tors. So me of those factors, that have shifted the supply of on-farm 
cassava further, were land reform policy, increased credit availability to small 
cassava farmers, and the substitution of yam production area with cassava 
due to the increasing incidenceof Antracnosis, a yam disease. 
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A major conclusion is the fact that these resu/ts prove the importance 
of the research approach integrating production, processing, and marketing 
aspects. In the absence 01 the widened cassava market, cassava production 
technology adoption would have been significantly less. Moreover, principal 
beneficiaries would have been fresh cassava consumers and not the small 
producers to which the technology is targeted. Vice versa, with only 
processing and marketing innovations - in the absence of production 
technology - absolute total benefits would be· significantly less and the 
principal recipients would have been the animal feed factories and to a lesser 
extent processors. The integration of the research has been the prime factor 
to optimize both absolute benefits and their distribution. As such, the 
research objectives to target benefits to small producers has been full-filled. 
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