
1. Introduction
Agricultural soil degra-

dation due to erosion
processes and compaction
is probably the most im-
portant problem affecting
the traditional agriculture,
by interesting about 157
million ha (16% of the to-
tal European surface) and,
in the last 50 years, its in-
tensification greatly con-
tributed to accelerate the
erosive processes and raise
the desertification risk in
vulnerable zones. Cultural
systems that include
ploughing before non irri-
gated crops cause negative
externalities, especially as
for soil degradation (A-
POSOLO, 1999). 

The EU Common Agri-
cultural Policy (CAP)
clearly promoted the agri-
culture modernisation and
intensification, but this
modernisation had prejudicial effects on the environment
(APOSOLO, 1999). The CAP was reformed in 1992 and
this reform defined the environmental dimension of the a-
gricultural sector as the main user of land and attempted at
integrating market policy with structural and environmental
policies, namely with the introduction of the accompanying
measures, mainly the agro-environmental ones. The Agen-
da 2000 reform considers the integration of environmental
objectives in the CAP and the development of the role
farmers must and should play in the administration of natu-
ral resources. In this document, it is recognized that the a-
gricultural competitiveness in rural areas, in conjunction
with agricultural policies, should contribute to the econom-
ic cohesion of the European Union. 

Alternative soil tillage
technology plays an im-
portant role to play in de-
veloping a sustainable a-
griculture, from both an e-
conomic and an environ-
mental point of view.
From an environmental
point of view, reducing
compaction and prevent-
ing erosion promote soil
conservation. From an e-
conomic point of view,
they give a relevant con-
tribution to the mainte-
nance of equal levels of
farmers’ income (Martins,
1994). 

The production variabil-
ity of this technology, ac-
cording to the state of na-
ture, may however influ-
ence the farmers’ choice,
by making them opt for
traditional technology. In
a risky environment, the
farmers’ behaviour is very
important when higher in-

comes are at the same time very variable (Klemme, 1985). 
On farm, with determined production equipment, the pro-

duction variability implies different production plans that
may raise production costs and punish the income deriving
from the application of an alternative soil tillage technolo-
gy, including the farm income. 

The production variability also implies income variabili-
ty and then it is also an important element in the economic
analysis of the alternative soil tillage technology to be ap-
plied although its effects are partially covered by an agri-
cultural policy in which part of the subsidies is not linked
to the quantity produced. 

The used tillage technology implies a difference in the
number of days needed to seed and, depending on the type
of machinery used and on how this machinery leaves the
soil, a difference in the number of days available to execute
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the cultural operations that lead to the establishment of ce-
real crops. On average and per state of nature, the available
days are different according to the type of applied technol-
ogy (considering 8 working hours/day). Finally, the avail-
able days for each technology and each state of nature vary
according to the different soil types, because they are relat-
ed to how the mobilised soil supports the climatic phenom-
ena, which depends on soil type. This matter is extremely
important because it has obvious implications on produc-
tion costs and because the effect of the variability of avail-
able days on income variability must also be considered. 

The objective of the developed model is to evaluate the
decision that farmers have to make on the  traction sets that
should be used on farm and, consequently, the technologi-
cal choice in a risky environment, in particular by assessing
the variability of the main factors that can influence the de-
cision-making process, i.e. the intra-annual production vari-
ability obtained by applying different types of technology
and the available days needed to mobilise the soil  with d-
ifferent technology and therefore traction costs to be sup-
ported by the farmer. 

2. The Method applied – The mathematical
programming model

Basch & Carvalho (1996) stated that farmers usually con-
sider only variable costs in the analysis of the alternative
mobilization technology. Nevertheless, this technology also
affects tractors and implements number and the permanent
work needed, that is to say the so called fixed costs. The
technological choice of the mobilization system to be used
should be therefore based on an economic evaluation of the
entire farm, by considering the fixed and variable costs and
the interactions existing on farm. 

Mathematical programming allows comparisons of dif-
ferent technological options and considers the natural and
economic factors that influence the technology use (Sphar-
in & Seligman, 1983). Beside, this method allows the con-
sideration of the system’s interactions (Knipscheer et al.,
1983).

Kramer (1983) cites Nowak & Wagener to state that, in
the framework of the soil conservation problem, risk atti-
tudes can affect adoption behaviour and that further re-
search on the relation between risk and the adoption of soil
conservation practices would be useful in designing or im-
plementing soil conservation policies. 

Being a problem of income and risk, the analysis of the
technological adoption within a production system is no
doubt a decision-making problem and decision making is
rarely neutral to risk. This means that decisions are gener-
ally influenced not only by the expected values on prices,
productions or income (Anderson & Dillon, 1992) but also
by the income variability induced by the variability of
prices, productions or resources. The obvious conclusion is
that optimal choice made by farms is not purely motivated
by profit maximisation (Hope & Lingard, 1992). 

Many modelling techniques have been developed to
overcome the limits of linear programming in failing to ac-
count for variability in incomes of farms and in farmers’ at-
titude to the associated risks (Hope & Lingard, 1992). The
principles of decision-making under risky conditions have
been reviewed by Hazell and Norton (1986) and by Ander-
son et al. (1977). The problem can be seen as including two
parts: first, the analysis of the likely outcomes and their rel-
evant risk; second, the decision-maker’s attitude towards
them (Hope & Lingard, 1992). 

MOTAD programming (Hazell, 1971) was selected to
consider the first aspect. This method is a linear alternative
to quadratic programming and allows the maximization of
expected income (EI) to any level of total absolute devia-
tion (TAD). Parameterisation of TAD and the subsequent
calculation of standard deviation lead to the generation of a
EI - ∂ frontier showing the efficient set, i.e. the minimum
level of standard deviation associated to a given level of ex-
pected income. The model is developed elsewhere (Mar-
tins, 2006) and can be stated as:

where Z is the objective function, which represents the
planning period economic result, Ps is the probability of oc-
currence of state of nature s; rj is the profit of a product j;
fjs is the continuous production function for product j giv-
en state s; kjs is the vector representing the amount of pro-
duction factors used per unit level of short-term activity j
given state of nature s; cj is the unit cost of production fac-
tors used on short-term activity j; ct is the unit cost of long-
term activity t; S is the amount of resources available on
farm; xjs represents the units of  j activity in state of nature
s; and xt is the amount of long-term activities t.

This model presents a group of activities representing the
short-term activities, which change with the state of nature
and another group of activities representing the structural
decisions on the farm production structure that do not
change with the state of nature, i.e. they represent the long-
term decisions of the farmer. The model result maximizes
the planning period economic result, considering the best
long-term solution for traction equipment, permanent work-
ers and animals, and the best short-term production solu-
tion, i.e. the most likely best production plan in each state
of nature. 

In order to consider the second aspect, we chose the com-
promise risk programming (CPR) approach of Romero et
al. (1988), which allows the selection of the efficient plans
set that best fits the farmers objectives. 
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A rational choice considering risk can be defined as a
choice consistent with the decision makers beliefs about the
uncertainty surrounding the decision and with the farmers
relative preferences for the alternative possible conse-
quences (Hardaker et al., 1997). Based on the expected u-
tility theory, it can be stated that the decision maker’s be-
liefs are reflected and quantified in probabilities he assigns
to uncertain events, while the farmer’s preferences translate
his attitude facing the decision’s consequences, i.e. the ex-
pected utility theory shows us how both components of u-
tility (preferences) and probabilities (individual expecta-
tions) can be integrated to make a risky choice become ra-
tional (Hardaker et al., 1997). 

Ballestero & Romero (1991) proposed to combine Com-
promise Programming (CP) with the models of risk pro-
gramming (such as MOTAD), leading to the Compromise
Programming with Risk (CPR). By means of this method,
we limit the boundaries of the efficient set, where there ex-
ists the tangency point between the iso-utility curves and
the Risk/Income efficient frontier. 

With compromise programming we aim at identifying
the ideal solution - the point where each objective reaches
its optimal value. When there is a conflict between objec-
tives, the ideal point is an impossible solution and is only
used as reference. Compromise programming assumes that
any decision seeks a solution being as closer as possible to
the ideal (Zeleny’s axiom of choice) (Ballestero & Romero,
1991). 

The ideal point coordinates are given by the optimal val-
ues of the farmer’s objectives. Obviously, this point is un-
feasible, revealing the conflict between objectives (the
maximum income and the minimum risk). To measure the
proximity of an efficient point to the ideal, compromise
programming uses distance functions.   

Compromise Programming uses the distance concept as
measure of human preferences rather than in a geometrical
sense. Mathematically, the distance concept can be general-
ized by introducing the idea of metrics Lp, that lead to the
following generalization of the Euclidian distances
(Romero & Rehman, 1985):

where K is the number of objectives and p weighs the
magnitude of the difference between the objective j and the
ideal point, being the metric that defines the family of dis-
tance functions.

Yu (1973), cited by Romero et al. (1988), has proved that
the metric L1 (with p=1, the longer distance in a geometric
scene) defines a boundary of the efficient set (tangency seg-
ment between iso-utility curves and the efficient frontier),
while the other boundary corresponds to the metric L∞
(with p=∞, the Chebysev distance).

In order to calculate L1 and L∞, the model structure pre-
sented in eq. 1 has to be modified. L1 and L∞ are separate-
ly calculated, as follows (Martins, 2006):

where all the variables have the same meaning of before,
Ds is the deviation of income Zs in each state of nature s
from average Z and D is the total absolute deviation. Z*,
D*, Z* and D*, represent the best and worst values for ex-
pected income and total absolute deviation, respectively,
and W1 and W2 represent the weight on each objective –
the maximum expected income and the minimum total ab-
solute deviation – in the objective function.

where variables mean the same as before and d is the
maximum deviation among all individual deviations.

3. Production context 
Within this work, three different types of soil tillage tech-

nology were studied: direct seeding, reduced mobilisation
and traditional technology. 

Traditional technology includes one year of fallow, cov-
ered or not, with a primary mobilisation with a mouldboard
and, during an “average” year, two secondary mobilisations
with a tile mould before seeding. Reduced mobilisation has
only a primary mobilisation with a scarifier and a second-
ary mobilisation with a vibratory scarifier before seeding.
Direct seeding has no primary mobilisation and the second-
ary mobilisation is reduced to the seeding device working
on the seeding line. The weed control is assured by the ap-
plication of a pre-seeding herbicide. 
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These alternative types of technology allow a reduction in
the traction power needed to perform the seeding opera-
tions. 

Taking into account that different technologies have dif-
ferent machinery needs and differences in the available
days necessary to carry out the seeding operations, five in-
vestment activities were considered, corresponding to the
traction sets needed for each mobilisation technology (Mar-
tins, 2004).

The objective of the developed model is to e-
valuate the farmer’s decision on the traction
sets that should be used on farm and, conse-
quently, the technological choice to be made in
a risky environment, especially by evaluating
the variability of the main factors that influ-
ence decision making - the intra-anual produc-
tion variability obtained with different types of
technology and the available days to mobilise
the soil with different technology and, there-
fore, the traction costs to be afforded by the
farmer. 

In general terms, there are cereals and sun-
flower production activities and animal production activi-
ties - that consume land (the first ones), work and traction
– permanent and eventual labour activities and sets of
traction investment activities. Cereals activities and ani-
mal activities complement each other, by playing an im-
portant role in the orientation of the farm and the sets of
traction needed. Cereals and sunflower products are sold,
stored or given to the animals as food; animal products are
sold. The only limiting resource is land, whereas all the
other factors may change or do not limit pro-
duction activities.

In this problem it is critical to consider each
state of nature productivity for cereals and sun-
flower and the need to give the right size to the
machinery set of the farm, given the difference
in the available days necessary to carry out the
cultural operations, coming from different cul-
tural operations and different machinery used
with each technology and the eventual possi-
bility of decreasing the number and power of the tractors
used in direct seeding or reduced mobilization technology.  

The model considers investment activities in sets of trac-
tion, which include a tractor and all the tools needed for
each technology. Each set has fixed costs – amortization –
and variable costs – gas oil and oil - that depend on the
working hours. The number of sets is estimated by consid-
ering that the farmer would adopt the annual production
plans able to optimize his long-term decision. 

On the basis of the interactions between temperature,
rainfall and soil tillage technology and the important effects
on the soil, soil operability, productions and states of na-
ture, different levels of production were defined according
to the seeding technology applied. 

The amount of rain that occurs in winter (December, Jan-

uary and February) and spring (April) as well as the winter
temperature have been defined by Oliveira (1955) as being
the most important determinants of wheat production. Con-
sidering data collected in 27 years between 1963 and 1990,
the definitions given by this author, adapted by following
the opinion of experts from Évora University and National
Agronomy Bureau, allow us to define a dry winter, a very
dry winter, a rainy winter and a very rainy winter as shown
in the following table (table 1):

The same author (Oliveira, 1955) also defined cold, mild
and hot winters by considering the temperature of winter
months (December, January and February) and using the
following procedure:

For each year - December and January average tempera-
ture = φ

Average between φ and February temperature = L
Global average - (∑ L )/27 = c
Hot, mild and cold winters are defined in table 2. 

According to these definitions, each annual winter condi-
tions as for rainfall and temperature and spring conditions
as for rainfall were defined and the various years were
grouped in 6 states of nature, whose likelihood of occur-
rence is given by the relationship between the number of
years it occurs and the twenty seven years of data, follow-
ing the definitions given in table 3.   

In state of nature 1, direct seeding and reduced mobi-
lization production are under the average - on soils mo-
bilised with these types of technology, ground water is
closer to soil surface and such high precipitations in win-
ter, leading to swampy soils, are more adverse to cereals
seeded with these types of technology. The higher super-
ficial density of these soils leads to less space between
pores and the higher humidity may lead to lower gas
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changes and anaerobic conditions, thus reducing the root
development. These conditions are obviously less restric-
tive for reduced mobilised soils, which are less compact
on the surface. Traditional mobilisation has higher pro-
ductions because in very humid years, or after severe
rains, the oxygen in the soil is inade-
quate to plant roots and the soil mo-
bilisation has beneficial effects.

As for state of nature 2, it can be re-
ferred that soil condition in springtime
manuring is influenced by the seeding
mobilisation technology applied.  On
directly-seeded soils, in which cereals
may establish a well developed root
system and there are canals to drain
the water, the great amount of rain
falling in spring does not lead to a
swampy soil and allows the plant to
properly grow and to efficiently use
manure and spring temperature. Tradi-
tionally mobilised soils have a tenden-
cy to become swampy and the plant
development is affected by the spring
rain. Thus, directly-seeded and re-
duced mobilised cereals have higher
productions, whereas cereals seeded
with traditional technology present a
production close to the average.

In state of nature 3, traditional mo-
bilisation may raise the water on the
ploughed surface, which leads to
grater evaporation losses under dry
conditions. Besides this aspect, the
total amount of water available to
plants with a significant part of their
roots close to the soil surface will be
much lower than for those that have
deeper roots uniformly distributed.
Resistance to drought is higher since
the soil layer explored by roots is
thicker, therefore, cereals established
with direct seeding are more resistant

to drought. The conclusion is that in this state
of nature production is lower with traditional
technology than with direct seeding or re-
duced mobilisation.

For state of nature 4, production is under
the average in all cases, because high temper-
atures do not allow a well established cereal
but it is even lower with direct seeding and
reduced mobilisation that sum up the rainfall
effect to the temperature effect. For these
conditions, the cereal establishment is com-
promised and the spring situation can be neg-

lected. 
In sate of nature 5, the effects of winter rainfall, fol-

lowed by spring dry conditions do not allow a good cere-
al development in any case and so productions are always
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under the average. In state of nature 6, production is under
the average with any technology, but even worse with di-
rect seeding and reduced mobilisation because the good
penetrating capacity of seeds is compromised by the ex-
treme drought. In this state of nature, the establishment of
cereals is also so influenced by winter whereas spring
conditions can be neglected.

The states of nature have been defined according to
their consequences on production and one crucial issue of
this problem is that productions obtained by different ce-
reals on the different states of nature are perfectly de-
fined. The productions used for each state of nature were
based on an adaptation of known data, according to what
is defined in table 4 and considering, as Basch & Carval-
ho (1996) stated, that reduced mobilization and direct
seeding have the same average production than tradition-
al technology, although they have a higher inter-annual
variability.

As for the system under study, it is also important to
keep in mind that the states of nature have another funda-
mental implication: they imply differences in the available
days to work in a field, executing the cultural operations
leading to cereal establishment and development. It can be
stated that there is no coincidence between states of nature
with lower productivity and those with less available
days, essentially because dry years have productivity
problems but there are not problems relative to the avail-
able days. 

To implement the model according to the resources
available on farm, a farm in the Clay Soil
Zone of Beja that belongs to Évora Universi-
ty, the Herdade Experimental da Almocreva,
has been chosen as potential user. This farm
is characteristic of this Clay Soil Zone be-
cause it is a big farm (437 ha) with soil char-
acteristics typical for the Zone and it is a ce-
real-producing enterprise, where sheep rear-
ing complements the cereal system.

According to the soils, restrictions on land
were established considering two groups
with different soils texture. The first group of
soil I has soils with a clayey structure; the
second group of soil II has soils with a sandy
loam texture. Herdade da Almocreva has 237
ha of group I soils and 200 ha of group II
soils.

This farm uses the traditional technology
that is usual in this Zone and has traction
sets with more years than the usually con-
sidered useful life, which is also usual in this
Zone. To consider these aspects, the tradi-
tional set has been valued by half of the ac-
tual value, which means half of the amorti-
zation fixed costs.

4. Results 
In this section the results from the simulations made

with the mathematical programming model developed are
presented, on the basis of the standard situation where we
only consider the traditional technology and on the tech-
nological alternatives situation, and the principal factors
that determine the results, for the different years, for
which the annual production plans, the use of traction and
the expected economic result for the farm are identified.  

In the first simulation, we determined the production
plans that optimize the farmer decision on the different s-
tates of nature, as far as vegetable activities are concerned
(Martins, 2006).

The more relevant aspects of these results are the fact
that technological alternatives are always chosen, the clay
soils are not fully used in year type 4 in both situations;
these soils are not even used in year type 5 in the techno-
logical alternatives situation and finally, for this situation,
the use of almost all the sandy-loam soils, every state of
nature. 

The results that simulate long-term decisions, represent-
ing the structure of the farm, allow us to conclude that in
the standard situation the farmer will need 3 tractors, with
120 hp, 1 combine harvester and 3 permanent workers.
For the technological alternatives situation, the farmer
will need 1 tractor with 80 hp, 1 tractor with 105 hp, 1
combine harvester and 2 permanent workers (Martins,
2006).
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As for animals, the feeding resources available in the
standard situation can maintain 416 type heads, divided in
two groups with different feeding regimes. One of the
groups has 329 animals with an intensive feeding regime
that allows to sell animals being aged 3 months, with 25 Kg
live weight. The other group has 87 animals with an exten-
sive feeding regime, which only allows selling animals be-
ing aged 4 months, with 20 Kg of live weight. These ani-
mals are basically fed with oats and triticale straw and trit-
icale stubbles, integrated with concentrates when necessary.
In the technological alternatives situation, there is only one
group with 403 animals with the extensive feeding regime.
The diet is the same (Martins, 2006). 

The analysis of costs and profits structure of this farm in
both situations gives us some interesting points to com-
plement our discussion. 

First of all, on this farm, with a cereal-based system, ce-
reals and sunflower are the main products contributing to
the total income. 

Nevertheless, there is a point that must be underlined –
subsidies, paid on an ha bases, according to cereals refer-
ence productions, account for 44 to 55% (with an average
of 51%) of total income, depending on the state of nature
in the base situation, and for 41 to 59% of total income
(with an average of 52%) of total income, also depending
on the state of nature, in the alternative technology situa-
tion.  

As a second point, the difference between the two situa-
tions essentially lies on the costs with the use of traction
and with permanent labour. 

In the standard situation, the fixed costs with traction are

lower and there is a minor need for extra traction hours,
which means an average gain of 5,385 €, but in the tech-
nological alternatives situation the traction variable costs
are lower and the permanent costs with labour are also
more reduced. This means a difference of 24460 € be-
tween the two situations, due to these aspects, favourable
to the technological alternatives situation, which explains
almost all the expected income difference between the t-
wo situations.

The third key point is that results show that the expect-
ed income is positive in both situations, although with
technological alternatives it is 21,673 € higher; being al-
ways positive, in both situations, the expected income is
lower than expected in 60% of years, that represent 3 s-
tates of nature.

5. Risk evaluation
In the technological alternatives situation, a higher ex-

pected income is matched with a higher total absolute de-
viation. 

The risk evaluation of efficient production plans, given
the states of nature likelihood to occur, allows the deter-
mination of the admissible plans’ set that guarantee the
highest income for each level of standard deviation. 

With the objective of determining this set, the restriction
that refers to the sum of total absolute deviations on 25%
classes has been parameterized.

The obtained results, as well as the optimal levels for the
activities per state of nature that are expected in each so-
lution are presented in table 5.

What are the consequences for the system of a decreas-
ing risk? Which should be the
farmer’s choice if he wants a less
risky income? 

With a reduction of the Total Ab-
solute Deviation by 25%, the tradi-
tional technology set of traction im-
mediately enters the solution. This re-
sult is directly linked with the vari-
ability in the technology production.
Relatively to a model with the same
variability but only with alternative
types of technology, the use of tradi-
tional technology, with a lower vari-
ability, allows the farmer to reduce
the area seeded by using alternative
technology during those years that are
above the average and to raise the to-
tal seeded area. Thus, this gives the
farmer the opportunity of increasing
the amount of sold cereals, sunflower
and straw together with the amount of
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subsidies the farmer gets and it lowers the amount of ani-
mal feeds bought. 

By diminishing the total absolute deviation to 50% of its
initial value, the farmer can maintain the total area, with the
subsidies this implies, changing the areas used with each
technology. This change brings a lower variability but also a
lower income. For even lower values, the seeded area be-
comes much smaller and the production variability has a
more reduced influence on the income variability. If the to-
tal absolute deviation is only 25% of the initial value, the
area affected by the alternative technology becomes much s-
maller and a total absolute deviation equal to 0 is only
achieved with a clear reduction in seeded areas. 

Nevertheless, it is important to notice that even in this
last simulation the solution proposes the seeding of 235
ha, which clearly shows the great importance of subsidies. 

The frontier representing the effi-
cient set of production plans, for
which the risk is minimum given
the level of expected income, is
shown in figure 1. The points with
letters correspond to those  identi-
fied in table 5. In this figure, the in-
come is measured by expected in-
come and the risk is measured by
the standard deviation of that in-
come. 

In order to evaluate how the
farmer behaviour influences its de-
cision on which type of technology
to use, the Compromise Risk Pro-
gramming method has been applied

to the studied model. 
From table 5, ideal and anti-ideal vectors

can be obtained. The ideal vector includes
the highest expected value equal to 49,675 €
and the minimum total absolute deviation e-
qual to 0 €. The anti-ideal vector includes
the lower expected value equal to 10,076 €
and the maximum total absolute deviation e-
qual to 99,025 €. 

Assuming the farmer evaluates both ob-
jectives (to get the highest income and the
minimum total absolute deviation) in the
same way, the point L1 has an Expected In-
come of 25,354 € and a Total Absolute De-
viation of 22,356 €. The point L¥ has an Ex-
pected Income of 22,297 € and a Total Ab-
solute Deviation of 43,186 € (Martins,
2006).

Graphically, these results correspond to
what is presented in figure 2.

According to the presented results, it can
be stated that a farmer who evaluates both

these objectives in the same way will mainly use alterna-
tive soil tillage technology, but he will also use tradition-
al technology. On average, the farmer will mobilize 211
ha of his farm with alternative technology and only 57 ha
with traditional technology. 

In these results, the assumed evaluation of traction sets
is surely sensible. Hence, it is fundamental to know which
would be the farmer’s choice if the evaluation was equiv-
alent for all the traction sets, i.e. if we considered for the
traditional set the total actual value – the question posed
here is whether the farmer decides to abandon or not the
traditional technology when he needs to renew the traction
sets of his farm.

In this situation, the expected incomes and the negative
deviations to each average year would be the ones shown
in table 6.
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Table 6 - Expected income, Total Absolute Deviation and negative deviations in
each type of year, for the standard and the technological alternative situations.



Looking at these results, it is evident that the standard sit-
uation has two states of nature (4 and 5), which represent
41% of the years with a negative result. This means that
there will be years during which the farmer will have to find
short-term strategies allowing him to bypass this situation.

The parameterisation of the total absolute deviation
gives the results shown in table 7.

In this situation, the possibility of using alternative tech-
nology would inhibit the use of the  traditional technolo-
gy. The farmer’s option to reduce the total absolute devi-
ation of his production plan would be to reduce the seed-
ed area and to use only two traction sets, both for the al-
ternative technology.  

For the same levels of total absolute deviation as before,
the expected income is always lower, which means that
the farmer faces now a higher degree of income risk. 

6. Conclusions
The results make us firstly conclude that traditional

technology allows the farmer to pay the consumed raw
materials, the labour and the fixed and variable costs with
traction, but that the use of this technology puts  the
farmer under the significant risk of not getting the expect-
ed income. 

Admitting the possibility of using alternative soil tillage
technology, the results do not include anymore the tradi-
tional technology and the expected income substantially
rises. Although the total absolute deviation rises as well, it
is relevant that the use of alternative technology allows a
substantial reduction in the costs of the farm and, therefore,
the current income is only lower than with traditional tech-
nology in one state of nature (that represents 11% of cases).

The analysis of costs and profits structure translates the
differences in the short-term strategies that optimize the
current result of farmers each year, considering the pro-
ductions variability and the available days’ variability
and considering that the farmer equipment is sized ac-
cordingly with the traction needs of the various types of
technology. 

From this analysis, we can firstly conclude that a
farmer who uses traditional technology may obtain more
profits on average, but the use of the alternative technol-
ogy permits such a reduction of costs, according to the
number and type of tractors needed, that the greater vari-
ability of income these technology leads to looses im-
portance. Nevertheless, if the farmer has on his farm op-

erating traditional technology e-
quipment, he can still pay for his
fixed and variable costs using tradi-
tional technology, then previewing
a gradual substitution of the equip-
ments.

The points on the Risk: Income
frontier that limits the compromise
set revealed that the use of tradi-
tional technology in some parts of
the farm is an option when the aim
is the reduction of the income risk
faced by the farmer. 

The results obtained with com-
promise programming make us conclude that a farmer
who wants to reach both his objectives – to obtain the
best expected income and to have the lowest total ab-
solute deviation - will use both the alternative soil tillage
technology and the traditional one. This can mean that,
having traditional machinery on his farm, the farmer will
use the traditional technology at least in part of his farm.

Admitting the farmer would have to renew his farm’s
sets of traction, it has been demonstrated that the ex-
pected income remains positive, even when the farmer
only uses traditional technology, but its value is always
higher if he uses alternative technology. We can there-
fore conclude that the farmer will always choose the al-
ternative technology, since the Risk: Expected Income
frontier has no longer solutions with traditional technol-
ogy. 

It can be thought that farmers will let their equipments
be fully paid off and only it is necessary to replace them
they will adopt alternative tillage technology. This result
makes us believe that in a difficult economic situation,
that imposes the farmers some investment restrictions,
the substitution and adoption of alternative technology
will be even more gradual.

The conclusion that must be drawn is clear:  it is not
the income risk, coming from the production and the
available days risks, that influences the farmer’s adop-
tion of the technology. The choice is determined by the
difference in costs between traditional and alternative
technology that is clearly in favour of the latter.
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