
1. Introduction
Currently, farms are

faced with a double and of-
ten contradictory chal-
lenge, in order to be suc-
cessful: on the one hand
the invested capital has to
be profitable and the eco-
nomic performance has to
be maximised. On the oth-
er, given the socio-envi-
ronmental situation, it is
necessary to preserve and
to protect the environment
and the natural resources.
Such a challenge requires,
among other things, an ap-
propriate consumption of
production factors (such as
fertilizers and crop protec-
tion products), and a read-
justment of the used tech-
nologies (mainly through
the adoption of energy-sa-
ving measures), without
jeopardising food safety
standards that society ex-
pects.

Many of the existing farms do not come close to achiev-
ing these two objectives (conventional farms), while others
try to reconcile them, if not completely, then at least in part
(ecological farms). We should remember that it was in the
context of agro-environmental policies that many European
farms received monetary support to undertake agricultural
policies in accordance with the principles of ecological a-
griculture.

In the Portuguese context, the current problem centres on
planning farm’s activities in such a way that it is capable of
meeting economic objectives (from the perspective of the
private investor) as well as the environmental objectives

(from the perspective of
the general public), in the
future, and of operating in
accordance with the prin-
ciples for sustainable de-
velopment.

Given the potential con-
flict of the two aims, since
the satisfaction of one im-
plies the underperfor-
mance of the other (and
viceversa), and bearing in
mind that, in the light of
the current economic the-
ory, the income generated
is a function of the quanti-
ty of production factors
used, while the main neg-
ative impact of the farm’s
activity on the environ-
ment derives from the
very use of the same fac-
tors of production, the
question then is: which is
the solution to choose?

From a normative s-
tandpoint, farms should
be planned in a way that

allows them to reach a compromise between the two de-
clared principles – economic sustainability and environ-
mental sustainability. This work, based on meat production
systems of the Maronesa local cattle breed, from mountain-
ous areas of Northern Portugal, intends to design a farm
plan, regarding the sustainability of the agrarian practices
employed. Livestock farming is the main land use in these
areas.

The systems under study were selected due to a set of e-
conomic, social and environmental reasons. Amongst these,
a critical one is the contribution of these systems to fight
human desertification of mountainous areas, by providing
added value in economic and socio-environmental terms.
These systems need revitalisation, by improving their prof-
itability and promoting the rejuvenation of the farming pop-
ulation, but also by dealing with cattle breeds of high rus-
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ticity, natural transformers of intrinsic resources of the
mountain zones: a significant regression of herds has been
registered (to the current point, where they reached «risk of
extinction» status) which can lead to the loss of genetic as-
sets.

The research addressed a significant sample of existing
farms (112) within the study area – a mountainous area, al-
most 30% of the total farms have five or more adult ani-
mals, their main activity being the production of bovine
meat.

2. Methodology
The preparation of a farm plan, simultaneously following

economic and environmental objectives, was carried out us-
ing the Multicriteria Decision Theory paradigm. From the
standpoint of decision making in the context of multiple ob-
jectives, this theory provides the basis for the methodology
used in this study.

In order to arrive at the final farm plan, Multiobjective
Programming, in particular NonInferior Set Estimation
Method (NISE) and Compromise Programming, is being
used.

The NISE method is used in a first stage, to generate the
trade-off curves between the different objectives, which al-
lows a better appreciation of the possible alternatives (Co-
hon, 1978). Finally, the compromise technique is used as a
tool to determine the set of Pareto optimal solutions nearest
to the ideal point (Romero and Rehman, 1989).

Results were obtained with LINDO – Linear Interactive
aNd Discrete Optimizer (LINGO 10 software), based on the
operational aspects of the NISE method and of Compro-
mise Programming, indicated in Cohon (1978); Zeleny
(1982); Romero and Rehman (1989); Romero (1993); and
Poeta (1994).

3. Mathematical model
The mathematical model developed in this paper is a mul-

tiple-criteria one. Two objectives are considered – the max-
imisation of the Gross Value Added (GVA) and the minimi-
sation of the energy costs.

This first objective (Z1) was selected since a farm’s sur-
vival requires greater monetary incomes obtained via active
participation in the market, i.e. the sale of products. The
farm profitability is an essential condition for its sustain-
ability and, consequently, for the economic development of
the region and also a strong contribution for the human fix-
ation in the territory. This objective was translated into the
maximisation of GVA, as this result can be easily processed
in the form of a linear equation or inequation.

With regard to the second objective, it reflects environ-
mental considerations. Thus, among other possible objec-
tives (for example, minimised water consumption, min-
imised consumption of pollutant factors of production –
fertilizers and crop protection products, minimised use of
machines and equipment in the ground, among others) the
minimum of energy costs seemed the most suitable given

the possibility of quantification of the energy cost in terms
of each factor of production used.

This objective is framed in the light of the fact that ener-
gy efficiency is an important factor to be optimised, in the
global economy, being a direct indicator of sustainability. In
truth, as is indicated by Lansink et al. (2002), in the fol-
lowing decades, the world faces the challenge of transition-
ing toward sustainable standards of energy use in such a
way as to safeguard fuel for future generations and to re-
duce the negative impacts of fuel combustion on the envi-
ronment. The authors, referencing the data of UNDO
(2000), estimate that, at current consumption rates of fossil
fuels, these reserves may not be sufficient for the growing
demand by the year 2020. Besides this, the control of the
climate change requires substantial reduction of emissions
of greenhouse gases, as emphasized by the Intergovern-
mental Panel on Climate Change (IPCC, 2001), the massive
consumption of fossil fuels having aggravated global envi-
ronmental problems. The Kyoto Protocol, adopted in the
context of the Forum of the United Nations relative to the
Framework Convention on Climate Change, in 1997, re-
quires the reduction of carbon dioxide emissions by a rise
in energy efficiency and the use of renewable energy (EU-
ROSTAT, 1998).

Also, investigations into aspects of energy illustrate that
its use is generally related to greenhouse gas emissions and
to the depletion of natural resources. In order to reduce both
effects, potential ways to save energy in farming must be i-
dentified (Moerschner and Lücke, 2002), this being the
main factor that induced the identification of energy saving
as the second goal of farm planning.

In this regard, some documents, such as Ferreira et al.
(2002), indicate the reduction of non-renewable energy as
one of the goals that limit farm production.

The energy coefficients utilised were obtained from the
reference for energy analysis adopted in the context of the
«PLANETE» methodology – Méthode Pour L’ANalyse
EnergéTique de l’Exploitation» (Établissement National
d’Enseignement Supérieur Agronomique de Dijon – ENE-
SAD and Agence de l'Environnement et de la Maitrise de
l'Énergie – ADEME, 2002).

Using this approach, we propose the improvement of the
economic-environmental conditions of this simulated farm,
in two deliberately chosen areas: (1) competitiveness in the
market with products that present greater GVA and (2) min-
imal energy costs.

Other goals, directly linked to this theme, are found in the
model, not directly as in the two previous ones, but imposed
under the form of restrictions.

Those observed in the farms studied were identified as
principal activities, corresponding to the diverse parameters
and coefficients of the functions objective to the median val-
ues found for the grouping of the farms analysed, sometimes
with slight adjustments, whenever these deviated signifi-
cantly from the standard median values, after, whenever pos-
sible, comparison with the specialist literature. The remain-
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ing necessary information for the application of
the model was obtained from the literature on
the subject, namely, Institut National de la
Recherche Agronomique (INRA 1988); Euro-
pean Community (EC, 1991); Ministério da A-
gricultura, do Desenvolvimento Rural e das
Pescas (MADRP, 1997 and 2003); Gabinete de
Planeamento e Política Agro-Alimentar (GP-
PAA, 2001); Moreira et al. (2001); Ferreira et
al. (2002); CONFAGRI (2003); and Domingos
et al. (2005).

The constraints in the model are related to the
Agriculturally-Used Area (AUA), crop succes-
sion and crop rotations. The labour and ma-
chinery constraints are considered on a quarter-
ly basis. Constraints related to the fertilizers are
also added, including a reasonable use of fertil-
izers that does not exceed the amount per
hectare specified in the EC’s Nitrate Directive
(EC, 1991), whose objective is to protect un-
derground water from extreme contamination
by agricultural nitrates and, in particular, from
manure. The amount specified per hectare is the
amount of manure that will hold 170 kg of ni-
trogen (Pau Vall and Vidal, 1999). The quarter-
ly feed requirements for the cattle are linked to
forage cropping. Constraints relative to the sale
of the crops and to the sale of animal products
(meat, milk and manure) are also specified,
bearing in mind the limits imposed by the quo-
tas. Also considered are limits to animal stock-
ing density of farms less than or equal to three
livestock units (LU) per hectare (Ha) of AUA,
in mountainous zones, according to the «Good
Agricultural Practices» (MADRP, 2003), in or-
der to guarantee cattle handling compatible
with the load capacity of the natural environ-
ment. Finally, a correspondence with the as-
sumptions initially established for the defini-
tion of the sample is imposed, in order to later
validate the results obtained.

The model, made up of 129 variables and 97
constraints, is given in the appendix. Two dis-
tinct scenarios were considered: with (current
scenario) and without financial support (poten-
tial scenario) to the current activities integrat-
ed in the Common Agricultural Policy.

4. Results
The algorithm begins by optimizing each ob-

jective individually subject to the same con-
straints set. The obtained values of each objec-
tive in the two extreme optimal solutions are
shown in table 1 and 2, for without and with fi-
nancial support to the current activity scenar-
ios, respectively.
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Table 1 – Pay-off matrix in without-financial-support scenario.

Table 3 – Efficient solution obtained with the model, in without-financial-support
scenario.

Table 2 – Pay-off matrix in with-financial-support scenario.
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The two pay-off matrices obtained indicates that there ex-
ists a strong degree of conflict between the two goals con-
sidered, in both scenarios. When the GVA is maximised, en-
ergy costs reach their highest value or anti-ideal, and vice-
versa.

Next, the NISE method was applied, via the optimisation of
one unique objective function, composed of the functions –
GVA and energy costs – weighted by the value of incline of
the line uniting the two extreme value coefficients found (ide-
al and anti-ideal values of the pay-off matrix).

Using NISE method, seven extreme efficient points were
obtained in without-financial-support scenario (table 3) and
five extreme efficient points in the other scenario (table 4).

Thus, admitting that the only goal was the maximisation
of the GVA, the solution should be the one that corre-
sponds to points A (table 3) and A’ (table 4). On the con-
trary, at points G (table 3) and E’ (table 4), the solution cor-
responds to the minimisation of energy costs. Solutions A

and G (table 3) and A’ and E’ (table 4)
are two extreme value coefficients, in
each respective scenario, which, ac-
cording to the formulation of the
problem, will not be the intended so-
lutions. Others exist (table 3: B, C, D,
E, F; table 4: B’, C’, D’) which seek to
satisfy, within the limits of the possi-
ble and simultaneously, both goals.
Naturally, the best solution is unat-
tainable, because improving one of
the goals always implies a loss in the
other.

To reduce the set of solutions, the
compromise technique was applied,
giving equal weight to both objectives.
At this step the continuous setting ver-
sion of compromise programming was
used (Romero and Rehman, 1989).

By using compromise programming,
the solutions for p =1 and p = ∞ define
a subset of the efficient set called the
compromise set. Other compromise
solutions (1 < p < ∞) fall between the
solutions corresponding to p =1 and p
= ∞ (Romero and Rehman, 1989).

Note, however, that given the impos-
sibility of the existence of a non-whole
number of animals on the farms, after
the compromise plan was accom-
plished, new compromise solutions (al-
ternate compromise solutions) were
sought. To that end, the condition that
each cattle activity must be equal to the
whole number closest to that obtained
with the first compromise solutions was
imposed on the initial models. The re-
sults obtained are found in table 5.

Table 5 indicates that while GVA attains at least 78% and
77% of its ideal value, without and with financial support s-
cenario, respectively, energy costs attain at the most 54%
and 55% of the ideal value, in each situation.

Figures 1 and 2 show the trade-off curve between GVA
and energy costs, in both scenarios, with the decisive agent
being able to choose between the various productive com-
binations which best correspond to his preferences.

Analysing figure 1, we can observe that between points A
and B the incline is, at this part of the trade-off curve,
108.5717. This means that the opportunity cost of each G-
VA Euro can be measured as the sacrifice of 108.5717 MJ
of energy cost.

On the other hand, we can also observe in both figures
that between the possible solutions the energy cost grows
at an increasing rate (the incline keeps rising), and is ac-
companied by the rise in opportunity cost of the VAB. If,
hypothetically, the choice were to be point B instead of
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point A (figure 1), then a de-
crease of 759.5824 euros in G-
VA compensates for the
82469.1192 MJ reduction of en-
ergy costs.

In the compromise solution, a
gain of one Euro in GVA leads to
an increase of 10.6254 MJ and
6.1923 MJ in energy costs, in the
scenarios without and with subsi-
dies at the current farm, respec-
tively, which signifies a more than
proportional rise in energy costs.

The analyses of the solutions
allow us to enumerate the fol-
lowing comments:

- When the financial supports
are contemplated, for the same
energy cost level, greater levels
of GVA are reached. Besides the
incomes of the supports, this sit-
uation results from bigger al-
lowed heading mainly for the
Maronesa breed, which is associ-
ated to lower energy costs;

- The analysis of the activities of
the selected models shows an ac-
centuated use of the areas by
crops connected to the cattle ac-
tivity, mainly the irrigated land;

- The meat and milk cattle ac-
tivities are included in every so-
lution obtained, being certain
that the milk activity is always
present when the GVA tendency
is greater. Also, it is sure that the
meat activity is always present
when the tendency is for the min-
imum energy costs;

Table 5 – Obtained compromise solutions to the developed models.

Figure 1 – Trade-off curves between GVA and energetic costs for with-
out financial support scenario (The author’s findings).

Figure 2 – Trade-off curves between GVA and energetic costs for with
financial support scenario (The author’s findings).
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- All the solutions obtained for both models have greater
Maronês cattle, with more remarked values on the situa-
tion with financial supports.

Finally, table 6 presents the comparison of the average
number of livestock units (LU) observed on the farms s-
tudied with the LU obtained in the models.

The analysis reveals that, in the scenario that coincides
with the reality, that is, the subsidies scenario, the least de-
viation is obtained with a compromise solution (L1’),
which may allow us to identify the «compromise» that the
farmer, directly or indirectly, and intentionally or not,
strikes between economic and environmental goals.

However, if one considers the hypothesis of the real farms
adopting on average 17.2798 LU also for the situation in
which subsidies were not conceded to the current farm, the
deviations calculated under analysis would be lower for so-
lution A (0.66%), this being the extreme coefficient obtained
when the GVA is maximised. This may be due to the fact
that, in the absence of subsidies, the farmer seems to make
the decisions most likely to maximise economic results.

5. Conclusion
A model of decision-making support for problems of

multiobjective formulation, in the context of sustainabili-
ty, for two distinct scenarios (with and without subsidies
at current activity), is presented. Two objectives are con-
sidered – the maximization of GVA and the minimisation
of the energy costs.

The application of the framework is demonstrated
through a case study from Northern Portugal where local

bovine rearing appears as an important
contribution to fight human desertifica-
tion in the mountain areas, by provid-
ing added value in economic and socio-
environmental terms; these systems al-
so contribute to the nature conserva-
tion.

The techniques utilised allowed us to
find various solutions and, to this ex-
tent, the system can be considered
open. This means that all of the solu-
tions present advantages and inconven-
iences, when the results are analysed
within possible alternative scenarios
with diverse socio-economic circum-
stances and where goals can have more
or less importance.

However, when seeking the satisfac-
tion of both goals, with equal impor-
tance, via a compromise between them,
we see that the solutions found seem to
answer current problems, in the context
of sustainability, in which it is neces-
sary to attain, simultaneously, diverse
and conflicting goals.

The solutions reached in the case s-
tudy show that the following binomial appears to be the
key to the future of the farming sector, in mountainous ar-
eas, in the direction of quality development in equilibrium
with environment, social promotion and, simultaneously,
generator of incomes for agents that depend on it:

Meat cattle/local breed/lesser
energy cost/lesser GVA

Milk cattle/exotic breeds/greater
energy cost/greater GVA

Or, considering available resources, the most inhos-
pitable areas, such as community pastures and uncultivat-
ed land, must take advantage from the local native breeds
(Maronesa), natural transformers of the intrinsic resources
of the mountain zones, resulting in an environmental capi-
tal gain (from the public perspective), with lower energy as
well as economic cost (the private perspective), in spite of
presenting profitability inferior to cattle of exotic breeds.
For these situations, the size of the indigenous cattle herd
may still be strengthened, with economic consequences, if
monetary aid is attributed to breeding.

The most productive areas, on the other hand, must be
used for more lucrative activities, such as the breeding of
dairy cattle, for which the sale of the calf must happen at
birth, due not only to the greater economic yield resulting
thereof, but also to the absence of food resources available
to raise them. This situation is associated, comparatively to
the raising of local breeds, with a greater energy cost but
also with a superior profitability.

Table 6 – Comparison of average LU observed with the LU of the models.
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It can be concluded therefore that it is possible to plan
agricultural activities in order to reconcile some essential
objectives in the context of policies to promote sustain-
able agriculture and fighting human desertification in
mountain areas. On the one hand it is possible to obey to
the environmental conditions by maintaining genetic bio-
diversity (animal and plant) and the territory without en-
vironmental degradation, through the raise of local breeds,
with high rusticity and promoters of some economic ben-
efits, despite their low productivity. Moreover, the raising
of exotic breeds, although some cause negative environ-
mental consequences, strengthens the total economic ben-
efits of the farm, providing a higher quality of life, essen-
tial to keep the population and for the region development.

Appendix – Mathematical model
1. Objective functions

The objective function Z1 represents the economic objec-
tive, in this case the maximisation of the GVA, in Euro.
This economic result is calculated by the difference be-
tween the value of the sold productions and the consump-
tion of the variable production factors acquired to the exte-
rior. For the situation that subsidies are considered, its val-
ue was included in the objective function (Z1’).

The objective function Z2 represents the environmental
objective, the energy costs minimisation, expressed in
Megajoules, that correspond to the goods and services pur-
chased on the Z1 function.

2. Constraints
The constraint system of the identified model was

grouped into fifteen main categories, which are enumerat-
ed later. Its concept is based on the expression of what a
farm unit can do, that is, its field of choice and how it re-
lates to the technological characteristics, the available re-
sources, the satisfaction of demand and the limits of the
market, having environmental conditions and the farm au-
tonomy as base.

- Restrictions on use of land (Ha);
- Restrictions on use of manual labour (H);
- Restrictions on use of traction (H);
- Restrictions on use of fertilizers (Kg);
- Restrictions on nutritional balance of livestock and on

the sale of products supplied by agriculture (Kg);
- Restrictions on nutrition of livestock (Fodder unit –

UF);
- Restrictions on nutrition of livestock (Kg of digestible

protein in the intestine – PDI);
- Restriction on the maximum food ingestion capacity of

livestock (Kg of dry matter – DM);
- Restriction on the minimum ingestion of food produced

on farm (Kg DM);
- Restriction on the sale of meat (Kg);
- Restriction on the sale of milk (Kg);
- Restriction on the sale of manure (Kg);

- Restriction on animal stocking density (LU);
- Restriction on the cattle herd (LU).
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