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1. Introduction Abstract dance with the Strategy

. : . for Sustainable Develep
Currently  agricultural In this paper we propose a methodology for a farm plan that aims to recogﬁléem
i .

i ; the criterion of environmental sustainability with that of economic comp . .
];a(;’n::)lténlts ?recgarﬁ?add\.,xlttohrativeness, by employing the Multicriteria DecisiBheory. Subsequentiywe .G|Ven the poten_tlal con
u ut ICIOTY assess the comparative sustainability of the farm, along with that of two offiet of the two objectives
challenge, in order to befarms, both of which correspond closely to the environmental and ecologigak  satisfaction of one
successful: on the oneconditions of northern Portugal, one of which can be thought of as a “C*’”‘fﬁﬁ‘plying an underperfer
hand the invested Capitational” farm and the other an “ecological” production uwitth the results ob ce with reaard to the
has to be profitable and th(tained, we are_able to conclude that an ecological p_roduction system (plam%] dvi g9 d
. f hg:C" oY results in a much more autonomous, productive, balanced, adapte@H¥r and vice versa), an
economic periormance ‘equitable management than the conventional production system considerb@aring in mind that, in

to be maximised. On thets study the light of current eco
o_ther hand, given th‘? S0 Keywords: sustaynabilityenvironement, fam planning, management. nomic theory the income
cio-environmental  situa RésUMé generated is a function of

ggp\}elt;igeﬁgtsesgr{hteoep;\?i Dans le présent travail nousgposons une méthodologie pour une planiffne quantity of f_actors
P cation de I'exploitation agricole qui vise a satist@iren méme temps, awused, while the main neg
ronment and natural f€ criteres de durabilité emdannementale et de compétitivité économique a trative impact of the farm's
sources. Such a challengvers I'application de la Théorie de la Décision Multicrégér Qui plus est, ctivity on the environ
requires, among othersnous évaluons la durabilité de I'exploitation en la comparant avec detesau ent derives from the
things, an appropriate con explo!tatlons qui epl_od_wsent de prés les conditions eommement_a_les eté

. X cologiques caractéristiques du daiu Potugal. L'une peut érqualifiée d'v- VEry use of the same fac
sumption of inputs (such e“ge poduction “conventionnelle” et l'auer d'unité de prduction “é- tors of production, the
as fertilizers and crop pro cologique”. Les résultats obtenus indiquent que le systémeodeigifon & question then is: which is
tection products), and acologique (planifié ou non) permet une gestion plus autonomelgtive, the solution to choose?
readjustment of the teeh équilibrée, appopriée et équitable par rappbau systéme dequuction con- From a normative '_S

i i i | etenu dans cette étude.
nologies used (mainly ventionne :

tandpomt, we are con

i Motscléfs:durabilité, envionnement, rammation, gestion. .
through the adoption of g g vinced that farms should

enegy saving measures); , be planned in a way that
without jeopardising food safety standards that society eXjows them to reach a compromise between the two de
pects. clared principles - economic and environmental sustain

Many of the existing farm units do not come close ity We intend, in this work, to formulate a plan for a
achieving these two objectives (conventional farms), whi rm, with the purpose of reconciling the criteria of envi

others try to reconcile them, if not completedy least in 5y mental sustainability with those of economic competi
part (ecological farms)Ve should remember that it was ingyeness, using Multicriteria Decisiofiheory In other
the context of such agro-environmental policies that magy,,qs we propose to improve to the maximum the eco
European farms received monetary support to Undertaken%midperformance of an ecological farm.
grlculj[ural po_I|C|es in accordance with the principles of e |, fact, the underlying principle of the two above-men
cological agriculture. tioned objectives is closely related to the theme of sustain
In the Portuguese context, the problem today centres gfle jevelopment. On the one hand, the maintenance of a
planning farms' activities in such a way to meet econO”%%cultural activity is possible and desirable for ecoromi
objectives (from the perspective of the private mvestpr) lly viable farms as long as they are competitites will
well as environmental objectives (from the perspective ghniripute to their survival and will prevent population loss.
the general public), in the future, and operating in &cCQhp, the other hand, the very concept of sustainable develop
ment implies that all activities are developed on the princi
ple that no damage be caused to the environment and that it
B8 preserved for future generatiovéhat is needed is the
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lowest possible environmental damage. Given that this method allows us to corgeon the df-
Taking as starting point the recent work of Marineient set both quickly and precisess long as the number

(2002), two farms, adapted to the environmental and eaf objectives under consideration does not exceed two

logical conditions of northern Portugal, one “convertionNfRomero and Rehman, 1989), we took as our objectives the

al” and the other “ecological”, are used as a basis for comaximising of the GrosgalueAdded (GW) and the min

parison with a third farm - a hypothetical farm for which wémising of the engyy costs.

developed a plan, via multiobjective programming. The former was selected due to the fact that a farm's sur
This work constitutes the first stage in a study to be deival requires greater monetary incomes obtained via active

veloped over the next four years and should be treatedpasticipation in the market, i.e. the sale of produttss

the initial attempt to reconcile economic and environmentabjective was translated, by us, into the maximisation of the

objectives in the planning of a farm unit. GVA, as this result can easily be processed in the form of a
linear equation or inequation.

2. The planned fam With regard to the second objective, we assume here that

21. Methodology it best reflects environmental consideratiofisus, among

_ , ._other possible objectives (for example, minimised water
The preparation of a farm plan, simultaneously followingansymption, minimised consumption of production pollu

economic and environmental objectives, was carried 6ut Ygnts - fertilizers and crop protection products, minimised
ing the paradigm of Multicriteria Decisiolheory From 56 of machines and equipment in the ground, amorg oth
the standpoint of decision making in the context of multlplgrs) the minimum of engy costs seemed to us the most

objectlve's thl_s theory provides the basis for the methedolg jitaple given the possibility of quantifying the egyecost

gy used in this study by the production factors use@he only factor that is not

In order to arrive at the final farm plan, Multiobjectivepciyded in this objective is related to water consumption,
Programming, in particular NISE (NonlInferior Set ESt*ma\ghose engy value is imputed as nil.
e

tion Method) and Compromise Programming, was usedhis decision results from the fact that, on the one hand,
The NISE method was selected from a variety of possifl§s not possible at the moment to measure tegebf the
too]s qf analysis, due essentially to its ease 'of use, as Wellching caused by irrigation and, on the gtheseems to

as its inherent advantage, namely the reduction in the NUR that it is not a factor of appreciable environmental con
ber of solutions to a subgroup of afi@ént set, which fa  gequences, given that there is no shortage of water in-the re

cilitates a better appreciation of the possible alternativggq, Howeverit should be noted that water consumption
though with some limitations (Romero and Rehman, 198 -implicit in the overall engy calculation, via the engy

Tah. 1. The model formulafion

Zhy; by WO HY)TA (HYLIB HY LG (') Fy | Fp | Fx Vi 43 by

{rod i) (Ko | (B | (K |(Elz or Unita)| (L)
Z1-GVL (Eurog) -Fugi | -Pufs | -Fwo | -Pra | -Pue | -Pas |-Pwv|-Pre|-Pme F; - Prs

-Prby | - Prby
£2 = Erergy costs (WD VEsi | VEy84 | VEuo | VEra | VEum VEpy | VEpp | VEm VEq:
+ VEprhy + VEmhy
Use of the green-house area (m) 1 = AF
Use of the outdoor area () q = AL
Use of lashour (Hours) an; ax -1 = DD
Use of tractor (Hows) by b -1 = DTL
1 =1 =
Usze of motor purng (Hours) o o -1 = DIvIB
Use of water (m?) dy; o 1 =0
1 =1 =
Use of H (Kg) ey, &M, -1 =0
Contingent to the use of M (Kg) eHly; &My, = 0017 EE+ETY
Use of P20 (K eFy; &Py, -1 =0
Use of K0 (Kg) eKy; ek, -1 =0
Zale of the annual crop
production
-1y -y 1 1]

(Eg or units) H . =
Usze of fuel (Liters) . . -1 =0
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used by the motor pump. that is, the solution in which the objectives achieve their op
Using this approach, we propose the improvement of ttimmum values.

economic-environmental conditions of this simulated farm, The interpretation of the Payfahatrix allows us to con

in two deliberately chosen areas: (1) competitiveness in tbkede that a strong degree of conflict exists between the t

market with products that present greate®®@Wid (2) min  wo considered objectived/hen the G¥ is maximised, the

imal enegy costs. enegy costs reach their highest or least ideal value, and
To apply the model, we used information derived from arice versa.

ecological farmThat is, we tried to apply a new model on Based on the steps presented below it was possible to de

this farm, having in mind the available factors of preduauce the transformation curves (tradf-ahd to evaluate,

tion, as well the underlying principles of ecological agriat the magin, which of the objectives might be “sacrificed”

culture, in order to improve the economic result obtainedo that the other could be improved.

The model includes both the area covered by greenhousdgom among the enormous number dicegnt schedules

and the open land-he farm uses 2040 hours of labaub6 generated by the multiobjective programming exercise, the

horse-power tractor and one motor pudlpthe remaining most eficient solutions need to be sougfihe best-com

necessary factors of production are bought in. promise solutions (schedules) can usually be best-deter
We attempted to reflect the pre-existing diversity of-homined by what is termed compromise programming, which

ticultural production in our plan, namely the production of based on the distance to the “ideal” point, i.e. not the at

the following thirteen crops (cauliflowebroccoli, leek, e tained point, but that which constitutes the closest approxi

nion, beetroot, carrot, potato, tomato, cucumbmeaize, mation to the wishes of the decision agétis approach

green beans, lettuce and strawberries). involves finding the solution closest to the ideal point
The remaining necessary information for the applicatidiRomero and Rehman, 1989).

of the model was obtained from literature on the subjectDifferent compromises were established in accordance

namely Cary (1985)AImeida (2000) and Leach (1981). with the metric used. For metric p=1, the best-compromise

The model can be summarisedlab 1.

The meaning of each of the symbols used in the mode ..., _ 6742-2Z,(x) , . Z.(X) —2819
detailed in the appendix. ik, =w, _ W, _

. - . 67,42—-43,05 17809- 2819

The model is made up of 34 decision variables and .-
constraints. solution can be obtained, as is usually in the case of com

TheAgriculturally-UsedArea (AUA) represents two cen promise programming, using the following linear program
straints and we added a constraint corresponding to the oiag model (Romero and Rehman, 1989):
of each of the following factors of production: labowmac Subject to: x€F
tor, motor pump and fuel for the equipment. FurthermoreThe decision variable x is constituted by the area covered
we added a constraint for fertilizer use, thereby including for each crop and the set F is formed by the constraints ini
the model a reasonable use of fertilizers that does rot &&lly imposed on the modeThe coeficients wy and vy
ceed the amount per hectare specified in the Europeapresent the preferences of the decision maker(s) to reach
Community's Nitrate Directivewhich has the objective of each one of the considered objectives.
protecting undeground water from extreme contamination For the metric p&, in which the maximum individual de
by agricultural nitrates and, in particullom manureThe _ viation is minimised, the best-compromise
amount specified per hectare is the amount of manure thaMinL, =d solution is obtained using the following
will hold 170 kg of nitrogen (Padall andVidal, 1999). K 67427
nally, we specified the constraints relative to the sale of thiy, ’—Ms d
crops. 67,42— 43,05

As a first step in the construction of the model, we testec
the real degree of conflict between the two objectives by in
dividually optimising each of them so as to find their re Z,(x) —2819 <
spective values in the optimum solution. On this basis, we'Vz m—
constructed the Pay-ofmatrix found inTable 2.The ele
ments of the main diagonal line represent the ideal poitinear programming model (Romero and Rehman, 1989):

Tab. 2. Pay-off matrix obtained for the objectivesunder consideration

Subiject to: X €F
GVA (10 Eurs) Enegycoss (16 MJ) Wheredis the lagest deviation.

GVA (10 Eupsg) 67,42 178,09

* Council Directive 91/676/CEE, of 12 December 1991, concerning the pro
E 45 (100 MJ 43,05 28,19 tection of water against pollution caused by nitrates from agricultural sour
SEYCOSS LG ces, OJ L 375 of 31.12.1991.
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It is well established that metrics p=1 andxtefine the  This is an analytical methodology that tries to mitigate the
two limits, L, and L, of the compromise-solutions. In eth lack of integration of variables and indicators of many sus
er words, all the other compromise solutions fall betwedainability evaluation methods, overcoming the need for
them (Romero and Rehman, 198®)this point, it is sui- non-quantifiable variables and the presence of variables of
cient to solve these two linear programming problems foophysical, economic and social aspects (Masera, 2000).

each set of preferential weights;.w MESMIS draws on the following principles to evaluate
Both the previous linear programming models wergustainability (Masera et al., 2000):
solved substituting unity for the termsy\and w,. * it is valid only for specific systems of production in a-giv

The solutions obtained delimit the space of the comproen social and political context and in a given space and
mise-solutions. In order to proceed, we select as the bettdime;
solution that which presented the shorter distance to the iddt uses a comparative or relative approach in order to e
al point, obtained through the technique of the “Discretevaluate the dferences in sustainability between a refer
approximation of the best-compromise solution” (Romeroence system and an alternative system, or in the same sys
and Rehman, 1989). Of the points calculated, the solutiotem at diferent times;
obtained by the . metric was the one that gave the shor# it is a participative activity that involves the systems to be
est distance to the ideal point and was, therefore, the solevaluated and promotes discussion between appraisers
tion adopted for the remaining phases of the study and the evaluated on the basis of an interdisciplinary ap

proach;

2.2. Results * it is a cyclical process in which the conclusions serve to i
In accordance with the methodology adopted, the mairgentify the critical points of sustainability and to modify
characteristics of the farm corresponding to the economighe management systems, leading to the initiation of an

efficiency and environmental sustainability objectives areother evaluation cycle.
as follows. For the evaluation of agro-ecosystems, it is necessary to
« The entire greenhouse area is devoted to cucumber pifake a detailed analysis of the system to be evaluated and
duction and in the outdoor area only broccoli is produce@ determine the critical points that will serve to identify the
These two activities are the only income sources for tB@stainability indicators. It is also essential that these reflect
farm. the three evaluation areas (environmental, economic and
* The external area of the farm requires about half an-anigcial) so as to guarantee an approach evaluation that cov
al unit of work, as well as applications of nitrogen, phogrs all sustainability aspects. Beyond the definition of indi
phorus and potassium of 133, 94 and 223 kg, respecti¥@tors and evaluation areas, it is necessary to establish the
ly, in the form of products that conform to annex Il of thattributes of the system and the diagnostic criteria (Masera
Council Regulation (EEC) n.° 2092/91, of 24 June 199t al., 2000).
regarding oganic agricultural production. The systemic attributes, diagnostic criteria and sustain
« Given the water needs of both these crops, about 183ility indicators selected by Marino (2002) are presented
hours of motor pump operation are required, while thg Table 3, and coincide with the ones used in the present s
tractor available to the farm is more than enough for boglidy. It should be noted that the five attributes can be eval
the activities undertaken. uated for the three dérent areas: economic (E), social (S)
* Given the income accruing to this farm, and the costsghd environmental (A).
was to coveran annual GX of about 53 610 Euros is The evaluation cycle considered by the MESMIS
reached. methodology through the selected indicators calculation,
* An annual engy cost of about 46 560 MJ was attributedwas applied by Marino (2002) to a number of representative
. . - farms in theAsturian horticultural sector and repeated by us
3. The Evaluation of SUStamab”'ty on two farms: one practicing conventional agriculture,
3.1. Methodology used called “case Con” and one that_practic_ed ecologicat agri
culture, called “case Eco”, both situated in the North of Por
tugal.We also included the hypothetical farm for which we
MAd developed our plan, via the multiobjective program
ming, designated “case Plan”.
€ The evaluation subject of the study is the management
stem of the conventional and ecological farms, consisting
Yhe set of activities carried out by farm management, in

For the final part of the studye use the procedure-de
scribed by Masera et al. (2000) and adopted by Mari
(2002), but this time applied to the “planned farm”.

The mythology MESMIS - “Marco para la Evaluacién d
Sistemas de Manejo de Recursos Naturales Mediante |
cadores de Sustentabilidad” (Masera et al., 2000) consi
of a comparative evaluation of a series of translating ingly,in " the productive and commercial activities of the
cators of sustainabilityAs related by Masera et al. (2000 arm; training, acquisition and processing of information:

sustainability cannot be evaluat.ed per se, but only rejrativr‘i:asource management; decision making and the establish
ly or comparatively by contrasting two systems of man ment and maintenance of economic and social relations of

agement or two moments in the evolution of one systeMy e farmers with their surroundings. Conventional agricul
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Tab. 3. Sustinabili ty indicators adopted by evaluation areas (E - Economic S - Social and A —
Environ ment), total: 56 indicators, 26 criteria and 5 attribu tes (Marino, 2002)

ATTRIBUTE DIAGNOSIS CRITERION

Econonic incomeofthefam ard the
resaircegE)

Econonicyidd (E)
Productivity (13)

Productivity of thenaturalresairces
(E.A)
Efficiencyintheuseof resairces(?)

Econonicstdilit y (E)

EcononictrugwathinesgE)

Risk redidi on stratege s(E)

Lifequality (E, S)
Stability (18)

Fam corti nuity (S)

Evolution andtrendof thesetor (E)
Consevation of theprodudi venatural
resarcegA)

Ecosygemstebility (A)

Infarmationaboutthesedor (E,S)
Leaming capadty (E, S)
Adaptability (8) Exchenge andprodudi vei nnovation
cgpadty (S)
Availddlit y of alternativeswhenfaced
with unexpeded alteations(E,S)

tural production was the reference system

INDICATORS

Grossvalueadded (GVA)

Min mum incomesquivaken by waker
Anrualng incomeofthelard

Total annualcos by sirface

Annual neé incomenfthewak

Intemal raeof yid d

Recowve peiodoftheinvesmen

Benef/ cos relation

GVAlinvesmert rdation

Produdivity by aulti vatedsurface

Fetili ze appli cation by surface
Enegybalance: producedconsumed enegy
Energy corsumgi on by prodiction
Econonic incometabilit y

Produdiongabilit y

Cog stahility

Benefs sentivity to theinvesmen variaton
Benéfs seniivity to thecos variations
Benefs sentivity to theincomeariaton
Produdiond vesification
Contrectedinsurarce

Moti vation in thedevai on to ayiculture
Labor and resdencesatisfdionin ruralaea
Econonic satisfaction and econonizing capaaty
Genaeation rdiefin thefam
Variatonofthesurfaceaulti vatedin 10 yeais
Organicsubgancecoriat ontheground
Appication of aop protedion produds
Tempoalbiodivesity

Spacebiodivasty

Treatmerts with cropprotedion produds
Recé&vedagraran publi cations
Infamationsaurcesof thesetor
Educationall eve

Coursesn Agriaultureand ther duration
Adopion arl gengation of productive techiques
Interesin newmehodsand tedindlogies

Produdionaltematvesand mommaedali zationavaildalit y

Possble exitsin aaisis

for the evalua

chose to use the inverse-val
ue of the indicator obtained.
The results obtained with
the remaining phases of the
sustainability  evaluation
cycle, using the MESMIS
methodologyare presented
in synthesized form below

3.2. Results

Table 4 shows the values
obtained for the sustainabil
ity indicators under consid
eration, in the following
cases: the ecological versus
the conventional farm (E
co/Con); the hypothetical
planned farm versus the
conventional case
(Plan/Con) and the planned
versus the ecological farm
(Plan/Eco). As previously
shown, the reference sys
tem used in the first and
second cases relates to con
ventional agricultural pro
duction, while ecological
production (cases “Eco”
and “Plan”) constitutes the
alternative system of cem
parison. In the third evalua
tion, ecological agricultural
production was considered
as the reference system.
The reference system func
tions on the basis of an-in
dex of 100.

Since many of the indiea
tors of the planned system

tion, while an alternative system of comparison was prére also common to the ecological farm there is a high de
vided by data relating to ecological production by the “Egree of correspondence between the two systems.

co” and “Plan” cases, the later being more relevant for thefhe main conclusions to be drawn from the analysis of
present studysince it combines both economidigéncy Table 4 would seem to be the following:

and ecological objectives. * Productivity indicators:

Other elements characterizing the horticultural preduc * the planned system has a higher level of economic pro
tion system, and which permitted the identification both of ~ductivity than the other cases, while the ecological sys
its critical points and the way in which key indicators were tem has a higher value than the conventional case (in
measured, can be consulted in Marino (2002). Howeuer fact, three times higherJhis result is, essentiallgue
should point out that the value assumed for some indicators to the fact that the highest values for both yield and e
was the inverse of that which was actually obtairfds conomic productivity are to be found among farms fol
was verified in the cases where a higher value of a given in lowing ecological agriculture, because of the substan
dicator meant that it was making only a minor contribution tial reduction in their production costs;
to the sustainability outcom@his is shown, for example, ¢ the three systems are similar in terms of theifficieh-
by the indicators relating to production costs, where the cy in the use of engy resources, although the ecologi
higher the value of the farm costs, the smaller its contribu cal system was less ifiefent in the use of resources
tion to sustainabilityTo show clearly this phenomenon we  than the others, even though egyeconsumption was
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with this type of associa
tive behaviour are more
likely to adopt environ

Tab. 3. Sustainahili ty indicators adopted by evaluation areas (E - Economic; S - Social and A - Environment),
total: 56 indicators, 26 criteia and 5attributes (Marino, 2002) (continuation)

ATTRIBUTE DIAGNOSIS CRITERI ON INDICATORS mental protection meas
o . ures,;
Partid pation in theincomefthe e Val &/edrelativeto thesale priceto thepubli !
commpedal chein (£.9) aluerecévedrelativeto thesale priceto thepublic . O_I’l the o'_[h_er_ hand, the e
Supply andremuneation of thejob (E, Geneatedjobsan denended seices quity implicit in the con
S) Renuneation offered relativeto theminimum wage ventional case is greater
Wark digrilbution and family W ork d stributionwithinthefamily than that of the planned

) responibility (S) Participation in thefamm’sdedsionmaking
Equity (10) Productionethics(S) Existenceofvegeable gadenfor houséiold corsumgi on system. One of the factors

Sodal insetion (S) * Participation in nonprofesmnalasso@tions that explains this situation

Environmenprotedion (A) * Resdiesmanagmen is higher job supply of the
* Redictionmeasuesof envronnentali mpad conventional case, as well

Seif-aifficiencyof produdion (E) e Criti cal factors externalto thefam as the higher level of te
* Redictionstrategesof produdionexernaldepermence .

Cortrol of rdationswith the e Contrd capadty%fthecpommmialimtionfacéegrs muneration. For the Same

commedal chain (S) ¢ Dedson andconmerdal negdiation power reasons, the ecological

Autonomy (7)< eonialorganisation (S) * Partiipation in profesinalorganizations system is less equitable

* Fedingthesetor repesetation than the conventional

Extemal resaircesigerdenceA) * Extemal enegyconsumptionbysurfece case.,

» Autonomy indicators:
« the planned and ecological cases have greater autonomy
than the conventional system, due igéapart to the
guantitative autonomy indicators (more objective) and,
to a lesser extent, to the influence of the qualitative in
dicators (more subjective);
the greater autonomy of those systems must be due,
mainly, to their lower dependence on external re
sources, as a result of the lower animal consumption of
enegy per hectare (overall, in the form of fertilizers and
fuel enegy) and, also, to the greater degree of coopera
tive oiganisation that characterises these systems.

lowest in the planned case, followed by the convention
al case (the value in question of this item was the in
verse of that obtained, for the reasons previously gi-
ven).

« Stability indicators:

« the ecological system has higher values for all stability,
indicators, the planned case typically being found in an
intermediate position and, for some indicators, below
the values obtained in the conventional case crop
diversification of each of the systems contributes to
this situation: the planned case has a lower diversity

it specialises in the cultivation of broccoli and cueum |, Figure 1 the global value of comparative sustainability

ber only; in each of the considered cases is presented. It is clear that

« overall, in terms of quantitative indicators, the ecologiyhen the conventional farm is used as the reference, all of
cal system proves to be superi

or to the conventional system, a FIGURE 1. Sptisis af camabilsty vttt e for Beologeal
T . mthesis o 2 sustaivability evaludafion average value for Ecological versus
far as Stablllty is concerned. Converfion] managemert (EeosCUon), for Flormed versus Converfiona] management (Flaw' Ton)
° Adaptablllty indicators: ard for lanmed versus Erological management (Flaw'BEeo) (Case raference = dex 10O0)

« the adaptability indicators are al
gualitative and were obtained b
means of a questionnair€hus,
we took them as having value
similar to those of the plannec
and ecological farms;

- after analysing all these indica
tors we observed that these tw
systems have higher adaptabilit
than the conventional case. Stability +

 Equity indicators:

« the ecological case was slightl
more equitable than the conver
tional caseThis is due, as Mati
no (2002) has already suggeste
to the greater social integratiol
of the producers, who join in so R
cial groups; in general, those Productivity

Adaptability

—e—gcofcon.
e pilanfcon.
—dr—planfeco
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Tab. 4. Synthesis of the average value ranking for the div ersesustai nabili ty ariteria in Ecological versusConventional  * @ higher annua! en
management Eco/Con), Planned ver sus Conventional (Plan/Con) and Planned versus Ecological (Plan/Eco) ey consumption,

justifying a lower

RANKIN G
Eco/Con Plan/Con Plan/Eco level of aUtonomy of
ATTRIBUTE DIAGNOSIS CRITERION eltion Relation Rehtion theplanned System
Econonic incomefthefam anl theresaurcegE) 320% 422% 131% F".]a.”y’ the pre
Econoricyidd (E) 609% 1063% 1710, ductivity — of  the
’roductivity (13)  productivity of thenaturakresaices(E, A) 200% 200% 100% Planned system is
Efficiencyintheuseof resairces(h) 139% 118% 95% hlgher compared to
Total 317% 451% 124% the other cases con
Econonicstailit y (E) 166% 166% 100% Sidered.This is due,
Econonic trugwarthi nesgE) 757% 757% 100% essentially to the
Risk redidi on stratedge s(E) 150% 50% 60% fact that it exhibits
St Felt lifequality (E,S) 133% 133% 100%  the highest yield and
(18) y Fam gom nuity (S) 100% 100% 100% .econormc producﬂ.\/
Evolution andtrendof thesetor (E) 480% 480% 100% |ty.
Consevation of productive naturalresurces(A) 300% 300% 100%
Ecosygemstability (A) 396% 127% 3% 4. Final const
Total 310% 264% 87% :
Infamationaboutthesedor (E,S) 133% 133% 100% de rations
Leaming capady (E, S) 150% 150% 100% One of the main
Adaptability (8)  Exchange andproductive innovation capagty (S) 133% 133% 100% conclusions of this
Availilit y of alternativeswhen facedithunexpeed alteratons investigation is that it
(E.S) 150% 150% 100% s still impossible, in
Total 142% 142% 1000 absolute terms, to af
Partid pation in theincomenfthecommecial chain (E,S) firm which of the se
134% 134% 100% ; . ;
Supdy andremuneation of thejob (E,S) 59% 49% 75% lutions is unqueSthn
Equity Wark digtribution and family resporikiit y (S) 100% 100% 1000 ably the best and,
(10) Productionethics(S) 100% 100% 1000 therefore, which
Sogal insetion (S) 200% 200% 100% Seems the most suit
Environmenprotedion (A) 150% 150% 100% able in a glve_n mo
Total 1249 122% 96% ment or circum
sef-aifficiencyof prodidion (E) 150% 150% 100%  Stances but not under
Cortrol of rdationswit h thecommedal chain (S) 150% 150% 100% different conditions.
Autonomy Se¢orial organization(S) 200% 200% 100%  Moreover having
@) Extemal resaircesigoendenceA) 1064% 559% 52% used data from on|y
Total 390% 265% 88%  three farms, our cen
SUSTAINABILI TY TOT AL 257% 24%% 99  Clusions cannot be
generalized.
the other types of farms exceed the index of 100 by a sub It should be noted

stantial magin. The values of the adaptability and equity atthat the only objectives considered in the multiobjective
tributes are similar for all of the three systems considergetogramming of the performance of the planned farm were
whereas there is a wide disparity for the productistg the G\A and enegy costsThat is, we were able to obtain
bility and autonomy attributes, since in the planned and & figure for the increase in financialfielency of the
cological cases these are three times higher than in the gdanned farm, relative to the other systems considered
ventional. (conventional and ecological). Howeyvethen the situation
These two systems, aside from the afore-mentioned sith examined with a view to reconciling the two objectives
ilarities, have very comparable sustainability scores.-Neunder consideration, we found that the planned farm had
ertheless, the ecological farm exhibits a slightly higher lethe highest engy consumption per area unit.
el of sustainability (ecological versus planned - 99%), de Furthermore, these are not the only factors that will influ
spite its lower productivityThe factors that contributed toence the sustainability attained by a given production sys

this phenomenon are: tem. For example, crop diversification and employment
« the lower level of crop diversitymplying a less stable creation were far from the levels expected or hoped for in
planned system; the case of the planned farvile should not faget that bie

« the lower level of job creation and the lower labour rediV(_ersity is an inherent condition for genuinel_y ecological
muneration, justifying a less equitable planned systeragriculture. Howeverthese factors could easily be over
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come by modifying the initial farm plan, or by combiningo the MESMIS methodologyn fact, as stated earljave
them with other objectives to be achieved in the plannéave followed the same sustainability evaluation cycle as
farm, or even by grouping the objectives that have sustathat used by Marino (2002). Howeyand after further ht
ability implications.
It should be noted that, as the title of this paper suggestethodology lies in the choice of the indicators and in the
this was a first attempt to address the problem discussetegration of results through a qualitative valuation. Glear
here and the intention is to study further the most relevdwt the criteria adopted in choosing the indicators and the
aspects and ditulties of the problem. In fact, the impor procedure used to attain the results can have a significant
tant point emphasized in this paper is that it is possible éfiect on the final value attributed to sustainahjlgywen
bring together a series of factors in a model of farm-mathat the basis for this exercise is relative rather than ab
agement that are conducive to ajaextent to the achieve solute. Howeverconsidering the data used and the results
ment of multiple sustainability requirements.
Other considerations derived from this study are relatégins (planned or otherwise) allow much more autonomous,

Appeandix
VARIABLES:
XA = Anrual crops (m?),
i = 1, greenhasearea
i =2, outdoo aea
j—typeof aop
MO = Hiredlabour (Hours)
TA = Tragar renal (Hour
MB = Rert of nmotor pump (Hours)
AG= Water utili zation(m®)
Fyn= Purchaseof N fertili ze (Kg of N)
Fp= Purcheseof P,O; fetilizer (Kg of P,O))
Fy= Purcheseof KO fetilizer (Kg of K,O)
Vy = Sakscaresponidg to annual aop produdion (Kgor Urits)
GS= Purcheseoffud (Litreg
PARAMETERS:
AE = Availabilit y of tatal area unde greenbuse (1)
AL = Availabilit y of tatal cutdoors aea(m”)
DMO = Labour availabilit y (Hours)
a = Labour nesds by crop(Hous/m?)
DTA = Tragar availailit y (Hours)
by = Tradar needs byrgo (Hoursm™)
DMB = Motor pump availabilit y (Hours)
G = Motor pump needdy crop(Hours/m?)
d; = Wata needs byrap (/m’)
eN; = N fetili zeneeds byrap(Kg/m’)
ep; = P,O; fertili ze needs byap (Kg/m?)
ek = K,Ofertilize needs byrap (Kgm")
fi = Sakscaresponidg to annual aop produdion (Kgor unitsm®)
gj = Fuel needs byrap(Litregm?)
h; = Crop protedion produds needsby aop (Kg o litregm’)
S = Seedheedbyaop (Kgor unitsm°)
VEs = Enegy valueofsed (MJ/Kg or unit s)
VEgy = Enegy valueof Nfertili zee (MIKQ)
VEgp= Enegy valueof P,O; fatilize (MJ/Kg)
VEg = Enegy valueof K,O fetili ze (MJI/KQg)
VEg= Enegy valueofthe aop praedion produds (MJKQ)
VEwo = Enegy valueof labour(MJ/Hour)
VEm = Enegy valueof tractor (MJ/Hour)
VEws = Enegy valueof mator pump (MJ/Hour)
VEgs = Enegy valueof thefuel (MJ/Litre
PRICES:
p= Priceof theproduct suppliedby crgp (EungKg or units)
Puwo = Labour cog unit (EuogHour)
Pra = Trador rental unit(EurogHour)
Pus = Motor pump rerial unit (Eulos'Hour)
Pac= Wate priceunit (Euosm?’)
Psy = Nfetilize priceunit (EuogKg)
P = P.Os fertilize priceunit (EurogKg)

erature revieywwe must conclude that the key aspect of this

obtained, we can conclude that ecological production sys

productive, stable, well-adapted and equitable management
than the conventional production systems analysed in this
study
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