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Abstract 
A methodology was presented for selecting a farming system from multiattribute discrete alternatives 
by multicriteria analysis. An ex ante evaluation of vegetable production systems was performed in 
addition to a review of previous case studies to demonstrate the usefulness of this methodology and 
difficulties in applying it. The various methods used in the studies were classified into 3 groups: the 
compensatory, the non-compensatory, and the distance-based approaches, and were reviewed from a 
practical viewpoint. Since problems with weighting occurred in many case studies, special attention 
was paid to weights, especially to their meaning and the way to assess them. On the basis of this dis­
cussion, a method using multiattribute value functions was utilized for the evaluation. Labor-saving 
vegetable production systems under development, in which a self-propelled harvester was introduced 
and thinning was eliminated, were compared with the conventional system at the farm level based on 
criteria of profitability and framework characteristics. Determination of which I abor-saving pro du cti on 
system appears more desirable and a framework to effectively investigate "what-if' questions were 
provided. 
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Introduction 

Many alternative technologies have been proposed 
for improving farm management. For example, produc­
tion systems using innovative fa rm machinery and man­

agement practices to mitigate environmental degradation 
have been studied; results related to profit and loss, work­

ing hours, ease of labor, soil erosion, chemical and nutri ­
ent contamination, etc., were analyzed or est imated using 
field experiments, survey methods and simulat ion tech­

niques. These kinds of information arc by themselves 
considered to be useful for farmers and extension ser­

vices. 
The attributes used for measuring the performance 

of the systems, however, are in general conflicting wi th. 
each other. Costs increase when labor-saving machinery 
is introduced into farm management; margins may 

decrease when management aims al preserving the envi­
ronment. Therefore, i t is necessary to determine how to 

evaluate and select a fanning system. 

The purpose of this study was to develop an 
approach to select a multiattributc discrete alternative 
using multicritcria analysis. In Section 2 the methodol­

ogy was described and di fficult ies were outlined through 
a review of previous studies. In Section 3 the methodol­

ogy was applied to the evaluation of labor-saving produc­
tion systems for vegetables. 

Methodology and review of previous studies 

In th is study, fanning systems were evaluated 
through solving the following decision problem: to select 

a solution from a discrete set of alternatives using a set of 
criteria. These problems (selection problems"l ) have 
been studied by discrete multicriteria analysis which 

attracts much attention because of its ability to deal with 
ill-structured problems as compared with mulliobjective 

programming (continuous multicritcria analysis). 
The methods were classified into 3 groups. First, in 
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the compensatory approach, multiple auributcs were 
aggregated into overall values by, for example, multiat­
tribute value (utili ty) functions in which the concept of 
tradeoffs plays a crucial role. Second, i11 the non-com­
pensatory or outranking approach, aggregation proce­
dures based on concordance and discordance concepts 
were introduced; the concepts were derived from out­
ranking relations, which indicate that an alternative is at 
least as good as another one. Third, in the distance-based 
approach such as compromise programming, the distance 
between an ideal point and the alternative was mini­
mized. 

ln the fo llowing part, previous case studies will be 
reviewed and the difficulties in applying these methods 
wi ll be outlincd6

•
71

• Afler surveying compensatory 
approaches such as methods using multiallribute value 
functions, other methods including outranking 
approaches will be considered. 

A method based on an additive multiatlributc model 
has been widely applied for ranking alternatives using an 
importance order of attributes without specifying numeri­
cal values or allribute weigh1s"·9•

1
" 1• Farming practices 

were evaluated from the viewpoint CJf prof1tability and 
environmental quality of soil and water. The me!hod, 
however, was assCJciatcd wilh the followi ng problems. 
(I) The meaning of rank-ordered weights based on the 
relative importance of attributes was ambiguous. (2) The 
intervals of overnll values were sometimes loo wide to 
make decisions (to develop dominance relationships). 
(3) The fact that the structure of a value tree (a hierarchy 
of criteria) may afTecl the fina l results was not taken into 
account. Another method using ranking information on 
weights (pairwise ranking) has been applied for assessing 
altemative cropping systems from profitabil ity and envi­
ronmental quality perspectives». The weighting proce­
dure of the method, however, was also based on intuitive 
meaning, although weights based on importance judg­
ments, not derived from allribute ranges, may distort res­
caling of single-allribute value functions. 

A common technique to alleviate the range problem 
is swing weighting. This technique has been applied to 
the evaluation of vegetable production systems from the 
viewpoint of profitability and fannwork~l_ Since the firs! 
step of the assessment is the development of a rank order, 
the ranked swing weights are also npplieable to case stud­
ies instead of using intuitive ranked weights. 

An outranking approach has been ut ilized for sorting 
cropping systems based on their impacl on groundwater 
quality'>. The revised "weighting with cards" method21 

has been used, al!hough the concept of weights is quite 
different from the case of additive multia!Lribute value 
functions. The concept of weights which dCJes not 
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involve tradcoffs has also been used in the Analytic Hier­
archy Process (Al IP), though the aggregation procedure 
is based on compensation. Although this mclhod has 
been applied to the evaluation of alten,ative farming 
syslems10·m, there arc numerous I imitations rellltcd to the 
notion of wcightss1; the method has been criticized even 
by advocates of outranking approaches2l. The differences 
i11 the interpretation of weights suggest tha t us ing more 
than one type of methods may corn1>licate the 
i11 tcrpretation6·"), although it seems to be a safe approach 
and some authors follow that procedure; for instance, the 
AHP and compromise programming are used for the 
same cxample12>. 

A n application: evalu at ion of labor-saving 
production systems 

In this section an application of multiallributc value 
functions is presented. The decision problem this case 
Sllldy addressed is whether to in troduce labor-saving pro­
duction systems for daikon (Rapha1111.v sativus L.) culti­
vation. The issue is the tradeo[f relationship between 
1>rofitability and working hours with reference to ease of 
labor. The decision maker was a representative farmer at 
Hiruzen Heights (440- 520 m elevation) in the northern 
part of Okayama Prefocture, Japan. Since this is an ex 

ante evaluation, interval representation was introduced 
into models to cope with imprecision and uncertainty in 
data as well as in preferences•' . 

I) Evaluation criteria 

Farm profitabili ty and farmwork characteristics 
were used as 2 main criteria that summarize the infonna­
tion contained in many indicators for the evaluation. Fig. 
I illustrates the calculation process. Since the profitabil­
ity is based on the profil before accounting for unpaid 
family labor, there is no overlap or redundancy between 
the 2 auributcs. Fann profitability was based on the net 
profit, which is affected by the percentage of germina­
tion. the percentage of the number of openings with ger­
mination to the total number of openings in plastic 
mulch, and the percentage of a yield of high quality to a 
gross yield. Farmwork characteristics were derived from 
working hours for each task such as seeding or harvest­
ing. 

2) Altem(llives 

Farming systems, alternatives in decision analytic 
terminology, can be defined as combinations or compo­
nents and were developed using !he slrategy-generation 
table shown in Table I. The following 3 production sys­
tems for daikon were generated: 
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Pc.rccnrnge or 
germln;;uioo 

Pcrcc111agc of 
high tJlUtlity 

Profit ~nd loss 

Gros:, 1>rofi1 
per unit 

V:,ri:tblc COSIS 
p~r unit 

fllnmed area 

Lond rcfll 

Working hours 

L:md ,,,.cp:i,:ition 

Seeding 

I lnl'\'t-Sling nnd httndlini 

W3shing. gmding 
Md $hi1>ping 

l,.onJ clearing 

\I = V~luc:: (unctions: 

11' = Weights 

0'<rnll 
,·nluct 

Fii:. I. Calculation process of overall values 

( I) The conventional system, in which 2 (or 3 in the ei1se 
of seeding, th inning, harvesting, and carrying) family 
workers (plus a few hired workers for th inning) cultivate 
a farm of 5 ha by sowing 2 seeds per opening in a plastic 
mulch and harvesting by hand. 
(2) The first improved alternative (labor-saving al terna­
tive A, LS-A for short), in which 2 (or 3 in the case of 
seeding, harvesting, and carrying) fa mi ly workers culli­
vate a farm of 5 ha by sowing I seed per opening to elim­
inate th inning work and harvesting with a self-1)ropelled 
harvester to improve the case of the work. 
(3) The second improved alternat ive (LS-8), which is the 
same as LS-A except that seeding and harvest ing labor is 
entrusted to an agricuhural cooperative. 

3) Results 

Overall values of each alternative were obtained 
through the aggregation of weights for each allributc and 
single-attribute values. The swing weight for profitabi l­
i1y was 0.769 and the weight for fannwork characterist ics 
was 0.23 I. Sensitivity to the weights will be analyzed 
later. The values arc shown in Table 2. 

Using the overall values, the relationship among 
alternatives is represented graphically as (7) in Fig. 2. 
The representation shows 1ha1 1hc conventional system 
was weakly preferred to LS-A, rhc conventional system 
and LS-B were indifTerent, and LS-B was weakly pre­
ferred to LS-A. Since this is a pre liminary analysis of 
new production systems, sensitivity analysis is expected 
to provide signi ficanl results. Thus. the fo l lowing discus-

Table 1. Genera tion of alternatives 

Altc11a1ivc 
(strategy) 

r . 1 

Seeds per opening 
n·1ii1111ing 

Seeding 
labor 

Purchasing 
a harvester 

I Labor-savrng A", 
L--- - - ..... t ~~ r----, 

' L IIN01 practiced ~ Operator of AC l Yes J 
.. ---:or.- ,:-\ I 

Labor-saving B : \ / 

~ acticcd~[ F~r~ii] 
1 

No 

Convcnli~ 

Marvesting 
method 

Harvesting 
labor 

1 Harvester i . 
-- ~ (all ai once) t, Opcnuor ol AC 

~ ....... ,,... ' 
\ 

' 
'L~a,~i,zJ 

Washing and 
shipping 

lndiviclnal 
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Table 2. Values of the alternatives 

Allribulc 

1. Prolitabil i1y 
2. rannwork charnc1cris1ics 

2- 1. Land preparalion 
2- 2. Seeding 
2- 3. Thinning 
2-4. Weeding 
2- 5. Chemicals application 
2- 6a. Harvcs1ing and handling (by hand) 
2- 6b. J larvcsl ing mid handling (by machine) 
2- 7. Washing, grading nnd shipping 
2-8. Land clearing 

sion w i 11 focus on the efTects of changes in value judg­

ments and in technical improvements. 

The stabil ity of the current results can be repre­

sented by weight intervals within which the preference 

relations do not change. for example, the current relation 

(7) docs not change within W, = [0.718, 0.784] and W2 = 
(0.2 16, 0.282]. The stabi li ty of the resu lts can be 

expressed as intervals of' da1a that preserve the preference 

relations in the same way. T he current relation (7) docs 

not change within the interval of yield per unit that fluc­

tuates from 0.68 to 1. 12 times of 1he current level pro­

vided that the ratio of the high quality price to the low 

quali ty price docs not change. 

As Fig. I shows, the percentage of germination and 

1hc percentage or a yield or high quali ty to a gross y ield 

affected the net profits and consequently overall values. 

These effects can be examined in a two-way sensitiv ity 

Con. Con. Con. Con. Con. 

/\ /\ /\ /\ / \ 
A - ll A - B A ........ 1) 

(3) 
A-ll 

(4) 
,,-ll 

(I ) (2) 

Con. Con. 

I \ 

/\ \, 
A - 13 

A-B (6) (7) 

Con. Con. Co11. 

/ \ .. /\ ! \ 
A-ll A - tl A - fl 

(9) ( 10 ) ( t I ) 

Fir:. 2. Preference relat ions 
Con.: the co11vc11tiona l system. 
A: 1he labor-saving altcrna1ivc A. 
13: the lnbor-snving altcma1ivc 13. 

(5) 

Con. 
,,.,, \ .. 

/ \ 
I \ 

A ~-B 
(8) 

Con. 

I\ 
A - 13 

( 12) 

a- b: aPb. a-'»b: aQb. a ........ b: alb. 

Vi (LS-A) 

1.0.2 15, 0.215) 
(0.698. 0.832] 
(0.300. 0.593] 
[0.269, 0.67 1] 
[ 1.000, 1.000] 
[0.375, 0.375) 
[0.247, 0.592} 
[ 1.000. 1.000) 
ro.31s, o.479J 
[ 1.000. 1.000) 
(0.737, 0.737) 

Vi (LS-B) 

[0.212, 0.212] 
[0.81 o. 0.8861 
[0.300. 0.593] 
[ 1.000. 1000) 
r 1.000. 1.0001 
f0.375, 0.375] 
[0.247, 0.592] 
r 1.000. 1.0001 
[0.583, 0.653) 
[ 1.000. 1.000] 
[0.737, 0.737] 

V. (Con.) 

[0.309, 0.309] 
(0.457, 0.68 1 I 
(0.300, 0.593) 
[0.269, 0.671 J 
[0.400, 0. 733) 
[0.375, 0.375) 
(0.247, 0.592] 
f0.320, 0.500] 
r 1.000. 1.0001 
I 1.000, 1.000 I 
[0.474, 0.474] 

analysis. Fig. 3 illustrates the results. A point on the 

graph was defined by a pair or parameters; the fi rst mnn­

bcr is 1hc percentage of openings w ith germination; the 

second number is the ratio o l' ihe percentage of high qual­

i ty in the labor-saving systems (LS-A or LS-B) 10 the per­

centage of high quality in the convent ional system. The 

regions surrounded by I ines, which were numbered Crom 

(4) to ( 11), correspond to the preference relations shown 

in Fig. 2. T he slatus quo was located al (0.9, 0.8). The 

figure shows that i f improvements in the percentages 

were to be realized, LS-A and LS-13 would be preferred 

to the conventional system, although neither of them 

would be strictly preferred to the convent ional system 

due only to these technical improvements. 

Concluding remarks 

Research 011 the relationship between farm income 

and labor uti lization is important for evaluating a fanning 

Pcrccmagc or openings wi1h germinal ion 

Fig. 3. Effects of technical i1111m1vcmcnts 
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system as illustrated already; it is a traditional theme 1111d 

many case studies using multiobjective programming or 
goal programming have employed these critcria7J. How­
ever, the growing concern about the severity of environ­
mental problems such as pollution of groundwater, which 
may account for the recent increase of case studies using 
multicritcria analysis, will require that more complex 
problems be dealt with. Since criteria and alternatives do 
not exist beforehand and decision makers and perspec­
tives arc plural in that case, attention should be paid 10 

problem structuring. 

References 

I) Arondel, C. & Girardin, P. (1998): Sorting cropping sys­
tems on the basis or their impact on groundwater quality. 
Technical Report 158. LAMSADE. U11iversi1c Paris­
Dauphinc, Paris. 

2) Figucirn, J. & Roy, B. ( 1999): Determining 1hc wcigh1s o.f 
crilcria in the ELECTRE Lypc methods with a revised 
Simos' procedure. (Submiued to European .!011mal of 
Operational Research). 

3) Foltz, J. C. ct al. ( 1995): Muhiallributc assessment of 
alternative cropping systems. Am . .I. Agric. /;'can., 77 (2). 
408- 420. 

4) Hayashi , K. ( 1998): Multicriteria aid for agricultural 
decisions using preference relations; methodology and 
application. Agric. Syst. , 58 (4), 483- 503. 

5) Hayashi, K. ( 1999): Reth inking weight clicilation for 
analytic hierarchies; practical implications of the modifi­
cations. Procccdi11gs of 1l1c Fifth International Sympo­
sium on the Analytic Hierarchy Process. Kobe. 194-199. 

6) Hayashi, K. ( 1999): Muhicriteria analysis for n111urnl 
resource management; coping with diversity or meth­
ods. /11 .Emerging technologies for sus1ainablc land use 
and wmer managcmcn1, eds. Musy, A., Pereira, L. S. & 
Fritsch. M., Presses Polytcchnique.~ et Univcrsitaircs 
Romandcs, Lausanne, Switzerland (in CD-ROM). 

7) 1 layashi. K. (2000): Muhicritcria analysis for i1gricu l1ural 
resource management; a critical survey and fu1urc per­
spectives. £111: ./. 0/Je,: lies. , 122 (2), 486- 500. 

8) Hei lman. P .. Yakowilz. D. S. & Lane, L. J. { 1997): Tar­
geting farms 10 improve water quality. Appl. i\,/111h. Cum­
p111., 83, 173- 194. 

9) Lawrence, P. A. ct al. ( 1997): Using measured data and 
cxpcrl opinion in a muhiplc objective decision support 
system for semiarid rangelands. Ttwrs. ASAE, 40 (6), 
1589- 1597. 

10) Mawapanga, M. N. & Dcbcrtin, D. L. (1996): Choosing 
between al1crna1ivc forming sys1c111s; 1111 application of 
the Analytic 1-licrnrchy Process. Re1( Agric. Econ. , 18, 
385- 401 . 

11 ) Ols?n, D. (1996): Decision aids for selection problems, 
Spnnger-Verlag, New York. 

12) Tiwari, D. N., Loof, R. & Paudyal, G. N. (1999): Envi­
ronmental-economic decision-making in lowland irri­
gntcd agricu lture using multi-cri1cria analysis techniques. 
Agric. !>)wl. , 60 (I). 99- 112. 

13) Vinckc, I'. (1999): Outranking approach. In Multicritcria 
decision making, eels. Gal, T., SLcwan, T . .J . & Hannc, T., 
Kluwer Academic Publishers, Dordrecht. 11- 1- 11-29. 

14) Yakowi1z, D. S., Lane, L. J. & Szidnrovsiky, F. ( 1993): 
Muhi-allribute decision making; dominance with respect 
10 an importance order of the allributcs. Appl. Ma1h. 
Comp111 .. 54, 167- 18 1. 


	24-3-209
	34-3-210
	34-3-211
	34-3-212
	34-3-213

