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Abstract— Product assessment for imperceptible
characteristics like environmental impact, healthfuness,
naturalness, and fairness is a helpful tool in prodct
innovation and for enhancing socially responsible
conduct.

In this study we apply multiple criteria analysis for
the assessment of fresh tomatoes in terms of conseim
perceptions regarding the above characteristics. T
generated indices provide an explicit and comprehesive
representation of consumer perceptions. Existing toato
products from the Dutch market are ranked alongside
(reasonable conjectures of) potential products to &
developed with the use of plant genomics technology

The results are interpreted to provide insights ind
the socially optimal use of (plant genomics) techtmgy
for fresh tomato production. Policy uses are high@ited.

Keywords— Ethical assessment, corporate societal
responsibility, multiple criteria.

I. INTRODUCTION

conduct, spending money to communicate ‘green’ or
‘humane’ socially responsible profiles. Moreoverraage

of participatory methods is nowadays employed twease
the chances that costly investments in novel telciynes
will result to socially acceptable products.

In this paper we present and discuss a methodhfor t
assessment of (food) products on the basis of iceptible
attributes of concern to consumers. A multiple ecidt
approach [1] is used to rank tomato systems’ nradati
performance for selected attributes. The focus ristte
potential acceptability of different genomiiesnabled fresh

1In the Dutch context plant genomics is describecaahigh-

throughput technology’ (allowing fast and massivalyalysis of
genomes), focused on ‘research by means of a laggde

characterization of food products into the eludmtatof the way
genes, RNA, proteins and metabolites interacténfimctioning of

cells, tissues, organs and the complete organisd &s

environment, both in an individual or in populasoof species, as
well as between species’ [2]. Insights from plargngmics

research may be applied for the efficient develagmed novel

plant varieties in two distinct ways, either thrbugonventional
plant breeding or through genetic modification.

Conventional applications use techniques like maassisted-

Three main categories of attributes affect consumM@leeqing (MAB) to increase the efficiency of traatital breeding

demand for (food) products. Price, narrow use vébughe
consumer, and performance for issues like its impacahe
commons or on nature, on future generations, artisiant
people which the consumer does not expect to ewst.m
Somewhat arbitrarily, but in accordance with a cammse
of the word, we will refer to this third categorfiesues as
‘ethical’. A significant feature of ethical attrites is that
they are usually imperceptible. That is, unlessdvaind
credible information is available, the performanoé
products for these issues cannot be assessed.

in exploiting the potential that is already preséntthe genetic
diversity within a species [3,4]. MAB follows mudti the process
of traditional breeding for the generation of agmumbers of
cultivars, except from that selection of the prangsvarieties
happens with the help of genetic analysis in thedatory and not
according to the opinion of the breeder in thedfieGenetic
modification techniques may be divided into cisgerand
transgenic. Like MAB, cis-genesis is restricted the use of
genetic diversity within a species. Unlike MAB, -gisnesis does
not use the traditional plant breeding process,itootakes use of
more efficient gene insertion techniques. Transegenuses gene

Sufficient numbers of consumers nowadays expresgsertion techniques to introduce desirable germ® outside the
ethical concerns to allow sizeable values-baseckllabgenetic pool of a species. As such, transgeniontgals bear the

markets survive at non-competitive prices. Howeeéhrical
issues still lag behind attributes like price ardte, in
determining market demand. Nevertheless, the irapog
of relevant issues is not underestimated, not eugside
niche markets. Indeed, acknowledging the signifieanf
ethical issues, a wide variety of conventional picEts
declares voluntary commitments to costly codesthical

highest positive potential and, as it has ofternbeentested, the
highest risks. The positive societal and econoroteqtial of plant
genomics applications consists of the developmehtplant

varieties with improved nutritional value, resistarto pests, yield
to inputs, tolerance of unfavourable environmentdpur, taste,
aroma, etc [e.g. 5, 6]. Criticisms of plant genasninainly focus
on the naturalness of cisgenic and transgenic agjfans [7], and
on possible environmental and health risks. Furtbencerns
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tomato scenarios. Straightforward uses for the cisli
would include informing consumer choice on impeti#e
food characteristics of concern (like impact onmelte
change), assessing the societal performance ofupeos,
advertising superiority over a competing produchd a
anticipating the societal acceptability of differen
trajectories for (plant-genomics) technology depetent.
However, this kind of assessment demands that daum
of significant decisions are taken, chiefly what #re issues
in terms of which the assessment is to proceedwdnad is
their relative importance. What needs to be detsgthihere
is not less than 'what matters' and 'how much' grtbe
implications of (food) production, often hardly ational

assessed on the basis of four characteristicsr@nwental
Impact, Healthfulness, Naturalness, and Fairness of
production. These characteristics were selectedusecthey
refer to credence food attributes (that is to attributes that
consumers cannot assess either with their senses) the
basis of previous consumption). Also, on the basitheir
wide acceptability these characteristics mayakseimed to

be arereasonable (i.e. in agreement with the principles of
justice and able to be described as parts of sfietity
irrefutable views of the good life, ibid). Finallythe
selected characteristics ggeagmatic in the sense that they
are important to an economically significant numldr
consumers. This is demonstrated in the market ey th

puzzle to solve. To address such value judgmentsurvival of organic, biological, fairness, and hiedhbels at

Michalopouloset al. [9] proposed the so-termed ‘ECHO usually non-competitive prices.

Framework’ for the 'ethical characterization' obdis.

Il. MATERIALS AND METHODS

A. Assessment Criteria and |mportance weights

In particular, thieur
assessment characteristics were conceived so iasltole
the aspiration kernels of typical ‘healthy’ (or rfctional’,
‘fortified’), ‘biological’, and ‘fair trade’ food onsumers,
while the ‘naturalness’ category was meant to aaptiiose
aspirations of ‘organic’ food consumers that arequvered
by ‘health’, ‘biological’, and ‘fair trade’ labels.

Each characteristic was described using criteréd #ne

Within the ECHO framework assessments proceed ifsjevant to tomato production and to the optiorsuigied to

two steps. First, ‘structural input’ in the form agsessment
criteria and relative weights is collected. Struatunput is
meant to represent perceptions of citizens or aoessl

(depending on the purpose of the assessment) iegard concern

‘what matters andhow much’ in food production. The
second step concerns the collection of input akbet
performance of products for the selected critepaofuct
input’), and the use of multiple criteria modellifigr the
generation of concise product rankings.

this assessment. The environmental assessmentdsegar
traditional environmental issues like water usejegation
of wastes, impact on biodiversity, and also theetim
of greenhouse gasses release. Impact
biodiversity included impact on non-target orgarssm
referring to the ‘silent spring’ effect [10], come#on of
natural habitats to agricultural land, and perogive
uncertainty about the environmental impact of (Ged)
GMO'’s. The Health category considers added (cedjfi

An overall schematic representation of the assessmepenefits to consumer health about serious widedprea

criteria used in this exercise is presented avé#hee tree of
Figure 1. Their relative importance and the indicatused
for their measurement are presented at TaBlEdods are

regard the impact on the distribution of power witthe agro-food
sector and on farmers’ autonomy from the protectioh
intellectual property rights (IPR) on genomics-dedbvarieties [6,
8].

2 To select criteria and indicators for assessimgato products for
each characteristic, relevant consumer concerns mepped with
the help of literature research. Further insighs watained from
an interdisciplinary food expert workshop. Durige tworkshop a
wide variety of experts from social and naturalesces, the
production sector, and the civil society were iagito brainstorm
on concerns relevant to plant genomics and tomadduygtion.
The generated set of criteria and indicators feirtmeasurement
was structured, complemented and refined using-gealitative
interviews with disciplinary food experts. Next, itign
questionnaires were used to weight the relativeoitamce of the
selected criteria on the basis of Dutch consumecemtions
(N=101; unpublished data).

diseases (such as cancers and cardiovascular ei¥eas
health threats like pesticide residuals and pathicge
microbes, and also perceived uncertainties reggrdie
health impact of (certified) GMQO’s. Food Naturalses
considers the breeding approach, the use of agnuchks
and of artificial infrastructure during farming, darthe
rooting environment of production plants (e.g. soil
artificial substrate). To assess Fairness, weadttriloution
was considered alongside other publicly debatatesdike
the socially acceptable management of the commads a
impact on global hunger. Wealth distribution regattie
relative weakness of the producing economy andnirecof
the ‘weakest link’ in the supply chain (farm labpim this
application). Democratic decision-making refers tte
management of the commons, including the acceptabfl
irreversible changes and the commercial use of cmmm
resources. Impact on global hunger is assessegfnmstof
changes in the volume, the distribution, and tfemusty of
food production (minimizing threats).

12" Congress of the European Association of Agricaltéiconomists — EAAE 2008

on



The performance of a selected set of options fesgh
criteria was estimated on the basis of literatesearch and
expert judgment. Next, products’ performance fdfedént
criteria  was overall comparatively assessed using
multiple-criteria method by Diaz-Balteiro and Romer
(2004) [1]. These steps are discussed in moreldetée
sections that follow.

HERE PLACE FIGURE 1
HERE PLACE TABLE 1

B. Tomato Options and Performance Matrix

‘organic’ options refer to representative tomatogih
nationally recognized organic certifications. Thptions
included in this category were scored on the peréorce
@atrix according to their average performances €ach
criterion. These performances were estimated far th
purpose of this illustration, from published sow¢#2, 13,
14, 15, 16, 17, 18], personal communication witipesgis,
and with consumer organizations. Considered assongpt
were made when needed data was hard to mine.
Hypothetical product scenarios were assumed. Aibpct
input is shown at the Performance Matrix (Table 3).

The second category (options O5 to O11) comprises
imaginary or potential systems. System O5 (Advaréell
represents the fraction of Dutch tomatoes thafpaneduced

Eleven fresh tomato options were considered in thifn technologically advanced (‘semi-closed’) glassées

exercise (Table 2). The assessed tomato optiohsirfder
two categories. The first category includes emgstiomato

[19]. The FairBasic-Ma option (O6) has been defiried
represent an imaginary system that meetyg the minimal

‘systems’. ‘Systems’ comprise the end-product (ires Fair-Trade standard of ‘a fair price’, thus fuifill) the basic

tomato) and aspects of their production historyt thige
relevant to the selected criteria. The second oayeg
comprises currently experimental or hypotheticanseios
of tomato systems (explained below). Only systenith w
significantly different performance for at leasteonf the
selected criteria were included in this exercisdsoA

requirements of the Fair-Trade trademark. It hagnbe
introduced to serve as a fairness standard to cempith
09. The properties of this hypothetical system hbagen
defined on the basis of data about Spanish and ddaro
production and practices and climatic conditionsrdtco
has been chosen as the land of production sohtbatystem

because focus here is on imperceptible and ethicahtisfies the Fair-Trade focus of production in eleping

characteristics, tomatoes’ differences in pricdpun etc.
were out of scope and not considered.

countries, and because Moroccan tomatoes may Inel fiou
the Dutch market. It has been assumed that theerayst

~ The selection of tomato systems was meant to peoviddelivers a traditional variety, neither MAB nor gtically
insight on the optimal embedment of novel technplog modified. Environmental and healthfulness perforoean

(plant genomics) in food production.
HERE PLACE TABLE 2

The first category (options O1 to O4) comprisesxg
tomatoes that can be found in the Dutch marketsti)
tomato options may be described with different degof
detail, depending on the purpose of the study, alsd
depending on data availability. For the purposetlad
present exercise it was thought sufficient to useather
high level of abstraction, specifying five broadegpories of

was scored according to regional norms. When dataita
the performance of Moroccan tomatoes was limitbent
data for StandardES served for scoring this system.
Systems 07, 08, and 09 refer to non-genetically
modified products, produced with the use of MAB
technology. They have been purposefully defined to
represent reasonably realistic scenarios of usingBM
technology to apply insights from plant genomicseach
with the sole purpose to improve systems’ enviromiale
healthfulness, and fairness characteristics, régpgc
Scoring these non-existent systems at the perfazenan

tomato systems as presented at Table 2. Thesensptiomatrix was partly based on tomato and genomics repe

include so-termed ‘standard’ and ‘organic’ systefran
The Netherlands and from SpaifThe ‘standard’ options
refer to (for all relevant purposes and for allexint
indicators) stereotypic, mainstream, or bulk toredtoThe

3 Spanish tomatoes in the Dutch Market are usualbglyced in
Almeria and Murcia [11], and therefore data fronogé regions
have been considered in this study. Dutch tomatgginate
mainly from Westland.

4 The relevant purpose is to be distinguishableoato may be
regarded as ‘standard’ either when it does not operf
significantly different from the bulk of productiat its country of

origin, or when in reality it does perform diffetgnbut there is
lack of a credible traceability system to commutécahat
information (for more on ‘ethical traceability’ s§20]). That is, a
system is assessed on the basis of informationighavailable.
When information is not available, then the systemegarded to
be standard. When that is not true and the syssenini reality-
above standard then suppliers may inform for ctéiors. When a
system is —in reality- below standard, then coivest may be
expected by the civil society (NGO’s). What systerase
considered as standard affects the properties ef standard
options.
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opinion. MAB-enabled systems were assumed to dehlve
15% improvement for each genetic characteristicveaie

C. Empirical Model

Besides, each of these options was conceived as aThe performance of different tomato options waskeahn
modification of O1, which means that when theirfor each characteristic according to the multipiéeca
performance for some relevant criterion would na& b methodology presented by Diaz-Balteiro and Romédo [

affected by MAB, then the options’ scores would agmthe

Multiple-criteria methodologies require the destidp of

same as for O1 (that is, O1 was used as a perf@emancharacteristics by means of a set of subjectivety o

benchmark -a point of reference- for scoring theggons
regarding MAB-irrelevant criteria).

Systems 010 and O11 are genetically modifiedunderlying

Including these options in the assessment is nieamturn
an indication about the range within which gendiyca
modified products could perform. To be fit for thgarpose
options 010 and O11 have been intentionally defiwét
in-built biases: Option GM-A-NL (010) was conceiveml
represent a reasonably realistic in the mid-teremago, in
which genetic modification is used to bring aboutoxerall
improvement for the selected criteria. Consequeittlyas
been defined to carry the most desirable (or treestle
controversial) attributes for each category of @wns. It is

objectively measurable indicators (criteria), whicre
related with relative importance weights. In spik the
difficulties (like hidden nonlinearities
interaction between indicators, dynamic aspects;), et
multiple-criteria modelling offers a pragmatic apach to
complex problems where no single consensual inalidat
available for the assessment of different optidik® in
sustainability studies (e.g., see Ref Rennings\Viigdering
[23], Pannell and Glenn [24]). In short, multipleiteria
modelling is appropriate for the characterizatidnlifferent
(food) options because: it is theoretically sou8]] it can
incorporate objective as well as subjective indicatit can
rank an unrestricted number of alternatives, isimple to

defined to be cisgenic so as to represent the leasse, and it is transparent [26]. The selected nuetogy

problematic genetically modified product scenanionf a
naturalness perspective [21]. Similarly, option GWNL
(O11) was conceived to represent a reasonablystieali
scenario in which genetic modification is used rpiove
some characteristic that is irrelevant to the footfisthe
present study (for example, a tomato’s taste oourdl
Consequently O11 has been attributed the leastadbdsi(or
the most controversial) attributes for each catggof
concerns. No improvement for any relevant criteneas

assumed as compared to O1, while worse performances ﬁij =1- ‘

were attributed when thought realistic, namely rdiya

yield decrease It is defined to be transgenic with inserted

genes originating from a different realm so asdpresent
the most problematic genetically modified produgsrsario,

can be used to provide solutions for the problem of
comparing the performance of different options aghale
for a set of specified criteria [1, 26].

To account for differences in measurement unitsasal
to uniformly transform all indicators to the typentre is
better”, application must start with a normalizatistep.
Performances for different indicators were nornalizas
follows [1]:

*

R, R

TRy R TR
R;-R, R|-R,

Where, for each characteristic1, 2,...,n are different
options evaluated accordingjtel,2,...,m indicatorsR; is

1)

from a naturalness perspective. Scoring non-existelhe optimum value of the"jindicator (ideal value). This
systems O10 and O11 at the performance matrix V&8s a optimum value represents a maximum value if thécatdr

based on expert opinion and relied on O1 as a pufint
reference. We assumed the risk perceptions ofegisg
systems to be the same as that of the transgepicfdr

is of the type “more is better” or a minimum vawhen
the indicator is of the type “less is better’lR*j is the

GMO spread or for safety uncertainty (Healthfulnesgvorst value achieved by thé indicator (anti-ideal or nadir
category), possibly an underestimation of the mublivalue); R; is the normalized value achieved by tfe i

perception of cisgenic products.

HERE PLACE TABLE 3

> A 10% yield decrease was assumed. A tomato’s tespends,
among others, on the concentration of certain uligrgs. In
principle, decreasing the ‘dilution’ of such sulpstes enhances the
taste of the product. See Morris and Sands [22&fdiscussion on
unintentional worsening of certain characteriséssa side-effect
of trying to improve others.

system with respect to th& jndicator. Using the above
normalization system, the indicators have no dirieenand
are also bounded between 0 and 1. Hence,

normalization system the ideal vectorRs* =(1,...1) and

the anti-ideal vector iR =(0,. . .,0) (ibid). As seen before,
these vectors were introduced in the comparisotBast’
and ‘Worst’ options, for each characteristic.

For objectively measured criteria like GHG emissioor
pesticide residuals, we assumed that the best rpafce

12" Congress of the European Association of Agricaltéiconomists — EAAE 2008

for this



was the most preferable (‘more is better’ or ‘wolise also be calculated). Aggregated assessments aee uguial
better’, depending on the criterion). For subjesliiv in policy decision-making. The resulting indicessase
measured criteria with more than one level, likéha case that indicators are independent and that the repted
of ‘naturalness of creation’, preference scales ewervalues are commensurable. Commensurability imghes
constructed according to expert opinion. To relatad lower performances for one indicator can be comgieas
requirements, local scales have been used for thHey higher performances for another. Consequenthyis i

normalizations. possible that options with high aggregated rankingsy
Next, the different options were ranked for eachscore low (sometimes perhaps even unacceptably flow)
characteristic according to the function: certain assessment criteria. Such tradeoffs migtt be
_ m _ always ethically acceptable [28], however they rigk
S =@-A)[Min(W, Rj)] +/1Z:Wj Ri ° (2 necessitated on pragmatic grounds [29]. The overall
! j=1 aggregated index presented at Table 4.e is an dgaha

Where,S is the generic'i food option;jj is the generic’]  possibly contestable aggregatidoecause it assumes that
indicator of the characteristi®\f is the weight or relative one may compare and substitute achievements o€ quit
importance attached by an expert or by a panexpérs to  different values (i.e. to compare gains or losses f
the {" indicator; and A is a control parameter that takesenvironmental impact to those of healthfuln&ss)
values 04<1. The control parametérin Eq.(2) measures Notwithstanding the relevant debate, what tradeaife
the tradeoffs between the ‘aggregated’ and ‘moktrivad’  legitimate remains, essentia_lly, a political demisito be
rankings. When\=1, then the model assumes independenctken on a case-by-case basis. _
among the specified indicators, and additive aggeeg When tradeoffs are not welcome the most balancekin
rankings are produced. In this case the optiongrameed ~COMPpares options for their single worst performaridas
for their total performance (‘according to their iglted ~ has the consequence that whenever an option stoees
sum of the normalized indicators’). WharO additivity js ~ Worst (anti-ideal) performance for at least oneidatbr,

not assumed and so-termed ‘most-balanced’ rankimgs then it shall also score zero at the most-balgripdéx.
produced. In this case the options are ranked dirgptto When more than one options score zero then itssipte to

their performance for the single indicator for whithey Qiﬁerentiate among them t?y comparing the partheftb';al
perform the worst (for the minimization of the niem importance weight for which options score the ahdial

deviation of the most displaced indicator from ttieal’). valugs. This ranking is preseﬂted at colu_mns ZariR
For in between values of the control paraméteplutions For instance, when ZeroRank=0,1 then this mearisttiea

that correspond to ‘different additivity levels’eapbtained option has the worst possible values for (1-
(ibid.).

" The overall aggregated assessment (and also odsitther
product optimization) is also demanding in thatipands the
. RESULTS requirement for independence from indicators bdlopgo the
same characteristic to indicators describing differ product

. . . characteristics. When some trait is important fribi® perspective
The resulting comparative rankings of tomato SyStemofdifferent characteristics, like in the case ehgtic modification,

f”lre, presented at Table 4. The first TO‘,” seCt'OmB_qm then this requirement may create computationaldities.
indices for each of the four characteristics, whhle fifth & gegiges, in the current exercise there are twe casiepended
section represents a possible overall assessmectt. §€0re  variables across the different categories: ‘Yiel land’ is
represents a systems’ performance as comparedctorse considered both for the Environmental (sufficiemod production
of best and worst achieved values for each critenichich  volumes reduce pressure to convert natural halitaagricultural
perform the role of upper and lower boundariesyiago0 land) and the Fairness categories (increased .fmtdsypont.ribute
and 1, respectively. At the leftmost of each sectae 0 combat world hunger). Escape of GMO's is a ptia risk to
presented the rankings for the case that we accepplete biodiversity (environment), and also may bring abioreversible

L . . changes in the commons (natural environment) wbaghbe seen
additivity, namely the aggregated indicés1,0). Next is as undemocratic when public opinion disagrees suith changes.

presented a situation of low additivity=0,1) and finally  sych dependencies depend on the particular agpticaf the
the most-balanced A£0,0) indices (all in between method, and may be avoided with a different sedectof
possibilities, referring to different degrees ofiaidity, may indicators. The issue of commensurability betwedfferént
values, however, touches upon a more fundamentaretical
issue that will be common to all cross categoryregagtions.
® This function is mathematically similar to the @ented Within the same concern tradeoffs might be more nimegul.
Tchebycheff function, which has been widely reseadcin the Non aggregated results are also presented atghenast column
MCDM literature [1, 30 chapters 14 and 15, 31]. of Table 4.
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ZeroRank)*100%=90% of the total importance weight=) 38% lower Environmental score. In spite of lower
assigned to the assessment indicatgkkernatively, a low greenhouse gasses emissions, Spanish production’s
degree of additivity may be tolerated (for examgke circumstances of water scarcity, higher agrochelmica
ranking forA=0,1). What level of additivity is assumed may emissions, and lower yields make it lag overallibétthe

influence the final rankings. Dutch. Organic produce scores higher than the atiomal
one for Healthfulness concerns. Spanish production
HERE PLACE TABLE 1 achieves a by more than 50% lower overall score taltiee

higher chance that pesticide residues will be found

Interpretation of the results is not absolute beeanf the Spanish tomatoes at detectable levels. Organiersgsalso
absence of (agreement on) absolute benchmarks chémde achieve the highest score for Naturalness, withicip
such assessments. Such benchmarks would mark whatOutch production being the least natural. Typicaltdh
acceptable (e.g. environmental) performance, andldvo production however best accommodates overall Fsgrne
allow one judge an option to be ‘positive’ or ‘néiga’ (e.g.  concerns due to its performance for world hungéghr
‘good vs. bad’, ‘environmentally friendly vs. urdridly’,  Yield helps combat world hunger. Also, the lowes tise of
‘natural vs. unnatural’, ‘fair vs. unfair’, etcAgreement on pesticides the lower the evolutionary pressure estgpto
such benchmarks often appears hard to achieveeffors  develop resistance and threaten food security).
to that direction result in counterproductive padations Existing tomato system scores may be compared to
[32]. hypothetical system scenarios. The scores achidwed

These difficulties may be circumvented by usingtiege ~ AdvancedNL and by the MAB-enabled systems, as ddfin
referencing. For example, the StandardNL option seaye indicate their potential to deliver improved ackiments
as a reference system to base interpretations ef tifior all categories of concerns, with the exceptioh
performance of the other options. StandartNis by Naturalness. The technological improvements inmjtease
definition a good candidate for this purpose beeaits efficiency assumed for AdvancedNL allow it achiete
represents the typical, or ‘bulk’ of tomato to beufid second best environmental performance, considerably
(which means consumed) in the Dutch market. TH@aasl  narrowing to that of OrganicNL. The most promising
claims about an option’s performance as comparédtat  improvements seem to be for the Healthfulness oayeg
isthe norm’ locally. Consequently, options that score abovewhere the potential of MAB to deliver products with
StandardNL may claim to be improvements (superiss) extraordinarily high content in certifiable funatia health

compared-to-the-norm-of-tomatoes-usually-met-in-the ingredients reveals a potential for MAB-Health mndnate
Dutch-market, while an option that scores beloworganic production. The performance of the two gieally
StandardNL may be described as ‘worsenings’ (iafgri modified scenarios shows that, according to stgelolic

perceptions, ethical acceptability varies signifity with
the impact of genetic modification. This result fions the
IvV. DISCUSSION need for case-by-case analysis of different rebeand
) o development scenarios. As illustrated in the case o
Accordingly, the aggregated indices of Table 4 carep Environmental and Healthfulness concerns, systems
the acceptability of the systems for a broad rasfgeriteria  delivering genetically modified products have theemtial
and according to their perceived importance aedtély to pe perceived as improvements to existing onesirtg
Dutch consumers. o said this, attention should be also drawn to thestmo
Results for the four existing tomato systemspglanced rankings presented at the rightmost colafin
(StandardNL, OrganicNL, StandardES, and Organici®) Taple 4. The most-balanced rankings depict scarashed
mostly intuitive. Organic Dutch production is leadifor  py the systems when tradeoffs between accomplistuén
Environmental friendliness concerns aChieVing andrall different criteria are not accepted_ Consequermms are
72% of the ideal performance. Organic Dutch tomatues scored on the basis of their worst performancesttier
followed by typical Dutch production, achieving B@,62  criteria under consideration. In these cases, stscores
consistently achieved by the modified varieties are

® Remember that results refer to system performanoesalized |nQ|c§1t|ve of thelr poor performance for a. ””T“b‘.’r 0
so that 1 consistently represents the best outeorded the worst.  Cfitéria. Exceptionally poor performances for certiteria
The best outcome in this case is that no indicatores the anti- (€ven though compensated at the aggregated indexidp
ideal value, while the worst outcome is that thibgla. the factual support for arguments citing unaccdptab
0 “NL’ as in ‘StandardNL’ refers to country of prodion, not drawbacks to reject genetic modification as a whele

consumption. However, in the case of The Nethedaamt fresh  despite the possible benefits. In the present eadin most
tomato consumption, these coincide.
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systems coincidentally score the worst value amtig Referring to national production averages for these
options for at least one indicator. These systeras gcomparisons has the advantage that data is oftbliciyu
attributed a most-balanced ranking of 0. For thessons available for a large number of major indicatorgsiges,
the presented most-balanced indices may be mocomparisons to average allow for a basic ‘aboveaames
meaningful as indicators of possible controversputba (improvement), ‘average’ (business-as-usual), ‘belo
system, than as performance rankings. For the rehdeis average’ (worsening) characterization. To get the
interested in non-compensatory rankings, the iredutbw  assessments, the producer should have availabét afs
aggregation’ column might provide a useful appradion.  weighted criteria (structural input), on the basfisvhich to
The column ZERORANK' indicates the percentage of total compare input on own products (scenarios) to nation
importance weight attached to assessment criferiavhich  averages and competitor estimates. NGO’s may usie th
the option does not score the anti-ideal scoret iBha low estimations to criticize producers with poor pemances.
ZERORANK score indicates that from the perspective of iPossible uses for the government would include awipig
large part of respondents’ concerns, the optionsdogt the allocation of research funds. Also, the rankicguld
seem to be a good idea. provide the basis of product labelling, informingoél
Counterintuitive appear the consistently low ragkirof consumer choice on some area of public concern with
the FairBasic-Ma system for almost every categofy cimperceptible aspects of production (perhaps thative
concerns, including that of Fairness. This is #®ult of the greenhouse gasses emissions of substitute products)
more inclusive understanding of fairness used byptlesent Comparing research scenarios to aid decisions on
framework, than that of the Fair-Trade movementnilly, research agenda must demand high quality of ingod,
democratic governance and world hunger issues lae aclear definition of what constitutes “reasonablepesx
taken onboard the fairness agenda besides weaconjectures”. For the purpose of informing consuoieice
distribution. The performance of tomato systemsdoch however, product input requirements could be melaxed.
criteria however may depend on the genetic progentif  In particular, it would be besides the point tceatpt top-
the cultivar (like yield and resistance), and omnfi]mag down estimations of the actual performance of every
practices (pesticide wuse and irrigation efficiency) production system. Systems that do not use sepsugfy
Strengthening certain environmental requirements cchains could be aggregated. Resulting statistioalaayes of
FairTrade production would improve the movement'sseparate supply chains’ performance would suffioe f
ranking. Also counterintuitive could be considerdtht generating information that will be useful to adtua
officially health-certified cisgenic products wouldbe consumer choice. Independent supply chains would ha
perceived to be more healthful than organic onesel, interest to provide data that prove that they penfbetter
such intriguing results could be further studiespexially than competitors. NGO’s and consumer organizatimusd
since there are today examples of quite succeésfuéast have a stake in revealing misreporting.
within certain consumer groups) functional foods kie The possible economic impact of such uses indidates
found in every supermarket. However, counterintgiti importance of transparency while selecting the sssent
results may only indicate the need for model improent.  criteria and attached importance weights. Michaldp® et
A clear candidate for such improvement is the crudal. [9] proposed to periodically derive structuirgbut from
perception of risk used in this application, in fleem of  deliberative consensus workshops. In these workshop
weighted binary variables. achievement on assessment criteria and attacheattangpe
The meaningfulness of these statements dependseon weights should achieved by a representative, indorifby
input used for their generation. Input required the  stakeholders), and deliberated public panel (ciszer
present for the current framework may be distingeisto  consumers}. This illustration remained true to the spirit of
structural input and product input [9]. Structurialput the suggestion by considering an inclusive accooint
includes assessment criteria and attached impa@&tanconcerns linked to food production, and by deriving
weights. Product input includes options’ performarfor  importance weights from the public. Grounding diecis
those criteria. regarding value judgments such as ‘what matterdood
Product input requirements may vary with theproduction (and ‘how much’) onto public opiniontead of
application. For innovative producers, the modéves to  on that of experts, allows a claim for (inter-suibijee)
assess different research scenarios, and also cempimpartiality for the rankings delivered by the et
hypothetical product scenarios to existing compeditWell assessment framework.
performing actors may use results to improve atiocaof
research priorities, to defend against relevarticsim, and

to illustrate the trustworthiness of promotion olai ‘' That would amount to input about ‘what mattersd ghow
much’ regarding food production.
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V. CONCLUSIONS

Product assessment for imperceptible charactevibke
environmental impact, healthfulness, naturalnessd a
fairness is a helpful tool in product innovationdafor
enhancing socially responsible conduct.

In this study we apply multiple criteria analys@ the
assessment of fresh tomatoes
perceptions
generated indices provide an explicit represematid
consumer perceptions that are usually reflectedicitlp in
consumer choices. Existing tomato products frombtch
market are ranked alongside (reasonable conjectofes
potential products to be developed with the useplaht
genomics technology.

The results are interpreted to provide insight® itite
socially optimal use of (plant genomics) technoldigy
fresh tomato production. Policy uses for
differentiation and research agenda setting areligioted.
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