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ȱ

Food safety and nutritional issues are most often studied separately. In this paper, we bring 
the two aspects together. We examine regulators� decision making and policy trade-offs in the EU 
dioxin regulation. Using an economic model we evaluate how and why the regulation has been 
designed differently in the Scandinavia than in other EU countries. In our case study of Baltic herring, 
fish has two important, although contradictory, health aspects. Firstly, it is an important part of a 
healthy diet but, secondly, it is known to contain carsinogenic dioxins. In the model, the policy 
maker has a dual-objective: how to account for both food safety and nutrition issues in health 
regulation. The challenge in policy design is to recognise that when avoiding one risk, even greater 
risk may appear. In addition, better knowledge on consumer profiles and risk groups is needed to 
enable more efficient regulation design. 

: food safety, nutrition, healthy diet, regulation, fish consumption, Baltic herring 

ȱ

Introduction  

Theȱfoodȱeconomyȱisȱfacingȱnewȱchallenges,ȱbothȱinȱtheȱfieldsȱofȱfoodȱsafetyȱandȱdiet.ȱAccordingȱ
toȱaȱEurobarometerȱstudyȱconductedȱbyȱtheȱEuropeanȱCommission,ȱ67,9ȱ%ȱofȱconsumersȱwereȱ
concernedȱ aboutȱ theȱ safetyȱ ofȱ foodstuffsȱ (Europeanȱ Commission,ȱ 2000Ȭ2001).ȱ Foodȱ safetyȱ
regulationȱaimsȱatȱprotectingȱ theȱpublicȱhealth,ȱandȱ theȱregulatoryȱchallengeȱ isȱ toȱrestoreȱandȱ
maintainȱconsumerȱconfidenceȱinȱtheȱsafetyȱofȱfood,ȱandȱthusȱcreateȱaȱreliableȱsafetyȱregulation.ȱȱ

Ensuringȱtheȱprotectionȱofȱpublicȱhealthȱisȱnot,ȱhowever,ȱrestrictedȱtoȱchemical,ȱbiological,ȱandȱ
physicalȱsafetyȱofȱ food.ȱAȱhealthyȱdietȱ isȱatȱ leastȱasȱ importantȱasȱ foodȱsafetyȱsinceȱnutritionalȱ
imbalancesȱaccountȱforȱoverȱoneȱhundredȱtimesȱmoreȱprematureȱ�ȱyetȱpreventableȱ�ȱdeathsȱthanȱ
foodȬborneȱinfectionsȱinȱEuropeȱ(CoreȱReport,ȱ2000).ȱInȱEurope,ȱtheȱneedȱtoȱaddressȱbothȱfoodȱ
safetyȱandȱnutritionȱ inȱpublicȱhealthȱpromotionȱhasȱrecentlyȱbeenȱadvocatedȱbyȱWHOȱ (2001).ȱ
Caswellȱ(2001)ȱrecognisesȱthisȱimportanceȱamongȱconsumersȱinȱtheȱU.S.,ȱasȱsheȱarguesȱthatȱ�ifȱ
theȱgoalȱisȱconsumerȱhealth,ȱthenȱdietȱisȱaȱkeyȱandȱprobablyȱparamountȱissueȱinȱtheȱUS.ȱThusȱfoodȱsafetyȱ
prioritiesȱmustȱencompassȱnutrition.�ȱ

Althoughȱ foodȱ safetyȱ andȱ nutritionȱ haveȱ attractedȱ muchȱ attentionȱ amongȱ researchers,ȱ
surprisingly,ȱ theyȱareȱcommonlyȱstudiedȱseparatelyȱandȱ theȱconnectionȱorȱ tradeȬoffsȱbetweenȱ
themȱ haveȱ seldomȱ beenȱ discussed1.ȱ Therefore,ȱ itȱ isȱ difficultȱ toȱ assessȱ theȱ overallȱ impactȱ ofȱ
differentȱhealthȱ risksȱandȱ regulatoryȱpoliciesȱonȱpublicȱhealthȱ (Tuomisto,ȱ2002).ȱTheȱproblemȱ

                                                
1 For food safety, see Food Policy 24 (6), 1999, and for nutrition and diet, see Food Policy 24 (2-3), 1999. One example 
where nutrition and food safety are discussed together is in Asp (1999), where the author recognises food safety as one of the 
barriers when selecting food items for a healthy diet. 
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becomesȱobviousȱwhenȱnutritionȱandȱfoodȱsafetyȱareȱcontradictory.ȱInȱthisȱpaper,ȱweȱbringȱfoodȱ
safetyȱandȱnutritionȱtogetherȱandȱconstructȱaȱmodelȱforȱregulatoryȱdecisionȱmakingȱandȱpolicyȱ
tradeȬoffs.ȱSubsequently,ȱweȱtakeȱBalticȱherringȱasȱanȱexample,ȱwhereȱaȱspecificȱfoodȱitemȱisȱanȱ
importantȱpartȱ ofȱ aȱhealthyȱdietȱ but,ȱ onȱ theȱ otherȱ hand,ȱ itȱ isȱ alsoȱ knownȱ toȱ containȱdioxinsȱ
whichȱ areȱ suspectedȱ toȱ causeȱ forȱ instanceȱ cancerȱ (Tuomisto,ȱ 2002).ȱ Asȱ aȱ result,ȱ
recommendationsȱ forȱ fishȱ consumptionȱ fromȱ theȱpointȱofȱviewȱofȱhealthȱandȱdietaryȱaspectsȱ
mayȱendȱupȱbeingȱcontradictory.ȱ

TheȱEuropeanȱCommissionȱsetȱupȱaȱEuropeanȱfishȱpromotionȱcampaignȱinȱ1997.ȱTheȱpurposeȱofȱ
theȱcampaignȱwasȱtoȱinformȱEuropeanȱconsumers,ȱparticularlyȱyoungȱpeople,ȱaboutȱtheȱdietaryȱ
qualitiesȱandȱtheȱnutritionalȱvalueȱofȱfish.ȱAsȱaȱseparateȱissue,ȱinȱNovemberȱ2001,ȱtheȱCouncilȱofȱ
theȱEuropeanȱUnionȱadoptedȱmeasuresȱestablishingȱmaximumȱlevelsȱofȱdioxinsȱinȱhumanȱfoodȱ
(Councilȱ ofȱ theȱ EuropeanȱUnion,ȱ 2001).ȱ Inȱ practice,ȱ thisȱmeansȱ thatȱ allȱ foodȱ (fishȱ included)ȱ
exceedingȱcertainȱlimitsȱwillȱbeȱwithdrawnȱfromȱtheȱfoodȱchain.ȱTheseȱpolicies,ȱcontradictoryȱinȱ
theirȱrecommendations,ȱmightȱcauseȱconfusionȱamongȱconsumers:ȱshouldȱtheyȱorȱshouldȱtheyȱ
notȱeatȱfish?ȱ

Theseȱ kindsȱ ofȱ policyȱ tradeȬoffsȱ inȱ dietaryȱ choicesȱ andȱ foodȱ safetyȱ haveȱ promptedȱ growingȱ
demandȱ forȱ informationȱassistingȱdecisionȬmakersȱonȱ theȱdevelopmentȱofȱ currentȱandȱ futureȱ
policies.ȱ Inȱ thisȱparticularȱ study,ȱ theȱquestionȱ isȱposedȱ asȱ follows:ȱ i)ȱwhatȱ areȱ theȱ regulativeȱ
tradeȬoffsȱinȱpromotingȱaȱhealthyȱdietȱandȱconsumptionȱ(andȱsupply)ȱofȱsafeȱfood,ȱandȱii)ȱwhatȱ
areȱ theȱ concernsȱ whenȱ constructingȱ aȱ homogeneousȱ foodȱ safetyȱ policyȱ onȱ aȱ largelyȱ
heterogeneousȱconsumerȱpopulation.ȱȱ

Whenȱ creatingȱ aȱ regulatoryȱ actionȱ promotingȱ twoȱ potentiallyȱ competingȱ objectives,ȱ theȱ
regulatorȱisȱrequiredȱtoȱassessȱtheȱeffectsȱofȱtheȱregulatoryȱactionȱonȱbothȱofȱtheȱobjectives.ȱTheȱ
effectsȱhaveȱtoȱbeȱthenȱweightedȱaccordingȱtoȱanȱagreedȱ(scientific,ȱpolitical)ȱprocedure,ȱandȱtheȱ
regulatoryȱactionȱhasȱ toȱbeȱadjustedȱ inȱorderȱ toȱ reachȱaȱbalancedȱoutcome.ȱAlternatively,ȱ theȱ
regulatorȱmayȱdecideȱ toȱcreateȱrelativelyȱmoreȱrelaxedȱrulesȱ forȱ theȱuseȱofȱ theȱ foodȱ item,ȱandȱ
thusȱleaveȱbroaderȱdecisionȱmakingȱpowerȱtoȱaȱconsumer.ȱInȱsuchȱaȱcase,ȱtheȱregulatoryȱactionȱ
hasȱ toȱ beȱ complementedȱwithȱ information,ȱwhichȱ allowsȱ aȱ consumerȱ toȱmakeȱ anȱ informedȱ
decisionȱsuitingȱhis/herȱspecificȱneedsȱandȱriskȱpreferences.ȱ

Thisȱbringsȱupȱtheȱsecondȱquestionȱconcerningȱtheȱhomogeneityȱofȱtheȱpolicy.ȱInȱpractise,ȱeitherȱ
aȱ unifiedȱ policyȱ canȱ beȱ constructedȱ rulingȱ similarlyȱ overȱ allȱ individualsȱ orȱ alternativelyȱ aȱ
differentiatedȱpolicyȱcanȱbeȱconstructed.ȱConsumersȱmayȱbeȱsegmentedȱaccordingȱtoȱtheirȱriskȱ
characteristicsȱ(healthȱstatus,ȱage,ȱetc)ȱandȱpolicyȱmeasuresȱcanȱthenȱbeȱdifferentiatedȱforȱeachȱ
segment.ȱAȱsomewhatȱsimilarȱeffectȱcanȱbeȱreachedȱifȱconsumersȱhaveȱmoreȱinformationȱandȱareȱ
allowedȱtoȱmakeȱaȱlargeȱpartȱofȱtheȱdecisionsȱbyȱthemselves.ȱȱ

Theȱ questionȱ ofȱ policyȱ differentiationȱ inȱ theȱ caseȱ ofȱ aȱ heterogeneousȱ populationȱ isȱ actuallyȱ
independentȱofȱtheȱdualȬobjectivenessȱorȱtheȱregulation.ȱHowever,ȱaȱdualȬobjectiveȱunderlinesȱ
theȱ importanceȱ ofȱ differentiationȱ asȱ inȱ theȱ situation,ȱ whereȱ consumersȱmayȱ differȱ inȱ theirȱ
abilities/preferencesȱrelativeȱtoȱtwoȱobjectives,ȱnotȱonlyȱrelativeȱtoȱone.ȱNaturally,ȱthisȱisȱnotȱanȱ
�eitherȬor�ȱquestion,ȱratherȱitȱisȱaȱquestionȱofȱlevels:ȱtheȱstricterȱtheȱregulationȱisȱ(e.g.ȱforbiddingȱ
aȱfoodȱitemȱoutrightȱv.s.ȱjustȱrequiringȱtheȱfoodȱtoȱfulfilȱcertainȱqualityȱrequirements)ȱtheȱmoreȱ
difficultȱitȱmayȱbeȱtoȱreachȱanotherȱobjectiveȱofȱtheȱtwo.ȱ

Besidesȱ theȱhealthȱstatus,ȱ thisȱsameȱquestionȱcomesȱupȱwhenȱregulatingȱveryȱdiverseȱculturalȱ
populations,ȱwhoseȱtraditionalȱdietsȱdifferȱconsiderably.ȱItȱisȱdifficult,ȱifȱnotȱimpossibleȱtoȱcreateȱ
suchȱaȱnonȬdifferentiatedȱpolicyȱthatȱcouldȱserveȱasȱanȱefficientȱregulationȱforȱaȱheterogeneousȱ
population.ȱThisȱhasȱbecomeȱimportantȱasȱmarketsȱhaveȱbeenȱincreasingȱinȱtheirȱgeographicȱsizeȱ
effectȱandȱasȱtastesȱofȱconsumerȱpopulationsȱhaveȱbecomeȱincreasinglyȱvaried.ȱ
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Theȱ paperȱ emphasisesȱ theȱ importanceȱ ofȱ consideringȱ bothȱ aspectsȱ ofȱ publicȱ healthȱ
simultaneously,ȱtheȱdualȬobjectivenessȱandȱtheȱheterogeneityȱofȱmodernȱconsumption.ȱAȱcaseȱofȱ
Balticȱherringȱ consumptionȱ isȱ takenȱasȱanȱ exampleȱ inȱorderȱ toȱhighlightȱ theȱ relevanceȱofȱ theȱ
question.ȱ

Inȱ theȱ nextȱ section,ȱ weȱ presentȱ someȱ healthȱ issuesȱ inȱ theȱ EUȱ andȱ ourȱ caseȱ studyȱ ofȱ fishȱ
consumptionȱandȱdioxinȱregulation.ȱAfterȱthis,ȱweȱwillȱintroduceȱaȱdecisionȱframeworkȱforȱtheȱ
policyȱmakerȱandȱsomeȱmodelȱimplications.ȱFinally,ȱweȱwillȱdiscussȱtheȱroleȱandȱimplicationsȱofȱ
publicȱpolicyȱinterventionsȱinȱtheȱfieldȱofȱnutritionȱandȱfoodȱsafety.ȱ

EU contemporary health issues and food safety regulation for fish  

Together,ȱ dietaryȱ choicesȱ andȱ foodȱ safetyȱ playȱ aȱmajorȱ partȱ inȱ determiningȱ theȱ health.ȱ Inȱ
Europe,ȱanȱunhealthyȱdietȱmayȱbeȱresponsibleȱ for:ȱ (i)ȱbetweenȱ30Ȭ40ȱ%ȱofȱcancers,ȱ (ii)ȱatȱ leastȱ
oneȱ thirdȱ ofȱ prematureȱ deathsȱ fromȱ cardiovascularȱ diseasesȱ (CVD),ȱ andȱ (iii)ȱ prevalenceȱ ofȱ
obesityȱandȱoverweightȱ (theȱpanȬEuropeanȱ�epidemic�),ȱwhichȱ inȱ turnȱ isȱ linkedȱ toȱ increasedȱ
risksȱofȱCVDȱandȱcertainȱcancers,ȱandȱprematureȱdeathȱ(CoreȱReport,ȱ2000).ȱȱ

InȱtheȱEUȱMemberȱStates,ȱcardiovascularȱdiseaseȱrepresentsȱtheȱmainȱcauseȱofȱmortality:ȱinȱ1998,ȱ
45%ȱofȱdeathsȱinȱwomenȱandȱ38%ȱofȱdeathsȱinȱmenȱwereȱattributedȱtoȱcirculatoryȱdiseasesȱandȱ
thousandsȱofȱothersȱ remainedȱdisabledȱbyȱ themȱ (EuropeanȱCommission,ȱ2002).ȱAccordingȱ toȱ
theȱEurostatȱdata,ȱtheȱproblemȱofȱbeingȱoverweightȱandȱseverelyȱoverweightȱaffectsȱtheȱhealthȱ
aboutȱ26%ȱofȱmalesȱandȱaboutȱ21%ȱofȱ femalesȱ inȱEUȱcountriesȱ (Eurostat,ȱ2000).ȱHealthȱ risks,ȱ
notablyȱcardiovascularȱdiseases,ȱincreaseȱconsiderablyȱwhenȱpeopleȱbecomeȱoverweight.ȱȱ

Should authorities promote or regulate fish consumption? 

Recentȱstudiesȱsuggestȱthatȱfishȱconsumptionȱisȱassociatedȱwithȱreducedȱriskȱofȱbloodȱclottingȱorȱ
stickingȱ toȱ theȱ arteryȱwalls,ȱ aȱ conditionȱ thatȱ couldȱ resultȱ inȱ CVD,ȱ heartȱ attack,ȱ andȱ strokeȱ
(WHO/FAO,ȱ 2002).ȱ Itȱ isȱ alsoȱwellȱ knownȱ thatȱ fishȱ haveȱ greatȱ nutritionalȱ value,ȱ containingȱ
certainȱvitaminsȱ(D)ȱandȱgoodȱqualityȱfattyȱacidȱ(omegaȱ3)ȱ(Tuomisto,ȱ2002).ȱSinceȱsaturatedȱfatȱ
intakeȱisȱhighȱinȱEurope,ȱitȱwouldȱbeȱadvantageousȱtoȱreplaceȱhardȱ(saturated)ȱfatȱwithȱsoftȱfatȱ
suchȱasȱfishȱfat.ȱȱ

Promotingȱfishȱconsumption,ȱhowever,ȱisȱnotȱstraightforwardȱbecauseȱofȱfoodȱsafetyȱrisks.ȱOneȱ
problemȱ inȱ fishȱconsumptionȱ isȱ thatȱ fishȱmayȱcontainȱdioxinsȱ (Tuomisto,ȱ2002).ȱDioxinsȱareȱaȱ
groupȱofȱchemicals,ȱPCDDs,ȱPCDFsȱandȱdioxinȬlikeȱPCBs,ȱwhichȱhaveȱaȱbroadȱseriesȱofȱ toxicȱ
andȱ biochemicalȱ effects.ȱ Someȱ ofȱ themȱ areȱ classifiedȱ asȱ knownȱ humanȱ carcinogensȱ (SCF,ȱ
ScientificȱCommitteeȱonȱFood,ȱ2000).ȱForȱexample,ȱinȱlaboratoryȱanimalsȱtheyȱhaveȱbeenȱlinkedȱ
toȱ developmentalȱ andȱ neurobehavioralȱ effectsȱ (learningȱ disabilities)ȱ asȱwellȱ asȱ immunotoxicȱ
effectsȱ(EuropeanȱCommission,ȱ2001a).ȱȱ

Theȱ impactȱ ofȱ dioxinȱ regulationȱ andȱ promotionȱ ofȱ fishȱ consumptionȱ onȱ publicȱ healthȱ isȱ
unforeseeable.ȱRegulatingȱfoodȱsafetyȱandȱpromotingȱaȱhealthyȱdietȱinȱthisȱcaseȱmayȱhaveȱ justȱ
theȱoppositeȱeffectsȱonȱ fishȱconsumption.ȱOnȱ theȱoneȱhand,ȱpromotingȱ fishȱconsumptionȱmayȱ
leadȱtoȱhazardousȱdosesȱofȱdioxins.ȱOnȱtheȱotherȱhand,ȱifȱfoodȱsafetyȱstandardsȱofȱdioxinȱlevelsȱ
areȱveryȱstringent,ȱitȱmayȱleadȱtoȱaȱdecreaseȱinȱfishȱconsumptionȱand,ȱasȱaȱresult,ȱpossiblyȱtoȱanȱ
unhealthyȱdiet.ȱThus,ȱseparatingȱnutritionalȱandȱfoodȱsafetyȱaspectsȱmayȱleadȱtoȱanȱunexpectedȱ
andȱundesiredȱoutcomeȱ(Tuomisto,ȱ2002).ȱ
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Baltic herring consumption and EU dioxin regulation in the Nordic countries 

Anȱ interestingȱ exampleȱ ofȱ suchȱ aȱdualȬobjectiveȱhealthȱ regulation,ȱwhereȱ bothȱnutritionȱ andȱ
foodȱsafetyȱareȱconsidered,ȱisȱdioxinȱregulationȱandȱtheȱconsumptionȱofȱBalticȱherringȱ(Clupeaȱ
harengusȱmembras)ȱinȱFinland.ȱThereȱareȱconsiderableȱgeographicalȱdifferencesȱinȱtheȱlevelȱofȱ
dioxinȱ contaminationȱ ofȱ theȱ variousȱ fishingȱ groundsȱ fromȱ whichȱ fishȱ originate.ȱ Theȱ Balticȱ
region,ȱ forȱ example,ȱ isȱ aȱ highlyȱ pollutedȱ areaȱ andȱ fishȱ caughtȱ inȱ theȱ Balticȱ Seaȱ haveȱ highȱ
concentrationsȱofȱdioxinsȱ(SCOOP,ȱ2000.).ȱWhenȱtheȱmaximumȱdioxinȱratesȱwereȱestablishedȱinȱ
theȱEU,ȱ thereȱwasȱaȱnotableȱexceptionȱ inȱ theȱ regulation:ȱSwedenȱandȱFinlandȱwereȱgrantedȱaȱ
derogation,ȱ upȱ toȱ 31ȱ Decemberȱ 2006,ȱ onȱ tolerableȱ dioxinȱ levelsȱ inȱ theȱ Balticȱ regionȱ fish.ȱ
DerogationȱauthorisesȱtheȱsaleȱonȱtheirȱdomesticȱmarketsȱofȱfishȱcaughtȱinȱtheȱBalticȱregionȱwithȱ
dioxinȱinȱexcessȱofȱtheȱmaximumȱEUȬrates.ȱ(CouncilȱofȱtheȱEuropeanȱUnion,ȱ2001).ȱȱ

Whenȱ approachingȱ theȱ dioxinȱ regulationȱ exclusivelyȱ fromȱ theȱ foodȱ safetyȱ viewpoint,ȱ theȱ
derogationȱseemsȱquestionable.ȱFinnsȱreceiveȱ80ȱperȱcentȱofȱ theirȱdioxinsȱ fromȱfishȱdueȱ toȱ theȱ
highȱ pollutionȱ ofȱ theȱBalticȱ Sea.ȱ Forȱ instance,ȱBalticȱ herringȱ accountsȱ forȱ 35ȱperȱ centȱ ofȱ fishȱ
dioxinsȱ(Kivirantaȱetȱal.,ȱ2001).ȱGivenȱthatȱtheȱ intakeȱofȱdioxinsȱ inȱFinlandȱmainlyȱcomesȱfromȱ
fish,ȱisȱitȱreasonableȱtoȱallowȱtheȱlevelȱofȱdioxinsȱtoȱexceedȱtheȱmaximumȱrates?ȱȱ

AccordingȱtoȱFinnishȱofficials,ȱtheȱquestȱforȱderogationȱwasȱbasedȱonȱaȱfactȱthatȱtheȱtotalȱdioxinȱ
intakeȱofȱFinnsȱdiffers,ȱfromȱotherȱEUȱnationals:ȱgenerally,ȱtheȱtotalȱexposureȱofȱFinnsȱdoesȱnotȱ
exceedȱ theȱdioxinȱ recommendationȱdespiteȱ theȱelevatedȱconcentrationsȱ inȱ fishȱ fromȱ theȱBalticȱ
(SCOOP,ȱ 1999).ȱBesidesȱ theȱ fish,ȱ Finnsȱ receiveȱ theȱ restȱ ofȱ theirȱdioxinsȱ fromȱmilkȱ andȱmeatȱ
products.ȱAsȱ theȱ concentrationsȱ inȱ themȱ areȱ foundȱ toȱ beȱ lowerȱ inȱ Finlandȱ thanȱ inȱ otherȱEUȱ
countriesȱonȱaverageȱ(SCOOP,ȱ2000),ȱtheȱtotalȱexposureȱremainsȱinȱanȱacceptableȱrange.ȱ

Whenȱaccountingȱ forȱ theseȱdifferences,ȱ theȱanswerȱ toȱseekȱregardingȱ impactȱonȱ foodȱsafetyȱ isȱ
unclear.ȱ Ifȱ effectsȱofȱ fishȱ consumptionȱareȱ toȱbeȱ examinedȱmoreȱ comprehensivelyȱaccountingȱ
alsoȱforȱdietaryȱaspects,ȱtheȱ indirectȱeffectsȱofȱtheȱregulationȱmustȱalsoȱbeȱassessedȱ(Tuomisto,ȱ
2002).ȱȱ

Fromȱ theȱ viewpointȱ ofȱdiet,ȱ someȱ argumentsȱ canȱ beȱ pointedȱ outȱwhichȱ referȱ toȱderogation.ȱ
Withoutȱtheȱderogation,ȱtheȱmaximumȱdioxinȱrateȱregulationȱwouldȱhaveȱhadȱaȱgreatȱeffectȱonȱ
Balticȱherringȱconsumptionȱ inȱSwedenȱandȱFinlandȱsinceȱaȱ largeȱshareȱofȱ fishȱ fromȱ theȱBalticȱ
regionȱmightȱhaveȱbeenȱeliminatedȱfromȱtheȱfoodȱchainȱ(CouncilȱofȱtheȱEuropeanȱUnion,ȱ2001).ȱ
Theȱ exclusionȱ ofȱ fishȱ fromȱ theȱ dietȱmayȱ haveȱ hadȱ aȱ significantlyȱ negativeȱ healthȱ impactȱ inȱ
SwedenȱandȱFinland,ȱsinceȱfishȱconsumptionȱisȱassociatedȱwithȱreducedȱriskȱofȱaȱconditionȱthatȱ
couldȱ resultȱ inȱ CVD,ȱ heartȱ attack,ȱ andȱ stroke.ȱ Inȱ addition,ȱ thereȱ isȱ aȱ riskȱ ofȱ vitaminȱ Dȱ
deficienciesȱ inȱ theseȱ twoȱcountries,ȱasȱ thisȱvitaminȱ isȱnormallyȱabsorbedȱ throughȱexposureȱ toȱ
sunshineȱ andȱ eatingȱ fishȱ (Councilȱ ofȱ theȱ Europeanȱ Union,ȱ 2001;ȱ Fishingȱ inȱ Europe,ȱ 2002).ȱ
Therefore,ȱtheȱderogationȱcanȱbeȱseenȱasȱanȱexampleȱofȱaȱdualȬobjectiveȱhealthȱregulationȱwhereȱ
bothȱnutritionȱandȱfoodȱsafetyȱareȱconsidered.ȱ

ThisȱwouldȱclearlyȱaffectȱtheȱconsumptionȱofȱfoodȱinȱFinlandȱinȱgeneralȱsinceȱBalticȱherringȱhasȱ
traditionallyȱbeenȱpartȱofȱtheȱFinnishȱcuisineȱandȱdiet.ȱBesidesȱtheȱdietaryȱandȱculinaryȱaspects,ȱ
theȱdomesticȱfishȱmarketȱwouldȱhaveȱbeenȱheavilyȱaffected.ȱAccordingȱtoȱtheȱFinnishȱGameȱandȱ
FisheriesȱResearchȱ Instituteȱ (2002),ȱafterȱrainbowȱ trout,ȱBalticȱherringȱwasȱ theȱmostȱ importantȱ
fishȱ inȱFinnishȱdomesticȱ fishȱconsumptionȱ inȱ2000ȱandȱ2001.ȱ Inȱparticular,ȱ rainbowȱ troutȱandȱ
Balticȱherringȱrepresentȱ41ȱ%ȱofȱFinnishȱdomesticȱfishȱconsumption.ȱBanningȱ theȱuseȱofȱBalticȱ
herringȱwouldȱmostȱlikelyȱhaveȱresultedȱinȱpeopleȱtransferringȱfromȱfishȱconsumptionȱtoȱotherȱ
fishȱ andȱ meatsȱ (andȱ maybeȱ vegetables)ȱ andȱ inȱ decreasedȱ domesticȱ fishȱ productionȱ andȱ
increasedȱfishȱimports.ȱȱȱ
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Conceptualising trade-offs in regulating food safety and nutrition  

Inȱ thisȱ section,ȱweȱpresentȱaȱdecisionȱ frameworkȱ forȱhealthȱ regulationȱwhereȱ theȱobjectiveȱ isȱ
twofold:ȱtoȱpromoteȱpublicȱhealthȱbyȱincreasingȱtheȱconsumptionȱofȱfishȱwhileȱatȱtheȱsameȱtimeȱ
regulatingȱ fishȱ relatedȱ healthȱ risksȱ (hereȱ dioxin)ȱ byȱ settingȱ safetyȱ standards.ȱ Theȱ approachȱ
followsȱstudiesȱbyȱNevenȱandȱThisseȱ(1990)ȱandȱLombardiniȬRiipinenȱ(2002),ȱandȱisȱbasedȱonȱaȱ
verticalȱ differentiationȱmodel.ȱ Inȱ thoseȱmodels,ȱ allȱ consumersȱ areȱ inȱ agreementȱ whereȱ theȱ
preferenceȱorderȱisȱconcerned:ȱatȱequalȱpricesȱthereȱisȱaȱnaturalȱorderingȱoverȱtheȱcharacteristicȱ
spaceȱ(Nevenȱ&ȱThisse,ȱ1990;ȱTirole,ȱ1990).ȱInȱourȱcase,ȱthisȱtranslatesȱsimplyȱtoȱtheȱfollowing:ȱ
�commonlyȱbetterȱsafetyȱisȱpreferred�.ȱȱ

Forȱ theȱ sakeȱofȱ reality,ȱ consumersȱ areȱ assumedȱ toȱbeȱheterogeneous.ȱWithȱheterogeneityȱweȱ
meanȱ thatȱconsumersȱhaveȱaȱdifferentȱappreciationȱforȱ theȱsafetyȱofȱ food,ȱ i.e.ȱconsumersȱhaveȱ
differentȱopinionsȱonȱhowȱmuchȱbetterȱ theȱsaferȱ foodȱ is,ȱalthoughȱ theyȱagreeȱ thatȱsaferȱ foodȱ isȱ
better.ȱ Aȱ decisionȬmakerȱ inȱ turnȱ isȱ interestedȱ inȱ twoȱ differentȱ aspectsȱ whenȱ launchingȱ
regulation:ȱ(i)ȱbothȱdirectȱandȱ indirectȱconsequencesȱfromȱfishȱconsumptionȱandȱ(ii)ȱconsumerȱ
heterogeneityȱandȱpreferences.ȱTheȱfirstȱaspectȱmeansȱthatȱtheȱpolicyȱmakerȱdoesȱnotȱonlyȱtryȱtoȱ
avoidȱ foodȱ safetyȱ hazardsȱ ofȱ fishȱ (directȱ healthȱ consequences,ȱdioxinȱ intakeȱ andȱ subsequentȱ
cancer),ȱbutȱ isȱalsoȱ interestedȱ inȱaȱhealthier,ȱ fishȬabundantȱdietȱ (indirectȱhealthȱconsequences,ȱ
obesityȱandȱcardiovascularȱdiseasesȱdueȱtoȱhighȱfatȱintake)ȱ(Tuomisto,ȱ2002).ȱTheȱsecondȱaspectȱ
simplyȱstatesȱthatȱconsumersȱappreciateȱdifferentȱthingsȱinȱfoodȱconsumption.ȱ

Differentiated fishery products and the demand for fish 

Considerȱ aȱ caseȱ ofȱ aȱ differentiatedȱmarketȱ ofȱ fisheryȱ products.ȱ Thereȱ areȱ twoȱ categoriesȱ ofȱ
fisheryȱproductsȱ thatȱ areȱ similarȱ butȱnotȱperfectȱ substitutes.ȱCategoriesȱ areȱdifferentiatedȱ byȱ
theirȱsafety,ȱandȱ inȱourȱexampleȱ theȱ levelȱofȱdioxinȱmeasuresȱ theȱsafetyȱofȱ fish.ȱHowever,ȱ theȱ
saferȱ theȱ categoryȱ is,ȱ theȱmoreȱ restrictedȱ itȱ is.ȱ Itȱhasȱ lessȱdiversity,ȱwhichȱmeansȱ thatȱ inȱ thatȱ
category,ȱ thereȱ areȱ fewerȱ differentȱ alternativesȱ (fisheryȱ products)ȱ available.ȱ Safetyȱ ofȱ bothȱ
categoriesȱ isȱ regulatedȱ byȱ theȱ safetyȱ standardsȱ andȱ theȱ standardsȱ guaranteeȱ thatȱ someȱ
exogenousȱhealthȱriskȱtargetȱwillȱnotȱbeȱexceeded.ȱȱ

12

1 = high-safety category with less diversity

2 = low-safety category with more diversity

Safety decreases,

diversity increases
Safety increases,

diversity decreases

 
 Two categories of safety 

Inȱ figureȱ 1,ȱ thereȱ areȱ twoȱ categoriesȱ ofȱ fisheryȱ products.ȱ Circleȱ sizesȱ referȱ toȱ theȱ extentȱ ofȱ
diversity,ȱnotȱtoȱtheȱvolumeȱofȱtheȱcategories.ȱCategoryȱ1ȱ(theȱinnerȱcircle)ȱisȱsafer,ȱbutȱhasȱlessȱ
diversity.ȱCategoryȱ2ȱ (theȱouterȱ circle)ȱhasȱaȱ largerȱdiversity,ȱbutȱatȱ theȱcostȱofȱ safety.ȱ Inȱourȱ
example,ȱ theȱ firstȱ categoryȱ reflectsȱ fishȱ inȱ whichȱ theȱ dioxinȱ levelȱ isȱ notȱ inȱ excessȱ ofȱ theȱ
maximumȱEUȬrates,ȱandȱtheȱsecondȱcategoryȱincludesȱBalticȱherringȱinȱwhichȱdioxinȱcanȱbeȱinȱ
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excessȱofȱtheȱmaximumȱrates.ȱTheȱsecondȱcategoryȱthusȱallowsȱmoreȱdiversity.ȱIncreasingȱsafetyȱ
implicitlyȱ meansȱ decreasingȱ diversity.ȱ Asȱ consumersȱ valueȱ both,ȱ thereȱ existsȱ aȱ tradeȬoffȱ
betweenȱsafetyȱandȱdiversityȱinȱregulationȱdesign.ȱ

Inȱsettingȱupȱanȱeconomicȱmodel,ȱeachȱconsumerȱisȱassumedȱtoȱbuyȱeitherȱoneȱorȱzeroȱunitsȱofȱ
fishȱ andȱ chooseȱ fishȱ eitherȱ fromȱ aȱ highȬsafetyȱ categoryȱ Hȱ (lowȱ diversity)ȱ orȱ aȱ lowȬsafetyȱ
categoryȱLȱ(highȱdiversity).ȱConsumers�ȱtypeȱisȱidentifiedȱbyȱΌȱandȱisȱuniformlyȱdistributedȱoverȱ
[0,1].ȱAȱ consumerȱwithȱhighȱΌȱhasȱ aȱhigherȱwillingnessȬtoȬpayȱ forȱobtainingȱhighȱ safetyȱandȱ
thereforeȱmayȱgiveȱupȱsomeȱmoreȱdiversityȱinȱturn,ȱwhenȱcomparedȱtoȱaȱconsumerȱwithȱlowȱΌ,ȱ
althoughȱbothȱ typesȱagreeȱ thatȱsaferȱ fishȱ isȱbetter.ȱConsumerȱ typeȱΌȱ isȱassumedȱ toȱ includeȱallȱ
notableȱcomponentsȱofȱconsumerȱcharacteristicsȱsuchȱasȱtaste,ȱconsumptionȱhabits,ȱage,ȱhealthȱ
status,ȱandȱvulnerabilityȱtoȱdioxin.ȱȱ

Consumersȱ haveȱ fullȱ informationȱ onȱ theȱ twoȱ categories,ȱ whichȱ meansȱ consumersȱ canȱ
distinguishȱtheȱhighȬȱandȱlowȬsafetyȱcategoriesȱfromȱeachȱotherȱpriorȱtoȱpurchase.ȱTheyȱcannot,ȱ
however,ȱperceiveȱexactlyȱtheȱsafetyȱofȱaȱparticularȱfisheryȱproduct,ȱi.e.ȱhowȱmuchȱdioxinȱaȱfishȱ
inȱaȱcategoryȱcontains.ȱInstead,ȱtheyȱonlyȱknowȱwhichȱcategoryȱtheȱparticularȱproductȱbelongsȱ
to.ȱ

Theȱ numberȱ ofȱ consumersȱ isȱ normalisedȱ toȱ unity,ȱ soȱ thatȱ theȱmarketȱ shareȱ ofȱ bothȱ productȱ
categoriesȱrefersȱtoȱtheȱproportionȱofȱpeopleȱbuyingȱfromȱthatȱcategory.ȱAȱconsumptionȱdecisionȱ
(andȱthusȱdemand)ȱofȱaȱconsumerȱofȱtypeȱΌȱbuyingȱfishȱfromȱcategoryȱi,ȱcanȱbeȱdescribedȱbyȱtheȱ
followingȱ(indirect)ȱutilityȱfunction:ȱ

ȱ )( iiii srpsyU βθ −−+= α+ 2)( LH ss − ,ȱ LHi  ,= ȱ (1)ȱ

whereȱ y ȱisȱincome,ȱ is ȱisȱtheȱsafetyȱofȱcategoryȱi,ȱandȱ ip ȱisȱtheȱexogenousȱpriceȱofȱfish.ȱForȱtheȱ
sakeȱofȱsimplicity,ȱitȱisȱassumedȱthatȱallȱconsumersȱhaveȱtheȱsameȱincome.ȱFurther,ȱitȱisȱassumedȱ
thatȱfishȱinȱaȱhighȬsafetyȱcategoryȱcostsȱmoreȱthanȱfishȱinȱaȱlowȬsafetyȱcategory.ȱȱ

 

Theȱ healthȱ riskȱ fromȱ eatingȱ dioxinȱ taintedȱ fishȱ isȱ assumedȱ toȱ beȱ unknownȱ toȱ consumers:ȱ
)( ii srβ ȱisȱtheȱhealthȱriskȱfromȱconsumingȱfishȱfromȱtheȱcategoryȱ is ,ȱwhereȱβȱisȱtheȱexogenousȱ

probabilityȱofȱanȱadverseȱhealthȱeffectȱandȱ )( ii sr ȱisȱtheȱpotentialȱdamageȱ(severityȱorȱextentȱofȱ
damage)ȱofȱcategoryȱ i.ȱAsȱ inȱSmallwoodȱandȱBlaylockȱ (1991),ȱ theȱhealthȱ riskȱencompassesȱallȱ
aspectsȱofȱpotentialȱhealthȱdamageȱ fromȱmildȱ shortȬtermȱ illnessȱ toȱ chronic,ȱ longȬtermȱ effectsȱ
thatȱmayȱbeȱassociatedȱwithȱsomeȱcancers,ȱandȱtoȱaȱshortenedȱ lifeȱspan.ȱItȱdoesȱnot,ȱhowever,ȱ
includeȱtheȱriskȱofȱanȱunhealthyȱdietȱwhichȱisȱdueȱtoȱnotȱconsumingȱfishȱandȱmayȱleadȱto,ȱforȱ
example,ȱobesityȱandȱcardiovascularȱdiseaseȱpotentiallyȱresultingȱ fromȱ it.ȱForȱsimplicity,ȱonlyȱ
consumingȱ fromȱ theȱ lowȬsafetyȱ categoryȱ isȱ assumedȱ toȱ includeȱ theȱ healthȱ risk,ȱ thusȱ

0)( =HH srβ .ȱTheȱpotentialȱdamageȱ Lr ȱisȱassumedȱtoȱincreaseȱasȱsafetyȱdecreases,ȱ 0)( <′
LL sr ȱ

andȱ 0)( <′′
LL sr .ȱȱ

Theȱlastȱtermȱinȱtheȱequation,ȱ
2)( LHi ss −α ,ȱdescribesȱtheȱ(additional)ȱutilityȱgainedȱfromȱthrȱ

diversityȱ ofȱ aȱ fishȱ category.ȱ Theȱ notationȱ isȱ adoptedȱ fromȱNevenȱ andȱ Thisseȱ (1990)ȱ andȱ isȱ
commonȱinȱhorizontalȱdifferentiationȱmodels.ȱInȱthoseȱmodels,ȱitȱisȱassumedȱthatȱthereȱisȱsomeȱ
varietyȱthatȱisȱ�mostȱpreferred�ȱandȱaȱconsumerȱderivesȱdisutilityȱwhenȱheȱhasȱtoȱchooseȱsomeȱ
otherȱ variety,ȱ otherȱ thanȱ hisȱ mostȱ preferredȱ one.ȱ Weȱ useȱ theȱ sameȱ notationȱ butȱ theȱ
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interpretationȱ isȱmodified.ȱ iα ȱ isȱ aȱparameter,ȱ andȱ 1=Lα ȱ andȱ )1(−=Hα .ȱWhenȱ choosingȱ
fromȱ theȱ lowȬsafetyȱ category,ȱ aȱ consumerȱ hasȱmanyȱ differentȱ fisheryȱ productsȱ availableȱ toȱ
chooseȱ from,ȱ andȱ aȱ consumerȱ gainsȱ utilityȱ fromȱ theȱ subsequentȱ diversity.ȱWeȱ denoteȱ thisȱ

�additionalȱdiversity�ȱbyȱ
2)( LH ss − ,ȱandȱaȱparameterȱ iα ȱgetsȱaȱpositiveȱvalue,ȱ 1=Lα .ȱOnȱ

theȱotherȱhand,ȱaȱconsumerȱchoosingȱfromȱtheȱhighȬsafetyȱcategoryȱhasȱaȱsmallerȱselection,ȱandȱ

thusȱforegoesȱsomeȱofȱherȱutilityȱderivedȱfromȱdiversity,ȱ
2)( LH ss − ;ȱthus,ȱaȱparameterȱ iα ȱgetsȱ

aȱnegativeȱvalue,ȱ )1(−=Hα .ȱ

Aȱconsumerȱwillȱchooseȱfishȱfromȱcategoryȱiȱthatȱprovidesȱherȱwithȱtheȱlargestȱutility.ȱGivenȱ(1),ȱ
theȱdemandsȱforȱfishȱfromȱtheȱhighȬȱandȱlowȬsafetyȱcategoriesȱareȱȱ
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respectively.2ȱTheȱcriticalȱpointȱatȱwhichȱaȱconsumerȱisȱindifferentȱbetweenȱbuyingȱfishȱfromȱtheȱ

highȬȱorȱlowȬsafetyȱcategoryȱisȱidentifiedȱbyȱ Hθ ,ȱandȱtheȱcriticalȱpointȱatȱwhichȱaȱconsumerȱisȱ
indifferentȱbetweenȱbuyingȱfishȱfromȱtheȱlowȬsafetyȱcategoryȱorȱnotȱbuyingȱatȱallȱisȱidentifiedȱbyȱ

Lθ .ȱConsumers,ȱwhoseȱtypeȱθ ȱexceedsȱtheȱcriticalȱpointȱ Hθ ,ȱchooseȱfishȱfromȱtheȱhighȬsafetyȱ

category,ȱandȱconsumersȱwhoseȱtypeȱθ ȱ isȱ lowerȱthanȱtheȱcriticalȱpointȱ Hθ ȱbutȱexceedingȱtheȱ

criticalȱpointȱ Lθ ,ȱchooseȱfishȱfromȱtheȱlowȬsafetyȱcategory.ȱTheȱothersȱchooseȱnotȱtoȱbuyȱfishȱatȱ

all.ȱConsumersȱwithȱhighȱθ ȱ(exceedingȱtheȱcriticalȱpointȱ Hθ )ȱcouldȱalsoȱbeȱregardedȱasȱaȱ�riskȱ
averseȱ group�ȱ sinceȱ theyȱ preferȱ highȬsafetyȱ products.ȱ Figureȱ 2ȱ providesȱ anȱ exampleȱ ofȱ theȱ
criticalȱpointsȱandȱtheȱdemandsȱforȱbothȱcategories.ȱ

0 1

Lθ Hθ

q = 0 qL qH

= critical point at which a consumer is indifferent between

buying fish from a high- or low-safety category

= critical point at which a consumer is indifferent between

buying fish from a low-safety category or not buying at all

= demand for fish in a high-safety category

= demand for fish in a low-safety category

   Hq

Lθ

Hθ

Lq
 

 The demand for high- low-safety fishery products 

                                                
2 For details, see Demand functions in Appendix. 



204 

Theȱ regulator�sȱ objectiveȱ isȱ toȱ provideȱ aȱ consumptionȱ environment,ȱwhichȱ isȱ bothȱ safeȱ andȱ
promotesȱaȱhealthyȱdiet.ȱInȱourȱcurrentȱexample,ȱtheȱobjectiveȱisȱtoȱincreaseȱtheȱconsumptionȱofȱ
fish,ȱwhileȱ regulatingȱ theȱ intakeȱofȱdioxin.ȱWhenȱ settingȱ theȱ safetyȱ standards,ȱ itȱ isȱ importantȱ
thatȱ theȱregulatorȱprovideȱ theȱconsumersȱwithȱ information,ȱwhichȱallowsȱ themȱ toȱdistinguishȱ
betweenȱtheȱtwoȱcategories.ȱȱ

Asȱcanȱbeȱseenȱfromȱfigureȱ2,ȱtheȱstandardsȱcanȱbeȱsetȱinȱsuchȱaȱmannerȱthatȱsomeȱconsumersȱ
(withȱ typeȱ Όȱ lowerȱ thanȱ ΌL)ȱchooseȱnotȱ toȱbuyȱ fishȱatȱall.ȱTheȱ regulator�sȱabilityȱ toȱaffectȱ theȱ
demandȱofȱ theȱ twoȱ categoriesȱandȱ theȱ resultingȱ consumers�ȱactionsȱ canȱbeȱ investigatedȱwithȱ
standardȱcomparativeȱstaticsȱtechniques.ȱȱ

Results of the model – affecting the consumption patterns 

Theȱ regulatorȱcanȱchangeȱ theȱsafetyȱofȱ theȱ twoȱcategoriesȱbyȱchangingȱ theȱ twoȱstandards.ȱByȱ
comparativeȱ staticsȱ resultsȱ weȱ canȱ deriveȱ howȱ consumerȱ behaviourȱ isȱ affectedȱ byȱ theseȱ
regulationȱchanges.ȱNoteȱthatȱpricesȱareȱassumedȱtoȱbeȱexogenous,ȱthusȱtheyȱareȱnotȱaffectedȱbyȱ
theȱchangesȱinȱtheȱsafetyȱofȱtheȱtwoȱcategories.ȱItȱis,ȱhowever,ȱpresumableȱthatȱinȱreality,ȱpricesȱ
areȱaffected,ȱbutȱsinceȱourȱprimeȱ interestȱ isȱ inȱconsumerȱbehaviourȱandȱregulationȱdesign,ȱweȱ
willȱnotȱmakeȱanyȱassumptionsȱconcerningȱfirmȱbehaviourȱandȱpriceȱchange.ȱȱ

Byȱdifferentiatingȱ theȱdemandȱ functionsȱwithȱ respectȱ toȱ theȱ twoȱ safetyȱ standards,ȱweȱgetȱ theȱ
followingȱ results3.ȱ First,ȱ weȱ analyzeȱ theȱ effectsȱ ofȱ changingȱ theȱ highȬsafetyȱ standard.ȱ Anȱ
importantȱ andȱunambiguousȱ resultȱ isȱ thatȱwhenȱ theȱhighȬsafetyȱ categoryȱ becomesȱ safer,ȱ theȱ
overallȱconsumptionȱofȱfishȱ increases.ȱThisȱ isȱdueȱtoȱtheȱ increasesȱofȱdemandȱforȱhighȬȱand/orȱ
lowȬsafetyȱcategories.ȱInȱtheȱlowȱsafetyȱcategory,ȱthereȱwillȱbeȱnewȱconsumers,ȱwhoȱpreviouslyȱ
choseȱ notȱ toȱ consumeȱ fishȱ atȱ all.ȱDespiteȱ theȱ factȱ thatȱ theȱ safetyȱ ofȱ theȱ lowȬsafetyȱ categoryȱ
remainsȱunchanged,ȱtheȱlowȬsafetyȱcategoryȱisȱnowȱrelativelyȱmoreȱattractiveȱthanȱbefore.ȱTheȱ
diversityȱdifferenceȱbetweenȱ theȱ twoȱ categoriesȱbecomesȱ largerȱ andȱ consumersȱderiveȱutilityȱ
fromȱthatȱadditionalȱdiversity.ȱȱ

However,ȱ weȱ doȱ notȱ knowȱ howȱ theȱ increasedȱ demandȱ forȱ fishȱ willȱ beȱ dividedȱ intoȱ twoȱ
categoriesȱ butȱ weȱ canȱ identifyȱ twoȱ possibleȱ casesȱ accordingȱ toȱ theirȱ outcomes.ȱ Figureȱ 3ȱ
representsȱtheȱtwoȱpossibleȱoutcomes.ȱ

Case 1: Fewer consumers prefer fish acceptable by maximum EU-rates 

Ifȱtheȱcriticalȱpointȱ Hθ ȱmovesȱcloserȱtoȱunity,ȱtheȱdemandȱforȱfishȱ inȱtheȱhighȬsafetyȱcategoryȱ
decreasesȱ andȱ theȱ demandȱ forȱ fishȱ inȱ theȱ lowȬsafetyȱ category,ȱ includingȱ Balticȱ herring,ȱ
increases.ȱThisȱcanȱhappenȱifȱtheȱdiversityȱlossȱisȱlargeȱcomparedȱtoȱtheȱdifferenceȱinȱprices.ȱȱ

Case 2: More consumers prefer fish acceptable by the maximum EU-rates 

Ifȱ theȱ criticalȱpointȱ Hθ ȱmovesȱ closerȱ toȱ Lθ ,ȱ theȱdemandȱ forȱ fishȱ inȱ theȱhighȬsafetyȱ categoryȱ

increases.ȱ Inȱ thisȱcase,ȱaȱhigherȱnumberȱofȱconsumersȱareȱwillingȱ toȱpayȱaȱpriceȱ Hp ȱofȱhighȬ
safetyȱfishȱthanȱbefore,ȱandȱthus,ȱtheȱdemandȱforȱfishȱinȱtheȱhighȬsafetyȱcategoryȱincreases.ȱTheȱ
demandȱinȱtheȱlowȬsafetyȱcategoryȱcanȱeitherȱincreaseȱorȱdecrease.ȱWhetherȱorȱnotȱdemandȱforȱ
lowȬsafetyȱfishȱ increasesȱorȱdecreases,ȱdependsȱonȱtheȱparameterȱvalues.ȱIfȱ increasedȱsafetyȱofȱ
theȱ highȬsafetyȱ categoryȱ isȱ relativelyȱmoreȱ importantȱ toȱ consumersȱ thanȱ diversity,ȱ thenȱ theȱ

                                                
3 For details, see Comparative statics results in Appendix. 
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changeȱinȱ Hθ ȱisȱgreaterȱthanȱtheȱchangeȱinȱ Lθ ,ȱ LH θθ ∆>∆ .ȱAsȱaȱresult,ȱtheȱdemandȱforȱfishȱ
inȱtheȱlowȬsafetyȱcategoryȱdecreasesȱasȱtheȱsafetyȱofȱhighȬsafetyȱfishȱincreases,ȱandȱviceȱversa.ȱ

0 1

Lθ Hθ

q = 0 qL qH

0 1

Lθ Hθ

q = 0 qL qH

Case 1 Case 2

= critical point at which a consumer is indifferent between

buying fish from a high- or low-safety category

= critical point at which a consumer is indifferent between

buying fish from a low-safety category or not buying at all

= demand for fish in a high-safety category

= demand for fish in a low-safety category

   Hq

Lθ

Hθ

Lq
 

 More stringent high -safety standard and increased demand for fish 

Second,ȱweȱanalyzeȱ theȱ effectsȱofȱ changingȱ safetyȱofȱ theȱ lowȬsafetyȱ category.ȱWhenȱ theȱ lowȬ
safetyȱcategoryȱbecomesȱ saferȱ theȱeffectsȱareȱambiguous,ȱbutȱagainȱ twoȱpossibleȱcasesȱcanȱbeȱ
derived.ȱTheȱsignȱofȱallȱresultsȱdependsȱcrucially,ȱbutȱnotȱexclusively,ȱonȱtheȱsizeȱofȱtheȱchangeȱ

inȱhealthȱriskȱ )( LL sr ′β .ȱFigureȱ4ȱdepictsȱtheȱtwoȱpossibleȱoutcomes.ȱ
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 More stringent low-safety standard and changed demand for fish 

Case 3: More consumers prefer the category where Baltic herring is allowed 

SomeȱconsumersȱswitchȱfromȱtheȱhighȬsafetyȱcategoryȱoverȱtoȱtheȱlowȬsafetyȱcategoryȱsinceȱtheȱ
healthȱriskȱinȱtheȱlowȬsafetyȱcategoryȱhasȱdecreasedȱwhileȱtheȱpriceȱinȱthisȱcategoryȱisȱlowerȱandȱ
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diversityȱgreaterȱ thanȱ inȱ theȱhighȬsafetyȱ category.ȱAlso,ȱbecauseȱofȱ theȱdecreasedȱhealthȱ risk,ȱ
someȱconsumersȱwhoȱpreviouslyȱchoseȱnotȱtoȱbuyȱfishȱatȱallȱwillȱnowȱchooseȱtoȱbuyȱfromȱtheȱ
lowȬsafetyȱcategory.ȱTheȱincreasedȱdemandȱforȱlowȬsafetyȱfish,ȱwhereȱBalticȱherringȱisȱallowed,ȱ
outweighsȱtheȱlossȱinȱtheȱdemandȱforȱhighȬsafetyȱfish,ȱandȱasȱaȱnetȱresult,ȱtheȱoverallȱdemandȱ
forȱfishȱcanȱonlyȱincrease.ȱȱ

Case 4: Fewer consumers prefer the category where Baltic herring is allowed 

Theȱ increasedȱ safetyȱ inȱ theȱ lowȬsafetyȱ categoryȱdoesȱ notȱdecreaseȱ theȱ healthȱ riskȱ enoughȱ inȱ
orderȱ toȱcompensateȱ theȱ lossȱ inȱdiversityȱ (theȱdifferenceȱbetweenȱSHȱandȱSLȱgetsȱsmallerȱasȱSLȱ
increases).ȱAsȱaȱresult,ȱsomeȱconsumersȱpreviouslyȱchoosingȱfishȱfromȱtheȱlowȬsafetyȱcategoryȱ
willȱnoȱlongerȱbuyȱatȱall.ȱInȱaddition,ȱsomeȱconsumersȱwhoȱpreviouslyȱpurchasedȱfromȱtheȱlowȬ
safetyȱ category,ȱwillȱnowȱ switchȱoverȱ toȱ theȱhighȬsafetyȱ category,ȱbecauseȱ theȱdisutilityȱ fromȱ
diversityȱ lossȱ hasȱ decreasedȱ andȱ theȱ highȬsafetyȱ categoryȱ hasȱ betterȱ safety.ȱAsȱ aȱ result,ȱ theȱ
overallȱdemandȱforȱfishȱdecreases.ȱȱ

Implications – possibil ities of the policy maker 

Weȱ canȱnowȱ establishȱhowȱ theȱ regulatorȱ canȱ affectȱ theȱdemandȱofȱ fishȱ inȱbothȱ categoriesȱ inȱ
orderȱtoȱalterȱoverallȱdemandȱandȱpromoteȱaȱhealthyȱdiet.ȱWeȱcanȱalsoȱestablishȱwhatȱkindȱofȱ
informationȱ theȱ regulatorȱ needsȱ inȱ orderȱ toȱ beȱ ableȱ toȱ predictȱ consumerȱ behaviourȱ andȱ theȱ
consequencesȱofȱtheȱregulation.ȱȱ

Byȱincreasingȱtheȱconsumptionȱofȱfish,ȱtheȱregulatorȱcanȱimproveȱtheȱqualityȱofȱtheȱgeneralȱdietȱ
andȱpublicȱhealth.ȱTheȱfirstȱactionȱtoȱbeȱtakenȱtowardsȱachievingȱthisȱgoalȱisȱtoȱtightenȱtheȱhighȬ
safetyȱ standard,ȱ andȱ thusȱ theȱ highȬsafetyȱ categoryȱwillȱ becomeȱ evenȱ safer.ȱAsȱ aȱ result,ȱ theȱ
overallȱdemandȱ increases,ȱalthoughȱ theȱdistributionȱofȱ increasedȱdemandȱ intoȱ lowȬȱandȱhighȬ
safetyȱcategoriesȱisȱnotȱclear.ȱTheȱsecondȱpossibilityȱisȱtoȱalterȱtheȱlowȬsafetyȱstandard,ȱi.e.ȱaffectȱ
theȱsafetyȱofȱtheȱlowȬsafetyȱcategory.ȱTheȱquestion,ȱhowever,ȱofȱwhetherȱtoȱtightenȱorȱloosenȱtheȱ
lowȬsafetyȱstandard,ȱisȱambiguous.ȱBecauseȱofȱthisȱambiguity,ȱtheȱregulatorȱneedsȱinformationȱ
onȱwhetherȱconsumersȱpreferȱdiversityȱoverȱsafetyȱinȱorderȱtoȱrecogniseȱwhichȱoneȱofȱtheȱtwoȱ
possibleȱcasesȱprevails.ȱȱ

Ifȱtheȱchangeȱinȱhealthȱriskȱisȱlargeȱenoughȱwhenȱtighteningȱ(loosening)ȱtheȱlowȬsafetyȱstandard,ȱ
theȱproportionȱofȱnonȬconsumingȱconsumersȱdecreasesȱ(increases).ȱThisȱisȱquiteȱintuitive,ȱsinceȱ
oneȱwouldȱexpectȱ thatȱwhenȱ theȱsafetyȱ increases,ȱ theȱhealthȱriskȱdecreases,ȱandȱasȱaȱresultȱofȱ
this,ȱ consumingȱbecomesȱmoreȱ attractive.ȱ Itȱ isȱnot,ȱhowever,ȱ alwaysȱ theȱ case.ȱAnȱ interestingȱ
resultȱwouldȱbeȱtheȱcaseȱwhenȱtheȱchangeȱ inȱhealthȱriskȱ isȱ�tooȱsmall�ȱorȱ insignificantȱfromȱaȱ
consumer�sȱpointȱofȱview,ȱtheȱproportionȱofȱnonȬconsumingȱconsumersȱincreasesȱ(decreases)ȱasȱ
aȱresultȱofȱtighteningȱ(loosening)ȱtheȱlowȬsafetyȱstandard.ȱTheȱdiversityȱmattersȱmoreȱthanȱtheȱ
decreaseȱ (increase)ȱ ofȱ healthȱ risk,ȱ sinceȱ theȱ changeȱ inȱ healthȱ riskȱ isȱ notȱ largeȱ enough.ȱ
Consumers,ȱwhoȱchoseȱfishȱfromȱtheȱlowȬsafetyȱcategoryȱpriorȱtoȱtheȱmoreȱstringentȱlowȬsafetyȱ
standardȱwillȱnowȱchooseȱnotȱ toȱconsumeȱ fishȱatȱallȱsinceȱdiversityȱhasȱdiminished.ȱDiversityȱ
outweighsȱ theȱhealthȱriskȱ inȱ thisȱcase.ȱTheȱconsumerȱpreferencesȱcouldȱbeȱfurtherȱexploredȱ inȱ
orderȱtoȱtailorȱpoliciesȱtoȱfitȱbetterȱinȱconsumerȱprofiles.ȱ

Alsoȱ theȱ changesȱ inȱ pricesȱ andȱ theȱ exogenousȱ probabilityȱ ofȱ adverseȱ healthȱ effectsȱ haveȱ anȱ
impactȱonȱtheȱdemandȱofȱbothȱcategories.ȱHowever,ȱoneȱmayȱassumeȱthatȱtheȱregulatorȱcannotȱ
orȱ doesȱ notȱwantȱ toȱ affectȱ theȱ pricesȱ sinceȱ pricesȱ areȱ determinedȱ inȱ theȱmarket.ȱ Also,ȱ theȱ
exogenousȱprobabilityȱofȱhealthȱriskȱcanȱbeȱoutȱofȱreachȱ ifȱweȱthinkȱtheȱprobabilityȱrepresentsȱ
theȱ exogenousȱ conditionsȱ inȱ theȱ foodȱmarket,ȱ e.g.ȱ aȱ suddenȱ exposureȱ toȱ dioxinȱ dueȱ toȱ anȱ
environmentalȱdisasterȱorȱaccident.ȱȱ
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Discussion  

Foodȱsafetyȱandȱnutritionȱareȱcrucialȱdeterminantsȱofȱoverallȱhealthȱandȱwellȱbeing.ȱThisȱpaperȱ
emphasisesȱtheȱimportanceȱofȱaȱdualȬobjectiveȱhealthȱregulation,ȱwhichȱconsidersȱbothȱofȱtheseȱ
aspectsȱ andȱ alsoȱ accountsȱ forȱ theȱ heterogeneityȱ ofȱ consumers.ȱ Ourȱmodelȱ showsȱ howȱ theȱ
regulatorȱ canȱ promoteȱ publicȱ healthȱ byȱ adjustingȱ theȱ consumptionȱ ofȱ fishȱwhileȱ takingȱ intoȱ
accountȱtheȱhealthȱrisksȱrelatedȱtoȱdioxinȱexposure.ȱTheȱregulationȱpolicyȱshouldȱconsiderȱbothȱ
theȱrisksȱandȱbenefitsȱofȱconsumingȱandȱofȱnotȱconsuming.ȱTheȱchallengeȱinȱpolicyȱdesignȱisȱtoȱ
recogniseȱthatȱwhenȱavoidingȱoneȱrisk,ȱanȱevenȱgreaterȱriskȱmayȱappearȱ(Tuomisto,ȱ2002).ȱȱ

TheȱEUȱdioxinȱ regulationȱ andȱ theȱderogationȱ inȱFinlandȱ isȱ anȱ interestingȱ exampleȱofȱ suchȱ aȱ
dualȬobjectiveȱregulation.ȱFoodȬrelatedȱdioxinȱexposureȱinȱFinland,ȱexcludingȱfish,ȱisȱlowerȱthanȱ
inȱ theȱ EUȱ inȱ generalȱ andȱ totalȱ exposureȱ ofȱ Finnsȱ toȱ dioxinȱ doesȱ notȱ exceedȱ theȱ
recommendations.ȱOnȱtheȱotherȱhand,ȱtheȱroleȱofȱherringȱinȱtheȱnutritionallyȱhealthyȱdietȱasȱwellȱ
asȱinȱtheȱtraditionalȱFinnishȱcuisineȱisȱveryȱimportant.ȱDueȱtoȱtheseȱtwoȱreasons,ȱitȱcanȱbeȱsaidȱ
thatȱ thereȱwereȱ strongȱ reasonsȱ forȱ Finnsȱ toȱ attemptȱ toȱmodifyȱ theȱ generalȱEUȱdioxinȱpolicyȱ
appliedȱinȱFinland.ȱ

Ifȱtheȱviewpointȱofȱfoodȱsafetyȱisȱconsideredȱandȱsubsequentlyȱaȱstrictȱdioxinȱregulationȱisȱset,ȱ
theȱ nutritionalȱ qualityȱ ofȱ theȱ generalȱ dietȱmayȱ suffer.ȱ Itȱ isȱ preferableȱ thatȱ foodȱ safetyȱ andȱ
healthyȱdietȱareȱaddressedȱ togetherȱandȱregulationȱ isȱdesignedȱsuchȱ thatȱ itȱ takesȱ intoȱaccountȱ
healthȱ issuesȱmoreȱcomprehensivelyȱandȱfoodȱsafetyȱrisksȱfromȱdifferentȱfoodstuff,ȱe.g.ȱdioxinȱ
concentrationȱinȱfishȱasȱwellȱasȱinȱmilkȱandȱmeet.ȱ

Besidesȱ healthȱ issuesȱ perȱ se,ȱ oneȱmayȱ alsoȱ assessȱ thisȱ policyȱ settingȱ fromȱ theȱ viewpointȱ ofȱ
applyingȱaȱunifiedȱpolicyȱonȱtheȱheterogeneousȱpopulation.ȱItȱcanȱbeȱpresumedȱthatȱaȱunified,ȱ
nonȬdifferentiatedȱ(dioxin)ȱregulationȱwillȱnotȱleadȱtoȱanȱeffectiveȱoutcomeȱwhenȱitȱisȱappliedȱtoȱ
aȱ demographicallyȱ (age,ȱ gender,ȱ healthȱ status)ȱ andȱ culturallyȱ heterogeneousȱ populationȱ
(differentȱnationsȱ inȱ theȱEU).ȱAȱ consumerȱ choiceȱmayȱbeȱ significantlyȱ alteredȱ andȱnarrowedȱ
whenȱtraditionallyȱorȱotherwiseȱpreferredȱfoodȱitemsȱareȱforbiddenȱorȱviewedȱasȱunsafe.ȱȱ

Inȱ ourȱ framework,ȱ healthȱ regulationȱ couldȱ beȱ improvedȱ byȱ providingȱ informationȱ forȱ
consumersȱ inȱ orderȱ toȱmoveȱ consumersȱ fromȱ aȱ nonȬconsumingȱ groupȱ toȱ eitherȱ ofȱ theȱ twoȱ
categories.ȱFurther,ȱ informationȱmayȱbeȱusedȱ inȱorderȱ toȱbetterȱ informȱconsumersȱaboutȱ theirȱ
nutritionalȱneeds.ȱThisȱ informationȱ isȱespeciallyȱusefulȱ forȱ riskȱgroupsȱ (e.g.ȱpregnantȱwomen,ȱ
peopleȱwithȱobesity)ȱsoȱthatȱtheyȱbecomeȱawareȱofȱtheȱpossibleȱrisksȱofȱnotȱconsumingȱfishȱorȱofȱ
consumingȱfishȱfromȱaȱlowȬsafetyȱcategory.ȱȱ

Informationȱplaysȱ anȱ importantȱ roleȱ inȱdioxinȱ regulationȱ andȱ theȱderogationȱ inȱSwedenȱ andȱ
Finlandȱasȱwell.ȱWhenȱgrantingȱ theȱderogation,ȱ theseȱ twoȱcountriesȱwereȱobligatedȱ toȱacquireȱ
scientificȱ informationȱ onȱ dioxinȱ asȱwellȱ asȱ provideȱ clearȱ informationȱ forȱ consumersȱ onȱ theȱ
possibleȱharmfulȱeffectsȱofȱfishȱwithȱdioxinȱinȱexcessȱofȱtheȱmaximumȱEUȬrates,ȱparticularlyȱforȱ
pregnantȱwomenȱ (Councilȱofȱ theȱEuropeanȱUnion,ȱ2001;ȱTuomisto,ȱ2002).ȱAlso,ȱ theȱbetterȱ theȱ
knowledgeȱ theȱ regulatorȱ hasȱ aboutȱ consumerȱ profilesȱ andȱ riskȱ groups,ȱ theȱmoreȱ efficientlyȱ
informationȱ canȱ beȱ distributedȱ toȱ consumers.ȱ Similarly,ȱ theȱ foodstuffȱ canȱ beȱ classifiedȱ andȱ
categorisedȱinȱmoreȱdetailȱinȱorderȱtoȱsuitȱtoȱneedsȱofȱdifferentȱconsumerȱgroups.ȱȱ

However,ȱdioxinȱ regulationȱ inȱ theȱEUȱandȱ theȱderogationȱ inȱSwedenȱandȱFinlandȱ isȱ justȱoneȱ
exampleȱofȱ regulationȱwhereȱnutritionalȱ issuesȱareȱ consideredȱ togetherȱwithȱ foodȱ safety.ȱTheȱ
problemȱinȱthisȱkindȱofȱdualȬobjectiveȱregulationȱisȱtheȱsameȱasȱinȱanyȱregulation.ȱHealthȱrisksȱ
andȱconsumerȱbehaviourȱareȱdifficultȱtoȱassessȱbeforehand,ȱandȱdueȱtoȱthisȱthereȱisȱuncertaintyȱ
involvedȱinȱpolicyȱdesign.ȱWeȱhaveȱnotȱyetȱseenȱtheȱeffectsȱofȱderogationȱinȱdioxinȱregulation,ȱsoȱ
theȱeffectsȱofȱtheȱpolicyȱhaveȱnotȱbeenȱyetȱthoroughlyȱassessed.ȱItȱis,ȱhowever,ȱpossibleȱtoȱstudyȱ
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potentialȱ alternativesȱ andȱ theirȱ outcomes,ȱ whichȱ couldȱ beȱ expectedȱ fromȱ differentȱ policyȱ
actions.ȱȱ

Aȱbetterȱunderstandingȱ isȱneededȱofȱ theȱ connectionsȱandȱ tradeȬoffsȱbetweenȱ foodȱ safetyȱandȱ
nutritionȱpolicies.ȱAdditionally,ȱmoreȱeffectiveȱandȱcomprehensiveȱhealthȱregulationsȱrequireȱaȱ
betterȱunderstandingȱofȱ theȱeffectsȱofȱconsumerȱhabitsȱandȱ traditionsȱonȱ theirȱbehaviourȱwithȱ
respectȱ toȱ foodȱsafetyȱregulation.ȱTheȱmatterȱofȱpopulationȱheterogeneityȱwillȱ furtherȱgrowȱ inȱ
importanceȱ asȱ presentȱ accessionȱ countriesȱ willȱ becomeȱ EUȬmembers.ȱ Theȱ rationaleȱ andȱ
implicationsȱofȱ theȱgeneralȱharmonisationȱofȱstandardsȱ inȱ theȱEUȱshouldȱbeȱbroughtȱ intoȱ thisȱ
discussion.ȱȱ
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Appendix 

Demand functions 

Theȱconsumerȱwillȱchooseȱ toȱconsumeȱfishȱ fromȱcategoryȱ iȱ thatȱprovidesȱhimȱwithȱ theȱ largestȱ

utility.ȱGivenȱequationȱ(1)ȱinȱtheȱtext,ȱtheȱcriticalȱpointȱ Hθ ȱatȱwhichȱtheȱconsumerȱisȱindifferentȱ
betweenȱbuyingȱfromȱaȱhighȬȱorȱlowȬsafetyȱcategoryȱcanȱbeȱderivedȱasȱtheȱsolutionȱtoȱ
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Theȱcriticalȱpointȱ Lθ ȱatȱwhichȱ theȱconsumerȱ isȱ indifferentȱbetweenȱbuyingȱ fromȱaȱ lowȬsafetyȱ
categoryȱorȱnotȱbuyingȱatȱallȱisȱderivedȱfromȱequation:ȱ
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Consumersȱwhoseȱtypeȱθ ȱexceedsȱtheȱcriticalȱpointȱ Hθ ,ȱi.e.ȱ Hθθ ≥≥1 ,ȱchooseȱfishȱfromȱtheȱ

highȬsafetyȱcategory,ȱandȱthoseȱwhoseȱtypeȱθ ȱisȱlowerȱthanȱtheȱcriticalȱpointȱ Hθ ȱbutȱexceedȱtheȱ

criticalȱpointȱ Lθ ,ȱi.e.ȱ LH θθθ ≥≥ ,ȱchooseȱfishȱfromȱtheȱlowȬsafetyȱcategory.ȱTheȱothersȱchooseȱ
notȱtoȱbuy.ȱThus,ȱtheȱdemandȱforȱtheȱhighȬsafetyȱcategoryȱisȱȱ
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Comparative statics results 

First,ȱ weȱ evaluateȱ theȱ effectsȱ ofȱ changingȱ theȱ highȬsafetyȱ standardȱ byȱ differentiatingȱ theȱ
demandȱfunctionsȱwithȱrespectȱtoȱtheȱhighȬsafetyȱstandard:ȱȱ
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Ifȱsettingȱ theȱhighȬsafetyȱstandardȱhigherȱ (e.g.ȱmoreȱstringentȱdioxinȱregulationȱ inȱhighȬsafetyȱ
category)ȱtheȱsafetyȱofȱfishȱinȱtheȱhighȬsafetyȱcategoryȱwillȱincrease.ȱThisȱisȱdueȱtoȱtheȱincreasesȱ
ofȱdemandȱforȱhighȬȱand/orȱlowȬsafetyȱcategories.ȱ

Second,ȱ weȱ evaluateȱ theȱ effectsȱ ofȱ changingȱ theȱ lowȬsafetyȱ standardȱ byȱ differentiatingȱ theȱ
demandȱfunctionsȱwithȱrespectȱtoȱtheȱlowȬsafetyȱstandard:ȱȱ

(A1)ȱ L

H

ds

dθ ( )( )[ ] ( )( )[ ]
( )2

2 1)()(2)(44
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LLLHLHLHLLLH

ss

srssppsssrss

−
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ββ

0>< ȱ

(A2)ȱ L

L

ds

dθ ( )( )[ ] ( )( )[ ]
2

2 1)()()(22

L

LLLHLLLLLH

s

srsspssrss ββ +−−−′+−
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(A3)ȱ 0H H
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dq d

ds ds

θ
−

>

<
ȱ
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(A4)ȱ L

L

dq

ds
=
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Theȱeffectsȱofȱ changingȱ theȱ lowȬsafetyȱ standardȱareȱambiguous,ȱbutȱagainȱ twoȱpossibleȱcasesȱ
canȱbeȱderived.ȱAsȱweȱ canȱ seeȱ fromȱ equationsȱ (A1)Ȭ(A4),ȱ theȱ signȱofȱ allȱ fourȱ resultsȱdependȱ

crucially,ȱbutȱnotȱexclusively,ȱonȱtheȱsizeȱofȱ )( LL sr ′β .ȱȱ

Case 3: More consumers prefer the category where Baltic herring is allowed 

Ifȱȱ LHLL sssr 44)( +−>′− β
ȱ(andȱ LHLL sssr 22)( −>′β

)ȱthenȱȱ

(A1)ȱ 0>LH dsdθ ,ȱȱ

(A2)ȱ 0<LL dsdθ ,ȱȱ

(A3)ȱ 0<LH dsdq ,ȱandȱȱ

(A4)ȱ 0>LL dsdq .ȱȱ

TheȱincreasedȱdemandȱforȱlowȬsafetyȱfishȱoutweighsȱtheȱlossȱinȱtheȱdemandȱforȱhighȬsafetyȱfish,ȱ
andȱasȱaȱnetȱresult,ȱtheȱoverallȱdemandȱforȱfishȱincreases.ȱȱ

Case 4: Fewer consumers prefer the category where Baltic herring is allowed 

Ifȱ LHLL sssr 44)( +−<′− β
ȱ(andȱ LHLL sssr 22)( −<′β

))ȱȱ

andȱȱ
( )( ) >−′−+− LHLLLH sssrss )(44 β ( ))()(2 2

LLLHLH srsspp β−−+− ȱȱ

(andȱ ( )( )[ ]>′+− LLLLH ssrss )(22 β ( ))()( 2

LLLHL srssp β+−− )ȱthenȱȱ

(A1)ȱ 0<LH dsdθ ,ȱȱ

(A2)ȱ 0>LL dsdθ ,ȱȱ

(A3)ȱ 0>LH dsdq ,ȱandȱȱ

(A4)ȱ 0<LL dsdq .ȱȱ

Theȱ increasedȱ safetyȱ inȱ theȱ lowȬsafetyȱ categoryȱdoesȱ notȱdecreaseȱ theȱ healthȱ riskȱ enoughȱ inȱ

orderȱtoȱcompensateȱtheȱlossȱinȱdiversityȱ(theȱdifferenceȱbetweenȱ Hs ȱandȱ Ls ȱgetsȱsmallerȱasȱ Ls ȱ
increases).ȱAsȱaȱresult,ȱtheȱoverallȱdemandȱforȱfishȱdecreases.ȱ

Alsoȱ theȱeffectsȱofȱchangingȱexogenousȱprobabilityȱβȱandȱ theȱpricesȱcanȱbeȱdetermined.ȱFromȱ
theȱ comparativeȱ staticsȱ results,ȱweȱ canȱ deriveȱ theȱ effectsȱwhenȱ changingȱ theȱ probabilityȱ ofȱ
adverseȱhealthȱeffect:ȱ
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Whenȱtheȱprobabilityȱofȱanȱadverseȱhealthȱeffectȱchanges,ȱitȱcanȱbeȱseenȱthatȱwhenȱΆȱincreases,ȱ
theȱ demandȱ forȱ highȬsafetyȱ categoryȱ increasesȱ andȱ theȱ demandȱ forȱ lowȬsafetyȱ categoryȱ
decreases.ȱThisȱresultȱisȱquiteȱintuitiveȱsinceȱwhenȱtheȱhealthȱriskȱincreasesȱmoreȱconsumersȱwillȱ
chooseȱhighȬsafetyȱcategoryȱorȱsomeȱconsumersȱchooseȱnotȱtoȱbuyȱatȱall.ȱȱ

Weȱcanȱalsoȱderiveȱcomparativeȱstaticsȱresultsȱwhenȱchangingȱexogenousȱprices.ȱTheȱchangeȱofȱ

highȬsafetyȱcategoryȱpriceȱ Hp :ȱ
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TheȱchangeȱofȱlowȬsafetyȱcategoryȱpriceȱ Lp :ȱ
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Fromȱ theȱ priceȱ changeȱweȱ canȱ seeȱ thatȱ bothȱ categoriesȱ canȱ beȱ regardedȱ asȱ normalȱ goods:ȱ
increaseȱinȱownȱpriceȱwillȱdecreaseȱtheȱdemandȱofȱit.ȱ


