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Preface 

This report has been commissioned by the Ministry of Food, Agriculture and Fisheries of Denmark as an 

assignment under the general agreement regarding scientific consultancy between the Ministry of 

Environment of Denmark, the Ministry of Food, Agriculture and Fisheries of Denmark and the Department of 

Food and Resource Economics (IFRO), University of Copenhagen. The report builds on previous work on 

modelling food demand in order to assess the effectiveness of potential policies to support the compliance 

with Denmark’s Official Dietary Guidelines.  

Internal scientific quality assurance has been conducted by Sofia Topcu Madsen.  

The Ministry of Food, Agriculture and Fisheries of Denmark has been given the opportunity to comment on 

a draft of the report before its publication.  
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Summary and conclusions 

In recent years, the Ministry of Food, Agriculture and Fisheries of Denmark and the Danish Veterinary and 

Food Administration have worked on integrating the new dietary guidelines into public procurement and 

promoting them in educational campaigns. To continue promoting changes in dietary habits, however, 

further understanding of consumer preferences and potential effects of alternative measures is needed. 

The purpose of this report is to contribute to developing effective policy instruments (such as information or 

education initiatives) that could leverage preference drivers to affect dietary habits and increase compliance 

with current dietary guidelines. To this end, we examine the drivers of consumers’ preferences and integrate 

this information into quantitative modelling of consumer behaviour. The study has four main components: 

• Statistical analysis of Danish consumers’ food budget composition in recent years with the aim to 

identify possible changes in food preferences and how household characteristics influence these 

changes. 

• Synthesis of knowledge on effects of recommendations, information campaigns, etc. on consumers’ 

preferences and dietary intakes based on literature and analyses of statistical data.  

• Consistent incorporation of intervention-based preference changes in the economic diet model 

developed by the Department of Food and Resource Economics (IFRO), University of Copenhagen. 

• Demonstration of the augmented model tool to conduct an ex ante assessment of concrete 

intervention examples in a Danish context. 

The desired importance of dietary guidelines lies in their role in promoting balanced nutrition and preventing 

diet-related diseases. In recent years, dietary guidelines have to an increasing extent incorporated 

interconnections between human and ecosystems’ health in the promotion of sustainable diets. The EAT-

Lancet Commission has launched a global reference diet aimed at promoting human health and 

environmental sustainability, emphasising a plant-forward diet that incorporates wholegrains, fruit, 

vegetables, nuts and legumes while recommending reduced consumption of meat and dairy. Since the 

publication of the EAT-Lancet Commission's recommendations in 2019, several countries have promoted 

plant-forward diets and incorporated stricter weekly limits to meat consumption.  

In January 2021, new dietary guidelines inspired by the EAT-Lancet Commission reference diet were 

introduced in Denmark. They were modified in 2024 to fully comply with the Nordic Nutritional 

Recommendations from 2023. The new dietary guidelines have seven guiding principles: 

1. Eat plant-rich, varied and not too much. 

2. Eat more vegetables and fruit. 

3. Eat less meat – choose legumes and fish. 

4. Eat wholegrain foods. 

5. Choose vegetable oils and low-fat dairy products. 

6. Eat less sweet, salty and fatty food. 

7. Thirsty? Drink water. 

The Danish Veterinary and Food Administration oversees the implementation of Denmark's Official Dietary 

Guidelines and undertakes various communication activities and structural initiatives to promote healthier 

and more climate-friendly eating habits. The main strategy involves collaborating with key stakeholders in 

partnerships, focusing on reformulation of processed food products, portion size reductions, campaigns, 
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labelling, branding and monitoring. In 2021, the guidelines were incorporated in recommendations for food 

professionals in both public and private kitchens, and new initiatives from 2021 and onwards include 

developing visual tools to help consumers follow the Official Dietary Guidelines. 

To examine how preferences have evolved in recent years and particularly since the introduction of the new 

dietary guidelines in 2021, the report analyses household food purchase behaviour based on homescan data 

from the YouGov Consumer Tracking Scandinavia panel for the period 2018-2023, distinguishing between 19 

commodity categories. Two aspects should be taken into account when considering the potential impacts of 

the new dietary guidelines on food consumption: (i) Important shocks (including the covid-19 lockdowns and 

reopenings as well as the inflationary period following the Russian invasion of Ukraine) could also have 

influenced food consumption behaviour, and (ii) measures to promote the new dietary guidelines have so 

far not directly targeted households but primarily public procurement and educational activities. Given these 

aspects, it is difficult to precisely identify the specific effects of the introduction of the new dietary guidelines. 

Apart from the pandemic period, there were no significant systematic changes in budget shares, and it was 

not possible to detect a significant impact of the new dietary guidelines. However, as suggested above, the 

effect of the guidelines could be masked by the concurrent events and difficulties regarding fully identifying 

the effects of the promotional campaigns and changes in public procurement that have already taken place. 

A vast literature exists regarding the effects of different interventions to influence dietary behaviour in the 

population or in specific groups of the population, and several literature reviews have been conducted to 

summarise elements of this literature. In this report, the focus is on interventions that may contribute directly 

to forming individuals’ food preferences via information, training and counselling approaches. The literature 

suggests that for such interventions to be effective, it is required that (i) the interventions are relatively 

intensive in terms of interaction and follow-up with the targeted individuals and that (ii) the targeted 

individuals are highly motivated to change their diet and lifestyle, for example for health reasons. Regarding 

preference-forming interventions to reduce salt intake, one review found that counselling from a dietician 

was effective. To promote fruit and vegetable intake, four broad types of preference-influencing 

interventions could be considered: broadcast information, individual information, education and counselling. 

Whereas several studies have found rather small effect of broadcast information, other studies have found 

more substantial effects if information is distributed in a more individualised manner and possibly targeted 

at individuals that might be especially motivated. Also, educational activities with some training elements or 

dietary counselling activities targeted at individuals who are particularly motivated have been demonstrated 

to be effective in promoting the intake of fruits and vegetables.  Similar findings have been obtained in studies 

of interventions to reduce individuals’ meat intake.  
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In previous work, IFRO has developed an economic model that can simulate the incentives driving 

households’ food consumption behaviour, including the role of price incentives or the households’ incentive 

gaps vis-à-vis meeting specific dietary recommendations. Based on the above-mentioned findings from the 

literature, three intervention-induced preference change scenarios were analysed in this simulation model 

with a particular focus on preference changes’ effects on households’ incentive gaps regarding dietary 

recommendations. Specifically, the incentive effects of the following types of dietary preference changes 

were analysed:  

• A 15 per cent positive preference shift for fruit and vegetables 

• A 15 per cent negative preference shift for meat 

• A 15 per cent negative preference shift for salt and salt-containing foods 

The simulations reveal that both the fruit and vegetable-promoting intervention and the meat-reducing 

intervention lead to a higher consumption of fruit, vegetables and wholegrains as well as a lower 

consumption of meat, dairy and sugary foods and beverages, even without explicit implementation of the 

dietary guidelines. In contrast, the salt reducing intervention has more modest effects on overall dietary 

composition. The fruit and vegetable-promoting intervention leads to the largest shift in the composition of 

overall dietary categories for all education levels, but the largest absolute increase in fruit and vegetable 

consumption seems to occur in the groups with the longest education. In contrast, the group with the longest 

education also tends to exhibit the smallest dietary adjustments as a result of a reduced preference for salt.  

The simulation analysis also indicates that an increased preference for fruit and vegetables could facilitate 

compliance with other dietary recommendations – lower meat and higher wholegrain intake – in some 

educational groups of the population but would make compliance more difficult for other educational 

groups. A reduced preference for meat and meat products generally reduces the barriers to comply with the 

Official Dietary Guidelines’ recommendation to reduce meat consumption (especially consumption of 

processed meat) and furthermore facilitates compliance with the recommendation to consume more 

wholegrains. A reduced preference for salt mainly increases compliance with the recommendations to 

consume more seafood and less salt, while it seems to increase the barrier for compliance with the 

recommendation to consume less processed meat products. It should, however, be noted that these 

calculations can be considered upper-end estimates of the effectiveness of such interventions as they are 

based on effects of relatively intense (and resource-intensive) interventions targeting relatively motivated 

individuals.  

This report identifies persistent challenges in shifting Danish diets, particularly the low consumption of plant-

based foods and the continued reliance on red and processed meats.  

Traditional Danish diets are not rich in legumes or nuts, of which an increased intake is also recommended 

in the new dietary guidelines in order to replace animal-based proteins with plant-based ones. Although 

legumes and nuts are not explicitly considered in the model simulations, the analysis indicates that efforts to 

promote more climate-friendly alternatives face cultural and practical barriers. Although initiatives like the 

“6-a-day” campaign and school programmes have aimed to increase fruit and vegetable intake, they have 

not significantly changed consumption patterns. Furthermore, promoting wholegrains without strongly 

discouraging processed meats may lead to undesired effects as these foods are often consumed together at 

lunch time. Resistance to dietary change is also evident in public backlash to proposals like mandatory 
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vegetarian days in government canteens, highlighting the importance of understanding consumer behaviour 

and cultural preferences. 

To effectively promote a dietary transition, an integrated approach is essential. This includes campaigns to 

raise climate awareness, school and workplace programmes to promote the national dietary guidelines, the 

development of appealing and healthy meat alternatives that fit traditional dishes as well as the alignment 

of price incentives. As shown in the literature, targeted information interventions can also help shift 

consumption patterns. However, these measures must be carefully designed to avoid unintended 

consequences, such as rebound effects or reinforcing unhealthy food pairings. Additionally, policies must 

consider income inequalities as low food security is linked to poor dietary outcomes. A multifaceted strategy 

that addresses both structural and cultural factors is key to fostering sustainable and healthy eating habits in 

Denmark. 

Udvidet dansk sammendrag 

I de senere år har Ministeriet for Fødevarer, Landbrug og Fiskeri og Fødevarestyrelsen arbejdet på at 

integrere de nye kostråd i offentlige indkøb og promovere dem i oplysningskampagner. For at optimere 

effektiviteten af promoveringsindsatser i forhold til forbrugerne er der imidlertid behov for yderligere 

forståelse af forbrugernes præferencer og potentielle effekter af alternative tiltag. Kostråd kan integreres i 

forbrugsvaner, men (i) der er præferencebarrierer, som skal overvindes, og (ii) en sådan integration kan føre 

til utilsigtede ændringer i forbruget af andre varer.  

Formålet med denne rapport er at bidrage til vidensgrundlaget for at udvikle effektive politiske instrumenter, 

der kan påvirke forbrugernes præferencer og derigennem deres kostvaner og efterlevelse af gældende 

kostråd. Rapporten undersøger således faktorer, der driver forbrugernes præferencer, og integrerer denne 

information i kvantitativ modellering af forbrugernes adfærd. Undersøgelsen har fire hovedkomponenter:  

• Statistisk analyse af udviklingen i danske forbrugeres sammensætning af deres fødevarebudget de 

seneste år med det formål at identificere mulige præferenceændringer, samt hvordan forskellige 

husholdningskarakteristika kan påvirke udviklingen.  

• Syntese af eksisterende viden om effekter af anbefalinger, informationskampagner med mere på 

forbrugernes præferencer og kostindtag baseret på litteratur og analyser af statistiske data.  

• Inkorporering af interventionsdrevne præferenceændringer i IFRO's kostmodel.  

• Demonstration af det udvidede modelværktøj til vurderinger af konkrete interventionseksempler i en 

dansk sammenhæng. 

Kostanbefalinger og politiske tiltag til at understøtte kostændringer 

Kostråd virker gennem deres evne til at fremme en balanceret ernæring, forebygge kostrelaterede 

sygdomme og desuden bidrage til miljømæssig bæredygtighed. EAT-Lancet-kommissionen (Willett et al., 

2019) har formuleret en global referencekost, der sigter mod at fremme menneskers sundhed og 

miljømæssig bæredygtighed inden for de planetære grænser, og som tager udgangspunkt i en 

planteorienteret kost, der inkorporerer fuldkorn, frugt, grøntsager, nødder og bælgfrugter samt et lavt 

forbrug af kød og mejeriprodukter.  

Selvom intentionerne i nogle lande siden EAT-Lancet-kommissionens anbefalinger synes at bevæge sig mod 

mere plantebaseret mad, er der betydelige udfordringer for udbredt efterlevelse af sådanne intentioner. 
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Ændring af vaner kræver passende incitamenter, eksempelvis prisincitamenter, ligesom overholdelse af 

kostanbefalinger kan være påvirket af udfordringer vedrørende kulturelle og socioøkonomiske aspekter, der 

kan variere fra region til region og fra forbruger til forbruger. For eksempel kan overgangen til en 

planteorienteret kost være lettere for folk i lande/regioner med stærk kulinarisk tradition for plantebaserede 

proteiner såsom bælgfrugter (for eksempel traditionelle middelhavskostvaner) end i lande, hvor der ikke er 

sådanne traditioner, eller hvor eksempelvis viden om iblødsætning, kogning eller fermentering af bælgfrugter 

ikke er udbredt, og husholdningers mangel på tid kan også være en udfordring i forhold til deres tilegnelse af 

sådanne kompetencer.  

På grund af de mangeartede udfordringer for kostomstillingen er det relevant at overveje integrerede 

politiske tilgange, der kan øge accept og overholdelse af kostrådene, med kombinationer af økonomiske 

incitamenter (for eksempel skatter og tilskud), regulering af offentlig bespisning, informationsinstrumenter 

(for eksempel mærkning eller uddannelseskampagner) og adfærdsmæssige instrumenter (for eksempel 

nudges). Samtidig er det vigtigt at være opmærksom på krydseffekter mellem forskellige tiltag for at undgå 

utilsigtede rebound- eller kompenserende effekter.  

Danmark har siden 1930'erne lagt afgifter på blandt andet slik, is og sodavand for at generere 

skatteindtægter. I 2010 justerede Danmark sin sodavandsbeskatning som en del af en bredere skattereform, 

som blandt andet også indebar en afgift på fødevarers indhold af mættet fedt – en afgift, som var indirekte 

rettet mod animalske fødevarer, der også har højere drivhusgasintensiteter. Fedtafgiften blev dog ophævet 

igen i 2013, ligesom sodavandsafgiften blev fjernet i 2014.  

Ud over afgifter er offentligt-private samarbejder blevet brugt til at stimulere indtaget af frugt og grønt, 

blandt andet gennem ”6 om dagen”-kampagnen fra 1999, som havde til formål at fremme forbruget af frugt 

og grønt til mindst 600 gram dagligt, og som i begyndelsen af 2000'erne blev udvidet gennem 

uddannelsesprogrammer og samarbejder med skoler og arbejdspladser. Et offentligt-privat partnerskab – 

fuldkornspartnerskabet – var afgørende for at fremme forbruget af fuldkorn, og siden partnerskabets 

etablering i 2008 til 2019 er forbruget af fuldkorn steget med 128 procent, blandt andet som følge af: (1) 

udnyttelse af erfaringerne fra det offentligt-private 6 om dagen-samarbejde, (2) et stort antal af industrielle 

partnere, (3) kompatibilitet med dansk tradition for rugbrød, (4) offentlig bevidsthed om rugbrøds 

sundhedsmæssige betydning i danskernes kost og (5) koordinering med de statslige fødevaremyndigheder 

(Boyle et al. 2024). Et bælgplantepartnerskab er også blevet etableret i 2024 med partnere fra private 

virksomheder, universiteter, NGO'er, tænketanke og kommuner.  

I januar 2021 blev nye kostråd – inspireret af EAT-Lancet-kommissionens referencekost – introduceret, og 

kostrådene blev justeret i 2024 for at være konsistente med de nordiske næringsstofanbefalinger (NNR) fra 

2023. De nye kostråd har syv vejledende principper:  

• Spis planterigt, varieret og ikke for meget.  

• Spis flere grøntsager og frugter.  

• Spis mindre kød – vælg bælgfrugter og fisk.  

• Spis fødevarer med fuldkorn.  

• Vælg vegetabilske olier og fedtfattige mejeriprodukter.  

• Spis mindre af de søde, salte og fede fødevarer.  

• Sluk tørsten med vand.  
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Hovedstrategien i forhold til implementering af kostrådene involverer samarbejde med centrale 

interessenter såsom forbrugerorganisationer, uddannelsesinstitutioner, NGO'er samt fødevare- og 

detailbranchen omkring blandt andet reformulering af forarbejdede fødevareprodukter, 

portionsreduktioner, kampagner, mærkning, branding, udvikling og opdatering af anbefalinger til 

fødevareprofessionelle i offentlige og private køkkener.  

I 2023 offentliggjorde Ministeriet for Fødevarer, Landbrug og Fiskeri desuden en handlingsplan for 

plantebaserede fødevarer, som sigter på at styrke de danske plantebaserede værdikæder, fremme forbruget 

af og øge eksporten af plantebaserede fødevarer produceret i Danmark samt fremme forskning, innovation 

og udvikling. 

Også ordninger for uddeling af skolemælk samt skolefrugt og -grøntsager er eksempler på kostpolitiske 

instrumenter. Disse ordninger er delvist finansierede af EU-midler, og deres hovedmål er at give børn 

grundlæggende ernæring, især børn med udsat socioøkonomisk baggrund. Ifølge evalueringer har frugt- og 

grønt-ordningen ikke ført til en generel stigning i børns indtag af frugt og grønt, men ser dog ud til at gavne 

børn fra udsatte grupper. Til gengæld indtager børn, der deltager i mælkeordningen, betydeligt mere mælk 

og magre mejeriprodukter end børn, der ikke deltager. Det er dog ikke helt klart, i hvor høj grad 

skolemælksprogrammets virkninger flugter med kostrådenes ikke-kvantificerede anbefaling om ”et passende 

forbrug af mejeriprodukter”.  

Forbrugeradfærd og -præferencer 

Et af formålene med nærværende undersøgelse er at vurdere virkningerne af policydrevne 

præferenceændringer på forbrugernes kostvaner samt deres motivation og barrierer for sund og bæredygtig 

kost. Undersøgelsen bygger på en eksisterende modelramme, som tidligere har været brugt til at estimere 

forbrugernes tilpasning til et sæt af kostanbefalinger. Denne efterspørgselsmodellering er baseret på 

økonomisk teori, hvor forbrugerne antages at fordele deres begrænsede fødevarebudget på en 

nyttemaksimerende måde under hensyntagen til en begrænsning på det samlede kostindtag og 

begrænsninger, der afspejler specifikke kostanbefalinger, under givne prisforhold. Hvis enten prisen eller 

præferencerne ændres, vil forbrugeren have et incitament til at justere forbrugets sammensætning. Da 

forbrugerens marginale nytte ved at forbruge et produkt er en aftagende funktion af den forbrugte mængde, 

vil en stigning i prisen på en vare give forbrugeren et incitament til at justere indkøbskurven og reducere 

forbruget af denne vare. Hvis den marginale nytte af varen stiger, vil forbrugeren omvendt få et incitament 

til at forbruge mere af varen. 

Forbrugernes fødevareefterspørgsel er tidligere blevet beskrevet ved hjælp af en økonometrisk model, der 

bruger egen- og krydspriselasticiteter (Jensen, 2020). En priselasticitet beskriver den procentvise ændring i 

den efterspurgte mængde af én vare som følge af en ændring på 1 procent i prisen på selve varen 

(egenpriselasticitet) eller en anden vare (krydspriselasticitet) og dermed, hvor følsom efterspørgslen efter en 

vare er over for variationer i prisforholdene. Elasticiteterne afspejler således de underliggende præferencer 

i forbrugsmønstre, blandt andet hvor let det er for forbrugerne at erstatte nogle varer med andre, og hvordan 

forskellige varer kan supplere hinanden. Ændringer i forbrugernes præferencer kan for eksempel udløses af 

informationskampagner eller introduktion af nye produkter.  

En ændring i præferencer kan påvirke priselasticiteterne via to mekanismer: (i) et niveauskift i efterspørgslen 

efter de enkelte varer og (ii) et skift i substitutionsstrukturen, det vil sige den måde, man bruger varerne på i 
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samspil med – eller som alternativ til – andre varer. De nedenstående empiriske analyser fokuserer på at 

estimere den førstnævnte type af effekt.  

Betydningen af kostråd og andre påvirkninger for forbrugernes præferencer 

I rapporten undersøges virkningerne af forskellige eksogene chok (herunder offentliggørelsen af de nye 

kostråd, men også nedlukningerne som følge af covid-19 og pristurbulensen i kølvandet på Ruslands invasion 

af Ukraine) og andre faktorer på forbrugernes fødevarepræferencer repræsenteret ved udviklingen i 

forskellige fødevarers og drikkevarers andele af forbrugernes samlede fødevarebudget, blandt andet med 

henblik på at vurdere betydningen af sådanne faktorer for design og effekt af policy-interventioner. Til dette 

formål analyseres indkøbsdata fra YouGov Consumer Tracking Scandinavia-panelet, der består af cirka 2.500 

danske husstande, som ugentligt indrapporter deres dagligvareindkøb på et meget detaljeret niveau ved 

hjælp af en hjemmescanner. Datasættet bag nærværende analyse strækker sig over perioden fra januar 2018 

til december 2023. I analysen studeres udviklingen for 19 varekategorier: rødt og forarbejdet kød, fjerkræ, 

fisk og skaldyr, æg, mejeriprodukter, plantebaserede mejerierstatninger, plantebaseret protein, frugt, 

grøntsager, animalsk fedt, plantebaserede fedtstoffer, kornprodukter, brød, rodfrugter, vand, drikkevarer, 

alkohol, slik og sukkerholdige fødevarer samt andre fødevarer. 

I forhold til at vurdere, om lanceringen af de nye kostråd i januar 2021 har haft en effekt på baggrund af den 

statistiske undersøgelse, er det væsentligt at være opmærksom på to forhold. For det første påvirkede andre 

vigtige chok forbrugernes adfærd i denne periode: rækken af covid-19-nedlukninger og -genåbninger samt 

inflationsperioden efter den russiske invasion af Ukraine. For det andet har foranstaltningerne til at fremme 

kostrådene foreløbigt ikke været direkte rettet mod husholdninger, men snarere medarbejdere involveret i 

offentlige indkøb eller uddannelseskampagner rettet mod unge. På den baggrund kan det være vanskeligt 

præcist at isolere effekten af de nye kostråd på forbrugernes fødevareindkøb i forhold til nogle af de andre 

påvirkninger. 

I analysen opdeles dataperioden i seks delperioder: 

• T1: Før pandemien (januar 2018 til februar 2020): baseline for fødevareforbrugsmønstre før covid-19-

pandemien og de nye kostråd.  

• T2: Den første bølge af covid-19 (marts 2020 til maj 2020): pandemiens begyndelse med nedlukninger, 

forstyrrelser i fødevareforsyningskæder og ændret forbrugeradfærd.  

• T3: Den første genåbning (juni 2020 til november 2020): gradvis tilbagevenden til normalitet i takt 

med lempelse af covid-19-restriktioner. 

• T4: Den anden bølge af covid-19 (december 2020 til april 2021): genopblussen af pandemien og 

efterfølgende restriktioner (samt udgivelse af kostrådene). 

• T5: Den anden genåbning (maj 2021 til december 2021): den anden genåbningsfase og en mere 

vedvarende tilbagevenden til normalitet med potentielt nye vaner efter pandemien.  

• T6: Inflationsperiode (januar 2022 til december 2023): stigende inflation og økonomisk pres på nogle 

forbrugergruppers købekraft.  

Rapportens figur 4.1 beskriver, hvordan mængden af fødevarer købt af den gennemsnitlige forbruger i 

panelet har udviklet sig i perioden 2018-2023 for nogle centrale fødevaregrupper. For det første observeres 

nogle forventede sæsonbestemte mønstre såsom en stigning i forbruget af rødt og forarbejdet kød i 

december. Zoomes der ud til de ovennævnte delperioder, observeres også virkninger af nedlukningerne, 
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formentligt relateret til mere spisning i hjemmene i nedlukningsperioderne. Især steg forbruget af grøntsager 

under begge nedlukninger, og forbruget af frugt, rødt og forarbejdet kød, æg og fisk og skaldyr steg også, 

dog i mindre grad.  

For at undersøge potentielle ændringer i præferencer mellem de seks delperioder i perioden 2018-2023 er 

der anvendt to alternative empiriske tilgange: en statistisk tilgang (tilgang 1) og en maskinlæringstilgang 

(tilgang 2). Den statistiske tilgang anvendes til at undersøge korrelationer mellem forskellige 

socioøkonomiske variable og størrelsen af budgetandelen for specifikke fødevaregrupper. 

Maskinlæringsmodellen bruges derimod til at forudsige en repræsentativ dansk husholdnings budgetandele 

for forskellige fødevaregrupper i de forskellige tidsperioder ud fra mere komplekse, ikke-lineære 

sammenhænge og interaktioner mellem variablene. Maskinlæringstilgangen er derfor mere fleksibel end den 

statistiske og kan således tilpasse sig forskellige mønstre i dataene, hvilket potentielt giver mere præcise og 

robuste forudsigelser sammenlignet med traditionelle statistiske metoder. Maskinlæringsmodellen er trænet 

i en stikprøve, der ikke er repræsentativ for den danske befolkning, og evalueret ved hjælp af 

sociodemografiske variable for den gennemsnitlige danske voksen for at forudsige budgetandele for en 

repræsentativ dansk forbruger. 

De statistiske analyser (inklusive maskinlæringsanalyserne) viser blandt andet, at forbrugernes 

sammensætning af fødevarebudgettet ikke har ændret sig markant mellem de betragtede delperioder. Med 

hensyn til holdninger ser det ud til, at vigtigheden af traditionelle værdier og den opfattede vigtighed af sund 

kost er stærke drivkræfter for budgettets sammensætning. Husholdninger med lavt fokus på traditionelle 

værdier har således tendens til at bruge en betydeligt mindre budgetandel på rødt og forarbejdet kød og en 

større andel på fisk og skaldyr og frugt, mens forbrugere med lavt fokus på at spise sundt spiser relativt lidt 

frugt og grønt. Derimod ser det ikke ud til, at graden af forbrugernes klimabekymring er forbundet med deres 

specifikke valg af proteinkilde. Husholdninger med relativt høj indkomst har tendens til at bruge større 

budgetandele på rødt og forarbejdet kød, mindre på fisk og skaldyr samt færre æg, mens indkomsten ikke 

ser ud til at have signifikant betydning for budgetandelen til fjerkrækød, plantebaseret protein, frugt og 

grøntsager. Budgetandele for grøntsager, fisk og skaldyr og æg er større for yngre forbrugere. Sammenlignet 

med pensionister har studerende og fuldtidsansatte forbrugere større budgetandele til fjerkræ, 

plantebaseret protein, frugt og grøntsager.  

Rapportens figur 4.3 viser den observerede (grå linje) og prædikterede udvikling af budgetandelene i 

perioden 2018-2023 for den gennemsnitlige forbruger i forbrugerpanelstikprøven, hvor orange og lilla linjer 

viser den prædikterede budgetandel afledt fra henholdsvis den statistiske model og maskinlæringsmodellen. 

Bortset fra pandemiperioden (T2-T4) er der ingen signifikante ændringer i de forudsagte budgetandele. Det 

ser således ud til, at de nye kostråd ikke har ændret væsentligt på, hvordan folk spiser. En sammenligning af 

de to nedlukningsperioder (T2 og T4) antyder, at budgetandele for rødt og forarbejdet kød steg en smule i 

T2 og faldt en smule i T4, da kostrådene blev lanceret. Budgetandelene repræsenterer dog ikke kun forbrug, 

men også priser, og mængden er relativt ens i de to perioder. Et tilsvarende mønster ses for plantebaseret 

protein.  

Det skal i øvrigt nævnes, at YouGov-stikprøven ikke er repræsentativ for den danske befolkning på alle 

punkter. Dette vurderes dog at have begrænset betydning for nærværende analyse, som fokuserer på 

variationer over tid i de enkelte husholdningers budgetandele. 
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Ændringer i forbrugernes fødevareefterspørgselsadfærd 

En kvantitativ økonomisk model er som tidligere nævnt blevet anvendt til økonomiske vurderinger af 

overholdelse af kostrådene fra 2021. Disse vurderinger omfattede estimater af forventede reduktioner i 

sygdomsbyrden og potentielle økonomiske gevinster forbundet med sådanne reduktioner, men også 

estimater af de incitamentsmæssige barrierer for, at forbrugerne kan eller vil følge de enkelte kostråd. 

Størrelsen af en incitamentsbarriere kan opgøres ved hjælp af implicitte priser, som udtrykker, hvor stor 

prisjustering der ville skulle til for at få forbrugeren til frivilligt at følge den pågældende anbefaling. Implicitte 

priser udtrykker således restriktiviteten af de enkelte anbefalinger, forudsat at anbefalingerne kan betragtes 

som begrænsninger på den gennemsnitlige husstands forbrug af en kostkomponent (for eksempel frugt, 

grøntsager eller natrium/salt). En implicit pris på nul indebærer, at begrænsningen ikke er bindende. En 

positiv implicit pris indebærer, at forbrugerne har svært ved at reducere deres forbrug til det anbefalede 

niveau. En negativ implicit pris kan fortolkes således, at forbrugerne har vanskeligt ved at øge deres forbrug 

af den specifikke kostkomponent. Rapportens tabel 5.1 viser beregnede gennemsnitlige implicitte priser for 

de væsentligste kostanbefalinger i 2021. For eksempel betyder en implicit pris på frugt på -8,68 kr. pr. kilo, 

at en prisreduktion på 8,68 kr. pr. kilo ville være nødvendig, hvis den gennemsnitlige forbruger skulle have et 

incitament til at købe 200 gram frugt om dagen (idet det antages, at kostrådenes anbefaling om 600 gram 

frugt og grønt om dagen udmøntes som 200 gram frugt, 300 gram grønsager og 100 gram forarbejdet frugt 

og grønt, herunder juice). 

Ifølge de beregnede implicitte priser kan anbefalingerne for frugt, grøntsager, fisk og skaldyr samt fuldkorn 

betragtes som bindende i den forstand, at det nuværende forbrug er under det anbefalede niveau som 

antydet af negative implicitte priser, hvorimod det nuværende forbrug for kød, tilsat sukker, mættet fedt og 

natrium er over det anbefalede niveau. 

Der findes en omfattende litteratur om virkningerne af forskellige interventioner i forhold til at påvirke 

kostvaner i befolkningen eller i specifikke befolkningsgrupper. Der er også udført adskillige litteraturstudier 

for at opsummere elementer af denne litteratur, blandt andet om effektiviteten af forskellige typer af 

interventioner til at fremme indtaget af frugt og grøntsager, interventioner til at reducere kødindtaget, 

interventioner til at reducere saltindtaget samt interventioner på andre områder vedrørende kostvaner. I det 

følgende opsummeres nogle af de vigtigste resultater fra litteraturen vedrørende præferenceændrende 

interventioner, primært baseret på informations-, uddannelses- eller rådgivningsaktiviteter, der kunne 

påvirke (det selvrapporterede) frugt-, grøntsags- samt kødforbrug. 

Nogle af de gennemgåede interventioner kan bidrage direkte til at forme individers fødevarepræferencer. 

For eksempel kan det at blive opmærksom på sundhedsrisici ved en bestemt fødevare reducere præferencen 

for denne fødevare og omvendt. Andre interventioner ændrer muligvis ikke præferencerne i sig selv, men 

kan påvirke individets evne til at tilfredsstille de eksisterende præferencer. Uddannelsesaktiviteter kan give 

individet kompetencer til samtidig at tilfredsstille sine (nuværende) præferencer og imødekomme flere af 

kostanbefalingerne, for eksempel udvikling af færdigheder til at tilberede velsmagende retter med flere 

grøntsager eller bælgfrugter eller planlægningsfærdigheder i forbindelse med indkøb af dagligvarer. 

Interventioner kan også påvirke rammerne for individets nyttemaksimering, for eksempel ved at reducere 

tilgængeligheden af usunde varer i butikken for at indføre en barriere for køb – og dermed forbrug – af disse 

varer. I det følgende fokuseres der dog på de interventioner, der kan ændre forbrugernes 

fødevarepræferencer, især for frugt og grøntsager, kød samt fødevarer, der indeholder salt. 
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Vedrørende præferencedannende interventioner for at reducere saltindtaget er der identificeret ét studie 

(Cobiac et al., 2010), som henviser til en Cochrane-gennemgang af syv randomiserede kontrollerede forsøg. 

Forsøgene viste, at diætistrådgivning var effektiv til at reducere saltindtaget hos forsøgsdeltagerne – 

skønsmæssigt en effekt på 20-40 procent. I nærværende analyse simuleres en (proportionalt fordelt) negativ 

effekt på præferencen for saltholdige fødevarer på 15 procent, hvilket således er et lidt konservativt estimat 

sammenlignet med resultaterne fra Cobiac et al. (2010), men motivationen til at reducere saltindtaget hos 

deres forsøgsdeltagere har sandsynligvis også været større end for den danske gennemsnitsforbruger. 

I forhold til at fremme indtaget af frugt og grønt kan fire brede typer af præferencepåvirkende interventioner 

betragtes: bredt udsendt information, individuel information, målrettede uddannelsesaktiviteter om kost 

samt rådgivning. Et par studier fra en tidligere litteraturgennemgang (Jensen, 2018) har undersøgt 

informationsværktøjer, der kan kategoriseres som "brede" i den forstand, at informationer blev formidlet via 

relativt brede kanaler (generelle nyhedsbreve, hjemmesider og så videre) uden personlig kontakt. Mens ét 

studie (Dallongeville et al., 2011) fandt en meget lille effekt (0-2 procent) af sådan information på forbruget 

af frugt og grønt, så fandt et andet studie (Ashfield-Watt et al., 2007) en mere substantiel effekt (14 procent) 

i deres intervention, hvor informationen dog kun var ét blandt flere elementer i en mere intensiv 

interventionspakke. På den baggrund konkluderes det, at sådanne brede informationsstrategier 

sandsynligvis vil have ret beskedne effekter på forbrugernes præference for frugt og grønt. Flere 

undersøgelser har undersøgt strategier, hvor information om frugt og grønt er blevet distribueret på en mere 

individualiseret måde og eventuelt målrettet mod særligt (for eksempel sundhedsmæssigt) motiverede 

personer, og disse undersøgelser fandt mere substantielle præferencefremmende effekter og øget indtag af 

frugt og grøntsager i størrelsesordenen 8-20 procent afhængigt af interventionens konkrete design. 

Uddannelsesaktiviteter for at fremme præferencer for frugt og grøntsager er også blevet rapporteret i en 

række undersøgelser. Mens nogle af disse studier viste forholdsvist lille effekt, så var virkningerne på 

forbruget af frugt og grønt betydelige (5-15 procent) i andre, især når forsøgspersonerne var grupper af 

individer med særlig motivation til at ændre deres livsstil. Et betydeligt antal af studier angående 

effektiviteten af individuel og interaktiv kostvejledning tyder også på ret stærke effekter på forbruget af frugt 

og grøntsager (17-30 procent). Det skal dog bemærkes, at sådanne interventionsstudier typisk er gennemført 

i relation til programmer for vægttab, sygdomsforebyggelse eller genoptræning efter for eksempel 

kræftbehandling, hvor individer kan forventes at være særligt motiverede for kostændringer. 

En række studier har undersøgt effektiviteten af alternative interventioner til at reducere forbrugernes 

præferencer for og indtag af kød og kødprodukter. Inden for den identificerede litteratur har tre studier 

undersøgt virkningerne af brede informationsstrategier (radio, tv og lignende) til at reducere kødforbruget. 

Disse studier tydede på en relativt lav effekt af sådanne strategier (0-3 procent). Strategier med 

individualiserede informationsaktiviteter havde større effekt med reduktioner i kødforbrug på 14-20 procent. 

To studier har også påvist en effekt af uddannelsesaktiviteter (eksempelvis undervisning om køds 

miljømæssige aftryk) til at reducere præferencerne for kød og det selvrapporterede kødforbrug (reduktioner 

på henholdsvis 24 procent og 12 procent). Også rådgivningsaktiviteter har været genstand for adskillige 

studier, og disse studier har fundet signifikante effekter af sådanne aktiviteter (reduktioner af det 

selvrapporterede kødforbrug på 18-19 procent), idet forsøgsdeltagerne i de fleste af disse studier 

formodentligt havde en særligt høj sundhedsrelateret motivation til at ændre deres livsstil. 

Nogle af de undersøgte interventioner vedrørende kødreduktion har inkorporeret moralske elementer 

såsom bekymring for miljø, klima, dyrevelfærd med mere som motiverende faktorer. En undersøgelse 
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foretaget af Stea og Pickering (2019) undersøgte yderligere virkningen af forskellige motivationsfaktorer, som 

kunne være elementer i udformningen af informations-, uddannelses- eller rådgivningsaktiviteter for at 

påvirke forbrugernes præferencer for kød. De fandt, at dyrevelfærdsaspekter havde den højeste 

vigtighedsscore efterfulgt af bekymring for drikkevand og påvirkning af dyrelivet og efterfølgende aspekter 

relateret til etik, moral og sociale normer. 

Resultater af litteraturstudiet er opsummeret i tabel 0.1 nedenfor. 

Tabel 0.1. Effektivitet (procentvis ændring i forhold til det nuværende gennemsnitlige indtag) af 
alternative typer af interventioner til at fremme sundere kostvaner 

  Frugt og grønt Kød Salt 

Generel information (ja/nej) 2; 5 (6) / 3 0; -3 (4) / 3  

Individuel information (ja/nej) 17; 15 (5) / 5 -14; -20 (22) / 5  
Uddannelse (ja/nej) 5; 15 (23) / 6 -18; -18 (6) / 2  

Individuel rådgivning (ja/nej) 17; 30 (59) / 20 -18; -19 (17) / 6 -25; -25 (-) / 1 

Note: median; gennemsnit (standardafvigelse) / antal af resultater. 
Kilde: Jensen (2018) og litteraturstudie. 

Sådanne præferenceændrende interventioner kan modelleres som skift, der giver incitamenter hos 

forbrugerne til at ændre deres kostsammensætning, ligesom at præferenceændringen kan ændre 

prisfølsomheden i forbrugernes efterspørgsel efter forskellige fødevarer.  

Modelberegninger af præferenceændringers effekt på overholdelse af kostrådene 

En underliggende antagelse i tidligere økonomiske vurderinger af kostrådene (Jensen, 2020, 2021) har været, 

at forbrugernes præferencer for fødevarer og drikkevarer forbliver uændrede, og dermed, at 

beregningsmodellens parametre (for eksempel priselasticiteter) heller ikke ændres. Dette synes umiddelbart 

at være i overensstemmelse med udviklingen i forbrugernes budgetsammensætning, der som beskrevet 

ovenfor ikke indikerer dramatiske ændringer i fødevareforbrugets sammensætning efter lanceringen af de 

nye kostråd. Ændrede præferencer, for eksempel på grund af interventioner med information, uddannelse 

eller rådgivning til forbrugerne, kunne dog have en indflydelse på kosten og størrelsen af de barrierer, der 

står over for forbrugernes tilpasning til kostrådene. For eksempel kan en stærkere præference for grøntsager 

forventes at forskyde det grundlæggende forbrug af grøntsager opad og dermed påvirke den implicitte pris 

på anbefalingen om større indtag af grøntsager mod en mindre negativ værdi. 

Baseret på resultater fra ovenstående litteraturgennemgang er det blevet analyseret, hvordan tre forskellige 

scenarier for præferenceændringer kan påvirke kostvaner samt barriererne hos forbrugerne i forhold til at 

efterleve forskellige kostråd. Scenarierne for præferenceændringer er: 

• En positiv ændring i præferencen på 15 procent for frugt og grøntsager, for eksempel udløst af 

individuel målrettet information om den kræftrisikoreducerende effekt af en ekstra daglig portion 

frugt og grøntsager. 

• En negativ ændring i præferencen på 15 procent for kød udløst af individuel målrettet information. 

• En negativ ændring i præferencen for saltholdige fødevarer, for eksempel udløst af individuel 

målrettet kostvejledning, hvilket fører til en reduktion på 15 procent i indtaget af salt og fødevarer 

med saltindhold. 



 

13 

 

Analysen er udført med den samme model som i de ovennævnte tidligere analyser (Jensen, 2021, 2023) med 

en trinvis fremgangsmåde. Først udføres en baselinesimulering af overholdelse af kostrådene uden 

antagelser om præferenceændringer baseret på forbrugsdata fra 2021. Dernæst udføres en ny 

baselinesimulering med de indarbejdede præferenceændringer. Endelig simuleres et scenarie, hvor 

effekterne af at overholde kostrådene lægges oven på effekten af præferenceændringen. Denne trinvise 

beregningsprocedure er gennemført for hver af de tre præferenceændringer. Resultaterne fra disse 

alternative scenarier sammenlignes derefter for at vurdere virkningerne af præferenceændringen på centrale 

resultatvariable. Vi fokuserer på resultater for kostsammensætning, implicitte priser på udvalgte 

anbefalinger og dagligt fødevarebudget pr. voksenækvivalent. De udvalgte resultatvariable fra denne 

simulering kan derefter sammenlignes med deres modparter fra basissimuleringen for at vurdere effekterne 

af præferenceændringen og dens interaktion med forbrugernes overholdelse af retningslinjerne. 

Modelsimuleringerne er udført for den danske befolkning opdelt efter uddannelsesniveau: 1) 

erhvervsuddannelse, 2) professionsuddannelse, 3) gymnasial uddannelse, 4) kort videregående uddannelse, 

5) mellemlang videregående uddannelse og 6) lang videregående uddannelse.  

Rapportens figur 5.2 viser de beregnede effekter på forbruget af udvalgte fødevarekategorier for de seks 

uddannelsesgrupper. En generel observation fra figuren er, at både interventionen, der fremmer frugt og 

grønt, og interventionen, der reducerer kødindtaget, fører til øget forbrug af frugt og grønt samt 

kornprodukter og reduceret forbrug af kød- og mejeriprodukter samt sukkerholdige fødevarer og 

drikkevarer, selv uden eksplicit implementering af kostvejledningen. Interventionen, der reducerer 

kødindtaget, fører også til øget indtag af fisk og skaldyr. Interventionen for at reducere præferencen for salt 

har derimod mere moderate effekter på sammensætningen af brede fødevarekategorier. 

Samlet set fører interventionen, der fremmer frugt og grønt, til det største skift i sammensætningen af de 

samlede kostkategorier for alle uddannelsesgrupper, men den største absolutte stigning i forbruget af frugt 

og grønt synes at forekomme i grupperne med den længste uddannelse. Derimod har gruppen med den 

længste uddannelse også en tendens til at udvise de mindste kostjusteringer som følge af en reduceret 

præference for salt. 

En anden type af indikator for kostrådenes betydning er den implicitte pris på de individuelle 

kostanbefalinger. En ændring i den implicitte pris som følge af en intervention kan fortolkes som et mål for 

effekten af præferenceændringen på incitamentet til at overholde den specifikke anbefaling. Rapportens 

figur 5.3 viser ændringen i implicitte priser på anbefalinger for hvert af de tre præferenceændringsscenarier 

og for de seks uddannelsesgrupper. Venstre del af figuren viser en vis variation i effekten af styrket frugt- og 

grøntpræference på tværs af uddannelsesgrupperne. Hvor øget præference for frugt og grøntsager synes at 

fremme overholdelsen af de andre kostanbefalinger i gruppen med erhvervsuddannelse, synes det modsatte 

at være tilfældet for de andre uddannelsesgrupper hvad angår anbefalingerne vedrørende kød- og 

fuldkornsindtag. Figurens midterste del viser virkningerne af en reduceret præference for kød og 

kødprodukter, og denne præferenceændring reducerer generelt barriererne for at overholde anbefalingen 

om at reducere kødforbruget og letter desuden overholdelsen af anbefalingen om at indtage mere fuldkorn. 

Figurens højre del viser virkningerne af en reduceret præference for salt, og denne har primært en 

fremmende effekt på overholdelsen af anbefalingen om mere fisk og skaldyr og mindre salt, mens den synes 

at øge barrieren for overholdelse af anbefalingen om mindre forarbejdede kødprodukter. Analyserne viser 

således, at policydrevne præferenceændringer i forhold til én kostfaktor også har betydning for forbrugernes 

incitament til at efterleve nogle af anbefalingerne vedrørende øvrige kostfaktorer, men også at sådanne 
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synergieffekter varierer mellem forbrugergrupper. Overordnet set har de analyserede præferenceændringer 

dog relativt beskeden effekt på det overordnede incitament til at efterleve kostrådene.  

Effektive policyinstrumenter til at understøtte en sund og bæredygtig kostadfærd 

I de ovenstående analyser identificeres nogle udfordringer og potentielle politiske veje, der kan overvejes for 

at fremme sundere og klimavenligere kostvaner. 

Analysen af indkøbsdata for perioden 2018-2023 viser, at de nye kostråd ikke i væsentlig grad har ændret på 

den måde, folk spiser på derhjemme – hvilket måske kan hænge sammen med, at der ikke har været 

gennemført informationskampagner målrettet husholdninger om kostrådene. Bortset fra covid-19-perioden 

ses der således ikke væsentlige ændringer i de budgetandele, som forbrugerne bruger på de forskellige 

fødevaregrupper. Rapportens simuleringsanalyser viser også, at informationsaktiviteter, der har til formål at 

påvirke forbrugernes præferencer for forskellige fødevaregrupper, sandsynligvis kan have en effekt på 

kostens sammensætning og på forbrugernes incitamenter og barrierer for at ændre kosten, men at disse 

effekter formentlig vil være relativt moderate. 

En utilstrækkelig inkorporering af plantebaseret protein i kosten og et utilstrækkeligt fald i kødforbruget er 

nogle af de største udfordringer i forhold til danskernes efterlevelse af kostrådene. I modsætning til fuldkorn 

er traditionelle danske kostvaner ikke rige på bælgfrugter eller nødder, og forbruget af disse fødevaregrupper 

er meget lavt, hvorimod den traditionelle danske kost er meget rig på kød, især rødt kød og forarbejdet kød 

(pålæg og leverpostej). Rapportens modelsimuleringsresultater tyder på, at en ændring af 

forbrugerpræferencer væk fra kød kan øge forbruget af fuldkorn. Her bør man dog være opmærksom på 

mulige samspil mellem disse to fødevaregrupper i lyset af, at fuldkorn (rugbrød) og forarbejdet kød (pålæg) 

i høj grad forbruges sammen i dansk madkultur.  

Et øget indtag af grøntsager og frugt er stadig en prioritet i policysammenhæng på grund af disse fødevarers 

sundhedsfremmende effekt og relativt begrænsede miljøpåvirkning. I den henseende er der allerede gjort 

forsøg tidligere med 6 om dagen-kampagnerne og også i øjeblikket med offentlige indkøbsordninger og 

skoleprogrammer, men disse foranstaltninger er i sig selv ikke tilstrækkelige til at sikre overholdelse af 

kostrådene. I 2021 indtog 90 procent af den danske befolkning således mindre end de anbefalede 600 gram 

grønt og frugt om dagen (Jensen et al., 2022), og skoleprogrammerne for frugt og grønt har ikke den samme 

udbredelse som skolemælksordningen. 

Foranstaltninger til at fremme og opretholde indtaget af frugt og grøntsager kan gå hånd i hånd med 

foranstaltninger til fremme af plantebaserede proteiner. En integreret tilgang kunne skabe synergier. Af de 

ovenfor beskrevne årsager kræver målretning af plantebaseret protein specifik opmærksomhed og 

foranstaltninger. Imidlertid kan målretning af forbruget af grøntsager og frugt i bredere initiativer til at 

fremme plantebaserede proteinkilder drage fordel af stordriftsfordele, blandt andet i relation til udvikling af 

kampagner og undervisningsmateriale, etablering af partnerskaber med videre. 

Forsøg på at ændre kostmønstre kan møde modstand. Forskning og erfaringer fra allerede eksisterende 

foranstaltninger eller tidligere forslag er nøglen til at designe bedre alternativer. En undersøgelse af Hielkema 

og Lund (2021) viste således, at forbrugere uden intentioner om at reducere deres kødforbrug havde større 

aversion mod at prøve nye fødevarer end forbrugere, der reducerede kødforbruget. Fra 

fuldkornspartnerskabet vides det også, at forbindelsen mellem fuldkorn og dansk madtradition var en vigtig 

årsag til partnerskabets succes. For forbrugere, der havde til hensigt at reducere kødforbruget, fandt 
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Hielkema og Lund (2021), at især bevidsthed om klimapåvirkning, sociale normer samt praktiske barrierer og 

vaner var vigtige faktorer i forhold til at reducere kødforbruget. 

Informationsindsatser, der sigter mod at ændre substituerbarheden mellem forskellige fødevaregrupper, 

kunne potentielt være mere indflydelsesrige end dem, der sigter mod at påvirke forbrugernes direkte 

præferencer for forskellige fødevaregrupper. Eksempelvis kan nye opskrifter på kendte retter gøre det lettere 

for forbrugerne at erstatte kød med for eksempel bælgfrugter i deres nuværende køkkener og menuplaner. 

Et andet eksempel kunne være inspiration til nye retter, som både har et lavt indhold af animalske 

ingredienser, og som forbrugerne opfatter som lækre og nemme at tilberede. I Danmark er denne type af 

strategi blevet forsøgt i det relativt storstilede forsknings- og kommunikationsinitiativ OPUS for at fremme 

Ny Nordisk Hverdagsmad. Det har dog været uden for rammerne af denne analyse at underbygge og evaluere 

effektiviteten af sådanne mere fundamentale ændringer i den nationale madkultur med hensyn til at fremme 

overholdelse af kostrådene.  

Nærværende rapports kvantitative analyser har fokuseret på de potentielle effekter af præferenceændringer 

udløst af for eksempel informations- eller uddannelsesstrategier – hvoraf udgivelse af kostvejledninger kan 

betragtes som én strategi. En tidligere litteraturgennemgang (Jensen, 2018) har peget på en række andre 

politiske veje, der kunne udgøre alternativer eller supplementer til præferenceændrende aktiviteter. 

Sådanne mulige politiske veje kunne omfatte: 

• Kampagner for at øge klimabevidstheden (Hielkema & Lund, 2021). 

• Etiketter, der afspejler klimapåvirkningen (Sæhl & Andersen, 2021). 

• Brug af arbejdsplads- og skolemad til at gøre folk bekendte med bælgfrugter og nødder samt 

forskellige måder at nyde grøntsager og frugter på. 

• Fremme yderligere innovation, udvikling og markedsføring af sunde plantebaserede køderstatninger, 

der kan inkluderes i traditionelle danske retter. 

• Brug af prisincitamenter for at fremme valget af sunde og klimavenlige valg. 

• Målrettede informationsindsatser med henblik på at ændre substitutionsmønstre. 

For at undgå stærk modstand kan disse foranstaltninger integreres, så de supplerer hinanden og reducerer 

risikoen for utilsigtede effekter. Hvis der udelukkende fokuseres på promovering af bestemte varer, kan det 

føre til blinde vinkler, hvis de pågældende varer eksempelvis typisk forbruges sammen med bestemte andre 

varer, eller såkaldte reboundeffekter, hvis for eksempel folk, som spiser planterigt på arbejdspladsen, 

kompenserer ved at spise mere kød derhjemme. Prisreduktioner på bestemte varer (for eksempel 

momsreduktion på frugt og grønt) kan have indkomsteffekter, der kan føre til en stigning i forbruget af andre 

fødevarer. Sådanne effekter kan variere betydeligt på tværs af socioøkonomiske grupper, og fremtidige 

politikker med henblik på at styrke overholdelsen af kostrådene bør tage hensyn til sådanne forskelle i 

forbrugergruppers muligheder for at tilpasse sig.  
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1. Introduction 

I eat plant-rich, and I vary my diet. I eat fruits and vegetables. For me, it's a must! I eat less meat, more 

fish… but isn't fish meat? I eat less meat, more legumes… Oh, what the f*ck is a legume? It's beans, lentils, 

chickpeas and stuff like that (English translation of Valentin and Ervolder (2022)). 

The above quote is an extract of the lyrics of a song launched one year after more climate-friendly dietary 

guidelines were released in Denmark (Danish Veterinary and Food Administration, 2024). The following is the 

first sentence in the description of the video clip on YouTube: “After one year of the new official dietary 

guidelines, you, like many others, may have wondered a little about what legumes are.” (English translation 

of Valentin and Ervolder (2022)). The video clip highlights the absence of legumes in the Danish population’s 

culinary repertoire and acknowledges barriers to change.  

In line with this perspective, one might not expect consumer preferences to rapidly shift away from a meat-

heavy diet towards a plant-rich one. In recent years, the Ministry of Food, Agriculture and Fisheries of 

Denmark and the Danish Veterinary and Food Administration have worked on integrating new dietary 

guidelines into public procurement and promoting them in educational campaigns. To continue promoting 

changes in dietary habits, however, further understanding of consumer preferences and potential effects of 

alternative measures is needed. 

Dietary guidelines can be integrated in consumption habits, but (i) such integration can lead to shifts in the 

consumption of other goods not directly targeted by the recommendations and (ii) there are preference 

barriers to overcome (Jensen, 2020, 2021). For example, analyses indicate that if Danish consumers were to 

implement the recommendation to consume less meat, they would primarily reduce their consumption of 

pork and poultry, whereas they would reduce their beef consumption to a lesser extent (Jensen, 2020, 2021). 

Consumers’ food demand has previously been described by means of an econometric model using own- and 

cross-price elasticities (Jensen, 2020, 2021, 2023). Such price elasticities show how sensitive the demand for 

a good is to variations in the price of the good itself as well as to variations in the prices of other goods. As 

such, the elasticities reflect the underlying preferences in consumption patterns: how easy it is for consumers 

to replace some goods with others, how different goods may complement each other and to which extent 

different goods function as necessity goods or more discretionary goods. For example, a cross-price elasticity 

represents how the demand of potatoes changes when the price of legumes changes. A positive and large 

cross-price elasticity indicates that potatoes and legumes may replace each other in the consumption basket, 

whereas a negative cross-price elasticity indicates that the two tend to be consumed together in a 

complementary way.  

Whether two food types are complements or substitutes and how sensitive demand is to changes in prices 

of specific products are context-specific and can change when socioeconomic, market and cultural conditions 

change (Bouyssou et al., 2024). Such changes can be partly due to responses of consumer preferences to 

information campaigns (Capacci & Mazzocchi, 2011) or introduction of novel products.   

The purpose of this report is to improve the understanding of food consumption behaviour and thereby 

contribute to developing effective policy instruments that could leverage preference drivers to affect dietary 

habits increasing compliance with current dietary guidelines. To this end, we examine the drivers of 

consumers’ preferences and integrate this information into quantitative modelling of consumer behaviour. 

First, we perform a statistical analysis of empirical data using a panel of consumers in Denmark to assess 
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whether there are indications of preference changes in recent years as reflected in consumers’ budget shares 

for different foods. Second, we review the literature on how different dietary interventions – and in particular 

interventions that try to modify consumers’ preferences via information, educational activities, counselling, 

etc. – affect consumer behaviour. Finally, we examine how policy-induced preference changes influence the 

motivation and barriers to follow the dietary guidelines using an existing demand model (Jensen, 2020, 2021).  

2. Dietary guidelines and food policy towards a dietary transition 

2.1. Overview 

The importance of dietary guidelines lies in their ability to promote balanced nutrition and prevent diet-

related diseases. To be coherent with the One Health approach (One Health High Level Expert Panel, 2021), 

dietary guidelines should acknowledge the interconnections between human and ecosystems’ health in 

promoting sustainable diets. The EAT-Lancet Commission (Rockström et al., 2025; Willett et al., 2019) has set 

forth a global reference diet aimed at promoting human health and environmental sustainability – also 

referred to as the Planetary Health Diet (PHD). These reports emphasise a plant-forward diet, incorporating 

wholegrains, fruits, vegetables, nuts and legumes while recommending reduced consumption of meat and 

dairy.  

Before the publication of the above-mentioned reports, some official dietary guidelines already mentioned 

aspects related to environmental sustainability. For example, Brazil's guidelines promote sustainability 

through traditional dietary patterns, whole foods, local1 and seasonal consumption (Ministry of Health of 

Brazil, 2015) and Canada’s guidelines encourage reducing meat and increasing plant-based foods and seafood 

(Health Canada/Santé Canada, 2019).  

Since the publication of the EAT-Lancet Commission's recommendations in 2019, more countries have been 

promoting plant-forward diets with incorporation of stricter weekly limits to meat consumption. For 

example, the Nordic Nutrition Recommendations (NNR)2 limit weekly red meat intake to 350 grams 

(Blomhoff et al., 2023). In Denmark, the limit is about 350 grams of meat (counting all types) with an emphasis 

on limiting intake of beef, lamb and processed meat (Danish Veterinary and Food Administration, 2024). In 

Spain, the recommended range of weekly meat intake is between 0 and 375 grams, also with an emphasis 

on minimising intake of red and processed meats (Ministerio de Consumo & AESAN, 2022)3. 

Although for some countries, intentions seem to be moving towards more plant-based foods, there are 

significant challenges to widespread adherence to plant-forward diets. Changing habits requires appropriate 

incentives and food environments: Unhealthy and unsustainable food choices are “too cheap” (and 

affordable), available, easily accessible and socially accepted (Caputo, 2025). Prices do not account for their 

negative externalities as health and environmental costs are borne by society and not included in the price 

the consumer pays (Allcott et al., 2019; Funke et al., 2022), so changing relative prices to reduce negative 

 

 

1 Though local food consumption is not necessarily more sustainable (Enthoven & Van den Broeck, 2021). 
2 These recommendations provide a shared scientific basis for national dietary guidelines in Nordic and Baltic countries 
(Blomhoff et al., 2023). 
3 For more country-specific information, refer to European Commission (2025) and FAO (n.d.). 
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externalities is a key policy mechanism to incentivise dietary change (Andreyeva et al., 2010; Bouyssou et al., 

2024). At the same time, calorie-dense and carbon-intensive foods dominate across physical and digital food 

environments, suggesting the need for structural changes to create healthier and more sustainable ones 

(Caputo, 2025). 

Other challenges relate to cultural and socioeconomic aspects, varying from region to region and from 

consumer to consumer. For instance, transitioning towards a plant-forward diet might be easier for people 

from regions with strong culinary traditions involving plant-based proteins such as legumes (for example 

traditional Mediterranean diets), while the challenges are larger in countries where there is no such tradition 

or food-related knowledge such as soaking, cooking or fermenting legumes to increase nutrient availability 

and digestibility might not be widespread (Klapp et al., 2025; Rockström et al., 2025). Another example is 

that time-constrained households might have a difficult time cooking wholefoods, specifically if they lack 

necessary food-related knowledge (Rockström et al., 2025; Vos et al., 2022). To promote healthy and 

sustainable diets, it would be necessary to consider measures that increase the average consumer’s food 

literacy in terms of handling and cooking a larger variety of whole plant-based foods. However, considering 

convenience and time constraints, it is also important to demonstrate how to use processed foods based on 

healthy ingredients (for example hummus made with healthy oils that can be spread on a slice of wholegrain 

bread) (Klapp et al., 2025; Nájera Espinosa et al., 2024; Rockström et al., 2025). 

In summary, dietary guidelines alone will not be sufficient to elicit the transition to healthy plant-forward 

diets. Adherence to the PHD is largely far from reality (Gu et al., 2024), and adherence to own-country dietary 

guidelines is also limited (Springmann et al., 2020). The discrepancies vary by country. For instance, the 

Danish population on average complies with the PHD recommendation in terms of wholegrain and seafood 

consumption but has a very low score in terms of red meat consumption (which is too high) as well as 

consumption of nuts and legumes (too low). Public interventions have historically been used to steer food 

consumption patterns (Matthews et al., 2023), and similar, if not stronger, efforts will be necessary to bridge 

the gap between plant-forward dietary guidelines and actual dietary practices. 

The diverse challenges for dietary transition support the consideration of integrated policy approaches 

designed to increase acceptance and adherence (Fesenfeld et al., 2020; Hassett et al., 2025). Such integration 

would consist in aligning fiscal (i.e. taxes and subsidies), regulatory (for example public procurement 

requirements), informational (for example labelling or education campaigns) and behavioural instruments 

(for example using nudges) (Bonnet et al., 2020; Bonnet & Coinon, 2024; Funke et al., 2022; Klenert et al., 

2023; Latka et al., 2021; Matthews et al., 2023; Meier et al., 2022; Reisch, 2021; Springmann et al., 2025). 

Using a single approach could have undesired effects as it could create rebound or compensatory effects. 

Considering a tax on some food elements (for example meat) alone would be a regressive measure that could 

make more vulnerable consumers switch to nutrient-poor diets. At the same time, considering public 

procurement alone could have compensatory effects as eating in accordance with the dietary guidelines at 

work could lead to an increase in meat consumption at home (self-licensing). More research is needed to 

estimate the medium- and long-term effects of policy bundles to promote plant-forward diets. 

2.2. The Danish case 

2.2.1. A brief history of Danish dietary recommendations and consumer-oriented food policy  

The Danish dietary guidelines have evolved through time (Nationalt Center for Overvægt, 2024; Vestergaard, 

2013). From 1970 to 2005, the messages mainly focused on the prevention of cardiovascular disease, type 2 
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diabetes, overweight and obesity, with messages directed at lowering sugar and fat intake and, later, at 

increasing physical activity. From 2009, there was an emphasis on wholegrains, but the dietary guidelines 

still gave a lot of importance to potatoes, rice and pasta in the diet. 

As explained by Jensen and Smed (2018), since the 1930s, Denmark has imposed taxes on confectionery, ice 

cream and soft drinks to generate general tax revenue. In 2010, as part of a broader tax reform, Denmark 

adjusted its soft drink taxation. This reform lowered income taxes while increasing environmental and health-

related taxes. The health taxes included higher taxes on confectionery, sugar-sweetened soft drinks (with a 

reduced rate for sugar-free soft drinks), tobacco and alcohol and introduced a tax on saturated fats. In 2013, 

however, the fat tax was repealed, and the soft drink tax was eliminated in 2014 due to an expectation among 

policy makers that these decisions would create jobs and decrease cross-border shopping. 

The saturated fat tax in Denmark indirectly targeted animal-based foods that also have higher greenhouse 

gas (GHG) intensities. It is estimated that it reduced the sales of minced beef and cream but that it did not 

manage to reduce the consumption of saturated fats to the official maximum recommended levels (Jensen, 

Smed, et al., 2015). The tax resulted in a 4 per cent reduction in saturated fat intake and an increase in 

vegetable and salt consumption (Smed et al., 2016). For more information see Box 2.1. 

Box 2.1. The fat tax in Denmark 

The experience with the Danish saturated fat tax provides an insight into the elements that can hinder the 

stability of food policies. First, there were no concurrent cost-benefit analysis aimed at assessing the 

effectiveness of the reform (Smed & Robertson, 2012). Although it was later estimated that the tax had 

health benefits (Smed et al., 2016), many actors in the public debate opposed the tax, claiming that it did  

not result in better health outcomes and that it harmed the economy (Vallgårda et al., 2015). Finally, the 

tax was repealed and the public health arguments that had led to its introduction were nearly absent in 

the debate about the repeal (Vallgårda et al., 2015). In terms of the economic effects on consumers, it was 

observed that consumers started buying fat-rich products in discount stores instead of supermarkets, and 

that as a result, consumer prices had increased more in discount stores than in high-end supermarkets 

(Jensen & Smed, 2013). It is no secret that consumption taxes, specifically on food, have regressive 

outcomes, and in this case, no subsidy or tax cut on healthy foods was considered to contain the economic 

burden in more vulnerable households (Smed & Robertson, 2012). 

Beyond taxes, public-private collaborations have been used to increase the intake of fruit and vegetables. As 

described by Lassen et al. (2004), the “6-a-day” campaign was launched in 1999 based on the assumption 

that increasing the availability of tasty fruit and vegetable-rich meals would improve dietary choices. The goal 

was to encourage the consumption of at least 600 grams of fruit and vegetables daily. During the early 2000s, 

the campaign expanded through educational programs and collaborations with schools and workplaces, 

while research programs were initiated to assess the effectiveness of these initiatives. To date, the minimum 

intake of 600 grams of vegetables and fruit as well as the 6-a-day message are present in the Official Dietary 

Guidelines with additional nuances (Danish Veterinary and Food Administration, 2024). 

A public-private partnership was also key in promoting the consumption of wholegrains. Boyle et al. (2024) 

explain that the wholegrain partnership was founded to collaboratively curb the potential negative health 

effects derived from the decline in consumption of traditional rye bread and increased competition threats 

to a declining bread market. Since the partnership’s establishment in 2008 to 2019, the consumption of 
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wholegrain has risen by 128 per cent. The authors identify the following success factors: (1) building upon 

the learnings from the 6-a-day public-private collaboration, (2) a large number of industrial partners 

(currently 29), (3) resonance with Danish traditional rye bread, (4) public awareness of the health threats of 

the decline of rye bread consumption and (5) the inclusion and alignment with governmental food authorities 

(Boyle, 2024). 

2.2.2. Latest developments in dietary recommendations and consumer-oriented food policy  

In January 2021, new Danish dietary guidelines inspired by the PHD were introduced. These were modified 

in 2024 to fully comply with the NNR from 2023 (Blomhoff et al., 2023; Fødevarestyrelsen, n.d.; Willett et al., 

2019). The new dietary guidelines have seven guiding principles: 

1. Eat plant-rich, varied and not too much. 

2. Eat more vegetables and fruit. 

3. Eat less meat – choose legumes and fish. 

4. Eat wholegrain foods. 

5. Choose vegetable oils and low-fat dairy products. 

6. Eat less sweet, salty and fatty food. 

7. Thirsty? Drink water. 

As summarised on the FAO website (FAO, 2021), the Danish Veterinary and Food Administration oversees 

the implementation of Denmark's Official Dietary Guidelines. Their plan includes various communication 

activities and structural changes to promote healthier and more climate-friendly eating habits. The main 

strategy involves collaborating with key stakeholders such as consumer organisations, educational 

institutions, NGOs and the food and retail industry. This cooperation includes ongoing dialogue within the 

Danish Food Partnership for Health and Climate and the Danish Healthy Food Council, both public-private 

partnerships initiated by the Ministry of Food, Agriculture and Fisheries of Denmark. These partnerships 

focus on reformulation of processed food products, portion size reductions, campaigns, labelling, branding 

and monitoring with an emphasis on increasing awareness of the green Nordic Keyhole label4 and the Danish 

wholegrain logo (Danish Veterinary and Food Administration, n.d.). In 2021, the Danish Veterinary and Food 

Administration began updating recommendations for food professionals in public and private kitchens, 

including those in kindergartens, schools and worksite canteens, to promote healthy and climate-friendly 

meals. Additionally, new initiatives from 2021 and onwards include developing visual tools to help consumers 

follow the Official Dietary Guidelines, benefitting both human health and the climate (FAO, 2021). 

In 2023, an action plan for plant-based foods was published (Ministry of Food, Agriculture and Fisheries of 

Denmark, 2023). The intentions of this plan are to strengthen the Danish plant-based value chain, promote 

the consumption of plant-based foods, increase the export of plant-based foods produced in Denmark as 

well as promote research, innovation and development. The strategy for plant-based foods points towards 

the need for further training in technical skills (i.e. biotechnology, taste, structure and advanced fermentation 

processes) to develop the industry of new plant-based products but does not mention concrete policies. In 

terms of vocational training, among other things, the vegetarian chef specialisation is in consideration, but 

 

 

4 The Nordic Keyhole label is a voluntary nutrition label that indicates that food is low in fat, sugar and salt content as 
well as high in fiber and wholegrain content (Danish Veterinary and Food Administration, n.d.). 
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there are no significant budget allocations for other measures. Some programs targeting higher education 

have been conducted: the creation of a new module on plant-based diets for nutrition professionals and the 

development of practice-oriented training. In terms of promoting the intake of plant-based foods, the 

strategy mentions the new dietary guidelines and school schemes to distribute fruit and vegetables. It also 

mentions the new public procurement agreement that covers a wide range of organic foods, a larger 

assortment of legumes and other plant-based products as well as seasonal considerations. As part of the new 

public procurement agreement, there are some free courses aimed at improving plant-based food cooking 

skills for kitchen staff. 

School schemes to distribute fruit, vegetables and milk exist, cf. Strategy for the Implementation of the School 

Scheme in Denmark from 2023/2024 to 2028/2029 School Year (2023). Kids aged 0-18 receive school milk, 

and those aged 5- 18 also receive school fruit and vegetables. This scheme is based on health considerations 

and prioritises organic products. The programmes are partly subsidised, but families also need to pay part of 

the cost to enrol their children. In the period 1 August 2023 to 31 July 2029, 7.5 million euros of EU aid were 

assigned to the distribution of fruits and vegetables and 7.3 million euros were assigned to milk distribution. 

An additional 1.5 million euros were assigned to accompanying fruit and vegetable- as well as milk-related 

educational measures. These foods are distributed daily across the entire school year. The main goal is to 

provide basic nutrition to children, particularly those with vulnerable socioeconomic backgrounds. In 

previous years (2015/2016), the participation in the milk programme has been much more popular (more 

than 680,000 children from more than 1,900 schools in Denmark enrolled) than in the fruit and vegetable 

scheme (around 88,000 children from around 700 schools enrolled), cf. Strategy for the Implementation of 

the School Scheme in Denmark from 2017/2018 to 2022/2023 School Year (2021). According to the current 

strategy, the evaluation of the period from 2017-2022 does not show signs of an increase in children’s intake 

of fruit and vegetables, but it seems that the fruit and vegetable scheme particularly benefits children with 

more vulnerable socioeconomic backgrounds. On the other hand, children that participate in the milk scheme 

consume significantly more milk and low-fat milk products than children that do not participate in the 

scheme. Some schools also offer a plant-based alternative, often oat milk, which, however, is a less nutritious 

and environmentally friendly alternative to cow milk than for example soy milk as measured by several 

criteria (i.e. nutrition, health, GHG, land-use and water-use effects) (Moore et al., 2023; Springmann, 2024). 

Both schemes seem to have limited effects in terms of increasing general knowledge regarding healthy 

eating, cf. Strategy for the Implementation of the School Scheme in Denmark from 2023/2024 to 2028/2029 

School Year (2023). 

The new dietary guidelines do not provide a quantified recommended minimal dairy intake (Danish 

Veterinary and Food Administration, 2024). They instead provide guidance on appropriate amounts and 

types of dairy products in different stages of life and mention that a high intake of dairy products increases 

the climate impact of the diet. While the wholegrain partnership is well aligned with the current 

recommendation of a minimum intake of 90 grams of wholegrains a day, it is not clear to what extent the 

impacts of the school milk program are in alignment with nutritional recommendations. Given the results 

reported in the implementation strategies for the school schemes, it could be relevant to evaluate whether 

the school milk scheme leads to an adequate – or perhaps higher than suitable – consumption of dairy 

products compared with the new dietary guidelines. Moreover, it could be important to assess whether the 

changes implemented in the last strategy lead to better outcomes in terms of fruit and vegetable 

consumption. 
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Probably inspired by the success of the wholegrain partnership, a new legume partnership was established 

in 2024 by the think tank Frej and the supermarket chain Lidl with the aim to coordinate the promotion of 

legume consumption across public institutions, knowledge institutions, companies, NGOs, etc. Currently, the 

partnership has 72 partners, consisting of private partners, universities, NGOs, think tanks and municipalities. 

The national food authorities are not involved (Bælgfrugtspartnerskabet, 2025). 

3. Consumer preferences: theoretical framework 

An aim of this report is to assess the impacts of policy-induced preference changes on dietary behaviour as 

well as motivations and barriers for healthy and sustainable eating. The study builds and develops on an 

already existing demand model framework, which previously has been used to estimate consumers’ 

adaptation to a set of dietary guidelines (Jensen, 2020, 2021, 2023).  

This demand modelling is based on an economic equilibrium approach where consumers are assumed to 

allocate their limited food budget in a utility-maximising way, subject to a constraint of unchanged total 

intake of dietary energy and constraints reflecting specific dietary recommendations, for a given price 

configuration. According to standard microeconomic theory, such utility maximisation is obtained when the 

ratio between the consumer-perceived price of a good and the marginal utility derived from the good is equal 

for all goods.  

If either the price or the marginal utility (i.e. preference) changes for one or more products, the consumer 

will have an incentive to adjust the composition of their consumption. Given the property that the marginal 

utility from consuming a product is a decreasing function of the consumed quantity, an increase in the price 

of one good will incentivise the consumer to adjust their consumption basket and reduce their consumption 

of this good. Similarly, if the marginal utility from a specific good increases, the consumer will get an incentive 

to consume more of that good.  

The consumer-perceived price of a good combines the (explicit) paid price for the good and an implicit price 

component of the good – the latter representing the impact of the different constraints on the consumer’s 

utility maximisation behaviour. See Appendix A, section A.1, for more details on the theoretical model.  

Within this theoretical framework, a shift in the consumer’s preferences (for example a reduced preference 

for beef driven by for example dietary recommendations or information about negative environment and 

health effects of beef consumption) can be represented by a change in the marginal utility derived from the 

different products.  

Within the present modelling framework, we can consider two possible types of change to the marginal utility 

derived from a good. These two types of change are illustrated in Figure 3.1. 
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Figure 3.1. Shifts in marginal utility 

Assume that the MU0 curve represents the marginal utility before the change in preferences. The curve is 

downward sloping, implying that the extra utility obtained from consuming one extra unit of the good 

becomes lower, the larger the consumption of this good.  

Now, consider an event that affects the consumer’s preference for a good in the sense that it negatively 

affects the consumer’s marginal utility derived from the good. Such a preference change can affect the 

marginal utility curve in two ways: 1) a shift in the level of the marginal utility curve (illustrated by the shift 

from the MU0 curve to the MU1 curve) or 2) a shift in both the level and the slope of the marginal utility curve 

(illustrated by the shift from the MU0 curve  to the MU2 curve).  

A shift in the level of the marginal utility curve (from the MU0 curve to the MU1 curve) represents a change 

in preferences where the consumer generally achieves less extra utility from consuming more of the good. 

In Figure 3.1, this is represented by a parallel shift of the marginal utility curve. However, an alternative 

version is a relative shift in the marginal utility level, where the marginal utility is reduced by the same 

percentage for all consumption levels. In either version, for a given price configuration, this type of 

preference shift will make the consumer tend to demand less of this good and thus release part of their 

consumption budget for other goods. Apart from this, a preference shift of this type would not lead to 

structural changes in the rest of the consumer’s food consumption. To illustrate this type of preference shift, 

assume that convincing information to the consumers about negative health consequences of alcohol 

consumption could lead to a generally reduced marginal utility of alcoholic beverages and in turn lead to a 

lowered demand for these beverages without activating specific substitution or complementarity effects with 

other goods. 

On the other hand, a shift in both the level and slope of the marginal utility curve (from the MU0 curve to 

MU2 curve) represents a change in preferences where the consumers would also get a generally lower 

marginal utility from the good, but the propensity to substitute with other goods also changes, for example 

because the consumer obtains better cooking skills or becomes more food curious. This could, for example, 

imply that the consumer more easily gets tired of a good (for example beef) beyond a certain level of 

consumption and becomes more likely to try something else compared with before this preference shift. A 

tool to induce such preference shifts could be information with culinary inspiration and recipes for consumers 

that would increase their capability to use food products that can replace beef in a substantial share of their 

daily cooking, thus making the marginal utility curve for beef steeper. This second type of preference change 

MU0 

Quantity (q) 

Marginal 

utility 
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combines two types of changes (level and slope) and is thus considerably more complex than the first type 

of preference change. 

3.1. Quantitative modelling of consumer preferences and demand behaviour 

The economic modelling framework that has previously been used to estimate demand responses to dietary 

guidelines, price changes, etc. builds on a system of (own- and cross-price) elasticities. A price elasticity 

describes the percentage change in the demanded quantity of a good resulting from a one per cent change 

in the price of the good itself (own-price elasticity) or another good (cross-price elasticity).  

These elasticities reflect the properties of the marginal utility curves for the different goods. It is possible to 

decompose the price elasticities in a manner that reflects the level and slope effects illustrated in Figure 3.1. 

Hence, the (utility-compensated5) cross-price elasticity, 𝜀𝑖𝑗, between the price of good 𝑗 and the demanded 

quantity of good 𝑖 can be decomposed as follows: 

𝜀𝑖𝑗 = 𝑠𝑗 ∙ 𝜎𝑖𝑗       (1) 

𝑠𝑗 is good 𝑗’s share of the budget, and 𝜎𝑖𝑗 is the elasticity of substitution between the two goods. The budget 

share, 𝑠𝑗, is somewhat an analogue to the level of marginal utility (corresponding to the level of demand in 

Figure 3.1), whereas the elasticity of substitution, 𝜎𝑖𝑗, represents the shape of the marginal utility function 

(corresponding to the slope in Figure 3.1).  

Box 3.1. Elasticity of substitution 

Formally, the elasticity of substitution between two goods, 𝑖 and 𝑗, in the consumption basket is given by: 

𝜎𝑖𝑗 =
𝜕𝑢𝑖

′(𝑞) 𝑢𝑗
′(𝑞)⁄

𝜕𝑞𝑗 𝑞𝑖⁄
∙

𝑞𝑗 𝑞𝑖⁄

𝑢𝑖
′(𝑞) 𝑢𝑗

′(𝑞)⁄
     (2) 

If an intervention increases the quantity of good 𝑗’s effect on the marginal utility derived from consuming 

good 𝑖, 𝑢𝑖
′(𝑞), then the term 𝜕𝑢𝑖

′(𝑞) increases (becomes less negative – the marginal utility curve becomes 

more flat), the first ratio becomes smaller and in turn the elasticity of substitution between the two goods 

decreases. For example, if a campaign with culinary inspiration makes consumers aware that the marginal 

utility derived from legumes can be increased by combining them with yoghurt in recipes, then the 

marginal utility curve for legumes would become less steep and legumes and yoghurt will tend to become 

more like complements in consumers’ demand. 

For given estimates of (utility-compensated) cross-price elasticities and associated budget shares, the 

elasticity of substitution can be estimated by inverting equation (1), i.e. 𝜎̂𝑖𝑗 = 𝜀𝑖̂𝑗 𝑠𝑗⁄ . 

If consumers are assumed to exactly spend their entire food and beverage budget (no more, no less) on foods 

and beverages and are assumed to allocate this food and beverage budget according to the above-mentioned 

 

 

5 The utility-compensated (also called Hicksian) price elasticity represents the changes in consumption quantities that 
are necessary to maintain the original utility level. The compensated elasticities can be converted to uncompensated 
(also called Marshallian) price elasticities by adding a real-budget effect term, given by the product of the budget share 
of good 𝑗 and the budget elasticity of good 𝑖.   
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assumptions, the (utility-compensated) own-price elasticity of good 𝑖 can be derived from the set of cross-

price elasticities: 

𝜀𝑖𝑖 = −∑ 𝜀𝑖𝑗𝑗≠𝑖       (3) 

The complete set of own- and cross-price elasticities can be used to calculate the quantitative demand 

responses to for example changes in prices, and these responses reflect the above-described mechanisms 

based on the price/marginal utility ratios for the different goods.  

A change in preferences can affect the price elasticities via two mechanisms: (i) a level shift represented by 

a change in budget shares and (ii) a shift in substitution structure represented by a change in the elasticities 

of substitution (corresponding to the shift of level and/or slope in Figure 3.1 above). As indicated above, the 

latter type of mechanism is relatively complex and quantification of different interventions’ effects on such 

mechanisms is rather demanding in terms of data requirements. For econometric estimation of each type of 

preference-changing intervention’s (for example information or counselling) effect on the elasticities of 

substitution, a complete dataset comprising both observations with and without this intervention would be 

required. This requirement also limits the scope to intervention types that have already been implemented, 

whereas it will not be possible to predict the impacts of interventions more prospectively. Therefore, this 

latter part of the preference change effect is not modelled in the present analysis. 

The implications of shifts in the marginal utility level (the former component of a preference change – with 

given elasticities of substitution) can be more straightforwardly incorporated in this analytical framework. In 

particular, if shifts in budget shares, ∆𝑠𝑗, can be interpreted to reflect changes in the marginal utility level, 

then these preference changes can be incorporated in the price elasticities: 

𝜀𝑖𝑗
′ = (𝑠𝑗 + ∆𝑠𝑗) ∙ 𝜎𝑖𝑗 ,   ∀𝑖, 𝑗, ∑ ∆𝑠𝑗𝑗 = 0     (1’) 

𝜀𝑖𝑖
′ = −∑ 𝜀𝑖𝑗′𝑗≠𝑖 ,    ∀𝑖      (3’) 

Indeed, the analyses below will pursue this approach to incorporate interventions’ impacts on consumers’ 

preferences and study how such preference changes will be likely to influence food and beverage demand. 

In particular, the empirical analyses below attempt to estimate the effects of various interventions on budget 

shares and price elasticities as well as, in turn, on the behavioural outcomes (in particular, demanded 

quantities and implicit prices) of these interventions. 

3.2. Augmenting the elasticity framework to analyse combinations of interventions 

There are situations where a policy intervention may combine different intervention elements, of which 

some elements (for example information) will mainly work through an influence on the consumers’ 

preferences, whereas other elements (e.g., price elements) will have an effect on the incentives within the 

already existing preferences. For example, consumers’ incentives to comply with the guidelines can be driven 

by the current distance from the recommended intakes in combination with the current preference 

structures, but the incentives can also be driven by the guidelines’ influence on the preferences – i.e. that 

the guidelines themselves have impact on the consumers’ food preferences. Only the effects within given 

preferences were included in the previous studies (Jensen, 2020, 2021, 2023). 

An impact assessment that takes both types of mechanisms into account in the proposed elasticity 

framework should have the following format: 
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𝑞̇𝑖 = ∑ 𝜀𝑖𝑗 ∙ 𝑝̇𝑗
∗

𝑗 + ∑ (𝜀𝑖𝑗′ − 𝜀𝑖𝑗) ∙ (𝑝̇𝑗
∗ + 1) ∙ ln(𝑝̇𝑗

∗ + 1)𝑗    (4) 

𝑞̇𝑖 represents the relative change in the consumed quantity of good 𝑖, 𝑝̇𝑖𝑗
∗  is the relative change in the 

consumer-perceived price (including price-equivalent elements that reflect the impact of various 

constraints), 𝜀𝑖𝑗  are price elasticities before preference changes, and (𝜀𝑖𝑗′ − 𝜀𝑖𝑗) represents the effects of 

preference changes on the elasticities. In equation (4), the first term on the right-hand side represents the 

effect of the intervention without adjustment for the intervention’s preference-changing effect and the 

second term represents the effect of the change in preferences. 

4. Impacts of interventions and exogenous changes on 

consumers’ food preferences 

This section studies the effects of various types of exogenous shocks and other events on consumers’ food 

preferences as represented by different foods and beverages’ budget shares. In particular, statistical analysis 

of Danish households’ consumption is used to investigate the impacts of recent disruptions and campaigns 

on households’ food demands and their food preferences.  

4.1. Method to study development of food preferences and budget shares 

To examine how preferences have evolved in recent years and particularly since the introduction of the new 

dietary guidelines in 2021, we analyse household scanner data from the YouGov Consumer Tracking 

Scandinavia panel (Andersen, 2009). In a given year, the panel comprises around 2,500 Danish households 

(see Table A.1 in Appendix A, section A.2). Each household records its grocery shopping at a very detailed 

level using a home scanner and reports data on a weekly basis. The dataset used for the present analysis 

spans the period from January 2018 to December 2023. 

In the analysis, 19 commodity categories are considered: red and processed meat, poultry, seafood, eggs, 

dairy, plant-based dairy substitutes, plant-based protein, fruit, vegetables, animal fat, plant-based fats, 

cereals, bread, roots and tubers, water, drinks, alcohol, sweets and sugary foods as well as other foods.  

Although this analysis can illustrate changes in food preferences and their relationship with various 

covariates, it should be acknowledged that it is difficult to identify the precise effect of the new dietary 

guidelines in food consumption due to the concurrence of two things. First, important shocks affected 

consumers’ habits during the time when the dietary guidelines were launched and should affect behaviour: 

the series of covid-19 pandemic lockdowns and reopenings as well as the inflationary period following the 

Russian invasion of Ukraine. Second, so far, the measures to promote the dietary guidelines have not directly 

targeted household members in charge of buying groceries in the households as the applied measures have 

mainly related to public procurement and to educational campaigns targeting youth (see section 2). 

Therefore, changes – or lacks of change – in consumers’ food purchases after the beginning of 2021 cannot 

necessarily be directly attributed to the dietary guidelines. Given these limitations, this study can only be 

considered explorative. 

In this study, we identify the following six periods: 
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• T1: Pre-pandemic (January 2018 to February 2020): This period serves as a baseline for food 

consumption patterns before the covid-19 pandemic and the new dietary guidelines. Any changes 

observed during this time are not influenced by the pandemic or the new dietary guidelines. 

• T2: The first wave of covid-19 (March 2020 to May 2020): The onset of the pandemic led to significant 

disruptions in food supply chains and changes in consumer behaviour due to lockdowns. In Denmark, 

although the lockdown was relatively light, the closure of restaurants and canteens altered eating 

habits. 

• T3: The first reopening (June 2020 to November 2020): As restrictions eased, there was a gradual 

return to pre-pandemic consumption patterns but with lingering effects of the pandemic. 

• T4: The second wave of covid-19 (December 2020 to April 2021): The resurgence of covid-19 cases 

and subsequent restrictions once again disrupted food consumption patterns. The timing of this wave 

coincides with the release of the dietary guidelines, making it difficult to disentangle the effects of the 

guidelines from the effects of the pandemic. 

• T5: The second reopening (May 2021 to December 2021): The second reopening phase saw a more 

sustained return to normality but potentially with new habits formed during the pandemic. The 

dietary guidelines' impact during this period is confounded by these newly established consumption 

habits. 

• T6: The inflationary period (January 2022 to December 2023): Rising inflation and economic pressures 

influenced food demand, with consumers potentially prioritising cost over dietary recommendations. 

This economic context further complicates the identification of effects of the guidelines. 

Figure 4.1 describes how the volume of food purchased by the average consumer in the panel has evolved 

during the period from 2018-2023 for some key food groups particularly targeted by the new dietary 

guidelines. First, we observe some expected seasonal patterns, like a spike in red and processed meat 

consumption in December. Zooming out to the broad periods defined previously, we also observe the effect 

of the lockdowns. Notably, the consumption of vegetables increased during both lockdowns. The 

consumption of fruit, red and processed meat, eggs and seafood also went up but to a lesser extent. These 

increases may be related to more eating at home during the lockdowns. Other than the lockdowns, in this 

sample, we do not observe any significant change in the trends of the volume of food consumed at home, 

apart from a slight reduction of fruit consumption at the end of the second lockdown as compared to pre-

pandemic levels. 

To explore potential changes in preferences between the six sub-periods during 2018-2023, we use two 

alternative empirical approaches: a statistical approach (approach 1) and a machine learning approach 

(approach 2). First, we use the statistical approach to explore correlations between different socioeconomic 

variables and the size of the budget share for specific food groups and utilise these correlations to ex post 

predict the systematic variations in the budget shares over time. Second, and as an alternative, we use a 

machine learning model to predict the budget shares for different food groups in the different time periods. 

The machine learning model can handle complex, non-linear relationships and interactions between 

variables. This approach is more flexible and can adapt to various patterns in the data, potentially providing 

more accurate and robust predictions compared to traditional statistical methods. The machine learning 

model is trained in a non-representative sample of the Danish population and evaluated using 

sociodemographic variables for the average Danish adult to predict the budget shares for a representative 

Danish consumer. 
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Figure 4.1. Average volume of food consumed per month in each food group for the consumer panel 
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4.1.1. Approach 1: the statistical model 

The statistical analysis estimates associations between budget shares and a number of variables. In order to 

account for the fact that household purchase data tend to display zero purchases in many periods (months), 

the two-step Heckman estimation procedure is followed (Heckman, 1979). For a full description of the 

statistical approach and variables, refer to the methodological Appendix A, section A.3. The estimated 

outcome equation is: 

𝐵𝑆𝑖𝑡𝑓 = 𝛽0 + 𝛽1𝑅𝑒𝑔𝑖𝑡 + 𝛽2𝐸𝑑𝑢𝑖𝑡 + 𝛽3𝐴𝑔𝑒𝑖𝑡 + 𝛽4𝑂𝑐𝑐𝑖𝑡 + 𝛽5𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡 + 𝛽6 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡 + 𝛽7𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡 +

𝛽8𝐼𝑛𝑐𝑖𝑡 + 𝛽9𝐴𝑑𝑢𝑙𝑡𝑖𝑡 + 𝛽10𝑃𝑡 + 𝛽11𝑀𝑡 + 𝛽12 𝑝̃𝑖𝑡𝑓 + 𝛽13 𝐼𝑀𝑅𝑖𝑡𝑓 + 𝑢𝑖 + 𝜀𝑖𝑡𝑓 (5) 

𝑢𝑖 represents household random effects, and 𝜀𝑖𝑡𝑓 is the idiosyncratic component of the error term for each 

household, 𝑖, month, 𝑡, and food group, 𝑓. In the statistical model, the budget share is assumed to depend 

on sociodemographic variables (𝑅𝑒𝑔𝑖𝑡: residence region of the household, 𝐴𝑔𝑒𝑖𝑡: age category of the 

household’s main shopper, 𝑂𝑐𝑐𝑖𝑡: occupation category of the person with the highest income in the 

household, 𝐼𝑛𝑐𝑖𝑡: the household’s income level class, 𝐴𝑑𝑢𝑙𝑡𝑖𝑡: number of adult-equivalents in the 

household), attitude variables of the main shopper (𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡: attitude towards climate change, 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡: 

attitude towards traditional values, 𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡: attitude towards health), the quality-adjusted price of the 

good,  𝑝̃𝑖𝑡𝑓, as well as time-dependent dummy variables (𝑃𝑡: period dummy, cf. above, 𝑀𝑡: month dummy to 

capture seasonal variation). By including the Inverse Mills Ratio (IMR), which represents the expected value 

of the error term in the selection equation, we correct for the non-random selection and obtain unbiased 

estimates of the parameters. The budget share, 𝐵𝑆𝑖𝑡𝑓, is expressed in decimals, which means that budget 

shares across foods add up to 1. 

Box 4.1. On the interpretation of the statistical analysis 

All the results from the statistical approach should be interpreted as associations, not causation, as budget 

shares and prices are determined simultaneously: The price of a food item affects the budget share 

through the volume and value components, and the budget share determines the price because demand 

influences the price along with supply. This endogeneity occurs when an explanatory variable is correlated 

with the error term in a regression model and leads to biased and inconsistent estimates. If we omitted 

the price variable, we would, however, still face endogeneity issues because the effects of all variables not 

explicitly included in the model (omitted variables) remain in the error term. We adjust price data for 

quality differentials using the Cox and Wohlgenant (1986) procedure, but this has limitations as a key 

component of the quality-adjusted price, 𝑝̃𝑖𝑡𝑓, is the regional average of the price of a product at a given 

point in time, 𝑃̅𝑟𝑓, which both affects and is determined by demand. 

4.1.2. Approach 2: the machine learning model 

As a supplement to the statistical analysis, we also use a machine learning approach in our analysis of 

shopping data. In particular, we employ the XGBoost algorithm (Chen & Guestrin, 2016) to predict a 

representative Danish consumer’s budget shares for different food groups across time periods. This is useful 

because the machine learning model can capture complex, non-linear relationships and interactions between 

variables, providing a more nuanced and potentially more accurate prediction of consumer behaviour than 

the statistical model. The machine learning algorithm is trained on the consumer panel data used in the 

statistical analysis. Having trained the algorithm with the consumer panel data, we predict the budget shares 
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for a representative Danish consumer using data from Statistics Danmark (see Table A.4. in Appendix A, 

section A.2). 

Box 4.2. Details on the machine learning approach 

XGBoost is a machine learning algorithm that uses decision trees. The algorithm progressively combines 

decision trees while iteratively minimising the prediction error. The combination of many trees (ensemble 

learning) and use of regularisation to avoid overfitting6 leads to robust out-of-sample predictions. The 

advantages of the algorithm are that it delivers accurate predictions at a competitive speed (Bentéjac et al., 

2021) and that it is transparent in terms of how much each variable (predictor) influences the prediction 

(Chen & Guestrin, 2016). 

The machine learning model is transparent in terms of the importance that different variables have for the 

prediction, or in other words, how much splits based on certain variables contribute to enhance the 

prediction. 

The variables used as predictors are the same as the ones used in the statistical approach, ensuring 

consistency in the analysis. Apart from the training data, we also need to define some hyperparameters in 

order to train the algorithm. We choose a learning rate of 0.3, which means that the algorithm adjusts at a 

moderate pace with each step in the iterative process. The maximum depth of each tree is set to 4, allowing 

the decision trees to capture some complexity without overfitting. The regularisation term (L2 

regularisation) is set to 15, which discourages the model from relying too heavily on any single feature or 

relying on overly complex trees. Finally, the model consists of 300 trees (nround), giving it ample opportunity 

to learn from the data. 

4.2. Results 

Figure 4.2 presents the results of the analysis with the statistical model. The figure describes the signs, 

magnitudes and confidence intervals for the estimated coefficients in the statistical models of seven food 

categories: red and processed meat, poultry meat, seafood, eggs, plant-based protein, fruit and vegetables. 

 

 

6  When a model becomes too complex, it overadapts to the training data. Instead of only learning general patterns, it 
also learns from noise in the data (overfitting). With overfitting, the model performs well on training data but poorly on 
new data. Regularisation techniques add a penalty for complexity, discouraging overfitting.  
 



 

33 

 

 

Figure 4.2 Forest plot of estimated coefficients and confidence intervals of socioeconomic variables 

Note: We exclude the quality adjusted price, IMR, and intercept coefficients because they are significantly larger than 
the rest and prevent from perceiving subtle differences in the other coefficients. The baseline categories are Period (T1), 
AtClim (0), AtTrad (Agree) AtHealth (Agree), Income (0-99,999), Age (< 35), Region (Capital), Education (10th grade), 
Occupation (Early retirement), Month (January). For a full description of the variables see Table A.3 in Appendix A, 
section A.2. 
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In the coefficient plot, we also observe that, as compared to pre-pandemic budget shares (period T1), the 

other periods (T2-T6) do not significantly impact the budget shares of these key food groups according to the 

statistical analysis. 

In terms of attitudes, it seems that the strongest predictor of budget shares is a strong disagreement with 

the sentence “Traditional values are important to me”. As compared to consumers that agree with this 

sentence, consumers who strongly disagree with it tend to devote a significantly lower budget share to red 

and processed meats and a larger share to seafood and fruit. At the same time, consumers who strongly 

disagree with the sentence “I try to eat healthy” eat less fruit and vegetables than consumers who agree with 

it. In our consumer sample, being more concerned about climate change does not seem to be associated 

with specific protein choices.  

Some of the seasonality that we can observe in Figure 4.1 is captured by the coefficient estimates in Figure 

4.2. For example, we can see that the budget share of fruit is slightly (but significantly) higher in June and 

lower in the last four months of the year as compared to January. Households with higher incomes tend to 

devote larger budget shares to red and processed meat as well as smaller shares to seafood and eggs. The 

income patterns in poultry, plant-based protein, fruit and vegetables are generally not statistically significant 

(the confidence interval crosses the zero line). Also, there are significant regional differences in terms of the 

budget share of red and processed meat; in the capital region, consumers tend to have lower budget shares. 

The budget shares of vegetables, seafood and eggs are larger for younger consumers (18-34 years old). As 

compared to consumers in early retirement, students and consumers employed full time have larger budget 

shares for poultry, plant-based protein, fruit and vegetables. Part-time employed and unemployed 

consumers also devote a larger budget share to vegetables. Larger families (more adult equivalents) devote 

larger budget shares to red and processed meats and smaller shares to seafood and eggs.  

Figure 4.3 depicts the observed and predicted evolution of budget shares during the period from 2018 to 

2023. The grey line reflects the observed budget share for the average consumer in the YouGov sample7. On 

the other hand, the orange and purple lines depict the predicted budget shares for a representative Danish 

consumer derived from the statistical and machine learning models, respectively. Of the two, the predictions 

of the machine learning model should be prioritised for its out-of-sample prediction strengths discussed 

previously. The first ten variables with the highest predictive capacity for budget shares are: quality-adjusted 

price, whether the food product is a dairy product or not, whether it is red or processed meat, seafood, plant-

based protein, sugar, animal fat, other food, vegetable fats or vegetables. As explained in Box 4.1, price partly 

determines budget shares, so it is expected to be a key predictor. All the other key predictors are the food 

types, which indicates that the shares of specific food groups are significantly influenced by the type of food. 

 

 

7 The YouGov sample is not representative of the Danish population. For instance, in the sample, around 28 per cent of 
the sample (adults) live in Central Denmark and around 21 per cent in the capital region, while, in reality, around 23 per 
cent of the Danish population lives in Central Denmark and 33 per cent in the capital region. The consumer panel is also 
biased in terms of age as it has a smaller share of respondents aged 18 to 34 and a significantly larger share of 
respondents over 64 years old. In terms of education level, higher education levels (short, medium-length and long 
higher education) are overrepresented in the sample, and lower, intermediate and business-oriented education are 
underrepresented. In terms of income, our sample has a higher percentage of families earning less than 200,000 DKK in 
a year and a lower percentage of families earning more than 600,000 DKK. 
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This suggests that consumer preferences and dietary habits play a crucial role in determining budget 

allocations across different food categories. 

Each row focuses on a particular food group, and the vertical axes display different values for each food group 

because the range of budget shares is fairly large, going from almost zero for mineral water to 14 per cent 

for red and processed meat. This allows us to zoom in and see the trend. However, it should be kept in mind 

that the scales vary and some changes that might seem large are in reality rather small, while others are 

relatively large. For instance, the machine learning model (purple line) predicts that the budget shares of fruit 

and vegetables have dropped around half a percentage point from 2018 to 2023, while the plant-based 

protein budget share has increased by 0.25 percentage points and remains very low according to the model.  

Apart from the pandemic period (T2-T4), there are no significant changes in the predicted budget shares, and 

it seems that the new dietary guidelines have not significantly changed how people eat. Comparing the two 

lockdown periods (T2 and T4), we observe that red and processed meat budget shares increased slightly in 

T2 and decreased slightly in T4 when the dietary guidelines were launched. Here it should be recalled, 

however, that budget shares do not only represent consumption quantities but also prices. If we compare 

the sample mean volume of red and processed meat (Figure 4.1) with the sample mean budget share (the 

grey line in Figure 4.3), we observe that while the budget share was slightly larger in T2 than in T4, the volume 

was very similar in the two periods. The pattern is similar for plant-based protein. As we mentioned before, 

the effect could be masked by the concurrent events and difficulties in fully identifying the effects of the 

promotional campaigns and changes in public procurement that have already taken place. 
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Figure 4.3. Predicted and sample means budget shares of different food groups in 2018-2023 
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5. Effects of selected demand parameter shifts on consumers’ 

food demand 

A quantitative economic model has previously been used for economic appraisals of compliance with the 

Danish Official Dietary Guidelines launched in 2021 (Jensen, 2021, 2023). These appraisals included estimates 

of anticipated reductions in disease burden and the potential economic benefits associated with such 

reductions as well as implicit prices associated with the individual dietary recommendations. The latter 

express the degree to which each recommendation is binding, assuming that the recommendations can be 

considered as constraints on the average household’s consumption of a dietary component (for example 

fruits, vegetables or sodium/salt).  

Implicit prices for 2021 derived from the analysis in Jensen (2023) are displayed in Table 5.1. The implicit 

prices can be interpreted as the price change that would be necessary to incentivise the consumption of the 

recommended amount. An implicit price of zero implies that the constraint is not binding, a positive implicit 

price implies a barrier for the households to reduce their consumption, and a negative implicit price can be 

interpreted as a barrier for households to increase their consumption of the particular dietary component. 

For example, an implicit price of fruit of DKK -8.68 per kilo means that a price reduction of DKK 8.68 per kilo 

would be needed if the average consumer were to have an incentive to buy 200 grams of fruit per day. 

Table 5.1. Baseline attribute implicit prices of dietary recommendations 

 Modelled recommendation per day Implicit price, 2021, DKK per kilo 

Fruit Min. 200 g -8.68 
Vegetables Min. 300 g -7.34 
Seafood Min. 50 g  -69.60 
Wholegrain Min. 75 g -5.57 
Meat Max. 50 g 28.99 
Added sugar Max. 50 g 25.43 
Saturated fat Max. 20 g 27.22 
Sodium  Max. 1,800 mg 4.60 DKK per mg 

Note: The official recommendation for consumption of fruit and vegetables is 600 grams per day. In the analysis, this is 
distributed between 200 grams of fruit, 300 grams of vegetables and 100 grams of processed fruit and vegetables 
(including juice). 

According to the implicit price estimates, the recommendations for fruit, vegetables, seafood and wholegrain 

could be considered as binding in the sense that the current consumption is below the recommended level, 

as suggested by negative implicit prices, whereas the current consumption is above the recommended level 

for meat, added sugar, saturated fat and sodium. 

5.1. Literature review 

A vast literature exists regarding the effects of different interventions to influence dietary behaviour in the 

population or in specific population groups. Several literature reviews have also been conducted to 

summarise elements of this literature. 

A literature review by Jensen (2018) was conducted with the aim to establish an overview of the quantitative 

knowledge regarding various intervention types’ effectiveness in relation to improving the alignment 
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between actual dietary behaviour and dietary recommendations – overall and for individual 

recommendations separately. This review provided an overview of the effectiveness of different types of 

interventions to promote the intake of fruits and vegetables, interventions to reduce the intake of salt as 

well as interventions in other domains regarding dietary behaviour. Key findings from this review regarding 

interventions to affect consumers’ preferences for fruit, vegetables and salt will be summarised in the 

following.  

A couple of recent reviews have been conducted by Harguess et al. (2020) and Kwasny et al. (2022), 

addressing interventions aimed at reducing consumers’ meat intake. These two reviews had a relatively 

broad scope, addressing interventions with effects on consumers’ knowledge towards meat, liking of meat, 

intention to eat meat/reduce meat intake, self-reported intake, measured meat consumption, etc. In the 

following, we summarise some of the main findings regarding preference-changing interventions that could 

affect (the self-reported) consumption of meat.  

Some of the reviewed interventions may contribute directly to forming individuals’ food preferences. For 

example, becoming aware of health risks associated with a certain food, 𝑖, may reduce the preference for 

this food, whereas knowledge of another food, 𝑗’s, health-improving effects may enhance the preference for 

that other food.  

Other interventions may not change preferences per se but may affect the individual’s capacity to maximise 

utility. Educational activities may provide the individual with competences to simultaneously satisfy their 

(current) preferences and meet more of the dietary recommendations, for example develop skills to prepare 

tasty dishes with more vegetables or legumes or planning skills regarding food shopping. Interventions may 

also affect the environment for the individual’s utility maximisation, for example reducing the accessibility of 

unhealthy commodities in the store to introduce a barrier for the purchase – and in turn consumption – of 

these goods. In the following, however, we focus on interventions that can change consumers’ food 

preferences, particularly for fruit and vegetables, meat as well as foods containing salt.  

Regarding preference-forming interventions to reduce salt intake, Jensen (2018) identified one study (Cobiac 

et al., 2010). Cobiac et al. (2010) referred to a Cochrane review of seven randomised controlled trials, which 

found that counselling from a dietician was effective in reducing salt intake and lowering blood pressure in 

both normotensive and hypertensive participants. An estimated reduction in urinary sodium excretion of 

48.9 mmol per day at 6-12 months after the start of the intervention and of 35.5 mmol per day at 13-60 

months was reported. Holding this up against to a baseline sodium excretion level in Australia of 170 mmol 

per day (SD 52) for men and 118 mmol per day (SD 42) for women implies a 20-40 per cent effect. For the 

present purpose, we simulate a (proportionally distributed) negative effect on the preference for salt-

containing foods of 15 per cent. This could be considered a slightly conservative estimate compared to the 

findings in Cobiac et al. (2010), but it should be noted that the motivation of the studied segment of 

consumers to reduce their intake of salt is likely to be higher than for the average consumer.  

In terms of promoting the intake of fruits and vegetables, four broad types of preference-influencing 

interventions can be considered: broadcast information, individualised information, education and 

counselling. Based on the literature identified by Jensen (2018) on fruit and vegetable promotion, a couple 

of studies have addressed information tools that can be categorised as “broadcast” information campaigns 

in the sense that information was communicated via relatively broad channels (general newsletters, 

websites, etc.) without any personal contact (Ashfield-Watt et al., 2007; Dallongeville et al., 2011). Whereas 
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Dallongeville et al. (2011) found very small effect (0-2 per cent) of such information on fruit and vegetable 

consumption, Ashfield-Watt et al. (2007) found a more substantial effect (14 per cent) in their intervention. 

However, in Ashfield-Watt et al.’s intervention study (2007), this type of communication was only one 

element in a more intensive community intervention package. Hence, from this review, we conclude that 

such broadcast information strategies to increase the preference for fruits and vegetables are likely to have 

rather small effects.  

Several studies have addressed strategies where information promoting the intake of fruit and vegetables 

has been distributed in a more individualised manner and possibly targeted at individuals that might be 

especially motivated, for example for health reasons (Block et al., 2004; Heimendinger et al., 2005). These 

studies found more substantial preference-enhancing effects and an increased intake of fruit and vegetables 

in the magnitude of 8-20 per cent, depending on the concrete design of the intervention.  

Educational activities, with some element of training, to promote preferences for fruit and vegetables have 

also been reported in a number of studies (Aldana et al., 2005; Anderson et al., 2001; Steenhuis et al., 2004; 

Tilley et al., 1999). Whereas the interventions had a rather small effect in some of these studies, the impacts 

on fruit and vegetable consumption were substantial in others, especially when subjects were groups of 

individuals with a particular motivation to change their lifestyle. Thus, the mean and median effects of these 

studies’ findings were 15 per cent and 5 percent, respectively. This indicates that the design and setting of 

such educational interventions are very important for the outcomes.  

A relatively large number of studies have investigated the effectiveness of dietary counselling, where 

individuals receive advice and have the possibility to interact with the advisor, in terms of promoting fruit 

and vegetable consumption (Bihan et al., 2010; Burr et al., 2007; Campbell et al., 2002; Emmons et al., 1999; 

Greene et al., 2008; Havas et al., 2003; Howard et al., 2006; Kristal et al., 2000; Lassen et al., 2004; Marcus et 

al., 1998; Nitzke et al., 2007; Radakovich et al., 2006; Sacerdote et al., 2006; Sorensen et al., 1998, 1999, 

2002, 2007; Stevens et al., 2003). Findings from this literature also suggest quite strong effects on the 

consumption of fruits and vegetables with mean and median effects of around 30 per cent and 17 per cent, 

respectively. Here, it should be noted that a typical setting for such intervention studies is related to 

programmes for weight loss, disease prevention or restitution after, for example, cancer treatment where 

individuals can be expected to be particularly motivated for dietary change.  

As mentioned, a couple of recent systematic reviews have investigated the effectiveness of alternative 

interventions to reduce consumers’ preference for and intake of meat and meat products (Harguess et al., 

2020; Kwasny et al., 2022). We will try to summarise the literature’s quantitative findings with a particular 

focus on different interventions’ effects on consumers’ intake. Interventions aiming at consumers’ 

preferences are categorised in the same four categories as for fruits and vegetables, i.e. broadcast 

information, individualised information, education and dietary counselling.  

Within the identified literature, three studies have considered the effects of broadcast-type information 

strategies on discouraging meat consumption (Allen & Baines, 2002; Berndsen & van der Pligt, 2005; Klöckner 

& Ofstad, 2017). These studies suggested a relatively low impact of such strategies with mean and median 

reductions in meat consumption of 3 per cent and 0 per cent, respectively. 

Strategies to discourage meat consumption via individualised information activities had more impact with 

mean and median reductions of 20 per cent and 14 per cent, respectively (Amiot et al., 2018; Carfora et al., 

2017a-b, 2019).  
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Two studies have investigated the effectiveness of educational activities to reduce the preferences for meat 

(Camp & Lawrence, 2019; Jay et al., 2019). In both cases, the studies used students as subjects and exposed 

them to training in meat’s environmental footprints. Both studies found a significant effect on self-reported 

consumption (reductions of 24 per cent and 12 per cent, respectively). 

Regarding the effects of counselling activities, several studies (Delichatsios et al., 2001; Emmons, McBride, 

et al., 2005; Emmons, Stoddard, et al., 2005; Grimmett et al., 2015; Hawkes et al., 2009, 2012; Loy et al., 

2016; Sorensen et al., 2005) have found significant effects of such activities with mean and median reductions 

of self-reported meat consumption of 18-19 per cent. However, in most of these studies, the study subjects 

presumably had a particularly high health-related motivation to change their lifestyles.  

Some of the studied interventions on reducing meat intake incorporated moral elements, such as concern 

for environment, climate, animal welfare, etc., as motivating factors. A study by Stea and Pickering (2019) 

looked further into the impact of different motivating factors, which could be elements in the design of 

information, education or counselling activities to influence consumers’ preferences for meat. When it comes 

to moral motivations for meat consumption reduction, they found animal welfare aspects to have the highest 

importance score, followed by concern for drinking water and wildlife impacts and subsequently aspects 

related to ethics, moral and social norms.   

Results of the literature review are summarised in Table 5.2. 

Table 5.2. Effectiveness (percentage change relative to current average intake) of alternative types 
of interventions to promote healthier diets 

  Fruit and vegetables Meat Salt 

Broadcast information (yes/no) 2; 5 (6) / 3 0; -3 (4) / 3  

Individual information (yes/no) 17; 15 (5) / 5 -14; -20 (22) / 5  
Education (yes/no) 5; 15 (23) / 6 -18; -18 (6)/ 2  

Individual counselling (yes/no) 17; 30 (59) / 20 -18; -19 (17) / 6 -25; -25 (-) / 1 

Note: median; mean (standard deviation) / number of results. 
Source: Jensen (2018) and literature review. 

Such preference-changing interventions can be modelled as preference shifts driving changes in the balance 

between relative prices and relative marginal utilities of different foods and consequently changes in 

equilibrium budget shares and demand elasticities (cf. equation (1) above8).  

It should be noted that the present analysis assumes that food consumption behaviour is driven by incentives 

as determined by the combination of preferences and price conditions. It should, however, also be 

acknowledged that consumption behaviour may also be influenced by a number of other factors, such as 

norms, attitudes and perceptions, habits, practical conditions, etc. Such aspects are not considered explicitly 

in the analysis but may be implicitly embedded in the preferences and price elasticities or may be considered 

invariant across the different simulations.  

 

 

8 As noted above, preference changes may alternatively be modelled via changed substitution possibilities as 
determined by elasticities of substitution, but this would require more information than is available in the referenced 
literature. 
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5.2. Simulation of preference changes’ effects on barriers for dietary compliance 

An underlying assumption in the previously mentioned assessment of the dietary guidelines (Jensen 2020, 

2021) is that consumers’ preferences for foods and beverages remained unchanged, which implies that price 

elasticities estimated on previous data are assumed to still apply. This appears to be realistic according to the 

budget shares predicted with the machine learning model (see section 4.1) as budget shares did not seem to 

change much following the launch of the new dietary guidelines in January 2021.  

Changed preferences, for example due to an intervention with additional information to consumers, would, 

however, have an impact on diet and the magnitude of the barriers that consumers face in terms of 

adaptation to the dietary guidelines. For example, a stronger preference for vegetables could be expected to 

shift the baseline consumption of vegetables upwards and in turn affect the implicit price of vegetables 

towards a less negative value. 

Based on findings from the literature review, we analyse how three different intervention-induced 

preference change scenarios could affect pre-recommendation diets and the magnitude of preference 

barriers vis-à-vis different dietary recommendations. The considered preference change scenarios are: 

• A 15 per cent positive preference shift for fruit and vegetables, for example triggered by individually 

targeted information regarding the cancer risk-reducing effect of an additional daily serving of fruit 

and vegetables (scenario FV pref). 

• A 15 per cent negative preference shift for meat triggered by individually targeted information 

(scenario Meat pref). 

• A negative preference shift for salt-containing foods, for example triggered by individually targeted 

dietary advice, leading to a 15 per cent reduction in intake of salt and foods with salt content (scenario 

Salt pref). 

The analysis is carried out using with the same model as in a previous analysis of Danish consumers’ 

compliance behaviour with dietary guidelines (Jensen 2021, 2023). The simulations are carried out in a series 

of steps. First, a baseline simulation of compliance with the dietary guidelines without assuming any 

preference changes is conducted based on consumption data for 2021. Next, a second pre-guideline 

simulation (with preference changes embedded) where the marginal utility of the food categories affected 

by the preference change is modified and conducted to establish a modified baseline scenario. Third, a post-

guideline scenario is simulated on top of the modified baseline scenario. The results from these alternative 

scenarios are then compared in order to assess the effects of the preference change on key outcome 

variables, including results for dietary composition, implicit prices of selected recommendations and the daily 

food budget per adult equivalent.  

The model simulations are run for six sub-groups of the Danish population distinguished by education level: 

1) vocational training, 2) professional education, 3) high school education, 4) short higher education, 5) 

medium-length higher education and 6) long higher education. Many studies have indicated education level 

as an important factor for dietary behaviour (Hiza et al., 2013; Lê et al., 2013) as well as for the effectiveness 

of information interventions to influence behavioural risk factors (Hendrie et al., 2008). As such, this 

distinction is relevant to assess the relevance of information tools as strategies to influence consumer 

preferences and in turn consumption behaviour. The selected outcome variables from the simulation with 

changed preferences can then be compared with their counterparts from the baseline simulation in order to 
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assess the effects of the preference change and its interaction with the consumers’ compliance with the 

guidelines.  

The dietary composition with and without the preference change can be assessed by comparing results 

before and after these preference changes. Figure 5.2 shows the six education groups’ dietary structure 

resulting from the three preference-changing interventions (first row) according to the model simulations 

compared with the observed dietary composition in 2021 and with the recommended composition according 

to the 2021 guidelines (DG21). In order to more clearly see the effects of the preference change on dietary 

composition, for an alternative presentation of the interventions’ dietary effects on pre-guideline diet, one 

can look at the changes (second row) in consumption of food categories due to the changed preferences in 

the three scenarios. 

 

Figure 5.2. Effect of alternative preference scenarios on dietary composition and consumption of 
main food categories 

Note: Each column represents an education level: vocational education, professional education, high school education 
or similar, short higher education, medium-length higher education (bachelor level), long higher education (master’s 
level or longer). Scenarios: 2021: baseline without preference change. DG21: dietary guideline scenario without 
preference change, FV pref: dietary guideline scenario with enhanced preference for fruit and vegetables. Meat pref: 
dietary guideline scenario with reduced preference for meat. Salt pref: dietary guideline scenario with reduced 
preference for salt. 

From Figure 5.2, a general observation is that both the fruit/vegetable-promoting intervention and the meat-

reducing intervention lead to increased consumption of fruit and vegetables and grain products as well as 

reduced consumption of meat and dairy products and sugar-containing food and beverage products, even 

without explicit implementation of the dietary guidelines. The meat-reducing intervention also leads to an 



 

43 

 

increased intake of seafood. The intervention to reduce the preference for salt has more moderate effects 

on the composition of broad food categories.  

Overall, the fruit and vegetable-promoting intervention leads to the largest shift in the composition of the 

overall dietary categories for all education groups, but the absolute increase in fruit and vegetable 

consumption seems to occur in the groups with the longest education. In contrast, the group with the longest 

education also tends to exhibit the smallest dietary adjustments as a result of a reduced preference for salt.  

Another type of variable is the implicit price of the individual dietary recommendations as outlined in Table 

5.1. A change in an implicit price as a result of an intervention can be interpreted as a measure of the effect 

of the preference change on the incentive to comply with the specific guideline. Figure 5.3 shows the change 

in implicit prices of recommendations for each of the three preference change scenarios and for the six 

education groups. These implicit price changes could be compared with the 2021 implicit price levels in Table 

5.1. All implicit price changes in the figure are expressed such that a positive change means that compliance 

with the recommendation has become easier after the preference change, while negative changes imply an 

increase in the barriers to comply with the recommendation.  

For dietary components where the recommended intake is higher than the actual 2021 consumption level 

(seafood, wholegrain), the implicit price in 2021 is negative and a positive change in the implicit price 

(towards becoming less negative) implies that the preference change has made compliance with these 

recommendations easier. For those dietary components where the recommended consumption is lower than 

the 2021 consumption (meat, processed meat, sodium), the implicit price is positive and a negative change 

means that the preference change has made it easier to comply with these respective guidelines. In Figure 

5.3, the signs of these three implicit price changes have been reversed for ease of exposure. Therefore, for 

all recommendations in Figure 5.3, a positive change means easier compliance due to the preference shift.  
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Figure 5.3. Effect of preference changes on barriers to comply with dietary guidelines 

Note: Each column represents an education level: vocational education, professional education, high school education 
or similar, short higher education, medium-length higher education (bachelor level), long higher education (master’s 
level or longer). Seafood: change in implicit price of seafood recommendation (DKK per kilo). Meat: change in implicit 
price of (unprocessed) meat (DKK per kilo). Processed meat: change in implicit price of processed meat (DKK per kilo). 
Wholegrain: change in implicit price of wholegrain recommendation (DKK per kilo). Sodium: change in implicit price of 
salt recommendation (DKK per milligram). FV pref: dietary guideline scenario with enhanced preference for fruit and 
vegetables. Meat pref: dietary guideline scenario with reduced preference for meat. Salt pref: dietary guideline scenario 
with reduced preference for salt. 

The left-hand panel shows the effects of an increased preference for fruit and vegetables. This panel displays 

some variation across the education groups. Whereas an increased preference for fruit and vegetables 

appears to facilitate compliance with the other recommendations in the group with only vocational 

education, the opposite seems to be the case for the other education groups as far as the recommendations 

regarding intake of meat and wholegrain is concerned. No implicit price effects are shown for fruit or 

vegetables. For both these food categories, the implicit price is constrained by a lower bound in the 

simulation stating that the perceived price (market price plus implicit price) cannot be lower than 10 per cent 

of the lowest-priced product in the category. This lower boundary is still effective after the preference 

change.  

The centre panel displays the effects of a reduced preference for meat and meat products. This preference 

change generally reduces the barriers to comply with the Official Dietary Guidelines’ recommendation to 

reduce meat consumption (especially consumption of processed meat), and it furthermore facilitates 

compliance with the recommendation to consume more wholegrains.  

The right-hand panel shows the effects of a reduced preference for salt, and this mainly has a facilitating 

effect on compliance with the recommendations to consume more seafood and less salt, while it seems to 

increase the barrier for compliance with the recommendation to consume less processed meat products. 
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6. Design of effective instruments to support healthy and 

sustainable dietary behaviour 

In the above analyses, we identify some challenges and potential policy avenues that could be considered to 

promote healthier and more climate-friendly diets. 

The analysis of shopping data for the period from the beginning of 2018 to the end of 2023 shows that the 

new dietary guidelines have not significantly changed the way people eat at home. Apart from the pandemic 

period, we do not observe significant changes in the budget shares that consumers devote towards the 

different food groups. 

The simulations of preference changes in this report assume that preference changes materialise in changed 

levels of consumption, whereas the substitutability and complementarity in consumers’ use of the foods (for 

example in terms of elasticities of substitution) are assumed to remain unchanged. As the simulation analyses 

demonstrate, information activities to influence consumers’ preferences for different food groups are likely 

to have some – however, relatively limited – effect on the dietary composition or the incentives and barriers 

to change the diets dramatically.  

We identify the lack of uptake of plant-based protein and decrease of meat consumption as the main 

challenges for the overall goals of healthier and more environmentally sustainable dietary behaviour. As 

opposed to wholegrains, traditional Danish diets are not rich in legumes or nuts, and the consumption of 

these food groups is very low, whereas the traditional Danish diet is meat-heavy, particularly in red (pork) 

and processed meats (cold cuts and liver pâté (leverpostej)). Our simulation results suggest that shifting 

consumer preferences away from meat increases the consumption of wholegrains. However, there may be 

limits to this substitution behaviour as processed meats and wholegrain bread are often consumed together 

in Danish food culture. This might call for some innovation to keep up wholegrain consumption while 

reducing intake of processed meat.  

Increasing the consumption of vegetables and fruit is still a policy priority as high intake of these foods has a 

protective effect against several serious health conditions, while their environmental impact is relatively 

small. In this regard, attempts have already been made in the past with the 6-a-day campaign and also 

currently with public procurement arrangements and school programmes. However, these measures are not 

enough to ensure adherence to the dietary guidelines. In 2021, 90 per cent of the Danish population did not 

consume the minimum of 600 grams a day of vegetables and fruit (Jensen et al., 2022). Moreover, the school 

programmes for fruit and vegetables are not having the same uptake effects as school milk, cf. Strategy for 

the Implementation of the School Scheme in Denmark from 2023/2024 to 2028/2029 School Year (European 

Commission, 2023). 

Hence, our model simulation results as well as previous policy experiences indicate that policy initiatives 

relying on information campaigns to promote certain dietary components have only modest power to change 

the structure of Danes’ dietary behaviour in the direction of the dietary guidelines with more plant-based 

food and less meat. This suggests that other types of policy tools are necessary if the policy goal is to induce 

more fundamental changes in these overall dietary structures and Danes’ dietary behaviour. Such policy tools 

could include, for example, a combination of innovative and more integrated information initiatives to 

promote new – and more plant-based – dish types and meal patterns (i.e. to influence the substitution 
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patterns in food consumption) paired with a proper alignment of price incentives (Edjabou & Smed, 2013; 

Springmann et al., 2025; WHO Regional Office for Europe, 2025).  

Such novel policy interventions could be integrated across food categories. For example, measures to 

promote and sustain the intake of fruits and vegetables can go hand in hand with measures for the promotion 

of plant-based proteins. Such an integrated approach could generate synergies and avoid undesired rebound 

effects (i.e. effects where market participants respond with actions counter to the desired effect). For the 

reasons exposed above, targeting plant-based protein requires specific attention and measures, but targeting 

vegetable and fruit consumption in broader initiatives to promote plant-protein sources could also benefit 

from economies of scale in the implementation of interventions, for example in the development of 

education material, collaboration with market participants, etc. 

Attempts to change dietary patterns can face strong opposition. A well-known Danish example is the reaction 

to the government’s proposal of two mandatory vegetarian days in government canteens, which was quickly 

dismissed after complaints from public workers (Finansministeriet, 2020). Understanding consumers’ and 

influencers’ motivations and obstacles for dietary changes and investigating the shortfalls of already existing 

measures or past proposals are key to designing better alternatives and managing potential opposition. A 

survey with 1,005 participants conducted in 2019 discussed the barriers to and drivers of reducing meat 

consumption in Denmark and found that consumers with no intention to reduce their meat consumption had 

greater food neophobia scores than meat reducers (Hielkema & Lund, 2021). This is also coherent with the 

effect of the wholegrain partnership as one of the identified reasons for success was the link between 

wholegrain and Danish tradition (Boyle et al., 2024). For consumers intending to reduce meat consumption, 

Hielkema and Lund (2021) found that the main drivers for this were (i) awareness of climate impact and (ii) 

social influence and that the main barriers were of practical nature, for example workplace obstacles and 

eating meat out of habit. 

As indicated above, information interventions aimed at changing the substitutability between different food 

groups – in terms of the elasticities of substitution between different food groups – might potentially be 

more influential than the ones aimed at influencing consumers’ preferences for different food groups. One 

example could be the introduction of new recipes for existing dishes, which can facilitate consumers’ 

replacement of animal-sourced foods with, for example, legumes in their current cuisines and menu plans. 

Another example could be extensive introduction of new dishes that are both low in animal-sourced 

ingredients and have a high appeal to the consumers and in turn a large adoption potential in households’ 

meal practices. In Denmark, this type of strategy has been attempted in a relatively large-scale research and 

communication initiative to promote a New Nordic Diet (Jensen, Saxe, et al., 2015; Meyer & Astrup, 2013). 

Potentially, such strategies could be further sophisticated with segmentations that allow for heterogeneity 

in consumers’ practices, preferences and capacities. It has, however, been beyond the scope of the present 

analysis to substantiate and evaluate the effectiveness of such more fundamental changes to the national 

food culture in terms of facilitating compliance with the dietary guidelines.  
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A previous literature review (Jensen, 2018) has pointed at a number of other policy avenues that could 

constitute alternatives or complements to preference-changing activities. Such possible policy avenues can 

include: 

• Campaigns to increase climate awareness (Hielkema & Lund, 2021). 

• Labels reflecting the climate impact, such as the experiment conducted in two Netto stores (Sæhl & 

Andersen, 2021). 

• Targeting specific food environments: Using workplace and school meals to familiarise people with 

legumes, nuts and seeds as well as diverse ways of enjoying vegetables and fruits – and thereby 

support the creation of “a new normal”. 

• Fostering further innovation, development and marketing of healthy plant-based substitutes to meat 

that can be easily included into traditional Danish dishes. 

To avoid strong opposition, these measures could be integrated to complement each other (Fesenfeld et al., 

2020; Hassett et al., 2025) and reduce the likelihood of undesired effects to emerge as illustrated by a few 

examples: 

• Focusing only on the promotion of some specific goods could lead to blind spots. Thus, exposure of 

one food (for example chickpeas) together with another food that is already consumed in excess vis-

à-vis the Official Dietary Guidelines could lead to create undesirable complementarity perceptions.  

• Promoting plant-based alternatives mostly in one specific context could have rebound effects in other 

contexts. For example, people perceiving that they already eat healthy and climate-friendly enough 

at the workplace and, thus, increasing meat consumption outside of the workplace (so called moral 

self-licensing effects).  

• Price reductions on some specific goods can have income effects that may lead to an increase in 

consumption of foods with unchanged prices. In Denmark, a reduction in the VAT to 0 per cent in fruit 

and vegetables (including pulses) would significantly increase the consumption of fruits and 

vegetables and improve health outcomes; however, for current consumer preferences and without 

an increase in the price of meat, it has been estimated that meat consumption would slightly increase 

in conflict with dietary guidelines and with an undesirable environmental impact (Springmann et al., 

2025). 

The coming GHG tax on agriculture is likely going to be partially passed on to Danish consumers through an 

increase in consumer prices (Sørensen et al., 2025), thereby incentivising the reduction in consumption of 

GHG-intensive foods. However, it is still unclear what the effects of the agreed GHG pricing will be on public 

health. 

Future policies designed to increase adherence to the new dietary guidelines should also take into account 

income inequalities within the country as the prevalence of low food security is estimated to be around 6 per 

cent in Denmark and is associated with, among others, unhealthy diet and obesity (Lund et al., 2018).  

Summing up, dietary policies purely based on information tools may have limited impact on the dietary 

behaviour, and interaction effects need to be taken into consideration in the design of effective policy tools. 

Therefore, having integrated policy approaches that promote the dietary transition from different angles (i.e. 

behavioural, educational, innovation and economic angles) and using different instruments to target specific 

aspects (for example increasing climate awareness, healthy diet literacy, updating cooking skills, exposure to 
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non-traditional ingredients, choosing the better option or personalised recommendations) would reduce the 

risk of undesired effects and foster synergies. 
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Appendix A. Methodological details 

A.1. Theoretical economic model 

Compliance with a binding constraint on dietary intake implies an implicit cost for the consumer (often 

termed implicit price). The sum of the paid price and the implicit price constitutes the consumer-perceived 

price. Whereas the paid price is typically the market price, which is fairly homogeneous across consumers, 

the implicit price is much more subjective, depending on the consumer’s preferences and the initial dietary 

composition. With these theoretical assumptions, the equilibrium condition for utility maximisation can be 

stated: 

𝑢𝑖
′(𝑞)

𝑝𝑖+𝜆𝑖(𝑞,𝑟)
=

𝑢𝑗
′(𝑞)

𝑝𝑗+𝜆𝑗(𝑞,𝑟)
  ,   ∀𝑖, 𝑗     (A-1) 

𝑞 represents the vector of consumed quantities of the goods, 𝑝𝑖  is the paid (market) price of good 𝑖, 𝑢𝑖
′(𝑞) is 

the marginal utility of good 𝑖 (which depends on consumed quantities of all goods, 𝑞), and 𝜆𝑖(𝑞, 𝑟) is the 

implicit price of good 𝑖. The implicit price of good 𝑖 reflects the vector of constraint-related dual values 𝜇 of 

the set of constraints, 𝑅(𝑞) = 𝑟, and hence 𝜆𝑖(𝑞, 𝑟) = 𝑅𝑖(𝑞) ∗ 𝜇. The vector of dual values, 𝜇, of dietary 

constraints represent the bindingness of these constraints, and the implicit prices of the goods, 𝜆, depend on 

the consumed quantities of all goods. Solving these equilibrium conditions in combination with the set of 

constraints yields solutions for the consumed quantities, 𝑞, and the vectors 𝜆 and 𝜇 of implicit prices and 

dual values, respectively.  

For given preferences, the consumer’s demand behaviour, reflecting the combination of the first-order 

conditions in equation (A-1), the consumer’s budget constraint and a set of dietary constraints can be written 

as follows:  

𝑅 ∙ 𝑞̇ = 𝑟       (A-2) 

𝑅 is a 𝑘 ∗ 𝑛  matrix of coefficients associated with consumed quantities, and 𝑟 is a vector with 𝑘 target values 

for the constraints), which can be described by the equation: 

[
𝐼 0
𝑅12 𝑅22

] ∙ [
𝑞̇1
𝑞̇2
] = [

𝐸11 𝐸21
𝐸12 𝐸22

] ∙ [
𝑝̇1
∗

𝑝̇2
∗]     (A-3) 

𝑞̇ is the vector of relative changes in demanded quantities (with 𝑛 elements), 𝑝̇ is the vector of relative price 

changes, and 𝐸 is an 𝑛 ∗ 𝑛 matrix of (uncompensated) price elasticities. Subscript “2” refers to the 𝑘 elements 

or equations directly affected by dietary constraints, and subscript “1” refers to the 𝑛 − 𝑘 unconstrained 

elements/equations. The upper type of equation is that represented by the upper row of the matrices in 

equation (A-3), whereas the lower type of equation is that represented by the lower row in the matrices. The 

implicit prices associated with the constraints influence the consumer-perceived prices, 𝑝̇∗, of the goods 

according to the degree to which the goods contribute to the respective constraints, which can be stated:  

[
𝑝̇1
∗

𝑝̇2
∗] = [

𝑝̇1
𝑝̇2
] + [

𝑃1 0
0 𝑃2

]
−1

∙ [
𝐼 𝑅12′
0 𝑅22

] ∙ [
0
𝜇
] = 𝑝̇ + 𝑃−1 ∙ [

𝐼 𝑅12′
0 𝑅22

] ∙ [
0
𝜇
]   (A-4) 

𝑝̇ is the vector of relative changes in market prices, and 𝑃 is a diagonal matrix of absolute market prices of 

the 𝑛 goods. Equations (A-2)-(A-4) constitute our economic equilibrium model for a given preference. For a 
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given configuration of market price changes and constraint-determined quantity changes, these equations 

can be solved simultaneously to yield solutions for the vectors 𝑞̇1, 𝑞̇2, 𝑝̇1
∗, 𝑝̇2

∗ and 𝜇. 

The modelling of preference shifts utilises the duality between the budget-constrained utility maximisation 

and the utility-constrained expenditure minimisation. In particular, the matrix of second-order derivatives of 

the expenditure function mirrors the matrix of second-order derivatives of the utility function: 

[
𝜕𝑞𝑖

𝜕𝑝𝑗
] = [

𝜕𝑐𝑖
′(𝑢,𝑝)

𝜕𝑝𝑗
] = − [

𝜕𝑢𝑗
′(𝑞)

𝜕𝑞𝑖
]
−1

    (A-5) 

A shift in the elements of the 
𝜕𝑢𝑗

′(𝑞)

𝜕𝑞𝑖
 matrix will thus be mirrored in a change in the slopes of the utility-

compensated demand curves and hence in the matrix of Hicksian price elasticities. This duality implies that 

modelling effects of interventions on demand behaviour can utilise information from both perspectives.  

Both types of shift parameters influence demand price elasticities. This may be seen by the relationship 

between price elasticities, 𝜀, and elasticities of substitution, 𝜎, in a symmetric and linearly homogeneous 

demand system: 

𝜀𝑖𝑗
𝐻 = 𝑠𝑗 ∙ 𝜎𝑖𝑗       (A-6) 

𝜀𝑖𝑖
𝐻 = −∑ 𝜀𝑖𝑗

𝐻
𝑗≠𝑖 = −∑ 𝑠𝑗 ∙ 𝜎𝑖𝑗𝑗≠𝑖      (A-7) 

𝜀𝑖𝑗 = 𝜀𝑖𝑗
𝐻 − 𝑠𝑗 ∙ 𝜀𝑦𝑖 = 𝑠𝑗 ∙ (𝜎𝑖𝑗 − 𝜀𝑦𝑖)     (A-8) 

𝜀𝑖𝑗
𝐻 is the Hicksian (compensated) price elasticity between the demand for good 𝑖 and the price of good 𝑗, 𝜀𝑖𝑗  

is the corresponding Marshallian (uncompensated) price elasticity, 𝜀𝑦𝑖  is the budget elasticity for good 𝑖, and 

𝑠𝑗 is the good 𝑗’s budget share. Equation (A-6) describes the relationship between a Hicksian cross-price 

elasticity and the corresponding elasticity of substitution, equation (A-7) represents the homogeneity 

property on Hicksian price elasticities, and equation (A-8) describes the correspondence between Hicksian 

and Marshallian price elasticities. If symmetry is fulfilled, 𝜎𝑖𝑗 = 𝜎𝑗𝑖. 

The shift parameter 𝛿𝑖  influences the demand composition and hence the budget shares of different goods 

𝑠𝑗, which in turn affect the price elasticities, for given elasticities of substitution. The shift parameter 𝜃𝑗𝑖 

changes the elasticity of substitution and in turn the price elasticities. Hence, the post-shift elasticities 

become: 

𝜀𝑖𝑗
𝐻′ = (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗)     (A-6’) 

𝜀𝑖𝑖
𝐻′ = −∑ (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗)𝑗≠𝑖      (A-7’) 

𝜀𝑖𝑗′ = (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗 − 𝜀𝑦𝑖)     (A-8’) 

In turn, changes in elasticities can be derived: 

∆𝜀𝑖𝑗
𝐻′ = (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗) − 𝑠𝑗 ∙ 𝜎𝑖𝑗 = 𝑠𝑗 ∙ 𝛾𝑖𝑗 + 𝛿𝑗 ∙ 𝜎𝑖𝑗 + 𝛿𝑗 ∙ 𝛾𝑖𝑗   (A-6Δ) 

∆𝜀𝑖𝑖
𝐻′ = −∑ (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗)𝑗≠𝑖 + ∑ 𝑠𝑗 ∙ 𝜎𝑖𝑗𝑗≠𝑖     

 = −∑ (𝑠𝑗 ∙ 𝛾𝑖𝑗 + 𝛿𝑗 ∙ 𝜎𝑖𝑗 + 𝛿𝑗 ∙ 𝛾𝑖𝑗)𝑗≠𝑖    (A-7Δ) 

∆𝜀𝑖𝑗
′ = (𝑠𝑗 + 𝛿𝑗) ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗 − 𝜀𝑦𝑖) − 𝑠𝑗 ∙ 𝜎𝑖𝑗 + 𝑠𝑗 ∙ 𝜀𝑦𝑖 = 𝑠𝑗𝛾𝑖𝑗 + 𝛿𝑗 ∙ (𝜎𝑖𝑗 + 𝛾𝑖𝑗 − 𝜀𝑦𝑖)  (A-8Δ) 
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With the changes in demand elasticities, the demand system (equation (A-3)) can be updated to the 

following: 

[
𝐼 0
𝑅12 𝑅22

] ∙ [
𝑞̇1
𝑞̇2
] = [

𝐸11 + ∆𝐸11 𝐸21 + ∆𝐸21
𝐸12 + ∆𝐸12 𝐸22 + ∆𝐸22

] ∙ [
𝑝̇1
∗

𝑝̇2
∗]     

 = [
𝐸11 𝐸21
𝐸12 𝐸22

] ∙ [
𝑝̇1
∗

𝑝̇2
∗] + [

∆𝐸11 ∆𝐸21
∆𝐸12 ∆𝐸22

] ∙ [
𝑝̇1
∗

𝑝̇2
∗]   (A-3’) 

In this equation, the first term on the right-hand side expresses the effect of the intervention (in terms of 

implicit prices) and the second term expresses the additional effect of changed preference parameters.  

For example, effects may differ, depending on whether an information instrument focuses on health benefits, 

health risks, recipes, etc. The list of instruments includes economic incentives (for example taxation or 

subsidies), quantitative/qualitative regulations (such as product standards) and information tools. In order 

to demonstrate the model’s use and capacity in relation to policy instruments, the analysis concludes with 

some recommendations regarding instruments that can affect dietary habits towards better compliance with 

the guidelines.  

A.2. Prediction of budget shares 

A.2.1. Data 

Estimation data 

To estimate the budget shares for different food groups, we use data from YouGov Consumer Tracking 

Scandinavia. Particularly, we use the records from the Danish consumer panel from January 2018 to 

December 2023, which includes purchasing data (self-scanned by one “main shopper” in each household), 

household socioeconomic variables and attitudes of the “main shopper” towards health and environmental 

issues. 

Table A.1. Number of households per period 

Region T1 T2 T3 T4 T5 T6 

Capital Region of Denmark 924 600 628 564 506 443 

Central Denmark Region 1,282 757 818 725 629 552 

North Denmark Region 430 266 292 254 226 201 

Region Zealand 1,018 639 640 555 497 443 

Region of Southern Denmark  839 537 538 503 444 397 

Denmark, in total 4,493 2,799 2,916 2,601 2,302 2,036 
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Table A.2. Food group aggregation and description 

Food group Food 

Dairy Milk 

Dairy  Cheese 

Animal fat (animal_fat) Butter 

Sugary foods (sug) Ice cream 

Dairy Yoghurt/skyr (no sugar or added flavour) 

Dairy Other dairy products 

Red and processed meat (red_proc_meat) Beef 

Poultry Poultry 

Red and processed meat (red_proc_meat) Processed meat (pâté, sausages, cold cuts, etc.) 

Red and processed meat (red_proc_meat) Pork 

Red and processed meat (red_proc_meat) Other meat products 

Eggs Eggs 

Plant based protein (pb_prot) Nuts and seeds 

Plant based protein (pb_prot) 
Legumes (including pasta made of legumes, canned legumes, frozen 
edamame beans, beans, dry legumes, etc.) 

Roots & tubers 
Roots/tubers (not chips, is in Other foods, with other highly processed 
savoury foods) 

Fruits Fruits 

Vegetables Vegetables 

Bread Bread 

Cereals Pasta 

Cereals Rice 

Cereals Other cereals 

Sugary foods (sug) Sugary foods (including sugary cereals, desserts, sugar, honey, syrups) 

Animal fat (animal_fat) Fats from animal origin (not butter) 

Plant based fats Vegetable oils 

Plant based dairy (pb_dairy) Plant-based milk 

Plant based dairy (pb_dairy) Plant-based yoghurt 

Plant based dairy (pb_dairy) Plant-based cheese 

Plant based fat (pb_fats) Plant-based butter 

Sugary foods (sug) Plant-based ice cream 

Plant based dairy (pb_dairy) Other plant-based substitutes to dairy products 

Plant based protein (pb_prot) 
Plant-based meat substitute (including paddies, nuggets, meatball, 
etc.) 

Seafood Fish 

Seafood Other seafood products 

Other foods Condiments (salt, pepper, sauce, etc.) 

Other foods Other foods 

Alcohol Beer 

Alcohol Wine 

Alcohol Other alcoholic drinks 

Drinks Juices from fruits 

Drinks Sugary drinks 

Water Water 

Drinks Other drinks 
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Table A.2. Variables and indices description and value range 

Name  Description Levels 

Household id 𝑖  
Index identifying each household in the 
panel. 

… 

Month & year 𝑡  Index identifying the point in time. 2018/01-2023/12 

Food group 𝑓  Index identifying the food group. Dairy-Drinks 

Budget share 𝐵𝑆𝑖𝑡𝑓  
Budget share of food group 𝑓 in 
household 𝑖 at time 𝑡 conditional on 
food consumption. 

(0,1) 

Month 𝑀𝑡   January-December 

Year 𝑌𝑡   2018 - 2023 

Period 𝑃𝑡  
Aggregated time period according to 
major societal events. 

T1: Pre-pandemic, 2018/01-
2020/02 
T2: 1st wave, 2020/03-2020/05 
T3: 1st reopening, 2020/06-
2020/11 
T4: 2nd wave, 2020/12-2021/04 
T5: 2nd reopening, 2021/05-
2021/12 
T6: Inflationary period,  
2022/01-2023/12 

Attitude 
towards 
climate change 

𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡  

Combination of responses to two 
questions: 
“Are you particularly concerned about 
global warming?” 
“Are you particularly concerned about 
the production of food and its impact 
on climate?” 

0: negative answer to both. 
1: positive answer to only one. 
2: positive answer to both. 

Attitude 
towards 
traditional 
values                           

𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡  
Main shopper’s answer to the question: 
“Traditional values are important to 
me.” 

Strongly disagree 
Disagree 
Neither agree nor disagree 
Agree 
Strongly agree 

Attitude 
towards eating 
healthy 

𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡  
Main shopper’s answer to the question: 
“I try to eat healthy.” 

Strongly disagree 
Disagree 
Neither agree nor disagree 
Agree 
Strongly agree 

Unit value 𝑈𝑉𝑖𝑡𝑓  
Price that a given household pays at a 
point in time for a specific food type. 

Expenditure (current DKK) pr. 
volume (in grams*) = DKK pr. 
gram 

Income 𝐼𝑛𝑐𝑖𝑡   
Income level of the household at a 
point in time as a categorical variable. 

0-99,999 
100,000-149,999 
150,000-199,999 
200,000-249,999 
250,000-299,999 
300,000-349,999 
350,000-399,999 
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400,000-449,999 
450,000-499,999 
500,000-549,999 
550,000-599,999 
600,000-699,999 
700,000-799,999 
800,000 or more 

Adult 
equivalent 

𝐴𝑑𝑢𝑙𝑡𝑖𝑡  
We use the OECD-modified equivalence 
scale. 

1: first adult 
0.5: other adults 
0.3: each child 

Age of the 
main shopper                      

𝐴𝑔𝑒𝑖𝑡  
Age of the main shopper in the 
household, who also must be at least 18 
years old. 

< 35 
35-49 
50-64 
> 64 

Region  𝑅𝑒𝑔𝑖𝑡  
Region in which a household resides at 
a given point in time. 

Capital 
Zealand 
North Denmark 
Central Denmark 
Southern Denmark 

Education  𝐸𝑑𝑢𝑖𝑡  
Highest level of education in the 
household. 

7th grade 
8/9th grade 
10th grade 
High-school or eq. 
Business-oriented education 
Short higher education 
Medium-length higher 
education 
Long higher education 

Occupation 𝑂𝑐𝑐𝑖𝑡  
Occupation of the person with the 
highest income in the household. 

Leave 
Full time 
Part time 
Own-company 
Works at home 
National pension 
Early retirement 
Unemployed 
Student 

Note: *: We assume that 1 ml = 1 gram. 
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Prediction data 

Table A.4. Variable and indice description and value range 

Information used Processing 
Statistics 
Denmark 
code 

Type of employment 
(part or full time) 

Obtain the share of people hired part and full time. RAS305 

Occupation 
1. Match the occupation levels with the YouGov data. 
2. Split the category “Paid workers in total” (Lønmodtagere i alt) 

into part and full time according to the shares retrieved before. 
INDKF104 

Income level 
We use the average value for all families (“Gennemsnit for alle 
familier (kr.)” and the category “Familier i alt”) 

INDKF111 

Education level 

To match them with the levels in the YouGov data, we use the 
following: 

− 6th grade: “H10 Grundskole”, “H1001 Ingen uddannelse” 

− 7th-9th grade: “ H1020 Grundskole 7.-9. klasse” 

− 10th grade: “H1030 Grundskole 10. klasse” 

− High school: all levels starting by “H20” 

− Business-oriented education: all levels starting with “H30” 

− Short higher education: all levels starting with “H40” 

− Medium-length higher education: all levels starting with “H35”, 
“H50”, “H60” 

− Long higher education: all levels starting with “H70”, “H80” 

HFUDD11 

Family size 

Transform the values into OECD adult equivalents: 

− Couple without children = 1.5 

− Couple with children* = 2.1  

− Single without children= 1 

− Single with children* = 1.6 

INDKF11A 

Note: We assume that families with children have two children as most of children in Denmark live with a sibling 
(Children - Statistics Denmark  code BRN16 (Danmarks Statistik, 2025a)).  For the categorical variables (i.e. the income 
level), we assign the share of the population in a given region and point in time for each respective income level. For 
the numerical variables, we use the average weighted by the number of people. 
Source: Danmarks Statistik (2025b-f).  

To match the periods defined with years and months, we use shares. For instance, the pre-pandemic period 

lasted 26 months, so we assign 12 out of 26 to 2018 and 2019, respectively, and 2 out of 26 to 2020. The 

attitude variables are evaluated at sample means. 

A.3. Methodology for investigating changes in preferences 

To predict the budget shares, we use two methodologies: a statistical approach and a machine learning 

approach. In this section, we describe the procedures we follow. 

A.3.1. Quality-adjusted prices 

Price differences for a given food product in a specific region and point in time may respond to quality 

differences. Since our analysis does not consider variables controlling for quality differences within the same 
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product, we need to adjust the unit values. To this end, we follow the procedure proposed by Cox and 

Wohlgenant (1986). 

First, we calculate the deviation of the unit values faced by household 𝑖 at time 𝑡 from the average regional 

price, 𝑃̅𝑟𝑓 , for each region, 𝑟: 

𝑑𝑒𝑣𝑖𝑡𝑓 = 𝑈𝑉𝑖𝑡𝑓 − 𝑃̅𝑟𝑓     (A-9) 

These deviations are understood to reflect the aforementioned quality effects. Second, we regress the quality 

effect (the deviation from the mean) on several socioeconomic variables using a random effects model. We 

perform the estimation separately for each food group: 

𝑑𝑒𝑣𝑖𝑡𝑓 = 𝛽0 + 𝛽1𝑅𝑒𝑔𝑖𝑡 + 𝛽2𝐸𝑑𝑢𝑖𝑡 + 𝛽3𝐴𝑔𝑒𝑖𝑡 + 𝛽4𝑂𝑐𝑐𝑖𝑡 + 𝛽5𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡 + 𝛽6 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡 + 𝛽7𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡 +

𝛽8𝐼𝑛𝑐𝑖𝑡 + 𝛽9𝐴𝑑𝑢𝑙𝑡𝑖𝑡 + 𝑢𝑖 + 𝜀𝑖𝑡𝑓    (A-10) 

𝜀𝑖𝑡𝑓 is the idiosyncratic component of the error term distributed as a 𝑁(0, 𝜎𝜀
2). 𝑢𝑖 are the household random 

effects distributed as a 𝑁(0, 𝜎2) and are assumed to be uncorrelated with the regressors. The covariates 

included are summarised in Table A.3.  

Third, the quality-adjusted price becomes: 

𝑝̃𝑖𝑡𝑓 = 𝑃̅𝑟𝑓 + 𝑒𝑖𝑡𝑓     (A-11) 

𝑒𝑖𝑡𝑓 are the residuals from equation (A-10). 

To explore potential changes in preferences, we use two empirical approaches: a statistical approach and a 

machine learning approach. First, we use a statistical approach that explores correlations between different 

socioeconomic variables and the size of the budget share for a specific food group. Second, we use a machine 

learning algorithm that predicts the budget shares for different food groups in the different time periods. 

A.3.2. Approach 1: the statistical model 

The statistical analysis estimates associations between budget shares and a number of variables. Not 

purchasing a given food (zero budget share) can be due to many factors. For instance, a household may not 

buy meat because they follow a vegetarian diet or because meat is too expensive for them at that point in 

time. This means that our sample is biased due to the non-randomly selected sample as we only have 

information for the purchases made. To tackle this issue, we follow the two-step Heckman procedure 

(Heckman, 1979). 

First, we estimate the selection equation9: 

𝑏𝑢𝑦𝑖𝑡𝑓
∗ = 𝛽0 + 𝛽1𝑅𝑒𝑔𝑖𝑡 + 𝛽2𝐸𝑑𝑢𝑖𝑡 + 𝛽3𝐴𝑔𝑒𝑖𝑡 + 𝛽4𝑂𝑐𝑐𝑖𝑡 + 𝛽5𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡 + 𝛽6 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡 + 𝛽7𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡 +

𝛽8𝐼𝑛𝑐𝑖𝑡 + 𝛽9𝐴𝑑𝑢𝑙𝑡𝑖𝑡 + 𝛽10𝑃𝑡 + 𝜀𝑖𝑡𝑓    (A-12) 

And: 

Pr (𝑏𝑢𝑦𝑖𝑡𝑓 = 1) = Φ(𝛽0 + 𝛽1𝑅𝑒𝑔𝑖𝑡 + 𝛽2𝐸𝑑𝑢𝑖𝑡 + 𝛽3𝐴𝑔𝑒𝑖𝑡 + 𝛽4𝑂𝑐𝑐𝑖𝑡 + 𝛽5𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡 + 𝛽6 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡 +

𝛽7𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡 + 𝛽8𝐼𝑛𝑐𝑖𝑡 + 𝛽9𝐴𝑑𝑢𝑙𝑡𝑖𝑡 + 𝛽10𝑃𝑡 + 𝛽11𝑀𝑡)    (A-13) 

 

 

9 We exclude months as a regressor because it leads to corner solutions for alcohol and plant-based dairy substitutes. 
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Φ is the cumulative distribution function of the standard normal distribution. The error term, 𝜀𝑖𝑡𝑓, is 

distributed as a 𝑁(0, 𝜎𝜀
2) and follows an AR1 correlation structure, assuming that the correlation between 

two observations from the same household decreases exponentially with the time lag between them. To 

estimate this regression, we use the geeglm function from the geepack R package (Højsgaard et al., 2024). 

Second, we calculate the Inverse Mills Ratio (IMR), which represents the expected value of the error term in 

the selection equation, conditional on being selected into the sample: 

𝐼𝑀𝑅 =
𝜙(𝑏𝑢𝑦𝑖𝑡𝑓

∗̂ )

Φ(𝑏𝑢𝑦𝑖𝑡𝑓
∗̂ )

     (A-14) 

𝜙 is the probability density function of the standard normal distribution. 

Third, we estimate the outcome equation: 

𝐵𝑆𝑖𝑡𝑓 = 𝛽0 + 𝛽1𝑅𝑒𝑔𝑖𝑡 + 𝛽2𝐸𝑑𝑢𝑖𝑡 + 𝛽3𝐴𝑔𝑒𝑖𝑡 + 𝛽4𝑂𝑐𝑐𝑖𝑡 + 𝛽5𝐴𝑡𝐶𝑙𝑖𝑚𝑖𝑡 + 𝛽6 𝐴𝑡𝑇𝑟𝑎𝑑𝑖𝑡 + 𝛽7𝐴𝑡𝐻𝑒𝑎𝑙𝑡ℎ𝑖𝑡 +

𝛽8𝐼𝑛𝑐𝑖𝑡 + 𝛽9𝐴𝑑𝑢𝑙𝑡𝑖𝑡 + 𝛽10𝑃𝑡 + 𝛽11𝑀𝑡 + 𝛽12 𝑝̃𝑖𝑡𝑓 + 𝛽13 𝐼𝑀𝑅𝑖𝑡𝑓 + 𝑢𝑖 + 𝜀𝑖𝑡𝑓 (A-15) 

𝜀𝑖𝑡𝑓 is the idiosyncratic component of the error term distributed as a 𝑁(0, 𝜎𝜀
2). 𝑢𝑖 are the household random 

effects distributed as a 𝑁(0, 𝜎2) and are assumed to be uncorrelated with the regressors. By including the 

IMR in the outcome equation, we correct for the non-random selection and obtain unbiased estimates of the 

parameters. To estimate this regression, we use the plm function from the plm R package (Croissant et al., 

2025). 

Due to serial and cross-sectional correlation of error terms, we use the vcovSCC function from the plm R 

package with an “HC1” weighting scheme (Croissant et al., 2025; Zeileis et al., 2024) to estimate a robust 

covariance matrix. Then, we calculate the standard errors for the predicted values using: 

𝑠𝑒𝐸 = ((𝑠𝑒𝛽0)
2
+ ∑ (𝑠𝑒𝛽𝑘 𝑥̅)

2
+ (𝑠𝑑𝜀̂)

2 + (𝑠𝑑𝑢̂)
2𝐾

𝑘=1 )
1/2

   (A-16) 

𝑘 is the covariate index, 𝑥̅ is the value of the covariate used to evaluate (A-15), 𝑠𝑒𝜀̂ is the standard deviation 

of the residuals, and 𝑠𝑒𝑢̂ is the standard deviation of the individual random effect. 

A.3.3. Approach 2: the machine learning model 

In this approach, we employ the XGBoost algorithm (Chen & Guestrin, 2016) to predict a representative 

Danish consumer’s budget shares for different food groups across the various time periods. XGBoost, or 

Extreme Gradient Boosting, is a machine learning algorithm that uses an ensemble of decision trees to 

improve predictive accuracy. The algorithm works by progressively adding trees that correct the errors of the 

previous ones, iteratively minimising the prediction error. 

A decision tree is a structure dividing the sample into dichotomous splits. Each internal node represents a 

data split based on a threshold in a variable (or predictor), and each branch represents the two sides of that 

threshold (for example whether the consumer is from the Capital Region or not). The algorithm evaluates all 

possible splits for each predictor variable and selects the one that best separates the data into two. For 

example, when predicting budget shares, a decision tree might first split households based on income level, 

then further split based on the main shopper’s age and so on until it reaches a final prediction. This process 

is guided by a metric called gain, which measures the improvement in the model's accuracy from making a 

particular split (xgboost developers, 2022). Each leaf node represents a final prediction or outcome. 
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XGBoost uses gradient boosting, which optimises the model by minimising a loss function (in our case the 

squared loss function (𝑦𝑖̂ − 𝑦𝑖)
2 ): 

𝑀𝑖𝑛 ℒ(𝜙) = ∑ 𝑙(𝑦𝑖̂,  𝑦𝑖)𝑖⏟      
Loss function

+ ∑ 𝛾𝑇𝑘 +
1

2
𝜆‖𝑤‖2𝑘⏟          

Regularisation term

   (A-17) 

𝑦𝑖̂ = 𝜙(𝑥𝑖) = ∑ 𝑓𝑘(𝑥𝑖)
𝐾
𝑘=1 , and 𝑓𝑘 corresponds to an independent tree structure. The algorithm combines 

multiple decision trees in a sequential manner, where each new tree focuses on the data points that were 

erroneously predicted by the earlier trees. By combining the predictions of all trees, the model improves its 

accuracy. Compared to other boosting algorithms, XGBoost delivers accurate predictions fast (Bentéjac et al., 

2021). 

To train XGBoost, we need to define some hyperparameters (Chen et al., 2023). The learning rate defines 

how much the model adapts to (or learns from) each new tree. We use a learning rate of 0.3, meaning that 

the algorithm adjusts at a moderate pace, balancing learning speed and accuracy. The maximum depth is the 

longest path from the root node to a leaf node; this controls how deep the tree can grow, affecting the 

model's ability to capture complex patterns in the data. We set the maximum depth to 4, allowing the 

decision trees to capture some complexity without overfitting. XGBoost also uses regularisation to prevent 

overfitting. This means that it adds a penalty, preventing the model to adapt excessively to the training data 

(learn noise). L2 regularisation shrinks the coefficients towards zero but never exactly to zero, which means 

that all predictors are retained but with reduced impact. In our model, we use L2 regularisation with a value 

of 15, which strongly penalises large coefficients and helps maintain model simplicity. This means that the 

model is more generalisable and can be used for out-of-sample prediction. Finally, the model consists of 300 

boosting rounds, which allows the model to learn from the data and improve its predictions. 

Once the model is trained, we use data from Statistics Danmark (see Table A.4) to predict the budget shares 

for a representative consumer in each period. To obtain standard errors, we use bootstrap. Bootstrapped 

standard errors estimate the variability of the predicted budget shares by repeatedly resampling the training 

data with replacement and calculating the predicted budget share for each resample. The standard deviation 

of these resampled budget shares provides the bootstrapped standard error. 
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